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Abstract: At present, the yield of plantaricin produced by Lactobacillus plantarum through conventional fermentation is relatively low.
Therefore, optimization of plantaricin production conditions and methods of isolation and purification is an effective approach to improve its
yield. Inthis study, three strains of L. plantarum were chosen as fermentation agents and the effects of fermentation time, temperaure, initial pH
of the culture, and medium composition on the production-of plantaricin were investigated. Based on the results of such optimization techniques,
five different methods for separation and purification of plantaricin” were explored and the best combination was identified as follows:
fermentation time of 28~35 h; temperature at 30 ‘C~37 ‘C; initial pH of the culture medium a 6.5~7.0; 10 g/L glucose and 10 g/L sucrose as
carbon sources; 10 g/L peptone, 5 g/L beef cream, and 5 g/L yeast powder a nitrogen sources; 2 g/L potassium hydrogen phosphate, 0.2 g/L
magnesium sulfate, 0.05 g/L manganese sulfate, 2 g/l.. ammonium citrate, and 5 g/L sodium acetate as inorganic salts; and 1 ml/L tween-80 &
emulsifier. Under these optimized culture conditions plantaricin yield increased by at least 1.5 times. The optimal separation method identified as
ultrafiltration, where the recovery rate reached 71% after fermentation broth was extracted by ultrafiltration. Results from this study thus provide
theoretical and technical evidence for increasing p lantaricin yield which will be useful for industrial applications.
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0.02 mol/L Jc & EhBR¥VR , HCHilfe 10° 1U/mL ) Nisin
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MEE AT E, B A IR B.. LA B NEE
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FIARER 5 mL, 3Bl 10 32 B 4, 1
XULEATAC XTI, mdEMEEN 5 mL IR
A, TEEIM OB EIE Acso {H, UL BSA & &
(ng/mL) AREAAER, Aoso (EH AR, ZeHibriErZk,
R BRI RE A A 23 TH R R B S 2,
3 AN 1 mL RFIURE SR 5 mL A, 7ER Ak
SNCEE T EISE Acsoff, BFMEMMM=AEE, B
SPEME, BT EHEARNARE HZE A 20 AT AR B
F&g, DT SEETHEE A E SN AR AL s .
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Table 1 An orthogonal representation of experimental medium composition factors

%
*-F : — :
A(FER) B(&R) C(RAL) D =+ :%-80
1 2% % E 4% 2% % @ Ik 0.05% K HPO3, .0.02%M ¢S04, 0.005% MnSO;  0.05%
1%7) # 4%, N
2 o 2% 1 F 0.1% KoHPO4, 0.02% MgSO4, 0.005%MnSO, 0.1%
1% 2 42
1%# & 4%, 0.1% KsHPO4, 0.02% MgSO.,
3 o 2%EE B F 0.2%
1%5L 48 0.005% MnSQO4, 0.2% CsHs07(NH4)3
4 1% % 484, 1%%& afk, 0.5%4 AF, 0.2% KzHPO4, 0.02% MgSOs4, 0.1%
1%% F 4 0.5%® % F 0.005%MnS04, 0.2%CsHsO07(NH4)s, 0.5%NaAC '

E: 1%% 7 100mL AR PA1g (B4 S 1mL GRK),
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B XA, 15 S R R ACF NP E ks A
R 2 2 R{E (R=maxX(ki).— min(wi)), HRHERZEK
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VUUE . FEVTEHIN 5 mL A BRZE MR (pH4.5),
REFEANVEIAIG 4 CHRATAFH o BE I3 00 5 1A s
(O HIBR vE PR, TR R M AR A A B R T 2
Plantaricin, /G fAfRARNEASE, HEH
AL R H % FR
1.3.4.4  pHWRHZE

Z 8 Yang®UFTH J7i%, 43 JTEX 3 #k Lb. plantarum
R BERA 500 mL, B 70 "CHEIR /K AL FE 30 min
Kih, WHZEERS, F 4 mol/L [¥) NaOH ¥ i
pH 6.0, & IR HLEZFE 30 min fii Plantaricin W i 4 41
o b, B8 30 min (4 °C. 8000 r/min) W TTiE:
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0.22 pm TopH BEIE . Al Ab BRI I IR A
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AR BRI AT Lb. plantarum 78R8 2% 14 54
Fi 40 h B P=A AN TR 2R i 2 - IX et R WAS (R4 1
B [ ] B AN [ 8 ™ A 4 T 2 B 2 IS I )2 A
AEIE AT, EHIEG ] A2 AR I 1) 0P B 25 1= AR B
HENEH.
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FEI VR FE LA S e St i 2R RS, AT
WmMAE RN G WE 2b FALLEH, AF
Lb.plantarum x££k BAR A BT AN, (H— 0 7E
30~40 ‘C[a], WRPEEET 25 Calim T 45 CHAFIF
U 24 Hwanhlem 25257 FLBS FLER 127 40
HEREZMIEE N 2559 C, Anthony 21K B.
licheniformis AnBa9 = 4f B % & % 1) K % i £ /2
43 °C, AT WA B AR i =4 B 2 44T
B, I AR = ERAN R T 4 R A
223 ¥IikwdE pH

