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A Consideration on-its Kinetics for shelf-life Prediction of Meat Sausage

Soo-Min Kim
Department of Food Science, Kyung-San University

Abstract

This study was conducted to calculate and predict the shelf-life of meat sausage through physico-
chemical and biological analysis. Judging from physico-chemical components, it can be found out the
most effective indicator in meat sausage. And also, the materials used for packaging is cellulose #23
in inner-packaging and CN/HDPE laminating film in outer-packaging. The changes of the most effective
indicator were discussed through the method of kinetic analysis. Judging from physico-chemical compo-
nents, VBN was the most available component in quality judgement of meat sausage and their upper
limiting contents were 20 mg%. It is possible to calculate and predict the shelf-life of meat sausage
through the regression equation and Q) value. As a result, the shelf-life prediction was 58~63 days
at 10C, 47~51 days at 20C and 26 days at 40C, respectively, but the difference between two methods
showed about 4~5 days. Q, value on the changes contents was 1.35 at acceralated temperature 40T.
The reaction rate of VBN contents could be interpreted as a first order reaction that divided into
2 periods with different reaction rate constants. The corresponding Arrhenius activation energies were
2.959 Kcal/mole and 3.632 Kcal/mole, respectively.
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ARE AF $E3e FHIAFEE 2ARAE AHEst
A e AR 74 2xdWz AASEAM ARE AN
sl EAAE Table 1o EA13F ulel 2ol cellulose

x =
9} a2 yun Zelod e (HDPE) 32
ANAz Agshsdch A8 5% VBN
(Volatile Basic Nitrogen) #8-2 Kohsaka®il?oll 2]3l
2475PMJ_ TBA(Thiobarbituric acid), Fd59 =4,
SAAE R 5] B whyo) we} FalEkgich
VBN shekel T AW £x =

Q= 8(TO)
U 9T+ 10C)
Shelf-life at TC
Ee Qu= e d

Shelf-life at (T+10T)

3| A A A8 Y=aX+b(Y ; storage time, X 5 VBN co-
ntents)
Arrhenius*]-2- K=K, exp M&T

K | rate constant

K, i The absolute rate constant

E.: Activation energy(cal/mole°K)

R : Gas constant(1.986 cal/mole°K)
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Table 1. Packaging materials used in test

Packaging materials  Characteristics

Cellulose # 23
Thickness . CN(50)/PE(75)=125
Width : 140 m/m X200 m/m

Inner-packaging
Outer-packaging

T ; Absolute temperature (°K)
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o7 3] 72+ LA Al fsld S w VBN e
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Table 2. Correlationship between sensory evaluation and
variables of meat sausage during storage at 10°C

Correlation

Measurement  Regression equation coefficient(R)
VBN (mg%) YV= —6.3099X?+ 35.4909 —0.9656
TBA (mg/kg)  Y=—0.1190X+0.7299 —0.6728
Log viable cell Y= —2.0702X+ 10.8746 —0.9797
counts/CFU

VY: Variables, ?X: Sensory evaluation

Table 3. Correlationship between sensory evaluation and
variables of meat sausage during storage at 20°C

Correlation

Measurement  Regression equation

coefficient(R)
VBN (mg%) Y= —3.6760X+23.4979 —0.9766
TBA (mg/kg) Y= —0.1788X+1.0366 —0.8700
Log viable cell Y= —13650X-+7.9352 —0.9704
counts/CFU

Table 4. Correlationship between sensory evaluation and
variables of meat sausage during storage at 40°C

. . Correlation
Measurement  Regression equation coefficient(R)
VBN (mg%) Y= —6.2835X+32.1073 —0.9534
TBA (mg/kg) Y=—0.1643X+0.9237 —0.8834
Log viable cell Y= —18105X+9.4054 —0.9908
counts/CFU

Table 5. Correlationship between sensory evaluation and
variables of meat sausage during storage at fluctuating
temperature

