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Abstract: Seafood is susceptible to spoilage due to its high'concentration of nutrition. Microorganisms play a key role in the spoilage of
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most seafood. Eight microbial strains were isolated from s
.

acetylicum, Acinetobacter johnsonii, Kocuria sp., Arthrobacter:

iled Sea catfish in this study, which were identified to be Exiguobacterium

inolyticus, Pseudomonas stutzeri, Bacillus subtilis, Psychrobacter celer and
Acinetobacter woffii. Minimal inhibitory concentrations f 3 bio-preservatives (e-polylysine, Nisin and lysozyme) on the isolated strains
were determined. The inhibitory of total-bacteria counts by mbinéd bio-preservatives were optimized by response surface methodology. The
optimized concentration of e-polylysine, Nisin and lysozyme was 367.5, 375.0 and 235.0 mg/kg, respectively. The combined bio-preservatives
damaged the bacterial cell membrane integrity and increased bacterial membrane permeability of Bacillus subtilis, evidenced by scanning

electron microscopy. Total bacteria counts, pH value.and TVB-N of Sea catfish with an optimized combined bio-preservative were determined

to verify the antibacterial effect, showed shelf life of Sea catfish with combined bio-preservatives was about twice as long as control both

stored at 4 C.
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H 1 mL BESEIOIMNE 9 mL A B SRk, KA
SPARIRATFRRRE, MR ISR 0L mL B S0 (F5H
BT 107, 107 81 107) 84 T B3R 315"
30 CH;3% 48 h &,
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ODgoo THIEAT XS, SR ADIB I FIE AR 24 h
JE AU EE ) ODyggo /N T HRZH ODgoo 1 1) 20% 1
58 MIC {1,
1.2.7  v@ R K5

193



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.10

T WA RIS, i =P AR R A R
FFEE ) foe R OB R o I rh L2 A5 S 86 7 vk
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1 FIBERRXE B K 600 nm K, 52 96 FLIRER; 77
0 h A1 24 h ] ODggo B SERRI AR 1. 8
Tk e S TRT 234 % = b A= 7 T R A I A T AR
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WD B A B 2R A A R RO R TR, AR
Be A=W 65 7] AE LN : e-PL 367.5 mg/kg. Nisin
375.0 mg/kg. YA B 235.0 mg/kg. 7E 37 'C, 160 r/min
BIRESHEFE 1 he BT, 4000 r/min 240> 5 min,
PRARUTVE FH PBS ZEBBE IR, BRIARYTVEHH 1 mL 2.5

(V/V) JK_J%-PBS ¥ E &, T 4 CREERF 2h
A, 4000 r/min 250 5 min, PBS WAWRPE 1 ¥k, #IK
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BEEEM /K 10 min, S /aBUD BT HEE R L
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Table 1 Facto

129 A B oA =5

FETHAFRLFT 5 g RRES T, A& R
W77 (e-PL 367.5 mg/kg. Nisin 375.0 mg/kg-
T # R 235.0 mg/kg)+ 500 mg/kg e-PL. 500 mg/kg Nisin
1500 mg/kg IR, HBLEATINEDIB IR
MEZH, RFPOREL—IRE, TR T
1.2.10 pHAEME £ 5

TERRRIURE L 5 g B TR, A 45 mL 2808
K, BOEEESE, M pH i TllE. o
1211 #FA&EEERR (TVB-N) 6932

Z IR E Z bR GB/T 5009.2282016 BEATIIAE o
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nd levels in the combination design
B Wzt i
-1.682 -1 0 1 1.682

&-PL/(g/kg) < X1 0 0.125 0.25 0.375 0.5

Nisin/(g/kg) X2 0 0.125 0.25 0.375 0.5

7 (g /kg) 0 0.125 0.25 0.375 0.5
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{ Table 2 The characteristics of colonies
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Table 3 Physiological and biochemical characteristics

