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JEURL A UK R B A, TR A R A

P PRI U . 34530 A8 T KT 1 (Proteus vulgaris | J¥
§1%5 . KY684257) 1% J3 W K JE Il (Hafnia alvei, )T
H%5  KY684258) 1143 &5 T 5 CI il i 45 i K B¢
NG R EZ o
1.2 RFI 50

AL = WO TR T AR A BRA R
¥ coolaber 23] s FLERSEBR B 2, WITL R S 4=
TR BRA T ;€0 e 3 R 4k (Ll >99% ) | 21 e
gk (L6 >99% ) | JiF Bie #h iR £k (4 >98% ) 7' ik
R LR (4 >98% ) LR IF Ot PR AL,
AR E M Micklin A ; =& L8R BT B, —
AP BE R | 2Bk A E RN R R S A
SEAALEN, E 25 1 mol/L EhWR , b 5t K BRI
R A FRAF]

SW-CJ-1FB 4 5, il sel A BR 2
A);DDSJ-308A HL 534, A A B2 s R Ay

A R F] s MIR-153 B ok % B AR 3G 7240, LI
—fH B} 2F AL ER A R 2 A Spark 10M £ 1) BE B A
X, B3t 8 2> 5] PHS-3C pH i, ks B Rl
XA 45 FR 22 7 ; BIOSCREEN  C il A& 4 A= K 22
18,7522 Oy growth curve /A ] ;Avanti J-301 /&
A UREOHL, 35 [ DL 5 & 5 JR R F] s NITROGEN
EVAPORATOR Z WAL, 1122 %Rl 22 AR AT FR 2
A s Agilent 1260 =520 AH (438, 56 E2 FEEFHE
23\ s ZHWY-200H 16 58 3 355 95 i, 12 s
B AR il 3 A BRA R 5 50 Ot SRR
ABRAE] TR IR IR G %, LR 3o A A
WA PRA B HY -4A T3 2 HR G 8%, M 04 lge
IS A BR AT

1.3 REAHZX

1.3.1 fajtifl# S Dalgaard S50 Jr i B AF
B A, K DR DA 25 A R 4% v U T B A 4
2SI FEPLITRE K L 1:2 B 15 min, i
WEF A, MW B LRUEW T 4 200 o
min, &0 30 min B IE W, FRGEE . MR P
JA 0.1 mol/L A W2 2% M, F NaOH/HCI 18 5
pH {A4 6.6£0.1, [ faithinA 1.6 g/L A ik =
Jie (TMAO) .40 mg/L >} bt 2 B2 #1 40 mg/L. L—H B
IR, B 121 CK A 15 min,

132 R &

1.3.2.1  f/MIEEE (MIC) W E #5001 g 5¢
FREA N E AT 20 mL K Ay 08 T IR
SYFATVE R G B 10 mL, SR FH A5 R A R LA
P& 2 i & vk BN 500,250, 125,62.5,31.25 wg/mL
AR, LA TH RS R P AR I X IR 2753
BRI15], 45 2 T B 5 CH5 3% 48 h, LA ODggon 14 K
AN 0.1 HAERMAERK AR,

1.3.22 EEMEMG S T &8RRI
10 mL 52 5 B8 W40 18 Wk 32 K B a3t 23 S s
0.0025,0.005,0.01 ¢ FLIR4EIRA R TR AL A
k4] F1:62.5 pg/mL 5% R B ;F2.62.5 pg/mL
FE R BE+250 pg/ml FLEREEBR % ;F3:62.5 pg/mL
7C RWE+500 pg/ml FLER 55 BR 1A &K ;F4.62.5 e/
mL 55 B ME+1 000 wg/mL FLERFERRH K .

