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In this worl, lipid oxidation and the kinetics of the oxidation reaction in dried file-fish meat
were investigated when sun-dried file-fish was stored under the conditions of various water
activities and temperature, 35, 45, 55 and 35/55°C. The storage stability and the development
of browning by oxidative rancidity were also discussed. .

Monolayer coverage value of water content in dried file-fish was 8.03 % at 0.21 a,.

Lipid oxidation at 35°C was developed with increasiﬁg water activity but at 45°C and 55°C
it was rapidly progressed without clear differences between water activities except 0.44 a,. The
rate of reaction was more sensitive to storage temperature than to water activity.

Browning in methanol-chloroform fraction was developed linearly by the progress of lipid
oxidation which suggested that lipid oxidation was greatly influential to the development of
browning in dried fish meat.

In kinetical analysis the oxidation followed a zero order reaction mechanism as a function of
carbonyl value.

The activation energies obtained from the Arrhenius plot ranged 9.0 to 10.8 Kcal/mol and Qo
values, 1.6-1.7.

Shelf-lives at the storage of 35,45 and 55°C ranged 58 days to 8 days. And in ‘the fluctuating
temperature storagé" at 35/55°C, shelf-lives were 17, 16, 15 and 13 days at 0.44,- 0.52, 0.65 and
0.75 a,, respectively. ‘ '

The shelf-lives for assessed from the accelerated shelf-life test were 125, 123, 120 and 106 days
at 0.44, 0.52, 0.65 and 0.75 a,, respectively, in the case of storage at 25°C.
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Fig. 2. Adsorption isotherm of the dried file-
fish at 25 €.
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Fig. 3. Changes of carbonyl value in dried file~
fish stored at 35 .
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Fig. 4. Changes of carbonyl value in dried
file-fish stored at 45°C.
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Fig. 6. Changes of TBA value in dried file-
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Fig. 5. Changes of carbony! value in dried
file-fish stored at 55°C.
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Fig. 7. Changes of TBA value in dued file-
fish stored at 45°C.
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Fig. 8. Changes of TBA value in dried file-fish
stored at 55°C.

A Vel =@ 55°Ced A3 S =le Aolst
A9 AAHR 2 FE Jebiz A7 14y
ato] HdAd FR. 2o 2, 0.4 =L AF
LR AE 4 dAHE AFE Hgen o 3
Wlel EdEte AINE 284 AEE o 7S
vl 3k 7] sdelgliet.

Kim £ (1973)¢ o1& 9§l & deista Ad4s
5 251 A% AYY A FEAA = BT
WA 2 30 d7R e S7bses o o) B A AE] 7
43w st on Han % (1973)3 Choi 5 (1973)
= A7 vhe dash ohE 0qelE A2 AU
o v %3 A3E dydn Rz shE

k4 slst TR AAFe Zud viEle dF
& dotuy st 2AE ZElstd AASHA L «
Zw e W3E Fig. 9~11¢] =A5tge. 21”4
& 4 A Fo] R St wek FtRd e
it 2 AHAEE S7ksle AgE Buch o)
9} Ze Aae vtE B (Kimg, 1973), =t o
% (Han%, 1973) 9 o}& 0%e¢] (Chois, 1973)

A% v stAl Vebudel =3 AR Es) Fold
of Wl A= AlstAl vebykeh 30°Cel A A
G AS 200.75e14] AR 284A o] FHE wmA
T ASE Mg AL FEE AM Agasis)
tid GAsHAl dolvt SR E 8 FEe] Fotdd wlel
o uk-go] ks ol A2 7kFEA 55°C

|

6.0|

0.D./g sofid X100

40

20

1 N PR L r

Fig. 9.

o} 14 28 42 56
Storage time (days)

