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  Abstract : Although probiotics have been shown to improve health when consumed, recent 
studies have reported that they can cause unwanted side effects due to bacterial-human 
interactions. Therefore, the importance of prebiotics that can form beneficial microbiome in the gut 
has been emphasized. This study isolated and identified bacteria capable of producing biopoymer as 
a candidate prebiotic from traditional fermented foods.  The isolated and identified strain was 
named WCYSK01 (Wissella sp. strain YSK01). The composition of the medium for culturing this 
strain was prepared by dissolving 3 g K2HPO4, 0.2 g MgSO4, 0.05 g CaCl2, 0.1 g NaCl in 1 L of 
distilled water.  The LMBP(low molecular weight biopoymers) produced when fermentation was 
performed with sucrose and maltose as substrates were mainly consisted of DP3 (degree of 
polymer; isomaltotriose), DP4 (isomaltotetraose), DP5 (isomaltopentaose), and DP6 
(isomaltoheptaose). The optimization of LMBP (low molecular weight of biopolymer) production 
was performed using the response surface methodology. The fermentation process temperature range 
of 18 to 32oC, the fermentation medium pH in the range of 5.1 to 7.9. The yield of LMBP 
production by the strain was found to be significantly affected by q fermentation temperature and 
pH.  The optimal fermentation conditions were found at the normal point, and the production 
yield was more than 75% at pH 7.5 and temperature of 23oC.
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1. Introduction 

  A World Health Organization (WHO) report 
of October 2001 defined probiotics as "living 
microorganisms that, when administered in 
appropriate amounts, confer a health benefit 
on the host" [1,2].  In general, probiotics are 
living microorganisms that improve the 
intestinal microbiom and promote health when 
ingested [3,4]. However, recent studies have 
announced that probiotics are generally safe to 
consume, but rarely can cause unwanted side 
effects from bacterial-human interactions [1, 
5-6].
  Therefore, the importance of prebiotics that 
can form beneficial microbiomes in the 
intestine has been emphasized. According to 
the prebiotics definition, prebiotics have been 
used to refer to functional foods that are 
difficult to digest in the digestive tract and 
improve the health of the host through 
selective proliferation of certain bacteria by 
reaching the intestine [7,8]. 
   Recently, the World Prebiotics Association 
(GPA) defined prebiotics as products or 
ingredients that help the proliferation of 
beneficial microorganisms that provide health 
or functionality[9].  Among prebiotics, 
oligosaccharides such as LMBP (low molecular 
weight biopolymer) and resistant starch are the 
main sources of commonly known 
prebiotics[10-12]. In particular, fructan and 
galactan have been found to stimulate the 
growth of beneficial microorganisms in the gut 
[13].  Other dietary fibers such as pectin, [14] 
beta-glucan, and xylo-oligosaccharide are also 
in the category of prebiotics. [15]
  Weissella is a genus of gram-positive 
bacteria in the family Lactobacillaceae that 
was previously considered a species in the 
Leuconostoc paramesenteroides group[16-17].  

These strains have shown probiotic potential 
and have recently been approved for use in 
food by the Senate Committee on Food 
Safety[18].
  A study on the prebiotics properties of 
Weissella isolated from kimchi was reported to 
inhibit the proliferation of foodborne 
pathogens and adherence to intestinal epithelial 
cells[19]. A study using a similar strain 
announced that the biopoymer produced by 
this strain inhibited the proliferation of the 
major pathogens of upper respiratory tract 
infections (URTIs): Streptococcus pyogenes, 
Staphylococcus aureus, S. pneumoniae, and 
Moraxella catarrhalis [20]. Acceptor reaction 
performed by Weissella and Leuconostoc 
strains has been used for the production of 
prebiotic oligosaccharides [21-22]. It has been 
known that most of the oligosaccharides 
produced by these strains had the structure 
that is difficult to digest by digestive enzymes 
[23-26]. 
  Therefore, the purpose of this study is to 
isolate the biopoymer-producing strain from 
traditional fermented foods, to reveal the 
structural characteristics of the low- 
molecular-weight biopoymer produced using 
the receptor reaction, and to establish an 
optimal production process.
  