1.3.3 TR

1.3.3.1  WRRIEAL 43 5k L — P 38 AR TP AT 1
FLE 0 9 JE B R E HE R0 2 LB A B 3Rk h 7
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30 °C 150 r/min #& R IR P 85 5% 18 h, “FA I Lk ik
3 AV PRECE AR KA N 3 mm BT & R B
I ,25 Cit B B 37 35 ) 10° CFU/mL, 4 CAF L %
FH, PR A BRER ARG B
1.3.3.2 B AWM

1) die /N0 R v B D R O e /N A R R
SR LA I, B 180 Wl AS [R) ¢ i 125 b i 22 i fL
e, ¥ 20 WL 25 108 CFU/mL % 38 28 JE AT 1 F1 i B
W 5% 8 AT TR Ak VR 0 ) 422 ol T B LR A 75 e 4 ik
107 CFU/mL, & 4f LA 7% & T BIOSCREEN H?
HFE G KM ODgooun WOCEEAE . 5 CHEEIG S, A~
RE 4 3 4~ F17,

2) AR R I K 100 WL 25 10° CFU/
mlL TRV P 2 A AN R 55 AR R R B2 Y 10
mL 5 CHE R R 5 R 6 d, 3 ARSI
A R M AN R O A e S R bR, AR

IR R 25 0 B, AR R IR
2 AT,

1.3.4 fb2=fEts
1.34.1 pHEFHE SR  BOE& Mt 45 i
pH TH AR G R AR K B TR R e B R
FENEERAE
1.342 MAMEABE T S HSCER[17]01FE &
o, B BE SR AE 10 000xg . 10 min 2514 F B0, B
TS SR FL(800 L) 1 LS £ 11 (20 o/L) R A,
£ 30 °C R JZ W 30 min; JH 800 wL 0.5 mol/L. =%
LR B, EFEE T &1k 30 min 5 & O
(10 000xg .10 min); H L7 W5 A& B 1 mol/L
NaOH W4, HIEEAM3 60 T+l 2 I 366 nm
Ab PR W Y A R Al KA B 1 X

H LGS M (U/mL) = (FF & W6 B — B % XF
HR A IO B2 )/0.01
1.3.43 AW S ROGIR18]m AR & ek, 23l
WA [A) o s e 5 40 e 7R b FRZH £A 7 180 wL Sl A
96 fLA T, B HEHEEE 4 11,5 CHi 77 2 Gk it
6] J5 B 96 FLAR 0.1 /L 45 Fh 42 YL {5 15 min, 37
X, HEOKER Z R GRS R, InA 33%1K 2
% , L 200 WL, 8 5 min, $F FLEE E 45 5 20k
JBE A TP AR AN R R ¥ 20 min f5, MU 4
ODgoonno
1344 AWk Z%Ebr GB 5009.208-2016

(B Z2EERE b A E) W7
2 ] 5% = A CRRIEI 2 W,k 2 K IEC e
BRAE 2 UC, 1E T B/ = P e (R BLIE 1: 1) IR
A2 K ,40 CKR IR W T, 1 mL 0.1 mol/L,
HCL 9 iR 4 % 75 % o A T mL A8 1Bk 7R S B 39
7 .100 wL 1 mol/L. NaOH % , 1 mL 7 4 i 77
A1JE 60 CHE IR /KW AT A 15 min BUH A 100 L
AR ,60 CHIEKIA 15 min, BB H
AW, A 1 mL K RIS 1 min, 40 CKH
AAREL 1 mL NE, A 0.5 g AR e ik
U EERWMIEIMA S mL LB, iR 2
min, #8502 R R A HUAR, 2R 2 R, AR
BUR AT A 1 mL 2 e 5 % 355 11 5%
SEARW,0.22 um i 8,

