H11% %164 B 2 4 o iR A A Vol. 11 No. 16
2020 - 8 f Journal of Food Safety and Quality Aug. , 2020

B2 e TAERL RE#2 M 8L E Ok BERE! g

(1. REEMTHBfbs TR S RIREAR S BE, i SRR LR SR LR .G, K58 523808;
2. KGE L R2FAEY TR, K% 116034)

]

W E: B8 OPRIARET A R AR IR R AT TR S R Y EF2(RE FLFT )
I PP2(WEFRFUAT )2 RRFLRR I HE IR G R I, SR AR HEMR IR A0 24 B 22 (0 A W 2 ek, i s B TR R S 3
IEAZSEBAAL T EF2 R PP2 IR G KW MIA R IR A . BBR MEARAERNME . P S90IESR0 T s
Wik e, JE TS Y, EXT R G . B RO RO KRR U, X a-TE R RIR
JNVE RGN GUR, J2) A A R . EF2. PP2 IRA K7 A R WA B IR Hml sy WA 20 g/L. AR
125 g/L. FNE 15 /L. BEEE 5 /L. K,HPO,3H,0 2 g/L. oK RN 5 o/L. MR =%k 2 g/L. MgSO,
0.2 g/L. MnS0,0.05 g/L. Tween-80 2 mL/L. Z&M/K 1 Lo fefEREFRAMER: Wik pH J 6.5, 1R 4%, 3
W 100 mL/250 mL, ZRERE 35 °C, TEMAME T, AP KM TGV LR Ibmse & 1 1.36 5. &5 7R
EF2 I PP2 YR G B 3745 2 1 41 B 2 8 HA BFHorE ) iE A i R, JFil s 5 R S M AS S i e 1 2 #k
FLIR TR A B 752 40 0 2 B AL 4 1

XRRIE: FLERTA; AN, TR AR, B riib

Study on the biological characteristics of bacteriocin production by mixed
fermentation and optimization of culture conditions

XIAO Shan'?, LI Xuan-Yi%, WANG Zhi-Xian?, CAI Jia-Ming?, TAO Ye?, WANG Bo',
CAI Yan-Xue', WANG Ji-Hui'**

(1. Engineering Research Center of Health Food Design & Nutrition Regulation, School of Chemical Engineering and Energy
Technology, Dongguan University of Technology, Dongguan 523808, China;
2. College of Biological Engineering, Dalian Polytechnic University, Dalian 116034, China)

ABSTRACT: Objective To study the biological characteristics of bacteriocin production by mixed fermentation and
optimize the culture conditions. Methods After the mixed fermentation of Lactobacillus EF2 (Lactobacillus
plantarum) and PP2 (Lactobacillus acidophilus)were preserved in laboratory, the biological characteristics of

bacteriocin were analyzed by oxford cup method. The single factor and orthogonal experiment were used to optimize the
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culture conditions of bacteriocin production by mixed fermentation. Results

The bacteriocin had the following

characteristics: higher activity in acidic, neutral and weak alkaline, high temperature resistance, sensitive to trypsin, pepsin

and proteinase K and neutral proteinase and insensitive to a-amylase and papain. The bacteriocin was broad-spectrum, it

could inhibit both Gram-negative and Gram-positive bacteria. The optimal formula of bacteriocin production was glucose
20 g/L, peptone 12.5 g/L, beef extract 15 g/L, yeast extract 5 g/L, K,HPO,4:3H,0 2 g/L, anhydrous sodium acetate 5 g/L,
triammonium citrate 2 g/L, MgSO, 0.2 g/L, MnSO, 0.05 g/L, Tween-80 2 ml/L, water 1 L. The optimal fermentation

conditions were: initial pH 6.5, inoculums dose 4%, the volume of liquid 100 mL/250 mL, fermented temperature 35 °C,

and the antibacterial activity increased by 1.36 times than non-optimized. Conclusion The bacteriocin produced by the

mixed culture of Lactobacillus EF2 and PP2 is a broad-spectrum bacteriocin with good resistance, and the optimal

conditions of bacteriocin production are obtained by single factor experiment and orthogonal experiment.
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¥ 11D BIEBICR R | 3% Ak AR iR &
HEA 100 mL MRS EEEREFIEA, 30 °CAH T BHERiFE 24 h
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(4IRS A 2