2. Materials and methods

2.1. Fermentation medium preparation 

and reagents

  The medium for isolating the fermentation 
strain in the experiment was MRS (Difco, 
USA). MRS solid medium was prepared by 
adding 2% (w/v) agar, and was labeled as 
MRSA (MRS plus 2% agar). When 2% (w/v) 
of sucrose as the carbon source was added, 
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the medium was marked as MRSAS. The MM 
(mineral medium)  used in this experiment 
was prepared by dissolving 3 g K2HPO4, 0.2 g 
MgSO4, 0.05 g CaCl2, 0.1 g NaCl in 1 L of 
distilled water. When yeast extract was 
included in the salt medium, it was marked as 
MMY. When 2% sucrose, a carbon source, 
was added, it was marked as MMYS. In the 
case of preparing a solid medium, it was 
marked with MMYAS as mentioned above.  

2.2. Isolation and identification of strains 

from fermented kimchi

  The fermented kimchi used in the 
experiment was purchased from the market. 
For strain isolation, a portion of the broth of 
the sample was smeared on MRSAS plate 
medium and incubated for 24 to 48 hrs at 
30oC incubator. For long-term preservation of 
the isolated prebiotic fermented strains, the 
strain solution grown in MRS was diluted in 
the same amount (750 ul) in a sterile 40% 
glycerol solution, and then put into a sterile 
Eppendorf tube and stored in a -45oC freezer. 
For the identification of the isolated strains, 
the analysis was performed by Solgent 
Company (Daejeon, Korea).  The Solgent 
provided the 16s rRNA gene sequencing and 
provided phylogenic trees. Of those strains, the 
strain that shows the best fermentation 
characteristics was finally chosen. The finally 
selected strain was named as WCYSK01 
(Wessellia cibaria YSK01).

2.3. The optimization of LMBP fermentation

  In order to obtain the optimal conditions for 
the optimal process for LMBP production 
using the WCYSK01 strain, a response surface 
methodology was applied. All experimental 
plans consisted of a total of 13 treatment 
combinations, including repeating the center 
run 5 times under the conditions of two 
independent variables such as fermentation 
temperature and pH. The central composite    
 

design was carried out according to three 
important procedures. First, an experiment was 
performed according to a designed experiment, 
second, coefficients of a model were obtained, 
and third, the suitability of the model was 
determined.
  In order to facilitate statistical processing, 
independent variables were coded as follows. 
The two variables X1 and X2 correspond to 
temperature and pH respectively. The values of 
standardization are calculated according to the 
following formula, and the calculated result 
value is denoted by Z.

       --- (1) 

X0 is the central value of the standardized 
value. ΔX is the magnitude of the value 
increasing or decreasing by one unit. As a 
result of the experiment, the multiple 
regression equation representing the optimal 
process condition is expressed as the following 
equation (2). In addition, the surface reaction 
equation was expressed as the following 
equation (3).


  



 
  



    --- (2)

 




  

                                 --- (3)
        
Statistical analysis of the results confirmed 
after the experiment was performed using 
Design Expert (Couresy: Stat-ease Inc., 
Statistics Made Easy, Minneapolis, USA). The 
values of the independent variables were set at 
17.95℃ (-1.41), 20℃ (-1), 25℃ (0), 30℃ 
(+1), and 32.05℃ (+1.41) for X1 (℃). X2 

(pH) was set to 5.09(-1.41), 5.5(-1), 6.5(0), 
7.5(+1), and 7.91(+1.41) (Table 1).
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Table 1. Levels of independent variables such as reaction temperature and ratio amount(water/ 
powdered Jerusalem artichoke tubes) in central composit design.

Xi Independent variables
Level

-1.41 -1 0 +1 +1.41

X1 Temperature (℃) 17.95 20 25 30 32.05

X2 pH 5.09 5.5 6.5 7.5 7.91

  The optimization of fermentation process 
performed under the fermentation conditions 
established from the above experimental design. 
LMPB fermentation production was performed 
in MMY medium supplemented with 2% 
sucrose, 1.0% maltose, and 0.5% yeast extract.  
The yield of LMBP produced by WCYSK01 
was calculated by dividing the total LMBP 
production by the amount of the input 
substrate. The total amount of LMBP is the 
sum of DP3, DP4, DP5, and DP6.

