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Abstract

High content of polyunsaturated fatty acid in fish oil makes it very susceptible to oxidatior, which prevent fish
oil from successful application to food processing er functional foods. To resolve this problem, oxidation stability
mode! of fish oil was developed using the following differential equation : dp/dt=k - p(t) - [Pmax —p (9)]. This
differential equation can be integrated using analytical technigues to give : p (£) =Pmax/[1+ {(Pmax /P — 1} -
EXP (- Kp - D)} At 50, 60, 70 and 80" C, Kp were 0.00535, 0.01345, 0.02516 and 0.04675, respectively. The pro-
posed model was weli agreed with the measured data except for some minor deviations. In addition, Kp was ex-
pressed as a function of temperature : Kp=(1/Pmax} EXP [1 - (8148 /T) + 20.1]. Where T is absolute temperature
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INTRODUCTION

High content of polyunsaturated fatty acid (PUFA)
in fish oil makes it very susceptible to oxidation (1,2).
To utlilize fish oil commercially, oxidation stability of
fish ail 1s first and fore most of vital importance, Stabi-
lity of fats and oils during storage can be produced by
a procedure called stability tests. Standard tests are
based on storage of fats under normal conditions and
changes in odor, peroxide cortents, ultraviclet absorp-
licn or carbonyt contents can be determined (3). The
hasic disadvantages of such tests are their very long
duration. Due to this fact, accelerated tests were intro-
duced. They are based on reduction of the induction
period by elevation of temperature, UV iradiation,
intensive oxygenation, etc. Among the most com-
monly used methods are the classic Active Oxygen
method (4) with some madification, oxidation of fish
oil upon forced aeration was undertaken.

Various studies on this matter have been carried out
but prediction -study of oxidation stability have been
neglected. Most researches have been focused on the
induction period of fat and oil oxidation upon addi-
tion of various antioxidants {1,2,5-7)3 in contrast, ba-
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sic engineering data were insufficient. Especially the
accurate prediction of oxidation stability are prereg-
uisite to utilize fish oil commercially due o its high
content in PUFA, Therefore, the basic model to predi-:
ct oxidation stability was derived and verified. The pr-
oposed model can be used for the investigation of the
kinetics of oxidation of fats and for evaluation of their
oxidation stability. It can be applied for both fundam-
ental research and routine industrial analyses.

MATERIALS AND METHODS

Materials

Refined fish oil from sardine was donated by Dr. K.
Hada of Japan Fisheries Co., Ltd. Before the experiment,
fish oil was flushed with moisture-free nitrogen gas, clos-
ed with aittight cap, and stored at 5° C until use.

Chemical analysis

Peroxide value and iodine value were determined
by AOAC methads (8),

Oxidation of fish oil with forced aeration

Fish oil of 60ml was placed in the reaction vessel
{250ml) equipped with thermometer and air sparger.

To prevent fish oil from evaporating during oxidation
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process, condenser was instalfed in the vent of the
vessel. Reaction vessel was placed in the water bath
of a given temperature. Aeration rate was 70mi/min
using air pump equipped with moisture trap. At the
predetermined time, an aliquot of sample was withd-
rawn o determine the changes in peroxide value,

THEORETICAL

Details of how oxidation of fats and oils takes place
indicate that essentially it is a degradation process
which oceurs at the double-bond sites in glyceride
molecules (9). Heat energy puts the electrons in an
excited state. When encugh energy has been absorb-
ed so that the electron reaches a critical excitation
level, the excess energy is dissipated by the electron
breaking away from the rest of the molecule and tak-
ing a proton with it. This leaves a fatty acid molecule
with a carbon atom containing an unpaired electron,
which consists of extremely unstable chemical struc-
ture. This structure 1s calied free radical. Free radicals
are extremely unstable substances and will seek anot-
her electron to complete the stable paired electron
structure. Thus fat and oil oxidation takes place in a
series of steps, which is described as follows :

“H: 40 H -
RH—>R - ®5ROO - +ﬂI >ROOH (1)

Step | corresponds to the induction period ; oxida-
tion stability of fats and oils increases as the reaction
rate of step [ decreases. The formation of peroxides
will be proportional to the concentrations of R+ and
Oz instep 1. If oxygen is saturated during the reac-
tion, reaction rate wil! be the function of the R- con-
centration. Considering the instability of free radicals
{ROQ- J, the reaction rate of step [ should be much
faster : thereby equation (1) may be simplified as equ-
ation {2).

