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B OE AR BREAEE (Nisin) 5EEHRRY (CSE) BAE AN LA LT HRAOMAERNR LN EE
Fo € KA H JLIC A 1) e R A4S M A RS vR, RAF SR A B AR ILY A M 2 T Nisin A= CSE Af &% & # & 3 H ATCC
29213 &9 4P E bk, Bid M2 F M A (Reactive Oxygen Species, ROS) A &A= fiLst %454 & 3k — F 4% Nisin 5
CSE ¥ R BAMN 2 H R HRAGIWE LR, b, BdNERMACKAHNREZGTAHALRE. 5
Rk EXEDPPH A A A% EURCRFHIANEZE A RS E, #—F KT Nisin 5 CSE 3t # £ o0 & i 49 %
", %% %W, Nisin 5 CSElRAMN &% A HRBALAWMREA FM. 5 Nisin 44 CSE 449k, Nisin+CSE 4
A EH HHE ROS A& R F I, HAHEIKT 18.64% 4= 39.70%, @ Nisin+CSE 1094 % & # H KA M %
HAEDHIEIKT 17.87% #= 32.57% (P<0.05) o 4, Nisin B4 CSE T4 25 °C A= 4 °C T Rk, 8 d #7718 A 2 3L
BERFHLAEITGEMWE R, Nisin 4 CSE BAH RIFWILXEH HRFAWH AR, KARARRLLWH
IO K AR T A B,
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Antibacterial Effects of Nisin and Chive Seed Extract
on Staphylococcus aureus

TIAN Zihao, GUO Jinqi’, WANG Xiangru, WEI Lili, WANG Tongjiao, ZHANG Ziyi, YU Wei', MA Jiage’

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

Abstract: This study aimed to investigate the antibacterial effects of Nisin combined with chive seed extract (CSE) against
Staphylococcus aureus and their effect on the quality attributes of strawberries and pasteurized milk during storage. The
agar well diffusion assay was employed to assess the antibacterial activity of Nisin and CSE against Staphylococcus aureus
ATCC 29213. Additionally, the antibacterial efficacy of Nisin and CSE against S. aureus was further investigated by
measuring reactive oxygen species (ROS) levels and extracellular polymeric substance (EPS) content. Meanwhile, the
effects of Nisin and CSE on the quality of the two food products were further investigated by determining the titratable
acidity of pasteurized milk and strawberries during storage, as well as the weight loss and DPPH radical scavenging activity
of strawberries and the protein content of pasteurized milk. The results demonstrated that the combination of Nisin and CSE
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exhibited synergistic antibacterial effect against S. aureus. The ROS levels of S. aureus were significantly reduced by
18.64% and 39.70% in Nisin+CSE group compared to Nisin and CSE groups, respectively (P<0.05). EPS content in S.
aureus was remarkably decreased by 17.87% and 32.57% in Nisin+CSE group compared to Nisin and CSE groups,

respectively (P<0.05). Furthermore, Nisin combined with CSE effectively delayed spoilage in both pasteurized milk and

strawberries during 8-day storage at 25 °C and 4 “C. The combination of Nisin and CSE exhibits a strong inhibitory effect

against Staphylococcus aureus, offering a new strategy for the development of natural compound antibacterial agents.

Key words: Nisin; chive seed extract (CSE); Staphylococcus aureus; synergistic antibacterial effect; pasteurized milk;

strawberry

SERN AR PEERIgR 5 B a A Tl Sk BLR Bk
iR FH TR SO TR AR WU AR 5 | R P A A=
GRS B R TER S 2 —P, A T A
HAE W, BAAELNHE 6 (ICANHEMHZETRMEE
o5 RV L BT T ARG, 24 42 T ABETPY, Hop, 4
B0 F 2 BRI (Staphylococcus aureus, S. aureus) F&=
A LA P T g | NS BT MR i SO TR 2
—, AT A SR A S T, il 2R T gL
43, CE A ANSSEEY . TRk, A 51k
2R P FAR O FH T O LR B L A SR g il o v
SO EREE TS T . IRALEE | ¥Rk s R A
FRA IR TR AIN T F R AT fE LS A M B B AR E,
IR E Y E IR AT SIS, A2 B R an o
i . LNZYFR . MVARFRER FIXT R LR B R e F 4
il B R AR RS WO E i AT BRI
JEFRNSE, A B WA AN ) 2. (EASE
R, Sk AN X A BT AR R AR T 2
PR, AR 2 2R E AR O Bk 21 e —A4~F
ZE[ALES 2020 AFEABRY LA ZL 24 AN FH Wi =
SR BN, 66 M EZEZH LT & th B AL ZE i 24
P[RR

