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Synopsis

The objective of the study is to substantiate the meaning of P/AP values proposed previous-
1y*® by showing correlations between the values and the observations made by animal feeding
study.

Soybean oil was heated at 180°C by frying 2, 4 and 6 kg each of potatoes, chicken meat
balls and sliced mackerel meat in 10, 20 and 30 hr, respectively; the oil samples are designated,
respectively, as P-10, P-20, P-30, C-10, C-20, C-30, M-10, M-20 and M-30. A fairly good
correlation was obtained between the amounts of the polar fraction formed by heating
(determined by adsorption chromatography on a silica gel column) and P/AP values, =0.79
at 233 nm and r=0.72 at 280 nm.

Male Sprague-Dauley rats, 7 animals/group, were fed each of the heated oils at a level of
10% for 35 - 50 days. The animals fed P-10 — P-20 and C-10 — C-30 showed a similar trend
of growth retardation, whereas those fed M-10 and M-20 no retardation in an early stage of
feeding and only those fed M-30 some retardation after 20 or more days of feeding. All the
groups, except those fed M-10 and M-20, showed a significant difference (p<0.05) in body
weight gains from the control group after 35 days. The P/AP values of P-10 — P-30 correlated
well with the decreases in body weight gains of the animals fed the same oils, r=—0.75 at
233 nm and r=—0.72 at 280 nm. A significant difference (P<0.05) in liver weight/body
weight was observed between the control group and the groups fed P-30, C-20 and M-30. The
UV absorbance of the polar fraction of liver lipids (separated by TLC) from animals fed
20 hr and 30 hr heated oils, disregarding effects of food items used, was found to give signifi-
cant differences of p<0.05 and <0.001 respectively, from that of the control group.

Discussions are given on deterioration of fats and oils in relation to yields of polar fractions
and to P/AP values and also on comparison between the proposed method and those methods
(GPC, LC and CC) recently examined by Billek et al >’

Introduction

The development of a simple and reliable method (or methods) of analysis to determine
the point at which a batch of frying oil must be discarded has been awaited for more than a
decade and of concern of those who are engaged in the control of the safe use of frying oils
for human consumption. The subject matter has been reviewed by one of the authors®
and recently by WALTKING et al.?), It may be said that a recent trend of research works
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with this respect is to measure directly concentrations of thermally oxidized products, some
of which have been demonstrated to show toxicities in animals, by chromatographic means.
A recent paper by ALEXANDER® includes a review on biological effects of oxidation pro-
ducts.

As one of simple analytical methods, FRITSCH et al.*) have proposed recently the use of
the so called “Food oil sensor’, based on the measurement of dielectric constants of used
fats. This method, however, require further studies as to establish its reliability. The German
Society for Fat Research had made a recommendation in the quality assessment of used
frying fats a level of 1.0% or more of petroleum ether-insoluble oxidized fatty acids (OFA)
to augument sensory evaluation. Since the method of determination of OFA is time con-
suming, Billek et al. of the Unilever research laboratory, Hamberg, Germany,® conducted
a survey for comparison of OFA values with the values obtained by gel permiation chro-
matography (GPC) developed by UNBEHEND et al.®> 7 for the determination of plymeric
triglycerides (PTG), by liquid chromatography (LC) developed by AITZETMULLER and
GUHR® for the determination of total polor artefacts formed by heating, and by column
chromatography (CC) developed by SEN GUPTA®) for the determination of polor com-
ponents. They reported that ]1.0% of OFA corresponds to 15% (by peak area) of PTG, 28%
(by peak area) of total artefacts, and 27% (by weight) of polor components but concluded
that these methods are also time consuming and not very accurate in some cases of industrial-
ly used fats.

