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Exopolysaccharides (EPSs) are synthesized various organisms, including bacteria. These EPSs are used as
emulsifying agents in various industries and a search of novel food grade isolate is also a continuous pro-
cess. In this line of investigation, EPS producing Lactobacillus lactis was used for this study. A potent
exopolysaccharide producing Lacobacillus lactis was isolated from milk sources. EPS production was opti-
mized by traditional method initially. Further EPS production was optimized by response surface
methodology. Antioxidant properties of the isolated EPS were analyzed. Among various bacterial isolates,
L. lactis showed ability to produced maximum amount of exopolysaccharides. Addition of 1% (w/v) mal-
tose enhanced the production of EPS. The nitrogen sources (1%, w/v) such as, ammonium sulphate, casein,
skim milk and oat meal stimulated the production of EPS. EPS yield was enhanced for the components of
culture medium like gelatine (0.78%), copper sulphate (0.039%) and maltose (0.31%) in optimized med-
ium using Central Composite Design. The isolated EPS showed antioxidant property. Results suggest that
EPS and the organism have wide application in food industry.
� 2019 The Author. 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

Polysaccharides synthesized by plants, bacteria and algae are
mainly used as emulsifying agents and enhance the texture and
consistency in milk processing industry. Exopolysaccharides
(EPS) has much more attractive additive in food industry and
widely used as food thickeners (Zhang et al., 2011; Ilavenil et al.,
2015). Because of this property, it is widely used in food industry.
Also, lactic acid bacteria (LAB) synthesized various types of
exopolysaccharides (EPSs) and EPS play predominant role in
yoghurt preparation. Lactobacillus is considered as the Generally
Regarded as Safe (GRAS) organisms. Because of this tag, EPS pro-
duced by Lactobacillus sp. is widely used in food fermentation. This
EPS is generally safe and widely used to improve the stability of
various foods. EPS are also reported to have various novel thera-
peutic properties, such as antioxidant, antitumor, antibiofilm,
cholesterol lowering, immunostimulatory and immunomodulatory
activities (Adebayo-tayo and Onilude, 2008; Al-Dhabi et al., 2016;
Al-Dhabi 2019a; Al-Dhabi et al., 2019c). The important source of
LAB is milk and it synthesis various products other than lactic acid,
like exopolysaccharides. EPS secreted by microorganisms has
attained muchmore attention in recent years, because of the secre-
tion of this polymer, improve the properties of various fermented
food. Hence, screening of novel probiotic strains of commercial
value for the formulation of various functional foods is of great
importance (Jensen et al., 2012; Al-Dhabi et al., 2018; Al-Dhabi
et al., 2019b). Probiotic bacteria mainly alter the microbial balance
in the intestine because of the secretion of antibiotics and lactic
acids, act as immune stimulant, enhance resistance and stimulate
digestion process. Probiotic bacteria have been screened and iso-
lated from various sources, including milk of goat (Setyawardani
et al., 2013; Arasu et al., 2017; Arasu et al., 2019c; Arasu et al.,
2013), sheep milk (Iranmanesh et al., 2012) and breast milk
(Martin et al., 2005; Oda et al., 1983), has been reported earlier.
Bacteria generally synthesized by various EPSs and these EPS have
potent ecological and physiological function. LAB EPS is widely
used in the preparation of fermented food products. Also LAB EPS
has anti-ulcer, anti-tumor and reduce cholesterol (Nagaoka et al.,
1994; Kitazawa et al., 1998). In some cases, EPS involved in unde-
sirable ropiness of various products namely, beer, wine and cider.

