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1) SERbE

BRI, 3500 g, T RIBTLAA M /REETTFAIL
XATHLE G KT ; BRENeRE. X2, R
fitf . nisin. PR IS0 00 pg 15 T2 A im0 R
o5ly B OHs (polyethylene, PE) (4%, WyF b
A A PR ]

2) SRR
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FIK MBI E S % 50 mL, B BT 2550k 0.1%,
1.0%, 2.0% P R B DR B -

2 ) nisin {R6EFK

WERRFREL 0.002 5, 0.025 0, 0.250 0 g nisin, 4351
TR 2 50 mL, Pl s 2041
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5) WEERG IR EER

VERRTEER 0.25, 0.75, 1.25 mL ARG, 4500
T ZE MK EZZE 50 mL, PR 280 0.5%,
1.5%, 2.5% [ PAERT IR B 27,
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KE 15 min, FECHI OO R IR R 258 K585 ¢
NaCl % F 1 000 mL ZE7K 1, 100 °CEld N K 15
min, FACHSCAEEER K, PRI REVE RS SR RO, OF
Xof RV B T
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2) TAREHTEERE ) E bR ifE
lg (N/(CFU-g")) /NF 4.00, J&T—g&ER;
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131 S840k 4E W %
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Table 1 Initial data of samples

TVB-N Koy
Fhbsgc % PHIE  Fhisyso/%  lg (M/(CFU-g'))

0.005 5.81 70.67 3.00

132 AHREAFLAHEFAWAERRABRERY
2

BEE RHAFI TR A AE IS, A AR B SR P A
VIR, W AR SRR L, AFL
W OREE TRV A A TR 7 B B R AN 2 IR

®2 FREMREFS B AEZ LB

Table 2 Effects of different biological preservatives on total bacterial count in chilled beef

lg (N/(CFU-g"))

o . ffIa] /d
PReEFIFZE JEAEAT L /%

3 6 9 12 15 18

AALEE 3.98 4.00 6.00 7.71 8.00 9.13

0.1 3.83 3.90 426 5.75 6.39 7.90

N 1.0 3.79 3.85 423 5.76 6.23 7.85
peades)ies

2.0 3.74 3.76 4.00 5.38 5.91 6.74

0.005 4.00 4.04 4.53 5.41 6.95 7.95

nisin 0.050 3.95 4.00 4.66 5.74 6.90 7.94

0.500 3.72 3.90 436 5.56 6.80 7.81

1 3.83 3.85 4.15 5.60 6.18 6.85

SCRME 3 3.07 3.26 4.08 5.40 5.89 6.31

5 3.00 3.11 4.04 436 5.56 6.18

0.1 3.69 3.70 430 5.62 6.67 7.69

KZW 1.0 3.58 3.65 4.18 5.40 6.38 7.48

2.0 3.49 3.60 4.11 5.26 6.11 7.30

) 0.5 3.73 3.77 4.69 5.73 6.41 7.88

WRER Il 1.5 3.78 3.90 456 5.68 6.53 6.90

25 3.79 3.96 451 5.70 6.72 7.95
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Fig. 1 Effect of lysozyme on total bacterial

count of chilled beef

HT P 1 AR, VB A DR T 7 S R Bt i R T ) 3
i b TE, AR i R A B R Y TR R R A
T ARAFEAIREE . REAFRR EEA- AFESS 9 d i
lg (N/(CFU-g™") ) #id 6.00, AR, ZFENE
H0.1%, 1.0%, 2.0% [14375 T i 6 551 b 24 ¥4 i 2 )
eSS 12d 1}, 1g (N/(CFU-g ™)) 43518 5.75, 5.76, 5.38
, BRAR T, O HAREE SRS . (HAESS 1S d B,
2T EUN 0.1%, 1.0% B35 T it £ 6 59 Ak B0 A 2
fit 4= A 1g (N/(CFU-g') ) 43 5lik 5 6.39, 6.23, ¥
CAE T TR 2.0% FR I 1 Bt fef 551 Ak B
FVS BEA- PATESS 18 IS, 1g (N CFUg ™)) i3 6.74,
AR 25 B RTIR, Bl v R R A T S A
B, GFA B R SR A, AR AR
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Fig.2 The effect of nisin on total bacterial
count of chilled beef
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Fig.3 Effect of Chitosan on total bacterial
count of chilled beef
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Fig. 4 Effect of tea polyphenols on total bacterial

count of chilled beef
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Fig. 5 Effect of cinnamon oil on total bacterial
count of chilled beef
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AN BRFAECN 0.5%. 1.5%. 2.5% B PIEERE I
PR f 70 b BT V8 B A DI FESS 1S d B, TRV SEGH
o T HEZARME, AT, SRR ) ARG T R
fief ) A T AV AR PR, TRV SETESS 15 d LAY
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Table 3 Variance Analysis of the effect of biological
preservative on total bacterial count

