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1.1 #HE5RF

M 3 S B, YA TR AR BT DX R U K ™ it R
M, AT, 30 min NiZ 8| L K= AR (@
Teal) O (o bral) GRALEE (3 bral) AR
LL(orHrat) R sk (el | m AT b R
(orHral) ToKGEE(ArHral) W IR (i) |
IR DA (O Mral) A T AW TR (LG BKhE
RS Al 5 A T %0 B g ( plate count agar, PCA) , #iT
M A= 93570 A B2 7] 5 Nisin( =1 000 1U -mg™")
B i T A= iR A PR 5 v IR B (o A ) | [
2 A2 R A PR w5 S a0 B R &, e
BA ) T RERIF 5 T
1.2 FEMNFE5ES

BPS-100CB fH i 15 1 4 , I — 185 B} 22 L 8%
AR F 5 H-2050R 7 & 2 el AR 250 L, 0 me
WAL 26 %= AN 2% T & A BR 2> /] ; NMI20-060H-1 1%
YN e AR o3 AT A, Vg 4135 e TR A R
A ; Kjeltee 8400 JL I A AL, Fit #t FOSS 242 7] ; WFZ
UV-2100 & 45 4R 0] UL 43 5600 B 31, Je Je ff ( i)
IS AT BR 2 7 5 LDZM - 40KCS - I ~7 2 1 78 95 K
S, L YT HLAE ) ; Nikon-E200 % i 3%
B, H A Nikon 72y #]; RM2235 ¥ % Y1 A #L, 1% [
Leica 2% ) ; BIO-RAD iMark i Fr 1%, 1A 5 4= fiy B2 2
P (B AR
1.3 Mmp AR e ig it

i 1% R EE BT PK KB , LR ANE , peidn T )5 2
K VTR (3 emx1 emx 1 em) B 3 £ 55 i i BUAS
[ R B R, TR M AR 1 min, UK =R T T
30 min B HAPRER IO B E48HF 4°C UKFR L, &
AP SRR 2 TVB-N {H . AR 000 R 3R g 25 21, i
7€ Nisin  FLEREN 180 B 00 S AV B2 23 50128 0. 04%
6.00%F1 1. 50% ,

e Z A B LA -, A Box-Behnken 1311 =
2 =K 8 . % Nisin(A) FLERSN (B) iR
WO ERFZERNE, LI 9 Xkt TVB-N
(3 2o T e A 0 ) A Sk e iz {3 5 e
T A3 AT A A2 12 2 B AE ) PR i ) 1 S AR BC B, I 0
HEZH (R ES I AR 66570 ) R AT L B ik, 300 PR R K
WE R 1, AR R A i1 2 & R R
Wikb B

F1 MEEEZRKFER
Table 1 Factors and levels used in RSM design

K Nisin FLEHA B T EERRE C
Level A/ % Sodium lactate/%  Sodium alginate/%
-1 0.03 5.00 1.00
0 0.04 6.00 1.50
1 0.05 7.00 2.00

1.4 35HRIE

FIERR 1.3 Ry v A T e R TR A Ak Y R A D
D7 AL IR GE BT | 5 B BURE I 5 25 048 A , 95 %) e 4L ik
ITHHR
1.4.1 TVB-NA/&E®E #4E GB 5009.228-2016'"
A i AL I K22 81/ TVB-N {H, 3 I °F
175
1.4.2 BHEEHME S GB 4789.2-2016""" il
B RS WP AR T A T I BB
1.4.3 pH/AEMZ R GB 5009.237-2016""" ¢
RGPt #E b ) pH A,
1.4.4 zfkmlg ARSI e a0 Stk il | R
FHBEARMSGM E 412 nm P KAR WG REE
1.4.5 # 7K A1 (water-holding capacity, WHC ) ) 52
S RTINS e, KEHRARE 3 g 2o Ay fa A RE
i (W) IEARE T FE 3R K o0 Je BT TR s 0,
4°C 3000 r-min"" B> 15 min, FRETHFRE (W,) T2 1R
A WHC