—MRUL, BRI IIIME pH XNAE R
A KN B2 R AR A e . Bl ] 2 m] A, REFRR
W4 pH TE 6.0~7.0 B LU S & AR A 4l =, X5
R REI AN RB &EENLGE pH AL
Lb.plantarum 7£ 30182 slid Bl 228 = 40 1 2 5201 ,
A REETE T R A 1D i IEH YERE Y pH A] DLl
ok 5 T T AR RUSE ) H AR Vi U VBB P ) AR A B
I I TSR TR (TS TR SO B A 7R 0 BT
W RAT B A K 2B 2) pH (B £ 50 40 P 5
Bl RS, TBER S N AR feidipH, ANid pH B 25
SEUAEE R A 2. SRMTEATEA I, Lb.plantarum
QB3-1 F1 Lb.plantarum AY-01 fEEZ MEIFEIRR A
—E HAM B, T Lb.plantarum YmI5=2 A1)
7, XA RES A Lb.plantarum QB3-1 A1 Lb.plantarum
AY-01 0} R A — 78 B 52 1
2.24 FHERD

T B R e AT T LR R FRIE NG pH
THILT, R 1E28 S AR IR 157y HrE2 1 Plantaricin
FEAE B R AT AL, IR R TeHLER AN
3380 ftbfi 12 (M AR /N, WO REAE AR

XPIRIGEE BT 2o b, TR A DS/ R s 2 A
Kij« Kojv Ksj MEFTT Ky?s Ko Kg?, THESH
ZEPTTAUCH BHBE, AR DL ETHE, T B PR,
ST, GRS R 2, BrRIERI SRR
BIRFITCHLER R s i AR e, R-80 52 A
B2 IR OO B -opL 35 20 - 1R-80.

a soof
400
= Ty .-
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Fig.2 The effects of fermentation time (a), temperature (b), and

initial pH value (c) on plantaricin production

xR2 FENHER

Table 2 Analysis of variance results

H% F54 AEWE HFHF FiA Fa 2FKF
A 35.4 3 17.7 676 Foos(3,4) =46.19 kx
B 23.69 3 118 52.34 >
C 27.48 3 13.74 5467 Fooi(3,4)=28.71 ok
D 15.39 3 7.7 2345 *

MFE 3 HATLAEH: Lb. plantarum QB3-1 =41
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ToHLEE, R RJRAIR-80 (£ 2). Lb.plantarum
YmI5-2 E.A A1 Lb.plantarum QB3-1 #H [Ff 45 5, RI5%
Wi Plantaricin 74E FIPE 22505 - Bl >Jo bk > 205>
i 96-80, 1 Lb.plantarumAY-01 5 & Z 50K & i
P, HR-80 FemE /N, JCALER IR IR A AT,

AU IG5 F5 1At A 55 NDIRI T (AR AL, #502 Bie
TRRC R 2, HHiR-80 SUMifR /. AS[FIRE IR IR S
Xof B R A KRR P P2 A B, B 7R
FE R4y Plantaricin F=2E (1 BEE AR R, IX 0T g
J2 PR TR R TR ST BT R 0T B A T T Bk
MBI S, ATREA ] TR R P AR AR R, X
B B AR T BRI T B o B0 S 1) 7= A 4

BERTAE, XA T DI . A BT
NBRARAE AN 2 5 01 A AT A, RS B
MEEINTE— e YaE N 3E R T a0 K. nhiE-80
(12 BN AU 2RI A G ), 1 HAS R AR
WA, AH— IR BRI HIE-80 A Bl T4 & e A

IR 1 AR 2 43 Mk, 3 Bk Lb.plantarum 724
Plantaricin [ 85 7528 B Adi: 10 g/L i) b
110 g/L ERE: BUR: 10 g/L A, 59/L 4 AE
5 g/L BERENY; TEHLE:: 2 g/l KeHPO4. 0.2 g/L MgSOs-
0.05 g/L MnSOs.2 g/L #7542 A1 5 g/L NaAc: FLAL 7«
1 mL/L i 75-80.

