Vol. 24 No. 9
Sep. 2 02 4

i SR e = T S
A

Journal of Chinese Institute of Food Science and Technology

EWEAE NMGL2 HEZEM TN R EFHE R LB FG RN

HHE', FAF', % #H°: A&, maw"
RFEEBALSMERTHRELLRT LEALTALALRESHRNH T
2R LA AR XA AR dbw 100125)

(Gl Jb3® 100048

WE BWARAAH " WA ZTNEZTRK, AL "R TNAFHLEMHARAZN T 0B AAZFRATRY
MMM IATEA NMGL2 ¢4 A X4tk mh A R AL RAF IR, EREANZARLNEENER , R BT &HF
HBEF AR RS R, SSHEGIATFE NMGL2 @0l F A MEHMRITHR AL ERNHREAETE , BT P
B & EI R TaA R KBRS pH AL 3553 % 3 A B £ 49 Box-Behnken % = B & = K -F 09 v 5 & 4 A7, 51 2 A4
SUAT I NMGL2 7=t 1 & 69 AR R B 0 2 K A28 pH 7.0, %40 & 1.3%, 32 578 % 37°C, Bit X2 R B FARKA
EBEEMETHREANBFA(EREHIRBA)NWABARA 13.8 mm, 5 AR FAM AL (13.4 mm) & R p & 4 F 4 5

96.64% IR Z AR T, AFFRAMMIATEA NMCI2 A A M FRA LD ARBETHRAE,
EEIE HMBWIAE NMCL2; AL RAN B, Got, m¥ L, ALtk

XEHS 1009-7848(2024)09-0184-10

T W FLFF B (Lactiplantibacillus  plantarum ) &
AN IZ B LR B A 1 LR B R
HA GRAS (2 ihZ etk ) Mo i, b 3 A [R) of I A
LT R R AR 1 20 88, B IR R I 22 PR — e R
JE L2 B HEP AE AR (R 1Y) F3g A5 KK (I
) b XoF B RR R AT 2 A VE VAN, A5 455 T PR ) 10 25 4
FNBEPE | LA S 245 56 DR 8 7K1 2 7 S0 %6 T A )
FUFFBROBT I PR 19 28 4 LR A B

FLRR R B O B R N — =R H [ 5
REF=EDUTR M 5, I T 2 L i AT e A
sty RE R B By I AR S A TR AR T, HUTE W B
Frnl R R, BA SR L E i
P B B B RIS M 5 Y R A A B iy L
PR 1 240 I PP B & L0 — 2 B I PR Y
R 2 2R A D — R SR R AT LA A
T BT T R s A B P AR AR, R, H
LR TR A T AR R A SRR, R E WA T
HAR B AL, BOLATFE I H 32 BRI, 405 R Y
JEIE R 22 TN Z BRI, L4 B bR AR pH fE
G BE AF R, AN R T — R R
Z R R A G R A 2 A X e N

WKimEHEI: 2023-09-18

EEWH: FHZEAKR IS B H (32272296)
E—EE: £HFHE, &, W4

BIS1EE: MM E-mail: yangzhennai@th.btbu.edu.cn

DOI: 10.16429/j.1009-7848.2024.09.017

A SR AN R B

W) ZLAF TR NMGL2 J2& AP 5870 1% 48 1 i v
Sy BN 1RE R AR A W EE A oY 2 B L AT R A R
LR U5 BO% T LA R R B OR N, AR SC
E N R SR R /|
NMGL2 B R iy 25 Pk fag vk, AR5 R H A
252 6 FWE R 1T 43 T R 4 i O vk O Ak R
U pH E K 7520 B B R R R W S R B
FERE P FLAT B NMGL2 & 9 7= 40 1 & 1 e 8% %
M, I BAEY FLAT B NMGL2 405 R 1Y & 8
AR R S %

