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The body to build proteins can use L-Glutamic acid (L-GA). Earlier it was obtained from plant sources, later
on microbes have been explored for the production. Corynebacterium glutamicum is a prominent organism
used to harvest the glutamic acid. Submerged fermentation was adopted for L-GA production. Various
nitrogen/carbon substrates used to find out the best nitrogen and carbon source. Statistical methods
especially RSM (response surface method) stayed employed for the effect of various factors such as inocu-
lum size, urea, glucose and salt on the L-GA production. As per the preliminary studies, urea and glucose
were chosen as carbon and nitrogen sources. Further, the optimum values have been maximally docu-
mented in the glucose (50 g/L), then urea (10 g/L), 19.24% of salt solution and 5% of inoculum size.
Maximum Yield of L-GA is produced through RSM-16.49 g/L. The experimental L-Glutamic acid produc-
tion was 16.36 g/L at an optimum condition that compared well to the maximum predicted values by
RSM (16.499 g/L). Non-linear regression quadratic model was developed for the L-GA synthesis; the
methodology was validated statistically and the determination coefficient (R2) was found to be 0.991.
Thus the study identified the potential carbon and nitrogen source for a higher yield for L-GA using C. glu-
tamicum under submerged fermentation and also this method minimizes the time for optimizing the
medium components statistically.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The preparation of amino acids by microbiological ways is
highly beneficial because the product would be purely optically
active. Glutamic acid is a non-essential and multifunctional amino
acid that plays a vital role in neurotransmitter signaling, a precur-
sor for other amino acids like proline and arginine, gastric function,
taste discernment and also intermediatory metabolism. Similarly,

L-GA is the first kind of amino acid that was produced commer-
cially. Nowadays the L-GA is largely produced using microbial fer-
mentation. However, chemical synthesis of L-GA is not entertained
due to the formation of a racemic mixture of glutamate (i.e. both D
and L-GA) and sometimes that to not of food grade. In the begin-
ning, L-GA was isolated from gliadin through acid hydrolysis by
the German chemist (Ritthausen, 1866). Later, A Japanese chemist
(Ikeda, 1908) found, GA was used for enhancing, ‘‘konbu”, alterna-
tively known as Laminaria Japonica, which is used for centuries in
Japan for the formulation of soup stocks. In the year 1909, GA with
salted form was finalized commercially in trade popularly know as
‘‘Ajinomoto” (Ault, 2004), used in the form of monosodium-
glutamate (MSG) for improving the flavor and taste in processed
foods, vegetables, meat, etc (Hirasawa and Shimizu, 2017). Nowa-
days the utilization of L-GA increased in multiple industries such as
food industries, biochemical processing, cosmetic and pharmaceu-
tical industries (Hermann, 2003). L-GA is mainly imported amino-
acid (aa) in India. During the past decade(s), L-GA synthesis directly
from micro-organisms by fermentation process was becoming
popular. By using the microorganisms, the overall global produc-
tion of L-GA is increased to fifteen lakhs tons/annum (Shimizu
and Hirasawa, 2006). Several strains belong to Corynebacterium
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and Brevibacterium are broadly used for the conversion process,
which was utilized for the bioprocessing industry to yield various
amino acids involving GA (Kumar et al., 2013). Microbial excretion
of L-GA increased when the fermentation media fed with
ammonia-rich substrate becoming the standard method for the
production of commercial MSG. Whereas, the major challenges
and the limitation faced by the industries are overall cost of amino
acid production and manual process optimization are time-
consuming and require more experimental runs. Over a period of
years, L-GA producing microorganisms were isolated and subse-
quent research resulted in fermentative process for the production
of L-GA (Kinoshita et al., 2004; Shyamkumar et al., 2014; Zareian
et al., 2012). Almost the L-glutamic acid available commercially is
being produced by fermentation process. Thus there is a need for
advanced statistical approaches to explore and identify the poten-
tial substrates available for the efficient production of L-GA within
an appropriate time and production cost.

