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Abstract 

Macrolepiota dolichaula, an edible white 

spored gilled mushroom, is widely 

distributed in tropical and temperate 

countries. In this study, nutritional quality of 

M. dolichaula strain MFLUCC-13-0579 

cultivated in compost was investigated. 

Proximate analysis of dry weight of M. 

dolichaula showed a composition of 25.53% 

protein, 44.37% carbohydrate, 14.17% fiber, 

1.17 % lipid and 5.19% ash with energy of 

299.06 kJ/g mushroom. In addition, the 

antimicrobial activities from fresh 

mushroom, dry mushroom and mycelial 

extracts showed significant activities against 

Micrococcus luteus and Staphylococcus 

aureus. Based on this study, it can be 

concluded that M. dolichaula is a good 

source of nutrients and posses some 

antimicrobial activities. 

Keywords: antimicrobial activity, edible 

mushroom, Macrolepiota, proximate 

nutritional data 

1. Introduction

Macrolepiota dolichaula (Berk. & Broome) 

Pegler & R.W. Rayner belongs to the family 

Agaricaceae (1). This mushroom is 

consumed as wild delicacy in China, north 

west India and northern Thailand (1, 2, 3). 

M. dolichaula was reported to contain 

significant amount of the vitamins A, B1, B2, 

B3, C and D, including thiamine, riboflavin 

and has shown laccase activity (4, 5). Water 

soluble polysaccharides (PS-I & PS-II) have 

also been isolated from the hot aqueous 

extracts of this mushroom. The branched 

glucan obtained from PS-1, revealed 

splenocyte, thymocyte and macrophage 

activation (6). Apart from this, Kumari and 

Atri (2) reported its nutritional quality. It 

should be noted, however that the data were 

derived from the wild specimens. Our 

previous study showed that M. dolichaula 

could be cultivated using compost under 

controlled conditions (3). Based on this 

successful domestication, this present study 

was therefore carried out to determine its 

proximate analysis for comparative study. 

Besides, its antimicrobial activity was also 

determined. 

2. Materials and Methods

2.1 Sample collection and preparation 

100 g of spawn was manually inoculated in 

five kg of pasteurized compost at pH 7.5 and 

60% moisture content in ten baskets. After 

21 days following inoculation mycelia 

colonized 90% of compost. After application 

of casing soils over the mycelia, the 

fructification occurred at 25 °C at 92% 

relative humidity within 41 days after spawn 

inoculation. A total of 959g mushrooms 
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from four baskets were harvested. Whole 

sporocarps (pileus and stipe) were cleaned to 

remove residual compost. Forty grams of 

sample was dried at 45 ºC for 24 hrs. The 

dried mushroom was ground in a mechanical 

grinder and powder was stored in a air tight 

plastic bag in a desiccator at room 

temperature. 

2.2 Proximate nutritional analysis 

The proximate nutritional analysis of 

mushroom powder was determined by using 

the method from association of Official 

Analytical Chemist (AOAC) (7). Moisture 

content was measured by drying 2 g of test 

sample at 105 ºC for 16 hrs in a hot air oven 

(UM500, Memmret). The ash content was 

determined by combusting 2 g sample in an 

electric furnace (Eurotherm 2416CG, Lento) 

at 505 ºC for 2 hrs. Fiber was evaluated by 

acid treatment and subsequently heating 1 g 

at 500 ºC, in the Fibertec system M10020 

Extractor (Foss Tecator). The protein 

content was evaluated by using the macro-

Kjeldahl method in which the protein 

content was estimated by multiplying with a 

conversion factor of (N × 4.38) (2, 8). Lipid 

content was analysed by the Soxtec 20055 

Extraction unit (Foss Tecator) with 

petroleum ether. Total carbohydrate was 

evaluated by the difference method

according to the equation 1 (9). Energy 

value was evaluated according to the 

equation 2, described by Kumari and Atri 

(2). All experiments were carried out in 

triplicates. 

Carbohydrate (%) = 100
 _ 

(g moisture + g

ash + g lipid + g protein + g fiber) (1) 

Energy (Kcal) = 4 × (g protein) + 4.2 × (g 

carbohydrate) + 9.10 × (g fat) (2) 

2.3 Preparation of crude extracts 

For the preparation of crude extracts, 20 g of 

fresh mushrooms sample, 10 g of dried 

mushrooms sample and 14 days old mycelia 

from ten Petri dishes were used. Extracts 

were prepared using a modified solid phase 

extraction method (10). For this process, 

mushrooms sampels (fresh and dry) and the 

mycelia were macerated with 80 mL ethyl 

acetate (EtOAc) using a sterile stainless 

mechanical blender (Waring 800BU) 

separately. The mushrooms and agar slurry 

were soaked overnight, for the first EtOAc 

extraction. The solvent phase was then 

extracted and subsequently re-extracted 

twice. All the extracts were combined and 

filtered using Whatman no. 4 filter paper. 

Clear extracts were poured into a pre-

weighed vials, then air dried for 24 hrs to 

yield a total amount of each crude extracts. 

Crude extracts were then kept at 4 °C in 

airtight vials for further use. 

2.4 Antimicrobial activity assay 

A 96-well microtire plate (MTT) bioassay 

was performed for the detection of 

antimicrobial activity (11). Crude extracts 

were diluted using HPLC grade absolute 

methanol (Sigma-Aldrich) to a concentration 

ranging from 0.5 – 10 mg/mL for bioassays. 

10 µL aliquot of crude extract was pipetted 

into individual well of a 96-well MTT plate. 

Subsequently positive controls; tetracycline 

(10 µL), chloramphenicol (10 µL) and 

negative controls; media (200 µL) and 

methanol (10 µL) were transferred prior to a 

preliminary quick assay. Crude extracts and 

controls on the MTT plates were then air 

dried in laminar flow and kept at 4 °C until 

required. For antimicrobial test, the testing 

microbes used were three Gram-positive 
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bacteria (Bacillus subtilis TISTR 008, 

Micrococcus luteus TISTR 884 and 

Staphylococcus aureus TISTR 1466), two 

Gram-negative bacteria (Escherichia coli 

TISTR 780 and Pseudomonas aeruginosa 

TISTR 781) and a yeast Candida albicans 

TISTR 5779. 200 µL of the microbial 

suspension were prepared with an optical 

density (OD) 610 of 0.05 for Gram positive 

bacteria, and 0.04 for Gram negative 

bacteria and yeast and transferred to the 

prepared MTT plates. The solution in MTT 

plates were mixed using pipette and 

incubated at 37 °C for bacteria and at 30 °C 

for C. albicans for 24 hrs. The cell viability 

was determined calorimetrically by the 

addition of 30 µL of 0.02% resazurin 

solution into each well and the plates were 

further incubated for 15 mins (12). The 

antimicrobial activity of the extracts were 

analysed through the determination of the 

minimum inhibition concentration (MIC) in 

mg/mL. The MIC is defined as the lowest 

concentration of the tested sample to prevent 

the growth of microorganism from the 

calculated data obtained from MTT reader 

after 24 hrs. 

3. Results and Discussion

3.1 Proximate nutritional analysis 

The data of nutritional contents of M. 

dolichaula strain MFLUCC-13-0579 

cultivated on compost are shown in Table 1.  

Table 1 Nutritional composition (% dw), energetic 

value (kcal/100 g dw) of M. dolichaula strain 

MFLUCC-13-0579. The results are presented as 

mean ± SD (dw: dry weight) 

Nutritional compositions Amount 

Ash 5.19 ± 0.00 

Fiber 14.17 ± 0.25 

Protein 25.53 ± 0.17 

Lipid 1.17 ± 0.00 

Moisture 9.57 ± 0.11 

Carbohydrate 44.37± 0.07 

Energy 299.06± 0.08 

M. dolichaula is a good source of 

carbohydrate (44.37%), protein (25.53%), 

fiber (14.17%) and ash (5.19%). This 

mushroom has low lipid content (1.17%). 

Relatively low lipid content and high 

contents of fiber (14.17%) in this 

mushroom, make it to recommend for the 

people with cholesterol related ailments 

(13). Therefore, this mushroom can be 

categorized as a good edible mushroom 

because of its nutritional and culinary 

options. 

3.2 Antimicrobial assay 

The results of microorganism inhibitory 

were expressed as the percentage of the cell 

growth compared to normal cell growth at 

different concentration which showed 

significant activity in the antimicrobial quick 

screen (50% cell viability) are shown in 

Table 2. 

Table 2 The minimal concentration of crude 

extracts of M. dolichaula strain MFLUCC-13-

0579, which inhibited the cell viability by 50 % 

(NA: no activities observed) 

Microorganisms Crude extracts 

concentration  

(mg/mL) 

Fresh Dried Mycelium 

B. subtilis 2 6 NA 

M. luteus 1 0.5 0.5 

S. aureus 9 9 9 

E. coli NA 1.0 NA 

P. aeruginosa NA 1.0 NA 

C. albicans NA NA NA 

In general, all the crude extracts (fresh, dry, 

mycelia) were able to inhibit the growth of 

M. luteus and S. aureus by 50% with the 

concentration of 0.5 – 1.0 mg/mL for M. 

luteus and 9.0 mg/mL for S. aureus. 

Furthermore, crude extracts from fresh and 

dry mushroom were able to inhibit the 

growth of B. subtilis by 50% at the 

concentration of 2.0 and 6.0 mg/mL 

respectively. None of the mushroom extracts 
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were active against C. albicans. These 

results suggest that mushroom crude extracts 

(fresh and dry) are better in inhibiting 

bacterial growth than mycelia with the tested 

crude extracts concentrations. This may be 

because during the fruiting process of 

mushrooms, many enzymes are produced 

and for the resistance in the substrates, fungi 

secrete secondary metabolites such as 

antimicrobial compounds to compete other 

organisms (14). M. dolichaula being a 

saprobe has the potential to produce bioactive 

compounds having clinical significance. 

 

4. Conclusion 

  

Our study revealed the proximate nutritional 

contents and antimicrobial activities of  

M. dolichaula cultivated in compost, for 

which there has been no report to date. This 

mushroom is edible, cultivable and thus 

nutritional data are important to introduce it 

as an additional mushroom for commercial 

production. M. luteus and S. aureus were the 

most susceptible bacteria Therefore, this 

mushroom should be further explored for 

other bioactivities such as antioxidant and 

characterization of chemical compounds. 
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Abstract 

Bacillus sp. strain S1-13 was identified as 

Bacillus amyloliquefaciens with 16s rRNA 

gene (Accession number: JX441363). The 

strain S1-13 was expressed and secreted 

alkaline serine protease (called ASP1-13) 

when growth in nutrient broth containing with 

1% skim milk. ASP1-13 was partial purified 

with a specific activity of 1,324 U/mg and 

2% yield. The molecular weight and 

isoelectric point of ASP1-13 was determined 

about  

40 kDa and 8, respectively. It was indicated 

as alkaline serine protease with a broad range 

of activity at alkaline condition (pH 7-12) and 

completely inhibited with serine protease 

inhibitor. ASP1-13 was also active in high 

temperature (50-60°C) and stabilizes with 

broad range of pH (5-12), surfactant, oxidant, 

reducing agent and organic solvent. Finally, 

the partial amino acid sequence from LC/MS-

MS was confirmed similarity with sequence 

of neutral protease precursor from Bacillus 

subtilis. 

Keywords: Bacillus amyloliquefaciens, 16 

rRNA gene, alkaline serine protease, metal-

dependent enzyme, and LC/MS-MS. 

1. Introduction

Proteases are enzymes which naturally 

produced by animals, fungal, plants, and 

microbes (1). Its catalyze the digestion of 

long polypeptide chain into short peptide 

fragments, splitting the peptide bond that link 

amino acid residues (1-4). The extracellular 

proteases are enable the cell to absorb and 

utilize hydrolytic products. At the same time, 

they have also been commercially exploited 

to assist protein degradation in various 

industrial processes. Today, proteases account 

for 40% of the total enzyme sales in various 

industrial market such as detergent, food, 

leather, waste management, and 

pharmaceutical (3, 4). Most of total protease 

market are microbe alkaline serine protease. 

The alkaline serine proteases, presented 

serine group in active site, are defined as 

those proteases which are active and stable in 

high pH value (pH 10) (1, 3, 4). Their major 

application is in detergent industry, because 

the pH of laundry detergents is generally in 

the range of 9.0–12.0. Alkaline proteases used 

as cleaning additives in detergents to facilitate 

the release of proteins. The most of the 

commercially alkaline serine proteases are 

produced by Bacillus sp. (3). Although 

alkaline serine proteases have already been 

found in some strains of 

B. mojavensis, B. subtilis, B. licheniformis, 

and B. amyloliquefaciens (1, 4-6). The present 

study was described the purification and 

characterization of novel alkaline serine 

protease from B. amyloliquefaciens strain 

S1-13 which could applied for industrial 

processing. 

2. Materials and Methods

B. amyloliquefaciens strain S1-13 was 

isolated from Indonesia terasi shrimp paste 

and obtained from Mae Fah Luang culture 

bank.  
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2.1 162 RNA gene amplify and sequence 

analysis 

 

Genomic DNA of Bacillus sp. strain S1-13 

was extracted as described by Malik method 

(7). The part of the 16s rRNA gene was 

amplified and sequenced. The primers used 

were: 117F (GGC GGA CGG GTG AGT 

AA) and 1,472R (GTG TGA CGG GCG 

GTG TG). Then, the 16s rRNA sequence 

were compared using BlastN program to 

GenBank database. Finally, the phylogenic 

tree was constructed by MEGA (version 5.0) 

software with all reference database dedicated 

to 16s rRNA of Bacillus sp., neighbor-joining 

method and bootstrap analysis for 1,000 

replications (8, 9). 

 

2.2 Optimization of media composition for 

protease production 

 

Nutrient broth (NB), NB+1% casein, and 

NB+1% skim milk were used in this study 

(10, 11). The 2.5 ml of overnight cultured 

strain S1-13 was inoculated into 250 ml those 

media and incubated at 37°C, 180 rpm. After 

incubation 6, 12, 24, 30 and 36 hr, crude 

enzyme was separated by centrifugation at 

5,000 g for 10 min and stored at -20°C until 

used. 

 

2.3 Protease activity assay 

 

Protease activity was determined using  

azo-casein as substrate. Sample (20 µl) was 

mixed with 380 µl of 2% azo-casein solution 

in 0.1 M phosphate buffer pH 6.5, and 

incubated at 37°C for 30 min. After 

incubated, reaction was terminated with 1 ml 

of 0.44 M tri-chloroacetic acid (TCA) and 

centrifuged at 12,000 g for 10 min. Then, 0.5 

ml of supernatant was mixed with 0.5 ml of 1 

M NaOH and incubated at 37°C for 30 min. 

Finally, the optical density at 440 nm of the 

reaction was determined (6, 10, 12, 13). One 

unit of protease activity was defined as 

amount of enzyme that hydrolyzed azo-casein 

to produce a change 0.001 optical density at 

440 (A440) per minute under assay condition 

(6, 10, 12). 

 

2.4 Protein determination 

 

Total protein concentration was determined 

according to the method of lowry (14), with 

bovine serum albumin (BSA) as standard, and  

monitored photometrically at 280 nm. 

 

2.5 Partial purification steps 

 

The crude enzyme was brought to fresh -20°C 

acetone solution and kept at-20°C for 2 hr. 

After centrifugation at 10,000 g, 4°C for 10 

min, the precipitate was dissolved and 

dialyzed in 10 mM phosphate buffer pH 6.0. 

This preparation was applied to SP-Sepharose 

strong cation exchanger, (GE Healthcare, 

USA), that equilibrates with 10 mM 

phosphate buffer pH 6.0. Then, ASP1-13 was 

eluted with step gradient NaCl (0.1 to 1.0 M) 

in the same buffer. Finally, the active fraction 

were collected, concentrated by ultra-

filtration (cut off 10 kDa), and stored at 4 °C 

for further use. 

 

2.6 Gel electrophoresis 

 

SDS-PAGE was carried out at 12.5% gel 

according to the method of Laemmli (15). 

The  protein molecular weight was 

determined using LMW-SDS Marker Kit (GE 

Healthcare, USA) with coomassie staining 

method (16).  

 

2.7 Zymogram 

 

Protease activity was visualized on  

SDS-PAGE as described by Garcia method 

(17, 18). In brief, after standard 

electrophoresis, gels were immersed with 2% 

casein solution in 50 mM Tris-HCl buffer pH 

7.5 at 4°C overnight. Then, it was incubated 

at 37°C for 90 min. The protease activity was 

visualized as clear bands against a blue 

background when stained with 0.1%  
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coomassie brilliant blue R250 and destained 

with 40% methanol and 10% acetic solution. 

 

2.8 Isoelectric focusing 

 

the partial purified ASP1-13 was mixed with 

2% IPG buffer before loaded into isoelectric 

focusing gel (IEF) with a linear pH gradient 

(3-10) (GE Healthcare, USA). Then, the IEF 

gel was performed according to the 

instructions of the manufacturer. Finally, the 

IEF gel was applied to zymogram for 

determining the isoelectric point. 

 

2.9 Effect of temperature and pH on 

protease activity and stability 

 

The optimum temperature was examined in 

the varied temperature (30°C to 90°C) (19). 

The thermal stability was carried out by 

incubating ASP1-13 at various temperatures 

(30°C to 80°C) for 2 hr before standard 

protease assay (19, 20). To study of optimum 

pH, ASP1-13 was measured at different pH 

value (4.0 to 12.0). For pH stability, ASP1-13 

was pretreatment at various pH buffers (4.0 to 

12.0) at 4°C for 12 hr. Finally, the residual 

enzyme activity was determined under 

protease assay condition (19-21).  

 

2.10 Effect of protease inhibitors and 

metal ions 

 

The effect of different additives on protease 

activity was investigated by incubating the 

enzyme sample in the presence of different 

protease inhibitor and metal ion at 37°C for 

30 min. The 10 mM of aspartic protease 

inhibitor (pepstatin), serine protease inhibitor 

(PMSF), metallo protease inhibitor (EDTA), 

cysteine protease inhibitor (IAA), and metal 

ions (Ca
2+

, Cu
2+

, Fe
2+

, K
+
, Li

+
, Mg

2+
, Mn

2+
, 

Na
+
 and Zn

2+
) were used in this study. After 

incubated, the remaining activity was 

measured under protease activity assay 

conditions (2, 20, 22). 

 

 

 

2.11 Effect of various chemical agents on 

protease stability 

 

The stability of surfactant, oxidant, reducing 

agent, ASP1-13 was pretreatment with 5% 
SDS, 1% H2O2, 5% triton x100, 5% tween 80, 

5% CTAB, and 10 mM DTT at 4°C for 1 hr 

before measured the protease activity (6, 20, 

22, 23). In order to determine the effect of 

various organic solvent, the ASP1-13 activity 

was measured at different concentration  

(0-80%) of organic solvents (ethanol, acetone, 

acetonitrile, isopropanol and methanol) under 

protease activity assay (24-26). 

 

2.12 Protein identification by LC/MS-

MS 

 

The protein band on SDS-PAGE was cut, 

excited, and cleaved into peptide with modify 

in-gel digestion method described by 

Shevchenko (27). Then, the digested protein  

sample was applied to liquid chromatography 

mass spectrometry analysis (LC/MS-MS). 

Finally, the MS-MS data was acquired and 

analyzed using MASCOT software (Matrix 

Science, London, UK) and the NCBI 

database. 

 

3. Results and discussions 

 

3.1 Identification of bacterial strain 

 

The 16s rRNA sequence of strain S1-13, 

which is 1,256 bp, was initially identified 

species using BlastN program against 

Genbank database. Results showed high 

similarities (Max identity > 99%) to B. 

amyloliquefaciens, B. atrophaeus, B. subtilis 

and B. vallismortis. Those species was 

subtilis-like bacteria. They are phenotypically 

very similar and share almost identical 16S 

rRNA sequences. 
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Figure 1 Phylogenetic tree based on 16s rRNA gene 

of reference sequences of Bacillus sp. and strain  

S1-13.  

It was also classified in group VI of genus  

Bacillus sp.  (8, 9).  Phylogenic tree was 

constructs based on comparison of all 

reference 16s rRNA gene of Bacillus sp. 

database, neighbor-joining method, and 

bootstrap values from 1,000 replicates  

using MEGA (version 5.0) software.  

The strain S1-13 was most closely associated 

with B. amyloliquefaciens (Figure 1). Finally, 

the 16s rRNA sequence of strain S1-13 was 

submitted into Genbank database (Accession 

number: JX441363). 

 

3.2 Optimization of media composition 

 

Protease production was estimated by using 

nutrient broth (NB) as culture media and 

casein, skim milk as media composition. 1% 

of overnight cultured strain S1-13 was 

inoculated in 3 different media (NB, NB+1% 

casein and NB+1% skim milk) and incubated 

at 37°C, 180 rpm. From previous researchers 

were showed that protease production was 

depended on growth condition, media and 

media composition (10, 11). 

 

 

 

 

 

 

 
 

 

Figure 2 Effect of media composition on strain S1-

13 protease production (A) and growth rate (B); (■-

•-■): NB, (▲---▲): NB+1% casein, (X̶̶̶̶ ̶̶X): NB+ 1% 

skim milk (Mean ± SD, n=3). 

  

Figure 3 SDS-PAGE (A) and zymogram (B) of the 

crude enzyme and partial purified ASP1-13 from 

strain S1-13; lane 1: protein molecular weight 

markers, lane 2: crude ASP1-13, lane 3: acetone 

precipitation sample, lane 4: strong cation 

exchanger sample. 

 

Casein and skim milk are an organic nitrogen 

source that enhanced microbe growth and 

used as inducing protease production (11, 28). 

In this study, the maximum protease activity 

was observed in the present of 1% skim milk 

after 30 hr at the exponential phase (Figure 

2). Similar pattern of protease production was  

also observed by Shahee M. et al. (2008) in  

B. subtilis strain BS1 [28]. The relationship 

between protease production and growth was 

comparable to other published reports on 

microbe protease. Mostly microbe protease  
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are partially produced during stationary 

phase. In contrast, stationary phase, protease 

production was decreased because of 

depletion of nitrogen source and inactivation 

of protease by acidic media (10, 11, 28). 

 

3.3 Partial purification of ASP1-13  

The purification table and relevant data was 

summarized in Table 1. It was showed that 

purified 15 fold with specific activity 1,324 

U/mg and 2% yield after passed through 

strong cation exchanger (SP-Separose). 

Analysis of the ASP1-13 on both SDS-PAGE 

and zymogram was appeared ~ 40 kDa 

(Figure 3A-B). This enzyme is slightly larger 

than normal molecular weight of Bacillus 

alkaline serine protease (18-35 kDa). The 

isoelectric point of ASP1-13 was about 8, 

which was closed to those reported for, 

isoelectric point around 9, Bacillus alkaline 

serine protease (1, 3, 6, 12). 

 

 

3.4 Effect of temperature and pH on 

protease activity and stability 

 

The optimum pH of ASP1-13 was determined 

with various pH buffers (3 to 13). ASP1-13 

activity was not significant decrease between 

pH 7 to 12. Maximum protease activity was 

found at pH 9 (Figure 4). ASP1-13 was 

stabled between pH 5 to 12 after incubated at 

4°C for 12 hr. The actives in an alkaline 

condition could be classified as alkaline 

protease when compared with previous 

researcher (11, 20, 21). 

 

 

 

 

 

 

Figure 4 Effect of pH on the activity and stability on 

ASP1-13; (♦-♦): effect of pH on ASP1-13 activity,  

(■-■): pH stability (Mean ± SD, n=3). 

 

 

Figure 5 Effect of temperature on the activity and 

stability on ASP1-13; (♦-♦): effect of temperature on 

ASP1-13 activity, (■-■): temperature stability  

(Mean ± SD, n=3). 
 

Furthermore, ASP1-13 activity was increased 

at temperature between 50°C to 60 °C and 

abruptly lost at 65°C for 30 min (Figure 5). 

The maximum stability of this enzyme was 

showed at 30°C to 40°C for 2 hr. Similar to 

number of alkaline protease from Bacillus sp. 

that have high optimum temperature (4, 6, 20) 

 

3.5 Effect of protease inhibitors and metal 

ion 

 

The effect of various protease inhibitors on 

ASP1-13 are summarized in Figure 6. In the 

presence of EDTA, the activity of ASP1-13 

was decresed about 60% of the protease  
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Table 1 Purification step of protease ASP1-13  

Purification step 
Total volume 

(ml) 

Total Protein 

(mg) 

Total Activity 

(U) 

Specific activity 

(U/mg) 

Purification factor 

( fold) 

Yield  

(%) 

Crude ASP1-13 1,000 6641 591,667 89 1 100 

Acetone precipitation  50 92 56,750 620 7 10 

Strong cation exchanger 20 7 9,400 1,324 15 2 
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activity. These results suggest that ASP1-13 

may not be a metalloprotease. The completely 

inhibition by PMSF suggests that ASP1-13 

could be a serine (2, 20). The inhibitory effect 

of EDTA was indicated the requirement of 

metal ions for the enzyme activity. Similar 

effect of EDTA on serine protease activity 

produced by Bacillus sp. strain B001 and B. 

aquimaris strain VITP4 (20, 29).  
 
 

 

Figure 6 Effect of protease inhibitor on ASP1-13 

activity (Mean ± SD, n=3). 

 

Figure 7 Effect of metal ion on ASP1-13 (Mean ± 

SD, n=3). 

 

Metal ion is an external factor that affect with 

the protease activity or the stability of the 

protease (20, 22, 29). K
+
, Li

+
, Mg

2+
, Na

+
, and 

Zn
2+ 

were slightly enhanced APS1-13 activity 

(Figure 7). This enzyme was not effect with 

Ca
2+

. But, Cu
2+

, Mn
2+

, and Fe
2+

 were 

inhibited ASP1-13 activity. The same effects 

of Fe
3+

, and Cu
2+

 on an alkaline protease are 

also found in Bacillus sp. strain B001 (20).  
 

3.6 Effect of various chemical agents on 

protease stability 

 

Organic solvent was enhanced performance 

of ASP1-13. The protease activity was 

slightly enhanced at 5% concentration of  

 

isopropanol acetone, acetonitrile, ethanol, and 

methanol (Figure 8). The maximum activity 

(162%) was presented in 10% acetonitrile. 

Above 20%, increasing concentration of 

organic solvent caused a continuous loss of 

protease activity. Different to the mentions 

above, methanol was showed a maximum 

activity (135%) at 40% concentration. 

Similarly to the effects of various organic 

solvents have previously been reported (25).  

 

 
Figure 9 Effect of surfactant, reducing and oxidant 

agent on ASP1-13 activity (Mean ± SD, n=3). 

 

 

Figure 8 Effect of organic solvent on ASP1-13 

activity; (●̶̶̶̶̶̶̶̶̶̶̶̶ ̶̶̶̶̶̶●̶̶̶̶): acetone, (▲-•-▲): acetonitrile, (■̶̶̶̶̶̶̶̶̶̶  ̶̶ 

■): ethanol, (×•••×): isopropanol, (♦--♦): methanol  

(Mean ± SD, n=3). 

 

Organic solvent could be enhance protease 

activity by increase the solubility of non-polar 

substrates, increase the thermal stability, and 

decrease water dependent side reaction (24, 

25). In addition of other chemical, high 

stability was observed for ASP1-13 toward 

various reducing agent, surfactant, and 

oxidant (Figure 9). Upon incubation with 10 

mM DTT and 5% CTAB, ASP1-13 was 

exhibited enhanced residual activities to 

103% and 126%, respectively. These results 

were consistent with reported for alkaline 

proteases from Bacillus sp. (3, 20). Although, 
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oxidizing agent had been reported to 

destabilize alkaline serine protease (20, 22), 

ASP1-13 was retained 89% activity after 

treated with 1% H2O2. All data shown that, 

ASP1-13 could use in various industrial 

applications 

 

3.7 Protein identification 

 
Protein identification of target enzyme band 

on SDS-PAGE was analyzed by using 

LC/MS-MS. MS-MS data was applied to 

MASCOT MS/MS ion search software 

against NCBI data base. The results were 

showed this ASP1-13 has high similarities to 

neutral protease precursor from Bacillus 

subtilis (accession number: gi|83972424). 

 

4. Conclusion 

 

In this work, the strain S1-13 was identified 

as Bacillus amyloliquefaciens based on 16s 

rRNA gene. This strain was produced a newly 

protease (ASP1-13). The ASP1-13 was 

indicated as alkaline serine protease with the 

active condition (pH 7 to 12) and protease 

inhibitor study. This enzyme was also active 

in high temperature (50°C to 60 °C) and 

stabilized at pH 5 to 12, 30°C to 40°C for 2 

hr, surfactant, oxidant, reducing agent and 

organic solvent. These properties of ASP1-13 

are potentially useful for various industrial 

applications. 
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Abstract 

 

Conventional process for ethanol production 

based on cassava starch is basically involved 

liquefaction, saccharification, and 

fermentation. This process requires high-

energy input that increases the production 

costs. In this study, raw cassava starch was 

hydrolyzed by granular starch hydrolyzing 

enzyme at temperature of 40 °C and pH 4.0. 

This process converted 74.62 % raw cassava 

starch to glucose at a concentration of 164.17 

g/L at 36 h with a productivity of 4.56 g/L h. 

In a study on a single-step ethanol production 

in a 5-L fermentor without temperature and 

pH control throughout the fermentation, the 

process yielded a final ethanol concentration 

of 8.19 % w/v (10.38 % v/v) with a 

productivity of 1.14 g/L h and 76.32% of 

theoretical yield. Especially, the combination 

of raw cassava starch hydrolysis and 

fermentation giving a high productivity of 

1.59 g/L h at 36 h, comparable with general 

industrial molasses based ethanol productivity 

(~1.75 g/L h). 
 

Keywords: Raw cassava starch hydrolysis, 

Single-step ethanol production, Combination 

of raw cassava starch hydrolysis and 

fermentation 

 

1. Introduction 

 

Bioethanol is an alternative energy source 

that is renewable and environmentally 

friendly. Many research works have been 

carried out to obtain low cost raw material, 

efficient fermentative enzyme and organism, 

and operating condition process for ethanol 

production [1-6]. Currently, raw materials of 

industrial ethanol production are sugarcane 

molasses and cassava starch [7-12]. The 

ethanol production from molasses is direct 

fermentation, while cassava starch needs 

hydrolysis steps to convert it into glucose 

before fermentation. Thus, general industrial 

ethanol processes using cassava starch as a 

raw material are based on the conversion of 

starch into glucose and, in turn, its subsequent 

conversion into ethanol; which consist of 

three steps, starch liquefaction (80-125 °C), 

saccharification (55-65 °C), and fermentation 

(32-35 °C) of glucose to ethanol [13]. This 

process requires high-energy input for 

liquefaction and an efficient water cooling 

system to reduce the temperature for 

saccharification and fermentation that 

increases the production costs. 

 

In a recent year, new generation of enzyme, 

Stergen
TM

 002, has been developed. This 

enzyme has the advantage of -amylase and 

glucoamylase to hydrolyze granular starch 

that directly hydrolyzes the raw cassava 

starch in a single step at below the 

gelatinization temperature. It would be useful 

for reducing operating cost of industrial 

cassava starch ethanol process by 

combination of raw cassava starch hydrolysis 

and fermentation. Throughout ethanol 

fermentation, glucose from raw cassava 

starch was gradually released and 

immediately utilized by yeast. This system 

prevented bacterial contamination and saved 

the yeast from glucose toxicity. 
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The objectives of this research were (1) 

optimize the hydrolysis of raw cassava starch 

at optimum ethanol fermentation conditions 

using Stargen
TM

 002 and (2) examine the 

single-step ethanol production using 

combination of raw cassava starch hydrolysis 

and fermentation. 

 

2. Materials and Methods 

 

2.1 Raw material 

 

Premium grade cassava starch “Three 

Elephants” was obtained from Chorchiwat 

Industry Co., Ltd. (Chonburi, Thailand). 

 

2.2 Enzymes 

 

The commercial enzymes, Stargen
TM

 002, 

Spezyme Alpha, and Distillase ASP, were the 

products of Dupont Industrial Biosciences 

(Shanghai, China). Stargen
TM

 002, granular 

starch hydrolyzing enzyme, contains 

Aspergillus kawachi -amylase expressed in 

Trichoderma reesei and a glucoamylase from 

T. reesei. The minimum activity is 570 

GAU/g. One glucoamylase unit (GAU) is the 

amount of enzyme that will liberate one gram 

of reducing sugar calculated as glucose per 

hour from soluble starch substrate under the 

assay condition [14]. Spezyme Alpha 

contains a thermostable starch hydrolyzing -

amylase that is produced by Bacillus 

licheniformis. The minimum activity is 

13,775 AAU/g. One alpha-amylase unit 

(AAU) is the amount of enzyme required to 

hydrolyze 10 mg of starch per minute under 

assay condition [15]. Distillase ASP contains 

1,4--D-glucan hydrolase (E.C.3.2.1.3), 

which is referred to as glucoamylase and 

bacteria pullulanase (E.C.3.2.1.4). The 

minimum activity is 580 TGAU/g. This 

enzyme is a blend of enzymes produced by B. 

licheniformis and T. reesei [16]. 

 

2.3 Yeast strain 

 

Fali, actively dried alcohol yeast, 

Saccharomyces cerevisiae, obtained from AB 

Mauri (Sydney, Australia), was used for the 

ethanol fermentation. This stain creates the 

maximum alcohol yields, exceeding 18 % v/v 

depending on fermentation procedures. In 

addition, it is extremely thermotolerant, and 

has a wide fermentation temperature rang 

(25-40 °C). 

 

2.4 Optimizing Stargen
TM

 002 conditions 

for raw cassava starch hydrolysis 

 

Starch slurry (20 % w/v), prepared in sodium 

acetate buffer pH 3.0-7.0, was incubated in 

water bath at 30-40 °C for 48 h with 

continuous stirring at 100 rpm using overhead 

stirrer. Stargen
TM

 002 at concentrations of 

0.1-0.4 % (dry starch basis) was added in 

starch slurry before beginning the hydrolysis. 

The concentration of glucose in the 

supernatant of centrifuged sample was 

determined by high performance liquid 

chromatography (HPLC). 

 

2.5 Raw cassava starch hydrolysis 

 

Starch slurry (20 % w/v), prepared in sodium 

acetate buffer pH 4.0, was hydrolyzed in a 10 

L reactor at 40 °C and agitated at 100 rpm for 

72 h with Stargen
TM

 002 at a concentration of 

0.3 % (dry starch basis). The concentration of 

glucose was determined by HPLC. 

 

2.6 Raw cassava starch pretreatment and 

hydrolysis 

 

Starch slurry (20 % w/v), prepared in sodium 

acetate buffer pH 4.0, was heat-treated in a 10 

L reactor at below gelatinization temperature 

(60 °C) [17-18] agitation at 100 rpm for 1 h 

with or without Spezyme Alpha and Distillase 

ASP at a concentration of 0.1 % (dry starch 

basis) and then hydrolyzed by Stargen
TM

 002 

(0.3 % dry starch basis) at 40 °C for 72 h. The 

concentration of glucose was determined by 

HPLC and expressed as the percentage of raw 

starch conversion. The residual starch after 

hydrolysis was collected for further 

characterization by scanning electron 

microscopy. 
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2.7 Characterization of hydrolyzed raw 

cassava starch 

 

Hydrolyzed raw cassava starch sample were 

mounted on circular aluminum stubs with 

carbon tape, coated with gold, and examined 

and photographed in scanning electron 

microscope (LEO, 1450VP, Germany) at an 

accelerating voltage of 10 kV. 

 

2.8 Single-step ethanol production using 

combination of raw cassava starch 

hydrolysis and fermentation 

 

Ethanol fermentation was carried out in a 5-L 

glass fermentor (Biostat B, B. Braun Biotech 

International, Germany) with 4 L working 

volume, 1 g/L Fali, actively dried yeast, and 

initial fermentation temperature at 40 °C and 

then cultivated without temperature and pH 

control throughout the fermentation. Batch 

fermentation of 200 g/L raw cassava starch 

(heat pretreated with 0.1 % Distillase ASP for 

1 h) supplemented with 100 g/L sugarcane 

molasses, 0.1 g/L (NH4)2HPO4, 1.5 g/L 

KH2PO4, 1.8 g/L Na2HPO4, 3.8 g/L 

MgSO4.7H2O [19-20] was conducted for 72 h 

with an agitation rate at 300 rpm. Stargen
TM

 

002 was added at a concentration of 0.3 % 

before fermentation. The concentration of 

ethanol in the supernatant of centrifuged 

sample was determined by HPLC and 

expressed as the ethanol concentration (g/L). 

 

2.9 Analytical method 

 

The content of glucose and ethanol were 

determined by HPLC (KNAUER smartline, 

Berlin, Germany) using refractive index 

detector and Eurokat H vertex column 

(KNAUER, Berlin, Germany) eluted by 0.01 

N H2SO4 with 0.8 ml/min at 60 °C. 

 

The statistical analysis of the results was 

performed applying a variance analysis 

(ANOVA) to determine the difference 

between the averages. 

 

 

 

3. Results and Discussion 

 

3.1 Optimizing Stargen
TM

 002 conditions 

for raw cassava starch hydrolysis 

 

There was an increase in the quantity of 

glucose released and higher percentage 

conversion of raw cassava starch to glucose 

when pH of starch slurry was reduced from 

7.0 to 3.0 (Table 1). The maximum glucose 

concentration was achieved at pH 3.0. 

However, pH below 4.0 could reduce yeast 

activity, so that pH of starch slurry at 4.0 was 

used for further study on starch hydrolysis 

and ethanol fermentation. 

 

The effect of temperature on the release of 

glucose from raw cassava starch by Stargen
TM

 

002 as presented in Table 2 indicated that the 

glucose concentration was increased, when 

temperature of starch slurry was increased 

from 30 °C to 40 °C. The percent conversion 

of raw cassava starch to glucose was the 

highest at the temperature of 40 °C. 

 

The glucose formed from raw cassava starch 

by varying Stargen
TM

 002 concentration is 

given in Table 3. It was found that 33.5 % 

raw cassava starch cloud be hydrolyzed by 

Stargen
TM

 002 at a concentration of 0.3 % 

(dry starch basis). Increasing the Stargen
TM

 

002 concentration (up to 0.4 %) did not 

significantly affect to the raw cassava starch 

hydrolysis.  

 
Table 1 Effect of pH on raw cassava starch 

hydrolysis by Stargen
TM

 002. 

pH of 

starch 

slurry 

Glucose formed 

(g/L) 

Percent 

conversion 

to glucose 

3.0    114.39 ± 1.24
a
 52.00 ± 0.56

a
 

4.0 96.39 ± 1.03
b
 43.82 ± 0.47

b
 

5.0 56.26 ± 1.17
c
 25.57 ± 0.53

c
 

6.0 33.10 ± 1.14
d
 15.04 ± 0.52

d
 

7.0 16.95 ± 0.36
e
     7.70 ± 0.16

e
 

 
Each value is Mean ± SE from three replications. 
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Table 2 Effect of temperature on raw cassava 

starch hydrolysis by Stargen
TM

 002. 

Temperature 

(°C) 

Glucose 

formed 

(g/L) 

Percent 

conversion 

to glucose 

30 30.07 ± 0.39
a
 13.67 ± 0.18

a
 

35 59.50 ± 5.31
b
 27.05 ± 2.41

b
 

40 133.27 ± 7.83
c
 60.58 ± 3.56

c
 

Each value is Mean ± SE from three replications. 

 
Table 3 Effect of Stargen

TM
 002 concentration on 

raw cassava starch hydrolysis. 

Enzyme 

concentrations 

(% dry starch 

basis) 

Glucose 

formed 

(g/L) 

Percent 

conversion 

to glucose 

0.1 37.45 ± 5.87
a
 17.02 ± 2.72

a
 

0.2 56.56 ± 1.36
b
 25.71 ± 0.62

b
 

0.3 73.78 ± 4.18
c
 33.54 ± 1.90

c
 

0.4 78.70 ± 1.41
c
 35.77 ± 0.64

c
 

Each value is Mean ± SE from three replications and 

followed by the same letter were not significantly 

different (p<0.05). 

 

3.2 Raw cassava starch hydrolysis 

 

Raw cassava starch was hydrolyzed by 

Stargen
TM

 002 at a concentration of 0.3 % 

(dry starch basis) with a temperature of 40 °C 

and pH 4.0. During the time of hydrolysis, 

glucose was rapidly released at first 12 h 

(Figure 1). After that, hydrolysis rate 

decreased. This process converted 63.05 % 

raw cassava starch to glucose at a 

concentration of 138.70 g/L at 48 h with a 

productivity of 13.14 g/L h. After 48 h, the 

release of glucose and the percentage of 

conversion of raw cassava starch to glucose 

were gradually increased. At 72 h of 

hydrolysis, 68.56 % of raw cassava starch 

was hydrolyzed. These results showed that 

the hydrolysis of raw cassava starch by 

Stargen
TM

 002 yielded rather high glucose 

conversion. 

 

3.3 Raw cassava starch pretreatment and 

hydrolysis 

 

Sub-gelatinization temperature pretreatment 

(60 °C) for 60 min showed a positive effect 

on hydrolyzation of raw cassava starch by 

Stargen
TM

 002 (Figure 2). Heating at sub- 

 

Figure 1 The release of glucose from raw cassava 

starch and percent conversion of raw cassava starch 

to glucose by Stargen
TM

 002 at the optimum 

condition. 

 

gelatinization temperature increased the 

ability of enzyme to hydrolyze starch [18]. 

This process would allow the starch granules 

to swell more and open up the small pores on 

the granule surface, which would facilitate the 

access of Stargen
TM

 002 into the starch 

granules [17]. Therefore, sub-gelatinization 

temperature pretreatment increased the raw 

cassava starch hydrolysis rate. 

 

When raw cassava starch hydrolyzed by 

Stargen
TM

 002 after sub-gelatinization 

temperature pretreatment with amylolytic 

enzymes for 60 min, adding amylolytic 

enzymes at a concentration of 0.1 % (dry 

starch basis) increased the hydrolysis rate at 

the initial stage. Compared to the hydrolysis 

of sub-gelatinization temperature 

pretreatment without amylolytic enzymes, the 

amylolytic enzymes with sub-gelatinization 

temperature pretreatment resulted in an 

increase of percentage of hydrolysis by 

approximately 9-12 % at 12 h hydrolysis and 

6-9 % at 36 h hydrolysis. This study indicates 

that starch pretreatment at sub-gelatinization 

temperature with amylolytic enzymes greatly 

improves raw cassava starch hydrolysis by 

increasing the hydrolysis rate and reducing 

hydrolysis time. As shown in Table 4, after 

36 h hydrolysis by Stargen
TM

 002 at 40 °C, 

sub-gelatinization temperature pretreatment 

with amylolytic enzymes showed the high 

percentage of hydrolysis and productivity. 
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Table 4 Effect of sub-gelatinization temperature and amylolytic enzymes pretreatment on raw cassava starch 

hydrolysis by Stargen
TM

 002. 

Starch slurry pretreatment (60 min) Hydrolysis by Stargen
TM

002 (40 °C, 36 h) 

Temperature 

(°C) 

Amylolytic enzyme 

(0.1 % dry starch basis) 

Glucose 

formed 

(g/L) 

Productivity 

(g/L h) 

Percent 

conversion 

to glucose 

Conversion 

rate 

(g/L h) 

- - 128.89 ± 3.17
a
 3.58 ± 0.09

a
 58.59 ± 1.44

a
 3.25 ± 0.08

a
 

60 - 143.81 ± 8.62
b
 3.99 ± 0.24

b
 65.37 ± 3.92

b
 3.63 ± 0.22

b
 

60 Spezyme Alpha 157.98 ± 5.26
c
 4.39 ± 0.15

c
 71.81 ± 2.39

c
 3.99 ± 0.13

c
 

60 Distillase ASP 164.17 ± 3.29
c
 4.56 ± 0.09

c
 74.62 ± 1.50

c
 4.15 ± 0.08

c
 

60 Spezyme Alpha + Distillase ASP 162.42 ± 4.13
c
 4.51 ± 0.11

c
 73.83 ± 1.88

c
 4.10 ± 0.10

c
 

Each value is Mean ± SE from three replications and followed by the same letter were not significantly different 

(p<0.05). 
 

Raw cassava starch treating at sub-

gelatinization temperature with Distillase 

ASP before Stargen
TM

 002 hydrolysis 

converted 74.62 % raw cassava starch to 

glucose at a concentration of 164.17 g/L with 

a productivity of 4.56 g/L h. It is also possible 

that during this time, pores and surface areas 

on starch granules were increased by 

enzymatic attack that affects Stargen
TM

 002 to 

break down raw cassava starch easier. 

However, the percentage of raw cassava 

starch conversion from treating starch at sub-

gelatinization temperature with Spezyme 

Alpha, Distillase ASP, or both enzyme was 

not significantly (p<0.05). 

 

3.4 Characterization of hydrolyzed raw 

cassava starch 

 

The characterization of hydrolyzed sub-

gelatinization temperature pretreatment raw 

cassava starch was observed using SEM. 

Figure 3 shows SEM photographs of native 

and hydrolyzed starch granules. From SEM 

micrograph, the surface of native starch 

granule was smooth, while the surface of 

hydrolyzed starch granule was extensively 

eroded. Sub-gelatinization temperature 

pretreatment cause the starch to swell 

resulting on the Stargen
TM

 002 to penetrate 

into the granule more extensively forms pores 

and channels during hydrolysis. The 

enzymatic erosion occurred at the surface of 

starch granules. The Stargen
TM

 002 degraded 

the external part of starch granule by exo-

corrosion. This result was also in accordance 

with a previous reported that enzymetic 

erosion occurred mainly at the cassava starch 

granule surface [17, 21-22]. 

 

 

Figure 2 Effect of sub-gelatinization temperature 

and amylolytic enzymes pretreatment on the 

percent conversion of raw cassava starch by 

Stargen
TM

 002. 

 

 

 

Figure 3 Scanning electron micrographs of cassava 

starch granule hydrolyzed by Stargen
TM

 002 at      

40 °C (a) native raw cassava starch (b) pretreated 

raw cassava starch at sub-gelatinization 

temperature (60 °C for 60 min) (c) hydrolyzed raw 

cassava starch by Stargen
TM

 002 for 6 h and (d) 

hydrolyzed raw cassava starch by Stargen
TM

 002 

for 48 h. 
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3.5 Single-step ethanol production using 

combination of raw cassava starch 

hydrolysis and fermentation 

 

The study on single-step ethanol production 

was conducted in a 5-L glass fermentor using 

4 L raw cassava starch slurry composed of 

100 g/L sugarcane molasses, 0.1 g/L 

(NH4)2HPO4, 1.5 g/L KH2PO4, 1.8 g/L 

Na2HPO4, and 3.8 g/L MgSO4.7H2O. The 

fermentor impellers were agitated at 300 rpm 

throughout fermentation for 72 h. The highest 

ethanol concentration of 8.19 % w/v (10.38 % 

v/v) was achieved with a productivity of 1.14 

g/L h and 76.32 % of theoretical yield (Figure 

4). Surprisingly, the combination of raw 

starch hydrolysis and fermentation giving a 

high productivity of 1.59 g/L h at 36 h (Table 

5), comparable with general industrial 

molasses based ethanol production (~1.75 g/L 

h). 

 

The ethanol concentration achieved in this 

study is the highest value for single-step 

fermentation of raw starch. However, this 

process gave the ethanol yield and 

productivity less than those of some 

simultaneous saccharification and 

fermentation (SSF) processes. The 

comparison of ethanol concentration, 

theoretical yield, and productivity of some 

studies is summarized in Table 6. 

 

 

 

Figure 4 The yield of ethanol produced from 

combination of raw cassava starch hydrolysis and 

fermentation. 

 

4 Conclusions 

 

This study showed that raw cassava starch 

hydrolysis by Stargen
TM

 002 is possible for 

single-step ethanol production. The 

combination of amylolytic enzyme addition 

and sub-gelatinization temperature 

pretreatment greatly improves raw cassava 

starch hydrolysis by Stargen
TM

 002. The 

combination of raw cassava starch hydrolysis 

and fermentation process can be applied for 

the industrial ethanol production. 
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Table 5 The yield of ethanol produced from combination of raw cassava starch hydrolysis and fermentation.

Time (h) Residual glucose (g/L) Ethanol (g/L) Ethanol yield (g/g) Productivity (g/L h) 

36 17.85 ± 0.18
a
 57.29 ± 0.87

a
 0.27 ± 0.00

a
 1.59 ± 0.02

a
 

72              7.91 ± 0.04
b
 81.86 ± 1.88

b
 0.39 ± 0.01

b
 1.14 ± 0.03

b
 

Each value is Mean ± SE from three replications. 

 
Table 6 Comparison of ethanol fermentation from cassava starch under different operation conditions. 

Operation conditions Microorganism Ethanol 

(g/L) 

Theoretical yield 

(%) 

Productivity 

(g/L h) 

References 

Conventional S.  serevisiae      34.07 83.39 0.53 [22] 

Single-step, coculture 
Ragi tapai and 

S.  serevisiae 
     35.26 68.49 0.49 [3] 

Single-step, enzyme S.  serevisiae      81.86 76.32 1.14 This study 

SSF, continuous S.  serevisiae      78.80 86.20 3.28 [23] 

SSF, enzyme S.  serevisiae    111.60 98.41 2.33 [4] 

SSF, high gravity S.  serevisiae    135.71 86.10 2.26 [24] 
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Abstract 

 

Solid state fermentation for a red pigment 

production of Monascus ruber NBRC 32318 

on rice in an aerated packed bed bioreactor 

was studied. The constant and the inconstant 

aeration rates were studied in this research. 

The constant rates were performed using 0.05 

and 0.10 vvm during fermentation. The 

inconstant ones were conducted by changing 

the aeration rate when the growth of fungi 

entered the stationary phase. The inconstant 

aeration were studied in three different modes 

composed of 1) starting with 0.10 vvm 

aeration and then changing to 0.05 vvm one, 

2) starting with 0.10 vvm aeration and then 

increasing to 0.15 vvm one, and 3) starting 

with 0.05 vvm aeration and then increasing to 

0.10 vvm one. The growth and the density of 

red pigment were analyzed along the height 

of packed bed. The results show the effect of 

changing aeration rate during fermentation on 

the red pigment production. The appropriated 

aeration rate seemed to be relative with the 

height of bed. 
 

Keywords: Solid state fermentation, aeration, 

packed bed bioreactor. 

 

1. Introduction 

 

Color is one of important factors to enhance 

the consumers’ acceptability of foods. 

Currently, customers’ awareness about the 

synthetic food ingredients leads to increase 

the use of natural ones. Most natural colorants 

are from plant and animal extracts that are 

exempt from certification are utilized 

worldwide. However, they are and their 

applications are limited. The interest in 

microbial productions of natural food 

colorants have been growing as alternative 

ways. A famous microorganism producing 

red pigment for food is a filamentous fungus 

Monascus. The Monascus red pigment has 

traditionally been produced by solid state 

fermentation (SSF) of Monascus on steamed 

rice in a multi-tray bioreactor. Since the 

thickness of bed is limited to prevent 

accumulated heat and to provide an aerobic 

condition
1
, a big production area is required. 

This research interests to use a packed bed 

bioreactor for the SSF due to the aeration 

which supply oxygen to fungi and remove an 

accumulated heat in the bed; hence, the 

thickness of bed can be increased.  

 

The previous work
2
 conducting on the 

Monascus red pigment production by 

submerged fermentation showed the effect of 

volumetric liquid–phase mass transfer 

coefficient (kLa) of oxygen on both cell mass 

concentration and red pigment production. 

Another work
3
 indicated that the red pigment 

production was highly influenced by the 

morphology of filamentous fungal M. ruber 

affected by a level of oxygen supply
4
. 

 

Some researches conducting SSF on the 

Monascus red pigment production indicated 

that higher aeration in packed bed bioreactor 

improved the red pigment production because 

of more supply of oxygen that was essential 

for polyketides synthesis which related to 

pigmentation
5
, but biomass and red pigment 

productions were reduced due to an 

evaporation
6
. Although the red pigment of 
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Monascus is the secondary metabolite that is 

produced when the growth of fungi becomes 

a stationary phase or after the log phase, there 

are a few researches studying on a difference 

of oxygen requirement or optimum aeration 

between primary and secondary metabolisms 

of Monascus. This research aimed to 

determine the effect of aeration change in 

stationary phase on the growth and the red 

pigment production of M. ruber on rice using 

the packed bed bioreactor. 
 

2. Materials and Methods  

 

2.1 Spore production  

 

Dehydrated M. ruber NBRC 32318 was 

obtained from the Department of 

Biotechnology, National Institute of 

Technology and Evaluation, Chiba, Japan. It 

was revived in a sterilized solution containing 

yeast extract 2 g/L, peptone 10 g/L, and 

MgSO4·7H2O 1 g/L. Inoculum suspension of 

M. ruber spores was prepared by incubating 

the strain for 10 days at 37
o
C on the growth 

medium (2% agar) containing glucose 10 g/L, 

yeast extract 3 g/L, K2HPO4 2 g/L, and 

MgSO4
.
7H2O 0.2 g/L in 86 mm diameter 

plastic disposable Petri dishes. Then, the 

sporulated culture of M. ruber was scrapped 

and suspended in 5 mL sterilized water and 

the suspension was filtrated through 

Whatman No.1 filter paper under strict 

aseptic conditions. The number of spores in 

the filtrate was counted using a 

hemocytometer (Kayagaki, Tokyo, Japan). 

The density of spore in the suspension was 

adjusted to 1x10
6
 spores/mL by adding 

sterilized water.  

 

2.2 Substrate preparation and inoculation  

 

The amount of 40 g of rice (Oryza sativa) was 

mixed with distilled water to obtain the 

moisture content 50% (w/w), and then it was 

sterilized at 121
o
C for 20 min. After the 

sterilized rice substrate was cooled to ambient 

temperature under aseptic condition, it was 

inoculated with the spore suspension   2×10
5
 

spores/g wet substrate. 

 

2.3 Solid state fermentation  

 

The inoculated rice 80 g was packed in the 

glass column which was connected to the 

sterilized air system as shown in Fig. 1. The 

height of bed was set at 18 cm for all 

experiments. Ten sets of rice packed column 

with aeration device were used for one test 

run which conducted the SSF for 10 d. Each 

fermented column was taken at 1 d interval to 

analyze the fungal growth and the pigment 

production until 10 d. The aeration rates of 

humidified air were studied at constant and 

inconstant rates. The constant rates were 0.05 

and 0.10 vvm (mL of air/mL of bed/min.). 

The inconstant ones were studied by changing 

the aeration rate when the fungal growth had 

become the stationary phase. The three 

conditions of inconstant aeration in this 

research consisted of 1) starting with 0.10 

vvm aeration and then changing to 0.05 vvm 

one, A010B005; 2) starting with 0.10 vvm 

aeration and then increasing to 0.15 vvm one, 

A010B015; and 3) starting with 0.05 vvm 

aeration and then increasing to 0.10 vvm one, 

A005B010. The incubation temperature was 

controlled at 30
o
C. Each experiment was 

conducted in duplicate. 

 

  

Figure 1 Packed bed column used in this study 

 

2.4 Growth analysis  

 

The amount of 1 g of fermented rice was 

hydrolyzed by 60% sulfuric acid solution and 

analyzed the glucosamine content using a 

colorimetric method
7
. The growth of M. ruber 

was reported in a unit of glucosamine content 
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in dry fermented rice (mg/g). The analyses 

were performed in triplicate.  

 

Data of glucosamine content in fermented 

rice in the log phase were used to calculate 

the specific growth rate using equation (1). 

 

 
1 dx

x dt
     (1) 

in which x is glucosamine content (mg/g 

biomass), t is incubation time (d), and  is 

specific growth rate (1/d). 

 

2.5 Red pigment determination 

 

Red pigment was extracted from fermented 

rice by soaking 0.50 g of dry fermented rice 

in 5.0 mL 95% of ethanol solution for 1 d, 

and then centrifuging at 1,500  g for 5 min. 

The red pigment was determined by 

measuring an absorbance at the 500 nm 

wavelength of the supernatant by 

spectrophotometer. 

 

3. Results 

 

3.1 Growth of M. ruber NBRC 32318 

 

The growth of M. ruber was presented in 

glucosamine content in dry fermented rice. 

The fungal growth in the packed bed column 

with aeration rate at 0.10 and 0.05 vvm are 

shown in Fig. 2. The initial glucosamine 

content, which was 8.3 ± 0.2 mg/g dry 

substrate, was from the initial inoculum of M. 

ruber spores. The maximum contents of 

glucosamine were determined as 23.6 ± 2.3 

and 17.9 ± 1.2 mg/g dry fermented rice for 

the SSF with 0.10 and 0.05 vvm aeration, 

respectively. The glucosamine content in 

fermented rice increased until 3 days of SSF 

with both aerations 0.10 (S010) and 0.05 

(S005) vvm, and then they became slightly 

lower for the run with 0.10 vvm and kept 

constant for the run with 0.05 vvm. The 

specific growth rates were calculated using 

eq.(1) as 0.35 and 0.25 d
-1

 for the SSF with 

the aeration at 0.10 and 0.05 vvm, 

respectively. 

 

 
 
 

Figure 2 Average contents of glucosamine analyzed 

from fermented rice in four zones of bed during 

SSF with aeration at 0.05 and 0.10 vvm. Circle, 0.05 

vvm aeration rate. Square, 0.10 vvm aeration rate. 

Error bars represent the standard deviations of the 

triplicate measurements. 

 

 

The growths were monitored until 10 days by 

measuring the glucosamine contents in 

fermented rice collected from four zones 

along the height of packed bed fermented 

with different conditions of aeration. Fig. 3 

shows the measured glucosamine contents in 

fermented rice after terminating SSF. The 

maximum values found on the third day of 

fermentation presented in the bed with 0.10 

vvm aeration (S010) were 23.0 ± 1.3, 24.7 ± 

0.5, 23.6 ± 1.9 and 23.0 ± 0.7 mg/g dry 

fermented rice from zone 1 to 4, respectively. 

The maximum ones in the bed with 0.05 vvm 

aeration (S005) were 17.6 ± 0.7, 18.3 ± 1.2, 

18.5 ± 1.0 and 17.5 ± 0.9 mg/g dry fermented 

rice obtained from zone 1 to 4, respectively. 

 

The slightly increasing glucosamine content 

in every zone along the bed in stationary 

phase were found in both runs with the 

constant aeration at 0.05 vvm (CON005) and 

another run increasing aeration to 0.10 vvm in 

stationary phase (A005B010). In contrast, the 

analyzed glucosamine contents obtained from 

the SSF with starting aeration 0.10 vvm kept 

constant values since starting a stationary 

phase (S010), even if the aeration were 

decreased to 0.05 vvm (A010B005) or 

increased to 0.15 vvm (A010B015).  
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Figure 3 Glucosamine content in fermented rice in 

different zones of column. S010 and S005 were the 

conditions of 3 d SSF under the constant aeration 

rate at 0.10 and 0.05 vvm respectively. CON010 and 

CON005 were the conditions under the constant 

aeration rates at 0.10 and 0.05 vvm respectively. 

A010B005 was the conditions under which the 

initial aeration rate was 0.10 vvm then changed to 

0.05 vvm after the fungus entered the stationary 

phase. A010B015 was the conditions under which 

the initial aeration rate was 0.10 vvm then changed 

to 0.15 vvm after the fungus entered the stationary 

phase. A005B010 was the conditions under which 

the initial aeration rate was 0.05 vvm then changed 

to 0.10 vvm after the fungus entered the stationary 

phase.  

 

 

3.2 Red pigment production  

 

The red pigment was detected in the column 

at the third day of SSF or at the time when the 

fungus entered the stationary phase (S010 and 

S005 in Fig. 1). Fig. 4 shows the red pigment 

densities of the extracts of red rice fermented 

in the different aeration. The highest average 

red pigment production was found in the SSF 

with A005B010 as 316 ± 24/g dry fermented 

rice, followed by the SSF with CON005 (236 

± 15/g dry fermented rice), which was not 

significant different with CON010 (226 ± 11/ 

g dry fermented rice), and A010B005 (212 ± 

9/g dry fermented rice, which was not 

significant different with A010B015 (202 ± 8/ 

g dry fermented rice).  The results show that 

there was no difference in the average red 

pigment production by SSF with the constant 

aeration at 0.10 and 0.05 vvm. However, the 

lowest red pigment production was found as 

191 ± 11/g dry fermented rice at the top of 

column in CON010 while it was found as 166 

± 18/g dry fermented rice at the bottom of 

column in CON005. Comparing with the 

constant aeration 0.10 vvm (CON010), both 

decreasing (A010B005) and increasing 

(A010B015) aeration after stationary phase 

slightly decreased the average red pigment 

production from 226 ± 14 to 212 ± 12 and to 

202 ± 19 /g dry fermented rice, respectively.  

 

It was evident that the red pigment density of 

fermented rice obtained from the SSF with 

increasing aeration from 0.05 to 0.10 vvm 

(A005B010) was higher that the SSF with 

constant aeration at 0.05 vvm (CON005) in 

all zones of column. The highest red pigment 

density was found in the SSF with the 

aeration of A005B010 at the position near the 

top of the column as 349 ± 7 /g dry fermented 

rice. The lowest one was found from the SSF 

with the aeration of A010B015 at the bottom 

of column as 135 ± 11 /g dry fermented rice. 

 

 
 
 

Figure 4 Red pigment production of M. ruber 

cultivated for 10 days in the packed bed column 

under different aerating conditions. CON010 and 

CON005 were the conditions under the constant 

aeration rates at 0.10 and 0.05 vvm respectively. 

A010B005 was the conditions under which the 

initial aeration rate was 0.10 vvm then changed to 

0.05 vvm after the fungus entered the stationary 

phase. A010B015 was the conditions under which 

the initial aeration rate was 0.10 vvm then changed 

to 0.15 vvm after the fungus entered the stationary 

phase. A005B010 was the conditions under which 

the initial aeration rate was 0.05 vvm then changed 

to 0.10 vvm after the fungus entered the stationary 

phase.  
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3.3 Moisture content of bed   

 

The moisture contents of fermented rice in the 

packed bed column after fermentation are 

summarized in Table 1. All analyzed moisture 

contents along the height of bed, which was 

obtained from all conditions of aeration, show 

higher values than that of the initial substrate 

(50% wet basis). The results showed the 

lowest moisture contents at the bottoms of the 

bed (zone 1) in the SSF with the aeration of 

CON010, CON005, A010B005 and 

A010B015 as 61.8 ± 1.7, 62.8 ± 0.8, 64.3 ± 

0.8 and 60.5 ± 0.7 %, respectively. There 

were no significantly different among the 

moisture content of fermented rice along the 

height of bed in the SSF with A005B010 

aeration.  The measured moisture content 

obtained from the run of A010B005 was 

higher than that with the other conditions in 

all zones of packed bed. Among all 

experiments, the lowest and highest moisture 

contents of fermented rice were found as 60.5 

± 0.7 % at the bottom of bed (zone 1) in the 

run of A010B005 and as 69.0 ± 2.1% at the 

middle of bed (zone 2) in the run of 

A010B005, respectively.  

 

Table 1 Moisture contents of fermented rice along the height of packed bed after 10 days SSF with 

different aerating conditions

Remark: - S010 and S005, when stationary phase begin in the SSF with aeration 0.10 and 0.05 vvm, respectively. 

CON010 and CON005, after SSF with constant aeration at 0.10 and 0.05 vvm, respectively. A010B005, after SSF 

with inconstant aeration rate starting at 0.10 vvm and then decreasing to 0.05 vvm. A010B015, after SSF with 

inconstant aeration rate starting at 0.10 vvm and then increasing to 0.10 vvm. A005B010, after SSF with inconstant 

aeration rate starting at 0.05 vvm and then increasing to 0.10 vvm. 

- Different letters indicate significant differences in mean values in each column. Mean values with the 

same superscript letters (a, b, c or d) were similar and no statistically significant differences were observed for these 

samples. 

 

4. Discussions 

 

4.1 Growth of M. ruber 

 

The growths evaluated by the glucosamine 

content in fermented rice showed the changes 

of growth phase from a log to a stationary 

phase at the same time which was the third 

day of fermentation in both SSF with aeration 

0.10 and 0.05 vvm. Therefore, the aeration 

did not affect the time starting stationary 

phase. From this finding, the aeration rate in 

the experiments of inconstant aeration was 

changed at the third day of fermentation. To 

explain the effect of aeration change on the 

fungal growth, the experiment was divided 

into two groups; 1) the constant aeration 0.10 

vvm (CON010) comparing with the 

inconstant ones consisting of reducing 

aeration to 0.05 vvm (A010B005) and 

increasing to 0.15 vvm (A010B015) in 

stationary phase and 2) the constant aeration 

0.05 vvm (CON005) comparing with the 

inconstant one increasing aeration to 0.10 

vvm in stationary phase (A005B010). The 

results of both groups indicated that there was 

no effect of changing aeration on the growth 

phases because the measured glucosamine 

contents in dry fermented rice after finishing 

SSF obtained from the run with constant and 

inconstant aeration were not significantly 

different. It was because that the aerations 

changes were conducted after the fungal 

growths entered the stationary phase. 

Nevertheless, the aeration rate affected the 

value of specific growth rate which that of the 

SSF with 0.10 vvm aeration was greater than 

that with 0.05 vvm one. It could be implied 

Zone CON010 CON005 A010B005 A010B015 A005B010 

4 65.0 ± 2.0
a
 64.0 ± 2.2

a
 65.0 ± 1.1

ac
 64.0 ± 1.3

a
 62.8 ± 2.4

a
 

3 65.8 ± 2.5
a
 66.1 ± 2.1

a
 67.2 ± 1.3

ab
 65.8 ± 1.7

ac
 64.9 ± 1.2

a
 

2 65.4 ± 1.2
a
 65.6 ± 1.3

a
 69.0 ± 2.1

b
 62.3 ± 0.8

ad
 63.2 ± 1.9

a
 

1 61.8 ± 1.7
b
 62.8 ± 0.8

b
 64.3 ± 0.8

c
 60.5 ± 0.7

b
 62.3 ± 1.6

a
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that the amount of fungi for red pigment 

production from CON010, A010B005 and 

A010B015 were higher than that from 

CON005 and A005B010. 

4.2 The relation between the growth and 

the red pigment production of M. ruber 

The red pigment production in the SSF with 

CON010 and CON005 were not significantly 

different even if the growth rate of CON010 

was higher than that of CON005. Therefore, 

other than a fungal growth rate, a cultivating 

condition during spore germination and 

growth phase; for example, an amount of 

oxygen supply and a heat accumulation 

problem should be considered to increase the 

red pigment production in SSF using a packed 

bed bioreactor. The measured temperature at 

the center of packed bed during fermentation 

confirmed that there was no effect from heat 

accumulation because the measured 

temperature was constant at 30
o
C throughout

the fermentation.  

Changing aeration affect not only red pigment 

production, but also the distribution within 

the bed. The bed with aeration A005B010 

showed the most uniform moisture 

distribution. However, the bed with the 

aeration of A005B010 in different height of 

column showed the different amount of red 

pigment production.  

Increasing aeration in stationary phase from 

0.10 to 0.15 vvm (A010B015) reduced the red 

pigment production, especially at the top 

(zone 4) of the column but the red pigment 

production extremely raised when the 

aeration increased from 0.05 to 0.10 vvm 

(A005B010), even if the moisture contents of 

their beds in the same zone were quite close. 

Oxygen (O2) or/and carbon dioxide (CO2) 

partial pressure in the packed bed column, 

besides moisture content of substrate, seemed 

to be an important factor affecting the red 

pigment production because the productions 

of red pigment in different zones in the SFF 

with A005B010 aeration were different even 

if the moisture contents of bed was not 

statistically different. The red pigment in the 

SSF with A010B005 aeration was lower than 

that with CON010 aeration because of 1) high 

moisture contents in the beds due to too low 

aeration resulting in the low moisture transfer 

from center to the top of the bed and 2) low 

oxygen supply resulting in lower red pigment 

production in the higher zone. Also, the red 

pigment in the SSF with A010B015 aeration 

was lower than that with CON010 aeration, 

especially at the bottom of column (zone 1) 

because increasing aeration caused the high 

evaporation. In contrast to the SSF with 

A005B010 aeration, the red pigment 

production increased when the aeration 

increased from 0.05 to 0.10 vvm in stationary 

phase. It may be due to the optimum oxygen 

partial pressure, in particular, near the top of 

column (zone 3). The results indicated that 

the aeration appropriated to the growth and 

the pre-culturing was 0.05 vvm but it required 

higher aeration in the period of red pigment 

production.      

5. Conclusion

The red pigment production of M. ruber was 

clearly affected by how aeration was applied. 

Changing aeration rate in stationary phase 

influenced the red pigment production but it 

did not affect the growth. It was believed that 

the important factors affecting the red 

pigment production were the oxygen supply 

along the height of packed bed and moisture 

distribute besides heat accumulation.  
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Abstract 

The effects of dietary supplementation of 

lotus (Nelumbo nucifera Gaertn.) stamen 

extract (NNSE) on growth performance, 

feed utilization efficiency and intestinal 

morphology of Catfish (Clarias gariepinus) 

were evaluated experimentally in a 7-week 

feeding trial. Fish with an initial weight of 

12.54±0.64 g were completely randomized 

into 4 groups with 3 replications and reared 

in circular concrete tanks. Group 1, fish 

were fed the basal diets and served as the 

control group. Groups 2-4, fish were fed the 

diets supplemented with 0.1, 0.5 and 1% of 

NNSE, respectively. At the end of 

experiment, it was found that fish fed the 

diets containing NNSE at different levels 

significantly increased weight gain, specific 

growth rate and feed conversion ratio 

compared to the control (P<0.05). No 

significant differences were observed in the 

survival rate and the relative weights of 

internal organs between the groups 

(P>0.05). The height of intestinal villi and 

goblet cell number observed under the light 

microscope were significantly increased in 

the experimental treatment groups 

compared to the control group (P<0.05). In 

addition, feeding behavior, palatability and 

feed acceptability did not differ among the 

groups. The optimal level of NNSE 

observed was 1%. Taken together, these 

findings reveal that NNSE could be applied 

in fish feed as a natural feed additive 

without negative side-effects to improve 

growth, feed utilization and intestinal 

morphology in Catfish. 

Keywords: Nelumbo nucifera Gaertn., 

Catfish, Growth performance, Feed 

Utilization, Intestinal Morphology. 

1. Introduction

Aquaculture products are served as an 

important source of protein for human 

consumption (1,2). In addition to the 

increased demand for aquaculture products 

worldwide, an intensive aquaculture 

production in the modern farming systems 

has been performed around the globe (1,2). 

The basic requirements for this practice are 

to promote fish growth and health. 

Antibiotics and growth promoting agents are 

useful for improving animal health and 

production (3). However, synthetic drugs 

and their residues could produce the high 

risk to animals and consumers. In addition, 

the emergence of antibiotic-resistant 

microorganisms will be increased in the 

future (4). Thus, the development of novel 

natural growth promoting agents are 

required for aquaculture industry (2). 

Medicinal plants are generally served as 

invaluable materials for the treatment of a 

variety of health ailments and for the 

synthesis of the synthetic drugs in modern 

pharmaceutical industries (5). In animal 

production section, botanical products are 

used as the main sources of veterinary 

medicines to control various diseases and to 

improve the immune functions (1-4). 

Furthermore, the application of herbal 

preparations to the diets as natural feed 

additives can enhance growth performance 

and feed utilization efficiency without side 

effects when compared to the synthetic 

drugs (1-4).  
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Lotus (Nelumbo nucifera Gaertn.) is 

generally cultivated throughout Southeast 

Asia. All parts of lotus are useful for the 

treatment of several diseases by local people 

for a long time (6). Seeds and rhizomes of 

lotus have been reported to have anti-

inflamatory, antioxidant, antiviral, 

antiproliferative, anti-fertility and 

immunomodulatory activities (7). Lotus 

stamens also possess antioxidant, 

antibacterial, aldose reductase inhibitory 

and aphrodisiac properties (8). Leaves are 

useful for hematemesis, metrorrhagia, 

epistaxis and fever (6-8). Several 

phytochemical compounds such as 

alkaloids, flavonoids, triterpenoids, 

saponins, carotenoids, tannins, phenolics 

and essential oils have been isolated from 

lotus (6-8). 

Sivagurunathan et al. (9) found that 

Cirrhinus mrigala fed the diets 

supplemented with 0, 1 and 3% of the lotus 

extract significantly feed conversion ratio 

and specific growth rate compared to 

control diet. In addition, they also found an 

increase in lymphocytes, neutrophils and 

monocytes in C. mrigala fed with the lotus 

extract and infected with Pseudomonas 

aeruginosa (9). Recent reports indicated 

that the diets containing N. nucifera 

peduncle extracts significantly enhanced the 

growth performance of Nile tilapia 

(Oreochromis niloticus) without side effects 

(10). These results indicated that N. nucifera 

can be used to improve fish growth and 

enhance the role of fish immune system 

(10). 

The utilization of N. nucifera as a natural 

feed additive in aquatic diets has been 

successful in many fish species (9,11,12). 

However, there was no research regarding 

its use in the case of Catfish (Clarias 

gariepinus). Thus, the aims of this 

experiment were to investigate the effects of 

dietary supplementation of lotus stamen 

extract (NNSE) on growth performance, 

feed utilization efficiency and intestinal 

histology of Catfish. 

In Thailand, Catfish production is ranked 

second next only to Nile tilapia and this 

species is primarily cultivated for domestic 

consumption. In 2014, Thai farmers 

produced Catfish approximately 137,000 

ton and this rate tends to increase annually 

(13). It has been reported that Catfish 

farming is now challenged with the impact 

of increasing feed prices and several 

pathogenic agents. Thus, more research are 

required to find novel feed ingredients for 

enhancing growth and production of fish.    

2. Materials and Methods 

 

2.1 Plant preparation and extraction 

Fresh lotus flowers were harvested from 

Sirindhorn District, Ubon Ratchathani. They 

were cleaned using tab water. The stamens 

were manually collected, dried in hot air 

oven at 60
o
C for 8 h and powered using a 

household electric grinder. The powder 

samples were macerated with ethanol 70% 

for 14 days at room temperature. The 

extract was filtered using Whatman No.1 

paper and the filtrate was evaporated by 

rotary evaporator which was maintained at 

50
o
C and 90 rpm. The extract was dried by 

lyophilizer and stored in a refrigerator until 

used. 

2.2 Experimental diets     

The basal fish diet was obtained from the 

commercial Catfish feed containing not less 

than 30% Protein and 3% Lipid and not 

more than 12% Moister and 6% Fiber. The 

diet was sprayed with different levels of 

NNSE (0.1, 0.5 and 1%) and gently mixed. 

Diets were then dried at 30
o
C for 24 h in hot 

air oven. 

  

2.3 Fish and experimental design 

A total of 500 fish with an initial weight of 

12.54±0.64 g were obtained from Ubon 

Ratchathani Fishery Cooperatives, Ubon 

Ratchathani. During the 1 week of 

acclimatization period, 360 fish were fed 

with the basal diet and distributed randomly 

into 4 groups, with 3 replicates each (30 fish 

per replication) and reared in circular 

concrete tanks (90 cm in diameter and 50 
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cm in height). Then, fish were fed the 

experimental diets for 7 weeks as follows.  

Group I: fed the basal diet and served as 

the control group. 

Group II: fed the diet containing 0.1% 

NNSE. 

Group III: fed the diet containing 0.5% 

NNSE. 

Group IV: fed the diet containing 1 % 

NNSE. 

Water quality was maintained in the optimal 

conditions for Catfish (temperature, 

28±2
o
C, pH, 7.2±0.5 and dissolved oxygen 

7.0±0.05 mg/L). All tanks were cleaned 

once every 5 days. Fish were feed ad 

libitum two times a day with a rearing rate 

of 3% of live weight and weighted every 

one week. Dead fish were recorded and 

removed (9,11). 

          

2.4 Effects on growth performance   

At the end of the experimental period, fish 

were fasted for 24 hours before study. The 

parameters of fish growth and feed 

utilization efficiency were calculated using 

the following equations (9,11).  

Weight gain (WG, g) = final fish weight (g) 

– initial fish weight (g). 

Specific growth rate (SGR, % d
-1

) = 100× 

[In  

final wet weight (g) – In initial wet 

weight (g)]/experimental days. 

Feed conversion ratio (FCR) = feed intake  

(g)/ weight gain (g). 

Survival rate (SR, %) = 100× (final number 

of fish/initial number of fish). 

2.5 Effects on intestinal morphology 

At the end of the feeding period, the 

intestines from three fish in each replication 

were removed, cleared from adherent 

tissues and divided into anterior and 

posterior parts. Each part of the intestine 

(approximately 1 cm) was fixed in 10% 

neutral buffered formalin and subsequently 

dehydrated, embedded in paraffin. The 

samples were cut transversely into 5 µm 

thickness and strained with hematoxylin and 

eosin (H&E). The sections were observed 

for the measurement of the heights of the 

intestinal villi and the number of goblet 

cells as described by (14,15) under the 

microscope connected to a computer using 

DinoCapture 2.0 software. 

2.6 Adverse effects 

During the experimental period, fish were 

observed daily for feeding behavior, feed 

acceptance, palatability, general behavior 

and external characteristics (9,11,16). 

Relative organ weights of heart, stomach, 

liver, spleen, kidney and gills were 

measured by using the following equation. 

Relative organ weight (%) = 100× (weight 

of organ (g)/weight of fish (g)).

  

2.7 Data Analysis 

All data are expressed as mean ± standard 

error of the mean (SEM). The significant 

differences among the various parameters 

were evaluated by using one-way ANOVA 

followed by Duncan’s multiple range test. If 

P value <0.05 was considered statistically 

significant. 

  

3. Results   

 

3.1 Effects on growth performance   

The results revealed that the application of 

NNSE to the diets significantly increased 

WG, SGR and FCR when compared with 

the basal diet (P<0.05). No significant 

difference was observed in the survival rate 

among the experimental groups (P>0.05) 

(Table 1). The optimal level of NNSE 

observed was 0.1%. 
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Table 1. Effects of dietary NNSE on growth performances and feed utilization of Catfish. 

Parameters 
Treatments 

control 0.1%NNSE 0.5%NNSE 1%NNSE 

Initial weight (g) 12.57±0.24 12.53±0.47 12.50±0.99 12.56±0.87 

Final weight (g) 27.83±1.01
a
 38.00±2.26

b
 36.83±3.27

b
 34.00±2.38

b
 

WG (g) 15.26±1.37
a
 25.16±1.85

b
 24.32±2.29

b
 21.83±2.02

b
 

SGR (%d
-1

) 2.06±0.22
a
 3.28±0.24

b
 3.69±0.13

b
 3.43±0.22

b
 

FCR 1.48±0.02
a
 1.87±0.09

b
 1.61±0.08

b
 1.70±0.08

b
 

Survival rate (%) 93.33±6.66 86.66±13.33 90.00±10.00 100.00±0.00 

Gill somatic index (%) 5.56±0.13 5.87±0.25 5.24±0.25 5.53±0.17 

Cardiacsomatic index (%) 0.14±0.10 0.22±0.08 0.15±0.01 0.15±0.01 

Hepatosomatic index (%) 2.28±0.31 2.22±0.23 2.24±0.26 2.26±0.14 

Splenosomatic index (%) 0.10±0.01 0.13±0.02 0.11±0.06 0.12±0.01 

Gastrosomatic index (%) 1.77±0.23 1.89±0.20 1.79±0.07 2.02±0.18 

Intestinosomatic index (%) 2.28±0.27 2.83±0.47 2.56±0.11 2.69±0.14 

Remarks: NNSE = N. nucifera stamen extract, Values are expressed as mean ± SEM. One-way 

analysis of variance (ANOVA) was used. Means with different superscripts 
(a-b)

 at the same row 

are significantly different (P<0.05). 

3.2 Effects on intestinal morphology 

The height of intestinal villi and goblet cell 

number observed both in anterior (Figure 1) 

and posterior (Figure 2) parts of intestines 

under the light microscope were significantly 

increased in the experimental groups 

compared to the control group (P<0.05) 

(Table 2).

Table 2. Intestinal morphology of Catfish fed the diets containing NNSE for 7 weeks. 

Treatments 

Parameters 

Anterior part of intestines Posterior part of intestines 

Villus height 
Number of 

goblet cells 
Villus height 

Number of 

goblet cells 

Control 1873.57±39.24
a
 27.66±8.96

a
 1431.19±24.80

a
 28.66±5.48

a
 

0.1% NNSE 2579.18±53.89
c
 49.00±1.73

b
 1798.44±29.20

b
 38.62±3.28

ab
 

0.5% NNSE 2650.41±50.54
c
 54.33±1.83

b
 2001.52±82.48

b
 91.68±5.36

c
 

1% NNSE 2369.89±92.85
b
 49.33±2.33

b
 1952.95±17.09

b
 89.64±5.89

c
 

Remarks: NNSE = N. nucifera stamen extract, Values are expressed as mean ± SEM. One-way 

analysis of variance (ANOVA) was used. Means with different superscripts 
(a-e)

 at the same row 

are significantly different (P<0.05). 

3.3 Adverse effects of plant extract 

No adverse effects of NNSE were observed 

during the feeding trial. Feeding behavior, 

feed acceptability and palatability of the 

experimental groups were similar to the 

control group. Relative weights of vital 

organs including heart, stomach, liver, spleen, 

kidney and gills were no statistically 

significant difference between among the 

treatments (Table 1).      

 

4. Discussion 

 

Herbal plants are served as invaluable sources 

of phytochemical compounds which can be 

used to synthesis the synthetic drugs for the 

treatment of emerging infectious diseases (1-

4). In aquaculture industry, plants are 

submitted to prevent the infectious diseases 

and to improve general aquatic animal health 

(1-4). In this study, NNSE significantly 

enhanced WG, SGR, the length of intestinal 

villi and the number of goblet cells of Catfish, 
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suggesting that NNSE could be useful as 

natural feed additive in fish rearing (9,11). 

The optimal level of NNSE observed was 

0.1%. 

 

4.1 Effects on growth performance   

It has been reported that several plant 

additives can increase growth and health of 

fish. Babahydari et al. (17) found that fish fed 

the diets supplemented with different levels 

of Stachys lavandulifolia extract (0, 2, 4 and 

8%) for 10 weeks significantly increased in 

final weight, WG, SGR and ADG in a dose-

dependent manner. Talpur (4) revealed that 

the application of peppermint (Mentha 

piperita) leaf extract (0, 1, 2, 3, 4 and 5 g/kg) 

to the diet for 28 days significantly improved 

growth performance, SR and disease 

resistance of Asian seabass (Lates calcarifer 

Bloch) against the infection of Vibrio harveyi. 

In addition, dietary supplementation of garlic 

bulbs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effects of dietary NNSE at the levels of 0.1 (B), 0.5 (C) and 1% (D) NNSE on anterior 

intestinal morphology of Catfish fed for 7 weeks compared to control (A). Scale bar = 500 µm. 

 

(Allium sativum) (0, 5, 10, 15 and 20 g/kg) for 

4 weeks significantly enhanced SGR, WG 

and FCR of Asian seabass (3). African catfish 

(Clarias gariepinus), Common carp 

(Cyprinus carpio) and Tilapia (Oreochromis 

aureus) received the diets containing red 

clover (Trifolium pratense) were significantly 

improved growth rate and feed utilization 

efficiency as well as protein efficiency ratio 

of fish (18-20). Such phytochemical 

compounds like flavonoids, alkaloids, 

saponins, phenolics and essential oils are 

found to be effective alternatives to synthetic 

drugs used in aquaculture industry (1-4). Zhai 

and Liu (21) exhibited that tilapia fed the 

diets supplemented with quercetin, a plant 

flavonoid, increased average values for final 

body weight, SGR and condition factor 

compared to the control diet. In addition, 

quercetin also significantly decreased the 

concentrations of triglyceride and low-density 

lipoprotein cholesterol in serum (21). Francis 

et al. (16) found that Common carp fed diets 

containing Quillaja saponins, triterpenoid 

saponins found in Quillaja saponaria, 

showed increased growth and feed efficiency 

of those fish compared to the control diet. It 

has been found that plant secondary 

metabolites should promote growth and feed 

utilization efficiency of fish through the 

D C 

B A 
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improvement of feed intake, digestive 

enzyme activities and beneficial 

gastrointestinal bacteria (1-4).    

Previous reports indicated N. nucifera 

contains alkaloids, essential oils, flavonoids 

and saponins (6-8). Pharmacological studies 

revealed that N. nucifera produced 

antioxidative, antimicrobial, antiviral and 

anti-inflammatory activities as well as 

immunomodulatory (6-8). Thus, the growth-

promoting property of NNSE could be 

attributed to, at least in part, phytochemical 

contents present in the extract including 

alkaloids, flavonoids, essential oils and 

saponins (9,11). Furthermore, other factors 

like antioxidative, antibacterial and 

immunomodulatory properties of N. nucifera 

could support the growth promoting effects of 

the plant extract by improving overall health 

of fish (11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effects of dietary NNSE at the levels of 0.1 (B), 0.5 (C) and 1% (D) NNSE on 

posterior intestinal morphology of Catfish fed for 7 weeks compared to control (A). Scale bar = 

500 µm.

4.2 Effects on intestinal morphology 

The results of this research indicated that the 

application of NNSE on Catfish diets had 

positive effects on intestinal villi and goblet 

cells of the intestines. It is well known that 

intestinal villi play a key role in digestion and 

absorption of essential nutrients functioned by 

specific digestive enzymes (12,14). In 

addition, goblet cells synthesize and secret 

gel-forming mucins to coat and protect the 

lining of intestinal epithelium from both 

physical and biological damages (14). Thus, 

the increases of villus height and the density 

of the goblet cells of Catfish fed NNSE 

supplemented diets could lead to support the 

growth promoting potential of NNSE in this 

present study. Heidarieh et al. (15) found that 

dietary Ergosan significantly enhanced 

intestinal villi, goblet cells and lipase activity 

of rainbow trout (Oncorhynchus mykiss), 

resulting the improvement of growth 

performances and body composition of this 

fish species. Pirarat et al. (14) reported that 

Nile tilapia fed activated charcoal-

supplemented diet significantly increased the 

foregut and midgut villus height when 

compared to the control diet. They 

hypothesized that activated charcoal could 

A B 

D C 
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improve the digestion and absorption of food 

ingredients and deplete some toxins and 

impurities from the gastrointestinal tract of 

fish (14). It is generally accepted that 

increased villus height is associated with 

increased surface area of the gut (12,14,15). 

Therefore, substances affect intestinal 

morphology by increasing the villus height 

could be used as a growth promoting agent in 

fish cultivation (14). 

4.3 Adverse effects of plant extract 

Feeding behavior and feeding acceptability of 

fish observed in the treatment groups were the 

same as the control group. Dietary NNSE had 

no effect on the relative weights of the vital 

organs. However, it was observed that 

intestinosomatic and gastrosomatic indices of 

the groups treated with NNSE were generally 

higher than the control group but did not quite 

reach a statistically significant level. 

Therefore, these results indicated that the 

application of NNSE as a feed additive to the 

fish diet in a short period is safe. Such reports 

indicated that lotus contains tannins; the 

phytochemical compounds that may decrease 

growth performance of fish (6-8). It was 

showed that common carp fed the diets 

incorporated with 2% quebracho tannin for 84 

days did not produce any signs of toxicity but 

fish fed the diets mixed with 2% tannic acid 

reduced average metabolic rate and oxygen 

consumption after day 28 of the treatment 

period (22). In addition, it was found that Nile 

tilapia fed the diets containing 15 and 25 g/kg 

of hydrolysable tannin significantly decreased 

WG, SGR and protein efficiency ratio 

compared to the control (23). Kunanusorn et 

al. (24) examined acute and subchronic oral 

toxicity of N. nucifera stamens extract in both 

male and female rats and they found that the 

extract at the concentration of 5000 mg/kg 

B.W. did not cause clinical signs of toxicity 

and mortality during the experimental period 

of 14 days. For 90 consecutive days of 

subchronic toxicity test, gross pathological 

examinations of important internal organs of 

animals and hematological indices in the 

tested groups which received the extract at the 

doses of 50, 100 and 200 mg/kg/day were 

similar to the control group (22). This study 

supports the safe use of N. nucifera stamens 

both in cosmetic products and alternative 

medicine (22). However, long term use of this 

plant in aquatic feeds should be evaluated to 

confirm its safety and efficacy (9,11). 

 

5. Conclusion 

 

This current investigation indicates that 

dietary NNSE could have positive effects on 

growth performances, feed utilization and 

intestinal morphology of Catfish. The optimal 

level of NNSE observed was 0.1%. Thus, 

these findings support the use of NNSE as a 

natural feed additive in aquaculture industry.  
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Abstract 

The aim of this research was to study the 

effect of Nelumbo nucifera Gaertn. stamens 

extract (NNSE) as a natural feed additive on 

growth of common lowland frog (Rana 

rugulosa). Frogs with an average of 

16.35±0.68 g were fed with diets containing 

0, 1, 3 and 5% of NNSE for 4 weeks. The 

results showed that final weight, weight gain, 

average daily gain and specific growth rate of 

frogs fed the diets incorporated with NNSE 

were significantly higher than those of frogs 

fed the basal diet (P<0.05). In addition, frogs 

fed diets mixed with NNSE significantly 

decreased feed conversion ratio compared to 

the control. No significant changes occurred 

in the survival rate, hepatosomatic index and 

intestinosomatic index among the groups 

(P>0.05). Feeding behavior, feed 

acceptability and health of frogs in the 

experimental groups were similar to the 

control group, indicating that NNSE did not 

have any toxic effect on frog. The optimal 

concentration of NNSE observed in this 

investigation was 5%. Thus, our research 

supports the use of NNSE as natural feed 

additive in the diet to improve the growth of 

frog.  

Keywords: Common lowland frog, Rana 

rugulosa, Nelumbo nucifera Gaertn., Natural 

feed additive, Growth performance.     

1. Introduction

Many species of frogs have long been 

consumed by local people in Thailand. 

Tadpoles, young and adult frogs are generally 

harvested from agricultural areas for sale in 

the local markets, resulting in a marked 

decrease in a number of frog populations in 

nature (1,2). In addition, several activities of 

human also affect the extinction of some 

species of frog including pollution, over-

collection for food and habitat destruction (2). 

Thus, frog cultures have been developed for 

the production of edible frogs to support the 

higher demand for human consumption (3-5). 

Intensive frog culture practices have major 

problems with high frog densities, water 

quality and inadequate nutrition. (2). Under 

crowed conditions, cultured frogs may also 

face with a high prevalence of gram negative 

bacterial infection such as Aeromonas 

hydrophila, Klebsiella pneumonia and 

Proteus mirabilis, leading to a development 

of fatal dermatosepticemia (6,7). Antibiotics 

are commonly used to treat and prevent 

several diseases in aquaculture including in 

frog farming (8). Recent research indicated 

that subtherapeutic use of antibacterial agents 

in animal diets may be useful to improve the 

growth performance of animals (9). However, 

antibiotic-resistant infections both in humans 

and animals may be developed (10,11). It is 

well established that drug- residues could be 

harmful to people who consumed meat 

products from drug-treated animals (10,11). 



 

39 

 

Medicinal plants and their phytochemical 

contents are economically important as novel 

materials to synthesis the synthetic drugs, 

food additives, pesticides, flavor and 

fragrances (12,13).  Drugs used for the 

treatment of emerging infectious diseases 

around the globe are also derived from herbs 

(12,13). In aquaculture production sections, 

herbal plants are widely used as growth 

promoters, appetizers, aphrodisiacs and 

disease preventers, due to the influence of 

secondary metabolites including alkaloids, 

saponins, triterpenoids, flavonoids and 

essential oils (10,11,14). Quillaja saponins, 

quercetin as well as essential oils have been 

reported to have growth promoting effects on 

several cultured fish species by improving 

growth performance and feed utilization 

(10,11,14-16).  

As mentioned above, the improvement of fish 

growth and health has been successfully 

carried out by using herbal plant extracts or 

isolated plant compounds mixed with the 

basal diet as natural feed additives. However, 

the potential utilization of medicinal plants in 

frog rearing is still limited (1,8,17). Our 

previous reports indicated that N. nucifera 

Gaertn. leaf and peduncle extracts have a 

growth promoting effect on fish (18,19). 

Several active ingredients found in lotus are 

saponins, phenolics, alkaloids, essential oils 

and flavonoids (20-24). Therefore, the aim of 

this research was to study the effect of N. 

nucifera stamens extract (NNSE) as a natural 

feed additive on growth of common lowland 

frog (Rana rugulosa).          

2. Materials and Methods  

 

2.1 Plant preparation and extraction 

The samples of lotus flowers were collected 

from the local lotus garden in Don Mod 

Daeng District, Ubon Ratchathani during 

rainy season. Lotus stamens were manually 

collected, cleaned by using tab water, dried 

by using hot air oven at 40
o
C for 24 h and 

blended to a find powder by using a home 

electric blender.  Powdered stamens (500 g) 

were macerated with 70% ethanol (2000 mL) 

for 7 days at room temperature. The stamen 

extract was filtered using Whatman paper No. 

1 and dried by rotary evaporator which was 

maintained at 50
o
C and 90 rpm. The yield of 

the extract was 16.53% based on dried stamen 

weight. The extract was kept at 4
o
C in a 

refrigerator until used.  

2.2 Diet preparation 

A commercially-produced pellet containing 

not less than 30% protein and 4% lipid was 

used as a basal diet and mixed with different 

levels (0, 1, 3 and 5%) of NNSE by using egg 

white as a binder (25). Then, the samples of 

the diet were dried in hot air oven at 60
o
C for 

1 day. The diets were kept in the zip-lock bag 

to prevent humidity and stored in a cool, dry 

place. 

2.3 Frog preparation 

Frogs with an average of 16.35±0.68 g were 

obtained from Ubon Ratchathani Fishery 

Cooperatives, Ubon Ratchthani, Thailand and 

acclimatized to the experimental condition for 

1 week. The CRD experiments were divided 

into 4 treatments with 3 replications (30 frogs 

per replication). Treatment 1 was fed a basal 

diet without NNSE as the control group, 

while treatment 2-4 were fed NNSE as levels 

of 1, 3 and 5% of diets, respectively. Frogs 

were reared in the earthen ponds (0.5×1.5×0.5 

m
3
) and fed the experimental diets for 4 

weeks on Styrofoam. The qualities of water 

were maintained in the optimal conditions 

(temperature, 29±2
o
C, pH, 7.2±0.5 and 

dissolved oxygen 7.0±0.05 mg/L). All ponds 

were cleaned once every 5 days. Frogs were 

feed ad libitum two times a day and weighted 

every one week. Dead frogs were noted and 

removed. 