EIEAMFCI8 HE T, FAMEI I K 254 nm,
HEAE R 20 L, A 35 °CL A A i 90% & N/
10% L FRE L, Tsh A B 8 10% Z1E/90% 1R
BV, T 0.8 mL/min 6 FE PR
1.3.5  BA AR K — SR AL i S AU 0
1351 —REME 2% RZHEN Tk
FIHE IE Gompertz £5 B4 404 317 38 22 T2 T B 04
iR E A KB DL, AN (1) B

y = a+(b-a)xexp{—exp[2.718xex(d-x)/(b-
a))+1) (1)

i y—— B OD ff ;5——HJ [ |h;a
/N OD 1H ;b & K OD fH ;¢ R A K
WA h d——E R b
1.3.52 BERIATEEMEITA dE A E RECR?, B
7 #2522 (Root mean square error, RMSE), {22
[H-F (Bias factor, B;),UEffiKF (Accuracy factor,
Ap) F1EE 2% FJ5 1 (Sum of squared residuals,
RSS) R BEATHAE . o R? A # B (EBHR T T 1,
RSS RMSE #5300, 2 W H0 ROR 8y, o i
TR,

(2)

(3)

(4)
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RSS=Y (X X, ) (5) 1 RE BB R A R I IR 4 K R
£ X, O OD {H : X, Sz OD Table 1 Effects of different mass concentrations

) G A% of chitosan on the growth of putrefactive bacteria
ﬁm‘lﬁwHﬁlﬁo RRAERL - \ -

1.4 HESH - SREHHE  HEBRRHE
K A EXCEL H1 SPSS it 7 4% 5 11 43 0 N N

I, SPSS (1) ANOVA A7) 223 H . P<0.05 3=om 62.5 N N

AT # R &, P<0.01 Fm B EERL; KA 125 - _

BAF Oringin2018 USRI, 15 BUE N B EH+F7 250 - -

D 22 500 - -

2 ERE5SM
21 mEBERNMEKRKE

ARBEIETE 5 CHAM T 7050, 5 W sk
JEREAR, B5F% 48 h 5 ODgoonn (LA KT 0.1 34
RARAEAK, BRI Ry SO X AN TR A B/ N B
JE, MR LA, SRR RE R TS T 125
pe/mL XF W AR Y A A K, R 52 RpE X%
AR T AT B R 0% G I O T2 TR 11 e /NI B VR R 1 o

125 pg/mL,
22 ZEBAEREMENEERKBRM N
FEHRW

1 A A [ Joi dk vk 32 5 3R W 0 38 3 A T
FF T A B s R JE TR AR K52, il 1 Gompertz
BRI G | 45 380 25 2H B0 300 A K il 4k 58 AR B
FRGE G 4R T 25 R 25 E 0 IR SE R0
JRRHE 62.5,125,250 wg/ml 1 25 JLFP AL
o E R R KK 0.995,0.957,0.995,0.998