The literature survey reported that there were a number of sub-
strates used for the synthesis of glutamic acid. Glutamic acid was
synthesized from palm waste hydrolyzate supplemented with glu-
cose using Brevibacterium lactofermentum (Das et al., 1995). Cas-
sava starch (Jyothi et al., 2005) and sugar-cane bagasse (Amin
and Al-Talhi, 2007) are considered as one of the agriculture waste
materials, which are all utilized as a cheap source for the synthesis
of L-GA using Corynebacterium glutamicum under submerged fer-
mentation conditions (Tavakkoli et al., 2012). As a possible
approach to improve the economic production of glutamic acid it
is necessary to exploit the economic production methodologies.
Most of the earlier studies on the production of GA are used for
the conventional method known ‘‘as one factor at a time” for the
design of the multifactorial experiment in the production of GA
(Jyothi et al., 2005). Usually, the single-dimensional study is
lengthy, prolonged, and incompetent for attaining an accurate
optimal due to overlooking an interrelation amongst the variables.
For solving this specific kind of problems RSM was implemented to
study the consequence of individual factors and their interactive
effect on glutamic acid production (Hirasawa and Shimizu, 2017;
Sunitha et al., 1998; Tavakkoli et al., 2012). Hence, the present
study describes the influence of independent variables and their
interactive influences in GA production in sub-merged fermenta-
tion process.
2. Materials and methods

2.1. Microorganism

The stock culture of C. glutamicum NCIM2168 was obtained
from NCIM Institute, Pune, India. The culture was stored in
nutrient-agar slants with a regular subculture. 100-mL of sterile
medium (nutrient broth) in 250 mL flask transferred from the agar
slant aseptically.
2.2. Selection of carbon/nitrogen source

Appropriate carbon and nitrogen source for GA synthesis
selected with various carbon sources (glucose, fructose, lactose,
sucrose and wheat bran) and various nitrogen sources (ammonium
sulfate, ammonium chloride, soybean meal, potassium nitrate and
urea) supplemented individually in the basal medium
(K2HPO4-1 g/L, MgSO47H2O-2.5 g/L, MnSO4�7H2O-0.1 g/L,
CaCO3-1.6 g/L). The production medium was prepared with the
basal medium which was supplemented with various carbon and
nitrogen sources. The fermentation medium was inoculated and
incubated in a shaking incubator at 200 rpm at 30 �C for two days.
After the incubation period, centrifugation (10,000g for 15 min)
was performed to remove cells and the supernatant was used for
assessment of GA.

2.3. Estimation of GA

GA in culture medium was detected by using thin layer chro-
matography using the solvent ratio of 4:1:1 (n-butanol: acetic
acid: water). The pray solution is known as 0.02% ninhydrin solu-
tion, used to apply in the spots and further the colorimetric estima-
tion method was employed to estimate the GA in the suspension
(Spies, 1957).

2.4. Response surface methodology

Initially, the various carbon and nitrogen sources are evaluated
by one at a time approach and the input variable which has a sig-
nificant effect on L-GA production by C. glutamicum was identified.
Similarly, the significant variables are taken into consideration and
the response surface methodology was employed to study the indi-
vidual and interactive effects of the chosen parameters on L-GA
production. A set of 31 experiment was designed using
face-centered central composite design (FCCCD) to determine the
optimum concentration of input variables for the maximum L-GA
production. This statistical approach is applied to evaluate the
key, interaction and quadratic effects of the factors. Each parame-
ter were studied at 2 different levels i.e., minus/plus one to low and
high values. These converted variables for �/+ is confirmed as
coded variables without the unit of measurement (Vining, 1999).
Based on the below formula the transformation will be used

Z ¼ x� xmin þ xmaxð Þ=2½ �
xmax þ xminð Þ=2½ � ð1Þ

x ¼ Z
xmax � xminð Þ

2
þ xmax þ xminð Þ

2
ð2Þ

From this equation, we defined X-natural variable; Z-coded
variable; x-min/max; min and max values for natural variables.
Design expert (6.0.10) software was used for the experimental
design and the analysis of variance (ANOVA) was generated. The
regression coefficient for the non-linear quadratic effect of individ-
ual variables and their interactive effects on L-GA synthesis were
determined. The significance of the model developed was judged
statistically by computing the coefficient of determination (R2)
and associate probability p-value (i.e. <0.05).
3. Results and discussion