i, &SRR 12 B2 A0 i AR P
Yyl B A YRTE R 2 — TR RJLT4E
B, A0p 3R th T2 e S A B i ikl
ZVEE AR . AN TR 3SR R ARG B
PUBR K, X4 2% PG BHAE B AT 22 EQ A s LA T g4
PEVEME S BT, VRS e M A A A 2= A L
BR%EBR 28 (Nisin) . 24{th#5 # (Natamycin) . FAFR
# A(Carnocyclin A)ZFM ) FE X ELA B 2 1, Nisin
P22 AP O RIS 28 R B 6 24 B 3 )R) (Food and
Drug Administration, FDA) b7, 8 50 Z4~ = K41t
HEVE B S B R0 VS —Fh Z R0 IR, Nisin
T A B (NH,) FEHEARA B TS REE PR S
BEHAINY, B & E, Nisin X &5 2% PG R B A
TR PRI 2 BT TR M, BB E T TP A EE &
BRI PR 40 it 5 58 3 M R FE I R AE FH T, B L,
Nisin YEN—FPRER L2 WBLRF, S8 Z AT
FLAS . PO RIS AT, 4R, Nisin AT
PETEME AT e S5 B Wy sl AR 1 BT AE B S ST R AH
VEFHMREAR! PR, S AR MRt ae 1,
I I A S

E[ES i SR S SN i TR A= L 7/ B S S E /N NI
8 DAL Z R AR NS, FFEIESE, JESRAT iR
B (Chive Seed Extract, CSE ) X485 (7,745 26 BR B8 A
WHRE ZEAUAT PR AE 22 EC BH P B B Py el 7, B
#R CSE HA7 B Wy brdvi v, (0 H AT ipsr KR4
Hh e Bl ] CSE X Er PR eSO il B i
4k, CSE J& & REAE G 51 Nisin IIPTEERCR, 56 FridF
—HIE o

Ky, AN 58 B 23535 Nisin #1 CSE X4 #5 (4
A ER A PN RIPCPRVE o i e R L A I
PSS . 1 PEE(ROS) S 2 I a2 FIH & 22 800 5 B
i Nisin 5 CSE SRl I &%) 4 2 (O 2 BRI BT
HE4ErE. Ak, IS ERFE T Nisin 5 CSE BEAXT MG
A FLAN AL SR RN . S RARE S EETR  J
KA T M
1 HRS7%

1.1 MRS5S

el DRAAEARILARON R AFFL AR A BE #
B 5 S22 ; Nisin( CAS: 137061-46-2, =1000 U/
mg) HE_LBETEMARAF; CSE BT RRA
YR A BRAS |5 o 3k 1y 2R 40 £ 04 Bk (Triton X-
100). ROS ilifl& g R RAEYHARAGIRAF;
207 - A G E 2R g (2,7 -Dichlorodi-
hydrofluorescein diacetate, DCFH-DA) JL & 23K
FERHEA IR A ELICOREEY . BAE  PERIEE
TAK .

BCN1360 # ¥ LAER ML HRA RN A
HIRAYAMA HVE-50 =R KEH HAS HIRAYA-
MA 4\ ] 5 Infinite M200 Pro 4= H BRI £ H
AB AHE; UV-6100 40 6RET 35 BIO AVF],
1.2 L7k
121 WAk ERIE &AM A ERE ATCC
29213 B LA 2% (v/v) 19 Lk #1132 F T LB( Luria-
Bertani) A5 3736, £E 37 °C 254 i H 3.
1.2.2 PLEEFIAYHI%E B Nisin Fil CSE 4351 A #]
ToREE BTk, 455 312.50 pg/mL B Nisin B .
12.5 mg/mL @ CSE #& W& LA &% 156.25 pg/mL
Nisin 1 6.25 mg/mL CSE MRS .