2.4 Growth study 

   At the end of the treatment period, frogs 

were fasted for 24 hr before study. Growth 

parameters were evaluated using the 

following formulae.  

Weight gain (WG, g) = final frog weight (g) – 

initial frog weight (g). 
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Average daily growth (ADG, g/d) = (final wet 

weight- initial wet weight) 

/experimental days. 

Specific growth rate (SGR, % d
-1

) = 100× [In  

final wet weight (g) – In initial wet 

weight (g)]/experimental days. 

Feed conversion ratio (FCR) = feed intake 

(g)/ weight gain (g). 

Survival rate (SR, %) = 100× (final number of 

frog/initial number of frog). 

In addition, 5 frogs from each replication 

were collected to study relative organ weights 

of liver (hepatosomatic index, HSI) and 

intestine (intestinosomatic index, ISI) by 

using the following equation. 

Relative organ weight (%) = 100× (weight of 

organ (g)/weight of fish (g)). 

2.5 Statistical analysis 

Data were analyzed using one-way ANOVA 

and expressed as mean±standard error of the 

mean (SEM). The significant differences 

among the treatments were evaluated using 

Duncan’s multiple comparisons, at the 5% 

level of significance (P<0.05).       

                  

3. Results 

Growth parameters of frogs fed the diets 

containing NNSE compared to the control 

diet are shown in Table 1. We found that final 

weight, WG, ADG and SGR of frogs fed the 

diets incorporated with NNSE were 

significantly higher than those of frogs fed the 

control diet (P<0.05). In addition, frogs fed 

diets mixed with the plant extract at different 

levels significantly decreased FCR compared 

with the control. No significant changes 

occurred in the survival rate, HSI and ISI 

among the groups (P>0.05). Feeding 

behavior, feed acceptability and health of 

frogs in the experimental groups were similar 

to the control group, indicating that the herbal 

plant extract did not have any toxic effect on 

frog in a short term treatment. The suitable 

level of NNSE observed in this report was 

5%. 

Table 1. Growth performance of common lowland frogs fed diets incorporated with NNSE for 4 

weeks. 

Parameters 
Treatments 

Control 1% NNSE 3%NNSE 5%NNSE 

Initial weight (g) 16.60±0.60 16.20±0.86 16.00±0.63 16.60±0.60 

Final weight (g) 71.80±4.15
a
 92.20±4.99

b
 94.00±1.46

b
 100.60±1.90

c
 

WG (g) 54.34±0.14
a
 75.71±0.22

b
 78.58±0.32

b
 84.25±0.13

c
 

ADG (g/d) 1.84±0.02
a
 2.53±0.01

b
 2.60±0.04

b
 2.78±0.05

c
 

SGR (%d
-1

) 4.96±0.02
a
 5.78±0.05

b
 5.90±0.08

b
 6.10±0.04

c
 

FCR 1.93±0.12
a
 1.48±0.08

b
 1.46±0.13

b
 1.39±0.24

c
 

SR (%) 94.25±0.19 90.75±0.33 91.75± 0.65 95.00±0.16 

HSI (%) 2.83±0.21 3.08±0.10 3.18±0.39 3.21±0.31 

ISI (%) 10.71±1.17 10.04±0.77 8.78±1.08 9.97±1.34 

Remarks: Data were presented as mean±SEM. Values with different superscripts (
a-c

) within the 

same row are significantly different (P<0.05). 

NNSE, N. nucifera stamen extract; WG, weight gain; ADG, average daily growth; SGR, specific 

growth rate; SR, survival rate; HSI, hepatosomatic index; ISI, intestinosomatic index.  

4. Discussion 

The use of medicinal plants in aquaculture 

production is markedly increased 

(8,10,11,14-19). Aquatic feeds 

supplemented with herbal plants are useful 

for the improvement of growth performance 

and overall health status of various species 

of aquatic animals (8,10,11,14-19). Our 

earlier research suggested that leaf and 

peduncle extracts of N. nucifera had growth-
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promoting effects on fish (18,19). However, 

the effect of medicinal plants such as N. 

nucifera on growth performance of frogs is 

still limited and questioned. The aim of this 

study was to examine the growth-promoting 

effects of NNSE on some growth indices of 

common lowland frog. Our findings 

demonstrated that frogs fed the diet 

containing NNSE for 4 weeks significantly 

increased final body weight, WG as well as 

SGR compared to the control. In addition, 

we did not found any signs of toxicity or 

unwanted side effects in the experimental 

groups. No significant differences were 

observed in SR, HSI and ISI. The optimal 

level of NNSE observed in this research was 

5%. Our results suggest that NNSE could be 

useful for cultured frog as a natural growth 

promoting agent. 

Several research have succeeded in the use 

of natural feed additive to promote the 

growth of frogs. Kaewtapee et al. (17) 

investigated the effects of diets incorporated 

with dried powers of Pueraria mirifica tuber 

(20 g/kg) and Butea superba root (20 g/kg) 

on frog tadpole growth and development 

and found that diets containing the dried 

powders of P. mirifica and B. superba 

significantly enhanced body length and 

body weight of tadpole during 35 days of 

treatment. In addition, percentages of the 

developmental change from tadpole to frog 

at day 35 were significantly increased in the 

experimental groups, compared to the 

control group. Boontha et al. (1) studied the 

effects of dietary supplementation with 5% 

of Spirulina platensis, 5% of Cladophora 

sp. and 5% of Allium sativum on growth, 

gonadosomatic index and phagocytic 

activity of common lowland frog and they 

found that the experimental diets did not 

significantly affect the growth rate of frog 

when compared to the control diet. 

However, phagocytic activity of frogs fed 

the diet mixed with S. platensis and 

Cladophora sp. were significantly higher 

than those in A. sativum treated group and 

basal diet group. Furthermore, frogs fed 

dietary supplementation with A. sativum 

significantly increased gonadosomatic index 

when compared to other groups. Kotsuntea 

et al. (8) reported that growth parameters 

and survival rate of tadpole fed the diets 

containing herbal plant extracts including 

bitter leaves, guava leaves, basil leaves and 

star gooseberry combined with bio-extract 

were significantly greater than those of the 

diet without the plant extract and bio-

extract.  

The growth-promoting properties of NNSE 

mixed with the basal diet in frog observed in 

this research could be attributed to the 

improvement of palatability and the increase 

of nutrient digestion and absorption in the 

gastrointestinal tract which may partially 

activate specific digestive enzymes, leading 

to the enhancement of the growth of frog 

(10,11,14-16).    

Phytochemical contents found in various 

species of medicinal plants are identified 

and isolated to test both for their biological 

and pharmacological activities (10,11,14-

16). Several scientific data exhibited that 

alkaloids, flavonoids, triterpenoids, essential 

oils and saponins can be used as feed 

additives for improving growth and feed 

utilization efficiency of various species of 

aquatic animals (10,11,14-16). Previous 

reports revealed that N. nucifera contains 

alkaloids, flavonoids, triterpenoids, tannins 

and saponins (20-23). These data led us to 

hypothesize that alkaloids, flavonoids and 

saponins found in NNSE could be produced 

the growth promoting effects on frog in this 

present investigation (18,19). Anti-viral 

(20), antioxidative (21), anticancer (22) and 

anti-inflammatory (23) activities of N. 

nucifera have been examined. The extracts 

of rhizomes and seeds of this plant were also 

tested for their immunomodulatory potential 

(24). These biological effects of N. nucifera 

could protect frogs from numerous 

infectious diseases and support the optimal 

growth of frog. It was found that 2% 

quebracho tannin, a condensed tannin mixed 

diets did not produce any side effects on 

common carp (26). However, carp fed the 

diets incorporated with 2% tannic acid, 

hydrolysable tannin, decreased average 

metabolic growth rate, feed intake and 
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oxygen consumption after day 28 of the 

experimental period (26). Thus, nutritionists 

should be concerned about some anti-

nutritional ingredients which may present in 

plant materials used in fish diet production.    

Studies are needed to identify and isolate 

active compounds or anti-nutritional 

components found in N. nucifera staments 

which can be used as natural feed additive 

for improving growth and feed utilization 

efficiency in frog rearing. 

During the treatment period, NNSE 

supplementation did not affect feeding 

behavior and general behavior of frog, 

indicating that NNSE is safe in a short term 

use. However, the evaluation of long-term 

use of NNSE in frog diet should be 

performed.         

  

5. Conclusion 

Our study is the first report to support the 

use of NNSE as a natural feed additive in 

the diet to improve growth and feed 

efficiency of common lowland frog. The 

suitable level of NNSE for use in frog diet 

observed in this study was 5%.   
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Abstract 

The effects of diets containing various levels 

(0, 1, 3 and 5%) of waterlily (Nymphaea 

pubescens) stamens extract (NPSE) on 

growth performance were investigated in 

common lowland frog (Rana rugulosa) with 

an initial weight of 16.09±0.50 g. After 4 

weeks of feeding, growth parameters were 

evaluated. The results showed that the frogs 

fed with diets supplemented with 3 and 5% 

of NPSE exhibited significantly higher 

weight gain, specific growth rate and feed 

conversion ratio than frogs fed diets 

supplemented with 0 and 1% of NPSE 

(P<0.05). Significant difference was not 

observed in survival rate, hepatosomatic 

index and intestinosomatic index among the 

all diet groups (P>0.05). In addition, feeding 

behavior and feed acceptability of the 

experimental groups were the same as the 

control group. The optimal levels of NPSE 

observed in this present study were ranged 

between 3-5%. Our findings suggest that 

NPSE can be applied in the diets as a 

growth promoter in common lowland frog. 

Keywords: Common lowland frog, Rana 

rugulosa, Nymphaea pubescens, Growth 

performance, Medicinal plants. 

1. Introduction

Thailand is one of the frog producers and 

exporters in the world. It is estimated that 

cultured frogs produced by Thai farmers 

were approximately 1,614 ton in 2012 and 

those frogs are sold both in the domestic and 

international markets (1). Three main types 

of frog products sold in the markets are frog 

legs, live frogs and educational and 

scientific purposes (2).  

In Thailand, frog cultivation practices can 

be divided into the following types: pond, 

ditch and cage (1-3). Intensive frog culture 

system is generally performed by Thai 

farmers (2,3). By this practice, frogs are 

grown in high density and may have many 

problems with stress, limited space, 

inadequate diet, cannibalism, predators and 

water quality (3,4). Thus, good management 

of frog diet and health should be attained. 

Feed additives are commonly used by 

mixing in animal feeds for the improvement 

of growth and health status (5-7). The use of 

synthetic substances could produce harmful 

effects on animals, consumers as well as the 

environment (5-7). This knowledge leads 

researchers to find novel feed additives 

which are obtained from plants or other 

natural products (5-7).  

Waterlily, a perennial aquatic herb, is 

widely distributed throughout Southeast 

Asia including Thailand. All parts of this 

plant are useful for medicinal purposes (8). 

Pharmacological investigations revealed that 

waterlily has antioxidant, anti-inflammatory, 

anti-diabetic and antibacterial activities (8-

12). The main classes of phytochemical 

compounds found in waterlily are alkaloids, 

flavonoids, phenolics, tannins, saponins, and 

steroids (8-10). It has also been shown that 
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quercetin, gallic acid, kaempferol and 

nuciferine were isolated and identified from 

waterlily. (13). In aquaculture production, 

Sivani et al. (14) found that fish diets mixed 

with Nymphaea meal as an alternative 

protein source can produce better growth 

rates and survival in common carp 

(Cyprinus carpio L.) when compared to the 

basal diet. Our recent research indicated 

diets supplemented with the leaf extract of 

waterlily significantly enhanced growth 

performance and feed efficiency of Nile 

tilapia without unwanted side-effects during 

the experimental period (15). As many 

researchers have been reported on growth 

promoting potential of waterlily in some 

species of fish (14,15), however, its use in 

frog production as a feed additive is scarce. 

The aim of this research was conducted to 

study the effects of diets containing various 

levels (0, 1, 3 and 5%) of waterlily stamens 

extract (NPSE) on growth performance of 

common lowland frog.    

2. Materials and Methods 

 

2.1 Plant collection and extraction  

Flowers of waterlily used in this experiment 

were obtained from Kantharalak District, 

Srisaket Province, Thailand. Waterlily 

stamens were collected, cleaned and dried in 

hot air oven at 50
o
C. Dried stamens were 

extracted using 70% ethanol for 14 days. 

The extract was then filtered using 

Whatman paper No 1., removed the solvent 

by rotary evaporator which was maintained 

at 50
o
C and 90 rpm. The extract was dried 

by lyophilizer and kept in refrigerator until 

used. 

2.2 Frog rearing conditions 

Common lowland frogs with an initial 

weight of 16.09±0.50 g were obtained from 

Ubon Ratchathani Fisheries Cooperatives, 

Ubon Ratchathani, Thailand. They were 

distributed in earthen ponds (0.5×1.5×0.5 

m
3
) in a completely randomized design 

using 4 treatments and 3 replications. Each 

replication consisted of 30 frogs. 

The basal diets were obtained from the 

commercial feed company containing not 

less than 30% crude protein and 4% lipid. 

Each level (1, 3 and 5%) of NPSE was 

added to the basal diets and mixed together 

by using egg white as a binder (16). Frogs in 

each treatment were fed the diets containing 

NPSE for 4 weeks with a rearing rate of 

3.5% of live weight.  

2.3 Growth parameters 

At the end of the treatment period, frogs 

were fasted for 24 hr. Growth parameters 

were evaluated by using following 

equations: 

Weight gain (WG) = final frog weight (g) – 

initial frog weight (g). 

Average daily growth (ADG, g/d) = (final 

wet weight- initial wet weight) 

/experimental days. 

Specific growth rate (SGR, % d
-1

) = 100× 

[In final wet weight (g) – In initial 

wet weight (g)]/experimental days. 

Feed conversion ratio (FCR) = feed intake 

(g)/ weight gain (g). 

Survival rate (SR, %) = 100× (final number 

of frog/initial number of frog). 

10 frogs from each replication were 

randomly collected to dissect internal organs 

including liver and intestine and calculate 

the relative organ weights by using 

following equation. 

Relative organ weight (%) = 100× (weight 

of organ (g)/weight of fish (g)).    

Ponds were cleaned every 5 days. Dissolved 

oxygen, pH and water temperature were 

maintained in standard conditions (4). Dead 

frogs, if present, were removed immediately 

and noted. 

2.4 Statistical analysis 

Data are expressed as means ± standard 

error of mean (SEM). Parameters of frog 

growth were analyzed by one-way analysis 

of variance (ANOVA), followed by 

Duncan’s multiple range test. Significant 

differences were set at P<0.05.            
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3. Results 

 

During the 4 weeks of experiment, growth 

parameters of reared frogs were evaluated. 

The results showed that the frogs fed with 

diets supplemented with 3 and 5% of NPSE 

exhibited significantly higher WG, ADG 

and SGR than frogs fed diets supplemented 

with 0 and 1% of NPSE (P<0.05). FCR 

values diets were significantly decreased in 

frogs fed with 3 and 5% NPSE compared to 

the control. Significant difference was not 

observed in the survival rate, hepatosomatic 

index as well as intestinosomatic index 

among the all diet groups (P>0.05). In 

addition, feeding behavior and feed 

acceptability of the experimental groups 

were the same as the control group. The 

suitable levels of NPSE observed in this 

research were ranged between 3-5%. The 

effects of dietary supplementation with 

NPSE on growth of frogs are shown in 

Table 1. 

 

Table 1. Effects of dietary supplementation with NPSE on growth performance of common 

lowland frogs. 

Parameters 
Treatments 

Control 1% NPSE 3%NPSE 5%NPSE 

Initial weight 

(g) 

16.10±0.57 16.09±0.70 16.10±0.42 16.10±0.32 

Final weight 

(g) 

57.40±0.92
a
 70.80±2.63

b
 76.60±1.36

c
 81.40±5.07

c
 

WG (g) 41.32±0.74
a
 54.64±1.67

b
 60.52±0.86

c
 65.32±2.69

c
 

ADG (g/d) 1.37±0.03
a
 1.80±0.04

b
 2.03±0.06

c
 2.20±0.06

c
 

SGR (% d
-1

) 4.18±0.04
a
 5.34±0.07

b
 5.40±0.06

b
 5.48±0.05

b
 

FCR 2.39±0.06
a
 1.85±0.12

b
 1.63±0.14

b
 1.52±0.12

c
 

SR (%) 99.00±1.00 99.00±1.00 97.00±3.00 100.00±0.00 

HSI (%) 2.40±0.19 2.11±0.14 2.27±0.49 2.84±0.12 

ISI (%) 8.54±1.15 8.81±1.65 8.16±1.26 8.25±1.19 

Remarks: Data were presented as mean±SEM. Values with different superscripts (
a-c

) within 

the same row are significantly different (P<0.05). 

NPSE, N. pubescens stamen extract; WG, weight gain; ADG, average daily growth; SGR, 

specific growth rate; SR, survival rate; HSI, hepatosomatic index; ISI, intestinosomatic index.  

4. Discussion 

 

Medicinal plants and their derivatives are 

generally used to alleviate various diseases 

in human. In addition, the application of 

many herbal plants to animal feeds for 

improving growth and health of cultured 

animals is rapidly increased in the last few 

decades (5-7). It is widely accepted that the 

utilization of natural compounds and 

metabolites is safer than the synthetics (5-7). 

Thus, our research was aimed to study the 

effects of NPSE on growth performance of 

common lowland frogs. We found that frogs 

fed the diets containing NPSE significantly 

increased final weight, WG, ADG and SGR. 

In addition, FCR values of the experimental 

frogs were lower than those of the control 

frogs, indicating that NPSE could be used as 

feed additive in aquatic feeds to promote 

productivity. Our study also showed that 3-

5% of NPSE were suitable for use in the 

frog diets.  

Few data are focused on the use of herbal 

plants in frog cultivation. Choshasee et al. 

(17) found that diets supplemented with 

Centella asiatica and Zingiber montanum at 

the concentrations of 0.5, 1.5 and 2.5% did 

not produce any change in growth and 

health of common lowland frog when 
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compared to the control diet. However, frog 

diets mixed with 2.5% of C. asiatica and 1.5 

and 2.5% of Z. montanum effectively 

inhibited the growth of Flovobacterium 

multivorum in subcutaneous tissue of treated 

frogs. In addition, Klahan and 

Sirithanawong (18) reported that frogs and 

tadpoles fed the diets supplemented with 

bromelain enzyme extracted from crown of 

pineapple at the levels of 0.25, 0.5 and 1 

ml/g feed significantly increased protein 

digestibility in a dose dependent manner. 

The optimum levels of bromelain observed 

were 0.5 and 1 mg/g feed (18). Dietary 

supplementation with dried powers of 

Pueraria mirifica tubers (20 g/kg feed) and 

Butea superba roots (20 g/kg feed) 

significantly enhanced the growth of frog 

tadpoles and improved the developmental 

change from tadpole to frog (19). Suriya et 

al. (20) observed that diets incorporated 

with the extracts of Spirulina platensis and 

Phyllanthus emblica significantly increased 

the survival rate of tadpole when compared 

with the control diet. 

There is evidence that growth promoting 

properties of medicinal plants could be 

attributed to the enhancement of palatability 

of feeds, feed acceptability, nutrient 

digestion and absorption as well as the 

functions of digestive enzymes (amylase, 

protease and lipase), resulting in the 

increases of appetite, food consumption and 

growth (5-7). Immunomodulatory, 

antifungal, antibacterial, antiviral and 

antioxidant properties of herbs could also 

maintain and support health and 

performance of animals, due to the 

prevention of various opportunistic diseases 

(5-7). 

Similar to the actions of herbal plants 

described above, the mechanisms of growth 

promoting effects of NPSE on frog observed 

might be attributed to the improvement of 

feed intake, palatability and digestive 

enzyme functions, leading to better growth 

performance and feed utilization efficiency 

(5-7). 

Several classes of plant secondary 

metabolites such as alkaloids, flavonoids, 

saponins, triterpenoids, steroids and 

essential oils have been isolated, identified 

and tested for their growth promoting 

properties in certain species of aquatic 

animals (5-7). Previous investigations 

indicated that alkaloids, flavonoids, 

phenolics, saponins, and steroids are the 

main compounds found in waterlily. (8-10). 

Thus, growth promotion of waterlily 

observed in this present investigation could 

be attributed to the actions of alkaloids, 

flavonoids, phenolics or saponins. Frog fed 

the diets containing 3-5% NPSE resulted 

higher growth than those fed on the diet 

containing 1% NNSE. This result may be 

due to the amount of phytochemicals 

contained in 3-5% NPSE could reach the 

optimal levels for supporting growth and 

general well-being of frog.  

It has been reported that plants used in 

animal feed production may contain some 

anti-nutritional components such as tannin 

which would decrease growth and feed 

utilization efficiency of animals. Becker and 

Makkar (21) revealed that common carp fed 

the diet mixed with 2% quebracho tannin for 

84 days did not exhibit any side effects. On 

the other hand, on day 28 of the 

experimental period, carp fed the diet 

containing 2% tannic acid reduced feed 

intake, metabolic growth rate and oxygen 

consumption compared to control (21). 

Thus, future studies are required to isolate, 

identify and test some active compounds or 

anti-nutritional contents found in waterlily 

for testing their biological effects such as 

growth improvement and 

immunostimulation in aquatic animals.                  

 

5. Conclusion 

 

Our findings suggest that NPSE could be 

submitted to a novel natural feed additive in 

frog culture as it can improve growth 

performance and feed efficiency of common 

lowland frog. The optimal concentrations of 

NPSE observed in this research were ranged 

between 3-5%.   
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Abstract 

The aim of this work was to study the effect 

of media, temperature and pH on the mycelial 

growth of Clitopilus chalybescens strain 

MFLUCC 13–0809 collected from Lampang, 

Thailand. The antioxidant and antibacterial 

activities from the crude mycelial extracts 

were evaluated. The study indicated that the 

optimal medium, pH and temperature were 

observed on yeast extract agar (YEA) pH 5 to 

7, and 20–29˚C, respectively. For 

antibacterial activities, crude extracts from 

mycelium slightly inhibited the growth of 

Gram positive bacteria (Bacillus subtilis, 

Staphylococcus aureus and Micrococcus 

luteus), but no activities were observed on 

Gram negative bacteria (Pseudomonas 

aeruginosa and Escherichia coli). 

Antioxidant assay indicated that the crude 

extract had noticeable scavenging activity on 

2,2-diphenyl-1-picrylhydrazyle (DPPH) 

radical. The results suggest that the crude 

extract from this mushroom mycelium deem 

to have a potential for further development on 

antibacterial and antioxidant applications.  

Keywords: Clitopilus, optimal condition, 

antibacterial activity, antioxidant activity. 

1. Introduction

Many published data indicate that fruiting 

body of mushrooms has various biological 

functions such as antitumor, antioxidant, anti-

aging, and immunological properties (1). Few 

reports are so far available in the antioxidant 

properties of mycelial extracts. 

Clitopilus is a small genus of fungi in the 

family Entolomataceae (Basidiomycota, 

Agaicales). The distinct characteristic which 

could be easily recognized for this genus is 

farinaceous odor, pink or brownish pink 

spores and peculiarly spores shaped with 

longitudinal ribs (2, 3, 4). The cap is whitish 

to grayish when dry and then slimy surface 

and sometime a wavy margin. The gill is 

decurrent attached with the stipe, spaced 

together rather than closely. The stipe is thick 

and white and ellipsoid in profile but rounded 

in polar view (5, 6, 7). This genus has a 

widespread distribution, especially in 

temperate areas or subtropics such as Spain 

(7), Taiwan (8), Thailand (9) and China (8, 

10). 

The basidiocarp of many Clitopilus sp. is 

reported to produce a biologically activity 

compound. This study aims to determine the 

culture condition for mycelium growth and 

evaluate the antibacterial and antioxidant 

activities of C. chalybescens strain MFLUCC 

13–0809. 

2. Materials and Methods

2.1 The sample collection and fungal 

isolation 

http://en.wikipedia.org/wiki/Entolomataceae
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Fruiting bodies of C. chalybescens strain 

MFLUCC 13–0809 were collected in wet 

season from Lampang, Thailand. The 

specimens were photographed in the field, 

characterized based on morphology, then the 

specimens were dried in electric drier at 40˚C 

for 24 hrs. Dried specimens were maintained 

in plastic bags with silica gel and were 

deposited at the herbarium collection of Mae 

Fah Luang University. The process to obtain 

an axenic culture of the mushroom is the first 

stage for mushroom cultivation. The starting 

mycelia culture was isolated from inside of 

mushroom fruiting bodies and transferring to 

potato dextrose agar (PDA), incubated at 

25˚C for 10 days and re-subculture until 

obtain axenic cultures. The axenic cultures 

were maintained on PDA slants and deposited 

at the culture collection of Mae Fah Luang 

University (MFLUCC).  

 

2.2 Optimization conditions for growing 

mycelium on solid media  

 

2.2.1 Effect of culture media 

 

A plug of mycelium of C. chalybescens strain 

MFLUCC 13–0809 with a 5 mm diameter 

was separately grown on five different culture 

media including potato dextrose agar (PDA), 

malt extract agar (MEA), corn meal agar 

(CMA), sabouraud dextrose agar (SDA) and 

yeast extract agar (YEA). The culture plates 

were incubated in darkness at 25˚C. Mycelial 

growth was evaluated by determination of the 

colony radial growth and mycelial dry weight 

in three replicates every 3 days for 12 days. 

The mycelial dry weight was processed by 

placed agar mycelial in a beaker, then the 

medium was melted and washed away with 

hot water. Mycelium was dried at 40˚C for 24 

hrs and evaluated using analytical balance 

(Mettler Toledo ML204). 

 

2.2.2 Effect of temperatures 

 

The optimal media obtained from previous 

experiment (2.2.1) were used to determine the 

best temperature. The plug of mycelium was 

centrally placed on the media plates and 

incubated in the dark at different 

temperatures; 20, 25, 26, 27, 28, 29 and 30˚C 

for 12 days. Mycelial growth was determined 

by measuring the colony diameter and 

mycelial dry weight as previously describe in 

2.2.1. 

 

2.2.3  Effect of initial pH 

 

The optimal pH was evaluated in optimal 

media that was adjusted separately to pH 4, 5, 

6, 7, 8 and 9 with 1N NaOH or 1N HCl using 

a digital pH meter before sterilization. The 

medium was poured into Petri dish. The 

media plates were inoculated with a 

mycelium plug. All cultures were incubated at 

the optimal temperature. Mycelial growth rate 

was determined by measuring the colony 

diameter and mycelial dry weight as 

previously describe in 2.2.1. 

 

2.3 Antibacterial and antioxidant activities  
 

2.3.1 Preparation of crude extracts from 

mushroom mycelium  

 

The mycelium of C. chalybescens was grown 

on yeast extract agar (YEA) at 28˚C for 30 

days. The mycelium was macerated with 75 

mL ethly acetate (EtOAc) and soak overnight 

at the room temperature for the first extaction, 

and eight hours each for the second and third 

extraction. The combined supernatants were 

concentrated and dried to afford crude extract. 

The samples were stored at 4˚C for further 

use.   

 

2.3.2 Antibacterial activity assay 

 

Antibacterial activity of the mushroom 

extracts was tested against Gram positive 

bacteria; Bacillus subtilis TISTR 008, 

Micrococcus luteus TISTR 884, 

Staphylococcus aureus TISTR 1466 and 

Gram negative bacteria; Escherichia coli 

TISTR 780, Pseudomonas aeruginosa TISTR 

781 by the disc diffusion method. Tested 

microorganisms in this study were obtained 

from the TISTR Culture Collection of the 

Thailand Institute of Scientific and 
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Technological Research, Pathum Thani, 

Thailand. Bacterial suspensions were 

inoculated into nutrient broth (NB) at 37˚C to 

obtain approximately 3x10
8
 CFU/mL.  

 

The crude extracts were prepared at 50 

mg/mL concentration in HPLC grade 

methanol. A 20 µL of each crude extract were 

placed in a 6 mm diameter sterilized paper 

discs prior bioassays. The Petri dish (90 mm 

diameter) containing Nutrient Agar (NA) was 

inoculated with 100 µL of bacterial 

suspension. The prepared extract discs were 

the placed on the bacterial loan using 

methanol as a control. Inoculated plates were 

incubated at 37˚C for 24 hrs. Three replicate 

experiments were carried out. Inhibition zone 

was recorded after 24 hrs incubation. 

 

2.3.3 Antioxidant activity assay 

 

The scavenging activity of the DPPH free 

radical was assayed according to the method 

of Brand-William et al. (11) with slight 

modification. The range of crude extract used 

included 5 to 50 mg/mL. The assay was 

performed in 96-well microtiter plates. The 

reaction mixture in each of the 96-wells 

included 30 µL of the crude extract and 220 

µL of methanolic solution of DPPH. The 

mixture was incubated in the dark at room 

temperature and measured absorbance at 517 

nm every 30 minutes for 2 hrs. All 

measurements were performed in triplicate. 

Standard antioxidants of Butylated 

hydroxytoluene (BHT) was used as positive 

control by varying the concentration to 3.125, 

6.25, 12.5, 25, 50, 100 and 200 µg/mL. The 

DPPH radical scavenging activity percentage 

was calculated using the following formula:  

 

Scavenging effect (%)  

= ([Ablank – Asample]/Ablank) x 100 

 

Where,  

Ablank  = Absorbance of the control solution, 

DPPH solution without the tested sample. 

Asample  = Absorbance of the test extract, 

DPPH solution with the tested sample. 

 

 

2.4 Statistical analysis  

 

Experimental values were given as mean ± 

standard deviation (SD). The data of the 

experiments was analyzed by using one way 

analysis of variance (ANOVA) in SPSS 

version 11.5 program for windows and 

treatments mean compared using Duncan’ test 

(p≤0.05) followed by post-hoc tests. 

 

3. Results 

 

3.1 Morphology of C. chalybescens strain 

MFLUCC 13-0809 

 

The fresh specimens of C. chalybescens were 

collected from soil.  Fresh fruiting body was 

shown with the umbillicate when young then 

infudibuliform (funnel-shaped) with white to 

yellowish white surface (Figure 1a). 

Basidiocarps occur in gregarious in soil with 

pileus in diameter in size 2.1–2.6 cm. The 

microscopic was observed under the 

microscope, its basidiospores with 

longitudinal ribs (Figure 1b). The internal 

tissues of C. chalybescens fruiting bodies 

were cut and placed on PDA plates and 

incubated at 25˚C to get the pure mycelium 

culture (Figure 1c). The pure culture was 

maintained in PDA slant tubes at 4˚C and in 

15% glycerol at –20˚C, and deposited at Mae 

Fah Luang University culture collection. 

 

 

Figure 1 C. chalybescens strain MFLUCC 13-0809. 

a. Fruiting bodies on the field b. Basidiospores        

c. The pure culture mycelium. Scale bar: a,c =1 cm, 

b = 5 µm. 

 

3.2 Optimization conditions for growing 

mycelium 

 

3.2.1 Effect of culture media  

 

Five different culture media were used to 

examine a suitable media for mycelial growth 
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of C. chalybescens strain MFLUCC 13-0809. 

The result showed that after 12 days of 

incubation at 25˚C, the highest dry weight of 

mycelial was occurred on MEA media 

followed by YEA media with an average of 

69.97 mg and 62.27 mg, respectively (Table 

1). The fastest growth rate covered on the 

agar plate with an average 8.63 cm of colony 

radial growth, however was observed in YEA 

media followed by CMA, MEA, SDA and 

PDA, respectively. While, (12,13) reported  a 

mycological agar was selected as a suitable 

agar medium for C. passeckerianus but this      

study YEA which promoted the fungal 

growth both in colony diameter and mycelial 

cell dry weight was selected for the further 

studies.  

 
Table 1 Mycelial growth and mycelial density of   C. 

chalybescens at different media inoculated for 12 

days.  

Culture 

media 

Colony 

diameter (cm) 

Mycelial dry 

weight (mg) 

SDA 6.63±0.42
c
 56.63±2.04

b
 

CMA 8.47±0.06
ab

 54.23±7.62
b
 

PDA 2.27±0.50
d
 14.03±2.30

c
 

MEA 7.90±0.36
b
 69.97±2.78

a 
YEA 8.63±0.21

a 62.27±6.48
ab

 

Mean with the same letter are not significantly 

different (p≤0.05) by the Duncan’s test. 

 

 

Figure 2 Mycelial growth on different solid media 

when inoculated at 28˚C for 12 days; a. yeast 

extract agar (YEA), b. corn meal agar (CMA), c. 

malt extract agar (MEA), d. sabouraud dextrose 

agar (SDA), e. potato dextrose agar (PDA) 

 

3.2.2 Effect of temperature 

 

Different mushrooms have different optimal 

temperature such as the growth rate of C. 

passeckerianus was optimal at 24˚C (13), 

Pleurotus eryngii and Veriticillium fungicol 

was at 25˚C (14, 15), Pleurotus ostreatus and 

Pleurotus pulmonarius was at 30˚C and 

Volvariella volvaceae was at 35˚C (14), 

therefore, study of effect of temperature on 

the mushroom growth should be investigated. 

In this study, C. chalybescens mycelia were 

grown under different temperatures (20–

30˚C). The result showed that this mushroom 

was able to grow at the temperature range 

from 20–30˚C. Nevertheless, the statistical 

analysis indicated that the temperature 20–

29˚C was the optimal temperature for the 

mycelial growth of this mushroom strain 

(Table 2). The optimum temperature is one of 

the most important factors in mushrooms 

cultivation for growth, production of 

metabolic products and sporulation of 

mushrooms (16). This result shown that 

optimal temperature was 25–30˚C. 

  
Table 2 Mycelial growth and mycelial dry weight of 

C. chalybescens at different temperature inoculated 

on YEA media for 12 days.  

Temperature 

(˚C) 

Colony 

diameter 

(cm) 

Mycelial dry 

weight (mg) 

20 9.00±0.00
a
 48.70±18.71

ab
 

25 9.00±0.00
a
 56.17±8.03

a
 

26 9.00±0.00
a
 45.97±1.12

ab
 

27 9.00±0.00
a
 42.23±3.69

ab
 

28 9.00±0.00
a
 51.77±1.43

a
 

29 8.73±0.25
a
 40.86±6.35

ab
 

30 6.77±0.31
b
 25.83±4.37

b
 

Mean with the same letter are not significantly 

different (p≤0.05) by the Duncan’s test. 

 

3.2.3 Effect of initial pH 

 

The effect of initial pH on C. chalybescens 

mycelial biomass was studied under different 

initial pH (4–9). The optimal pH for mycelial 

biomass was found at pH 5 with a maximum 

growth rate of 9.00 cm of colony radial 

growth and mycelial dry weight of 61.8 mg in 

12 days (Table 3).  

 
Table 3 Mycelial growth and mycelial dry weight of 

C. chalybescens at different pH inoculated on YEA 

media for 12 days.  

pH Colony 

diameter 

(cm) 

Mycelial dry 

weight (mg) 

4 5.30±0.26
d
 15.33±8.02

d
 

5 9.00±0.00
a
 61.80±5.66

a
 

6 8.70±0.52
a
 45.47±3.55

bc
 

7 8.73±0.25
a
 54.76±5.20

ab
 

8 7.23±0.05
c
 41.07±7.46

c
 

9 8.20±0.12
b
 37.03±10.08

c
 

5 
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Mean with the same letter are not significantly 

different (p≤0.05) by the Duncan’s test. 

3.3 Antibacterial and antioxidant activities  

 

3.3.1 Antibacterial activity  

 

Antibacterial activities of C. chalybescens 

mycelial extract was studied using disc 

diffusion method. Crude extract was tested 

against five species of bacteria. The result 

was shown in Table 4. 

 
Table 4 Antibacterial activities of crude mycelial 

extracts 

Bacteria 
Inhibition zone 

(mm) 

B. subtilis 13.2 ± 0.58 

S. aureus 19.0 ± 1.32 

M. luteus 12.5 ± 1.32 

P. aeruginosa nd
* 

E. coli nd
* 

nd
*
 means cannot detect inhibition zone  

 

Crude extract showed activities against S. 

aureus, B. subtilis and M. luteus respectively 

but did not inhibit the growth of E.coli and P. 

aeruginosa (Figure 3). The result is consistent 

with the previous study that antimicrobial 

activity against bacteria and yeast can be 

found from several Basidiomycetes 

(Agrocybe perfecta, Hexagonia hydnoides, 

Irpex lacteus, Nothopanus hygrophanus, 

Pycnoporus sanguineus and Tyromyces 

duracinus) (17). The extracts of Agaricus 

bisporus has been showed activity against B. 

subtilis, S. aureus, but not activity against E. 

coli (18). According to (19, 20) reported a 

biologically active compound; pleuromutilin 

is also produced by Clitopilus passeckerianus 

(Pleurotus passeckerianus), Clitopilus 

scyphoides (Pleurotus mutilus) and other 

species of the genus Clitopilus inhibited gram 

positive bacteria such as S. aureus, 

Streptococcus haemolyticus, and B. subtilis 

and had no effect on E. coli (21). Also, 

Yamac and Bilgili (22) reported that 

Clavariadelphus truncates had wider 

antibacterial properties.  

 

 

 

Figure 3 Antibacterial activities of C. chalybescens 

on different bacteria a) B. subtilis, b) S. aureus,      

c) M. luteus, d) P. aeruginosa and e) E. coli with               

A. control, B-C. Sample  

 

3.3.2 Antioxidant activity  

 

The ethanolic mycelial extract was subjected 

to evaluate antioxidant activities. The DPPH 

free radical scavenging method was use for 

the analysis. It is widely used method to 

evaluate antioxidant activities in a relatively 

short time compared with other methods. 

DPPH exhibits a deep purple color with 

absorption maximum at 517 nm. Therefore, 

the antioxidant activity of a substance can be 

evaluated as its ability on scavenging the 

DPPH free radical.  

 

Scavenging effects of C. chalybescens 

mycelial extract at different concentrations; 5, 

10, 20, 30, 40, 50 mg/mL were shown in 

Figure 4. The scavenging effect of this 

mushroom on the DPPH radical increased 

concentration dependently and were 21.41% 

and 26.45% at 40 and 50 mg/mL, 

respectively. According to the results of this 

study, it was not clearly indicated that the 

methanolic extract from mycelial of this 

mushroom species have high antioxidant 

activity, however, the antioxidant may exhibit 

at  the higher concentration of crude extract 

and thus worth for further study. 
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Figure 4 Scavenging effect of C. chalybescens 

mycelial extraction on DPPH radicals. The results 

were representative of three separated experiments. 

 

The scavenging effect of BTH at different 

concentration (3.125, 6.25, 12.5, 25, 50, 100 

and 200) is shown in Figure 5. The 

scavenging effect of BHT was higher than C. 

chalybescens mycelial extracts at the same 

concentration, this might due to the degree of 

purity of used sample. 

 

 

Figure 5 Scavenging effect of BHT on DPPH 

radicals. The results were representative of three 

separated experiments. 

  

4. Conclusions  

 

The data on optimal condition for mushroom 

growth is important for a possibility to grow 

the mushroom in vitro. In this study YEA was 

optimal medium for mycelial growth 

comparing to PDA which is a general 

medium and widely used for fungal 

cultivation. This mushroom can grow in a 

wide range of temperature and pH which was 

range from 20–29˚C and pH 5–7, 

respectively. 

 

Even though we do not focus to obtain 

fruiting bodies of C. chalybescens in vitro, the 

data on optimal condition in this study are 

expected to possibly achieve this aim. The 

assay of the antibacterial and antioxidant 

activities in vitro demonstrated that crude 

mycelial extract had a potential of 

antibacterial activities against Gram positive 

bacteria and slightly showed scavenging 

activity of DPPH radical.  
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Abstract 

The objective of this research was to study 

the effect of pH on the production of bacterial 

cellulose by using rambutan and longkong 

juice as a carbon source. Two fruit juice were 

prepared by adjusting total soluble solid 

(TSS) to 12 Brix and applying (NH4)2SO4 

for 0.5% (w/v). Seven pH values of fruit juice 

were set at 3.0, 3.5, 4.0, 4.5, 5.0, 5.5 and 6.0. 

Acetobacter xylinum was inoculated at 10% 

of the prepared fruit juice volume and 

incubated at room temperature for 14 days. 

Bacterial cellulose was withdrawn every 2 

days for thickness and dry weight 

measurement. The results showed that the 

optimal pH values of rambutan and longkong 

for bacterial cellulose production were 4.0 

and 5.0, respectively. The maximum 

thickness and dry weight were obtained from 

rambutan juice at pH 4.0 and longkong juice 

at pH 5.0 that were significant difference 

(p≤0.05) from another pH values. The 

maximum thickness and dry weight of 

bacterial cellulose using rambutan juice were 

1.59 cm and 80 mg. For bacterial cellulose 

produced from longkong juice, the maximum 

thickness and dry weight were 1.44 cm and 

110 mg. 

Keywords: Acetobacter xylinum, bacterial 

cellulose, rambutan, longkong. 

1. Introduction

Rambutan (Nephelium lappaceum 

Linn.) is a common fruit in Southeast Asia 

(1). This fruit were planted abundantly in the 

East of Thailand, especially in Trat and 

Chanthaburi province. Rambutan is consumed 

as fresh, canned or processed because of its 

refreshing flavor and exotic appearance. 

Another fruit used in this study was 

Longkong (Lansium domesticum Corr.) (2). 

Longkong are planted in the South and the 

East of Thailand. After harvesting, longkong 

deteriorates quickly due to the pericarp 

browning that lead to low quality, short 

storage life and low marketable value.  

The prices of these fruit are always 

decreased dramatically when the season 

arrives. In addition, these fruits are sold and 

consumed as raw. Some damaged and non-

standard size fruits are sold in low price and 

discard in finally. It should be great if this 

fruit could be utilized for new products 

because the abundant sugar in fruit could be 

used as a carbon substrate for microorganism.  

Bacterial cellulose (BC) is one of the 

products that could be produced by using 

some sugar in fruit (3-4). BC is a purified 

form of extracellular polysaccharide produced 

by some bacteria such as Gluconacetobacter 

(formerly Acetobacter), Agrobacterium, 

Achromobacter, Aerobacter, Azotobacter, and 

Sarcina (5). Among these genera, G. xylinus 

(A. xylinum) is commonly used to study BC 

production. BC has been reported to use in 

the food industry, enzyme immobilization, 

paper production, bio-sensing, high 

performance speaker and biomedical 

application (6-10). The production of BC 

depends on some factors such as carbon 

source, temperature and pH value of medium.  

The objective of this research was to 

study the effect of different pH values for 

producing the bacterial cellulose from 

rambutan and longkong juice.  
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2. Materials and Methods

2.1 Starter culture 

Acetobacter xylinum in coconut medium was 

bought from the Institute of Food Research 

and Product Development (IFRPD) Kasetsart 

University.  

2.2 Sample preparation 

Fruits were peeled and their seeds were 

separated from flesh. Fruit flesh was extracted 

by using water at the ratio of 1:1. Extracted 

juices were heated for 5 min and filtered. 

Total soluble solid (TSS) of juices were 

adjusted to 12 Brix using sucrose. 0.5% 

(w/v) of ammonium sulfate was applied and 

the pH values were set at 3.0, 3.5, 4.0, 4.5, 

5.0, 5.5 and 6.0 using acetic acid. 20 ml of 

prepared juices were filled into plastic tube 

size 50 ml (diameter 3.0 cm) and autoclaved 

at 121 C for 15 min. 10% (v/v) of A. xylinum 

was applied to prepared juices and allowed to 

ferment at room temperature for 14 days. BC 

was withdrawn every 2 days for the thickness 

(cm) and dry weight (mg) measurement.  

3. Results and Discussions

The BC produced from rambutan juice at 

different pH values were withdrawn to 

examine the thickness and dry weight as 

shown in Figure 1 and 2. The results indicated 

that the BC was produced by using rambutan 

juice at the pH range of 3.5 to 6.0 but the 

optimal pH was 4.0. At the pH 4.0, the 

maximum thickness and dry weight of BC 

were around 1.59 cm and 80 mg, respectively 

at room temperature and 10 days 

fermentation. Figure 3 and 4 showed the 

thickness and dry weight of BC produced 

from longkong juice at different pH value. 

The results showed that the BC could be 

produced at the pH range of 3.5 to 5.0. The 

optimal pH value for producing BC was 5.0. 

The maximum thickness and dry weight of 

BC were around 1.44 cm and 110 mg, 

respectively that were achieved at room 

temperature and 14 days fermentation. 

Figure 1 Thickness of BC from rambutan juice at 

different pH value. 

Figure 2 Dry weight of BC from rambutan juice at 

different pH value. 

Figure 3 Thickness of BC from longkong juice at 

different pH value. 

Figure 4 Dry weight of BC from longkong juice at 

different pH value. 
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The obtained results are the same as the 

reports that A. xylinum can assimilate sugar to 

produce BC (3-4) and the optimal pH range 

for cellulose production is 4 to 7 (11).  

4. Conclusion

The results of this research showed the ability 

of A. xylinum to use rambutan and longkong 

juice as carbon substrates for BC production. 

This would be a choice to create value added 

products from fruits that are low in quality 

and marketable value. 
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Abstract 

Exobiopolymers of Phytocordyceps sp. BCC 

2744 and Akanthomyces pistillariiformis 
BCC 2694, interleukin-8 (IL-8) inducers, 

were optimized using experimental design. 

Biological and physiological properties of 

these exobiopolymers are attractive to use as 

wound-dressing material, so that it is very 

interesting to increase its production. 

Phytocordyceps sp. BCC 2744 and 

Akanthomyces pistillariiformis BCC 2694 

were cultivated on different carbon and 

nitrogen sources and the best carbon and 

nitrogen sources for exobiopolymer 

production of Phytocordyceps sp. BCC 2744  

were glucose and peptone, respectively, and 

0.88 g/L exobiopolymer was obtained. Higher 

exobiopolymer (1.82 g/L) was obtained on 

glucose and meat extract by Akanthomyces 

pistillariiformis BCC 2694. After the effects 

of 4 variables were studied using a two-level 

fractional design, glucose and peptone 

concentration were the most influential 

parameters on exobiopolymer production of 

Phytocordyceps sp. BCC 2744. Lower 

exobiopolymer production was obtained in 

the medium supplemented with 5-

Fluorouracil and vitamin solution at high 

level (10 mM and 3mL/L, respectively). The 

highest exobiopolymer production was 

obtained on 60 g/L glucose and 20 g/L 

peptone and 2.32 g/L exobiopolymer was 

produced. About 4.0 g/L exobiopolymer 

production in a 20 L bioreactor was obtained. 

At least 4 variables; medium type, nitrogen 

sources, glucose, and nitrogen concentration 

were applied on a two-level factorial design 

of biomass and exobiopolymer production of 

Akanthomyces pistillariiformis BCC 2694. 

Models obtained from the multiple regression 

are significant. At high level of glucose (60 

g/L), phosphate medium, and 20 g/L meat 

extract gave higher exobiopolymer 

production and about 2.54 g/L was obtained. 

About 4.5 g/L exobiopolymer production in 

20 L bioreactor was obtained.  

Keywords: Exobiopolymer, Phytocordyceps, 

Akanthomyces, general factorial design, 

enthomopathogenic fungi. 

1. Introduction

Exobiopolymer from a group of 

entomopathogenic fungi are attractive due to 

its biological and physical properties 

(Methacanon et al., 2005). They have been 

used in many applications such as, antitumor 

and immunomodulating agents (Peng et al., 

2003), bioactive ingredients (Yaman, 2001), 

and wound dressing material (Madla et al., 

2004) etc. The application was defined by its 

structure composition and molecular sizes of 

biopolymer (Methacanon et al., 2005). 

Furthermore, other groups of fungi were also 

reported to produce exobiopolymer 

(Carbonero et al., 2001, Kremer et al., 1999, 

Madla et al., 2004, Methacanon et al., 2005, 

Kim et al., 2002b, 2003a, b, c, Park et al., 

2001, 2002a, b, Xu et al., 2003) and 

basidiomycetes were mostly reported to 

produce exobiopolymer (Chen et al., 2007, 

Kim et al., 2002a, Kim et al, 2006, Tang et 
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al., 2002). Most exobiopolymer produced 

were used for other specific purposes such as 

food and biocoating materials (McNeely et 

al., 1973), prebiotics (Su et al., 2007), and as 

bioactive compounds (Xu et al., 2006, Cui et 

al., 2003) etc.  

 

Exobiopolymer from Phytocordyceps sp. 

BCC 2744 is a potent wound dressing 

material due to its biological and 

physiological properties. It is biocompatible, 

non-cytotoxic, and strong inducer of 

interleukin-8 (IL-8) (>2.43 ng/mL produced 

by normal human dermal fibroblast cells), a 

cytokine responsible for enhancing wound 

healing process (Madla et al., 2004, 

Methacanon et al., 2005). Molecular weight 

of this exobiopolymer from Phytocordyceps 

sp. BCC 2744 are 9162 and 9.04 kDa, water 

and DMSO soluble (Methacanon et al., 

2005). Its structure composes of a (13)--

D-glucan backbone substitute at O-6 with 

side chains of (16)--D-pyranosyl units, 

with high branching structure (Methacanon et 

al., 2005). Furthermore, these exobiopolymer 

compositions are arabinose 2.84 %, mannose 

8.02 %, galactose 6.23 %, and glucose 57.94 

% (Methacanon et al., 2005). With these 

biological and physiological properties, it is 

attracted to increase production of this 

exobiopolymer using factorial experimental 

design and scale up to bioreactor. 

 

2. Materials and Methods 

 

Fungal strain  

Phytocordyceps sp. BCC 2744 and 

Akanthomyces pistillariiformis BCC 2694 are 

entomopathogenic fungi isolated from a 

limacodid pupa (Khaoyai National Park of 

Thailand) and from an adult moth (Namnao 

National Park of Thailand), respectively, 

which were collected, identified, and isolated 

by Dr. Nigel L. Hywel-Jones of the BIOTEC. 

These fungi are deposited in the BIOTEC 

Culture Collection (BCC), Thailand.  

 

 

Inoculum 

The fungi were initially grown on potato 

dextrose agar (PDA) at 25 
o
C for 5-7 days. 

The agar block (1 cm
3
) containing mycelia 

was cut into small pieces and then transferred 

to 25 mL potato dextrose broth (PDB) in a 

250 mL Erlenmeyer flask and incubated at 25 
o
C on a rotary shaker at 200 rpm for 5-7 days.  

 

Fermentation condition 

About 10 percent (v/v) of the seed culture 

was transferred into the 50 mL liquid medium 

[sugar 20 g/L, nitrogen source 10 g/L, NaCl 

0.2 g/L, MgSO4.7H2O 0.2 g/L, MnSO4 0.14 

g/L, and trace solution 1 mL (trace solution 

composted of trace solution composted of the 

following per litre; ZnSO4.H2O 14.3 g, 

CuSO4.5H2O 2.5 g, NiCl2.6H2O 0.5 g, and 

FeSO4.H2O 13.8 g)] in a 250 mL Erlenmeyer 

flask and incubated at 25 
o
C on a rotary 

shaker at 200 rpm for 7 days.  The medium 

used in 20 L fermentor (Marubishi Co., Ltd., 

Pathum Thani, Thailand) for Phytocordyceps 

sp. BCC 2744 with a working volume of 16 L 

were as follow; glucose 60 g/L, peptone 20 

g/L, NaCl 0.2 g/L, MgSO4.7H2O 0.2 g/L, 

MnSO4 0.14 g/L, trace solution 1 mL/L. The 

medium used for Akanthomyces 

pistillariiformis BCC 2694 were as follow; 

glucose 60 g/L, meat extract 20 g/L, NaCl 0.2 

g/L, MgSO4.7H2O 0.2 g/L, MnSO4 0.14 g/L, 

trace solution 1 mL/L. Agitation 200 rpm, 

aeration 1 vvm, and there was not pH 

controlled.  

 

Biomass determination 

About 30-40 mL of culture broth was drawn 

from the bioreactor. The culture broth was 

then centrifuge at 10,000 g for 10 min and 

supernatant was removed. The fresh 

mycelium was then re-dissolved in 20-30 mL 

normal saline and the biomass content was 

determined by filtering samples through 

Whatman No1 filter paper. The filter cakes 

were washed with distilled water and dried at 

105–110 
o
C for 24–48 h until a stable weight 

was achieved. Culture filtrate was subjected 

to sugar analysis and exobiopolymer 

extraction. 
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Exobiopolymer precipitation and 

purification 

Culture filtrate was mixed with four volumes 

of 95% ethanol, stirred vigorously, and stored 

at 20 
o
C for at least 12 h. The precipitated 

polymer was recovered by centrifugation at 

10,000 g for 20 min and the supernatant was 

discarded. The polymers were then 

lyophilized until dried. During purification 

step, the polymer was re-dissolved in distilled 

water and any insoluble materials were 

discarded by centrifugation at 10,000 g for 20 

min. The supernatant was dialyzed 

(molecular weight cut off 2,000 Da, Spectrum 

Laboratories, Inc., USA) against 4 L of 

distilled water for 24 h and lyophilized until 

completely dried. 

 

Sugar determination 

For measurement of sugars, supernatant was 

centrifuged at 10,000 g for 10 min and 

filtered through a 0.22 m filter paper. The 

filtrate was subjected to HPLC analysis using 

a Sugar-Pak column (Waters, MA, USA). 

The mobile phase was water at a flow rate of 

0.6 mL min
-1

 and column temperature was 90 

°C. Sugars were detected refractometrically 

(Waters 410 Differential Refractometer 

Detector, Millipore Corp., Milford, MA, 

USA). 

 

Experimental design 

 

General factorial design was used to find the 

best carbon and nitrogen sources. About 20 

g/L carbon and 10 g/L nitrogen sources were 

used. After obtaining the best carbon and 

nitrogen sources, a two-level factorial design 

was applied on 4 selected factors influencing 

exobiopolymer production with 3 center 

points and duplicates. All four factors are as 

follow for quantitative optimization of 

Phytocordyceps sp. BCC 2744; 5-

fluorouracil, peptone concentration, glucose 

concentration, and vitamin. For A. 

pistillariiformis BCC 2694, four factors 

include; medium, nitrogen source, glucose 

and nitrogen concentration, were applied in 

quantitative optimization. A two-level 

factorial design of 2
n
 was used and factors 

influencing exobiopolymer were analysed 

based on ANOVA statistical analysis using 

the same software. The software Design 

Expert (Version 7.0.b1.1, Stat-Ease Inc., 

Minneapolis, USA) was used for 

experimental design, data analysis, and linear 

model building. The optimal fermentation 

conditions for enhanced yield of 

exobiopolymer were obtained by solving the 

regression equation and also by analyzing the 

interaction using the same software. 

 

3. Results and Discussion 

 

Effects of carbon and nitrogen sources on 

exobiopolymer production 

 

Phytocordyceps sp. BCC 2744 was cultivated 

on different carbon and nitrogen sources 

using general factorial design, in which 

biomass and exobiopolymer were analysed. 

The highest biomass production (19.35 g/L) 

was obtained on sucrose and peptone 

combined with yeast extract as carbon and 

nitrogen sources, respectively (Table 1). 

Whereas the highest exobiopolymer 

production (0.88 g/L) was obtained on 

glucose and peptone as a sole carbon and 

nitrogen sources, respectively. Sucrose was 

favor for biomass production but soluble 

starch was a poor carbon source for biomass 

production. Galactose, mannose, soluble 

starch, and sucrose were not favor for 

exobiopolymer production. Malt extract was 

not favor for both biomass and 

exobiopolymer production. Glucose and 

peptone were the best carbon and nitrogen 

sources, respectively, which were used for 

further two-level factorial design to find the 

effects of other influential variables on 

exobiopolymer production. 
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Table 1 Biomass and exobiopolymer production by Phytocordyceps sp. BCC 2744 on different 

carbon and nitrogen sources using general factorial design. 

Carbon source Nitrogen source Biomass (g/L) Exobiopolymer (g/L) 

Galactose Corn steep liquor NE NE 

Malt extract 3.76 0 

Peptone 15.13 0.63 

Yeast extract 12.49 0.35 

Peptone + Yeast extract - - 

Glucose Corn steep liquor 5.81 0 

 Malt extract 1.88 0 

 Peptone 16.84 0.88 

 Yeast extract 16.46 0.55 

 Peptone + Yeast extract 16.39 0.32 

Mannose Corn steep liquor 7.17 0 

 Malt extract 2.03 0 

 Peptone 16.12 0.57 

 Yeast extract 16.74 0.51 

 Peptone + Yeast extract 15.47 0 

Soluble starch Corn steep liquor 6.87 0 

 Malt extract NE NE 

 Peptone 11.83 0.17 

 Yeast extract 9.62 0 

 Peptone + Yeast extract 11.80 0 

Sucrose Corn steep liquor 7.38 0 

 Malt extract NE NE 

 Peptone 18.91 0 

 Yeast extract 17.60 0 

 Peptone + Yeast extract 19.35 0.60 

        NE= No evaluation 

 

Exobiopolymer production by A. 

pistillariiformis BCC 2694 was studied on 

different carbon and nitrogen sources using 

general factorial design.  The highest 

biomass yield (13.14 g/L) was obtained on 

galactose and yeast extract as a sole carbon 

and nitrogen source, respectively (Table 2). 

The highest exobiopolymer was obtained on 

glucose and meat extract (1.82 g/L). The 

fungus produced high biomass but low 

exobiopolymer yields. Galactose, mannose, 

soluble starch, and sucrose were preferable 

for biomass growth but not for 

exobiopolymer production. Among all 

nitrogen sources, peptone (except on 

glucose) and corn steep liquor were not 

favor exobiopolymer production. Thus, 

lower exobiopolymer production was 

obatined on the combination of peptone and 

yeast extract as nitrogen sources. 

Furthermore, exobiopolymer was produced 

at lower concentration on yeast extract. This 

is clearly shown that biomass yield had 

inverse relationship with exobiopolymer 

production. 

 

Exobiopolymer production using two-

level factorial design 

 

At least 4 variables; 5-fluorouracil 

concentration, peptone concentration, 

glucose concentration, and vitamin, were 

applied to a two-level factorial design and 

their effects were analyzed using ANOVA 

statistics. Lower biomass production was 

obtained in 20 mM 5-fluorouracil and it 

affected negatively biomass production of 

Phytocordyceps sp. BCC 2744 (equation 1). 



 

65 

 

Glucose had positive effect on biomass 

production and higher biomass production 

was obtained on 60 g/L glucose. Positive 

interaction between peptone and glucose 

concentration was achieved on biomass 

production.  

 

Biomass(g/L)= 9.37+0.93A+1.81B 

+0.085C+0.24D-0.30AB+0.32AC 

+0.037AD+0.34BC+3.000E003BD+0.13C

D…………………………….(1) 

 

Exobiopolymer (g/L)=0.76-

0.13A+0.11B+0.31C-0.25D-0.033AB-

0.022AC+0.029AD+0.16BC-0.097BD-

0.13CD………..…………….(2) 

 

When A= 5-Fluorouracil, B= peptone 

concentration, C= glucose concentration, 

and D=vitamin  

 

This fungus produced high biomass but low 

exobiopolymer production on all medium 

composition. Positive effect of glucose on 

exobiopolymer production was revealed 

(equation 2) and lower exobiopolymer 

production was obtained on medium 

supplemented with 3 mL/L vitamin solution. 

The positive interaction between peptone 

and glucose concentration on 

exobiopolymer was also achieved similar to 

biomass production but at a lower positive 

coefficient.  The highest biomass production 

(13.36 g/L) was obtained on 20 g/L glucose, 

20 g/L peptone, and 3 mL/L vitamin 

solution (Table 3). The highest 

exobiopolymer production (2.32 g/L) was 

obtained on 60 g/L glucose and 20 g/L 

peptone. This is shown that the condition for 

exobiopolymer production by 

Phytocordyceps sp. BCC 2744 are as 

follows; glucose 60 g/L, peptone 20 g/L, 

NaCl 0.2 g/L, MgSO4.7H2O 0.2 g/L, 

MnSO4 0.14 g/L, and trace solution 1 mL/L. 

This condition was used for exobiopolymer 

production in 20 L bioreactor.  

 

Variables; medium composition, nitrogen 

sources, glucose concentration, and nitrogen 

concentration (Table 4), influencing 

exobiopolymer production by A. 

pistillariiformis BCC 2694 were applied on 

two-level fractional factorial design and all 

effects were analysed. The highest 

exobiopolymer concencentration (2.54 g/L) 

was obtained on phosphate medium, 20 g/L 

meat extract, and 60 g/L glucose (Table 4). 

The highest biomass yield (23.06 g/L) was 

obtained on phosphate medium, 20 g/L 

yeast extract, and 60 g/L glucose. Nitrogen 

concentration had the higher positive effect 

on biomass (equation 3) and exobiopolymer 

production (equation 4). Glucose 

concentration had positive interaction with 

nitrogen concentration on biomass and 

biopolymer production (equation 3 and 4, 

respectively).   

 

Biomass (g/L) 

=14.64+0.50A+0.21B+5.65C+0.92D-

0.058AB+0.38AC+0.042AD+0.36BC-

0.071BD+0.71CD…………………...(3) 

 

Biopolymer =1.39+0.028A-

0.073B+0.13C+0.15D-0.14AB+0.036AC 

+0.037AD-0.15BC-0.17BD 

+0.063CD……………..……………..(4) 

 

When A= medium, B= nitrogen source, C= 

glucose concentration, and D=nitrogen 

concentration 

 

This is clearly shown that higher 

exobiopolymer production by A. 

pistillariiformis BCC 2694  was obtained on 

20 g/L meat extract and 60 g/L glucose. 

 

Exobiopolymer production in 20 L 

bioreactor 

The production of exobiopolymer by 

Phytocordyceps sp. BCC 2744 was carried 

out in a 20 L bioreactor to investigate the 

possibility of scaling up to a larger scale. 

Figure 1 shows the exobiopolymer 

production on 60 g/L glucose and 20 g/L 

peptone, specific growth rate of () 0.011 h
-

1
, biomass yield (YSX) of 0.53 g/g glucose, 

exobiopolymer yield (YXP) of 0.18 g/g 

biomass (YSP of 0.11 g/g sugar), and 

exobiopolymer production rate (qp) of 0.09 



 

66 

 

g/L/d (Table 5) were obtained. The highest 

exobiopolymer concentration of 4.0 g/L at 

292 h was obtained. This was almost two 

times higher than in shake flask. 

 

Using 60 g/L glucose and 20 g/L meat 

extract, a specific growth rate () of A. 

pistillariiformis BCC 2694 of 0.005 h
-1 

was 

obtained, with biomass yield (YSX) of 0.34 

g/g glucose, exobiopolymer yield (YXP) of 

0.46 g/g biomass (YSP of 0.28 g/g sugar), 

and exobiopolymer production rate (qp) of 

0.13 g/L.d (Table 5).  The highest 

exobiopolymer concentration (4.5 g/L) was 

obtained at 241 h (Figure 2). High 

production of exobiopolymer obtained from 

this optimization process shows promise in 

scaling up for industrial needs.  

 

Exobiopolymers produced by ascomycetes 

have been described from Cordyceps 

militaris (Kim et al., 2003), the maximum 

production of 10.3 g/L in a 5-L bioreactor 

was obtained.  Paecilomyces japonica was 

reported to produce exobiopolymer at the 

maximum yield of 8 g/L in a 2.5-L jar 

bioreactor (Bae et al. 2000). The 

exobiopolymer production by 

Phytocordyceps sp. BCC 2744 and A. 

pistillariiformis BCC 2694 were lower than 

other published data but the structure 

(glucan), molecular weight (8.3 and 9.04 

kda for Phytocordyceps sp. BCC 2744 and 

A. pistillariiformis BCC 2694, respectively)   

of these exobiopolymers produced were 

different and lead to different applications 

compared to other organism reported 

(Madla et al., 2005).  With these specific 

properties, exobiopolymers produces from 

these two fungi can be further applied in 

pharmaceutical and medical uses.       
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Table 2 Biomass and exobiopolymer production by A. pistillariiformis BCC 2694 on 

different carbon and nitrogen sources using general factorial design. 

Carbon source Nitrogen source Biomass (g/L) Exobiopolymer (g/L) 

Galactose Corn steep liquor NE NE 

Meat extract NE NE 

Peptone 13.04 0 

Yeast extract 13.14 0.42 

Peptone + Yeast extract NE NE 

Glucose Corn steep liquor 5.50 0.47 

Meat extract 9.12 1.82 

Peptone 9.75 1.16 

Yeast extract 7.72 0.65 

Peptone + Yeast extract 10.67 0.88 

Mannose Corn steep liquor 5.89 0.56 

Meat extract NE NE 

Peptone 8.60 0.54 

Yeast extract 8.77 0.65 

Peptone + Yeast extract 9.30 0.70 

Soluble starch Corn steep liquor 5.17 0.78 

Meat extract NE NE 

Peptone 7.80 0 

Yeast extract 7.40 0 

Peptone + Yeast extract 8.63 0 

Sucrose Corn steep liquor 6.09 0 

Meat extract NE NE 

Peptone 10.71 0 

Yeast extract 11.73 0.50 

Peptone + Yeast extract 12.04 0.76 

NE= No evaluation 
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Table 3 Biomass and exobiopolymer production by Phytocordyceps sp. BCC 2744 affected 

by different factors and levels using two-level fractional factorial design. 

 

Run 5-Fluorouracil 

(mM) 

Peptone 

conc. (g/L) 

Glucose 

conc. (g/L) 

Vitamin 

(mL/L) 

Biomass 

(g/L) 

Exobiopolymer 

(g/L) 

1 0 10 20 0 9.00 0.78 

2 0 10 20 0 9.09 0.79 

3 10 10 20 0 7.33 0.35 

4 10 10 20 0 6.30 0.26 

5 0 20 20 0 11.69 0.64 

6 0 20 20 0 11.44 0.72 

7 10 20 20 0 9.75 0.46 

8 10 20 20 0 8.78 0.48 

9 0 10 60 0 7.60 1.21 

10 0 10 60 0 7.25 1.03 

11 10 10 60 0 6.23 0.80 

12 10 10 60 0 5.74 1.16 

13 0 20 60 0 11.90 1.86 

14 0 20 60 0 12.79 2.32 

15 10 20 60 0 12.23 2.08 

16 10 20 60 0 8.87 1.16 

17 0 10 20 3 8.44 0.49 

18 0 10 20 3 8.48 0.53 

19 10 10 20 3 8.33 0.41 

20 10 10 20 3 5.51 0.35 

21 0 20 20 3 13.36 0.28 

22 0 20 20 3 12.76 0.22 

23 10 20 20 3 9.23 0.22 

24 10 20 20 3 9.01 0.15 

25 0 10 60 3 7.87 0.56 

26 0 10 60 3 7.81 0.58 

27 10 10 60 3 6.76 0.46 

28 10 10 60 3 9.17 0.56 

29 0 20 60 3 12.78 1.05 

30 0 20 60 3 12.56 1.19 

31 10 20 60 3 10.49 0.50 

32 10 20 60 3 11.19 0.58 

33 5 15 40 1.5 8.42 0.36 

34 5 15 40 1.5 8.34 0.42 

35 5 15 40 1.5 8.74 0.52 
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Table 4 Biomass and exobiopolymer production by A. pistillariiformis BCC 2694 affected by 

different factors and levels using the two-level fractional factorial design. 

 

Run Medium Nitrogen 

source 

Glucose 

(g/L) 

Nitrogen 

(g/L) 

Biomass 

(g/L) 

Exobiopolymer 

(g/L) 

1 Phosphate- limited medium meat extract 20 10 8.74 0.63 

2 Phosphate medium meat extract 20 10 9.14 1.18 

3 Phosphate- limited medium yeast extract 20 10 8.42 1.59 

4 Phosphate medium yeast extract 20 10 8.83 1.28 

5 Phosphate- limited medium meat extract 60 10 17.35 1.40 

6 Phosphate medium meat extract 60 10 18.52 1.39 

7 Phosphate- limited medium yeast extract 60 10 18.55 1.39 

8 Phosphate medium yeast extract 60 10 20.22 1.08 

9 Phosphate- limited medium meat extract 20 20 9.24 1.48 

10 Phosphate medium meat extract 20 20 9.39 1.42 

11 Phosphate- limited medium yeast extract 20 20 9.06 1.36 

12 Phosphate medium yeast extract 20 20 9.05 1.11 

13 Phosphate- limited medium meat extract 60 20 20.14 1.66 

14 Phosphate medium meat extract 60 20 22.87 2.54 

15 Phosphate- limited medium yeast extract 60 20 21.61 1.40 

16 Phosphate medium yeast extract 60 20 23.06 1.34 

17 Phosphate- limited medium meat extract 40 15 14.47 1.76 

18 Phosphate medium meat extract 40 15 15.59 1.57 

19 Phosphate- limited medium yeast extract 40 15 14.98 1.64 

20 Phosphate medium yeast extract 40 15 16.54 1.56 

21 Phosphate- limited medium meat extract 40 15 14.65 2.04 

22 Phosphate medium meat extract 40 15 15.21 1.73 

23 Phosphate- limited medium yeast extract 40 15 15.84 1.81 

24 Phosphate medium yeast extract 40 15 15.66 1.54 

25 Phosphate- limited medium meat extract 40 15 14.83 1.93 

26 Phosphate medium meat extract 40 15 14.83 1.53 

27 Phosphate- limited medium yeast extract 40 15 15.25 1.62 

28 Phosphate medium yeast extract 40 15 14.99 1.59 

 

Table 5 Specific growth rate (biomass yield (YSX), exobiopolymer yield on biomass (YXP), 

exobiopolymer yield on sugar (YSP), and exobiopolymer production rate (qp) of 

Phytocordyceps sp. BCC 2744 and A. pistillariiformis BCC 2694 cultivated in 20-L 

bioreactor.

 

Fungi 

 


(h
-1

) 

YSX 

(g dw/g sugar) 

YXP 

(g/g dw) 

YSP 

(g/g sugar) 

qp 

g/L.d 

Phytocordyceps sp. BCC 2744 

 

0.011 0.53 0.18 0.11 0.09 

A. pistillariiformis BCC 2694 0.005 0.34 

 

0.46 0.28 0.13 
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Figure 1 Time profile of growth and exobiopolymer production of Phytocordyceps sp. BCC 

2744 on 60 g/L glucose and 20 g/L peptone in a 20-L bioreactor. 

 
Figure 2 Time profile of growth and exobiopolymer production of A. pistillariiformis BCC 2694 

on 60 g/L glucose and 20 g/L meat extract in a 20-L bioreactor. 
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Abstract 

The infant intestinal tract is essentially sterile 

part and experiences a period of steady 

colonization over the following weeks and 

months as it is exposed to microorganisms 

from the environment. It is generally accepted 

that these microorganisms have a major 

impact on the overall development and 

function of the gastrointestinal mucosa and 

immune system. This research aims at 

prebiotic extraction from wild yam which is a 

plant in the local area. The study found that 

prebiotic extracted from wild yam soaked for 

24 hours and 3 days gave the prebiotic 

concentration of 1,437 μg/ml and 1,141 

μg/ml, respectively. The optimum conditions 

for prebiotic extraction consisted of the 

extraction ratio, temperature and soaking time 

of 1:30 (w/v), 85C and  30 minutes, 

respectively. The growth of Lactobacillus 

casei subsp. rhamnosus in fermented milk 

supplemented with wild yam extract was 

investigated. Result showed that the 

fermented milk with prebiotic extract (3 days 

soaking wild yam) was able to promote 

growth  of L. casei subsp. rhamnosus . 

Keywords: wild yam, prebiotic, probiotic, 

fermented milk, extract 

1. Introduction

Nowadays, people play much attention on 

health care by healthy food consumption, 

food that contains prebiotic. It is an 

alternative for anyone who takes an interest in 

health (4). Probiotic is beneficial 

microorganism in human digestive system. 

They cause a several positive effect in our 

body such as reducing the amount of 

pathogenic microorganisms and reduce the 

risk of colon cancer (9). Moreover, our body 

is also able to absorb more available calcium 

in condition of calcium deficiency which is 

cause of bone decay reduction. Finally, 

probiotic could well increase immunity in the 

body (5) .    

The increasing level of bifidobacteria 

and lactobacilli should be regarded as 

effective prebiotic condition; prebiotic 

substances are able to display several 

characteristics. First, they should be neither 

hydrolysis nor absorption of prebiotic 

substances in the upper part of the 

gastrointestinal tract. Second, the compound 

should be fermented selectively by the gut 

flora. Third, it should stimulate the growth 

and/or activity of a limited number of 

beneficial bacteria in the colon in such a way 

that the composition of the intestinal 

microorganism is altered towards a healthier 

one and, as such, induces effects beneficial to 

health (7). In a recent review of the evidence 

for the prebiotic nature of several compounds 

inulin and oligofructose were confirmed as 

the most extensively studied prebiotic 

compounds with major prebiotic efficacy (8). 

Lactobacillus casei subsp. rhamnosus 

has been successfully exploited commercially 

as a pharmaceutical product for more than 20 

years. Its beneficial effects include treatment 

and prevention of nonorganic diarrhea (10). 

We recently showed in vitro that this strain 
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has probiotic activities such as the ability to 

adhere to intestinal cells and antibacterial 

activity against several pathogens. Previous 

study determined the ability of probiotic 

group to survive passage through the 

gastrointestinal tract and to evaluate the 

persistence of the strain after discontinuation 

of its administration. The minimum effective 

dose is not precisely known, but the usual 

recommended oral administration is in excess 

of 10
9
 cfu/day (1). 

 This study recognizes the importance 

of prebiotic substances produced from natural 

raw materials that are used locally to reduce 

cost of production and adding value to 

existing local plants. In our experiment, wild 

yam was extracted and measured the prebiotic 

substances. Extract substances were then 

studied for their effect on L. casei subsp. 

rhamnosus growth and survival in fermented 

milk. 

 

2. Material and methods  

2.1 Raw material preparation 

 Fresh wild yam was washed and 

sliced crosswise into small pieces. They were 

treated by soaking for 24 hours and 3 days 

before drying at 70 °C for 24 hours. Dry 

samples were then ground and filtered 

through a sieve with a pore size of 75 

microns. Dry powder samples were stored 

and used in the next step. 

 

2.2 The wild yam powder extraction 

 Two treatment of wild yam powders 

were conducted at ratio of 1:30 % (w/v) with 

distilled water at the temperature of 85 
o
C for 

30minutes. The suspension was then 

centrifuged at 5,000 rpm. The supernatant 

was sterilized at 121 
o
C for 5 minutes and 

stored in the refrigerator at 4
o
C. 

 

2.3 Quantification of prebiotic 

 The wild yam extract was analyzed to 

measure prebiotic substances using following 

equation. 

 

A total sugar – reducing sugar (µg/ml) 

 

 

2.4 The growth of probiotic bacteria 

 The fermented milk was prepared by 

addition of milk powder(12 g)  mixed with 88 

ml of wild yam extract (2 treatment; soaked 

in water for 24 hours and 3 days). The 

solution was then pasteurized at 63 
o
C for 15 

minutes and inoculated with 2% (v/v) L.casei 

subsp. rhamnosus. Afterthat, fermented milk 

was incubated at 37 
o
C for 48 hrs and 

collected sample every 2 hrs for 24 hrs. The 

last sample was finally recollected at 48 hrs. 

The growth numbers of L. casei subsp. 

rhamnosus in each sample was measured by 

pour plate method. After incubating at 37 
o
C 

for 48 hrs; the survival numbers of probiotic 

bacteria was also studied in fermented milk 

which stored at 4 °C. The sample was 

collected every 7 day for 21 day.     

 

Table 1. The amount of prebiotic extract from wild 

yam 

 

 

Result   

  The result showed the amount of 

prebiotic in wild yam from two treatments by 

soaking at 24 hours and 3 days  were 1,437 

µg/ml and 1,141 µg/ml, respectively (Table 

1). However, the condition of 24 hours 

soaking provided the extract which stimulated 

the bacterial growths lower than the extract 

from wild yam soaking for 3 days (data not 

shown). Therefore, the fermented milk should 

be produced from wild yam extract treated  

by 3 days soaking. Milk powder with the 

addition of wild yam extract (soaked for 3 

day) was able to encourage the growth of L. 

casei subsp. rhamnosus higher than control 

(without wild yam extract). The fermented 

milk with prebiotic extract (3 days soaking 

wild yam) was able to promote the growth of 

L. casei subsp. rhamnosus. The maximum 

cell obtained was 7.6 ×10
9
 cfu/ml (Figure 1).  

 

prebiotic compounds (g/ml) 

24 hours  soaking   3 days  soaking 

1,437  1,141 
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Figure1. Effect of wild yam extract on L. casei subsp. 

rhamnosus growth (cfu/ml) in the  fermented milk. 

 

After 4 weeks; it was found that 

survival of probiotic in fermented milk with 

the addition of wild yam extract could 

increase the probiotic survival more than 

fermented milk without addition of wild yam 

extract (Figure 2). Prebiotic substances of 

post-fermentation in fermented milk were 

lower than pre-fermentation. This might be 

resulted from the growth of probiotic bacteria 

in fermented milk (Figure 3). 
 

 

 
 

Figure 2. The survival of L. casei subsp. rhamnosus. in 

fermented milk by storage at 4 ° C.  ( × ) represent wild 

yam and (  ) represent control. 

 

 
Figure 3. Quantification of prebiotic in fermented milk 

from pre – fermentation and post – fermentation. (  ) 
represent  pre- and (  ) represent  post – fermentation. 

 

Discussion 

  The wild yam extract was 3 days 

soaking. This condition showed the highest 

stimulation for the cell concentration of L. 

casei subsp. rhamnosus. It was found that this 

wild yam extract could promote the growth of 

probiotic better than control. The highest cell 

concentration of L. casei subsp. rhamnosus 

was 7.6 × 10
9
 cfu/ml. This result suggested 

that prebiotic substances in wild yam properly 

supported the growth and survival of L. casei 

subsp. rhamnosus. Since, lactobacilli could 

produce fructosidases which was able to 

hydrolyze fructose moieties and metabolise 

inulin-type fructans efficiently (2). The 

previous study confirmed the better ability of 

bifidobacteria populations in prebiotic 

substances fermentation when compared to 

glucose. The other factor that influenced to 

growth rate of probiotics in fermented milk is 

residual dioscorine in wild yam. Dioscorine is 

an alkaloid toxin which could inhibit the 

growth of bacteria (3). In this research, the 

residual dioscorine in 3 days soaking 

treatment. Is lower than 24 hrs soaking 

treatment. This optimal treatment of wild yam 

also demonstrated the highest growth rate of 

probiotic in fermented milk. The result of 

survival experiment  showed that the highest 

survival rate of probiotic occurred in 

fermented milk supplemented with wild yam. 

The unique characteristic of probiotic for 

inulin and oligofructose can utilization was 
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described by the presence of an inducible β – 

fructofuranosidase. This enzyme is able to 

hydrolyse the β (2–1) glycosidic linkages 

between the fructose moieties (6). This ability 

of prebiotic is important cause of survival of 

probiotic in fermented milk which 

supplemented with wild yam. Therefore, wild 

yam extract should be further used in making 

fermented dairy products for health because it 

can promote the growth and survival of the 

probiotic. 
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Abstract 

 

Rice residue from food waste contained of 

starch as a mainly component which could 

be either hydrolyzed to be fermentable 

sugars or directly used as a carbon source 

for the growth and high value metabolites 

production by various microorganisms. 

Therefore, this study focused on the 

utilization of rice residue and rice residue 

hydrolysate from food waste as a carbon 

source for the growth and lipids production 

of oleaginous yeast. Rice residue obtained 

from canteen of the Faculty of Agro-

industry, Chiang Mai University, Thailand. 

It composed of moisture content (76.68± 

0.55%), crude fat (1.76±0.47%), crude 

protein (3.04±0.06), ash content 

(0.46±0.07), and carbohydrate content 

(18.05±0.01%), respectively. Rice residue 

was then subjected to enzymatic hydrolysis 

using -amylase and amyloglucosidase 

(AMG), resulting the maximal reducing 

sugars of 168.02±0.02 g/L. The screening of 

oleaginous yeast from flowers and leaves 

samples from Doi-Inthanon National Park, 

Faculty of Agro-Industry, Chiang Mai 

University, and the culture collection of the 

Thailand Institute of Scientific and 

Technological Research (TISTR) and the 

Division of Biotechnology, Faculty of Agro-

Industry, Chiang Mai University were 

investigated. Sixty-seven isolates were 

obtained and only four isolates were 

identified as oleaginous yeast because of 

containing high lipids content more than 

20% (w/w), when glucose or rice residue 

hydrolysate was used as a carbon source. 

Those oleaginous yeasts were identified as 

Rhodotorula sp. C7, Rhodosporidium 

paludigenum C10, and the new isolate 

TC32, respectively. Their growths and lipid 

productions were compared with Diozegia 

sp. TISTR5792. The results showed that, 

C7, C10, TC32 and TISTR5792 produced 

the maximal lipids content of 24.26±0.56, 

23.69±0.91, 22.43±1.09 and 23.07±0.80% 

(w/w) when cultivated in the basal medium 

supplemented with enzymatic-rice residue 

hydrolysate. Surprisingly, we found that 

TISTR5792 and TC32 could grow well in 

the medium supplemented with rice residue 

(without hydrolysis) and showed lipids 

content of 18.41±0.10 and 21.67±0.02% 

(w/w), respectively. These results indicating 

that rice residue from food waste shows a 

high potential to be an effective carbon 

source for the growth and lipid production 

of the selected oleaginous yeasts. 

    
Keywords: rice residue hydrolysate, food 

waste, oleaginous yeast, lipids. 

 
1. Introduction 

 

Food waste, an organic solid waste which is 

usually discharged from various sources 

including canteen, restaurants,  commercial 

kitchens and cafeterias (1). The amount of 

food waste has been predicted to increase in 

the next 25 years due to economic and 

population growth, mainly in Asian 
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countries. For example, the annual amount 

of food waste in Asian countries could 

increase from 278 to 416 million tons from 

year 2005 to 2025 (2). There are usually 

landfilled or incinerated which can produce 

many environmental problems (3) such as 

emission of greenhouse gases especially 

methane and carbon dioxide (4). The major 

components of the food waste is starch, 

which can be hydrolyzed to fermentable 

sugars (5). The fermentable sugars can be 

used as a carbon source for the growth and 

high value metabolites productions e.g. 

ethanol, (3, 5-8) hydrogen gas (H2), (9-11) 

methane, (12, 13) and microbial oil, a 

feedstock for biodiesel,  by various 

oleaginous microorganisms.  

Oleaginous yeasts are a single cell oil 

(14) which can be fast synthesized and 

accumulated lipid in their cell more than 20 

(%w/w). Lipids derived from oleaginous 

yeast, known as microbial lipid, have fatty 

acid compositions are similar to vegetable 

oil which can use as a feedstock for 

biodiesel production. The production of 

microbial lipid has many advantages more 

than vegetable oils such as shorter culture 

period easy to harvest and no need of 

agricultural land (15). In addition, 

oleaginous yeast also can utilize various of 

low cost substrates (16) such as crude 

glycerol (15, 17), molasses (16, 18), 

hydrolysate from wheat straw (19), soluble 

starch (20),  cassava starch hydrolysate (21) 

and palm oil mill effluent or POME (22). 

The objective of this is to screen 

oleaginous yeasts which are capable to use 

rice residue and rice residue hydrolysate 

from food waste as a carbon source for the 

growth and lipids production. Moreover, 

this research demonstrated the high 

efficiency method using the bioconversion 

of food waste to be added-value microbial 

oil which can be used as a substrate for 

biodiesel production. 

 

2. Materials and methods 

 

2.1 Raw material 

Rice residue was obtained from canteen of 

the Faculty of Agro-industry, Chiang Mai 

University, Chiang Mai, Thailand, during 

the first semester of the academic year 2015.  
It was crushed into small size by using a 

blender. After that, it was frozen at -20ºC 

until used. Proximate analysis of rice 

residue was analyzed according to the 

AOAC 2002 (23). The composition of rice 

residue e.g. moisture content, crude fat, ash 

content and crude protein is provided in 

Table 1. 

 
Table 1 Composition of rice residue from food 

waste 
 

Composition % (g/g) 

Moisture content 76.68±0.55
* 

Crude fat 1.76±0.47 

Ash 0.46±0.07 

Crude protein 3.04±0.06 

Carbohydrate (by different) 18.05±0.01 

*Means and standard deviations of triplicate samples 

 

2.2 Enzymatic hydrolysis of rice residue 

from food waste 

 

Rice residue from food waste was used as a 

substrate for fermentable sugars production. 

The substrate was subjected to enzymatic 

hydrolysis by mashing with distilled water 

and pH was adjusted to be 4.5 by adding 

10% H2SO4. Then, 1.0% (v/w) of -amylase 

(SPEZYME FRED; Genencor, USA) was 

added, and the reaction was carried out at 

80ºC. After 2 h of reaction time, 1.5% (v/w) 

of AMG (DISTILLASE VPH; Genencor, 

USA) was added and incubated at 60ºC for 

72 h. The releasing of reducing sugar was 

measured using dinitrosalicylic acid (DNS) 

method (24). 

 

2.3 Acid hydrolysis of residue from food 

waste  

 

For the acid hydrolysis, the rice residue was 

mixed with 3.0 M HCl at the solid to liquid 

ratio of 7:3 before autoclaving at 121ºC for 

15 min. After that, the pH of hydrolysate 
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was adjusted to neutral pH (6.5-7.5) by 

adding 2.5 M NaOH. The reducing sugar 

content of hydrolysate was measured using 

dinitrosalicylic acid (DNS) method (24). 

 

2.4 Screening and isolation of oleaginous 

yeast for lipid production  

 

Oleaginous yeasts were screened from 

flowers, fruits and leave samples obtained 

from Doi-Inthanon National Park, Faculty of 

Agro-Industry, Chiang Mai University and 

Thailand Institute of Scientific and 

Technological Research (TISTR), Thailand. 

They was enriched in yeast-malt extract 

medium (YM) containing (per liter); yeast 

extract 4 g, malt extract 10 g and glucose 4 

g supplemented with 100 ppm 

chloramphenicol to minimize bacterial 

growth. The initial pH was adjusted to 6.0 

with H3PO4 or 0.1 M KOH and then, 

autoclaved at 121ºC for 15 min. All of 

samples were incubated on incubator shaker 

(Kühner, Switzerland) at 28ºC, with shaking 

speed 200 rpm for 3 days. After that, the 

culture broth was diluted by 10-folds serial 

dilution technique and spread on YM 

medium agar plate. The yeasts colonies 

were selected and re-streaked on YM 

medium agar plate. The lipids accumulated 

in yeast cell was selected by Sudan black B 

technique (25). Moreover, the pure yeasts 

isolates was kept on YM slant at 4ºC or 

maintained in 60% glycerol stock at -20ºC 

until used (26). 

 

2.5 Screening of oleaginous yeast using 

rice residue from food waste as a carbon 

source 

 

The glycerol stock of yeast isolate (from 

selection 2.4) was transferred into 250 mL 

Erlenmeyer flasks containing 50 mL of YM 

on incubator shaker at 28ºC with a shaking 

speed of 200 rpm for 3 day. The starter 

culture was 10.0% (v/v) inoculated by batch 

fermentation. They were cultivation in basal 

medium supplemented with either glucose 

(10 g) or enzyme-hydrolysate from rice 

residue (10 g as glucose) or acid-hydrolysate 

from rice residue (10 g as glucose) or rice 

residue (10 g as glucose). The basal medium 

contained (per liter) of  yeast extract 1.0 g, 

KH2PO4 5.5 g, (NH4)2SO4 5.3 g, K2HPO4 

3.7 g, MgSO4·7H2O 0.5 g, MnSO4·H2O 0.2 

g and NaCl 0.5 g (26). The initial pH was 

adjusted to 6.0. The culture was incubated 

on an incubator shaker at 28ºC with a 

shaking speed of 200 rpm for 5 days. 

 

2.6 Analytical method 

 

Dry cell weight (DCW) was collected from 

5 day-olds cultivation broth, which was 

taken from each flask and centrifuged at 

6,000 rpm for 10 min. The cell pellet was 

washed twice with distilled water before 

drying at 80ºC overnight and transferred to 

desiccators until constant weight (26). 

The lipids of cell pellet was extracted 

by a modified method of Bligh and Dyer 

(25), which broke the yeast cell, carried out 

in screw cap tube (25 x 150 mm) with a 

mixture of chloroform : methanol (2:1, v/v) 

and glass beads (size 3 mm). The mixture 

was vigorously shaken in a vortex mixer for 

30 min, and then sonicated for 15 min. The 

ruptured cell and extracted lipids were 

centrifuged, and the clear supernatant was 

collected and removed by vacuum 

evaporator. After that, crude lipid was 

transferred to desiccator until constant 

weight (g/L). The lipids content was 

expressed in the percentage of the crude 

lipid in relation to the dry cell weight (% 

g/g).  

  

3. Results and discussion 

 

3.1 Screening of oleaginous yeast using 

glucose as a carbon source 

 

The screening of oleaginous yeast from 

flowers and leaves samples and the culture 

collection of TISTR and the Division of 

Biotechnology, Faculty of Agro-Industry 

were studied. Sixty-seven of yeast isolates 

were obtained. After cultivation in the basal 
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medium supplemented with glucose as a 

carbon source, found that seventeen isolates 

could accumulate lipids in their cell more 

than 15% (w/w) as shown in Figure 1. 

However, only 2 strains of Rhodotorula sp. 

C7 and Rhodosporidium paludigenum C10 

could accumulate lipid in theirs cell more 

than 20% (w/w) and produce maximum 

lipids content of 22.44±1.08 and 21.58±0.05 

% (w/w), respectively.  

 

 

Figure 1 Screening of oleaginous yeasts using 

glucose as carbon source  

 

3.2 Screening of oleaginous yeast using 

rice residue hydrolysate from food waste 

as a carbon source 

 

Seventeen isolates (selected from section 3.1) 

were cultivated in basal medium 

supplemented either enzymatic or acid rice 

residue hydrolysate. The enzymatic-rice 

residue hydrolysate contained reducing 

sugars of 168.02±0.02 g/L, while acid rice-

hydrolysate was 128.55±0.04 g/L. These 

results indicated that enzyme hydrolysis 

using α-amylase (EC 3.2.1.1) and AMG (EC 

3.2.1.3) yielding high content of glucose 

because of the specificity of those enzymes 

(27) while, acid hydrolysis showed lower 

reducing sugar. It might be that acid has 

limitation for hydrolysis under high 

temperature and pressure conditions. 

Furthermore, the formation of undesired 

products e.g. furans carboxylic acid and 

phenolic compounds from acid hydrolysis is 

the main drawback of this method. Those 

products have been reported as the microbial 

growth inhibitors (28). 

The results from Figure 2 showed that, 

Rhodotorula sp. C7, Rhodosporidium 

paludigenum C10, Diozegia sp. TISTR5792 

and the newly isolate TC32 could produce the 

maximal lipids content of 24.26±0.56, 

23.69±0.91, 22.43±1.09 and 23.07±0.80% 

(w/w), respectively, when cultivated in the 

basal medium supplemented with enzymatic-

rice residue hydrolysate. While, cultivation in 

basal medium supplemented with acid-rice 

residue hydrolysate showed the lipids content 

of 21.84±0.56, 22.41±0.23, 19.32±0.80 and 

19.00±0.50% (w/w) by Rhodotorula sp. C7, 

Rhodosporidium paludigenum C10, Diozegia 

sp. TISTR 5792 and the newly isolate TC32, 

respectively (Figure 3).  

 
 

Figure 2 Screening of oleaginous yeasts using 

enzyme-hydrolysate rice residue as carbon source 

 
 

Figure 3 Screening of oleaginous yeasts using 

acid-hydrolysate rice residue as a carbon source 
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From these results we found that enzymatic-

rice residue hydrolysate showed lipids 

production higher than glucose and acid 

hydrolysis. It might be that rice residue from 

food waste contained not only carbohydrate, 

but other component also found in this 

starchy material (Table 1). Crude lipid, 

crude fat and some trace elements in term of 

ash content may enhance the growth and 

lipid production of oleaginous yeast.  

Similar with the report of Subramaniam et 

al. (29), who found that accumulation of 

lipids in yeast cell takes place under 

conditions of limitations caused by a 

nutrient other than carbon source.  

Moreover, cultivation in basal medium 

supplemented with enzymatic-rice residue 

hydrolysate showed higher lipid content 

than acid rice-hydrolysate. It might be that 

acid rice hydrolysate may contain furfural or 

HMF which usually occurred during heat-

process and acid hydrolysis. These 

compounds have been reported as the 

inhibitor of microbial growth by reducing 

enzymatic and biological activities, leading 

to low productivity (30).  

 

3.3 Screening of oleaginous yeast using 

rice residue from food waste as a carbon 

source  

The ability of directly bioconversion 

of rice residue to biomass and lipids of 

seventeen isolates (selected from section 

3.1) were also investigated. The results 

revealed that only two isolates of Diozegia 

sp. TISTR5792 and the newly isolate TC32 

could use rice residue for theirs growth and 

accumulated the maximum lipid content of 

18.00±0.83 and 21.67±0.02% (w/w), 

respectively. Similar with the result of Wild 

et al. (31), who reported that the lipid 

production yields from Lipomyces starkeyi 

on starch was higher than glucose. The 

ability of directly convert of starch and rice 

residue was confirmed by the -amylase 

and AMG activities as presented in Table 2. 

The results found that Diozegia sp. TISTR 

5792 and newly isolate TC32 could produce 

extracellular amylolytic enzymes with -

amylase activities of 0.25±0.18 and 

0.54±0.09 U/mL and AMG activities of 

0.020±0.00 and 0.023±0.00, respectively. 

Moreover, the lipid accumulation of these 

two strains were further confirmed by 

staining with Sudan black B (25). The high 

intensity of black color indicating high 

content of lipid which accumulated in yeast 

cell (Figure 4) (32). 

