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Introduction
Essential amino acid is one of main component in fish feed nutrition. 

In fish feed industry, the main source of essential amino acid is from fish 
meal [1]. However, the rise of fish meal cost become issue in fish feed 
industry due to the rise of fish cost. Therefore, the alternative source 
of essential amino acid should be discovered to solve the issue. Among 
economical protein source that can be considered is from plant. For 
instance, many studies have been done on the usage of soy pulp in fish 
feed industry [2]. Soy pulp is a by-product from soy milk production 
[3]. The soy pulp can be good source of essential amino acid due to 
high protein content. It was reported that soy pulp contains about 23% 
of protein [4], makes it potential source of essential amino acid in fish 
feed formulation. However, high anti-nutritional factor in plant protein 
make it barrier to use the soy pulp directly in fish feed formulation [5]. 
There are several ways decrease the level of anti-nutritional factor such 
as heat processing, roasting, extrusion, and micronization [6] including 
fermentation [7]. Fermentation has been done throughout many 
generations to obtain animal feed. Recent studies has been made to 
produce essential amino acid from another agro-industrial waste such 
as coffee, orange peel, and milk whey [8-10]. However, there is lack of 
study focusing essential amino acid production from soy pulp since soy 
pulp has limited content of essential amino acid. Therefore, this study 
was aimed to enhance essential amino acid in soy pulp. 

The aim of the present study is to enhance selected essential amino 
acid in soy pulp namely tryptophan, lysine, methionine, valine and 
isoleucine by carbon concentration and fermentation period through 
solid state fermentation for aquaculture uses. 

Materials and Methods
Microorganism 

A bacterial strain Bacillus cereus was obtained from stock culture of 
University Malaysia Kelantan, Malaysia. The strain was refreshed and 
maintained on Tryptone Soy Agar (TSA) agar plates.

Fermentation experiments 

Vegetative inoculum was used during fermentation which was 
prepared by inoculating a loopful of bacteria from the plates into 10 mL 
of universal bottle containing Tryptone Soy Broth (TSB). The universal 
bottles were incubated in incubator at 30°C for 24 hrs.

Fermentation media were prepared in a 250 mL of Erlenmeyer 
flask (soy pulp, 95.5%; yeast extract, 2%; ammonium sulphate, 2%; 0.5% 
glucose v/v). The hydrolysate was prepared individually by preparing 
0.5% (v/v). The media were inoculated with bacterial strain and mixed 
with hydrolysate thoroughly [11]. The flasks were incubated for 8 days at 
room temperature (27-30°C) [12]. The fermented soy pulps taken were 
analysed for the enhancement of tryptophan, lysine, methionine, valine 
and isoleucine.

Quantification of essential amino acid

The quantitative analysis of isoleucine, valine, methionine, lysine 
and tryptophan were carried out using acidic ninhydrin method 
[13,14]. The fermentation products were collected on day 0, 4, 8, and 
12 of fermentation to quantify tryptophan, lysine, methionine, valine 
and isoleucine content. About 5 g of each sample was homogenized 
with 10 mL of sterilized distilled water and left for 10 mins to obtain 
the supernatant. The supernatant was filtered using membrane with 
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Abstract
Essential amino acids are important in aquatic animal growth rate. Hence, this study was carried out to find out 

