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ABSTRACT 

Background dan obyektif: Glutamate is a non-essential amino acid, as one of the basic tastes 

for improving umami, serves as a building block of protein and physiological functions of the 

body. Increased use of glutamate in animal feed causes glutamate to rise global. Lactobacillus 

plantarum VM is a lactic acid bacteria origin Minangkabau fermented foods producing 

glutamate. Increased of production glutamate from Lactobacillus plantarum VM can be done by 

improving nutrition and the environment. The aim of the study was to obtain the optimization for 

glutamate producing by Lactobacillus plantarum VM. Materials and Methods: the research 

was designed in the form of laboratory experiment descriptive and repeated 3 times. Results: the 

optimum pH, incubation time, temperature, optimization of carbon and nitrogen source. The 

results of this study showed that optimum pH 5.5 (161.519 mg/L), 36 h incubation time, 36oC 

(350.001 mg/L), 11% glucose (566,535 mg / L) and 0.5% peptone (680.525mg / L). ). 

Conclusion: optimization of initial pH of the media, incubation time, temperature, source C and 

source C can increase glutamate production. 
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INTRODUCTION 

The use of amino acids as a feed supplement in animal feed was many practiced. One of 

the amino acids that has been given to animal feed is glutamate. Glutamate is a non-essential 

amino acid, as one of the basic tastes to enhance umami and building as building blocks of 

protein1,2. Apart from its role as a flavor enhancer and building blocks of protein, glutamate acts 

as a neurotransmitter in the brain and has a number of physiological functions3. Glutamate as a 

dietary supplement has been widely given to broilers. The addition of glutamate in broiler ration 

can increase body weight, decrease mortality, crude protein ration and fossil ammonia4,5,6. In 

addition to improving performance, glutamate can also improve carcass quality. According to 

Berres et al.7; Fujimura et al.9 giving glutamate can lower abdominal fat, reduce bruising in 

carcasses and increase the taste umami of meat. 

Increased use of glutamate as feed supplement for livestock causes increased glutamate 

demand globally. According to Sono9 total world glutamate production with fermentation is 

estimated 2 million tons/y. Glutamate is an amino acid that dominated demand and was valued 

over USD 8 billion in 201410. So, it is necessary to innovate to increase glutamate production. 

Innovations that can be done to increase glutamate production with new organisms, increasing 

the nutrient content of the media and the growth environment11,12. According to Niaz et al.13; 

Zareian at al.14 temperature, pH and incubation time affect glutamate production. Glu is excreted 

by many bacteria in response to different nutritional conditions, and then influenced by the 
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concentration of C and N in the medium. Nadeem et al.15 suggests that the optimization of C 

and N sources can increase glutamate fermentation using various sources of carbon and nitrogen 

in the production medium. One of the bacteria that can produce glutamate is Lactobacillus 

plantarum VM. 

Lactobacillus plantarum VM is a lactic acid bacteria (LAB) isolated from Minangkabau 

fermented food.  To increase the production of glutamate, it is necessary to optimize the 

production of Lactobacillus platarum VM. The purpose of this study was to obtain optimization 

of glutamate production by improving the nutrient content of medium and growth environment 

of Lactobacillus platarum VM. 

MATERIALS AND METHODS 

Microbes and Medium Content 

In this study using Lactobacillus platarum VM bacteria isolated in Minangkabau 

fermented foods. Lactobacillus platarum VM is a collection of bacteria in previous studies. 

Lactobacillus platarum VM in culture on MRS broth medium. 

Optimizing Glutamate Production 

Glutamate production with mineral contained (g/ L): 1 g KH2PO4, 0.4 g MgSO4 _ 7H2O, 0.01 g 

FeSO4 _ 7H2O and 0.01 g MnSO4 _ 4-5H2O16. Optimization of first glutamate production, pH 

of medium. To decrease the pH using 2 M NaOH and raise 2 M HCl, pH values 3, 3.5, 4, 4.5, 5, 

5.5, 6, 6.5 and 7). Second, the optimum temperature (30 ° C, 33 oC, 36 oC, 39 oC, 42 oC, and 

45oC). Third, incubation time (12, 24, 36, 48,60, 72, 96,108) h. Fourth, determination of carbon 

source and dose. Carbon sources are used glucose, sucrose, maltose and lactose. After the best 
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carbon source, and then determination of optimum concentration of carbon source (1%, 3%, 5%, 

7%, 9%, 11%,13%, 15%). The five determinations of sources and concentration of nitrogen, 

nitrogen sources (peptone, yeast extract, skim milk, NH4NO3, and KNO2). After obtaining the 

best nitrogen source, then dilalukan determination of optimum dosage of nitrogen source. 0,1%, 

0,3%, 0.5%, 0.7%, 0.9%, 1 % 1.1%, 1.3%, 1.5%. 