LAB strains utilize various sugars for the production of EPS as
the sole source of carbon (Xu et al., 2010). The culture medium
components, mainly nitrogen and carbon sources supported EPS
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production (De Vuyst et al., 1998). LAB utilized various medium
such as, sago starch, whey permeate medium and sugar beet
molasses and these EPS have various applications in food process-
ing industries (Yeesang et al., 2008). The bioprocess factors includ-
ing pH of the medium, nitrogen source, carbon source, incubation
temperature and ionic source effectively support the growth of
LAB and EPS production. Traditional method (one variable at a time
approach) has been widely used to optimize the physical and fac-
tors to enhance the production of EPS. However, this method has
several demerits to locate optimum factors in bioprocess condi-
tions. Hence, statistical methods have been widely used to opti-
mize the bioprocess conditions (Lee and Gilmore, 2005). Among
the statistical designs (Ruchi et al., 2008), Central composite design
(CCD) is widely used for the production of various biomolecules
(Mohana et al., 2008), including enzymes (Burkert et al., 2004)
and polysaccharides (Zou, 2005). In this study, EPS production
was optimized by statistical approach and antioxidant property
was analyzed.
2. Material and methods

2.1. Bacterial strain and culture

In our study, Lactobacillus lactis was isolated by standard
method from the fermented milk by MRS agar plates. Liquid cul-
ture was obtained by culturing the bacterial strain in M-17 broth
for 18 h at 37 ± 2 �C and was stored at 2–8 �C. The bacterial strain
was sub cultured periodically.
2.2. Biosynthesis and isolation of EPS

The selected bacterial strain was inoculated in skimmed milk
medium and sterilized the culture medium. After that it was cooled
and inoculated by incubating the Erlenmeyer flasks at 37 �C for
24 h. After 24 h of incubation the culture medium was incubated
with trichloroacetic acid (12%) and incubated for overnight. Then
the bacterial proteins and culture were removed from the extract
by centrifugation (10,000�g, 15 min). Then EPS was separated
from the cell free supernatant by adding ice cold ethanol (three
volumes) and incubated for 2 days at ice cold conditions. Finally,
precipitated EPS was centrifuged and added double distilled water.
The pellet was further dissolved in water and dialyzed using 8–
10 kDa molecular weight cut off membrane. The final product
was lyophilized and has been used for other experiments.
2.3. Analysis of antioxidant property of EPS from LAB

In this study, antioxidant property was analyzed as suggested
by Mitsuda et al. (1966). The reagent mixture containing ammo-
nium molybdate (4 mM), sodium sulphate (28 mM), and sulphuric
acid (0.6 M) in 250 mL double distilled water. EPS was diluted
appropriately (5–7.5 mg/ml) and dissolved in 1 mL double distilled
water. Finally the absorbance of the sample was read at 695 nm
and compared with standard (ascorbic acid).
2.4. Optimization of process parameters by traditional method

In this study the EPS production was optimized by including 1%
carbon and nitrogen sources, and 0.1% minerals. The culture med-
ium was supplemented with pre calculated carbon, nitrogen and
ions and sterilized. After sterilization, the bacterial strain was inoc-
ulated and incubated for 7 days. EPS was extracted and assayed as
described previously.
2.5. Optimization of EPS production by statistical approach

The variables namely, maltose, gelatine and copper sulphate
were selected for optimization of EPS by statistical approach based
on the outcome of one-variable-at-a-time approach. The experi-
ment was designed using Design-Expert software. CCD and RSM
have been widely applied to determine optimum factors and this
method is highly precise, economical, and efficient and saves time
(Vijayaraghavan and Vincent, 2014, 2015). The selected indepen-
dent variables for the production of EPS was evaluated at five dif-
ferent levels, which is tabulated (Table 1). The selected individual
variables and codes were based on the following equation.

xi ¼ Xi� X0ð Þ=DX; i ¼ 1; 2; 3 ð1Þ
where xi = coded value of the variable Xi, X0 = value of Xi at the cen-
tre point; DX = step change

This designed experimental model consists of 20 experimental
runs and the designed matrix is tabulated in Table 2. Three inde-
pendent experiments were performed and an average value was
considered for analysis. The interactive relationship between the
selected variables can be expressed by the following equation.

Y ¼ b0 þ
X3

i¼1

biXi þ
X3

i¼1

biiX
2
i þ

X3

ij¼1

bijXij ð2Þ

where Y = predicted response; a0 = intercept term; x1, x2 and x3 are
independent variables; a1, a2 and a3 are linear coefficients. Finally
multiple regression analysis was performed to analyze the vari-
ables. The goodness of fit was also calculated and the coefficient
(R2) was also analyzed. Analysis of variance was performed to study
the significance of this designed model. 3D response surface graph
was made to visualize the interaction between selected variables.

