I@%sﬂ%ﬁ
Science and Tecﬁnology of Food Industry
g g dmO ki
DAL SR AL 5 P AR L A5
A o, AX,3 MR EEREE,E OB, ERM

(LARZIRKFEBAFE TA2F R, HH LKL 430023 ;
2.3 46 B A SRR TAZH ARBF R P s, # 4L KX 430023)

[ SEE R 3 1

W EAACA SN ARG AR R A RS R, AR LR B EAME KR (TVB-N) 4. . pH fe & B
S MAIGHAF, AT RN -FCRHFHEK0,.C0, f N, 69 REBeIb st A St e MEFER, B3 5-ELKD
SR L R I, GE B AR B RE A A R A SRR R P A e A K R TVB-N 9 & & 48 = S e B E SRR,
HAHRBHZ R Y HSAEME FGMER(p<001), A=FEA KL AN EARRESILARE, it TREREFHS
Aot 10 d 89T % B4 TVB=N LR =& e A A vm AR, 32 52 6 £ = Z A F 5 5K A1F 3] 6 LA A kB rb 7 %, @
ST IAIE A R A GER  ALRAR BE 6 AR ARG H 22% O, F278% CO,, L5 TR £ % 8 d 491 % % 4H TVB-N
1857 A 5.85 1g(cfu/g) 7 14.00 mg/100 g, 4B ATBATIEK F B W R HES d,

KGR AR, AH, BT okt

Optimization of gas mixture ratio of modified atmosphere packaging
for chilled meat by simplex—centroid design
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Abstract: The gas mixture ratio of modified atmosphere packaging for chilled meat was optimized to strengthen
preservation effects.Based on simplex-centriod design, total bacteria count, total volatile basic nitrogen( TVB-N)
value, pH value and sensory score were used as indices to evaluate the effect of gas mixture ratio( O,,CO, and
N, )on chilled meat. Compared with the control group of pallet packing, a fitting mixture of gas could obviously
inhibit bacterial growth, reduce TVB-N production and maintain sensory quality. The indices showed significant
correlations with each other( p <0.01).Total bacteria count, TVB-N value and their weighted value measured at the
8" day and the 10" day were selected to establish six regression mathematical models with three factors including
O, percentage, CO, percentage and N, percentage, followed by optimizing the gas mixture ratio independently.The
optimum gas ratio was confirmed to be 22% O,and 78% CO, after comparative investigation on the preservation
effects on chilled meat.Under this condition, the total bacteria count and TVB-N value of chilled meat kept at the 8"
day was respectively 5.85 Ig(cfu/g)and 14.00 mg/100 g, and the shelf life comparing with that of pallet packing
was extended for 5 days.
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Table 1

for chilled meat designed by simplex—centroid method

Gas mixture ratio of modified atmosphere packaging

| 0,(%) €0, (%) N, (%)
1 100 0 0
2 0 0 100
3 0 100 0
4 50 0 50
5 50 50 0
6 0 50 50
7 33.33 33.33 33.33
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4789.2-2010 £ i ok A= Wy 24 A0 56 TR ¥ B 00 e ) oF
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Table 2 Standard of sensory evaluation for chilled meat
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Table 3  Effect of different gas mixture ratio on the change of total bacteriacount of chilled meat(lg cfu/g)
215 0d 2d 4d 6d 8 d 10d
1 5.49 +0.06 5.38 +0.08" 579 +0.13°*" 6.91 £0.01°*" 7.39 £0.02°*" 7.86 £0.06"*"
2 5.49 £0.06 5.74 £0.04°** 5.80 +0.04°** 6.73 £0.04"** 7.72 £0.05"* 8.19 £0.03"**
3 5.49 +0.06 5.56 £0.01" 5.47 £0.03" 5.58 +0.07° 5.88 +0.04" 6.78 +0.58"""
4 5.49 +0.06 5.57 £0.03" 5.60 £0.02" 5.64 +0.20° 6.66 +0.09** 7.01 £0.59"**
5 5.49 +0.06 5.57 +0.08" 5.63 £0.08" 5.71 +0.08" 5.38 +0.06" 691 +0.61"""
6 5.49 +0.06 5.42 £0.06" 5.42 £0.02" 5.74 +0.08" 6.06 +0.03° 722 +1.19""
7 5.49 +0.06 5.78 £0.04°"" 5.60 £0.10" 5.81 £0.06**" 6.14 £0.02°*" 6.43 £0.05**"
X HR 5.49 +0.06 5.97 +0.04""" 5.91 +0.05°* 7.76 £0.07°* 8.11 £0.085** 8.28 +0.04"""

