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Tab.1 Factors and levels for Box-Behnken design

% K levels

factors 1 0 1

FIERBR 7 B % 0.3 0.5 0.7
mass fracton of citric acid

T B R HUY% 0.5 1 1.5
mass fracton of thymol

TR B 450 % 1 1.5 2
mass fracton of sodium alginate

1.4 15FRAONE

pHeg M SHEFRAEFN L, %
LLEEZR TP T, IS g8 THEIEIT, A4S mL
K, Y, #E30min, g, JERpHE M
K 2 pHIH I A .

TRARFEGMNET  SHEWENIT
Be, BRI AR R TR (M), FERBUE, K
i 268 PR RIVRE it 2 1T 19 T 80 FH DB AR T SRR e
H TR (M), W RPPRE(M;). THRA:

ﬁmﬁ%%Jz;ﬁ;xmm

B M R R ey e % I GB
5009.228—2016 (%4 B R brfE—& P
SR R U I U Bl B RO A I

TBA# M Z  ZMLI&P e, U6
FERETFAES32 nmAb I W BEAHA, HEREIR., 45
SR TBA{H=7.8 A (mg/100 g).

B %S (TBO) AR L E M2 %
MGB 4789.2—2016 { &% 4 E K hn -2 i
B 00 2 G 36— TR % R B s ) B T vk A
TE o DA T B AR BRI TR 43 S O AR T B
FlPseudomonas Agar Base (OXOID)}: 5 .
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AR 99% AR KT B ge it Y

(3%3); MR E RER=0.990 1, EIEHR
ERHIRL;=0.977 4, AL MER, HA W
I kA8 S 14.0.89% AN RE M BT O R 1Y 2R 40000 22
S (P>0.05), i B AR PR 20 52 56 A 4 1Y)
S AL/, 3 G 0 218 2R Dy il o T AR Ak iR AT I
M (F2). HEA. BXF B 5w i 2%
(P<0.01), PHZCXT B 7% B8 52 I 2% (P<0.05),
= AR 38 BAE A HI 5 35 (P<0.01), kI
B’ CH i, AR EGERI).

22 NN EE ST R & IEREEFE

N W7 T 2 5 DR 3R 5 W 7 {60 o 9 i ) = 24 i
T P, AT W M e Y PR3N W R (L B R T
i ar SRRSO NP VAT-NEE - AL N
BEL AN ES SRR TE Sy 3 S b7
EA B, WRAREZF, =R E
P8 R W e JBE /NI Ay T L > A T > V8 3 TR
B, BT SE R AR, DR . |
iy X S5 T R A 7 ] ) 58 AR FH R4 2. 35 (P<0.01),
557 2 A R — B ). L R R R B

%2 Box-BehnkenLW R A RS5LR

Tab.2 Box-Behnken experimental design and result

KHT FrERIR [EEY) TR T v U [1g(CFU/)] A /[1g(CFU/g)]
experiment number citric acid thymol sodium alginate total bacterial count predicted value
1 -1 -1 0 7.90 7.90
2 1 -1 0 7.47 7.54
3 -1 1 0 7.22 7.15
4 1 1 0 6.10 6.10
5 -1 0 -1 7.25 7.34
6 1 0 -1 7.49 7.51
7 -1 0 1 8.04 8.02
8 1 0 1 6.53 6.44
9 0 -1 1 7.50 7.41
10 0 1 -1 6.81 6.80
11 0 -1 -1 7.70 7.71
12 0 1 1 6.03 6.12
13 0 0 0 7.50 7.51
14 0 0 0 7.53 7.51
15 0 0 0 7.49 7.51
16 0 0 0 7.44 7.51
17 0 0 0 7.57 7.51
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x3 MEEEEFENGESHR
Tab.3 Analysis of variance of the fitted regression equation
24 SFI7 AN H ey Fld PH B
parameters sum of square degree of freedom mean square F value P value significance
B model 5.22 9 0.58 77.86 <0.000 1 ok
A 0.99 1 0.99 133.44 <0.000 1 ok
B 243 1 243 326.34 <0.000 1 ok
C 0.07 1 0.07 9.44 0.018 0 *
AB 0.12 1 0.12 15.98 0.005 2 **
AC 0.77 1 0.77 102.78 <0.000 1 ok
BC 0.24 1 0.24 32.23 0.000 8 **
A® 2.695E-004 1 2.695E-004 0.036 0.854 6
B’ 0.45 1 0.45 59.89 0.000 1 ok
c 0.12 1 0.12 16.43 0.004 8 ok
%7 residual 0.052 7 7.449E-003
KAV lack of fit 0.043 3 0.014 6.13 0.056 2
RZET  pure error 9.320E-003 4 2.330E-003
MAFSE cor total 527 16
HE: % P<0.05, ZEFEHE, ** P<001, ZRREE: TH
Notes: *. P<0.05 means significant difference, **. P<0.01 means extremely significant difference; the same below
W, W E TRMES, HUln PR g 81 1A AN BB 9 TG U0 B, 4 2R A I
R AFT R A AR . HATEIRAEAR A, EIERR A R 2 RN,