Table 2 Characteristics of oleaginous yeast TC32 and TISTR 5792 when cultivation in basal medium 

supplemented with rice residue from food waste as a carbon source 

 

 

Characteristic 
Isolate TC32 TISTR5792 

Soluble starch Rice residue  Soluble starch Rice residue  

DCW (g/L) 2.49±0.22
* 

5.82±0.30 3.37±0.38 5.29±0.30 

Lipid (g/L) 0.63±0.07 1.26±0.01 0.70±0.21 0.97±0.01 

Lipid content (%w/w) 24.00±1.7 21.67±0.02 21.65±3.9 18.41±0.83 

-Amylase activity (U/mL) 0.14±0.04  0.54±0.09  0.21±0.10  0.25±0.18  

AMG activity (U/mL) 0.036±0.00 

 

0.023±0.00 0.031±0.00 0.020±0.00 

*Means and standard deviations of triplicate samples 

 

 

 

 



 
 

82 

 

 

               
 

 

 

Figure 4 Staining of lipid in cell of oleaginous yeast by Sudan black B technique (A) TISTR5792 and (B) 

new isolate TC32, the following images were taken at 400x 

 

4. Conclusion 

 

Rice residue from food waste could be 

used as a carbon source for the growth and 

lipid production via a bioconversion by 

some oleaginous yeast. The conventional 

method needs 2 steps of hydrolysis of 

starchy material to be fermentable sugars 

and fermentation. The disadvantage of this 

method is requirement of expensive 

commercial amylolytic enzymes. So, the 

result obtained in this study indicating that 

the amylolytic producing oleaginous yeast, 

TC32 which isolated from flower samples 

obtained from Doi-Inthanon National Park, 

Chiang Mai, Thailand, could overcome the 

disadvantage of the traditional method by 

no need an expensive enzymes and 

showing high ability to directly convert 

starchy material to biomass and lipid.  
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Abstract 

The aim of this work was to preliminary develop 

a coffee pulp extract- incorporated chitosan film. 

Coffee pulp (CP) was obtained from Doi Chaang 

Original Co. Ltd, Chiang Rai, Thailand. The CP 

was extracted with distilled water at the CP-to-

distilled water ratio of 1:2, and then the mixture 

was filtered, centrifuged and dried by freeze 

drying to obtain the dried coffee pulp extract 

powder (CPE). Chitosan (CH) film incorporated 

with various concentrations of CPE (0-1.0 % 

w/v) was prepared by casting method and dried 

at different temperatures (ambient, 30 and 40 
o
C). The antimicrobial activity of the films 

against some potent foodborne microorganisms 

(Bacillus cereus KCCM 40133, B. subtilis 

KCCM 11316, Escherichia coli KCCM 21052 

and Pseudomonas fluorescence KCCM 11362) 

was evaluated by disc diffusion method. The 

antioxidant activity (DPPH assay) and physical 

properties (water vapor permeability (WVP), 

solubility and color (L*, a* and b*) of the film 

were determined. There was no inhibitory effect 

observed when the CH film without CPE was 

tested by disc diffusion method. The 

antimicrobial and antioxidant activities of the 

CPE-CH films significantly increased with the 

increasing CPE concentration (p≤0.05). The 

WVP and solubility of the CH film without the 

CPE was higher than those of the CPE-CH film. 

With the increasing CPE concentration in the 

CH matrix, the WVP and solubility of the CPE-

CH film significantly decreased (p≤0.05). These 

results indicate that the CPE-CH film could be 

applied as an antimicrobial and antioxidant food 

packaging. 

Keywords: active packaging, by-product, 

edible film, natural extract 

Introduction 

Microbial contamination is one of the most 

important concerns in the food industry. It can 

cause foodborne diseases, and consequently 

economic losses (1, 2). Packaging is reported to 

help reducing microbial contamination, 

particularly the antimicrobial (AM) packaging 

(3, 4). AM packaging is an active packaging 

which is usually produced in a form of edible 

film. The film is normally composed of film 

forming material, plasticizer and active agent. 

The film composition will be varied depending 

on the purpose of application (5, 6). The 

antimicrobial agents which are incorporated into 

the packaging to develop the AM packaging 

include weak organic acids, enzymes, 

bacteriocins and natural extracts (7-9). As a 

result of the health concerns nowadays of the 

consumers, natural existing AM compounds are 

increasingly popular and substituted the 

synthetic ones (10, 11). Those natural AM 

compounds include the compounds from animal, 

plant and microorganisms, such as anthocyanin, 

caffeine, epicatechin, tannins, lactoperoxidase 

system, lysozyme, nisin, natamycin, etc. (7-9, 

12, 13). Chitosan, a promising antimicrobial 

agent, is a cationic polysaccharide obtained from 

deacetylation of chitin, which is the major 

organic constituent of exoskeleton of crustaceans 

(11, 14). It was reported to be the most 

promising candidate as the film forming material 

(15, 16). Coffee pulp (CP) was reported as a 

potential source of phytochemicals having 

antimicrobial and antioxidant effects (17, 18). 

Those compounds are flavan-3-ols, caffeine, 

chlorogenic acid, hydroxycinnamic acid, 

anthocyanidins, tannins etc. (19-21). Wang et al. 

(22) reported that the phenolic compounds 

affected the microbial membrane causing 
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structural and functional damage. This work, 

therefore, was aimed to exploit the CP 

antimicrobial activity, for the first time, to 

develop the antioxidant and antimicrobial CH 

film in order to pave the way of using these AM 

packaging to reduce the microbial contamination 

in food products.  

1. Materials and Methods

1.1 Coffee Pulp 

Arabica coffee (Coffea arabica L.) pulp was 

obtained from Doi Chaang Original Co. Ltd. 

in Chiang Rai, Thailand in January 2014 and 

kept at -40
 o
C until used.

1.2 Sample Preparation 

The coffee pulp (CP) was blended with 

distilled water at the CP-to-distilled water 

ratio of 1:2 and then the mixture was filtered 

and centrifuged at 10,000 rpm for 5 min at 4 
o
C. The supernatant was collected and further 

dried by freeze drying. The dried coffee pulp 

extract (CPE) was used for proximal analysis 

and kept at -40 
o
C for further analysis.

1.3 Chemicals 

All reagents were analytical grade. 2-2-

diphenyl-1-picrryl-hydrazyl (DPPH) and 

chitosan were purchased from Sigma-Aldrich 

Co. Ltd., Germany.  

1.4 Preparation of Films 

Chitosan (CH) was used as a film forming 

material in this work. The CH film suspension 

(150 mL) was prepared according to Sun et al. 

(23) with some modifications. Briefly, the CPE 

(0, 0.5, 0.75 and 1.0 % w/v) was dissolved in 

150 mL of 1% acetic acid and stirred for 30 min. 

Then, CH powder (3 g) was added and mixed 

well. The mixture was stirred for 1 hr or until 

clear solution was obtained. After that, glycerol 

(0.90 g) was added to the film solution and 

mixed well. The film solution was casted onto a 

Teflon plate (22 × 29 cm
2
) and allowed to dry at

ambient temperature,   30 
o
C and 40 

o
C. The film

was kept at 25 
o
C, 50 ± 5 % relative humidity for

at least 48 hr before further testing. 

1.5 Bacterial Suspension Preparation 

Bacterial cell suspension for antimicrobial testing 

was prepared by re-suspending the active culture 

in normal saline to the 0.5 McFarland turbidity 

standards which is equivalent to the bacterial 

suspension of   1.5  10
8
 CFU/mL (24).

1.6   Disc Diffusion Assay 

The disc diffusion method was conducted 

according to the National Committee for Clinical 

Laboratory Standard (25) to evaluate the 

antimicrobial activity of the film. Within 15 min 

after adjusting the turbidity of a bacterial 

suspension, a sterile cotton swab was dipped into 

the suspension and swabbed on Mueller-Hinton 

Agar (MHA). The CH or CPE-CH film was cut 

using a sterile paper puncher (6.0 mm diameter), 

then the film was placed onto the microbial lawn 

together with tetracycline (30 µg/mL) as a 

positive control and sterile distilled water as a 

negative control. The plate was incubated at 37 
o
C for 24 hr. Then, the inhibition zone was 

determined and recorded (mm). 

1.7 DPPH Radical Scavenging Activity 

(DPPH) 

DPPH radical scavenging activity of the film 

was determined as described by Brand-Williams 

et al. (26) with some modifications. The dry film 

(0.2500 g) was soaked in 15 mL distilled water 

for 24 hr and extracted (Siripatrawan & Harte, 

2010). The extract (3 mL) was mixed with 1 mL 

of 1 mM 2, 2-dipheny l-1-picryl hydrazyl 

(DPPH) in 95 % methanol. The mixture was 

mixed vigorously and allowed to stand at room 

temperature in the dark for 30 min. The 

absorbance of the resulting solution was 

determined at the wavelength of 517 nm using a 

UV-spectrophotometer. The blank was prepared 

in the same manner except that 95 % methanol 

was used instead of the DPPH solution. The 

antioxidant activity was calculated after the 

blank subtraction and expressed as scavenging 

activity (%) as shown in the equation (1) below. 
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Scavenging activity (%)=
ADPPH-AS

ADPPH

x 100(1) 

Where ADPPH is the absorbance at 517 nm of 

DPPH methanol and AS is the 

absorbance at 517 nm of the sample. 

1.8 Water Vapor Permeability (WVP) 

The WVP of the film was determined 

gravimetrically in triplicate according to the 

ASTM E96-01 method (27). The film was cut to 

a rectangular shape (60  60 mm
2
) and used to

close an aluminum cup (3.9  3.6  2.3 cm) 

containing 3 g of silica gel. The cup was placed in 

an incubator (50 ± 5 % RH, 25 
o
C) and weighed

at an hour interval to 8 hr. The weight of the 

aluminum cup vs time was plotted. The slope was 

used to calculate water vapor transmission rate 

(WVTR) using equation (2) in order for WVP 

calculation by equation (3) 

WVTR=
Slope

 A
 (2) 

Where, A is the sample area (m
2
).

WVP=
WVTR  T

∆P
(3) 

Where, T is the thickness of the film (mm) and 

∆P is the partial pressure difference of 

the water vapour across the film. 

1.9 Solubility in Water 

Solubility is defined as the percentage of dry 

matter solubilized after 24 hr of film immersion 

in distilled water with respect to initial dry matter 

(28). The initial dry matter was determined by 

cutting and drying the film in a hot air oven at 

100 
o
C for 24 hr. After that, the film was 

weighed and immersed in 50 mL distilled water, 

shaken at 180 rpm for 24 hr at 25 
o
C, and then

filtered. The residual film was taken out and 

dried (100 
o
C, 24 hr) to determine the final 

weight of dry matter. The solubility in water 

testing was conducted in triplicate and calculated 

using following the equation (4). 

Solubility=
Initial weight-Final weight

Initial weight
100% (4) 

1.10 Color Measurement 

The color of the film was determined with a 

Hunter Lab color meter and expressed as L*, a*, 

and b*. 

1.11 Statistical Analysis 

All tests was conducted in triplicate for verification 

of the results and subjected to analysis of variance 

(ANOVA). A mean composition was carried out by 

Duncan’s multiple range test. Statistical significance 

was set at P-value ≤ 0.05. All data analyses were 

performed using SPSS package (V16). 

2. Results and Discussion

The color of the CH film containing 1.0 % CPE 

dried at ambient, 30 and 40 
o
C were shown in

Figure 1. It was found that the film color was 

darken with increasing temperature. The darker 

film might affect the consumer acceptability 

when the film is applied for further experiment 

as an edible film. The film was more brittle 

when the drying temperature increased. 

Therefore, the ambient temperature was used to 

prepare the film for further experiment. The film 

color increased with the increasing concentration 

of CPE in the CH matrix (Figure 2).  

Figure 1 CPE (1% w/v)-CH Film dried at (a) Ambient 

Temperature (b) 30 
o
C and (c) 40 

o
C 

Figure 2 The CH Film Containing CPE at (a) 0 % w/v 

(b) 0.5 % w/v (c) 0.75 % w/v and 1.0 % w/v 

(a) (b) (c) 

(a) (b) (c) (d) 
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 Table 1 Inhibitory Effect of CPE-CH Film by Disc Diffusion Method

Microorganism 
The CPE concentration (% w/v) 

0 0.5 0.75 1.0 

Gram-positive bacteria 

B. cereus KCCM 40133 NZ 8.33±0.58 
Ca 

10.33±0.58 
Ba 

12.67±0.58 
Aa

B. subtilis KCCM 11316 NZ NZ 9.33±0.58 
Bb 

11.67±0.58 
Aab

Gram-negative bacteria 

E. coli KCCM 21052 NZ NZ 8.33±0.58 
Bc 

10.33±0.58 
Ac

P. fluorescence KCCM 11362 NZ NZ 9.00±0.00 
Bbc 

11.33±0.58 
Abc

Values are the mean ± SD  

Means with different superscript block letters within a row are significantly different (P ≤ 0.05)  

Means with different superscript lowercase letters within a column are significantly different (P≤0.05) 

2.1 Inhibitory Effect of the CPE-CH Film 

by Disc Diffusion Method 

The inhibitory effect of the CH film containing 

various concentrations of CPE (0, 0.5, 0.75 

and 1.0 % w/v) by disc diffusion method is 

summarized in Table 1. The initial diameter of 

all films was fixed at 6 mm. The first 

inhibitory effect of the CPE-CH film was 

observed when the film contained 0.5 % w/v 

CPE, but only B. cerues was inhibited. The 

film containing 1.0 % w/v of the CPE inhibited 

all the tested bacteria with B. cereus as the 

most susceptible bacterium. It was also found 

that the inhibitory effect of the CPE-CH film 

increased with the increasing concentration of 

the CPE in the film matrix. The increase of the 

film antimicrobial activity with the increasing 

CPE concentration in the film may due to its 

increasing positive charge of carboxylic group 

of chlorogenic acid (CGA) which was reported 

to be the main antimicrobial agent found in 

CPE. This positive charge interacts with the 

negative charge microbial cell membrane, 

consequently causing leakage of proteinaceous 

and other intracellular constituents from the 

microorganism cells (29-31). Gram positive 

bacteria were more susceptible to the CPE-CH 

film than gram negative bacteria. The effect of 

the film on the gram-negative bacteria is 

different from that of the CPE alone which 

might be due to the CPE and CH synergistic 

effect.     

2.2 Antioxidant Activity (AOA) 

DPPH assay was used to evaluate the antioxidant 

capacity of the CH films containing different 

CPE concentrations compared to the CH film 

without any CPE. The radical scavenging 

capability through the DPPH assay ranged from 

5 - 23 % scavenging activity as shown in Table 

2. The CPE was found to enhance the AOA of

the film indicating by the higher AOA from 

DPPH assays when the CPE was incorporated. 

The AOA of the film significantly increased 

with the increasing CPE concentration (P ≤ 

0.05). This free radical can react with the 

phenolic compounds and residual amine group 

(NH2) to form macromolecule radicals. The 

amine groups in CH, can form ammonium 

(NH
3+

) groups by absorbing hydrogen ion from

the solution (32, 33). The main polyphenols 

identified in the CPE were caffeine and CGA. 

These phenolic compounds exhibited a reducing 

activity which could enhance the antioxidant 

activity of the film (34). 

Table 2 Antioxidant Activity of CH Film Containing 

Various CPE Concentrations by DPPH Assay 

Active film % scavenging activity 

CH 5.07±0.34
e 

0.50 CPE- CH 12.30±0.34
c 

0.75 CPE- CH 16.85±0.45
b 

1.00 CPE- CH 23.49±0.34
a 

Values are the mean ± SD 



89 

Means with different superscript within a column are significantly different (P ≤ 0.05)   

Table 3 Thickness, Water Vapor Permeability, Solubility and Color of Chitosan Film with/ without CPE

Active film 
Thickness 

(mm) 

WVP 

(g.mm/m
2
.h.kPa) 

Solubility 

(%) 
L* a* b* 

CH 0.051±0.003
a 

3.52±0.00
a 

30.66±0.66
a 

79.49±1.04a 3.31± 0.15d 23.59± 1.20d 

0.50 CPE-CH  0.051±0.003
a 

2.32±0.31
b 

29.36±0.58
b 

74.33±2.67b 7.76±0.54c 35.11±1.07c 

0.75 CPE-CH 0.051±0.001
a 

1.95±0.21
c 

27.70±0.38
c 

67.76±1.33c 11.36±0.27b 48.09±1.33b 

1.00 CPE-CH 0.052±0.001
a 

1.48±0.00
d 

25.03±1.47
d 

60.33±3.14d 16.14± 0.73a 62.75± 1.35a 

Values are the mean ± SD  

Means with different superscript within a column are significantly different (P ≤ 0.05)

2.3 Thickness, Water Vapor Permeability, 

Solubility and Color 

The thickness of the CH and CPE-CH film 

ranged from 0.051 - 0.052 mm. Generally, the 

thickness of the edible film is in the range of 

0.010 – 0.100 mm based on its application (35-

37). Addition of the CPE into the CH film 

resulted in no significant difference (P>0.05) of 

the film thickness while decreased the WVP and 

solubility as shown in Table 3. These decreases 

due to the increasing of hydrophobic group, 

when the CPE was added (38). These WVP and 

solubility reduction is due to the formation of 

hydrogen bonds between the -NH2 group 

presented in CH and -OH group of the phenolic 

compounds in the CPE, thus reducing the 

availability of the hydrophilic group. These 

results were consistent with previous report 

when phenolic compounds were incorporated 

into the CH matrix (39). Similar results were 

also observed by Aljawish et al. (38) where the 

physicochemical interaction between phenolic 

compounds and CH was investigated. These also 

may be because the polyphenolic compounds 

may be able to fit into chitosan matrix and 

established interactions such as hydrogen or 

covalent bonding with reactive groups of 

chitosan (40). This fact may contribute to cross-

linking effects of CPE compounds, leading to 

esters and/or amide groups of CH film. The 

incorporation of the CPE into CH film provided 

the darker color to the film as a result of the dark 

brown color of the oxidized anthocyanin which is 

the major pigment in the CPE (30). It was found 

that incorporation of the CPE into the CH film 

matrix caused a significant decrease of the L* 

value (P ≤ 0.05), whereas a* and b* values of the 

film significantly increased (P ≤ 0.05). These 

results indicate the tendency towards redness and 

yellowness of the CH film when the CPE was 

incorporated. 

3. Conclusion

From the results, the antimicrobial and 

antioxidant activities of CPE-CH films were 

found to significantly increase with the increasing 

CPE concentration (P ≤ 0.05). Gram positive 

bacteria were more susceptible to the CPE-CH 

film than gram negative bacteria with B. cereus 

exerted the most sensitive bacterium. 

Incorporation of the CPE into the CH film 

resulted in no significant difference of the film 

thickness, whereas the WVP and solubility of the 

CPE-CH film significantly decreased (P ≤ 0.05). 

And the film color increased with the increasing 

concentration of CPE in the CH matrix.  It could 

be concluded that the CPE-CH film has a 

potential to be alternately applied as an 

antimicrobial and antioxidant food packaging to 

reduce the microbial contamination and to 

maintain food qualities. However, future 

research could be conducted to evaluate the 

toxicity of using these natural AM agents as 

edible films and coatings, and also 

characterize other physico-mechanical 

properties. 
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Abstract 

Sugarcane trash, an agricultural by-product, 

contained 16.21% neutral detergent soluble 

(NDS), 38.43% hemicellulose, 34.06% 

cellulose, 5.51% lignin and 5.79% ash on 

dry solid (DS) basis. After it was pretreated 

with 2%w/v NaOH followed by 2%w/v 

H2SO4 in autoclave (121
o
C, 15 min), the

content of cellulose, hemicellulose and 

lignin were 73.17%, 7.21% and 3.41%, 

respectively. The pretreated sugarcane trash 

was used as substrate for ethanol production 

in separate hydrolysis and fermentation 

(SHF) and simultaneous saccharification 

and fermentation (SSF) processes, using 

commercial cellulase and Saccharomyces 

cerevisiae TISTR 5596 cells. The optimum 

conditions in a flask scale of SHF process 

(15% w/v substrate loading hydrolyzed with 

cellulase 50 FPU/g DS at 50
o
C, pH 5.0 and

fermentation at 30
o
C), and SSF process

(20%w/v substrate loading, cellulase 50 

FPU/g DS, hydrolysis and fermentation at 

35
o
C,pH 5.0) were applied to compare the

ethanol production in a fermenter. In the 

SSF process, the highest level of ethanol 

production was  57.75 g/L, which was 

16.26% higher than that of SHF process 

(48.36 g/L). The SSF process was therefore 

provided a more efficient method for the 

utilization of sugarcane trash. 

Keywords: cellulosic ethanol production, 

alkali-acid pretreatment, separate hydrolysis 

and fermentation (SHF), simultaneous 

saccharification and fermentation (SSF), 

sugarcane trash. 

1. Introduction

Currently, ethanol is increasingly used as an 

alternative to fossil fuels in the 

transportation sector [1]. Traditional fuel 

ethanol is produced from sugar cane, corn, 

and other kinds of starch, which are high in 

cost and lead to shortages and increases in 

the prices of food and feed. Value-added 

bio-products, such as fuel ethanol derived 

from efficient utilization of agro-industrial 

by-products, have attracted increased 

attention because of their use of abundant, 

renewable materials. The employment of 

proper bio-processing for the production of 

fuel ethanol is a propitious method to reduce 

dependence on fossil fuel and decrease 

environmental problems. Ethanol 

production from lignocellulosic biomass 

involves three core steps: i) pretreatment ii) 

enzymatic hydrolysis or saccharification 

and iii) fermentation. Hydrolysis of sugars 

followed by fermentation step is called 

separate hydrolysis and fermentation (SHF). 

As an alternative these hydrolysis and 

fermentation steps can be merged together 

in one process known as simultaneous 

saccharification and fermentation (SSF). An 

advantage of SHF is that enzymes and yeast 

can each operate at their optimal conditions, 

e.g. with respect to temperature, However, 

SHF has the disadvantage that inhibitory 

hydrolysis products accumulate, decreasing 

reaction rates [2]. In SSF, temperature is not 

mailto:suthkamol@tistr.or.th
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optimal for cellulases and, therefore, the 

rate of hydrolysis is slow, but hydrolysis 

products can be consumed as they are 

formed due to fermentation, thus avoiding 

the inhibition seen with SHF [2]. 

Furthermore, ethanol in the fermentation 

broth prevents significant microbial 

contamination. Other advantage of SSF is 

that the process integration of hydrolysis 

and fermentation in one reactor reduces the 

overall capital cost. There are a number of 

studies available related to SSF of 

pretreated lignocellulosic biomass. Most of 

these studies used S. cerevisiae as the 

fermentative organism at 30-35
o
C [2].

To determine better process for the 

ethanol production, SHF and SSF were 

performed on alkali-acid pretreated 

sugarcane trash using commercial cellulase 

and S. cerevisiae TISTR 5596 in a 

fermenter under the optimum condition 

from a flask scale. 

2. Materials and Methods

2.1 Raw material preparation and 

composition analysis 

Sugarcane trash was collected from 

Khamphang-Phet province, Thailand. They 

were sundried and milled in Hammer mill, 

subsequently passed through 2 mm of 

screen size. The milled sugarcane trash were 

stored at room temperature and used as 

substrate in the experiments. 

2.2 Enzyme 

A commercial blended cellulase enzyme, 

derived from Trichoderma reesei. The 

enzyme containing of cellulase, β-glucosidase 

and hemicellulase, was used in enzymatic 

hydrolysis step. 

2.3 Pretreatment 

Milled sugarcane trash 15%w/v were 

pretreated with 2%w/v of NaOH in an 

autoclave at 121°C, 15 lb/in
2
 for 15 min

followed by 2%w/v of H2SO4, autoclaved at 

121°C, 15 lb/in
2
 for 15 min. After the

mixtures were cooled down, they were then 

washed with water and adjusted to pH 5.0. 

The solid residue was then separated from 

the liquid fraction by filtering through 

muslin cloth. The solid residue was 

subsequently used as substrate for 

enzymatic hydrolysis. 

2.4 SHF process 

The separate hydrolysis and ethanol 

fermentation (SHF) was conducted in a 5-L 

fermenter under the optimal condition from 

the previous study in the flask scale [3]. 

Enzymatic hydrolysis was done using wet 

pretreated solid residue, washed with water 

and adjusted to pH 5.0. Commercial 

cellulase (50 FPU/g DS) was then added to 

the pretreated solid residue fraction and 

cultivated at 50°C, 160 rpm for 48 hrs. 

Sugar hydrolysate from enzymatic 

hydrolysis of pretreated sugarcane trash was 

used as substrate for ethanol production. 

The inoculum of S. cerevisiae TISTR 5596 

(10
7
 cells/mL) grown in malt extract-

glucose-yeast extract-peptone (MGYP) 

medium, was then inoculated into the sugar 

hydrolysate and cultivated at 30°C, 160 rpm 

[3]. Aliquots of samples were withdrawn 

and assayed for ethanol concentration, 

reducing sugar and cell number. 

2.5 SSF process 

The optimal condition of SSF process from 

flask scale (20%w/v solid loading, 50 

FPU/g DS enzyme loading, 10
7
 cells/mL of

S. cerevisiae TISTR 5596 and temperature 

35
o
C) [4] was also used in the 5-L

fermenter.  Samples were periodically 

withdrawn for reducing sugar, cell number, 

and ethanol analyses. 

2.6 Analytical methods 

The contents of NDS, cellulose, 

hemicelluloses, lignin and ash were 

determined according to the method of Van 

Soest et al.[5]. Cell number was determined 
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using haemacytometer. The   reducing 

sugars were estimated by DNS method [6]. 

Ethanol concentration was analyzed using 

gas chromatography, Agilent 6890 series 

(Agilent GC system, USA) using 19091N-

133 Innowax column and flame ionization 

detector. The activity of cellulase was 

measured according to the reference of 

Ghose [7]. 

3. Results and Discussion

3.1 Chemical composition of raw material 

before and after pretreatment 

  Figure 1 Sugarcane trash 

Sugarcane trash (Figure 1) on dry weight 

basis contained 16.21% NDS, 34.06% 

cellulose, 38.43% hemicellulose, 5.51% 

lignin, and 5.79% ash (Table 1).  

Table 1  The compositions of sugarcane trash 

before and after alkali-acid pretreatment. 

The data presented are mean for triplicate assays. 
* Neutral detergent solid.

The average chemical composition of 

pretreated sugarcane trash by alkali 

followed by acid was 15.69% NDS, 73.17% 

cellulose, 7.21% hemicellulose, 3.41% 

lignin, and 0.49% ash (Table 1). In this 

study, alkali-acid pretreated sugarcane trash 

(Figure 2) was taken as the substrate for 

SHF and SSF processes. 

Figure 2 alkali-acid pretreated sugarcane trash 

3.2 SHF process 

In previous study, the optimal conditions for 

enzymatic hydrolysis and ethanol 

fermentation (SHF) process in flask scale, to 

obtain high glucose and ethanol 

concentration, was determined as substrate 

concentration 15% w/v, enzyme loading 50 

FPU/g substrate at 50
o
C and pH 5 for 48

hrs. Under these conditions, the reducing 

sugar  concentration of 117.16 g/L and 

ethanol concentration of 48.17 g/L or yield 

0.509 g/g sugar which was equal to 99.81% 

of theoretical yield were obtained by using 

10
7
 cells/mL of S. cerevisiae TISTR 5596 as

inoculum [3]. The optimal condition of SHF 

process from the flask scale was used in this 

study to production of ethanol in 5L 

fermenter (Figure 3). The results showed 

that the reducing sugar concentration of 128 

g/L after enzymatic hydrolysis and ethanol 

concentration of 48.36 g/L, productivity 

0.50 g/l/h which was equal to 99.39% of 

theoretical yield were obtained from the 

SHF process (Figure 4). We found that no 

significant difference in the overall ethanol 

yield of SHF process between the flask 

scale and the 5-L fermenter. 

Chemical 

composition 

% dry weight 

Before After 

NDS* 16.21 15.69 

Cellulose 34.06 73.17 

Hemicellulose 38.43 7.21 

Lignin 5.51 3.41 

Ash 5.79 0.49 
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Figure 3 Ethanol production in a 5-L fermenter 

 

 

 

 

Figure 4 Ethanol production from sugarcane 

trash of SHF process in a 5-L fermenter. 

3.3 SSF process 

Also in the previous study, the  

simultaneous saccharification and 

fermentation (SSF) process in flask scale to 

obtain high ethanol concentration, was 

determined as substrate concentration 

20%w/v, enzyme loading 50 FPU/g 

substrate at 35
o
C and pH 5 for 72-96 hrs.

Under these conditions, ethanol 

concentration of 50.14 g/L, productivity 

0.50 g/l/h were obtained by using 10
7

cells/mL of S. cerevisiae TISTR 5596 as 

inoculum [4].  

The optimal condition of SSF process from 

flask scale was used to production of 

ethanol in 5-L fermenter. The results 

showed that the ethanol concentration of 

57.75 g/L, productivity 0.60 g/l/h were 

obtained from the SSF process in the 5-L 

fermenter (Figure 5). 

Figure 5 Ethanol production from sugarcane 

trash of SSF process in a 5-L fermenter. 

In order to solve the problem of mixing due 

to high solids level, the residual solid of the 

pretreated sugarcane trash was divided into 

three portions. The SSF experiment was 

started with inclusion of one third of solid in 

the starting fermentation broth and the 

remaining two portion were add at 12 and 

24 hrs. This approach helped with the 

mixing problem.  

4. Conclusions

Comparison between separate hydrolysis 

and fermentation (SHF) and simultaneous 

saccharification and fermentation (SSF) 

found that SSF was more efficient for 

ethanol production than SHF, despite using 

a lower reaction temperature which was 

suboptimal for the enzyme hydrolysis 

reaction. The highest ethanol concentration 

57.75 g/L or 7.32%v/v was achieved when 

alkali-acid pretreated sugarcane trash was 

hydrolyzed with 50 FPU/g DS at 20% solid 

loading through a SSF process, which was 

16.26% higher than that of SHF process 

(48.36 g/L). 
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Abstract 

The ethanol production from alkaline 

pretreated pineapple waste (core and peel) 

by using co-culture process of S. cerevisiae 

TISTR 5339 and C. shehatae KCCM 11422 

was evaluated. The potential of ultrasound-

assisted alkaline pretreatment was applied to 

enhance total reducing sugar concentration. 

The highest yield of total reducing sugar 

was obtained at 21.84 g/g dried sample after 

pretreatment by 2% NaOH with ultrasonic-

assistance for 60 min subsequently by 

enzymatic hydrolysis. The compositions of 

pretreated pineapple waste were 

40.52±0.99% cellulose, 24.03±1.52% 

hemicellulose and 2.27±0.23% lignin. 

However, the dry matter loss reached to 

44.67±3.21% after pretreatment. The 

structural changes of pretreated pineapple 

waste were observed by scanning electron 

microscopy (SEM).  The maximum ethanol 

concentration and ethanol yield after 24 h 

fermentation were 9.73±0.15g/L and 

0.45±0.01 g/g, respectively. 

Keywords: Ethanol production, pineapple 

waste, ultrasonic, Saccharomyces cerevisiae 

TISTR 5339, Candida shehatae KCCM 

11422 

1. Introduction

Lignocellulosic material, one of the most 

abundant renewable resources available, 

represents approximately 50 billion tons per 

year around the world (1). Lignocellulosic 

material can be converted to fermentable 

sugars (such as glucose and xylose) which 

are substrate for ethanol production. 

Lignocellulosic agricultural wastes in 

Thailand were about 100 million per year 

considering for bioconversion (2).  Thailand 

is the major leader of canned pineapple 

exporter. The wastes from the process, 

namely peel, core and crown, are found 

nearly 0.62 million tons per year (3).  

Lignocellulose is mainly composed of 

cellulose, hemicelluloses and lignin. Since 

lignin acts like a barrier to obstruct cellulose 

and hemicellulose accessibility, the 

pretreatment step is necessary before acid or 

enzymatic hydrolysis step. The pretreatment 

is not only able to breakdown lignin 

structure but also disrupt the crystallinity of 

cellulose structure in order to enhance 

enzymatic hydrolysis.  

Alkaline pretreatment of lignocellulose 

using sodium hydroxide (NaOH) can break 

the ester bond linked between xylan and 

lignin, modify lignin structure, swell 

cellulose, and partial decrease the 

crystallinity of cellulose (4,5), thus 

improving the efficiency of enzymatic 

hydrolysis. The advantage of alkaline 

pretreatment process is the ability to carry 

out under lower temperature and pressures 

comparing with other pretreatment 

technologies (6). Ultrasound waves generate 

the difference of pressure within a solution 
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which has physical and chemical effects on 

lignocelluloses composition (7). The 

physical effects of ultrasound on 

lignocelluloses were occurred by shear 

forces, mass transfer and surface erosion 

whereas the chemical effects take place via 

highly reactive radical species such as ˙OH, 

˙O, and HO2˙ causing delignification. The 

goal of pretreatment is to remove lignin and 

separate cellulose and hemicellulose from 

lignin and also less time-consuming process. 

Therefore, alkaline and ultrasound, which 

have similar principles of biodegradation of 

lignocellulose, was combined to improve the 

efficiency of pretreatment and yield of sugar 

production. 

S. cerevisiae is widely used for ethanol 

production because of its high ethanol 

productivity. However, S. cerevisiae cannot 

utilize xylose in biomass hydrolysate. The 

xylose-utilizing yeast is required in order to 

enhance substrate utilizing and improve 

ethanol productivity. C. shehatae is a 

xylose-utilizing yeast which can ferment 

xylose to ethanol. It has been reported that 

the co-culture of S. cerevisiae ICV D254 

and C. shehatae HM 52.2 in rice hull 

hydrolysate effectively converted glucose 

and xylose to ethanol. The co-culture was 

maximizing substrate utilization rates, 

increasing ethanol yields and production 

rates (8). 

The objective of this study is to evaluate 

the effect of alkaline combined with 

ultrasound for pineapple waste pretreatment 

on chemical composition and yield of 

reducing sugar. Co-culture fermentation was 

applied for the effective conversion of 

pineapple waste into ethanol. 

2. Materials and Methods

2.1 Raw material 

The pineapple waste was obtained from 

Kamphaeng Saen market, Nakhon Pathom 

province, Thailand in year 2014. The 

samples were chopped, washed several 

times with tap water, sun-dried, and dried in 

oven at 60 °C for 72 h. It was further 

blended and kept at room temperature in a 

desiccator before determination of acid and 

neutral detergent fiber by the method of Van 

Soest (9,10) 

2.2 Combination of alkaline and 

ultrasonic pretreatment for reducing 

sugar production 

Five grams of dry pineapple waste were 

added to 100 ml of 1 or 2% NaOH solution 

in a 250-ml bottle. All samples were 

pretreated as follows: (A) 1% NaOH with 

ultrasound for 60 min; (B) 1% NaOH with 

ultrasound for 30 min followed by standing 

for 30 min and then ultrasound for 30 min; 

(C) 2% NaOH with ultrasound for 60 min; 

(D) 2% NaOH with ultrasound treatment as 

in method B; (E) 1% NaOH by standing in 

the oven at 60 ºC for 90 min; (F) 2% NaOH 

by standing in the oven at 60 ºC for 90 min. 

After pretreatment, samples (3 out of 6 

flasks) were analyzed the chemical 

composition by centrifugation, wash with 

distilled water until neutral pH and dried at 

60 °C. The other samples (3 flasks) were 

further used for reducing sugar production 

by adjusting to pH 4.8 by 1 N sulfuric acid 

and subsequently being hydrolyzed by 

cellulase (Accellerase 1500, Genecor, CA) 

with loading of 20 FPU/g biomass in a 

shaking incubator (180 rpm) at 50 °C for 24 

h. The total reducing sugar concentration

was analyzed by dinitrosalicylic acid (DNS) 

method (10). The hydrolysate from the best 

condition was supplemented with 1% yeast 

extract (w/v) and then autoclaved for 15 min 

at 121°C. 

2.3 Fermentation 

2.3.1 Yeast strain and inoculum 

preparation 

A commercial S. cerecisiae TISTR 5339 

and C. shehatae KCCM 11422 were 

purchased from Thailand Institute of 

Scientific and Technology (TISTR), 

Bangkok, Thailand and Korean Culture 

Center of Microorganisms (KCCM), South 
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Korea, respectively. The inoculum was 

prepared by cultivation of yeast in 250-mL 

Erlenmeyer flask containing 100 mL of YM 

medium (yeast extract, 3 g/L; peptone, 5 

g/L; malt extract, 3 g/L and glucose 10 g/L). 

The flask was incubated at 30°C for 24 h 

with shaking at 180 rpm. The cell 

concentration was diluted to obtain at 1×10
8

cells/ml prior to using. 

2.3.2 Ethanol production by mono and 

co-culture fermentation 

The fermentation was carried out in 250-

ml Erlenmeyer flask using the best 

hydrolysate which was initially inoculated 

with the culture suspension of S. cerevisiae 

(5% v/v) for mono and co-culture 

fermentation. The culture suspension of C. 

shehatae (3% v/v) was inoculated after 15 h 

fermentation for co-culture fermentation. 

The fermentation was operated at 30°C 

under static condition. The samples were 

collected until the sugar and ethanol 

concentration were stable. 

2.4 Analytical method 

The chemical composition, namely 

cellulose, hemicellulose and lignin content 

were analyzed according to the method of 

Van Soest (9,10). The total reducing sugar 

concentration was determined by 

dinitrosalicylic acid (DNS) method (11). 

The glucose, xylose and ethanol 

concentration were analyzed using high 

performance liquid chromatography (Waters 

2695 system, MA, USA) outfitted refractive 

index detector with SugarPax column 

(Waters, MA, USA). The column 

temperature was set at 85°C. Samples were 

eluted with deionized water at a flow rate of 

0.5 mL/min. Filter paper assay (FPU assay) 

was determined according to the standard 

IUPAC (International Union of Pure and 

Applied Chemistry) procedure. One FPU 

unit of activity liberates 1 µmol of reducing 

sugar (expressed as glucose equivalents) in 

one minute under specific assay conditions 

of 50 °C and pH 4.8. A scanning electron 

microscopy (Camscan, MX2000, UK) was 

used to observe the physical changes in 

pretreated pineapple waste. 

All experiments were carried out in 

triplicate. The data were analyzed for 

statistical significance using one-way 

analysis of variance (ANOVA) at the 

significance level of 0.05 followed by 

Duncan’s multiple range test. 

3. Results and discussion

3.1 The effect of different pretreatment 

methods on the chemical composition 

of pineapple waste 

The chemical compositions of 

unpretreated and pretreated pineapple 

wastes were determined for cellulose, 

hemicelluloses and lignin (Table 1). The 

main chemical composition was cellulose 

and hemicellulose before pretreatment. 

After pretreatment, the maximum cellulose 

content of 40.52 ± 0.99% was obtained from 

sample with pretreatment method C which 

was higher than that of unpretreated 

pineapple waste about 1.74 times. The 

maximum cellulose content of 40.52 ± 0.99% 

was obtained from sample with pretreatment 

method C. The orders of cellulose content 

was C>D>A>B>F>E>control. The lignin 

content significantly decreased after 

pretreatment. The alkaline and ultrasound-

assisted alkaline pretreatment increased the 

cellulose content to 26-28% and 31-40%, 

respectively. In addition, more than 63% of 

delignification was found in all pretreated 

samples. Other compounds in pineapple 

waste composed of crude protein, fat, ash 

and extractive compounds (12). The 

cellulose and hemicellulose of ultrasound-

assisted alkaline pretreatment were higher 

than those of alkaline pretreatment sample. 

The excellent pretreatment should 

extremely remove lignin and sustain 

cellulose and hemicelluloses. The major 

consistent advantages between alkaline and 

ultrasound are break down lignin structure 

and improve digestibility of cellulose (8,13). 

The combination of alkaline and ultrasound 
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not only shorten processing time but also 

decrease the requirement of alkaline (14). 

Moreover, the ultrasound assistance 

improved efficiency of pretreatment 

compared to without ultrasound (15) which 

was consistent with the result of this study.  

Table 1 The effect of different pretreatment 

methods on the chemical composition of pineapple 

waste 

*Values in a column with different letters are significant difference
at p<0.05. 

*Control is the untreated sample.

3.2 The effect of different pretreatment 

method on total reducing sugar 

concentration 

Enzymatic hydrolysis was carried out by 

loading at 20 FPU/g biomass at 50°C for 24 

h. The effect of different pretreatment

method on total reducing sugar 

concentration after enzymatic hydrolysis is 

shown in Table 2. The maximum total 

reducing sugar concentration was obtained 

at 218.41 ± 1.51
 
mg/g dried sample from the 

sample pretreatment by method C which 

was about 7.3 times higher than that of the 

control. The ultrasound assistance exhibited 

the potential to increase total reducing sugar 

concentration comparing to without 

ultrasound. The results of total reducing 

sugar concentration were agreed with the 

cellulose content of pretreated sample. The 

total reducing sugar augmentation clearly 

caused by the lignin removal and the 

increase of cellulose accessibility to enzyme 

(14). The sample with pretreatment method 

C was selected for the subsequent 

experiment. 

Table 2 The effect of different pretreatment 

method on total reducing sugar concentration 

Method 
Total reducing sugar concentration 

(mg/g dried sample) 

A 185.34 ± 3.07
c
 

B 177.54 ± 0.95
d
 

C 218.41 ± 1.51
a
 

D 203.19 ± 1.32
b
 

E 140.69 ± 2.26
e
 

F 127.99 ± 4.03
f
 

Control   27.66 ± 0.67
g
 

*Values in a column with different letters are significant difference

at p<0.05. 

*Control is the untreated sample.

3.3 SEM analysis 

The sample from pretreatment method C 

was selected for SEM analysis due to the 

highest cellulose content and reducing sugar 

concentration. In Figure 1A, the untreated 

sample showed rigid surface and compact 

structure. The structure of pineapple waste 

after ultrasound-assisted alkaline 

pretreatment severely damaged, fractured, 

occurred rough surface, and generated pores 

(Figure 1B). It suggested that the lignin was 

removed leading to the change of external 

and internal structure, the increase of 

porosity, and cellulose accessibility to 

enzyme. The result of SEM analysis of this 

study resembles to alkaline pretreatment of 

oil palm fronds (16). Thus, the removal of 

lignin and alteration of external and internal 

structure may improve cellulose and 

hemicelluloses accessibility to enzyme 

which contributes to increase in the 

efficiency of enzymatic hydrolysis. 

(A)No pretreatment (B) Pretreatment 

Figure 1 Scanning electron micrographs of 

untreated and pretreated pineapple waste. 

Method 
Cellulose 

(%) 

Hemicellulose

(%) 

Lignin 

(%) 
A 33.44 ± 1.27c 21.64 ± 1.24d 3.07 ± 0.17c 

B 31.84 ± 0.43d 19.35 ± 0.94e 3.42 ± 0.33c 

C 40.52 ± 0.99a 24.03 ± 1.53bc 2.27 ± 0.23d 

D 37.16 ± 1.25b 24.68 ± 1.16b 2.25 ± 0.17d 

E 26.45 ± 0.82f 26.72 ± 0.83a 4.54 ± 0.12b 

F 28.11 ± 0.76e 22.45 ± 0.62cd 4.23 ± 0.19b 

Control 23.32 ± 0.43g 22.90 ± 0.67bcd 12.24 ± 0.46a 
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3.4 Ethanol production by mono and co-

culture fermentation 

The ethanol production was conducted 

from the sample pretreated by method C 

using mono (S. cerevisiae) and co-culture 

fermentation (S. cerevisiae and C. shehatae). 

The initial total sugar concentration without 

adjustment was 22 g/L. The pineapple waste 

hydrolysate contains 68% glucose and 32% 

xylose. The fermentation of pineapple waste 

hydrolysate using monoculture gave the 

ethanol concentration and ethanol yield of 

7.93 ± 0.18 g/L and 0.51 ± 0.02 g/g after 15 

h fermentation whereas the xylose was not 

utilized by S. cerevisiae (Figure 2A). In 

order to overcome this problem and increase 

ethanol production, the co-culture 

fermentation was implemented using hexose 

and pentose utilized microorganism 

simultaneously with the ability to convert 

those sugars to ethanol. The result revealed 

that the co-culture fermentation had the 

potential to utilized both glucose and xylose 

leading to improve the ethanol concentration 

when compared to monoculture (Figure 2B). 

The highest ethanol concentration and 

ethanol yield after 24 h fermentation were 

9.73 ± 0.15 g/L and 0.45 ± 0.01 g/g, 

respectively. The co-culture fermentation 

significantly increased the ethanol 

concentration about 18.5%. 

The most effective bioethanol 

producing yeasts is S. cerevisiae that can 

easily convert hexoses, such as glucose and 

fructose, into pyruvate through glycolysis. 

Finally, it reduced to ethanol generating two 

moles of ATP for each molecule of 

consumed hexose under anaerobic 

conditions (17). S. cerevisiae ferments 

xylose hardly because it lacks of enzymes 

that convert xylose to xylulose (18). On the 

other hand, natural xylose-utilizing yeast, 

such as Pichia stipitis, Candida shehatae 

can metabolize via the action of xylose 

reductase (XR) to convert xylose to xylitol 

and xylitol dehydrogenase to convert xylitol 

to xylulose that is integrated to the 

metabolic pathways for pyruvate synthesis 

and convert pyruvate to ethanol. 
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Figure 2 Time course of ethanol production using 

monoculture (A) and co-culture fermentation (B) 

4. Conclusion

Six different alkaline and ultrasound-

assistance pretreatments for improving the 

yield of reducing sugar were compared. All 

pretreatments increase cellulose content and 

sugar production. The ultrasound assistance 

absolutely increases the sugar production. 

The best pretreatment was using 2% NaOH 

with ultrasound for 60 min. The co-culture 

fermentation of S. cerevisiae and C. 

shehatae was found to be promising with 

higher ethanol concentration and 

maximizing substrate utilization comparing 

with monoculture fermentation.  
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Abstract 

Fructosyltransferases (FTases) were 

important enzymes for fructo-

oligosaccharides (FOS) synthesis. Recently, 

FOS was considered as a potential prebiotic 

in food industry. In particularly, FOS with 

short chains was used as a new alternative 

sweetener. The production of recombinant 1- 

fructan: fructan fructosyltransferase (1- FFT) 

in yeast system was conducted in this 

research. The 1- fructan: fructan 

fructosyltransferase gene (1- fft) cloned from 

105 days old tuber of Kaentawan (Helianthus 

tuberosus L.) was sub cloned to expression 

vector, pPICZαB by adding PstI and SacII 

sites. The cloned gene was successfully 

transformed to yeast Pichia pastoris X-33 by 

lithium chloride transformation method. The 

yeast transformant; P. pastoris X- 33 PF1 

showed the ability to produce recombinant 1- 

FFT. The enzyme activity at 3.57 and 3.33 

unit/L was determined in cell and culture 

medium. It was also found that FOS was 

synthesized when recombinant 1- FFT was 

incubated with 1- kestose and synthesized 

FOS as substrates. The synthesis of FOS was 

not detected when sucrose was used as 

substrate of recombinant 1- FFT.   

Keywords: Recombinant 1- FFT, Helianthus 

tuberosus L., Pichia pastoris X-33, 

Fructooligosaccharides    

1. Introduction

Fructooligosaccharides (FOS), 

fructose polymers with a degree of 

polymerization (DP) in range of 2-10, are 

major fructan highly stored in underground 

organs of many Asteraceae species (Vijn and 

Smeekens, 1999). Among them, Jerusalem 

artichoke (Helianthus tuberosus L.), 

domesticated plant in temperate regions 

which accumulated high contents of FOS 

with average DP of 6-10 (16% dry weight) 

and it is considered as a good candidate for 

the industrial production of FOS (Steinbüchel 

and Rhee, 2005). According to health 

promoting properties of FOS, it is classified 

as a prebiotic and widely supplemented in 

various food products. The short chain FOS 

(DP2-4) was not digested in the human small 

intestine, but fermented in colon where the 

growth of probiotics such as Lactobacillus 

and Bifidobacteria were stimulated 

(Roberfoid et al., 1993). It is synthesized by 

the action of different fructosyltransferases 

(FTases) located in vacuole of plant cells. 

Edelman and Jefford have proposed model of 

fructan synthesis by concerted action of two 

FTases, 1- sucrose: sucrose 

fructosyltransferase (1- SST, EC:2.4.1.99) 

initiated reaction by catalyzing transfer of a 

fructosyl residue from sucrose to another 

sucrose molecule, resulting in the formation 

of 1-kestose (GF2) and 1- fructan: fructan 

fructosyltransferase (1- FFT, EC: 2.4.1.100) 

functioned to elongate the fructose chains in 

afterward (Edelman and Jefford, 1968). This 

model was approved by Koops and Jonker 
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(1994; 1996). It was leaded to the alternative 

synthesis of fructan with expected degree of 

polymerization under in vitro condition which 

was controllable. Due to the quality and 

quantity of FOS derived from naturally grown 

fructan accumulated plants were varied upon 

plant species, developmental stages, harvest 

time and methods and effected by 

environmental impacts, therefore the 

synthesis of FOS by means of enzyme 

reaction under in vitro instead of natural 

synthesis by plant should be considered. 

Jerusalem artichoke which was named in Thai 

as Kaentawan was imported and improved to 

grow in Thailand where is located in 

subtropical region (Judprasong et al., 2011). 

Most grown varieties still accumulated high 

contents of FOS in range of 20.8-23.3 g/100g 

dry weight (Judprasong et al., 2011; Tanjor et 

al., 2012). This might be considered to either 

use as FOS or FTases source for further 

applications in FOS production for supplying 

in various functional foods. Many studies 

have focused on purification and 

characterization of fructan synthesizing 

enzymes from natural grown Jerusalem 

artichoke (Praznik et al., 1990; Lüscher et al., 

1993; 1996; Koops and Jonker, 1994) to 

prove the function of enzymes in FOS 

synthesis. In addition, genes encoded for 1- 

SST and 1- FFT of this plant have also cloned 

and functionally analyzed by transferring 

genes to petunia plant (van der Meer et al., 

1998) which provides more evidences to 

clarify the mechanism of fructan metabolites 

in Jerusalem artichoke. However the 

establishment of transgenic plant for 

producing recombinant enzyme has a 

limitation in term of time consuming. The 

production of recombinant FTases from 

several fructan plant species by 

methylotrophic yeast, Pichia pastoris have 

successfully reported (Lüscher et al., 2000; 

Van den Ende et al., 2006; Ueno et al., 2011). 

In case of Kaentawan, the production of 

recombinant FTases is rare. Therefore, the 

cloning of 1-fft (accession no. AJ009756.1) 

from Kaentawan and sub cloning to express 

in yeast system were conducted in this study. 

This investigation might be an alternative 

approach for FOS production by using 

recombinant 1-FFT from Kaentawan.    

2. Materials and Methods

2.1 Plant materials 

The 105 days old tuber of Kaentawan 

grown in green house of Department of 

Biotechnology, Faculty of Engineering and 

Industrial Technology, Silpakorn University, 

Nakhon Pathom, Thailand was harvested and 

kept at -70°C until use.  

2.2 Total RNA extraction and RT- PCR 

Total RNA was extracted from 

105 days old tubers using TRI reagent 

according to manufacturer’s instructions 

(Molecular Research Center, Inc.) and 

the first strand cDNA was synthesized with 

RevertAid
TM

M- MuLV Reverse Transcriptase

(Fermentas, Lithuania) and oligo (dT)18 

primer (Fermentas, Lithuania). 

2.3 Cloning of 1-fft and sequencing 

The cDNA of 1- fft was amplified by 

PCR using primer pairs of 1-fft_F 

(5’ATgCAAACCCCTgAACCC3’) and 1-

fft_R (5’gCCggTAATTAAAgggTA3’) which 

were designed basing on the sequence of 

Helianthus tuberosus 1-fft gene (accession no. 

AJ009756.1) (Pan et al., 2009). The PCR 

consisted of an initial 5 min denaturation step 

(95°C) followed by 30 cycles of 94°C for 30 

s, 51°C for 30 s and 72°C for 2 min and then 

a final step at 72°C for 10 min. PCR products 

were purified from agarose gel using the 

HiYield™ Gel/PCR DNA Fragments 

Extraction Kit (RBC Bioscience, Germany) 

and sub cloned into pGEM
®
-T Easy Vector

System (Promega, USA). The recombined 

vectors were transformed into E. coli DH5α. 

The positive clones were identified by 

blue/white selection and colony PCR. 

Plasmids containing desired inserts were 

purified using the PureLink® Quick Plasmid 

Miniprep Kit (Invitrogen, USA). Inserted 

plasmid was sequenced by the Automated 

DNA Sequencer, ABI Prism 3100–Avant 

Genetic Analyzer, Applied Biosystems. The 

homology search of nucleotide sequences 
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were analyzed using Blastn program via 

NCBI. 

2.4 Construction of gene expression vectors 

for recombinant enzymes production in 

yeast system 

To construct expression plasmid 

named pPIC_1-fft, a PstI and SacII restriction 

sites were also introduced to the 5’ and 3’ end 

of the mature protein, in respectively 

by PCR. The primers pair; PstI_1-fftF 

(5’CAgCTgCAgCAAACCCCTgAACCCTT

TA3’) and SacII_1-fftR (5’CAgCCgCgggCC-

ggTAATTAAAAAgggTA3’) was used to 

amplify gene following these conditions: an 

initial 5 min denaturation step (95°C) 

followed by 30 cycles of 94°C for 30 s, 51°C 

for 30 s and 72°C for 2 min and then a final 

step at 72°C for 10 min. 

The amplified products were purified 

and then ligated to the pPICZαB (Invitrogen, 

USA) in frame with the α-factor from 

Saccharomyces cerevisiae. The resulting 

pPIC_1fft plasmid was transformed 

to E. coli JM109. The genes cassette of 

positive transformants were sequenced to 

analyze the orientation of genes and isolated 

for further transform to yeast cells.  

2.5 Pichia pastoris transformation and 

small-scale expression 

P. pastoris strains X-33 was 

transformed with linearized pPIC_1-fft 

plasmid, following the lithium chloride 

transformation protocol, and plated on 

selective YPD/zeocin plates (protocol and 

recipes provided by the manufacturer). As a 

control, the same yeast strains were 

transformed with the parent pPICZαB 

plasmid. The integration of gene on yeast 

chromosome was analyzed by PCR primed 

with AOX1F (5’gACTggTTCCAATTgAC-

AAgC3’) and AOX1R primer (5’gCAAAT-

ggCATTCTgACATCC3’).    

Single colony of yeast transformants 

were inoculated on fresh YPD/Zeocin plates. 

For a small-scale expression, the newly 

grown colonies were inoculated in 20 ml of 

pre-culture medium (BMGY). After 18 h of 

incubation on rotary shaker with 250 rpm at 

30°C, the cells (OD600=1 at final cell 

concentration) were switched to 50 ml of 

induction medium (BMMY) and incubated at 

the same conditions. Methanol was replaced 

every 24 h to maintain a final concentration 

of 2% for 5 day. The culture broth was 

centrifuged when fermentation finished. The 

supernatant was concentrated by ultra-

filtration (VivaSpin concentrators 30,000 

NMWC, VivaScience Ltd, Lincoln, UK). 

15µl of crude recombinant enzyme was either 

incubated with 50 mM of 1-kestose or 

synthesized FOS in 100 mM potassium 

phosphate buffer (pH 5.4) with final volume 

of reaction at 30 µl. The synthesized reaction 

was done at 34°C for 6 and 12 h. The FOS 

produced was analyzed by HPLC. The 1-FFT 

activity was assayed from the production of 

nystose. One unit of 1-FFT activity was 

defined as the amount of enzyme producing 1 

µmole of nystose from 1-kestose in 1 min 

under the conditions described above.     

2.6 Determination of FOS 

The samples were filtered before 

inject into HPLC. The separation and 

detection was performed by carbohydrate 

column coupled with refractive index (RI) 

detector. The deionized water was used as 

mobile phase with flow rate of 0.4 ml min
-1

.

The temperature of column was controlled at 

45°C. Glucose, fructose, sucrose, 1-kestose 

(GF2), nystose (GF3), and inulin from 

chicory root were used as the standards. 

Chromatographic peaks were identified by 

comparing sample retention times with those 

of known standards. 

3. Results

3.1 Cloning of 1-fft and sequence analysis 

As shown in Figure 1, the amplified 

product of PCR about 1,900 bp in size was 

obtained when 1-fft_F and 1-fft_R primers 

were used.    

The amplified PCR product was 

eluted and purified from agarose gel and 

further sequenced. The cloned 1-fft composed 

of 1,851 bp. The homology search of gene 

sequence was analyzed by the Blastn program 
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via NCBI. The cloned 1-fft showed 99% 

similarity to Helianthus tuberosus 1-fft gene 

(accession no. AJ009756.1). 

Figure 1 Analysis of the PCR product from cDNA of 

105 days old tuber of Kaentawan primed with 1-fft_F 

and 1-fft_R primers on 1% (w/v) agarose gel 

electrophoresis.   

Lane 1: DNA marker (VC 100 bp plus) 

Lane 2: PCR product from cDNA of 105 days old 

tuber  

3.2 Construction of gene expression vectors 

for recombinant enzymes production in 

yeast system 

To produce recombinant 1-FFT from 

Kaentawan by yeast system, sub cloning open 

reading frame (ORF) of 1-fft to expression 

vector (pPICZB) was conducted. The 

appropriated restriction sites (PstI and SacII)

were introduced to ORF of genes by PCR. 

The amplified PCR product was cut and 

ligated to pPICZB at PstI and SacII site.  

Figure 2 Analysis of the amplified PCR product from 

positive transformant harboring pPICZB with 1-fft on 

1% (w/v) agarose gel electrophoresis.  

Lane 1: DNA marker (VC 100 bp plus) 

Lane 2: PCR product of pPIC_1fft plasmid 

The ligated products were then 

transformed to E. coli cells. The positive 

transformant clones harboring 1-fft as shown 

in Figure 2 were chosen for further 

sequencing. The results showed the correct 

orientation of gene in pPICZB. This 

expression vector containing ORF of 1-fft was 

further transformed to yeast cells for 

recombinant enzymes production.      

3.3 Selection of yeast transformants 

The linearized pPIC_1fft plasmid was 

transformed to P. pastoris X-33 by lithium 

chloride transformation method. The yeast 

transformants were selected on YPD medium 

containing 100 μg/ml zeocin. The genomic 

DNA of yeast colonies grown on YPD/zeocin 

medium was isolated for analysis of the 

integration of 1-fft gene on yeast chromosome 

by PCR method. As shown in Figure 3, the 

transformant named PF1 (Lane 3) gave three 

amplified PCR products of about 2300, 2000 

and 500 bp while the other transformants 

named PF2 (Lane 4) , PF3 (Lane 5) and PF4 

(Lane 6) showed only one amplified PCR 

product of about 2000 bp. When compared 

with that of control transformant (empty 

pPICZB plasmid) which showing two 

amplified PCR products of 2000 and 500 bp. 

In addition 1-fft gene was only amplified in 

PF1 (data not shown). It may indicate that 

only PF1 transformants may harbor 1-fft gene. 

Figure 3 Analysis of the PCR products from genomic 

DNA of yeast transformants containing 1-fft primed 

with AOX1F and AOX1R on 1% (w/v) agarose gel 

electrophoresis.  

Lane 1: DNA marker (1kb ladder, Fermentas) 

Lane 2: Transformant with empty pPICZB plasmid 

Lane 3-6: Transformant PF1, PF2, PF3 and PF4 in 

respectively 
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3.4 Small-scale expression 

To analyze the expression of 1-fft 

gene in yeast system, 4 transformants (PF1-4) 

and control transformant were grown in 

BMGY medium and induced to produce 

enzyme in BMMY medium for 3 day. As 

shown in Table 1, the transformant named 

PF1 has 1-FFT activity in cells and medium 

as 3.57 and 3.33 Unit/L, respectively while 

others showed very low activity of enzyme. 

This preliminary result indicated that the 1-

FFT recombinant enzyme was successfully 

produced in P. pastoris X-33 (PF1 

transformant). The HPLC chromatogram as 

shown in Figure 4 suggested nystose was 

produced when incubated enzyme with 1-

kestose as substrate.   

Table 1 1- FFT activity in yeast transformants 

Transformants 1- FFT activity (U/L) 

Control cell 0.00 

medium 0.00 

PF1 cell 3.57 

medium 3.33 

PF2 cell 1.27 

medium 0.93 

PF3 cell 2.38 

medium 0.00 

PF4 cell 2.98 

medium 0.00 

Figure 4 Analysis of product from recombinant 1-FFT 

activity of yeast transformants when 1-kestose was 

used as substrate at 0 (a) and 6 h (b) of incubation.   

Additionally, the crude enzyme from 

PF1 also produced nystose when synthesized 

FOS was used as substrate whereas there has 

no any nystose produced when sucrose was 

used as substrate (Figure 5) 

Figure 5 Analysis of product from recombinant 1-FFT 

activity of PF1 yeast transformants when sucrose (a) 

and synthesized FOS (b) was used as substrate at 24 h 

of incubation.   

4. Discussions

The nucleotide sequence of cloned 

gene from 105 days old tuber of Kaentawan   

showed 99% similarity to Helianthus 

tuberosus 1-fft gene (Accession no. 

AJ009756.1) in GenBank indicated 1-fft was 

successfully isolated and cloned from 

Kaentawan. In addition, the sequence of 

pPIC_1fft plasmid isolated from E. coli 

transformant showed the correct orientation 

of genes in pPICZB suggested that this 

expression vectors containing ORF of 1-fft.       

According to the 4 yeast transformants 

(PF1-4) gave different size and pattern of 

PCR products when compared with yeast 

transformant containing empty pPICZB, 

therefore they were chosen for further 

analysis of recombinant enzyme expression. 

The analysis of recombinant 1-FFT activity 

was analyzed in small-scale expression. Only 

PF1 transformant showed enzyme activity in 

both cell and medium fractions. Although, the 

yeast Pichia pastoris is widely used for 

expression of foreign proteins due to vectors 

that are designed to integrate into the Pichia 

chromosome enable stable expression, but 

transformation efficiencies are very low (Wu 

and Letchworth, 2004). From the enzyme 

assay of PF1 with 1- kestose as substrate, 

fructosyl transferred activity to synthesize 
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nystose was detected in culture medium 

indicated the secretion of enzyme by function 

of signal peptide (- factor) in front of ORF 

of ligated gene. The enzyme activity detected 

in cell fraction was almost same as that of 

activity detected in culture medium. This may 

suggest the less proper function of signal 

peptide. When crude recombinant enzyme 

from PF1 was incubated with sucrose for 24 h 

(Figure 5a), there was not any nystose 

produced. In addition, the synthesis of 

nystose and FOS with longer DP when 

synthesized FOS was used as substrate 

(Figure 5b) confirmed that this recombinant 

enzyme is 1- FFT not 1- SST. The results 

showed that recombinant enzyme of 1- fft 

were successfully produced in P. pastoris X-

33 (PF1). The functional analysis of FTases 

from tall fescue (Lüscher et al., 2000), 

Echinops ritro (Van den Ende et al., 2006) 

and edible burdock (Ueno et al., 2011) in 

heterologous system (Pichia pastoris) have 

successfully reported. In case of Kaentawan, 

the production of recombinant FTases is rare. 

This investigation might be an alternative 

approach for FOS production by using 

recombinant 1-FFT from Kaentawan. To 

increase the specific activity of enzyme, 

purification steps should be performed.   

5. Conclusion

The 1-FFT recombinant enzyme was 

successfully produced in P. pastoris X-33. It 

may benefit for fructooligosaccharides 

(FOS) synthesis by means of enzyme 

synthesis. 
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Abstract 

Dextran is a natural homopolysaccharide 

composed of α(1,6)-linkages in their major 

chain and is synthesized by dextransucrase 

of  the microbial cell in the presence of 

sucrose as a substrate. The production of 

dextran by sucrose fermentation using 

Leuconostoc mesenteroides TISTR 053 was 

carried out in a Biostat B plus fermenter 

with total working volume of 3 liter.  The 

effects of sucrose concentrations and modes 

of operation (batch and fed batch) were 

studied. The maximum dextran production 

obtained after 24 hours of incubation at 37 
o
C with 20% sucrose in batch fermentation. 

The fed batch fermentation promoted the 

dextran productivity.  The structure of 

dextran was determined and confirmed by 

FTIR and NMR.  

Keywords: dextran, fed batch fermentation, 

Leuconostoc, production 

1. Introduction

Dextrans, (C6H10O5)n are now defined as 

natural homopolysaccharides of glucose 

with predominant α(1,6)-linkages in the 

linear chain with three different kinds of 

branched linkages [α(1,2), α(1,3), α(1,4)] 

depened on the extracellular enzyme, 

dextransucrase. This enzyme is produced by 

several organisms such as lactic acid 

bacteria viz., Leuconostoc, Lactobacillus, 

Streptococcus and Weisella in the presence 

of sucrose as a substrate [1-4]. Dextran is 

widely applied in food, textile, 

pharmaceutical, fine chemicals, cosmetics, 

agricultural and oil drilling industries due to 

their wide diversity in structure and physical 

properties.  In food industry, dextrans are 

used as emulsifying, viscosifying, 

texturizing, thickening and gelling agents in 

food formulations. It is used as drug 

especially as a blood plasma volume 

expander, iron carrier or anticoagulant in 

pharmacy. A chromatographic media, cross-

linked dextran, e.g. Sephadex, is widely 

used in research and industry for separation 

and purification of protein [5-8]. Several 

researchers have optimized fermentation 

conditions for maximum dextran 

production. It has been reported earlier that 

the production and the properties of dextran 

are influenced by bacterial strain, culture 

medium, process variables (pH, 

temperature, agitation speed and time of 

fermentation) and modes of operation 

(batch, fed batch and immobilized cell) [9-

11]. Batch fermentation is available in a 

commercial production of dextran in a 

sucrose-rich media. When high sucrose 

concentration in the medium is used to 

produce dextran, the polymer concentration 

becomes high and causes the viscosity of the 

broth. The process of controlling, 

separation, handling, and pumping become 

more difficult. The fed batch operation may 

be better than the conventional batch 

operation, especially with the broth of high 

viscosity. Therefore, decreasing viscosity of 

the broth by the addition of a water-based 

feed, a possible increase in dextran 

production is expected [12]. Another 
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advantage of this process is the higher 

productivity due to the decreasing of 

fermentation time. The goal of this work 

was to study the effects of sucrose 

concentrations and operation modes (batch 

and fed batch) on the growth of Leuconostoc 

mesenteroides TISTR 053 and the 

production of dextran. The structure of 

dextran was also analyzed and confirmed by 

FTIR and NMR.  

 

2. Materials and Methods 

 

2.1 Microorganism 

 

The microorganism for the production of 

dextran in this study was Leuconostoc 

mesenteroides TISTR 053, from the 

Thailand Institute of Scientific and 

Technological Research Culture Collection. 

The strain was maintained in Dextran 

Medium Agar (DMA) at 4 
o
C. The 

compositions of the DMA were: 100 g/L 

sucrose, 10 g/L Typtone, 1 g/L yeast extract, 

2.5 g/L K2HPO4 and 10 g/L agar [9]. The 

cultures were maintained by sub-culturing 

every week and the plates were incubated at 

30 
o
C for 24 hours. For the stock culture, the 

strain was stored in DMA supplemented 

with 80% glycerol at -80 
o
C. 

 

2.2 Inoculum preparation 

 

Leuconostoc mesenteroides TISTR 053 was 

cultured in 250 mL Erlenmeyer flasks, 

containing 50 mL of the Dextran Medium 

Broth 1 (DMB1). This medium was 

autoclaved at 121°C for 15 minutes prior to 

inoculation. The strain was grown in DMB1 

by incubating at 30 
o
C for 24 hours on a 

rotary shaker at 200 rpm. 

 

2.3 Fermentation Medium 

 

To study the production of dextran from L. 

mesenteroides TISTR 053, the Dextran 

Medium Broth 2 (DMB2) was used. One 

litre of DMB2 was prepared as following 

sucrose (100, 150 or 200 g/L), Becto-peptne 

(5 g/L), yeast extract (5 g/L), K2HPO4 (15 

g/l), MnSO4·H2O (0.01 g/L), NaCl 0.01 

g/L0 and CaCl2·2H2O (0.05 g/L) [9]. The 

pH of the medium was adjusted to 7.0.   

2.4 Bioreactor 

 

A 5-L Biostat B. plus bioreactor (Sartorius) 

installed with a micro DCU-Twin and 

MCU-200 controllers with a 3-L working 

volume was used for the production of 

dextran in the aerobic fermentations of L. 

mesenteroides TISTR 053. The reactor was 

controlled at 30 
o
C by an external cooling 

bath with constant agitation of 150 rpm and 

aerated with sterile air at an aeration rate of 

1 VVM. The pH was measured on-line 

using a pH probe connected to the micro 

DCU system and controlled at 7.0 with 1M 

NaOH or 1 M HCl. 

 

2.5 Fermentation Modes 

 

2.5.1 Batch Fermentation 

 

The effect of initial sucrose concentrations 

on the dextran production was studied in 

batch operation. The fermentation was 

carried out in a 5-L bioreactor with a 

working volume of 3-L. The bioreactor with 

2.7 L of DMB2 medium was sterilized at 

121
o
C for 15 min. After cooling to 

appropriate temperature, it was inoculated 

with the 300 mL inoculums. The 

temperature, pH, agitation speed and 

aeration rate were controlled as describe 

above. Samples were withdrawn aseptically 

every 2 hours for the dermination of total 

sugar, dextran and growth. Broth samples 

collected at the end of the fermentation were 

used to study dextran properties. 

 

2.5.2 Fed Batch Fermentation  

 

When total sugar in culture decreased less 

than 10 g/L, the 500 mL of the concentrated 

sucrose (500 g/L) was fed continuously into 

the bioreactor with a peristaltic pump. The 

impeller speed was set at 200 rpm and 30ºC, 

with the air flow rate of 1 vvm for all runs. 

 

2.6 Analytical Measurements 



 

115 

 

 

Samples were withdrawn from the 

bioreactor every 2 hours and centrifuged at 

4,000 rpm for 10 min. The precipitate was 

afterwards used for cell growth 

determination by spectrophotometry, while 

the supernatant was used for total sugar and 

dextran determination by the below 

procedure 

 

2.6.1 Assay of Cell Growth 

 

Cell growth was measured by 

spectrophotometer at 600 nm. The cell dry 

weight was obtained from a calibration 

curve of dry weight against O.D. (600 nm). 

The calibration curve was linear up to the 

cell dry weight (X) of 100 mg/L, 

corresponding to the cell turbidity 

(absorbance) of 0.394 at 600 nm. 

 

2.6.2 Assay of Sugar 

 

The concentration of total sugar was 

determined by phenol-H2SO4 method [13].  

 

2.6.3 Assay of Dextran 

 

Dextran was precipitated from the 

supernatant using chilled 95% ethanol (ratio 

1:1), and stored overnight at 4 
o
C. The 

precipitate was collected by centrifugation 

at 4,000 rpm at 4 
o
C for 20 min and dried at 

30 
o
C over CaCl2 in desicator until constant 

weight [9]. The dextran yield was 

determined by weighing the polysaccharide 

mass. All experiments were performed in 

triplicates and average values were reported. 

 

2.7 Characterization of Dextran  

 

2.7.1 Fourier transform infrared 

(FTIR) 

 

The FTIR spectrum of the produced dextran 

from L. mesenteroides TISTR 053 in DMB2 

was analyzed by spectrophotometer at 500-

4000 (cm
-1

). Prior to FTIR spectronic 

analysis, the sample was mixed with KBr 

(spectroscopic grade), milled and pressed 

into a 2 mm pellet. 

 

2.7.2 Nuclear magnetic resonance 

(NMR) 

 

For the determination of the glycosidic 

linkage types, a nuclear magnetic resonance 

spectroscopic technique (
1
H NMR) was 

used. The dextran was dissolved in D2O 

solution and the spectrum was recorded 

using a NMR spectrophotometer.  

 

3. Results and Dicussion 

 

Leuconostoc mesenteroides TISTR 053 

showed highly viscous slimy and shiny 

colonies on sucrose containing medium 

(Figure 1). The similar observation was 

reported in case of L. mesenteroides 

CMG713. When the strain was streaked on 

the agar plate containing sucrose, the 

colonies presented slimy and shiny. A 

typical growth phase of L. mesenteroides 

TISTR 053 in batch fermentation with 150 

g/L sucrose in the medium could be 

presented in Figure 2, including the 

following phases: lag phase (0 - 4 h.), 

exponential growth phase (4-16 h.) and 

stationary phase (16-24 h.). During lag 

phase, a slight increase in cell concentration 

occurred because of the bacteria adapted 

themselves to growth conditions. The strain 

grew exponentially and reached the 

maximum biomass and dextran 

concentration of 37 and 35 g/L, respectively. 

These concentration levels of dextran were 

kept until the end of fermentation, 

coinciding with a decreasing in the 

concentration of sucrose. This character 

occurred because of the cells consumed 

sucrose for cell growth and dextran 

production. After 16 hours of fermentation, 

the growth rate was found to slow down as 

the result of sucrose depletion. 
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Figure 1 Slimy and shiny colonies of L. 

mesenteroides TISTR 053 on medium containing 

sucrose. 

 

 
 
Figure 2 A typical growth curve and dextran 

production in batch culture by L. mesenteroides 

TISTR 053 in medium containing 150 g/L sucrose: 

cell concentration (), total sugar (■), dextran 

concentration (∆) 

 

3.1 Effects of initial sucrose 

concentrations 

 

To study the effect of initial sucrose 

concentrations, the range of sucrose 

concentrations from 100 to 200 g/L were 

used. Increasing in the concentration of 

initial sucrose increased the maximum 

dextran production from 30 to 45 g/L. This 

may be due to the more activity of 

dextransucrase enhanced by the higher 

levels of sucrose in medium as the same 

result reported by Kim et. al. [14]. The 

effects of sucrose concentration on the yield 

of dextran by a mutant strain of L. 

mesenteroides B512 FMCM. Increasing the 

sucrose concentration enhanced in the yield 

of dextran was also reported by Tsuchiya et. 

al. [15]. This trend agreed with the report by 

Sarwat et. al. [9] and Vedyashkina et. al. 

[11]. From the growth curves, the kinetic 

parameters, maximum specific growth rate 

(µmax), dextran concentration and dextran 

productivity (QP) were calculated and 

presented in Table 1. It indicated that the 

higher concentrations of sucrose led to the 

higher dextran concentration and 

productivity.  

 
Table 1 The kinetic parameters of dextran 

production by L. mesenteroides TISTR 053 in 

batch fermentation. 

Initial 

sucrose 

concentration 

(g/L) 

maximum 

specific 

growth 

rate (h
-1

) 

dextran 

concentration 

(g/L) 

dextran 

productivity 

(g/L·h) 

100 0.29 30 1.25 

150 0.45 35 1.46 

200 0.41 45 1.88 

 

3.2 Effects of operation modes 

 

In batch fermentation, the higher 

concentration of sucrose gave the more 

viscosity of the fermentation broth. The 

mass and oxygen transfer rate were poor. 

Therefore, decreasing of the viscosity broth 

by addition of a water-based feed, possibly 

increased the dextran production. Our study 

indicated that fed batch fermentation gave a 

better cell and dextran concentration and 

dextran productivity. The feeding of the 

concentrated sucrose solution (500 g/L) 500 

mL was initiated when the most of the 

substrate had been consumed and the growth 

of bacteria was at the end of exponential 

phase (Figure 3). It was observed that 

sucrose was depleted after 10 hours of 

fermentation time.  The fed batch mode was 

indicated to produce the dextran 

concentration up to the maximum 56 g/L. 

The kinetic parameters of dextran 

production by batch and fed batch were 

calculated and compared in Table 2. The 

results of this study indicated that the fed 
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batch fermentation promoted the dextran 

concentration and productivity. 

 

 

 

 
 
 

Figure 3 Fed batch fermentation of L. 

mesenteroides TISTR 053 during dextran 

production with initial sucrose concentration of 

150 g/L: cell concentration (), total sugar (■), 

dextran concentration (∆) 

  

 

Table 2 The kinetics parameters of the dextran 

production by L. mesenteroides TISTR 053 in 

batch and fed batch fermentation. 

Fermentation 

modes 

dextran 

concentration 

(g/L) 

dextran 

productivity 

(g/L·h) 

Batch 35 1.46 

Fed batch 55 2.75 

 

3.3 FTIR spectrometry of Dextran 

 

The FTIR was used to investigate the nature 

of the functional groups, monomeric units 

and linkages presented in the dextran. In 

current study, the purified dextran produced 

by L. mesenteroides TISTR 053 showed the 

band in the region of 3438 cm
-1

, 2924 cm
-1

, 

1637 cm
-1

, and 1018 cm
-1

 which represented 

the hydroxyl stretching vibration of a 

polysaccharide, C-H stretching vibration, 

carboxyl group, vibration of C-O bond at C-

4 position of D-glucose and the great chain 

flexibility around the α-(1,6) glycosidic 

bond, respectively (Figure 4). These results 

were in accordance with the reports from 

many researchers [16-19]. The comparative 

FTIR spectrum in different studies are 

shown in Table 3. 

 

 
 
Figure 4 The FTIR spectrum of the dextran 

produced from L. mesenteroides TISTR 053. 

 

Table 3 The FTIR spectrum comparison of the 

dextran in different studies. 

Peak assignment 
Peak position (cm

-1
) 

1* 2* 3* 4* 

(OH) stretching 3438 3400 3434  

(CH) vibration 2924 2930 2928 2935 

(CO) stertching 1637 1639 1639 1641 

α(1,6) glycosidic 

bonds 

1018 1020 1020 1019 

1* L. mesenteroides TISTR 053 [This study] 
2* Strongylocentrotus [17] 
3* L. mesenteroides B640 [18] 

4* W. cibaria CMGDEX3 [19] 

 

3.4 1H-NMR spectrometry of Dextran 

 

The 
1
H-NMR spectra of dextran produced 

from L. mesenteroides TISTR 053 was 

shown in Figure 5. The anomeric proton 

signal showed six spectral resonances at 

4.99, 3.59, 3.74, 3.54, 3.92 and 4.00 ppm 

corresponding to H-1, H-2, H-3, H-4, H-5 

and H-6, respectively. The distribution 

signals in the 
1
H- NMR spectra resonance 

between 3 and 6 ppm for different dextrans 

were assigned as described earlier (Table 4). 

The anomeric resonance peak at 4.99 ppm 

was corresponded to the H-1 of a typical 

α(1,6) glucosyl linkage of dextran. Seymour 

reported that the resonance peak of the 

dextran from L. mesenteroides NRRL B-

1355 at 5.3 ppm in 
1
H-NMR spectrum was 
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assigned for the branched linkages [20]. 

Hence, the absence of peak near 5.3 ppm of  

the dextran from L. mesenteroides TISTR 

053, confirmed its linear nature. 

 

 
 
Figure 5 

1
H NMR sprectrum of dextran produced 

from L. mesenteroides TISTR 053 

 

Table 4 The assignments of 
1
H NMR chemical 

shift values of different dextrans 

 

Strain H-1 H-2 H-3 H-4 H-5 H-6 

1* 4.99 3.59 3.74 3.54 3.92 4.00 

2* 4.98 3.58 3.73 3.54 3.92 3.99 

3* 4.98 3.58 3.73 3.54 3.93 3.99 

1* L. mesenteroides TISTR 053 [This study] 
2* L. mesenteroides B640 [18] 

3* W. cibaria CMGDEX3[19] 

 

4. Conclusions  

 

In this work, the dextran synthesized by L. 

mesenteroides TISTR 053 in medium 

containing sucrose with fed batch 

fermentation by feeding the concentrated 

sucrose solution was successful to enhance 

the production of dextran. The maximum 

dextran concentration and productivity were 

55 g/L and 2.75 g/L.h, respectively. The 

structure of dextran has a linear α(1,6)-

linkage which was determined and 

confirmed by FTIR and NMR.  
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Abstract 

Polyhydroxybutyrate (PHB) is polyester 

produced by a range of microbes under 

unfavorable growth conditions and stored as 

an intracellular carbon and energy material.  

PHB production is more expensive than 

petrochemical polymer production. The 

main production cost is the cost of carbon 

substrate. The aim of this study is to produce 

PHB using a cheap carbon source, crude 

glycerol, which is a major byproduct in the 

biodiesel manufacturing process. PHB

producing bacteria species were isolated 

from the soil collected around biodiesel 

plants and screened by Nile Red staining 

method. The effects of sources and 

concentrations of crude glycerol on the 

biosynthesis of PHB were investigated. The 

maximum PHB content obtained after 24 

hours of batch cultivation was 23.59 % of 

cell dry weight at initial crude glycerol of 10 

g/L and C:N ratio of 1:2.5. 

Keywords: Bacillus, biodiesel, crude 

glycerol, polyhydroxybutyrate, production 

1. Introduction

Polyhydroxybutyrate (PHB) is a 

biodegradable and biocompatible  

thermoplastic, there are a class of bacterial 

polyesters collectively called 

polyhydroxyalkanoates (PHAs), 

accumulated intracellularly as reserve 

granules by many bacteria in harsh 

environmental conditions. PHB is 

synthesized as an intracellular storage 

material and accumulates as distinct white 

granules during unbalanced growth in the 

cell, these are clearly visible in the 

cytoplasm of the cell. Many bacteria 

including those in the soil, are capable of 

PHB production and breakdown. These 

biodegradable polyesters display a special 

interest due to their possible use as 

substitutes of common plastics because they 

are completely degraded by the 

microorganisms present in the environment 

and they can be produced from regenerable 

carbon sources.  

The main by-product of biodiesel 

production is crude glycerol, generated from 

the transesterification of vegetable or animal 

fats and oils. For an annual production of 

150 million gallons per year, an amount of 

50 million kg of crude glycerol is generated. 

Crude glycerol from biodiesel has a relativly 

low value due to the presence of impurities 

(João et al., 2009). Crude glycerol 

principally consists of residual ethanol or 

methanol, glycerol, fatty acid ethyl (or 

methyl) esters, and residual fatty acids. In 

regard to converting this resource to a 

commodity, these carbon sources are direct 

precursors for the bacterial synthesis of 

mailto:phimchanok@hotmail.com
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PHAs (Zachary et al., 2011). PHAs can be 

produced from renewable resources through 

a fermentation process under restricted 

growth condition for nitrogen, phosphorus, 

sulfur and/or oxygen in the presence of an 

excess carbon source, and they can also be 

completely biodegraded by many 

microorganisms. PHB were the first types of 

PHAs discovered and the most widely 

studied. PHB has similar properties to 

conventional plastics like polypropylene or 

polyethylene, and it can be extruded, 

molded, spun into fibers, made into films, 

and used to make heteropolymers with other 

synthetic polymers (John et al., 2011), but 

its production costs are higher than those of 

petrochemical plastics. The carbon source 

could account for 25-45% of the total 

production cost (Javier et al., 2013). Wider 

use of PHB requires a less expensive 

product; hence, the improvements of 

fermentation strategies, low-cost media, and 

easier downstream recovery methods are 

needed (Enrico et al., 1999). The study 

focused on the producing of PHB granules 

by strain isolated from soil sample in 

biodiesel plants of Samutsakorn, Thailand. 

There were screening, isolation and 

optimization conditions. The PHB granules 

production was tested by using various 

sources of carbon, concentrations of carbon 

used, C:N ratios and comparison between 

crude glycerol and glycerol commercial. 

2. Methodology

 2.1 Soil collection sites 

Soil samples were collected from 

biodiesel plants of Samutsakorn, Thailand. 

The surface soil (top 5-10 cm depth) was 

collected in sterilized sampling tubes and 

stored at -20 °C until use. 

2.2 Isolations of bacteria from the soil 

samples 

The soil suspensions in sterilized 

distilled water were prepared and plated on 

Nutrient agar (NA) plates containing 5 g 

peptone, 3 g beef extract and 15 g 

bacteriological agar per litre of culture 

medium. The agar plates were then 

incubated at 37 °C for 24 h until bacterial 

colonies were observed. All single colonies 

were picked from the plates and maintained 

at 4 °C. 

2.3 Screening of bacterial isolates for 

PHB production 

Their ability to synthesize 

PHB was determined using NA plates 

containing Nile red (0.5 µg/mL) 

(Spiekermann et al., 1999). The plates were 

incubated at 37 °C for 24 h, and viewed 

under UV light to detect the PHB production 

based on fluorescence emitted by the 

bacterial colonies. The purified bacterial 

isolates were screened for PHB production 

by culturing them in NA plate. Each isolate 

was first grown in 5 mL Nutrient broth (NB) 

medium (containing 5 g crude glycerol, 5 g 

peptone, 3 g beef extract per litre of culture 

medium). It was incubated at 37 °C with 

shaking rate at 150 rpm for 24 h. The 10% 

(v/v) (OD600 = 0.5) of seed cultures were 

inoculated into 50 mL NB medium. It was 

incubated at 37 °C with shaking rate at 150 

rpm for 24 h to allow for PHB accumulation 

in their cells. In order to study the effects of 

crude glycerol concentration on growth and 

PHB accumulation, different concentrations 

of crude glycerol (0-15 g/L) were added to 

NB medium.  The carbon to nitrogen ratio 

(C:N ratio) using glycerol as carbon source 

and beef extract and peptone as nitrogen 

source were investigated vary from 1:0.625 

to 1:2.5 by weight.  
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2.4 Estimations of total biomass, PHB 

concentration and PHB content 

 The cells with PHB accumulations 

were harvested by centrifugation at 4000 × g 

for 15 min. The cells were washed twice 

with distilled water before drying in an oven 

at 80 °C until constant mass. This cell dry 

weight (CDW) gave a measure of the total 

biomass generated. The PHB was extracted 

from cells by 1 mL NaOCl at 37 °C for 1 h. 

The mixture was added with 4 mL distilled 

water. The released PHB was extracted into 

5 ml chloroform at 100 °C for 30 second. 

These result showed in three separate 

phases. The PHB was recovered from the 

bottom phase that contained PHB dissolved 

in chloroform (Javier et al., 2013). After 

chloroform evaporation, the precipitated 

form was used to analyses for the PHB 

concentration by adding 3 mL of 

concentrated H2SO4 and heated in a boiling 

water bath for 10 min to oxidize PHB to 

chrotonic acid and cooled. The chrotonic 

acid formed was quantified by measuring 

the absorbance at 235 nm using a 

spectrophotometer. The PHB concentration 

was calculated by comparing with the 

standard curve using the PHB standard from 

Sigma (eq (1)). The PHB content was 

defined as the percentage of PHB mass in 

cell dry weight. 

y = 0.0542x (1) 

Where, y is OD 235 nm, x is PHB standard 

concentration (µg/mL). 

3. Results

3.1 Isolation of PHB from different 

cultures and screening for PHB 

producting bacteria 

In this study, The total 8 isolated 

bacteria (C1, C3, C4, C5, C7, C9 and C13) 

isolated from soil sample in biodiesel plants 

of Samutsakorn, Thailand were screened for 

PHB accumulation. Figure 1 shows bacterial 

cells (C5) containing PHB fluoresced when 

grown on NA plates containing Nile Red 

(0.5 µg/mL) and crude glycerol as a carbon 

source for 24 h at 37 °C. 

Figure 1 Bacterial cells (C5) containing PHB 

fluoresced when grown on NA plates containing 

Nile Red. 

Figure 2 The strain C5 under microscope by 

Gram strain method. 

 Figure 2 shows the strain C5 under 

microscope by Gram strain method. Strain 
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C5 is gram negative rod. The 16S rRNA 

gene sequence of the isolated strain C5 was 

Bacillus sp with 99% similarity. The cell 

growth was determined by CDW. The PHB 

concentration was determined by the above 

method, and the total PHB contents, 

determined as the proportion of bacterial 

CDW and PHB concentration were 

calculated. Figure 3 shows PHB 

concentrations (µg/mL) by PHB ˗ producing 

bacteria (C1, C3, C4, C5, C7, C9 and C13) 

grown on NB medium in rotary shaker at 

150 rpm and 37 °C for 24 h. Strains C5 

showed the high potential for PHB synthesis 

with the PHB concentration at 47.92 µg/mL. 

Figure 3 The PHB concentration by PHB ˗ 

producing bacteria (C1, C3, C4, C5, C7, C9 and 

C13) grown on NB medium in rotary shaker at 

150 rpm and 37 °C for 24 h. 

3.2 Effect of crude glycerol 

concentration on PHB production 

To estimate the effect of crude 

glycerol on growth and PHB accumulation 

by strain C5, different concentrations of 

crude glycerol were added to NB medium. 

Analyses were carried out after 24 h 

incubation. Crude glycerol at a 

concentration of 10 g/L enhanced both PHB 

concentration (µg/mL) and %PHB content 

of the cells. In comparison to a control 

culture (5 g/L crude glycerol), PHB 

concentration and PHB content increased 

from 47.92 to 62.34 µg/mL and from 7.04 to 

11.09%, respectively, after 24 h of 

incubation (Figure 4). 

A) 

B) 

C) 

Figure 4 Production of PHB by strain C5 grown 

on NB medium in rotary shaker at 150 rpm and 

37 °C for 24 h. (A) Cell dry weight (CDW, g/L), 

(B) PHB concentration (µg/mL) and (C) PHB 

content (%). 

3.3 Effect of C:N ratios on PHB 
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The bacterial isolates were grown in 

250 ml in flask containing 50 mL NB 

medium with different C:N ratios of 1:0.625 

to 1:2.5 using beef extract and peptone and 

incubated on a rotary shaker (150 rpm) at 37 

°C. After 24 h, PHB yields were quantified. 

Beef extract (0-6 g/L) and peptone (0-10 

g/L) were used to vary the C:N ratio in 

separate experiments. Other medium 

components were as listed for NB medium. 

The results are shown in Figure 5. Both 

PHB concentration (75.50  µg/mL) and PHB 

content (23.59 %) showed maxima value at 

1.5 g/L beef extract and 2.5 g/L peptone 

(C:N ratio = 1:2.5). 

3.3 The comparison PHB production 

using crude glycerol and glycerol 

commercial as a carbon source. 

Table 1 shows the results of 

experiments comparison between crude and 

commercial glycerol. The concentration of 

PHB and PHB content by using commercial 

glycerol as a carbon source was greater than 

crude glycerol.

Table 1 Comparison of cell dry weight, PHB 

concentration and PHB content from strain C5 

with concentration of crude glycerol and 

commercial glycerol (10 g/L). 

Carbon 

source 

Cell 

dry 

weight 

(g/L) 

PHB 

concentration 

(µg/mL) 

%PHB 

content 

Crude 

glycerol 
0.32 75.50 23.59 

Commercial 

glycerol 
0.28 85.76 30.63 

A)

B) 

C) 

Figure 5 Production of PHB by strain C5 grown in 

250 ml in flask containing 50 ml NB medium with 

different C:N ratios in rotary shaker at 150 rpm 

and 37 °C for 24 h. (A) Cell dry weight (CDW, 

g/L), (B) PHB concentration (µg/mL) and (C) 

PHB content (%). 

4. Conclusion

In this work, a PHB-producing bacteria

Bacillus sp. from around biodiesel plants of 

Samutsakorn, Thailand was successfully 

isolated. It is capable of accumulating PHB 

up to 30.63% of dry cell weight which may 

be of interest as potential industrial 

organism under optimized conditions. 
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Abstract 

The aim of this work was to enhance 

batch butanol production efficiency from 

sugarcane molasses by Clostridium 

beijerinckii TISTR 1461 using gas stripping 

system. The fermentation was carried out in a 

2-L fermenter with working volume of 1.3 L. 

The batch fermentation was operated at the 

initial pH 6.5, 37 
o
C and agitation rate of 150

rpm under anaerobic condition. The butanol 

production medium was the sugarcane 

molasses containing initial sugar, 50 g L
-1

;

DSY, 6 g L
-1

 and calcium carbonate, 6.6 g L
-

1
. Under no gas stripping system, the butanol 

concentration was 11.42 g L
-1

 with sugar

consumption of 54 %. Under the gas stripping 

system, it was done by circulating the 

fermentation gas (CO2 and H2) at 1.0 L min
-1

through the fermented broth in the fermenter 

and a glass coil condenser at -2 
o
C using a

peristaltic pump. It was found that the butanol 

concentration of 15.51 g L
-1

 was obtained

with 75 % of sugar consumption. The results 

indicated that the butanol concentration and 

sugar consumption under the presence of gas 

stripping improved ~36 % and 21 %, 

respectively compared to those without gas 

stripping.  

Keywords: Batch butanol production, 

Clostridium beijerinckii, gas stripping. 

1. Introduction

Interesting in liquid biofuel 

production has grown recently due to 

continuous depletion of worldwide oil 

deposits, awareness in greenhouse gas (GHG) 

emissions during combustion of fossil fuels, 

and potential impacts of this activity on 

global warming. Ethanol is currently the most 

important renewable liquid biofuel, but it has 

problems ranging from lesser energy content 

than gasoline, blending limitations with 

gasoline, potential for corrosion of pipes, and 

inability to be transported using existing 

pipeline infrastructure (1). The acetone-

butanol-ethanol (ABE) fermentation process 

is of particular interest for the production of 

fuels and chemicals from renewable resources 

because butanol has superior attributes over 

other fermentation derived fuels, including 

ethanol (2). Butanol has a lower vapor 

pressure than ethanol which makes it less 

flammable, safer to transport, and safer to use 

in combustion engines than ethanol (3).  

ABE production is a biphasic 

fermentation process  in which acetic and 

butyric acids are produced inside the 

microbial cells with concomitant release into 

the environment during the acidogenic phase,  

followed by reassimilation of the acids into 

the cells and conversion into ABE 

(solventogenic phase) (1).  

mailto:patlao@kku.ac.th
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Major challenges of ABE 

fermentation are limitations such as low 

concentration, yield, and volumetric 

productivity due to butanol toxicity to 

bacterial cells (4) and high cost of the 

substrate in fermentation broth. To solve the 

problem of butanol toxicity as it impacts the 

culture, product removal using a number of 

alternative techniques have been proposed. 

Among these techniques (pervaporation, gas 

stripping, reverse osmosis, and liquid–liquid 

extraction, etc.), gas stripping has been found 

to be particularly promising. This technique 

allows for the selective removal of volatiles 

from the fermentation broth and uses no 

membranes. With the application of this 

technology, the use of concentrated sugar 

solution and a reduction in butanol toxicity 

has been possible (4).  

In this study, sugarcane molasses, a 

byproduct of sugar production process, is 

used as a substrate because it is available and 

low cost in Thailand. Dried spent yeast 

(DSY), a byproduct from brewery industry 

was used as a low-cost nitrogen source for 

butanol production from sugarcane molasses. 

Our previous study found that the optimum 

conditions for high butanol production were 

the initial sugar, 50 g L
-1

; DSY, 6 g L
-1

 and

calcium carbonate, 6.6 g L
-1

 (5). However,

low butanol concentration (~11 g L
-1

) and

high total sugar remaining (~25 g L
-1

) were

obtained.  