the enhancement of five selected essential amino acid namely tryptophan, lysine, methionine, valine and isoleucine 
by carbon concentration and fermentation period in soy pulp for aquaculture uses. In the present study, fermentation 
medium containing (soy pulp, 95.5%; yeast extract, 2%; ammonium sulphate, 2%; 0.5% glucose v/v) were subjected 
to solid state fermentation for fermentation period screening (0 day, 4 days, 8 days, and 12 days) inoculated with 
Bacillus cereus (MH027625). To acknowledge, the soy pulp, yeast extract and ammonium sulphate is in powder 
form. Out of four fermentation periods, 8 days of fermentation was the best period of fermentation for maximum total 
essential amino acid enhancement (42.9 ± 19.5 gL-1). This medium was further supplemented with different type 
of carbon sources (glucose, sucrose, and molasses) at 0.5% v/v to increase total enhancement of essential amino 
acid. The best carbon source (sucrose) was then further supplemented with different concentration (0%, 2%, 4%, 
6%, 8%, and 10% v/v) to increase total enhancement of essential amino acid. Finally, total essential amino acids 
were successfully enhanced with 43.1 ± 1.63 gL-1 of production after 8 days of fermentation supplemented with 2% 
sucrose.
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pore size of 0.45 µm. Sample preparations were done in 5 mL capped 
pyrex tubes. About 50 µL of supernatant from samples were mixed with 
550 µL of ninhydrin reagent. The content of Pyrex tubes were heated 
in 100°C water bath for one hour and let to cool to room temperature. 
After that, 1600 µL of glacial acetic acid was added into the tubes to 
dissolve the coloured products. The data of absorbance reading of 
tryptophan, lysine, methionine, valine and isoleucine were taken at 
specific wavelength (tryptophan,340 nm; lysine, 470 nm; methionine, 
480 nm; valine, 510 nm; and isoleucine, 570 nm) [14-16] using UV Vis 
Spectrophotometer. The data of absorbance reading of each amino acid 
was converted into concentration using standard plot of the amino acid. 
The known concentration of tryptophan, lysine, methionine, valine and 
isoleucine were prepared using same method as sample preparation to 
obtain standard plot of concentration versus absorbance reading. In 
this study, total protein content is not determined.

Statistical analysis

The result of EAA concentration collected from each isolate 
in this study were analysed by using analysis of two way (ANOVA), 
with p<0.05, followed by Tukey tests using statistical software package 
Minitab version 17.0. 

Results and Discussion
In the present study, fermentation period at day 8 gave the highest 

production of total essential amino acids (42.9 ± 19.5 gL-1) (Table 1). 
Decreased production of total essential amino acids was observed after 
fermentation start and reached the lowest level at day 4 (8.0 ± 2.94 gL-1). 
However, further fermentation resulted in improved production of total 
amino acids (42.9 ± 19.5 gL-1) at day 8. After day 8, the production was 
observed to be decreased (22.4 ± 4.54 gL-1). The decreased in the total 
essential amino acid production can be explained by the utilization of 
available free amino acids by the bacteria strain as carbon and nitrogen 
sources [17]. 

Sucrose gives the highest and significant effect on total essential 

amino acid production compared to glucose and molasses with 
production of (43.1 ± 1.63 gL-1) (Table 2). However, a study carried 
out the overproduction from genetically engineering Escherichia coli 
reported that there is significant overproduction of amino acid when 
using glucose as carbon source [18]. In addition, a study of fermentation 
characterization of E. coli also reported that glucose has significant 
effect towards amino acid production [19]. Furthermore, molasses was 
reported gave significant effect on amino acid overproduction when 
using concentration of 10% (w/v) [20]. The contra finding from the 
present study can be explained as sucrose is completely hydrolized to 
glucose and sucrose [21] throughout fermentation. Sucrose has the 
highest and significant effect on lysine production. Similar finding 
of lysine production by Corynebacterium glutamicum was reported 
which sucrose has higher effect (8%) in producing lysine compared to 
glucose [22]. This is due to higher secretion of by products with high 
rate of substrate intake but low production of lysine in TCA cycle 
from glucose carbon source. Therefore, high rate of input uptake with 
low rate of output leads to overflow of energy in central metabolism. 
The lower level of by-products such as lactate can tell the efficiency of 
carbon flow in central metabolism. When sucrose is supplied as carbon 
source, it was gradually hydrolysed into glucose and fructose, making it 
tolerant to glycolysis [23]. In addition, sucrose has high relative osmotic 
pressure. Usually, glucose is a good carbon source for growth. However, 
this study reveals that solid state fermentation of soy pulp by Bacillus 
cereus prefer sucrose more than glucose. This was due to tolerance 
of bacteria to turn on glycolysis instead of TCA cycle and oxidative 
phosphorylation that would cause accumulation of acetic acid which 
can reduce cell growth and methionine production [24]. Similar finding 
was recorded where sucrose give best amino acid production compared 
to glucose, fructose, maltose and glycerol [25] using. This is due to low 
accumulation of acetate as by-product in isoleucine production when 
sucrose is supplemented in fermentation medium compared to other 
type of carbon sources tested. In addition, the inoculum may have rapid 
utilization of glucose due to simple structure of sugar compared to other 
carbon source that will lead to high accumulation of acetate which 