VI BE YU LA,V o R A R R 1% 39 R T AR
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JIT o T Py A6 TR A v VA 9 T, o 2 ) ik
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VR BE IO FT A R I B RO B R, BRI AR 4
ﬂF%T%ﬁﬁi%%ﬁA Bt HE 1 e B A
ARAY TR TR BN T S B R R 5 A AR IR
VS T A X e 7 L 1 5% ) S A — 3K, 7R T BE TR
BB AS ARG BRI, TR R A R Y S R B
LA WG E, KNI uE 7 A BB ey 0w R
[TE N
i 11 Design-Expert 8.0.65% 4% [|] A 7 (1) 73
Mris iy, Frigme . & . Ve AR A IR L I L
I3 R0.68% . 1.45%. 1.94%, M 7% S5
D{E B K 45.50 1g (CFU/g)o
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HY 36 E
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TR 2 38 N7, I LR i 7] Acb FH 2 A xf L 2
TR R T (F12) . FER25 dFsf % e 2 i
TR R RS M 1.48% ., 4.23%, FEILZ
T, R A ) Ak B A T YRR R R 0 R T
W 2 WA K, 30 dit i fF 20 1 7 W i 2k %
L TF506.78%, HH EC A IR AR T I Ok F 0 AT 4
ZFEFE(8.00% 545", MRS Y TR I Ok R AT LA
%o FEW30 A2 J5 Ok 6 590 Ak B 20 T 9800 2R SR 1)
B A 2 (P<0.0D) AR, 35 dAs E3420.38%,
ANA %, T X IR AE2S di B 28 ™ 5 I,
ANBEFEVEAT IR, B R 0~25 diELHE .

pH# T 4L Xif R 2 R £ 20 Y pHA) 4R 1
SAIR6.75. 5.91, A EYAREE AT LLRERA
R pH(E3) . 240 H B T B 5 TR 3,
e R IE I, RN BRI o R o LR, i
B pHAE AY % B R %, =2 5 Bl %5 T A= W Y 0,
LEER N St R N W N TR S S n e g
R, & SpHE W LT, P4 1Y pHAE At
FE(P<O.ODVKFXTIEA, JH ETHREARKR, 7
325 disf 240 i pHAE 43071 9 6.08 . 6.86, ffif2H
35dif pHIEAY K 6.13, ULBHE & A 9 ff fef 57 7] L)
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Fig. 2 Changes in drip loss of T. rubripes with
different treatments during chilled storage
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Fig. 3 Changes in pH value of T. rubripes with
different treatments during chilled storage
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Fig. 4 Changes in TVB-N value of T. rubripes with
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Fig. 6 Changes in total bacterial count of T. rubripes
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Preservation effect of complex biological preservative combined with
ice temperature storage on Takifugu rubripes

SUHong', SHEN Liang?, BIShijie', ZHANG Xiaomei', GUORui', LIU Hongying >
(1. College of Food Science and Technology, Hebei Agricultural University, Baoding 071000, China;
2. Ocean College of Hebei Agricultural University, Qinhuangdao 066000, China)

Abstract: The aim of this paper was to optimize complex biological preservatives consisting of citric acid, thymol
and sodium alginate using three-variable, three-level Box-Behnken design to prolong the shelf life of Takifugu
rubripes. A quadratic polynomial regression model was established with total plate counts as the response value.
The preservation effects of complex biological preservatives were verified by measuring pH, drip loss, TVB-N,
TBA, total plate counts and Pseudomonas sp.. The result showed that the optimal ratio of the complex biological
preservatives at ice temperature is as follows: 0.68% citric acid, 1.45% thymol and 1.94% sodium alginate. In that
condition, the lowest total plate count was 5.50 Ig (CFU/g) on the 30th day. What’s more, citric acid and thymol,
citric acid and sodium alginate, as well as thymol and sodium alginate had a significant interactive effect. The
optimal complex biological preservatives could significantly inhibit the growth of microorganisms, and reduce the
contents of TVB-N and TBA. It was proved that the complex biological preservatives could effectively delay the
deterioration of T. rubripes, prolonging the shelf life of 15 d to 30 d.

Key words: Takifugu rubripes; complex biological preservative; preservation; response surface methodology;
citric acid; thymol; sodium alginate
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