1 MP5FZE

11 #R S

1.1.1 Wbk EE I HYAFFE NMGL2 #1177
F b5 TR K AE A 5 R A B B S
6 78 B 0 4 B0 ) 4 BR B (CMCC 26071) , K
T T 5 AR P TR R RS B 0 s MRS Y
Rt LB Wt bt i 2R A H AR A
BN W OIS A (A Akt ), [ 24 4 T 1k 2 3R
HIRAF,

1.1.2 %% FE20 BV pH it , b i iR AT
Fl Z AL #% A R 2 A ;lofinite M200 PRO
NanoQuant EFR1Y , B £ Tecan 28 7] ; 4 H shil# @&
5 10 B BB 43 M1 4 Scan 4000, 325 [# interscience;
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HZQ-Q; THE IR 50 1 HWS12 Y fE 35 K 5
g —fE R AL AT B A R s MLS-3750 5 R 7%
KB, HZR Sanyo 22wl ; CR21 MG i ¥ R 25
AL, € Bio—Rad /A,
1.2 REHE
1.2.1 FEYFLFT B NMGL2 FFe /R @ k7% #
FE ) ZLAT TR NMGL2 4% (R R 53 5 2% 82 Fh 2 6 14
) MRS Y455 75 2 vh #8537 CCHE IR 3% 52 40 #
K% 24 h AT 1AL G 5 50% Hl 101 IR G147
FE-80 CHr , ffi AT A K % 2 Ik,

4 (07 4 BRI (CMCC 2607 1) 4 2 46 7 1
e 1 %3EF 2T LB AR IR PIR S, T 37
CHiF% 24 h iG1LJE &,
122 JC 4 M b W R WA B 3R A
NMGL2 #2214 U5 0 2% 4% Fh % 42 Fp 31 MRS 14K
Brge it 37 CHAMF#E 9% 28 h, B0 L,
HEBR R A A AL A0 TR i 0.22 um 1 A
TG 40 A 2 1 3 G LT R T
1.2.3  HIRY HOEM e METEE SRS Y 1L
PR D RE S PR TE M. 1 TR B SR LA 8
mL 1.5%) BB AE R e, B [ 55 JC TR 4 AR
MUK A A AR B R IR R 1T, R E & 45 C A2
A8 0.75%BE 11 LB Ki 323 b Iim A 1 mL 878 B
(Staphylococcus aureus CMCC 26071), fii & 8
ml, & HE 7R B B 22 L TR 2 R L TR /R A
B8 [ 5 5 2R HEAR B 100 L BE S AR 45 fLH
AR 3 AT 4 COKBTP Y B 2 h ERR R
37 CHFRA I K %, 4 B3l E g M
FEl 43 BT A Scan 4000 1 10 647 P8 142
1.2.4 2tk 40 P aik (K-B i) ik
TP FLFF R NMGL2 A 25850 . B 1 mL 55524519
TP FLFT T NMGL2 A I A B2 H 2 45 CHY
JCR MRS [E AR SR 5L b 38550 5 8 TC T 35 57
MLHpR S 5 8 O R 7 L b v 2 B 4 R X
W T FREL b, A 37 CE IR 3R 24 h )
N5 45 24 S AR T 0 100 AT Bl A, R 2 AR
R HEAT 3 UCEATIRES . KA AS [FIT AR 28 A 40 1 el
o 74 40 WAL 40 L AT B NMGL2 % I I 3t A % 1
SRR B FLBURER BE 4 S BUER(S) it 24 (R) sl 4
BE (1) o ASBIFZE P FH 14 25 85040 7 A 96 B Ik R 2
EOR= S IRty /N =08 % 1 5N i D) T S N