The aim of this study was to improve 

the butanol production efficiency from 

sugarcane molasses using gas stripping 

technique. 

2. Material and methods

2.1 Raw material and butanol production 

medium 

Sugarcane molasses was obtained 

from Mitr Phuviang Sugar Co., Ltd., Khon 

Kaen, Thailand. It contained 80 °Bx of total 

soluble solids and was kept at -20 °C until 

use.  

To prepare butanol production 

medium, the molasses was diluted with 

distilled water to obtain 50 g L
-1

 of total

sugar. Then, the butanol production medium 

was supplemented with DSY, 6 g L
-1

 and

CaCO3, 6.6 g L
-1

 before sterilization at 110

°C for 40 min. 

2.2 Culture medium preparation 

Cooked meat medium (CMM) and 

tryptone-glucose-yeast extract (TGY) 

medium were used as media for inoculum 

preparation. CMM consisted of (g L
-1

) CMM,

10 and glucose, 0.08. TGY was composed of 

(g L
-1

) tryptone, 5; glucose, 1; yeast extract, 5

and K2HPO4, 5. CMM and TGY were steriled 

at 110 
o
C for 28 min. Oxygen in the media

was removed by sterile oxygen free nitrogen 

(OFN) gas to create a strictly anaerobic 

condition. 

2.3 Microorganism and growth conditions 

Clostridium beijerinckii TISTR 1461 

was purchased from the Thailand Institute of 

Scientific and Technological Research 

(TISTR), Khlong Luang, Pathumthani, 

Thailand. It was kept as spore suspension and 

stored at 4 °C in distilled water. The spore 

suspension containing 1×10
6
 spores mL

-1
 was

heat shocked in a water bath at 80 
o
C for 1

min. Then, it was immediately cooled in iced-

water for 1 min. The spore suspension (0.5 

mL) was transferred into 10 mL of sterile 

CMM and incubated at 37 °C for 12-14 h to 

obtain highly motile vegetative cells. The 

vegetative cells (5%, v v
-1

) at 0.5 O.D.

(optical density 600 nm) were transferred into 

sterile TGY medium. It was then cultivated at 

37 °C for 3-4 h. The active growing cells in 

TGY medium were used as inoculum for 

ABE fermentation from sugarcane molasses. 
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2.4 Batch fermentation coupling with and 

without gas stripping system 

Batch fermentation processes were 

carried out in a 2-L fermenter containing 1.3 

L of sterile butanol production medium. The 

medium was sparged with OFN gas to create 

a strictly anaerobic condition. The initial pH 

of fermentation broth was adjusted to 6.5 with 

8 M NaOH or 1 M HCl. The batch 

fermentation was initiated by adding 5% (v v
-

1
) of inoculum (0.5 O.D). The fermentation 

was incubated at 37 °C and agitation rate of 

150 rpm.  

Gas stripping was done by circulating 

the fermentation gas (CO2 and H2) at 1.0 L 

min
-1

 through the fermented broth in the 2-L 

fermenter and a glass coil condenser at -2 
o
C 

using a peristaltic pump. The gas recirculation 

was in a closed loop to minimize any vapor 

loss into air. The condensate was collected in 

a cooling trap. Gas stripping was initiated at 

24 h of fermentation. Samples from the batch 

fermentation coupling with and without gas 

stripping were withdrawn at time intervals for 

analyses.  

 

2.5 Analytical methods 

Acetone, butanol, ethanol, acetic acid 

and butyric acid were determined using a gas 

chromatograph (Shimadzu, GC-2014, Japan) 

equipped with flame ionization detector 

(FID). The ABE fermentation products were 

analyzed in a Porapak Q column (3 m × 2 

mm). The oven temperature was programmed 

at 160 
o
C for 9 min, from 160 to 220 

o
C at 8 

o
C min

-1
, then held 12 min at 220 

o
C. The 

injector and detector temperatures were set at 

220 °C and 230 °C, respectively. N2 was 

employed as a carrier gas, and isobutanol was 

used as an internal standard (6). Total sugar 

concentrations  in the fermented broth were 

measured by phenol-sulfuric acid (7). 

 

3. Results and discussion 

 

From the results, under no gas 

stripping system, the pH of the fermented 

broth decreased from 6.49 to 5.38 at 12 h, 

corresponding to the production of acetic and 

butyric acids (Figure 1A and 1B). These 

results indicated that acidogenesis was 

occurred. After 12 h of ABE fermentation, pH 

in the fermented broth raised from 5.38 to 

5.60 and solvents (acetone, butanol and 

ethanol) were observed. The results indicated 

that the solventogenesis was operated. Under 

this condition, butanol, ABE concentrations 

and sugar utilization were 11.42 g L
-1

, 15.51 g 

L
-1

 and 54.23 %, respectively (Table 1).  

To enhance butanol concentration and 

sugar utilization, the batch fermentation under 

optimum condition coupled with gas stripping 

was studied. The result showed that the ABE 

fermentation profile under batch fermentation 

coupled with gas stripping was similar to that 

without gas stripping (Figure 1). The 

condensate of ~80 mL during gas stripping 

system was collected for calculation of the 

cumulative solvent production. The results 

showed that butanol, ABE concentrations and 

sugar consumption under the condition with 

gas stripping were higher than those without 

gas stripping (Table 1). They increased ~ 36, 

31 and 21 %, respectively compared to those 

without gas stripping.  
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Figure 1. Butanol production by C. beijerinckii TISTR 1461 from sugarcane molasses under optimum condition 

(initial sugar, 50 g L
-1

; DSY, 6 g L
-1

 and CaCO3, 6.6 g L
-1

) in 2-L fermenter with (solid lines) and without (dashed

lines) gas stripping; A: pH, B: acetic acid (●), butyric acid (○) and total acids (■), C: total sugar and D: acetone (●), 

butanol (○), ethanol (■) and ABE (□). Solvent concentrations in gas stripping system show the cumulative 

solvents.  

Table 1. Batch butanol production by C. beijerinckii 

TISTR 1461 from sugarcane molasses in 2-L fermenter 

coupling with and without gas stripping system. 

Parameters 
Without gas 

stripping 

With gas 

stripping 

Acetone (g L
-1

)  3.63  4.21 

Butanol (g L
-1

)  11.42  15.51 

Ethanol (g L
-1

)  0  0 

ABE (g L
-1

)  15.05  19.72 

Initial sugar (g L
-1

)  53.25  51.65 

Sugar utilized (g L
-1

)  28.88  38.77 

Sugar consumption (%)  54.23  75.06 

4. Conclusions

Gas stripping was an effective 

technique for improvement of butanol 

production efficiency. The butanol 

concentration, ABE concentration and sugar 

consumption increased 21 to 36 % compared 

to those of the fermentation without gas 

stripping. 
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Abstract 

The ripe palmyra palm or toddy 

palm (Borassus flabellifer Linn.) has the 

yellow-orange pulp with proximate pH 4.47-

5.1 and total soluble solid 5.01±0.15 
o
Brix.

In this research, the yeast Candida 

stellimalicola isolated from the ripe palm 

fruit pulp was used to ferment the palm fruit 

juice to ethanol and applied into acetic acid 

production. The effects of ammonium 

sulphate as the nitrogen source and sugars 

(glucose and sucrose) as the carbon source 

on ethanol fermentation were investigated. 

The ammonium sulphate concentrations at 

300, 500 and 700 mg/L significantly 

increased the produced ethanol content 

(p<0.05). The supplementation of 500 mg/L 

ammonium sulfate gave the highest ethanol 

content at 5.75±0.09% after 7 days. The 

palmyra palm fruit juice was adjusted into 

10 
o
Brix and 15 

o
Brix by sucrose and 

glucose addition for fermentation at 30
o
C

and shaking condition within 7 days. There 

was a significant difference in the ethanol 

content between glucose and sucrose 

(p<0.05). In addition, 10 and 15 
o
Brix 

glucose showed the ethanol content with 

5.43±0.13 and 5.40±0.44%, respectively 

(p>0.05). Whereas, using 10 
o
Brix sucrose

showed the ethanol content with 1.82±0.45 

and closely to 15 
o
Brix (1.70±0.41%).

For scale up at 6 liters, the fermentation of 

palmyra palm fruit juice with 10 
o
Brix 

glucose and 500 mg/L ammonium sulfate 

supplementation was carried out at room 

temperature (31±2
o
C) and 300 rpm/min. As

the results, the ethanol content was 

approximately 3.92±0.15% after 14 days. In 

the future this product will be used for acetic 

acid production. 

Keywords: palmyra palm fruit, ethanol, 

Candida stellimalicola, glucose, ammonium 

sulfate 

1. Introduction

Palmmyra palm or toddy palm 

(Borassus flabellifer Linn.) is a kind of 

palm. It is tropically found in many 

provinces in Thailand (Phetchaburi, 

Supanburi, Songkhla, Ayudthaya, 

Kanchanburi, NakhonPatham and Pattani). 

The mesocrape or sweet pulp has yellow-

orange colour that can be used in several 

foods such as kanomtaan, ice cream and 

cake. Additionally, palm fruit also was a 

substrate for Saccharomyces cerevisiae to 

produce alcohol (Theivendirarajah and 

Chrystopher, 1986). 

In order to produce vinegar, 

fermentation process includes two stages: 

alcoholic fermentation by yeast,followed by 

acetification by acetic acid bacteria. For 

alcoholic fermentation, different fruits such 

as apple, banana, grape, coconut water 

strawberry and cherry, can be used as the 
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fermentable substrates. In this research, 

palmyra palm fruit juice was used as a 

potential substrate for ethanol production by 

the yeast C. stellimalicola isolated from 

palmyra palm fruit juice. The effects of 

carbon sources and nitrogen sources 

supplemented in the juice for the high 

ethanol production were investigated. 

 

2. Materials and Methods 

 

2.1 Palmyra palm fruit ripe preparation 

Palmyra palm fruit ripe was 

harvested in Pattani province in southern of 

Thailand. The fruits were washed in tap 

water and peeled before extraction. The pulp 

was hand-extracted in water (the ratio of 

pulp:water= 1:2) until the pulp was 

dissolved completely to obtain palmyra 

palm fruits juice. The palmyra palm fruits 

juice was pasteurized at 65
o
C for 5 min 

(Leuangnapa, 1990) and subsequently stored 

in refrigerator at –20
o
C until use. The pH 

value and total soluble solid (TSS) were 

measured by a digital pH meter (Sartorius, 

Germany) and a refractometer (Atago, 

Tokyo, Japan), respectively. Acidity was 

estimated by titration with 0.1 NaOH 

(AOAC, 2000). The minerals of palmyra 

palm fruits juice were analyzed by Scientific 

Equipment Center, Prince of Songkla 

University 

 

2.2 Yeast culture 

C. stellimalicola was isolated from 

palmyra palm fruit ripe. The pure culture 

was inoculated in yeast extract peptone 

dextrose broth (YEPD broth; yeast extract 

10 g, bacteriological peptone 20 g, D-

glucose 20 g  

in 1000 ml distilled water) incubated at 

30
o
C for 24 h and  stored at 4

o
C. 

 

2.3 Ethanol productionexperiments 

2.3.1 Starter culture preparation  

For starter culture, a full loop of        

C. stellimalicola was inoculated into 200 ml 

palmyra palm fruits juice adjusted to 10 
o
Brix 

with glucose. This culture was incubated on 

rotary shaker with 110 rpm at 30
o
C for 18-24 

h. 

2.3.2 Effect of nitrogen sources on ethanol 

production 

Palmyra palm fruit juice was 

standardized at 15 
o
Brix with glucose. 

Ammonium sulphate [(NH4)2SO4] was 

supplemented at different concentrations of 

0, 300, 500 and 700 mg/l. The starter culture 

10% starter culture (v/v) was inoculated into 

600 ml substrate that subsequently 

incubated at 110 rpm, 30
o
C for 7 days. The 

sample was taken out every day to measured 

ethanol content by ebulliometer.   

2.3.3 The effect of glucose and sucrose as 

carbon sources on ethanol production 

Palmyra palm fruit juice was 

standardized at 10 and 15 
o
Brix by glucose 

and sucrose. The starter culture 10 % (v/v) 

was inoculated into 600 ml palmyra palm 

fruit juice containing ammonium sulphate 

500 mg/L. The fermentation was carried out 

for 7 days at 30
o
C and 110 rpm. The ethanol 

content was daily measured by ebulliometer.   

2.3.4 Scaling up 

The starter culture 10% (v/v) was 

inoculated into 6 liters palmyra palm fruit 

juice with the TSS 10 
o
Brix by glucose and 

ammonium sulphate (500 mg/L) 

supplementation. The fermentation was 

carried out for 14 days at room temperature 

and 300 rpm/min. The ethanol content was 

measured every 2 days by ebulliometer. 

2.3.5 Statistical analysis 

The experimental results were 

expressed as mean±standard deviation (SD) 

of triplicate. Completely randomized design 

(CRD) was applied in this experiment and 

data was presented by average 

means±standard error. Duncan's multiple 

range test used for comparison the means 

between samples with the statistical level of 

significant was set at p ≤ 0.05. 

 

 

3. Results and Discussion 
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3.1 Chemical property of palmyra palm 

fruits juice 

The mature palm fruit pulp or 

mesocrape are shown in Figure 1. The 

palmyra palm fruit juice has the TSS 

5.1±0.15 
o
Brix, acidity 0.53±0.02, pH4.47-

5.1, while mineral compositions are shown 

in Table 1. The TSS and minerals depend on 

the ripeness of the fruits. The TSS and 

mineral content in the palmyra palm fruit 

juice could be considered as the carbon 

source and mineral for yeast consumption in 

ethanol production. 

 

 
 

Figure 1.The palmyra palm fruit ripe. 

 
Table 1. Chemistry property from palmyra 

palmfruit pulp. 

Chemistry property Results 

Total soluble solids (TSS) 5.10±0.15 

pH 4.47-5.1 

Acidity (10%) 0.53±0.02 

Trace element (mg/kg) 

    Copper < LOQ 

    Calcium 21.79±0.37 
    Iron < LOQ 
    Magnesium 40.16±0.67 
    Potassium 845.24±5.34 
    Phosphorus 22.00±0.27 
    Sodium 51.05±3.92 
    Zinc < LOQ 
    LOQ = limit of quantitative 

 

3.2 Ethanol production 

 

3.2.1 Effect of ammonium sulfate 

C. stellimalicola, an anamorphic 

yeast, was isolated from palmyrah palm 

pulp to apply in alcoholic fermentation of 

the palm juice. The effects of ammonium 

sulphate concentrations at 0, 300, 500 and 

700 mg/L as the nitrogen source on ethanol 

fermentation are shown in Figure 2. The 

increase in ammonium sulphate 

concentrations from 0, 300, 500 and 700 

mg/L (w/v) significantly increased the 

produced ethanol content (p<0.05). The 

maximum ethanol contents were 1.90±0.15, 

3.00±0.00, 5.75±0.09 and 5.84±0.05%, 

respectively within 5 to 7 days. In addition, 

the ethanol concentration in the juice 

supplemented with 500 and 700 mg/L of 

ammonium sulphate were not significantly 

difference (p>0.05). (Figure 2) Thus, the 

supplementation of 500 mg/L ammonium 

sulfate gave the highest ethanol content at 

5.75±0.09% within 7 days. 

The nitrogen source and mineral are 

essential for the cell growth (Bafrncova et 

al., 1999; Pramanik and Rao, 2005). The 

increase in nitrogen source enhanced the 

efficiency of wine fermentation. Ethanol 

fermentation at low nitrogen source showed 

low ethanol content (Coleman et al., 2007). 

Ammonium sulphate and ammonium 

dihydrogen phosphate are good nitrogen 

source for wine fermentation.                        

(Nantitanon, 2006) 

 

 

Figure 2. The effect of (NH4)2SO4 on ethanol 

production in palmyra palm fruits juice with 15% 

(w/v) glucose for 7 days by C. stellimalicola. 

 

3.2.2 Effect of carbon sources 

 The effect of glucose and sucrose 

was investigated. In ethanol fermentation, 

glucose and sucrose had significant 

difference in ethanol concentration (p<0.05). 

Indeed, 10 and 15 
o
Brix of glucose showed 

the ethanol content at 5.43±0.13 and 

5.40±0.44%, respectively (p>0.05). 

Whereas, using 10 and 15 
o
Brix of sucrose 

0.0

2.0

4.0

6.0

8.0

0 1 2 3 4 5 6 7

E
th

a
n

o
l 

(%
) 

Fermentation time (days) 

Control
300 mg
500 mg
700 mg

Exocarp 

Endocarp 

Endosperm 

Embryo 

Mesocarp 



134 

showed the ethanol content at 1.82±0.45 and 

1.70±0.41%, respectively (p>0.05). (Figure 

3). C.stellimalicola produced the highest 

ethanol (5.43±0.13%) at 10 
o
Brix palmyra 

palm fruit within 7 days. 

Figure 3. The ethanol production of C. 

stellimalicola in palmyra palm fruits juice with 10 

and 15% (w/v) glucose and sucrose for 7 days 

cultivation. 

Figure 4. Ethanol production in 6 L palmyra palm 

fruits juice with 10 % (w/v) glucose for 14 days by 

C. stellimalicola. 

For scaling up, the ethanol content 

was approximately 3.92±0.15% after 14 

days of the fermentation with 6 L palmyra 

palm fruit juice (Figure 4). This result was 

considered as low content when compared 

to other substrates. Ariyasenaet al. (2000) 

reported that palmyra palm fruit ripe 

contained flabelliferin (FB) that was the 

steroidal saponin or tetraglycoside 

(flabilliferin II). The flabilliferin II 

composed the bitter taste in palmyra palm 

fruit pulp (Jansz et al., 1994); and had 

antimicrobial effect that could decrease the 

ethanol fermentation. (Nikawelaet al., 

1998a: Ariyasena et al., 2001). At 250 mg/L 

of FB, Saccharomyces cerevisiae growth 

was decreased about 50-70 %. (Nikawela et 

al., 1998b) 

The produced ethanol substrate 

could be used in vinegar fermentation. The 

vinegar has yellow orange colour and 

distinct flavor (Figure 5). Additionally, it 

also contains mineral; (as 1.50±0.02 mg/kg 

calcium, 0.02±0.00 mg/kg iron, 7.22±0.05 

mg/kg magnesium, 15.00±0.00 mg/kg 

phosphorus, 30.40±0.72 mg/kg potassium 

and 65.10±1.82 mg/kg sodium) the residual 

alcohol at 0.24±0.00% and acetic acid 

content contain 4.14±0.10% suitable for 

vinegar standard. 

Figure 5. Palmyra palm fruit vinegar. 

4. Conclusion

The supplementation of 500 mg/L 

ammonium sulfate gave the highest ethanol 

content at 5.75±0.09% after 7 days. C. 

stellimalicola could produce high ethanol 

5.43±0.13% at 10 
o
Brix palmyra palm fruit

within 7 days. For scale up at 6 liters, the 

fermentation of palmyra palm fruit juice 

with 10 
o
Brix glucose and 500 mg/L 

ammonium sulfate supplementation gave the 

ethanol content at approximately 

3.92±0.15% after 14 days. The ethanol was 

the substrate for acetification by acetic acid 

bacteria. In the future, this product will be 

useful for acetic acid production. 
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Abstract 

Rice is an economical commodity for 

Thailand. Although it is common to directly 

consume the rice, its commercial value can 

be increased through processing, such as 

vacuum impregnation. Therefore, the aim of 

this study was to investigate the effect of 

moisture contents and rice types on the 

physicochemical properties of vacuum 

impregnated rice. Four different rice 

varieties, including white rice (Sao Hai), 

white glutinous rice (Kiaw Ngu), black rice 

(Hom Nin) and black glutinous rice (Kum 

Doi Saket), were cooked in an electric 

cooker at different water addition to produce 

cooked rice with moisture contents of 

approximately 50 or 60%. The cooked rice 

was then subjected to vacuum impregnation 

at 50 mbar for 10 min in an impregnation 

solution of saline solution at a ratio of 1:2 

for rice and water, respectively, followed by 

another 10 min period in the solution as a 

relaxation time. Physicochemical analyses 

of the impregnated rice showed that 

different rice varieties and moisture contents 

of cooked rice significantly affected 

hardness, rice volumetric deformation (γ 

value), volume of rice occupied by 

impregnation solution (X value), real 

porosity (εr), solid gain and water loss 

(p<0.05). The white glutinous rice with a 

moisture content of 50.71±0.30% 

significantly had the highest γ and X values 

of 1.00±0.64 m
3
/m

3
 initial sample and

1.15±0.04 m
3
 liquid/m

3
 sample,

respectively. This rice treatment also 

significantly possessed the lowest water loss 

(–94.97±3.06%), whereas the highest solid 

gain of 2.45±0.16% was determined in the 

white rice with a moisture content 

of 49.50±0.55%. For the εr value, the lowest 

 

 

 

 

 

value of this parameter (0.022±0.018%) was 

found in the black glutinous rice with a 

moisture content of 50.14±0.22%. Finding 

from this study clearly suggested rice 

varieties and moisture contents of cooked 

rice are important parameters in the 

application of vacuum impregnation. 

Keywords: Rice varieties, Moisture content, 

Vacuum impregnation, Physicochemical 

properties. 

1. Introduction

Rice is the staple food of nearly half of the 

world’s population (Song et al., 2013). Rice 

can be separated into two types, which are 

non-glutinous and glutinous rice types. The 

non-glutinous white rice is the most popular 

rice variety in Thailand (Rewthong et al., 

2011). Glutinous rice or waxy rice is utilized 

as part of basic food only in several 

countries, such as Laos, northern part of 

Thailand, Cambodia, Vietnam and Myanmar 

(Bhattacharya, 2011). Beside white rice, 

coloured rice, such as black rice, red rice 

and brown rice, are also known and 

available in the commercial market. These 

rice types are reported as potent sources of 

antioxidants and nutritional advantages over 

common rice (Sompong et al., 2011). Rice 

kernels have a low distribution of micro 

pores within and among the starch granules. 

Through these micro pores, small 

molecules, such as water, can naturally 

penetrate into the dense matrix of the kernel. 

(Mee-ngern et al., 2014). Vacuum 

Impregnation (VI) technology can be used 

to incorporate physiologically active 

components, such as prebiotic, probiotic, 
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vitamin or mineral, into structure of fruit 

and vegetable (Betoret et al., 2003). 

Developing of fruit enriched with probiotic 

using VI technique had been reported by 

Betoret et al. (2003), Krasaekoopt and 

Buthanwong (2008), Piromvard  et al. 

(2010) and Noorbakhsh et al. (2013). 

Hironaka et al. (2011) applied the VI 

technology to fortify ascorbic acid into 

whole potatoes. For an application of 

vacuum drying in rice, it was reported by 

Mee-ngern et al. (2014) that introduced a 

beetroot juice into white rice kernels both of 

non-glutinous (Khao Dawk Mali 105, 

Chainat 1) and glutinous (Sanpatong 1) 

variety. The researchers reported that there 

was a significant increase in antioxidative 

activities for all impregnated rice varieties. 

Beside these research works, there is less 

reports that studied pretreatment of rice 

samples during VI treatment. Therefore, this 

research has an objective to investigate the 

effect of moisture contents and cooked rice 

varieties on the physicochemical parameters 

of impregnated rice.  

2. Materials and Methods

2.1 Cooked rice 

Four Thai rice varieties, including white rice 

(Sao Hai), white glutinous rice (Kiaw Ngu), 

black rice (Hom Nin) and black glutinous 

rice (Kum Doi Saket) were purchased from a 

local supermarket in Chiang Mai, Thailand. 

All rice varieties were cooked by an 

automatic electric cooker (Panasonic SR-

G06, Japan) in various water to rice ratio or 

soaking time to produce cooked rice with 

moisture contents of approximately 50 and 

60% (wet basis).  Determination of final 

moisture contents of cooked rice followed 

the method of Luangmalawat et al. (2008).  

2.2 Vacuum impregnation treatment 

Vacuum impregnation was applied to all 

cooked rice using a vacuum oven (Binder 

VD23, Germany). During the impregnation 

process, cooked rice was immersed 

in impregnation solution at a ratio of 1:2 

(w/w) (Noorbakhsh et al., 2013) for cooked 

rice and saline solution that had an aw 

similar to the cooked rice, which was 

referred as an isotonic solution (Guillemin et 

al., 2008). A vacuum pressure of 50 mbar 

was applied for 10 min, followed by a 

restoration to atmospheric pressure for 

another 10 min (Betoret et al., 2003). After 

the treatment, cooked rice was separated by 

a sieve from the saline solution and drained 

at room temperature for up to 30 min. The 

vacuum impregnated rice was kept at 4ºC to 

be analysed. 

2.3 Physicochemical analyses 

Texture of vacuum impregnated rice was 

determined as hardness (N) using a Texture 

Analyzer (TA-XT.Plus, Stable Micro 

systems, Surrey, UK), based on the 

compression model (85% deformation) at 

25ºC. The amount of liquid impregnated 

into rice samples (X) (Rongkom et al., 

2013) and volumetric deformation of the 

sample () (Krasaekoopt and Suthanwong, 

2008) were calculated using equations (1) 

and (2), respectively. 

X =  
(𝑀𝑓−Mi)

ρ𝑠 𝑉𝑜
        (1) 

Where X was impregnated sample volume 

fraction, Mf was final mass of cooked rice 

(kg), Mi was initial mass of cooked rice 

(kg), ρs was density of impregnation 

solution (kg/m
3
) and V0 was initial volume

of the sample (ml). 

γ =
(Vt−V0)

V0
       (2) 

Where V0 was initial volume of sample (m
3
)

and Vt was final volume of sample (m
3
).

The determination of volumes of rice 

samples was carried out using a method of 

Yan et al. (2007), based on liquid 

pycnometry with toluene as a solution. For 

effective porosity (εe) and real porosity (εr), 
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they were calculated using equations (3) and 

(4), respectively, from the method of 

Krasaekoopt and Suthanwong (2008). 

 X − γ =  εe (1 −
1

r
) −  

γ

r
       (3) 

 

Where εe was effective porosity and r value 

was a compression ratio from the calculation 

of atmospheric pressure divided with 

vacuum pressure (Rongkom et al., 2013). 

 

 εr =  
(ρr−ρa)

ρr
        (4) 

 

Where ρr was real density (kg/m
3
) and ρa 

was apparent density (kg/m
3
). Water loss 

(WL) and solid gain (SG) were calculated 

using equations (5) and (6), respectively 

(Rongkom et al., 2013). 

 

      WL =  
(Wwo−W w)

Wo
 x 100     (5) 

 

Where Wwo was initial weight of water in 

the sample (kg), Ww was weight of water in 

the sample at the end of  treatment (kg) and 

Wo was initial weight of the sample (kg)  

 

 SG =  
(Ws−Wso)

Wo
  x 100       (6) 

 

Where Wso was initial weight of dry solid in 

the sample (kg), Ws was weight of dry 

solids at the end of treatment (kg) and Wo 

was initial weight of the sample (kg). 

 

2.4 Statistical analysis 

 

The experiment was set up using a Factorial 

Design with three replications. Analysis of 

variance was performed using a SPSS 

statistics base 17.0 for Windows serial 

number 5068035 (SPSS Inc., Chicago, 

USA).  Differences between the treatment 

means were determined by Duncan’s 

Multiple Range Test and statistical 

significance between sample treatments was 

defined at P<0.05. 

 

3.   Results 

 

3.1 Cooking condition of raw rice 
Pretreatment conditions used to soak and 

cook different rice varieties are presented in 

Table 1. In this study, predetermined 

moisture contents of 50 and 60% were 

selected. The results in Table 1 showed that 

the actual moisture content values, which 

were between 49.50 and 63.29%, were 

closed to the predetermined values. 

 

Table 1 Cooking condition of different 

rice varieties 

*R:W is rice to water ratio. 
a-e 

Values followed by different letters 

within the column are significantly different 

(p<0.05).     

 

3.2 Physicochemical properties of vacuum 

impregnated rice  
 

The volume of rice sample that was 

impregnated with external solution (X 

value) and the rice volumetric deformation 

(γ value) in Table 2 showed that different 

rice varieties and initial moisture contents 

significantly affected the measured 

parameters (p<0.05). The highest X and γ 

values were determined in the white 

Rice 

varieties 

Soaking and 

cooking 

conditions 

Moisture  

content (%, 

wet basis) 

White 

rice  

 

No soaking, 

R:W*, 1:1w/v 
49.50±0.55a 

No soaking, 

R:W, 1:1.7w/v 
60.46±0.40d 

White 

glutinous 

rice  

1 h soaking, 

R:W, 1:0.5w/v 
50.71±0.30b 

1 h soaking, 

R:W, 1:1w/v 
59.67±0.93d 

Black 

rice  

No soaking, 

R:W, 1:2.5w/v 
52.92±0.00c 

No soaking, 

R:W,1:3.25w/v 
63.29±0.20e 

Black 

glutinous 

rice 

2.19 h soaking, 

R:W, 1:1.5w/v 
50.14±0.22ab 

3 h soaking, 

R:W, 1:3w/v 
60.11±0.49d 
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glutinous rice with 50.71% moisture content 

that had values of 1.15±0.04 m
3
 

liquid/m
3
sample and 1.00±0.06 m

3
/m

3
 initial 

sample, respectively. On the other hand, the 

black glutinous rice with 60.11% moisture 

content had the lowest X and γ values of 

0.14±0.06 m
3
 liquid/m

3
 sample and 

0.10±0.02 m
3
/m

3
 initial sample, 

respectively. Effective (εe) and real (εr) 

porosities of vacuum impregnated rice are 

also displayed in Table 2. The εr values were 

significantly affected by different rice 

varieties and moisture contents investigated 

in this study (p<0.05), but the εe values of 

different rice treatments were not 

significantly influenced (p>0.05). The 

highest εr value of 0.165±0.059% was found 

in the white glutinous rice with 59.67% 

moisture content, while the lowest one was 

determined in the black glutinous rice with 

50.14% moisture content that had a value of 

0.022±0.018%. Different rice varieties and 

moisture contents also significantly affected 

rice (p<0.05; Figure 1). Higher hardness 

values were determined at lower moisture 

contents of the rice treatments. The highest 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hardness value of 287.76±1.46 N was 

discovered in the white rice with 49.50% 

moisture content, while white and 

black glutinous rice with higher moisture 

contents had the lowest hardness values. 

 

Figure 1 Hardness (N) of vacuum 

impregnated rice 

*WR: white rice, **WGR: white glutinous 

rice, ***BR: black rice, ****BGR: black 

glutinous rice  

a-g Values followed by different letters 

within the column are significantly different 

(p<0.05)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 2 and 3 display water loss and solid 

gain of vacuum impregnated rice, 

respectively. Both studied parameters were 

significantly affected by different rice 
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Table 2 Physicochemical properties of vacuum impregnated rice  

Rice varieties 

(moisture 

content, %) 

X value 

(m
3
 liquid/m

3
 

sample) 

γ value 

(m
3
/m

3
 initial 

sample) εe value
ns

 (%) εr value (%) 

WR* (49.50) 0.36±0.04
b
   0.31±0.02

c
   0.014±0.056 0.080±0.018

ab  
 

WR (60.46) 0.29±0.03
b
   0.21±0.03

b
   0.051±0.018

 
 0.175±0.017

c  
 

WGR** (50.71)
 
 1.15±0.04

d
  1.00±0.06

e
  0.038±0.009

   
 0.099±0.031

b  
 

WGR (59.67) 0.79±0.05
c 
 0.80±0.80

d 
 0.034±0.037

  
 0.165±0.059

c  
 

BR*** (52.92) 0.26±0.08
b
 0.25±0.30

bc
 0.072±0.084

 
 0.126±0.050

bc  
 

BR (63.29) 0.28±0.08
b
  0.25±0.04

bc
  0.015±0.018

 
 0.117±0.011

bc
 

BGR**** (50.14) 0.28±0.04
b
  0.26±0.07

bc
  0.022±0.013

 
 0.022±0.018

a
 

BGR (60.11) 0.14±0.06
a 
 0.10±0.02

a 
 0.036±0.036

 
 0.111±0.036

bc
 

*WR: white rice, **WGR: white glutinous rice, ***BR: black rice, ****BGR: black     

glutinous rice 
a-e

 Values followed by different letters within the column are significantly different (p<0.05) 
ns

 Not significantly different 

g 

d

g a

g 

e

g c

g 
b

g 
a

g 

f

g 
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varieties and moisture contents examined in 

this work (p<0.05). All rice treatments had 

negative values of water loss, indicating the 

permeation of external solution into the rice 

samples during VI processes (Rongkom et 

al., 2013). From Figure 2, it showed clearly 

that the white glutinous rice significantly 

had lower water loss compared to the other 

rice varieties.  

 

 

Figure 2 Water loss (%) of vacuum 

impregnated rice 

*WR: white rice, **WGR: white glutinous 

rice, ***BR: black rice, ****BGR: black 

glutinous rice 
a-f

 Values followed by different letters 

within the column are significantly different 

(p<0.05) 

 

The lowest water loss was found in the 

white glutinous rice with 50.71% moisture 

content (a value of –94.97±3.06%). For 

solid gain, it was only white rice that had 

positive values of the variable. The other 

rice varieties experienced some losses of 

solid during VI processes. The white rice 

with 49.50% moisture content had the 

highest solid gain after the VI process (a 

value of 2.45±0.16%).  

 

4.   Discussions  
 

The predetermined moisture contents of 50 

and 60% were chosen because at these 

moisture contents, the studied rice varieties   

were cooked well and their texture 

was not too soft to do impregnation. To 

achieve these moisture contents, different 

rice varieties were treated differently (Table 

1) 

 

Figure 3 Solid gain (%) of vacuum 

impregnated rice 
*
WR: white rice,

**
WGR: white glutinous 

rice, 
***

BR: black rice, 
****

BGR: black 

glutinous rice 
a-e

 Values followed by different letters 

within the column are significantly different 

(p<0.05) 

 

due to different chemical composition of the 

rice and final moisture content. 

 

4.1 X and γ values of vacuum 

impregnated rice 
 

X value referred to volumetric fraction of a 

sample occupied by external liquid and γ 

value was a sample volume deformation at 

the end of vacuum impregnation process 

(Fito et al., 1996; Krasaekoopt and 

Suthanwong, 2008; Rongkom et al., 2013). 

The values of both parameters were found to 

be positive in this study, indicating that 

external solution was flown into rice kernel 

during VI processes. The process might, in 

turn, cause deformation in the rice structure 

after the treatment. Data also showed that 

most of X values were slightly higher than 

the γ values. According to Derossi et al. 

(2012), this fact showed that impregnation 

liquid flowing into tissue was faster than the 

deformation of food structure. The highest 
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X and γ values were determined in white 

glutinous rice, irrespectively to the moisture 

content. This result demonstrated that the 

rice variety that the highest ability to allow 

penetration of external liquid, which 

subsequently caused the highest deformation 

of the rice structure after the VI treatment.  

It was previously reported that X and γ 

values were affected by structure of food 

material (porosity, size and shape), vacuum 

impregnation condition and viscosity of 

solution (Fito et al., 1996; Rongkom et al., 

2013). The important of these factors was 

due to the fact that phenomena of VI about 

gas flowing out from tissue, deformation of 

structure and external liquid flowing into 

sample tissue were the results of the 

mentioned factors. Data in Table 2 also 

exhibited that black rice variety, both 

glutinous and non-glutinous types, generally 

had lower X and γ values compared to those 

of the white rice variety. This finding could 

be affected by the presence of bran in the 

rice (a whole rice grain) that might prevent 

permeation of external solution during VI 

processing (Billiris et al., 2012). The white 

rice variety, which was available as milled 

rice, might allow an easier penetration or 

absorption of external solution into their 

kernel. The texture of the last rice after 

cooking that was extremely soft and sticky 

(Bhattacharya, 2011; Lu et al., 2013) could 

influence deformation of the rice structure, 

leading to higher γ value. 

 

4.2 εe and εr values of vacuum 

impregnated rice 
 

The εr value was represented an empty space 

inside a sample that could be impregnated 

with VI (external) solution (Rongkom et al., 

2013). On the other hand, the εe value, 

which was an important parameter of 

impregnation processing, was known as the 

volume in sample tissue that could be 

occupied by VI solution (Krasaekoopt and 

Suthanwong, 2008). Data in Table 2 

exhibited that the εr values were higher than 

those of the εe value, except for the black 

glutinous rice with 50.14% 

moisture content. This result indicated that 

there was still some empty space inside the 

rice kernel that could be occupied by 

external solution. At higher moisture content 

within a same rice variety, there were higher 

εr value, except for the black rice variety. 

This finding suggested that initial moisture 

content of cooked rice affected empty 

spaces inside the rice kernel. A more detail 

study with an electron microscope might 

further confirm this assumption. Statistical 

analysis for the εe value revealed that 

different rice varieties and moisture content 

did not significantly affect the parameter 

(p>0.05). This finding was similar to the 

report of Fito et al. (1996) for VI of fruits 

and mushroom at 50 mbar. 

 

4.3 Hardness of vacuum impregnated rice 
 

Figure 1 disclosed that non-glutinous rice 

varieties had higher hardness compared to 

those of glutinous rice types at similar 

moisture content. The hardness of vacuum 

impregnated rice decreased at higher 

moisture content within the similar rice 

type. This finding was in an agreement with 

the report of Horigane et al. (2013) that 

stated hardness of cooked rice was related to 

amylose content and moisture content. The 

texture of cooked rice with higher amylose 

content was firm, fluffy and had higher 

hardness. An increase in amylose content 

led to higher hardness of rice (Lu et al., 

2013). The glutinous (waxy) rice variety is 

lack with amylose content (0-5%) 

(Bhattacharya, 2011), but it has a high 

amount of amylopectin (Mee-ngern et al., 

2014). Bhattacharya (2011) and Lu et al. 

(2013) cited that rice with low amylose 

content was greatly soft and sticky texture. 

The finding of moisture content in this study 

was similar to the result of Daomukda et al. 

(2011), who found out that gelatinisation of 

starch tended to decrease with decreasing 

ratio of water to rice. The last study also 

revealed that texture of cooked rice with 

water to ratio of 2:1 was harder compared to 

ratios of 3:1 and 4:1.  
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4.4 Water loss and solid gain of vacuum 

impregnated rice 

Data of water loss clearly revealed that VI 

process was a potential treatment to 

introduce external solution directly into the 

rice kernel. All of the rice treatments 

experienced negative values of water loss 

(Figure 2). The highest water gain was 

determined in white glutinous rice. 

Bhattacharya (2011) had stated that water 

uptake was affected by rice varieties. A 

study result of Mee-ngern et al. (2014) 

showed that Sanpathong-1 rice (a white 

glutinous rice variety) had much more large 

micro pores, which were easier to be 

penetrated by water than Khao Dawk Mali 

105 and Chainat 1, which were white rice 

varieties. Porosity of material that affected 

water loss had been referred by Rongkom et 

al. (2013). These researchers reported that 

pores at different size distribution inside a 

sample tissue that contained gas was 

replaced by external solution during a VI 

treatment. In contrast to the white glutinous 

rice, black glutinous rice had the lowest 

water gain after the VI processes (Figure 2). 

The finding could be affected by the 

condition of the rice, which was unpolished, 

whole grain rice (Bhattacharya, 2011). 

Billiris et al. (2012) identified milling as one 

of the factors affecting water absorption. 

Lower degree of milling would lead to a 

slower rate of water absorption and 

decreasing rice moisture content. The 

presence of bran could also prevent water 

absorption into rice kernels. For solid gain, 

it referred to addition of solid into sample 

porous material, which was affected by 

molecular size of water and solid (Rongkom 

et al., 2013). Most of rice varieties studied 

in this research had negative values of solid 

gain, except for white rice type. This 

indicated that most of the rice samples 

experienced solid loss from the kernels 

during VI treatments. Bhattacharya (2011) 

also reported the loss of solid during rice 

cooking. Several factors that affected solid 

loss were water uptake, age of rice after 

harvest, cooking time and amylose 

content (Bhattacharya, 2011). The values of 

solid gain were generally higher for non-

glutinous rice types than those of the 

glutinous one. This could be due to the lack 

of amylose content in the last rice variety. 

 

5.   Conclusion 

 

It was clearly presented that rice varieties 

and moisture content of cooked rice 

significantly affected physicochemical 

properties of vacuum impregnated rice 

(p<0.05), except for effective porosity. 

White glutinous rice with 50.71% moisture 

content had a high potential to be further 

processed with VI. This rice treatment 

obtained the highest rice volume to be 

impregnated with external solution and the 

lowest water loss value. However, the rice 

structure was greatly deformed after the 

treatment.  

 

6.   Acknowledgement 
 

The authors thank a partial financial support 

from The Graduate School of Chiang Mai 

University, Thailand. 

 

7.   References 

 

(1) Betoret   N,  Puente  L,  Díaz MJ, Pagán 

MJ, García, MJ, Gras ML, Martínesz- 

Monzó J, Fito P. Development of 

probiotic-enriched dried fruits by 

vacuum impregnation. J Food Eng. 

2003;56:273-77. 

(2) Bhattacharya KR. Rice quality: A guide 

to rice properties and analysis. 

Cambridge, UK: Woodhead Publishing 

Limited; 2011. 

(3) Billiris  MA,  Siebenmorgen TJ, Wang 

YJ. Rice degree of milling effects on 

hydration, texture, sensory and energy 

characteristics Part 2. Cooking using 

fixed, water-to-rice ratios. J Food Eng. 

2012 Jul 14;113:589–97. 

(4) Daomukda   N,      Moongngarm   A, 

Payakapol L, Noisuwan A. Effect of 

cooking methods on physicochemical 



 

143 
 

properties of brown rice.  IPCBEE 62. 

Proceedings of the 2
nd

 International 

Conference on Environmental Science 

and Technology; 2011; Singapore; 2011. 

P. V1-4. 

(5) Derossi A,  Pilli  TD,  Severini C. The 

application of vacuum impregnation 

techniques in food industry. In: Valdez 

B, editor. Scientific, health and social 

aspects of the food industry. Croatia: 

InTech; 2012. Available from: 

http://www.intechopen.com/books/scient

ific-health-and-social-aspects-ofthe-

food-industry/the-application-of-

vacuum-impregnation-techniques-in-

food-industry.  

(6) Fito  P,  Andrés A, Chiralt A, Pardo P. 

Coupling of hydrodynamic mechanism 

and deformation-relaxation phenomena 

during vacuum treatments in solid 

porous food-liquid systems. J Food Eng. 

1996;27(3):229-40.  

(7) Guillemin   A,    Degraeve P,   Noëla C, 

Saurel R. Influence of impregnation 

solution viscosity and osmolarity on 

solute uptake during vacuum 

impregnation of apple cubes (var. 

Granny Smith). J Food Eng. 

2008;86:475–83. 

(8) Hironaka K,  Kikuchi M, Koaze H, Sato 

T, Kojima M, Yamamoto K, Yasuda K, 

Mori M, Tsuda S. Ascorbic acid 

enrichment of whole potato tuber by 

vacuum-impregnation. Food Chem. 

2011;127:1114-18. 

(9) Horigane AK,   Suzuki K,  Yoshida M. 

Moisture distribution of soaked rice 

grains observed by magnetic resonance 

imaging and physicochemical properties 

of cooked rice grains. J Cereal Sci.  

2013;57:47-55. 

(10) Krasaekoopt     W,    Suthanwong   B.  

Vacuum impregnation of probiotics in 

fruit pieces and their survival during 

refrigerated storage. Kasetsart J. (Nat. 

Sci.). 2008 Jun 23;42(4):723-31. 

(11) Lu S,  Cik T,  Lii C, Lai P, Chen H.  

Effect of amylose content on structure, 

texture and α-amylase reactivity of 

cooked rice. LWT-Food Sci 

Technol. 2013;54:224-28. 

(12) Luangmalawat P, Prachayawarakorn S, 

Nathakaranakule A, Soponronnarit S. 

Effect of temperature on drying 

 characteristics and  quality of cooked 

rice. LWT-Food Sci Technol. 

2008;41:716-23. 

(13) Mee-ngern B,  Lee SJ, Choachamnan J, 

Boonsupthip W. Penetration of juice 

into rice through vacuum drying. LWT-

Food Sci Technol. 2014;57:640-47. 

(14) Noorbakhsh R,   Yaghmaee P, Durance 

T. Radiant energy under vacuum 

(REV) technology: A novel approach 

for producing probiotic enriched apple 

snacks. J Funct Foods. 2013;5:1049-

56. 

(15) Piromvard   O,     Thepmongkhon   J, 

Yuenyongputtakal W. Production of 

probiotic-enriched dragon fruit 

(Hylocereus undatus) under vacuum 

impregnation. Agricultural Sci. J. 2010 

Sep;41(3/1)(Suppl.):233-36. 

(16) Rewthong   O,     Soponronnarit    S,  

Taechapairoj C, Tungtrakul P, 

Prachayawarakorn S. Effect of cooking, 

drying and pretreatment method on 

texture and starch digestibility of 

instant rice. J Food Eng. 2011;103:258-

64. 

(17) Rongkom   H,   Phianmongkhol    A, 

Wirjantoro TI. Physical properties of 

impregnated cantaloupe and apple 

affected by different pressure levels. 

Asian J Agric Food Sci. 2013 Oct 

04;1(4):1163-71. 

(18) Sompong    R,  Siebenhandl-Ehn   S, 

Linsberger-Martin G, Berghofer E. 

Physicochemical and antioxidative 

properties of red and black rice varieties 

from Thailand, China and Sri Lanka. 

Food Chem. 2011;124:132-40.  

(19) Song BS,  Park JN,  Lee JW,  Kim JK,  

Kim JH.  Optimization of processing 

conditions to improve the rehydration 

and sensory properties of freeze-dried 

cooked rice. J Food Process  and 

Pres. 2013;38:1244–50. 

http://www.intechopen.com/books/scientific-health-and-social-aspects-ofthe-food-industry/the-application-of-vacuum-impregnation-techniques-in-food-industry
http://www.intechopen.com/books/scientific-health-and-social-aspects-ofthe-food-industry/the-application-of-vacuum-impregnation-techniques-in-food-industry
http://www.intechopen.com/books/scientific-health-and-social-aspects-ofthe-food-industry/the-application-of-vacuum-impregnation-techniques-in-food-industry
http://www.intechopen.com/books/scientific-health-and-social-aspects-ofthe-food-industry/the-application-of-vacuum-impregnation-techniques-in-food-industry
http://www.intechopen.com/books/scientific-health-and-social-aspects-ofthe-food-industry/the-application-of-vacuum-impregnation-techniques-in-food-industry


144 

(20) Yan Z,  Sousa-Gallagher  MJ,  Oliveira 

FAR. Shrinkage and porosity of 

banana, pineapple and mango slices 

during air-drying. J Food Eng. 

2008;84:430–40. 



145 

Wine  Production from  mycelium of  Mushroom in Fermentation 

instead of Yeast

Natthapong Singpoonga 

 Department of Biology and biotechnology, Faculty of Science and technology, Nakhon Sawan Rajabhat 

University, Nakhon Sawan Thailand 60000 

Corresponding author. E-mail: aem2030@hotmail.com 

Abstract 

This research studied the wine production by  

mycelium of  two mushroom species; Sajor-

caju mushroom (Pleurotus sajor-caju (Fr.) 

Sing.) and Split gill mushroom 

(Schizophyllum commune). The specific 

activity of alcohol dehydrogenase (ADH) in 

cell-free extract on both species of 

mushrooms in different three subcultures was 

investigated and used as an inoculum for wine  

fermentation instead of yeast. The alcohol 

concentration and antioxidant activity in wine 

were determined. The first subculture of  S. 

commune had the highest  activity of alcohol 

dehydrogenase (5.6 unit/mg protein) which 

was significant (p<0.05) greater  than the P. 

sajor-caju (Fr.) Sing. (0.24 unit/mg protein ). 

The highest alcohol content was found in 

wine which was produced by  S. commune 

mycelium (3.32%) on 4
th

 week. In

comparison to an antioxidant activity in two 

mushroom wines, the wine using S. commune 

mycelium exhibited the strongest radical-

scavenging activity in the DPPH at 84.40% 

and the ability of antioxidants resistance 

equivalent to 83.80% had compared to 

ascorbic acid solution. The wine using P. 

sajor-caju (Fr.) Sing. mycelium had the 

ability of antioxidants resistance 13.21% and 

21.81% compared to the BHT and ascorbic 

acid solution respectively. 

Keywords: Pleurotus sajor-caju (Fr.) Sing, 

Schizophyllum commune, alcohol 

dehydrogenase, ethanol production, 

antioxidant activity 

1. Introduction

Wine has been a part of human culture for 

over 6,000 years, serving dietary and socio-

religious functions. It is a popular alcoholic 

beverage consumed by many countries 

around the world. Wine produced by 

fermentation of ripe grapes juice or other 

fruits using a microscopic single-celled 

organism called yeasts, digest sugars found in 

fruit juice and converts it to ethanol and 

carbon dioxide gas in the process. In general, 

Saccharomyces cerevisiae is the main 

microorganism used in wine brewing, 

because this microbe has potent ability to 

produce alcohol dehydrogenase (Ayres, 

Mundt, and Sandine,1980). In 2001 Okamura 

and his team discovered that some genera of 

mushroom can produce alcohol 

dehydrogenase, and made wine by using a 

mushroom instead of S. cerevisiae (Okamura, 

et al., 2001) Mushrooms such as Pleurotus 

ostreatus, Flammulina velutipes and Agaricus 

blazei are popularly consumed, and are rich in 

fiber, protein and such vitamins as thiamin 

and riboflavin (Hirasawa et al., 1997). In 

addition to have a preventive effect against 

cancer and thrombosis (Ayres, Mundt, and 

Sandine,1980), the researcher interest in wine 

production by mycelium of two mushroom 

species; Sajor-caju mushroom (Pleurotus 

sajor-caju (Fr.) Sing.) and Split gill 

mushroom (Schizophyllum commune) because 

it was expected that drinking this wine could 

have a preventive effect against cancer 

(Okamura, et al., 2001) as well as other health 

benefits. In this study, we report the wine that 

was produced by mycelium of mushrooms 

and its characteristics. 
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2. Materials and Methods 

 

2.1 Cultivation of mushrooms and 

preparation of cell-free extract 
 

Pleurotus sajor-caju (Fr.) Sing. and 

Schizophyllum commune were used in this 

experiment (Fig. 1). Both species were 

obtained from BIOTEC Culture Collection 

(BCC), National Center for Genetic 

Engineering and Biotechnology, Bangkok, 

Thailand. All cultures were maintained in 

cryotubes at -80
o
C in 10% glycerol. Cultures 

were activated in potato dextrose agar (PDA) 

medium on Petri dishes and then incubated in 

the growth chamber at 37๐C in the dark for 

about 7 days. After the mycelial growth, 

mycelia was cut on PDA into small pieces 

(~1x1 cm2
 per piece) and transferred into 500 mL 

Erlenmeyer flasks containing 40 mL potato 

dextrose broth (2 pieces per flask),   incubated in 

a rotary shaker at 250 rpm, at room temperature 

for about 7 days. Mycelia were collected by 

centrifugation at 10,000 x g for 10 mins and 

washed twice with ice-cold saline solution. 

The mycelium pellet was suspended in 10 

mM Tris-HCl buffer (pH 7.5) and then was 

subjected to sonication with an ultrasonic 

oscillator (BRANSON,20 kHz) for 30 min at 

below 4°C. The undestroyed mycelia and 

debris were discarded by centrifugation at 

10,000 x g for 10 mins. The supernatant 

solution obtained was used as the cell-free 

extract. 

 

2.2 Enzyme alcohol dehydrogenase assay  

 

The alcohol dehydrogenase was assayed 

according to the method described by Kagi 

and Vallee, 1960 with some modifications. 

The cell-free extract of three subcultures 

mycelium from  two mushroom species were 

investigate. The standard reaction mixture 

contained 0.1 mL of ethyl alcohol, 1.5 mL of 

NAD
+
, 1.3 mL of Tris-HCl buffer (pH 7.5), 

and cell-free extract  in a final volume of 3.0 

mL. Water was instead of cell-free extract as 

a blank. Incubation was done at 30°C in a 

cuvette with a 1-cm light path. The reaction 

was started by the addition of  NAD
+
 and 

monitored by measuring the initial change in 

absorbance at 340 nm with spectrophotometer 

equipped with a thermostatically controlled 

cuvette holder and continuous chart recorder. 

One unit of enzyme was defined as the 

amount that catalyzed the formation of 1 

μmol of NADH per min during the reaction. 

Specific activity was expressed as units per 

mg protein. Protein was measured by the 

method of Lowry, et al. (1951) with 

crystalline bovine serum albumin as the 

standard. 

 

1  

 

 

 

 

 

 

 

        
    2 
 

 

Figure 1. Mushrooms used in this experiment. 1, P. 

sajor-caju (Fr.) Sing.; 2, S. commune  

 

2.3 Wine brewing 

 

Wine was fermented by using mycelium of 

mushroom instead of S. cerevisiea. 

Mushroom mycelia, which had been culture 

by the described in the section entitled. In 

both mycelium of mushrooms, dried with hot 

air at a temperature of 80-90°C for 24 hours. 

Grapes were washed with water, mash in a 

mixer, and then adjusted to get 22๐ Brix sugar 

concentration and adjusted pH to 5.8. The 

grape juice was autoclaved for 30 min at 1 

kg/cm
2
 of pressure. Four grams (dry weight) 

of mushroom mycelia was added to 200 mL 
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of autoclaved grape juice in Erlenmyer flask, 

which was incubated under anaerobic 

condition (static culture) at room temperature 

for 4 weeks. Samples were analyzed an 

alcohol concentration once a week. The same 

grape juice without mycelia was used as a 

control. 

  

2.3.1 Measurement of ethyl alcohol 

concentration  
 

The alcohol (ethyl alcohol) concentration was 

estimated by gas chromatograpy (Shimadsu 

model GC), FID (flame ionization detector), 

column temperature was 80°C at a flow rate 

of 50 mL/min. 

 

2.3.2 Antioxidant activity assay 

 

The scavenging activity of DPPH radical was 

assayed according to the method described by 

Chu, Chang, and Hus (2000) with some 

modifications. An aliquot of 1.0 mL of 0.2 

mM DPPH radical solution dissolved in 

methanol was mixed with 0.5 mL of sample 

at various concentrations. Water was used as  

blank. Butylated hydroxytoluene (BHT) and 

L-ascorbic acid  were also used as reference 

standard. The reaction mixture was measured 

at an absorbance 520 nm after incubated in 

the dark for 30 min. The DPPH radical-

scavenging activity (%) was calculated by the 

following formula: 

 
 Scavenging activity (%) = 1- (Ab520 sample)  100 

                                               

     Ab520 control 

 

where A520sample is the absorbance of the 

sample and A520control is the absorbance of 

the control.  
 

3. Result  

 

3.1 Mushroom alcohol dehydrogenase  

 

The alcohol dehydrogenase (ADH) activity in 

three subcultures of mycelium from two 

species of mushroom were examined. Potent 

activity was found in the first subculture of  S. 

commune which had the highest alcohol 

dehydrogenase activity (5.6 unit/mg protein), 

whereas low activity was found in the third 

subculture extract of P. sajor-caju (Fr.) Sing, 

(0.14 unit/mg protein) as shown in Table 1.  

 

Table 1 Alcohol dehydrogenase activity of P. 

sajor-caju (Fr.) Sing. and S. commune. 

 

*alcohol dehydrogenase 

 

3.2 Wine brewing and antioxidant activity 

 

3.2.1 Alcohol concentration in the wine 

 

The highest alcohol concentration which was 

achieved in the wine using mycelium of S. 

commune (3.32%) on 4
th
 week, while wine 

which using mycelium of P. sajor-caju (Fr.) 

Sing. (0.60%) on 4
th
 week had a low alcohol 

content as shown in Fig. 2.  

 

 
 
Figure 2 Time-course Plot for the Production of 

Alcohol (Ethyl Alcohol) by using mycelium of P. 

sajor-caju (Fr.) Sing. And S. commune mycelium  

3.2.2 Antioxidant activity in wine 
 

The antioxidant activity of the wine measured 

on the basis of the scavenging activity of 
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DPPH radical. The highest DPPH scavenging 

activity in the wine using S. commune 

mycelium was compared with BHT and L-

ascorbic acid standard of 84.40% and 83.80% 

respectively. Using of P. sajor-caju (Fr.) 

Sing. obtained as 13.21% and 21.81%, and 

the grape juice showed the lowest of 1.74% 

and 14.37% respectively (Fig. 3a,b). 
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Figure 3 DPPH scavenging activity had compared 

to BHT (a), and L-ascorbic acid standard (b) of 

grape juce (1), the wine using P. sajor-caju (Fr.) 

Sing. (2), and the wine using S. commune mycelium 

(3)   

4. Disscussion

The specific activity of alcohol 

dehydrogenase (ADH) in cell-free extract of 

two mushrooms species, P. sajor-caju (Fr.) 

Sing. and S. commune, were highest in first 

subculture, which was stronger than the 

second and third subculture. In addition, the 

mycelium of S. commune had the higher  

ADH activity than P. sajor-caju (Fr.) Sing. It 

is accepted from the reports in literatures that 

some genera mushrooms such as Pleurotus 

ostreatus, Flammulina velutipes and Agaricus 

blazei produce alcohol dehydrogenase 

(Okamura, et al., (2001). However, the 

activity of ADH obtained in both species of 

mushrooms were still less than the control 

(353.7 unit/mg protein;  Table 1).  

 The wine produced from P. sajor-

caju (Fr.) Sing. mycelium showed low 

alcohol because they had low ADH activity 

which change acetaldehyde to alcohol in 

glycolysis pathway. Moreover, the 

inappropriated conditions in fermentation 

may affect to the activity of enzymes 

resulting less alcohol production ability. 

Some alcohol may be used in the growth of 

mycelium or may be evaporated. The wine 

from mycelium of S. commune had the highest 

alcohol content on 4
th
 week. However, alcohol 

content has increased during two weeks and 

remained stable in three and four weeks. It shows 

that during the second week of fermentation 

is the best period for the enzyme activity 

studies and can be used as a basic knowledge 

for further optimization studies. 

The wine using mycelium of S. 

commune exhibited the stronger radical-

scavenging activity in the DPPH than the 

wine using mycelium of P. sajor-caju (Fr.) 

Sing. and grape juice. It showed that the wine 

production by mycelium of S. commune had a 

good ability to neutralize free radicals.  

5. Conclusion

In general, the conversion of carbohydrate 

into ethanol requires the action of alcohol 

dehydrogenase produced by the yeast S. 

cerevisiae during ethanol production, and 

therefore S. cerevisiae has traditionally been 

used to make alcoholic beverages such as 

wine, beer and sake. However, in this study, 

wine was produced by using mycelium of 

mushrooms instead of yeast because they also 

have alcohol dehydrogenase activity. S. 

commune was more suitable for wine 

production than P. sajor-caju (Fr.) Sing. 

because it have a high alcohol dehydrogenase 

activity, alcohol content and antioxidant 

activity.  
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Abstract 

Among aromatic compounds, phenol is 

known as a common constituent of soil and 

wastes contaminated from many industries 

including oil refineries, pharmaceutical, 

petroleum, textiles and coal refining etc. The 

toxicity of phenol causes negative effects to 

human, environment, fauna and aquatic 

organisms. Several studies have been done 

to find the promissing bacteria for the 

biodegradation of phenol. Therefore, 

isolation, selection and identification 

bacterial strains capable of degrading phenol 

to form the basis of an environmental 

cleaning solution by biological methods is 

an urgent need. In this study, soils 

contaminated with gasoline from Cantho 

city, Vinh Long, Tra Vinh and Soc Trang 

provinces were collected. The bacterial 

strains were isolated in MSB medium 

(Minerral Basal Salts) with phenol as sole 

source of carbon. The result showed that 

thirty seven bacterial strains capaple of 

degrading phenol were isolated from soil 

and waste water in Tra Vinh, Vinh Long, 

Can Tho and Soc Trang provinces. Among 

them, 35 strains were rod shape, 2 trains 

were globular shape; 34/37 strains were 

motile, 3/37 strains were not motile; 29/37 

trains were gram negative, 8/37 trains were 

gram positive. P3, P10 and P36 could 

degrade phenol the best. After seven days in 

the medium containing 0.5 g/L of phenol, 

P3, P10 and P36 could degrade phenol at 

39.8%, 95.2% and 83.2%, respectively. 

Strain P3 could synthesize amylase, 

cellulase and lipase while strains P10 and 

P36 could synthesize cellulase, lipase and 

protease. The results of 16S rRNA 

sequencing analysis showed that P3 strain 

was Peanibacillus sp. and P10 and P36 were 

Rhodococcus sp. 

Keywords: Biodegradation, Paenibacillus 

sp., phenol-degrading bacteria, Rhodococcus 

sp., 16S rRNA. 

1. Introduction

World population is increasing rapidly. To 

meet the requirement of food for the world, 

many industrial zones have been increased 

in developing countries. As a result, solid 

and liquid waste were big concerns because 

the chemical treatment, a cheap and easy 

method, also causes environmental pollution 

especially the groundwater. The most 

popular substances which cause 

environmental pollution including organic 

solvent, detergent, chemical, insecticides, 

aromatic compound (Bahnemann, 2014; 

Vidal, 1998). One of these toxic substances 

is phenol. Phenol is a very difficult 

substance for the biodegradation since it has 

an aromatic ring. According to Vietnamese 

standard TCVN-5945.2005, the limited 
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amount of phenol in wastewater should not 

be higher than 1 mg/L. Unfortunately, the 

amount of phenol in wastewater from 

industrial zones is sometimes about 10-300 

mg/L. Several studies showed that the 

biodegradation of phenol is a promising 

method because it has many benefits such as 

cheap, easy to apply at natural conditions, 

safety, and did not affect environmental 

conditions. Therefore, isolation and 

selection of good bacterial strains for the 

biodegradation of polluted phenol was 

needed. 

2. Materials and methods

2.1. Isolation of bacterial strains 

Soil samples and wastewater samples 

containing phenol source were collected 

from Cantho, Vinh Long, Tra Vinh and Soc 

Trang provinces, Vietnam. Mineral Salts 

Basal (MSB) medium was used for the 

isolation of phenol degrading bacteria (Na et 

al., 2005). 

Incubated 5 g of soil sample (or 5 ml of 

wastewater) with 20 ml of MSB medium in 

50 mL glass bottle. A small tube containing 

pure phenol (an only carbon source for 

bacteria) was kept in this bottle for the 

evaporation of phenol during incubation 

time at 45
o
C. After 1 week, 1 ml of the

incubated soil or wastewater ssuspension 

was transferred to another bottle containing 

5 ml of MSB medium and 2.5 ml phenol, 

were mixed thoroughly before incubating it 

on a shaker at 120 rpm at 45
o
C. After 5

days, this suspension was diluted into a 

series and streaked on MSB agar, incubated 

at 45
o
C with a tube of pure phenol were put

inside the incubator as a carbon source for 

bacteria. Careful selecting bacterial colonies 

appeared on MSB agar and isolating them 

until getting pure bacterial cultures (Na et 

al., 2005; Faizal et al., 2005). Morphology 

of bacterial colonies was determined. 

Bacterial cells were also observed and Gram 

stain of bacterial culture were carried out. 

2.2. Enzyme tests of bacterial cultures 

For protease test, MSB agar medium con 

taining skim milk (2%) was used. Bacteria 

were cultured in LB broth overnight and 5 

µl of the bacterial suspension were placed 

on the agar plate and incubated at 45
o
C.

Clear zone around the colony was measured 

after 1,2,3 days. For cellulase test, 0.2% 

CMC was added to the MSB agar medium. 

Bacteria was prepared as in protease test. 

After 2-3 days incubation at 45
o
C iodine

solution  was spread over the agar surface 

and clear zone around the colony was 

measured. For lipase test, 2% soybean oil 

was added to MSB broth and bacteria 

suspension was incubated and put on shaker 

at 120 rpm at 45
o
C and optical density (600

nm) of the bacterial suspension was 

recorded after 3 days. For amylase test, 

starch (2%) was added to MSM agar 

medium. Bacterial suspension was prepared 

as mentioned in protease test. 5µl of the 

bacterial suspension was placed on the agar 

plate and incubated at 45
o
C. After 2-3 days

incubation, iodine solution was spread over 

the agar surface and clear zone around the 

colony was measured. Amylase synthesized 

by bacteria hydrolysed the starch in medium 

and residue starch interacted with iodine and 

the compound had the blue black color 

(Hiep and Kato, 2010). 

2.3.The growth of selected bacteria 

strains in medium containing various 

concentrations of phenol 

The experiment had 7 treatments including 

control without phenol and 6 treatments 

added 0.25, 0.5, 0.75, 1.00, 1.25 and 1.50 

g/L phenol to MSB medium. Five hundred 

µl of bacterial suspension grown overnight 

was added to tubes containing 4.5 ml MSB 

medium and it was put on shaker 120 rpm at 
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45
o
C for 9 days and viable count of bacteria 

strains was determined. 

2.4. The capacity of degrading phenol of 

selected bacterial strains 
 

Selected bacterial strains were used to test 

the capacity of degrading phenol. The 

concentration of phenol was chosen from the 

previous experiment (the appropriate 

concentration of phenol for good growth of 

bacterial strains). Bacterial suspension of 

each selected strain (1%) was added to the 

MSB liquid medium and incubated on 

shaker at 120 rpm at 45
o
C. Samples were 

taken at days 0,1,2,3,4,5,6,7 and optical 

density (OD 600 nm) of the suspension was 

measured and the amount of phenol 

remained in medium was measured using 

Folin-Ciocalteu reagent (Waterman and 

Mole, 1994). 

2.5. Identification of bacterial strains 

Bacterial strains were identified by molcular 

biology method based on the sequencing of 

16SrRNA (Lane et al. 1991). 

2.6. Data analysis 

Data of the experiment were analysed using 

Statgraphics Version 15.1 software. 

3. Results and discussions 

3.1. Isolation of phenol degrading 

bacteria 
 

Thirty seven bacterial strains were isolated 

from 13 samples of soil and wastewater. The 

colonies had round shape, entire or undulate 

margin, flat, raised or convex elevation, 

opaque white or translucent white color. 

Among them, 35 strains were rod shape, 2 

trains were globular shape; 34/37 strains 

were motile, 3/37 strains were not motile; 

29/37 trains were gram negative, 8/37 trains 

were gram positive. 

3.2. Preliminary test of capacity of 

growing of bacterial strains in medium 

containing up to 0.5 g/L of phenol. 

Among 37 isolated strains, strains P3, P10 

and P36 could grow the best in the medium 

containing 0.5 g/L phenol. So these three 

strains were used for next experiments.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3. The results of enzyme test 

Protease test 

Fig. 1. Clear zone of bacterial strains after 3 days 
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After 3 days, strains P10 and P36 synthesize 

protease higher than strain P3 (Fig.1). 

Lipase test 

All three strains tested could use lipid of 

soybean oil as sole carbon source, especially 

strain P36 could use lipid the best based on 

the optical density (OD 600 nm) of bacterial 

suspension. Besides, the capacity of using 

lipid  was also recognized by the reduction 

 of lipd in the medium.

 

 

 

 

 

 

 

 

 

Fig. 2. Optical density (600 nm) of bacterial cell suspension containing lipid 

Amylase test 

Among 3 selected strains, strain P3 could produce amylase and two strains P10 and P36 could 

not produce amylase (Fig. 3) 

 

 

 

 

 

 

 

 

 

                  Fig. 3. The capacity of producing amylase of three tested strains 

Cellulase test 

 

All tested strains could produce cellulase (Fig. 4). Strain P36 was the best strain which could 

produce cellulase and the clear zone around the colony was the highest (2.5 cm). 

 

 

 

 

 

 

 

 

 

Fig.4. The capacity of bacterial strains in producing cellulase and created clear zone around the 

colonies after 3 days. 
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3.4.The growth of bacterial strains in 

medium containing various 

concentrations of phenol 

The results showed that P3, P10 and P36 

strains grew well in medium containing 0.5 

g/L phenol. Especially, P3 strain had   the 

highest viable number at day 5 (Table 1). 

The results from this study also showed that 

P3 strain could not degrade phenol at the 

concentration of more than 0.5 g/L. 

   

Table 1. The growth of strain P3 in medium containing various concentration of phenol (Log 

CFU/mL). 

Treatments
 

D0 D1 D3 D5 D7 D9 

NT1 3,96
bc 

4,36
g 

4,73
d 

3,8
b 

1,05
a 

0,12
a 

NT2 3,96
bc 

4,17
f 

4,85
d 

5,38
d 

4,4
d 

3,23
d 

NT3 3,94
ab 

3,96
e 

6,18
f 

6,68
f 

6,11
f 

5,7
e 

NT4 3,93
a 

3,82
d 

5,67
e 

5,94
e 

4,96
e 

3,33
d 

NT5 3,97
c 

3,7
c 

3,9
c 

4,06
c 

2,75
c 

1,6
c 

NT6 3,94
ab 

3,23
b 

3,53
b 

3,58
b 

2,08
b 

1,07
b 

NT7 3,95
abc 

2,61
a 

2,24
a 

1,85
a 

1,07
a 

0,21
a 

 

Notes: NT1: 0 g/L phenol; NT2: 0,25 g/L phenol; NT3: 0,5 g/L phenol; NT4: 0,75 g/L phenol; NT5:1 g/L phenol; 

NT6: 1,25 g/L phenol; NT7: 1,5 g/L phenol. Average followed by the same letter in the same column expressed the 

difference was not significant at Duncan test 5%. 

 

3.5. The capacity of degrading phenol of 

bacterial strains in medium 

P3 strain could degrade phenol and used the 

energy from this reaction for cell growth 

(Fig.5). The same phenomenon also found in 

strain P10 (Fig.6) and P36 (Fig.7). After 7 

days, strain P3 could degrade phenol up to 

39.8% (beginning concentration of 500 mg/l 

of phenol). While strains P10 and P36 could 

degrade better than P3 with 95.2% and 

83.2% of phenol degradation, respectively. 

3.6. The identification of promising 

strains  

The result from 16SrRNA sequencing 

showed that strains P3, P10 and P36 were 

identified as Paenibacillus sp, Rhodococcus 

sp and Rhodococcus sp, respectively (Table 

2). According to Shail et al., (2009), 

Paenibacillus sp. could degrade 53.68% of 

phenol in case 1% of glucose was added to 

MSM medium. In the sudy of Chandra et 

al., (2011), P. thiaminolyticus could degrade 

51.72 % phenol in medium containing 700 

ppm after 144 hour of incubation if 1% of 

glucose was added to MSM medium. 

Mohammad and Narjes (2011) showed that 

R. erythropolis SKO -1 could degrade up to 

99.64% of medium containing 1 g/L phenol. 

Three promising bacterial strains could be 

used for treating of phenol contaminated to 

the environment at the concentration of 0.5 

g/L

. 
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3.6. The identification of promising 

strains 

The result from 16SrRNA sequencing 

showed that strains P3, P10 and P36 were 

identified as Paenibacillus, Rhodococcus 

and Rhodococcus, respectively (Table 2). 

According to Shail et al., (2009), 

Paenibacillus sp. could degrade 53.68% of 

phenol in case 1% of glucose was added to 

MSM medium. In the sudy of Chandra et 

al., (2011), P. thiaminolyticus could degrade 

51.72 % phenol in medium containing 700 

mg/L phenol after 144 hour of incubation if 

1% of glucose was added to MSM medium. 

Mohammad and Narjes (2011) showed that 

R. erythropolis SKO -1 could degrade up to 

99.64% of medium containing 1 g/L phenol. 

Three promising bacterial strains obtained in 

this study could be used for treating of 

phenol contaminated to the environment at 

the concentration of 0.5 g/L.  

Fig. 5. Phenol degradation and growth of 

strain P3 in MSB medium containing 0.5 g/L 

phenol 

 

Fig. 6. Phenol degradation and growth of 

strain P10 in MSB medium containing 0.5 g/L 

phenol 

 

Fig.7.  Phenol degradation and growth of 

strain P36 in MSB medium containing 0.5 g/L 

phenol 
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            Table 2. Identification of three promising strains 

Strains Identification Identity (%) Accession 

P3 Paenibacillus sp  97 EU977789.2 

P10 Rhodococcus sp. 99 AB682681.1 

P36 Rhodococcus sp. 95 HE820276.1 

 
4. Conclusions and suggestions 

4.1. Conclusions 

Thirty seven bacterial strains which could 

degrade phenol were isolated. Some of them 

could produce protease, amylase, cellulase 

and lipase. These characteristics are valuable 

for industrial application. Three promising 

strains P3, P10 and P36 could degrade 

phenol at the concentration 0.5 g/L. 

4.2. Suggestion 

Several studies should be done to find 

appropriate conditions for the best 

biodegradation of phenol by promising 

strains from the study. 
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Abstract 

Spa is an innovative and modern trend for 

people life style to comfort their health; 

however, it is still a new practice for some 

countries in this 21 century; whereas 

Cambodia is one those countries. The aim of 

this study was to identify the key factors 

which influence the consumer’s attitude of 

using Spa service in Phnom Penh, Cambodia. 

There are 400 samples of spa consumers were 

collected by using questionnaires for data 

processing and analysis through SPSS 20.  

The result of this study was identified that 

health, releasing stress, beauty (skin and 

appearance), knowledge, word of mouth, 

consumers’ occupation and in-come are the 

main factors which influence the consumers’ 

attitude of using spa service. Moreover, this 

study has also shown that in Cambodia not 

only females who are spa service consumers 

but metro sexual group who also have 

purchasing power to spa services. 

Keywords: consumer’s attitude, spa, day spa. 

1. Introduction

Spa comes from the Latin "Sanus Per 

Aquam" or "Sanitas Per Aqua" which means 

that health hydrotherapy or health care use 

water, spa is an approach that can help reduce 

stress, maintain healthy lifestyles, treat, and 

maintain a finest health as blooming(1-3).  

The global Spa industry has been rapidly 

growing day by day because of the changing 

of human life style, age, income, belief, 

especially their health care. By providing 

great service, it allows spa industry to 

increase from $60 billion in 2007 to $94  

billion in 2013 that equally increase to 7.7% 

annually. In the meantime, not only revenue 

has been increasing but spa employment has 

been also increasing from 1.2 million to more 

than 1.9 million people .This already shows 

that spa business is booming.  However, Asia 

has the region of spa larger than Europe but 

revenue less than Europe (4). Thus, quality of 

service and marketing strategy should be 

concerned to meet the consumer need and 

satisfaction.   

Asian Economic Community (AEC) will be 

opened in 2015 and there are totally about 

600 million populations in Asian and it will 

be a great opportunities for all countries. For 

instance, it will be easily to move the goods 

and services in boundary and the tourism will 

become more and more popular for all Asian 

travelers that will be crowded by new visitors 

(5). Taking this opportunity, spa service is 

very closely related to tourism that is very 

profitable to run spa business. Nowadays, 

human life style is also changed; they start to 

think and take care of their health. There are 

many different ways to take care of their 

health like using health care service center 

and the performing a gradually significant 

role in their daily life is mainly Spa (6). 

Although, health care is considered to be 

important for their daily life but it also is 

depend on some effected factors like region, 

education, job, income and so on. Noticeably, 

the people living in high society are 

potentially taking care of their health (7).  

Cambodian culture and tradition have had a 

rich variable history dating back many 
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centuries. Over the years, Cambodian 

developed a set of unique tradition from the 

syncretism of indigenous Buddhism and 

Hinduism (8). Cambodia is a developing 

country, but Cambodian GDP has been 

growing every year since 1993 and by it 

already increased 7.20% by year 2013 (9). It 

is high chance to grow spa business in 

Cambodia. However spa in Cambodia still 

has small number comparing to the other 

countries in Asian such as Thailand and 

Indonesia, but it is highly competitive in 

commercial sector that allows all business 

owners to explore strategies to attract 

customers. The successful keys to gain 

consumers depend on how to make them feel 

satisfied our products and services (7). Spa is 

a new and modern trend for people’s habit to 

take care their health while it still seems new 

to Cambodian people for 20 century. By the 

above reasons, doing the right marketing 

strategies and tools are playing as key 

important role to penetrate new products or 

services into a very competitive market 

nowadays by increasing demand. The 

company opportunity is more strongly 

associated with the social responsible 

activities (10). 

 

So far, there has been little research on 

customer-spa relationships published in 

Cambodia, thus resulting in a pile of doubts 

about what the factors which affect to spa 

service purchasing. So author would like to 

gain data by this research from the topic of 

“Factors Influences the Consumers’ Attitude 

of Using Spa Service in Phnom Penh, 

Cambodia” which defined the objective of 

study  was to identify the key factors which 

influence the consumer’s attitude of using 

Spa service in Phnom Penh, Cambodia. 

 

2. Methodology 

 

The research paper established to identify the 

key factors which influence the consumer’s 

attitude of using Spa service in Phnom Penh, 

Cambodia. To achieves objectives above the 

researcher following research methodology. 

 

2.1 Questionnaire and Data analysis   

 

Questionnaire was developed for data 

collection in purpose to get accuracy 

information and provide respondent 

convenience. The questionnaire has managed 

by researcher by using face to face 

questionnaire survey. The research was 

approved for exemption by Khon Kaen 

University Ethics Committee for Human 

Research in 22 April, 2015, under the Project

number HE582103. The study used Statistical 

Package for the Social Sciences (SPSS) 

program to analyze to obtain credible results. 

The results of the study have described in 

terms of percentages using tables to present 

the findings 

 

2.2 Procedure of data collection 

 

The questionnaire technique was used for 400 

spa consumers in Phnom Penh capital city, 

Cambodia. The respondents’ convenience 

approach has been used to facilitate 

convenience for respondents. The specific 

places which can find them were the mall, 

super market, private company, and seven spa 

shops in Phnom Penh. Sample criteria must 

people have 20-39 of age, Cambodian citizen, 

and experienced with spa service (day spa). 

 

3. Finding and Discussion 

 

3.1 Respondents Demographic 

 

For part demographic (Table 1) through the 

data received from the target consumers, 

research has shown that female consumers 

have purchased spa service less than the male 

consumers as male consumers’ percentage 

group accounted for 56.5%, while female 

accounted for 43.5%, despite the results, 

including the percentage of consumers are 

male outnumber female but when examined 

between the age of the individual researchers 

observed that women consumers in the age 

range 20-24 years and 25-29 years are more 

than male consumers. Hence, can explain that 

man attention and figure out health care, skin 
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/ beauty and release stress from anxiety than 

women when their age into 30 years. 

 

 

Table 1 Age and Gender of the respondents 

 

GENDER TOTAL (%) 
NUMBER OF RESPONDANTS (%)  

20-24 years old 25-29 years old 30-34 years old 35-39 years old 

Male 
56.5% 

(226) 

43.2% 

(35) 

48.9% 

(69) 

64% 

73 

76.6% 

(49) 

Female 
43.5% 

(174) 

56.8% 

(46) 

51.1% 

(72) 

36% 

(41) 

23.4% 

(15) 

Total 
100% 

(400) 

100% 

(81) 

100% 

(141) 

100% 

(114) 

100% 

(64) 

 

contrary to male consumers, female group 

between the ages of 20 to 29 years their 

attention maintenance health beauty / skin 

and releases stress concern than men, result 

from the consumers, women aged 30 years 

they have many obligation have to 

responsible for, or can be caused by thinking 

on social concept which said that married or 

older women should not pay attention 

maintenance skin and makeup too much. 

Totally, this research found that the 

Metrosexual group has more than female 

group especially in the age 30 years old up. 

 

Male consumers group used spa services in 

this study can call that "Metrosexual". To 

find out more clearly related to the 

metrosexual. Researcher would like to 

explain the meaning of the term 

Metrosexual, based on Panadis and 

Phongvivat (3) has defined that metrosexual 

is the group of men who pay attention to 

their appearance; they always take care of 

their health. Generally, this emotional and 

focused on health care and beauty, 

especially their appearance more than other 

men, and most of them live or work in the 

big cities. The maintenance on a personal 

appearance by keeping skin beautiful and 

fashionable clothes as modern is a favorites 

Metrosexual. Based on Panadis and 

Phongvivat (3) found that Metrosexual 

group have less than female customers’ 

group in spa service purchasing. Female 

group is the core market of the spa industry, 

while percentage of men which are seeking 

for spa therapy is increasing (2) (Table1). 

 

 

 
Table 2 Respondents Demographic 

 Respondents 

Demographic  

Persons % 

Education Not graduate 

High school 

2 0.50 

 High School 30 7.50 

 Undergraduate 230 57.50 

 Master 127 31.75 

 Doctoral 11 2.75 

Occupation Student 18 4.50 

 Business 

Owner 

79 19.75 

 Private 

company 

employee 

194 48.50 

 Government 

Official  

62 15.50 

 Organization 47 11.75 

Marital status Single 201 50.25 

 Married 184 46.00 

 Divorced 15 3.75 

Income/month 200-350 $ 85 21.25 

 351-550 $ 129 32.25 

 551-750 $ 79 19.75 

 751-900 $ 58 14.50 

 > 900 $ 49 12.25 
    

 

From income's target customers, the 

researchers can assume a fact income; 

respondents have income from 351 to 550 $ 

per month the most, equivalent to 32.3% and 

most of the respondents are single which 

accounts for 50% and most of them 

graduated bachelor degree 57.5%. Panadis 

and Phongvivat (3) showed that most single 

customers can have time to use the spa 

service much than customers who have a 

family, or divorce because single customers 

they will purchase servcie after completing 

their studies, work or dialy business. 

Moreover, Married consumer they have to 
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spent part of their time to take care of family 

or complete other remain work. For this 

study, also showed results similar to the 

findings of the Panadis and Phongvivat (3) 

as well, consumers purchase spa service in 

Cambodia were single the most may 

because of they have time after work or 

study, which differs from group consumers 

who have a family. However, there are also 

consumers who have families, and divorced 

still purchase spa service, but less than 

single consumers group. Based on the 

survey result shown that type of occupation 

that purchased spa service the most were 

private company employee (48.5%) and 

owned business (19.8%). Cause of stress 

may lead that both occupations need to 

release them off. They can get pressure from 

their boss or business partners in any time so 

they have to find the ways to dissolve a 

relentless pressure from them. Okech (2) 

Found that spa is an approach that can help 

reduce stress, maintain healthy lifestyles, 

treat, and maintain a finest health. 

Additionally, the people living in high 

society are potentially taking care of their 

health (7). According to Yesspathailand (1) 

the spa has been changed its meaning to 

relaxation in natural atmospheres, by using 

water as the main fundamental, uniting other 

natural therapeutic methods such as 

massages and aromatherapy together with 

chemical-free ingredients. As the reasons 

above spa very suitable for private company 

employees and owned business groups to 

release their stress and build up their health 

as well. 

 

3.2 Consumers’ Attitude 

 

Based on the results of the study showed 

that the target consumers mostly receive 

guidance to use the service spas from their 

friends 39.7%, followed by personal 

experience amounted to 24.81%, the family 

17.9%, sales spa staff 11.7%, the group 

famous 5.8%, and other 0.2% subsequantly. 

Through data obtained above, researcher 

observed that the most consumers are 

received information about the spa through 

their friend, followed by the family, that can 

be explained that friends and family are 

powerful to consumers, thus sharing 

information about the spa can be both good 

and bad, hence if the experience that 

consumers experienced in good then they 

will share to people who they known such as 

friends and family, which sometimes can be 

a group of new customers for the spa 

service. Based Panadis and Phongvivat (3) 

Thai people have traditionally scared to try 

something new if it does not have an 

instructions, and who influence in the 

guidance or share experiences recently is 

only friends which is the best network in 

persuade new customer to try spa service. 

 

The results of the study on media influence 

in inducing spa service strongest is word of 

mouth. Obviously, such as the sharing of 

information through friends, they may tell to 

friends or people who know them from 

experience that they have with the spa. They 

always shared what they had to do with 

health, relief from stress, and to make their 

friends try to have experience as them. 

According to Panadis and Phongvivat (3) 

defined process above "Create Buzz", that 

means something that creates unrest and 

encouragement. Based on Evans M and 

others (11) people which in search for 

positive motivation, positive humoral, 

preference, satisfaction, intellectual 

inspiration, social support and good things. 

Buzz or Words of mouth is the best way to 

increase the purchase of spa services to 

attract new customers by sharing 

experiences and convince their relative to 

use spa services. Moreover,people always 

have internal motivation connect to Instinct, 

needs, and psychologicalthey (3). So they 

will talked about their good experiences and 

service satisfaction to those near them such 

as friends, family, etc. 

 

According to result of survey described that 

the most reason which Cambodian 

customers purchase spa service are in the 

way to get healthy equal 42.75% the most, 

next by 32.3% was relaxation, 20.3% for 
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skin and beauty reason, and 4.8% of lose 

weight reason and there have not  for others 

reason individually. As the result above 

researcher can assume that the objective get 

the most interesting is healthy. Currently, 

people have changed the habit of living 

follow an evolution of social more work 

more pressure increasingly happen. So they 

have to find the ways to reduce pressure and 

maintain their health as well. Hence, the 

solution for health care as well as, releasing 

stress, skin care only use of the spa services, 

which is the best choice for spa customers in 

the Phnom Penh, Cambodia. Okech (2) has 

been defined definition of spa that spa is an 

approach that can help reduce stress, 

maintain healthy lifestyles, treat, and 

maintain a finest health. Khamanarong Y 

and others (7) found out that everybody 

wants to be healthy and beautiful that is why 

they are looking for high quality services 

and products to use. As mention above 

nowadays people lifestyle changed they 

have focus and take care of their health. 

There are many different ways to take care 

of their health like using health care service 

center and the performing a gradually 

significant role in their daily life is mainly 

spa (6). The health benefits of spa therapy 

are significant and visiting spa can improve 

health (12). 

 

Based on the research result shown that 

most consumers of total respondents spent 

5-10$ for purchase spa service per time 

which reach 44.8%, next by 44.3% of 

amount 11-15$ per time. So totally, most 

customers spend money to buy the spa 

service 5 to $ 10 per time but if compare to 

the percentage of customers who spend 

between 11 to 15 dollars at a time is also not 

isolated from first customer groups through 

these factors can be analyzed that if the 

income of the clients were low, they also 

spent in limited, but if they have a high 

income, they can purchase spa services in 

high cost too (Table 3).  

 
 

Table 3 Consumers’ Attitude 

 Consumers’ 

Attitude 

Persons % 

Influencer Own Experience 132 24.81 

 Friend 211 39.66 

 Family 95 17.86 

 Spa staff 62 11.65 

 Reference Group 31 5.83 

 Other 1 0.19 

Media Word of mouth  266 44.48 

 News paper 55 9.20 

 Television 104 17.39 

 Internet 128 21.40 

 Magazine  41 6.86 

 Other 4 0.67 

Main Objective  Healthy 171 42.75 

 Relaxation 129 32.25 
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 Skin/beauty  81 20.25 

 Lost weight  19 4.75 

Spa payment/time 5-10 $ 179 44.75 

 11-15 $ 177 44.25 

 16-20 $ 34 8.50 

 More than 20 $ 10 2.50 

    

4. Conclusion 

 

The aim of this study was to identify the 

key factors which influence the 

consumer’s attitude of using Spa service 

in Phnom Penh, Cambodia. From the 

above results, following findings and 

conclusion is drawn. It is concluded that 

most consumers attention and concern for 

health, stress release, skin / beauty and 

appearance, most of spa consumers have 

the knowledge about how to take care of 

their health in comfortable lifestyle 

habits, creating buzz or word of mouth is 

the best way to increase the purchasing of 

spa services by attracting new consumers 

through sharing experiences and convince 

their relative to try spa servcie as the way 

they done, consumers’ occupation  and 

in-come were also influent the consumers 

’attitude of using spa service, especially, 

spa consumers not only females are the 

main consumers but group metro sexual 

consumers are interesting in spa service 

purchasing also. Hence, it is concluded 

that health, releasing stress, beauty (skin 

and appearance), knowledge, word of 

mouth, consumers’ occupation and in-

come are the main factors which 

influence consumers’ attitude of using spa 

service. Keeping the findings of this 

research it is very obvious that the spa 

shop should create the strategies to keep 

existing spa consumer and catch new 

consumers by using factors above are the 

key strategies. Moreover, spa service in 

Cambodia not only females who are spa 

service consumers but metro sexual group 

who also have purchasing power to spa 

services.  
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Abstract 

The aim of this work was to preliminary develop 

a coffee pulp extract- incorporated chitosan film. 

Coffee pulp (CP) was obtained from Doi Chaang 

Original Co. Ltd, Chiang Rai, Thailand. The CP 

was extracted with distilled water at the CP-to-

distilled water ratio of 1:2, and then the mixture 

was filtered, centrifuged and dried by freeze 

drying to obtain the dried coffee pulp extract 

powder (CPE). Chitosan (CH) film incorporated 

with various concentrations of CPE (0-1.0 % 

w/v) was prepared by casting method and dried 

at different temperatures (ambient, 30 and 40 
o
C). The antimicrobial activity of the films 

against some potent foodborne microorganisms 

(Bacillus cereus KCCM 40133, B. subtilis 

KCCM 11316, Escherichia coli KCCM 21052 

and Pseudomonas fluorescence KCCM 11362) 

was evaluated by disc diffusion method. The 

antioxidant activity (DPPH assay) and physical 

properties (water vapor permeability (WVP), 

solubility and color (L*, a* and b*) of the film 

were determined. There was no inhibitory effect 

observed when the CH film without CPE was 

tested by disc diffusion method. The 

antimicrobial and antioxidant activities of the 

CPE-CH films significantly increased with the 

increasing CPE concentration (p≤0.05). The 

WVP and solubility of the CH film without the 

CPE was higher than those of the CPE-CH film. 

With the increasing CPE concentration in the 

CH matrix, the WVP and solubility of the CPE-

CH film significantly decreased (p≤0.05). These 

results indicate that the CPE-CH film could be 

applied as an antimicrobial and antioxidant food 

packaging. 

Keywords: active packaging, by-product, 

edible film, natural extract 

Introduction 

Microbial contamination is one of the most 

important concerns in the food industry. It can 

cause foodborne diseases, and consequently 

economic losses (1, 2). Packaging is reported to 

help reducing microbial contamination, 

particularly the antimicrobial (AM) packaging 

(3, 4). AM packaging is an active packaging 

which is usually produced in a form of edible 

film. The film is normally composed of film 

forming material, plasticizer and active agent. 

The film composition will be varied depending 

on the purpose of application (5, 6). The 

antimicrobial agents which are incorporated into 

the packaging to develop the AM packaging 

include weak organic acids, enzymes, 

bacteriocins and natural extracts (7-9). As a 

result of the health concerns nowadays of the 

consumers, natural existing AM compounds are 

increasingly popular and substituted the 

synthetic ones (10, 11). Those natural AM 

compounds include the compounds from animal, 

plant and microorganisms, such as anthocyanin, 

caffeine, epicatechin, tannins, lactoperoxidase 

system, lysozyme, nisin, natamycin, etc. (7-9, 

12, 13). Chitosan, a promising antimicrobial 

agent, is a cationic polysaccharide obtained from 

deacetylation of chitin, which is the major 

organic constituent of exoskeleton of crustaceans 

(11, 14). It was reported to be the most 

promising candidate as the film forming material 

(15, 16). Coffee pulp (CP) was reported as a 

potential source of phytochemicals having 

antimicrobial and antioxidant effects (17, 18). 

Those compounds are flavan-3-ols, caffeine, 

chlorogenic acid, hydroxycinnamic acid, 

anthocyanidins, tannins etc. (19-21). Wang et al. 

(22) reported that the phenolic compounds 

affected the microbial membrane causing 
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structural and functional damage. This work, 

therefore, was aimed to exploit the CP 

antimicrobial activity, for the first time, to 

develop the antioxidant and antimicrobial CH 

film in order to pave the way of using these AM 

packaging to reduce the microbial contamination 

in food products.  

 

1. Materials and Methods 

1.1 Coffee Pulp 

Arabica coffee (Coffea arabica L.) pulp was 

obtained from Doi Chaang Original Co. Ltd. 

in Chiang Rai, Thailand in January 2014 and 

kept at -40
 o
C until used.  

1.2 Sample Preparation 

The coffee pulp (CP) was blended with 

distilled water at the CP-to-distilled water 

ratio of 1:2 and then the mixture was filtered 

and centrifuged at 10,000 rpm for 5 min at 4 
o
C. The supernatant was collected and further 

dried by freeze drying. The dried coffee pulp 

extract (CPE) was used for proximal analysis 

and kept at -40 
o
C for further analysis. 

1.3 Chemicals  

All reagents were analytical grade. 2-2-

diphenyl-1-picrryl-hydrazyl (DPPH) and 

chitosan were purchased from Sigma-Aldrich 

Co. Ltd., Germany.  

1.4 Preparation of Films 

Chitosan (CH) was used as a film forming 

material in this work. The CH film suspension 

(150 mL) was prepared according to Sun et al. 

(23) with some modifications. Briefly, the CPE 

(0, 0.5, 0.75 and 1.0 % w/v) was dissolved in 

150 mL of 1% acetic acid and stirred for 30 min. 

Then, CH powder (3 g) was added and mixed 

well. The mixture was stirred for 1 hr or until 

clear solution was obtained. After that, glycerol 

(0.90 g) was added to the film solution and 

mixed well. The film solution was casted onto a 

Teflon plate (22 × 29 cm
2
) and allowed to dry at 

ambient temperature,   30 
o
C and 40 

o
C. The film 

was kept at 25 
o
C, 50 ± 5 % relative humidity for 

at least 48 hr before further testing. 

1.5 Bacterial Suspension Preparation 

Bacterial cell suspension for antimicrobial testing 

was prepared by re-suspending the active culture 

in normal saline to the 0.5 McFarland turbidity 

standards which is equivalent to the bacterial 

suspension of   1.5  10
8
 CFU/mL (24). 

1.6   Disc Diffusion Assay 

The disc diffusion method was conducted 

according to the National Committee for Clinical 

Laboratory Standard (25) to evaluate the 

antimicrobial activity of the film. Within 15 min 

after adjusting the turbidity of a bacterial 

suspension, a sterile cotton swab was dipped into 

the suspension and swabbed on Mueller-Hinton 

Agar (MHA). The CH or CPE-CH film was cut 

using a sterile paper puncher (6.0 mm diameter), 

then the film was placed onto the microbial lawn 

together with tetracycline (30 µg/mL) as a 

positive control and sterile distilled water as a 

negative control. The plate was incubated at 37 
o
C for 24 hr. Then, the inhibition zone was 

determined and recorded (mm). 

