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Optimization of complex biological preservatives to improve
preservation of chilled chicken by response surface methodology
GAO Lei, XIE Jing',YE Zao,ZHANG Xin-lin, GAO Chen—yue-yang, WANG Yi-lin

(College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to extend the shelf life of chilled chicken,based on single factor experiment results, preservation
effects of complex preservatives composed of oregano essential oil,tea polyphenol and D-sodium erythorbate
on chilled chicken breast were studied by Box—Behnken experimental design and response surface methodology.
Regarding TVB-N (total volatile basis nitrogen) as response value, Design—Expert software was used to
construct quadratic regression model,so that the most appropriate ration of each kind of bio—preservative was
identified. Chilled chicken breasts were treated with optimized complex biological preservative. Sensory
valuation, textural analysis, color,pH value, APC (aerobic plate count),TVB-N and TBA (thiobarbituric acid)
were determined to verify the effects of preservation. The results showed that the optimal rations of complex
biological preservatives on chilled chicken were that oregano essential oil was 0.786% ,tea polyphenol was
0.164% and D-sodium erythorbate was 0.031%,the TVB-N reached to 81.89 mg/100 g. The shelf life of chilled
chicken treated by complex preservative was extended to 11~12 days compared to 7 days for the control
group stored under 4 °C.

Key words:chilled chicken;response surface methodology;complex biological preservative;oregano essential
oil;tea polyphenols; D—sodium erythorbate
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Table 1 Factors and levels used in RSM design
K-
= -1 0 1
A ZERRE I (%) 0.4 0.6 0.8
B £ (% 0.1 0.2 0.3
C SPUR MR (%) 0.03 0.04 0.05
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Table 2 Sensory evaluation criteria for chilled chicken
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Z: B GB/T 4789.2-2010 CE it ARG E D) 24 K0 36 TR T
SVHEC E Y U, SR S BRASTA v T HO 52 S 25 R DL
W BRI RS HR IR
1.23.6 TVB-NIll & Z M GB/T 5009.44 -2003
P55 R S B AEBRAE IR 43 AT 705, SR oo
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e 2226 ALSESI 7 VAR TN RE .
1.3 HELEF X

SIS I B UEAT , Bl DL P EE AR EZE” (o
8) FR, A HSPSS 19.03047T 22 57 i 25 P 43 #7 (p<0.05
R HZT) , XJHDuncansiEREIT 2 B LS K H
Design—Expert 8.0.6FK 43147 M 5. i i P R0 4% vy 2k =]
IRy 2k = A OriginPro 9.04:7H .
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2.1 Box-Behnken=LiE 4R
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Table 3 The design and results of RSM of composite

biological preservative

SR A B C Y: TVB-N{}
1 -1 -1 0 90.86
2 1 -1 0 81.32
3 -1 1 0 83.92
4 1 1 0 88.06
5 -1 0 -1 84.91
6 1 0 -1 82.8
7 -1 0 1 932
8 1 0 1 79.33
9 0 -1 -1 83.56
10 0 1 -1 86.47
11 0 -1 1 90.08
12 0 1 1 92.01
13 0 0 0 77.93
14 0 0 0 79.83
15 0 0 0 78.22

FLAA Py e Y. 1T S50 07 % 5 45 K3 pr o, Horh
FLASA S8 R1, 13~152 0 SEE R, FH T4l S se 56
R ZE . HL ST I(E R (78.67+0.84) mg/100 g, i
FEREAN, PR LI BT IR B2 SR o 0 SR BG H R BEA T [
A, £3 BITVB-NAE XS 4= ZRE vl 25 Z 5 A D- 52 PR
LR 3AN PR 22 1 IR 2 T[] )3 5 Bt o
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Y=78.67-2.67A+0.58B+2.11C+3.42AB-2.94AC—
0.24BC+2.20A%+5.17B>+4.19C2
22 HEREMHKE

AT HE P B UE AR Y VR T A, XS Rl R
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(C.V.) =2.68% , HUAH e /)N , 3 BH AR 20 1) ml {5 B 48 v
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A S (p<0.05), HABJACAETE i 35 HIAZ HAE
H (p<0.05) .