P2 Il 1

- AhE ik FHE F e
T TR N 1.156 2 0.068 4220 3.68 ok
nisin 0.095 2 0.048  0.018 3.68
SeRBE 6443 2 0379  6.250 3.68 ok
KLl 2312 2 0.136  5.050 3.68 ok
ARSI 0.142 2 0.071  0.030 3.68

T = AR,

HRAIE T3 22 53 W7 45 SR 5T 25 5 A W DR 0 590 AR R
PE, 13MSERNE. KW VRS G AT 78
SBCEI B, AT B AR T
it IR TS, DRI A IRESI A RIER &
Fef =
2.1 ERTHELAR
211 SRAXBFE

MG AN R SR AR, 5 A7 5 PR AE 7R B2 K
JRR M ROA FHE IR 4 PR

T4 SECEVREHTRERRIDRE
Table 4 Experimental factors and boundary value of

compound biological antistaling agent

( response surface method, RSM ) A9 H .00 415 & 11
( central combination design, CCD ) ¥, HAEE N
FCRWE. KZW . WEEE 3 AEER, IR SECh
WAESEA PR BT *, SR e HE S R A 5.

F*5 ZTBREHSER

Table 5 Arrangement and result of experiment

SRS A% B/% Cl% lg (N/(CFU-g™") )

ISES e /IME 1% KIE %
A: SERFETE ML 3 5
B: ZREMWFRA 1 2
C: VTANR T /4L 2 3

212 SREHHER
M| Design Expert 8.0.6 A4, 1z FHnw )iy [ )5 i

I 3 1 2 5.09
2 5 1 2 491
3 3 2 2 4.99
4 5 2 2 4.96
5 3 1 3 5.28
6 5 1 3 5.46
7 3 2 3 5.48
8 5 2 3 5.53
9 232 15 25 5.40
10 568 15 25 5.32
1 4 066 25 5.57
12 4 234 25 5.43
13 4 15 166 5.59
14 4 15 334 5.80
15 4 15 25 5.34
16 4 15 25 5.64
17 4 15 25 5.82
18 4 15 25 5.42
19 4 15 25 5.67
20 4 15 25 5.81
22 EARSAMLHFARFLERSZMHEIAS
T2 B @ Br 44 4L

221 ERERSHEDEEVGES

MR A S 56 Ty 58 X% ¥ fif R E AT AR B, TP AE 18 d
J& 43 XF 20 KRR Y TR T S B R AT I E . R
Design Expert 8.0.6 2K {/F X2 5 Bdls it 47 101 )4 53 #r
Hrr A, B, COornlFonse bk, K20 . Wi fif
W) e o, kb, 13T Zoc ikl
TR

Y=2.31+0.941 314+0.832 07B8+0.347 01C+0.0054B+
0.114C+0.16BC-0.154 024°-0.418 118°-0.142 34C°,

Vo LSRR e S E VA S = oy
AT T 250, s Rk 6 iR, s Arai i)
KU, AR PAECY 0.004 2<0.01, REAPTE S
A R S, RRRSAR AT Hb S SR AR
1=0.945 5> ro 15 9=0.800, BEHISLIIRZEH/N, FI
Bl IR . o R R R SRR, Jrfn]
DA b A b 000 % B 500 1 T ¥4 B A4 PR ) T 5
BUAHA (Rl 3 i OREE R X B S A S 1y
HA WM, HAFEX—E s HAER P,
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K6 HAERNER
Table 6 Results of variance analysis
Ji 25K syl i ¥y FAg P1E Pk
B 0.84 9 9.33x 107 1.55 0.004 2 o
A 9.60 x 107 1 9.60 x 107 1.60 x 107 0.009 6 o
B 1.748 x 107° 1 1.748 x 107° 2913x 107 0.003 5 *x
C 0.34 1 0.34 3.66x 107 0.001 1 o
AB 5.00x107 1 5.00x 107 8.30x 107 0.382 4
AC 2.40%x 107 1 2.40x 107 0.40 0.247 8
BC 1.30x 107 1 1.30x 107 0.13 0.210 0
A 0.34 1 0.34 3.82x107 0.5700
B 0.16 1 0.16 2.62x 107" 0.136 3
c 1.80x 107 1 1.80x 107 0.30 0.593 4
B2 0.60 10 0.06 — —
AT 0.40 5 0.08 2.40 2.6200
alipR 7= 0.20 5 0.04 — —
B 1.44 19 — — —

e e ARR B
222 “Ap @@ 5RAL
% i Design Expert 8.0.6 #4434, ZocklH#

X CHR NS N AL el S0 p e i
PR ¥ SO 7 T AT AR 2 R AN 7 B

Design-Expert Software
Factor Coding: Actual 2.00
lg (N/ (CFU-g))
+ Design Poimts

lg (N/ (CFU - g*))