1.7 DPPH Radical Scavenging Activity 

(DPPH) 

DPPH radical scavenging activity of the film 

was determined as described by Brand-Williams 

et al. (26) with some modifications. The dry film 

(0.2500 g) was soaked in 15 mL distilled water 

for 24 hr and extracted (Siripatrawan & Harte, 

2010). The extract (3 mL) was mixed with 1 mL 

of 1 mM 2, 2-dipheny l-1-picryl hydrazyl 

(DPPH) in 95 % methanol. The mixture was 

mixed vigorously and allowed to stand at room 

temperature in the dark for 30 min. The 

absorbance of the resulting solution was 

determined at the wavelength of 517 nm using a 

UV-spectrophotometer. The blank was prepared 

in the same manner except that 95 % methanol 

was used instead of the DPPH solution. The 

antioxidant activity was calculated after the 

blank subtraction and expressed as scavenging 

activity (%) as shown in the equation (1) below. 
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Scavenging activity (%)=
ADPPH-AS

ADPPH

x 100(1) 

        

Where ADPPH is the absorbance at 517 nm of 

DPPH methanol and AS is the 

absorbance at 517 nm of the sample. 

1.8 Water Vapor Permeability (WVP) 

The WVP of the film was determined 

gravimetrically in triplicate according to the 

ASTM E96-01 method (27). The film was cut to 

a rectangular shape (60  60 mm
2
) and used to 

close an aluminum cup (3.9  3.6  2.3 cm) 

containing 3 g of silica gel. The cup was placed in 

an incubator (50 ± 5 % RH, 25 
o
C) and weighed 

at an hour interval to 8 hr. The weight of the 

aluminum cup vs time was plotted. The slope was 

used to calculate water vapor transmission rate 

(WVTR) using equation (2) in order for WVP 

calculation by equation (3) 

 

WVTR=
Slope

 A
                       (2) 

 

Where, A is the sample area (m
2
).  

              

WVP=
WVTR  T

∆P
                 (3) 

   

Where, T is the thickness of the film (mm) and 

∆P is the partial pressure difference of 

the water vapour across the film. 

1.9 Solubility in Water 

Solubility is defined as the percentage of dry 

matter solubilized after 24 hr of film immersion 

in distilled water with respect to initial dry matter 

(28). The initial dry matter was determined by 

cutting and drying the film in a hot air oven at 

100 
o
C for 24 hr. After that, the film was 

weighed and immersed in 50 mL distilled water, 

shaken at 180 rpm for 24 hr at 25 
o
C, and then 

filtered. The residual film was taken out and 

dried (100 
o
C, 24 hr) to determine the final 

weight of dry matter. The solubility in water 

testing was conducted in triplicate and calculated 

using following the equation (4).  

Solubility=
Initial weight-Final weight

Initial weight
100% (4) 

 

1.10 Color Measurement 

The color of the film was determined with a 

Hunter Lab color meter and expressed as L*, a*, 

and b*. 

1.11 Statistical Analysis 

All tests was conducted in triplicate for verification 

of the results and subjected to analysis of variance 

(ANOVA). A mean composition was carried out by 

Duncan’s multiple range test. Statistical significance 

was set at P-value ≤ 0.05. All data analyses were 

performed using SPSS package (V16). 

2. Results and Discussion 

The color of the CH film containing 1.0 % CPE 

dried at ambient, 30 and 40 
o
C were shown in 

Figure 1. It was found that the film color was 

darken with increasing temperature. The darker 

film might affect the consumer acceptability 

when the film is applied for further experiment 

as an edible film. The film was more brittle 

when the drying temperature increased. 

Therefore, the ambient temperature was used to 

prepare the film for further experiment. The film 

color increased with the increasing concentration 

of CPE in the CH matrix (Figure 2).  

Figure 1 CPE (1% w/v)-CH Film dried at (a) Ambient 

Temperature (b) 30 
o
C and (c) 40 

o
C  

Figure 2 The CH Film Containing CPE at (a) 0 % w/v 

(b) 0.5 % w/v (c) 0.75 % w/v and 1.0 % w/v 
 

(a) (b) (c) 

   

(a) (b) (c) (d) 
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 Table 1 Inhibitory Effect of CPE-CH Film by Disc Diffusion Method

Microorganism 
The CPE concentration (% w/v) 

0 0.5  0.75 1.0  

Gram-positive bacteria       

B. cereus KCCM 40133 NZ 8.33±0.58 
Ca 

10.33±0.58 
Ba 

12.67±0.58 
Aa 

B. subtilis KCCM 11316 NZ NZ
 

9.33±0.58 
Bb 

11.67±0.58 
Aab 

Gram-negative bacteria  
 

 
 

 
 

E. coli KCCM 21052 NZ NZ 8.33±0.58 
Bc 

10.33±0.58 
Ac 

P. fluorescence KCCM 11362 NZ NZ 9.00±0.00 
Bbc 

11.33±0.58 
Abc 

Values are the mean ± SD  

Means with different superscript block letters within a row are significantly different (P ≤ 0.05)  

Means with different superscript lowercase letters within a column are significantly different (P≤0.05)  

 

2.1 Inhibitory Effect of the CPE-CH Film 

by Disc Diffusion Method 

 

The inhibitory effect of the CH film containing 

various concentrations of CPE (0, 0.5, 0.75 

and 1.0 % w/v) by disc diffusion method is 

summarized in Table 1. The initial diameter of 

all films was fixed at 6 mm. The first 

inhibitory effect of the CPE-CH film was 

observed when the film contained 0.5 % w/v 

CPE, but only B. cerues was inhibited. The 

film containing 1.0 % w/v of the CPE inhibited 

all the tested bacteria with B. cereus as the 

most susceptible bacterium. It was also found 

that the inhibitory effect of the CPE-CH film 

increased with the increasing concentration of 

the CPE in the film matrix. The increase of the 

film antimicrobial activity with the increasing 

CPE concentration in the film may due to its 

increasing positive charge of carboxylic group 

of chlorogenic acid (CGA) which was reported 

to be the main antimicrobial agent found in 

CPE. This positive charge interacts with the 

negative charge microbial cell membrane, 

consequently causing leakage of proteinaceous 

and other intracellular constituents from the 

microorganism cells (29-31). Gram positive 

bacteria were more susceptible to the CPE-CH 

film than gram negative bacteria. The effect of 

the film on the gram-negative bacteria is 

different from that of the CPE alone which 

might be due to the CPE and CH synergistic 

effect.     

 

 

 

2.2 Antioxidant Activity (AOA) 

 

DPPH assay was used to evaluate the antioxidant 

capacity of the CH films containing different 

CPE concentrations compared to the CH film 

without any CPE. The radical scavenging 

capability through the DPPH assay ranged from 

5 - 23 % scavenging activity as shown in Table 

2. The CPE was found to enhance the AOA of 

the film indicating by the higher AOA from 

DPPH assays when the CPE was incorporated. 

The AOA of the film significantly increased 

with the increasing CPE concentration (P ≤ 

0.05). This free radical can react with the 

phenolic compounds and residual amine group 

(NH2) to form macromolecule radicals. The 

amine groups in CH, can form ammonium 

(NH
3+

) groups by absorbing hydrogen ion from 

the solution (32, 33). The main polyphenols 

identified in the CPE were caffeine and CGA. 

These phenolic compounds exhibited a reducing 

activity which could enhance the antioxidant 

activity of the film (34). 

Table 2 Antioxidant Activity of CH Film Containing 

Various CPE Concentrations by DPPH Assay 

Active film % scavenging activity 

CH 5.07±0.34
e 

0.50 CPE- CH 12.30±0.34
c 

0.75 CPE- CH 16.85±0.45
b 

1.00 CPE- CH 23.49±0.34
a 

Values are the mean ± SD  
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Means with different superscript within a column are significantly different (P ≤ 0.05)   

Table 3 Thickness, Water Vapor Permeability, Solubility and Color of Chitosan Film with/ without CPE

Active film 
Thickness 

(mm) 

WVP 

(g.mm/m
2
.h.kPa) 

Solubility 

(%) 
L* a* b* 

CH 0.051±0.003
a 

3.52±0.00
a 

30.66±0.66
a 

79.49±1.04a 3.31± 0.15d 23.59± 1.20d 

0.50 CPE-CH  0.051±0.003
a 

2.32±0.31
b 

29.36±0.58
b 

74.33±2.67b 7.76±0.54c 35.11±1.07c 

0.75 CPE-CH 0.051±0.001
a 

1.95±0.21
c 

27.70±0.38
c 

67.76±1.33c 11.36±0.27b 48.09±1.33b 

1.00 CPE-CH 0.052±0.001
a 

1.48±0.00
d 

25.03±1.47
d 

60.33±3.14d 16.14± 0.73a 62.75± 1.35a 

Values are the mean ± SD  

Means with different superscript within a column are significantly different (P ≤ 0.05)

2.3 Thickness, Water Vapor Permeability, 

Solubility and Color 

 

The thickness of the CH and CPE-CH film 

ranged from 0.051 - 0.052 mm. Generally, the 

thickness of the edible film is in the range of 

0.010 – 0.100 mm based on its application (35-

37). Addition of the CPE into the CH film 

resulted in no significant difference (P>0.05) of 

the film thickness while decreased the WVP and 

solubility as shown in Table 3. These decreases 

due to the increasing of hydrophobic group, 

when the CPE was added (38). These WVP and 

solubility reduction is due to the formation of 

hydrogen bonds between the -NH2 group 

presented in CH and -OH group of the phenolic 

compounds in the CPE, thus reducing the 

availability of the hydrophilic group. These 

results were consistent with previous report 

when phenolic compounds were incorporated 

into the CH matrix (39). Similar results were 

also observed by Aljawish et al. (38) where the 

physicochemical interaction between phenolic 

compounds and CH was investigated. These also 

may be because the polyphenolic compounds 

may be able to fit into chitosan matrix and 

established interactions such as hydrogen or 

covalent bonding with reactive groups of 

chitosan (40). This fact may contribute to cross-

linking effects of CPE compounds, leading to 

esters and/or amide groups of CH film. The 

incorporation of the CPE into CH film provided 

the darker color to the film as a result of the dark 

brown color of the oxidized anthocyanin which is 

the major pigment in the CPE (30). It was found 

that incorporation of the CPE into the CH film 

matrix caused a significant decrease of the L* 

value (P ≤ 0.05), whereas a* and b* values of the 

film significantly increased (P ≤ 0.05). These 

results indicate the tendency towards redness and 

yellowness of the CH film when the CPE was 

incorporated. 

3. Conclusion  

From the results, the antimicrobial and 

antioxidant activities of CPE-CH films were 

found to significantly increase with the increasing 

CPE concentration (P ≤ 0.05). Gram positive 

bacteria were more susceptible to the CPE-CH 

film than gram negative bacteria with B. cereus 

exerted the most sensitive bacterium. 

Incorporation of the CPE into the CH film 

resulted in no significant difference of the film 

thickness, whereas the WVP and solubility of the 

CPE-CH film significantly decreased (P ≤ 0.05). 

And the film color increased with the increasing 

concentration of CPE in the CH matrix.  It could 

be concluded that the CPE-CH film has a 

potential to be alternately applied as an 

antimicrobial and antioxidant food packaging to 

reduce the microbial contamination and to 

maintain food qualities. However, future 

research could be conducted to evaluate the 

toxicity of using these natural AM agents as 

edible films and coatings, and also 

characterize other physico-mechanical 

properties. 
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Abstract 

The effect of nitrogen source on 

ethanol production from 2 weeds, small-

flowered umbrella sedge (Cyperus difformis) 

and cattail (Typha angustifolia), was studied. 

It was performed through a simultaneous 

saccharification and fermentation (SSF) 

process using the ethanol-producing yeast 

Saccharomyces cerevisiae TISTR5339. Both 

lignocellulosic materials were pretreated by 

steam explosion at 198
o
C for 5 minutes then

steam exploded pulp was hydrolyzed with 

Cellic enzyme (25 FPU/g) to obtain glucose. 

Different nitrogen sources; ammonium 

nitrate, ammonium chloride, ammonium 

sulfate, urea and peptone, were varied under a 

control fermentation condition. The result 

showed that the optimal nitrogen source for 

ethanol production from small-flowered 

umbrella sedge was peptone with ethanol 

yield 71.5% and ethanol productivity 0.27 

gl
-1

h
-1

. Ammonium nitrate was found as an

optimal nitrogen source for ethanol 

production from cattail with ethanol yield 

39.6% and ethanol productivity 0.11   gl
-1

h
-1

.

Keywords: Ethanol, Small-flowered 

umbrella sedge, Cattail, SSF. 

1. Introduction

Currently, the global warming problem and 

losing fossil fuel source are the important 

cause for development of ethanol production 

process from lignocellulosic materials. By-

products from agriculture industry, such as 

corn cob, sugarcane bagasse and weeds, are 

interesting raw material sources for ethanol 

production. Lignocellulosic materials are an 

abundant agricultural residues. It includes 

cellulose, hemicellulose and lignin. Due to 

the complex structure of hemicellulose and 

lignin, it interrupts cellulase enzyme activity 

to convert cellulose to glucose and 

subsequent ethanol fermentation step. 

Pretreatment process using steam explosion is 

the most popular method for the preparation 

of material, since it seperates lignin and 

hemicellulose from cellulose, and then result in 

high glucose concentration (1). Beside the 

agricultural residues, weeds are also 

interesting source in ethanol production. This 

study is interested in two weed types; small-

flowered umbrella sedge and cattail. They are 

most pollution to agriculture field, paddy field 

and wetland in Thailand. Thus, if we can 

apply them for ethanol production, it would 

be able to solve the problem, increase their 

values without effecting food supply like 

other sources. 

2. Materials and Methods

2.1 Raw material 

Small-flowered umbrella sedge and cattail 

were collected from Nakhon Sawan Province, 

Thailand. They were washed with water to 

get rid of dust and other debris, milled to 1–2 

cm size and sun-dried for 4 days. After that, 

they were pretreated by steam explosion at 

198
o
C for 5 minutes. Chemical composition

analysis of these weeds were performed 
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according to Technical Association of the 

Pulp and Paper Industry (TAPPI). Small-

flowered umbrella sedge contained 

(expressed in g/100 g dry weight basis): 

lignin, 21.07; holocellulose, 72.13; 

alphacellulose, 40.62, whereas cattail 

contained: lignin, 16.43; holocellulose, 61.99; 

alphacellulose, 34.23. 

2.2 Microorganisms 

Saccharomyces cerevisiae TISTR 5339 was 

obtained from Thailand Institue of Scientific 

and Technology Research (TISTR). The 

culture was maintained in yeast extract-

peptone-dextrose (YPD) medium (gl
-1

:

glucose 50; yeast extract 10; peptone 20). The 

flasks were further incubated at room 

temperature and 150 rpm. After 48 h, the cells 

were harvested and used as an inoculum for 

ethanol production. 

2.3 Simultaneous saccharification and 

fermentation (SSF) 

The simultaneous saccharification and 

fermentation (SSF) process was used for 

ethanol production. Total working volume 

was 100 ml in 250 ml Erlenmeyer flask 

including pretreated dry materials (13.95% 

small-flowered umbrella sedge and 24.58% 

cattail), 0.5 gl
-1

 NaH2.HPO4, 0.025 gl
-1

MgSO4.7H2O, 0.5 gl
-1

 (NH4)2.HPO4. Nitrogen

sources were varied among yeast extract, 

peptone, urea, ammonium nitrate, ammonium 

sulfate and ammonium chloride (1 gl
-1

). The

0.05 M citrate buffer was applied to control 

pH at 4.8. The commercially available 

cellulase enzyme (Cellic
®
 CTec2) was used at

25 FPU/g and yeast cell concentration at 

10%. The reaction was incubated on shaking 

incubator at 150 rpm under room temperature. 

The sample was periodically taken for further 

analysis at 0, 6, 12, 24, 48, 72 and 96 h, 

respectively. 

2.4 Analytical methods 

Reducing sugar analysis was performed 

according to Somogyi-Nelson Method (2,3). 

Ethanol concentration (gl
-1

) was analyzed by

gas chromatography (GC, Chromosorb-103, 

GC4000, GL Sciences, Japan) injection 

temperature 180 
o
C, flame ionization detector

temperature 250 
o
C and 2-propanol was used

as an internal standard. The ethanol yield 

(YP/S; gg
-1

), described by Eqn (1), was

calculated as the g ethanol produced and g 

total sugar utilized. The volumetric ethanol 

productivity (QP, gl
-1

h
-1

), described by Eqn

(2), was calculated by ethanol concentration 

produced (P; gl
-1

) divided by fermentation

time giving the highest ethanol concentration 

(4). 

Ethanol yield   =     g ethanol produced   x100 (1) 

 (%)                 g total sugar utilized 

Ethanol productivity (gl
-1

h
-1

)   =
fT

PP 0

(2) 

P, Final ethanol concentration (gl
-1

)

P0, Initial ethanol concentration (gl
-1

)

Tf, Total fermentation time (h) 

3. Results and discussion

Fig. 1 shows the effect of nitrogen source on 

ethanol production from small-flowered 

umbrella sedge and cattail by S. cerevisiae 

TISTR 5339. The result indicated that 

peptone supported the highest production of 

ethanol (20.01 gl
-1

) from small-flowered

umbrella sedge, with 71.5% ethanol yield and 

0.27 gl
-1

h
-1

 ethanol productivity. For cattail,

ammonium nitrate was found the optimal 

nitrogen source to obtain the highest ethanol 

production (8.21gl
-1

), with 39.6% ethanol

yield and 0.11 gl
-1

h
-1

 ethanol productivity.

The effect of nitrogen on ethanol production 

from other raw materials were also previously 

reported. Laopaiboon et al. (5) studied the 

effect of nitrogen supplementation on ethanol 

production from sweet sorghum juice. The 

results revealed that when use an combination 

of sucrose and sweet sorghum juice including 

total sugar, 3 gl
-1

, yeast extract and 5 gl
-1

peptone. It will gave maximum ethanol 



 

175 

 

production efficiency with ethanol 

concentration, ethanol productivity and 

ethanol yield of 120.68 ± 0.54 gl
-1

, 2.01 ± 

0.01 gl
-1

h
-1

 and 0.51 ± 0.00 gg
-1

. Jones et 

al.(6) and D'Amore et al.(7) were report 

nitrogen limitation for protein synthesis and 

yeast growth was particularly observed in 

VHG fermentation, which can be remedied by 

the addition of nitrogen sources such as yeast 

extract, urea and ammonium salts. Thomas 

and Ingledew (8) were  report the 21%(v/v) of 

ethanol production from very high gravity 

(VHG) wheat mashes by fermentation and 

found that the supplementation with 16 mM 

urea or 1% yeast extract was stimulate 

ethanol fermentation within 4 days. 

 

 

 

 

a 

 

b 

Figure 1 Effect of nitrogen source on ethanol production by S. cerevisiae TISTR 5339. The SSF was performed at 

150 rpm and room temperature. (a) small-flowered umbrella sedge and (b) cattail. 
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4. Conclusion

This preliminary study showed that the weeds 

(small-flowered umbrella sedge and cattail) 

could be used as raw materials for ethanol 

production by Saccharomyces cerevisiae 

TISTR 5339 through the simultaneous 

saccharification and fermentation process. The 

results also showed the effect of nitrogen 

source on the process. Ethanol production 

from lignocellulosic materials is also 

concerned with several parameters. Thus, 

optimization of the process will be further 

investigated. 
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Abstract 

Besides being a source of energy and 

nutrients, rice is one of the staple foods 

containing of bioactive compounds with 

good anti-oxidative, anti-inflammatory, and 

health adaptive effects. In Thailand, there 

are varieties of rice cultivars with 

differences characteristics and properties. 

This study investigated the difference of 

local rice cultivars on growth, grain yield, 

micro- and microelements. These rice 

(Oryza sativa L.) cultivars consisting of 

Khao Tah Haeng 17, Khao Pahk Maw, 

GooMeuang Luang and Khao Lut Nee were 

conducted at the Agriculture Training and 

Research Center, Agricultural Program, 

Faculty of Science and Technology, Nakhon 

Ratchasima Rajabhat University during the 

wet season, 2014. Complete Block Design 

(CBD) with three replications was used as 

an experimental design. Soil pH, electrical 

conductivity, organic matter, phosphorus 

and potassium element were measured 

before cultivation. After 2 weeks of 

cultivation in the plastic-seedling tray, rice 

seedlings were transplanted in cement pond 

as pot experiment. Plant height, tiller 

number and grain yield were measured from 

seedling time to harvesting. Results showed 

that there were significantly different among 

the cultivars. Increasing of growth and tiller 

number was observed for GooMeuang 

Luang. Cultivar differences in grain yield 

were found ranging from 152.56 to 368.47 

g/m
2
. In addition, the concentration of two

macro-elements (P, K) and three 

microelements (Zn, Fe, Ca) in brown rice 

was also investigated using Atomic 

Adsorption Spectrophotometer. Results 

indicated that the contents of total nitrogen, 

phosphorus, zinc, ferrous, and calcium 

varied among the cultivars. Khao Pahk Maw 

grain had a higher concentration of total 

nitrogen, calcium and iron contents 

(12.830.65%, 93.7718.44 mg/100g and 

4.120.12 mg/100g, respectively) than other 

rice cultivars (p0.05), while GooMeuang 

Luang exhibited significantly a high 

concentration of phosphorus (54.472.01 

mg/100g). Furthermore, Khao Lut Nee 

contained more Zn (4.700.82 mg/100g) 

than other cultivars. These results suggest 

that those local rice cultivars can be a good 

source of macro- and microelements and can 

be further exploited in advance of 

applications. 

Keywords: Oryza sativa L., macroelement, 

microelement, local rice  

1. Introduction

Rice (Oryza sativa L.) is considered 

the main staple food for several countries 

and is a major source of nutrients.  Because 

of growing of rice in a wide range of 

environments, the different varieties of rice 

cultivars are observed around Thailand. The 

largest area of rice production is in the 

northeastern region, followed by the 

northern region, central region, and the 

southern region (Titapiwatanakun, 2012). 

Nowadays, the variety of rice for the 
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cultivation is limited from price in the 

market and environment problems. Local 

Thai rice still exists with local wisdom, 

culture and folk custom within limited area. 

In addition, it is currently reported as a rich 

source of various phytochemicals possessing 

high antioxidative effects (Suwannalert and 

Rattanachittawat, 2011), and also possess of 

functional compounds in 

immunomodulation, cell viability and 

collagen synthesis (Phetpornpaisan, et al., 

2014). Nevertheless, the chemical 

composition and contents of bioactive and 

microelements vary widely between 

different cultivars. Only a few of local rice 

cultivars have been examined for their 

growth and elements.  

 Mineral macroelement play 

important roles in a wide field of functions 

in plants, including photosynthesis, enzyme 

activation, plant structure and growth; as 

counter-cation for inorganic and organic 

anions in the vacuole; as a link for 

environmental signals and osmotic potential; 

and as counter-ion to inorganic ions and 

organic biopolymers. Micronutrients are 

essential for human health, and their 

deficiency can lead to substantial public 

health problems. Micronutrient deficiency is 

a critical concern among children and 

women throughout the world. 

Approximately 66% of the children and 

women aged 15-44 years in the developing 

countries have iron deficiency, and 10%-

20% of women of childbearing age in 

developed  countries have iron deficiency 

anemia (Lin, et al., 2009). But when present 

at high concentrations, micronutrients can 

also result in phytotoxicity (Lin, et al., 

2009). Fe, Zn and Ca are essential nutrients 

that are often lacking in human diets, either 

due to insufficient intake or to poor 

absorption from food. In developing 

countries, deficiencies of Fe and Zn lead to 

much suffering and death. In industrialised 

countries, chronic Ca deficiency is one of 

the important causes of reduced bone mass 

and osteoporosis in the elderly (Frossard, et 

al., 2000). 

 The objective of this study was to 

investigate rice growth, yield and the 

concentrations of Total N, P, Ca, Zn and Fe 

in the grain of difference varieties of local 

rice. Information of the elemental content on 

these cultivars may useful for advance 

applications as well as for their widespread 

cultivation because many trace elements 

play a significant role in the formation of 

active constituents which are responsible for 

their curative properties. In addition, some 

of these elements are vitally important for 

various metabolic processes in the human 

body.  

 

2. Materials and Methods 

 

2.1 Rice plant material and experimental 

design 

 Four local rice (Oryza sativa L.) 

varieties seed: Khao Tah Haeng 17, Khao 

Pahk Maw, GooMeuang Luang and Khao 

Lut Nee were obtained from Nakhon 

Ratchasima Rice Research Center, Amphur 

Phimai, Nakhon Ratchasima.  The 

experiments were conducted at the 

Agriculture Training and Research Center, 

Agricultural Program, Faculty of Science 

and Technology, Nakhon Ratchasima 

Rajabhat University during the wet season, 

2014. Rice seeds were sown on June in the 

plastic-seedling tray. Transplanting of 

seedlings occurred 2 weeks later under 

microplots in cement ponds with sandy clay 

loam soil at the university farm. Complete 

Block Design (CBD) with three replications 

was used as an experimental design. Twelve 

cement ponds were used, each with a 

diameter of 84 cm. Three seedlings were 

planted into each plot of 12x12 cm. Urea 

fertilizer was applied at 6 weeks and 10 

weeks. All samples were planted in an open 

field. 

 

2.2 Chemical and physical analysis 

 Soil pH, electrical conductivity, 

organic matter, phosphorus and potassium 

element were measured before cultivation. 

The sampled soils were air-dried. Soil pH 

was measured using a pH meter with a soil: 
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water ratio of 1: 1; electrical conductivity in 

water (1:5) by conductivity meter.  The 

organic matter, phosphorus and potassium 

element were measured before cultivation 

by Land Development Regional Office 3, 

Nakhon Ratchasima.  

 

 

2.3 Measurements of rice growth and 

yield 
 For plant heights and tiller number 

determination rice were random sampled in 

each plot for 6 times every week after rice 

seedlings were transplanted in cement pond. 

The last sampling took place at maturity at 

the beginning of November, 2014. For the 

plant heights were determined by measuring 

the distance from the soil surface to the tip 

of the leaf in the highest position before 

heading. The samples of each rice grain 

were oven-dried at 60 
o
C for 48 hours to 

constant weight for measurement of grain 

yield          (g m
-2

).  

 

2.4 Sample preparation  

 Each rice cultivar was harvested at 

maturity and the chaffs of the grain were 

removed by hand. Grain samples were dried 

at 60
o
C in an oven for 48 hours. Dried 

grains were dehusked and ground using 

sterile mortar. For analysis of total nitrogen 

and phosphorus content, subsamples of 1 g 

grain were acid-digested with concentrated 

sulfuric acid at 300 
o 

C until the solution has 

clear. Solution was then dissolved in 

distilled water and filtered by Whatman 

paper no1. Ca, Fe, and Zn in dried grain 

were determined after digestion with nitric 

acid under high pressure at 150 
O
C for 1-2 

hours and then increased the temperature to 

200 
O
C until the solution has clear. 

Solutions were left to cool before made up 

to 100 ml with sterile water, then filtered. 

All samples were prepared in triplicate 

samples. 

 

2.5 Determination of elements content 

 Total nitrogen, P, Zn, Fe, and Ca in 

rice grain was determined according to the 

method of Suwanwong, S. (2001). After 

digested rice brown grain with sulphuric 

acid, the solution was analyzed for the total 

nitrogen with Kjeldahl method. While 

phosphorus content was measured by using 

visible light spectrophotometer at wave 

length 420 nm and compared the absorbance 

value with the standard curve. 

Concentrations of Zn, Fe, and Ca in the 

digests samples were carried out by flame-

atomic adsorption spectrometry. All 

elements were determined in triplicate using 

standard solutions.  

 

2.6 Data analysis   

 Data were expressed in term of 

mean ± standard deviation. The statistical 

significance of the assay was evaluated 

using SPSS for window (version 16.0). The 

value of p < 0.05 was considered significant. 

When significant differences were found 

among means, Duncan’s multiple range test 

(DMRT) were applied. 

  

3. Results and Discussion 

 

3.1 Chemical and physical characteristics 

of soil  

 Four local rice cultivars were 

cultivated at the Agriculture Training and 

Research Center, Agricultural Program, 

Faculty of Science and Technology, Nakhon 

Ratchasima Rajabhat University during the 

wet season, 2014. Soil pH, electrical 

conductivity, organic matter, phosphorus 

and potassium element were measured 

before cultivation. Results showed that soil 

pH was 7.0 and sample contained 0.06 dS 

m
-1

 EC (1:5), 0.3% organic matter content, 

15 mg kg
-1

 available P and 85 mg kg
-1 

exchangeable K (data not shown).  

 

3.2 Plant Growth and grain yield 

 After the maturity stage of rice 

cultivars, plant height, tiller number and 

grain yield were harvested. Results showed 

that there were significantly different among 

the cultivars. Growth and Tiller number 

varied greatly between the cultivars (Fig. 1 

and 2). However, the tiller number increased 

follow up with the growth stage of every 
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cultivar. Increasing of growth and tiller 

number was highly observed for 

GooMeuang Luang (Fig. 1 and 2). The 

height of GooMeuang Luang was greater 

than other cultivars with 122.75 cm while 

Khao Pahk Maw, Khao Lut Nee and Khao 

Tah Haeng 17 was about 108.92, 102.26 and 

89.07 cm, respectively (Fig.1).  The highest 

of tiller number was observed in 

GooMeuang Luang (75 leaves per tiller), 

followed by Khao Lut Nee, Khao Pahk Maw 

and Khao Tah Haeng 17 with 65, 36 and 29 

leaves per tiller, respectively.  

 

Fig. 1 Mean value of rice height (cm) with standard 

errors in difference rice cultivars. 

 

 Difference of cultivars in grain yield 

was found ranging from 152.56 to 368.47 g 

m
-2

. Among the rice cultivars, the highest 

grain yield was recorded from GooMeuang 

Luang with 368.47 g m
-2

, followed by Khao 

Lut Nee, Khao Pahk Maw and Khao Tah 

Haeng 17 with 353.76, 244.40 and 152.56 g 

m
-2

, respectively (Fig. 2). Since urea 

fertilizer was applied to this rice experiment, 

it may involved with high yield of rice grain 

as Roshan, Azarpour and Moradi (2011) 

demonstrated that the different nitrogen 

fertilizers effected to grain yield of rice 

cultivar Rezajo.  

 

3.3 Concentrations of Total N, P, Ca, Fe 

and Zn in brown rice 

 All four cultivars grew to 

harvestable grain in the cement pond at the 

Agricultural and Research Center. The 

concentration of macro-elements (P, K) and  

 

Fig. 2 Mean value of tiller number with standard 

errors in difference rice cultivars   

 

microelements (Zn, Fe, Ca) in brown rice 

was also investigated using Flame-Atomic 

Adsorption Spectrometry. Concentration of 

total nitrogen in brown rice ranged from 

8.09-12.83 % (Fig. 3a). The highest 

percentage concentration of total nitrogen 

was found in Khao Pahk Maw (12.830.65), 

followed by Khao Tah Haeng 17 

(12.180.27), GooMeuang Luang 

(11.102.64) and Khao Lut Nee 

(8.091.70), respectively. Concentration of 

P in brown rice ranged from 42.57-54.47 mg 

100g
-1

 (Fig. 3b). GooMeuang Luang 

exhibited a significant high concentration of 

phosphorus (54.472.01 mg 100g
-1

). Khao 

Tah Haeng 17, Khao Pahk Maw and Khao 

Lut Nee had concentration of 47.236.32, 

44.438.40 and 42.574.65 mg 100g
-1

, 

respectively. All mean of the total nitrogen 

and phosphorus content had significantly 

different (p0.05). 

 For the microelement contents in the 

rice cultivars, results showed that there is 

significant difference in all mean of element 

contents (p0.05). The Maximum level of 

Ca and Fe concentrations was exhibited in 

Khao Pahk Maw with 93.77 18.44 mg 

100g
-1

 and 4.120.12 mg 100g
-1

 (Fig. 3c-

3d). On the other hand, Zn concentration 

was highly observed in Khao Lut Nee with 

4.700.82 mg 100 g
-1

 (Fig. 3e). Recently, 

Rivero-Huguet, et al. (2006) demonstrated 

that brown rice samples have Ca, Fe and Zn 

of 9.1 mg 100 g
-1

, 7.140.64 mg kg
-1

. and 

12.6  1.0 mg kg
-1

, respectively.  
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 Results exhibited that the contents of 

total nitrogen, phosphorus, calcium, ferrous 

and zinc varied among the cultivars. Due to 

microelement concentrations in foodstuffs 

depend on soil characteristics, such as 

content of organic matter, pH, and clay 

mineralogy, which can affect the 

bioavailability of elements (Škrbić and 

Onjia, 2007). However, results showed that 

local rice cultivars have high growing and 

contents of health promoting molecules. It 

could be explored for their proper 

applications as well as the development of 

economically valuable in functional foods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and products. 
 

4. Conclusion 

 Rice growth, grain yield, and 

element concentrations of four local rice 

cultivars were determined under the 

microplot in the cement ponds.  These result 

showed that local rice cultivars had highly 

growth, grain yield, macro- and micro-

elements which is useful to be cultivation 

and use as sources of bioactive for health 

applications. However, this study is a 

preliminary study about growth and 

elements concentration of four local rice 

Fig. 3 Average concentration of elements in different rice cultivars: (a). N (%), 

(b). P (mg 100g
-1

), (c). Ca (mg 100g-1), (d). Fe (mg 100g-1) and (e). Zn (mg 

100g-1). All curve differences are significant (p0.05). 
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cultivars, therefore, the factor affecting or 

supporting to growth and elements contents 

will be investigate in the field experiment 

for the further study to complete the 

potential of these local rice cultivars to be 

use as good source of microelements and 

can be further exploited in advance 

applications. 
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Abstract 

Polyhydroxyalkanoates (PHA) production by 

Novosphingobium sp. THA_AIK7 was 

investigated in Mineral salt medium (MSM) 

supplemented with 2% (v/v) of crude 

glycerol as a carbon source. The polymer  

were extracted by sodium hypochlorite and 

chloroform. Both of extracted films was 

white, opaque and has a smooth surface. 

PHA film casting from sodium hypochlorite 

extraction had more pore size than 

chloroform casted film. The contact angle 

obtained from polystyrene tissue culture plate 

(TCP), sodium hypochlorite and chloroform 

casted film were 78, 81 and 80 degree, 

respectively. Decomposition temperature 

(Td), melting temperature (Tm) and 

crystallization temperature (Tc) were 

examined against PHB standard. Td of 285, 

299 and 298
o
C were acquired from PHB,

sodium hypochlorite and chloroform casted 

film, respectively. Tm value of 170, 167 and 

178
o
C and Tc value of 66, 54 and 92

o
C were

acquired from sodium hypochlorite, 

chloroform and PHB, respectively. 

Biocompatibility study of PHA film was 

tested with Vero cell. Vero cells grown on 

tissue culture plate (TCP) presented typical 

fibroblast morphology. However, Vero cells 

were unable to adhere on sodium 

hypochlorite casted film and consequently 

cell lysis was observed. Vero cells could 

attach on chloroform casted film but could 

not develop normal fibroblast appearance and 

was incapable of proliferating on casted film. 

The results showed here indicated that the 

extraction methods were still not proper for 

biocompatible test. The finding of a suitable  

method for biomaterial preparation will be 

done in the next phase. 

Keywords: Biomaterial, Novosphingobium 

sp. THA_AIK7, Polyhydroxyalkanoates 

1. Introduction

Polyhydroxyalkanoates (PHA) are a family 

of biopolyesters in which currently 

approximately 150 different monomer units 

have been identified as constituents 

(Steinbüchel, 2001; Steinbüchel and

Valentin, 1995), whereas homopolymer poly-

beta-hydroxybutyrate (PHB) is the most 

abundant (Anderson and Dawes, 1990). PHA 

have become the substitute materials for 

conventional plastic in response to the 

harmful effect of the plastic waste problem 

(Cavalheiro et al., 2009). PHA have been 

promising in medical and pharmaceutical 

applications due to their biodegradability and 

biocompatibility with immunological 

inertness and slow degradation in human 

tissue (Verlinden et al., 2007; Akaraonye et 

al., 2010). PHA have been investigated for 

medical uses such as wound management, 

heart valves, vascular graft, orthopedy, drug 

delivery, and urology (Williams et al., 1999; 
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Akaraonye et al., 2010). One important 

criterion for a biomedical product is 

endotoxin contamination. According to US 

Food and Drug Administration (FDA) 

regulations, the endotoxin content of medical 

devices should not exceed 20 USP endotoxin 

units per device (Williams et al., 1999). One 

characteristic of the species of the genus 

Sphingomonas is unlike common gram-

negative bacteria. They contain 

glycosphingolipids (GSLs) as the cell 

envelope component instead of 

lipopolysaccharide (LPS) which is well 

known as endotoxin (Takeuchi et al., 2001; 

Kawahara et al., 2010). The PHA film 

produced from a gram-negative bacterium 

Novosphingobium sp. THA_AIK7 has been 

reported for endotoxin-free (Teeka et al., 

2012). Sodium hypochlorite is commonly 

used for PHA extraction but it has been 

reported for 50% of PHA molecular weight 

reduction (Berger et al., 1989). Chloroform 

alone was chosen to test for PHA purification 

and the result showed that the 87% recovery 

could attain after incubation at 35
o
C for 48 h

(Teeka, 2012). This article reports the 

properties of PHA film extracted by two 

different methods of sodium hypochlorite 

and chloroform. The feasibility study of PHA 

casted films for biomedical use was also 

investigated. 

2. Materials and Methods

2.1 PHA film preparation 

Novosphingobium sp. THA_AIK7 was 

grown in Mineral salt medium (MSM) 

supplemented with 2% (v/v) crude glycerin 

and 1 g/L monosodium glutamate at initial 

pH of 7 (modified from Ramsay et al., 1990). 

The aerobic condition was maintained at 30 
o
C and 150 rpm for 72 h. The bacterial cells 

were collected and PHA film was extracted 

by sodium hypochlorite and chloroform 

method. For sodium hypochlorite method, 

5% sodium hypochlorite was added and 

incubated at 37
o
C for 1 h. The polymer was

washed twice and dissolved in chloroform. 

For chloroform method, the fifteen milliliters 

of chloroform was directly added to bacterial 

cell and incubated at 40 
o
C for 3 days. Both

methods, PHA film was casted after 

chloroform evaporation. 

2.2 PHA film surface study  

The dehydrated PHA films were cut into 

square shapes (0.5 x 0.5 cm) and mounted on 

aluminum stump, coated with gold in 

JEOLJFC-1600 auto fine coater for 30 min at 

15mA and examined under the scanning 

electron microscope JEOLJSM-6510 (Zhang 

et al., 2000). 

2.3 Wettability of PHA film study  

Wettability of PHA film was examined by 

measuring of contact angles of water with a 

sessile drop method using Contact Angle 

Meter (Kyowa DM-CE2). The drop of 

approximately 3 µl was gently placed down

on the surface of the PHA films and 

polystyrene tissue culture plate as a control 

(Zhang et al., 2000). 

2.4 Thermal property study  

2.4.1 Thermogravimetric analysis (TGA) 

TGA measurements were conducted on a TA 

Instrument TGA 2950 Thermogravimetric 

analyzer. Samples of approximately 15 mg 

were used for each measurement. The 

samples were heated at a rate of 10 °C/min 

from room temperature to 400 °C in a 

nitrogen atmosphere (Guo et al., 2013). 

2.4.2 Differential scanning calorimetry 

(DSC) 

Melting temperature (Tm) and 

Crystallization temperature (Tc) were 

analyzed by Differential scanning 

calorimetry (DSC) with a Perkin Elmer 

DSC7. Sample was heated from -10 °C to 

200 °C at 10°C/min, held for 2 min to ensure 

melting, then cooled to -10 °C at 10 °C/min. 

Melting temperature (Tm) and crystallization 

temperature (Tc) thermogram of the polymer 

was recorded from the first heating scan’s 

data (Zheng et al., 2005). 

2.5 Biocompatibility study 

PHA films were soaked with 70% alcohol for 

10 min. They were then washed twice in PBS 

buffer. Each treatment was seed with Vero 

cell ATCC


 CCL-81
TM

 of 6 x 10
5
 cells/well.

All specimens were incubated in 5% CO2 

incubator at 37 
o
C.
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3. Results

3.1 PHA polymer characterization 

Scanning Electron Microscope (SEM) 

Both of extracted films was white, opaque, 

not brittle and had a smooth surface. The 

surface morphology of the extracted films 

under SEM showed that PHA film casting 

from sodium hypochlorite had more number 

and bigger pore size than film derived from 

chloroform method (Figure 1). The higher 

pore size of PHA casted film may be affected 

from sodium hypochlorite digestion which 

can reduce about 50% of molecular weight 

(Berger et al., 1989).  

Figure 1 Characterization of PHA film (a and b) 

and film surface under SEM (c and d) from sodium 

hypochlorite and chloroform extraction 

Wettability 

The contact angle obtained from polystyrene 

tissue culture plate (TCP), sodium 

hypochlorite and chloroform casted film 

were 78, 81 and 80 degree, respectively. The 

extraction method showed no effect on 

wettability of casted film. Yuan and Lee 

(2013) concluded that the contact angle 

which is lower than 90 degree has 

hydrophilic property. Therefore, each sample 

is a hydrophilic material which is proper for 

cell adhesion (Zhang et al., 2000). 

Thermal property 

Decomposition temperature (Td), melting 

temperature (Tm) and crystallization 

temperature (Tc) were examined against 

PHB standard. Td of 285, 299 and 298
o
C

were acquired from PHB, sodium 

hypochlorite and chloroform casted film, 

respectively. The higher Td of PHA casted 

films than PHB standard may indicate 

THA_AIK7 PHA polymer contain more than 

one monomer or a longer chain polymer. 

Therefore, they need higher temperature to 

break the bond. 

Table 1 Thermal properties of PHA film 

PHB 

(Standard) 

Extraction method 

Sodium 

hypochlorite 

Chloroform 

Td (
๐
C) 285 299 298 

Tc (
๐
C) 92 66 54 

Tm (
๐
C) 178 170 167 

Tm and Tc showed the similar manner which 

casted film had lower temperature than 

standard PHB. Tm value of 170, 167 and 

178
o
C and Tc value of 66, 54 and 92

o
C were

acquired from sodium hypochlorite, 

chloroform and PHB, respectively (Table 1). 

The lower Tc of THA_AIK7 PHA than PHB 

showed the low crystallization degree of 

polymer (Zhao et al., 2003). Lu et al. (2011) 

mentioned that PHB has high degree of 

crystallinity. After blended with 4-

hydroxybutyrate (4-HB), Tm and Tc value of 

P(3HB-co-4HB) copolymer was lower than 

pure PHB. It may suggest that THA_AIK7 

PHA polymer contain another kind of 

monomer in their chain. 

3.2 Biocompatibility 

Biocompatibility study of PHA film was 

tested with Vero cell, a monkey kidney cell 

line, as an animal testing model. Vero cells 

grown on tissue culture plate (TCP) 

presented a typical fibroblast morphology 

a) sodium hypochlorite b) chloroform

c) sodium hypochlorite d) chloroform
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(Figure 2a). However, Vero cells were 

unable to adhere on sodium hypochlorite 

casted film and consequently cell lysis was 

observed after 24 h (Figure 2b). It may cause 

from the toxicity of sodium hypochlorite, 

which still remain on PHA film, to animal 

cell. For chloroform casted film, Vero could 

attach on surface but they were unable to 

develop a normal fibroblast appearance. 

Accordingly, no cell proliferation on casted 

film was observed (Figure 2c).  

Figure 2 Characterization of Vero cell grown on 

different surface material 

4. Discussions

This present study shows that the properties 

of PHA film extracted from sodium 

hypochlorite and chloroform had different in 

surface morphology and thermal properties. 

Biocompatibility was preliminary tested with 

Vero cell. Cell proliferation was not observed 

on both films. The results indicated that the 

extraction methods were still not proper for 

biocompatible test. The finding of a suitable  

method for biomaterial preparation will be 

done in the next phase. 
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Abstract 

Many diet-related chronic diseases are 

increasingly affecting to the health of the 

people all around the world because of their 

unhealthy dietary choices and habits. 

Nutritionists have suggested the consumers 

to change their food-intake patterns from the 

foods that contain high sugar, fat, salt and 

meat content to a more plant-based diet. 

Mushroom is one of the plant-based 

alternatives that can be used as a healthy 

substitute for meat and a mitigating agent 

for sodium reduction. Six beef taco blend 

recipes with different amount of meat, 

mushroom, and salt were evaluated by a 

group of 147 consumers, currently living in 

Northern California. Result from correlation 

analysis clearly revealed that the most 

important drivers of liking were flavor and 

texture. Appearance was not significantly 

correlated with overall liking. In general, 

consumers liked the samples without any 

salt reduction more than the samples with 

reduced salt. No meat substitute (100% 

beef), 50% and 80% meat substitute samples 

were all samples that received the highest 

degree of liking. The analysis of saltiness on 

Just-about-right (JAR) scale showed that 

50% and 80% meat substitute samples were 

reported to have 60% just-right level of 

saltiness whereas 100% beef sample got 

only 48%. Four clusters were obtained from 

cluster analysis based on overall degree of 

liking. Consumers in the first cluster like 

100% beef and 80% meat substitute 

samples. The second cluster was the largest 

cluster. They preferred to eat 

meat/mushroom blends. The third cluster 

was a group of plant based-diet consumers. 

They disliked 100% beef sample but liked 

all mushroom-based blends. The last cluster 

was a group of consumers who liked 100% 

beef sample most. Among all four clusters, 

this group of consumers tended to give 

lower hedonic scores all over samples than 

the others groups. These findings could be 

useful to devise culinary strategies and 

sensory insights to improve the flavor and 

consumer appeal of health-promoting plant-

based foods without negatively affecting 

nutrition quality. 

Keywords: Mushroom, Meat substitute, 

Plant-based diet, Cluster analysis, Drivers of 

liking 

1. Introduction

The dramatic increases in obesity and any 

chronic diseases in the United States were 

reported mainly to unhealthy dietary choices 

and habits (Garcia, Sunil et al. 2012). Food 

professionals have suggested consumers to 

alter eating patterns from a food that 

contains high fat and meat to a more plant-

based diet. Unfortunately, evidence shows 

that those plant-based diets (i.e., produce, 

whole grains, nuts, seeds, and legumes) are 

not attractive consumers to consume when 

compared with less healthful foods (Tucker 

2014, Graça, Oliveira et al. 2015).  

mailto:chirat.sir@mfu.ac.th
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Salt (Sodium chloride) has traditionally 

been known and used for cooking.  It can 

improve the sensory properties of foods by 

increasing saltiness and by enhancing some 

pleasant flavors for many dishes around the 

world. However, high consumption of 

sodium will lead to hypertension, 

cardiovascular disease and stroke 

(Mouritsen 2012, Jackson, Coleman King et 

al. 2015) . Therefore, it is important to 

develop alternative strategies to reduce the 

sodium uses in foods which are able to 

maintain the sensory properties and 

consumer acceptance. 

Table 1 Sensory attributes for cooked mushrooms. 

Mushroom is one of the natural ingredients 

that contains glutamic acid, a natural version 

of the flavor enhancer monosodium 

glutamate (MSG). Unlike MSG, the natural 

occurring glutamic acid does not have high 

sodium content. MSG and other amino acids 

are flavor enhancers and increase the 

palatability (pleasantness) of foods 

(Yamaguchi and Ninomiya 1999). Prescott 

(2001) did some studies on a set of food 

products including salmon cakes, chicken 

soup, and spring roll with and without 

adding MSG formulas by asking the 

participants to rate the sensory attributes 

(richness, acceptability, saltiness, sweetness, 

and natural tastes). 

Attribute Definition 

Overall aroma Intensity of all aroma attributes taken together 

Overall flavor Intensity of all flavor by mouth attributes taken together 

Raw mushroom Aroma and flavor characteristic associated with raw mushroom 

Moss/wet soil Aroma and flavor characteristic associated with moss or wet soil 

Earthy Aroma and flavor characteristic associated with dry mud or dirt 

Nutty Aromatic associated with nuts or nut meats; character associated with Maillard 

reaction products, starches, and sugars 

Buttery Aroma and flavor characteristic associated with butter 

Yeasty Aroma and flavor characteristic associated with yeast and fermented products such as bread or beer 

Rancid/stale oil Aroma or flavor associated with rancid oil; gives a mouth-coating sensation 
and/or a bitterness perceived on the back of the tongue 

Smoky Aroma and flavor characteristic associated with any type of smoke; may be phenolic or  tar-like 

Caramelized Browned character associated with Maillard reaction products, starches, and 

sugars 

Burnt/charred Aroma and flavor characteristic associated with heated, scorched, or blackened 

substances 

Toasted/roasted Browned character of Maillard reaction products, starches and sugars; aroma and 

flavor characteristic associated with roasted nuts and coffee beans 

Cardboard/paper Aroma and flavor characteristic associated with slightly oxidized fats, reminiscent of wet cardboard 

Salty Basic taste on tongue stimulated by sodium chloride 

Umami Taste on tongue produced by substances such as monosodium glutamate (MSG) in 
solution; a meaty, savory, or mouth-filling sensation 

Bitter Basic taste on tongue stimulated by solutions of caffeine, quinine, and other 

alkaloids 

Sour Basic taste on tongue stimulated by acids 

Sweet Basic taste on tongue stimulated by sugars and high potency sweeteners 

Astringent Puckering and palate drying sensation 

Oily/greasy Ease with which tongue, sample, and roof of mouth glide relative to each other due to the oil and/or grease present 
in the sample 

Moist/juicy Inherent moistness of mass 

Chewy Requiring much chewing 

Crispy/crunchy Sound modifier, integrated term (hard, dense, and sound) 

Soft-hard Resistance to strain when force applied 

Rubbery/spongy Returns to original shape, tendency to act like a rubber band after manipulation 
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Table 2 Sensory attributes for beef taco blend. 

He found that adding MSG to each of these 

foods significantly increased rating scores of 

richness and acceptability. Some food 

samples were reported to be saltier with the 

addition of MSG, while "sweetness" and 

"natural taste" did not increase. Yamaguchi 

and Ninomiya (1999) also described results 

from the United States Army, who tested the 

effects of MSG on 50 foods that they added 

MSG to. Results showed that food 

preferences of 28 foods were improved 

when MSG was added, 18 were unchanged, 

and four worsened. The researchers found 

that not all foods were improved when  

adding MSG. Meat, fish, and canned 

vegetables or recipes containing these foods 

were improved by MSG. Interestingly, this 

indicates that adding MSG to amino acid 

rich foods further enhances their flavor. This 

implies that adding mushrooms to other 

protein rich foods increases overall 

palatability. Conversely, cereals, milk 

products, or sweet-flavored recipes were 

made worse by the addition of MSG.  

The main purpose of this proof-of-concept 

research is to determine how much salt and 

meat reduction in a popular meat dish can be 

Attribute Definition 

Overall aroma Intensity of all aroma attributes taken together 

Overall flavor  Intensity of all flavor by mouth attributes taken together 

Meaty  Aroma and flavor characteristic associated with cooked meat 

Mushroom  Aroma and flavor characteristic associated with mushrooms 

Veggie  Aroma and flavor characteristic associated with vegetables 

Onion  Aroma and flavor characteristic associated with onion 

Garlic Aroma and flavor characteristic associated with garlic 

Black pepper  Characteristic sharp, penetrating aroma and hot, biting flavor 

Spicy (cumin, chili, 
and paprika) 

Aroma and flavor characteristics associated with the spices cumin, chili pepper, and paprika 

Rancid/stale oil  Aroma or flavor associated with rancid oil; gives a mouth-coating sensation and/or a bitterness perceived on the back 

of the tongue 

Smoky Aroma and flavor characteristic associated with any type of smoke; may be phenolic or tar-like 

Earthy  Aroma and flavor characteristic associated with dry mud, dirt, or damp soil 

Burnt  Aroma and flavor characteristic associated with heated, scorched, or blackened substances 

Pungent—spicy hot  Sharp trigeminal sensation perceived in the nasal passage and oral cavity 

Salty Basic taste on tongue stimulated by sodium chloride 

Umami Taste on tongue produced by substances such as monosodium glutamate (MSG) in 

solution; a meaty, savory, or mouth-filling sensation 

Bitter Basic taste on tongue stimulated by solutions of caffeine, quinine, and other 

alkaloids 

Sour Basic taste on tongue stimulated by acids 

Sweet Basic taste on tongue stimulated by sugars and high potency sweeteners 

Acidic Basic taste on tongue stimulated by acids 

Astringent Puckering and palate drying sensation 

Oily/greasy Ease with which tongue, sample, and roof of mouth glide relative to each other due to the oil and/or grease present 

in the sample 

Moisture Inherent moistness of mass 

Chewy/tough Requiring much chewing 

Crispy/crunchy Sound modifier, integrated term (hard, dense, and sound) 

Firmness Resistance to deformation 

Rubbery/spongy Returns to original shape, tendency to act like a rubber band after manipulation 
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achieved through substitution with 

mushroom without compromising the 

sensory quality and acceptability of the dish. 

The goal of this collaboration between 

culinary experts and chefs from the Culinary 

Institute of America (CIA) and sensory, 

nutrition and consumer research experts 

from UC Davis is to increase consumer 

preference of culinary preparations and 

menu choices that are in line with national 

recommendations to reduce salt intake and 

increase consumption of plant foods. For 

this proof-of-concept stage of the research, a 

classic recipe (beef taco blend) was selected 

to determine how much meat can be 

substituted with mushroom while 

maintaining high liking from consumers. 

Table 3 the composition of the beef taco blend 

Recipes 

2. Materials and Methods

Samples 

A set of white mushrooms was prepared 

using four different cooking methods – 

seared, sautéed, steamed and roasted and 

evaluated by the Quantitative Descriptive 

Analysis panel. A total of six beef taco 

blend recipes as shown in Table 3 differing 

in salt and meat levels were used for sensory 

evaluation. The recipes were developed by a 

CIA chef-instructor with varying amount of 

salt and ratios of meat and mushrooms as 

well as cooking methods for the 

mushrooms. The recipes were prepared, 

cooled, vacuum sealed in rethermalization 

bags, and frozen at the CIA in Greystone. 

On testing days, the samples were 

transported to UC Davis, rethermalized and 

portioned for testing at the sensory facilities 

of the Robert Mondavi Institute for Wine 

and Food Science at UC Davis. 

Descriptive analysis 

The intensity of sensory attributes of the 

mushrooms preparations (Table 1)  and beef 

taco blend (Table 2) was evaluated in 

triplicate by a trained panel of 13 judges 

(7 male, 6 female) using Quantitative 

Descriptive Analysis method. A randomized 

complete block design was used for each 

training session and the actual sessions. The 

intensity of each attribute was evaluated 

across the products on an unstructured, 

10-cm line scale in the order. 

All products were served in 2 oz plastic 

portions cups. Approximately 1 oz of each 

product (mushrooms and beef taco blends) 

was placed into each portion cup and 

covered with a plastic lid. The samples were 

kept in a tired steamer to keep them warm 

and then removed from the steamer and 

placed onto individual serving trays. Serving 

temperature ranged from 50-60 ˚C. The

tests were conducted in isolated booths with 

proper lighting and pressure. Judges rinsed 

between samples with filtered drinking 

water and all samples were expectorated. 

All instructions, scale presentations, and 

data collection were carried out using the 

FIZZ software version 2.45A (Biosystemes, 

Couternon, France).  

Consumer study 

The sensory acceptability of the products 

was assessed by 147 consumers – users and 

likers of meat, vegetable, and mushroom-

based dishes from the Davis and Sacramento 

areas, representing three age groups (18-30; 

31-45; 45-65), with fairly even gender 

representation. Each consumer was assigned 

a log number, given a brief explanation of 

the test objectives and seated at a test booth 

with partitions in Sensory Theater of the 

Robert Mondavi Institute for Wine and Food 

Sample 

ID 

Salt 

content 

Meat 

content 

Mushroom 

content 

Beef 

content 

100B None 0% (none) 100% 0% 

100B/25

LS 

25% 0% (none) 100% 0% 

50M50

B 

None 50% 50% 50% 

50M50

B/25LS 

25% 50% 50% 50% 

80M20

B 

None 80% 80% 20% 

80M20

M/25LS 

25% 80% 80% 20% 
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Science at UC Davis. All protocols for this 

study were approved by the Human Subjects 

Committee of the UC Davis Office of 

Research. Once seated and briefed, each 

person received a questionnaire packet 

including tasting part and exit survey. Each 

consumer was provided with a set of 6 

spoons, napkins, unsalted tacos and a cup of 

water. Approximately 1 oz of each recipe of 

beef taco blend was placed into each portion 

cup and covered with a plastic lid. Samples 

were presented on a white plastic tray and 

identified by three digit codes. The order of 

presentation of the samples was completely 

randomized and a William’s Latin square 

design provided by the FIZZ sensory 

software version 2.45A (Biosystemes, 

Couternon, France). The order was applied 

to balance out any potential serving order or 

carry-over effects. The 9-point hedonic scale 

anchored from "dislike extremely" to "like 

extremely" was used to assess the 

acceptance of the various products (overall 

liking, liking of appearance, flavor, and 

texture). Then they assessed levels of 

saltiness on 5-point just-right (JAR) scale. 

Finally, consumers completed an exit survey 

that assessed their demographics and 

consumption behavior. 

Data Analysis 

The descriptive analysis data was analyzed 

using univariate statistics. The descriptive 

results were presented by spider web plots 

as a product sensory profile. The consumer 

hedonic rating scores were also analyzed 

using a univariate statistics. ANOVA was 

performed to assess differences in 

acceptance among the samples. To find the 

driver of liking, correlation analysis was 

performed. Overall liking was predicted by 

using consumer liking of appearance, flavor, 

and texture/mouthfeel as predictors.  The 

matrix of hedonic ratings of samples across 

consumers was then analyzed for cluster 

analysis to assess preference market 

segmentation. Frequency was summarized 

for Just-about-right scale data, categorical 

preference, and demographic data from exit 

surveys. All the statistical analyses were 

performed using SAS version 9.3 (SAS 

Institute Inc., N.C., U.S.A.) for Windows, 

XLSTAT 2012 for Windows (Addinsoft, 

Paris, France). 

Figure 1 Sensory profiles of mushrooms cooked 

by 4 cooking techniques-roasted, sautéed, seared, 

and steamed. Only attributes that were significant 

differences were found among the 4 preparations 

are included in the spider plot (p<0.05)  

Figure 2 Sensory profiles of beef taco blend.  All 

attributes that were significant differences were 

found among the 6 recipes are included in the 

spider plot (p<0.05) except salty attribute  
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3. Results and Discussion

Effect of cooking method on mushroom 

sensory quality  

A significant effect of cooking method on 

sensory quality was found (Figure 1). 

Seared technique had the highest intensity of 

overall aroma, overall flavor attribute but 

this cooking method also provided highest 

in bitter, smoky, brunt/charred, 

toasted/roasted. Roasted mushrooms gained 

strongest ratings in umami, salty, buttery, 

sweet, and nutty attributes. Steamed 

mushrooms had higher intensity on 

cardboard/paper and raw mushroom flavor. 

Finally, sautéed and steamed technique had 

higher intensity in moisture attribute than 

roasted and seared methods. Based on the 

highest overall aroma and flavor, seared 

technique would be used to provide the 

overall aroma and flavor in foods. However, 

roasted mushrooms could be used to provide 

the highest umami taste. Nevertheless, in 

consumer study, CIA chefs chose to use 

sautéed method because this method showed 

lower moisture loss than other method. 

Furthermore, sautéed method is more 

convenient for a large-batch production. To 

date, there has not been any study of the 

effect of cooking method on the flavor of 

mushrooms, thus this result should be the 

beginning step on how the cooking method 

affects the sensory profile of the mushroom.  

Effect of mushroom substitution on beef 

taco blend sensory quality  

Mushroom substitution clearly did some 

effect on the sensory quality of beef taco 

blend. Figure 2 shows that the recipes with 

50% or 80% of the meat substituted with 

mushroom (without salt reduction) did have 

a significantly higher overall flavor, 

moisture, mushroom, umami, veggy, onion, 

sweet, garlic, and earthy but lower meaty, 

chewy/tough, and firmness than those with 

100% beef recipe (p<0.05). This result met 

our expectation that the meat substituted 

recipes should have higher intensities of 

mushroom, earthy, umami, and veggie 

related flavors. However, the using 

mushroom as the flavor enhancer in meat-

based dishes had not been studies yet.  

Effect of mushroom substitution on 

sodium reduction on beef taco blend 

sensory quality  

Based on descriptive result (Figure 2), 80% 

of the meat substituted with mushroom with 

25% sodium reduction recipe received the 

overall flavor closed to non-sodium 

reduction of 100% and 50% beef content 

recipes. Thus the substitution of 80% meat 

with mushroom with 25% sodium reduction 

could reduce the use of sodium without 

difference in overall flavor, even if it did not 

compensate for the reduction in salty taste. 
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Figure 3 Mean hedonic ratings of 6 beef taco 

blend recipes for (a) overall degree of liking; (b) 

appearance liking; (c) flavor liking; and (d) 

texture/mouthfeel liking (n=147 consumers).  

Mouritsen (2012) did a mini-review on 

addition of glutamate in foods. He found 

that adding glutamate to the foods was able 

to reduce 30-40% amount of salt used in 

foods without affecting the palatability.  

Table 4 Pearson’s correlation coefficients          

(df = 6-2 = 4) 

Note: Values in bold are significant at alpha=0.05 or lower

Overall liking showed the highest 

correlation to flavor liking, then followed 

with texture liking. Appearance liking was 

not significantly correlated to overall liking 

(Table 4). This result suggested that flavor 

and texture are the drivers of overall liking 

for beef taco blend.  

Consumer acceptance of beef taco blend 

In general, consumers liked the samples 

without salt reduction more than the ones 

with reduced salt (p<0.05) (Figure 3). 

Overall degree of liking, flavor liking, and 

texture/mouthfeel liking indicated the same 

pattern that all recipes without salt reduction 

got the highest degree of liking. The 

significant difference on liking score was 

not found among 100% beef , 50% and 80% 

of the meat substituted with mushroom 

(without salt reduction) recipes (p>0.05). In 

case of appearance liking, consumers 

preferred the samples that were not 

substitute with mushrooms more than the 

substituted ones.   

Figure 4 Frequency percentages for JAR  

(Just-About Right) level of saltiness of 6 beef taco 

blend recipes 

All 6 beef taco blend recipes, except 100% 

beef recipe, were reported to have just-right 

saltiness more than 50%. However, it should 

be noted that the just-right saltiness 

decreased in all salt reduced samples and 

were reported to be not salty enough for 

30% or more of total frequencies (Figure 4). 

When compared t 100% beef recipe, 50% 

and 80% of the meat substituted with 

mushroom (without salt reduction) recipes 

got higher percentages of just-right saltiness. 

Consumer segmentation 

Figure 5 Mean hedonic ratings of the 6 beef taco 

blend recipes for the 4 preference clusters 

Variables Overall 

liking 

Appearance 

liking 

Flavor 

liking 

Texture/ 

mouthfeel 

liking 

Overall 

liking 
- 0.131 0.971 0.919 
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Four clusters were obtained from cluster 

analysis and their mean scores are shown in 

Figure 5. Consumers in cluster 1 tended to 

like 100% beef and 80% of the meat 

substituted with mushroom (without salt 

reduction) but they disliked 50% of the meat 

substituted with mushroom (with salt 

reduction). In cluster 2, consumers did not 

show any clear preference for any specific 

recipes. This group, in general, gave high 

ratings for all tested samples. Cluster 3 was 

accounted for consumers who disliked 

100% beef both with and without salt 

reduction. Consumers in cluster 4 preferred 

all recipes that were not reduced of salt but 

they were not preferred all salt reduction 

recipes. This group of consumers gave 

generally low ratings for all tested samples 

but they liked 100% beef sample most.   

4. Conclusion

Different cooking techniques affect the 

mushroom sensory profile. Seared 

mushrooms gave the highest overall flavor 

and overall aroma which can be potentially 

used as the flavor enhancer. However, 

roasted mushroom should be selected to 

have highest umami tastes. The recipes with 

50% or 80% of the meat substituted with 

mushroom (without salt reduction) did have 

a significantly higher overall flavor than 

those with 100% beef recipe. Moreover, 

80% of the meat substituted with mushroom 

with 25% sodium reduction recipe received 

the overall flavor closed to non-sodium 

reduction of 100% and 50% beef content 

recipes. Consumers preferred the recipes 

without salt reduction more than the ones 

that reduced salt. No significant difference 

on liking scores was found among full-salt 

recipes. Thus 50% and 80% of the meat 

substituted with mushroom recipes could be 

some alternatives to apply for the health -

promoting plant-based foods which can 

maintain both sensory and nutrition quality. 
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Abstract 

The primary objective of this study was to 

select the best yeast variety for the 

production of Jamun wine through chemical 

properties analysis, sensory evaluation and 

comparison with the commercial products 

and the standards of the Industrial 

Laboratory Center of Cambodia (ILCC). 

Three selective varieties of yeast including 

Saccharomyces cerevisiae, Saccharomyces 

ellipsoideus, and Saccharomyces spp. from 

supperfoods were used in the production of 

Jamun wine. The study showed that 

Saccharomyces cerevisae produced the 

highest alcohol content and was top scored 

for all sensory evaluation parameters. The 

relative preference of the wines based on the 

three varieties of yeast was 57% for wine 

produced by Saccharomyces cerevisiae, 

23% for Saccharomyces spp. from supper 

foods, and 20% for Saccharomyces 

ellipsoideus. The comparison of the wine 

products with commercial wines showed 

that alcohol, methanol, ester, and tannin 

contents were significantly different 

(P<0.05). Nevertheless, there were no 

significant differences between total soluble 

solids, acetic and tartaric acid content. The 

comparison with the ILCC standards 

showed that the Jamun wines produced from 

these yeast varieties are safe for 

consumption, especially the product 

produced from the yeast Saccharomyces 

cerevisae. Therefore, the yeast 

Saccharomyces cerevisae is regarded as the 

most appropriate for the production of 

Jamun fermented wine, which it can be used 

at household level as well as by small and 

medium enterprises (SMEs).  

Keywords: Yeast, Jamun, wine, tannin 

1. Introduction

Jamun (Syzgium cumini L.) is a tropical 

evergreen tree in the flowering plant family 

Myrtaceae, a native plant to India and 

Indonesia. It is also grown in other areas of 

Southeast Asia, including Malaysia, 

Myanmar, Pakistan and Afghanistan (1). 

The scientific name of Jamun is Syzygium 

cumini (S.cumini) (L.) Skeels. Its common 

names are jambolan, black plum, java plum, 

Indian blackberry, Portuguese plum, 

Malabar plum, purple plum, Jamaica and 

damson plum (2). 

Fruits are the major raw materials use for 

the production of fermented wine, which can 

be of high quality and attractive to the 

consumers because of its color and 

nutritional values. Red wines are generally 

produced from grapes most commonly 

found in the tropics. Apart from these 

grapes, Jamun is well known as a major 

source of red wine. It is also considered as 

an underutilized fruit with potential for use 

for medicinal purposes, particularly for the 

treatment of diabetes, because of its effect 

on the pancreas. The fruits and seeds of 

Jamun contain a biochemical compound 

called ‘jamboline’, which is believed to 

reduce the pathological conversion of starch 

into sugar. Jamun fruit is also known to 

provide an effective treatment for bleeding 

piles and correcting liver disorders (3). Seed 

of jamun is useful for controlling diabetes, 

cardio-vascular and gastro-intestinal 

disorders (4). Juice of Jamun is also used for 

beverage production as well as the 

production of fermented wine.  
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Despite the general acceptance of the 

potential health benefits of Jamun fruit, the 

production season is short and price for the 

fruit is usually low. Therefore, this study 

was conducted to select the best yeast for 

the production of Jamun fermented wine as 

an alternative use for the fruit. The 

production of wine would potentially allow 

an extension of the shelf life of a product 

that would help reduce losses in the season 

of high production, while also giving better 

price stability during the period of high 

production.  In order to evaluate the 

potential of the product on the market, 

Jamun wines were compared with two types 

of commercial wines (Randonal red and 

black label). It was also compared with the 

standard of the Cambodian Center for 

Industrial Laboratories (ILCC) for the safety 

of the product. 

2. Materials and methods

2.1 Raw materials 

Fully ripened Jamun furits were bought 

from a local market in Phnom Penh city, 

Cambodia, during May 2012. These fruits 

were stored and processed in the processing 

room at the Faculty of Agro-Industry, Royal 

University of Agriculture, Cambodia. 

. 

2.2 Yeast starter culture 

The selective wine yeasts Saccharomyces 

cerevisiae, Saccharomyces ellipsoideus, and 

Saccharomyces spp. from supper foods were 

cultured in PDA tubes (Potato Dextrose 

Agar) overnight. When the yeasts had 

multiplied and mature, they were transferred 

from the PDA tube and immediately 

immersed into prepared E-flasks by using a 

loop. The yeast was therefore grown 

overnight before being to the Jamun fruit for 

the production of Jamun wine.  

2.3 Fermentation of Jamun wine 

Jamun fruits were de-stemmed, cleaned, and 

soaked in water for a day, after which the 

seeds were separated.  The pulp was mixed 

with water in the ratio 1: 2 m / v (1 kg of 

Jumun, 2 liters of water). Sugar was added 

to be 22
0
 Brix to provide a potential  alcohol

content of 8-10% (5). Before transferring 

into the fermenters, sodium metabisulphite 

(SMS) (100 µg.ml
-1

) was used to inhibit the

growth of undesirable microorganisms such 

as acetic acid bacteria, wild yeasts and 

molds (1). Yeast in amounts of 10
6
-10

7

cell/ml from each yeast variety was added 

into the fermenters (6, 7). The fermentation 

was carried out for 3 weeks at room 

temperature. Racking was performed three 

times at 30 days intervals, in order to 

remove any sediment deposited in the wine. 

The wine after racking was bottled in the 

bottles treated with sodium metabisulphite 

(SMS) (100 µg.ml
-1

).  The flow diagram for

the production of Jamun wine is presented in 

Figure 1.  

Figure 1 Product flow diagram of Jamun 

fermented wine 
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2.4 Chemical properties analysis 

With respect to  chemical properties 

analysis, pH, total soluble solids (TSS), 

ethanol, tartaric, acetic acid and ester, were 

analyzed using the  methods of the 

Association of Official Analytical Chemists 

(AOAC 2005) using the modifications  of 

Horowitz and Latimer (8). Methanol and 

tannin contents were determined by the 

method of OIV-MA-AS312-03B (9). 

2.5 Sensory Evaluation 

Jamun wine products were evaluated by 30 

semi-trained taste panelists. They were 

asked to rate each attribute on 5 point 

hedonic scale with 1 = “dislike extremely”; 

and 5 “like extremely”. Parameters assessed 

the sensory evaluation including color, 

transparency, smell, alcohol, sour taste, 

sweetness and bitterness taste, texture and 

buying level. 

2.6 Experimental design 

A completely randomized design (CRD) 

was used for the study, with three replicated 

treatments.  Treatment 1 was Jamun wine 

produced by the yeast Saccharomyces 

cerevisia; treatment 2 was wine produced 

from Saccharomyces ellipsoideus and 

treatment 3 was wine produced using 

Saccharomyces spp. from supper foods.  

The ratio of pulp and water 1:2 (m/v); this 

means that 1 kg of pulp used 2 litters of 

water. The same amount of yeast was used 

in each treatment (10
6
 - 10

7
 cell/ml). Sugar

was added in each treatment to reach 22 
0
Brix. 

Table 1 Experimental design in the production of Jamun wine 

Treatment Variety of yeast Ratio 

(m/v) 

Yeast 

(Cell/ml) 

Sugar (
0
Brix)

1 Saccharomyces cerevisiae 

1:2 10
6
 - 10

7 
22 

0
Brix2 Saccharomyces  ellipsoideus 

3 Saccharomyces spp. from supper foods 

2.7 Data analysis 

Analysis of Variance (One-Way ANOVA) 

was conducted and Duncan’s Multiple and 

Range Tests were applied to establish the 

differences between means of treatments. 

Significance was defined at P ≤ 0.05 or 95% 

confidence level.   
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3. Result and discussion

3.1 Chemical properties of Jamun wine and its comparison with commercial wines 

Table 1 Chemical properties of Jamun wine and its comparison with commercial products 

Chemical 

properties 

Trt 1 Trt 2 Trt 3 Rb Rr 

TSS (
0
Brix) 9.0 ±0.50 7.6 ±0.57 8.3±0.57 8.0±1.41 7.5±0.70 

Alc (%) 10.6±0.05
 a

9.3±0.11
 c

9.9±0.20
 b

9.6±0.14
 bc

9.5±0.28
 b

TA (g/l) 0.38±0.01 0.38±0.01 0.39±0.00 0.37±0.02 0.37±0.02 

AA (g/l) 0.52±0.06 0.52±0.06 0.60±0.12 0.36±0.16 0.54±0.08 

Est (g/l) 0.26±0.05
 a

0.30±0.02
 a

0.28±0.03
 a

0.07±0.12
 b

0.24±0.12
 a

Met (%) 0.0046±0.00
 b
 0.0037±0.00

 b
 0.0041±0.00

 b
 0.0175±0.00

 a
0.0185±0.01

 a

Tan 

(mg/100ml) 

1.60±0.00
 b
 2.06±0.80

 b
3.00±0.00

 a
3.00±0.00

 a
3.00±0.00

 a

Values are means ± SD.  Values within each row with the same letter are not significantly 

different (p<0.05). Rb = Radonal black, Rr = Randonal red label 

The analysis of chemical properties of 

Jamun wine showed that TSS, tartaric acid 

and acetic acid, ester and methanol content 

of products produced from different yeasts 

were not significantly different.  However, 

the alcohol and tannin contents of each 

treatment were significantly different 

(P<0.05). Treatment 1 contained the highest 

content of alcohol (10.6 ± 0.05%) followed 

by treatments 3 and 2 (9.9 ± 0.20 and 9.3 ± 

0.11%), typically. The differences in the 

results could be due to differences in the 

capacity of the yeast varieties to convert the 

sugars, thereby resulting in different 

alcoholic contents (10). Yeasts play an 

important role in the food industry as they 

produce enzymes that support desirable 

chemical reactions, such as the leavening of 

bread and the production of alcohol and 

invert sugar. The most beneficial yeasts in 

term of desirable food fermentation are from 

the Saccharomyces family, especially 

Saccharomyces cerevisiae (11). Generally, 

total soluble solid about 22-24 
0
Brix are able

to produce an alcohol content of about 8-

10% (12). Treatment 3 was associated with 

the highest tannin contents (3.00±00 

mg/100ml). The reason for this might have 

been that during crushing of Jamun fruits, 

seed fragments were broken and presented 

in the wine solution and not effectively 

removed in the racking process, or because 

of fruits may have not been sufficiently ripe. 

Another potential contributing factor to the 

differences might have been due to the 

hydrolysis of gallic acid esters and 

hydrolysable tannins to glucose and free 

gallic acid (13, 14). 

The comparison of Jamun   wine products 

with commercial wines indicated that the 

alcohol, methanol, ester, and tannin contents 

were significantly different (P<0.05). The 

uses of different raw materials, yeast variety 

and technical considerations, may have 

contributed to these differences.   However, 

there were no significant differences in total 

soluble solids, acetic and tartaric acid among 

the treatments.   

3.2 Comparison of chemical properties of 

Jamun wine with the standard of 

ILCC 

The Industrial Laboratory Center of 

Cambodia (ILCC) sets the standards for 

some chemical properties of fermented 

wine, these standards being presented in 

Table 3. Alcohol content of fermented wine 

must be between 7-15%.  Acetic, methanol 

and ester content of fermented wine are  also 
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restricted to  <1.2 g/l, <0.15% and <0.4 g/l, 

respectively.   The results of the analysis of 

Jamun wine produced in this study indicate 

that all treatments passed the alcohol, acetic, 

methanol and ester content standards of 

ILCC.  This means that the Jamun wines 

were safe for human consumption despite 

the fact they were produced by using 

different yeast varieties.  

Table 2 Comparison of chemical properties with ILCC standard 

Treatment Alcohol content  Acetic acid content Methanol content Ester content 

1 10.6 % 0.52 g/l 0.0046 % 0.26 g/l 

2 9.3 % 0.52 g/l 0.0037 % 0.30 g/l 

3 9.9 % 0.60 g/l 0.0041 % 0.28 g/l 

ILCC 

standard 

7-15 % <1.2 g/l <0.15 % <0.4 g/l 

Result () Passed () Passed () Passed () Passed 

3.3 Sensory evaluation 

The results of sensory evaluation showed 

that treatment 1 produced by Saccharomyces 

Cerevisiae, had the top score for all 

parameters related to f sensory evaluation. It 

scored  3.93 points for  color, 3.90 points for 

transparency,   3.90 points for  smell, 3.97 

points  for alcohol content, 3.96 points for 

sour taste, 3.80 points  for sweetness, 3.63 

points for  bitterness,  3.63 points for 

likeable  texture, and 4.06 points for 

potential retail attractiveness (buying level) 

(Figure 2). 
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Figure 2 Sensory evaluation of Jamun 

wine 

Chemical properties data and sensory 

evaluation of the products were compared.  

Treatment 1 scored in aspect of alcohol 

level liking, while it had the highest 

alcohol content and lowest acid content.  

Sweetness taste of the product also 

received the highest score, reflecting the 

higher total soluble solids (TTS) in the 

treatment 1 when compared with other 

treatments. However, bitterness taste was 

also received the highest scored while its 

tannin content was low.  Overall,  57% of 

consumers indicated a preference for  

Jamun fermented wine produced from 

Saccharomyces cerevisae, followed  by 

23% for wine produced from 

Saccharomyces spp. from supper food 

(23%) and 20% for wine produced from 

Saccharomyces ellipsoideus  (refer to 

Figure 3). 
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Figure 3 Overall liking of Jamun wine 

4. Conclusion

Based on the analysis of chemical 

properties of Jamun wine, sensory 

evaluation, and a comparison with the 

commercial products available in the 

marketplace and the standard of ILCC, it is 

concluded that the yeast Saccharomyces 

Cerevisiae is the best yeast for the 

production of Jamun fermented wine. It is 

the most appropriate yeast variety for the 

production of fermented wine for either 

household use or in small and medium 

enterprises (SMEs).  
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Abstract 

Lactic acid is a versatile organic acid that 

can be used in various applications. One of 

the promising applications of lactic acid is 

in bioplastic industry. Lactic acid is used as 

the monomer building block in polylactic 

acid synthesis. Unlike the existing 

applications in food and pharmaceutical 

industries in which lactic acid is used as the 

additive, it becomes the major raw material 

in polylactic acid production. This, 

therefore, raises the demand of lactic acid 

and eventually increases the market price. In 

order to expedite the bioplastic industry, 

cost competitiveness to the existing plastic 

is a big concern. The cost effectiveness and 

process robustness are the key success 

factors in bioplastic industry. Currently, 

lactic acid is produced via bacterial 

fermentation using the lime-based process. 

After fermentation, lactic acid was 

recovered from the fermentation broth by 

various techniques including solvent 

extraction, reactive distillation, ion 

exchanger, and electrodialysis. To achieve 

low production cost, not only high 

fermentation rate is necessary, effective 

recovery process is also required. In this 

study, we attempted simultaneous recovery 

of lactic acid coupled with fermentation to 

drive the productivity and long-term 

operation in continuous culture. Anion 

exchange resin, Amberlite IRA96, was 

selected for recovering lactic acid from the 

bacterial culture. The preliminary results in 

batch adsorption showed that among other 

resins studied, Amberlite IRA96 provided 

the best separation efficiency. Further study 

on fixed bed adsorption and simultaneous 

fermentation and lactic acid recovery using 

this resin were conducted and the results 

will be discussed in this presentation.  

Keywords: Lactic acid, Anion exchange, 

Fermentation, Recovery 

1. Introduction

Lactic acid has long been widely used in 

food, pharmaceutical, cosmetic, and 

chemical industries. This acid is currently 

attracting a great deal of research and 

development in an emerging application for 

the production of polylactic acid, a 

renewable, biodegradable, and 

biocompatible polymer that provides an 

environmental friendly alternative to 

biodegradable plastics derived from 

petrochemical materials (4), (6), (8). Lactic 

acid naturally exists in two optical isomers: 

D(−)-lactic acid and L(+)-lactic acid. Since 

elevated levels of the D-isomer are harmful 

to human, L(+)-lactic acid is the preferred 

isomer for food-related and pharmaceutical 

industries (9). Lactic acid can be produced 

using chemical or biological fermentation 

process. Chemical synthesis of lactic acid by 

hydrolysis lactonitrile acid, a derivative of 

petrochemicals. The products are DL-lactic 

(4) The advantage of being produced by 

fermentation biological fermentation can be 
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used raw material prices such as molasses, 

molasses, starch, cellulose and other raw 

materials rich. Carbohydrates (2), (11), the 

cost of raw materials is one of the key 

factors in the production that can be used in 

determining the production with the best 

performance. However, in the process, the 

biological need to check the development of 

production systems for highly specific and 

provide products with high purity and (5) 

The conventional recovery processes of 

lactic acid from fermentation broth are quite 

complicated. Separation of lactic acid from 

dilute wastewater or fermentation broths 

using evaporation has an economic problem 

since the vaporization of water consumes 

much energy. Also distillation is not useful 

due to non-volatility of lactic acid. In 

conventional processes, precipitation of 

calcium lactate using calcium hydroxide has 

the following steps: precipitation, filtration, 

addition of sulfuric acid, purification using 

activated carbon, evaporation and 

crystallization. Separation and final 

purification stages account up to 50 % of the 

production costs. Researchers have 

conducted studies and develop 

manufacturing processes to reduce the cost 

of production.  

2. Objectives

 The aim of this work was to improve the 

efficient of separation and purification L(+)-

lactic acid from the fermentation broth. The 

research will be studied to enhance 

concentration of lactic acid using  ion 

exchange column. 

3. Materials and Methods

3.1 Resins preparation 

Anionic resin, Amberlite IRA-400, was used 

in this work. Before use, the resins were 

activated into working forms (OH-). The 

freshly new resin was treated with 1.0 M 

NaOH, and then washing the resins by 

distilled water (until pH 7).  

3.2 Fermentation broth preparation 

Our in-house bacillus sp BC-001 was used 

to ferment lactic acid in GYP medium 

consisted of  11 g glucose monohydrate, 5 g 

yeast extract, 5 g peptone, 4 g NH4Cl, 0.5 g 

KH2PO4, 0.5 g K2HPO4, 1 g Ca(OH)2,20 g 

ager and 20 mL salt solution per litre. The 

fermentation was carried out in the stirred 

fermentor with the automatically pH (pH 

6.8) control by the concentrated 10 M 

NaOH for 18 h when the highest lactate titer 

was achieved. The fermentation broth was 

harvested for our lactate recovery processes. 

3.3 Batch adsorption 

3.3.1 Equilibrium time 

One g of wet resin ( in 3.1.) was soaked with 

25 mL lactic acid solution and incubated at 

200 rpm with different temperatures (30-70 

C). Samples were taken every 30 s. for 

analyzing the remaining lactic acid using 

HPLC. Sampling was stopped when the 

concentration of lactic acid remained in the 

solution became constant. Lactic acid 

adsorption was calculated according to the 

initial lactic acid present in the fermentation 

and the remaining at different times. The 

equilibrium time was determined from the 

plot of lactic acid adsorbed on resins versus 

time. 

3.3.2 Adsorption isotherm 

One gram of Amberlite IRA-400 wet resin 

was added to 10 mL lactic acid solution at 

various concentrations (0-100 mg/mL), pH 

6.0. The samples were incubated at 50 C, 

200 rpm for 12 h. Residual lactic acid 

concentration was measured and the amount 

of adsorbed lactic acid per gram wet resin 

was calculated. The adsorption isotherm was 

obtained from the plot of adsorbed lactic 

acid on resins versus the remaining lactic 

acid in the solution. The isotherm equation 

was predicted from the best suited trend line 

of the plotted data. 
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3.3.3 Elution profiles 

Eluant was selected in this work. One gram 

of Amberlite IRA-400 was thoroughly 

soaked with 100 g/L lactic acid solution at 

pH 6.0 to ensure equilibrium. After that the 

solution was discarded and the resins were 

washed with DI water before soaking with 

different eluants (10 mL) including HCl, 

H2SO4, H3PO4, NH3, NaCl, and DI water. 

The concentration effect of all eluants was 

also studied. Samples were taken for 

analysis of lactic acid eluted from the resins 

until the constant concentration was 

obtained. 

3.4 Analytic methods 

High performance liquid chromatography 

(HPLC) was used to analyze the organic 

compounds (the remaining glucose and end 

products) present in the fermentation broth 

and lactic acid in the recovery samples. 

Samples were centrifuged, filtered through 

hydrophilic PTFE 204embrane, and diluted 

with double distilled water. 20 µL diluted 

particle-free samples were injected into an 

organic acid analysis column (Biorad, 

Aminex HPX-87H ion exclusion organic 

acid column; 300mmx7.8mm) maintained at 

45
o
C in a column oven. 0.005 M H2SO4 was

used as an eluent at 0.6 mL/min flow rate. A 

refractive index detector was used to detect 

the organic compounds. A standard 

containing 2 g/L of each component was 

injected as a reference to determine the 

sample concentration. The peak area was 

used for the comparison basis.  

4. Results and Discussion

4.1 Determining the equilibrium time 

Figure 1 shows the example of lactic acid 

adsorption on Amberlite IRA-400 OH
-
 form.

From the results, lactic acid rapidly 

adsorbed onto the resins at the first 5 min. 

Later on the adsorption reached plateau. It 

was found that pH and temperature affected 

the adsorption process. From Table 1, 

increasing the pH and temperature helped 

improve adsorption capacity of lactic acid 

on the resins. The maximum adsorption 

capacity of 1.8 g lactic acid per g wet resins 

was obtained at pH 6.0 and 70 C. 

Nonetheless, according to our developed in-

house fermentation that was operated at 50 

C and pH 6.8 combined with the obtained 

results in Table 1, we suggested that 

adsorption in further study would be 

conducted at 50 C and pH 6.8. This finding 

is similar to the work reported by (3). 

Figure 1 Example of lactic acid adsorbed on 

Amberlite IRA-400. The resin was soaked 

with lactic acid solution at the ratio of 0.1 g 

resin to 2.5 mL lactic acid solution (pH 6.0). 

The mixture was incubated at 50 C, 200 

rpm. 

Table 1 Adsorption capacity
a
 of lactic acid

on Amberlite IRA-400 at different pH and 

temperature 

Temperature 

(C) 

pH 

2.0 4.0 6.0 

30 0.25 0.35 0.50 

50 0.80 1.0 1.20 

70 0.90 1.0 1.80 
a
values in g lactic acid per g wet resin 

4.2 Lactic acid adsorption isotherm on 

Amberlite IRA-400 

Figure 2 shows the typical isotherm of lactic 

acid at 50 C, pH 6.0.  
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Figure 2 Typical isotherm of lactic acid on 

Amberlite IRA-400. The resins were soaked 

with lactic acid solution at various 

concentrations at 50 C, pH 6.0, 200 rpm 

until equilibrium. 

Curve fitting was conducted to obtain the 

best suited isotherm equation as shown in 

Figure 3. Both Langmuir and Freundlich 

isotherms were applied. From the curve 

fitting results, it was found that the 

adsorption of lactic acid on Amberlite IRA-

400 was likely considered as chemisorption; 

thus, followed Langmuir isotherm (eq.1) 

where Kd was the dissociation constant, qm 

was the maximum adsorption capacity, c 

was the remaining lactic acid in solution, 

and q was the amount of lactic acid 

adsorbed on the resin and the constant qm 

and Kd values were 0.14 g lactic acid per g 

wet resin and 27.78 g/L, respectively. 

𝑞 =
𝑞𝑚𝐶

𝐾𝑑+𝐶
(eq.1) 

(A)

(B) 

Figure 3 Curve fitting for isotherm 

prediction on Amberlite IRA-400: (A) 

Langmuir isotherm, (B) Freundlich 

isotherms. 

4.3 Eluant selection 

In this study, we attempted to use different 

eluants to elute lactic acid from the saturated 

resins (Figure 4). Among the eluants 

studied, it was clear that acidic eluants gave 

the better recovery as observed from the 

higher concentration of lactic acid eluted 

from the resins. While some eluant (NaCl) 

and DI water unsuccessfully eluted lactic 

acid from the resins. Increasing the 

concentration of eluants caused the adverse 

effect on lactic acid recovery from the 

resins. Therefore, among the 3 

concentrations studied, 1.0 M gave the 

highest lactate recovery. It should be noted 

that H2SO4 seemed to be more effective than 

other acids studied. This was presumably 

due to the divalent SO4
2-

, which provided

the stronger binding ability to the 

monovalent cation on the resin surface 

compared to Cl
-
 or OH

-
. 
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(B) 

(C) 

Figure 4 Lactic acid elution from saturated 

Amberlite IRA-400 using acids, base, salts, 

and DI water at different concentrations: (A) 

1.0 M, (B) 1.5 M, and (C) 2.0 M.  
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Abstract 

In this study, we aimed to isolate and identify 

lactic acid producing bacteria that possess the 

ability to produce an optically pure L-lactic 

acid at a high production rate from the natural 

resources. Eighty-two bacterial isolates were 

primarily screened from the natural habitats 

in the provinces in the north and northeastern 

parts of Thailand. Most isolates grew well 

under aerobic condition while producing high 

lactic acid titer under anaerobic condition. 

Among 82 isolates, 7 of them grew and 

produce an optically pure L-lactic acid at the 

final titer of 94-119 g/L from the fermentation 

medium containing 120 g/L glucose at 50 C 

within 48 h. Bacterial identification and 

biochemical test were also conducted. It was 

found that most of the screened bacteria were 

gram-positive, rod-shape, catalase positive, 

and thermotolerant. 

Keywords: Bacterial isolation, L-lactic acid, 

Fermentation, Optimization, Lactic acid 

producing bacteria. 

1. Introduction

Lactic acid is employed for various 

applications in several industries including 

food, cosmetic, pharmaceutical, and chemical 

industries (1). In particular, attention has been 

focused on lactic acid as a raw material for 

polylactic acid (PLA) plastic over the past 

two decades, given that PLA is a recyclable 

biodegradable plastic material (2). Highly 

optically pure lactic acid (OPLA) is required 

for the synthesis of high quality plastic, and 

poly-L-lactic acid (PLLA) and poly-D-lactic 

acid (PDLA) are produced from the optically 

pure isomers of lactic acid (3). Recently, there 

has been a great interest in a stereocomplex of 

PLLA and PDLA, owing to its higher melting 

point and superior biodegradability compared 

with that of their respective single polymers 

(3). 

Lactic acid bacteria (LAB) are classified 

mainly into 2 groups: homofermentative and 

heterofermentative. While homofermentative 

LAB produce only lactic acid through the 

Embden-Meyerhof-Parnas pathway, hetero- 

Fermentative LAB produce lactic acid and 

byproducts including ethanol, acetic acid, and 

carbon dioxide (4,5). Thus, the identification 

of a homofermentative LAB is an important 

factor in developing an economical 

bioprocess for the production of lactic acid. 

The major homofermentative LAB that can 

be used in the production of lactic acid 

include the genera Bacillus, Lactobacillus, 

Lactococcus, and Enterococcus (5,6,7,8).  

The aim of this research was to screen 

and isolate the novel bacterial strain that were 

capable of producing the high optically 

purified L-lactic acid at high yield and 

productivity.  

2. Materials and Methods

2.1 Sources and Isolation Methods 

LAB was isolated from natural resources in 

both the north and northeastern parts of 

Thailand (Table 1). A sample (0.5 g) was 
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enriched in the GYP broth (4.5 mL) mainly 

contained glucose (10 g/L) and organic 

nitrogen sources (10 g/L) supplemented with 

phosphate and potassium minerals and trace 

elements (9). The initial pH of the GYP 

medium was 4.6. The sample suspension was 

incubated under anaerobic condition at 50 ºC 

for 3 days. Later, a loop-full suspension was 

streaked onto the GYP agar plate containing 

CaCO3 (0.5%) and incubated at the same 

condition until the colonies developed. 

Further colony purification on GYP agar 

plates was conducted until pure isolate was 

obtained. The pure isolate was stored in the 

GYP agar slant (pH 6.8) as the working 

culture for fermentation while some was kept 

in the skimmed milk for further identification 

and biochemical test (9).  

2.2 Bacterial Identification 

To determine morphological and biological 

characterization of the bacterial isolates, the 

purified isolates were grown on the GYP agar 

plate at 50 ºC under aerobic condition. The 24 

h aerobic culture was used for gram staining, 

cell form, morphology, and catalase activity 

testing according to the method previously 

described in Kodama et al. (1985) (10). 

2.3 First screening fermentation 

The obtained isolates were tested for lactic 

acid production. The bacterial suspension in 

sterile 0.85% NaCl was prepared from the 24-

h freshly grown isolate on the GYP agar slant 

incubated at 50 C. The bacterial suspension 

(2% inoculum size) was transferred into 49 

mL preculture medium containing (per liter) 

10 g glucose, 19 g N-sources, 1 g phosphate 

salts, trace elements, and CaCO3 for pH 

control. The culture was incubated at 50 C, 

200 rpm for 5 h. Later 25 mL preculture broth 

was transferred into the highly concentrated 

glucose solution containing CaCO3. The 

fermentation suspension with the initial 

glucose concentration of 120 g/L was further 

incubated at the same temperature under 

microaerobic condition for 48 h. At the end of 

fermentation, the sample was centrifuged and 

the supernatant was collected for analyses of 

the remaining glucose and end metabolites by 

high performance liquid chromatography 

(HPLC) (Prasirtsak, 2013) (9).  