i\

W, (o
1.4.6 REWME SEZEEED % Kab(s
mmX5 mmXx5 mm) 5% AR IR LIRS TR [E 2 24 h, &2
B BRRER K . — H B AL B G i A R et
J& AR BT (x100) WD) 212,
1.4.7 WBaEnE 2% LSk, Bt
FE(2 emx2 emx 1 em) AR B ZE A A2 H 70
mm FOREREREINAE , (HH CPMG J@31], & T, &
S0, MR CPMG Fe 850 th £ 161, 4 B i 2k 4 7
AR B A B R ) st PR R T, R R ARG R A
AR AR Rl RE R AT RS, 459 21 0T 1 25 B2 1 s ) [ 45
g — WL AT,
1.5 #iE4bE

AR E A 3 Wk, R SPSS 19.0 F1 Origin
9.0 FAF AT Ge it 27 oy M Az il ith 2, R ] Design-
Expert 8. 0. 6 2l e 17 7 1 1A

WHC =

x 100%
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2 GRE5SH

2.1 Box-Behnken {38458
R AT A B R 2R U0 45 2R Nisin  FLER BN 17 i TR

SRR, T 3L F UL RIS 3 A O et ) ) B AR TC He
AT,
% 2 Box-Behnken i 3% i+ R HiXiG &R