Determination of Glutamate Content 

 Quantitative measurements of glutamate were performed using HPLC analysis by the 

method described by Yang et al.17. The mobile phase comprises a mixture of 60% solution A 

(aqueous solution of 10.254 g of sodium acetate, 0.5 ml tri-ethhylamine and 0.7 ml of acetic acid 

in 1000 ml, final pH of 5.8), 12% solution B (acetonitrile) and 28% solution C (aquabides). 

Gradient HPLC separation was performed on a Shimadzu (Kyoto, Japan) LC 20AT apparatus. A 

Prevail C18 column was used during the analysis. The mobile phase for the gradient elution was 

pumped at 0.6 mL/min flow rate and 27 °C temperature, and glutamic acid detection was 

performed at 254 nm. 

Experimental design 

 The research was designed in the form of laboratory experiment descriptive and repeated 

3 times. 

RESULTS AND DISCUSSION 

Optimum pH Medium 

Optimizing the production of glutamate by growing Lactobacillus plantarum VM isolates 

at different pH (pH 2 to 7) can be seen in Figure 1. 

The results show that at pH 2 to 7 isolates can still grow which is indicated by turbidity 

formed on the medium and glutamate produced. The optimum pH of growth of Lactobacillus 
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plantarum VM in this study was acid (pH 5). According to Zareian et al.14 acid pH can trigger 

the gdh gene on LAB to produce higher glutamate. The pH of growth medium of Lactobacillus 

plantarum VM is different compared to other studies. As Zareian et al.18 reported the optimum 

pH of LAB for glutamate production is pH 4.5. Furthermore, pH 6 is the optimum condition of 

Lactobacillus plantarum to produce glutamate19.  

Medium pH is an important factor of Lactobacillus growth in biological processes and 

glutamate production20, 21. Decreased initial pH of the media may inhibit the growth of 

Lactobacillus, thereby causing a redirection of 2-oxoglutarate efflux to glutamate production 

which increases glutamate excretion19,22. In addition to gene and growth factors, glutamate 

production increases due to Lactobacillus plantarum producing ammonia when the acidic 

environment, which contributes to the pH of homeostasis so as to survive microorganisms 

through neutralizing pH23. So that the ammonia produced can be used to form glutamate. 

 Incubation Time 

 The incubation time of Lactobacillus plantarum VM can be seen in Figure 2. The best 

incubation time was 36 hours with production 260,551 mg / L. The incubation time in this study 

differs from several other studies. Lawal et al.24 reported the optimum incubation time of 

Bacullus spp is 96 h. Added Zaraien et al.18 the best incubation time Lactobacillus plantarum 96 

h with glutamate production 1.032 mmol. Furthermore, Ahmad et al.25 100 hours is the best 

incubation time in producing glutamate. 

 The optimum time difference of bacterial growth in producing glutamate is influenced by 

the growth of Lactobacillus cells. According to Nampoothiri et al.26 the growth of Lactobacillus 

cells increases exponentially between 18 and 72 h of fermentation in MRS broth medium. This 

stage is recognized as a log phase or exponential phase. Exponential growth phase at a certain 
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time limit. This is because the nutrients of the medium will decrease, the nutrients used for 

bacterial growth will affect the production of glutamate produced18. In addition, differences in 

bacterial strains and media nutrition are another factor responsible for the difference in 

outcomes14. 

Optimum Temperature 

 To determine the optimum temperature of Lactobacilus plantarum VM in producing 

glutamate in incubation at temperature (30, 33, 36, 39, 42, 43) oC.  The effect of temperature on 

glutamate production can be seen in Figure 3. 