e I Il I v \% VI VI VIl
FEHEAE K B 25 + + + - - + . +
IR S B + + - + i} i ) n
Kz - - - - - - - -
= H,S £ - - - - - + - -
g + + + + + + + +
AR B 3L SR 5 - - - - - - -
MR 3% - - + - - - - =
A\ + + - + +
FHBR 3E TR KB - - + - iy
E CPRTERN MM, ORTERAMAMK
R4 EMREESER
Table 4 The result about the identification of strai'ﬁs‘
Hhh HAR G A y NCBI %% 5
I TBAATE (Exiguobacterium acetylicum,) KP191982.1
11 HERIFHAFE (Acinetobacter johnsonii ) KC758141.1
11 # %KW B (Kocuria sp.) KM507647.1
I\Y FAE B (Arthrobacter creatmolytzcuv KM871867.1
\Y HEKABLIOE ( Pseudomonas.stutzeri ) KU601251.1
VI AEFFFATH (Bacillus subtilis ) KY621524.1
VI ik A =M (Psychrobacter céler) JF711005.1
VIl #3E T FATE. (Acinetobacter lwoffii ) GU083586.1
&5 IS BRI MIC (B
Table 5 Minimum inhibition conce S (MIC) of pure compounds for individual strains
. . %ﬂ’ﬁﬁ Gl
ePL/pg/mL)  Nisin/(ng/mL) &8 8/(ug/mL)
AT /& (drthrobacter creatinolyticus ) 31.25 62.50 62.50
PP 5 S F0ATE (Bacillus subtilis ) 1000.00 250.00 /
AFE (Exiguobacterium acetylicum ) 31.25 62.50 62.50
# /% (Kocuria sp.) 15.63 15.63 62.50
‘ HKARLIOE ( Pseudomonas stutzeri ) 62.50 1000.00 /
é}n&ﬂ "» ' BIETEAFE (Acinetobacter Iwoffii ) 62.50 250.00 /
HERIFHAFE (Acinetobacter johnsonii ) 62.50 250.00 /
kA PEAHFH (Psychrobacter celer) 15.63 125.00 250.00
Er PRI AT E T *T B MIC /A KT 1000 pg/mL.
N s Tk > e
M 4 FTLVE Y, TRk i AR 2B T 22k My A A Ak g MIC {2

JE~ ABATHEE . BICIREE TR B
JE PR AT R . ST RO R AR
MR IREVERT I, T2 AFE T RAR, EHE &
A R KPR ARIN T A dh rh T LUEAE,
TERIZE A i ar DL AR S R R e T A
R A2 5 A e A8 JE WO I P e R I

B/MITEREE (MIC) S & A=Y JE 7 T XL
R E SRR

Hi MIC P EAE H, o-PL B RCRELT, *t
R 2 B3 Y R A A A B IR R Nisin 4K
Zo FECTIHE I HABTE bR, e-PL XIRG R ZE AT
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BRI AR A5 (MIC {4 1000.00 pg/mL) , 1 o
Nisin X A% R AU B OISR e-PL A& BORMIR 23 EEL R

o VA RIBEXT A IRPRPE TR I R RCR 2 T3 IR R 6 NEIEER, 7393 LL ODegoo [E AN T HCAE
FAMET . JSAE, SIS HE AT B A

5 6 MR E S HTRIGEER
Table 6 Results of response surface analysis

X5 Ae-PL B Nisin C it ODgop 18 ] 7% #£(10* CFU/g)
1 1 1 1 0.123 57.5
2 1 1 -1 0.118 112 4
3 1 -1 1 0.631 226
4 1 -1 -1 0.630 137
5 -1 1 1 0.102 209 e
6 -1 1 -1 0.099 15
7 -1 -1 1 0.633 It
8 -1 -1 -1 0575 <% 7350
9 1.682 0 0 0109 o ==y /7 .405
10 -1.682 0 0 0.427 240
11 0 1.682 0 0.118 50
12 0 -1.682 0.553 340
13 0 0 (& 120
14 0 0 0.09 273
15 0 0 0 0.104 140
16 0 0 0 0.097 116
17 0 0 0 0.098 40
18 0 0 y, 0 0.095 66
19 0 0 ) 0 0.300 71.5
20 0 0 S0 0.106 80
3R 7 LA ODwo (B F9 N RL{E FAE R T (2] IR B 5 2 53 A
Table 7 The variance analysis of regression model with ODg, value as response value
T ERR A T AR g R HF F1& P& BEMH
AR 0.769 9 0.085 5.006 0.010 *
A 4 1 0.014 0.837 0.382
\B 0.557 1 0.557 32.646 0.000 wox
( C 0.000 1 0.000 0.029 0.868
” AB 0.000 1 0.000 0.001 0.973
AC 0.000 1 0.000 0.022 0.885
BC 0.000 1 0.000 0.019 0.893
A’ 0.078 1 0.078 4.572 0.058
B’ 0.137 1 0.137 8.018 0.018
2 0.003 1 0.003 0.174 0.685
KA 0.171 10 0.017
PEVEN 0.137 5 0.027 4.106 0.074
thik £ 0.033 5 0.007
B E 0.940 19

R’=0.82 R%,4=0.65
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E R TRHAMEE (p<0.01); *RATHARE (p<0.05).