= 500 pgimL

—— 500 pg/mL K ffi
® 250 ugimL
-+ 260 pg/mLT M
A 125pgimL

~~~~~~ 125 pg/mLE W it
v 625 pg/mL

=== 62.5 pg/mLH M il
* 0pgimL
=== 0 pgimLH M i
* LBOpg/mL

----- LB O pg/mLF M it

08

06

OD 600nm

04

A
e e

0 50 HTJ, I‘FTJ 100
Time/h

(a) % 3 25 4T
B 1
Fig.1

e REBAE K REREK,

0.995,31>0.95, A LB RA4F HA KN 12258
WM 2 s, Tl AR AR A 22 At EoR
b A= K 20 0.0089 h', A1 A 0.0065 h', ff it
AR R SR S T B A PR Y R T A
A K IR B IR A LA, Bl 5T RE I VR Y
Thim, Je R M A K 3RS T i Ja B AR 428 i 301 38
BN 7S SO VR B O 125 pe/mlL B KRR
Pl BB ey, (H SR i AR A

FEADFE TR 3 5 L %) 06 s s O T2 B Y D R
B R MK N 0.998,0.997,0.997,0.995,0.983 , >
0.98, I LB R4, 1 pina e A 225 F 0
R IEARKER N 0.0091 h', A% K 0.0055
ht, ) 25 SN i 3 Ay T A K R LA, Bl
Hre R INER N, kKR K RN T
1o, JE ) 22 N S (P>0.5)  [A] 3 JE A8 JE AT TR
AHARL, 5¢ R B o L B R 125 wg/mlL, SEUE IR KK

= 500 pg/mL
—— 500 pg/mL i i
® 250 pg/mL
- -~ 250 pg/mLTH i1
A 125 ug/mL
<+-++125 pg/mL T i
v 625pg/mL
—-=-62.5 pg/mLFi# (]
* 0pg/ml
~—= 0 pg/mL T {il
® LBOpg/mL
~=-LB 0 pg/mL i # i1

!
100

L
0 50

I ]
Time/h
(b) ¥ 55 5 % Je 1
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Effects of different mass concentrations of chitosan on the growth of Proteus vulgaris and Hafnia alvei
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Table 2 Effects of different mass concentrations of chitosan on the growth kinetic parameters of two bacteria

. it +62.5 & it +125 # T +250 # 71 +500

R 4 "% &t ) . ) )

pe/ml wFHE  pegml o B pgnl o8 pegml oRRE
LRBEMAFE R KA KL F/M! 0.0065 0.0089 0.0089 0.0108 0.0072 -
& i B /h 41.263 40.168 42.721 52.564 57.373 -
R? 0.995 0.957 0.995 0.998 0.995 -
AR RHE &K A K FE/M! 0.0055 0.0091 0.0087 0.0010 0.0070 -
&5 A /h 47.724 55.729 52.524 63.376 50.988 -
R? 0.998 0.997 0.997 0.995 0.983 -

g b, AR T B RN 0 A R e B TE A5
TR AT AT A K AE B L R s, 72 W
L Ry PR R AR A L B e R RN
76 M 8 AR TP AT B RS SR, A R
I HENMT A0 5 R A 4 A K A T A Y
SHUNERISIS
23 SEAMEAMBMEEKBRAREKIA
Z R0

70 TROB R v R e B 2.1 Y b B I A B v
JEE IS [R) 5 2 v B PR B Bk 1R R, 2 S5 R
IH AR AT T ORI B G R e T . PF1-PF4 435 8
F1-F4 20 $2 38 38 A2 T8 FF oAb B2 PC oKy it 2

Foft 330 A58 A FF B A9 25 1 4 FF1-FF4 43 5% 8 F1-
F4 2H $ 0 06 B 0 SR JE T AL BRZH | FC Ry £ 7 45 i e
MG RIETER 2 F4, @ 31E F Gompertz #5184
B AN R BR S5 AF R R TR i A K R, B 2 RnE
3 53 50l S A [ A B 550 20 5 % 38 3 AR O AT B R
MRS ARG 0L A K 3 1= S5 s, 2
oo 368 A T AT TR R 06 P SR i AT Ak L 2 A5 R -y
R HK T 0.998, AR IEATH A 7E 0.999~
1.000 Z [a] B, 7F 1.013~1.024 Z [a] ,RMSE 7£ 0.005~
0.010 Z[8] ; 44 b3 0 K JE TR 14 A 7E 0.999~1.000 Z
i), B; £ 1.014~1.025 Z [i] ,RMSE #£ 0.004~0.008
Z ], R W TR R A i A KBTI O B R AT

T
= - -
—— PO i T 005 A mkis 100
e PF = 1 @i
06F |--—PFIFHIE -
s PR2 =
= PR2Fl K - =
* PR3 tt 2 0.0040 g 180 =
g ——- PF3Fl{K _-‘12 a0 R Z
s > PF4 K o p
Q@ 041 - PFAR#I i H &g Jﬁé ﬁ
s XE 7 < g
B 7 0.0035 60 3
g
02}
E
; 5 5 00030 4 — 40
0 50 100 = PC PF1 PF4
FiF ]
Time/h

() S 5 00 BT 71 X 5 300 728 T2 AP T 2 1K1 0 9 52 1
