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Optimization of Fermentation Medium of Lactobacillus plantarum LPL — 1 for
Plantaricin LPL — 1 Production by Response Surface Methodology

WANG Yao'® LI Qi'? LI Pinglan'?
(1. Beijing Advanced Innovation Center for Food Nuirition and Human Health, China Agricultural University, Beijing 100083, China
2. College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Bacteriocins from lactic acid bacteria ( LAB) are ribosomally synthesized peptides or proteins
that inhibit or kill the closely related species. Based on the merits of easy degradation by proteases, non-
resistance and non-toxic side effects, plantaricin LPL. — 1 is a promising natural and safe biological
preservative for food preservation industry. Aiming at the improvement of plantaricin LPL — 1 from
Lactobacillus plantarum 1PL —1, the inhibitory activity (AU/ml.) against Listeria monocytogenes 54002
was used as effect index, and the optimized medium composition was determined by response surface
methodology. The major factors were determined as glucose, yeast extract and Tween —80 by single factor
tests and Plackett — Burman tests. Based on the results of the steepest grade test and response surface
methodology, the optimal medium composition was followed as glucose 2. 08% , yeast extract 0.51% ,
tryptone 1.02% , beef extract 1% , Tween — 80 1.02 mL/L, K, HPO, 3 g/L, NaAc 0.5% , MgSO,
0.2 g/L, MnSO, 0.3 g/L, tri-ammonium citrate 2 g/L., and ddH,0 1 L. Under the optimal conditions,
the inhibitory activity reached up to 752. 11 AU/mlL which was increased by 1. 62 times. Finally, the
research provided insight into the potential use of bacteriocin as a food preservative in the food industry.
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FERUN AN E R 80% 60% 40% 5 20% , 4y
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Tab.1 Design of Plackett - Burman experiment

2 g
-1 1
A WE TR % 1.5 2.5
P03 T et 5385 % 0.4 0.6
it iE— 80 AR EL/ (mL-L~") 0.8 1.2
TREREE R B/ (g-L7") 0.2 0.3
BRI R/ (g L") 0.2 0.3
BRIR A A IR/ (g L") 1.5 3.0
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Tab.2 Design of the steepest grade test

" o AR AR nkiE-80 AR
[ IR s N N
IE % IE % H/(mL-L~1)
1 1.0 0.2 0.25
2 1.5 0.3 0.5
3 2.0 0.5 1.0
4 2.5 0.8 1.5
5 3.0 1.0 2.0
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Tab.3 Design of Box — Behnken experiment
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-1 0 1
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iR - 80 AR/ (mL-L~") 0.5 1.0 1.5
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Fig. 1 Influence of carbon source on activity of plantaricin

LPL -1 from Lb. plantarum LPL —1
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Fig.2 Influence of nitrogen source on activity of plantaricin
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Fig.4 Influence of surfactants on activity of plantaricin
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Tab.4 Results of Plackett — Burman experiment
HIXHM B/
(AU-mL™")
196. 06 +4. 56
330.21 £5.32
197.98 +6.43
1 319.92 +5.95
346.70 +5. 87

252.59 +6.01
310.70 +5. 34

REFS 4 B C D

-1 -1 -1 -1 -1 -1
1 -1 1 1 1 -1
-1 -1 -1 1 -1 1
-1 1 1 1 -1 -
1 1 -1 -1 -1 1
-1 -1 1 -1 1 1
1 1 -1 1 1 1

-1 1 1 -1 1 1 302.49 +6.21
-1 1 -1 1 1 -1 248.92 £5.32
1 1 1 -1 -1 -1 430.64 +5.45
-1 -1 1 -1 238.25+5.69
1 1 -1 1 356.12 £5.92
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3 o/L, iR EE R 0.2 o/L Wi BR 4% i 2 Wk [
0.3 g/L, HAx PR 28 40 FE 8% 32 36400 by b ) e 7 0
SR REDE % LR E 5 0.5% Frig
R R E 2 o/ L,

%5 Plackett — Burman it 38 35 9 47

Tab.5 Effect analysis of Plackett — Burman experiment

SEN B TR/ % P
A 1.17 37.57 <0.000 1
B 0.96 25.45 0. 0002
c 1.10 33.20 <0.000 1
D 0.05 0.08 0.5942
E -0.24 1.61 0.054 6
F 0.06 0.10 0.5518

2.3 EREMRHIRIE

FR4fE Plackett — Burman 5045 Rk it EEH K
%) i GE ME 35 1 6, ] 40 W o 5 70 B0, T R 3 o B )
k- 80 AL M B E N R, ARPEX 3 MR
FR) AL P AP /K B8 (L, LA 2 BT 38 AR X B A
el AL, T 3 3 N R AR Ak 7 I B b, e
J@ g 25 R S B = 5 AR a3 78 3 5l
B (3R 2) Kb BB e i, 32 AL ) 2 W B O K
N 2% JEREB BRI BN 0. 5% (il — 80 IRFR L
M1 mL/L, BB FE ) FLFF TR LPL — 1 77 40 7 & AR
MR IB B R, iR AE N 583. 23 AU/mL, 2%
B4 F —2#F Box — Behnken 83635319 Ho0 5
2.4 Box — Behnken flin 57 it 1%