3. Results

3.1. Screening and identification of Lactobacillus lactis isolated from
fermented milk

In this study, the bacterial strain, Lactobacillus lactiswas isolated
and screened for hyper production of EPS. The potent bacterial
strain was identified by molecular approach and biochemical tests.
Among various bacteria tested, this organism significantly pro-
duced large amount of polysaccharides. Subsequently this bacterial
strain was used for further optimization studies.

3.2. One variable time method optimization to screen the process
variables

The process parameters were initially tested by one variable at a
time approach. Among the carbon sources, addition of maltose
enhanced EPS production than other tested carbon sources
(4.29 mg/ml) (Fig. 1). From the selected nitrogen sources, supple-
mentation of gelatine significantly enhanced EPS production
(5.13 mg/ml) (Fig. 2). The ions such as, Cu2+, Ca2+, Zn2+, Mn2+ and
Mg2+ enhanced EPS production (Fig. 3).

3.3. Optimization of EPS production by Central composite designs
(CCD) and statistical analysis

The variables and levels were summarized in Table 3. In this
study, experiment was designed for optimization of three variables
using design expert software. The selected factors were copper sul-
phate (A), maltose, (B) and gelatine (C) and 20 experimental trials
were performed (Table 1). Analysis of variance was performed to
evaluate the significance of this model and the model F value
4.25 implied that the designed model was statistically significant



Table 2
Experimental design and results of CCD for the production of EPS.

Run Factor 1 Factor 2 Factor 3 EPS (mg/ml)
A:Moisture % B:Maltose % C:Gelatin %

1 0 0 0 11.2
2 0 1.30681 0 17.1
3 0 0 0 21.1
4 �1 1 �1 13
5 0 0 0 22.2
6 �1 �1 1 4.1
7 0 �0.206807 0 6.02
8 0 0 0 11.3
9 �1 1 1 1.7
10 1 �1 1 7
11 1 1 1 12.1
12 0 0 0 14.2
13 0 0 0 12.2
14 �1 �1 �1 1.1
15 100.227 0 0 5.2
16 0 0 1.30681 2.3
17 49.7731 0 0 1.8
18 0 0 �0.206807 8
19 1 1 �1 7.91
20 1 �1 �1 2.01

Fig. 2. Effect of nitrogen sources on EPS production.

Fig. 3. Effect of ions on EPS production.Fig. 1. Effect of carbon sources on EPS production.

Table 1
The factors and levels (low and high) selected for central composite design and response surface methodology.

Variables Symbol Coded values

�a �1 0 1 +a

Copper sulphate A �0.206 0.01 0.055 1.0 0.13
Maltose B �0.206 0.1 0.55 1 1.30681
Gelatin C �0.206 0.1 0.55 1 1.30681
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(Table 3). The lack of fit of this designed model for the production
of EPS was not significant.
3.4. Analysis of antioxidant activity of EPS

EPS from Lactobacillus has antioxidant potential. The antioxi-
dant potential of partially purified EPS was analyzed. At increasing
concentration of EPS antioxidant activity enhanced. The selected
dose of EPS was 5–7.5 mg/ml. The antioxidant potential of EPS
exhibited dose dependent manner within the concentration range
of 5–7.5 mg/ml. The antioxidant activity was comparable with the
activity of ascorbic acid (Fig. 5).
4. Discussion

Biosynthesis of EPS is performed intracellularly and secreted
out to the environment at various climatic conditions. Although



Fig. 4. The 3D-response surface plots of EPS yield (mg/ml) between copper sulphate and maltose (a), gelatine and copper sulphate (b) and gelatine and maltose (c).

Table 3
ANOVA for the experimental results of the CCD.