Previously, URAKAMI et al.*® have proposed a simple method of determination of UV
absorbance of the polor fraction (PF) separated by thin layer chromatography (TLC), instead
of weighing the fraction as did by AITZETMULLER® . Since the ultimate objective of the
present study is to provide a suggestion for a safe use of frying oils in kitchens or in small
restaurants, heating was simulated to actual frying practice by frying various food items.
In a previous study'® amounts of food items used were so small to give distinct differences
among food items and the characteristics of heated oils depended much more on freshness
of oils subjected to heating and on heating time. Therefore, in the present study large amounts
of food items were used to see effects of components depleted from foods on characteristics
of heated oils as well as on animal feeding experiments. LANG and VON JAN'Y) reported
that there are no correlations between chemical data and observations made in feeding study.
NOLEN et al.»? conducted a long term feeding experiments with food fried fats. They showed
yields of PF and distillable non-urea adductable fraction (DNUF) of the fats but made no
attempts to correlate these data with the results of animal studies. Therefore, the present
study was designed to find some relations between P/AP values'® and observations made
by animal experiments such as body weight gains, liver weight/body weight, and liver lipids.

Experimental

1. Heat-treated soybean oils

Foods used for frying were chicken meat balls with a 3 ¢cm in diameter and potatoes
(Danshaku) and mackerel meat (with skin) cut or sliced into a size of 1 X 1 X 6 cm. A batch
of 400 g of each food item was fried in 4 portions in a 2 hr period in 1 kg of soybean oil
(purchased on the market and a canned product of a well known maker in the Kanto area)
heated at 180°C. Heating was continued for 10 hr/day, the oil was allowed to stand overnight
in the frying pan, and heating was repeated untill a desired length of heating time was reached.
The total amounts of each food item fried in 10,20 and 30 Ar were 2,4 and 6 kg, respectively.
The oil samples thus prepared were filtered and placed in colored bottles, each was blanketed



Tetsuo MURAKAMI*, Yoshitomi [IZUKA * et al.: Evaluation of Heat-Treated Frying Oils

69

with nitrogen gas, and stored in a freezer untill needed. These oils will be designated as P-10,
P-20 and P-30 for potato fried ones, C-10, C-20 and C-30 for chicken fried, and M-10, M-20
and M-30 for mackerel fried.

2. Determination of polor fraction and analytical method

A weighed amount (25 — 100 g) of a heated oil dissolved in benzene (30 — 50%) was
adsorbed on 500 g. of Wako gel C-300 packed in a glass column (7 X 40 ¢m) and developed
with benzene. The silica gel somewhat colored with PF near the top of the column was
removed and extracted with chloroform (C)) : methanol (M) 2:1 (v/v). The extract was
monitored by TLC using hexan: diethyl ether 93:7 as a developing solvent and by spraying
an iodine solution. If the extract was found to be contaminated with an apolor fraction,
the column chromatography was repeated. The extract was concentrated under reduced
pressure passing a stream of nitrogen gas and the concentrated was weighed.

The following analytical methods were used; AV by the standard methodla), P/AP at

233 nm and 280 nm by the method described in a previous paper'®, refractive index and
viscosity with an Abbe refractometer and an Emillia viscometer, respectively. The measure-
ment of UV absorbance of the PF of liver lipids separated by TLC was carried out essentijally
in the same manner as for heated oils’®. Caution was excercised not to overexpose chromato-
grams to open air.
The fatty acid (FA) composition of the heated oils was analyzed by gas chromatography
(GC) (HrTrAaCHI MODEL 163-6052) and the following conditions were used: a stainless steel
column, 3 mm X 2 m, packed with a 5% DEGS coated on Celite 545 (60—80 mesh); column
and injection temperature 185°C and 250°C, respectively; and nitrogen and hydrogen gas
flow rate 45 mi/fmin and 40 mi/min, respectively. The identification of FA in mackerel fried
oils was made by comparing the data obtained with those reported for mackerel oil*%,
2. Liver lipids

The liver excised at the termination of animal experiments (see the succeeding section)
was homogenized at 0°C in less than 45 sec in C:M 2:1 (v/v). The supernatant obtained after
centrifugation was concentrated under reduced pressure passing a stream of nitrogen gas.
The concentrate was purified on a small column (1 ¢m X 10 cm) of Sephadex G-25 fine, and
the eluate was concentrated in the same manner as described above. The lipids thus obtained
were analyzed by TLC as mentioned in the preceeding section.