Day Tryptophan (gL-1) Lysine (gL-1) Methionine gL-1) Valine (gL-1) Isoleucine (gL-1) Total (gL-1)
0 1.9 ± 0.18 1.4 ± 0.38 7.4 ± 2.36 7.8 ± 1.93 3.6 ± 0.56 22.2 ± 5.05
4 2.4 ± 0.67 0.5 ± 0.12 2.0 ± 0.82 2.6 ± 1.07 0.6 ± 0.96 8.0 ± 2.94
8 1.9 ± 0.01 1.4 ± 0.52 11.8 ± 5.55 17.2 ± 8.39 10.6 ± 5.06 42.9 ± 19.5
12 2.3 ± 0.03 1.0 ± 0.14 6.3 ± 1.23 8.0 ± 1.70 4.8 ± 1.45 22.4 ± 4.54

Table 1: Effect of fermentation period for the production of tryptophan, lysine, methionine, valine and isoleucine.

Day Tryptophan (gL-1) Lysine
 (gL-1) Methionine (gL-1) Valine  (gL-1) Isoleucine  (gL-1) Total (gL-1)

Control 1.9 ± 0.07a 0.9 ± 0.01bc 5.2 ± 0.03bc 7.4 ± 0.27b 7.4 ± 0.54bc 22.9 ± 0.33bc

Glucose 2.0 ± 0.03a 0.8 ± 0.04 4.5 ± 0.21 6.5 ± 0.16 5.3 ± 0.39 19.1 ± 0.32
Molasses 2.0 ± 0.04a 1.1 ± 0.09ab 6.7 ± 0.66b 7.1 ± 1.00b 8.6 ± 0.49b 25.5 ± 0.91b

Sucrose 2.1 ± 0.04 1.3 ± 0.08a 9.6 ± 0.60a 16.5 ± 0.94a 13.7 ± 0.92a 43.1 ± 1.63a

Table 2: Effect of different carbon sources for the production of tryptophan, lysine, methionine, valine and isoleucine.

Sucrose 
concentration (% v/v) Tryptophan  (gL-1) Lysine (gL-1) Methionine (gL-1) Valine (gL-1) Isoleucine (gL-1) Total (gL-1)

0 1.9 ± 0.07 0.9 ± 0.01a 5.2 ± 0.03 7.4 ± 0.27 7.4 ± 0.54b 22.9 ± 0.33b

2 2.0 ± 0.03a 1.0 ± 0.04a 6.5 ± 0.61a 8.7 ± 1.07a 7.3 ± 0.92a 43.1 ± 1.63a

4 2.1 ± 0.04 1.3 ± 0.08 9.6 ± 0.60 16.5 ± 0.94 16.7 ± 0.92 21.6 ± 3.45b

6 1.8 ± 0.24 0.9 ± 0.11 5.5 ± 0.91ab 7.2 ± 1.17b 6.2 ± 1.03b 25.8 ± 2.21
8 1.8 ± 0.27a 1.1 ± 0.17 6.5 ± 1.23 8.5 ± 1.50 7.7 ± 1.45 22.8 ± 1.73
10 2.0 ± 0.02a 1.0 ± 0.07a 5.7 ± 0.58ab 7.7 ± 0.98b 6.3 ± 0.72 25.6 ± 2.63

Table 3: Effect of sucrose concentration for the production of tryptophan, lysine, methionine, valine and isoleucine.
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is wasting the efficiency of isoleucine central metabolism. Therefore, 
sucrose which has little complex structure is preferable by bacteria for 
amino acid production. 

