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Optimization of Fermentation Medium of Lactococcus lactis for Only L-Lactate Production

ZHOU Ying, GAO Xiaofeng, ZHOU Jing, HUO Guicheng>l<

(Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Harbin 150030, China)

Abstract: Lactococcus lactis KLDS 4.0325, a strain isolated from home-made koumiss in Xinjiang, China, was studied for
L-lactic acid production. The optical purity of the produced lactic acid was estimated to be 100% L-lactic acid using L/D-lactic
acid enzymatic test kit. The Plackett-Burman design was used to evaluate the effects of medium components on lactate
production. On the basis of statistical regression analysis, yeast extract, sucrose and K,HPO, were found to be the most
important factors. Subsequently, response surface methodology was employed to determine the maximum lactate production
at the optimum concentrations of key factors. The lactate production was found to correlate to the three parameters. The

optimal levels of medium components were determined as 2.5 g/L yeast extract, 102.9 g/L srucose and 7.9 g/LL K,HPO,. The

predicted yield of lactate using the optimized medium was 86.3 g/L, and the actual experimental result was 86.6 g/L.
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#1  Plackett-Burmanif% HE 54 Vi

Table1l Factors and levels of Plackett-Burman experiments
Eikl EES KT (=1 wKE (+1)
A FEREIR BRI (g/L) 53 105
B YRR R IR I (g/L) 1.2 24
c RAR R E (L) 12 24
D MgSO, /7 &%/ (g/L) 1.7 34
E K,HPO,Jfi &k &/ (g/L) 4.0 8.0
F NaClJF &k %/ (gL) 0.1 03
G CH,COONaJfi &%/ (g/L) 0.7 14

13.6  HBEMEH AL
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I s, |l DR BRI AR & o R itk
M A K, LA AR 5 S i R B A R
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Table2 Factors and levels used in central composite design
KT
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ey = —1 0 F1
4 HEWE BRI (gL 80 100 120
B B R IR E (/L) 2.0 2.5 3.0
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2 ZRE5AH

2.1 FLROGSA A R e 4 R
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L-FLIR K 4 899.5%
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Fig.1  Cell growth curve of KLDS 4.0325

23 BREFERRRL R
231 AN[EFRIERTL-FLER = & 1) #00

DL S it kT 8 9% R N A, BUR 4 i 4 AN (R
MR, HABKIEAA, WSS R B IR L- FL R B 11
S 2T A, REREE AR IR R L-FLRR P B KN
25.2 g/L, X0 FLER FLER B KLDS 4.0325 B4 A T

BRI B IR R T DAL BRRABE RN L2,
AR

XA TR
301
§1025-
Z 20
EIS-H H H
®g1or
o5l
= 0 1 — |% H|!_\|!_\|
é§V§>%%§éﬁ4ﬁ$ﬁg&
HES

H2 AREBEXL-FLR ™ BRI

Fig.2  Effect of different carbon sources on L-lactic acid content
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Fig.3  Effect of nitrogen source on L-lactic acid content
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Fig.4  Effect of mixed nitrogen sources on L-lactic acid content
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FEEARELW, HHFEKN RS IZN E XN L-FLR
FEEIE N . AT A, KA. By EXL-FLR ==
HRELW, HWEEESREEXEN, HPhHERERA
(MR I XL-FLRE = Em s K, HIKNHERE
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#3  Plackett-Burmani{i 451

Table3  Results of Plackett-Burman experimental design
Whs 4 B C D E F G LIE™E (gl)
1 1 1 | 1 1 1 -1 68.6
2 ! 1 1 -1 1 1 1 85
3 1 | 1 1 -1 1 1 62.5
4 -1 1 -1 1 1 -1 1 509
5 -1 | 1 ! 1 1 =1 4238
6 -1 -1 -1 1 | 1 1 340
7 1 | ! -1 1 -1 1 65.7
8 1 1 -1 -1 | 1 -1 60.3
9 1 1 1 -1 | -1 1 607.1
10 | 1 1 1 -1 -1 -1 426
11 1 -1 1 1 1 ! -1 61.7
12 -1 -1 —1 —1 -1 -1 -1 39.0

# 4  Plackett-BurmaniX % 5 5 [6] 1353 41

Table4  Regression analysis of Plackett-Burman results
FERJ CFHM AmE ¥y Fif PE REE
B 157254 7 224.65  23.00  0.004 4 *

A 1367.47 1 1367.47 140.00  0.000 3 &

B 86.94 1 86.94 890  0.0406 &

C 3.74 1 3.74 038 05695
D 0.80 1 0.80 0.082  0.7888
E 89.11 1 89.11 9.12  0.0391 i
F 8.84 1 8.84 091 03953
G 15.64 1 15.64 160 02744

W w P <005, BREFRE, £7FH.
25 EbEed LG

£S5 ERERERBRLER
Results of steepest ascent design

stign  ARRERUELK BEERLK PR E KHPOF i Lo b/
YR (gL W (gL WREE (gL (g/L)

