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This study was undertaken to establish optimum medium compositions for cost-effective mannitol
production by Leuconostoc mesenteroides SRCM201425 isolated from kimchi. L. mesenteroides SRCM21425
from kimchi was selected for efficient mannitol production based on fructose analysis and identified
by its 165 rTRNA gene sequence, as well as by carbohydrate fermentation pattern analysis. To enhance
mannitol production by L. mesenteroides SRCM201425, the effects of carbon, nitrogen, and mineral
sources on mannitol production were first determined using Plackett-Burman design (PBD). The ef-
fects of 11 variables on mannitol production were investigated of which three variables, fructose, su-
crose, and peptone, were selected. In the second step, each concentration of fructose, sucrose, and pep-
tone was optimized using a central composite design (CCD) and response surface analysis. The pre-
dicted concentrations of fructose, sucrose, and peptone were 38.68 g/1, 30 g/1, and 39.67 g/I, respec—
tively. The mathematical response model was reliable, with a coefficient of determination of R’

0.9185. Mannitol production increased 20-fold as compared with the MRS medium, corresponding to
a mannitol yield 97.46% when compared to MRS supplemented with 100 g/I of fructose in flask
system. Furthermore, the production in the optimized medium was cost-effective. The findings of this
study can be expected to be useful in biological production for catalytic hydrogenation causing by-

product and additional production costs.

Key words : Industrial application, Leuconostoc mesenteroides, mannitol, medium optimization, response

surface methodology
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Table 1. Variables showing medium components used in Plackett-Burman design and design matrix with the observed response

(mannitol, g/1)

Coded variable levels

Factors Symbol (unit) 1 0 )
Glucose X1 (g/1)
Fructose X2 (g/1) ’ 5 8
Sucrose Xs (g/1)
Molasses Xy (g/1)
Yeast extract Xs (g/1)
Peptone Xe (g/1) 1 3 5
Tryptone X7 (g/1)
Beef extract Xs (g/1)
KH,POy Xo (g/1)
MgSO; + 7H,O X (g/1) 0.2 0.6 1.0
MnSO; + H,O X (g/l)

Run X1 X2 X3 Xy Xs Xe X7 Xs X9 Xuo Xu Y (g/))
1 -1 1 -1 1 1 -1 1 1 1 -1 -1 8.2244
2 0 0 0 0 0 0 0 0 0 9.0774
3 -1 1 1 -1 1 1 1 -1 -1 -1 1 10.2020
4 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 2.2582
5 1 1 1 -1 -1 -1 1 -1 1 1 -1 10.7389
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 3.8713
7 1 -1 1 1 1 -1 -1 -1 1 -1 8.2713
8 1 -1 -1 -1 1 -1 1 1 -1 1 1 3.7488
9 -1 1 1 1 -1 -1 -1 1 -1 1 10.4062
10 1 -1 1 1 -1 1 1 1 -1 -1 -1 7.7413
11 0 0 0 0 0 0 0 0 0 0 0 9.3268
12 0 0 0 0 0 0 0 0 0 0 9.1982
13 -1 -1 1 -1 1 1 -1 1 1 1 -1 5.0975
14 1 1 -1 1 1 1 -1 -1 -1 1 -1 9.9373
15 1 1 -1 -1 -1 1 -1 1 1 -1 1 9.0821

Xi-X11 represent different assigned factors. -1 is for low level of factors and +1 is for high level of factors. Y: Response values

(produced mannitol, g/1).
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Table 2. Results of mannitol production by 10 isolates of Leuconostoc species in MRS supplemented with 100 g/1 of fructose medium

MRS supplemented with 100 g/1 of fructose

Microorganisms
Cmtl. (g/l) Ymtl. % Y/OD(,UO
Leuconostoc citreumn SRCM201377 25.13 7211 33.47
Leuconostoc mesenteroides SRCM201379 26.07 87.83 48.80
Leuconostoc mesenteroides SRCM201383 24.47 87.38 50.08
Leuconostoc citreumn SRCM201403 25.55 75.15 40.99
Leuconostoc mesenteroides SRCM201425 27.10 90.58 51.52
Leuconostoc mesenteroides SRCM201456 27.71 89.01 49.94
Leuconostoc mesenteroides SRCM201577 24.59 88.04 49.78
Leuconostoc mesenteroides SRCM201622 23.73 88.89 48.98
Leuconostoc citreum SRCM201649 26.02 70.11 34.51
Leuconostoc mesenteroides SRCM201650 26.16 80.11 49.18

Cmtl.: mannitol concentration accumulated, Ymtl.: mannitol yield from fructose, Y/ODgy: mannitol concentration per optical density

at 600 nm.
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SRCM201425
Leticonostoc mesenteroides subsp. cremoris strain NCFB 543 (NR 040818.1)

-Leticonostoc mesenteroides strain ATCC 8293 (NR 118557.1

ILeticonostoc mesenteroides strain ATCC 8293 (NR 074957.1)

\Leticonostoc mesenteroides subsp. dextranicum strain NBRC 100495 (NR 113911.1)
\Leticonostoc mesenteroides strain JCM 6124 NR 113251.1)

'Leticonostoc mesenteroides subsp. dextranicuin strain NCFB 529 (NR 040817.1)

————Leuconostoc suionicuim strain LMG 8159 (NR 109003.1)

Leticonostoc mesenteroides subsp. jonggajibkimehii strain DRC1506 (NR 157602.1)
,—Leuronostoc pseudomesenteroides stram NRIC 1777 (NR 040814.1)
Leuconostoc pseudomesenteroides KCTC 3652 strain LMG 11482 (NR 109004.1)

-Leuconostoc rapi stram LMG 27676 (NR 136799.1)

-Leticonostoc gelidum subsp. aeniginaticuin strain POUF4d (NR 133769.1)

Letconostoc gelidium subsp. gasicomitatum strain TB 1-10 (NR 074997.2)

eticonostoc gelidum subsp. gasicomitatum stram TB1-10 (NR 028777.1)

0.0020

Fig. 1. The neighbor-joining tree derived from L. mesenteroides SRCM201425. The bootstrap values were calculated based on 1,000
replications to estimate the topological robustness.