Development of lipid oxidative brown-
ing in dried file-fish stored at 35°C.
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Fig. 11. Development of lipid oxidative brown-
ing in dried file-fish stored at 55°C.
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Table 2. Linear regression analysis for car-
bonyl value

a, Temp. (°C) K(meq/Kg lipid) 2

0.44 35 0. 2109 0.8410
45 0. 5090 0. 8438
55 0. 6007 0. 9020
fluc. temp.* 0. 5465 0. 8549
0.52 35 0. 3008 0.8833
45 0. 5076 0.9161
55 0.7538 0. 8815
fluc. temp.* 0. 5570 0. 8669
0.65 35 0.2719 0. 8787
45 0.5158 0.9671
55 0.7827 0.8912
fluc. temp.* 0. 6557 0.9101
0.75 35 0.2767 0.7331
45 0.7536 0. 9560
55 0. 8053 0. 9025
fluc. temp.* 0.7587 0. 9409

* : 35—55°C, 7 days alterating periods

A@el gt T FRAFE A7 AgLE
z7A¢) =g} Table 26 e} W g}
@ g stox]
3etdh-5-o exoj& AL Arrhenius 02 F 4]
et
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oq714 -
K : rate constant
K. : the absolute rate constant
E, : activation energy
R : gas constant (1.986 cal/mole °K)
T : absolute temperature (°K)
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Fig. 12. Arrhenius plot of rate constants for

change of carbonyl value in dried file-

fish vs. reciprocal absolute temperature.

Table 3. Activation energies for lipid oxida-
tion in dried file-fish

aw E,(Kcal/mole) Quo* r?
0.44 9.0 1.6 0. 9928
0.52 9.2 1.6 0.9933
0.65 10.6 1.7 0.9926
0.75 10.8 1.7 0. 8063

Quo* : Calculated for T=50°C
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o EA8lg & ol doAlE A4y JesE Ry
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Table 4. Time to reach just limit carbonyl
value in dried file-fish

ay Temp. (°C) A
0.44 35 58
45 21

55 11

fluc. temp. 17

Q.52 35 50
45 24

55 9

fluc. temp. 16

0. 65 35 49
45 23

55 8

fluc. temp. 15

0.75 35 47
45 15

55 8

fluc. temp. 13

6s* : time to reach carbonyl value 30 meq/Kg
lipid in days.

Table 5. The shelf-lives at 25°C predicted
from accelerated shelf-life test

Qu as(daY)
0.44 125
0.52 123
0.65 120

0.75 106

Table 4o 23std a,0.75 &% 55°Ce] A%
A4 896l YV 2,0.44 L5 35°C ¢ 58 U7A
shelf—life 7} v}-$- B¢ Holgon] =284 7 &
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Fig.13. Time to reach just carbonyl value 30
meq/Kg lipid in dried file-fish at var-
ious water activities.
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—a : the rate of loss of quantity A

R, : the rate at mean temperature, Tm

& : slope of shelf—life plot vs. temp-
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T, : Temperature of the system.
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Table 6. Comparison of effective tempera-
ture for lipid oxidation in dried
filefish subjected to square wave
temperature fluctuations

Predicted Actual
8

a, K predicted XK actual

s b;
0.44 0. 5245 0. 5465 20 17
0.52 0.5253 0. 5570 18 16
0. 65 0. 5503 0. 6557 16 15
0.75 0.8131 0. 7536 9 13

Table 7. Comparison of effective temperature
for lipid oxidation in dried filefish
subjected to square wave tempera-
ture fluctuations

a Predicted Actual  Predicted Actual
“  ATers. AT esr. Tess. Tess.
0.4 0.7 2.0 45.7 47.0
0.52 0.8 1.6 45. 8 46.0
0.65 1.2 4.5 46. 2 49.5
0.75 1.3 1.2 46.3 46.2
423+ 1.2~4.5°C Y 9527 ol AZ]s}