The present study found that, total essential amino acid increasing 
linearly until sucrose concentration reach 2% v/v and declined when 
sucrose concentration is increased (Table 3). This is because too high 
concentration of initial carbon source can lead to osmotic stress 
problems which can lead to carbohydrate transport and carbon flux 
distribution [19]. Similar finding was reported where close percentage 
of sucrose (3-5% v/v) gave the highest concentration of amino acid 
[24]. It was due to decreasing of relative osmotic pressure when 
cultivation is going on. However, contra finding were reported where 
the best sucrose concentration for amino acid is 0.9% with isoleucine 
production of 11.95 gL-1 [25] using E. coli as inoculum. This is due to 
difference in osmotic pressure exerted by sucrose to different type of 
bacteria. Therefore, the optimum osmotic pressure should be further 
studied for B. cereus isolated in this study.

Conclusion
Fermentation period 8 days of soy pulp solid state fermentation was 

successfully identified in which can enhance total essential amino acid. 
In addition, the best carbon source for soy pulp solid state fermentation 
is sucrose with concentration 2% v/v. The finding of this study is 
important in fish feed formulation for aquaculture use due to more 
economic source of essential amino acid being used, which is soy pulp 
compared to fish meal. 
Acknowledgement

The author wishes to thank the Ministry of Higher Education for fully funded 
this project under the grant scheme R/NRGS/A0.7.00/00387A/006/2014/000152; 
the Aquaculture Laboratory and Microbiology Laboratory, Faculty of Agro Based 
Industry. 

References

1. Silvão CF, Nunes AJP (2017) Effect of dietary amino acid composition from 
proteins alternative to fishmeal on the growth of juveniles of the common snook, 
Centropomus undecimalis. Revista Brasileira de Zootecnia 46: 569-575.

2. Basri MB, Noor MN (2015) The potential of soy pulp (Okara) as alternative 
protein source to tilapia fish (Oreochromis spp.) 2: 1.

3. Li B, Qiao M, Lu F (2012) Composition, nutrition, and utilization of Okara 
(Soybean Residue). Food Rev Int 28: 231-252.

4. Montilha MS, Sbroggio MF, Figueiredo VRG, Ida E (2017) Optimization of 
enzymatic protein hydrolysis conditions of okara with endopeptidase Alcalase. 
Int Food Res J 24: 67-1074.

5. Soetan K, Oyewole O (2009) The need for adequate processing to reduce the 
anti- nutritional factors in plants used as human foods and animal feeds: A review. 
Afr J Food Sci 3: 223-232.

6. Newkirk R (2010) Soybean: Feed industry guide. 1st edition, Canadian International 
Grains Institute 2: 1.

7. Junyi Q,  Fuyuan Z (2008) Research on the processing of microbial protein feed by 
mixed culture solid-state fermentation on soybean waste. J Feed Industry 22: 11.

8. Mussatto S, Ballesteros L, Martins S, Teixeira J (2012) Use of agro-industrial 
wastes in solid-state fermentation processes. Industrial Waste pp: 123-140.

9. Matano C, Meiswinkel TM, Wendisch VF (2014) Amino acid production from 
rice straw hydrolyzates. Wheat and Rice in Disease Prevention and Health, 
San Diego: Academic Press, USA pp: 493-505.

10. Sánchez-Roque Y, Pérez-Luna Y, Pérez-Luna E, Hernández RB, Saldaña-
Trinidad S (2017) Evaluation of different agro-industrial waste on the effect of 
different carcass characteristics and physiological and biochemical parameters 
in broilers chicken. Vet World 10: 368-374.

11. John RP, Nampoothiri KM, Pandey A (2006) Solid-state fermentation for L-lactic 
acid production from agro wastes using Lactobacillus delbrueckii. Process 
Biochem 41: 759-763.

12. Tamang JP, Chettri R, Sharma RM (2009) Indigenous knowledge on North-East 
women on production of ethnic fermented soybean foods. Ind J Trad Knowl 
8:122-126.