T3 L (4) BFERDEXIHER

Table 3 Lis(4*) Orthogonal experiment results of culture medium composition

KI5 A(#R) B(AR) C(Eii) D(hiz80) E(FF]) £ % GRAHiL)
1 1 2 3 3 2 2.5240.05
2 2 4 1 2 2 3.9140.12
3 3 4 3 4 3 3.2540.06
4 4 2 1 1 3 2.3340.03
5 1 3 1 4 4 2.0840.05
6 2 1 3 1 4 3.3140.11
7 3 1 1 3 1 2.6440.08
8 4 3 3 2 1 3.2740.12
9 1 1 4 2 3 3.5240.14
10 2 3 2 3 3 3.1640.09
11 3 3 4 1 2 2.74+0.07
12 4 1 2 4 2 2.4640.05
13 1 4 2 1 1 2.8140.04
14 2 2 4 4 1 3.6240.15
15 3 2 2 2 4 2.8840.07
16 4 4 4 3 4 3.6340.13
k1 265423 28305 2.7240.16 2.94140.15 3.09340.32
k2 3484045 3.264036 2.8240.04 3.374.31 291+0.16
ks 2834007 2754012 3.2440.34 3.1640.17 3.0740.26
Ka 2.884.14 3.364043  3.3840.28 2.854).06 2.980.27

MER 0.83 0.61 0.66 0.52

B & £X005 A>C>B>D
K A; B4 Cs D,
KA A:B4CsD2

E: ERFH L 2.3, 4 BER AR RTF, Plhe ALIEAIR 1 AKF, PP 220W H 4. 2 R EHTREZ R, =3,

23 EKAFEH K

3 #k Lb.plantarum 7Ef R 4T R B, 1
R 2r 535 F] T 650 1UmL (Lb. plantarum
QB3-1). 580 IU/mL (Lb. plantarum AY-01) #1 530

IU/mL (Lb. plantarum YmI5-2) ([& 3), HIxFFKAiik
Brarskt (B 2a), Mgm T 15-2 fi.

H1 P& 3a AT, Lb.plantarum QB3-1 fE K 12 h
Fe A TG RE T IR, 28 h G K pH ZE A TR E 1E 3.4
FoA, WA AR R I 32 h e ik B o E, K 36
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Table 4 The table of extraction and separation for bacteriocin
ik i EEG iy A% &y 1 éwc ELE ELERFSE
/mg (IU/mL) U (IUmg) &% % 1%
QB3-1 1230.46 652.16 3.26x10° 265.01 1.00 100
LF% Ymis=2 968.57 536.69 /2.68x10° 277.05 1.00 100 100
AY-01 109578 586.37 2.93x10° 26756 1.00 100
QB3-1. 6852 ' 314824 9.44x10* 1377.70 454 2897
m:‘iﬁf“ Ymi5-2 5547 - 2752.56 8.25x10* 1487.29 5.37 30.78  28.524251
AY-01 6275 2521.48 7.56x10° 120549 450 25.82
- QB3-1. 9447 1846.47 1.85x10* 19583 0.74 5.67
S Ymi5-2 103.58 202532 2.03x10* 19626 071 7.57 6.34+1.07
AY-01 8462 1687.64 169x10* 199.72 075 577
., QB3-1 22314 241813 2.90x<10° 130.04 049 8.90
ﬁ?ﬁ:ﬁ Ymi5-2  188.53 3246.82 3.90<10* 207.44 0.75 1455  10.650.28
AY-01 24127 2078.38 2.49x10* 103.32 039 8.50
OH AR, QB3-1 20546 157536 3.15x10* 153.66 0.57 9.66
Wik Ymi5-2 13534 2433.18 4.87<10° 360.74 130 1818  16.4848.44
AY-01 15832 3167.52 6.34x10* 500.45 150 21.6
QB3-1 74775 455245 2.28x10° 30522 1.15 69.82
A% YmI5-2 56243 4062.29 2.03x10° 36121 130 7574  71.96%0.35
AY-01  687.32 4137.36 2.06x10° 299.72 112 70.31
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¥ Plantaricin A 5 Fio7 AT/ Hratifh, e )
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Plantaricin, SFEFEIETE. pH A IR PR RN
WA, TRESE Plantaricin ANAEA RO I T 1 144 Ay
FM, FERICR TR M RBIE IS, [ m ik 75%,
X 5 Zacharof 25 NPHRIEARL, o EBIEI2HE B i
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Plantaricin REfSEI IR, AKX Plantaricin
A E T

3 ZHig
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FE. BEFRIRAIAE pH E MBS FREE LAy X 3k
Lb.plantarum 74 Plantaricin F50, JE3k48 7 —H
AR E 4L Plantaricin 7 %, BRS8N D
RIS £E 28~35 h N, i EAE 30~37 C, RiFRliy)
46 pH 7E 6.5~7.0, 10 g/L i %) # A1 10 o/L EEHE AU,
10 g/L =Bk 5 o/L 4-AE AT 5 g/L B BER A A, 2
g/L KoHPO4. 0.2 g/L MgSOs. 0:05 g/L MnSOu. 2 g/l
FrEERRELAN 5 g/l LIREANTEHLER, 1 mU/L i 80
RFLALF], & 3 ¥k Lb.plantarum (Lb.plantarum QB3-1.
Lb.plantarum AY-01 . Lb.plantarum ~Yml5-2) 7= £
Plantaricin (i 756 s 2) MR 5 &
aifb k. BFRRMMLEE, ME RS EREG T 15
F5 LA b, R GE R IR E R TR S, RIS F
T 69%LA L, oA Plantaricingdt— B 4tk ATV AL T
RN PR 0 Bl AR AR S 1%
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