WZE EF2 A PP2 IRAG KW= AN 2 AT 2 # GTHl 5 #k
G HMTHACR .
225 BEIRARSGIMAL

(D E R
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E: 0.5%% HM+1.5%4 W& ; Tween-80 NI AN 0%,
0.1%. 0.2%. 0.3%. 0.4%; MgSO, i f 5357 0.01%. 0.015% .
0.02%., 0.025% . 0.03%; MnSO, JFT 14341 0.001% ., 0.003% .
0.005%. 0.007%. 0.009%. FECiilEFRIE, IRAHA EF2 Al
PP2 F T, 30 °CHMF MHHE RS 24 h JFdATIIE 58,
WE5E 45 R F- X EF2 1 PP2 PAR LR I 1RA & ™ 4 il R 30
PRSP A 2, DA T 328 L 52 S 56 i PR 38 RK T o

(QBEFE IS IE AT TRy

Sy HTERLIR R SCIR A A, LR R LI 1 R Ak
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Table 1 Factors and levels of orthogonal test

/%
K —— —
HiibE4)  EAMRB)  FREQO Tween-80(D)
1 1.50 1.00 1.00 0.10
2 2.00 1.25 1.25 0.20
3 2.50 1.50 1.50 0.30

22,6 KEEEMGHAL

(ELENiSE o

PMRAGSE I MRS & IERE Iy e, EF2 FI PP2 IR G K
TEREEA IR 460 M. WIlh pH6.2~6.4, HEFR 3%, ikt
100 mL/250 mL, FEFRIRIE 30 °C, s Hirp—AN 4, g
Mgk, B BF2 il PP2 IRA K= AN E MBI . 45
PR30 WIhh pH 5.0~8.0; 45F i 1%.2%.3%
4%, 5%, 1% 9%. 11%; B EPI50, 75, 100, 125, 150,
175, 200 mL/250 mL; JFFEIREE 25, 30, 35, 40°C, EER;
7% 24 h EI T SEE, WA TR A K I AN
PRSP, AT BRI S8 556 A4 PR 2RI

Q)R WS MF IEAS S5

g R R SR R IR AR IR pH A REFP R . W
A SRR LGYIELRIATIL, AR RKKF
e 2 R,
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Table 2 Factors and levels of orthogonal test

P R W

pH(A) BRBI%(E) /mL(C)  /°C(D)
1 5.5 3 100 30
2 6.0 4 125 35
3 6.5 5 150 40
3 ZERSDMH

3.1 HEREVEFENHRR
3.1.1 pH#&E LR

SCHZERANE 1 R, BEE KB FIEWR pH TR,
MR ERZBEE A, 4 pH iAF] 7 0, MR SRR, M
B H AR F(14.78+0.16) mm, ALK pH, 175 B B2
AT TR, #E pH o 12 B, JCERE L. LB EF2 AN
PP2 VR G KB E MR R AERRYE . Pk S SET
TEVERR . R, HANERAE B DRSS IR, R
TRV pH, BT BB A R TR MR B

TP B42/mm
oo

2 3 4 5 6 7 8 9 10 11 12

pH{E
Bl 1 pH X A0BE 2 i AR IR (n=3)
Fig.l Effect of pH value on the antibacterial activity of
bacteriocin(n=3)
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P20 min J5, £ 50~100 °C, MEEHAAK, MR
2 121 °Ch, MEEEMEA Py, B 83% A4 1T
. B, EF2 F PP2 IRA & ME™ A Al o8 28 BT RIT 1)
PR E R o B AR AT A b R A B T A K T I
(65~80 °C, 20 min)#F 17 KF. MZNFEELE 121 °C, 20 min
ZAF FABRECRFE 83%MIN R TGP, LI RV & .
Tk S TN 0 0 5 A ety e oy P i

=3 BB ME R INE R R (n=3)
Table 3 Effect of heat treatment on bacteriostatic
characteristics of bacteriocin (n=3)

AbFR A IR B4/ mm
POPI 21.89+0.83
50 °C 20.11£0.57
60 °C 21.11£1.13
70 °C 19.78+1.75
80 °C 20.44+0.16
90 °C 20.33+0.54
100 °C 19.56+0.68
121°C 17.76+1.25

T R PRI AR R 2 (n=3), T ) .