PRKFER KRN EEIE AL 5 2 M P 25 B R s %
R By i b R AR B H B R BNEHER
FItE RS R BRI B8 e 28 0 52 O v I bR eT
A MR 85 2
125 e BOS s 0 R 3L R
NMGL2 11 B B, - B 30 £ 422 b T 5148 L 1fi B
B I, 37 CIRAHE 5% 48 h JE WAl A K
PRI VS AR OO0 o DAL I I ) 4 6 2 B
AL A BH P % B 5 AT 7 T TR P T 20 20 L ) AN 58 4
WY S B R SR A 3R, A o L 5 7 1R 9 8 1R PR T
CT A0 B 58 A 24 WA R A B | o8 4l B 1
MLFR, Wy Bl 25 T v I Fl A 35 73 B I A A8
i, BRI, J8 T - B I,
1.2.6 AP 53 A A FLAT T NMGL2 (1)
HWARG Y FLFFE NMGL2 3% 2% (V/IV ) £
% MRS Wi R 33 37 CAMF FHE R JF 24 h
J& 4 °C .8 000xg 250> 10 min BUF A, RIFEE L
126 AR MR A IRA AT 2 S ALy K
1531 i 4= 3L X 41 7 51 38 1 Diamond {45 VFDB
B S R BCE 5 1 CARD ik 28 B ik 22 X 4 a0 122
HEAT HE X, T 5 7 35 PR R 2 3 [
1.2.7 HRHEERLE
1.2.7.1 MR MY FLFF B NMGL2 4 51 4%
TRBU3 % 0.5% ,1% ,2% , 4% ,8% , 10% 1) 15 Fif %43
SR T 100 mL 2545 100% JC # MRS 1A 15 5%
FHEIE T, KBRS pH o 7,37 CIREE T ##
BEHFR 24 b, M K LI WO R S, A
I 3 AT HUL 21
12,72 KR pH E KA FLFTE NMGL2
FARFST B 1953 B HEF T 100 mL 34 100% G
W MRS WA 2B HEE D, Rl 4R pH A
43514 3.0,4.0,5.0,6.0,7.0,8.0,37 CIJ¥E F i &
Rigt 24 h J5 e &l LS st g
I 3 YT UL H(H
1.2.7.3 B AW LA R NMGL2 &
B 1% F 100 mL 354 100% 51 MRS ¥
PR IR B R D, R B IR pH Dy 7.0, 43 5
£ 25,30,35,37,40,45 CIE % F ¥ & K 9% 24 h
Jei, DN 2 T 0 T A B
1274 KREEASERE HEDIATE NMGL2
F AR TR O3 B0 1% 57 M 2 70 T 100 mL %A 10% ,
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20%,40% ,60% .80% , 100%JCT# MRS ¥ 4 H; 77 & F1 HEWIUFE NMGL2 = HEER LI BB &4
G, KBRS pH ok 7.0,37 CIRJE T # HEFkER

BRI 240G s M58 %1 bV T S T o Table 1 The factors and levels of optimization

AR5 3 P AT UL M

1.2.8  Box-Behnken Ml [l 73 BT 50 AR H2
FRORBER I pH (A AT fn 2 Wi 15 77 T
PEATRY B R S 25 5, FIH Box—Behnken Ay
DAARE IR, fehodsiRNEYs
AKF-, I LA A B ELAR S B E AT = R =K
Y- B e 10 T 3 B g D ARAT ) FLAT B NMGL2 7~
WP R B, K emis g 1,
129 HdEgiitadr A sRE 3 T
W, e R FR B Eehr e 25 . R
SPSS 20.0 Gt 327 #R A% v i LR 3R T 28 43 A T A
AN TR) Ak B R) ) 5 3 25 R (P<<0.05) , Fl A originPro
2023 AT AR 1T B R OR AN S Y
225 (P<0.05), MM FHRRENSHZ
] Y M A B 3 25 5+ (P>0.05) .

of fermentation conditions to product bacteriocin

by L. plantarum NMGL2

KF
2
-1 0 1
A (K B 45 pH) 6.5 7 75
B34 %)/% 0.5 1 2
C(3E B AKE)/C 35 37 40

T 24 B PR e B b kB R R B b kAR KO
R FEUN LR MR A, XTIk & 4 i
O H T AAIE ST AR A 0 R R AR 1 RN
Y FLFF T NMGL2 X bz R i fUsf i g5 51
%2 Fon AP FLAT B NMGL2 X fif kR &2 Pk
b BORRRAT B R 24 %