Table 2 Box-Behnken experiments design matrix and results

! X FE Nisin A FLER4H B SRR C TVB-N {8 Y
B VR R SR AR VR BE 4 BN 0.04% | 6. 00% FI N e Sodium Sodium TVBN value
1. 50% | FEIHE B R RE (i K25 60 58 13 2 1y TVB- lactate/ % alginate/%  /(mg-100g™")
N (B, SCREW A OR &R A, Hhi 3 2 W, o iz : - - 0 31.25
AL 15 MR, IR E A 3 Ik, LUTA 5 2 -l 0 -1 41.42
W22 g i R 22 BV, AR A I BT R R 3 -l 0 ! 30.26
@37 Design-Expert 8. 0. 6 X $CH HEAT 17 I 814 , 75 5 4 - ! 0 3168
APREE R 5 R (L (TVB-N) B ik 230K [ 5 7 > 0 -1 -1 19.96
Y =20.63+3.084 —2.74B + 1.54C - 2. 194B + 6 0 -1 1 21.90
2.29AC-4. 13BC+3.314°+9. 71B°-1. 06C* 7 0 I -1 19.29
AP, Y 24 TVB-N {34 B .C 7350 Nisin FLAREH 8 0 ! ! 30.40
IR BRI JoT 1 74K 9 1 -1 0 26.82
2.2 BB EMEA TG R I R E 5 AT 10 1 0 -1 29.50
HIZR 3 AT, O P {E <0. 01, 2 B i R AR (2 1 1 0 1 37.33
% BRI P {E=0. 185 4>0. 05, A & 3, B0 12 1 1 0 23.49
B4 IE, v LAIE B S B TVB-N {55 =N & Z [l A % 13 0 0 0 20. 94
Fo MHLRBR=0.997 1| BRI G REERL, 25 14 0 0 0 20.25
Z B coefficient of variation, CV ) #AFRAR Y (1) B 15 15 0 0 0 20.70
L, AIRIR B CV BN 2. 29% , Uk FA AR 10 7 2 £ S e 3
*3 HERBEHFESH
Table 3 Analysis of variance of regression model
Ty R S5 F ¥75 F1H Pl
Soruce of variation Sum of squares df Mean square F value P value
B Model 650. 47 9 72.27 188. 11 <0.000 1
A 75. 89 1 75. 89 197. 52 <0.000 1
B 59.90 1 59.90 155. 89 <0.000 1
C 19. 00 1 19. 00 49. 46 0.000 9
AB 19. 14 1 19. 14 49. 82 0.000 9
AC 21.02 1 21.02 54.71 0. 000 7
BC 68.23 1 68.23 177. 58 <0.000 1
A2 40. 51 1 40.51 105. 45 0. 000 2
B 348. 13 1 348. 13 906. 07 <0.000 1
c? 4.11 1 4.11 10.70 0.022 2
5% % Residual error 1.92 5 0.38
JAIR Lack of fit 1. 68 3 0.56 4.55 0.1854
4% 2% Pure error 0.25 2 0.12
SR Sum 652. 39 14
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A 1 AT, S5 AR A IRDE |, s R F a8 BLAE
2 ,AB AC BC 1) P {E<0.01( 3k 3) , BiW] 2 Fpfz
i 550 2 (Al AT DR R MR D . 24 Nisin AEL R B 70 Sl ZE AR
VA TR S B Ve 98 R I R 2 114 398 R TR 20 SR 1 9 o
1%, P RESE: PR v ViR B 1) T B PR BN AL 22 T Nisin AL
P4, FC RN BB 50 42 VA i 43 B, AE fa R R 14 A A
Ut BeA Ve R B I K B — 5 KPR, Nisin Al
FLIR BN RE 55 1 B TR B 38 R TV 15 I bR 45 449, B A i 5]
YRR TA] 45 S L R B 4 5% 3 4 A TVB-N
{Ef5 /N B B 4% & 570 BE L R Nisin 0.04% | 5L B2 4
5. 92%MIME IR AN 1. 06% , 1% 514 T i TVB-N {8 Ky
18.37 mg-100g™",
2.3 S5REEFIXS K EGLREF SR INIE
2.3.1 TVB-NA&LZA4 HE 2 ATH P75 8,10 d f
i 2 FEEBE LN TVB-N {5 25K F X B4, I 12
F114 d BHREEZL TVB-N R 0 258 T X R, 1561
AR A R AP I BRI, T D% 4N oA B
2.3.2 AHZHREMA WE 3 AH, I 10 d B
fief 21 RS2 6 JUL ) TR U B IR T X B AL, IR0 d
i, RS LU Y% B BN 3. 74 1g(CFU-g™") | IHbAf £
DAL TR RS 07 10 d J , %o BR 41 RS2 LY
(TR MBI 7 1g(CFU-g ™) , R RS F B 28
AbFASTIE FARZS ST i R 62 4 76 I8 12 d BT v
REGEE 7 1g(CRU-g™") o X HLAR M, 50 B8 V& 6 BT
T PRER O R SR 2 2 d BRER . IR Ak
Py Or et 5 mT LA S R G R
2.3.3 pHAEZ A FIE 4 AT, X RE L RN 20 K
ZRGEMLIA pH 28 b A 35 R iR — 3, 32 B T IE
PR I o3 = AR LR, 53K pH H T R, Z IR B I
S (] A ZE S AR PN B AN T 90 F Ol e 25 55 5 A
Jo, B pH H L TE, WS 4 K X B AP 2 i
KEEGEHLA pH {43514 5. 41 1 6. 53, HAREEZH Y
pH B 225 5 T4 B AL, TP s 10 fef 21 K 32 6T L
P pH A _EFHIR RN, SR ARG 22 B R G B
PReE ) TT LLSEZENE S %) oA, NI ) RS2 BEALIA pH
ERTFRE, FR T LR B RV S TR 0 K VA 55 ik
TR 14 RIS RZEEEALA pH (B 55
2.3.4 smAes R BES FAN X REZE RN DR 6 20
TR G L PRI 198 50 3 5 2 B T 1] 174 22 4 17 AT
X TN R E 4 R, Ko SRR A
WU 2T 4k b i 2 S BUE (M 45 M ol 7 | 2 82 1 i Y 3R
FEPEA L i R R SEGRLA S A R
Xof REZH 26 S AN Wik 2 VI 95 T 0 RN LR M %o 5 5 A Ak
HURCRAAE RO 22 T IR A 45 LR B 96 o H