  The results showed that the optimum temperature of Lactobacilus plantarum VM 

in producing glutamate was 36oC (366.76 mg / L). There is a difference in the production of 

glutamate with temperature shifts can be seen in Figure 2. The optimum temperature obtained in 

this study is different from that reported by other studies. According to Ahmet et al.26 31oC is the 

optimum temperature of Corybacterium glutamicum in producing glutamate. Furthermore, 

Zareian et at.14; Lawal et al.24 states that the optimum temperature of Lactobacillus plantarum in 

producing glutamate is 37oC and 32oC is the optimum temperature of Bacullus Spp.  

 The occurrence of differences in glutamate production of each temperature change 

caused every microbial has the optimum temperature, maximum and minimum for its growth. If 

the environment temperature is less than the minimum temperature or greater than the maximum 

temperature of its growth then the enzyme activity will stop even at too high a temperature will 

occur enzyme denaturation27. According to Lehniger et al.28 low temperatures decrease the 

fluidity of cell membranes by increasing the fraction of fatty acids containing shorter carbon 

chains and cis-double bonds. This change in lipid composition increases the fluidity of the lipid 

double layer in the cell membrane and will increase the transport of metabolites and nutrients to 
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the same level as normal growth temperatures. So with an increase in membrane fluidity will be 

achieved and increasing the temperature of cultivation will increase the production of 

glutamate11. The same is conveyed by Uy et al.29 Increasing the temperature of cultivation can 

inhibit the complex dehydrogenase a-ketoglutarate. Thus it causes the transfer of 2-oxoglutarate 

flux to glutamate production and thus increases the excretion of glutamate22. 

Carbon Source Optimization 

Determination of the best carbon source which comparing some carbon sources to 

produce glutamate. The carbon sources used in this study were glucose, lactose, sucrose and 

maltose. Once selected the highest carbon source to produce glutamate, then done the 

determination of the optimum concentration (1,3,5,7,9,11,13,15)%. The effect of carbon source 

and optimum concentration can be seen in Figure 4 and Figure 5. 

 The results showed the best carbon source for glutamate production was glucose 351.14 

mg / L. However, it is not much different when compared with sucrose which produced 150 

mg/L of glutamate. The difference in glutamate production results due to the ability of microbes 

to deregulate carbon sources. According to Nadeem et al.16 each microbe has a different 

metabolism in the degredation of carbon sources which affects the formation of biomass 

(production of primary or secondary metabolites) produced. Research on the production of 

glutamate from carbon sources has been reported that glucose is the best source of carbon in 

producing glutamate 14.24. high glutamate production because bacteria changed glucose through 

the Krebs cycle intermediates30. Glucose can be changed to pyruvic acid through glycolysis, 

TCA cycle and electron transport chain 31. However, different results reported by Kiefer et al.32 

fructose and sucrose are the best carbon sources in producing glutamate. Thus, the growth and 

production activity of glutamate from microbes can be influenced with available carbon sources. 
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Glucose is the best source of carbon in producing glutamate and and then upgraded to 

determine optimal glucose concentration. The effect of glucose concentration on glutamate 

production can be seen in Figure 7. The results showed that glucose optimum concentration was 

11% higher than other studies. The best glucose concentrations obtained in this study were lower 

than that of Zareian et al., 18 with a concentration of 12% carbon source. The high production of 

glutamate at 11% concentration is due to microbial growth itself. This was also stated by 

Nampoothiri et al.26 the utilization of sugars in the medium by bacteria will continue in 

accordance with the growth pattern.  

Optimization of Nitrogen Source 

 Determination of the best nitrogen source which comparing the sources of nitrogen 

(pepton, yeast extract, skim milk, NH4NO3 and KNO3). After obtaining the best nitrogen source 

then determined the optimum concentration of nitrogen. The nitrogen source and the optimum 

concentration can be seen in Figures 6 and 7. 

 The results showed that the best source of nitrogen in producing glutamate was peptone 

with production 415.23 mg / L. In this study, the best results obtained differ from those reported 

by Li et al.33; Nadeem et al.15 ammonium sulfate is the best source of nitrogen to produce 

glutamate. According to Savijoki et al. 34 the determination of suitable nitrogen sources is 

essential for the needs of amino acids and microbial peptides in producing glutamate. The ability 

of microbes in synthesizing nitrogen sources has an effect on the production of glutamate in the 

expression34. Furthermore, each LAB strain has a different need for each nitrogen source, 

nitrogen is an essential growth factor or a stimulating factor35,36.  