R AR E BT
EVUERBUSS PR, X5 eI R

2 HZRENHMH R XS 0 A 2R T 245 42 19 235 SR AR L1, 56 B A 40 L
21 MAEEmHM FFE NMGL2 5 & e 18 A6 W) 2L A 3 s Ak 2 A —
TR AR PTA R 2, T SRR BRI RS e e
F2 HEWIFE NMGL2 x4 ZMZhE1E
Table 2 Antibiotic susceptbility of L. plantarum NMGL2
. . ¥ B A2 /mm N
WAk F AR HAEE LR e (D HA(S) it 25
B- 1 BB % HEE <13 14~17 =18 S
FT 3 3k <19 20~27 =28 S
A AKX FTRF 2 <14 15~16 =17 R
KREF <12 13~14 =15 R
PNl ek F <13 14~22 =23 S
R 3 <I3 14~17 =18 I
Rk i AR £ R R <I2 13~16 =17 R
Bt 2 <13 14~16 =17 R
AEEE AEF <12 13~17 =18 S
EEE A8 <16 17~19 =20 I
B e % SXT £_7 # i <18 19~25 =26 I
T B T EE <14 15~20 =21 R
S HUBG T EEBURG R T 24
A OCFLIR T (T A R BT 5T 4% 48 T vk AT LA J5 PR KT 43 17 20 R T P R 5 A FE B vE AR

TRAC YT HORAFAE—E M BREE , LA A Ry A
PRI S EAG—, RS T ATk

e sl ad S5hid ZEhorE R EUEE (CARD)
b AP FLAT B NMGL2 A 3L 2 28 H 162 /i 2 &
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LR B 156 AN 2 R A S 1 T 24
PR 2 HALHRE . TR A AEAE 5 AR Y
LR AT 1 A A OKOE R RS B it 245 5L DXy
G DUIR BT 2519 ter (A)FE N, Tk B o H A
TE 1 ANt 2 BB Hin il A8 5 A Bk i 4 2E R
A T BB I 5 BORLHE B | R T 2 B R KPR RS 1Y
IRV, G 7% 3] S A TR i 350 B rh ) (H 48 K3 43
fit 2B TR R XS BT AR R AT 25 MR AR R R Y, HL
TR PR BORL bk D i 25 BRI, E— 2D T 2B
B 25 R E 14 A ARA] Bk e S T 24 BRI it
Gl 3R 5 AN RGN 25 3L (3 A ImrB,
24 ImrD) T A BuA R SR R GET 25 H A (1
N mrC,1 A IsaC,1 4 IsaAd ,1 4 wa (A),1 4>
vmlR ,2 4~ optrA ) |1 NHUAE 2 R IG I 25 3% K (lin)
L ASHUA RS BUE RGEM 25 (Erm(K) ) o
T3 AN GE 23 A~ T T I A T 24 Rk DR 1 2 bR
FRGUAHOCTH 245 He P A 40 Hh el iR AH O
By 245 B PR — Mok i, e PR B R R Y I AN 8 4
B o BARR IR MRS PR B R B (H A
P FLAT T NMGL2 X KR N s e B Ak 28 Usk, & B
YRGB A RS R, T 3R A i it
PR 34 2 e 38 Y AH I B B 1
22 BMmH

VS ML G U S P 7L R T AR A e ) i
FEbR o 8BRS LG il B 1 A e 00 A ) L AT 1R
NMGL2 ¥ L B0, i 1&T 17 Y B IR 4 4

(a) M9 FLAT T NMGL2

(b) B3 R
TE < BEPEor H hy <5 o () 2 BR AT
B 1 #E#WIAFE NMGL2 & Mm% i 18
Fig.1 Hemolytic test of L. plantarum NMGL2

B (00 4] 75 TR AT L U S 00 o S A LA B 3 T
()% 1M B, J& 1 =i il A FLAF B NMGL2 RE TS
L0, BRI TE 35 I 3 AL P 92 TR R I I
BAMWIN 2N, AR ET RS H e — 5T
2 3E A A LT TR A R0 o 3 B G — e