TVB-Nfi TVB-N value/(mg’ 100g™) N

TVB-N{ TVB-N value/(mg-100g™")

/(meg-100g™)
vl TVBN valueme 100

. 550
oo Eif 120765500 @®P oo
dlu,27 ﬁ& ?\-‘ \2&@
a/g"’lafe/ go&“«\

1 Nisin, FLER$W NG BR A 32 B &M TVB-N {E A i T E
Fig.1 Response surface plot of the effects of Nisin, sodium

lactate and sodium alginate concentration on TVB-N

b FH Y —20°C I Y B f0, 3R] g R LR A | 1
P S 3 A K 1 T BT PR LT 2 23 4
e BRI ER AR 3 AR Ak, L MR B A LR Ak 4538 K
SN GTN W) o (1 e = DRty

2.3.5 WHC %4  WHC Sz fh AR K 4 i g
S PR A B T b A T R R
1T 6 AT, o I K2 BEL P ) WHC R g,
it 5 R Ao () B 92 K, Ff fi 28 RS R4 A9 WHC 3%
WIREAR . KEEOE4 it B2 B WHC () N RE ] RE 2 T
KOFRURGEFBEBIR ™, fREFG] WHC — B T
HRAH, 3 PTRESE: A PR EE R T R ZEBEAILIA Y 7
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TVB-N{H TVB-N value/(mg-100g")

0 2 4 6 8§ 10 12 14 16
A ] Time/d
T AE R — I ], 38R 5 % B L 25 57 1 3 (P<0. 05)
*FRIRZEFMEE (P<0.01) , TIH,

Note : At the same storage time, “ and ** indicate significant
difference at 0. 05 and 0. 01 level compared with the control group,
respectively. The same as following,

B2 AESELEILES TVB-N EHNEWL
Fig.2 Changes in TVB-N value of turbot during

refrigeration storage
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Fig.3 Changes in total plate counts of turbot

during refrigeration storage
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LA A BN KA TR, LA AL 2R 45 R R SR A Ay 7 B
FEMTREES 14 K, X6F HEZH 20t (] B A, LR 21 4 i A%
& 540 RIS, SR, DREEZE L IR 25 Ra w1 X6
HRZH, 16 RH 52 A DR EE DG 2R 1 B AR AR T RE /N
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FiHA B Sulfhydryl content/(umol-g prot
ydry! w g p
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2.3.7 MR AEEEA  SWIREE T, 7T LAE R PR K
FEEUA oK o3 o0 MR AR B B b, 45
4RI, IBTRETE] T, 8 5 8 AR RO AR A
fRI7K 3% B3 K B s /IN, i i E) T, 48 A dik, 281k
AT R, TILA K FE LIRS
BlK (T,,) B RAFLE , RO B HL , £ e 21 Bt 52 fof
(1) T A 5T 0 1%, T st 4% ) D, 2% BH /K1 O 3 1
22120 PN HE 41K SE B (4 7K 43 15 LA 45 4 1
w5, MR EFZH 7K 53 51 5 78 iHABIE K (H 25 5 I
A LB R X IAL T, T, A1 T,, 3 MIE R Ak 7
SRR DO K B Ak R B a B driat sk, P fE e
ARG Ak & i R 45 G KR A oK & i BT X
A RESE I SR B T LA 2R 1w K 4 HES LR O
B E HI 25

8 My KEEBTAEI RS 2 55 8 5 14 KAV REIL
PRRUR P, F T2 B A 500 Xk /K A3 3B B RO S, 3
55 2 RAZEGENLPI N FB A 15 540, 322 2 AL (4 1
ST, DU LA K A B B v Bl TR A TR] 1Y
B, LK 53 RRAR , R v 36 B A i € 3 43 1 i,
FEPES A, MRS 14 K, % 2 G 2 i 4