FIH Design-Expert 10. 0 {4 X} 4 %5 1% 1 it 43
B BERR  Ark nhE- 80 AR LT = R =
K- Box — Behnken i35, i 30 45 R UL % 6, X
Box — Behnken iz 46 45 S i 47 )y 2543 #r, 3R 7 Al

% 6 Box — Behnken iXIE %5 5

Tab.6 Results of Box — Behnken experiment

BES

W R RERR R OE w0 PR A

U pwe e e AU
1 1.5 0.50 1.5 140.76 5. 62
2 2.0 0.50 1.0 823.27 £5.63
3 1.5 0.75 1.0 196.05 £5.98
4 2.5 0.25 1.0 427.50 6. 02
5 2.5 0.75 1.0 372.98 £4.99
6 2.0 0.25 1.5 200. 89 +5.31
7 2.0 0.50 1.0 825.28 £5.54
8 2.0 0.50 1.0 786.03 +5. 64
9 2.0 0.75 1.5 346.70 £5.75
10 1.5 0.25 1.0 149.97 +3.98
11 2.0 0.50 1.0 774.63 +6. 11
12 2.5 0.50 0.5 226.95 £5.65
13 2.5 0.50 1.5 271.74 £5.87
14 2.0 0.75 0.5 226.91 £5. 88
15 1.5 0.50 0.5 95.32 +£3.92
16 2.0 0.50 1.0 713.05 +6.22
17 2.0 0.25 0.5 166.93 +4.75
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BRI XA I 25 S B 3 AR, A T A B i AR
ARG P {4 0.299, KF 0. 05, 2 L1 I A 56 A
ELR IR SIS E SRR e B SN A I N o
F FHAILIR 22 5 |, AR PR PRIE XY IR Y A 5 R4
R=0.983 8, W IEMISE R4 0.963 0, fFHE LK T 4,

PRI ] 5 BEAR o A0 28 M 0 A Y X
R AR 5 IR A i R i iR — 80 MR
FLAY 2200 R )77 #
Y =784. 458 +89. 629 24 +24. 669 4B +30. 500 6C -
25.151 7AB - 0. 153 076AC +21. 458 BC -
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Tab.7 Result analysis of Box — Behnken experiment

J5 2R R A B Y95 F P B2k

R 1. 167 x 10° 9 1.296 x 10° 47.23 <0.000 1 ok

A 64 267. 15 1 64 267. 15 23.41 0.0019 ok
4 868. 64 1 4 868. 64 1.77 0.2247

C 7442.31 1 7442.31 2.71 0.143 6

AB 2530.42 1 2530.42 0.92 0.3690

AC 0. 094 1 0. 094 3.415 %1073 0.9955

BC 1841.78 1 1841.78 0.67 0.4397

A? 3.178 x 10° 1 3.178 x 103 115. 80 <0.000 1 sk

B? 2.095 x 103 1 2.095 x 103 76. 33 <0.000 1 sk

c? 4,475 x10° 1 4.475 x 103 163. 04 <0.000 1 ok

B2 19214. 16 7 2744. 88

AT 10 843. 20 3 3614.40 1.73 0.299 0

a2 8 370. 96 4 2092. 74

B IE SR 1. 186 x 10° 16

o FR P <0.01,
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T T 05 7 5 A7 i o T 7 A T 455 45 v 2 e
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Fig.7 Response surface three-dimensional diagrams and counter maps of Box — Behnken experiments
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F () A4 (T 0 W B 0 B 2. 08% | ERE ) BT it 4y
$0.51% (JBdE R B & o3 8 1. 02% A TRE o i
1% - 80 ARFREL 1. 02 mL/L MR & — 41
JTEVREE 3 o/L LTREA BT 73 %X 0. 5% B R 4 ot
HWRIE 0.2 o/ L BRFRER TR 0. 3 o/ L FrIEIR &
TRETERRIE 2 o/ L ZEBKIARL L L) M T 3 IRER
PEIIE, 20 TR 25 79 1 25 A0 X 40 B AL S (752011 +
4.98) AU/mL, 5 TIAE AL 5 28 5] 94. 7% , %
W RTINS 5 55 (. B A R A i 6Pk Ak )5 3%
FRE AT, [\ B A AR IS A0 e R R X B R
(752. 11 AU/mL) HLARAL T (286. 67 AU/mL) $2 /5
T 162 £ A I PL Ak i S R EL I AR e T
MR-,

3 HRIE

TEHL R Z L5 Al |, Rl FH Plackett — Burman
TRIH T 3B e R 2Rk 2 W I i o B R
K i A S kil - 80 MARFR LL , e B E 3 A 50 i
7L S5 WA S T Box — Behnken iREGE ST T IKE
T [T AR | S5 2 A K T35 ARy« A 2 M o
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