13. Chinard FP (1952) Photometric estimation of proline and ornithine. J Biol Chem 
199: 91-95.

14. Ali NM, Shakoori FR, Shakoori AR (2011) Improvement in cysteine production 
by local bacterial isolates. Pak J Zool 43: 805-808.

15. Hsieh CL, Hsiung KP, Su JC (1995) Determination of lysine with ninhydrin-ferric 
reagent. Anal Biochem 224: 187-189.

16. Shakoori FR, Butt AM, Ali NM, Zahid MT, Rehman A, et al. (2012) Optimization 
of fermentation media for enhanced amino acids production by bacteria isolated 
from natural sources. Pak J Zool 44: 1145-1157.

17. Yu Li, Hu D, Chen S, Lei X, Zhang X, et al. (2015) Production of amino acids 
by mixed bacterial strains-mediated solid-state fermentation of feathers and 
dynamic changes to the fermentation system. Ann Appl Biosci pp: 207-218.

18. Shen TY, Liu Q, Xie X, Xu Q, Chen N (2012) Improved production of tryptophan 
in genetically engineered escherichia coli with TktA and PpsA overexpression. J 
Biomed Biotechnol p: 605219.

19. Wang J, Huang J, Shi J, Xu Q, Xie X, Chen N (2013) Fermentation 
characterization of an L-tryptophan producing Escherichia coli strain with 
inactivated phosphotransacetylase. Ann Microbiol 63: 1219-1224.

20. Shasaltaneh MD, Moosavi-Nejad Z, Gharavi S, Fooladi J (2013) Cane molasses 
as a source of precursors in the bioproduction of tryptophan by Bacillus subtilis. 
Iran J Microbiol 5: 285.

21. Afoakwa EO, Kongor JE, Takrama J, Budu AS (2013) Changes in nib 
acidification and biochemical composition during fermentation of pulp pre-
conditioned cocoa (Theobroma cacao) beans. Int Food Res J 20: 1843-1853.  

22. Kiefer P, Heinzle E, Wittmann C (2002) Influence of glucose, fructose and 
sucrose as carbon sources on kinetics and stoichiometry of lysine production 
by Corynebacterium glutamicum. J Ind Microbiol Biotechnol 28: 338-343.

23. Odunfa S, Adeniran S, Teniola O, Nordstrom J (2001) Evaluation of lysine and 
methionine production in some lactobacilli and yeasts from ogi. Int J Food 
Microbiol 63: 159-163.

24. Chen N, Huang J, Feng ZB, Yu L, Xu QY (2009) Optimization of fermentation 
conditions for the biosynthesis of L-threonine by Escherichia Coli. Appl Biochem 
Biotechnol 158:595-604.

25. Wang J, Wen B, Xu Q, Xie X, Chen N (2015) Optimization of carbon source 
and glucose feeding strategy for improvement of L-isoleucine production by 
Escherichia coli. Biotechnol Biotechnol Equip 29: 374-380.