- H- +On
RH R-
+H

ROOH {2)

After an induction period, a rapid increase in the
peroxide value increases rapidly and after passing a
maximum, the peroxide value decreases. Fat and oil

oxidation model incorporate the assumption that the
rate of peroxide formation (p) is proportional to the
existing peroxide at any time (). In addition, when the
rate of peroxide breakdown becomes higher than that
of peroxide formation, the conceniration of peroxide
will decrease. In this case the rate equation wilt be as
follows :

dp
——— k - " Pmax -
" p-( p (0] {3)

where k, p(t), and Pmax are rate constant, peroxide
value at any time (t), and theoretical maximum pero-
xide value, respectively. This differential equation can
be integrated using analytical techniques to give:
Pmax
pity= (4

{

1 ) EXP (- K-8
piG)

To simplify the equation (4), Pmax was calculated
from the iodine value of the fish ol (6945mec/kg oil).
k - Pmax was designated as Kp, lump sum constant.
To determine Kp, equation (4) was transformed as fol-
lows:

1 1

1
- ] - EXP{-Kp - 1) (5)

= +I
pl)  Pmax pidy  Prax
} ‘ .
Assume ————=20, then the equation (5} will become
Lol ook ©)
p  plo) ’
Further the equation (6] will be transformed as fol-
lows :
I 1 Ko -t {7
n = | ——— =Ky -
p p{0) b

1
By plotting In el vs t, Kp can be estimated by

linear regression.

RESULTS AND DISCUSSION

Estimation of Kp at various temperatures

Fatty acid composition of fish oil consisted 14.3%
saturated fatty acids and 81.50% unsaturated fatty
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acids ; unsaturated fatty acids with two or more dou-
ble bonds, in particular, were composed of 35.29% of
total fatty acids [data not shown). In addition, the ratio
of saturated fatty acid to unsaturated ones was 0,18,
indicating the high degree of unsaturation. The possi-
ble application of fish oil as functional foods was pro-
mising seeing that the content of eicosapentaencic
acid in fish oil was remarkably high. However, the
high degree of unsaturation will make fish oil very su-
scepiible to oxidtation. Therefore, the prediction of
oxidation stability of fish oil should be made o deve-
fop fish oil as functional foods.

The changes in peroxide value were monitored as
the oxidation process of fish oil was carried out at vari-
ous temperatures. Based upon the proposed model,
the measured values were compared to the theoreti-
cal values. Sherwin {6} proposed the end poirt for the
activated oxygen test to be the peroxide levels of 20
meq/ kg oll for lard and 70meq/ kg oi! for cotton seed
oil, Since the fish oil contained more unsaturated fat-
ty acids than cottonseed oil, 100meq/ kg ofl was arbi-
trarify sefected as the end point. The changes in per-
oxide values around the end point are of great con-
cern in the model of this study.

Al the oxidation temperature of 50°C, Kp was esti-
mated as 0.00535 (r=0.9868) and the measured per-
oxide valies were well agreed with theoretical ones
{Fig. 1). However, over 800min, theoretical values
were significantly iower than measured ones. This dis-
crepancy resulted from the fact that, in reality, actual
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Fig. 1. Changes in peroxide vatue of fish oil at 50° C with forc-
ed aeration (7 2ml / min).
Experimental (), predicted (-~}

peroxide value cannot reach the theoretical maxi-
mum peroxide value. This drawback may be insignifi-
cant because the purpose of this study was to determ-
ine the oxidation stability of fish ofl, not to demonstra-
te the progress of the entire oxidation process. in add-
ition, up to peroxide level of 300meq/kg oil, the: pro-
posed model exhibited the good agreement with the
measured data.

Oxidation rates at 60° C became about two times
faster than that at 50°C(Fig. 2) and Kp was 0.01345
(r=0.9931). Throughout the oxidation process, most
measured peroxide values were well agreed with the
model. Kp at 70°C and 80°C were 0.02516{(r=0.99 18}
and 0.04 675 (r=0.9686), respectively (Fig. 3 and 4).
Most measured peroxide values fitted well with the
model with minor deviations.
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Fig. 2. Changes in peroxide value of fish oil at 60° C with forc-
ed aeration (72mi / min},
Experimental (0J), predicted{—)
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Fig. 3. Changes in peroxide value of fish ol at 70° € with forc.
ed aeration (72ml / min).
Experimental (D), predicted { )
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Fig. 4. Changes in peroxide value of fish oil at 80° C with forc-
ed aeration (72mt / min).
Experimental (70, predicted { -]
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Fig. 5. In(K) as a function of 1/T.

Kp as a function of temperature

Lump sum constant, Kp might be able to be expres-
sed as a function of the oxidation temperature. If po-
ssible, the proposed mode! should be applicable to
the different oxidation temperatures. Thus, as shown
in Fig. 5, Arrehnius equation was employed to pre-
dict Ky at different iemperatures. At any given temper-
ature, Ky can be determined as follows :

8148
Kp= EXP 1 -__F-—+20.1]

max

where T is absolute temperature { KJ.
To apply the proposed model to predict oxidation
stability of fish oif under various storage conditions,
appropriate correcton must be made by comparing

the oxidation data under the forced aeration with
those under storage conditions. if proper correction
factors for the model were estimated, the accurate
prediction can be successfully made for the oxidation
stabiliy of fish oil.

In this model, Pmax was considered to be indepe-
ndent upon temperatures ; however, Pmax was likely
to be the function of temperatures. Therefore, it is ne-
cessary for the proposed model to be improved. Fur-
ther research is in progress to determine Prax and Kp
by numerical methods.
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