4. Feeding study

The composition of the diet is shown in Table 1. The diet was prepared fresh weekly by
incorporating fresh soybean oil (the product of Yoshihara Seiyu Co., Ltd. with AV 0.03 and
IV 131.6) for the control group or heated oils.

Male albino rats (7 animals/group) of Spraque-Dauley strain weighing about 70 g (the
fourth week after birth) were given the standard diet for 3 days previous to feeding the diets

Table 1 The composition of diet (%)

Sucrose 59.76
Casein 22.00
McCollum salt 4.00
Cellflour 3.00
Choline chloride 0.24
Vitamin mixture 1.00
Soybean oil* 10.00

* Fresh oil for the control group and the heated oils
for the experimental animals.
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containing the heated oils. The diets and water were given ad libitum and intake of the diets
and their body weights were measured in every 2—3 days. The feeding of the potato and
mackerel fried oils was continued for 35 days and that of the chicken fried oils for 35—50
days. At the end of the experimental periods the animals were fasted for 15 Ar. before excis-
ing their livers under ether anesthesia. A few livers of each group were used for lipid extrac-
tion for measurement of UV absorbance of PF as described previously.

Results and Discussion

1. Characteristics of heat-treated oils
The canned soybean oil used for frying foods was not of high quality as indicated by its
AV shown in Table 2. This accelerated thermal oxidation of the oil. POV and COV were

Table 2 Characteristics of heat-treated soybean oils

Heating
. 3 o P/AD PF
V (S.E. n
Food time AV S.E) cP23°C 20°D 233 nm 280 nm  weight(%)
(hr)
Potato 0 1.15 (0.08) 60.5 14771 0.12 0.25
10 1.71 (0.03) 143.3 1.4801 1.85 2.42 10.3
20 1.85 (0.18) 148.3 1.4802 2.06 2.51 10.9
30 2.28 (019) 233.2 i 1113{9 2.34 391 14.6
Chicken 10 1.86 (0.17) 79.3 1.4774 1.08 1.23 5.4
20 2.07 (0.12) 110.0 1.4782 245 1.88 13.7
30 245(0.12) 142.7 1.4782 1.62 2.30 15.2
Mackerel 10 1.59 (0.09) 63.1 1.4783 0.53 0.57 34
20 1.81 (0.05) 69.3 1.4795 0.51 0.51 7.2
L 30 1.98 (0.09) 74.1 1.4801 0.55 0.71 15.0

S.E. = the standard error of the mean.
PF = the polar fraction isolated by column chromatography.

not measured because they are known to vary by heat treatment. All the values shown in
Table 2 increased by increasing heating time, except P/AP at 233 nm for C-30, which was
however compensated by an increase at 280 nm. The mackerel fried oils showed distinctly
smaller values compared with the others. This is attributed to depletion of considerable
amounts of fish oil as oil volumes increased by 8, 20 and 40% in 10, 20 and 30 Ar heating,
respectively, and long chain FA were detected in these oils as shown in Table 4.

PF has been shown to contain acyclic and cyclic FA1®-16) and some of them have been
demonstrated to give adverse effects in animals and animal tissues®. Furthermore, some of
the voltatile compounds isolated from heated oils were toxic in nature!”’ and demonstrated
to show some polarity on TLC plates'®. Thus, PF separated directly from heated oils by
TLC contains both volatile and non-volatile toxic compound. The yields of PF shown in
Table 2 differed with different food items used up to 20 Ar of heating but reached a level
of 15% after 30 Ar of heating in all the cases. The low yields of PF with M-10 and M-20 may
be considered to be the results of depletion of fish oil. Fairly good correlations were obtained
between the yields of PF from the potato and chicken fried oils and their P/AP values, r=0.79
at 233 nm and r=0.72 at 280 nm. This suggests that the proposed method of determination
of P/AP may well be used in place of weighing PF by LC® or CC®.