T A )N 3SR (] — I JR S e 2L 18] 1 7 B AU R R R 22 57 (p <0.05) 5+ (p <0.05) Al = (p <0.01) F/R [FIZH N A
[ 5 R TR] ) P v 808 25 THIAR{EL(O d) o

F 4 ARISRICBIX A G A TVB-N {HAY00 (mg/100 g)
Table 4  Effect of different gas mixture ratio on the change of TVB=N of chilled meat( mg/100 g)
2H 5 0d 2d 4d 6d 8 d 10d
1 5.65 +0.58 6.81 £0.58" 9.43 £0.65"** 12.88 +1.75"** 14.56 +0.84"** 16.80 +0.48"**
2 5.65 +0.58 5.88 +0.28" 10.92 £0.97™**  12.97 +0.98"*" 13.91 0.70"** 14.28 £0.56***
3 5.65 £0.58 8.96 +0.74""" 1037 £0.70""" 1120 £1.12*"  10.83 +1.13"*"  14.19 £0.43"*"
4 5.65 +0.58 9.61 £0.32"*" 14.00 £0.28°"" 1325132 1691 £1.26°**  17.17 £0.81**"
5 5.65 +0.58 8.96 £0.74"*" 1148 £0.56™""  12.69 £1.06"**  13.53 £0.32"""  14.19 +1.06"""
6 5.65 £0.58 9.24 +0.56"" 11.97 £1.17"*"  12.07 £1.13"* 12.97 £1.29"*  15.59 +0.86™""
7 5.65 +0.58 10.17 =1.54"*"  10.08 £1.22"**  11.29 =0.16""" 17.74 £1.45°*" 16.61 +0.98""*
Xf B 5.65 +0.58 10.83 £1.52"** 1353 +0.86°"" 1559 +1.62°""  20.07 £0.86"""  25.57 +0.98°*"

L AR/ NG S ST R R — I ek 2 1] 4% A 1k Eh S BB AR 8 PR 22 5% (p <0.05) 5+ (p <0.05) Al = (p <0.01) FKIR[A]
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() 250 19 B 2 25 5 R S—N-K K46, g 35 /K 7
k1 0.05
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ZH A B TR B e A, B 6 d BB TR ER
L 107 cfu/g, PLIH LB ERE A VAR i . 455256
HAESS 2.6 .8 d BT K BB W 3 IKF X Al (p <
0.05) . Hrp2H 3 FNZH 5 (¥R SE A% PIAESE 8 d LR FF
WEE A I TH TS B BObRE ., 2H 3 A4 5 R B B8 1Y
ITEVEH, A 3% BB SE 10 d ok 2E W3 B
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Table 5 Effect of different gas mixture ratio on the change of pH of chilled meat

21 541 0d 2d 4d 6d 8 d 10d
1 5.66 =0.05 6.01 £0.11"" 5.97 £0.03"" 6.28 +0.02"* 6.44 £0.16™"" 6.79 £0.16™*"
2 5.66 +0.05 5.68 £0.03" 6.39 £0.11°*" 6.20 £0.05**" 6.59 £0.22"* 6.41 £0.06**"
3 5.66 £0.05 5.80 £0.07""" 6.14 £0.02"*" 6.38 £0.05°*" 6.18 £0.02"*" 6.41 £0.09"""
4 5.66 £0.05 5.68 +0.02° 6.18 +0.07""" 6.23 £0.05""" 6.67 £0.04"* 6.85 £0.13"*"
5 5.66 +0.05 5.70 £0.04" 6.15 £0.01"*" 6.47 £0.01°*" 6.39 £0.02""* 6.47 £0.04**"
6 5.66 +0.05 5.76 £0.03" 6.31 £0.04°'"" 6.30 £0.03"*" 6.42 £0.06™"" 6.66 +£0.16™""
7 5.66 +0.05 5.95 +0.06"" 6.25 +0.02""* 6.46 +0.02°* 6.46 £0.18""* 6.68 +0.26™"*

X IR 5.66 +0.05 5.67 £0.02° 6.48 +0.02°"" 6.74 +0.05"" 6.43 £0.26""" 6.95 +0.27"""

T ARl ANE 3SR R R ] — R 2110] pH A7 7 B35 2257 (p <0.05) 5+ (p <0.05) Al # + (p <0.01) KR [A] 2 A [ I
FRRIN [ f) pH 235 5 TRIAA (R (0 d) .