Design-Expert Software
Factor Coding: Actual

lg (N/ (CFU-g")) 5.82 1.80
«Design points above 491 ’
predicted value Actual Factor
» Design points above C=2.50%
predicted value ’ 1.60
5.82 ®
491 ]
Actual Factor 1.40
C=2.50%
1.20
1.00 < <
3.00 3.50 4.00 4.50 5.00
Al%
a) SCIMESAS 22 W S B e 7 ThT £k b) FERME SR Z WA HAE SR
. ol
) Design-Expert Software 3 o0 lg (N/ (CFU-¢))
Design-Expert Software Factor Coding: Actual
Factor Coding: Actual lg (N/ (CFU-g"))

lg (N/ (CFU-g"))
« Design points above
predicted value
» Design points above
predicted value
5.82
491
Actual Factor
B=1.50%

~gl))

lg (N/ (CFU

c) ZRZ W5 S VR A ELAT A TR b £

» Design Poimts 280
5.82
491
Actual Factor
B=1.50%

3.00 350  4.00 450  5.00
Al%

d) AR5 T RS HAE SRR
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» Design points above
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I 5.82

491

Actual Factor

A=4.00%

e ) SE SRS T TR A ELAT e 1A b 2%

lg (N/ (CFU - g))

Design-Expert Software 3.00 7

Factor Coding: Actual

lg (N/ (CFU-g "))

* Design Poimts

I 5.82
491

Actual Factor
A=4.00%

2.80

Cl%

120 140 1.60 1.80  2.00
Bl%

£) SERME S RS FLAT A ik

B7 SRERMZEEAMNSESANEZSHMMEEHERSFESEE

Fig. 7 Response surface curve and contour map of the interaction of experimental factors on

total bacterial count of chilled beef

DAk 285 S 2 WY I35 1T il 55 ¢ SROBH 1 28 B AR X 1
T B S e f oy S 2, e g T R TETRCBE TR R
B B B A PR B 750 3 8 T B 0 T A A AN [ R 1Y)
Bk, S 2E0ma R —380 &SRB RN
(1458 55 1 3 ) S m AR T AR I e ok, 2438 B
IR, SEmR RN ; M58 BAEHEGRN,
SR IR B R T AT, A2 S R
S0 IRME 15V VA 104 28 B PR G V8 f 1R) TR 9 BB
Wi 5558, 70 RS A 2 W 158 BAE AR5 . Xt Tt
SRR TR S, IR E O 0, KT
A=0.75%, B=1.29%, C=2.91%, K 3 Fk 4 {4 f 5]
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BH T A %) T 5 R A AR -t S S B A

3 g

FSE TAESCIR 450, RV ARG . nisin, 7%
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Rt 55 b 3o ) ¥4 i 2 R LE R TR R AT RSB s BI5E
15 dBf, BT AERENER; 205 18 d B4
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TR 75 B, AR LR A5, 2 OREE R b H I 198
fitf PR SEAS QR B, 0 A R EE SR s T B —fR
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Experimental Study on Antibacterial Effect of Compound Biological
Antistaling Agent on Chilled Beef

GONG Xue, CHANG Jiang, LI Danting, SUN Zhihui

( Light Industry College, Harbin University of Commerce, Harbin 150028, China )

Abstract: The bacteriostasis effect of biological preservative such as lysozyme, nisin, chitosan, tea polyphenols
and cinnamon essential oil on chilled beef was studied. The experimental results showed that chilled beef treated with
no preservatives at room temperature deteriorated on ninth day, but the chilled beef treated with preservative treatment
deteriorated on fifteenth day. The regression equation was established based on response surface methodology to
analyze the total colony counts of chilled beef on the eighteenth day after mixed treatment with 3 optimal preservatives
obtained by single factor experiment. The antistaling agent had the optimal preservation effect with the mass fraction of
0.75% chitosan, 1.29% tea polyphenols and 2.91% lysozyme, while the maximum number of Ig (N/ (CFU-g™") ) was
5.61, which was lower than the 6.00 prescribed by the state.

Keywords: biological preservative; chilled beef; bacteriostasis; response surface analysis; parameter

optimization
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