After obtaining pepton as the best source of nitrogen, then determination of pepton 

optimum concentration can be seen in Figure 10. The results showed the best pepton 
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concentration was 0.9%. Nitrogen function an important role in the fermentation of glutamate-

producing bacteria. Nitrogen is taken up to bacterial cells, then assimilated to achieve 

metabolism37. Utilization of nitrogen sources into bacterial cells through passive diffusion 

(ammonium) or active transport38. The ammonia concentration is low so that the diffusion into 

the cells becomes limited, the ammonium transporter (AmtB) activates to overcome the nitrogen 

deficiency, and the nitrogen is assimilated with glutamine syntetase39. Conversely, if high 

nitrogen concentrations, nitrogen diffusion (NH3) occur through cytoplasmic membranes. This 

will encourage the growth of bacterial cells and than nitrogen is assimilated with glutamate 

dehydrogenase to form glutamate. Thereby also De Angelis et al.40 shows that most of the 

nitrogen is assimilated by glutamate dehydrogenase to form glutamate that has been shown to 

exhibit high activity in Lactobacillus plantarum. 

CONCLUSION 

 The results show an increase in glutamate production by the optimized Lactobacillus 

plantarum VM. Optimization, adjustment of nutrients and environmental conditions affect 

glutamate fermentation resulting in increased production of glutamate. The effect of medium pH, 

incubation time, temperature, source C and source N on glutamate production. 

ACKNOWLEDGMENTS 

This study was funded by the Ministry of Research, Technology and Higher Education of 

the Republic of Indonesia through PMDSU No: 1387/E4./2015. We are very grateful to the 

Minister of Research, Technology and Higher Education of the Republic of Indonesia and the 

Rector of Universitas Andalas for their support. 

 



12 

 

 

 

REFERENCES 

1. Ymanagguchi, S., and  K. Ninomia. 2000. The use and uility of glutamat as flavoling agains 

in food. J. Nutr.,130: 921S-926S. 

2. Pierre-Andre G and  M . Yves. 2004 . Amino Acids: Beyond the Building Blocks Poult. Sci 

,.83:650-657 

3. Meffert, M.K., J.M. Chang, B.J. Wiltgen, M.S. Fanselow and D. Baltimore. 2003 . NF-κB 

functions in synaptic signaling and behavior. Nature Neuroscience., 6: 1072-1078. 

4. Zulkifli, M. Shakeri and A,F. Soleimani. 2016. Dietary supplementation of L-glutamine and 

L-glutamate in broiler chicks subjected to delayed placement. Poultry Science., 1: 1-7. 

5. Ebadiasl Gholamreza. 2011. Effects of supplemental glutamine and glutamate on growth 

performance, gastrointestinal development, jejunum morphology and Clostridium 

perfringens count in caecum of broilers. Thesis. Departement of animal nutrition and 

management, Swedish University of Agrecultural Science. 

6. Bezerra, Costa, Givisiezfreitas., S.  Goulart, Souza, Bran, Lima, , Melo, Rodrigues, Nogueira 

and  Vieira . 2016. Effect of L-glutamate acid supplementation on performance and nitrogen 

balance of broilers fed low protein diets. Jurnal of animal physiology and animal nutrition., 

100: 590–600. 



13 

 

7. Berres J, S. L. Vieira , W. A. Dozier III , M. E. M. Cortês ,R. de Barros , E. T. Nogueira and 

M. Kutschenko. 2010. Broiler responses to reduced-protein diets supplemented with valine, 

isoleucine, glycine, and glutamic acid. Poultry Science Association, Inc., 19: 68–79. 

8. Fujimura S., F. Sakai and M. Kadowaki. 2001. Effect of restricted feeding before marketing 

on taste active components of broiler chickens. Journal of Animal Science 72:  223–229. 

9. Sano, C., 2009. Histrory of glutamate production. Am J Clin Nutr., 90:728S-732S. 

10. Radian insght. 2004. Global Amino Acid Market Size Is Estimated To Reach 10.1 Million 

Tons By 2022.  http://www.abnewswire.com/pressreleases/global-amino-acids-market-to-

reach-101-million-tons-by-2022_146363.html. Retrieved 25 January 2018. 

11. Choi, S.U., T. Nihira And T.Yoshida. 2004. Enhanced glutamic acid production of 

Brevibacterium sp. with temperature shift-up cultivation. Journal of Bioscience and 

Bioengineering.,98: 211-213. 