A 22 Aolele +2BY @3} 0.1~3.3°C 2 2
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ALE 5 QoA AREA WA AR
45 452 239 4 4 Y& Aoz Labua
(1979) 7t A ¢t Ao] A4 A5EE dEbd T

ok

2e % 29

S

b

ol

o
7 $lahed hrns} +24 2A€ 293
ol o2l YehbEA B ¥l

1o arshel RstdE S
Ferch. Adeld Qe Ase

AzLAAN S Agzdel T4 WA e 9
J
P

s

K mlo
H‘ m, & [u]o

sistes 59 14

w 0. 2199 8 03% 01914

2. zlﬂM ARE FEZHe] ¥EFF F44
. £E8d BE Aoy AFLES Fid)
Pg AALESN £& Aol Ao AW
e SEEA Brie AR 2x8] G s

R

3. Aule] Aur-gL 03 Hk3oE elyton
Hle£EX a, 0.75 44 71 &=9t3 Arrhenius 4]
3 9.0~10. 8 Kcal/mol,

& MY RIGEE

Quale 1.6~1.70]glc}

4. FFAAY AL ANEE TAZ 1 2F
g} shelf—life & A A% 55°C 424 0.75 4=
+ 84, AFLE 35°C FLFZA 0.44 Y& 58
ol giet.

5. WezAd A FAT AAY o] EF
o2 Fg ZAel el ATestee 7} 0.7~1.3°C 24
ol EA o2 Fi Fho] AFN2 Bk W I
22 olEx o 2 F3 shelf-life & A& B} 1~
39 Al

6. 25°Cel|A] a,0.44, 0.52, 0.65 & 0.75¢] =}
g we] o)Bdoz g shelf-lifer 125¢
123, 1209 T 106 Y elsieh.

Gl

i

Brunauer, S.P.,P.H.Emmet and E. Teller. 1938.
Absorption of gases in multimoleculer
layers. J. Am. Chem. Soc. 60, 309.

Choi, H. Y., M. N. Kim and K. H. Lee. 1973.
Nonenzymatic browning reactions in dried
squid stored at different water activities.
Bull. Korean Fish. Soc. 6 (3,4), 97~100.

Chou, H. E. and T. P. Labuza. 1973. Water
relations of foods. R. B. Duckworth,
Academic Press. 462~469.

Davidovich, L. A., C. L. Soul and H.M. Lupin.
1980. Kinetics of fish meal oxidation.
"JAOCS. 7 (1), 43~47.

Griffith, T. and J. A. Johnson. 1957. Water
relations of food. R. B. Duckworth Aca-
demic Press. 431~433.

Halton, P. and E. A. Fisher. 1937. Water re-~
lations of foods. R. B. Duckworth,
Academic Press. 462~-463.

Han. 8. B., J. H. Lee and K. H. Lee. 1973.
Non-enzymatic browning reactions in dried
anchovy when stored at different water
activities. Bull. Korean Fish. Soc.6 (1,2),
37~42.

Heidelbaugh, N. D. and M. Karel. 1970.
Water relations of foods. R. B. Duckwo-~
rth, Academic Press. 462~469.

— 01 —



R AE-FRS

Heidelbaugh. N. D., C. P. Yeh and M. Karel.
1971. Effects of model system composition
on autoxidation of methyl linoleate.].
Agric. Food Chem. 19, 140.

Hicks, E. W. 1944. Note on the estimation of
the effect of diurnal temperature fluctua-
tion on reaction rates in stored foodstuff
and other materials. J. Counc. Sci. Ind.
Research (Australia) 17,111~114,

Henick, A.S., M. F. Benca and J. H. Mitch-
ell Jr.
pounds in rancid fats and foods. J. Am.
Oil Chem. Soc. 31, 88.

Karel, M. and T. P. Labuza.

enzymatic browning

1954. Estimating carbonyl com-

1968.
in model

Non-

systems
containing sucrose. J. Agric. Food Chem.
16, 717.

Kim, M. N., H. Y. Choi and K. H. Lee. 1973.
Non-enzymatic browning reactions in

dried Alaska Pollack stored at different

water activities. Food
Nutr. 2 (1),41.