Table 3. Biochemical profile of the API 50 CH of L. mesenteroides SRCM201425

Carbohydrates SRCM 201425 Carbohydrates SRCM 201425
Control - Esculin -
Glycerol - Salicin ()
Erythritol - D-cellobiose ()

D-arabinose - D-maltose +
L-arabinose + D-lactose -
D-ribose + D-melibiose +
D-xylose + D-saccharose +
L-xylose - D-trehalose +
D-adonitol - Inulin -
Methyl-D-xylopyranoside - D-melezitose -
D-galactose - D-raffinose +
D-glucose + Starch -
D-fructose + Glycogen -
D-mannose + Xylitol -
L-sorbose - Gentiobiose ()
L-rhamnose - D-turanose +
Dulcitol - D-lyxose -

Inositol - D-tagatose -
D-mannitol - D-fucose -
D-sorbitol - L-fucose -
Methyl-D-mannopyranoside - D-arabitol -
Methyl-D-glucopyranoside + L-arabitol -
N-acetylglucosamine (+) Potassium gluconate (+)
Amygdalin () Potassium 2-ketogluconate -
Arbutin (+) Potassium 5-ketogluconate -
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Fig. 2. (A) Time course profile of mannitol production by L.

mesenteroides SRCM201425 in MRS broth and (B) MRS
broth supplemented with 100 g/1 of fructose. @: Log
CFU/ml, O: fructose or glucose (g/I), A: Mannitol

(8/1), &: pH.
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Table 4. Statistical analysis of medium components on mannitol production as per Plackett-Burman design

Variables (Xi) Effect (Exi) Coefficient () Sum of squares F-value P-value Conf1de§1 N

level (%)
Model 7.46 3.73 96.33 562.99 0.0018" 99.82
Glucose 0.7883 0.39415 7.46 479.44 0.0021" 99.79
Fructose 230 1.15 63.49 4081.70 0.0002" 99.98
Sucrose 1.28 0.64 19.60 1259.85 0.0008™ 99.92
Molasses 0.6104 0.3052 447 287.39 0.0035" 99.65
Yeast extract 0.1153 0.05765 0.1595 10.25 0.0853 9147
Peptone 0.1903 0.09515 0.4346 27.94 0.0340° %.6
Tryptone -0.0438 -0.0219 0.0230 148 0.3476 65.24
Beef extract -0.0816 -0.0408 0.0798 5.13 0.1517 84.83
KH,PO;4 0.0826 0.0413 0.0820 5.27 0.1486 85.14
MgSO; + 7TH,0 -0.1649 -0.08245 0.3265 20.99 0.0445" 95.55
MnSO; - H,O 0.132 0.066 0.2091 13.44 0.0670 233

Level of significance

was confirmed statistically (*: p<0.05, **: p<0.01, ***: p<0.001).
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Fig. 3. One factor plot of the effects of each variable on mannitol production using Plackett-Burman design.

Table 5. Central composite design matrix with experimental values of mannitol production

Coded variable levels

Factors Symbol (unit)

2 -1 0 +1 +2
Fructose X1 (g/1) 5 20 35 50 65
Sucrose X2 (g/1) 10 15 20 25 30
Peptone X5 (g/1) 20 25 30 35 40
Run X1 X2 X3 Y (mannitol, g/I)

1 0 0 0 19.12336

2 0 0 2 20.02153

3 0 0 0 18.91642

4 -1 -1 1 16.22555

5 -1 -1 -1 15.36235

6 1 1 -1 19.69279

7 2 0 0 15.93994

8 0 2 0 19.00452

9 0 2 0 24.30189

10 -1 1 1 22.20411

11 0 0 -2 17.27354

12 -1 1 -1 20.74138

13 2 0 0 18.60233

14 1 -1 -1 15.55371

15 1 1 1 22.66955

16 0 0 0 18.70998

17 1 -1 1 17.49672
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Table 6. ANOVA for the experimental results of the central composite design (quadratic model)

Coefficient Sum of Degree of Standard p-value,
Sources . Mean square F-value
estimate squares freedom error Prob>F
Model 18.78 95.52 9 10.61 0.6071 8.76 0.0046"
X 0.7755 241 1 241 0.5503 1.99 0.2016
X2 391 61.09 1 61.09 0.5503 50.44 0.0002"
X3 1.59 10.15 1 10.15 0.5503 8.38 0.0232°
XiXa -1.02 0.5231 1 0.5231 1.56 0.4319 0.5321
XiXs 1.30 0.8410 1 0.8410 1.56 0.6944 0.4322
X2X3 0.8166 0.3335 1 0.3335 1.56 0.2753 0.6160
X’ -1.71 3.55 1 3.55 1 2.93 0.1308
X' 267 8.63 1 8.63 1 713 0.0320
X5 -0.3349 0.1358 1 0.1358 1 0.1121 0.7475
Residual 8.48 7 1.21
Lack of fit 8.39 5 1.68 39.29 0.0250°
Pure error 0.0854 2 0.0427
Cor Total 103.99 16
Standard deviation 1.10 Press 71.33
Mean 18.93 R-squared 0.9185
Coefficient of variation (%) 5.81 Adjusted R-squared 0.8137

Xi: Fructose, Xa: Sucrose, Xs: Peptone. Level of significance was confirmed statistically (*: p<0.05, **: p<0.01, ***: p<0.001).
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