2.4. Batch fermentation for LMBP 

fermentation

  Batch fermentation production of LMPB was 
performed under the fermentation conditions 
established from the above experimental 
results. Using a prototype type fermenter (5L), 
LMPB fermentation production was performed 
in MMY medium supplemented with 5% 
sucrose, 2.5% maltose, and 0.5% yeast extract. 
The fermentation working volume was 3 L. 
Seed culture was prepared using 500 mL of 
MMY medium containing 3% sucrose, 1.5% 
maltose, and 0.5% yeast extract. Fermentation 
was carried out for 12 hrs at 100 rpm at 
23oC and pH 7.0, which are optimal 
fermentation conditions. During fermentation, 
samples were collected at regular intervals and 
stored in a refrigerator until used for analysis.
  After fermentation, centrifugation was 
performed at 4ºC and 10,000 rpm x 20 min. 
to remove cells. A double amount of cold 
ethanol was added to the supernatant, and the 
supernatant was collected after waiting until 
the precipitation was completed. Doubled 
amount of ethanol was added again to the 

taken supernatant to cause precipitation. This 
process was repeated 3 times. The supernatant 
obtained finally was concentrated in a vacuum 
concentrator and dried in a vacuum dryer.

2.5. Analysis of low molecular weight of 

biopolymer

  The TLC plate used to separate the sugars 
present in the fermentation broth during the 
fermentation process was Merck K Sillica gel 
60 F254 (Seoul, Korea). The sample loading 
position was marked with a pencil about 1.5 
cm from the bottom of the TLC plate. The 
TLC developing solvent was a mixture of 85 
mL methylacetate, 20 mL ethylacetate, 50 mL 
propanol, and 85 mL water. The spotting 
interval was 1.5 cm, and was lightly marked 
with a pencil in advance. Drops were loaded 
by 1 μL using a micro-pipette. After 
completion of TLC development, the plate was 
dried. The dried TLC plate was immersed in 
5% H2SO4-MeOH plus α-naphthol solution, 
and then heated in a 105oC dry oven for 10 
min. to develop color. The sugars shown in 
TLC were quantitatively and qualitatively 
analyzed using a scion image densitometer.

3. Results and Discussion

3.1. Isolation of strains

  The strain used in this study was isolated 
from commercially available fermented kimchi 
and sour craft produced in the development 
lab. Among the isolated strains, 6 strains 
producing biopolymers using sucrose as a 
substrate were finally selected (Fig. 1). Strains 
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Fig. 1. Colonies of biopolymer-producing strains isolated from sauerkraut and fermented kimchi. 
All strains showed biopoymer production when the substrate was used as sucrose. After 
analyzing the ribosomal RNA gene sequencing for 6 strains, the microbial species were 
classified and identified by comparing the homology with the GeneBank Database. Strains 
1,2,3, and 5 were identified as Leuconostoc strains 4 and 6 as Weissella strains.

Fig. 2. Cellular morphology of Weisella cibaria strain YSK01. seen under an electron microscope. 
A: 40,000 times electron microscope magnification, B: 5,000 times electron microscope 
magnification. 

1,2,3, and 5 were identified as Leuconostoc 
strains 4 and 6 as Weissella strains. Among 
these strains, the strain 6 producing branched 
oligosaccharides by receptor reaction using 
sucrose and maltose as substrates was finally 
selected. It was named Weissella cibaria strain 

YSK01, and was hereinafter referred to as 
WCYSK01. The low molecular weight 
biopolymer produced by this strain was 
expressed as LMBP. The electron microscope 
shape of the strain is shown in Fig. 2. 
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Fig. 3. TLC chromatograms and chemical structures of LMBP (Low molecular weight 
biopolymer). The produced LMBP were consisted of branched oligosaccharides such as 
DP3 (panose), DP4 (isomaltotetrose,) DP5(isomaltotetrose), DP6 (isomaltoheptose).  A: 

standards, B: oligosaccharides of LMBP produced by Weissella cibaria strain YSK01.