12. Shirai, T., A.Nakato, N. Izutani, K. Nagahisa, S. Shioya, E. Kimura, Y. Kawarabayasi,  A. 

Yamagishi, T. Gojobori And H. Shimizu. 2005. Comparative study of flux redistribution of 

metabolic pathway in glutamate production by two coryneform bacteria. Metab. Eng., 7: 59-

69. 

13. Niaz Bushra, S. Nadeem, H.M. Muzammil, J.A. Khan and T. Zahoor. 2009. Optimization of 

fermentation conditions for enhanced glutamic acid production by a strain of 

Corynebacterium glutamicum NIAB BNS-14 . Pakistan J. Zool., 41(4), pp. 261-267 

14. Zareian M., E. Afshin, K.S.M. Abdul and  Nazamid . 2013. Modeling of glutamic acid 

production by Lactobacillus plantarum MNZ. Electronic Journal of Biotechnology.,16: 717-

3458. 

http://www.abnewswire.com/pressreleases/global-amino-acids-market-to-reach-101-million-tons-by-2022_146363.html
http://www.abnewswire.com/pressreleases/global-amino-acids-market-to-reach-101-million-tons-by-2022_146363.html


14 

 

15. Nadeem, S., B. Niaz. H.M. Muzammil, S.M. Rana, M.I. Rajokan and A.R. Shakoori. 2011 

optimising carbon and nitrogen sources for l-glutamic acid production by Brevibacterium 

strain NIAB SS-67. Pakistan J. Zool.,  43(2), pp. 285-290. 

16. Nakamura J., S. Hirano, H. Ito and M. Wachi. 2007. Mutations of the Corynebacterium 

glutamicum ncgl1221 gene, encoding a mechanosensitive channel homolog, induce l-

glutamic acid production. Applied And Environmental Microbiology., 73, No 14. 

17. Yang, S.Y.,F.X  Lu, Z.X Lu, X.M Bie, Y. Jiao, L.J Sun, B.Yu. 2008. Production of γ-amino 

butyric acid by Streptococcus salivarius subsp. thermophilus Y2 under submerged 

fermentation.Amino Acidsi., 34: 473–478. 

18. Zareian M, A . Ebrahimpour., F.A Bakar., A.K.S. Mohamed., B. Forghani, M.S. B. Ab-Kadir 

and N. Saari. 2012. A glutamic acid-producing lactic acid bacteria isolated from Malaysian 

Fermented foods. International Journal of Molecular Sciences., 13: 5482-5497 

19. Zacharof, M. and Lovitt, R. 2010. Development of an optimised growth strategy for intensive 

propagation,lactic acid and bacteriocin production of selected strains of Lactobacilli genus. 

Int. J. Chem. Eng.Appl.,1: 55–63. 

20. Yang En, L.Fan, J.Yan, Y.Jiang, C.Doucette, S.Fillmore and B. Walker. 2018. Influence of 

culture media, pH and temperature on growth and bacteriocin production of 

bacteriocinogenic lactic acid bacteria. AMD Express., 8:10 

21. Eggeling, L. and M. Bott. 2005. Handbook of Corynebacterium Glutamicum; CRC Press: 

Boca Raton, F, USA. 

22. Asakura, Y., E. Kimura, Y. Usuda, Y. Kawahara, K. Matsui, T. Osumi and T. Nakamatsu. 

.2007. Altered metabolic flux due to deletion of odhA causes L-glutamate overproduction in 

Corynebacterium glutamicum. Appl. Environ. Microbiol., 73: 1308–1319. 



15 

 

23. Jaichumjai, P., R. Valyasevi, A. Assavanig and  P. Kurdi. 2010. Isolation and 

characterization of acid-sensitive Lactobacillus plantarum with application as starter culture 

for Nham production. Food Microbiol., 27: 741–748. 

24. Lawal A. K., B. A  Oso, A.I Sanni and O.O. Olatunji. 2011. L-Glutamic acid production by 

Bacillus spp. Isolated from vegetable proteins. African Journal of Biotechnology., 10(27): 

5337-5345. 

25. Ahmed, Y.M.,J.A. Khan, K.A.I.  Abulnaja and A.L. Al-Malki. 2013. Production of glutamic 

acid by Corynebacterium glutamicum using dates syrup as carbon source. African Juranal 

Microbiology., 7(19): pp.2071-2077. 