Kirigaya, N., H. Kato and M. Fujimaki. 1968.
Water relations of foods. R. B. Duckw-
orth Academic Press. 431-433.

Labuza, T. P. 1971. Kinetics of lipid oxidation

J. Koearn Soc.

in foods CRC crit. Rev. Food Tech. 2, 355.

Labuza, T. P. 1971.
related to the Keeping quality of foods.
Proc.3rd Int. Cong. Food Sci. and Tech.
S0S/70, 618.

Labuza, T. P. 1979. A theoretical comparison of

Properties of water as

losses in food under fluctuating tempera-

ture sequences. J. Food Sci. 44, 1162~
1168.
Labuza, T. P., H. Tsyuki and M. Karel. 1969,

Kinetics of oxidation of methyl linoleate.
JAQCS. 46, 409.

Labuza, T. P., L. McNally, D. Gallagher, J.
Hawkes and F. Hurtado. 1972. Stability
of intermediate moisture foods. 1. Lipid
oxidation. J. Food Sci. 37, 154~159.

labuza, T. P., N. D. Heidelbaugh, M. Silver

and M. Karel. 1971. Oxidation at inter-

mediate moisture content. JAQOCS 43, 86.
Labuza, T. P. and P. Waletsko. 1976. Accel-
erated shelf-life testing of an intermediate
moisture food in air and in an oxygen-free
atmosphere. J. Food Sci. 41, 1338-1344.
Labuza, T. P., S. R. Tannenbaum and M.
Karel. 1970. Water content and stability
of low moisture and intermediate moisture
foods. Food Tech. 24, 543.
Maloney, J. F., T. P. Labuza, D. H. Wallace
and M. Karel. 1966. Autoxidation of meth-
vl linoleate in freeze-dried model system.
1. Effect of water on the autocatalyzed
oxidation. J. Food Sci. 31, 878.
Martinez, F. and T. P.Labuza. 1968. Rate of
deterioration of freeze-dried salmon as a
function of relative humidity. J. Food Sci.
33, 341.

Mizrahi, S., T. P. Labuza and M. Karel. 1970.
Computer aided predictions on extent of
browning in dehydrated cabbage. J. Food
Sci. 35, 799-803.

Pohle, W. D., R. L. Gregory and J. R. Tay-
lor. 1962. Comparison of several analyti-
cal techniques for prediction of relative
stability of fats and oil to oxidation.
JAOCS 39, 226.

Pohle, W.D., R. L. Gregory, T. J. Weiss, B.
Van Giessen, J.R. Taylor and J. J.
Ahern. 1964. A study of methods for
evaluation of the stability of fats and
shortening. JAOCS. 41, 795.

Salwin, H. 1959. Defining minimum moisture
contents for dehydrated foods. Food Tech.

21, 759.

Schwimmer, S., L. L. Ingraham and H. W.
Hughes. 1955,

for frozen food processing. Effective tem-

Temperature tolerance

perature in thermally fluctuating systems.
Ind. Eng. Chem. 27 (6), 1149-1151.

Wu, A. C. M., R. R. Eitenmiller and J. J.
Powers. 1974, Effect of fluctuating tem-
perature on the stability and activity of

— 992 —



HRA RWRY EES KOTEE 2 B BRE

invertase. J. Food Sci. 39, 1179-1183,
Wu, A. C. M., R. R. Eitenmiller and J. J.
Powers. 1975 a. Reponses of chymotrypsin

Powers. 1975 b. Effect of fluctuating tem-
perature treatment on milk coagulation and
in activation of soybean trypsin inhibitor.
J. Food Sci. 40, 1171-1173.

+ Yamaguch, N. 1970. Water relations of foods.
R. B. Duckworth Academic Press. 431-433.

and lysozyme under fluctuating temper-~
ature treatments. J. Food Sci. 40, 840-
843.

Wu, A. C. M., R. R. Eitenmiller and J. J.

— 93—