Recently, the study suggests that C. glutamicum an excellent
producer of GA in the fermentative process could be a possible
approach to improve the economic production for the growing
demand. Similarly, different kinds of substrates and raw materials
were used to enhance the production GA. However the efficient
fermentation conditions dependent on the statistical optimization
studies. To further enhance the GA production we applied media
optimization study statistically to determine the significant car-
bon, nitrogen, inoculum size and salt requirement at the optimized
condition for the maximum yield. Thus, among all carbon sources
studied, the C. glutamicum produced maximum yield of GA in glu-
cose (10.3 g/L), followed by sucrose (8.7 g/L) and fructose (6.8 g/L)
(Table 1). Wheat bran has the influence of decreased GA produc-
tion. Among the various nitrogen sources, urea (8.5 g/L) favored
maximum GA production, followed by potassium nitrate (4.2
g/L), ammonium sulfate (3.8 g/L). Therefore, glucose and urea were
chosen on the basis of carbon cum nitrogen, for the design and
optimization of medium components. It was reported that glucose



Table 1
Effect of carbon and nitrogen sources on GA.

Nutrient source Glutamic acid (g/L)

Carbon source (1%)
Glucose 10.3
Fructose 6.8
Lactose 5.9
Sucrose 8.7
Wheat bran 3.1

Nitrogen source (1%)
Ammonium sulfate 3.8
Ammonium chloride 3.6
Soybean meal 3.3
Potassium nitrate 4.2
Urea 8.5
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and urea used as carbon cum nitrogen foundations directly influ-
encing GA synthesis and increased the consumption of glucose
after 48 h fermentation about 90% glucose (Nampoothiri and
Pandey, 1996) with Brevibacterium spp. Another report revealed
that the production of GA is increased due to glucose consumption
with urea as a nitrogen source (Joseph and Rao, 1973). Nitrogen
source is opted through micro-organisms and carbon source
through the observed yields. The GA production from hydrolyzed
waste of cassava shows higher yield because of the high concentra-
tion of glucose content and availability of different nitrogen source
especially urea which enhances the productivity of organisms
(Jyothi et al., 2005). As mentioned earlier, the glutamic acid is
one of the amino acid largely produced worldwide about fifteen
lakhs tons/annum in the form of MSG (Seasoning salt). The MSG
is used variably in all food industry for the enhancement of food
flavour and taste. Similarly, Polyglutamic acid (PGA) is an another
commercial product produced from the polymerization of glutamic
Table 2
RSM experimental design.

Run Order Coded variables

X1 X2 X3 X4

1 1 1 1 �1
2 1 1 �1 �1
3 1 �1 1 1
4 �1 1 1 �1
5 �1 1 �1 �1
6 �1 �1 �1 1
7 �1 �1 �1 �1
8 1 �1 �1 1
9 1 1 1 1
10 1 �1 1 �1
11 �1 1 1 1
12 �1 1 �1 1
13 �1 �1 1 �1
14 �1 �1 1 1
15 1 �1 �1 �1
16 1 1 �1 1
17 1 0 0 0
18 �1 0 0 0
19 0 1 0 0
20 0 �1 0 0
21 0 0 �1 0
22 0 0 1 0
23 0 0 0 1
24 0 0 0 �1
25 0 0 0 0
26 0 0 0 0
27 0 0 0 0
28 0 0 0 0
29 0 0 0 0
30 0 0 0 0
31 0 0 0 0

Note: X1 – Glucose g/L; X2 – Urea g/L; X3 – Salt solution v/v; X4 – Inoculum size v/v.
acid. In recent years, the PGA and its derivatives have been great
interest of study due to its wide range of commercial applications
in the field of food, water purification, cosmetics, healthcare etc
(Shih et al., 2002).

3.1. Optimization by response surface methodology

The submerged fermentation process used for the synthesis of
glutamic acid from C. glutamicum. Preliminary experiments on
GA synthesis by C. glutamicum indicated that the most significant
parameters were carbon source and nitrogen source, along with
this salt solution (minerals) and inoculum volume were also
included for optimization studies. These four factors considered
as the independent variables and their influences on GA synthesis
reviewed using an RSM. The optimized results for FCCCD experi-
ment in this study are influenced by (i) glucose, (ii) urea, (iii) salt
solution and (iv) inoculum size on production GA, tabulated in
Tables 3 and 4 clubbed with both the predicted cum observed val-
ues. The attained regression equation after ANOVA analysis con-
firmed as R2-99.61%, which confirmed an acceptable alteration
for the quadratic model, experimental data indicates as 98.56% of
the variability in the response model.