3.13 BESUBGME S

SEHRAS RN 4 PR, 10K EE IR IR C
F, RETEPESE AT AR EE AR, E & A ENE
PG K, MBS B2 T 88% .91%F1 73%, JIIA o-
TEM RS, WEPEEEATCARAL, WOMAARIRE B, g
5% FEAH EL PR EE T 96%3E 1 . BRI L EF2 A1 PP2 1RA A
PR R XTI G . AR . R K Ak
HREHUR, X o-SE R IR R (A REASBUK, BLIIZAN
FR—FHAMBEEERNE YR, X522 %00
W EE AR

*4 BNARZMERENEMmE0N=3)

Table 4 Effect of different enzymes on bacteriocin activity(n=3)

il P A% /mm

X R 11.67+0.27

H A 8.33+0.27
B 1 8.00+ 0.00
HAG K 9.00+0.27
a-VER I 11.89+0.96
A g 8.44+0.16
AR 1 11.22+0.42

3.1.4 pEE
SERSEE AN 5 BT, BF2 Fl PP2 JR4 & T A= 1 21
R AT LB P 22 FR B MR TR (R R 2R AT I . i
AR, X 22 BT AT | SR A
SR . RNERE . FHARIRIMHIEYD TR A B
PIEA . DL RSO, AN R A ) e i

*5 EF2. PP2RARE~HEZMNEIEN=3)
Table 5 Antimicrobial spectrum of bacteriocin from mixed
fermentation of EF2 and PP (n=3)

LN e o i T B E AR /mm
ity B 2 ST R G 13.56+0.31
L WA A IR G 11.22+0.42
KIGHFE G- 16.78+0.16
e A1 B G- 18.00+0.47
S AR B TR G- 12.56+0.31
RN EBE G- 15.00+0.27
SR E U ) G- 16.22+0.57

3.2 EFRERSBML
321 BHEAXERE

DI B BLAR P68 45, 2 EF2 A1 PP2IRG & ™ 4
W R AER IR S, BRI RE R R A 2,
EF2 1 PP2 8 G A T 7™ 40 T4 2 1) e A0 9 B iy i 46
B 2%, A 1.0%, 4-HE 1.0%, Tween-80 0.2%, MgSO,
0.02%, MnSO, 0.005%.,

322 BREARSELEHRLER

P R AR A WS . B K. C AF AT
D Tween-80 VUSRI AT IEAC S0, LAV Bl A2 S 64,
FILER AN 6 PR .

RIEER 6 Ml 1, & HFXF EF2 Il PP2 IR & K BE ™
TR B RN B RN - A ZIHD>C(F I )>B(EE
J4)>D(Tween-80), FfERi IR N 4,B,C3D,, TESZEHY
9 AR, MR AT IR IR IR N 4,B,C3Dy 0 Kt
X2 R IR A TIRAIE, S R BN R IR AL
K A,B,C3D, I, HAM G H A% 0 (14.00£0.27) mm, 555
W4y R A:B,CsDy B, H G B H 4R 4 (11.78+0.31) mm,

A:ByCsDy A5 AF R AR B A R A R AR U B T

AyB,C3Dy M B RUR I BEE A2B,C3D, VE A P4l 2 1Y
AR P A, BN AT 2.0%. EAK 1.25%. T RE
1.5%. Tween-80 0.2%, 35373 HiAth %0 AR

33 EZEBEHSMmK
331 RHEAXERE

PIEAR S5 B35 3R 3 LA M SE A, SR AR R FE AT,
K FHZE HERR 0 2 EF2 R0 PP IR-A A& = 40 B 2R 10 B A0
FREAE, MBI AR R I A5 R LI 3,
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MgSO (/%)