& 7 0 LA, SERREE (p<0.05), A
o RB R =82% , R WA S E 4T 5 R p<0.05,
FIGAL S LI 25 A A FE A A R T 25 SR ]
LT —E S %

X HTASEARIEAT 2 o508, LA OD fHN Y,
{H, ANePLININE, BN Nisin ¥NINE, C N¥HE
BN . 15t =R AR I R b B N B AL & 1)
B U9 7 FE N Y,=0.129360-0.032351A-0.20199B+
0.00060C-0.00016AB-0.00068 AC-0.00063BC+0.07358
A*+0.09744B>+0.01436C>

Bl 1.2 F1 3 nTLAE =R A 6 77 2 T 22 B
VERANRZE, (RAN[E A=A B7 J65 70) 40 B 2 SRR A e
ZEAURT B A A R AR AN o 38 3o St e B TS A 4T
GIRT, AT T AR B S AT B Y e bR B
N &-PL 278.6 mg/kg. Nisin 375.0 mg/kg FliA # 1§ 250.0
mg/kg.

B:Nisin
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Fig.1 Effect of interaction between &-PL and Nisin on the
growth of bacillus subtilis
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Fig.2 Effect of the interaction'of ¢-RL-and lysozyme on the
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growth of bacillus subtilis \
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Fig.3 Effect of the interaction of Nisin and lysozyme on the
growth of bacillus subtilis

XS P SEAEREAT 2 el A8, DAESEUE Y Y,
{6, AN e-PL i, B A Nisin INiNE, C AHIHE
WA e . A5 = AR FE AR g B D AR R
FE 7 FEAN: Y2=85.89001-48.10901A-59.83954B-
28.32382C-7.18750AB+24.81250AC+12.81250BC+
17.32328A%+36.68032B*+37.21065C>

A R SARESE N S B A R E R HR B S = S AR

Table 8 Th iance analysis of regression model with total number of bacteria as response value
Axﬁ R 7 F14 P 1A BEM
A 135573.2 9 15063.68 4.115 0.019 *
( A 31608.47 1 31608.47 8.635 0.015 *
y B 48902.07 1 48902.07 13.359 0.004 *K
C 10956.06 1 10956.06 2.993 0.114
AB 413.28 1 413.2813 0.113 0.744
AC 4925.28 1 4925.281 1.346 0.273
BC 1313.28 1 1313.281 0.359 0.563
A? 4324.77 1 4324.769 1.18147 0.303
B? 19389.62 1 19389.62 5.297 0.044 *
2 19954.34 1 19954.34 5.451265 0.042 *
KRE 36604.98 10 3660.498
PEDE 30027.77 5 6005.554 4.565 0.060
TR
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#LEW
YR £ 6577.21 5
BRE 172178.1 19
R’=0.78 R%,;=0.60

1315.442

Er R TRRMMEE (p<0.01); *RTHHRE (p<0.05).
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El4 e-PLFINisin B EAEMITHEmRPES S BEIIM0
Fig.4 Effect of the interaction of &-PL and Nisin on total
number of bacteria in the sample
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C: i A 3 -1.0 -1.0 A: -SRI AR

o
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Fig.5 Effect of the interaction of &-PL and lysozyme on tota

number of bq:teria i}tb%s_ample

%%/ (CFU/g)
g

(et 03 .10 -1.0 B:Nisin

[ 6 IREBER Nisin B EAEMITHE MRS BHm
Fig.6 Effect of the interaction of lysozyme and Nisin on total
number of bacteria in the sample