B b, d AXTMAL e £ g, h B IREEAL &, MR BT IR LD AR B (e 22, S RS2
Note:a, b, ¢, d are the control group. e, f, g, h are the ﬁ;’{ﬁﬂ ,%ﬁéﬂjﬁ%@%ﬂﬁﬂ W%ﬁmﬁﬁ%%ﬂ(ﬁ/ﬁﬁo
preservation group.
1= 7 HE7E 2 YUK = R part g LS IR
B7 REFELEEEDIAARYN 3 it

LI (x100)

Fig.7 Changes in muscle microstructure of turbot

Nisin FIZLERHEA UM B HE 1, 15 e R Ah 2 mT
BB B L ASHIF 5% MR A0 5 PR 2 T 6 445 R 0

during refrigeration storage( x100)

R4 KEFIELRET PR E (T,) RERIEEL

Table 4 Changes inrelaxation time distributions (T,) and amplitudeduring refrigeration storage

Pt i) B iR 220 U TRT R SRR U TET R L 5]
Time/d Samples Relaxation time/ms Peak time/ms Peak area Total area Peak area ratio/ %

0 Xof HR2H Ty 1.38 97.49 3 960. 47 2.46
Ty, 58.73 3842.15 97.01

Ty 1534.37 15. 69 0. 40

2 xif HE 2 Ty, 1.20 47. 86 2 586. 44 1.85
T,, 58.73 2 470.79 95.53

Ty 2 673.84 7.77 0.30

PR AEEH Ty, 1.12 98.21 3074. 89 3.19

Ty, 58.73 2 969. 97 96. 59

Ty, 2171. 12 6.70 0.22

4 Hof FA Ty, 1.20 119. 44 3755.73 3.18
Ty, 58.73 3624.72 96. 51

Ty 1 431.46 11.068 0.29
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Fa(&)
R TR 8] 20 U T AR SR W T AR L £51)
Samples Relaxation time/ms Peak time/ms Peak area Total area Peak area ratio/ %
PRE 2 Ty, 1.12 92.06 3 770.99 2.44
Ty, 54.79 3649. 79 96.79
Ty, 943.79 29.13 0.77
6 Xif B2 Ty, 1.48 59.15 2 553.14 2.32
Ty, 58.73 2 468. 39 96. 68
Ty, 1762.91 7.78 0.30
TReeE2H Ty, 1.48 65. 48 3593.19 1.82
Ty, 58.73 3 421.06 95.20
Ty, 1 889. 65 9.11 0.25
8 Xf IR ZH T, 1.2 117.27 3 564. 62 3.29
T,, 57.33 3 437.36 96. 43
Tys 1 867. 31 9.98 0.28
TR 2H Ty, 1.29 77.31 3 644. 49 2.12
T, 54.79 3556.13 97.58
Ty 1245. 88 11.05 0.30
10 Xf R ZH T, 1.3 80. 57 2 768.57 2.53
T,, 53.25 2 679.70 96. 79
Ty 2 098.76 8.31 0.3
PR AE2H Ty 1.20 71.96 2507.37 2.09
T,, 51.11 2 426.93 96.79
Ty 1534.37 8.35 0.33
12 Xif HE 20 Ty, 1.2 124. 46 3 476. 56 2.63
Ty, 52.46 3342.71 96. 15
Ty 1 649.03 9.39 0.27
e 2H Ty, 1.20 77. 34 3 381.50 2.29
Ty, 54.79 3295.57 97. 46
Ty, 1762.91 8.58 0.25
14 X R4 21 1.38 74.10 3115.75 2.38
T22 51.11 3 033.76 97.37
T23 2171.12 7.89 0.25
e 2H T21 1.20 64.98 2254.19 2.88
T22 54.79 2178.75 96. 65
T23 1162.32 10. 46 0. 46
Nisin LR 5 F1IEE B IR 04 19 e AR B 0 301 o0 0.04% B AR AL it 455 26 i 11 BELAS 40 B B 1 5 Ok

6. 00% M1 1. 50% , 7E M 5L 4 I, F) ] Box-Behnken 7515
e i AR S . B Nisin LR AN AT S50 B 1E
FR N ER, W0 % E A AR R Y e A
0. 04%Nisin 5. 92% ZLIEREMF 1. 06% 5 HEFREH

Nisin & — PR AR P 10 A5 P O et 551) Rl LA 240 i

I A2 B ETE . A BT U Nisin 1
AR b BGRB8 £ 1y | Aol RS 6 £21 P ) B 240
JER 6~9 d** fH Nisin TS | 12X 5 22 [T
PETE A 306 AE T FL R B4 BE 1 aE K W R
( Streptococcus ) F % BK & ( Staphylococcus ) J& 1<, H.