L X VEDB %G Ui B, TEAR ) FLAT R
NMGL2 HyERET 270 N H T, Hrp 8% b
Y e 1IN T8 33.75% ,27 R & RS B He
7E DNA A& L3 3, Wil s A 3L
FFTE NMGL2 J& F - I, 3% 2 BAR 4 LT
NMGL2 %5 I 22 /75 40 M 3R 5L AN 38 | sl ik
KM MAEH . 534N 290 R B — e 8 1 A
T RB XS g AR R R g AEAE T, AN Nk
PR AR 3 ) PR

£33 HYWIAHENMGL2 27 A FEERAM A
Table 3 Genes site of 27 toxin in L. plantarum NMGL2

#E AR #F KRB

a-% f % (VFO 225) 3 gene 0275, gene 1 535, gene 2 447

B F/EmE (CVFIT1) 13 gene 0 415,gene 1 474 ,gene 1 674,gene 1 708,gene 1 897,gene 1 898,
gene 2 280,gene 2 476,gene 2 538 ,gene 2 564,gene 2 652,gene 2 744,
gene 3 196

XMmAF#H & (VFO 573) 1 gene 1 701

A% (VFO 356) 2 gene 2 598, gene 2 660

7 F I (CVE793) 1 gene 2 901

77 (VFO 207) 1 gene 0380

RTX &4 (CVF263) 4 gene 0 962, gene 1 132, gene 1 434, gene 1 449

TedA (VFO 376) 1 gene 3 123

Cya (VFO0 028) 1 gene 1 008

2.3 HBIHHTHSH
T A FLAT B NMGL2 i 25

IR IR KE RN R, i TR s
A Gn 3 IR 21 5, i B AR, CRISPR—Cas , % A& 1 fill
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WAJFHN (e 4), w68 7R O2 A v figiE i
BRI AN A S 0k B S 5 0 iR (] 35 A% 58 1 3K
RO FEAE Y FLAT H NMGL2 Ay RE R4 ih 2 1 6
ANWE B P 51 (0 F G ek ) SR, 33X 6 0 B
WP A AR, WA —A 2y 3 P ok
B 7B DL TR AR DI 4 A 1 5 i e
FE H PR AL (4 3 A B (ISP1 AN 1S1310) 43 51
A VR AR ) LT B RNV i B TR 0 A il 7 1S
TOA DX 3R ) 38 A 6 Y i 2 R R s B ) A
DAt A D FLAT B NMGL2 R 777 /Y i 25 56 DY a8 75
07 5 DR 2 B B FL 1 A A ) XU AT, 2 TR R R
AEVE AT R () AMR 51k 35 A 24 4 ) J

24 BREEXE

241 PR ANE 2, AR AL Y L
FFI NMGL2 KB 4 R A —E 50 (P< 0.05) .
TE 3 PP RN 19 9 18 18 15 4% 36 B i K (14.20
mm=0.61 mm) , Fifi & #2200 34 i, 40068 Bl B AR T
GRS/, AT RE SR A ) FLAT TR NMGL2 A= K 58 4+
FH, BRI RE 1055, DT 305 B4 1 2R 35 2]
TN, 2 B T I A A ol A5 O BT 37 1 A et B
ZREAR, L, A FLAT B NMGL2 & ™ A 20 1
RIS EN 1%,