The results obtained in the present study may be compared with those reported by NOLEN
el al.’® to see how the yields of PF are affected by heating time and by nature of fats used
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Table 3 Analytical results of used fats reported by Nolen et al.lz)

Fat hyl(r;ﬁ t)xme FFA (%, weight) PF (%, volume) DNUA
SOH-108 60 0.65 (0.02)2 13.6 (14.6)° 21
SOH-108 + MS 216 8.10 (0.02) 30.2 (32.5) 2.0
SOH- 70 84 130 (0.03) 20.1 (19.0) 2.0
SO 49 0.45 (0.03) 14.2 (15.2) 23

23.4 (25.5) 17

Lard 116 2.30(0.05)

a: The values for the fresh fats.

b: After 2 years of storage.

SOH-108 and SOH-70 mean soybean oil hydrogenated to IV 108 and 70, respectively. + MS means 1.6
ppm of nethyl silicone was added. CSO designates cottonseed oil. FFA designates free fatty acids and
determined by AOCS method. PI° means the polar fraction measured by adsorptpion chromatography
o silicic acid containing 4% methanol (M); eluted with M:benzene 1:49. DNUA means the distillable
non-urea-adductable fraction.

for frying. Part of their results are summarized in Table 3. They fried 3.95 kg each of frozen
potatoes, breaded scallops, and onion ring twice a day (5 Ar /day) in 60 kg of fats heated at
182°C, replacing the absorbed fats with 2.47 kg of fresh fat daily. The yields of PF from the
49 hr heated cottonseed oil and from the 60 ir heated HSO-108 correspond approximately
to those levels obtained from the 30 Ar heated oils (Table 2), where no fresh oil was added.
This indicates that the former two withstand 1.6—2 times as long heating time as that for
the latter. The calculation of the rates of formation of PF, supposing they remain constant
all through heating times, shows that the rate in HSO-108 is 1.62 times that of HSO-108
with added methyl silicone and heating time of the latter may be prolonged to 70.46 hr
to give the same level of PF from HSO-108 alone. The comparison of the rate between HSO-
70 (0.239/hr) and lard (0.202/hr) shows that the former is 1.18 times greater than the
latter: concequently, heating lard for 99.5 hr would give a level of 20.1% of PF, which cor-
responds to heating HSO-70 for 84 Ar. It is interesting to note that the level of DNUA, which
is often used for animal experiments to observe toxicities, remain constant in all the cases.
Therefore, estimation of DNUA wouid not be of value as an effective analytical means.

The results of GC analysis given in Table 4 show that the proportions of linoleic and

)

Table 4 Fatty acid compositionsa of the heat-treated soybean oils

Fatty acidb)

0il 14:0 16:0 16:1 17:0 17:1 18:0 18:1 18:2 18:3 20:1 22:1 20:5
0 9.4 4.0 260 536 7.1
P-10 134 46 26.7 494 6.0
P-20 13.4 5.3 2°.5 48.1 5.8
P-30 - 13.6 7.8 298 440 4.6
C-10 12.1 0.9 44 28.8 47.6 6.3
C-20 0.4 134 1.4 49 30.8 436 53
C-30 0.4 15.7 1.9 55 333 38.7 4.4
M-10 1.3 114 0.9 0.2 43 233 445 54 37 3.8 1.1
M-20 3.0 11.0 1.8 0.5 4.0 23.0 35.6 6.0 6.4 6.5 2.1
M-30 3.2 1.0 0.5 22.6 28.9 3.9 3.9 8.8 2.6

12.8

28

4.2

a) Calculated by area normalization of peak areas and an average of 3 or more determinations.
b) Designated by carbon number: the number of unsaturation. P-, C- and M- designate potato, chicken and
mackerel, respectively and 10, 20 and 30 heating time in hr.
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linolenic acid decreased in all the cases with concomitant increases in the proportions of
oleic, stearic and palmitic acid, as generally observed in heated oils. The chicken fried oils
show the presence of small amounts of myristic and palmitic acid and the mackerel fried
oils that of heptadecanoic acid, heptadecenoic acid, and a number of long chain unsaturated
FA in addition to those found in the chicken fried oils. These unsaturated FA affected P/PA
values as discussed above and also the results of animal study as will be discussed in the
succeeding seciton.

