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The aim of this study was to establish the optimal medium composition for enhancing L(+)-lactic acid
(LLA) production using response surface methodology (RSM). Lactobacillus paracasei SRCM201474 was
selected as the LLA producer by productivity analysis from nine candidates isolated from kimchi and
identified by 16S rRNA gene sequencing. Plackett-Burman design was used to assess the effect of elev-
en media components on LLA production, including carbon (glucose, sucrose, molasses), nitrogen
(veast extract, peptone, tryptone, beef extract), and mineral (NaCl, KxHPO,, MgSOs, MnSO,) materials.
Glucose, sucrose, molasses, and peptone were subsequently chosen as promising media for further op-
timization studies, and a hybrid design experiment was used to establish their optimal concentrations
as glucose 1548 g/1, sucrose 16.73 g/1, molasses 39.09 g/1, and peptone 3491 g/1. The coefficient of
determination of the equation derived from RSM regression for LLA production was mathematically
reliable at 0.9969. At optimum parameters, 33.38 g/l of maximum LLA increased by 193% when com-
pared with MRS broth as unoptimized medium (17.66 g/1). Our statistical model was confirmed by
subsequent validation experiments. Increasing the performance of LLA-producing microorganisms and
establishing an effective LLA fermentation process can be of particular benefit for bioplastic tech-

nologies and industrial applications.
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Table 1. Matrix of the Plackett-Burman design experiments on eleven variables with response values

Level of coded variables

Factors Symbol (unit)
-1 0 +1
Glucose X1 (g/])
Sucrose X2 (g/1) 2 5 8
Molasses Xs (g/1)
Yeast extract X4 (g/1)
Peptone Xs (g/1) ) 4 6
Tryptone Xs (g/1)
Beef extract X7 (g/1)
NaCl Xs (g/1)
KzHPO4 X9 (g/ 1)
0.1 0.3 0.5
MgSO, Xuo (g/1)
MnSO, Xu (g/1)
lactic acid (g/L)
Run X Xz X3 X4 Xs Xs X7 Xs Xo X  Xn X
predicted Observed
1 1 1 -1 1 1 1 -1 -1 -1 1 -1 12.5416 12.5416
2 -1 1 1 1 -1 -1 -1 1 -1 1 1 11.059 11.059
3 -1 -1 1 -1 1 1 -1 1 1 1 -1 8.7015 8.7015
4 -1 1 1 -1 1 1 1 -1 -1 -1 1 13.8566 13.8566
5 1 -1 -1 -1 1 -1 1 1 -1 1 1 11.6554 11.6554
6 1 1 1 -1 -1 -1 1 -1 1 1 -1 12.1667 12.1667
7 1 -1 1 1 -1 1 1 1 -1 -1 -1 13.0699 13.0699
8 0 0 0 0 0 0 0 0 0 0 0 10.9543 12.6382
9 0 0 0 0 0 0 0 0 0 0 0 10.9543 12.0957
10 -1 1 -1 1 1 -1 1 1 1 -1 -1 12.4138 12.4138
11 -1 -1 -1 1 -1 1 1 -1 1 1 1 6.06286 6.06286
12 1 -1 1 1 1 -1 -1 -1 1 -1 1 13.1096 13.1096
13 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 5.2903 5.2903
14 1 1 -1 -1 -1 1 -1 1 1 -1 1 11.5248 11.5248
15 0 0 0 0 0 0 0 0 0 0 10.9543 12.357
X1-X11 represent respective assigned variables and response values.
Predicted represents predicted response value by PBD design.
Observed represents the experimental response value.
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Table 2. Results of lactic acid production and conversion rate from glucose by 10 isolates of L. paracasei strains in MRS medium

Microorganisms Cmtl. (g/1) Ymtl. (%) Y/ODgoo
Lactobacillus paracasei SRCM201471 16.0068 80.034 7.2351
Lactobacillus paracasei SRCM201474 17.6570 88.285 8.8878
Lactobacillus paracasei SRCM201478 15.5097 77.5485 7.3602
Lactobacillus paracasei SRCM201485 16.5549 82.7745 8.1359
Lactobacillus paracasei SRCM201496 17.3729 86.8645 8.5411
Lactobacillus paracasei SRCM201498 16.7112 83.5560 7.9186
Lactobacillus paracasei SRCM201499 16.7055 83.5275 7.5519
Lactobacillus paracasei SRCM201500 17.4752 87.3760 7.9913
Lactobacillus paracasei SRCM201502 15.2882 76.4410 7.6511