26. Nampoothiri K., Madhavan and P. Ashok. 1996. Urease Activity in a Glutamate Producing 

Brevibacterium sp. Procrss Biochemistry., 31: 471-475. 

27. Sanchez-Peinado, M, J.G., B. Lopez, V. Rodelas, C. Galera, M.V. Pozo and T. Martinez. 

2008. Effect of Linear Alkylbenzene Sulfonates on the Growth of aerobic heterotrophic 

cultivable bacteria isolated from an agricultural soil. Ecotoxicology., 17 (6): 549–557 

28. Lehniger, A. L., D.L.Nelson and M.M. Cox. 1993. Principles of biochemistry, 2nd ed., p. 

268–274. Worth, New York.  

29. Uy, D., S.Delaunay, P. Germain, J.M. Engasser and J.L. Goergen. 2003. Instability of 

glutamate production by Corynebacterium glutamicum 2262 in continuous culture using the 

temperature-triggered process. Journal of Biotechnology., 104: 173-184. 

30. Rizal Y. and G. Wu. 2012. Metabolisme Protein dan Asam-Asam Amino. Padang: Andalas 

University Press.  



16 

 

31. Williams, A.G., S.E.Withers, E.Y. Brechany and J.M. Banks. 2006. Glutamic acid 

dehydrogenase activity in lactobacilli and the use of glutamic acid dehydrogenase-producing 

adjunct Lactobacillus spp. cultures in the manufacture of cheddar cheese. J. Appl. Microbiol., 

1062–1075. 

32. Kiefer, P.,E. Heinzle And C. Wittmann.2002. Influence of glucose, fructose and sucrose on 

kinetics and stoichiometry of lysine production by Corynebacterium glutamicum. J. Ind. 

Microbiol. Biotechnol., 28: 338-43. 

33. LI, P., Y.L. Yin and D. LI. 2007  Amino acids and immune function. British Journal of 

Nutrition., 98: 237- 252. 

34. Savijoki, K., H. Ingmer and P. Varmanen. 2006. Proteolytic Systems of Lactic Acid Bacteria.  

Applied Microbiology and Biotechnology.,  71:  394-406.  

35. Letort, C.  and V. Juillard. 2001. Development of a Minimal Chemically Defined Medium 

for the Exponential Growth of Streptococcus thermophiles. Journal of Applied Mi- 

cryobiology., 91: 1023-1029 

36. Barrangou, R, S. J. Lahtinen, F. Ibrahim and A. C. Ou- wehand. 2011. Genus Lactobacilli,” 

In: S. Lahtinne, S. Salmi- nen, A. Von Wright and A. Ouwehand, Eds., Lactic Acid Bacteria: 

Microbiological and Functional Aspects., 77-92.  

37. Burkovski, A. 2003. Ammonium assimilation and nitrogen control in Corynebacterium 

glutamicum and its relatives: An example for new regulatory mechanisms in actinomycetes. 

FEMS Microbiology Reviews., 27: 617-628. 

38. Meier-Wagner, J., L. Nolden, M. Jakoby, R. Siewe, R. Krämer and A Burkovski. 2001.  

Multiplicity of ammonium uptake systems in Corynebacterium glutamicum: Role of Amt and 

AmtB. Microbiology.,147: 135–143. 



17 

 

39. Jakoby, M., L. Nolden, J.  Meier‐Wagner, R. Krämer and A. A. Burkovski, A. 2000. AmtR, a 

global repressor in the nitrogen regulation system of Corynebacterium glutamicum. Mol. 

Microbiol., 37: 964–977. 

40. De Angelis, M., M. Calasso, R. di Cagno, S. Siragusa, F. Minervini and M.  Gobbetti. 2010. 

NADP-glutamate dehydrogenase activity in non-starter lactic acid bacteria: Effects of 

temperature, pH and NaCl on enzyme activity and expression. J. Appl. Microbiol., 109: 

1763–1774. 

Figure 

 

Figure 1. Effect of pH of medium on glutamate production 
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Figure 2. Effect of incubation time on glutamate production 

 

Figure 3. Effect of temperature on glutamate production 
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Figure 4. Effect of carbon source on glutamate production 

 

Figure 5. Effect of carbon concentration on glutamate production 
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Figure 6. Effect of nitrogen source on glutamate production 

 

Figure 7. Effect of nitrogen concentration on glutamate production 
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