Using the design expert software, co-efficient of the regression
equation was obtained. The production of L-GA value for R-0.98
and it shows a perfect correlation among the predicted values by
statistical model and experimental of GA synthesis (Table 2), and
ANOVA confirmation analysis is shown in Table 3.

Y ¼ 10:3406� 0:0464X1:106X2 � 0:102X3 � 0:210X4

þ 0:0035X2
1 þ 0:053X2

2 � 0:0104X2
3 � 0:0651X2

4

þ 0:0008X1X2 þ 0:0025X1X3 þ 0:003X1X4 þ 0:032X2X3

þ 0:066X2X4 þ 0:0118X3X4 ð3Þ
Glutamic acid yield (g/L) Residual value

Experimental value Predicted value

15.11 14.79 0.32
12.98 13.37 �0.39
12.80 13.00 �0.2
5.23 5.53 �0.3
6.12 5.80 0.32
5.22 5.43 �0.21
6.11 6.23 �0.12
13.33 13.28 0.05
16.36 16.50 �0.14
12.45 12.61 �0.16
6.77 6.76 0.01
6.24 6.33 �0.09
3.67 3.56 0.11
3.60 3.46 0.14
13.70 13.59 0.11
14.44 14.37 0.07
14.79 14.46 0.33
6.11 5.90 0.21
9.71 9.52 0.19
8.34 7.99 0.35
8.23 7.98 0.25
7.99 7.70 0.29
8.76 8.39 0.37
8.11 7.94 0.17
8.27 8.43 �0.16
8.32 8.43 �0.11
8.24 8.43 �0.19
7.09 8.43 �1.34
8.24 8.43 �0.19
8.89 8.43 0.46
8.30 8.43 �0.13



Table 3
Analysis of Variance for Glutamic acid production.

Term Coeff SE Coeff T P-Value

Constant 8.42488 0.1364 61.783 0.000
X1 4.27556 0.1083 39.462 0.000
X2 0.76722 0.1083 7.081 0.000
X3 �0.13667 0.1083 �1.261 0.225
X4 0.22833 0.1083 2.107 0.051
X1
2 1.75443 0.2853 6.148 0.000

X2
2 0.32943 0.2853 1.154 0.265

X3
2 �0.58557 0.2853 �2.052 0.057

X4
2 �0.26057 0.2853 �0.913 0.375

X1 X2 0.04875 0.1149 0.424 0.677
X1 X3 0.42250 0.1149 3.676 0.002
X1 X4 0.12000 0.1149 1.044 0.312
X2 X3 0.60000 0.1149 5.221 0.000
X2 X4 0.33000 0.1149 2.872 0.011
X3 X4 0.17625 0.1149 1.534 0.145

Source DF Seq SS Adj SS Adj MS F P

Regression 14 367.735 367.735 26.2668 124.31 0.000
Linear 4 340.917 340.917 85.2292 403.35 0.000
Square 4 15.694 15.694 3.9236 18.57 0.000
Interaction 6 11.124 11.124 1.8540 8.77 0.000
Residual Error 16 3.381 3.381 0.2113
Lack-of-Fit 10 1.641 1.641 0.1641 0.57 0.797
Pure Error 6 1.740 1.740 0.2901
Total 30 371.116

Table 4
Estimated Effects and Coefficients for Glutamic acid (coded units).

Term Coeff Se Coef T P

Constant 8.42488 0.1364 61.783 0.000
X1 4.27556 0.1083 39.462 0.000
X2 0.76722 0.1083 7.081 0.000
X3 �0.13667 0.1083 �1.261 0.225
X4 0.22833 0.1083 2.107 0.051
R2 = 99.61% R2(adj) = 98.56%
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Where Y – GA production (response); X1 glucose, X2 urea, X3 salt
solution and X4 inoculum size.