3.2. Structural Characteristics of LMBP 

Produced by WCYSK01

  TLC showing the structural characteristics of 
LMBP produced by WCYSK01 was presented 
at Fig. 3.  Lanes 1, 2, and 3 correspond to 
sucrose, maltose, and fructose, respectively. 
The lane of the Fig. 3A indicates the branched 
types of isomaltooligosaccharides as standards 
including DP2 (matose), DP3 (isomaltotriose), 
DP4 (isomaltotetraose), DP5 (isomaltopentaose), 
and DP6 (isomaltoheptaose).   Lane of Fig. 3B 
corresponds to oligosaccharides produced. DP 
3 to 6 are thought to be synthesized by 
dextran sucrose enzyme receptor reaction. 
According to the results of many past studies, 
glucose is bound to the receptor, maltose, and 
then glucose is continuously bound linearly. 
When a certain amount is reached, the 
synthesis stops. These products are 
oligosaccharides and their structural form is 
branched isomaltooligosaccharides. The maltose 
is considered as the residual amount after the 

receptor reaction. As a result similar to the 
results of this study, the oligosaccharides 
produced by Weissella showed a branched 
structure [24-26].

3.3. Optimization of LMBP fermentation 

  This experiment was to establish LMBP 
optimal production conditions using 
fermentation temperature and pH as process 
variables. The fermentation temperature range 
applied to the experiment was about 17.95oC 
to 32.05oC and the pH range was 5.09 to 
7.91 (Table 2.). The yield and output of 
LMBP production relied significantly on 
changes in the two variables. 
  Table 3 shows the suitability of the model 
established by the response surface analysis 
method for the ANOVA for the regression 
equation using the experimental results.  Table 
3 shows the  ANOVA results of the quadratic 
regression model. According to their results, 
LMBP production was found to be affected
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Table. 2. Experimental data of LMBP (low molecular weight biopolymer) production by Weissella 
cibaria strain YSK01

Fermentation Temperature(oC)   pH Yield of LMBP (%)

1 -1 -1 21.84 

2  1 -1 23.09 

3 -1  1 65.68 

4  1  1 45.01 

5 -1.414  0 41.56 

6 1.414  0 14.44 

7 0 -1.414 20.08 

8 0 1.414 74.76 

9 0  0 67.43 

10 0  0 64.36 

11 0  0 59.96 

12 0  0 63.40 

13 0  0 65.60 

Table 3. Analysis of variance(ANOVA) for response surface quadratic model to the  degree of 
hydrolysis 

Source Squares DF Square Value Prob > F

Model 5,528.59 5  1105.72  81.08 < 0.0001

X1  417.29 1   417.29  30.60    0.00 

X2 2,558.94 1 2,558.94 187.63 < 0.0001

X1
2 2,198.56 1 2,198.56 161.21 < 0.0001

X2
2  452.55 1  452.55  33.18    0.00 

X1X2  120.08 1  120.08   8.80    0.02 

Residual   95.47 7   13.64

Lack of Fit   64.40 3   21.47   2.76    0.18 

Pure Error   31.07 4    7.77

Cor Total 5,624.06 12

by fermentation temperature and pH. The 
model determination coefficient R2 shows the 
degree of correlation between the observed 
value and the predicted value. In this model, 
the R2 value was 0.94.  As a result of this 
experiment, the effects on fermentation 
temperature and pH were significant in the    
 

1st, 2nd, and cross product terms, and it was 
found that the factors had an independent or 
mutual influence. The multiple regression 
equation determined by the experimental 
results is shown in Table 4.
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Table 4. Estimated coefficient for the filled second oder polynomial representing the relationship 
between the response and process variables. Polynomial equations calculated by response 
surface program.

Response Second oder polynomial equations R2

LMBP
production

y= -7.22X1+17.8X2 – 17.7X1
2
 – 8.1X2

2
 – 5.48X1X2 + 64.15 0.98

X1 : pH, X2 : temperature (℃). LMBP represents a low molecular weight biopolymer.