1.2.3  CSE X5 M B RN £ 5 P4 380075 B 00 BRT 15 174 00
IS BESLY HOEME CSE BOMMEE TSR TES . SElH
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5% , 55 Nisin FEHESAFR BN 4 80 (B A Bk I /R AT - 187 -

SEHR A 10 mL A JCHE LB Big K53k, 1A g
E, A AR TR 7R3 H (8 mm) . KFE 1~
PREE DT LB LG 3% 3% 3k v, PR3 8 R Bk ) N
107 CFU/mL JE {8 A A - B P o Fp L BE
[ J5 B AR AR, 101 B~ LHP S 200 pL 19 CSE ¥
W T 37 C &M FEF% 24 h e, (TR R R
AR B AR

1.2.4 S OBAPREIMEBCRNE  #HI 1.2.3
Bk, B ~FLAr % hn 312.50 pg/mL Nisin, 12.5 mg/
mL CSE. 156.25 ug/mL Nisin+6.25 mg/mL CSE %%
200 pL, 37 °C &4 FHEFE 24 h jim, SRR R
AR AR

1.2.5 FMPMENE L4052 Nurhartadi
LU ARV E B . BT R IR AP TR
dr, 7E 4 °C T 3000 r/min 2.0 10 min W 4E 113K .
2 0.01 mol/L Y% PBS ¥E#%k 3 Wk, H3IL1 4000 . BE
J&, MG LTI ME U T 1 mL PBS t, B 20 pL £T 41,
JHZE 1 mL IEEPJE, 76 37 °C 5537 2 h, DAAEER K
1 1% Triton X-100 &b EE 5 43 B 48 A BA 1 %) Jit
FIBHPEXT R . RS, FEMTE 3000 r/min BT ES
L 10 min, YA F I HRAEBFARAL FIE ODsyg e
RS [1R2 <97 = /N W (1l

s A - Ai gl
WIMER (%) = — 0 x 100
ABHT&X#M - A\‘)‘J‘réﬁﬂt’:

;T:tEF', A#/t\j»jﬁéﬂij_]%a{ﬁ i8] ﬂﬁﬁ‘éfﬁ; A[gﬁ:fqtﬁgg?‘]
BN A FRER K 20 W W O WG RE 5 A gy g 9 S I
Triton-100 ZH_yEW IO
1.2.6 & OAEEREAMA ROS ZEIE &
iF ROS X5 & il %2 Nisin BE4 CSE Xt 4x 85 (0 4 45
ERTAZHMI PN ROS MYsEMA o 15 5% 2 X EOW 10 4 85 (o
T A9 BR B BT 0.01 mol/L 14 PBS(pH7.2) P&
WA HEL, B EERETE N 107 CFU/mL 5 S5 BY
DCFH-DA 7% # (10 mmol/L)IR-& 5], BT 37 C
i34 B 9% 20 min. # L UEBR /S B Nisin, CSE
FI Nisin+CSE 433 A 2] iR A T, RNEhit:
T4 B 4 o A BREH A SRy 2s PG R i aed il SO
BRES DGR EE, RS =P AT, PR BN
HHE K484 488 nm Fl 525 nm.

1.2.7 v OMZABRIEMSN M e SRHET£T Y
£, 75 K65 1 Nisin BES CSE X 4x 28 €4, 745 49 Bk &6 I 4 b
WA AR P REIE RO RS G B U R A BR T AR
B2 2y 10" CFU/mL, @I SR A 5 A 96
fL . 7E 37 °C &M FH55% 24 h s mfLbigEA
100 pL 0.01%(m/v) FUETLLYL (A%, BEJS 1E 37 °C 4%
FFFE 60 min J5I5E OD,sq e VAJGH PBS ZZ0h
WRARFRL Ry B, HA AR

Wb 2 £ (%) = 2 5 100
ODxﬂﬁ

P, ODyy, 75 Nisin Fll CSE FLH sl XA 4b

HJS, 7€ 450 nm R B9 CEE; ODyy e #2728 JL PBS
ZE PP, 76 450 nm | BYIOGE

1.2.8 Nisin Fl CSE X 2 PG A% PR L A1 B 282 0k 1] 1]
SRR A R

1.2.8.1 LG PR FL A SRS RS S il 25 S 4
(00 25 BR B 4N M e 2 IR PR LR R 2 10° CFU/
mLPY, FifE g R R KB v T e, HER
75% L BEM JC A AR AR I B SR T O B P R g T AE
G, BESETESSMT T BESY 30 min DABR IS ZEm
MR LR TR 7%, IR 2 A 1 mL 4 8% (07 25 BR 15 B
(10° CFU/mL)™, ¥ A\ 4 o (i 2 BR PR 1A 53
S PULH: 25 X BE (Control) 2H . CSE 4H . Nisin 2H 1