. . Correlation
Measurement Regression equation coefficient(R)
VBN (mg%) Y=—4.6375X+27.3575 —0.9674
TBA (mg/kg) Y= —0.1904X+1.0745 —0.8786
Log viable cell Y= —1.6620X+8.9477 —0.9916
counts/CFU

0(TC) s shelf-life at T°K
6,T+10C) ; shelf-life at T+ 10°K
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Table 6. Regression equation for shelf-life prediction
of meat sausage stored at different temperatures

. . . Correlation
Temp(C) Regression equation coefficient(R)
10 Y?=4.1897X¥ - 25.5449 0.9894
20 Y=3.7923X —24.1728 0.9938
40 Y=1.7364X —8.3983 0.9970
Fluc. temp” Y=2.8145X—16.9344 0.9969

D10~40T, 7 days alterating periods
DY: Storage time (days), *X: VBN contents

Table 7. Time to reach just limit VBN value in meat
sausage stored at various temperature in Aw 0.947

Temp.(C) 0,(days)?
10 58
20 51
40 26
Fluc. temp? 39

"0~40C, 7 days alterating periods
29,: time to reach VBN value 20 mg% in meat sausage

Table 8. Shelf-life of meat sausage predicted from Q
value during stored at acceralated temperature 40°C

Aw Temp.(C) 6.0 Practical
0.947 10 63 66
20 A7 37
30 35 31
40 26 25

UShelf-life (days) predicted from Q; value=135

FAHE £ SAsged o2 oA AgE
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Fig. 1. Semilog plot of VBN contents as function of
time and temperature.
O—0; 10T, a—a; 20T, X—X; 40T, @—@; 10/40T
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t 3 storage time(day)

k ; reaction rate constant(day ')

x 3 VBN contents(mg%)
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Table 9. First order reaction rate constants for changes
of VBN contents during storage

Temp.(C) K, (day ) r’? K; (day™ ) r
10 0.0311 0.9575 0.0148 0.9454
20 0.0350 0.9454 0.0185 0.9998
40 0.0511 0.9994 0.0276 0.9950

Fluc. temp.  0.0415 0.9777 0.0193 0.9972

DCoefficient of determination

=42 B)(Ky/K)e 102 #$- 0476, 20C9] 7
0.529, 40C 9] 7% 0.540, ¥H-22]%2] 49 04652 VBN
e slo) Ojgt whgo] AHA ZMH whe] 9oyl
FHA F2rel M w71 H e Fhael #4 'FUH}‘]'E‘
EE G540 228 AR FE % do] WA F ] uk-go]
F3E9e ez AlgEn 3 weEre g &
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At}

K:Ko efEa/RT (5)
o{7]4, K : rate constant
k, s The absolute rate constant
Ea ; Activation energy (cal/mole°k)
R ; Gas constant (1.986 cal/mole°k)
T ; Absolute temperature (°k)
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Fig. 2. Arrhenius plot of rate constant for change of
VBN contents in meat sausage vs. reciprocal absolute
temperature

Table 10. Activation energy for changes of VBN conte-
nts during storage

o
Aw Rate constant(day ) Activation energy

Ea(kcal/mole)
0.947 ky 2.959 0.9843
ke 3632 0.9998
Haks Bol2 fE7)7 A Almelely, 25 33
AL AR T ol FAME WEEEE
Hog A3 Ade o gk
~+

ZOmg%
olgith. I AWAAY QuAlel 2% & XH

7|7k ol &2 10Tl M= 58~634, 20C M% 47~ 1'24,,
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Z54:41219] VBN =] g Qe A%
254l 4009 Q¥ =135% Faked 30, 20, 10T
fste] FE7)2HE AEsloTh H84417)2] VBN gk
Wl 14 whgol weh Adsglon, 2 e
WgEEe] ¥ FreR TREch WA 2098
38 FAdsto Al b4 2.959 Keal/mole, 3.632
Kcal/mole o]t}
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