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Improved Preservation and Shelf-life Extension of Fish Cake
by Modified Atmosphere Packaging
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’Division of Food Nutrition and Culinary Art, Dong-Eui Institute of Technology, Busan 47230, Korea

Abstract Modified atmosphere packaging (MAP) of vacuum, 60% N,/40% CO,, 100% N, and 100% CO, were exam-
ined to preserve fried fish cakes and extend their shelf life. When product packages in air were stored at 5, 10, and 15°C
with measurement in quality attributes, aerobic bacterial growth was found to be primary quality factor to determine the
shelf life of the product. Huang’s model was adopted to obtain the parameters for use in shelf life determination for a
variety of packaging and storage conditions. Temperature dependence expressed in Arrhenius equation showed activation
energies of 139.4 and 41.8 kJ/mol for inverse of lag time and growth rate of the microbial spoilage, respectively. MAP
of 100% CO, could double the product shelf life at 10°C compared to air package. High CO, concentration MAP at low
temperature was found to be effective to prolong the shelf life.
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Table 1. TBARS of fish cake during storage
15°C 10°C 5°C
Storage time TBARS Storage time TBARS Storage time TBARS
(day) (mg MDA/kg) (day) (mg MDA/kg) (day) (mg MDA/kg)
0 32.347.7 0 32.347.7 0 32.3+7.7
1 16.4+2.1 2 17.148.3 4 25.4+2.4
2 17.9+6.2 4 30.8+6.7 8 15.4+5.1
4 36.5+£10.8 5 24.8+10.1 11 24.2+1.3
5 23.3£7.5 7 18.247.0 15 39.8+14.4
7 23.6+7.1 9 19.5+9.4 17 28.4+3.8
8 14.1+£6.4 12 31.1+7.4 19 32.0+6.1
9 24.0+4.5 22 37.6+9.0
11 38.0£11.7 25 20.4+7.2
12 24.4+4.9 28 29.0+4.8
35 29.2+2.0
Values are meanststandard deviations.
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Fig. 1. Aerobic bacteria growth on fish cake during storage. Solid
lines are fitting to Eq. (1). ®: 15°C; m: 10°C; A: 5°C.
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Table 2. Huang’s model parameters for aerobic bacterial growth on fish cake
Index 15°C 10°C 5°C
Initial microbial number (In N,) 0.01 0.01 0.01
Maximum specific growth rate (W, d) 1.40 1.35 0.75
Lag time (A, d) 2.00 4.85 16.20
Maximum microbial number (In N, 10.00 10.85 8.94
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Fig. 2. Arrhenius plot showing temperature dependence of aer-
obic bacterial growth in fish cake.

1.409 Alololl AATh 30°C, 35°C, 40°Ce] AA-2TolA
Gompertz model& &3} Kang 599 AFoME
£ ero] 9Jgs Wk, S E 25 wE fod

7]

}o)7} QT
InN = InN_+ InN_ . —In{exp(InN)
)]
+[exp(InN_,.) — exp(InNy)] - exp(—p,,B) }

714 N AIZF (d)elr1e] PIAES(CFU/), No= 271
HAE(CFU/R), Ny = HH PIAES(CFU/R), o
tfju) (1/d), BE o}l 2] ()¢t 2o] HojEn f=
71 MdE EFsIa Ut

A<
A&

1+ exp[-25(t— x)]) )

B= Hst]“( T+ exp(251)

37173 W9) mgES Al 374 o] Fe] vkl
fre7Igh Ao SquE BR, 10°Cx AR Alsol vl
HE o]Bo gutzel $E73F 109L 7] 49U RTI=
AR5 A3 vAYES 9F 10%g (In N=6.95)]] ald=+e A
o= gRlHTh

[e)
‘E‘QE/\E]

5°C, 10°C, 15°CollA] 3714 Al Z2o mxe &%
4 %32 Arrhenius WA (3))2] FAIE T3k e
™, Fig. 29} Zo] Yepd 4 QR o33t 2xoE&4 9

FE= *P’*((m)o, M) R 7131P327(8.314 T K mol™),

Ex= 243} o|A] (J/mol)olth.

2. HYTNET ZHO| OI¥E

fE 2y

N3Ol 0N 9y 2

H| % H bﬂ§1~ UrE‘ﬂH"i“tﬂ
)\110] HlF7ko] gle @i
A glo] AASHA it uvgg
AN E rdE SAS A 29971A
F Ul 7iews s 29 Ade
17 292 HlOlEi xﬂ)\lé} =
?%P 22 o]F
P—éPiE} 100% ©
ZalaA AlF} gl
skt 2Fel x| &2 o=
ol HATE. o] ZdefollA TFEA
of o 7kt 2 Y2 FYEe AR <
o;] ]}\-] A}/\ m ;d/\ }_-:_1: 27]_91_ 61—7]-” o]}\]—:Q].E]—
Fro 7AaZ Yepd, ZE3 doleE SHT 5 gl
o} 1A, ke 2 Aokl dXE HlolH A ¢
3l 217 2297KA] vlolERt AAISSATE. iR o= 3]
FE 27 7IARA AN AgERE & WSS HolX] ¥k
T} 100% FAXS T4 T 7] A2 Q2~3%)F I
ol dem, 24717k F<t 1HE}7} A7 22l AF
2 BEE 1.4%, FToE 0.6%= AT ©]
SIEAE F5-3) o|akalebA (100%) X4 = &3

3

o

N
rr

k=
oL

O

=

o

|

0, ok
Ir r:i
> g\l

-

o

|
o
%

=

pud

o
>

ﬂ&l‘

:
sle] 243k

a

bl do

U
ok s
T
g

[eNy 4
T
]’

o

l-f>~

o)
AR



Vol. 23, No. 2 (2017) 51 7| E 2ol Ot 0] = o] X

25

<
s
=
.8
g
s
[0}
Q
=)
o
Q
e
<
&)
0 5 10 15 20 25
Time (day)
100
w0 co,
X
<
5
2 60 4
<
s
=
8
2 40
Q
Q
s
o 20 4
(I S N N, N N — - = S\

0 5 10 15 20 25
Time (day)

Fig. 3. Gas concentration in fish cake packaging during storage
at 10°C. o: Control; m: 60% N,/40% CO,; A: 100% N,; &:
100% CO,.
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Fig. 4. Effect of MAP conditions on aerobic bacterial growth
on fish cake during storage at 10°C. Solid lines are fitting to Eq.
(1). o: Control; «: Vacuum; m: 60% N,/40% CO,; A: 100% N,;
&: 100% CO,.
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Table 3. Parameters of aerobic bacteria growth on fish cake packaged in different modified atmospheres and stored at 10°C

Index Control Vacuum f(?;f) é\lé/z 100% N, 100% CO,
Initial microbial number (In N,) 0.01 0.01 0.01 0.01 0.01
Maximum specific growth rate (K., d) 1.95 1.20 1.42 0.90 0.79
Lag time (A, d) 5.70 5.80 5.80 5.70 9.30
Maximum microbial number (In N, 10.70 12.70 10.85 12.00 10.20
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Table 4. Sensory test of fish cake at storage 17 days
Storage time (day) Flavor Firmness Overall acceptability
Control 2.18° 2.27¢ 1.73¢
Vacuum 4.36* 4.18* 3.82¢
60% Ny/40% CO, 4.45° 4.45° 4.09°
100% N, 427 3.55% 3.64%
100% CO, 3.64° 3.09" 2.82°
Any two values in the same column followed by the same superscript are not significantly different (»<0.05) by Duncan’s multiple range
test.
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