https://doi.org/10.1590/s1806-92902017000700003
https://doi.org/10.1590/s1806-92902017000700003
https://doi.org/10.1590/s1806-92902017000700003
http://umkeprints.umk.edu.my/4325/
http://umkeprints.umk.edu.my/4325/
https://doi.org/10.1080/87559129.2011.595023
https://doi.org/10.1080/87559129.2011.595023
https://www.feedipedia.org/node/6472
https://www.feedipedia.org/node/6472
http://en.cnki.com.cn/Article_en/CJFDTOTAL-FEED200822011.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-FEED200822011.htm
https://www.semanticscholar.org/paper/6-Use-of-Agro-Industrial-Wastes-in-Solid-State-Ballesteros-Martins/6686508fa5cc01c745733de13efb94da2bbf4c28
https://www.semanticscholar.org/paper/6-Use-of-Agro-Industrial-Wastes-in-Solid-State-Ballesteros-Martins/6686508fa5cc01c745733de13efb94da2bbf4c28
https://pub.uni-bielefeld.de/record/2560061
https://pub.uni-bielefeld.de/record/2560061
https://pub.uni-bielefeld.de/record/2560061
https://doi.org/10.14202/vetworld.2017.368-374
https://doi.org/10.14202/vetworld.2017.368-374
https://doi.org/10.14202/vetworld.2017.368-374
https://doi.org/10.14202/vetworld.2017.368-374
https://doi.org/10.1016/j.procbio.2005.09.013
https://doi.org/10.1016/j.procbio.2005.09.013
https://doi.org/10.1016/j.procbio.2005.09.013
http://nopr.niscair.res.in/handle/123456789/2983
http://nopr.niscair.res.in/handle/123456789/2983
http://nopr.niscair.res.in/handle/123456789/2983
https://doi.org/10.1021/ac60061a018
https://doi.org/10.1021/ac60061a018
https://www.researchgate.net/publication/258023047_Improvement_in_Cysteine_Production_by_Local_Bacterial_Isolates
https://www.researchgate.net/publication/258023047_Improvement_in_Cysteine_Production_by_Local_Bacterial_Isolates
https://doi.org/10.1006/abio.1995.1027
https://doi.org/10.1006/abio.1995.1027
https://pdfs.semanticscholar.org/e302/d80675dd9ad5c93537daef004f3095ee8f7f.pdf
https://pdfs.semanticscholar.org/e302/d80675dd9ad5c93537daef004f3095ee8f7f.pdf
https://pdfs.semanticscholar.org/e302/d80675dd9ad5c93537daef004f3095ee8f7f.pdf
https://doi.org/10.1007/978-3-662-46318-5_23
https://doi.org/10.1007/978-3-662-46318-5_23
https://doi.org/10.1007/978-3-662-46318-5_23
https://doi.org/10.1155/2012/605219
https://doi.org/10.1155/2012/605219
https://doi.org/10.1155/2012/605219
https://doi.org/10.1007/s13213-012-0579-4
https://doi.org/10.1007/s13213-012-0579-4
https://doi.org/10.1007/s13213-012-0579-4
https://www.researchgate.net/publication/259961310_Cane_molasses_as_a_source_of_precursors_in_the_bioproduction_of_tryptophan_by_Bacillus_subtilis
https://www.researchgate.net/publication/259961310_Cane_molasses_as_a_source_of_precursors_in_the_bioproduction_of_tryptophan_by_Bacillus_subtilis
https://www.researchgate.net/publication/259961310_Cane_molasses_as_a_source_of_precursors_in_the_bioproduction_of_tryptophan_by_Bacillus_subtilis
https://pdfs.semanticscholar.org/8f7f/2de7f0f1bf2ed3c7af2ea8a75f4ef5d4c945.pdf
https://pdfs.semanticscholar.org/8f7f/2de7f0f1bf2ed3c7af2ea8a75f4ef5d4c945.pdf
https://pdfs.semanticscholar.org/8f7f/2de7f0f1bf2ed3c7af2ea8a75f4ef5d4c945.pdf
https://doi.org/10.1038/sj/jim/7000252
https://doi.org/10.1038/sj/jim/7000252
https://doi.org/10.1038/sj/jim/7000252
https://doi.org/10.1016/s0168-1605(00)00320-2
https://doi.org/10.1016/s0168-1605(00)00320-2
https://doi.org/10.1016/s0168-1605(00)00320-2
https://doi.org/10.1007/s12010-008-8385-y
https://doi.org/10.1007/s12010-008-8385-y
https://doi.org/10.1007/s12010-008-8385-y
https://doi.org/10.1080/13102818.2015.1006899
https://doi.org/10.1080/13102818.2015.1006899
https://doi.org/10.1080/13102818.2015.1006899

	Abstract
	Corresponding Author
	Introduction
	Materials and Methods 
	Microorganism  
	Fermentation experiments  
	Quantification of essential amino acid 
	Statistical analysis 

	Results and Discussion 
	Conclusion 
	Acknowledgement 
	Table 1
	Table 2
	Table 3
	References 

