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Process Optimization of Dextran Production by Leuconostoc sp. stram YSK. Isolated from Fermented
K1mch1 Seung Kyun Hwang, Jun Taek Hong, Kyung Hwan Jung', Byung Chul Chang’, Kyung Suk
Hwang’, Jung Hee Shin’, Sung Paal Yim® and Sun Kyun Yoo*. Department of Oriental Medlcme and Food
Biotechnology, Joongbu University, Choobu-myun, Geumsan-gun, Chungnam, 312-702, Korea, 'Department of
Food and Biotechnology, Chungju University, 123 Geodan-ri, Iryu-myun, Chungju, Chungbuk, 380-702, Korea,

*Department of Medical Genetic Engineering, Keimyung Umverszty School of Medicine and Institute for
Medical Science, 194 Dongsan-dong, ]ung qu, Daegu 700-712, Korea, *Department of Biotechnology, Mokwon
Unwerszty Daejeon 302-729, Korea, Department of Food and Nutrition, Joongbu University, Daejeon 312-702,

Korea, *Korea Atomic Energy Research Institute, Daejeon 312-702, Korea - A bacterium producing non- or
partially digestible dextran was isolated from kimchi broth by enrichment culture technique. The bac-
terium was identified tentatively as Leuconostoc sp. strain SKY. We established the response surface
methodology (Box-Behnken design) to optimize the principle parameters such as culture pH, temper-
ature, and yeast extract concentration for maximizing production of dextran. The ranges of parameters
were determined based on prior screening works done at our laboratory and accordingly chosen as
5.5, 6.5, and 7.5 for pH, 25, 30, and 35°C for temperature, and 1, 5, and 9 g/l yeast extract. Initial
concentration of sucrose was 100 g/1. The mineral medium consisted of 3.0 g KH,POy, 0.01 g FeSO;

HyO, 0.01 g MnSOy - 4HO, 0.2 g MgSO, - 7H,O, 0.01 g NaCl, and 0.05 g CaCO; per 1 liter deionized
water. The optimum values of pH and temperature, and yeast extract concentration were obtained at
pH (around 7.0), temperature (27 to 28°C), and yeast extract (6 to 7 g/1). The best dextran yield was
60% (dextran/g sucrose). The best dextran productivity was 0.8 g/h-1.

Key words : Kimchi, dextran, Box-Benken design, sucrose, yield, productivity
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Table 1. levels of independent variables in Box-Benken design

Level

X i Independent variables o
-1 0 +1
X1 Culture temperature (C°) 25 30 35
Xo  Culture pH 55 6.5 75
X3 Yeast extract concentration 0.1 0.5 09
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Fig. 1 Bacterial isolation from fermented kimchi broth. A: fer-
mented kimchi broth, B and C: colonies on MRS me-
dium, and D: colonies capable of producing dextran. D
medium consisted of TSA + 5% sucrose.

SKYZ A4Hoz WHe s

Leuconostoc sp. strain SKYOf| 2|8t HAEZF MAL |
A5}

Leuconostoc sp. strain SKYE o] &3t a2 22 HE 9
2ES A% AF 27 29059 WFLE, pH, EE 33
£ 529 371¢] AgHSo] o3l Box-Benken HA}{1 .
2 APS AAste doin A9 éﬂrﬁ Table 201] uhel
At dAE A 84S U
Z Y2Ed Ay, oA F, gaES *34 ‘ﬂlé‘é%
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Table 2. Experimental data of dextran production, biomass, dextran yield, and productivity by Leuconostoc sp. strain SKY