242 KR pHE & 3, KESEL pH A
XA ZLAT T NMGL2 A& 7= 40 o 36 52 0 Bt 3 (P <
0.05), KBEELh pH (EAE 3~7 I, BiE KRR
pH {340, 10 & P8 B AR b = 78 K, i1 (12.43=
0.32) mm 1] (13.93+£0.32) mm,pH=7 Kl
Bl EARIR B RoR , KBRS pH (HRFZ23 nj5 3
PR BB ELAR RO R LR 08/, i B o 1 o ik 1 5 12
L A P FLAT B NMGL2 & B4 s £ 1Y
PR E M, 3 0] AR SR AR iy R B A B8 45 1 R s T
0 TR 2 G UL T Sk R T R R AR FL
FF B NMGL2 AR 35 (Y 4 5 3 76 AN [A] pH (B 2R 5
Bl TR RS [ R BE AW, PRI pHL 7 A P FLFFE
PR NMGL2 & 7= A= 4 b 2R 19 fe i R B 4R pHIA
243 FEFRRE GNE 4, RE SRR Y FLFE
PR NMGL2 & I = 2 B 2 52 f 3 (P < 0.05) . Bl
B IR 0 T TR B LA R RS i, B0 R
TR Ry 37 CHY Ik 3 fi K (13.80 mm=0.10 mm) .
SR 224 7L B 3R B 45 CJ5 4 1 el B A2 0 G T R 3
11.83 mm=0.15 mm, AT 82 = W 400 i1 240 7 1 1A

R4 BITHUREANHMARERMSZHERSITHIE
Table 4 Mobile elements and associated antibiotic
resistance genes and virulence factor related

gene statistics

T4 2 M #EF wE AR EARR
A HAF 9 5 7
o K 0 0 0
CRISPR-Cas 10 0 0
HHT 0 0 0
N 9 0 0

MR ER
Inhibition zone diameter/mm

0.5 10 20 4.0 8.0

Inoculation rate/%

W NG PR RRZRBE(P<0.05),
2 EMENEWIAE NMGL2 XBEFHAEZHN N

Fig.2 Effect of inoculation rate on bacteriocin production
by L. plantarum NMGL2

Inhibition zone diameter/mm

3 4

5 6 7 8
KRG pH
Initial fermentation pH

T /NG TR R R 225 13 (P < 0.05).,
3 AE#s pH EXEWEFE NMGL2
REFHEZRNZM
Fig.3 Effect of initial fermentation pH on bacteriocins
produced by L. plantarum NMGL2

S Pa = N N e I S e o e R P 3 IR T
P, TS 2040 T8 2R BT 6 PR AR . Rk, 37 C
F R FLAT B NMGL2 & 1 72 A= 40 B 2 el 175 557
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Inhibition zone diameter/mm

25 30

37 45

35
B IR B
Culture temperature/°C
NG PR R R 25 R # (P<0.05),
B4 HxEENEWIFE NMGL2 KB
FFHRE R
Fig.4 Effect of culture temperature on bacteriocin

production by L. plantarum NMGL2

244 BEWE O OWAES, HREIEYAE
NMGL2 % A0 o = oWl 52 (P> 0.05) .
2.5 iR
251 FYEEEIEBA Y 2 00T AR P s
B ah 0 R FLAFE NMGL2 & 7 40 18 % 19 etk
Bege o b RV R 1%, R B4R pH 7.0, 85 57
W 37 °C, 3 ] Box=Benhnken H7.0>2H 45328 46 1%
=R E =K 17 MRS A G R, 220
FUAERNR | LR IE pH E A1 5% 16 FE SR FL
FFTA NMGL2 & %™ 48 18 2 (452 0, LAI B el A%
R R PO A RS R R AR 5 BN,

HE 45 Minitab 4 T % 437 i 1o ity 1ag 35 11 22
AR RN BN A HLA o0 B, 459 31 — ik 250 X (A
97 B .Y =-203.5+44.424 +7.83B +3.04C —
2.768A%-1.310B2-0.0295C>~0.7984 B—0.1264A C -
0.0303BC

by WG EAR A KRGS pH A ;
B AHERR ¢ N FRIRRE

Xf LR AY AT T 26 50 BT, WA TR T i 3
PEREG (WL3 6),P<0.0001 5 W 3] 1455 750 J2 btk
FH,P=0.501>0.05 36 JHIA B 3%, [l 45
Rk 5E 2 BUN R?=96.64% ,R* Ji T 1 145 1 3
WMIE S, R? AT 1 2678 TIOR3 R Ml | S0 0L A
TR R AT | 3R AR B0 52 25 /N Rk 3 Il )5
PR B E SR R A AR EE,