2. Feeding study

(1) Body weight gains and liver weights

It is well known that thermally oxidized fats give reduced body weight and increased liver
weight in animals. The present study is to see correlations between these parameters and P/AP
values or PF for heated oils.

Preliminary studies made earlier by feeding heat-treated oils and PF separated from them
by silica gel CC on a large scale (eluted with benzene) showed no marked differences in
animal growth curves. Thus, in the present sutdy the heated oils themselves were given to
animals to elimate possible effects of benzene on the liver as benzene is known to give fatty
livers.

Fig. 1 and 2 show the growth curves of the animals fed the diets containing the potato and
chicken fired oils, respectively. Both are quite similar in that the retardation of growth begins
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7
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100 '/2/ ~— 20 hr 100

y -~ 30hr J

|
— 204 1001 4
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5 15 25 35 5 15 25 35 45 15 25 35
Feeding time (day) Feeding time (day) Feeding time (day)
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S
N
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~—— 20 hr
~—= 30 hr

~—— Control

Fig. 1 Growth curves of animals Fig. 2 Growth curves of animals Fig. 3 Growth curves of animals
fed the diet containing fed the diet containing fed the diet containing
potato fried oils chicken fried oils mackerel fried oils

after 5—10 days, a somewhat marked retardation after 30 days or more, and no differences
depending on heating time up to 25 days. On the other hand, the growth curves of the animals
fed the diet containing the mackerel fried oils as shown in Fig. 3 indicate no retardation in
early days of feeding, except those given the 10 hr heated oil, which show no retardation all
through the experimental period. It would be reasonable to assume that fish oil comprising
of polyunsaturated FA present in the heated oils (Table 4) alleviated the growth retardation
observed in the other cases (Fig. 1 and 2). The results of the latter (Fig. 3) may be considered
to be reflected in the low values of P/AP and low yields of PF up to 20 Ar of heating (Table
2).
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Table 5 Result of feeding potato fried oils for 35 days

Body weight gains Leiver weight Liver weight/

Oil

S ®) B Sg) - Body weight (%)
Control 221.6:12.2‘ 9.19£1.13 3.05:£0.36
P-10 192.3£22.7%) 8.34:1.63 3.10£0.42
P-20 193.0:16.67 9.04:1.80 3.3410.58
P-30 188.3:21.7%) 9.67+1.25 3.58:0.20%) ®)

+ designates S.E.. a) Significantly different from the control, p<0.05.
b) Significantly different from p-10, p<0.05. P-10, P-20 and P-30 mean heating time in hr.

Table 6 Result of feeding chicken fried oils for 35 and 50 days

Oil (days) Body weight gain

Liver weight

Liver weight/Body weight

®) ® (%)
Control (35) 221.6+12.2
(50 240.7 11.31£1.29 3.710.05
C-10  (35) 198.1¢14.8%
(50) 201.028.9 10.472.07 3.79:0.52
Cc20  (35) 190.3+17.8%)
(50) 191.0£23.8 8.07¢1.38 3.02:0.32%-0). )
c30  (35) 189.6+18.1%
(50) 200.3:23.5 10.16+1.80 3.67:0.51

+designates S.E. a) Signifcantly different from the control, p<0.05.

b) Significantly different

from C-10, p<0.05. c) Significantly ditferent from C-30, p<0.0S. C-10, C-20 and C-30 mean heat-

ing time in hr.

Body weight gain

Liver weight

Table 7 Result of feeding mackerel fried oils for 35 days

Liver weight/Body weight

il
- O_‘_ B ® i ® (%)
Control 159.6£26.9 10.80+1.83 4.76:0.61
M-10 157.0£24.2 10.29+1.28 4591047
M-20 142.2+13.1 10.30£1.13 4.89:0.45
M-30 128.9+23.12) 11.10£1.35 5.57:0.19%): £): ©)

+ designates S.E.. a) Significantly different from the control, p<0.05. b) Significantly different
from M-10, p<0.0S5. c) Significantly different from M-20, p<0.05. M-10, M-20, and M-30 mean
heating hr.