2018 (3

E

34 %

2d 8d

B8 XESEREIEPRELRBGENEL

Fig.8 Changes in magnetic resonance imaging of turbot during refrigeration storage

Y5 Nisin A 35 A0 58 B 500 AN H AN > o PR PN g
AR AR RIS R T A LR A AL
HoEH T pH EAYZE 1L, Behnam 450200 1y W2 3 Nisin
Qb PHE 0T 40 1R pH (E 0 B R L LA,
FLIRR BN -5 17 48 PR A VA ( S8 R ) B — R bR
A2 pH (TR

LA 444 2 e T LA WHC, 25 1 4R
R4l WHC TR, (R4 X B 20 K22 6 A8 I it
TR WHC AW TR, o DR EE 2T R TE R 2218, 3 ]
B TR AN RE R IR R B K A s L) ik oy
ARG A S WM A WHC T, 135 iR 40
JE A PRI R SR K M 220 , REAE £ TR R TH B i K
Oy F PR ZE R 78 R B T8 SR LA K 4 I Ok A
F . Khanal 257 BF5% th 2 W 5 35 R 4 G 48 = 5 K B
71,

PRI 9, R F T AR T AR T DA R R T Y
fEAVE R, S EOVUR LT 2 R TR E A, LA H 3
A G B R0 T EL R RN O B R AN LA — s B4R
TRAVER PR EEL R SEBEHL A ZE BT /N, X 5 WHC Y45
W2, BN, AR A P R S A A S
— VA 1) B W AR A R T R T T R A AR A A
PRI IR IRAS Y 5 A IR T A AR R E I A
Forh AR LR, B 1k 53 AL, (H R B LR B 2
SN = D01 e s o W e o I B B g
AL, B R, SRR B A Y
WL SR 3 A (0 LR 25 B T 5 TR A X R
FREEHE LD B (A AR VR, BB AE 2% 2 11 0 1) % A A

AL,
4 it

Box-Behnken i35035 11 b 1AL AL B A A W PR

#EF Fe DB oM Nisin 0. 04% FLEREN 5. 92% i TR
B 1.06%, %5 A AW IR EE AT DL 0 R 35 BT
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Abstract; To prolong the shelf life of turbot, Nisin, sodium lactate and sodium alginate were selected for single factor
experiments. The compounded biological preservatives were optimized through response surface Box-Behnken experiment
design. A quadratic polynomial regression model was established using the total volatile basis nitrogen of turbot which had
been cold stored for 9 days as evaluation index. And the preservation effect of the optimal proportion compounded
biological preservatives was verified by determining the indexes including of aerobic bacterial count, pH value, TVB-N,
sulfhydryl content, water-holding capacity, water transport and muscle structure. Through variance analysis and
regression fitting, the results showed that the optimal amount of composite biological preservative was composed of
0. 04% nisin, 5.92% sodium lactate and 1. 06% sodium alginate, and The TVB-N of turbot cold stored for 9 days had a
minimum value of 18. 37 mg-100g™". Moreover, Nisin and sodium lactate had significant interaction on the preservation
of turbot (p <0.05) and the response surface model was well fitted with the actual situation. The shelf life of turbot
treated with the chosen composite biological preservatives at 4°C could be prolonged to 14 days. This study provided a
theoretical basis and technical support for using edible coatings to obtain high quality aquatic products.

Keywords : turbot, composite biological preservative, response surface optimization, shelf life