]
Inhibition zone diameter/mm

20 40 60 80 100

B
Liquid medium volume/mL
E NG FEARRRRZFLE (P<0.05),
5 RHEXEWMIFE NMGL2 £ B
Vit ik
Fig.5 Effect of liquid medium volume on bacteriocin

production by L. plantarum NMGL2

®5 PLOASGHBREHTAERRER
Table 5 Design and results of central composite tests
K B % A B AR/
A B C mm
1 -1 -1 0 11.50
2 1 -1 0 12.20
3 -1 1 0 12.40
4 1 1 0 11.85
5 -1 0 -1 12.30
6 1 0 -1 12.65
7 -1 0 1 12.45
8 1 0 1 12.20
9 0 -1 -1 12.65
10 0 1 -1 12.57
11 0 -1 1 12.33
12 0 1 1 12.60
13 0 0 0 13.37
14 0 0 0 13.20
15 0 0 0 13.17
16 0 0 0 13.25
17 0 0 0 13.55

B.C R, “WRILAH B 3%, CP A8,
ZHIAB B3 ,ACH BC AN BE 450 K 14
Py FLAF B NMGL2 Q3™ A5 20 18 28 0 1 Bl 1 42 5%
M B R/ MK A (R IR pH)>C (3537 TR ) >
BOEFE) L5 1 AR B A i b H o) 17
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T R EARS AR R R R LG pH B, HEF R A
B SRR Z T B G 28, HonT UK B B R )

FUFF B NMGL2 BT 7™ 4 B 2 ) S 1 46 1 2R 47 20
A .

x6 MIFBEBFENN

Table 6 Analysis of variance for regression models

kR B W 75 An 7 F 14 P1a A e
AEAL 9 4.750 85 0.527 87 22.37 <0.0001 ok
A 1 0.097 43 0.097 43 4.13 0.082 *
B 1 0.004 23 0.004 23 0.18 0.685
C 1 0.065 04 0.065 04 2.76 0.141
A? 1 1.561 76 1.561 76 66.18 <0.0001 Ak
B? 1 1.443 07 1.443 07 61.15 <0.0001 Ak
c 1 0.071 53 0.071 53 3.03 0.125
AB 1 0.377 26 0.377 26 15.99 0.005 o
AC 1 0.101 82 0.101 82 4.31 0.076
BC 1 0.007 13 0.007 13 0.3 0.6
#xE 7 0.16519 0.023 6
K DR 3 0.068 19 0.02273 0.94 0.501
YR £ 4 0.097 0.02425
B o 16 4.916 05

2.5.2  fhE AR E Ll = i R R
FAH LR T N K TR UG pH L BEFR R R R
T ) T R 22 A R X e O (9 B P R A A R
n) g T T I s 5 g ) 35 B 7 2 A A8 LA

158 Y2 15 B 1P 2 ) 2 TE AT KT o 7 L 400 T L A8 10
SN AR E Y, WP 6, 23 B N AL FLAT B NMGL2
7T AN B S R R LG pH R R

I8 517 T B2 11 = 24 = ] mi 7 7 121 RS (L 2R 1A, 3%

e ~ =2 - e e = o B = <
X i 17 {00 T P AR () 2 R R, AR (H R R B TAT B P R R B K A RS 3 AR
@ £ 5 135 s @ E s
ERE @wgg s gsgwn
m £ 2130 o s 4 = 5 & 1o
£ & 2 HBESiog 20 29 w00
EEE 200 ¢ =EE KUNIFY EE E 125 0§
=E.3 s Q@ 25, 15 . S =Z.8 375 & &
= 37.5%5‘*’/&Q 8235 % 10 & & =7 05 g 350 W F
T 350 H4 & = " 70 5505 ﬁ;ffés* TLs 90 350 A S
‘ 725 TR S Vs o STpe R
/leﬁﬂtf,\ z@ H{g{‘@ﬁ;‘; S I“”CUIauO " &
P PHAE Tnjjjy \@‘ fefm Initig) & 1 rate/g, »
ermentatio, pH & hlation ppy ©
(a) (b) (c)
40 2.00 40
£ 39 o s S 5
£ g 3
M% £ 150 E
= & * # 2 4;_»( £ 38
ot & 5 125 =c
=y WE Kew
Tog 2 1.00 E
é 36 £ E 36
= = =
3 0.75 3
35
650 675 700 725 7.0 0050 675 700 725 750 3050 075 100 125 150 175 2.00
KRR pH i KRG pH R
Tnitial fermentation pH Initial fermentation pH Inoculation rate/%
(d) (e) (f)