The results of body weight gains, liver weights and liver weight/body weight are shown in
Table 5—7. A significant difference (p<0.05) was found between the control group and the
groups fed p-10 ~ P-30, C-10 ~ C-30 (Table 5 and 6) and only the group fed M-30 (Table 7).
Fairly good correlations were obtained between the decrease in body weight of animals fed
the diet containing potato fried oils and P/AP of the same oils (Table 2), =—0.75 at 233 nm
and r=—0.72 at 280 nm. Similar calculations with the other cases gave r< —0.67. A better
correlation would be obtained, however, by increasing number of experiments and by limiting
depletion of food components by breading or covering foods with flour paste as used in
tempra (the Japanese style of fry).

A significant difference (p<0.05) was found in the liver weight/body weight between the
contro] and the groups fed P-30,C-20 and M-30. The case of C-30 where no significant differ-
ence was found may be attributed to the presence of chicken fat in the oils fed (Table 4) in
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an sufficient amount to mitigate the decreases in body weight observed in the other cases.
(2) Liver lipid

It has been shown by PERKINS et al.!® that 44.5% of labeled linoleic acid in corn oil
(randomly esterified with the acid) was converted to non-volatile oxidation products on heat-
ing the oil 24 hr at 200°C and the largest amount, 39.4%, of the radioactivity of the oil was
incorporated into the polar lipids (chiefly phospholipids) of animal liver lipids. Recently,
IWAOKA and PERKINS2? have also shown the largest amount of incorporation of radio-
acitivity into the liver phospholipids in the sutdy of effects of cyclic monomers of methyl
linolenate on the metabolism of acetate-1-'4#C. PAULOSE and CHANG?2Y and OHruJl and
KANEDA 22 isolated from heated oils toxic components that show absorbance neare 230 -
238 nm. Furthermore, PAIK et al.2®) reported that small molecular weight compounds con-
tainining carbonyl groups, which would show UV absorbance, were readily absorbed in
animal organs and suspected of being involved in imparement of various organ tissues and
mortality. Thus, a gross examination of the liver lipids was made in the same manner as
described for the measurement of P/AP of heated oils. Since apolar fractions of liver lipids
would be rather complicated by metabolic processes taking place in the tissue, only the
absorbance of the PF was measured in the present study.

The results are shown in Table 8. Since only a few animals liver were examined, average
increases in intensities of absorbance were calculated at each heating time, disregarding

Table 8 UV absorbancea) of the polar fraction separated from liver lipid

Heating Potato Chicken Mackerel A SE

time (hr) 1 2 1 2 I 2 verage (S.E.)

Control 755 1086 826 1086 108.6  120.9 100.8 ( 7.2)

233 10 838 878 1195 1539 135.2 116.0 (13.5)
R 20 1250 1282 1715 97.3 1264 1429 131.8 (10.0)”)

30 165.2 2258 2122 1683 1323  166.0 1783 (14.1)°

Control 1069 970 1007  97.0  97.0 1125 101.9( 2.7)
280mm| 10 93.7 985 1343 1617 132.3 124.1 (126)
20 1197 1769  192.8 1290  154.8 154.6 (13.8)"
30 1894 2117 2184 1735 1360 153. 180.4 (13.3)%

a) Absorbance/g. lipids
b) Significantly different from the control, p<0.05.
c) Significantly different from the control, p<0.001.

effects of food items used. The values increased at both wavelengths depending on heating
time. Significiant differences p<<0.05 and p<0.001 were found between the control animals
and those fed the 20 Ar and 30 hr heated oils, respectively.
(3) Safe use of frying oils

Extensive works are in progress to demonstrate detrimental or toxic effects in animals
and animal organs, respectively, by giving concentrates rich in toxic components or l4c.
labeled toxic compounds®. In comparison to these observation, the effects observed in
the present study are considered to be very mild and alleviated or completely eliminated
by giving animals a high protein diet?*’, a-tocopherol2®)-28) a diet containing cellulose!®,
or simply by giving diet containing heated oils every 2 or 3 days?”. However, it does not
mean that excessively heated oils be allowed to use for human consumption on the ground
that no detrimental effects have been observed in animals. The components formed in heated
oils are considered to give chronic effects as do some of food contaminats. We must be aware
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of the fact that more of fried foods are consumed by general public in conjunction with
ingestion of food contaminants as well as food additives present in processed foods. There-
fore, it would be necessary to set a safe margin beyond which heat-treated oils must not be
used.