2

(b ) 52 3 400 T 700 6 35 3 728 D A 1 A= 1 3l 2 2 M0 52 i)

EEMEFNEEETEHEERBARERS N FHHIT

Fig.2 The effect of compound bacteriostatic agent on the growth and growth dynamics of Proteus vulgaris

HH & 2 ATRN, WS SRpE SO 5 A FL R Bk Bk
R X BB IEAT ARSI ¥SE R AEK
FE 8 (M) FIAE I (Lag ) £ 7ESZ MR, 45 31 40T 1
B2 U e TR, T A AL PR Lag WA 25 25
S, BE A IR FL IR A K T 2R T VR
HK , Lag A 03, BHIR/IN SR PF3 21

M BER AR B B — SRR L PR, B0 W] 8 0
ROR H AP R B 1) 2 PRA 21 LR B BK A
RAL X G B M ROR SR 12 5 7 R H
A —E MR PERE . He SIS & BUAE 0.6%FLTK
HEBR TR 2R DM F] 19 5¢ BB AT R B A0 4 S T TR Y
AR
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1P 3 AT, WS N e BN S L A LR B Bk
A2 I s W R 2 B R AR K Bl 2 B e
Lag fE7E54 0, A5 00 R ALHE, 25 FIAL po K, TR
PN RN A o BT TRE, P FFL K
FHRABMARERAZZ S EL, EE5ME
2 FF2 1 FF3 $5 KA K R () — FE FF2 SE i
W] (Lag) W% &5 T FF3, & 2 M 22 % A K (P<0.05);
FF4 Lag(52.03177 h)B§ KT FF3(51.80112 h) ity

.
06 ----FRIRNE
a

> FF4
-——FFaf# i

0 % 00
IR i)
Time/h
(a) B A5 1A 300 X6 0 s Wy 5 J8 T A= AR 156 00 1) 52 i

(0.00776 h™) &% K F FF3(0.00766 h™), & &
HA Mo Lag PIEA I E M2 R (P<0.05)

gr b, 52 A PR A6 T AR T R A —
PR AR i HL 2 A M B SIS 1 000 pg/mL FLR
HEBR TR R IR ROR el 52 G 0B R0 e e R
JE R BB — R T RIOCR 4T, LR B BR A = S i 5
XTI D A R e TR 45 A AE K B 1 S 800 W
#£5(P<0.05),

-1

0.010 |

0.008 =

0.004

BRERILR
Maximum specific growth rate/h

DN
L
it i 31
Lag phase/h

0. 002

%
.
0. 006 -
%
/
_

0. 000

(b)) 5253 400 T 790 8 06 3 ey 5 D T 24 K 30 2 2 v 32 i)

3 TENMEAMEERARHERKBERARERKI NZNHM
Fig.3 The effect of compound bacteriostatic agent on the growth and growth dynamics of Hafnia alvei
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N [7) 00 BT ) 3 A A R R 8 B e R JE T
pH {E 20 an &l 4 iy, Bl i) ] 2 K FF1 FF3
4 pH H R E#E LIHEH, a2 mh Tkt
K R it 7B SR A U R T, S EORWCH pH
{H b J+;PF1~PF4 FF2 FF4 4 pH {8 5 T K, 75
3 d ZJE&H ETE, nTREAY R R pH (T
(1 it A1 R 2 T v i R a0 R A R A 7 A LR

721

—a— PF4
—e—PF3
70F —A—PF2
—v—PF1
—e—PC

68|

s
=, 686

6.4

62

6.0

o 1 2 35 4 5 s 1
I 8]
Time/d

(a) ¥ 10 2 FF A

FHASRE SRR B TR, BEJS T B i A S50
PR KR A AL A Y M pH A [T, 7R
WE KRR G AAIAEY, s B 75
i) pH AERY, fff AR AL R & A 2L 25 1, B —H
TR 770 4 0 52 A 0 B 50 4L %k R BT pHL (L B B2 RS
2 (P<0.05) , 881 pH {6 3Z W) 7= HE A ™ W
),

“a—FF4
—e—FF3
—AFF2
Lo —v—FF1
——FC
68}
T esg
64l
62
80 : . : L i
0 1 2 3 4 5 6 7
I [R]
Time/d
(b) ¥ 5 R Je 1

4 AENMEANEBEHATEMNERFKXRE pH EN M
Fig.4 Effects of different antibacterial groups on pH value of Proteus vulgaris and Hafnia alvei
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25 HBHEZRT{H

FHL S 38 3R 7 200 R P9 ) I K 3 32 st 2 S e
YA 2270, ] S AE B 790 T 240 B 200 e S 3
FAH M35 PR AR AR 52 > R 5 Al I 0 ~
6 d B, 45 i e AR T T TR R A G e R e TR 4 LR
RIEE—EWE AR E s, A SR thE
1o, PR R s E F A 5T SR A 2 1 d B R
BB S R DT LB N Y T R
mAMEIE, A MERLIEATES 5~6 REE,
PF1 A4k e b T;, Hefpim A AT A 4l 1~3 d
AR TR R R B NER K PF4 PF3 Fi

—=—PC
—e—PF1
62
—a—PF2