2.4 Analytical method 

Fermentation samples were centrifuged at 

10,000g to separate cell and solid particles 

from the supernatant. The supernatant was 

diluted with DDI water to desired 

concentration and filtered through the 

cellulose acetate membrane for analyzing the 

remaining glucose, D-lactic acid, L-lactic 

acid, and acetic acid as well as the optical 

purity of the D-lactic acid product using the 

high performance liquid chromatography 

(HPLC) system (Shimadzu). For analyzing 

the remaining glucose, total lactic acid (both 

D and L-isomers), and acetic acid, 15 L 

diluted particle-free samples were 

automatically injected into an organic acid 

analysis column (Biorad, Aminex HPX-87H 

ion exclusion organic acid column; 300 mm  

7.8 mm) maintained at 45 C in a column 

oven (Shimadzu-CTO-10A). An eluant, 0.005 

M H2SO4, was pumped through the system at 

the flowrate of 0.6 mL/min (Shimadzu-LC-

10Avp). A refractive index detector 

(Shimadzu-RID-10A) was used to detect the 

organic compounds. The standards containing 

0 – 2 g/L of each component (glucose, lactic 

acid, and acetic acid) were injected as the 

references to determine the sample 

concentration. To determine the optical purity 

of D-lactic acid, 5 L diluted particle-free 

samples were automatically injected into a 

chiral column (Sumipack, Sumichiral 

OA5000) maintained at 40 C. 0.001 M 

CuSO4 was used as the eluant at the flowrate 

of 1.0 mL/min. The UV detector (Shimadzu-

SPD-10A) was used to detect the lactate 

isomers at 254 nm. The standards containing 

0 – 2 g/L of D- and L-lactic acids were 

injected as the references to determine the 

sample concentration (10-11).   
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3. Results and Discussions

From the first screening results, 82 isolates 

were found as L-lactic acid producer. Later, 

82 isolates were screened for the potential 

isolates that provided high optical purity and 

production yield and productivity in the shake 

flask culture under microaerobic condition 

using 120 g/L glucose as substrate. Among 

them, the isolates that gave high optical 

purity, yield, and productivity included I001, 

I009, I012, I013, I023, I032, and I034 with 

the corresponding final lactate titer of 93.7, 

118.8, 110.0, 111.9, 106.6, 96.9, and 95.56 

g/L (Table 1). From bacterial identification it 

was found that all of these isolates were gram 

positive bacteria with rod-shape and catalase 

positive which grew well at slightly high 

temperature of 50 ºC.  

Table 1 Bacterial isolation and their ability to 

produce L-lactic acid 

Isolate 
Final lactate 

(g/L) 

Remaining 

glucose 

(g/L) 

Optical 

purity 

I001 93.7 34.2 100 

I009 118.8 4.2 99.6 

I012 110.0 11.5 100 

I013 111.9 3.0 100 

I023 106.6 8.9 100 

I032 96.9 33.9 100 

I034 95.6 29.4 100 

4. Conclusion

Eighty-two isolates were found as the 

potentially high L-lactic acid producing strain 

isolated from natural resources. The results 

from the shake flaks culture suggested that 7 

isolates provided the high optical purity of L-

lactic acid approaching 100% ee. In addition, 

these 7 isolates yielded the high titer of lactic 

acid of 94-119 g/L. Further fermentation 

optimization is currently conducted in our 

research group in order to obtain the well 

optimized conditions that can be applied for 

industrial production of lactic acid. In 

addition, genotypic characterization is an 

ongoing project so that once completed, the 

information will be helpful in bacterial strain 

improvement. 
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Abstract 

Hydrogen is an interesting alternative 

energy carrier that can be produced by 

various kinds of cyanobacteria. The 

unicellular halotolerant cyanobacterium 

Aphanothece halophytica is one of the 

potential cyanobacterial candidates for H2 

production. Its dark fermentative H2 

production is catalyzed by bidirectional 

hydrogenase activity through the catabolism 

of storage glycogen. This work aimed to 

study H2 production by A. halophytica cells 

immobilized in alginate beads. The result 

showed that under nitrogen deprivation H2 

production by the immobilized cells of A. 

halophytica in alginate cells was obviously 

higher than that of free cells. The highest H2 

production was found in immobilized cells 

prepared from 4.5 % (w/v) sodium alginate 

in 100 mM calcium chloride. Finally, H2 

production yield of 50 immobilized cell 

beads per 20 mL glass vial was higher than 

of 100 and 150 immobilized cell beads. 

Keywords: H2 production, Aphanothece 

halophytica, Immobilization, Alginate bead 

1. Introduction

Nowadays, fossil fuel is mostly used as an 

energy source in all countries over the 

world. It is going to be diminished in the 

next future. The combustion of petrol 

derived from fossil fuels usually releases 

carbon dioxide, carbon monoxide, methane, 

and other toxic gases that causes an 

environmental pollution. Therefore, the 

alternative energy has been intensively 

attractive. Hydrogen is one of alternative 

potential energy sources because it provides 

a high heating value of 141.6 MJ kg
−1

 (1)

and its combustion generates the 

environmental-friendly products.  

H2 can be produced from several kinds of 

microorganism, such as fermentative 

bacteria, photosynthetic bacteria, green 

algae and cyanobacteria. Cyanobacteria 

produce H2 via a nitrogen fixation process 

by nitrogenase activity and/or through a 

photosynthetic process by a bidirectional 

hydrogenase activity (2,3). Bidirectional 

hydrogenase can receive electrons from two 

processes. First, solar energy is captured at 

photosystem II and then water-splitting 

occurs. This process mediates protons, 

electrons and oxygen. The electrons are 

transferred via photosystem to reduce 

ferredoxin. Finally, hydrogen atoms will 

accept electrons from ferredoxin and 

produce hydrogen via bidirectional 

hydrogenase. Second, storage glycogen can 

be degraded under dark anaerobic condition, 

resulting in gaining the electrons in the cells. 

These electrons are shuttled to bidirectional 

hydrogenase for H2 production (4).  

The unicellular halotolerant cyanobacterium 

Aphanothece halophytica has been reported 

to be one of the potential H2 producing 

cyanobacteria (5,6). It mainly produces H2 

mailto:kpsarany@kmitl.ac.th
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under dark anaerobic fermentation. To 

enhance the efficiency of H2 production in 

A. halophytica, cell immobilization in 

alginate beads was investigated in this 

study. The advantages of cell 

immobilization are that it can protect 

enzyme activity and/or cells from an 

external environment by separating cells 

from a liquid phase (7). Furthermore, 

immobilization avoids cells from forming 

clumps. The cell entrapment in alginate is 

widely used for immobilization. The 

immobilized cells are free in solution but 

limited in a movement by the lattice 

structure of a gel. The pore size of gel 
allows medium to freely flow-through.

Alginate is an anionic polysaccharide 

composed of a-(1,4)-linked L-guluronic and 

b-(1,4)-linked D-mannuronic acid residues.

The gel formation occurring at room 

temperature causes an electrostatic 

interaction between the carboxylic groups 

on the guluronic acid residues and the 

divalent ions (Ca
2+

). The polymerization

process of alginate solution between 3-6% 

(w/v) is stable (8). In addition, alginate is a 

low-cost material and can be produced from 

a renewable resource in a large scale. In this 

research, we focused on H2 production by 

alginate immobilized cells of the 

halotolerant cyanobacterium A. halophytica 

under dark anaerobic fermentation.  

2. Materials and methods

2.1  Growth condition 

The cyanobacterium A. halophytica was 

grown in a 250-mL Erlenmeyer flask 

containing 100 mL of BG11 medium 

supplemented with Turk Island salt solution 

(pH 7.6) (9). The medium consisted of 17.6 

mM NaNO3, 30 mM MgSO4.7H2O, 0.189 

mmol C L
-1

 Na2CO3 and 0.5 M NaCl as a

main component. For BG110 medium, 

NaNO3 is removed from BG11 medium. 

The cells were cultivated in an incubator 

shaker with a shaking speed of 120 rpm at 

30 °C under the light intensity of 30 μmol 

photons m
−2 

s
−1

 for 7 days.

2.2 Cell immobilization 

A. halophytica was grown as previously 

described for 7 days. The cells were 

harvested by centrifugation at 5,000×g at 4 

°C for 10 min, washed twice and 

resuspended in 10 mL of BG110 (Nitrate-

free BG11) medium. The cell culture 

containing approximately 1 mg dry cell 

weight per mL was mixed with 3% (w/v) 

sodium alginate. The mixture was dropped 

into 100 mM calcium chloride through a 10-

mL syringe (10). The immobilized cells 

were immersed in calcium chloride solution 

for at least 2 h and washed twice with 

BG110 medium before use. To investigate 

the effects of aginate gel concentrations on 

H2 production, cells were entrapped with 

3%, 3.5%, 4%, 4.5% and 5% (w/v) sodium 

alginate. 

2.3  Measurement of H2 production 

One hundred immobilized cell beads were 

added in a 20-mL glass vial containing 10 

mL of BG110 medium. The glass vial was 

tightly sealed with a rubber stopper carrying 

an aluminum rim and incubated at 30 °C 

under the light intensity of 30 μmol photons 

m
−2

 s
−1

 for 24 h in order to induce H2

production under nitrogen–free condition. 

After incubation, air in glass vial was 

removed from a vial by purging argon gas 

for 10 min. H2 measurement in the head 

space was performed in the dark. To study 

the effect of immobilized beads amount on 

H2 production, 50, 100 and 150 immobilized 

beads were transferred to a 20-mL glass 

vial. H2 in the gas phase was determined by 

Gas Chromatograph (GC) (Shimadzu 15-A, 

Japan) using a molecular sieve 5
o
A (60/80

mesh) packed column and a thermal 

conductivity detector. The GC condition 

was shown as previously described (5).  

2.4  Chlorophyll a determination 

Chlorophyll a in the immobilized cells was 

extracted with 90 % (v/v) methanol at 70°C 
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for 15 min. The chlorophyll extract was 

determined by measuring an absorbance at 

665 nm (11). 

3. Results

3.1  H2 production of immobilized cells 

under nitrogen deprivation 

A. halophytica cells grown in medium for 7 

days were harvested by centrifugation and 

resuspended in BG11 and BG110 medium. 

The immobilized cells containing a dry cell 

weight of 1 mg mL
-1

 were prepared by

entrapment cells with 3% (w/v) sodium 

alginate in 100 mM calcium chloride. One 

hundred immobilized cell beads were 

transferred to a-20 mL glass vial containing 

the indicated medium and further incubated 

in the light for 24 h. After incubation, H2 

production of immobilized cells was 

measured. It was found that H2 could not be 

detected in the free and immobilized cells 

incubated in complete BG11 medium (data 

not shown). In addition, H2 production of the 

immobilized cells incubated in N-deprived 

medium were significantly 2-3 folds higher 

than that of free cells (Fig. 1). The highest 

H2 production with 4.637±0.326 µmolH2 mg 

chl a
-1 

was found in immobilized cells

incubated in BG110 for 3 days (Fig. 1).  

Figure 1 H2 production by the free and 

immobilized cells of A. halophytica in nitrogen-

deprived BG11 medium (BG110) supplemented 

with Turk Island salt solution 

3.2  Effect of alginate concentrations on 

H2 production of immobilized cells 

A. halophytica cells were immobilized with 

3%, 3.5%, 4%, 4.5% and 5% (w/v) sodium 

alginate in 100 mM calcium chloride and 

subsequently transferred to a 20-ml glass 

vial containing 10 mL of BG110 and further 

incubated in the light for 24 h prior to H2 

measurement under darkness. The result 

revealed that the immobilized cells in 4.5% 

(w/v) alginate gel gave the highest H2 yield 

with 10.459±1.239 µmolH2 mg chl a
-1

whereas those in 5% and 4% (w/v) alginate 

gel gave the H2 production with 

9.626±0.089 and 9.385±0.335 µmolH2 mg 

chla
-1

, respectively (Fig. 2).

Figure 2 Effect of alginate gel concentrations on 

H2 production by immobilized cells of A. 

halophytica. Cells were entrapped with 3%, 3.5%, 

4%, 4.5%, and 5% (w/v) sodium alginate in 100 

mM calcium chloride 

3.3 Effect of cell bead number on H2 

production in immobilized cells 

H2 production of the 50, 100 and 150 

immobilized cell beads per a 20-mL glass 

vial, prepared by mixing cells with 4.5% 

(w/v) sodium alginate solution and dropping 

in 100 mM calcium chloride solution, was 

investigated. The result showed that the 

highest H2 production with 19.241±0.507 

µmolH2 mg chl a
-1

 was obtained in a glass

vial containing 50 immobilized cell beads. It 

was approximately 2 folds higher than H2 
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produced by 100 and 150 immobilized cell 

beads (Fig. 3). 

Figure 3 Effect of immobilized cell bead number 

(50, 100, and 150 beads per 20 mL vial) on H2 

production in A. halophytica   

4. Discussion

Aphanothece halophytica is a halotolerant 

cyanobacterium which can grow in extreme 

NaCl concentrations (upto 3.0 M NaCl) 

(12). It can produce H2 by a bidirectional 

hydrogenase activity under a dark anaerobic 

fermentation. Under this condition, 

glycogen accumulated in cells is consumed 

and the released electrons are transferred to 

bidirectional hydrogenase enzyme for 

generating H2 (5,6). In this study, H2 

production of A. halophytica incubated 

under complete BG11 medium could not be 

detected (data not shown). It was suggested 

that under enriched nitrogen condition, 

cyanobacteria use nitrogen atoms, ATP and 

NAD(P)H for protein synthesis, resulting 

that NAD(P)H is not sufficient for being an 

electron donor for H2 production  (13).  

In our result, H2 production of free and 

immobilized cells of A. halophytica 

incubated in nitrogen-free medium was 

detectable (Fig. 1). Under N-deprivation, 

cyanobacteria decrease protein synthesis but 

accumulate glycogen within cells instead. 

When cells are transferred to the anoxic 

condition, storage glycogen will be 

consumed as electron donor. The released 

electrons are used to generate H2 molecules 

by a function of the bidirectional 

hydrogenase enzyme. This result was 

similar to the previous study investigated in 

the same microorganism A. halophytica that 

in NaNO3-free medium cells produced the 

highest H2 production rate, an 

approximately fourfold increase compared 

to that of cells grown in the normal BG11 

medium containing NaNO3 (5). In addition,  

cyanobacterium Arthrospira maxima 

stimutated 4.2-fold H2 production yield after 

transferring cells to the NO3 depletion 

medium for 24 h (4). 

Immobilization in alginate gel is one of the 

popular entrapment methods. Alginate is a 

linear polymer composed of D-mannuronic 

and L-guluronic acid. The divalent Ca
2+

cations bind preferentially to the monomer 

of L-guluronic acid. Figure 1 showed that 

under nitrogen deprivation H2 production by 

the immobilized cells of A. halophytica in 

alginate beads was higher than that of free 

cells. It was due to that cell immobilization 

with the alginate entrapment can protect 

bidirectional hydrogenase from the external 

environments including O2, a cyanobacterial 

strong hydrogenase inhibitor. The 

immobilized cells reduce the growth and 

other metabolisms, balance the intracellular 

energy and excessive electrons by 

generating H2. This result was in agreement 

with the previous study in immobilized cells 

of cyanobacterium Lyngbya perelegans. H2 

production of L. perelegans immobilized in 

alginate and agar was 2-4 times higher than 

that in free cells during 24 h (14). 

For studying the effect of alginate 

concentrations on H2 production by 

immobilized cells of A. halophytica, it was 

shown that immobilized cells of A. 

halophytica in 4.5% (w/v) alginate gel 

showed the highest H2 production. Gel 

concentration affects the cellular survival 

and enzyme activity. An increase of gel 

concentration in immobilized cells can 

enhance efficacy of cell survival and 

enzyme activity. The previous study in 
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filamentous cyanobacterium Calothrix 

336/3 showed that immobilization cells with 

4% (w/v) sodium alginate in 50 mM CaCl2 

solution caused the improvement of H2 

production and H2 was prolong produced 

over several cycles (15). However, a higher 

concentration of alginate might decrease H2 

production. In our result, immobilized cells 

in 5% (w/v) alginate gel produced less H2 

than those in 4.5% (w/v) alginate gel. It was 

due to the high density of gel influencing the 

passing of substance and medium, as well as 

the release of H2 from the cells. Figure 3 

showed that 50 immobilized cell beads per a 

20-mL glass vial produced H2 yield higher 

than 100 and 150 immobilized cell beads. It 

was indicated that 50 immobilized cell 

beads is the suitable bead number for a 20-

mL glass vial. An increase of immobilized 

cell beads causes the decrease of surface 

area, and the low gas and substance 

exchange in a vial. 

By comparison of H2 production rate with 

other immobilized cyanobacterial cells, H2 

production rate with 0.532 µmolH2 mg chl a
-

1 
h

-1
 by the immobilized A. halophytica cells

prepared from 4.5% (w/v) sodium alginate 

in 100 mM CaCl2 was higher than that by 

filamentous cyanobacteria L. perelegans and 

Oscillatoria subbrevis strain 111 which 

produced H2 at a rate of 0.024 µmolH2 mg 

dry wt
-1

 h
-1

 and 0.019 µmolH2 mg chl a
-1 

h
-1

,

respectively (14,16) but it was too low to 

compare with that of a diazotrophic 

cyanobacterium Calothrix sp.336/3 

immobilized with 4% (w/v) sodium alginate 

in 50 mM CaCl2 which showed the 

maximum H2 production rate of 3,500 µmol 

H2 mg chl
-1

 h
-1 

(15). However A.

halophytica has some advantages for 

cultivation and H2 production because it 

could grow in sea water supplemented with 

only 1.76 mM NaNO3 and showed a long-

term H2 accumulation (6).  
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Abstract 

Experiments were carried out to optimize 

the process parameters for production of 

lactic acid bacteria starter culture powder 

using foam-mat drying. Foams were 

prepared from Lactobacillus plantarum 

starter culture with carrot juice by adding 

different concentrations of foaming agents 

as egg albumin (3, 4 and 5% w/v) at 

whipping time of 15 min. The overrun, 

density and stability of foams were 

determined.  Five percentage of egg albumin 

provided better foam characteristics. Then, 

the best resulting foam dried at 50, 60 and 

70 °C for 3 h. The dried starter powders 

showed the highest lactic acid bacteria count 

and survival rate at 50 °C (9.25 log CFU/g 

DW and 88.48%, respectively) was the best 

condition. 

Keywords: Foam-mat drying, Starter 

culture,  Lactobacillus plantarum, Carrot 

juice 

1. Introduction

Foods containing probiotic bacteria are 

categorized as functional foods, as they 

improve the intestinal microbial balance (1-

2). To be beneficial functional foods, the 

probiotic bacteria should be present in 

significant numbers and maintain viability 

in the food until the time of consumption 

(3). Probiotic bacteria are supplied in highly 

concentrated forms. These concentrates are 

usually freeze-dried, spray-dried, or micro-

encapsulated (4). 

Freeze-drying (FD) is the most common 

method for drying heat-sensitive ingredients 

in the food and pharmaceutical industries, as 

it helps to maintain a sufficient quantity of 

viable probiotics (5). Unfortunately, the 

drying process takes an extensive amount of 

time (6). Spray-drying (SD), which has a 

low operation cost and high production rate, 

is a common technology in the food 

industry. It is a well-known method used to 

prepare food materials that are dry, stable 

and occupy a small volume. However, 

microorganisms are subjected to heat and 

dehydration damage during SD (7,4). The 

convective drying technique allows 

exposure of a solid to a continuous flow of 

hot air evaporating the moisture (8). Whilst 

this fast hot air drying process can cost from 

4 to 8 times less than freeze drying (9) 

Foam-mat drying, originally develop by 

Morgan, is a process in which the liquid or 

semi food is converted to form stable foam 

by cooperation with foaming agents or 

stabilizing agents. The foam is then spread 

into a thin sheet and dried by using hot air at 

lower temperature compared to other drying 

techniques such as spray drying and steam 

drying. The dehydrated product can be 

converted into powder later using grinding 

process (10). The cooperation of air bubbles 

into the foam is important and affects to 

drying rate. Usually, drying rate of foam-

mat drying is relatively high due to the 

larger surface area exposed to the drying air, 

resulting in rapid moisture removal (11). 

This drying process is a relatively simple 

and inexpensive process. The main 

advantages of foam-mat drying are lower 

temperatures and shorter drying times, when 
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compared to non-foamed material (12). This 

method can be used on heat sensitive, 

viscous and high sugar content foods, giving 

rise to a powder that is easily rehydrated and 

presents characteristics such as color, flavor, 

texture and nutritional composition (i.e., 

antioxidants) similar to the raw material 

(13). For these skills, the foam mat drying 

was applied in various types of foods such 

as fruit juices (14-16), yogurt (11), spirulina 

(17), beans (13) and yacon juice (18).  

The present study was carried out to 

investigate the production of lactic acid 

bacteria (LAB) powder by using foam-mat 

drying methods and the survival of LAB in 

starter powders.  

2. Materials and methods

2.1   Materials 

Carrots (Daucus carata Linn.) were 

acquired fresh from the local market of 

Pathumthani (Thailand) and Lactobacillus 

plantarum M29 (19) were used in the 

present study.  

2.2  Preparation of LAB culture and 

foams 

L. plantarum was grown on de Man, Rogosa 

and Sharpe (MRS) agar (Merck) at 37 °C 

for 24 h and stored at −20 °C in MRS broth 

containing 20% (v/v) of glycerol and sub-

cultured twice before use in assays. After 

LAB had grown on MRS agar at 37 °C for 

24 h, one colony was transferred to MRS 

broth and incubated in the same conditions. 

Then these last cultures were transferred 

(1:100) to MRS broth and incubated at 37 

°C for 24 h in order to reach stationary 

phase. Cells were harvested by 

centrifugation (5000 × g, 5 min), washed 

twice by centrifugation in sterile 0.90% 

(w/v) of NaCl solution and resus- pended to 

the same volume of the final solution in 

sterile carrot juice. Then these were 

transferred 5% (v/v) to sterile carrot juice 

and incubated at 37 °C for 18 h.  

Foams were produced by mixing two type 

of foaming agent as 3% egg albumin (EA) 

and soy protein isolate (SPI) : egg albumin 

(1:1) with high speed mixer for 15 min.  

2.3 Determination of foam 

characteristics 

2.3.1  Foam density 

Foam density was determined using a 

method described by Karim and Wai (20). 

The density of starter and carrot juice 

mixture was determined by weighing 100 ml 

of the mixture in a 100 ml measuring 

cylinder. For the foam, 200 ml of the foam 

was transferred into a 250 ml measuring 

cylinder and weighed. The foam transferring 

was carried out very carefully to avoid 

destroying the foam structure or trapping the 

air voids while filling the cylinder. The 

determinations were done in triplicate for 

each batch of preparation and the average 

values were reported. The density of foam 

was measured in as mass per volume of 

foam and expressed as g/ml. :  

Foam density = (
Weight of foam (g)

Volume of foam (ml)
)    (1) 

The foam overrun was calculated based on 

AOAC 16.22D and 16.22 methods (21) and 

modified for foam(20):  

Overrun =
Foam density

Density of mixture
×  100     (2) 

2.3.2  Foam stability 

Foam syneresis or drainage method was 

adapated from a method described by 

Krasae- koopt and Bhatia (11). The foam 

100 ml was filled into a conical-shaped 

plastic wire mesh (10 mesh) which was 

supported by a thistle funnel and placed on a 

50 ml graduated cylinder. The liquid juice 

which separated from the foam due to 

syneresis was collected in the measuring 

cylinder. The amount of juice collected after 

left at room temperature for 2 h was 
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recorded. 

2.4  Drying experiments 

Foams were produced by mixing different 

concentrations at 3, 4 and 5% egg albumin 

with high speed mixer for 15 min and 

determined of foam characteristics. The best 

foam properties of starter foam from various 

concentrations was chosen for the further 

experiment.  

The foam was then poured into a Teflon tray 

with the foam height of 0.5 cm. The starter 

foam was then dried in an oven at 50°C, 

60°C and 70°C for 3 h. After drying, the 

starter flakes were scrapped from the tray 

and blended into powder (11). The starter 

powder was kept in the air tight container at 

-20°C for further analysis.  

2.5  Characteristic analysis of starter 

       powder 

The viable starter counts were obtained 

using the plate count method after 48 h at 37 

°C with MRS-agar medium (pH 7.0 or 6.0 

for L. plantarum). The percentage survival 

after foam-mat drying process was 

expressed as follows: Survival rate (%) = 

N1/N0 ×100, where N1 is the CFU/g DW at 

the end of foam-mat drying and N0 is the 

CFU/g DW before foam-mat drying (22). 

2.6  Statistical analysis 

The t-test and complete randomized designs 

with three replications were used in this 

part. The mean comparisons were 

determined by using Duncan’s multiple 

range test.  

3. Results and discussion

3.1 Effect of foaming agents on some 

characteristics of starter foam  

There were two types of foaming agents, 

egg albumin and soy protein isolate : egg 

albumin (1:1), used in this experiment. Both 

foaming agent 3% were added into carrot 

juice with LAB culture. The mixtures were 

then blended by using high speed mixer for 

15 min. The foam properties, as foam 

density, foam expansion and foam stability, 

were measured after the foam was formed. It 

was recognized that using soy protein isolate 

: egg albumin (1:1) as foaming for starter 

powder production used longer time for 

whipping and the ability of foam to hold the 

air bubbles, the foam collapsed, resulting in 

lower foam density. There were 

significantly (p≤0.05) differences for the 

foam density. It was noticed that as the foam 

density of EA was higher, indicating higher 

air bubble cooperation. The properties of 

starter foam was shown in Table 1. These 

foam density in the range of 0.2-0.6 g/ml 

was highly suitable for foam-mat drying 

(23). 

Table 1 Characteristics of starter foam produced 

by using different foaming agents.  

Foaming 

agent 

Foam 

stability 

(ml/min) 

Foam 

density 

(g/ml) 

Overrun 

(%) 

EA 0.02±0.00
 a
 0.25±0.01

a 
 34.53±1.95

a 
 

SPI:EA 0.03±0.00
b 
 0.14±0.02

 b 
  8.24±0.24

b
 

All the results are represented by the mean ± the 

stan- dard error of the mean of 3 replicates in the 

same column with different superscripts are 

significantly different (p≤0.05) 

The higher foam density also indicated the 

higher foam overrun. The highest foam 

overrun was also obtained from 3% EA 

which was 34.53%, respectively. The higher 

foam overrun increased the drying rate of 

product (24).  

Syneresis rate in this context refects the 

water holding capacity of the foam (20). It 

can be seen that foam from EA exhibited 

less syneresis as compared to SPI:EA. The 

foam properties of starter foam made by 

using egg albumin was chosen for the 

further experiment.  

3.2  Effect of concentrations of egg 

albumin on some characteristics of 

starter foam  
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Starter foam was produced by using 3, 4 and 

5% egg albumin and 15 min mixing time. 

Moreover, it was recognized that as the 

concentration of egg albumin increased, the 

foam density increased, indicating higher air 

bubble cooperation (11). There were no 

significant differences at 95% confidential 

level. The properties of starter foam were 

shown in Table 2. 

Although the foam stability and overrun 

were significant different (p≤0.05) for all 

concen-trations, the higher concentration 

tended to have lower foam stability and 

higher overrun. The foam stability and 

overrun of 3, 4 and 5% egg albumin were 

0.02, 0.01 and 0.01 ml/min; and 22.17, 

25.82 and 30.35%, respectively  (p≤0.05). 

Higher overrun indicates that more air was 

trapped in the foam (20). As mentioned 

earlier, foams with higher concentration of 

egg albumin exhibited less syneresis as 

compared to lower concentration. In foam-

mat drying, foam stability is very critical 

because the foam should be able to retain its 

open structure throughout the drying process 

in order to increase the total surface area and 

capillary effect during drying (23).  

Table 2 Characteristics of starter foam produced 

by using egg albumin at different concentrations. 

Concen-

tration 

(%) 

Foam 

stability 

(ml/min) 

Foam 

density 

(g/ml)
ns

 

Overrun 

(%) 

3 0.02±0.00
 a
 0.25±0.01 22.17±0.18

 c
 

4 0.01±0.00
 b
 0.23±0.03 25.82±2.20

 b
 

5 0.01±0.00
 b
 0.27±0.03 30.35±1.64

 a
 

All the results are represented by the mean ± the 

stan- dard error of the mean of 3 replicates in the 

same column with different superscripts are 

significantly different (p≤0.05) ; ns = non-significant 

(p>0.05) 

The foam properties of starter foam made by 

using 5% egg albumin was chosen for the 

further experiment.  

3.3 Effect of drying temperature on 

number of viable cells of LAB in starter 

powder 

Starter foam was produced by using 5% egg 

albumin in this part. The foam was then 

dried in an oven at 50, 60 and 70 °C. The 

number of lactic acid bacteria was 

enumerated compared among before and 

after foam-mat drying process as shown in 

Table 3. It was observed that the number of 

lactic acid bacteria of these products were 

decreased when high temperature were used. 

The starter powder contained lactic acid 

bacteria as high as 9.25 log CFU/g (dry 

basis) after drying process, which was lower 

than the number of  L. plantarum before 

drying had reduced 1.2 log cycles indicating 

less effect of foam-mat 

Table 3 Viable count during production, survival 

after foam-mat drying of the dried samples. 

Temper

ature 

(°C) 

Viable cells 

(log CFU/ml or g DW) 
Survival 

rate (%) 
Before 

foam-mat 

drying
ns

 

After 

foam-mat 

drying 

50 10.45±0.64 9.25±0.06
 a
 88.48±0.69

 a
 

60 10.37±0.18 8.61±0.35
 b
 83.01±0.10

 b
 

70 10.30±0.43 6.69±1.06 
c
 65.02±1.52

 c
 

Survival is represented as the mean ± the standard 

error of the mean of 3 replicates in the same column 

with different superscripts are significantly different 

(p≤ 0.05) ; ns = non-significant (p>0.05) 

drying on the survival of these bacteria (11). 

However, the number of lactic acid bacteria 

and survival rate in starter powder at 70 °C 

was lowest. 

4. Conclusion

The appropriate condition for producing 

starter powder was the use of 5% egg 

albumin as foaming agent with the mixing 

time of 15 min and drying temperature as 

50°C for 3 h. The foam had a very high 

foam stability and overrun. The starter 

powder contained lactic acid bacteria as 

high as 9.25 log CFU/g (dry basis), which 

was close to that of before foam-mat drying 

process. Foam-mat drying was these which 

resulted in lower losses in the number of 

viable cells during the drying process.  
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Abstract 

Papaya is a popular tropical fruit that is 

widely consumed in Thailand. In this study, 

fresh papaya fruit was subjected to vacuum 

impregnation to have a better understanding 

about the process parameters, including 

impregnation solution ratio, impregnation 

time and relaxation time. The fresh fruit was 

cut into pieces, added to impregnation 

solutions at ratios of 1:5 or 1:10, vacuum 

impregnated at 50 mbar for 5 or 10 min and 

left for another 10 or 30 min in the 

impregnation solution. After separating the 

fruit from the solution, it was analyzed for the 

fruit physicochemical properties, including 

real porosity (εr), volume of fruit impregnated 

with an external solution (X value), fruit 

volume deformation (γ value), effective 

porosity (εe), water loss and solid gain. 

Different factors investigated in this study 

significantly affected vacuum impregnated 

parameters of papaya pieces (p<0.05). The 

papaya treatment in the impregnation solution 

at 1:10 with 10 min vacuum time and 30 min 

relaxation time significantly produced the 

highest solid gain (3.360.37%), X value 

(0.240.01 m
3
 liquid/m

3
 sample), γ value

(0.140.03 m
3
/m

3
 initial sample) and εe value

(0.110.05%). At the same time, this 

particular papaya sample possessed the lowest 

water loss (–15.223.65%) and εr value 

(0.160.01%). Data in this study strongly 

indicated higher impregnation solution ratio 

with longer impregnation and relaxation 

periods produced better infusion of 

impregnation solution in papaya pieces.   

Keywords: Papaya, Ratio of Impregnation 

Solution, Vacuum Time, Relaxation Time, 

Physicochemical properties. 

1. Introduction

Carica papaya Linn. or generally known as 

papaya (Ikram et al., 2015) is an important 

commercial tropical fruit that can grow 

throughout Thailand (Fuggate et al., 2010; 

Subhadrabandhu and Nontaswatsri, 1997). 

The commodity is a climacteric tropical fruit 

and is recognized to have a very short 

postharvest life due to loss of weight, rapid 

pulp softening and the presence of microbial 

growth (Waghmare and Annapure, 2013). 

Fuggate et al. (2010) also stated that papaya 

softness increases rapidly during ripening. 

Beside its short shelf life, papaya is rich 

sources of antioxidant nutrients, minerals, 

digestive enzyme, fibers and vitamins A and 

C (Cheenkachorn et al., 2012; Fernandes et 

al., 2006; Udomkun et al., 2014). Most of the 

time, papaya production is mainly for the 

consumption of fresh fruit, juice, or jams 

(Dotto et al., 2015). When fresh papaya is 

processed to other form of products, the fruit 

can undergo degradation of desirable qualities 

(Udomkun et al., 2014). 

Traditional impregnation processes have been 

carried out at atmospheric pressure. To speed 

up the process, the impregnation can now be 

done under vacuum pressure or accepted as 

vacuum impregnation (VI). In this method, 

the procedure consists of an application of a 

reduced pressure to a solid-liquid system, 

followed by restoration of atmospheric 

pressure (Mújica-Paz et al., 2003
a
). During a

VI treatment, a sample is immersed in a 

container containing solution. When vacuum 
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is applied to the system of the closed 

container, gas inside the sample pores is 

undergone expansion. Some of gas leaves the 

pores, taking with it some native liquid. After 

the pore gas pressure equals to the system 

pressure, capillary effects promote the 

penetration of outside solution into the pores. 

As atmospheric pressure is restored to the 

system, this leads to compression of the 

remaining gas volume inside the sample pores 

and brings an influx of external solution into 

the porous structure (Fito et al., 2001; 

Panarese et al., 2013; Zhao and Xie, 2004). 

The VI process causes an exchange of 

internal gas or free liquid in the sample pores 

for external solution and changes in the pore 

volume (Gras et al., 2003). The process 

allows a more rapid and controlled 

impregnation of desired solutes in food 

products (Mújica-Paz et al., 2003
a
). This

treatment can be considered as a tool in the 

development of fruit or vegetable products 

without disrupting their cellular structure 

(Fito et al., 2001). The VI process and the 

quality of finished products are determined by 

processing conditions, including pre-

treatment of the samples, composition, 

concentration of the VI solution, pressure, 

immersion time under vacuum, time to restore 

atmospheric pressure and solution/sample 

ratio (Zhao and Xie, 2004). 

Isotonic solution is a solution containing the 

same solute concentration both outside and 

inside the cell membrane (Zhao and Xie, 

2004). The application of VI with isotonic 

solution for papaya had been carried out by 

Mújica-Paz et al. (2003
a
) for papaya slices

using various vacuum pressures of 135-674 

mbar at vacuum times of 3 to 45 min and a 

relaxation period of 25 min. Another work of 

Krasaekoopt and Suthanwong (2008) 

investigated VI treatments for papaya 

cylinder using fruit juices as external solution 

that were carried out at 50 mbar vacuum 

pressure for 5, 10 and 15 min and a relaxation 

time of 10 min. Since there was not any 

available information about the interaction 

between external solution ratio, vacuum times 

and relaxation periods on vacuum 

impregnated fruit, this study was dedicated to 

provide this data. The aim of this research 

was to understand the effect of external 

solution ratio and impregnation periods on the 

physicochemical properties of vacuum 

impregnated papaya cubes. 

2. Materials and Methods

2.1. Papaya fruit 

Ripen papaya fruit (variety Pluk Mai Lai) was 

purchased from a local producer in Chiang 

Mai province, Thailand. The fruit was kept in 

a refrigerator at 4±1ºC until used in 

experiments. On the day of the experiment, 

papaya fruit was washed to remove any 

surface contaminants and hand peeled with a 

sharp knife. The fruit meat was then cut in 

cubes with a size of 1x1x1 cm
3
.

2.2 Vacuum impregnation treatment 

Impregnation processes were carried out with 

sucrose solution that had a similar aw with the 

studied papaya fruit, which was 0.990±0.001. 

Papaya samples were weighed and submerged 

in the sucrose (impregnation) solution at 

ratios of 1:5 and 1:10 (w/w) for fruit and 

solution, respectively, in 1000 ml beaker. The 

solution with papaya inside it was then 

subjected to a vacuum pressure of 50 mbar 

for either 5 or 10 min, followed by a 

relaxation time of 10 or 30 min at 

atmospheric pressure. After removing the 

papaya pieces from the impregnation solution 

using a strainer, the fruit samples were 

analyzed for their physicochemical 

characteristics. 

2.3 Physicochemical analyses 

Apparent density (ρa) was measured in 

papaya pieces and real density (ρr) in papaya 

purees using a pycnometer method with 

toluene solution (Yan et al. 2008). Real 

porosity (εr) of vacuum impregnated papaya 

was calculated based on the apparent density 

and real density data according to Equation 1 

(Mújica-Paz et al., 2003
a
).
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𝜀𝑟 =  
𝜌𝑟 − 𝜌𝑎

𝜌𝑎
 (1) 

Volume of fruit impregnated with external 

solution (X value) was examined according to 

Rongkom et al. (2013) using Equation 2. 

X = 
(𝑀𝑓 − 𝑀𝑖)

𝜌𝑠 𝑉𝑜 
 (2) 

Where Mf and Mi were final mass and initial 

mass of fruit sample (kg), respectively. ρs was 

density of impregnation solution (kg/m
3
) and

Vo was initial volume of the sample (ml). 

Sample volume deformation (γ value) was 

determined using Equation 3 (Rongkom et al., 

2013). 

γ =  
(𝑉𝑡 − 𝑉𝑜)

𝑉𝑜
 (3) 

Where Vo and Vt were initial volume (m
3
)

and final volume (m
3
) of sample,

respectively.  

Effective porosity (εe) was calculated using X 

value, γ value and compression ratio (r) 

(atmospheric pressure/vacuum pressure) 

according to Equation 4 (Rongkom et al., 

2013). 

X – γ = εe (1 −
1

𝑟
) −  

𝛾

𝑟
 (4) 

Water loss (WL) and solid gain (SG) were 

determined using Equations 5 and 6, 

respectively, based on the method of Mújica-

Paz et al. (2003
b
).

WL = 
(𝑊𝑤𝑜) − (𝑊𝑡 − 𝑊𝑠𝑡)

(𝑊𝑠𝑜 + 𝑊𝑤𝑜)
 𝑥 100 (5) 

SG = 
(𝑊𝑠𝑡 − 𝑊𝑠𝑜)

(𝑊𝑠𝑜 + 𝑊𝑤𝑜)
 𝑥 100 (6) 

Where Wwo was weight of water and Wso 

was the weight of solid initially present in the 

fruit, while Wt and Wst were the weight of 

the fruit and the weight of solid at the end of 

treatment, respectively. 

2.4 Statistical analysis 

 A complete randomized design (CRD) was 

used to study the effect of impregnation 

solution ratio and periods on parameters of 

vacuum impregnated papaya. Duncan’s 

multiple range test was used to identify 

difference at the 95% significant level using 

SPSS for Windows version 17.0.  

3. Results and Discussion

Table 1 displays that water loss (WL) and 

solid gain (SG) of vacuum impregnated 

papaya were significantly affected by solution 

ratios and impregnation and relaxation times 

studied in this work (p<0.05). Results of the 

WL were in negative values, this indicated 

that the papaya samples gained water in their 

tissues from the impregnation of external 

solution (Mujica-Paz et al., 2003
b
; Rongkom

et al., 2013). The highest water gain in the 

papaya samples was found in the treatment 

with 1:10 water ratio and processed for 10 

min impregnation time and 30 min relaxation 

time that had a value of -15.22±3.65%. 

Generally, it could be seen longer 

impregnation and relaxation periods led to 

lower WL values. This suggested that higher 

impregnation could occur at longer 

processing time. 

VI was a process, where gas and native liquid 

inside sample pores were replaced with 

external solution (Zhao and Xie, 2004). The 

permeation of the external solution could 

affect the amount of solid in the sample 

tissues. In this study, SG values of vacuum 

impregnated papaya were significantly 

increased with higher solution ratios and 

longer impregnation and relaxation periods 

(p<0.05; Table 1). Higher solid gain with 

extended vacuum and relaxation times for 

apple cylinders submitted to vacuum osmotic 

dehydration at 40 mbar had also been cited by 

Derossi et al. (2012). An increase in SG 

values could be attributed to deformation of 

sample structures by vacuum action (Mujica-

Paz et al., 2003
b
). These researchers also
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explained that high vacuum pressure could 

help to open the fibrous structure of mango, 

producing spaces that could be filled with 

external solution. 

X and γ values of vacuum impregnated 

papaya affected by solution ratio and 

impregnation periods is shown in Table 2. X 

value was recognized as the volume of fruit 

impregnated with external solution (Fito et 

al., 2001; Gras et al., 2003), while γ value 

was deformation of sample volume after a VI 

process (Fito et al., 2001). The measurement 

results for both parameters can be seen in 

Table 2. The X value of vacuum impregnated 

papaya was varied between 0.102 and 0.241 

m
3
 liquid/m

3
 sample. These values were

slightly higher than those reported by Mújica-

Paz et al. (2003
a
), which were 0.026 to 0.061

m
3
 liquid/m

3
 samples. Differences in the

finding could be affected by different papaya 

varieties, dimension of papaya samples and 

vacuum impregnation conditions, including 

vacuum pressure and impregnation and 

relaxation periods. In this study, the highest X 

value was determined in the vacuum  

 

 

impregnated papaya that was processed with 

a solution ratio of 1:10 and had impregnation 

and relaxation times of 10 and 30 min, 

respectively. It could also be observed that 

the X value of the papaya samples increased 

with higher solution ratios and longer 

impregnation and relaxation periods. This 

finding was in an agreement with the result of 

Mújica-Paz et al. (2003
a
). These workers

described that X value had a linear effect on 

papaya, in which the value increased with 

higher VI times between 3 and 25 min. 

Sample volume deformation or γ value 

revealed the net volume changed at the end of 

VI process (Rongkom et al., 2013). 

 

The γ value of vacuum impregnated papaya

was found to be increased between 0.039 and

Table 1 Water loss (%) and solid gain (%) values of vacuum impregnated papaya 

affected by solution ratio and impregnation periods 

Papaya: solution 

ratio (w/w) 

Impregnation 

time (min) 

Relaxation 

time (min) 

Water loss 

(%) 

Solid gain 

(%) 

1 : 5 5 10 -3.82±1.64
c

0.19±0.59
a

1 : 5 5 30 -12.72±2.31
ab

1.24±0.49
ab

1 : 5 10 10 -11.89±4.92
ab

0.95±0.67
ab

1 : 5 10 30 -14.13±3.76
ab

1.70±1.09
b

1 : 10 5 10 -14.78±3.97
ab

2.01±0.70
b

1 : 10 5 30 -14.84±2.67
ab

1.84±0.41
b

1 : 10 10 10 -8.09±4.20
bc

2.08±0.36
b

1 : 10 10 30 -15.22±3.65
a

3.36±0.37
c

a-c 
Values followed by different letters within the column are significantly different (p<0.05). 

Table 2 X (m
3
 liquid/m

3
 sample) and γ (m

3
/m

3
 initial sample) values of vacuum

impregnated papaya affected by solution ratio and impregnation periods 

Papaya: solution 

ratio (w/w) 

Impregnation 

time (min) 

Relaxation 

time (min) 

X value  

(m
3
 liquid/m

3

sample) 

γ value  

(m
3
/m

3
 initial

sample) 

1 : 5 5 10 0.102±0.010
a

0.039±0.010
a

1 : 5 5 30 0.131±0.011
ab

0.045±0.017
a

1 : 5 10 10 0.107±0.007
a

0.042±0.031
a

1 : 5 10 30 0.151±0.008
b

0.041±0.008
a

1 : 10 5 10 0.228±0.020
c

0.079±0.056
ab

1 : 10 5 30 0.233±0.020
c

0.114±0.056
ab

1 : 10 10 10 0.152±0.057
b
 0.086±0.058

ab
 

1 : 10 10 30 0.241±0.007
c
 0.142±0.034

c
 

a-c 
Values followed by different letters within the column are significantly different (p<0.05). 
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0.142 m
3
/m

3
 initial sample at higher solution

ratios and longer impregnation and relaxation 

times (Table 2). The result of relaxation time 

could be affected by the fact that at the last 

step of VI treatment, when atmospheric 

pressure was returned to the VI system, the 

residual gas inside sample tissues was 

compressed and external solution could flow 

into the sample pores as a function of the 

compression ratio (Ursachi et al., 2009; Zhao 

and Xie, 2004). The highest γ value was 

determined in the vacuum impregnated 

papaya treated with a solution ratio of 1:10 

and had 10 min vacuum time and 30 min 

relaxation time. 

Effective porosity (εe) determined the volume 

of samples that could be occupied by external 

solution in the sample tissue (Zhao and Xie, 

2004). Collected data of the εe value of the 

vacuum impregnated papaya displayed that 

the parameter value was generally increased 

with longer vacuum and relaxation times 

(Table 3). This result was consistent with the 

finding of WL values, in which the values 

were decreased with extended VI periods 

(Table 1). Higher water gain (lower WL 

values) would increase the volume of papaya 

tissues that was impregnated with the external 

solution (εe value). However, a statistical 

analysis showed that there was not any 

significantly different between the εe values 

of different papaya treatments (p>0.05). The 

εe values of the vacuum impregnated papaya 

were in the range of 0.077-0.106 %. Mújica-

Paz et al. (2003
a
) also found that the εe value

of papaya increased with an increase in VI 

time. The authors suggested that the VI time 

should be taken into account when applying 

VI methods into food products, since the 

processing time played an important role on 

εe value. 

Table 3 show real and effective porosities of 

vacuum impregnated papaya affected by 

solution ratio and impregnation periods. Real 

porosity (εr) constituted a measure of the 

empty spaces in fruit tissue and represented 

the maximum space that could be  

 

 

 

 

impregnated with an external solution (Paes 

et al., 2007). After VI processes, the εr values 

of different papaya samples impregnated with 

a solution ratio of 1:10 were reduced at longer 

vacuum and relaxation periods (Table 3). This 

was consistent with the result of εe value, 

indicating at extended period of VI processes, 

empty spaces in the papaya samples were 

decreased, replaced by the external solution. 

Zhao and Xie (2004) also reported that the 

volume of external solution impregnated into 

food samples significantly depended on VI 

time. 

A comparison between εr and εe values of 

vacuum impregnated papaya displayed that 

the εr values were higher than those of the εe 

values (Table 3). This finding was similar to 

Table 3 Real (εr; %) and effective (εe; %) porosities of vacuum impregnated papaya 

affected by solution ratio and impregnation periods 

Papaya: solution 

ratio (w/w) 

Impregnation 

time (min) 

Relaxation 

time (min) 
εr value (%)

ns
εe value (%)

ns

1 : 5 5 10 0.247±0.094 0.077±0.001 

1 : 5 5 30 0.233±0.056 0.090±0.025 

1 : 5 10 10 0.253±0.123 0.081±0.011 

1 : 5 10 30 0.265±0.061 0.092±0.030 

1 : 10 5 10 0.243±0.021 0.098±0.014 

1 : 10 5 30 0.178±0.025 0.098±0.018 

1 : 10 10 10 0.189±0.093 0.070±0.012 

1 : 10 10 30 0.163±0.012 0.106±0.045 
ns 

Not significantly different. 
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the report of Mújica-Paz et al. (2003
a
) for

melon, papaya and peach. This indicated that 

there was still free volume in the fruit 

samples for impregnation. However, capillary 

effects or structure modifications might cause 

this free volume for not to be completely 

filled (Mújica-Paz et al., 2003
a
)

4. Conclusions

This study clearly demonstrated that solution 

ratio and VI periods were important factors 

that affected the impregnation of external 

solution in papaya tissues. Applying a 

solution ratio of 1:10 with 10 min 

impregnation and 30 min relaxation times 

produced the highest impregnation of the 

external solution 
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Abstract 

The nine strains of lactic acid bacteria 

(LAB) containing Lactobacillus plantarum 

TISTR-926, L. delbrueckil TISTR 326, L. 

bulgaricus TISTR 1339, L. casei TISTR-

1340, Lactobacillus sp. TISTR-1320, L. 

lactis TISTR-420, L. casei subsp. 

rhamnosus TISTR-047, L. amylovorans 

TISTR-1110 and L.pentosus TISTR-853 

were selected for lactic acid production 

using hemicelluloses hydrolysates of oil 

palm trunk as a substrate. These strains 

produced lactic acid in modified MRS broth 

containing glucose, xylose and the mixed 

glucose and xylose ratio 1:1 (w/w). Initial 

sugar concentration was set at 20 g/l, the 

inoculum sizes of 10, 20 and 30 % (v/v) was 

investigated. The results showed that L. 

pentosus TISTR-853, L. plantarum TISTR-

926, L. casei subsp. rhamnosus TISTR-047 

and L. casei TISTR-1340 could consumed 

both glucose and xylose and the mixture 

were converted to lactic acid of 18.5, 18.4, 

17.3 and 15.8 g/l, respectively, under 20% 

(v/v) of inoculum. Then, the effect of toxic 

substances such as acetic acid, furfural, and 

hydroxymethylfurfural (HMF) on lactic acid 

production were tested. L. pentosus TISTR-

853 could produce lactic acid of 11.3 g/l, 

12.4 g/l and 14.0 g/l, under modified 

medium with2.0% (w/v) of each acetic acid, 

furfural and HMF. Significant increased 

lactic acid production of 22.33, 20.33, and 

20.02 g/l (acetic acid, furfural and HMF) 

were produced by L. pentosus TISTR-853 

after toxic substances were absorbed by 

15% (w/v) activated charcoal.  

Keywords: Lactic acid bacteria, Lactic acid, 

Hemicellulose Hydrolysates, Oil Palm 

Trunk 

1. Introduction

Oil palm originated from West Africa is a 

very important cash crop with a rapid 

expansion plantation (1). In 2011, Thailand 

has around 624,000 ha with a total amount 

of 81 million oil palm trunks (OPT). Oil 

palm trunks generally start bearing oil 

containing fruits 3 years after planting, with 

productivity decreasing after 20–25 years. 

(2). Therefore, it is necessary to cut the old 

oil palm trunk and replant new seedlings at 

plantation sites to maintain the oil 

productivity. Felled oil palm trunk (OPT) 

(25 years old) is an abundant biomass in 

southern of Thailand. The OPT composition 

was 31.28–42.85% cellulose, 19.73–25.56% 

hemicellulose, 10.74–18.47% lignin, 1.63–

2.25% protein, 1.60–1.83% fat, 1.12–1.35% 

ash and trace amount of minerals (0.01–

0.40%). Oil palm sap extracted from OPT 

was found to contain 15.72 g/L glucose, 

2.25 g/L xylose, and 0.086 g/L arabinose. 

Consequently, felled oil palm trunks can be 

regarded as one of the most important 

biomass resources in Thailand. 

Unfortunately, the oil palm trunk structure is 

not strong enough for use as lumber. Thus, 

only the relatively strong outer part of the 

trunk is partially utilized for plywood 

manufacturing while the soft inner part is 

left unused although its sap contains many 

simple sugars particularly xylose and 

glucose. It is known oil palm sap has been 

used for production of hydrogen production 

and ethanol production (3).  
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The production of lactic acid by 

fermentation from biomass is one of interest 

in the use of agricultural residues. Because 

of a number of different properties, lactic 

acid is an important industrial product that is 

used as a precursor of small (propylene 

glycol) or large (acrylic polymers) 

compounds. Their polymers are 

biodegradable, used as materials for 

packaging and labeling. Among them, the 

polylactic acid has several applications in 

the textile, medical and pharmaceutical 

industries. In the cosmetic industry, lactic 

acid is used in the manufacture of hygiene 

and esthetic products, owing to its 

moisturizing, antimicrobial and rejuvenating 

effects on the skin. Approximately 70% of 

lactic acid produced is used in the food 

industry because of its role in the production 

of yogurt and cheese (4). The demand for 

lactic acid has been estimated to grow 

yearly at 5–8%. The annual world market 

for lactic acid production was expected to 

reach 259,000 metric tons by the year 2012, 

and is forecasted to reach 367,300 metric 

tons by the year 2017 (5). 

Currently, lactic acid is 

commercially produced from fermenting 

glucose, starch, liquefied starch, or sucrose. 

It is estimated in lactic acid fermentation 

that 60∼80% of the production cost is 

related to raw materials. Using low cost raw 

materials such as lignocelluloses biomass, 

the largest known renewable carbohydrate 

resources is required for building a 

substantial renewable lactic acid industry. 

Accordingly, considerable efforts have been 

directed to search for organisms capable of 

fermenting lignocellulosichydrolysates into 

lactic acid (6). The hydrolysate of a 

lignocellulosic biomass is a mixture of 

hexose (e.g., glucose) and pentose (e.g., 

xylose and arabinose). Lignin cannot be 

used for lactic acid fermentation. Among the 

pretreatment and hydrolysis processes for 

lignocellulosics, dilute acid pretreatment 

was generally regarded as one of the most 

economic and efficient method. Dilute-acid 

pretreatment efficiently hydrolyzes 

hemicellulose to xylose, arabinose and 

glucose, and the process enables further 

enzymatic digestion of cellulose to glucose. 

The effective utilization of cellulose- and 

hemicellulose-derived sugars can reduce the 

production cost of biomaterials by as much 

as 25%. Biomass materials have been used 

as substrates for lactic acid production by 

LAB (7). 

This research is aimed to produce lactic 

acid using hemicellulose hydrolysate 

preparing from palm oil biomass by lactic 

acid bacteria, Lactobacillus spp.. The 

hemicellulose hydrolysate contains xylose 

and glucose, therefore, may be used as a 

feedstock in the production of lactic acid. 

2. Materials and Methods

2.1 Study on selection of lactic acid 

bacteria and the effect of inhibition on 

lactic acid production 

2.1.1 Selection of lactic acid 

bacteria and inoculum size is suitable for 

the lactic acid production. 

Lactobacillus including Lactobacillus 

plantarum TISTR 926, L.delbrueckil TISTR 

326, L. bulgaricus TISTR 1339, L.casei 

TISTR 1340, Lactobacillus sp. TISTR 1320, 

L.lactis TISTR 420, L.caseisubsp. 

rhamnosus TISTR 047, L.amylovorans 

TISTR 1110, and L. pentosusTISTR 

853were selected using 20 g/l of xylose, 

glucose and mixed glucose and xylose ratio 

1:1 (w/w) as substrate. The modified MRS 

with inoculum sizes 10, 20 and 30 % (v/v) 

(Table1) were performedin 500 mL serum 

bottles volume 200mL and incubated 

at37°C. Samples were taken were taken at 0, 

24, 48, 72 and 96 h for cell growth, total 

sugar, pH and lactic acid analysis. 

Table1. The composition of the MRS with 

glucose or xylose for culturing 

Lactobacillus spp. 

Medium 

No 
Composition 

1 20 g/L Xylose   + MRS 

2 20g/L Glucose   + MRS 

3 10g/L Xylose & 10g/L Glucose + MRS 
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2.1.2 Effect of acetic acid, furfural, 

and HMF on lactic acid production 

L. pentosus TISTR 853, L. plantarum 

TISTR 926, L. casei subsp. rhamnosus 

TISTR 047 and L. casei TISTR 1340were 

selected depended onhigh yield lactic acid 

production. These organisms were tested to 

withstand toxic substances containing 

furfural, HMF and acetic acid.The MRS 

mediawith mixed sugars were added 0.5, 

1.0, 1.5 and 2.0g/L concentrations of each 

toxic substances in a 500 mL serum 

bottlesfor volume 200mL at 37
O
C.The 5 mL

samples were takenat 0, 24, 48, 72 and 96 h 

for cell growth, total sugar, pH and lactic 

acid analysis.  

2.1.3 Removing toxic substances 

with activated charcoal 

The modified MRS medium were 

performed following 2.0 g/l of each toxic 

substances were dissolved in distilled water 

and incubated with 15% (w/v) of activated 

charcoal for 24 h. After incubation, the 

mixture was filtered for removing activated 

charcoal and kept flow through water for 

medium preparation. L. pentosus TISTR 853 

were added of 20% (v/v) inoculum size into 

the media and incubated at 37
O
C for 96

hours. Samples were taken for every 12 h 

for lactic acid analysis. 

3. Results and Discussions

3.1 Selection of lactic acid bacteria

and inoculums size 

The nine strains of lactic acid bacteria 

(LAB) were selected to test efficiencyof 

lactic acid production using xylose, glucose 

and mixed glucose and xylose as 

substrates.L. pentosus TISTR 853, L. 

plantarum TISTR 926, L. casei subsp. 

rhamnosus TISTR 047 and L. casei TISTR 

1340produced lactic acid higher than other 

species from mixed glucose and xylose ratio 

1:1 (w/w) with 20 % (v/v) of inoculum 

size.After 96 h of fermentation, lactic acid 

was produced by L. pentosus TISTR 853, L. 

plantarum TISTR 926, L. casei subsp. 

rhamnosus TISTR 047 and L. casei TISTR 

1340 of 18.5, 18.4, 17.3 and 15.8 g/l, 

respectively (Figure 1). 

Figure 1. Lactic acid production by L. 

pentosus TISTR 853, L. plantarum TISTR 

926, L. casei subsp. rhamnosus TISTR 047 

and L. casei TISTR 1340 under media 

containing sugar at 20 g/l and inoculums 

size of 20 % (v/v)  

3.2 Effect of acetic acid, furfural, 

and hydroxymethylfurfural (HMF) on 

lactic acid production 

High efficiency of lactic acid 

production were L. pentosus TISTR 853, L. 

plantarum TISTR 926, L. casei TISTR 

1340, L. casei subsp. Rhamnosus TISTR 

047 which were used to test the effect of 

toxic substances on lactic acid production. 

They were cultured in the medium adding 

with furfural, HMF and acetic acid at each 

concentrations of 0.5, 1.0, 1.5 and 2.0 g/l. 

The results showed that L. pentosus TISTR-

853 could withstand to toxic substances than 

other strains. This species produced lactic 

acid of 14.1, 13.4, 11.3 and 11.3 g/l, 13.7, 

13.8, 12.8 and 12.4 g/l and 17.5, 17.0, 16.9 

and 14.0 g/l, in MRS with acetic acid, 

furfural and HMF respectively, (Figure 2). 

High concentration of toxic substances 

could decreased lactic acid production. Our 

result suggested that acetic acid, furfural and 

HMF were toxic to lactic acid bacteria 

because acetic acid was generally 

considered as an inhibitor to ethanol 

producing organisms, furfural and HMF are 

also very toxic to many bacteria and yeasts 

(8).

a)
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Figure 2. The effect of toxic substances, 

acetic acid, furfural, and HMF 

concentrations of 0.5, 1.0, 1.5 and 2.0 g/l on 

lactic acid production by L. pentosus TISTR 

853 a) HMF; (b) furfural; (c) acetic acid 

3.1.3 Removing harmful substances with 

activated charcoal 

At 2.0 g/l concentration of acetic acid, 

furfural and HMF were decreased lactic acid 

production of by L. pentosus TISTR 853. 15 

% (w/v) of activated charcoal was used to 

remove them. After adsorption, lactic acid 

could be produced increasingly by L. 

pentosus TISTR 853. The results showed 

that whenever acetic acid, furfural and HMF 

were removed lactic acid significantly 

increased production of 22.33 20.33, and 

20.02 g/l, respectively. These toxic 

substances are important compound in 

hemicellulose hydrolysate of oil palm trunk. 

Temperature, pressure, and acid 

concentrations play important roles in the 

formation of toxic compounds during acid 

hydrolysis of lignocellulosic materials. At 

high temperatures and pressures, glucose 

and xylose can be degraded to furfural and 

HMF, respectively. Besides these 

compounds, other substances are formed 

during hydrolysis that is toxic to fermenting 

microorganisms (9). 

Figure 3. The lactic acid production of L. 

pentosus TISTR 853 after toxic substances 

removing by activated charcoal  

4. Conclusion

L. pentosus TISTR-853, L. plantarum 

TISTR-926, L. casei subsp. rhamnosus 

TISTR-047 and L. casei TISTR-1340 could 

consumed both glucose and xylose. Initial 

sugar concentration at 20 g/l and inoculum 

sizes of 20 % (v/v) could be converted to 

lactic acid of 18.5, 18.4, 17.3 and 15.8 g/l by 

these species, respectively. At 2.0 % of 

acetic acid, furfural and HMF inhibited L. 

pentosus TISTR-853 decreased lactic acid 

production of 11.3 g/l, 12.4 g/l and 14.0 g/l 

at 96 h, respectively. The lactic acid 

production could be increased whenever 

acetic acid, furfural and HMF were removed 

by 15% of activated charcoal lactic acid 

significantly increased production of 22.33, 

20.33, and 20.02 g/l, respectively. 

5. Acknowledgement

I would like to thanks Thaksin University 

Microbial Resource Management Research 

Unit and Department of Biology, Faculty of 

Science and Agricultural Research 

Development Agency (ARDA) for financial 

supports.  

c) 

a)

b)
b)



235 

6. References

(1) Lamaming J, Hashim R, Sulaiman O, 

Sugimoto T, Sato M, Hiziroglu S. 

Measurement of some properties of 

binderless particleboards made from 

young and old oil palm trunks. 

Measurement.  2014; 47:813-819. 

(2) Sivasangar S, Zainal Z, Salmiaton A, 

Taufiq-Yap YH.  Supercritical water 

gasification of empty fruit bunches from 

oil palm for hydrogen production. Fuel. 

2015; 143:563-569. 

(3) Noparat P, Prasertsan P, O-Thong S.  

Potential for using enriched cultures and 

thermotolerant bacterial isolates for 

production of biohydrogen from oil 

palm sap and microbial community 

analysis. International journal of 

hydrogen energy.  2012; 37:16412-

16420. 

(4) Martinez FAC, Balciunas EM, Salgado 

JM, Gonzalez JMG, AttilioConverti A, 

Oliveira RPDS. Lactic acid properties, 

applications and production: A review. 

Trends in Food Science & Technology. 

2013; 30:70-83. 

(5) Abdel-Rahman MA, Tashiro Y, 

Sonomoto K. Recent advances in lactic 

acid production by microbial 

fermentation processes. Biotechnology 

Advances.  2013; 31:877–902. 

(6) Guo W, Jia W, Li Y, Chen S. 

Performances of Lactobacillus brevis for 

producing lactic acid from hydrolysate 

of lignocellulosics.ApplBiochem 

Biotechnol. 2010; 161: 124-136. 

(7) Abdel-Rahman MA, Tashiro Y, 

Sonomoto K. Lactic acid production 

from lignocelluloses derived sugars 

using lactic acid bacteria. Overview and 

Limits J Biotechnol. 2011; 156:286-301. 

(8) Moldes AH, Torrado A, Converti A, 

Domínguez JM. Complete 

bioconversion of hemicellulosic sugars 

from agricultural residues into lactic 

acid by Lactobacillus pentosus. Applied 

Biochemistry and Biotechnology.  2006; 

135:219-227. 

(9) Zheng Y, Yu X, Zeng J, Chen S,  

Feasibility of filamentous fungi for 

biofuel production using hydrolysate 

from dilute sulfuric acid pretreatment of 

wheat straw. Biotechnology for 

Biofuels.  2012; 5:1-10. 



236 

Utilization of pretreated corn-cobs for optimized 

bioproduction  of cellulase by Pycnoporus coccineus 

Methus Chuwech
1
, Nuansri Rakariyatham

1,*
, Nopakarn Chandet

2 
and Jidapha Tinoi

2 

1
 Faculty of Health Science, Nation University, Lampang 52000, Thailand* 

2
 Department of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai 50200, Thailand 

* Corresponding author: nuansri1@yahoo.com

Abstract 

This research study was conducted with the 

greater aim of understanding the potentially 

efficient fungal cellulase production from low 

cost lignocellulosic substrate. This study has 

attempted to use pretreated corn-cobs as a 

substrate for cellulase production via solid-

state fermentation (SSF) by white-rot fungus, 

Pycnoporus coccineus. The effects of 

moisture content, incubation temperature, 

initial pH value and the nitrogen source on 

cellulase biosynthesis were observed for 

optimal production in flask fermentors. The 

optimal filter paper activity (FPase; 

10.303±0.353 U/gds), carboxymethyl 

cellulase (CMCase; 14.812±0.360 U/gds) and 

cellobiase (1.118±0.054 U/gds), were 

obtained after 9 days of fermentation with an 

initial moisture content of 70%, initial pH 

value of 6.0, incubation temperature of 30
 o

C.

Additionally, yeast extract has been 

determined to be a good nitrogen source. 

These results suggest that the crude cellulase 

production under SSF using pretreated corn-

cobs as a substrate could be an alternative 

choice for commercial enzyme preparations. 

Keywords: cellulosic bioethanol, solid-state 

fermentation, cellulase, Pycnoporus 

coccineus, corn-cobs 

1. Introduction

In the context of green energy, one of the 

major challenges of second generation 

bioethanol production is the cellulase 

enzyme, which is used in the hydrolysis of 

cellulose to fermentable sugars for bioethanol 

production. The bioconversion of cellulose to 

fermentable sugars requires the synergistic 

action of complete cellulase system 

comprised of endoglucanases (EC 3.2.1.4) 

which act randomly on soluble and insoluble 

cellulose chains, exoglucanases 

(cellobiohydrolases; EC 3.2.1.91) which 

liberate cellobiose from the reducing and non-

reducing ends of cellulose chains and β-

glucosidases or cellobiases (EC 3.2.1.21) 

which liberate glucose from cellobiose (1-3). 

The total costs of cellulase account for more 

than 40% of the total processing costs (4). 

The ability to obtain cellulase at a reduced 

cost could be one solution to improve the cost 

of commercial bioethanol production. 

Therefore, the uses of low-cost technology as 

well as the development of a low cost 

substrate for cellulase production or two 

significant are the highly desirable objectives. 

Normally, fungal cellulase production can be 

produced through solid-state fermentation 

(SSF) when carried out with the use of 

different agricultural waste substances. A 

corn-cob is the central core of a maize ear and 

has become an abundant form of agricultural 

residue in parts of the world. It typically 

contains 32.3-45.6%, 39.8% and 6.7-13.9% of 

cellulose, hemicelluloses and lignin, 

respectively (5). From this point, we have 

developed a method for utilization of 

pretreated corn-cobs as a substrate to produce 

cellulase from white-rot fungus, Pycnoporus 

coccineus. The objective of the present study 

was to optimize various factors, including the 

level of moisture content, initial pH value and 

temperature for the high activity and yield of 

cellulase production. 

mailto:nuansri1@yahoo.com
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2. Materials and Methods

2.1 Microorganism 

The fungal strain, P. coccineus was cultivated 

on potato dextrose agar (PDA) plates 

containing 2.0% agar and was then incubated 

at ambient temperatures for 7 days. 

2.2 Detection of microbial cellulase on agar 

plate 

A preliminary qualitative analysis for 

cellulolytic activity was conducted using 

Congo red dye (6). P. coccineus was grown 

on CMC agar containing 0.2% NaNO3, 0.1% 

K2HPO4, 0.05% MgSO4, 0.05% KCl, 0.2% 

carboxymethylcellulose (CMC) sodium salt, 

0.02% peptone, and 1.7% agar. Plates were 

incubated at ambient temperatures for 3 days. 

The agar medium was flooded with 0.1% 

Congo red dye for 15 to 20 minutes, and then 

de-stained with 1M NaCl for 15 minutes. The 

formation of a clear zone of hydrolysis 

indicated cellulose degradation. 

2.3 Raw materials and their pretreatment 

Corn-cobs were obtained locally. These raw 

materials were first dried and chopped into 

small pieces by a chopper, then ground into 

smaller particles in a hammer mill (Armfield, 

England) and finally separated by a 20-mesh 

sieve. The pretreatment of corn-cobs was 

carried out separately with 0.5% (w/v) H2SO4 

and 2.5% NaOH at 121 
o
C for 15 minutes. 

The pretreated residues were washed 

extensively to the neutral pH and dried at 

60
 o
C in an oven.

2.4 Cellulase production under solid-state 

fermentation 

Solid-state fermentation was carried out in 

250 ml Erlenmeyer flasks, each containing 

2.0 g of dry corn-cobs. The initial moisture 

content (60, 70, 80 and 90%) were adjusted 

with mineral salt solution [(NH4)2SO4, 0.5            

gl
-1

; KH2PO4, 0.5 gl
-1;

 MgSO4, 0.5 gl
-1

 and pH

5.5]. The flasks were sterilized by autoclaving 

at 121 
o
C (15 psi), and afterward were cooled

to room temperature. One week old mycelium 

was taken from the agar plate using a cork 

borer (5 disc, diameter, 0.6 cm.) and was then 

used as an inoculum. The contents of the 

flasks were mixed well and incubated at 25 ºC 

in an incubator for 3, 6, 9 and 12 days. 

Fermented products were harvested in 

triplicate at the specified fermentation times, 

initial moisture and analyzed for cellulase 

activities. The maximum levels of enzyme 

production were selected for further 

optimization of the solid-state fermentation 

production process. 

2.5 Optimization of cellulase production 

The effect of various parameters such as 

initial pH (5.0–7.0), incubation temperature 

(25–37
 o

C) and different nitrogen sources (0.5

gl
-1

; (NH4)2SO4, NH4NO3, NH4Cl, yeast

extract and peptone) were investigated on the 

production profile of the cellulase system 

using pretreated corn-cobs in SSF under 

optimal time and moisture content. 

2.6 Enzyme extraction 

The enzymes were extracted by adding 15 ml 

of 50 mM citrate buffer (pH 4.8) to the solid 

state cultures and the contents were shaken on 

a rotary shaker at 150 rpm for 60 minutes at 

room temperature. The contents in the flasks 

were then filtered through a metallic sieve 

and the solid residue was pressed to remove 

any remaining liquid, followed by 

centrifugation (10000×g for 15 minutes at 

4
o
C). The supernatant was saved and 

analyzed for its enzyme activities. 

2.7 Enzyme activity assays 

Samples were collected every 3 days during 

the fermentation process for the determination 

of cellulase activity (Filter paper activity 

(FPase), carboxymethyl cellulase (CMCase) 

and cellobiase) were determined in 

accordance with the International Union of 

Pure and Applied Chemistry procedures as 
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reported by Ghose (7). The liberated reducing 

sugars were measured using 3, 5-

dinitrosalicylic acid (DNS), according to the 

method of Miller (8). One international unit 

of FPase and CMCase activity is equivalent to 

the amount of enzyme that releases 1 µmol of 

glucose per min during the hydrolysis 

reaction. One international unit of cellobiase 

activity is the amount of enzyme that forms 2 

µmol of glucose per min from cellobiose. The 

values of enzymatic activity were expressed 

as U/gds (international units per gram dry 

substrate). 

2.8 Data analysis 

Enzyme activity values were expressed as 

means±S.D. Analysis of variance was 

performed by ANOVA procedures. SPSS 

software version.11.5 was used for statistical 

calculations. The results with P < 0.05 were 

regarded as being statistically significant. 

3. Results

3.1 Detection of microbial cellulase on agar 

plate 

The fungal strain, P. coccineus was grown on 

CMC agar plates and checked for cellulolytic 

activity by incubation at ambient 

temperatures for 3 days. The cellulase activity 

was indicated as a clear orange halo after 

being stained with 1% congo red solution.   P. 

coccineus showed a clear zone with a 

diameter of 28 mm. This result indicated that 

P. coccineus had the definitive potential to 

produce cellulolytic enzymes. 

Figure 1 P. coccineus showed a clear zone of 

hydrolysis, which indicates CMC degradation. 

3.2 Cellulase production under solid-state 

fermentation (SSF) 

In the present study, the maximum production 

of FPase, CMCase and cellobiase occurred 

after 9 days of P. coccineus fermentation 

(Figure 2-4) with the yields of 4.1880.066 

U/gds, 12.0390.161 U/gds and 1.1730.040 

U/gds, respectively. However, the activity of 

these enzymes declined after 9 days of 

fermentation. 

Figure 2 Time course of filter paper activity (FPase) 

production by SSF at different initial moisture 

content and initial pH 5.5 
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Figure 3 Time course of carboxymethyl cellulase 

(CMCase) by SSF at different initial moisture 

content and initial pH 5.5  

Figure 4 Time course of cellobiase production by 

SSF at different initial moisture content and initial 

pH 5.5 

3.3 The effect of initial pH on cellulose 

production 

To study the effect of initial pH value on 

cellulase production, the pH value was 

adjusted to 5.0 and 7.0. The production 

profiles of all three enzyme-components are 

shown in Figure 5. The highest FPase 

(7.081±0.245 U/gds), CMCase (13.808±0.277 

U/gds) and cellobiase (1.026±0.108 U/gds) 

activities were observed at a pH value of 6.0 

Figure 5 Cellulase activities at different pH levels. 

a-d indicates significant differences among means 

(P < 0.05). 

3.4 The effect of incubation temperature on 

cellulase production 

The temperature of the fermentation medium 

is one of the parameters that has a significant 

influence on the end-product.  The highest 

yields of FPase (7.085±0.239 U/gds), 

CMCase (13.397±0.223 U/gds) and 

cellobiase (0.830±0.105 U/gds) were obtained 

at 30 °C on Day 9 as shown in Figure 6; 

whereas, decreases in the yield were found at 

25 and 37 °C with a significant (P<0.05) 

reduction in cellulase activity. 

Figure 6 Cellulase activities at varying 

temperatures. a-d indicates significant differences 

among means (P<0.05). 

3.5 The effect of nitrogen source on 

cellulase production 

Organic nitrogen showed higher cellulolytic 

enzyme activities relative to other nitrogen 

sources (Figure 7). The maximal cellulase 

activities were obtained when yeast extract 

was added. Among the inorganic nitrogen 
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experiments, the maximal activities of FPase, 

CMCase and cellobiase were detected as 

10.303±0.353, 14.812±0.360 and cellobiase 

1.118±0.054 U/gds, respectively. 

Figure 7 Cellulase activities at different nitrogen 

source. a-d indicates significant differences among 

means (P < 0.05). 

4. Discussions

In the present study, corn-cobs were chosen 

as a substrate for cellulase production under 

SSF using the fungus P. coccineus. 

Thermochemical pre-treatment with diluted 

acid and alkaline hydrolysis were carried out. 

The effective results of cellulase production 

using FPase (10.303±0.353 U/gds), CMCase 

(14.812±0.360 U/gds) and cellobiase 

(1.118±0.054 U/gds) was achieved from 9 

days of fermentation with an initial moisture 

content of 70%, an initial pH value of 6.0 and 

the temperature kept at 30 ºC using yeast 

extract as a nitrogen source; whereas, the 

biological pretreatment has also revealed that 

it is a very slow process and fairly 

inconvenient, making it less attractive on an 

industrial scale (9). Furthermore, other 

research studies (10-11) have also observed a 

significant increase in the efficiency of 

production involving the pretreated corn-

cobs, over the results achieved when using 

the un-pretreated corn-cobs. 

The moisture content of the medium was also 

one of the critical factors in the production of 

cellulase. Fungi were kept on a moist 

environment not only for their growth but 

also for the secretion of enzymes. The results 

(Figure 2-4) revealed a positive relationship 

between moisture content and production of 

cellulase. Lee et al.(12) reported that the 

maximum FPase yield of 2.3 U/gds in 

Aspergillus  Niger was also found under 70% 

moisture content. Liu and Yang (13) showed 

that at high moisture levels (50-70%) of 

substrate prevents the oxygen penetration 

whereas lower moisture content inhibits 

growth, enzyme activity and accessibility to 

nutrients. Furthermore, the effect of pH 

values on cellulase production was found that 

the acidic pH range of 6.0 was optimal for 

enzyme production. At this level, the enzyme 

activity increased to the maximum level 

followed by a slight decrease in activity 

between pH 5.0-5.5 and 6.5-7.0. Sivakumar 

(14) also observed that cellulase production 

showed a good result at pH 6.0, a variation of 

the pH values from the optimum range caused 

denaturation of the enzymes and reduced the 

enzyme synthesis ability. Incubation 

temperature is an important factor affecting 

enzyme production, The maximum yields of 

this study were obtained at 30 ºC. Haq et al. 

(15) reported that a temperature range starting 

in the range of 25 to 40 ºC and among these, 

30 ºC was found to be optimal for the best 

growth of A. niger and Trichoderma viride. 

The effect of different nitrogen sources were 

verified and the maximum yield of the yeast 

extract was used, followed by peptone. 

However, the inorganic nitrogen sources did 

not exhibit any significant effects in terms of 

increasing enzyme production. Other studies 

have shown that the yeast extract was 

confirmed as the best nitrogen source for 

cellulase production by Penicillium sp. (16), 

whereas peptone was found to be the best 

nitrogen source for cellulase production by A. 

niger1433 (17). 

5. Conclusion

Successful attempts have been made to utilize 

corn-cobs, a highly abundant form of agro-

industrial waste, as a substrate for the 

production of cellulase complex by P. 

coccineus under SSF, in order to develop a 

low-cost production system. In this study, 

fairly good amounts of FPase, CMCase, and 

cellobiase were obtained. This process 
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highlighted the potential of these raw 

materials for enzyme production, thereby 

reducing the cost of cellulase production. 

Further utilization, in terms of a novel inducer 

and scale-up studies need to be carried out in 

order to exploit these inexpensive commercial 

cellulase enzyme preparations for the second-

generation of bioethanol production process. 
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Abstract 

The pathogenic microorganisms in residual 

water have become an increasing concern 

throughout the world since the use of polluted 

water may increase the risk of contracting 

waterborne disease. In this study the effect of 

UV-assisted TiO2-photocatalysis inactivation 

of bacteria in water using different UV 

irradiation (A and B) and solar irradiation 

were evaluated. TiO2 powders and TiO2 

coated film were prepared by the sol–gel 

method sintered at 200 and 400°C. The 

experimental reactor setups consisted of 

coated and uncoated titanium dioxide 

reactors. The TiO2 glass box reactor consisted 

of TiO2 was coated on the lower plate. Eight 

log CFU/mL of bacterial cells, Enterobacter 

aerogenes and Klebsiella pneumoniae, were 

suspended in steriled deionized water for 

photocatalysis investigation. The results 

showed that solar or UV irradiation - TiO2-

photocatalysis resulted in bactericidal phase 

more than solar or UV irradiation alone TiO2 

in suspension was more effective in 

bactericidal activity for E. aerogenes and K. 

pneumoniae than TiO2 film in both solar 

irradiation and UV-TiO2-photocatalysis 

system.  In conclusion, photocatalytic water 

disinfection using solar energy or UV light 

are effective. Photocatalysis using TiO2 is an 

effective solution to solve the current 

problems of water pollution. 

Keyword: solar, UV, photocatalysis, 

disinfection 

1. Introduction

Solar disinfection involves storing 

microorganisms contaminated water in 

transparent containers such as plastic bags or 

plastic or glass bottles. These containers are 

placed under sunlight for periods of  time up 

to 8 h before consumption (1). The 

bactericidal effect of sunlight is due to optical 

and thermal processes, and a strong 

synergistic effect occurs for high water 

temperatures (2) and UV discharge tubes (3); 

validation of the inactivation kinetics of some 

pathogens was tested using natural sunlight. 

Photocatalysis is a cost-effective technique 

and   offers a  simple  solution  for water 

purification since it involves the acceleration 

of photoreaction with a semiconductor and 

can be employed under solar irradiation. The 

generation of electron-hole pairs is the 

principal step in photocatalysis. TiO2 

semiconductor exhibits strong photoactivity 

since the radicals (•OH, O2
•-,

 HO2
•-,

 etc),

formed by the electron-hole pairs under UV 

light, are capable of oxidizing organic 

substrates and inhibit bacteria growth in 

water. It has high photocatalytic and chemical 

activity, non-toxicity, wide availability and 

low cost (4). TiO2 is considered to be the 

most potential material for the photocatalytic 

purposes because of its exceptional optical 

and electronic properties (5). TiO2 films can 

be prepared by different deposition 

techniques such as the reactive sputtering, 

chemical vapor deposition and sol–gel 

process. The sol–gel process is the most 

popular method because its simplicity and 

mailto:jirasakkong@gmail.com
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low costs. The properties of the film, and 

consequently its applications, will strongly 

depend on the nature of the preparation 

process as well as on its operational 

parameters (6). Many studies have shown that 

activation of TiO2 and TiO2 with Ag 

photocatalysts with ultraviolet A (UVA) light 

is a highly effective process for complete 

inactivation of bacterial cells (7). The 

photocatalytic effect depends on the 

wavelength of light (8). UV is separated into 

UVA, UVB, and UVC based on wavelength. 

In this study, bacterial cells of Enterobacter 

aerogenes and Klebsiella pneumoniae which 

are gastrointestinal pathogens that cause 

diarrhea and enteritis in humans were used as 

models to investigate the disinfective 

capacities of TiO2 in suspension and films 

with natural sunlight and different UV 

wavelengths. 

2. Materials and methods

2.1 Preparation of catalysts 

TiO2 suspension and TiO2 films were 

prepared using the following chemicals: tetra-

isopropoxytitanium Ti(i-OC3H7)4, ethanol 

(C2H5OH), hydrochloric acid (HCl), and H2O. 

The TiO2 sol was composed of 29.0 g Ti(i-

OC3H7)4, 100 mL ethanol, 2.5 mL H2O and 

0.5 mL HCl. The solution was mixed for 5 

min at room temperature (for TiO2 film). The 

glass substrates (4.5-2.4 cm, 1.4 mm thick) 

were immersed in sol solution at the rate of 2 

mm/sec and dried at room temperature for 10 

min. The sol films were heated at 250 ºC for 

60 min in hot air oven to achieve cohesion 

and adhesion of the film to the substrate. 

2.2 UV-photocatalysis 

Photocatalysis disinfection Ultraviolet A-light 

emitting diodes (UVA) with peak irradiance 

at 365 nm were used to create the sterilization 

device and UVA intensity was 9 mW/cm
2
. In

all cases, the light was switched on 30 min 

before the start of the reaction to stabilize the 

emission power and spectrum. The distance 

between the UVA and the surface of the 

bacterial solution was 1.5 cm. UVA 

irradiation was performed in a dark room at 

25 ºC for 0-120 min. UVB irradiation A low-

pressure UV lamp (8 W) was used to irradiate 

at 302 nm (UVB). Intensity was adjusted by 

changing the distance between the lamp and 

the bacterial solution. Intensity at 302 nm was 

0.09 mW/cm
2
. In all cases, the light was

switched on 30 min before the start of the 

reaction to stabilize the emission power and 

spectrum. UVB irradiation was performed in 

a dark room at 25 ºC for 0-120 min. 

2.3 Preparation of bacterial cells 

E. aerogenes strain KM12 and K. 

pneumoniae strain KM01 were used as model 

microorganisms for the disinfection 

experiments. The bacteria were cultured in 

Luria-Bertani (LB) broth (1% tryptone, 0.5% 

yeast extract, 1% NaCl) at 37 ºC with rotary 

shaking for 18 hr. Two millilitre overnight 

culture was centrifuged at 12,000 rpm for 5 

min. The supernatant was discarded and the 

bacterial pellet was washed three times with 

sterile phosphate buffer saline (PBS) and re-

suspended in PBS to achieve an initial 

concentration of 1.0x10
8
 CFU/ml. Apparatus

for Petri dish test consisted of UV lamp, Petri 

dish and supporter. For TiO2 suspension, the 

experiment was carried out transferring 

washed bacterial cells into the Petri dish (DI 

87 mm) containing 18 mL of sterilized 

deionized water containing 0.18 g TiO2.  A 

magnetic stirrer agitated the TiO2–cell 

mixture while  UVA and UVB lamps or solar 

light were radiated vertically.  For TiO2 

immobilized surface, the experiment was 

carried out transferring washed bacterial cells 

while two of UV lamps or solar light were 

radiated vertically.  The control was treated 

either without TiO2 at the same condition as 

above or with TiO2 in the dark. Samples were 

taken in triplicates at 15 min intervals for 120 

min. After irradiation, the sample was placed 

in a petri dish with 5 mL of PBS and shaken 

for 10 min. Dilutions were placed on LB agar 
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plates and incubated at 37ºC for 24 hr before 

bacterial colonies were counted. Survival of 

the bacterial population was calculated using 

the equation: 

 survival ratio = Log (Nt/N0)  

Where N0 represented the initial population 

and Nt represented the population after 

irradiation time (t). 

All results were calculated with data from 

three independent experiments.  

3. Results and discussions

3.1 Inactivation kinetics of E. aerogenes 

and K. pneumoniae exposed to UVA, UVB 

and solar TiO2 photocatalytic processes 

The inhibition growth of K. pneumoniae 

strain was observed in the early 15 min of 

irradiation in both UV-TiO2 and solar-TiO2 

photocatalytic processes (Figure 1 (a)). 

However, total inactivation was observed 

after 45 min and 60 min irradiation time for 

UVB with and without TiO2 photocatalysis, 

respectively.  The  solar and UVA with TiO2 

photocatalysis processes did not result in total 

bacteria inactivation, but 99.94 % (3.26 log) 

and 99.99 % (6.05 log) removal of initial 

bacterial density was observed after 120 min 

irradiation time. For UVA and solar without 

TiO2 photocatalysis processes, 99.99 % (4.25 

log) and 63.69% (0.44log) inactivation was 

observed after 120 min irradiation time, 

respectively. The similar pattern was found in 

the inactivation kinetics of E. aerogenes 

strain (Figure 1(b)) but the inactivation was 

less than that of E. aerogenes. This might be 

that K. pneumoniae has higher complexity 

and density of the cell wall than that of E. 

aerogenes (9). In Figure 1(b), the colonies 

were inactivated  in the early 15 min of 

irradiation in both processes. However, total 

inactivation was observed after 30 min and 45 

min irradiation time for UVB with and 

without TiO2 photocatalysis, respectively. 

The  solar and UVA with TiO2 photocatalysis 

processes did not result in total bacteria 

inactivation, but 99.99% (4.19 log) and 

99.99% (7.17 log) removal of initial bacterial 

density (9.99x10
7 

and 9.99x10
7
 CFU/mL

residual density, respectively) was observed 

after 120 min irradiation time. The  UVA and 

solar without TiO2 photocatalysis processes 

did not result in total bacteria inactivation, but 

74.88% (0.60 log) and 99.99% (5.98 log) 

removal of initial bacterial density (7.49x10
7

and 9.99x10
7
  CFU/mL residual density,

respectively) was observed after 120 min 

irradiation time. In Figure 2a, the inactivation 

kinetics of K. pneumoniae strain by applying 

natural solar, UVA and UVB with driven 

TiO2 film photocatalytic process was 

evaluated. The  process was operated with 

TiO2 film, approximately 1.0x10
8
 CFU/mL

initial bacterial density and 120 min total 

irradiation time. The inactivation of K. 

pneumoniae strain colonies was inactivation 

in the early 15 min of irradiation in both 

processes. However, total inactivation was 

observed after 60 min irradiation time only 

for UVB with TiO2 film photocatalysis. The  

solar and UVA with TiO2 film photocatalysis 

processes did not result in total bacteria 

inactivation, but 98.09% (1.72 log) and 

99.91% (3.04 log) removal of initial bacterial 

density (9.81x10
7
 and 9.99x10

7
 CFU/mL

residual density, respectively) was observed 

after 120 min irradiation time. The similar 

pattern was found in the inactivation kinetics 

of E. aerogenes strain (Figure 2(b)) but the 

inactivation was less more than that of K. 

pneumoniae. In Figure 2(b),  the inactivation 

kinetics of E. aerogenes strain  by applying 

natural solar, UVA and UVB with driven 

TiO2 film photocatalytic process was 

evaluated. The process was operated with 

TiO2 film, approximately 1.0x10
8
 CFU/mL

initial bacterial density and 120 min total 

irradiation time. The inactivation of E. 

aerogenes strain colonies was inactivation  in 

the early 15 min of irradiation in both 

processes. However, total inactivation was 

observed after 60 min irradiation time only 

for UVB with TiO2 film photocatalysis. The  

solar and UVA with TiO2 film photocatalysis 

processes did not result in total bacteria 

inactivation, but 99.36% (2.19 log) and 

99.98% (3.76 log) removal of initial bacterial 

density (9.93x10
7
 and 9.99x10

7
 CFU/mL
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residual density, respectively) was observed 

after 120 min irradiation time.  

The bacteria E. aerogenes and K. 

pneumoniae, which are relevant for hygiene, 

were illuminated on the sample solution for 

120 min. The survival ratio achieved, and the 

experimental conditions are shown in Table 1. 

The survival ratio of E. aerogenes was found 

to decrease more than that of K. pneumoniae. 

This precedence appears reasonable if it is 

assumed that the primary step in 

photocatalytic decomposition consists of an 

attack by OH radicals on the cell wall, leading 

to punctures (10). In Figure 1a and 1b, E. 

aerogenes exposed to UVA without 

photocatalyst showed little reduction after 30 

min, or after 60 min in the case of K. 

pneumoniae. This might be UVA which is 

relatively low energy, damages cells by 

oxidative stress caused by oxygen radicals 

within the cells (11). The extent of this effect 

depends on the kind of bacterium and growth 

condition (growth phase, status of nutrition).  

A UV light inactivates microorganisms by 

damaging deoxyribonucleic acid (DNA) and 

ribonucleic acid (RNA). When DNA and 

RNA absorb UV light damage results from 

the formation of dimers (covalent bonds 

between the same nucleic acids). Dimers 

cause faults in the transcription of 

information from DNA to RNA, which in 

turn results in disruption of microorganism 

replication. The microorganism continues to 

live, but it can’t reproduce and therefore is 

not infective. Different kinds of DNA (11), 

such as single-strand were broken or caused 

photomodified bases. However, this damage 

may be repaired by  the  cell  to  a  certain  

extent.   From  Figure 1(a)-1(b),  for UVB 

photocatalyzed oxidation  with TiO2 

suspensions, E. aerogenes at 8 log were 

inactivated within 30 min. The required 30 

min value is not met for K. pneumoniae, but 

exposure times up to 45 min for inactivating 8 

log stages are satisfactory. For UVA 

photocatalyzed  oxidation  with TiO2 

suspensions, E. aerogenes at 4 log stages 

need to be inactivated within 60 min. The 

required 96 min value is not met for K. 

pneumoniae, but exposure times over 90 min 

for inactivating 4 log stages are satisfactory 

outside risk zones (12). The behaviour of K. 

pneumoniae during extended exposure time 

by UVA photocatalyzed oxidation will be 

examined for the further study.  From Figure 

1-2, the survival ratios were found to decrease 

in the following order: UVB with TiO2 

suspension > UVB > UVA with TiO2 

suspension > solar irradiation with TiO2 

suspension > UVA > solar irradiation. UV 

irradiation can inactivate bacterial growth 

depending on its wavelength 

Figure 1 Inactivation of K. pneumoniae (a) 

and E. aerogenes (b) by solar radiation (♦), 

solar irradiation with TiO2 suspension (□), 

UVA (▲), UVA with TiO2 suspension (), 

UVB () and UVB with TiO2 suspension 

(○) 

(a) 

(b) 

(b) 
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Figure 2 Inactivation of K. pneumoniae (a) 

and E. aerogenes (b) by solar irradiation 

with TiO2 film (□), UVA with TiO2 film (), 

and UVB with TiO2 film (○) 

Table 1 Photoinactivation of E. aerogenes 

and K. pneumoniae by UVA, UVB and 

solar irradiation with and without TiO2 in 

suspension for 30 min 
Treatment K. pneumoniae E. aerogenes 

Final cell count 

± error 

(CE in CFU/mL) 

Final  cell count 

± error 

(CE in CFU/mL) 

Solar 

radiation 

7.4x10
7
±0.6x10

7
 7.6x10

7
±0.5x10

7
 

Solar 

radiation 

+TiO2 

3.1x10
7
±0.7 x10

7
 2.4x10

7
±0.6x10

6
 

UVA 6.3x10
6
±0.4 x10

7
 5.6x10

6
±0.5x10

6
 

UVA+TiO2 1.5x10
6
±0.6x10

7
 1.4x10

2
±0.4 x10

6

UVB 1.7x10
2
±0.2x10

1
 1.1x10

1
±0.7x10

1
 

UVB+TiO2 0 0 

and intensity. Due to shorter wavelength, 

UVB inactivated bacterial growth more than 

UVA. Due to solar irradiation containing 

lower intensity of UVA and UVB, sunlight 

alone inactivated bacterial growth less than 

UVA and UVB lamps. From Figure 2a-2b, 

TiO2 photocatalytic surfaces inactivated 

bacterial cells lower than that of the 

suspension power. One possible application 

of the photoactive TiO2 surface might be for 

permanent maintenance of bacteria-free 

conditions on surfaces that have been 

disinfected already, e.g. using conventional 

wiping with disinfectant. The aim of 

disinfection is to reduce the number of 

infectious bacteria in an area or an object, 

preventing it from providing a starting-point 

for infection (12). The disinfectants 

traditionally used are of chemical origin, with 

risk of allergy and toxicity (13). Regular 

application of disinfection procedures is 

necessary in areas of antibacterial protection. 

Compared to the general disinfectants, TiO2-

coated surfaces do not involve aerosol 

formation. Another disadvantage of 

conventional disinfection methods is poor 

validation. By contrast, the procedure 

presented here is easier to apply. Although 

disinfection requires inactivation of 

pathogenic bacteria, in a reduction of around 

3–5 log stages is sufficient about 99.90–

99.99% in comparison with complete 

sterilization (12). The requirement for a 

reduction of 3–5 log10 stages is achieved by 

the present method. To allow widespread use 

of the method, it will certainly be necessary to 

validate its optimal conditions, particularly 

with dried microorganisms and with high 

levels of protein (14).  This bacteria-reducing 

process would ideally be usable in fields in 

which flat working areas are used: in the 

medical field, in food processing, in the 

pharmaceutics and industrial field and 

aquiferous systems in which reliable 

prevention of contamination and biofilm 

formation is needed. Although the higher 

inactivation efficiencies of E. aerogenes were 

observed with the UV lamp, the high energy 

consumption compared to conventional UV 

lamps. Solar driven photocatalytic treatment 

has been increasingly investigated because it 

is an attractive technology on economical 

energy consumption (15). 

4. Conclusion

The TiO2 suspension and TiO2 film were 

efficiently synthesized using the sol–gel 

method. It was found that TiO2 powders are 

(a) 

(b) 
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more efficient than TiO2 film for the 

photocatalytic degradation. The loading of 

TiO2 powders showed that UVA and solar 

radiation the microbial activity was reduced 

over 90% after 15 min. Beside UVB that is 

harmful to human, UVA and solar irradiation 

with TiO2 photocatalysis are effective 

solutions to solve the problems of water 

pollution.  
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Abstract 

Germinated rice is a well-known functional 

food due to its high content of phytonutrients. 