4w S [R5 2 0 B
Table 4 The variance analysis of regression model
TERWE PR AmE ¥y P p BFHE
AL 33791 9 37.55 728 0.0208 @ *

A 57.14 1 57.14 11.09 0.0208 =
B 2.69 1 2.69 0.52 0.5023
C 35.62 1 3562 691 0.0466  *
AB 46.79 1 46.79 9.08 0.0297  *
AC 34.57 1 3457 671 0.0488 =
BC 0.24 1 0.24 0.047 0.8376
A2 17.87 1 17.87 3.47 0.1217
B? 98.69 1 98.69 19.15 0.0072
c? 64.82 1 64.82 12.58 0.0165 =
T 7 25.77 5 5.15
KT 23.72 3 791 771 0.1170
gz 2.05 2 1.03
MIRZE 363.68 14

R=9291%  C.V.=2.68%

Wk R (p<0.0D) 5% B2 (p<0.05) .
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» AN AT LA T 0L J5 e 8- DR 35X e 12 L P 5% W
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AN E, SR AL 1~ 3
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Fig.1 Effect of interaction between oregano essential oil and tea

polyphenols on TVB-N value
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Fig.2 Effect of interaction between oregano essential oil and

D-sodium erythorbate on TVB-N value
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Fig.3 Effect of interaction between tea polyphenols and

D-sodium erythorbate on TVB-N value
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2.4.2  JEAYIARAL  TURRFVEAE D PR RIRE ST IR
IR bR, T EIRAE AR 00 S5 4 L 20 2R AR 1 gk
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R A RN L AAR 17 23 BT [RD I A DL G 86 B DT I A
SIATT N D3 AS ) T 36 e 1) =3 WAL i 22 o

Pl 4 s LT ¥4 S 0 A A il Je R e s 2 W I ) R
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VBCR JREFR el RiE o HEA, AchEHE PR R Al P S v T o)
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Table 5 Sensory evaluation scores of cold chicken breaststored at 4 °C

I A 1) (D

é ll[

) 0 2 4 6 8 10 12
pogickail 46.77+0.24* 36.55+0.49° 29.80+0.64* 22.63+0.30° 17.26+0.63* - -
VoLl 46.50+0.41° 40.48+0.49" 35.87+0.11" 32.38+0.59" 29.72+0.49" 23.10+0.80 19.67+0.43

1 AR SRR R 7 B3 (p<0.05) s — R AT LB MOR VEE
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Fig.4 Changes in springiness (a) ; chewiness (b) and

resilience (¢) of cold chicken breast stored at 4 °C
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243 {25 5pHINAS L AR AE4 CIV I A,
O ZEAREE F R 6. KT s . LRI =8, &
8 AF12 AR g, i FeL ZH RN A B P Lo+ (R #1328 3T
IR/ (p<0.05) , 3 B P4 20 A A 3% T 42 00 3l AR 19 I 41,
IX LS LA (R ) o fiiAg 3, b, A B 2H 1)
LAE AT 5 AT ) e AR W IR & 10 A, IX o i 1
X PRI o A B AR TR, HL SR THT 1) (A 2 A A AR
M, 2SI R o AR IR IR 2T 2, X A
PR ARk 9 [l 2 3.84~5.96, AL B ZH ) /2.80~5.32, — K%
SR, a* (B (AR AA K T L PEEE L0 10 A (A TR 2
LU AR B 4 1) 5 DR1 b, i 3O i) 9 21 389 Y AL 1P AR A0 T
FAE, [FIRE IS R AR AE b H P, IX 2 25 B 5 Latou
ST R I ) 45 REAH AL