YR, CSE: LR EFLHEEA 200 pL 19 12.5 mg/
mL CSE, ¥ B 45 7F 12.5 mg/mL CSE % W i i1
30 s J5 8% H BT Nisin: ELIRREFLHHEA 200 pL
) 312.50 pg/mL Nisin, ¥ B %% £ 312.50 pg/mL
Nisin ¥ T2 0 30 s Ji5 37 Hi Bt T; Nisin+CSE:
A B FLFHEA 200 pL &45 156.25 ug/mL Nisin Fl
625 mg/mL CSEfYIR A AR B E R IEFTA
156.25 ug/mL Nisin 1 6.25 mg/mL CSE YIRS
iR 30 s JE B BT
ASTRTLH B 06 5 43 B AE 4 °COFi 25 °C 4540 F

MK 8 d, BEPE 1 d SR IFIC S’ B IC A B F LA B 1)
SEBRAN AN T i 5 R . L EQAR PR L 2R A o
LUK BRI 2,2- 2K B9 B2 PE (2,2-Diphenyl-1-
picrylhydrazyl, DPPH) [ i JE R AN R
1.2.8.2 [ PGS PRI L A B A5 il T i 2 3 A 00

FREL 10 g B B TREbR i IF i is 5 281K 7 i,
¥ 2 100 mL 50 e 25 . bR S A AL ahis
Wi E B pH N 8.2, 05 SR AN T FE AR TR,
T E TR T AN T

NN, xV
AT E R (%) = CT xnx 100

o, ¢ HEE AR U (0.1 mol/L); V 2y
T FE I S A AL AR TR (mL) s m ke S 9 BT ()
n SRR R R
1.2.8.3 FARRESRIIE  BRIUEE LS W] ih
HE M, TERDSRAE SUPREURE S B b M, R RO
Zagmwi (1l o
K%)= M

o, M, FoRELA T M, FOREBURE S f
1.2.8.4 BEICAMFLIPEAREEMIE FRICL g
e T REAR R, RN BRI OK I e B
100 mL Z5 EF T 2 25 o B ITE 4500%g T 2500
10 min JGWHL 0.2 mL _EiEWE T 10 mL b,
SYHINA 0.8 mL ZRIE/KFN 5 mL 25 S22 G-250
YRR, PRI IR S I E 2 min, 8T 50 50CE HAEDL

x 100
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£ 595 nm AW WG, Al T As AR th 07
2 (y=8.5198x+0.9975, R?=0.9991) F1 F I+ FE 5
AR B
(c—cy)XV
mx 1000
K, ¢ S MBRUE T VERTZR EAS 208 1 e
(mg/mL); ¢, 2 %5 1G] v 85 BT (mg/mL)
V IR E AR (mL) s m AT FH R
JFiE(g) .
1.2.8.5 H#&EY DPPH H H3EKRRME  BUm
IKFGRE 10 f5)5 BB AES]IZ 200 pl, 5 800 uL #e &
> 0.2 pumol/L 1Y) DPPH ¥ (51 Jo/K B 1R A
JEAERECAE T #4830 min, ME 517 nm T IUBOG
{H2, I8 R0 DPPH H FH IR BRR:
—A,

0

FEA A F(g/100 g) = x 100

DPPH H H3EERRE (%) = (1 _An )x 100

o, A, o 200 pL HEESTEAG BT 800 pulL
DPPH IR A, MG Y 30 min JGAOG(E; A,
200 pL FEEESPIEFR BN 800 uL Jo/K ZEiR A, e
JGIW 30 min S5 IIWGAES Ay S 200 pL JE7K £
F11 800 uL DPPH #HKIR A, REYGIZ M 30 min J&5 1)
el
1.3 B

IS EE 3 K, 451 LISFEREZE RN .
KA SPSS 22.0 F A1 BRI 2R 7 2853 Br KB B A 8
XA TR RS, P<0.05 FERASIRIZH Sk a)
225 WM. R Origin 8.5 B F4AH
2 RS9
2.1 CSE XBMEMEBIREHEHEINELE S

SHERSY CSE M0 B AL, SR FHBUIR P 802 )
FE CSE 43 51 %] 4 P (0 7 45 BR PRI P18 2= 107 4 oA
(Listeria monocytogenes) %5 £ i WLAY 10 BREE 2
ECRA P78 L PR AT 10 B >4 EQ A M L BT P 000 B 34
PEo UnER 1 B CSE X35 2% P BRI s B e B
WP, Xt 22 P BH M D B R B — e P B T A,
X AT RESR 8 22 IR R B A MIRAE S —Fh B s,
ZUBHAE T CSE pyizaEY, Hir X 4 bR4: 28 (s 4