WM E 4. B 5 MK 6 #EHAT T, =hb
AR JEE FAE N T IR i R, R 2 AT RS
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OAEFANEE . LD R BT A, AR
& 750 S Jn B il A 1) B AR TG IR FE A e-PL 367.5
mg/kg. Nisin 375.0 mg/kg FE R 235.0 mg/kg.
=M %UX#*E?%@?%EWE
ERIHTHE S s EERC HR B A e 220 . 7ELA
B ZF AU B A SO G, 3 Nisin (5 FRilk FERLS

XoF 22 ERPH PR R T

A, 2ty
JEH, R R %
LR, e ARG T b Y P e PR3

e-PL WHEC M AT B AOIITE AL, 4 e-PL 1E
of ity R ) TN P AR EE BB

1000

&7 &SRR IR R 2 AT 3 R SR E
Fig.7 SEM of Bacillus subtilis treated with combined

5 illllI 5.

bio-preservatives

E: afeb REAHE; cfod BLEAMGHFLE 1 h,

M & 7 AT Y, AR I AL B A, 2 AT A
HEA KR, RmHE, wikiRn, 25849
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5T 7] / ds

E 8 GG R 4 CREBEREPEE BTN
Fig.8 The changes of the total bacteria count of Sea catfish
fillets stored at 4 °C

HE 8 AT, AR B IR A
RN, FEESBIE KBNS . ININERAEY
73 JE3 SR it ) DRV B AR 2T I BN AL B R 77 )
FEf (p<0.05), 1SRG M TE RCRIL T 8N
BifE 7. AGINEVIDIFE IR BRALAESE 4 d i, 3
HESHEOET] T 6.67 1g (cfu/g)fid T 6 1g (cfu/g)iIE
FOREARE, TAINEEAEVI AR, TR
HAEEE 8 dikF) 6.58 1g (cf/g), BiBAE RN JEH]

SR I 77

A7 R T A A N A>
8.0
- SRS J
7.6 7/
74}
721
7.0
68t
6.6

7.8+

pH1E

0 2 2 6 g
i)/ d
'ﬁ: B RIE CHERLIRR oH R
Fig.9 cﬁé'nges of pH value of Sea catfish fillets stored at
4°C

HIE 9 AT BLEHE, A EC A DR EE RN AE i )
Eeas pH L RE M (p>0.05). RIFINADIBE
FIRORES L T S TR R BT, HE—
AN R IAESS 2 d, TS INA= A5 68 70RO it (4045 A
HIESS 6 do pH _ETHATRER B T BUi A= M pod A
1, BB A T BRI S R AL S AN = eSS
PO, BhJE pH EHIUTEE, AIRE SRR LRGN
MR R AR, SRCAMIB R AR InA
R T EER K.

25 -
- R A A g )

sol e EISZ AR b )

TVB-N / (x10°mg/g)

0 2 4 6 8

e/ d

E 10 JG83& H7E 4 CHERUZFZH TVB-N ERYEL
Fig.10 The changes of total volatile basi¢ nitrogen value of Sea
catfish fillets stored at C

(p<0.01). HIRIAD)
hn, 7E%E 4d W ARELHEID 15mg/100 g, AR INERL
AW ST TVBIN AL R NGRS, 7655 8 d I A+A
F-15 mg/100 g. RV FLAENIBH & A R 17 5=

AEDIAK, PR TICROHN K TVBN &&,
iﬂ-itéﬁin%%ﬁﬂo HVERES TVB-N G K
AR B, VA RSB, TVB-N {E AR /ERE
e SEEEUE F R T e R IR A O
Benjakul AR T B TGS . X TTRE
& RN AP I A KA RE T 88 1 R A5 % 1 1) %
fift, FELTVB-NEHIER, il 17 77 5 T PR

3 g
31 S VA R I I £ ) O AT 4 B

SE, TR EEN CBERUIMTERE . ZRASE. %
SOIRBE R AT it P R BT L A A
AT VA R IS SEA BT R A

3.2 AR S TR KA R 2 AR BT S A B AR
(KB EE A e-PL 278.6 mg/kg. Nisin 375.0 mg/kg. &5
fitf 250.0 mg/kg. KM, —FhAEP0; R
1 ARE i AR PR IR ORI LR e SRR
367.5 mg/kg. Nisin 375.0 mg/kg. W HMF 235.0 mg/kg.
33 EEAYINIET (e-PL367.5 mgkg. Nisin 375.0
mg/kg. TEHF 235.0 mg/kg) AEMS 5 Z 0| 8 AIRE
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