MFE 6. FET T, X A RN Ab BRZHAE & (1 pHAE
4 CI g A ) 2 AR BT . P pHAR LIy 1
2 (p<0.05) , Forp ol M2 b e b, i Ab B EH 1 T4
PR S AEW SR AT FHpHAT R BRI R, X E S b
B EW TR INAT O . JB S TS IS A, DR G AU TR A
AT 20 it 1 FLIR AR , AT T Bp HIF) FAIE), fif
507 R N ) R 3, XF R4 pHAE SE 8 d B &k A
6.75, P L EAR R S o IX 0 T ER A TR BR A
B it 22 IR RN 24 LT, JRE 50 H it 6 [, A A5 pH L
Th. THACFRZApHE RH512 dA#83d6.70, AT BESE K K
253 G AR E R AL ET, BRAR T 1A s, B35 11 i 45
R P A AR 4 5T DL B e S B A, DRI i A Y
pH L FHR LN . ] UL, 5 & 2L AR R RS 1 2 HE 2%
X PRIFEA CIE s FR T pHIF T i o
2.4.4 APCIIZAZAL  PHALEESLAE4 CIE s 3 ) B 9%
BB E ST o Bl I N T (R S K, P AT
I PR R A BB 2 81K, L TR A ) B I SR AR A
PR T & AR S A > B LR, R TE 2R
O dI;Ab B R B S EORAIG T 50 BE A4l o AE AN
JUTR], A ERZH (R B 4 B 04 I3 B4 (0 <0.05) .
SRR AESE S dERVE A HOE H IR =45 7E10% CFU/g, 24

K6 XML S AE4 COIII A (22 (L*, a* and b*) FlpHAZ L4 AL
Table 6 Changes in color (L*, a* and b*) and pH of cold chicken breast of treatment group stored at 4 °C

T I 1] (D

e
it 0 2 4 6 8
L 60.81+2.25" 58.03+1.56" 58.37+2.47" 56.16+1.31" 55.20+1.84"
a* 3.87+0.77" 481121 5.96:0.42" 3.84:£0.89" 4.78+0.83"
b 13.56+1.24" 15.66+1.44% 15.0321.48" 13.7621.03" 16.75+1.76"
pH 6.1520.12° 6.07+0.14° 6.24+0.09" 6.51£0.23" 6.75+0.17"

AT A A P RER R 22 R B3 (p<0.05) o« KT .

KT KCPRALRE RN AE4 CIEII K (22 (L%, a* and b%) MpHARALZ5 R
Table 7 Changes in color (L*,a* and b*) and pH of cold chicken breast of control group stored at 4 C

T N 18] (D

e
i 0 2 4 6 8 10 12
L 65.64£2.01"  64.83+357°  62.5022.30"  63.48+4.45%  62.30£3.13%  59.03:1.24"  58.61+2.89"
e 42451.57%  3.86:0.92% 2.80+0.64° 3.48+1.33%  320:0.80%  4.87+0.74% 5.32+0.96"
b 1429+1.58%  1698+1.47°  1520+1.91%  13.05:0.96"  15.50+1.27%  14.68=1.64*  15.00+1.42%
pH 6.110.03¢ 6.020.15 6.16+0.14 6.25+0.17° 6.44+0.17" 6.58+0.20" 6.76+0.15"
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8.30 Ig(CFU/g , CLJE B A=, T kb HEZH L2 5512 d
A BT B ARE, S7.98 1g (CFU/g) « Ab R4 11 R 74
SBUPIIEKAE B 2~8 AN P22, 1X I BT I ] Y]
TR TR B R /L, AR A K A e A FH A LA &
R K, 5 R B A DA A R I GRS A Aok il
R AE A P32 R . 7T UL, 5 CREE R VA XS 7
4 SCIE R HH [V 4 AT P 4 i 4 FH S 3

H% S g CFU/D

U 1) (D
BlS ARG AR “CIOEY R APC R A2 b 45 2R
Fig.5 Changes in APC of cold chicken breast of control and

treatment group stored at 4 C

2.4.5 TVB-N& RN EH6IiR, X474 «C
WEOd B TVB-NAE TR, 7258 I TVB-NAH
O 1A 21.97 mg/100 g, i id B 520 mg/100 g, HI A
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Fig.7 Changes in TVB-N value of cold chicken breast of

control and treatment group stored at 4 °C
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