R A9 T B ELAR I T 20 mm, JUHIGH 4 35 (0 4
ZERE ATCC 29213 PFNEETE PRI, TEE B B AR N
22.25+0.13 mm. Kt 4E H AR ATCC
29213 A BARPEMRITIE TS SLIF5E .
2.2 Nisin 1 CSE & & B EEKEIEMR
Lo O R ER R E R L IR BON 2 —, 2
3 | L NN B 4 IR I A DA R 2 DR 2R e R e 25 H K
PRI, ARSI AL S A B B B4R ) 2L 43 AT Nisin
N CSE *f 4 8 (0 A 29 BRI GE J1 . &l 1 o,
CSE. Nisin 1 Nisin+CSE £H {4 $1 1 Bl B 42 45 51 K
12.87+0.05 mm. 17.55+0.08 mm F1 21.10+0.02 mm.
H. v Nisin+CSE 2H (14 411 54 Bl 4% ik 35 (P<0.05) &
J* CSE #HF1 Nisin £H, ] Nisin 1 CSE BAH —&
PRI B R o

1 Nisin 5 CSE St K I5c 0f 4 2 (03 4 BRI 1Y)
MEHCR

Fig.1 Antibacterial effect of Nisin and CSE alone or
in combination on S. aureus

2.3 Nisin #1 CSE B9A I 94

LT AN AT KRN 4R B Rl b A e 4k
MR 2SR MEPY I IS5 H F PR AT Nisin 5
CSE gl A VE B A 224tk . i 2 B,
Nisin, CSE F1 Nisin+CSE &b 3 26 /4 %5 I R 8 2
5%, H 575 A X A AH L AN A7 7E o B 22 5 (P>
0.05), W] Nisin 5 CSE 7E i/ el g5 AT
YA B9 IR AR 25 PE, BIRIFSE b3 B 52 56 Fir i 1
¥ Nisin 5 CSE MR T2 S ETm IR %,

1 CSE X v A IR B0 T A T i

Table 1 Antibacterial spectrum of CSE against spoilage bacteria and foodborne pathogens
22 [PPSR R B R B A (mm) B R MG B AR (mm)
S. aureus ATCC 29213 22.25+0.13 S. typhimurium CMCC 50071 -
S. aureus ATCC 25923 20.43+0.21 S. typhimurium ATCC 14028 -
S. aureus CMCC 26074 20.71+0.15 S. typhimurium C 77-31 -
S. aureus ATCC 13565 20.8340.23 S. pullorum C 79-13 -
S. epidermidis ATCC 12228 19.57+0.21 E. sakazakii ATCC 25944 -
S. albicans CGMCC 1.3374 18.36+0.09 E. coli UB 1005 -

B. pyogenes CGMCC 1.3384 -
B. cereus CMCC 6303 -

L. monocytogenes ATCC 19114 -
L. monocytogenes CMCC 8605 -

E. coli 1QCC 10126 -

E. coli ATCC 25922 -
Salmonella CMCC 47020 -
P. aeruginosa CGMCC 1.2620 -

T RN AMEE RN
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Fig.2 Hemolytic activity of Nisin and CSE alone or
in combination

T B R [EING B (a~b) AR AN R AL B 395 1R 22 (A A77E
BEMEZER(P<0.05),

2.4 Nisin f1 CSE X &€ H B AEREMMEA ROS &
=1:0bsgii

TEIEH WA BRAEE T, AT AR 9 i S8 A ANt 48
AR GARREBN S, SR 4 Al SZ 2 MR 2
PIANT ROS KV-K AR, A e S EE B 1
S T AL T f# Nisin A1 CSE FIPE AL AT =ifE
FH, PEAE T 22 Nisin £ CSE Pl BB S AC TS, 4585
A ERE M ROS Y& &k, & 3 A0, 525K
Ko BEZHAH FU, AS [R] Ah B2 114 <o e €00 40 250 BR T 19 it Y
ROS & & 2 F B (P<0.05), B Nisin, CSE HY%
JinF B LN ROS & &k A4 T 484k, Horb, Nisin