Sample  Temperature pH Yeast extract ~ Dextran (g/I) Cell mass Yield Productivity
1 -1 -1 0 9.20 1.8 0.19 0.38
2 1 -1 0 6.20 1.74 0.13 0.25
3 -1 1 0 18.80 240 0.55 0.56
4 1 1 0 16.20 217 0.28 0.55
5 -1 0 -1 11.40 1.70 0.24 047
6 1 0 -1 5.20 0.69 0.10 0.21
7 -1 0 1 16.80 1.70 0.49 0.48
8 1 0 1 8.80 2.50 0.18 0.36
9 0 -1 -1 3.90 1.24 0.08 0.16
10 0 1 -1 10.50 1.80 0.45 0.46
11 0 -1 1 8.30 1.78 0.17 0.34
12 0 1 1 14.50 2.50 0.35 0.56
13 0 0 0 20.50 2.80 0.63 0.75
14 0 0 0 2240 2.79 0.61 0.79
15 0 0 0 19.80 2.85 0.59 0.69
16 0 0 0 20.50 2.59 0.64 0.85
17 0 0 0 23.20 249 0.57 0.78
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Table 3. Analysis of variance (ANOVA) for fitted second-order
polynomial model and lack of fit for dextran pro-

duction
Sum of squares

Source DF - o - 3

Dextran® Cell mass” Yield" Productivity
Model 9  61148° 5.487° 0.633° 0.647°
Residual 7 23.42 0.145 0.018 0.023
Lack of Fit 3 1507  0.048"  0.015 0.009'
Pure Error 4 8.35 0.096 0.003 0.013
Cor Total 16 650.99 15.758 0.678 0.702

“Coefficient of correlation (R% for dextran production was 0.96.
*Coefficient of correlation (R% for cell mass was 0.97.
“Coefficient of correlation (R?) for dextran yield was 0.97.
YCoefficient of correlation (R’) for dextran productivity was 0.96.
‘Significant at 5% level.

'All the lack of fits were not significant.

Table 4. Estimated coefficient for the filled second oder poly-
nomial representing the relationship between the re-
sponse and process variables

Coefficient
Factor Dextran <1 Yield Productivity
mass

Intercept 2128 270 0.1 0.77
Linear

Temperature -248 -0.06 -0.097 -0.062

pH 405 029 013 012

Yeast extract 218 038 0.040  0.055
Quadratic

Temperature 371 043 -0.16 -0.16

pH -497 -025 -0.15 -0.17

Yeast extract -7.02 -0.63 -0.19 -0.22
Interactions

pHxTemperature 010 -0.043 -0.053  0.031

pHxYeasr extract -045 045 -0.044  0.036

Yeast extract<Temperature -0.10 0.041 -0.049  0.021

Table 5. Polynomial equations calculated by response surface
program. Xi: Temperature (°C), Xz: pH, Xs: yeast ex-
tract (g/1)

Response Second oder polynomial equations R’
Dext Y=21.28+2.48X, +4.05X, +2.18X,

extran +0.10X, X, — 0.45.X, X; — 0.10X, X, 0.96
production

—3. 71X —4.97X;] - 7.02X]

Y'=2.70—0.060.X, +0.29.X, +0.38.X,

Biomass —0.043X, X, +0.45X, X, +0.041X, X, 097
—0.43X7—0.25.X; —0.63X;
Dext V= 0.61—0.097X, +0.13X, +0.040.X,
extran —0.053X, X, — 0.044X, X, —0.040X,X, 097
ield 2 - ) )
y —0.16X2— 0.15X2— 0.19X

V= 0.77—0.062X, +0.12X, +0.055.%,
Productivity ~ +0.031.X, X, +0.036.X, X; — 0.021.X, X; 0.96
—0.16.X7—0.17X; — 0.22.X7

=T
0% om0
A Tamgebista ™

Fig. 2. Contour and 3D plots of response surface. Effect of
temperature and pH (A), temperature and yeast ex-
tract (B), and effect of temperature and pH (C) on the
production of dextran by Leuconostoc sp. strain SKY.
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Fig. 3. Contour and 3D plots of response surface. Effect of
temperature and pH (A), temperature and yeast ex-
tract (B), and effect of temperature and pH (C) on the
production of biomass by Leuconostoc sp. strain SKY.
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Fig. 4. Contour and 3D plots of response surface. Effect of
temperature and pH (A), temperature and yeast ex-
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yield of dextran by Leuconostoc sp. strain SKY.
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