The German Society for Fat Research recommends that fats and oils containing 1.0%
of OFA are to be called “deteriorated’”” and the Public Health of Hamberg, Germany, re-
commends that fish fried oils are to be replaced completely with fresh one once a week
according to the results reported (no injurious effects to animals) by LANG and VON JANY),

The JAS in Japan recommends AV 1.8, which corresponds to 0.9% of FFA, for the control
of oils used by markers of fried instant noodles. AV, COV or FFA (used in the USA) com-
monly used are not directly related to toxic component produced in heated fats and oils.
OFA, on the other hand, may have some relation to toxic components but the method
of its determination is time consuming as has been pointed out by BILLEK et al.® It would
be necessary to standardize animal experiments, for example, animal species, number of
animals to be used, an amount of heated oils to be incorporated in diet, and parameters
to be observed in providing a safety margin by analytical means. The present study indicates
that decreases in body weight of animals is more sensitive than effects that appear in the liver.

Another factor to be taken into consideration is foaming property of heated oils in setting
a margin of safety to meet actual frying practice. It was observed in a previous work2?® as
well as in the present study that foaming of soybean oil occured in 10 — 25 Ar of heating
without addition of fresh oil. Soybean oils foamed considerably after 20 Ar of heating and
the potato fied oil showed P/AP at 233 nm 2.06 and PF 10.9% and that of the chicken fried
oil 2.45 and 13.7%, respectively (Table 2). As has been discussed earlier in section 1 and as
shown in Table 3, where fresh fats were added daily, the heating time of HSO-108 was ex-
tended to 60 Ar and that of the same oil with added methyl silicone to 70 hr to give about the
same level of PF (12.6%) as in the cases of P-20 and C-20 (Table 2). The animal study showed
a significant difference (p<0.05) between the control animals and those fed the 20 Ar heated
oils (potato and chicken fry) in body weight gain (Table 7 and 9) and in UV absorbance of
PF of liver lipids (Table 10). If these analytical values are taken tentatively to indicate a
margin of safety, it is far more mild than the one presently in use in Germany because 1.0%
of OFA corresponds to 27% by weight of PF®_ Thus, soybean oil (initial AV 0.03) which
has been heat-treated for a total of 6.6 hr without adding fresh oil (11 items of use in a
period of four months by frying food items 35 min at a time and having P/AP at 233 nm 1.80
and AV 0.76)2® is considered to withstand further use.

A survey made on use oils collected from homes and makers of fried products?®’ showed
that P/ AP values of the former were less than 1.0 (0.87 after 7 times of use) but some of the
latter considerably high values. Several examples may be cited here to show no correlation
between P/AP and AV:4.0 (AV 8.06), 2.43(1.78), 3.0(0.53) from makers of satsuma-age
(fried fish paste); 2.33(1.25) from a restaurant; and 2.30(1.60) and 1.46(7.15) from makers
of fried soybean curd.

In conclusion, it may be said that the measurement of P/AP is simple enough to be of
practical value for evaluation of heat-treated oils and less time consuming (2 — 3 samples,
0.2 mg each, can be analyzed in 1 — 2 hr)lo) than those methods cited earlier, although
further substantiation of the present results remains to be done by applying the technique
to wide varieties of used oils.



76 Memoirs of the Faculty of Agriculture of Kinki University No.14 (1981)

Acknowledgment

The authors are grateful to the following person, Dr. T. MIYAGAWA of Yoshihara Seiyu
Co., Ltd., for the supply of fresh soy bean oil used for animal feeding, Miss H. DOI and

Mr. T. MATSUO for technical assistance.

References

1) C. UrRAKAML: Nihon Yukagaku Kyokai
Kansaishibu Shiryo, No. 54, 628 (1974).

2) A. E. WALTKING, W. E. SEERY, and G. W.
BLEFFERT: J. Am. Oil Chem. Soc., 52,
96—100 (1975).