100 { —=

(o)
(=]
L

(=)
(=]
1

H
7

IS

=
.
o

HMIAROS & (%)

33
[=]
L

0

Cor;trol CISE Nilsin Nisin:%—CSE
'3 Nisin 5 CSE S KI5 %) 4 28 (A A9 BRI ROS
G Gl
Fig.3 Effect of Nisin and CSE alone or in combination on the
ROS content of S.aureus
TE: IR R/NG P (a~d) AR R AL BRAL 40 A ROS &
2 A AR 2 5 (P<0.05)

SR X IBLA Y 53.23%, Nisin+CSE 20/ ROS &
ShXTHRZH Y 13.53% . {HAF AU, 5 Nisin 2411
CSE #H # ., Nisin+CSE #H ) ROS & 12 i 35 [ AIC
(P<0.05), 53 BRI T 18.64% H1 39.70%, 7 Nisin
Fil CSE B AL FRAR AL T A R KA 4 B (i 2e K
B ATCC 29213 ifi N ROS & . 4553 W, Nisin
Fil CSE Ab 3 AT A 24 AR 43 ¥ (a3 2 BR A IEL Y ROS
Bk, DT AS 2480 Bt N S8 A b [t 3R G P17, 4 i 10 o)
Lo R AT ER B ARG PR, B R AEL Y G oY L B,
25 TR i B A B S 4 PR (U A ER B L Y ROS 7K
S A e AR, [RIBs A TE AS S A IR, MU ) 4
WO A ER BT TE
2.5 Nisin 1 CSE 3 & H G EE KR I SR
Mo 22 W 2 2 B A P I 04 BB B A S Sy, e T
DI AN S A Y A H A A B A W 2 1 B L, [ 4t
RZPUEFIBEIRY . 14 E—Mie S ZhE &Y
255 M BHES YL, dm 45 G B AR b T DAk
M &b 22 A= Bl B3, A AT 2T Ye Al P Nisin
X4 CSE AbH 5 4 0 (05 45 BR A S 20 2B i i
2o fl, G5 R NE 4 o, S5XTRE4HAR L, CSE 41 .
Nisin ZH 1 Nisin+CSE 2H 4 4 5% (0.4 26 2R B i o F =
WA 3 R R T 17.50%. 32.20% F1 50.07%
(P<0.05), FH] CSE Il Nisin A LLAG R FEAR 4 2
A ER NS NZPE T . 5 Nisin 1 CSE Hjlikb
HLAAA L, CSE 5 Nisin BG4, MsZ AR
A R R T 17.87% F 32.57%(P<0.05), CSE 5
Nisin BG4b FRAENE B AT R Hu A0 il L &k 22 1 =
Ao WFFE R IR, SNBSS I % RRZHAH L, 204
BT T e 4 (0 A 2 BRI A 220 e s
48.09%4, (HAS 1 AU S, Nisin #1 CSE Bt& 4B
Ko L4 22 M P 0 o) R i A AL B, E— 2P EDIE
T Nisin+CSE ZH-& AR il & 8 (i A BR v Vs M 1
AN T o

120

H oo

100

x
S
1

(=)
S
1
o

o
=
!

MIAN AR A i (%)

[
(=}

0

Control CSE Nisin NisintCSE

4 Nisin 5 CSE Bl KRG x4 2 (A A ek i o 2 0k
A S
Fig.4 Effect of Nisin and CSE alone or in combination
on the production of extracellular polysaccharides
in the biofilm of S.aureus
E: ARG 7B (a~d) FRERAS [RI AL B D 22 HAR X A2
R 2 A7 AE B 22 57 (P<0.05)
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2.6 Nisin # CSE WERREAMES@AE MR 56 /0 1 EECREFLTAIZURE, = A=2Le, 51E

IR

2.6.1 Nisin 1 CSE X [ [ A% B LA 55 A% 3 Wtk
R & S BoR THE 4 °C 25 °C A7,
Nisin 5 CSE gl K 2 A %) B FQ A% B L AN 288 1Y 5
M. 25 °C PRAF 8 d J&, B ER AR PR FLAST AL A X HE 2l |
Nisin ZHF1 CSE 203 H Bl K H Ui, FHa RS
B, SXFHELH . Nisin 2HF1 CSE ZHAHLL, Nisin 5 CSE
A A 208> T UE g L, 77 B A B
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Fig.5 Appearance of pasteurized milk (A) and strawberries (B) during storage treated with Nisin
and CSE individually or in combination
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