This study was aimed to investigate the 

difference of producing phytonutrients in 

domesticated rice genotype (indica rice), and 

the effects of soaking and generation 

conditions. The rice was soaked in distilled 

water pH 7.0 at 25°C for 24 h followed by 

germinating in aerobic incubator at 35°C for 

12-48 hours. Germinated rice at 12 h showed 

the highest level of the total phenolic and 

flavonoid contents. The radical scavenging 

activities (IC50) determined by 1,1-diphenyl-

2-picryl hydrazyl (DPPH) and 2,2′-azino-bis 

(3-ethylbenzothiazoline-6- sulfonic acid) 

(ABTS) of germinated rice were also shown 

the highest of 1,162.26 mg/L and 84.36 mg/L, 

respectively, at 12 h. The phenolic and 

flavonoid contents including antioxidant 

activities for DPPH and ABTS of the 

germinated rice at 12 h were about and 2.2, 

6.1, 2.6, and 3.9 times higher than in 

unsoaked rice, respectively. GABA content 

increased consistent with germination time. 

Soaking at 25 °C and germination at 35 °C 

during 24 h resulted in the highest GABA in 

distilled soaking water with pH 7. At 24 h of 

germination, the GABA content was highest 

of 15.39 mg/100 g dry weight, which was 

about 3.6 times higher than in unsoaked rice. 

After 24 h of germination, phenolic and 

flavonoid contents and antioxidant activities 

in rice grains were decreased while GABA 

concentrations were decreased after 36 h of 

germination. The results indicate that high 

levels of phytonutrients production can be 

attained with short germination times, at the 

optimal temperature conditions for soaking 

and germination. 

Keywords: optimization, phytonutrient, rice 

grain 

1. Introduction

Rice is the largest cereal crop in the 

world. It is also the main staple food for 

world populations.  Rice components have 

several roles in disease prevention. It contains 

essential nutrient, dietary fiber, oil and 

hypoallergenic protein (1). Germinated rice 

has been of interest throughout Asian 

countries as it contains high amounts of 

bioactive compounds such as γ-aminobutyric 

acid (GABA), γ-oryzanol, and dietary fiber. 

Germinated rice grain offers considerable 

benefits. Germinated rice contains high 

amounts of ferulic acid (2), α-tocopherols (3) 

and phenolics (4) which have potent 

antioxidantand free radical scavenging 

properties (5). Phenolic compound in rice 

such as ferulic acid has the capability to 

prevent the build-up of superoxide, 

controlling the aggregation of blood platelets 

and cholesterol-lowering properties as well as 

for their antioxidant capacity (6).  

Additionally, the germination of rice releases 

its bound minerals, making them more 

absorbable by the body, and the rice is more 

tender and tastier. Seed germination is a 

mailto:jirasakkong@gmail.com
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complex process involving biochemical and 

physical activities (3). Hydrolytic enzymes 

are activated after water absorption and 

degrade large molecules of reserve 

compounds in the endosperm including 

biopolymers, carbohydrates, and 

polypeptides, to small biomolecules in 

germinated seeds (7). Apart from nutrition 

level changes, germination also generates 

antioxidant compounds including phenolic 

and flavonoid contents (4).  In the plant, the 

GABA biosynthesis pathway is accomplished 

by GABA shunt and polyamine degradation 

(8). GABA is a metabolic end product and is 

primarily produced by the decarboxylation of 

L-glutamic acid (L-Glu), catalyzed by 

glutamate decarboxylase (GAD, EC 4.1.1.15) 

(9) and the activity of GAD shows a high 

correlation with the germination ratio. The 

accumulation of GABA is related to the 

activity of GAD and substrate concentration 

of L-Glu. GABA is a well-known non-protein 

amino acid which exists widely in both plants 

and animals. It is a major inhibitory 

neurotransmitter in the cerebrospinal fluid of 

mammals (10). Several health benefits of 

GABA have been reported e.g. lower blood 

pressure and blood cholesterol, greater kidney 

and liver activity, inhibition of cancer cell 

proliferation (11) and stimulation of cancer 

cell apoptosis. The optimization of the 

germination conditions could be applied for 

the production of GABA-rich products for 

promoting of the consumption to use as 

supplementary food. Rice cultivar Chainat 1 

is a local rice cultivar which cultivated in 

Ayutthaya province in Thailand. Rice cultivar 

Chainat 1 is a long grain non-waxy Thai rice 

cultivar. Though many studies have been 

done on improving GABA production in 

germinated rice grain, the relationship 

between bioactive compounds and GABA 

Production on the optimal conditions in rice  

is still not known. This study aimed to 

investigate the effect of soaking, optimization 

of germination conditions of rice grain 

cultivar Chainat 1 and evaluating GABA 

production and its bio-active compounds. 

2. Materials and Methods

2.1 Rice sample 

Ten kilogram of the paddy rice Chainat 1 

were provided by the Rice Research Center, 

Phathom Thani province, Thailand.  

2.2 Germination procedure 

The experiment was performed by soaking 1 

kg of rice seed in a 50 L tank using distillated 

water with the grain-to-water ratio of 1:10 

(w/v) at 30±1°C for 24 hours. Non-soaked 

rice seed was used as a control sample. 

Germinated rice grains were incubated at 

35°C and they were collected at 0, 12, 24, 36 

and 48 hours, respectively. The germinated 

rice grains after attainment of the required 

germination period were dried at 55°C in hot 

air oven until the moisture contents were 

below 14%. All samples were stored at -20°C 

until analyses. In this study, unsoaked rice 

seed was used  as control. 

2.3 Extraction of unsoaked rice and 

germinated rice 

The extraction of unsoaked rice (control) and 

germinated ricewas performed using a 

modified version of the method described by 

Sutharut  and Sudarat  (4). A 5 g portion of 

each of the rice seed samples was extracted 

with 75 ml of methanol at room temperature 

for 12 h (repeated three times) and then was 

filtered. The residue was evaporated at 50°C. 

The residue was weighted and stored at -20°C 

until analysis. 

2.4 Total phenolic content (TPC) 

The TPC was determined using a modified 

Folin–Ciocalteu method (12). Each test 

sample (250 l) was added to a test tube that 

contained 6.0 ml of distilled water. After 

vortexing the tubes, 500 l of Folin–

Ciocalteu’s phenol reagent was added to each 

tube. The tubes were vortexed and 2 min 

later, 2.0 ml of 15% Na2CO3 was added to 

each tube. Thereafter, the absorbance of each 
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sample was measured against a blank at 750 

nm. A calibration curve was constructed 

using gallic acid as a standard. The TPC is 

expressed as milligrams of gallic acid per 100 

grams dry weight. 

2.5 Total flavonoid content 

The total flavonoid content was determined 

using a modified version of the method 

described by Zhishenet al.  (13). Each test 

sample (250 l) and 1.25 ml of water were 

added then 75 l of 5% NaNO2, 150 l of 

10% AlCl3 was added. After 6 min 0.5 ml of 

1 M NaOH was added. The absorbance was 

measured at 510 nm. A calibration curve was 

constructed using quercetin as a standard. The 

total flavonoid content is expressed as 

milligrams of quercetinper  100 grams dry 

weight 

2.6 Quantification of GABA content 

GABA content was determined using a 

modified version of the method described by 

Karladee and Suriyong (14). Each test sample 

(200 l) was added to a test tube that 

contained 200 l of 0.2 M borate buffer. One 

milliliter of 6% phenol was added to each 

tube. The tubes were vortexed and cooled in 

ice bath for 5 min. Later, 0.4 ml of sodium 

hyper chloride was added to each tube. The 

tubes were vortexed for 1 min and cooled in 

ice bath for 5 min, then incubated in boiling 

water bath for 10 min and then allowed to 

cool at room temperature. Thereafter, the 

absorbance of each sample was measured 

against a blank at 630 nm. A calibration curve 

was constructed using GABA as a standard. 

The GABA content is expressed as 

milligrams per 100 grams dry weight 

2.7 Free-radical-scavenging activity 

Antioxidant activities of the extracts were 

measured based on the scavenging of the 

stable free radical, 1,1-diphenyl-2-

picrylhydrzyl (DPPH) (15).  A sample of each 

extract in methanol, was added to 2 mL of 

DPPH solution. After 30 min, the absorbance 

was measured at of 517 nm. The DPPH 

radical-scavenging activity was calculated 

according to the following: % of DPPH 

scavenging activity = {1- (AbS/AbC)} x 100, 

where AbC was the absorbance of the control 

and AbS was the absorbance in the presence 

of the test compound. IC50 is the effective 

concentration in mg extract/mL which 

inhibits the DPPH activity by 50%. 1,1- 

diphenyl-2-picrylhydrazyl, 

butylatedhydroxyanisole (BHA) was used as 

a control. Radical cation scavenging capacity 

was examined against ABTS
+

generated by

the chemical method. The absorbance of the 

reaction mixture was measured at 734 nm and 

the BHT equivalent was calculated using a 

standard curve prepared with BHT (16). 

2.8 Experimental design and data analysis 

The experiments were set up in a completely 

randomized design and repeated twice. The 

results were presented as the average of the 

repeated experiments by pooling individual 

data. One Way ANOVA and Tukey’s 

Multiple Range Tests (P<0.05) were 

performed to determine significant 

differences among the means of the 

treatments using SPSS version. Simple linear 

regression was used to estimate the 

correlation between the total phenolic content 

or total flavonoid content and antioxidant 

capacity from both DPPH and ABTS radical 

scavenging assays. 

3. Results and Discussions

3.1 Total phenolic, flavonoid and GABA 

contents 

After being soaked in distillated water at 

30°C for 24 hours (0 h), total phenolic content 

of Chainat 1 rice seeds were significantly 

higher than that of the control (76.28 mg/100 

g dry weight). Total phenolic content of the 

control increased with germination time and 

had the highest peak at hour 12 (Figure 1). 

The total phenolic content of germinated 

seeds on hour 12 was 1.43 times higher than 

hour 0.  The amount of total phenolic 
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compounds increased by 1.54 times from 

hour 0 compared with that of the control. 

3.2 Total flavonoid content 

After being soaked in distillated water at 

25°C for 24 hours (0 h), total phenolic content 

of Chainat 1  rice seeds were significantly 

higher than that of the control (6.47 mg/100 

g). Total flavonoid content of the control 

increased with germination time and had the 

highest peak at hour 12 (Figure 1b). The total 

flavonoid content of germinated seeds on 

hour 12 was 2.19 times more than hour 0.  

The amount of total flavonoid compounds 

increased by 2.79 times from hour 0 

compared with that of the control.  

After being soaked in distillated water at 

30°C for 24 hours (0 h), GABA content of 

Chainat 1 rice seeds were significantly higher 

than that of the control (4.27 mg/100 g). Total 

flavonoid content of the control increased 

with germination time and had the highest 

peak at hour 24 (Figure 1c). The GABA 

content of germinated seeds on hour 24 was 

1.66 times more than hour 0. The amount of 

GABA increased by 2.16 times from hour 0 

compared with that of the control.  

3.3 Antioxidant capacity 

As shown in Figure 2a and Figure 2b, 

antioxidant capacities of Chainat 1  rice seeds 

determined by DPPH and ABTS radical 

scavenging assays were different during 

germination. The seeds soaked in distillated 

water had significantly higher antioxidant 

capacities than the control. When seeds were 

germinated, antioxidant capacities of the 

control gradually increased with germination 

time and reached the maximum at hour 12 in 

which the antioxidant capacities were 1.84 

and 3.24 times higher than those of hour 0 for 

DPPH and ABTS radical scavenging assays, 

respectively. The antioxidant capacities for 

DPPH and ABTS radical scavenging assays 

increased by 1.42 and 1.21 times from hour 0 

compared with that of the control, 

respectively. The antioxidant capacities of 

seeds germinated increasedwith germination 

time, an hour 12 provided the highest 

antioxidant capacities in all germination time 

Figure 1 Phenolic (a), Flavonoid (b) and 

GABA (c) contents in rice seed during 

germination at 35ºC 

as compared to those of hour 0. Among the 

germination time used in this study, hour 12 

was found to be the optimal germination time 

enhancing antioxidant capacities. It produced 

the maximal antioxidant capacity with 

significant differences in every germination 

time compared with the control. Although, 

ABTS radical scavenging assay showed 

higher values of antioxidant capacities than 

those of using DPPH radical scavenging 

assay, these two processes showed the same 

tendency of outcomes. 

(a) 

(b) 

(c) 
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This study showed that phenolic, flavonoid, 

GABA contents and antioxidant capacity of 

Chainat 1 rice seeds significantly increased 

after being soaked in water and during 

germination as compared to that of the 

control. This suggests that water activates the 

bioactive compounds and antioxidative 

systems after the seeds absorbed water and 

during germination.  

Figure 2 IC50 for DPPH (a) and ATBS (b) 

radical scavenging of rice seed during 

germination at 35°C 

In germinated seeds, hydrolytic enzymes are 

activated and decompose biopolymers and 

biomolecules. The decomposition of 

biopolymers and biomolecules during 

germination generates bioactive compounds, 

and improves in organoleptic qualities due to 

the softening of texture and increase of flavor 

in seeds. So, the appropriated amount of 

water uptake of the rice seed during soaking 

directly affected quality of the germinated 

rice seed. In addition, the amino acid in rice 

seed being used as storage proteins, which are 

degraded by water, converted to amides and 

transported to the growing parts of the rice 

seedling (17). Increasing GABA content in 

rice seed after soaking in water was due to the 

synthesis of glutamic acid and glutamate 

decarboxylase (GAD) activation, which 

converts glutamate to GABA (18). The 

soaking prior before to germination take part 

in enhancement of the residual GABA 

content with activating GAD from the 

hypoxia condition due to the limited 

availability of oxygen (19). The GABA 

content may increase rapidly in plant tissues 

in response to hypoxia. In addition, GAD 

activity was a more reliable index for the 

viability of rice (19). In this study, the rice 

seed was soaked for the optimal soaking time 

of 24 hours, which attained the saturation. It 

was found that after soaking for 24 hours, the 

GABA content of rice seed ranged from 7.12 

mg/100 g (Figure 1c). These values were 

higher than that of rice seed. This result 

indicates that soaking contributes to the 

increase in GABA content as similar reports 

by Saikusa et al., (20), where water soaking 

increased GABA contents. Different cultivars 

had different characteristics of water 

absorption. Hirunpong and Tungjaroenchai 

(21) found that the moisture up take of brown 

rice, during soaking at 35°C were 29.01, 

29.64 and 31.04% at time 2, 3, and 3 h, 

respectively, was the optimal soaking time. 

Rice cultivars and moisture contents of rice 

therefore affected the germination and 

production of GABA. In this study, GABA 

content in germinated rice seed increased 

1.66-2.19 times, as compared to the un-

germinated samples. In addition, different 

GABA content among rice cultivars might be 

come from varying GAD accumulation. 

However, most of rice seeds from different 

rice varieties revealed high quantity of GABA 

content during incubation.  It was noticed that 

GABA accumulation in rice seed proceeded 

rapidly at an early stage of incubation, 

accompanied by the parallel loss of glutamate 

concentration. It suggested that a supply of 

glutamate would help to accumulate more 

GABA during rice germ soaking in water 

(20). In addition, air was reported to be effect 

on GABA content during incubation.  It was 

found that higher air feed rate, higher GABA 

accumulation was attained. It was reported 

that GABA content in japonica rice seed 

increased greatly during soaking in water 

(20). Increasing GABA content in water 

(a) 

(b) 
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soaked was also found in this experiment. 

Soaking time and rice varieties affected the 

GABA content of the seeds (22). So, the 

enrich GABA condition should be studied 

more in details as well as the use of enrich 

GABA rice seed for some foods products 

preparation.  

Varanyanond et al (22) found that water 

soaking could enrich GABA content in the 

germ. GABA content of germ was 186.2 

mg/kg of germ Khao Dawk Mali 105. The 

amount of GABA content in soaked germ was 

more than 1.5 times compared with GABA 

content of the unsoaked germ. In this study, 

the amount of high GABA contents found in 

soaked rice seed  and germinated rice at 24 h 

were more than 2.16 and 1.66 times 

compared with GABA content of the 

unsoaked rice seed and soaked rice seed, 

respectively.  

The antioxidant capacities of phenolics have 

been reported by donating electrons or 

hydrogen atoms from their hydroxyl and 

carboxyl groups and also inactivating lipid 

free radicals and preventing decomposition of 

hydroperoxides into free radicals (23-24).  It 

was found that total phenolics had positive 

correlation with antioxidant capacities by 

DPPH (with R
2
=0.594) and ABTS radical

scavenging assays (with R
2
=0.674). The total

flavonoids had positive correlation with 

antioxidant capacities by DPPH (with 

R
2
=0.238) and ABTS radical scavenging

assays (with R
2
=0.582) (data not shown).

This indicates the role of phenolic and 

flavonoid compounds as free radical 

scavengers in germinated rice seeds. The 

GABA contents in germinated rice seeds had 

no correlation with antioxidant capacities by 

DPPH and ABTS radical scavenging assays 

and it had also no correlation with phenolics 

and flavonoid contents.  

In this study, it was found that total phenolics 

had positive correlation with antioxidant 

capacities by DPPH (with R
2
=0.594) and

ABTS radical scavenging assays (with 

R
2
=0.674) higher than that of total flavonoids.

During germination, the maximum phenolics 

and flavonoids in germinated rice were lesser 

germination time (12 h) than that of GABA 

(24 h). After 12 h germination, phenolics and 

flavonoids in germinated rice were minimum 

contents at 36 h and began to increase after 48 

h of germination while GABA content was 

gradually decrease till  48 h of germination. It 

indicated that GABA promoted growth in 

germination at first period of germination of 

rice seed.  

4. Conclusion

Bioactive components and GABA content in 

rice grain could be increased by optimization 

of soaking and germination time and 

conditions. The results showed basis for up-

scale GABA-enhanced rice grain. The results 

showed an increase in GABA production in 

the short time of germination at the optimal 

time and temperature of soaking and 

germination conditions. However, it is 

necessary to further study the metabolic 

pathways for high GABA production in rice 

grain.  So, enhancement of the quantities of 

bioactive compounds in the rice grain 

provides a better functional food for 

achieving human health benefits and it also 

improves the flavor and taste.   
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Abstract 

In order to produce vinegar, coconut water 

was fermented through two stages: alcoholic 

fermentation with baker’s yeast and 

followed by acetous fermentation with A. 

aceti TISTR 102 starter powder. The 

baker’s yeast and the sugar concentration 

significantly effected on the alcoholic 

fermentation (p≤0.05). Baker’s yeast at 

0.4% (w/v) was added to 1,500 mL of 

coconut water at 12% (w/v) sugar content 

that adequately produced approximately 6% 

(v/v) ethanol concentration within 1 day. 

The ethanol was used as the substrate for 

acetification with A. aceti TISTR 102 starter 

powder. The addition of A. aceti TISTR 102 

starter powder at 0.5% (w/v) completely 

produced 6.27±0.02% acetic acid within 18 

days, thus attaining 89% fermentation 

efficiency. In the sensory evaluation test, the 

coconut water vinegar was rated with 

acceptable scores for all of the sensorial 

attributes (appearance, odor, sourness and 

overall acceptance). Hopefully, these results 

will be a reference point for other researches 

on process development and vinegar 

applications. 

Keywords: vinegar, coconut water, baker’s 

yeast, A. aceti, starter powder 

1. Introduction

Vinegar is an acidic liquid containing acetic 

acid as the main component and made from 

fermentable carbohydrate source within two 

steps: alcoholic fermentation and 

acetification (Brian, 1998). Generally, the 

alcoholic fermentation involves to activities 

of yeasts to convert fermentable sugar into 

ethanol; and acetic acid bacteria oxidize 

ethanol into acetic acid in the second stage. 

Vinegar is normally used in house cooking 

and it is widely applied in dressing industry 

with enormous products (e.g. salad dressing, 

mayonnaise, ketchup, hot sauce) and in food 

industry as acidulant or flavoring agent 

(Huskin, 2008). Vinegar so far has been still 

used for preservative purpose (i.e. pickling 

method) and several useful applications in 

human living such as cleaning, sanitizing, 

and deodorizing (Perlman, 1976). Besides, 

vinegar has been well-known and proved as 

the healthy beneficial drinking in various 

types and flavors (Kim et al., 2012).  

In tropical and subtropical regions, 

concretely in South-East Asia countries, 

coconut (Cocos nucifera L.) is available in 

several varieties with a relatively large 

planting area. It has provided a lot of 

substantial benefits for economy and human 

life. Among the edible parts of coconut, 

coconut water is notably used in processing 

and increasingly consumed because of its 

delicious taste and essential nutrients. 

However, a large amount of coconut water 

in overly-mature coconut normally is 

disposed after dehusking for production of 

coconut oil or coconut milk (Unagul et al., 

2007). No matter how good in control and 

how much in utilization, the overly-mature 

coconut water are wasted with the number 
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has been still increased year by year. 

Thereby, fermenting coconut water into 

vinegar is considered to be an attractive 

means of utilizing waste from coconut 

industry. In the past, several researches into 

vinegar production from coconut water were 

carried out with complicated designed 

apparatus and longtime procedure (Truong 

and Marquez, 1987, Longtong et al., 1989). 

Generally, in fermentation, starter culture 

has been preferentially used for 

improvement in fermentation efficiency and 

for controlling the final products’ qualities.  

The concept of starter culture in powder 

form (starter powder) has been introduced 

and recently available in market for 

conveniences in use, storage and 

preservation (e.g. baker's yeast). As the 

results, Acetobacter aceti TISTR 102 strain 

was also prepared in powder form for 

vinegar fermentation (Wongsudaluk, 2012). 

The use of starter powders, including baker's 

yeast for alcoholic stage and A. aceti TISTR 

102 starter powder for acetous stage would 

be an convenient process for vinegar 

production in terms of fermentation time 

and application procedure. This research is 

also considered as guidance for applying 

starter powder in vinegar production outside 

laboratory, especially for household scale. 

2. Materials and Methods

2.1 Coconut water 

Coconut water was collected from the 

market in Pattani province, Thailand, and 

was filtered through a thin cotton cloth. 

Commercial sugar (Milk Phor) was added to 

increase the sugar content in coconut water 

that then was boiled for 10 minutes. 

2.2 Starter cultures 

2.2.1 Baker’s yeast 

Commercial baker’s yeast (Angel Yeast 

Gold Baker’s) was bought from the local 

market was used in this research. The yeast 

concentration was 2.1x10
9
 CFU/g.

2.2.2 Preparation of A. aceti TISTR 102 

starter powder  

Acetobacter aceti TISTR 102 strain was 

bought from the Thailand Institute of 

Scientific and Technological Research was 

inoculated in GYC agar (D-glucose, 100g/L; 

yeast extract, 10g/L; agar, 20g/L and 

calcium carbonate 10g/L). The culture was 

incubated at 30
o
C for 24 hrs, subsequently

stored at 4
o
C and subcultured every month

to preserve the pure culture.  

Acetobacter aceti TISTR 102 was cultured 

in coconut water with 50% (v/v) added 

banana juice for 18-24 hrs, 30ºC and 120 

rpm. The pellet (cells) was collected by 

centrifugation (Hettich Zencrifuhen 

ROTINA 420R) with 9600g at 4ºC for 10 

minutes and purified with phosphate buffer 

50 mM 6.5 pH twice times. The purified 

cells were suspended into 20% (w/v) 

sucrose solution within 1 hr. The cell 

suspensions consequently were mixed with 

sterilized rice bran with ratio 4mL: 10g and 

dried at 35
o
C for 12 hours. After drying, the

starter powder contained 1.26x10
7
 CFU/g

with 7.17±0.17 (%) moisture content and 

0.41±0.18 water activity. 

2.3 Experiments 

2.3.1 Alcoholic fermentation 

The pasteurized coconut water was 

transferred in 2,000 mL round bottom flask 

with approximately 1,500 mL working 

volume. Effects of baker’s yeast 

concentration and initial sugar concentration 

on the fermentation process were 

consequently investigated. The commercial 

baker’s yeast was varied into 0.2, 0.4 and 

0.6% (w/v) and put directly into 14% (w/v) 

coconut water. The coconut water ad 12, 16 

and 20% (w/v) sugar concentrations was 

fermented with 0.4% (w/v) baker’s yeast. 

Fermentation process performed in round 

bottom flask fitted with cotton at room 

temperature (30±2
o
C) in 7 days. Samples

were collected every day for ethanol and 

sugar analysis in each treatment. Consumed 

sugar was measured by phenol sulfuric acid 
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method (Dubois et al., 1956), while ethanol 

concentration results were obtained from 

Ebulliometer equipment (Wongsudaluk, 

2012). The pH and total soluble solid were 

monitored using a digital pH meter (Schott 

Instrument, Lab 850) and refractometer 

(Atago N1), respectively. The fermentation 

rate (FR) was calculated by as follow  

𝐹𝑅 =
% 𝐸𝑡ℎ𝑎𝑛𝑜𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (

𝑣

𝑣
) 

𝐹𝑒𝑟𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 (𝑑𝑎𝑦)
         (1) 

2.3.2 Acetification 

Coconut wine attained approximately 6% 

ethanol was subsequently applied for 

acidification process at different A. aceti 

TISTR 102 starter powder concentrations. 

The starter powder concentrations at 0.5, 

1.0, 1.5 and 2.0% (w/v) were put directly 

into 1,500 mL coconut wine in 2,000 mL 

round bottom flask fitted with cotton. 

Fermentation process performed at room 

temperature (30±2
o
C) within 30 days. The

samples were collected every 3 days to 

check the pH (Schott Instrument, Lab 850). 

Acidity was measured by titration with 

NaOH 0.1N (AOAC, 2000) and expressed 

in terms of acetic acid, while ethanol 

concentration results were obtained from 

Ebulliometer equipment. The fermentation 

efficiency (FE) for optimal treatment was 

calculated as follow 

𝐹𝐸 =
% 𝐴𝑐𝑖𝑑𝑖𝑡𝑦 (

𝑤

𝑣
) 

% 𝐸𝑡ℎ𝑎𝑛𝑜𝑙 (
𝑣

𝑣
) 𝑥 1.043 

𝑥100         (2) 

2.3.3 Sensory evaluation 

Coconut water was fermented into vinegar 

with baker’s yeast and A. aceti TISTR 102 

starter powder. The palm sap vinegar 

traditionally fermented within 3 months was 

bought in the market was the control 

sample. The quality of two vinegars 

including acidity, residual ethanol, total 

soluble solid and pH were determined. The 

sensory evaluation for appearance (i.e. 

colour and turbidity), odor, flavor and 

overall acceptance was carried out with 9-

point hedonic scale and 30 panelists 

between 20–35 year ages. Samples were 

served in clean transparent glasses 

(tumblers) which had been labeled with 3-

digit random numbers. Questionnaires and 

water for mouth rinsing between each 

tasting were provided. Prior to evaluation, 

the panelists were asked to read through the 

questionnaires, and the meaning of each 

attribute (appearance, odor and sourness) 

was explained to the panelists to avoid any 

misinterpretation. The scoring used was 1-

dislike extremely; 2-dislike very much; 3-

dislike; moderately; 4-dislike slightly; 5-

neither like nor dislike; 6-like slightly; 7-

like moderately; 8-like very much; 9-like 

extremely. The scores from all the panelists 

were expressed as mean ± standard 

deviation.  

2.4 Statistical analysis 

All experiments were carried out in 

triplicate, using a completely randomized 

design (CRD). The collected data were 

analyzed based on ANOVA and presented 

as mean values with standard deviations. 

Significant differences within the treatments 

were analyzed by Duncan’s multiple range 

test (DMRT) at a 5% probability level (p 

≤0.05).  

3. Results and Discussion

3.1 Effect of baker’s yeast concentration 

The results of ethanol production and sugar 

consumption as fermenting the 14% (w/v) 

coconut water by different baker’s yeast 

concentrations 0.2, 0.4 and 0.6% (w/v) were 

represented in Figure 1. Generally, at 14% 

(w/v) sugar content, the maximal ethanol 

content attained approximately 9 (%v/v) for 

all of the treatments. Baker’s yeast at 0.2% 

(w/v) produced ethanol content that linearly 

increased within 3 days before stagnating 

during later time. Correspondingly, the 

ethanol contents were recorded with 

3.64±0.08, 7.76±0.20 and 9.92±0.18 (% 

v/v). Likewise, the ethanol content increased 

sharply to 6.18±0.22 and 9.81±0.18 (%) 

within 2 days and statistically remained 

during later when coconut water was 
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fermented at 0.4% (w/v) baker’s yeast. 

Similar trend was found in with 0.6% (w/v) 

baker’s yeast concentration, but the 

significantly higher ethanol contents were 

7.57±0.24 and 9.86±0.10 (%), 

correspondingly. 

The increase in ethanol content resulted in 

decrease in the sugar content. At 0.6% (w/v) 

baker’s yeast, the sugar content sharply 

declined to 2.70±0.15 and 0.07±0.02 

(g/100mL) within 2 days that then 

statistically stagnated. Also, a slightly 

decreasing trend was observed at 0.4% 

(w/v) baker’s yeast with 6.19±0.58 and 

0.13±0.01 (g/100mL) sugar contents were 

recorded after 2 fermentation days before 

being statistically constant in the further 

time. Otherwise, baker’s yeast at 0.2% (w/v) 

took almost 3 days to completely consume 

sugar at 0.34±0.04 g/100mL. Similar trend 

was found in results of total soluble solid; 

while there was no significant difference in 

pH values of these treatments, exception in 

later on when fermentation had been 

completed (Data not shown).  

Figure 1 The profile of ethanol production (line 

with full symbol) and consumption sugar (dotted 

line with opened symbol) as the function of 

baker’s yeast concentrations and time. Baker’s 

yeast at 0.2% (circle), at 0.4% (square) and at 

0.6% (triangle) 

With the maximal ethanol content attained 

approximately 9% (v/v) for all of the 

treatments, it was obvious to see that the 

baker’s yeast concentration did not 

influence on the ethanol content. However, 

it was a significant factor on fermentation 

process performance. The higher baker's 

yeast concentration was inoculated; the 

ethanol contents were produced in the 

shorter time, resulted in the higher 

fermentation rate. The fermentation rate 

were calculated and recorded with 3.31, 

4.91 and 4.93 (% per day), when the baker's 

yeast inoculated at 0.2, 0.4 and 0.6% (w/v), 

respectively. The similar trend was found in 

several previous studies with the yeast 

concentrations were less than 1.0% (w/v) 

(Akin-Osanaiye, 2008; Kumoro et al., 

2012). The yeast concentrations more than 

30.0 g/L or 3.0% (w/v) could cause the 

minor inhibition in the ethanol yield 

(Matloob, 2014). The explanation possibly 

due to the high propagation of yeast cells in 

fermentable substrate and their competition 

in nutrient consumption (Ndip et al., 2001). 

Additionally, the high ethanol content in the 

beginning of fermentation, which usually 

performed with the rapid fermentation rate, 

possibly caused negative effect on further 

growth of the yeast cells (Kumoro et al., 

2012). 

3.2 Effect of sugar content 

The results of ethanol production and sugar 

consumption as fermenting coconut water at 

12, 16 and 20% (w/v) with 0.4% (w/v) 

baker’s yeast were represented in Figure 2. 

Obviously, there was a proportional 

relationship between the substrate 

concentration and the ethanol production. At 

12% (w/v) sugar content, the ethanol 

content linearly increased to 6.27±0.14% 

within 1 day to complete fermentation as the 

ethanol content remained statistically 

constant during the later time. The coconut 

water at 16% (w/v) sugar content produced 

ethanol content up to 9.61±0.17% (w/v) 

within 2 days before stagnating in the 

further time. Otherwise, the increase in 

ethanol production prolonged within 3 days 

to attain 12.37±0.06% ethanol content with 

coconut water at 20% (w/v) sugar content. 

Obviously, the higher sugar content took 

longer time to be consumed completely by 

baker’s yeast, and the increase in the initial 
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sugar content also increased the residual 

sugar content. Coconut water contained 

12.55±0.71 g/100mL sugar content that was 

completely consumed within 1 day and 

remained 0.44±0.00 g/100mL without any 

more consumption thereafter. Otherwise, at 

16% (w/v) sugar content, baker’s yeast took 

longer time to consume almost the sugar and 

metabolized into ethanol. Indeed, the initial 

sugar content was 16.11±0.46 g/100 mL that 

linearly decreased to 5.11±0.11 and sharply 

dropped to 0.25±0.01g/100mL within 2 

days. At 20% (w/v) sugar content, a linear 

decline from 21.12±0.19 g/100mL sugar 

content to 2.41±0.49 g/100mL was also 

observed in the first two days. There was a 

slight decrease in the next day to 1.12±0.34 

g/100 mL before almost completing 

fermentation at 0.41±0.02 g/100 mL. 

Similar trend was found in results of total 

soluble solid; and pH values also decreased 

in fermentation time, but the lower values 

were obtained with the increase in substrate 

concentration (Data not shown) 

Figure 2  The profile of ethanol production (line 

with full symbol) and consumption sugar (dotted 

line with opened symbol) as the function of sugar 

contents and time. Coconut water at 12% (w/v) 

sugar content (circle), at 16% (w/v)  sugar content 

(square) and at 20% (w/v) sugar content (triangle) 

The higher substrate concentrations may 

achieve the higher ethanol production, but a 

longer incubation time was required for 

fermentation completion. As the results, the 

fermentaion rates  6.27, 4.80 and 4.12 (% 

per day) were calculated for fermentation of 

coconut water at 12, 16 and 20% (w/v) 

sugar contents, respectively. The 

experimental results or the increasing trends 

in ethanol production strongly agreed to 

several previous researches (Asli, 2010, 

Kumoro et al., 2012). However, at the 

higher sugar contents up to 25% (w/v) were 

reported to cause decrease in ethanol 

production that could be explainedy by the 

osmotic effects (Charoenchai et al., 1998, 

Grahovac et al., 2012, Lin et al., 2012). The 

high substrate concentration might cause the 

osmotic shock that affected directly on the 

rate of glycolysis-an important biochemical 

metabolism to support energy for the 

survival of yeast cells (Nagodawithana et 

al., 1974). In addition, possibly when the 

high ethanol concentrations formed and by-

products accumulated, resulted in the pH 

change to cause inhibition (Lin et al., 2012). 

3.3 Effect of A. aceti TISTR 102 starter 

powder concentration 

Fermentation coconut water at 12% (w/v) 

sugar content with 0.4% (w/v) baker’s yeast 

performed in 24 hours to obtain 

approximately 6% (w/v) ethanol 

concentration. Then, the starter powder 

(A.aceti TISTR 102 strain) was 

consequently inoculated into alcoholic 

substrate at different concentrations of 0.5, 

1.0, 1.5 and 2.0% (w/v) for acetificcation at 

30±2
o
C within 30 days. The results of

ethanol consumption and acidity production 

were shown in Figure 3.  

Generally, after inoculating starter powder, 

the ethanol content remained almost 3 days  

before sharply decreasing during the later 

time. In all of the treatments, the ethanol 

content intended to decline linearly that 

started from the 6
th

 day onwards until the

ethanol was run out.  The treatment of 0.5% 

(w/v) starter powder showed the slightly 

higher consumption rate, which could be 

inferred from the significantly lower 

residual ethanol content at any sampling 

time. At any sampling time, there was no 

statistical difference in residual ethanol 

content was obsevred among the treatments 

of 1.0, 1.5 and 2.0% (w/v) starter powder. 

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

0.0
2.0
4.0
6.0
8.0

10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.0

0 1 2 3 4 5 6 7

E
th

a
n

o
l 

(%
 v

/v
) 

S
u

g
a

r 
co

n
te

n
t 

(g
/1

0
0

m
L

) 

Time (Days) 



263 

Obviously, the ethanol was alomost run out 

after 18 days at 0.5% (w/v) starter powder. 

Otherwise, at the same time, the ethanol 

contents were 0.29±0.05, 0.31±0.18 and 

0.37±0.23 (% v/v) at  1.0, 1.5 and 2.0% 

(w/v) starter powder, respectively. 

Figure 3 The profile of ethanol consumption 

(dotted line with opened symbol) and acetic acid 

production ( line with full symbol) as the function 

of starter powder concentration and time. Starter 

powder at 0.5% (w/v) (diamond), at 1.0% (w/v) 

(square), at 1.5% (w/v) (circle) and at 2.0% (w/v)  

(triangle) 

The decrease in ethanol content increased 

the acetic acid content during the 

fermentation time. The acetic acid started to 

be produced after 3 days from inoculating 

and also increased linearly before going to 

be stationary. Obviously, the treatment of 

0.5% (w/v) starter powder produced the 

statistically higher acetic acid content as 

compared to those obtained from the other 

treatments at the same time. The acetic acid 

increased within only 18 days and the higher 

acid content was obtained at the lower 

starter powder concentration. Indeed, acetic 

acid 6.27±0.02% was recored at 0.5% (w/v) 

starter powder that was significantly 

different from 6.04±0.14, 5.89±0.27 and 

5.73±0.12% obtained at 1.0, 1.5 and 2.0% 

(w/v) starter powder, respectively. Acetic 

acid content stagnanted for the further time, 

even declined at the end of fermentation 

process. 

In all of the treatments, the pH decreased 

significantly within the first 18 days 

correspondingly when the acetic acid 

produced. The treatment that produced the 

higher acetic acid obviously had the lower 

pH values (Data were not shown). The final 

pH values were 3.23±0.00, 3.26±0.01, 

3.31±0.01  and 3.36±0.01 at 0.5, 1.0, 1.5 

and 2.0% (w/v) starter powder, respectively.  

From the results, no changes in both 

consumed ethanol and produced acidity 

within the first three days possibly reflected 

the adaptation of the starter (lag phase) after 

inoculating into the fermenting substrate. 

This phenomenon also represented for 

disruption of yeast activity by Acetobacter 

biological oxidation (Claro et al. 2007) or 

intracellular pH changes (Valli et al., 2005). 

The exponential phase could be observed 

when the acetic acid increased significantly 

via linear trend; and obviously every 1% 

(v/v) ethanol concentration could produce 

approximate 1% (w/v) acetic acid content. 

The optimal results of ethanol consumption 

and acetic acid produced at treatment of 

0.5% (w/v) starter powder was possibly due 

to the higher oxygen uptake during 

fermentation process. In fact, for starter 

powder production, rice bran played role as 

the carrier in which the bacteria suspension 

immobilized for drying and fermentation 

process. Therefore, in static condition, the 

starter powder inoculated into alcoholic 

substrate with more concentration had 

thicker sediment layer could prevent 

bacteria from oxygen uptake for their 

activity. As the results, the acetification rate 

attained 3.48 g/L/d and the fermentation 

efficiency was 89% with 0.5% (w/v) starter 

powder inoculation. The results in this 

experiment were considered to be 

comparable to previous studies with the 

short fermentation time, and relatively high 

efficiency (Kocher et al., 2006; Sossou et 

al., 2009).  

3.4 Primarily sensory evaluation 

Coconut water was fermented into vinegar 

with baker’s yeast and A. aceti TISTR 102 

starter powder for 20 days. It was a cloudy 

and slightly-yellow liquid with a distinct 

flavor; contained 5.71±0.26% acetic acid 
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content, 0.3±0.10 (% v/v) residual ethanol, 

5.4±0.2 ˚Brix and pH 3.11±0.03. The 

control sample was traditional palm sap 

vinegar that contained 4.5±0.50% acidity, 

0.50±0.20 (% v/v) residual ethanol, 

5.7±0.2˚Brix and pH 3.09±0.02. The two 

samples were shown in Figure 4; while the 

sensory scores were represented in Figure 5. 

Figure 4 Coconut vinegar (left) and palm sap 

vinegar (right) 

Figure 5 The sensorial scores of coconut vinegar 

and palm sap vinegar 

Appearance attribute of palm sap vinegar 

was rated at 7.10±1.56 that significantly 

preferred to the appearance of coconut 

vinegar with 5.77±1.54 scores. The scores 

of odor attribute were 6.03±1.90 and 

5.19±1.80 for coconut vinegar and palm sap 

vinegar, respectively. The coconut vinegar 

had 6.55±1.69 scores for sourness, while the 

sourness of palm sap vinegar attained 

6.30±2.13 scores. For overall acceptance, 

the panelists accepted coconut vinegar and 

palm sap vinegar with the scores were rated 

at 6.48±1.23 and 6.41±1.72, respectively. 

The high standard deviation is unavoidable 

in sensory evaluation when the results were 

done by intuition/attitude of panelists about 

the samples. However, the lower standard 

deviation possibly reflects the more 

reliability on the results. In spite of 

significant differences in scores, the panelist 

rated slightly higher scores for coconut 

vinegar (exception appearance attribute) 

with the lower standard deviations as 

compared to the counterpart. The lower 

score for appearance was probably due to 

the turbidity and lower lightness as 

fermenting with starter powder and its 

carrier (rice bran). So, coconut vinegar 

produced by baker’s yeast and starter 

powder possibly was comparable to 

traditional palm sap vinegar in sensory 

qualities. In the future, the clarification 

treatments should be studied to improve the 

appearance of the final product and the other 

researches on application of coconut vinegar 

in foods also could be carried out for adding 

values and market expanding. 

4. Conclusions

From the results, it was possible to produce 

vinegar from coconut water with baker’s 

yeast and A. aceti TISTR 102 starter 

powder. The coconut water at 12% (w/v) 

and 0.4% (w/v) baker’s yeast were adequate 

to produce approximately 6% (w/v) within 1 

day for the later acetous fermentation. For 

acetification, the starter at 0.5% (w/v) 

sufficiently produced 6.27±0.02% acidity 

after approximately 18 days, attaining 89% 

fermentation efficiency. The coconut 

vinegar was evaluated with acceptable 

scores for most of attributes such as 

appearance, odor, sourness and overall 

acceptance. This is one of the development 

and to add value to agricultural product by 

fermentation. The coconut water obtained as 

a waste from the coconut cream process and 

palm sap is high cost for vinegar production. 

This result of our research show that 

coconut water can apply and reduce the cost 

of vinegar production.     
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Abstract 

Rice husk, a low cost carbon sources from 

agricultural waste was used for PHAs 

production. However, the structural 

complexity of lignocellulosic materials in rice 

husk requires a pretreatment step prior used 

as carbon source. The effect of the main 

operating factors including sulfuric acid 

concentration and hydrolysis temperature on 

fermentable sugar production from rice husk 

were investigated by response surface 

methodology. The results indicated that total 

sugar and reducing sugar concentration 

ranged between 12.36 and 30.12 g/L, and 

0.28 and 6.66 g/L, respectively. The 

satisfactory condition of 9.20 % w/v sulfuric 

acid at 107.86 
0
C was established for 

reducing sugar and total sugar productions. 

Furthermore, the non-detoxified rice husk 

hydrolysate was then used as a carbon source 

for 10 isolate microbial strains to test PHA 

production capability. It was found that the 

highest biomass was observed as 1.01g/l and 

PHA content as 11.2 %. 

. 

Keywords:PHA, Rice husk, RSM. 

1. Introduction

Rice husk have always played an important 

part in the economic and social lives in 

Thailand which represent approximately 20% 

dry weight of the harvest, being an abundant 

lignocellulosic residues (1). Rice husk is a 

cheap raw material consisting of the complex 

structure of cellulose (36-40%) and 

hemicellulose (12-19%) (2) being unsuitable 

feed stocks for microbial biotransformation. 

Pretreatment step of rice husk is thus 

necessary in order to gain the monosaccharide 

for fermentation. The chemical and biological 

pretreatment of rice husk were widely used to 

produce bioethanol (2), xylitol (3) and other 

value added products. According to our 

knowledge, however, the PHA productions by 

using rice husk as carbon sources have a few 

reported (4, 5). 

Hence, the aim of this study was to 

investigate for the experimental hydrolysis 

conditions by using  response surface 

methodology (RSM) leading to the obtained 

maximum total sugar and reducing sugar 

concentration released from rice husk using 

sulfuric acid as hydrolysis solution. In 

addition, PHA production from rice husk 

hydrolysate was investigated and evaluated to 

achieve potential economic value of PHA. 

2. Materials and methods

2.1 Material 

Rice husk was collected from local rice mill 

industry in Nakhon Ratchasima province, 

Thailand. Rice husk were ground to small 

size and stored at room temperature until used 

for hydrolysis processes. 

2.2 Experiment design 

The experiment was conducted using a five-

level two-factor central composite design 
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(CCD) with three assays at the central point. 

The influenced factors studied were sulfuric 

acid concentration (2.76 – 11.24 %w/v) and 

pre-treatment temperature (65.68 – 129.32 
0
C). Both factor variations can be seen in 

Table 1. The test runs (Table 2) were 

performed by using Expert design version 

11.0 (Trial version). The responses of this 

experiment were total sugar and reducing 

sugar concentration. 

Optimization of rice husk hydrolysis 

experiment was carried out to determine the 

effect of variation factors (Table 1) on the 

sugar production. In brief, dried rice husk 

power (5 g) was added into the flask 

containing 100 mL of diluted sulfuric acid 

solution (2.76 – 11.24 %w/v). The mixture 

was heated in an autoclave (Hirayama 

Manufacturing Corp., Tokyo, Japan) at 

varying pre-treatment temperatures (65.68 - 

129.32 
0
C) for 20 min, then cooled down to

room temperature. After filtration of these 

samples with double cheesecloth, the 

supernatant was obtained by centrifugation at 

10,000 rpm for 5 min, and kept at 4 
0
C prior

sugar analysis.  

Table 1 Factor levels for central composite design 

(CCD) of effected factors for rice husk hydrolysis. 

2.3 Microorganism and growth condition 

To test the rice husk hydrolysate ability for 

PHA production, PHA-producing bacteria 

were previously isolated and screened from 

soil sources by using Nile red stained (data 

not showed). The 10 bacterial strains were 

selected according to growth ability in xylose 

media (6). Then, those were maintained on 

NA slants. The inoculums were cultured in 

NB medium at 30 
0
C and 200 rpm for 24 h.

the seed culture (5% v/v) was transferred into  

mineral salt medium (MSM) for PHA 

production which consisted of (NH4)2SO4 

(1.50 g/L), KH2PO4 (1.50 g/L), Na2HPO4 

(3.57 g/L), MgSO4.7H2O (0.20 g/L), rice husk 

hydrolysate at the optimal conditions (100 

mL) and trace element solution (1.00 mL/L) 

(7). In order to determine production of PHA 

from rice husk hydrolysate as a sole carbon 

source, the isolated bacterial strains were 

cultured in 100 mL of MSM, in 500 mL 

Erlenmeyer flask, and incubated on orbital 

shaker with 200 rpm at 30 
0
C for 3 days.

2.4 Analytical methods 

Reducing sugar was determined by 3, 5 – 

dinitrosalicylic acid method (8) and total 

sugar was analyzed by phenol sulfuric acid 

method (9).  

PHAs concentration were determined by 

modification method of Law and Slepeky 

(10) and dry cell weight were determined by 

modified gravimetric method of Tanamool et. 

al., 2013 (7).  

3. Results and discussion

3.1 Optimization of rice husk hydrolysis 

for reducing and total sugar 

production from rice husk. 

In order to achieve the most effective 

procedure for hydrolysis of rice husk, 

optimization of the crucial factor was 

examined base on CCD. The experimental 

runs comprises of 13 trials as shown in Table 

2. The results showed that total sugar and

reducing sugar concentration were obtained in 

range of 12.36 – 30.12 g/L and 0.28 - 6.66 

g/L, respectively. Polynomial equations were 

generated by Design Expert software to 

predict in term of reducing sugar (eq. 1) and 

total sugar (eq. 2) concentrations. Models 

proposed for both responses were as follows: 

Reducing sugar = 6.25 + 1.09A + 1.79B + 

0.10AB - 1.20A
2 

- 1.93B
2
   (eq. 1)

Total sugar = 23.59 + 5.29A + 3.81B - 

0.62AB - 2.06A
2
 - 1.12B

2
   (eq. 2)

Where A is sulfuric acid concentration and B 

is pre-treatment temperature. 
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Then the results were calculated by analysis 

of variance (ANOVA) to test a significant 

model and revealed that both models of 

reducing sugar and total sugar concentrations 

with a p-value < 0.0003 and p-value < 0.0001 

were statistical significance (Table 3). The 

coefficient of determination (R
2
) in reducing

sugar and total sugar productions models 

were 0.9461 and 0.9560. They showed in a 

good adjustment of the model to the 

experimental data. The R
2
 almost reach to

1.0, being a stronger model and better 

predicted responses (5). Moreover, the lack of 

fit of reducing sugar model was 0.0983 and 

total sugar model was 0.5939 which indicated 

the goodness of fit model.  

Table 2 Central composite design (CCD) for the 

optimization of reducing sugar and total sugar 

production from rice husk. 

Table 3 ANOVA analysis of RSM model for the 

reducing sugar and total sugar concentration from 

rice husk. 

The relationships between the dependent 

variables are illustrated by response surface 

plot in three dimensions. Fig. 1 depicts the 

response surface describing the influences of 

the reaction temperature and sulfuric acid 

concentration on reducing sugar 

concentration. The plot showed that reducing 

sugar concentration increased significantly 

with the increasing of reaction temperature 

and sulfuric acid concentration. However, 

when the reaction temperature increased 

above 97.50 
0
C, the reducing sugar 

concentration began decreasing due to 

reducing sugar degradation to hydroxymethyl 

furfural (HMF) (11). Consistently, increase of 

sulfuric acid concentration leads to 

enhancement of the reducing sugar 

production. However, the higher 

concentration above 10 % (w/v) may cause 

degradation of sugar to other by-products (8).  

Fig. 1 Response surface plot showing the effect of 

pre-treatment temperature and sulfuric acid 

concentration on reducing sugar production. 

Similarly, the higher total sugar could be 

obtained by pretreatment with increasing of 

temperature and sulfuric acid concentration 

(Fig. 2). This was due to the complete 

hydrolysis of the hemicellulose and charring 

of the remaining cellulose in the pretreatment 

step. On the other hand, by-products 

particularly being as inhibitors for microbial 

growth would be subsequently generated 

(12).  

Fig. 2 Response surface plot showing the effect of 

pre-treatment temperature and sulfuric acid 

concentration on aqueous extraction of total sugar. 
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3.2 Validation of the RSM results. 

Pretreatment condition was predicted by RSM 

with using 9.20 % (w/v) of sulfuric acid and 

temperature at 107.86 
0
C for 20 min. The

reducing sugar and total sugar concentrations 

obtained from this condition were 6.93 and 

26.80 g/L, respectively. The validations of 

these experiments were verified and 

performed under the optimized conditions. 

The results showed that reducing sugar and 

total sugar concentration were 7.98 and 30.80 

g/L. Hence, the validations of the predicted 

models were achieved at 115.15 % and 

114.92 % for reducing sugar and total sugar 

production.  These values were indicated an 

acceptable agreement between experimental 

and predicted values and implied that the 

mathematical model is clearly reliable for 

both reducing sugar and total sugar 

productions.  

3.3 Potential PHA production from rice 

husk by 10 PHA-producing isolates. 

To demonsrtate the possibility of using rice 

husk as an alternative bio-refinery feed stock  

for production of PHA, 10 PHA producing 

strains were cultured in MSM containing rice 

husk hydrolysate (without non-detoxification 

step) as a sole carbon source. The results 

revealed that these isolates could utilize the 

hydrolysate as a sole carbon source with cell 

dry weight about 0.53-1.01 g/L and could 

accumulate PHA 4.32-11.20 %(w/w) (Table 

4). Among them, the isolate NK13 showed 

the highest PHB production. 

Table 4 PHA production from 10 different isolates 

bacteria.  

Isolate No. DCW 

(g/L) 

PHA content 

(%w/w) 

NK4 0.78 8.53 

NK11 0.89 10.21 

NK12 0.90 9.84 

NK13 1.01 11.20 

NK14 0.97 9.88 

NK15 0.53 10.55 

NK16 0.67 9.67 

NK17 0.68 8.38 

NK18 0.96 4.32 

NK19 0.97 9.58 

Previously, Patel (2014) (4) reported that 

PHAs accumulation in Pseudomonas 

aeruginosa by using rice husk as carbon 

source was obtained at 0.43 % w/w. While 

Gowda and Shivakumar (2014) (5) had 

reported Bacillus thuringiensis IAM 12077 

could accumulate higher PHA (24.40 % w/w) 

in their cell. Using hydrolysate of rice husk 

directly might suppress bacterial growth 

cause by several inhibitors. In addition, it 

would be more severe in case of the 

hydrolysate having low sugar content thus 

providing high sugar concentration 

hydrolysate would be more advantageous.  

4. Conclusion

The different hydrolysis conditions for 

reducing sugar and total sugar production 

revealed that these variables markedly affect 

the fermentable sugars from rice husk. These 

variables can be related to the hydrolysis 

conditions by second order polynomials. 

Optimum hydrolysis condition was obtained 

by RSM. Non-detoxified rice husk 

hydrolysate could be used as carbon source 

for PHA production by isolate strain NK13. 

However, bacterial growth and PHA content 

from non-detoxified rice husk hydrolysate 

still low due to low concentration of reducing 

sugar was obtained in fermentation media. 

The evaporating system should be applied to 

concentrate the fermentable sugar from rice 

husk hydrolysate.  

However, this study explored the potential of 

isolate strain NK13 to produce cost-effective 

PHA from alternative carbon source obtained 

from agro-wastes hydrolysate without non-

detoxification step, which lead to reduce the 

cost of PHA production. In addition, 

physiological characteristics of this newly 

isolate strain would be carried out further to 

improve the strain more effective on PHA 

production.  
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Abstract 

The use of marine yeasts in larval rearing is 

now one of the economic technological 

inputsin the production of natural live feeds 

for zooplanktons or shrimp larvae. They are 

cheap to produce and can be grown using low 

cost carbon source from agricultural products.  

In the present study, the two marine yeast 

isolates AS1-8 and BS 6-2 were cultured on 4 

types of media: potato dextrose broth (PDB) , 

Czapek Doxbroth,  cornmeal, and black lentil 

meal.   The yeasts were cultured  by shaking 

at 110 rpm, 30
o 

C, for 72 h and cells were

harvested by centrifugation.  Nutritional 

analysis of the two yeast isolates was 

analysed: protein, crude fat, fatty acid and 

ash.Total lipid was investigated by extraction  

of  0.1 g dried yeast cells with 

chloroform:methanol (2:1, v/v) containing 

0.1%  butylated hydroxytoluene. Total lipid 

was obtained by filtering the lower layer 

through anhydrous sodium sulfate.  Fatty acid 

methyl esters (FAMEs) were prepared by 

total lipid transesterification and measured by 

gas-liquid chromatography.  The individual 

FAMEs was identified by comparing to 

known standards.  The results showed that 

both yeast isolates AS1-8 and BS 6-2 

contained some high amount of palmetic, 

oleic and linoleic acids and some amount of 

α-liolenic acid. Oleic acid was produced in 

BS 6-2 and  AS1-8 in highest amount, 38.63 

+ 0.38%TFA and 32.94 + 0.34%TFA, 

respectively when cultured on cornmeal broth  

whereas palmetic acid was produced in high 

amount in both isolates and on every kind of 

medium used.  Interestingly, the yeast isolate 

AS1-8 contained high amount of protein 

when cultured on black lentil meal (50.56 + 

019 %) and PDB (40.41 + 057%), while yeast 

isolate BS 6-2 contained 41.53 + 0.04 % and  

29.69+ 0.18 % on PDB and Czapek Dox 

broth, respectively.  The crude fat content in 

cells of the two yeast isolates was high when 

cultured on cornmeal medium, 5.16 + 0.01% 

for AS1-8 and 7.78 + 0.28 % for BS6-2.  

Although polyunsaturated fatty acids were 

found in trace amount, the two essential fatty 

acidsfor marine aquatic lavae, linoleic and α-

linolenic were found.  The nucleotide 

sequence of D1/D2 domain of 26S rDNA of  

the two yeast isolates were analysed and AS1-

8 was closest to Rhodotorula mucilaginosa 

with 99% similarity and BS6-2 was closest to 

Pichia jadinii with 99.13 % similarity. 

Keywords:  marine yeast, nutrition, fatty 

acids 

1. Introduction

Yeasts are a rich source of proteins and B-

complex vitamin. They have been used as a 

supplement in animal feeds to compensate the 

amino acid and vitamin deficiencies of 

cereals, and are recommended as a substitute 

for other ingredients in fish
[1]

. Marine

microorganisms, including yeasts, live in 

extreme environments at which a unique of 

functional biomolecules could be potential 

provided
[2]

In the ocean, 71% of the earth

surface, many genera of yeasts can be found 

such as: Candida albicans, Candida 

tropicals,Candida membranifaciens, 

Debaryomyces hansenii, Geotrichumsp., 

Pichia capsulata, Pichia fermentans,Pichia 

salicaria, Rhodotorula minuta,Cryptococcus 
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dimennae,Yarrowia lipolytica,Saccharomyces 

cerevisiaeand 

Rhodotorula mucilaginosa
[3,4,5,6]

. 

 

The benefit for aquaculture field was that 

marine animals or larvae usually prefer live 

feeds that would be good for reduction of  

water quality problem.   Yeast products (live 

yeasts) are frequently used as feed ingredients 

in aquaculture because of the nutrition valued, 

which include protein, lipids, B-vitamins etc. 

In larval nutrition, many of polyunsaturated 

fatty acids notably the n-3 unsaturated fatty 

acids, are considered vital nutrients for the 

development and growth of marine larvae
[7]

. 

By using marine yeasts or yeasts isolated 

from seawater or those that originated from 

marine environment would be more benefit 

than using freshwater or terrestrial yeasts as 

they could better survive in seawater.   The 

current study investigated percentage of 

protein and crude fat, including fatty acid 

profiles when cultured in various media. 

 

2. Materials and Methods 

 

2.1 Two yeast isolates: AS1-8 and BS 6-2 

which were selected to use in this study and 

were identified molecularly by comparing 

nucleotide sequence of D1/D2 of 26S rDNA 

gene. Four culture media were used to culture 

the yeasts: potato dextrose broth (PDB), 

Czapek dox broth, cornmeal (400 g corn 

grains/l, homogenized and boiled, and filtrate 

was added 8.0 g sucrose before autoclaving)  

and black lentil meal (Vigna mungo L.) (200 

g dry black lentil/l, submerged in distilled 

water for one night, homogenized and boiled 

for 30 min, set aside and then supernatant was 

filtered,  4.0 g glucose and 4.0 g fructose 

were added before autoclaving). 

 

The isolate of AS1-8 and BS6-2 were 

originally recovered from samples of coastal 

sand sediment collected at Ang Sila (13
o 

20’ 

21.08” N, 100
o 

55’ 27.28” E) and seawater at 

Bangsaen beach(13° 16’ 56.82” N, 100° 54’ 

54.42”E), Chonburi Province, 

Thailand,respectively, and held within the 

yeast collection maintained at Microbiology 

laboratory, the Institute of Marine Science, 

Burapha University, Thailand under the 

accession code AS1-8 and BS 6-2. For the 

current study, the yeasts were cultured in 

PDB, Czapek dox, cornmeal and black lentil 

meal media,  and cell density of the 24h 

inoculum was 3x10
8
 cells/ml(viable count). 

Each medium was inoculated by 2 ml 

inoculums/250 ml medium in 1000 ml flasks 

and reciprocal shaken at 30
o 

C for 3 days.  

Cell mass of each isolate in each medium, 

1litre, was collected by centrifugation at 8000 

rpm, 4
o 

C, for 5 min and cell pellet was 

washed twice with 0.85% NaCl and then 

subjected to a second round of centrifugation 

under the same conditions. After decanting 

the supernatant, the pellet was allowed to dry 

at 60
o
C for 18 h. 

 

2.2 Crude Fat and crude protein analysis 

 

2.2.1 Crude fat 

 Crude fat in the sample was determined  by   

Soxtec™ Systems
[8]

. Approximately 1 g of   

sample was wrapped in filter paper, placed in 

fat free thimble and then introduced in the 

extraction tube. Weighed, cleaned and dried 

the receiving cup   was filled with petroleum  

ether and fitted into the apparatus. Turned on 

the water valve and heater to start extraction. 

(1-2 hr)    Transferred the cup into drying 

oven at 103
o
C for 1/2 hr.  The cup was cooled 

in a desiccator and weighed. 

 

2.2.2 Crude protein 

Protein in the sample was determined  by  

Kjeldahl method. The samples were digested 

by heating  with concentrated sulphuric acid 

(H2SO4) in the presence of digestion mixture. 

The mixture was then made alkaline.  

Ammonium sulphate thus formed, released  

ammonia which was collected in 4% boric 

acid solution  and titrated against standard 0.1 

N HCl. Total protein was  calculated by 

multiplying the amount of nitrogen with  

appropriate factor (6.25) and the amount of 

protein was  calculated
[8]

. 
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2.3 Fatty acid analysis 

 

Fatty acids were analysis according to 

Christie
[9]

. Once dried, 0.1 g from AS1-8 and 

BS6-2 were ultra-sonicated in 20 ml ice-cold 

chloroform:methanol (2:1, v/v) containing 0.1 

% butylated hydroxytoluene for 20 min 

before the liquid fraction was transferred to a 

separating funnel. The residual matter was 

then subjected to a second round of extraction 

after which the liquid portion was transferred 

to the separating funnel. To separate the non-

lipid phase, 0.88% (w/w) KCl (approx. 25% 

of the total sample volume) was then added to 

the separating funnel, agitated to mix the 

contents, and then left until the solution 

separated into two layers. Total lipid was 

obtained by filtering the lower layer through 

anhydrous sodium sulfate before evaporating 

the collected fraction. Fatty acid methyl esters 

(FAME) were prepared from the total lipid by 

subjecting samples to acid-catalysed 

transesterification by adding 1% sulphuric 

acid and then incubating them at 50oC for 16 

h.Gas-liquid chromatography (Agilent 

Technologies GC7820A, USA) was then used 

to determine the FAME, with individual 

FAMEs being identified by comparing to 

known standards (Supelco 37-

ComponentFAME MixSupelco, USA). The 

FAMEs were split injected through a wall-

coated capillary column (HP-Innowax 

column, 30 m × 0.25 mm id, 0.25 μm film 

thickness (Agilent J&W, USA) and detected 

via a flame ionization detector (FID). Helium 

gas was used as the carrier at a constant flow 

rate of 1.2 ml min
-1

 . The temperature 

program used was an initial 150°C for 0.5 

min, increasing to 170
o
C at a rate of 5

o
C min

-

1
 , hold at 170

o
C for 10 min, then increasing 

to 190°C at a rate of 3°C min
-1

 , and, then 

hold at 190°C for 28 min. Temperatures at the 

injection and detection ports were 230
o
C and 

250
o
C respectively.  

 

2.4 Ash content analysis 

The crucibles were heated at 550
o
C in furnace 

for 2 h before use. One gram of each sample 

was weighted accurately and put in a crucible 

and ignition at 550
o
C for 6 h, cooled in a 

desiccator and then weighed accurately again, 

then crude ash content  in sample was 

calculated
[8]

.    

 

2.5 Statistical analysis 

All data, in triplicate, are presented as the 

mean ± S.D.  

 

 

3. Results 

 

By comparing the nucleotide sequence of 

D1/D2 of 26S rDNA gene of the isolate AS1-

8 and BS6-2 with the data base in GenBank, 

AS1-8 was closest to Rhodotorula 

mucilaginosa with 99% similarity and BS6-2  

was closest to Pichia jadinii with 99.101 % 

similarity.When cultured the yeasts in various 

media, it was found that amount of protein 

and crude fat accumulated in cells were 

different.  R.mucilaginosa AS1-8 could 

accumulate highest amount of protein when 

was cultured in black lentil meal 

(50.56±0.19), whereas crude fat was highest 

accumulated when was cultured in cornmeal 

(5.16±0.01) as shown in Table 1. 

 

Table 1 Percentage of crude protein and 

crude fat of Rhodotorula mucilaginosa 

AS1-8 when cultured in various media. 

 

 

NA= Not applicable as the yeast grew very 

slowly and scarce.                     

 

The amount of protein in yeast BS6-2, which 

was identified Pichia sp, was moderately high  

accumulated in cells when was cultured in 

PDB and black lentil meal(41.53+ 0.04 wt/wt 

and 41.91 +0.43 wt/wt,  respectively). 

Interestingly, fat was accumulated in high 

Medium As1-8 

%Protein %Fat % Ash 

mean±SD mean±SD mean±SD 

PDB 40.41±0.57 1.91±0.17 1.11±0.01 

Cornmeal 14.57±0.09 5.16±0.01 3.73±0.08 

Czapek Dox NA NA NA 

Black lentil 50.56±0.19 2.32±0.43 1.04±0.03 
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percentage in cells when cornmeal medium 

was used in both Pichia BS6-2 and 

Rhodotorula mucilaginosa AS1-8 (5.16+0.01 

and 7.78+028,  respectively) as shown in 

Table1 and Table 2. 

 

Table 2. Percentage of crude protein and 

crude fat of Pichia BS6-2. 

 

NA= Not applicable as the yeast BS6-2 did 

not have a good growth in Black lentil 

meal.                     

 

When dried cells of the yeast R. mucilaginosa 

AS1-8 and Pichia BS6-2 were taken to study 

fatty acid profiles, the results from the 

analysis of gas-liquid chromatography were 

shown in Figure 1 and Figure 2.R. 

mucilaginosa AS1-8  is an oleaginous yeast 

but not the Pichia BS6-2.  When cultured in 

cornmeal broth R. mucilaginosa AS1-8 

accumulated the highestC18:2n6, 19.15 +0.45 

%TFAs(total fatty acids),  whereas C18:3n3 

was accumulated in lesser amount, 1.27 + 

0.14 % TFAs.  

 
 

Figure 1 Fatty acid composition of 

Rhodotorula mucilaginosa AS1-8, expressed 

as percentage of total fatty acids-

%TFAs,when cultured in various media. 

 

Althoug the non-oleaginous yeast Pichia 

BS6-2 could accumultein total more amount 

of SFAs; C18:2n6 and C18:3n3 were 

accumulated less than those from R. 

mucilaginosa A1-8, and Czapek Dox was 

suitable medium for these essential fatty acids 

accumulation, Fig 1 and Fig 2. Meanwhile, in 

both genera of yeasts, some other fatty acids 

from C12-C20 were scarcely detected and 

some were none when cultured in some 

media.  

 

 
 

Figure 2 Fatty acid profiles of Pichia  BS6-2, 

expressed as percentage of total fatty acids-

%TFAs, when cultured in various media. 

 

 

4. Discussions 

 

It was clearly shown that protein, fat, and 

fatty acid composition accumulated in cells of 

R. mucilaginous AS1-8 and Pichia BS6-2 

varied according to the source of nutrition. 

The percentage of crude fat  in table 1, table 2 

and the fatty acid composition in Fig 1 and 

Fig 2 clearly shown  that both Pichia BS6-2 

and  R. mucilaginous AS1-8 could produce 

and accumulate ve ry high amount of oleic 

acid (C18:1n9) and moderlately high amount 

of linoleic acid (C18:2n6) in cornmeal 

medium.  Czapek Dox was not suitable 

medium for growth and fatty acid 

accumulation in R. mucilaginous AS1-8, 

whereas black lentil meal was not suitable 

medium for growth of Pichia BS6-2. PDB 

might be a good medium for growth and 

protein accumulation in cells, but not for the 

purpose of crude fat or fatty acid 

Medium BS6-2 

%Protein %Fat %Ash 

mean±SD mean±SD mean±SD 

PDB 41.53±0.04 0.34±0.01 6.83±0.16 

Cornmeal 14.51±0.18 7.78±0.28 0.53±0.06 

Czapek Dox 29.69±0.18 0.17±0.01 8.20±0.25 

Black lentil 41.91 ±0.43 NA NA 
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accumulation (Fig 1 and Fig 2).  In this 

current study, although both genera we 

investigated here lacked of the high-value 

nutritional oils such as docosahexaenoic acid 

(DHA-C22:6n3), eicosapentaenoic acid 

(EPA-C20:5n3),gamma linolenic acid (GLA-

C18:3n6) and arachidonic acid (ARA) still we 

found that both genera, R. muciaginosa AS1-

8 and Pichia BS6-2 accumulated essential 

fatty acids,α-linolenic acid or ALA (18:3n-3) 

and linoleic acid or LA (18:2n-6) and each 

genus of yeast accumulated different amount 

of these high-value fatty acids according to  

the culture medium. These essential fatty 

acids form the starting point or are precursors 

for the creation of longer and more 

desaturated fatty acids, which are also 

referred to as long-chain polyunsaturated fatty 

acids (LC-PUFA). It is generally known that 

human and animals can not synthesis these 

essential fatty acid and these have to be  

derived from diet, so these yeasts are still 

useful for marine animals feeds as both 

genera accumulate high amount of protein, 

especially when culture in PDB or black lentil 

meal.  Anyways, other conditions such as 

temperature and the ratio of C/N in culture 

medium should be investigated further when 

scale up
[13]

. 

 

It has been reported that astaxanthin,a 

carotenoid compound,  has a wide range of 

pharmacological properties including 

antioxidant and antimicrobial activity and 

reducing risk of certain cancers and 

cardiovascular diseases 
[10,11,12]

.  Except 

protein and polyunsaturated fatty acid 

accumulated in cells, some of these 

pharmacological compounds were produced 

in marine yeasts as well
[12]

. 

Furthermore, other cheaper source of 

agricultural products such as molasses or 

sugarcane bagasse for yeast culture media 

would be more suitable to be used when scale 

up and this would be our next study. 
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Abstract 

Felled oil palm tree (25 years old) is 

an abundant biomass in Southern Thailand. 

Weight of oil palm trunk (OPT, 9 m) and oil 

palm frond (OPF) were approximately 1,800 

kg and 10 kg, respectively. The OPT 

composition was 12.98-55.04% cellulose, 

11.87-19.67% hemicelluloses and 1.30-

13.00% lignin, depending on its length. The 

OPF contained 44.78% cellulose, 17.92% 

hemicelluloses and 12% lignin. Glucose was 

the dominant sugar in all parts of the sap from 

OPT and OPF. The OPF and bottom part of 

OPT contained a high level of glucose (38.18 

and 30.20 g/kg, respectively). Direct 

conversion of OPT and OPF into enzymes by 

various isolated fungal strains were 

performed through solid-state fermentation 

(SSF) and submerged fermentation (SmF). 

Among 8 strains tested, the three isolates 

TT1, TM3 and TT2 produced high activity of 

carboxymethyl cellulase (CMCase), xylanase 

and FPase, respectively. They were identified 

as Ceratocystis paradoxa, Trichoderma 

koningiopsis and Hypocrea nigricans, 

respectively. Comparison on enzymes 

production from these strains indicated that, 

C. paradoxa TT1 produced the highest 

CMCase (18.16 U/g dry substrate (gds)) in 

SmF using OPT as a carbon source and T. 

koningiopsis TM3 produced the highest 

xylanase and FPase (56.46 and 2.13 U/gds, 

respectively) in SSF using OPT as a carbon 

source. This study revealed the potential use 

of these in situ lignocellulolytic enzymes-

producing fungi for further investigations. 

Keywords: Oil palm biomass, 

Lignocellulolytic enzymes, solid-state 

fermentation, submerged fermentation 

1. Introduction

Biomass is an important contributor to the 

world economy. Thailand is one of the largest 

food exporters in the world and the fourth 

palm oil producer, although only accounted 

for 2.46-2.85% of world production. Thailand 

therefore has abundant supplies of biomass 

resources with about 77 million oil palm 

trunks distributed over 20 provinces in the 

country but mainly in the south (Department 

of Agriculture Extension, Thailand, 2008). 

Currently, there were 0.68 million tons of oil 

palm biomass including trunk, fronds, and 

empty fruit bunches (Ministry of Agriculture 

and Cooperatives, Thailand, 2008). The oil 

palm trunks (OPT) appear to be wasted on 

replantation and left unused in the plantation 

area. The OPT is rich in cellulose and 

hemicellulose content that are promising 

feedstock for fermentable sugars (Prawitwong 

et al., 2012; Ang et al., 2013). Oil palm 

fronds (OPF) consists of leaflets and petioles 

that contains carbohydrates as well as 

lignocellulose. OPF are generated about 26 

million ton/year in the oil palm plantation in 

Malaysia (Rahman et al., 2011).  Their 

abundance has resulted in major interest in 

their potential use for livestock feed (Adul et 
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al., 2012). Hence, their economically 

utilization is urgently needed and should have 

been intensively studied. 

The production of lignocellulolytic 

enzymes from OPT and OPF by microbial 

fermentation takes the advantage of the 

presence of lignocellulosic material in oil 

palm biomass. Bacterial and fungal 

degradation of cellulose has been extensively 

studied and reviewed. Cellulolytic fungi play 

an important role in natural ecosystems, 

participating in transformation of cellulose 

from various vegetable complexes. They are 

easily isolated and subcultured. This opens up 

a broad range of opportunities for using active 

strains for industry (Doolotkeldieva and 

Bobusheva, 2011). Trichoderma spp. is the 

most reported cellulose-degrading fungi and 

other compounds in cell wall by producing 

cellulase enzymes (Alam et al., 2005). 

Trichoderma viride and Trichoderma reesei 

are by far, the most extensively studied ones. 

Investigations of these fungi have made 

significant progress towards elucidating the 

enzymology of cellulose degradation 

(Doolotkeldieva and Bobusheva, 2011). 

Lignocellulolytic enzymes contributed to 

almost 20% of world enzymes market 

(Polizeli et al., 2005; Ang et al., 2013). High 

production cost and low production yields 

have had bottleneck for industrial enzymes 

applications (Kang et al., 2004), thus 

alternative enzymes production methods 

using efficient cellulase and xylanase 

producers and using cheaper ingredient with 

higher yield is the main goal of current study. 

Commercially, most of cellulases and 

xylanase enzymes were produced through 

submerged fermentation (SmF) due to easier 

controlled and maintained fermentation 

factors (Tolan et al., 1999; Ang et al., 2013). 

However, the filamentous fungi which 

considered as strong cellulases and xylanase 

secreting strains perform better using solid-

state fermentation (SSF) since solid medium 

could simulate fungi natural habitat (Mitchell 

et al., 2006). Furthermore, SSF was more 

advantageous since it has greater volumetric 

productivities, higher product stability, low 

contamination risk and lower instrumental 

costs (Mitchell et al., 2006). Another 

advantage is the use of cheap solid agro-

lignocellulose wastes which acts as carbon 

and energy source and further reduce the need 

of expensive nutrient medium. 

This study aims to isolate and screen the 

efficient fungal to produce lignocellulolytic 

enzymes through solid-state and submerged 

fermentation for use in the bioconversion of 

oil palm trunk (OPT) and oil palm fronds 

(OPF) into valuable biomass products. 

 

2. Materials and methods 

 

2.1 Culture media 

The modified Czapek-Dox media 

(CDM) used for isolation of lignocellulolytic 

fungi contained (g/L): 3 g NaNO3, 1g 

Na2HPO4, 0.5 g MgSO4·7H2O, 0.5 g KCl, 

0.01 g FeSO4·7H2O, 0.005 g yeast extract and 

pH 6.5-6.8 (Singh et al., 2010) with 1 kg of 

OPT or OPF residues as the carbon source. 

For selection of lignocellulolytic fungal 

isolates, the CDM agar plates was used with 

1% (w/v) ground OPT and OPF residues as 

the carbon source and 1.6 % (w/v) agar. This 

was so called the selection agar plates. 

Mandel mineral salt media (MMS) 

used for fungal cultivation and spore 

preparation contained (g/L): (NH4)2SO4 1.4, 

NaNO3 5.0, KH2PO4 1.5, MgSO4·7H2O 0.3, 

CaCl2·2H2O 0.15, ZnSO4·7H2O 0.0025, 

MnSO4·6H2O 0.0014, FeSO4·7H2O 0.0025, 

CoCl2·6H2O 0.0014 and pH 6.5-6.8 (Mandels 

and Weber, 1969; Ravindran et al., 2012) 

with 1 kg of OPT or OPF residues as the 

carbon source. 

The potato dextrose agar (PDA) 

mediaf used for fungal growth and spore 

preparation contained (in 1 l of distilled 

water): 4 g of potato extract (equivalent to 

200 g of infusion from potatoes), 20 g 

dextrose, 15 g agar and final pH 5.6 ± 0.2 at 

25 °C (HiMedia Laboratories Pvt. Ltd.). 

 

2.2 Characteristics and composition of oil 

palm wastes 
Oil palm tree, approximately 25 years 

old, was obtained from local oil palm 

plantations at Khao Phanom District, Krabi 
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Province, Thailand. The oil palm trunk (OPT) 

(9 m long) was cut into five pieces by cutter 

into top end (a), top (b), middle (c), bottom 

(d), and bottom end (e) pieces. In addition, it 

was coarsely cut into plank (1.5 inch thick × 4 

inch wide × 2 m long) by cutter. Each OPT 

portion and OPF were ground (using a 

grinder) before stored in a -20 °C freezer until 

use. The ground material were determined for 

cellulose, hemicellulose, lignin (Lin et al., 

2010) and moisture content (AOAC, 1990). 

After sugar extraction, the oil palm sap (OP 

sap) was determined for concentrations of 

hexose (glucose) and pentose (xylose, 

arabinose) (Noparat et al., 2011).  

The top and middle parts of ground 

OPT and ground OPF were used for 

extraction of sugars. Each part was soaked in 

distilled water (1 ml/g of ground OPT or 

OPF) for 1 h, then pressed through a screw 

press to obtain oil palm sap (OP sap) and 

residues (Noparat et al., 2011). After sugar 

extraction, the OPT and OPF residues were 

sun-dried for 1 day, then dried in hot air oven 

(68˚C) for 3 days and stored at room 

temperature until used. 

 

2.3 Isolation and screening of 

lignocellulosic enzymes producing fungi 

Isolation of fungi producing 

lignocellulosic enzymes was conducted using 

the fermented of OPT or OPF samples with 

the highest enzymes activities and the oil 

palm plank from the natural fermentation. All 

samples were scrapped and inoculated into 

0.1% Tween 80 (10 ml/g of fermented 

substrate). The mixture was shaken (150 rpm) 

for 30 min (Dhillon et al., 2011)., then diluted 

and 0.1 ml diluted culture (10
-6

-10
-7

) was 

inoculated onto PDA plates using spread-

plate technique and incubated at room 

temperature for 3 days.  After that, the fungal 

isolates from PDA plates were restreaked 

until the pure culture were obtained then 

maintained on PDA slant and stored at 4 °C 

for further studies. 

  Screening was based on the ability of 

the fungal isolates to grow on the selection 

agar plates containing ground OPT or OPF 

residues (1% w/v each). The plates were 

incubated at room temperature (30±2 ˚C) for 

5 days, then measured the diameter of the 

fungal colony. Fungal isolates with diameter 

> 3 cm were selected further studies. 

 

2.4 Selection of high lignocellulolytic 

enzymes producing fungal strains 

The selected fungal isolates were 

grown on PDA flask for 5 days at room 

temperature (30±2 ˚C). Spores were harvested 

by adding 10 ml of 0.1% sterile Tween 80 

solution onto the culture flasks and using 

sterile spatula to scrap gently the spores from 

the agar flasks. A standard spore count was 

conducted using a haemacytometer. The 

spore suspension was adjusted to 10
6
 

spores/ml to obtain inoculums (Ncube et al., 

2012). 

Solid-state fermentation (SSF) of 

isolates was conducted using different carbon 

sources (5 g each of OPT and OPF residues) 

with the addition of modified CDM solution 

(5 ml). After sterilization, spore suspension 

containing 10
6
 spores/g dry substrate (gds) 

was inoculated and added distilled water to 

adjust the moisture content to 60 % 

(Delabona et al., 2012), then, incubated at 

room temperature (30±2 °C) for 4 days. 

Crude enzymes were extracted from SSF by 

adding 0.1% Tween 80 (10 ml/g of fermented 

substrate). The mixture was shaken (150 rpm) 

for 30 minute (Dhillon et al., 2011) after 

which it was filtered and centrifuged at 4000 

rpm for 10 minute to obtain a clear 

supernatant (Bahrin et al., 2011) and aliquots 

of the supernatant was diluted to assay the 

enzyme activities. The supernatant was 

determined of CMCase, xylanase activities 

(Bailay et al., 1992; Ncube et al., 2012) and 

FPase activity (Ang et al., 2013). 

For submerged fermentation (SmF), 

spore suspension (10
6
 spores/gds) was 

inoculated into the modified CDM solution 

containing 5% (w/v) of OPT and OPF 

residues and incubated at room temperature 

(30±2 °C) for 4 days. Samples were taken and 

centrifuged at 4000 rpm for 10 minutes, the 

supernatants were analysed for CMCase, 

xylanase and FPase activity as described 

above. 
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The isolates producing the highest 

CMCase, xylanase and FPase activity under 

SSF and SmF using OPT and OPF residues as 

a carbon source were selected for 

identification. 

 

2.5 Strain identification 

The selected fungal isolates were 

identified by 18S rRNA sequence. The 

sequence was amplified by PCR using primer 

pair and the PCR product was eluted using 

gel extraction kit. After re-amplification, the 

PCR product was purified and sequenced 

using reverse primer by the Macrogen 

sequencing facility (Macrogen Inc., Seoul, 

Korea). The closest matches for partial 18S 

rRNA gene sequences were identified. This 

was done using the ribosomal database 

project (http:// rdp.cme.msu.edu/) with 

SeqMatch program and basic local alignment 

search tool (BLAST) with the nucleotide 

database in the National Center for 

Biotechnology Information 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

 

2.6 Production of lignocellulolytic enzymes 

by selected fungal isolates and the mixed-

culture 

After spore suspension preparation, 

the spore of selected fungal isolate strain were 

grown by SSF and SmF in modified MMS 

solution (5 ml) with each of OPT and OPF 

residues in 250 ml Erlenmeyer flasks with 

condition from step 2.5. Spore suspension 

containing 10
6
 spores/gds were inoculated 

and incubated at room temperature (30±2 °C) 

for 7 days. The flasks were removed at 

regular intervals of 24 h and analyzed 

lignocellulolytic enzymes activity including 

CMCase, xylanase activities (Bailay et al., 

1992; Ncube et al., 2012) and FPase activity 

(Ang et al., 2013). 

 

2.7 Analytical methods 

 The ground OPT and OPF were 

analyzed for lignocellulosic component 

following the methods as described by Lin et 

al. (2010). The concentrations of hexose 

sugars (glucose) and pentose sugars (xylose, 

arabinose) were determined using high 

performance liquid chromatography (HPLC) 

(Agilent 1200) equipped with a HPX-87H 

(300 mm × 7.8 mm) column (Bio-Rad, 

Hercules, CA) and a refractive index detector. 

The sample was diluted with deionized water, 

filtered through 0.22 µm, 13 mm Nylon 

membrane filter (Sartorius, Goettingen, 

Germany) and then injected in the 

chromatograph under the following 

conditions: column temperature at 65 °C, 5 

mM sulfuric acid as mobile phase at a flow 

rate of 0.7 ml/min, and an injection volume of 

20 µl. The concentration of these compounds 

was calculated using calibration curves 

obtained from standard solutions (Noparat et 

al., 2012). Data shown were the average of 

three replicated assessments. 

Carboxymethyl cellulase (CMCase) 

was assayed in reaction containing 1 % (w/v) 

of carboxymethyl cellulose (CMC) (0.5 ml) in 

50 mM citrate buffer pH 4.8 and appropriate 

diluted enzyme (0.5 ml). After 30 minutes 

incubation at 50 °C, reducing sugar was 

measured by 3,5-dinitrosalicylic acid (DNS) 

method (Miller, 1959) with glucose was used 

as standard (Bailey et al., 1992; Ncube et al., 

2012). One unit (U) of CMCase activity is 

defined as the amount of enzymes that 

liberates 1 µmol of glucose equivalents per 

minute. 

Xylanase activity was assayed in 

reaction containing 1 % (w/v) of oat spelt 

xylan (0.5 ml) in 50 mM citrate buffer pH 4.8 

and appropriate diluted enzyme (0.5 ml). 

After 10 min incubation at 50 °C, reducing 

sugar was measured by 3,5-dinitrosalicylic 

acid (DNS) method (Miller, 1959) with 

xylose used as standard (Bailey et al., 1992; 

Ncube et al., 2012).One unit (U) of xylanase 

activity is defined as the amount of enzymes 

that liberates 1 µmol of xylose equivalents 

per minute. 

Exoglucanase (FPase) assay was 

carried out by incubating 0.5 ml suitably 

diluted crude enzyme with 1 ml citrate buffer 

(50 mM, pH 4.8) containing Whatman Filter 

paper (No.1) strip (1 cm × 6 cm, 50 mg) and 

incubation at 50 ˚C for 60 mins. Then, 

reducing sugar was measured by 3,5-

dinitrosalicylic acid (DNS) method (Miller, 

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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1959) with glucose used as standard. One unit 

of exoglucanase (FPase) activity 

correspondent to 1 µmole of glucose released 

per minute (Ang et al., 2013). 

 

2.8 Statistical analysis 

The data presented were analyzed 

using SPSS (SPSS Inc., version 15.0). One-

way analysis of variance (ANOVA) was 

carried out to compare the means of different 

treatment where significant F value was 

obtained. Differences between individual 

means were tested using Duncan’s Multiple 

Range Test (DMRT) at 0.05 significant 

levels. The data was performed in triplicate. 

 

3. Results and discussion 

 

3.1 Characteristics and composition of oil 

palm wastes 
Weights of OPT (9 m) and OPF were 

1,786 kg and approximately 10 kg, 

respectively. The moisture content of top end 

(a), top (b), middle (c), and bottom (d) parts 

of OPT, and OPF was approximately 53, 54, 

56, 65 and 70%, respectively. OPT and OPF 

contained higher moisture content than wood 

timber (40-50%) as they contained a large 

quantity of sap. This top of OPT (53%) 

contained lower moisture content than that 

reported by Noparat et al. (2011) (about 

75%). However, the OPF and bottom part of 

OPT contained a high level of moisture (65-

70%). Cellulose was the dominant in all parts, 

accounting for approximately 13-55% for 

OPT and 45% for OPF. In addition to 

cellulose, hemicellulose was approximately 

12-20% for OPT and 18% for OPF, while 

lignin contained 1.30-13.00% and 12% in the 

OPT and OPF, respectively. The OPF and 

bottom part of OPT had similar lignin content 

(12% and 13%, respectively). This OPT 

composition was similar to the previous 

studies (Ang et al., 2013) (45.81% cellulose, 

17.74% hemicellulose and 24.49% lignin on 

dry weight basis). An increasing 

concentration gradient was observed with 

most of lignocellulose, from the top end to the 

bottom end trunk region.  Therefore, the top 

and middle parts of felled OPT can be 

considered as good feedstock for production 

of lignocellulolytic enzymes. All parts of 

OPT and OPF contained the sap in which 

glucose was found to be dominant with the 

highest value in the OPF (38.10 g/kg) 

followed by bottom part of OPT (30.20 g/kg). 

In addition to glucose, significant amount of 

fructose was also present in the sap. In 

Malaysia, Kosuki et al. (2010) reported that 

oil palm sap (pressed at 80 MPa) contained 

glucose as the dominant sugar (50.17 g/L) 

and fructose as minor sugar (3.07 g/L). The 

amount of glucose was about 3 time higher 

than reported by Noparat et al. (2011) (15.72 

g/L) while xylose had similar value (2.25 

g/L). Arabinose was present in trace amount 

(0.086 g/L). By contrast, Obahiagbon and 

Osagie (2007) reported that oil palm sap 

collected in Nigeria by tapping the 

inflorescence of Raphia palm 

(Raphiahookeri) contained sucrose as the 

dominant sugar. The discrepancy may be due 

to the difference in varieties, species and/or 

cultivating conditions. The other possibility is 

that the sugar composition of sap collected 

from felled palm trunk differs from that of 

sap collected by tapping the base of 

inflorescence.  

 

3.2 Isolation and selection of lignocellulosic 

fungi for enzymes production 
The natural fermented OPT (15 days) 

and OPF (6 days) at room temperature and oil 

palm plank were used for isolation of 

lignocellulosic enzymes-producing fungi on 

PDA plates. Colonies were visible after 3 

days incubation and the total of 20 strains 

were isolated. That could grow in CDM 

medium containing ground OPT and OPF as 

the carbon source. Eight out of the 20 fungal 

isolates had the diameter of the colony > 3 cm 

after 3 days incubation on oil palm biomass 

plates (data not shown) and encoded as the 

isolate TT1, TT2, TT3, TT4, TT5, TM1, TM2 

and TM3. 

The eight isolated were selected based 

on ability to produce high activities of 

lignocellulytic enzymes (CMCase, xylanase 

and FPase) under SSF and SmF (Fig. 1, 2). 

Using OPT as a carbon source (Fig. 1). The 



 

283 

 

highest CMCase activities were obtained 

from the isolate TT1 both under SmF (12.20 

Unit/gds) and SSF (5.37 Unit/g. The highest 

xylanase activities were obtained from the 

isolate TM3 (13.91 and 23.06 Unit/gds) under 

SSF and SmF, respectively. For FPase, the 

isolates TT2 and TM3 gave similar FPase 

activities (1.66 and 1.54 Unit/gds, 

respectively) under SSF and SmF, 

respectively. Using OPF as a carbon source 

(Fig. 2), the highest CMCase activity was 

obtained from the isolate TT1 (3.52 Unit/gds) 

under SmF while the highest xylanase activity 

was obtained by the isolate TT2 (11.24 

Unit/gds) under SmF. The highest FPase 

activity was obtained from the isolated TM3 

(1.54 Unit/gds) under SSF. 

 Based on these results, the isolates 

TT1, TM3 and TT2 produced the highest 

CMCase (12.20 Unit/gds), xylanase (23.06 

Unit/gds) and FPase activity (1.66 unit/gds), 

respectively. However, all strains produced 

very low lignocellulolytic enzymes from the 

ground OPF. This was due to the higher 

lignin content in the OPF (12%) compared 

with that of the ground OPT (1.5-5.7%). Also, 

the fungal strains produced higher CMCase, 

xylanase and FPase in SSF than SmF because 

of the biosynthesis of lignocellulolytic 

enzymes in SmF process is strongly affected 

by catabolic and end product repressions 

(Sadhu et al., 2013). In addition, the 

filamentous fungi which considered as strong 

cellulases and xylanase secreting strains 

perform better using SSF since solid medium 

could simulate natural habitat for fungi (Ang 

et al., 2013). Thus, the isolate TT1 was the 

CMCase producer in OPT under SmF, while 

the isolate TM3 was the xylanase producer in 

OPT and the isolate TT2 was the FPase 

producer in OPT under SSF. Another 

advantage was the use of cheap solid agro-

lignocellulosic wastes (OPT and OPF) which 

act as carbon and energy sources and further 

reduces the need of expensive nutrient 

medium. 

 

3.3 Identification of the selected fungi 

Since the isolates TT1, TM3 and TT2 

cultivated on the ground OPT and OPF 

residues produced the highest enzymes 

activity (CMCase, xylanase and FPase, 

respectively), they were identified using 18S 

rRNA gene sequence and NCBI blast search. 

The results showed a 100% sequence identity 

of the isolate TT1 with the genus Ceratocystis 

paradoxa (KJ881375), the isolate TM3 

exhibited 98% sequence identity with 

Trichoderma koningiopsis T-404 (JQ278019) 

and the isolate TT2 exhibited 95% sequence 

identity with Hypocrea nirgicans NBRC 

30611 (JN941681). A phylogenetic analysis 

of the three isolated fungal strains was 

constructed. The closet phylogenetic relative 

of the isolate TT1, TM3 and TT2, similarity 

was recorded to the 18S rRNA genes of 99, 

96 and 95%, respectively. 

 

3.4 Production of lignocellulolytic enzymes 

by the selected fungal isolates and the 

mixed-cultures 

Improvement in lignocellulolytic 

enzymes production can also be achieved via 

the mixture of different fungi. Mixed-culture 

is beneficial in lignocellulolytic enzymes 

production via SSF as the fungi are normally 

co-existed symbiotically on solid substrates in 

nature (Holker et al., 2004; Yoon et al., 

2014). Besides, mixed-culture also offers 

advantages such as higher productivity, 

adaptability and substrate utilization 

compared to pure and monoculture (Dashtban 

et al., 2009). In this study, the isolated fungal 

strains and the mixed-culture was cultivated 

in MMS with OPT and OPF residues in 250 

ml Erlenmeyer flasks under SSF and SmF and 

incubated at room temperature (30±2 °C) for 

7 days. Ceratocystis paradoxa TT1 (Fig. 3A,) 

showed the highest CMCase, xylanase and 

FPase of 18.16, 40.00 and 1.64 Unit/gds at 4 

days cultivation under SmF using OPT 

residues as a carbon source. Hypocrea 

nirgricans TT2 (Fig.3B) exhibited the highest 

CMCase, xylanase and FPase of 6.10, 21.75 

and 1.70 Unit/gds at 2 days cultivation under 

SSF using OPT residues as a carbon source. 

Trichoderma koningiopsis TM3 (Fig. 3C) 

gave the highest CMCase, xylanase and 

FPase of 7.13, 56.46 and 2.13 Unit/gds at 3 

days cultivation under SSF using OPT 
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residues as a carbon source. The mixed-

culture (TT1:TT2:TM3, 1:1:1 ratio) 

demonstrated the highest CMCase, xylanase 

and FPase activities lower than those from the 

single strain (Fig. 3D). The highest CMCase, 

xylanase and FPase of 6.06, 20.24 and 1.26 

Unit/gds at 3 days cultivation under SSF 

using OPT residues as a carbon source, and 

decreased thereafter. In addition, when the 

fungi were mixed-cultured for 

lignocellulolytic enzymes production, the 

undesirable competition between the fungi 

should be avoided (Yoon et al., 2014). The 

co-cultured strains should not be imposing 

any significant negative effect on the growth 

of each other, as described by Hu et al. 

(2011). Besides, the inoculating time of the 

fungal strains also has an impact on cellulase 

production. It was shown by the co-

cultivation of T. reesei RUT-30 and P. 

chrysosporium Burdsall produced the 

maximum cellulase activity when inoculation 

time was delayed for 1.5 day (Yang et al., 

2013). Similarly, the maximum cellulase 

activity of 3.2 IU/g was obtained when A. 

oryzae was co-cultured on soybean fiber with 

T. reesei and P. chrysosporium on the 36 h of 

incubation (Lio et al., 2012). 

Comparison of lignocellulolytic 

enzymes production by different 

microorganisms reported in literature with 

those from the three selected fungi from this 

study is given in Table 1. However, they were 

different due to the differal in enzyme activity 

determination. The isolate TT1 had high 

potential due to higher CMCase (2.23 fold) 

activities compared to SSF of palm empty 

fruit bunch with Botryosphaeria sp. (Bahin et 

al., 2011). On the other hand, Ceratocystis 

paradoxa  TT1 showed similar CMCase 

(18.16 Unit/gds) activities compared to SSF 

of wheat straw with Aspergillus fumigatus 

(16.90 Unit/gds) (Shenef et al., 2010). 