MnSO (/%)

e HE B EA/mm —4— pH —fi—0D
e ()T AL 2.0%2E P B: 2.0%4FE A C: 1.0%2E FUIE+1.0%4- B D: 1.5%8E 11 +0.5%4° B E: 0.5%8K 1 E+1.5%4
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Fig.2 Results of single-factor experiment about medium composition(n=3)

®6 EXIURERNH
Table 6 Results of analysis of orthogonal test

i A B C D A B/ mm
1 1 1 1 1 10.33
2 1 2 2 2 11.67
3 1 3 3 3 10.78
4 2 1 2 3 11.56
5 2 2 3 1 12.67
6 2 3 1 2 11.22
7 3 1 3 2 11.22
8 3 2 1 3 10.33
9 3 3 2 1 10.78
j 32.78 33.11 31.88 33.78
1 35.45 34.67 34.01 34.11

111 32.33 32.78 34.67 32.67
Rj 3.12 1.89 2.79 1.44
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®
g
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BRI BE/°C
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3 KA HIN R I EE R (n=3)
T B~ P A LA bR pH i

Fig.3 Results of single-factor experiment(n=3)

SRR R R, EF2 A PP2 1RG K B P 41T 2 i d
FERE FR 5 F it pH=6, R 4%, 2 125 mL/
250 mL, R 35 °C.
332 EXRFBRLER

R RN A ¥1is pH. B Befhit. C H#|
. D EFRRE 4 MEEMTIERSK, DAEEER N
fabR, FIEE RN 7 iR,

RT EXIEERSH
Table 7 Results of analysis of orthogonal test

Hs A B C D I B B A2/mm
1 1 2 3 3 12.33
2 1 3 2 2 13.33
3 1 1 1 1 12.00
4 2 2 2 1 13.67
5 2 3 1 3 12.33
6 2 1 3 2 15.33
7 3 1 2 3 12.22
8 3 2 1 2 15.44
9 3 3 3 1 13.22

37.66  39.55 39.77  38.89

=

IIj 4133 4144 3922  44.10
111j 40.88  38.88  40.88  36.88
Rj 3.67 2.56 1.66 7.22

B PR X 400 B 50 5R R i 1 K /IMR IR R D(EE SR IR
E>A(WIhs pH)>BAEF)>CERR ), e R
S A2B2C3D2, TESLIRHY 9 AL, MIESCREITHIR
W54 A3B2C1D2, XX 2 FhEEgR4 il AT AE, 25
GER R, MREFRAM N A2B2C3D2 I, HANEE HAA N
(13.56:0.31) mm, %EeH AP AZB2CID B, HHI A
HAZHM(14.78+0.42) mm, FILEFE 43B2C1D2 iR
Sftk, BNIEFRIERIME pH N 6.5, HEFMEN 4 mL, 2R N
100 mL, $EFEIRE N 35 °C,

4 FR5itie

SCHGLESRLRI, EF2 Al PP2 PRRFLIR AR &5 A T4 A
FAERRNE . ik . SRS TR MR, TR, R TR E
PEYITL, EXTRAR IR . NG SR I KRR
I X o-BERTIEAIA VAR A NBURR, 2T TSN &R e aR
TR A 20 gL, MR 125 gL, FRE IS gL. B
B1H 5 ¢/L. K.HPO, 3H,02 g/l ToKLHREN 5 g/ AR —
#:2 g/L. MgS0,0.2 g/L, MnSO, 0.05 g/L. Tween-80 2 mL/L .
IR 1 Lo SRR W06 pH oM 6.5, Hefii: 4%, %
Y 100 mL/250 mL, KEERE 35 °C, A FMBESEYEAL
FERTHE S T 1.36 fifo £ b, AP REWIZURRA EF2 Fil PP2
TRA RSB ANTA Z  BAT B PR IS R, Fid
AR RSN ACSEIOHIE 1 2 MR A R R 1Y
PRALZEAE, BT T A AT R T R A PR AR
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