Cmtl.: lactic acid concentration accumulated, Ymtl.: lactic acid yield from glucose, Y/ODgnp: lactic acid concentration per optical
density of samples at 600 nm.
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Lactobacillus paracasei strain ATCC 25302 (NR 117987.1)
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Lactobacillus zeae strain RIA 482 (NR 037122.1)

Lactobacillus casei subsp. casel ATCC 393 (NR 041893.1)

100 93 Lactobacillus casei strain NBRC 15883 (NR 113333.1)
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Lactobacillus brantae DSM 23927 strain SL1108 (NR 125575.1)
72 Lactobacillus saniviriJICM 17471 DSM 24301 (NR 113289.1)

0.0050

Fig. 1. Neighbor-joining phylogenetic tree constructed using 16S rRNA gene of L. paracasei SRCM201474. The tree scale (0.005) repre-
sents evolutionary distance in units of base substitutions computed by Maximum composite likelihood method.
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Fig. 2. Time course profile of lactic acid production by L. para-
casei SRCM201474 in MRS broth as unoptimized me-
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Fig. 3. Main effect plot for each variable on lactic acid production by L. paracasei SRCM201474. Stepper slope in the line illustrates

the greater magnitude of the main effect.
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Table 3. ANOVA (analysis of variance) for the experimental parameters of Plackett-Burman design affecting lactic acid production

Variables (Xi) Effect (Exi) Coefficient (i) Sum of squares F-value P-value Confidence level (%)
Model 219 10.95 85.57 105.69 0.0094" 99.06
Glucose 2.78 1.39 232 315.13 0.0032" 99.68
Sucrose 2.62 131 20.47 278.09 0.0036" 99.64
Molasses 2.08 1.04 12.97 176.17 0.0056" 99.44

Yeast extract 0.8436 0.4218 213 29.00 0.0328" 96.72
Peptone 218 1.09 1431 194.43 0.0051" 99.49
Tryptone 0.0104 0.0052 0.0003 0.0044 0.9530 47

Beef extract 1.1664 0.5832 408 55.45 0.0176 98.24
NaCl 0.8994 0.4497 243 32.97 0.0290" 97.1
K2HPO4 -0.5822 -0.2911 1.02 13.82 0.0654 93.46
MgSO4 -1.179 -0.5898 417 56.72 0.0172" 98.28
MnSO4 0514 0.257 0.7929 10.77 0.0816 91.84

*

: significant at p<0.05
: significant at p<0.01

*%

HHS-3k(Y, lactic acid g/1)oll th& 3| ALA A& ofgf o} Zo] molasses+1.08803*peptone-0.000187*glucose*sucrose-
o &3t 4t 0.000024*glucose*molasses-0.000399*glucose*peptone-
Y=3.24044-0.06419*glucose-0.021912*sucrose+0.401965* 0.000058*sucrose*molasses-0.000336*sucrose*peptone-

Table 4. Hybrid design quadratic polynomial model for lactic acid production an response values

Level of coded variables

Factors Symbol (unit)

-a -1 0 +1 +a
Glucose X1 (g/1) 2.0575 15 40 65 77.9425
Sucrose X2 (g/1) 2.0575 15 40 65 77.9425
Molasses Xz (g/1) 2.0575 15 40 65 77.9425
peptone Xs (g/]) 4253 15.962 20 29.0675 45.9755
Run X, X, X, X, . lactic acid (g/L)
predicted Observed
1 0 0 0 0 25.7868 24.5378
2 0 0 1.518 -1.050 17.5737 17.5507
3 1 -1 -1 0.605 26.7422 26.9407
4 -1 1 -1 0.605 28.3441 28.5427
5 0 0 -1.518 -1.050 5.69556 5.67256
6 0 -1.518 0 -1.050 16.4489 16.4259
7 1.518 0 0 -1.050 14.6425 14.6198
8 0 0 0 0 25.7868 25.7989
9 0 0 0 0 25.7868 26.1568
10 -1.518 0 0 -1.050 17.7782 17.7552
11 0 1.518 0 -1.050 15.5628 15.5398
12 -1 -1 1 0.605 30.9174 31.116
13 -1 -1 -1 0.605 29.0385 28.8665
14 0 0 0 -0.269 23.6044 24.4867
15 1 1 -1 0.605 25.5791 25.407
16 1 1 1 0.605 27.2534 27452
17 -1 1 1 0.605 30.0781 29.906
18 0 0 1.732 32.8207 32.8372
19 1 -1 1 0.605 28.5614 28.3893