Trichoderma koningiopsis TM3 produced 1.6 

fold higher xylanase (56.46 Unit/gds) than 

Aspergillus niger USM Al 1 (Kheng et al., 

2005) and comparable to Aspergillus niger 

USM Al 1 (56.4 Unit/gds) (Shenef et al., 

2010). This suggested that the comparison of 

lignocellulolytic enzymes production by 

isolated fungal under SSF with ones earlier 

reported showed that the fungal tested in this 

study produced fairly good amount of 

lignocellulolytic enzymes. 

 

4. Conclusions  
The lignocellulosic fungi for enzymes 

production was isolated from oil palm trunk 

and oil palm frond designated as Ceratocystis 

paradoxa TT1, Trichoderma koningiopsis 

TM3 and Hypocrea nirgicans TT2. These 

fungal can utilize different carbon sources 

including oil palm trunk and oil palm frond to 

produce lignocellulolytic enzymes. Thus 

using oil palm trunk as a carbon sources gave 

the high lignocellulolytic than oil palm frond. 

The maximal CMCase, xylanase and FPase 

were 18.16, 56.46 and 2.13 Unit/gds, 

respectively using OPT residues as a carbon 

source. It can be concluded that isolated TT1, 

TT2 and TM3 is a potential candidate for 

fermentative lignocelluolytic enzymes 

production from oil palm biomass. 
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Table 1. Comparison of carboxymethylcellulase (CMCase), xylanase and FPase production by isolated fungal strain 

and mixed culture with other fungal 

Enzymes Strain Activity (U/g) Carbon source Reference 

CMCase Fomitopsis sp. RCK2010 

Aspergillus fumigatus 

Botryosphaeria sp. 

71.70 

16.90 

8.13 

Wheat bran 

Wheat straw 

Empty fruit bunch 

[12] 

[37] 

[5] 

 Aspergillus tubingensis TSIP9 26.10 Empty fruit bunch [42] 

 Ceratocystis paradoxa TT1 18.16 Oil palm trunk Present work 

 Hypocrea nigricans TT2 6.10 Oil palm trunk Present work 

 Trichoderma koningiopsis TM3 7.13 Oil palm trunk Present work 

 Mixed TT1:TT2:TM3 6.06 Oil palm trunk Present work 

Xylanase Aspergillus niger USM Al 1 35.00 Palm kernel cake [19] 

 Aspergillus fumigatus 56.40 Wheat straw [37] 

 Aspergillus tubingensis TSIP9 59.30 Empty fruit bunch [42] 

 Ceratocystis paradoxa TT1 40.00 Oil palm trunk Present work 

 Hypocrea nigricans TT2 21.75 Oil palm trunk Present work 

 Trichoderma koningiopsis TM3 56.46 Oil palm trunk Present work 

 Mixed TT1:TT2:TM3 20.24 Oil palm trunk Present work 

FPase Thermoascusauraticus 4.40 Wheat straw [17] 

 Fomitopsis sp. RCK2010 

Aspergillus fumigates 

Botryosphaeria sp. 

3.50 

0.98 

3.30 

Wheat bran 

Wheat straw 

Empty fruit bunch 

[12] 

[37] 

[5] 

 Ceratocystis paradoxa TT1 1.64 Oil palm trunk Present work 

 Hypocrea nigricans TT2 1.70 Oil palm trunk Present work 

 Trichoderma koningiopsis TM3 2.13 Oil palm trunk Present work 

 Mixed TT1:TT2:TM3 1.26 Oil palm trunk Present work 
 

7. Figure 

 
Figure 1. Production of CMCase, xylanase and 

FPase under solid-state fermentation (SSF) (A, C, 

E) and submerged fermentation (SmF) (B, D, F) 

using oil palm trunk (OPT) for 8 selected fungal 

strains growing palm oil biomass to select the best 

produce 

 

 
Figure 2. Production of CMCase, xylanase and 

FPase under solid-state fermentation (SSF) (A, C, 

E) and submerged fermentation (SmF) (B, D, F) 

using oil palm frond (OPF) for 8 selected fungal 

strains growing palm oil biomass to select the best 

produce 
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Figure 3. Time courses of carboxymethylcellulase 

(CMCase), xylanase and FPase enzymes activity of 

TT1 strain (A), TT2 strain (B), TM3 strain (C) and 

mixed culture (TT1:TT2:TM3, 1:1:1 ratio) (D) 

cultivated in solid-state fermentation (SSF) and 

submerged  fermentation (SmF) using ground oil 

palm trunk (OPT) and oil palm frond (OPF) as a 

carbon source for 7 days. 
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Abstract 

Green algae are able to convert the 

unlimited sunlight energy to produce 

hydrogen via photosynthesis. In seawater, 

several kinds of marine microalgae are 

widespread and abundant and have been 

shown to tolerate and survive under the 

extreme salt concentrations. This work 

aimed to study the screening of high H2 

producing marine green algal strains 

isolated from the Gulf of Thailand and the 

Andaman Sea, and the selection of the 

highest H2 producing strain. Its H2 

production was investigated under 

photoheterotrophic cultivation. The result 

revealed that among 20 marine green algal 

strains, the green alga Chlorella sp. LSD-

W2 gave the highest H2 production rate in 

both light and dark anaerobic conditions. 

During photoheterotrophic cultivation 

Chlorella sp. LSD-W2 was rapidly grown in 

TAP (Tris-Acetate-Phosphate) medium and 

reached the stationary growth phase after 36 

h of cultivation. The highest photohydrogen 

production rate was found in cells incubated 

in NH4Cl-deprived TAP medium. It was 

approximately 20-fold higher than H2 

production rate of cells in a normal TAP 

medium. 

Keywords: Hydrogen production, marine 

green algae, heterotrophic cultivation 

1. Introduction

Biohydrogen is one of alternative interesting 

energy sources. Its combustion provides a 

high energy and causes less air-pollution 

than the combustion of other energy 

sources. H2 can be produced by several 

kinds of microorganisms such as bacteria, 

cyanobacteria and green algae. Among these 

organisms, H2 production by green algae 

shows a good advantage in using unlimited 

sunlight energy to evolve hydrogen via 

photosynthesis. Many green algae have been 

shown to produce H2 under the light such as 

Chlamydomonas reinhardtii (1), Chlorella 

protothecoides (2) and Scenedesmus 

obliquus (3). The green alga C. reinhardtii 

is the model organism for studying the H2 

metabolism in green microalgae (4). 

In Thailand, many studies has focused on 

investigating the production of H2 by natural 

freshwater green algae such as Chlorella 

vulgaris var. vulgaris TISTR8261 (5), 

Tetraspora sp. CU2551 (6), Scenedesmus 

sp. KMITL-O1 (7) and Pediastrum duplex 

Meyen (8). Therefore, this work focused on 

studying H2 production by marine green 

algae isolated from seawater in Thailand. 

Marine green algae are one type of green 

algae that are widespread and abundant in 

the ocean. They can tolerate and survive 

under the extreme salt concentrations 

resulting that some marine green algae can 

grow in the natural seawater. In addition, 

they are a rich source of polyunsaturated 

fatty acids, polysaccharides, natural 

pigments, essential minerals, vitamins, 
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enzymes and bioactive peptides (9). Some 

shows a capability to absorb the metals from 

aqueous solutions (10).  

 

In green algae, several environmental 

factors play key roles in stimulation of H2 

production such as growth conditions, 

anaerobic condition, nutrient and mineral 

compositions, etc. A previous report showed 

that C. reinhardtii, a model green algal 

organism for studying H2 metabolism, was 

able to improve H2 production when 

cultivated in nitrogen- and sulfur-deprived 

medium (1,11). In addition, the deprivation 

of phosphorus could increase the H2 

production in Chlorella sp. (12) and C. 

reinhardtii (13). 

 

The aims of this work were to screen high 

H2 producing marine green algae isolated 

from the Gulf of Thailand and the Andaman 

Sea and to investigate the influences of N-, 

S- and P-deprivation on H2 production by 

the highest H2 producing strain under the 

photoheterotrophic cultivation.  

 

2.  Materials and methods 
 

2.1 Green algal isolation and cultivation 

 

Twenty green algal strains were isolated 

from seawater, stones, sands and shells in 

the Gulf of Thailand and Andaman Sea. 

They were purified using a single cell 

isolation technique (14). For screening high 

H2 producing strains, the purified green 

algal strains were cultivated in a 250-mL 

Erlenmeyer flask containing 100 mL of 

ASN III medium (15) and shaken at 120 

rpm under white-light illumination of 30 

µmol photons m
-2

 s
-1

 at 30 °C for 14 days. 

Under phototrophic condition they were 

cultivated in TAP (Tris-Acetate-Phosphate) 

medium (16) and shaken at 120 rpm under 

white-light illumination of 30 µmol photons 

m
-2

 s
-1

 at 30 °C for 3 days. 

 

2.2 Growth measurement 

 

Growth of green algae was determined by 

measuring the optical density at 750 nm of 

cell culture using a spectrophotometer 

(Shimadzu UV-1601, Japan) every 6 h of 

cultivation for 3 days.  

2.3 Hydrogen measurement 

 

The green algal cultures were harvested by 

centrifugation at 7,000×g at 4 °C for 10 min. 

The cell pellet was subsequently washed 

twice and resuspended in 100 mL of N-

deprived medium and further incubated for 

1 day before harvesting cells to determine 

H2 production.The cell pellet was 

resuspended in 5 mL of N-deprived medium 

and transferred to a gas-tight vial. 

H2production was measured under four 

conditions; (1) anaerobic/dark condition, (2) 

anaerobic/light condition, (3) aerobic/dark 

condition and (4) aerobic/light condition. In 

case of an anaerobic condition, the cell 

suspension was bubbled with argon gas for 

5 min to eliminate O2 in a vial. This process 

was ignored in an aerobic condition. The 

vial was incubated at 30 °C either under the 

light intensity of 30 µmol photons m
-2

 s
-1 

(light condition) or in the dark (dark 

condition) for 24 h before analyzing H2 

production. H2 production was determined 

by analyzing the gas phase by Gas 

Chromatograph (Perichrom, PR2100, 

France) using a thermal conductivity 

detector. The injector and detector 

temperature were kept at 100 °C whereas 

the oven temperature was maintained at 

50°C. Argon gas was used as a carrier gas 

during H2 analysis.  

 

2.4 Dry cell weight and chlorophyll 

measurements 

 

For dry cell weight measurement, 10 mL of 

culture was filtered through a filter paper 

No. 1 (55 mm diameter) (Whatman, UK). 

The filter containing cells was washed twice 

by 10 mL of distilled water and dried at 60 

°C in an oven for 3 days. The filter was put 

in a desiccator for 1 h before weighting. Dry 

cell weight was calculated from weight of 

filter containing cells compared with that of 
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filter without cells. The chlorophyll 

measurement was performed by extracting 

the cell culture with 90% (v/v) methanol. 

The chlorophyll concentration was 

determined by measuring the chlorophyll 

extracts at absorbance 665 and 660 nm by a 

spectrophotometer (17). 

 

3. Results 

 

3.1 Screening of high H2 producing green 

algal strains 

 

Twenty marine green algal strains were 

isolated from the Gulf of Thailand and the 

Andaman Sea in Thailand. They were grown 

in ASN III medium for 14 days, harvested 

by centrifugation, washed twice and 

resuspended in 100 mL of N-deprived ASN 

III medium. The cultures were shaken at 30 

°C under the light for 24 h, subsequently 

harvested and resuspended in 5 mL of the 

same medium. The cell suspensions were 

transferred to a glass vial and incubated 

under four conditions. Their H2 production 

was measured after incubating for 24 h. The 

result revealed that H2 yield was detected in 

13 marine green algal strains when 

incubating cells under the dark anaerobic 

condition for 24 h (Table 1). H2 yield could 

be detected at a low level or hardly detected 

in most green algal strains under aerobic 

condition (Table 1). Among them, the green 

alga Chlorella sp. LSD-W2 gave the highest 

H2 production with 66.47±5.44 and 

67.64±1.77 nmolH2 mg dry weight
-1 

under 

dark and light anaerobic conditions, 

respectively (Table 1). 

 

 
Table 1 H2 production by 20 marine green algal strains isolated from the Gulf of Thailand and the 

Andaman Sea in Thailand 
 

 

 

 

 

 

 

 

Strains 

 

Origin 

 

Habitat 

H2 production yields (nmolH2 mg dry wt.
-1

) 

Anaerobic Aerobic 

darkness light darkness light 

JM-W Jaomai, Trang seawater 0 0 0 0 

JT-W Jomtien, Chonburi seawater 0 0 0 0 

KT-W2 Krating, Chanthaburi seawater 0 0 0 0 

KT-W3 Krating, Chanthaburi seawater 64.13±3.20 2.84±0.07 0.71±0.04 0 

KVM-ST4 Kungviman, Chanthaburi stone 0 0 0 0 

KVM-ST4.2 Kungviman, Chanthaburi stone 0.08±0.01 0 0 0 

LS-W1 Laemsing, Chanthaburi seawater 1.33±0.01 0 0.42±0.04 0 

LSD-W2 Laemsadet, Chanthaburi seawater 66.47±5.44 67.69±1.77 0 0 

N-W Nang, Krabi seawater 0.58±0.03 0 0 0 

NE-W Neun,Chonburi seawater 0.50±0.04 0.11±0.01 0 0 

NR-ST2.2 Nangram, Chonburi stone 0 0 0 0 

NTR-W Nopparattara, Krabi seawater 18.23±0.80 16.72±0.81 1.98±0.18 0.40±0.03 

P-ST2.3 Phla, Rayong stone 24.75±0.11 1.70±0.07 0 0 

PM-SH14 Pakarang, Trang shell 14.45±0.29 1.05±0.04 0 0 

SK-W2.2 Saikeaw, Chonburi seawater 0.70±0.02 0 0 0 

SKR-SA1 Saikeaw, Rayong sand 0 0 0 0 

SR-W Samran, Trang seawater 0.68±0.03 0 0 0 

TG-W2.3 Toeingam, Chonburi seawater 14.12±0.35 27.50±0.69 0 0 

TL-SH4 Talan, Krabi shell 0 0 0 0 

VD-ST2.1 Vongdeuan, Rayong stone 64.00±1.15 1.00±0.05 0 0 
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3.2 Growth of Chlorella sp. LSD-W2 

under photoheterotrophic condition 

 

Only green alga LSD-W2 was classified by 

morphological and genetic characteristics 

using 18S rRNA sequence analysis. It was 

identified as Chlorella sp. and named as 

Chlorella sp. LSD-W2. The Chlorella sp. 

LSD-W2 is a unicellular green alga. It has a 

round shape with an approximate 5-10 µm 

cell diameter. No motile flagella were found 

(Fig. 1). To determine growth, Chlorella sp. 

LSD-W2 was grown in 100 mL of TAP 

medium and shaken under the light for 3 

days. Optical density at 750 nm of cell 

culture was measured using a 

spectrophotometer. It was shown that during 

photoheterotrophic condition Chlorella sp. 

LSD-W2 was rapidly grown in TAP 

medium and reached the stationary growth 

phase after 36 h of cultivation (Fig. 2). 
 

 
 

Figure 1 Cell morphology of Chlorella sp. LSD-

W2 observed under a light microscope 
 

 
 

Figure 2 Growth by OD750 measurement of 

Chlorella sp. LSD-W2 cultivated in TAP medium 

for 72 h 

 

3.3 Effect of nutrient deprivation on H2 

production by Chlorella sp. LSD-W2 

 

Chlorella sp. LSD-W2 was grown in TAP 

medium for 36 h, then harvested, washed 

and resuspended in medium with a 

deprivation of either nitrogen or sulfur or 

phosphorus. In N-deprived medium, NH4Cl 

was removed from TAP medium. In S-

deprived medium, MgSO4, FeSO4, ZnSO4 

and CuSO4 were removed from the medium 

but Mg
2+

,Fe
2+

, Zn
2+

 and Cu
2+

 were replaced 

with MgCl2, FeCl2, ZnCl2 and CuCl2. In P-

deprived medium, KH2PO4 was removed 

from the medium and K
+
 was replaced with 

KCl. Cells were incubated for 24 h before 

harvesting. The cell pellet was resuspended 

in a fresh medium and transferred to a glass 

vial. The culture was purged with argon, and 

incubated under the light at 30 °C for 24 h 

before analyzing H2 production. It was 

shown that lack of nitrogen and sulfur in the 

medium resulted in an increase of 

photohydrogen production rate in Chlorella 

sp. LSD-W2 but lack of phosphorus did not 

show much significant effect on its H2 

production (Fig. 3). Under N-deprived 

condition, Chlorella sp. LSD-W2 gave the 

highest photohydrogen production rate with 

1.52±0.09 µmolH2 mg chl
-1 

h
-1

. It was 

approximately 20-fold higher than that of 

cells incubated in a normal TAP medium 

(Fig. 3). 

 

 

Figure 3 Photohydrogen production rate by 

Chlorella sp. LSD-W2 in N-, S- and P-deprived 

medium (Data are means±SD (n=3)) 
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4. Discussions 

 

In this study, twenty marine green algal 

strains were isolated from seawater, stones, 

sands and shells in the Gulf of Thailand and 

the Andaman Sea. Most of them (twelve 

strains) were isolated from seawater. They 

are single-cell microalgae with a green color 

and round in shape, and did not contain 

flagella for their movement. Some marine 

green algal strains isolated from shells and 

stones were larger and longer than those 

isolated from seawater. It is possible that 

they use these structures to attach on the 

wall of the adhesives. 

 

To screen the high H2 producing green algae 

from 20 marine green algal isolates, they 

were grown in ASN III medium and their H2 

production was determined under four 

conditions as previously described (18). 

Table 1 showed that most green algae were 

not capable of producing H2 under aerobic 

condition whereas only few green algal 

strains produced a low H2 yield. It could be 

explained that under aerobic condition, O2 

existing in the vial gas phase interfered the 

metabolism of H2 production because O2 is 

an inhibitor of iron [Fe]-hydrogenase, a key 

enzyme for H2 production in green algae 

(19). However, iron hydrogenase in green 

algae was more oxygen-tolerant than 

cyanobacterial hydrogenase (20). 

 

In the study, Chlorella sp. LSD-W2 isolated 

from seawater in Laemsadet, Chanthaburi 

province gave the highest H2 production 

yield with 66.47±5.44 and 67.64±1.77 

nmolH2 mg dry weight
-1

 under both light 

and dark anaerobic conditions, respectively 

(Table 1). It was suggested that Chlorella sp. 

LSD-W2 produced H2 via both 

photosynthetic and light-independent 

fermentative pathways (21,22). In addition, 

it is possible that iron hydrogenase in 

Chlorella sp. LSD-W2 was oxygen-tolerant 

during photosynthesis in the light whereas 

that of other strains was inactive. Some 

green algae were shown to produce high H2 

yield under both light and dark conditions 

such as C. reinhardtii (23), Tetraspora sp. 

CU2551 (6) and C. protothecoides (2). 

 

The growth of Chlorella sp. LSD-W2 was 

investigated under photoheterotrophic 

condition. The result revealed that Chlorella 

sp. LSD-W2 was rapidly grown in TAP 

medium and reached the stationary phase 

after 36 h of cultivation (Fig. 2), indicating 

that it can use acetic acid or acetate in TAP 

medium as a carbon source. The Tris-

acetate-phosphate (TAP) medium was a 

suitable medium for green algal cultivation 

and for studying many metabolisms in green 

algae including H2 production (24). 

 

Under N-deprived condition, Chlorella sp. 

LSD-W2 gave the highest H2 production 

rate with 1.52±0.09 µmolH2 mg chl
-1

 h
-1

. It 

was approximately 20-fold higher than that 

in normal TAP medium (Fig. 3). In this 

study, lack of nitrogen was shown to give 

the most influence on H2 production in 

Chlorella sp. LSD-W2, whereas lack of 

sulfur induced an increase of H2 production 

in C. reinhardtii (11). Under nitrogen 

deprivation Chlorella sp. LSD-W2 produced 

H2 from electrons obtained by the 

photosynthetic pathway and the degradation 

of accumulated carbohydrate via light-

independent fermentative pathway (21,22). 

 

Under S-deprived condition, Chlorella sp. 

LSD-W2 gave H2 production rate with 

0.90±0.06 µmolH2 mg chl
-1

 h
-1

 (Fig. 3). 

Sulfur is one the amino acid constituents; 

therefore sulfur deprivation affected protein 

synthesis, especially D1 and D2 protein in 

photosystem II. When the photosystem II 

activity of Chlorella sp. LSD-W2 was 

inhibited, O2 evolution activity was declined 

in the chloroplast, resulting in the higher H2 

production.  

 

The P-deprivation did not show much effect 

on H2 production in Chlorella sp. LSD-W2 

(Fig. 3). Like sulfur deprivation, phosphorus 

deprivation limits O2 evolving activity in 

algal cells and causes other metabolic 

changes that are favorable for H2 
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photoproduction (12,13). However, the 

inhibition process by phosphorus 

deprivation is slower than that by sulfur 

deprivation and the cultures establish 

anaerobiosis later (25). This explained the 

lower H2 production rate obtained from 

Chlorella sp. LSD-W2 incubated under P-

deprivation compared to that under S-

deprivation. 

 

In this study Chlorella sp. LSD-W2 gave the 

highest H2 production rate of 1.52±0.09 

µmolH2 mg chl
-1

 h
-1 

or 102 mL L
-1

 or 4.25 

mL L
-1

 h
-1 

under N-deprived condition. 

When compared the maximum H2 

production rate with other marine green 

algae, it was shown that our studied green 

alga Chlorella sp. LSD-W2 gave the highest 

H2 production rate (Table 2). However it 

could not be compared with the H2 

production rate of Chlamydomonas sp. 

MGA161 due to the use of different units of 

H2 production rate (Table 2). From our 

result, the marine green alga Chlorella sp. 

LSD-W2 showed relatively high H2 

production rate, making it to be one of the 

potential strains for photobiological 

hydrogen production.  
 

 

 

Table 2 The maximum H2 production rate by Chlorella sp. compared with other marine green algae 

strains.     
 

Marine green algae Maximum H2 

production rate 

H2 evolution assay conditions References 

Chlorella sp. LSD-W2 1.52±0.09 µmolH2 mg 

chl
-1

 h
-1

 or 4.25 mLH2 L
-1

 

h
-1

 or 102 mL H2 L
-1

 

N-free TAP medium, light 

intensity of 30 µmol photons  m
-2

 

s
-1

, temperature at 30 °C 

This study 

Chlamydomonas sp. 

MGA161 

0.22 µmol H2 mg dry wt.
-1

 

h
-1

 

Okamoto medium (pH 8.0),  

temperature at 20 °C 

26 

Platymonas 

subcordiformis 

0.189 mL H2 h
-1

 Seawater medium supplemented 

with micronutrients (-S) (pH 8.0), 

25 mM acetate and 37.5 mM 

glucose 

27 

Chlorella autotrophica 0.11 mL L
-1

 h
-1

 S-free L1medium with acetic acid 

(L1+HAc-S), temperature at 26 

°C, darkness 

2 

Chlorella capsulate 0.019 mL L
-1

 h
-1

 S-free L1medium with acetic acid 

(L1+HAc-S), temperature at 26 

°C, darkness 

2 

Nannochloropsis sp. 0.018 mL L
-1

 h
-1

 S-free L1medium with acetic acid 

(L1+HAc-S), temperature at 26 

°C, darkness 

2 

Tetraselmis helgolandica 0.04 mL L
-1

 h
-1

 S-free L1medium with acetic acid 

(L1+HAc-S), temperature at 26 

°C, darkness 

2 

Tetraselmis striata 

Butcher 

0.34 mL L
-1

 h
-1

 S-free L1medium with acetic acid 

(L1+HAc-S), temperature at 26 

°C, darkness 

2 

Dunaliella apiculata 0.018 mL L
-1

 h
-1

 S-free L1medium with acetic acid 

(L1+HAc-S), temperature at 26 

°C, darkness 

2 

Pyramimonas sp. 0.062 mL L
-1

 h
-1

 S-free L1medium with acetic acid 

(L1+HAc-S), temperature at 26 

°C, darkness 

2 

Chlorella sp. 20 mL L
-1

 P-free TAP medium, 0.8 mg L
-1

 

of chl content, CO2, light 

intensity of 45 µE m
-2

 s
-1

 and  

temperature at 25 °C 

12 
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5.  Conclusion 

 

For screening of high H2 producing green 

algae isolated from the Gulf of Thailand and 

the Andaman Sea, the unicellular green alga 

Chlorella sp. LSD-W2 showed the highest 

H2 production rate under both light and dark 

anaerobic conditions. It can be rapidly 

grown in TAP medium. The highest 

photobiological hydrogen production rate 

was obtained when incubated cells in the N-

deprived TAP medium. This rate was 

approximately 20-fold higher than that of 

cells incubated in a normal TAP medium. 

From the result, the green alga Chlorella sp. 

LSD-W2 is suggested to be one of the 

potential H2 producers. The other 

environmental factors on H2 production by 

this strain need to further study.  

 

6. Acknowledgement 

 

This study was financially supported by 

research grant from the Faculty of Science, 

King Mongkut’s Institute of Technology 

Ladkrabang.  

 

7.  References 
 

(1) Tsygankov AA,  Kosourov SN, 

Tolstygina IV, Ghirardi ML, Seibert M. 

Hydrogen photoproduction by sulfur-

deprived Chlamydomonas reinhardtii  

under photoautotrophic conditions. Int J 

Hydrogen Energy. 2006 Jun 24;3(11): 

1574-84. 

(2)  He M, Li L, Zhang L, Liu J. The 

enhancement of hydrogen 

photoproduction in Chlorella 

protothecoides exposed to nitrogen 

limitation and sulfur deprivation. Int J 

Hydrogen Energy. 2012 Aug 12;37(22): 

16903-15.   

(3) Abeliovich A, Weisman D. Role of 

heterotrophic nutrition in growth of the 

alga Scenedesmus obliquus in high-rate 

oxidation ponds. Appl Environ 

Microbiol. 1978 Jan;35(1):32-7. 

(4) Happe T, Naber, JD. Isolation, 

characterization and N-terminal amino 

acid sequence of hydrogenase from the 

green alga Chlamydomonas reinhardtii. 

Eur J Biochem. 1993 Jun;214(2):475-

81.  

(5) Rattana S, Incharoensakdi A, 

Phunpruch S. Hydrogen production of a 

unicellular green alga Chlorella 

vulgaris var. vulgaris TISTR8621. In: 

The 3
rd

 International conference on 

fermentation technology for value 

added agricultural products and the 

2009 Asian bio-hydrogen symposium; 

2009 August 26-28; Khonkaen, 

Thailand. Hy3p1 

(6) Maneeruttanarungroj C, Lindblad P, 

Incharoensakdi A. A newly isolated 

green alga, Tetraspora sp. CU2551, 

from Thailand with efficient hydrogen 

production. Int J Hydrogen Energy. 

2010 Aug9;35(24):13193-9. 

(7) Rattana S, Junyapoon S, Incharoensakdi 

A, Phunpruch S. Hydrogen production 

by the green alga Scenedesmus sp. 

KMITL-O1 under heterotrophic 

conditions. Proceedings of the 8
th

 

international symposium on biocontrol 

and biotechnology; 2010 October 4-6; 

Pattaya, Chonburi Province, Thailand. 

P. 114-20.  
(8) Rameshprabu R, Kawaree R, Unpaprom 

Y. A newly isolated green alga, 

Pediastrum duplex Meyen, from 

Thailand with efficient hydrogen 

production. Int J Sust Green Energy. 

2015 Apr1;4(1-1):7-12.   

(9) Pangestuti R, Kim SK. Biological 

activities and health benefit effects of 

natural pigments derived from marine 

algae. J Funct Foods 3. 2011 Oct;3(4): 

255-66. 

(10) Vijayaraghavan K, Jegan J, Palanivelu 

K, Velan M. Biosorption of copper, 

cobalt and nickel by marine green alga 

Ulva reticulate in a packed column. 

Chemosphere 60. 2005 60(3):419-26. 

(11) Philipps G, Happe T, Hemschemeier A. 

Nitrogen deprivation results in 

photosynthetic hydrogen production in 

Chlamydomonas reinhardtii. Planta. 

2012 Apr;235(4):729-45. 



296 

(12) Batyrova KA, Gavrisheva A, Ivanova E, 

Liu J, Tsygankov A. Sustainable 

hydrogen photoproduction by 

phosphorus-deprived marine green 

microalgae Chlorella sp. Int J Mol Sci. 

2015 Jan 26;16(2):2705-16. 

(13) Batyrova KA, Tsygankov A, Kosourov 

S. Sustained hydrogen photoproduction 

by phosphorus deprived 

Chlamydomonas reinhardtii cultures. 

Int J Hydrogen Energy. 2012 Jan 6; 

37(10): 8834-9. 

(14) Hoshaw RW, Rosowksi JR. Methods for 

microscopic algae. In Handbook of 

Phycological Methods. Culture 

Methods and Growth Measurements 

(Stein, J., editor), 1973 53-67. 

Cambridge University Press, New York.  

(15) Rippka R, Deruelles J, Waterbury JB, 

Herdman M, Stanier RY. Generic 

assignments, strain histories and 

properties of pure cultures of 

cyanobacteria. J  Gen Microbiol. 1979 

Feb15;111(2):1-61. 

(16) Harris EH. The Chlamydomonas source 

book: a comprehensive guide to biology 

and laboratory use. San Diego: 

Academic Press; 1989. 

(17) Lee YK, Shen H, Basic culturing 

techniques. In Handbook of microalgal 

culture (Richmond, A., editor), 2004 IS 

Press 

(18) Allahverdiyeva Y, Leino H, Saari L, 

Fewer DP, Shunmugam S, Sivonen K, 

Aro EM. Screening for biohydrogen 

production by cyanobacteria isolated 

from the Baltic Sea and Finnish lakes. 

Int J Hydrogen Energy. 2009 Dec 30; 

35(3):1117-27. 

(19) Ghirardi ML, Zhang L, Lee JW, Flynn 

T, Seibert M, Greenbaum E, Melis A. 

Microalgae: a greensource of 

renewable H2. Trends Biotechnol. 2000 

Dec 1;18(12):506-11. 

(20) Ghirardi ML, Posewitz MC, Maness 

PC, Dubini A, Yu J, Seibert M. 

Hydrogenases and hydrogen 

photoproduction in oxygenic 

photosynthetic organisms. Annu Rev 

Plant Biol. 2006 Dec 6;58:71-91. 

(21) Srirangan K, Pyne ME, Chou CP. 

Biochemical and genetic engineering 

strategies to enhance hydrogen 

production in photosynthetic algae and 

cyanobacteria. Bioresource Technol. 

2011 Sep; 102(18):8589-604. 

(22) Yu J, Takahashi P. Biophotolysis-based 

hydrogen production by cyanobacteria 

and green algae. Communicating 

current research and educational topics 

and trends in applied microbiology. A. 

Méndez-Vilas (Ed). 2007. 

(23) Winkler M, Hemschemerier A, Gotor 

C, Melis A, Happe T. [Fe]-hydrogenase 

in green algae: photo-fermentation and 

hydrogen evolution under sulfur 

deprivation. Int J Hydrogen Energy. 

2002 Nov-Dec;27(11-12):1431-9. 

(24) Wu SX, Huang R, Xu LL, Yan GG, 

Wang QX. Improved hydrogen 

production with expression of hemH 

and lba genes in chloroplast of 

Chlamydomonas reinhardtii. J 

Biotechnol. 2010 Apr 1;146(3):120-5. 

 (25) Wykoff DD, Davies JP, Melis A, 

Grossman AR. The regulation of 

photosynthetic electron transport 

during nutrient deprivation in 

Chlamydomonas reinhardtii. Plant 

Physiol. 1998 May;117(1):129-39. 

(26) Miura Y, Ohta S, Mano M, Miyamoto 

K. Isolation and characterization of a 

unicellular marine green alga 

exhibiting high activity in dark 

hydrogen production. Agric Biol 

Chem. Jun 2;50(11),2837-44. 

(27) Guan Y, Deng M, Yu X, Zhang W. 

Two-stage photo-biological production 

of hydrogen by marine green alga 

Platymonas subcordiformis. Biochem 

Eng J. 2004 Jul;19(1-19):69-73.  



 

297 

 

 Investigation of Lipid Production of Oleaginous Bacterium 

Rhodococcus erythropolis on Crude Glycerol Medium  

Salinee Sriwongchai 
 

Faculty of Science and Social Science, Burapha University Sakaeo Campus, Sakaeo, 27160 Thailand 
*Corresponding author: salinee@buu.ac.th 

 

Abstract 

 

The expanding of global biodiesel production 

leads to increase the amount of by-product, 

mainly crude glycerol. Culturing of 

oleaginous bacterium Rhodococcus 

erythropolis with crude glycerol as carbon 

source is to generate valued products as 

lipids, challenges and makes the development 

of sustainable processes. The lipid 

productions of R. erythropolis were carried 

out in flask batch fermentation by containing 

crude glycerol as sole carbon source with and 

without yeast extract supplementation. The 

lipid yield of 0.84 g/L, a biomass yield of 

2.48 g/L and lipid content 32.06% of total dry 

biomass was earned from supplemented yeast 

extract experiment. The fatty acid 

composition of extracted lipids was high 

proportion of C16 and C18. The results 

indicate R. erythropolis has potential use of 

crude glycerol, and obtained microbial oils 

could be used as biodiesel feedstock.  
 

Keywords: Lipid production, oleaginous 

bacterium, Rhodococcus erythropolis, crude 

glycerol, biodiesel feedstock 

 

1. Introduction 

 

Nowadays, increasing fossil fuel prices have 

accelerated the reach for renewable, 

sustainable energy sources to meet the 

world’s energy demand. As a renewable and 

alternative energy, biodiesel refers to fuel 

consisting of mono-alkyl esters of long chain 

fatty acids derived from vegetable oils, 

animal fats, wasted-cooking oils and 

microbial oils (1). Crude glycerol is a major 

by-product from biodiesel production. 

Storage and disposal of crude glycerol is a 

serious environmental problems because of 

the high alkalinity and the content of 

methanol (2). The alternative way of 

disposing of crude glycerol is its use in the 

technology of microbial synthesis of values 

products (3) such as to produce lipids as 

biodiesel feedstock. Some oleaginous 

microorganisms including yeast strains 

Rhodotorula glutinis (4), Rhodosporidium 

toruloides (5); mold strains Aspergilus niger 

(6) Thamnidium elegans (7) and algal strain 

Chlorella prothecoides (8) have been reported 

is capable of converting crude glycerol to 

lipid in their cells. The use of oleaginous 

microorganisms has several advantages such 

as high production rate, limited land-use, easy 

scale-up, negligible effect of climate changes 

and free from conflict between fuels and food 

(9, 10). Moreover, lipids acquired from 

oleaginous microorganisms having similar 

composition as plant oils and animal fats (11).  

 The oleaginous bacterium Rhodococcus 

erythropolis produced intracellular lipids 

totaling 45.8% of total dry biomass when 

grown on pure glycerol medium (12). To 

continue the effort on microbial lipid 

production in flask batch fermentation, this 

study aim to investigate, firstly, the 

possibility of R. erythropolis of the use of 

crude glycerol from biodiesel production for 

biodiesel feedstock. Due to the impurity of 

crude glycerol, the presence of growth 

inhibitor in crude glycerol such as methanol, 

sodium and potassium salts, it is more 

difficult for microbial cultivation. Secondly, 

the supplementation of yeast extract on 

cultured medium for stimulating growth and 

mailto:salinee@buu.ac.th
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lipid production. To date there is no report on 

production of lipid by R. eryhtropolis using 

crude glycerol directly.  

 

2. Materials and Methods 

 

2.1 Bacterial strain and culture condition 

Rhodococcus erythropolis IGTS8 was 

purchased from the American type Culture 

Collection (ATCC) and maintained at 4˚C on 

LB agar plates. The composition of minimal 

salt medium (MSM) according to 

Sriwongchai et al. (12) contained (g/L) 

KH2PO4 2; K2HPO4 7; MgCl2.6H2O 0.2; 

ZnCl2 0.01; FeCl3.6H2O 0.01; MnCl2.4H2O 

0.01; CaCl2.2H2O 0.01; NaSO4 0.2 and urea 

0.75; pH 7.0 was used for all growth 

experiments. Crude glycerol from biodiesel 

process purity 70% wt/wt with impurities 

composed mainly of potassium and sodium 

salt (4-5%); methanol (1-3%); non glycerol 

organic matter (1.3-7.0%) and water (18%) 

was used as sole carbon sources. The 

experiments were carried out in 250-mL 

Erlenmeyer flask containing 100 mL cultured 

medium at 30
○
C and 150 rpm for 120 h with 

containing 20 g/L crude glycerol. The 

surfactant tween 20 was added at the 

concentration of 0.5 g/L. The seed culture 

was inoculated to cultured medium 10% (v/v) 

of a 48-h preculture, the initial optical density 

at 436 nm (OD 436 nm) was 0.3. Yeast extract 

was supplemented into cultured medium with 

concentration of 0.5 g/L. 

  

2.2 Cell concentration and cell dry matter 

(CDM) 

Cell concentration was measured 

turbidometrically at 436 nm (OD 436 nm) and 

correlated with cell dry matter (CDM) 

determined directly 10 mL of the culture were 

centrifuged at 6,000xg for 10 min. The pellet 

was washed three times with deionized water 

and dried at 80°C until constant weight 

(typically 24 h). The dry cell weight was 

determined gravimetrically (13).  

 

2.3 Total lipid extraction 

Total lipids were extracted from whole yeast 

cells by the method of Folch et al. (14) with 

some modifications according to Sriwongchai 

et al. (12). The organic solvent was removed 

by drying at 60
○
C (15). Lipid content was 

expressed as gram lipid per gram cell dry 

matter. 

 

2.4 Analysis of fatty acids 

The total lipids were saponified and methyl 

esterified to yield methyl esters of fatty acid 

which were analyzed using an Agilent 

6890N/5973 GC/MSD fitted with a capillary 

column (30.0 m x 0.32 m x 0.25 µm) under 

the following conditions: Initial oven 

temperature at 45°C ramped to 260°C at the 

rate of 2°C/min.; injector temperature held at 

250°C; detector temperature at 280°C and 

carrier gas (helium) flow rate of 2 mL/min 

according to Sriwongchai et al. (12).  

 

2.5 Residual of carbon source 

determination 

To determine the amount of residual crude 

glycerol, 2 mL of the liquid culture were 

centrifuged at 10,000xg for 10 min and 

passed through 2 μm nylon filters to remove 

the cell mass and other debris. The glycerol 

content in the supernatant was analyzed by 

Agilent 2695 HPLC equipped with a Hypersil 

APS-2 column (250 x 4.6 mm.) and 

Refractive Index (RI) detection operated at 

30°C. The mobile phase was 75% acetonitrile 

with a flow rate of 1.0 mL/min. Glucose 

served as the internal standard according to 

Sriwongchai et al. (12). 

 

2.6 Statistical analysis 

Experiments were performed at triplicate and 

data were analyzed using GrapPad Prism4 

version. The results were shown as the Means 

and SD.  

 

3. Results 

 

3.1 Growth and lipid production on crude 

glycerol with and without yeast extract 

supplementation 

To study the use of the crude glycerol of R. 

erythropolis for lipid production, the crude 

glycerol media were carried out with and 

without yeast extract supplementation and 
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performed without pH regulation. Growth of 

R. erythropolis was shown in Fig. 1. The cell 

concentration of R. erythropolis at OD 436 nm 

on crude glycerol medium with yeast extract  

gradually increased and reached to 7.05 

within 120 h was more than that on crude 

glycerol medium without yeast extract (OD 

436 nm = 3.67 at 120 h). The long lag phase was 

found from growth of R. erythropolis on 

crude glycerol without yeast extract. 

 

 

 

Fig. 1 Growth and crude glycerol 

consumption of R. erythropolis (A) crude 

glycerol medium with yeast extract 

supplementation (B) crude glycerol medium 

without yeast extract supplementation. 

 

Likewise, the biomass and lipid yield of R. 

erythropolis in the culture without yeast 

extract 1,62 g/L and 0.40 g/L respectively, 

were less than the present yeast extract 2.48 

g/L and 0.84 g/L, respectively, and the lipid 

content of both cultures were 21.77% and 

32.06% of dry biomass, respectively, as 

shown in Table 1. In all of the experiments, a 

very slight decrease of the final pH value was 

observed (around 0.3unit). 

 

Table 1 The lipid production of an oleaginous 

bacterium strain R. erythropolis by using 

crude glycerol as sole carbon source. 

Culture 

condition 

Final 

pH 

Crude 

glycerol 

consumption 

(g/L) 

Lipid production 

CDM 

(g/L) 

Cellular 

lipid (g/L) 

w yeast extract  6.7 19.2+0.73 2.48+0.54 0.84+0.11 

w/o yeast extract  6.7 10.3+0.77 1.62+0.91 0.40+0.28 

 

3.2 Quantitative values of fatty acids 

To further investigate whether crude glycerol 

could affect the fatty acid composition of R. 

erythropolis as compared to pure glycerol 

shown in Fig. 2. The major intra-cellular fatty 

acids detected was palmitic acid (C16:0) and 

stearic acid (C18:0) for about 34.86% and 

25.11% of the total fatty acids, respectively. 

Other intra-cellular fatty acids synthesized in 

a smaller quantities were palmitoleic acid 

(C16:1), oleic acid (C18:1) and linoleic acid 

(C18:2).  

 

 

Fig. 2 Fatty acid composition of a total 

cellular lipid produced by R. erythropolis 

during growth on crude glycerol medium with 

0.5 g/L yeast extract and pure glycerol at 

30
○
C and 150 rpm for 120 h;    crude glycerol 

medium and     pure glycerol medium. 
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4. Discussion 

 

One of the factors limiting the use of crude 

glycerol in biological conversions is its 

content of impurities as methanol, sodium or 

potassium hydroxide and saponified fatty 

acids (16). Auxiliary nitrogen source as yeast 

extract stimulated growth, biomass and lipid 

production of R. erythropolis as compared to 

growth, biomass and lipid yield in the 

absence of yeast extract. According to the 

addition of yeast extract into the nitrogen-

limiting cultivation of oleaginous 

microorganisms as yeast strain Yarrowia 

lipolytica, and algal strain C. protothecoides 

lend more biomass and lipid yields (17, 18). 

R. erythropolis slightly slow grew on crude 

glycerol medium and had long lag phase 

without addition of yeast extract could be 

because crude glycerol contained the 

impurities as methanol and alkalinity that 

could inhibited biomass and lipid production 

(6, 19), while, the present of macro element in 

crude glycerol such as calcium potassium 

magnesium sulfur and sodium might provided 

a positive effect and promote growth (5, 20). 

Additionally, crude glycerol did not result in 

significant change of fatty acid composition 

of R.erythropolis as compared to previous 

study.  The pure glycerol and crude glycerol 

led to similar fatty acid compositions that 

closed to palm oil (21).  

 

5. Conclusions 

 

This study has shown the oleaginous 

bacterium R. erythropolis had potential for 

converting crude glycerol to valuable lipids 

with the addition of auxiliary nitrogen source 

as yeast extract. The results demonstrated the 

biodiesel by-product could be directly used as 

carbon source for lipid production and 

suggesting that R. erythropolis may be having 

a potential to produce lipid for biodiesel 

feedstock. 
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Abstract 

Rhizobacteria are considered as the most 

useful microorganism in agricultural systems. 

Their main properties are nitrogen fixing, 

phosphate and potassium solubilizing. 

Furthermore, they can produce IAA and other 

plant hormones which improve the 

germination of seed. If seed germination is 

stimulated, the yield of crop will enhance in 

quantitatively and qualitatively. In addition, 

the number of root hairs plays a major role in 

plant nutrient absorption. However, seed 

germination varied depending on stimulator 

such as bacterial strains, bacterial growing 

media. This investigation focused on testing 

the germination of Ipomoea aquatica 

vegetable by using three Rhizobacteria H1-

702, C1-112, P1-5071 and their growing 

media. Percentage of seed germination, shoot 

length, root length and number of root hairs 

of I. aquatica were lowest in nutrient media 

treatments without bacteria (50%, 1.67 cm, 

1.47 cm and 1.47, respectively) while the 

highest numbers were obtained from soaked 

seed with bacterial suspension treatment with 

90%, 4.88 cm,   3.01 cm and 19.26, 

respectively. Among all treatments, 

percentage of seed germination was highest 

(83%) in the single inoculums treatments C1-

112 and H1-702. In day 5, the highest root 

length (2.4 cm) and root hair number (22.05) 

was showed in H1-702 treatment while C1-

112 treatment revealed the highest shoot 

length (4.52 cm). The combination of two 

bacterial strains did not stimulate the 

germination of I. aquatica, especially, P-H 

treatment which got the lowest number in all 

observation data.  

Keywords: Rhizobacteria, Ipomoea aquatica, 

seed germination. 

1. Introduction

I. aquatica, or water spinach, is an aquatic 

plant, fast-growing, economic and high 

nutrient (Khamwan et al, 2013), it provides 

calcium, potassium, iron, vitamins and 

proteins with high levels. Wargovich (2000) 

reported that vegetables play an important 

role in human health and nutrition, 

particularly as sources of vitamin C, thiamine, 

niacin, pyridoxine, folic acid, minerals and 

dietary fiber. According to Jampeetong 

(2012), water spinach had been widely 

applied to purify eutrophic water and 

microorganisms played a main duty in the 

removal mechanism of nitrate nitrogen and 

ammonia nitrogen in water spinach (Zhang et 

al., 2104). It is cultivated in the old world 

tropics and role as a weed of more than 20 

crops in many regions in 60 countries, called 

by people in the Southeast Asia as water 

cabbage or water spinach. According to the 

advantage of I. aquatica as mention at above, 

there were very necessary to improve the I. 

aquatic production, especially, the 

germination of seed. However, according to 

Vrbničanin (2011), seed germination varied 

depending on bacterial media and 

germination was inhibited by bacterial 

treatments. 

In addition, one of the most useful 

microorganism in agricultural systems is 

Plant Growth Promoting Rhizobacteria 

(PGPR). Rhizobacteria can be able to excrete 

plant growth promoting substances such as 

vitamins, kinetin and gibberellins and will 
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also improve the vigor and productivity of the 

crop (Karthikeyan et al., 2008). Rhizobacteria 

could also stimulate the germination of S. 

hermonthica (Babalola, 2007), the number of 

root hairs and root laterals response to IAA 

production by Rhizobacteria (Shahab et al., 

2009). 

 Furthermore, overusing chemical fertilizers 

in developing the crop of I. aquatica has been 

causing ecosystem change, soil nutrient 

decrease, human health effect and numerous 

money lost so chemical fertilizers should be 

reduced. 

Currently, there are few researches about the 

roles of Rhizobacteria applying in Ipomoea 

aquatica vegetable, the new strategy in 

agricultural habitats should be applied for 

good qualities of water spinach and 

sustainable agriculture. 

In this research, bacterial growing media and 

the three Rhizobacteria strains were chosen 

for testing plant growth promoting properties 

percentage of germination (PG) in I. 

aquatica. 

2. Materials and methods 

 

2.1.  Materials  

 

Three Rhizobacteria strains H1-702, P1-5071, 

C1-112  (Sritongon, 2015) was received from 

Microbial Fertilizer Laboratory group, 

Department of Microbiology, Faculty of 

Science, Khon Kaen University, Thailand. 

Nutrient agar media, Gram stain chemical, 

fitter paper. 

 

2.2.  Characterization of the 

Rhizobacteria isolated 

The cell biological properties and Gram 

staining were observed under microscope at 

magnification 100 X. 

These strains were grown in Nutrient Agar 

medium in 2 days and determined colony 

morphology based on the shape, color and 

diameter of colonies. 

Three isolates were grown on nutrient 

medium (inoculation rate 20%) in incubator 

with shaking (150 rpm). The optical density 

at 600 nm is used for measuring the bacterial 

density in each 2 hours in 24 hours. 

 

2.3.  Evaluation I. aquatic seed 

germination by using bacterial growing 

media 

 

Seeds were sterilized with 1% (v/v) sodium 

hypochlorite solution in 10 minutes, then 

rinsed three times with distilled water. Ten 

seeds of I. aquatic were transferred to petri 

dish and treated with 3 ml of supernatant 

solutions or pure sterilize water for the 

control treatment. Three replications used for 

each treatment were placed in an incubator in 

the dark room (28 - 30°C) (Vrbničanin et al., 

2011).  

After 5 days, the shoot length, root length and 

number of root hairs were collected and 

counted the percentage of germination (PG) 

(Kham-iam et al., 2005). 

 

 

Seed was grown on C: control, M: Media, S: 

supernatant SS: soaked seed 

Control (C): 3 ml pure sterilize water 

Media (M): 3 ml fresh media containing 

peptone and beef extract 

Supernatant (S): 3ml bacterial supernatant 

after centrifuging at 600 rpm in 20 minutes 

Soaked seed (SS): soaked the seeds in the 

bacterial supernatant (centrifuged at 600 rpm 

in 20 minutes) in 60 minutes before placing in 

the fitter paper in petri dish and added 3 ml of 

pure water.  

 

2.4. Evaluation I. aquatic seed 

germination of by using Rhizobacteria 

isolates 

Seven treatments including: 

One bacteria strains H1-702, P1-5071, C1-

112 

Combined two isolates: H-P (H1-702 + P1-

5071), H-C (H1-702 + C1-112), C-P (C1-112 

+ P1-5-71) 
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Combined three isolates C-H-P (C1-112 + 

H1-702 + P1-5071) 

All treatments of bacteria were inoculated in 

the dark incubator with shaking (150 rpm) 

until the number of bacteria reach 10
8
 

CFU/ml. 

Seeds were sterilized with 1% (v/v) sodium 

hypochlorite solution in 10 minutes, and then 

rinsed three times with distilled water. 

The shoot length, root length and number of 

root hair were collected and count the 

percentage of germination in day 3, day 4 and 

day 5. Complete randomized design and 

triplicates replications was designed for the 

experiments. 

2.5. Data analysis method 

Data were subjected to statistical analysis by 

IBM SPSS Statistics 19 software; least 

significant difference test (LSD) at 5% level 

was use for comparing means of the 

treatments with three replications by complete 

randomized design. Microsoft Office Excel 

2013 was used for data presentation. 

3. Results and discussion 

 

3.1. Morphology, Gram stain and Grow 

curve 

 
                

 

  

Figure 2. Growth curve of three isolates 

 

The colony shape of three isolates were 

circular, convex, and entire with white color 

and colony diameter was varied from 0.7 to 

1.5 mm) (figure 1) and similar growth rate 

and the maximum growth rate at 22 hours 

(figure 2). Bacterial shape was rod and coccus 

while all isolates was gram negative bacteria 

(table 1) 
 

     Table 1. Properties of three Rhizobacteria strains 

 Isolates 

Colony 

Shape 

Colony 

color 

Colony 

diameter 

Bacterial 

shape 

Gram 

stain 

Sampling 

location 

 H1-702 

  Circular 

Convex 

Entire white 1.5 mm Rod - 

Pak Chong-
Nakhon 

Ratchasima

- Thailand 

C1-112 

Circular 

Convex 

Entire white 1.2 mm Coccus + 

Chulapbron 

Dam-

Thailand 

P1-5071 

Circular 

Convex 

Entire white 0.7 mm Coccus + 

Muang- 
Nakhon 

Ratchasima

- Thailand 

 

3.2. Seed germination method 

The length of root, shoot, and number of root 

hairs and percentage of germination in seed 

soaking treatments were significantly higher 

than bacterial nutrient media and bacterial 

supernatant treatment. It can be concluded 

that bacterial nutrient media inhibited the 

seed germination of I. aquatica (Figure 3).  

 

 

The length of root in soaked seed was 4.88 

cm comparing to water 4.49 cm, there was no 

significant difference between them, 

Figure 3. Seed germination on water, media, 

supernatant and soaked in bacteria supernatant 

Figure 1. Colony of C1-112, H1-702 and P1-5071 in 

nutrient agar 
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however, it was twice as high in bacterial 

media (with just 2.14 cm) and higher than 

supernatant (2.96 cm) 1.6 times (Figure 4). 

 

 
The shoot length and number of root hair 

were the highest with 3.01 cm and 19.26, 

respectively, and the lowest number was in 

bacterial media treatment with shoot length of 

1.67 cm and root hair number of 1.47 (Figure 

5). 

 

 

 
PG value was variety among the treatment, 

soaked seek got the highest PG with 90%, 

following by water (76.7%) and supernatant 

70 % while the lowest PG belong to media 

treatment with 50% (Figure 6).  

 

 
According to Roychowdhury (2012), 

germination percentage of floricultural was 

decreased when the used plant growth 

regulators increasing concentrations because 

the lower concentration of growth regulators 

favour the increased enzymatic activity which 

leads to the favorable environment for the 

germination as well as the growth of the 

radical and plumule.  

This result was similar to the study of 

Vrbničanin (2011), seed germination varied 

depending on bacterial media, germination 

was inhibited by bacterial treatments 

Pseudomonas fluorescens and Bacillus 

licheniformis. Nutrient media comprises Soya 

Peptone and Beef extract containing nitrogen 

in inorganic form as NO3
-
 or NH4

+
 and 

organic form as polypeptides or amino acids. 

Dijk and Eck (1995) reported that some 

species cannot use inorganic nitrogen, when 

the requirements for amino compounds are 

most probably satisfied by transport of these 

substances with a symbiotic fungus. 

Moreover, most amino acids act as inhibitor 

or do not increase the growth of seedling, 

only arginine and aspartic acid support 

growth (Mitra, 1989).  Therefore I. aquatic 

must be soaked 60 minutes in the bacterial 

supernatant to absorb the stimulation 

hormone such as auxin from bacteria 

secretion.  

 

 

 

 

Figure 4. Root and shoot length after 3 days 

germination C: control, M: Media, S: supernatant 

SS: soaked seed 

Figure 5. Number of root hair after 3 days germination, 

C: control, M: Media, S: supernatant SS: soaked seed 

Figure 6. Percentage of germination of I. aquatica 

after 3 days, C: control, M: Media, S: supernatant SS: 

soaked seed  

d 
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3.3.  Seed germination of I. aquatica  

The results showed that three rhizosphere 

bacteria isolates could stimulate the growth of 

I. aquatica (Figure 7).  

 

 

 
The overal strend was that the root length of 

all treaments incresed slighly from day three 

to day five of germination. In day three, the 

root length of P-H (1.40 cm)  and C-P (1.50 

cm) lower than the control (1.59 cm) while 

highest root length was in treament C-H-P 

(2.1 cm) and there were no significant 

difference among other treaments. However, 

the highest root length in day five was in H1-

702 (2.40 cm), following by C1-112 (2.27 

cm) and the control treament, 1.72 cm.  The 

root length inceased slighly in H2-703 from 

1.8 cm in day three to 2.40 cm in day five 

(Table 2).  

 There shoot length was sighnificantly 

different in the treatment H1-702 at day three 

with 3.23 cm comparing to control (3.11 cm). 

However, in day four and day five, the higest 

shoot length belonged to C1-112 with 4.12 

cm and 4.52 cm, respestively, following by 

H1- 702 (4.35 cm in day five). The length of 

shoot at control treatment in day five was 

4.34 cm and there were not sightnificant 

diference among all treatments, except P-H 

which the lowest shoot length in three 

germination days, 1.9 cm, 2.6 cm, and 2.8 cm 

in day three, four and five, respectively 

(Table 2).  

 

 

 

Table 2. Seed germination of I. aquatica 

 
Note. The everage values with the same letter in each column were 

not significantly different at the 95% confidence level 

The number of root hairs increased sharply 

from day two to day three and increased 

slower in day five, one typical example, the 

root hair number in treament H1-702 was 

16.03, 21.19 and 22.05 in three continuous 

observation days. In day five, the root hair 

numbers of all treatments were significantly 

higher than the control treament which had 

17.63 root hairs (Table 2). 

In germination percentage, the results showed 

that three treatments accounting for 83% were 

H1-702, C1-112 and C-P which were higher 

than the control (80%). Germination 

percentage of P1-6071 was also 80%. The 

highest PG belonged to P-H treatment (86%). 

Comparing to control treatment, C-H and C-

H-P had lower PG, 76% and 70%, 

respectively (Figure 8). 

 

These results was similar to the results of 

Sachev et al. (2009), the root and shoot length 

of wheat seedlings were increase significant 

in the treatment that inoculated with 

Figure 7. I. aquatica seeds in all treatments after 5 

days germination 

Figure 8. Percentage of germination in I. aquatic 

seeds at day 5 
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Klebsialla – one of Rhizobacteria - growing 

supernatant comparing to the control. 

Babalola (2007) also demonstrated that there 

were some potential in certain Rhizobacteria 

could stimulate the germination of Striga 

hermonthica in vitro experiment. 

Furthermore, all isolated bacteria could 

produce IAA and Gibberellic acid which the 

key regulators to seed germination (Davies, 

1987) during their growth.   
 

4. Conclusion and suggestion 

4.1 Conclusion 

Three Rhizobacterias trains as single 

inoculum (H1-702, C1-112 and P1-5071) 

which produced IAA and plant hormones 

could stimulate the germination of I. aquatica 

seed, increased the length of root and shoot 

and the number of root hairs. The treatment 

co-inoculum of two strains combination were 

low effect on seed germination, especially P-

H treatment was lowest in all investigated 

data. Seed germination was inhibited by the 

medium while the soak seed with bacterial 

suspension treatments were the better choice 

because of its highest stimulation in I. aquatic 

germination. 

4.2. Suggestion 

More studies should be done to determine the 

phylogenetic tree of H1-702, C1-112, P1-

5071 and the potential in applying these 

strains on the biofertilizer producing. 
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Abstract 

The primary objective of this study was to 

analyze some safety hazard, develop a 

HACCP plan and its validation to ensure a 

safety system of instant black rice beverage.  

Chemical hazards in food and beverage 

produced from cereal are mostly come from 

natural occurred.  Lead and aflatoxins, 

which can be produced by toxigenic molds 

associated with black rice and emerged at 

each stage of the production was described. 

Knowing of product characterization, raw 

materials, ingredients, and the production 

flow diagram are the keys to develop a 

HACCP plan.  This plan was developed 

throughout conducting hazard analysis 

(HA), identifying the critical control points 

(CCPs), establishment of critical limits 

(CLs), monitoring procedure, establishment 

of corrective action, establishment of 

verification procedure and establishment of 

record keeping.  The validation of HACCP 

plan was validated base on the safety hazard 

testing, scientific publication and the 

regulatory documents.  Status of the control 

measure and effectiveness ensured the 

chemical safety of instant black rice 

beverage would be discussed. 

Keywords: Instant beverage, HACCP plan, 

chemical hazards, validation, and black rice 

1. Introduction

Safety issues of foods are becoming the hot 

issues for consumers, since foods have 

caused side effects on their health. Food 

borne illness and food toxicity is becoming a 

main scare of consumers’ consumption 

around the world.  European food fears have 

been rooted in the UK society for at least 

150 years (1).  Approximately 16.7% of the 

population (approximately 47.8 million 

people) was reported to have been affected 

by food related illnesses in America in 2011 

(2). Similarly, Saltini and Akkerman (3) 

reported that in Europe foodborne illnesses 

affected about 1% of the population (i.e. 

several million people) each year. Public 

health risks and related food crises have 

both potential direct and  indirect impacts on 

economic issues  (damage to reputation and 

brand names), which can result in 

considerable losses in market value, and  

reputation, leading to potential  bankruptcy 

of companies and  brand names. Scandals 

and emergencies related to food safety 

issues are increasingly becoming issues of 

fear and obstacles to food market expansion 

throughout the world.  Safety hazard 

analyses of raw material and finished 

products are crucial to ensure the safety of 

products whereas the hazard analysis critical 

control points (HACCPs) is also important 

for the food industry in term of 

identification of potential hazard in foods 

and establish the control system to ensure 

the food safety. It is a preventive system, 

which takes into consideration the whole 

chain of food production before the 

biological, chemical and/or physical hazards 

affecting the safety of food products. 

Furthermore, HACCP system is intended to 

address hazards by elimination or reduction 

to acceptable levels, which is essential to the 

production of safe foods (4).  HACCP plan 

is needed to do validation in order to make 
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sure that system is work well or not. 

Validation is defined by the US National 

Advisory Committee on Microbiological 

Criteria for Foods (5) as the element of 

verification focused on collecting and 

evaluating scientific and technical 

information to determine whether the 

HACCP plan, when properly implemented, 

will effectively control the hazards.  This is 

primarily involves validating that critical 

limits at critical controls points are capable 

of controlling the identified hazards. 

Processing equipment, monitoring devices 

and electronic record keeping systems can 

be validated to ensure the system performs 

accurately and reliably in controlling the 

hazards (6, 7). There are a number of 

approaches to validation of control measures 

including scientific publications, historical 

knowledge, regulatory documents, 

experimental trials, scientific models, 

operational data, and surveys. However, 

literature reviews from scientific 

publications, regulatory documents and 

experimental trails were used in this study. 

Therefore, the objective of this study was to 

analyze chemical hazards, develop a 

HACCP plan and its validation to ensure a 

safety system of instant black rice beverage. 

 

2. Materials and methods 

2.1 Raw materials 

 

The raw materials used in this study were 

obtained from the Siam MiraGro Co.,LTD, 

located in Tambon Bankoh, Mueng Khon 

Kaen, Thailand 40000.  Samples were 

randomizing sampled from three lots and 

sent out to the accredited laboratory to 

analyze for the safety level of products.  

 

2.2 Instant black rice beverage 

preparation 

 

Instant black rice beverage was prepared by 

the pilot scale extraction of rice bran 

obtained from the milling process and 

centrifuged to separate the solution and 

sediments.  The extracted solution was dried 

to be powders using pilot scale drum drying.  

The powder then was ground, blended with 

other ingredients, packed into aluminum 

foils, and tightly sealed. The production 

flow diagram of instant black rice beverage 

is presented in figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Product flow diagram of instant 

black rice beverage with safety hazard 

analyses.  B, C and P: biological, chemical 

and physical hazards, respectively. 

 

2.3 Chemical hazard analysis 

 

Some chemical hazards were analyzed in 

this study. Heavy metal content (lead) was 

analyzed using the method of the 

Association of Official Analytical Chemists 

Black Paddy Rice (BCP) 

Storage at room temperature (BC) 

Milling (CP) 

Storage at room temperature (BC) 

Extraction (C) 

Centrifugation (C) 

Storage at 4°C (BC) 

Drum drying (P) 

Storage at room temperature (B) 

Grinding (P) 

Packaging (BP) 

Storage  at room temperature (BC) 

Blending (sugar, salt & sweetener) 

(B) 
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(8). The aflatoxin was measured by HPLC 

analyzer (9).  

 

2.4 HACCP plan 

 

HACCP plan was accompanied to evaluate 

the safety of the whole process of instant 

black rice beverage production.  The seven 

principles of HACCP, conducting hazard 

analysis (HA), identifying the critical 

control points (CCPs), establishment of 

critical limits (CLs), monitoring procedure, 

establishment of corrective action, 

establishment of verification procedure and 

establishment of record keeping were 

conducted.  The decision tree diagram was 

used to identify potential hazard at each 

stage of processing is a CCP or not (see in 

fig.2).  Validation of the HACCP plan was 

also implemented based on the regulative 

documents, scientific publication and the 

result of experiments. 

 
Figure 2. Decision tree diagram for HACCP 

plan (5) 

 

 

3. Result and discussion 

3.1 Raw material 

 

Table 1.Levels of chemical hazards in paddy rice 

 

Level of safety 

hazard 

I 

(n=24) 

II 

(n=20) 

III 

(n=20) 

Acceptable level 

Lead (mg/kg) 0.050  0.023  0.060  ≤ 2 mg/kg (FAO/WHO 2002) (10) 

Aflatoxin content (µg/kg) 

B1 0.52 ND ND  

 

10-50 µg/kg USFDA and FAO (11) 

B2 0.2 ND ND 

G1 ND ND ND 

G2 ND ND ND 

Total aflatoxin 0.72 ND ND 

Note: data were inspected and certified by the Central Laboratory (Thailand) Co.,Ltd, ND = Not 

detected 

 

The lead content of lot III consist 0.060 

mg/kg higher than in lot II and I, 0.050 

mg/kg and 0.023 mg/kg respectively. Lead 

associated with black rice could be a result 

of rice cultivation on the lead contaminated 

soils because heavy metals are naturally 

presented in environment by industry and 

environmental pollutants (12). Different 

location is a result of different lead content 

presented in paddy rice. FAO/WHO (10) 

has limited up the acceptable level of lead 

is ≤ 2 mg/kg, thus paddy rice in each lot 

was safe from the contamination of lead. 

The aflatoxin in lot I was detected for 
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aflatoxin type B1 (0.52 µg/kg) and B2 (0.2 

µg/kg), while lot II and III were not 

detected. This study showed that aflatoxin 

contents of each lot was lower than  the 

study of Liu, Gao (13) who has presented 

that the whole rice grain in Liaoning 

province in China were found total 

aflatoxin to be 3.87 µg/kg and decreased to 

be 0.88 µg/kg by de-husking in brown rice. 

They have concluded that these grains are 

safe for human and livestock consumption 

and for trading and there were not 

significant different in whole grain rice and 

brown rice over a 10-years storage period. 

On the other hand, the USFDA and FAO 

are adopted the maximum allowed levels 

of aflatoxin typically ranked from 10 to 50 

µg/kg for all cereal products (11). 

Therefore, paddy rice that used for this 

study was not posed a big problem with 

lead and aflatoxin contamination.  

 

 

 

 

3.2 Instant black rice beverage 

 

Table 2.Levels of chemical hazards in instant black rice beverage 

 

Level of safety 

hazard 

I 

(n=20) 

II 

(n=20) 

III 

(n=20) 

Acceptable level 

Lead (mg/kg) 0.038  0.031  0.082  ≤ 2 mg/kg (FAO/WHO 2002) (10) 

Aflatoxin content (µg/kg) 

B1 ND ND ND  

 

10-50 µg/kgUSFDA and FAO(11) 

B2 ND ND ND 

G1 ND ND ND 

G2 ND ND ND 

Total aflatoxin ND ND ND 

Note: data were inspected and certified by the Central Laboratory (Thailand) Co.,Ltd, ND = 

Not detected 

 

The result of chemical hazards analyses 

showed that lot III consist lead content 

(0.082mg/kg) higher than in lot I&II 

(0.038mg/kg and 0.031mg/kg 

respectively). The lead contents in paddy 

rice and instant black rice beverage were   

at acceptable level.The proliferations of 

lead contents maybe a result of the 

accumulation of lead in rice bran or 

depends upon the time of sample storage 

and the type of product (14). Moreover, it 

could difference according to the location 

of rice cultivation. Lead (Pd) is a harmful 

chemical hazard for human health. 

Consumption of lead associated food is 

firstly permeated into internal organs and 

then accumulated in the osseous tissues. 

The toxic effects of lead are included 

functional disorder of the cardiovascular 

system, kidneys and nervous system (15). 

However, the lead content of each lot was 

lower than acceptable level of FAO/WHO 

2002 which is adopted lead contents ≤ 2 

mg/kg (10). It means that instant black rice 

is safe from lead contamination. 

The aflatoxin content in each lot of instant 

black rice beverage was not detected in 

this study.  The USFDA and FAO was 

adopted the acceptable level between 10-

50 µg/kg for all cereal products(11). 

However, the aflatoxin could occur by the 

present of toxigenic molds during 

improper storage of raw materials (16). It 
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could also occur even if during storage in 

refrigerator through improperly packaged 

foods or even through an open refrigerator 

door during cargo by poor cleanliness 

refrigerator seals, or are already growing 

from lack of proper sanitation or warm 

temperature.  The mold species Penicillium 

and Cladosporium always present in the 

refrigerator sides and are able to produce 

poisonous compounds (mycotoxin, 

aflatoxins) that spread throughout the 

refrigerated foods and are known to be 

potent carcinogens(17). However, the mold 

presented in this study was less than 10 

cfu/g (18, 19), resulted in not detected of 

aflatoxin in finished products (Instant 

beverages). It was indicated that instant 

beverage was not posed to chemical 

hazards either lead or aflatoxin, which is a 

safe product for consumers’ consumption. 

3.3 HACCP plan 

 

a/ Product characterization 

 

Table 3. Characterizations of instant black rice beverage 

 

Product Category:  Instant black rice beverage 

1. Product Name(s) Instant black rice beverage  

2. How it is to be used Ready to eat product (RTE product)  

3. Type of Packaging Aluminum foil 

4. Length of Shelf Life, at what temperature? Two years, keep it at room temperature 

5. Where it will be sold? Retailers, consumer, hotels, food service  

6. Labelling instructions Expiry date 

7. Special distribution control Distribute at room temperature 

 

b/ List of raw materials and ingredients 

 

Table 4. List of raw materials and ingredients used for instant black rice beverage production 

 

Raw material/ 

Ingredients  

Appearance Storage Packaging Volume Others 

Tap water 

 

Liquid and 

portable  

Pipe system  - - City supplies 

Rice bran Dried powder Refrigerator Plastic bag 10 kg Company 

Sugar Crystalized 

powder 

Room 

temperature  

Plastic bag 1 kg Company 

Salt Crystalized 

powder 

Room 

temperature  

Plastic bag 1 kg Company 

Sweetener powder Room 

temperature 

Plastic bag 1 kg Company 

Packaging Aluminum foil Room 

temperature 

Roll covered 

by plastic 

25 kg Company 
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c/ HACCP plan for instant black rice beverage production 

 

Table 5.HACCP plan for instant black rice beverage production 

 

 

CCPs 

Hazard description and HACCP plan 

Hazard 

description 

Critical 

limits 

Monitoring Corrective 

actions 

Verification HACCP 

records 

CCP1-

C1 

Naturally 

contaminated 

with heavy 

metal and 

aflatoxin 

Lead≤2 

mg/kg 

Aflatoxin 

=10-50 

µg/kg 

Sampling 

and analyze 

for the 

safety 

hazard 

level 

Reject the 

sample if 

safety 

hazard 

levels are 

exceed the 

acceptable 

level 

Result of 

safety 

hazard 

analysis 

must be 

reported to 

QA 

manager 

Lab results 

CCP2-

C1 
Aflatoxin 

presented 

with mold 

growth 

Aflatoxin 

=10-50 

µg/kg 

Keep rice 

bran with 

low 

moisture 

<13% and 

in cold  

temperature 

5
0
-10

0
C) 

Mold and 

Aflatoxin 

testing 

Monthly 

check 

moisture 

and 

temperature 

of storage 

room 

Immediately 

process rice 

bran or 

drying rice 

bran to 

<13% 

moisture 

Report test 

result to QA 

manager 

FIFO 

system 

Test result 

Lot 

information 

CCP3-

P1 

System not 

effectively 

detected 

metal 

- 

 

Equip 

metal 

detector 

GMP 

program 

 

Losing of 

packing 

machine or 

properties 

must be 

reported to 

QA 

manager 

Metal 

detector 

Checking 

GMP 

practice 

 

Maintenance 

records 

Property 

loss report 

CCP4-

C1 

Aflatoxin 

produced by 

mold 

10-50 

µg/kg 

Sampling 

& safety 

hazard 

analyses of 

finished 

products 

Modify 

previous 

stage 

Recheck 

raw 

materials 

and other 

storage 
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3.4 Validation of HACCP plan 

Four critical control points were found as 

the main points associated with chemical 

hazards in the production of instant black 

rice beverage. These CCPs were validated 

according to the testing result of this 

research comparing with the regulatory 

documents and the result of previous 

studies as following listed below: 
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1) CCP1-C1: Receiving of raw materials. 

This stage was validated base on the 

test result of paddy rice as presented in 

table 1 and regulative documents. The 

lead content of each lot was less than 

acceptable level (2 mg/kg)of the 

regulatory of FAO/WHO (2002) (10). 

Meanwhile, the aflatoxin content of 

each lot was also less than acceptable 

level of USFDA (United States Food 

and Drug Administration) and FAO, 

which is adopted the maximum 

allowed levels of aflatoxin ranges 

typically from 10-50 µg/kg for all 

cereal products (11).  

2) CCP2-C1: Storage stage of rice bran, 

it was validated according to the testing 

result of the finished products 

compared to the previous studies. Mold 

growth in rice bran can contaminate 

instant beverage with aflatoxin.  

Aflatoxinhas been shown to be 

presented in rice bran dependent on 

geographic locations, growing season 

conditions and past history of rice. 

Other management controls may 

include supplier guarantees.  The study 

showed that mold content in each lot 

was less than 10cfu/g (18, 19) 

indicated no aflatoxin, however 

validation was done by aflatoxin 

analysis. 

3) CCP3-P1: Packing of finished 

products was not validated because this 

study was not focused on the physical 

hazard analysis. However, this stage is 

actually can be protected by the 

equipping of metal detector on the 

packing machine. Moreover, GMP and 

maintenance program of packing 

machine could also protect the metal 

pass through or direct exist in finished 

products. 

4) CCP4-C1: Storage of finished product 

was validated according to the testing 

result and the regulatory documents 

(table 2).  Lead contents of finished 

products were also lower than 

acceptable level of FAO/WHO (2002) 

as in raw materials. Meanwhile, the 

aflatoxin content was not detected in 

the finished products, while the 

indicator for aflatoxin, mold presented 

in finished product was less than 10 

cfu/g.  

 

4. Conclusion 

 

Based on the chemical hazard analyses of 

finished products, it is concluded that 

instant beverage was a safe product for 

consumers’ consumption. The contents of 

lead and aflatoxin in the finished products 

of each lot was in the acceptable level, 

which is prescribed by the regulatory 

documents of FAO/WHO (<2 mg/kg) and 

USFDA/FAO (10-50 µg/kg). Knowing of 

product characterizations, raw materials, 

ingredients, and the production flow 

diagram are the keys for effective 

implementation of HACCP plan. It is also 

important to conduct hazard analysis (HA), 

identify the critical control points (CCPs), 

establish critical limits (CLs), monitoring 

procedure, establish corrective action, 

establish verification procedure and 

establish record keeping. HACCP plan was 

effectively implemented in the production 

of instant black rice beverage. In addition, 

the validation of HACCP was significantly 

validated, which were based on the safety 

hazard testing, scientific publication and 

the regulatory documents. In conclusion, 

instant black rice beverage is a safe 

product for consumers’ consumption with 

no association with chemical hazards (lead 

and aflatoxin). A HACCP plan was 

effectively implemented and its validation 

was addressed in ensuring of the safety of 

products, which is associated with 

chemical hazards. 
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Abstract 


 


The effects of dietary supplementation of 


lotus (Nelumbo nucifera Gaertn.) stamen 


extract (NNSE) on growth performance, 


feed utilization efficiency and intestinal 


morphology of Catfish (Clarias gariepinus) 


were evaluated experimentally in a 7-week 


feeding trial. Fish with an initial weight of 


12.54±0.64 g were completely randomized 


into 4 groups with 3 replications and reared 


in circular concrete tanks. Group 1, fish 


were fed the basal diets and served as the 


control group. Groups 2-4, fish were fed the 


diets supplemented with 0.1, 0.5 and 1% of 


NNSE, respectively. At the end of 


experiment, it was found that fish fed the 


diets containing NNSE at different levels 


significantly increased weight gain, specific 


growth rate and feed conversion ratio 


compared to the control (P<0.05). No 


significant differences were observed in the 


survival rate and the relative weights of 


internal organs between the groups 


(P>0.05). The height of intestinal villi and 


goblet cell number observed under the light 


microscope were significantly increased in 


the experimental treatment groups 


compared to the control group (P<0.05). In 


addition, feeding behavior, palatability and 


feed acceptability did not differ among the 


groups. The optimal level of NNSE 


observed was 1%. Taken together, these 


findings reveal that NNSE could be applied 


in fish feed as a natural feed additive 


without negative side-effects to improve 


growth, feed utilization and intestinal 


morphology in Catfish. 
 


Keywords: Nelumbo nucifera Gaertn., 


Catfish, Growth performance, Feed 


Utilization, Intestinal Morphology. 


 


1. Introduction 


 


Aquaculture products are served as an 


important source of protein for human 


consumption (1,2). In addition to the 


increased demand for aquaculture products 


worldwide, an intensive aquaculture 


production in the modern farming systems 


has been performed around the globe (1,2). 


The basic requirements for this practice are 


to promote fish growth and health. 


Antibiotics and growth promoting agents are 


useful for improving animal health and 


production (3). However, synthetic drugs 


and their residues could produce the high 


risk to animals and consumers. In addition, 


the emergence of antibiotic-resistant 


microorganisms will be increased in the 


future (4). Thus, the development of novel 


natural growth promoting agents are 


required for aquaculture industry (2). 


Medicinal plants are generally served as 


invaluable materials for the treatment of a 


variety of health ailments and for the 


synthesis of the synthetic drugs in modern 


pharmaceutical industries (5). In animal 


production section, botanical products are 


used as the main sources of veterinary 


medicines to control various diseases and to 


improve the immune functions (1-4). 


Furthermore, the application of herbal 


preparations to the diets as natural feed 


additives can enhance growth performance 


and feed utilization efficiency without side 


effects when compared to the synthetic 


drugs (1-4).  
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Lotus (Nelumbo nucifera Gaertn.) is 


generally cultivated throughout Southeast 


Asia. All parts of lotus are useful for the 


treatment of several diseases by local people 


for a long time (6). Seeds and rhizomes of 


lotus have been reported to have anti-


inflamatory, antioxidant, antiviral, 


antiproliferative, anti-fertility and 


immunomodulatory activities (7). Lotus 


stamens also possess antioxidant, 


antibacterial, aldose reductase inhibitory 


and aphrodisiac properties (8). Leaves are 


useful for hematemesis, metrorrhagia, 


epistaxis and fever (6-8). Several 


phytochemical compounds such as 


alkaloids, flavonoids, triterpenoids, 


saponins, carotenoids, tannins, phenolics 


and essential oils have been isolated from 


lotus (6-8). 


Sivagurunathan et al. (9) found that 


Cirrhinus mrigala fed the diets 


supplemented with 0, 1 and 3% of the lotus 


extract significantly feed conversion ratio 


and specific growth rate compared to 


control diet. In addition, they also found an 


increase in lymphocytes, neutrophils and 


monocytes in C. mrigala fed with the lotus 


extract and infected with Pseudomonas 


aeruginosa (9). Recent reports indicated 


that the diets containing N. nucifera 


peduncle extracts significantly enhanced the 


growth performance of Nile tilapia 


(Oreochromis niloticus) without side effects 


(10). These results indicated that N. nucifera 


can be used to improve fish growth and 


enhance the role of fish immune system 


(10). 


The utilization of N. nucifera as a natural 


feed additive in aquatic diets has been 


successful in many fish species (9,11,12). 


However, there was no research regarding 


its use in the case of Catfish (Clarias 


gariepinus). Thus, the aims of this 


experiment were to investigate the effects of 


dietary supplementation of lotus stamen 


extract (NNSE) on growth performance, 


feed utilization efficiency and intestinal 


histology of Catfish. 


In Thailand, Catfish production is ranked 


second next only to Nile tilapia and this 


species is primarily cultivated for domestic 


consumption. In 2014, Thai farmers 


produced Catfish approximately 137,000 


ton and this rate tends to increase annually 


(13). It has been reported that Catfish 


farming is now challenged with the impact 


of increasing feed prices and several 


pathogenic agents. Thus, more research are 


required to find novel feed ingredients for 


enhancing growth and production of fish.    


2. Materials and Methods 


 


2.1 Plant preparation and extraction 


Fresh lotus flowers were harvested from 


Sirindhorn District, Ubon Ratchathani. They 


were cleaned using tab water. The stamens 


were manually collected, dried in hot air 


oven at 60
o
C for 8 h and powered using a 


household electric grinder. The powder 


samples were macerated with ethanol 70% 


for 14 days at room temperature. The 


extract was filtered using Whatman No.1 


paper and the filtrate was evaporated by 


rotary evaporator which was maintained at 


50
o
C and 90 rpm. The extract was dried by 


lyophilizer and stored in a refrigerator until 


used. 


2.2 Experimental diets     


The basal fish diet was obtained from the 


commercial Catfish feed containing not less 


than 30% Protein and 3% Lipid and not 


more than 12% Moister and 6% Fiber. The 


diet was sprayed with different levels of 


NNSE (0.1, 0.5 and 1%) and gently mixed. 


Diets were then dried at 30
o
C for 24 h in hot 


air oven. 


  


2.3 Fish and experimental design 


A total of 500 fish with an initial weight of 


12.54±0.64 g were obtained from Ubon 


Ratchathani Fishery Cooperatives, Ubon 


Ratchathani. During the 1 week of 


acclimatization period, 360 fish were fed 


with the basal diet and distributed randomly 


into 4 groups, with 3 replicates each (30 fish 


per replication) and reared in circular 


concrete tanks (90 cm in diameter and 50 
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cm in height). Then, fish were fed the 


experimental diets for 7 weeks as follows.  


Group I: fed the basal diet and served as 


the control group. 


Group II: fed the diet containing 0.1% 


NNSE. 


Group III: fed the diet containing 0.5% 


NNSE. 


Group IV: fed the diet containing 1 % 


NNSE. 


Water quality was maintained in the optimal 


conditions for Catfish (temperature, 


28±2
o
C, pH, 7.2±0.5 and dissolved oxygen 


7.0±0.05 mg/L). All tanks were cleaned 


once every 5 days. Fish were feed ad 


libitum two times a day with a rearing rate 


of 3% of live weight and weighted every 


one week. Dead fish were recorded and 


removed (9,11). 


          


2.4 Effects on growth performance   


At the end of the experimental period, fish 


were fasted for 24 hours before study. The 


parameters of fish growth and feed 


utilization efficiency were calculated using 


the following equations (9,11).  


Weight gain (WG, g) = final fish weight (g) 


– initial fish weight (g). 


Specific growth rate (SGR, % d
-1


) = 100× 


[In  


final wet weight (g) – In initial wet 


weight (g)]/experimental days. 


Feed conversion ratio (FCR) = feed intake  


(g)/ weight gain (g). 


Survival rate (SR, %) = 100× (final number 


of fish/initial number of fish). 


2.5 Effects on intestinal morphology 


At the end of the feeding period, the 


intestines from three fish in each replication 


were removed, cleared from adherent 


tissues and divided into anterior and 


posterior parts. Each part of the intestine 


(approximately 1 cm) was fixed in 10% 


neutral buffered formalin and subsequently 


dehydrated, embedded in paraffin. The 


samples were cut transversely into 5 µm 


thickness and strained with hematoxylin and 


eosin (H&E). The sections were observed 


for the measurement of the heights of the 


intestinal villi and the number of goblet 


cells as described by (14,15) under the 


microscope connected to a computer using 


DinoCapture 2.0 software. 


2.6 Adverse effects 


During the experimental period, fish were 


observed daily for feeding behavior, feed 


acceptance, palatability, general behavior 


and external characteristics (9,11,16). 


Relative organ weights of heart, stomach, 


liver, spleen, kidney and gills were 


measured by using the following equation. 


Relative organ weight (%) = 100× (weight 


of organ (g)/weight of fish (g)).


  


2.7 Data Analysis 


All data are expressed as mean ± standard 


error of the mean (SEM). The significant 


differences among the various parameters 


were evaluated by using one-way ANOVA 


followed by Duncan’s multiple range test. If 


P value <0.05 was considered statistically 


significant. 


  


3. Results   


 


3.1 Effects on growth performance   


The results revealed that the application of 


NNSE to the diets significantly increased 


WG, SGR and FCR when compared with 


the basal diet (P<0.05). No significant 


difference was observed in the survival rate 


among the experimental groups (P>0.05) 


(Table 1). The optimal level of NNSE 


observed was 0.1%. 
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Table 1. Effects of dietary NNSE on growth performances and feed utilization of Catfish. 


Parameters 
Treatments 


control 0.1%NNSE 0.5%NNSE 1%NNSE 


Initial weight (g) 12.57±0.24 12.53±0.47 12.50±0.99 12.56±0.87 


Final weight (g) 27.83±1.01
a
 38.00±2.26


b
 36.83±3.27


b
 34.00±2.38


b
 


WG (g) 15.26±1.37
a
 25.16±1.85


b
 24.32±2.29


b
 21.83±2.02


b
 


SGR (%d
-1


) 2.06±0.22
a
 3.28±0.24


b
 3.69±0.13


b
 3.43±0.22


b
 


FCR 1.48±0.02
a
 1.87±0.09


b
 1.61±0.08


b
 1.70±0.08


b
 


Survival rate (%) 93.33±6.66 86.66±13.33 90.00±10.00 100.00±0.00 


Gill somatic index (%) 5.56±0.13 5.87±0.25 5.24±0.25 5.53±0.17 


Cardiacsomatic index (%) 0.14±0.10 0.22±0.08 0.15±0.01 0.15±0.01 


Hepatosomatic index (%) 2.28±0.31 2.22±0.23 2.24±0.26 2.26±0.14 


Splenosomatic index (%) 0.10±0.01 0.13±0.02 0.11±0.06 0.12±0.01 


Gastrosomatic index (%) 1.77±0.23 1.89±0.20 1.79±0.07 2.02±0.18 


Intestinosomatic index (%) 2.28±0.27 2.83±0.47 2.56±0.11 2.69±0.14 


Remarks: NNSE = N. nucifera stamen extract, Values are expressed as mean ± SEM. One-way 


analysis of variance (ANOVA) was used. Means with different superscripts 
(a-b)


 at the same row 


are significantly different (P<0.05). 


3.2 Effects on intestinal morphology 


The height of intestinal villi and goblet cell 


number observed both in anterior (Figure 1) 


and posterior (Figure 2) parts of intestines 


under the light microscope were significantly 


increased in the experimental groups 


compared to the control group (P<0.05) 


(Table 2).


Table 2. Intestinal morphology of Catfish fed the diets containing NNSE for 7 weeks. 


Treatments 


Parameters 


Anterior part of intestines Posterior part of intestines 


Villus height 
Number of 


goblet cells 
Villus height 


Number of 


goblet cells 


Control 1873.57±39.24
a
 27.66±8.96


a
 1431.19±24.80


a
 28.66±5.48


a
 


0.1% NNSE 2579.18±53.89
c
 49.00±1.73


b
 1798.44±29.20


b
 38.62±3.28


ab
 


0.5% NNSE 2650.41±50.54
c
 54.33±1.83


b
 2001.52±82.48


b
 91.68±5.36


c
 


1% NNSE 2369.89±92.85
b
 49.33±2.33


b
 1952.95±17.09


b
 89.64±5.89


c
 


Remarks: NNSE = N. nucifera stamen extract, Values are expressed as mean ± SEM. One-way 


analysis of variance (ANOVA) was used. Means with different superscripts 
(a-e)


 at the same row 


are significantly different (P<0.05). 


3.3 Adverse effects of plant extract 


No adverse effects of NNSE were observed 


during the feeding trial. Feeding behavior, 


feed acceptability and palatability of the 


experimental groups were similar to the 


control group. Relative weights of vital 


organs including heart, stomach, liver, spleen, 


kidney and gills were no statistically 


significant difference between among the 


treatments (Table 1).      


 


4. Discussion 


 


Herbal plants are served as invaluable sources 


of phytochemical compounds which can be 


used to synthesis the synthetic drugs for the 


treatment of emerging infectious diseases (1-


4). In aquaculture industry, plants are 


submitted to prevent the infectious diseases 


and to improve general aquatic animal health 


(1-4). In this study, NNSE significantly 


enhanced WG, SGR, the length of intestinal 


villi and the number of goblet cells of Catfish, 
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suggesting that NNSE could be useful as 


natural feed additive in fish rearing (9,11). 


The optimal level of NNSE observed was 


0.1%. 


 


4.1 Effects on growth performance   


It has been reported that several plant 


additives can increase growth and health of 


fish. Babahydari et al. (17) found that fish fed 


the diets supplemented with different levels 


of Stachys lavandulifolia extract (0, 2, 4 and 


8%) for 10 weeks significantly increased in 


final weight, WG, SGR and ADG in a dose-


dependent manner. Talpur (4) revealed that 


the application of peppermint (Mentha 


piperita) leaf extract (0, 1, 2, 3, 4 and 5 g/kg) 


to the diet for 28 days significantly improved 


growth performance, SR and disease 


resistance of Asian seabass (Lates calcarifer 


Bloch) against the infection of Vibrio harveyi. 


In addition, dietary supplementation of garlic 


bulbs 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 1. Effects of dietary NNSE at the levels of 0.1 (B), 0.5 (C) and 1% (D) NNSE on anterior 


intestinal morphology of Catfish fed for 7 weeks compared to control (A). Scale bar = 500 µm. 


 


(Allium sativum) (0, 5, 10, 15 and 20 g/kg) for 


4 weeks significantly enhanced SGR, WG 


and FCR of Asian seabass (3). African catfish 


(Clarias gariepinus), Common carp 


(Cyprinus carpio) and Tilapia (Oreochromis 


aureus) received the diets containing red 


clover (Trifolium pratense) were significantly 


improved growth rate and feed utilization 


efficiency as well as protein efficiency ratio 


of fish (18-20). Such phytochemical 


compounds like flavonoids, alkaloids, 


saponins, phenolics and essential oils are 


found to be effective alternatives to synthetic 


drugs used in aquaculture industry (1-4). Zhai 


and Liu (21) exhibited that tilapia fed the 


diets supplemented with quercetin, a plant 


flavonoid, increased average values for final 


body weight, SGR and condition factor 


compared to the control diet. In addition, 


quercetin also significantly decreased the 


concentrations of triglyceride and low-density 


lipoprotein cholesterol in serum (21). Francis 


et al. (16) found that Common carp fed diets 


containing Quillaja saponins, triterpenoid 


saponins found in Quillaja saponaria, 


showed increased growth and feed efficiency 


of those fish compared to the control diet. It 


has been found that plant secondary 


metabolites should promote growth and feed 


utilization efficiency of fish through the 


D C 


B A 
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improvement of feed intake, digestive 


enzyme activities and beneficial 


gastrointestinal bacteria (1-4).    


Previous reports indicated N. nucifera 


contains alkaloids, essential oils, flavonoids 


and saponins (6-8). Pharmacological studies 


revealed that N. nucifera produced 


antioxidative, antimicrobial, antiviral and 


anti-inflammatory activities as well as 


immunomodulatory (6-8). Thus, the growth-


promoting property of NNSE could be 


attributed to, at least in part, phytochemical 


contents present in the extract including 


alkaloids, flavonoids, essential oils and 


saponins (9,11). Furthermore, other factors 


like antioxidative, antibacterial and 


immunomodulatory properties of N. nucifera 


could support the growth promoting effects of 


the plant extract by improving overall health 


of fish (11). 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 2. Effects of dietary NNSE at the levels of 0.1 (B), 0.5 (C) and 1% (D) NNSE on 


posterior intestinal morphology of Catfish fed for 7 weeks compared to control (A). Scale bar = 


500 µm.


4.2 Effects on intestinal morphology 


The results of this research indicated that the 


application of NNSE on Catfish diets had 


positive effects on intestinal villi and goblet 


cells of the intestines. It is well known that 


intestinal villi play a key role in digestion and 


absorption of essential nutrients functioned by 


specific digestive enzymes (12,14). In 


addition, goblet cells synthesize and secret 


gel-forming mucins to coat and protect the 


lining of intestinal epithelium from both 


physical and biological damages (14). Thus, 


the increases of villus height and the density 


of the goblet cells of Catfish fed NNSE 


supplemented diets could lead to support the 


growth promoting potential of NNSE in this 


present study. Heidarieh et al. (15) found that 


dietary Ergosan significantly enhanced 


intestinal villi, goblet cells and lipase activity 


of rainbow trout (Oncorhynchus mykiss), 


resulting the improvement of growth 


performances and body composition of this 


fish species. Pirarat et al. (14) reported that 


Nile tilapia fed activated charcoal-


supplemented diet significantly increased the 


foregut and midgut villus height when 


compared to the control diet. They 


hypothesized that activated charcoal could 


A B 


D C 
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improve the digestion and absorption of food 


ingredients and deplete some toxins and 


impurities from the gastrointestinal tract of 


fish (14). It is generally accepted that 


increased villus height is associated with 


increased surface area of the gut (12,14,15). 


Therefore, substances affect intestinal 


morphology by increasing the villus height 


could be used as a growth promoting agent in 


fish cultivation (14). 


4.3 Adverse effects of plant extract 


Feeding behavior and feeding acceptability of 


fish observed in the treatment groups were the 


same as the control group. Dietary NNSE had 


no effect on the relative weights of the vital 


organs. However, it was observed that 


intestinosomatic and gastrosomatic indices of 


the groups treated with NNSE were generally 


higher than the control group but did not quite 


reach a statistically significant level. 


Therefore, these results indicated that the 


application of NNSE as a feed additive to the 


fish diet in a short period is safe. Such reports 


indicated that lotus contains tannins; the 


phytochemical compounds that may decrease 


growth performance of fish (6-8). It was 


showed that common carp fed the diets 


incorporated with 2% quebracho tannin for 84 


days did not produce any signs of toxicity but 


fish fed the diets mixed with 2% tannic acid 


reduced average metabolic rate and oxygen 


consumption after day 28 of the treatment 


period (22). In addition, it was found that Nile 


tilapia fed the diets containing 15 and 25 g/kg 


of hydrolysable tannin significantly decreased 


WG, SGR and protein efficiency ratio 


compared to the control (23). Kunanusorn et 


al. (24) examined acute and subchronic oral 


toxicity of N. nucifera stamens extract in both 


male and female rats and they found that the 


extract at the concentration of 5000 mg/kg 


B.W. did not cause clinical signs of toxicity 


and mortality during the experimental period 


of 14 days. For 90 consecutive days of 


subchronic toxicity test, gross pathological 


examinations of important internal organs of 


animals and hematological indices in the 


tested groups which received the extract at the 


doses of 50, 100 and 200 mg/kg/day were 


similar to the control group (22). This study 


supports the safe use of N. nucifera stamens 


both in cosmetic products and alternative 


medicine (22). However, long term use of this 


plant in aquatic feeds should be evaluated to 


confirm its safety and efficacy (9,11). 


 


5. Conclusion 


 


This current investigation indicates that 


dietary NNSE could have positive effects on 


growth performances, feed utilization and 


intestinal morphology of Catfish. The optimal 


level of NNSE observed was 0.1%. Thus, 


these findings support the use of NNSE as a 


natural feed additive in aquaculture industry.  
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