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Abstract: To extend the shelf life of chilled chicken, this study optimized the parameters for the synergistic effect of high-
pressure treatment and composite biological preservatives, developing an efficient preservation method. A four-factor interaction
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model was constructed using response surface methodology, with factors including Nisin concentration (0.4~0.5 g-L™"), lysozyme

concentration (0.2~0.3 g-L "), pressure (300~400 MPa), and holding time (10~20 min). The colony count and total volatile basic

nitrogen (TVB-N) content were used as indicators to optimize the parameters. The optimal process conditions were determined

as follows: Nisin concentration, 0.45 g-L'; lysozyme concentration, 0.25 g-L'; pressure, 350 MPa; and holding time, 15 min.

Under these conditions, the colony count was 2.415 lg CFU/g and the TVB-N value was 7.845 mg/100 g, with <5% deviation between

the predicted and experimental values. Storage experiments showed that the shelf life of chilled chicken could be extended to

approximately 20 days. The results indicate that high-pressure treatment and biological preservatives have a synergistic effect,

providing theoretical support for developing efficient preservation technologies for chilled meat products, and technical support for

optimizing process parameters in industrial applications.
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Table 2 Sensory evaluation criteria for fresh chicken meat
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Fig.1 Effects of different Nisin concentrations on the total viable count (a) and TVB-N (b) of chilled chicken meat during 4 °C storage
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Table 3 Results of the Box-Behnken experiment
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5

RENgLY  HRENgLY MPa /min (Ig CFU/g)  (mg/100 g)

1 -1 -1 0 0 422 8.99
2 1 -1 0 0 4.54 8.71

3 -1 1 0 0 2.65 10.96
4 1 1 0 0 3.4 9.74
5 0 0 -1 -1 4.08 7.21

6 0 0 1 -1 2.35 10.02
7 0 0 -1 1 3.62 9.67
8 0 0 1 1 3.64 8.9

9 -1 0 0 -1 2.79 9.09
10 1 0 0 -1 3.01 7.05
11 -1 0 0 1 2.98 9.25
12 1 0 0 1 3.76 9.75
13 0 -1 -1 0 478 8.19
14 0 1 -1 0 3.35 10.55
15 0 -1 1 0 3.32 9.1

16 0 1 1 0 272 10.48
17 -1 0 -1 0 3.41 8.6

18 1 0 -1 0 4.93 8.56
19 -1 0 1 0 3.05 9.83
20 1 0 1 0 2.83 9.04
21 0 -1 0 -1 3.77 8.78
22 0 1 0 -1 2.72 9.71

23 0 -1 0 1 436 8.3

24 0 1 0 1 2.76 11.92
25 0 0 0 0 2.64 7.7

26 0 0 0 0 2.32 7.78
27 0 0 0 0 2.61 7.94
28 0 0 0 0 2.59 7.51

29 0 0 0 0 2.47 7.48
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Table 4 Regression analysis results of the colony count model and regression coefficients

A 5, X TVB-N &= 6 .

R R BEFTR  AMA H7 F 14 P& BN
AREA 15.28 14 1.09 34.73 <0.000 1 o
A-Nisin R ZRE 0.95 1 0.95 30.11 <0.000 1 o
B-I5 B 2 IRE 4.55 1 4.55 144.79 <0.000 1 ok
C-/E7% 3.27 1 3.27 103.90 <0.000 1 o
D-#% /& B 18] 0.48 1 0.48 15.27 0.001 6 o
AB 0.046 1 0.046 1.47 0.2453 ns
AC 0.76 1 0.76 24.08 0.000 2 o
AD 0.078 1 0.078 2.49 0.136 6 ns
BC 0.17 1 0.17 5.48 0.034 6 *
BD 0.076 1 0.076 241 0.143 2 ns
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i P <001 AMEZE, A = £F7, P<005AHRF, A *kF, P>005AHAFEE, FAnskT. FLAR.
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#x 5 TVB-NSEREE R EARBMWETSHTER
Table 5 Regression analysis results for the TVB-N content model and regression coefficients
IR BEFHIA  BAEAL H F1t Pt BEMH
A 37.18 14 2.66 32.79 <0.000 1 **
A-Nisin i £RE 1.25 1 1.25 15.41 0.001 5 *ok
B- B B & R 10.62 1 10.62 131.14 <0.000 1 o
C-/=3% 1.76 1 1.76 21.68 0.000 4 Hok
D-1& & B 8] 2.93 1 2.93 36.18 <0.000 1 Hok
AB 0.22 1 0.22 2.73 0.1209 ns
AC 0.14 1 0.14 1.74 0.208 8 ns
AD 1.61 1 1.61 19.91 0.000 5 Hok
BC 0.24 1 0.24 2.96 0.107 1 ns
BD 1.81 1 1.81 22.33 0.000 3 *k
CD 3.20 1 3.20 39.56 <0.000 1 *ok
: 225 1 225 27.74 0.000 1 o
8 11.32 1 11.32 139.77 <0.000 1 *ok
> 2.83 1 2.83 35.00 <0.000 1 ok
’ 2.32 1 2.32 28.69 0.000 1 wok
KRE 1.13 14 0.081
K BIIR 0.99 10 0.099 2.69 0.176 6 ns
iR £ 0.15 4 0.037
p i 38.32 28
R=09704 R,~09408 R’ ,=0.8456
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Fig.5 Response surface and contour plots of the interaction of various factors on the total number of colonies
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Table 6 Results of validation experiments

A7 T e % R
3% 8.4k /(1g CFU/g) 2.384 2.415+0.284
TVB-N 14/(mg/100 g) 7.692 7.845 +0.357

224 RAELLEMTAASESRN RSN H %S
HATVB-N# T AL,

T 3 e 7 R A 1 B B A T AL PRV R Y,
B0 18] B VR 506 TVB-N 24L& 7 s o

w7 s, SRAML, adBmEREE
O 7 e T2 A ) A B RS R AT s T 7 2 Ll ko R 2
%/> 1.83 1g CFU/g, X} HEAH B & S 280 TVB-N {EAESS 6
RIS [ SR e A PRAE, T AL B 2 1 v R B 2 20 K
%4 H, TVB-N F85< 15 mg/100 g, HILATIL,
AR T 2R T A A B N B AR 25 20d /i f5 .
225 REBIZEAMFFRASEENAMET R HE
YLE (SEM)

e R W 1R 52 G AR A B R I e A g A A B
(0.45 g'L"' Nisin, 025 g'L" A H B £~ 350 MPa.
PR [A] 9 15 min) X ¥4 i 35 ) PA) 00 40 1A 10W 225 44
U APNRR
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Fig.7 The impact of optimal processing conditions on the total
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Fig.8 SEM images of fresh chicken breast treated with high
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Table 7 Sensory evaluation of cold fresh chicken during
storage at 4 'C

AR/ PG EFE Ak F ok 7 4
0 6.83+0.36" 8.61+0.20° 8.31%0.12° 7.68+0.19"
6 6.33+021" 7.38+0.28° 7.60+0.25" 6.94+0.57°
12 6.20+0.12° 6.57%0.15° 7.22+022° 6.08=0.11°
18 5714027 6.06+0.31" 6.66+0.21¢ 534+0.34"
20 438+0.36" 5.64+0.18° 6.06+0.19° 4.18+0.22°
E: AR FEHATERARERESRF, P<0.05.
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SRR KGN,
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