Source Sum of Squares df Mean Square F-Value p-Value

Model 6.14E+02 9 6.82E+01 4.25 0.0169 Significant
A-Moisture 1.61E+01 1 1.61E+01 1.01E+00 0.3396
B-Maltose 1.12E+02 1 1.12E+02 7 0.0245
C-Gelatina 5.55E+00 1 5.55E+00 0.35 0.5693
AB 2.80E�01 1 2.80E�01 0.018 0.8972
AC 3.82E+01 1 3.82E+01 2.38 0.1537
BC 2.85E+01 1 2.85E+01 1.78 0.212
A2 2.56E+02 1 2.56E+02 15.98 0.0025
B2 2.69E+01 1 2.69E+01 1.68 0.2242
C2 1.90E+02 1 1.90E+02 11.87 0.0036
Residual 1.60E+02 10 16.03
Lack of Fit 35.43 5 7.09 0.28 0.9034 Not significant
Pure Error 1.25E+02 5 24.97
Cor Total 7.74E+02 19

Fig. 5. Antioxidant activity of EPS from Lactobacillus lactis.
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EPS from bacteria has been studied widely, however the knowl-
edge of bacterial EPS is limited (Sutherland, 2001). The traditional
method of optimization of EPS production has been reported ear-
lier, however statistical approach on EPS production is limited. In
recent years, optimization of EPS production has been carried out
by CCD, Plackett-Burman design, orthogonal matrix method, frac-
tional factorial design and Box-Behnken design to enhance EPS
production (Feng et al., 2010). In fermentation process, pH of the
culture medium is an important factor which critically influenced
on EPS production and has been reported by Wang and McNeil
(1995). In EPS production, fungi required acidic pH value for
enhanced EPS production (Arasu et al., 2019a; Arasu et al.,
2019b; Arokiyaraj et al., 2015; Boovaragamoorthy et al., 2019);
Ilavenil et al., 2015). The carbon source of the culture medium pos-
itively influenced on EPS production because the important com-
ponent of EPS is composed of sugars. Although various sugars,
including glucose, lactose, maltose, sucrose, xylose, galactose, fruc-
tose, mannitol, cellobiose for enhanced production of EPS, maltose,
glucose and sucrose were most significant factors on EPS produc-
tion. Among the nitrogen sources analyzed for theproduction of
EPS, corn steep powder and yeast extract significantly influenced
on EPS production (Mahapatra and Banerjee, 2013). The inorganic
ions such as, ammonium sulphate, potassium nitrate, and diammo-
nium oxalate monohydrate were frequently used for the produc-
tion of EPS. Among the various nitrogen sources evaluated, the
salts of ammonium were more effective than other salts from inor-
ganic origin (Seviour et al., 1992). In a study, the salts such as,
sodium nitrate was found to be highly suitable for the production
of EPS by Epicoccum nigrum (Schmid et al., 2001; Gurusamy et al.,
2019; Roopan et al., 2019; Valsalam et al., 2019; Ilavenil et al.,
2015; Balachandran et al., 2015). Also, KH2PO4 and K2HPO4

enhanced EPS production in fungi (Mahapatra and Banerjee, 2013).
3D surface plot shows the influence of copper sulphate andmal-

tose on EPS production. However, gelatine did not show any poten-
tial impact on EPS production. In this experiment the amount of
EPS produced by the bacterial isolate was significantly enhanced
by the addition of maltose and copper sulphate at certain level
and declined at higher concentrations (Table 3). The significant
impact of gelatine and maltose and their interactive effects on
EPS production was shown in Fig. 4c. 3D response surface plot
has been used earlier to analyze the optimized factors (Wu et al.,



1276 M.A. Almalki / Journal of King Saud University – Science 32 (2020) 1272–1277
2007). The isolated EPS showed antioxidant activity and showed
more than 60% activity compared with standard. Kullisaar et al.
(2002) reported the significance of natural source of antioxidants
to reduce oxidative stress. EPS also useful to prevent various dis-
eases also showed antioxidant activity (Dinis et al., 1994).

5. Conclusion

In the present investigation, the important nutrient parameters
were optimized by Central Composite Design and Response surface
methodology. EPS produced by Lactobacillus lactis showed promis-
ing antioxidant activity. CCD and RSM significantly enhanced EPS
production. New Lactobacillus sp. should be used to find their
potential for maximum EPS production and antioxidant properties.
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