As shown in Table 3 & 4 the prediction model was statistically
significant, F = 124.31, p < 0.001, (R2 = 0.99, Adjusted R2 = 0.98),
confirming the adequacy of the model fits (Nampoothiri and
Pandey, 1996; Vining, 1999). The significance of each term was
determined by p-value, as seen in this table the terms X1, X2, X1

2,
X1 X3, X2 X3, and X2X4 were significant with p-values (p < 0.05).
The other term coefficients were not significant (p > 0.05).

The surface plot representing the interaction of glucose and
urea shown in Fig. 1a. The 3D response plot clearly indicates that
the L-GA productivity and growth of culture were increased with
a higher concentration of glucose and urea in the fermentation
medium. The yield of L-GA is observed to be higher at the glucose
concentration 45–50 g/L. Likewise, the study reported the L-GA
production using Micrococcus glutamicus and Pseudomonas rep-
tilivora is highly influenced by the ratio of glucose and urea con-
centration in the fermentation medium and the optimal levels of
medium components were: 61.5575 kg/m3 glucose, 7.3272 kg/m3

urea and 1.783 lg/dm3 biotin (Sunitha et al., 1998). Similar, find-
ings documented the importance of glucose and urea in the media
constituents for the maximum production of L-GA are reported
elsewhere (Joseph and Rao, 1973; Kumar et al., 2013;
Nampoothiri and Pandey, 1998; Shyamkumar et al., 2014). Simi-
larly, the inoculum size also found to be a significant factor for glu-
tamic acid synthesis. The inoculum size increases simultaneously
growth and production also increased. As shown in Fig. 1c, the pro-
ductivity is increased initially but the ratio of salt and urea
increased, the production is gradually decreased. Fig. 1d demon-
strates effect of glucose and salt concentration on GA production.
From this figure, it is reveled that the concentration of glucose
and salt increased with an appreciable growth and production of
GA. Urea and salt concentration also facilitated the productivity
up to some level and evenly the productivity decreased in later
stages (Fig. 1e). Fig. 1f showed no considerable variation in GA syn-
thesis noted with higher concentrations of inoculum. Thus, the
interaction among inoculum size and substrate concentration as
well as salt urea influence the production of GA. Inoculum is a sig-
nificant factor for the fermentation process (Perego et al., 2003).
Reportedly the physiology of microorganisms in the various inocu-
lum sizes can affect the production (Parton and Willis, 1990). This
revealed that inoculum size does not give a limitless influence on
the fermentation. Depending on the different microorganisms
and fermentation units being used the optimum values being
appeared (Reddy et al., 2008).

3.2. Validation of the model

As per the statistical and regression model equation, it has been
confirmed as glucose 50 g/L, urea 20 g/L, salt solution 19.24% (v/v)
and inoculum size, 5% (v/v). In these optimized states, the pre-
dicted response for glutamic acid synthesis was observed as
16.4996 g/L, and the detected experimental value (based on the
repeated experiments conducted at the optimum levels of each
variables) was found to be 16.36 g/L. These results corroborated
that the validity of the predicted values by the statistical model
and the experimental values were quite close.

4. Conclusion

In this study, one factor at a time approach was used to choose
the significant carbon and nitrogen sources for the maximum pro-
duction of L-GA using C. glutamicum. Further, the statistical
approach as RSM was used to study the effect of process parame-
ters and their optimised conditions for the maximum L-GA produc-
tion. The optimised condition that yield maximum L-GA
production was observed as 16.36 g/L. Thus the statistical tools



Fig. 1. Three-dimensional response surface plot showing interaction effects of the selected fermentation factors on GA production by C. glutamicum (a) glucose vs urea, (b)
glucose vs inoculum size, (c) urea vs salt solution, (d) glucose vs salt solution, (e) urea vs inoculum size and (f) salt solution vs inoculum size. In the all above figures, only two
factors mentioned on x and y axes were varied and other two factors were kept at its center level.
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(FCCCD) provides the maximum information needed with short
number of experimental runs in less time could economically sup-
port the production industry in fermentation processes. However,
this approach gains to produce a maximum yield of GA in the pro-
duction of large-scale industries.
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