6.0 - —¥—PF3
- ——PF4

o TS o e S

54

52
50

48|
46
44
42}
L L L L L

LR
Electrical concuctivity/ps-cm™

40 F

P[]
Time/d
(a) il A YA B

PF2 .PF1 (P<0.05),PF4 PF3 W& B ML 1
Tl R e 5 3~5 d KK PF1 PF3 PF2 Il PF4(P<
0.05),PF1.PF3 WZAEYB L IR ;3%
Flie s RICHE T A 4 1~3 d HL SR TR
KENNMER K FFL FF3 FF2 FF4 (P<0.05),FF1,
FF3 400l 2R 58 53~5 d AR IR U2 FFL FF2 FF3 il
FF4,{H 22 5 R 8 3 (P>0.05) , A1 G 156 B 4% n 7 38
0 7L R B R AT 2 T L A 0 A L, el A
i, FBOSWCREIE 2, SRR S RN

e
ae

—=—FC
—e—FF1
62r —A—FF2
L —v—FF3
60 ——FF4

58

o \‘/0——‘\
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52
50

48
46
44
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1 1 1 . 1
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(b) W 5 s 2 e T
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Fig.5 Effects of different antibacterial groups on electrical conductivity of Proteus vulgaris and Hafnia alvet
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Inhibitory Effect of Chitosan and Nisin on Specific Spoilage Bacteria
from Lightly Salted Large Yellow Croaker

Zhang Xiaomin'?, Guo Quanyou", Zhou Guoyan’, Yang Xu', Huang Haichao'?, Wang Xiaoyang'

(East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090

2School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology,
Shanghai 200090)

Abstract The purpose of this study was to investigate the antibacterial activity of single and compound bacteriostatic a-
gents against specific spoilage organisms (Proteus vulgaris and Hafnia alvei) isolated from lightly salted large yellow
croaker. In this study, the minimum inhibitory concentration of chitosan on specific spoilage organisms was detected, and
then, the sub—inhibitory concentration of chitosan and the addition of different concentrations of nisin were used to treat
the fish juice. And the two bacteria were respectively inoculated into the fish juice and stored at 5 °C. The extracellular
products and spoilage indexes were used to evaluate the inhibitory effect of different treatment groups on the two bacteria.
The results showed that the minimum inhibitory concentration of chitosan against Proteus vulgaris and Hafnia alvei were
125 pg/mL. When the mass concentration of chitosan in fish juice was the sub-inhibitory mass concentration (62.5 g/
mL), the higher the mass concentration of composite nisin was the stronger the inhibition effect. According to the total
number of colonies, the optimal synergistic combination for Proteus vulgaris and Hafnia alvei was chitosan 62.5 pg/mL
and nisin 1 000 pg/mL. Compared with single chitosan, compound bacteriostatic agent had better effect (P<0.05), the
combination of chitosan and nisin showed synergistic antibacterial effect. The results of this study provide basic research
for targeted inhibition of bacteria and shelf life extension of lightly—salted large yellow croaker.

Keywords lightly—salted large yeallow croaker; chitosan; nisin; specific spoilage organisms; synergistic antimicrobial