H6 RSB TSR R 4

Table 6  Effect of different gas mixture ratio on the change of sensory evalution of chilled meat

ZH ) 0d 2d 4d 6d 8 d 10d
1 100 93 +1.15" 90 +1.15° 80 +1.00"** 72 £1.15* 60 +1.00°*
2 100 94 +0.58 87 +0.58""" 75 £1.15"" 68 +0.58""" 61 +0.58"""
3 100 94 +0.58" 89 £1.15°** 89 +0.00*** 78 £0.58°** 61 +1.00"**
4 100 95 +0.00°" 91 £1.15°** 89 +0.58'* 72 £0.58"** 61 +0.58'**
5 100 96 +0.58° 92 +0.58°*" 88 +1.15"*" 72 +1.00""" 59 +0.58"*
6 100 96 +0.58* 91 +1.00°** 88 +0.58'** 73 £0.58"** 58 £0.00°**
7 100 93 +0.58" 86 +1.15"* 83 +0.58°"" 70 +0.58°* 56 +1.00""

pogils 100 91 +0.58" 84 +0.58""" 74 +0.00"" 62 +0.58"* 54 +0.58""

T AN )N B SRR R ] — IR i L AR WA R R 22 57 (p <0.05) 57 (p <0.05) Al ™" (p <0.01) FRIRIEE A

2 TR 2 d B E D .

B, A ST IO 4 Sy LR AR, SR U
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BT WA HIF T i, v AR YR ) 3] 2 B Y
5558 i TVB—N A= gl 4m il /5l o
2.3 ARESMEILGIFTAEERE R pH T AR

AN R AR LY A5 X6 ¥4 (5 4 PR I g3 TR] pHL 14 5 1)
P35 Al 0L, X IBLZH Y pH 7E55 4 d FI2E 6 d # W 3%
T A SRR (p <0.05) o #5 S0 2H pH X4 Bl I et i
M) g SR TG 1S 0, HLZESS 4 d B S 35w T bRl
(p <0.05) 14520 Z B AR 425 55 I TC AR PTG . ¥4
055 ALV R TR 9 pH AR {b ] 58 SR 22 W 7 1 I 2R 1Y
SN« P LR I S W A K BB T B0 pHL AR, DA
P A e TR O A M A K A S B pH R
2.4 ARESMELELFIXTSERARE RRTHAZ I

2 T S Y =R e - G o = N A W 7 4
ZUIRASSE I S Ak, AN WA R 28 T 2 kY, 58
RS WG IBCE VR4 100, i3 6 al W, 4540
fief P PR SRR T 0 I 2 I SR s 1] B S K T R T [, G
Tt BRZH R B IT A B8R 2 d AR AE W I A S
B (p <0.05), XFHEZATESS 4 d BHA I B 5 RS
B, MTZH 3 AEN A 1] 4R 2R R R i S 21 (5%,
HESE 8 d MRE oS T HALLEHH (p <
0.05)
25 SiEGRLHEARRERNEXE

FH AR L2 V8 S 55 T 5 BT 45 B i Pearson AH 5
PESFHT AT UL (R 7) , v B TVB-N {H . pH FIEHE
VI3 P 22 (8] 5477 FE R 2 25 AR G ME (p <0.01) o ik
AR 1) A BB R B v A TR o RS [ P B 2
L3 % TVB=N EAT pH A8 A 8RBT Bl B