X1-Xy represent respective assigned variables and response values.
Predicted represents predicted response value by PBD design.
Observed represents the experimental response value.
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0.004876*molasses*peptone+0.000411*glucose*glucose+
0.000269*sucrose*sucrose-0.002768*molasses*molasses-

0.008985*peptone*peptone

38.09 g/1, peptone 3491 g/12 Y EFT}

Aol A
B A3 7HgE 299 Prob>F #ol 0000302 E& S EHEAR o) st2d oA A TS AT
FOI8E LeIgon, AAAS Roquare) o] 0990 A 71 As) AARL ol A28 A8 48 AT 37
ARy HAES o} 2 WEah= A0 2 JEFTHTable Hj Al o] SRCM201474 755 A Foto] wes F 2 ke
5. B AFol A FARAANS Ay Qe oz A & FHNAT AA Az elA 33 wEdd s T3 A
A (lack of fit)E A3t o, AJHAAY p-value A AR 34034097 g/12 o] &3 o Z3k 33.38 g/1st
7} 052500 2 UJEH} S AL Bokals 7|30 0058 T = o frAFHS gelstgion, ol fEFE AHE-E MRSHA
AT A FAA G2 dgnyd 5z 2ojzl B2 193%9] F7H8 BAtHEig. 5). AEHH F4
§o A= Agsittn s Qo 10]. 24 A4S 9 = o83 At ol g AA Y P, YAk 8 e A ALt
?l— HH Z]}_/\'] o= )\i tﬂg g]ucose, SucCrose, molasses, peptone ‘% ‘(Hé} U] }3% E:_l‘\: %_]_JEJ_O]] 11]-3} Ef’jﬂ %E} '/[: gll\:— Zi.g.i
o 2E FAE BAHF 95 349 HLTALE 75 dHA AYA ALE FA o et ek dddd ARE o
7+ =guiel B4k Ak Aol o 43 BAE HrletgthFg 8% 77 AREHI AU 3, 11, 13]. & Aol A= LHF
). AR Yol A A Ao b 2GS HH = W s deF o g aAstE Ao R AT L paracasei T
£ peptone®| 4 2.1, peptone} molasses®] & =7} EolA FE AEsN e, SAY EANE F&ato] 24 S
2 24 ANTo) Zrlae AE Aqn wemEEggo  A@ WA FAAE RSk $F A4 482 AT
2 d 29 A4S HAA (saddle point) O 2 4 Huj A4+ ¥ 25 9 pH Y =4 add g F7HQ A7 1
T2 o3 A7} 3338 g/IR BAFEG o, olue) 7} ujA = 2o9 o w2 24 Aol e oz dddn
Y F 5+ glucose 1548 g/l, sucrose 16.73 g/1, molasses
Table 5. ANOVA for experimental results of the hybrid design (quadratic model)
Source Sum of squares Degree of freedom Mean square F-value p-value, Prob>F
Model 885.46 14 63.25 91.83 0.0003
X 17.85 1 17.85 25.92 0.0070
Xa 227 1 227 3.30 0.1436
X3 50.11 1 50.11 72.75 0.0010
Xy 721.08 1 721.08 1046.90 0.0001
XXe 0.1098 1 0.1098 0.159%4 0.7101
XiXs 0.0018 1 0.0018 0.0026 0.9619
XXy 0.1787 1 0.1787 0.2594 0.6373
XoXs 0.0105 1 0.0105 0.0152 0.9077
XoX4 0.1273 1 0.1273 0.1848 0.6894
XXy 26.75 1 26.75 38.84 0.0034
Xi* 0.6718 1 0.6718 0.9753 0.3793
X2 0.2873 1 0.2873 0.4172 0.5535
X3 30.53 1 30.53 4433 0.0026
Xi? 36.57 1 36.57 53.09 0.0019
Residual 2.76 4 0.6888
Pure error 1.45 2 0.7233
Cor total 888.21 18
Residual 276 4 0.6888
Lack of fit 1.31 2 0.6543 0.9047 0.5250
Pure error 1.45 2 0.7233
Standard deviation 0.8299 Press 16069.09
Mean 23.58 R-squared 0.9969
Coefficient of variation (%) 3.52 Adjusted R-squared 0.9860

X1: Glucose, Xa: Sucrose, X3: Molasses, Xs: Peptone.

: significant at p<0.05, ** : significant at p<0.01, ***: significant at p<0.001.
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Fig. 4. The three-dimensional response surface plots of lactic acid production as predicted by the quadratic model. The effects
of two independent variables on lactic acid production are simultaneously demonstrated.
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