6 Box-Behnken i 3& & = 4 25 6] fim iz T B A0 & {E & &

Fig.6 3D spatial response surface and contour plot of the Box-Behnken experiment
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XY FLAT I NMGL2 & B 7= 41 18 2 A 200, &
P 4fy pH I R 42 b 22 38 |55 i) I i 100 141 Pl LA
g A = 4 s 1] v PR R A IR B, HLAE
A E R R, Ui &R B LG pH A
FE b 2 22 BAE A XA D) 2L AT B NMGL2 & g ™
P ZE R B, Xt S R 2 el e gy
EORTER Yol e S

2.5.3  [BIABIALGE L FERTE Rk 2 aa B A gy
T v R AR BSCET S R, L P R
W 5 R AEAE AR A, 38 2o e R A 1y i 17 £ Ak Ak 2
BRI RAAERBESMN . RIERMG pH 7.0, AR
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Safety Assessment of Lactiplantibacillus plantarum NMGL2 and Optimization of Fermentation
Conditions of Bacteriocin—producing

Ren Qingxia', Hu Hangyu', Zhang Min?, Zhou Zengjia', Yang Zhennai”
('Beijing Technology and Business University, Key Laboratory of Geriatric Nutrition and Health of Ministry of Education,
Beijing Advanced Innovation Center for Food Nutrition and Human Health, Beijing 100048
’Academy of Agricultural Planning and Engineering, Beijing 100125)

Abstract Due to the low yield of bacteriocin in lactic acid (LAB) bacteria fermentation, optimizing fermentation condi-
tions of bacteriocin—producing by LAB is the most direct way. Antibiotic resistance tests, hemolysis tests and and whole
genome sequence analysis showed that Lactiplantibacillus plantarum NMGL2 isolated from Inner Mongolian cheese did not
carry high virulence factors and had no significant virulence effects and had no risk of metastasis of resistance genes,
demonstrating the safety of L. plantarum NMGL2 in phenotype and genotype. Then, the fermentation conditions of bacte-
riocin produced production by L. plantarum NMGL2 were optimized, with Staphylococcus aureus as the indicator bacteria
and the diameter of the antimicrobial ring as the investigation target. First, a single—factor test including inoculation rate,
initial fermentation pH, culture temperature and liquid medium volume on bacteriocin production was performed. Based
on the results of single—factor test, three significant factors including inoculation rate, initial fermentation pH and culture
temperature were optimized by the response surface of the three—factor three-level design of the Box-Behnken method.
The optimal fermentation conditions for bacteriocin production by L. plantarum NMGL2 were determined and the results
showed that the optimal fermentation conditions were initial fermentation pH 7.0, inoculation rate of 1.3%, culture tem-
perature of 37 °C. The verification test results showed that the inhibition zone diameter of the indicator bacteria (Staphy-
lococcus aureus) was 13.8 mm under the optimized fermentation conditions, which was basically consistent with the pre-
dicted value of the model (13.4 mm), and the fitting rate reached 96.64%, indicating that the model was reliable and
effective. This study provide a technical foundation for he production of bacteriocin by Lactobacillus plantarum NMGL2
and its application.

Keywords Lactiplantibacillus plantarum NMGL2; whole genome sequencing; safety; bacteriocins; optimization of fer-

mentation conditions