KT UL ELE A L RHEARAY Pearson FH1OGHE
Table 7 Pearson correlation of quality index of

modified atmosphere packaging for chilled meat designed

bzt Wk g TVB-N1H pH BEIS
(LR RER A 1
TVB-N{H  0.746 " 1
pH 0.642°*  0.819™ 1
BEPESY  -0.820"  -0.8257°  -0.803* 1

T+ o FORTE 0.01 K- (B _E S 35 A5G

2.6 HiEGRELHEHEASELLGHRNL ZIEIE

558 d FI%E 10 d FYSZEe S5 S Lk 8 Fr .
EIEXT Y, 2 Y, 6 2H BRI 3EAT 43T, I A A i
B AR/ IMEL T B PR 22 7K, 18- 31 6 2H A B AR TS
o, inz2 9 iR, #5238 9 R ib AR He Bl EAT Fu 556
iE, High SO 1 FnE 2, RTIILZE 6 AR e il X
VA TR it B AR S R A A, s BH P o R

FH L 20, ZE 0o S 1], 45 40 00 B 7 B B a5 Bt
AP E G 5 - T, XTRRZATESS 8 d 552564 37,
4’ 5T THIE B EZE S A B (p >0.05) (HEZ
10 d i 358 T &S24 (p <0.05) . S2HG4 67
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Table 8 The test result of simplex—centroid mixture design
gt Y, (Ig cfu/g) Y, (mg/100 g) Y, (lg cfu/g) Y, (mg/100 mg) Y;(%) Y (%)
1 7.39 14.56 7.86 14.56 106.04 108.63
2 7.72 1391 8.19 13.91 106.36 102.79
3 5.88 10.83 6.78 10.83 81.84 92.72
4 6.66 20.91 7.01 20.91 121.63 103.92
5 5.38 13.53 5.38 13.53 87.05 93.61
6 6.06 12.97 6.06 12.97 90.42 100.25
7 6.14 17.64 6.14 17.64 106.66 98.08
KO IARR KA A L 2 2R
Table 9  Regression model and optimization compound result
U1 i BB F B gy — e URHED
0, CO, N,
X Y, Y, =7.36X, +7.69X, +5.85X,-54X, X, 444X, X, 09738 537 33 67 0
2’ Y, Y, =14.50X, +13.84X, +10.76X,-3.76X, X, +35.44X,X, +4.64X,X;  0.9920 13.20 41 59 0
3/ Y, Y, =7.89X, +8.22X, +6.81X,-3.82X, X,~2.24X, X, ~2.48X, X, 09516 659 22 60 18
4’ Y, Y, =16.75X, +14.23X, +14.13X; +1.25X, X, +12.82X,X,-4.16X,X;  0.9650  13.99 19 81 0
5’ Y, Y, =105.6X, +105.92X, +81.4X,-54.37X, X, +118.89X,X,-18.79X,X; 0.9785 81.40 0 100 0
6 Y, Y, =108.66X, +102.82X, +92.76X,-22.48X, X, +24.01X,X;-2891X,X; 09994 91.29 22 78 0
F 6 LE V& PRI B TR 7 B BRI , 2 10d I R v 5 Ko 30.00 o 041
Sk 6.08 1g cfu/g F115.79 1g cfu/g, 25007 ? Ho
107 ERZ NN S 2000 B 413’
= 8 a2 é" 1500 1 1 B 414
2 = 43 £ @ 415
éﬂ & 44 g>5 10.00 r B 46’
= B 45 = 500t & 416
# ZF:E 0.00 m ) i
. ;(\Jﬂ’é I ] (d)
X 2 ARV S5 P TVB-N {E A5
NIl (d) Fig.2 Effect of different gas mixture ratio
K1 SESAR AT 2 E 5 TR T 7 2 5 (E 1 5 i on the change of TVB=N of chilled meat

Fig.1
on the change of total bacteriacount of chilled meat
TE A F)/INE B30 7 ] — I [ 4 1]
TS BB B 22 5 (p <0.05) ¢
Fh 2 0, AR RO 1], 25 4 A0 TVB - N {E RS
B e 5 A #a s, XTREAFESS 8 d B 5505
414" 6.6 ff TVB-N {25 5K 3% (p >0.05) , {15
10 d 524189 TVB - N (B ) &2 g 25 22 57
(p <0.05) SZHGZH 6 Fil 2" FEVR i3 0] TVB-N {E L%
FRTERAIRYE FBIPY , 55 10 d 19 TVB-N (BS54 15.12
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