Table 5

1 40 1.0 3.0 35.5
2 60 1.5 4.5 54.1
3 80 2.0 6.0 76.6
4 100 2.5 7.5 87.6
5 120 3.0 9.0 80.6
6 140 3.5 10.5 81.7
7 160 4.0 12.0 79.7

f i Plackett-Burman i3 45 2, ®mHEEEMPK
AT R BEE RS, N OAEREREEES O
RIS HRSTH, SA4NFN IL- AR B e k.
U, JEPEEEAMANE NP OH AR I O R
26  HOHA R A R

CAL-FLER = s N NAE (BAY) , SRR =3,
AR BN=2011 O A A BT AT ARG . SRR
IV BB 45 S W6 T8I X E i AT — R & e Rl
&, B3 kT

=—358.71442.464+1 102.188+226.95E—3.254B—34E+
230BE—1.914°—2 516.598'— 160.20E" (2)

K6 mpE BRI RRER
Table 6 Response surface central composite design layout and

experimental results
A A B E Y L-FL 5/ (g/L)
1 —1 —1 —1 64.8
2 1 —1 —1 722
3 —1 1 —1 61.6
4 1 1 —1 65.1
5 —1 —1 1 67.2
6 1 —1 1 68.4
7 —1 1 1 68.3
8 1 1 1 70.8
9 —1.682 0 0 60.1
10 1.682 0 0 71.2
11 0 —1.682 0 70.7
12 0 1.682 0 68.2
13 0 0 —1.682 71.7
14 0 0 1.682 82.4
15 0 0 0 86.3
16 0 0 0 85.3
17 0 0 0 87.9
18 0 0 0 86.5
19 0 0 0 82.1
20 0 0 0 86.4
x£7 ERERGESH
Table 7  Analysis of variance (ANOVA) for regression equation
WH  SEAM HdE 7 Fid PH REE
A 1549.12 9 17212 2826  0.000 1 &
A 81.04 1 81.04 1331 0.0045 #
B 8.87 1 8.87 146 02554
E 61.56 1 61.56 1011 0.009 8 *
AB 0.84 1 0.84 014 07173
AE 6.48 1 6.48 1.06 03236
BE 23.81 1 2381 391 0.0763
A 840.08 1 840.08  137.92  0.000 1 *
B 570.44 1 57044  93.65  0.000 1 *
E 187.23 1 187.23 3074  0.0002 #
Bk 7 60.91 10 6.09
KB 41.47 5 8.29 2.13 02126
4iiR7E 19.44 5 3.89

it 161003 19

I Design Expert 8.0 AT E AT 704,



88 2015, Vol.36, No.09

E6miltl=

XY TR

RTATHEN, A2 FTE R P=0.000 1<0.05, 07 /7 2
W& R, RMIHP=0.212 6>0.05, B R ITA &
F; HAMR AR =0.962 2, & W TR/ AN S AH 5%
PEwT: B T RERL,=0.928 1, R},=0.7843, —#
Z A ZERUN, RPBAIRE R, AR IR 52 50
a4,

HRTATAL, WA —RTA4, EAT BEKT, BIIA
B3, THIWBE., AB. AEWMIANEZ,

2.7 BEAIBGAE KA AT

XRTRERS, HBERE. BEEER . K HPO,MITR
T2 381029, 2.5, 7.9 /LIS, Xf N L-FLER 7= 5 Bt
m1486.3 g/L. AT IiE T FERIHER T, 75 LR FMFT
ZAT3 ORFESES, WS L-FLERT &5 51 86.6. 87.2.
85.9 g/L, “FIHI{H }86.6 g/L, 57 FETNI{E86.3 ¢/LIIAH
XRZEN03%, UWHIZTTREEGESEME, %N
PRAE—E M SR . SIS IR, RS IR AL
JE BIL-FLIR 77 Bt B Al TR AL (3.4 %, PRI Wik
3.61 g/ (Leh) o FHXS T FLERAT o A= 7L, FLERFLBK
HKLDS 4.0325 B A L-ALBR MR, Hr= s T
A"

Hoaroh ik, B A 5T 2008 LBk B AR 7 7L IR 10 i
B, EANG Lactococcus lactis 10-12Y, L. lactis
ATCC 19435, L. lactis ssp. cremoris ASCC 930119,
L. lactis TFO 120072 B B A= 7= L- FLIR 1 WF 7T 408 .
Ramchandran5$™Wf 78 7 FIFIL. lactis ssp. cremoris ASCC
93011938 LR E AR BEE AR, F~Er[is60 g/L.
L. lactis 10-1"" R EEALIR - BN 13.81 /L, FRRIEFA
1.73 ¢/ (Leh) , SFLEZFAIKEKLDS 4.03257 R #86.6 g/L+
FAIRIER3.61 g/ (Leh) HHEKMZER. Shi ZhoumingZs®
WFSE T LA 2ER AR, [ 2L, lactis ATCC 194357 41 4
R VA BT AR R B, R E T IR 142 g/L,
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