Fig. 4. This graph shows the change in the yield of LMBP production according 
                to the change in fermentation temperature and pH.

3.4. Effect of fermentation temperature 

and time by WCYSK01 strain on 

LMBP production

  LMBP fermentation production by 
WCYSK01 schematically shows that 
fermentation temperature and time are affected 
within the modeling range of CRD (central 
composite rotatable design) (Fig. 5). In LMBP 
production, the production increased as the 
fermentation temperature increased, but after 
the peak it did not increase any more and 
showed a decreasing pattern. The fermentation 
process pH also showed a similar pattern to 
the fermentation process temperature. 
Therefore, it was found that the optimum 
fermentation conditions exist within the pH 
and temperature range of the fermentation 

process determined in the experiment.

3.5. The contour and 3 D surface of LMBP 

fermentation production profile 

derived from response surface 

methodology 

  The effect of fermentation process pH and 
temperature on LMBP production yield of 
WCYSK01 is shown in Fig. In the 
fermentation process temperature range of 18 
to 32oC, the fermentation medium pH in the 
range of 5.1 to 7.9, the yield of LMBP 
production by the strain was found to be 
significantly affected by q fermentation 
temperature and pH. The yield of LMBP 
production increased rapidly as the 
fermentation pH increased from 5.1, rose to 
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Fig. 5. The contour (left) and 3 D surface (right) of LMBP fermentation production profile 
derived from response surface methodology.  The yield of LMBP produced by 
WCYSK01 was calculated by dividing the total LMBP production by the amount 
of the input substrate. The total amount of LMBP is the sum of DP3, DP4, DP5, 

and DP6.

near pH 7.5, and then decreased. This trend 
was found to be significantly affected by the 
low temperature of the fermentation process. 
This trend was different from the fermentation 
process temperature. As the fermentation 
temperature increased, the yield increased 
rapidly and then showed a tendency to 
decrease. The optimal fermentation conditions 
were found at the normal point, and the 
production yield was more than 75% at pH 
7.5 and temperature of 23oC.

3.6. Fermentation of LMBP production by 

WCYSK01 strain in a prototype pilot 

plant fermentor 

  The sucrose (50 g/L) and maltose (25 g/L) 
used as carbon sources decreased with the 
elapse of fermentation time and showed that 
they were almost completely consumed within 
48 hours.  Sucrose decreased rapidly until 24 
hours of fermentation and then gradually 
decreased, while maltose decreased slowly at 
the beginning and then rapidly decreased until 
32 hours. Glucose, a hydrolyzate of sucrose, 

did not appear during the fermentation 
process, while fructose gradually increased, but 
hardly appeared at the end of fermentation. 
This is probably because glucose is used for 
LMBP synthesis immediately after sucrose 
digestion, and fructose is used slowly by the 
cells. During the substrate change as above, 
LMBP fermentation production increased 
linearly from the beginning of fermentation to 
the end of the log phase. Thereafter, it was 
increased until the substrate was completely 
consumed.
  This batch fermentation production type can 
be viewed as a typical growth associated 
pattern. The final fermentation yield of LMBP 
was 25.62 g/L. This is about 33.6% with 
respect to the added sugar. Since only glucose 
and maltose are involved in LMBP synthesis, 
the theoretical yield is 72.4% based on the 
total sugar input. Therefore, it can be 
evaluated that the fermented LMBP is 73.4% 
of the theoretical production.
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Fig. 6. Kinetics of fermentation showed the 
change of LMBP production, sucrose 
utilization, dextran production, and 
cells mass. Fermentation was 
conducted on 23.0oC and pH 7.0. 

4. Conclusion 

  WCYSK01, a strain isolated from kimchi, a 
traditional fermented food, synthesized LMBP 
using sugar and maltose as substrates. The 
produced LMBP was composed of branched 
oligosaccharides such as DP3 to DP6. At 
optimal fermentation conditions such as  pH 
7.5 and temperature of 23oC, the production 
yield was more than 75%. Therefore, the 
strain isolated in this study is expected to have 
a very high utility value as an 
intestinal-improving prebiotic and functional 
material as a long-lasting food material.
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