3) J. C. ALEXANDER: ibid., 55, 711-717
(1978).

4) C. W. FriTscH, D. C. EGBERG, J. S.
MAGNUSON: ibid., 56, 746-750 (1979).

5) G. BILLEK, G. GUHR, and J. WAIBEL:
ibid., 55,728-733 (1978).

6) M. UNBEHEND and H. SCHARMANN: Z.
Emdhrungswiss., 12, 134—143 (1973).

7) M. UNBEHEND, H. SCHARMANN, H. J.
STRAUSS, and G. BILLEK: Fette, Seifen,
Anstrichm., 75, 689—696 (1973).

8) K. AITZETMULLER and G. GUHR: ibid.,
78, 83—88 (1976).

9) A. K. SEN GUPTA: ibid, 78, 111118
(1976).

10) C. URAKAMI, H. DoI, S. TORIYAMA,
Y. ASANO, and S. OKA: Yukagaku, 25,
764—772 (1976).

11) K. LANG and E. H. VON JAN: Fette,
Seifen, Anstrichm., 71, 1027—1032 (1969).

12) G. A. NOLEN, J. C. ALEXANDER, and N.
R. ARTMAN: J. Nur., 93, 337-348
(1967).

13) NIHON YUKAGAKU KYOKAI: Kijun
Yushi Bunseki Shikenho, 2.4.1-71 (1970).

14) GLC Data, Yukagaku, 28, 136 (1979).

15) H. Dol and C. URAKAMLI: ibid., 25, 831—
841 (1976).

16) S. TORIYAMA and C. URAKAMI: ibid.,
26, 17-27 (1977).

17) S.S. CHANG, R. J. PETERSON, and C. T.
Ho:J. Am. Oil Chem. Soc., 55, 718-727
(1978).

18) 1. TOMIYASU and C. URAKAMI: Kaseigaku
Zasshi, 28,451-457 (1977).

19) E. G. PERKINS, S. M. VACHHA, and F. A.
KUMMEROW: J. Nutr.,, 100, 725-731
(1970).

20) W. T. IWAOKA and E.G. PERKINS: J. Am.
Oil Chem. Soc., 55, 734-738 (1978).

21) M. M. PAULOSE and S. S. CHANG: ibid.,
50, 147154 (1973).

22) T. OHFUJI and T. KANEDA: Yukagaku,
21,73-78 (1972).

23) T. H. PAIK, T. HOSHINO, and T. KANEDA :
Eiyo to Shokuryo, 29, 85-94 (1976).

24) C. HEMANS, F. A. KUMMEROW, and E. G.
PERKINS: J. Nutr., 103, 665-672 (1973).

25) K. B. ALEFIN-SLATER, S. AUERBACH, and
L. AFTERGOOD: J. Am. Oil Chem. Soc.,
36, 638-641(1959).

26) G.KAJMOTO and H. YOSHIDA : Yukagaku,
21, 307-313 (1972).

27) G. KAJIMOTO: Eiyo to Shokuryo, 16,
432-435 (1964).

28) M. YAMAGUCHI, H.DOI, and C. URAKAMI:
Yukagaku, 27,431—434 (1978).

29) M. YAMAGUCHI,H.DOt1, and C. URAKAMI:
Kaseigaku Zasshi, 29, 211-216 (1978).



Tetsuo MURAKAMI*, Yoshitomi [IZUKA * et al.: Evaluation of Heat-Treated Frying Qils 77
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AgBo HglE, 4L 722 P/AP i T4
W EBRO ML L DAy Z iz b)Y 3
ZETHA.

KUz HET R, WAY ST, AN E&ERIZD
%, 2kg, 4kg, 6kg#10, 20, 30, 180°CT7
T4 LAkl 22, o SEH#RIE, P-10, P-20,
P-30, C-10, C-20, C-30, M-10, M-20, M-30 &
T 5, AL AR 2WERE (AT
FLOMF 7ot 777 4 —12 L) @E) X P/JAP

ftin iz iz A4 ) REFZ A PEE 1 =0.79(233 nm),

I =0.72(280nm )%, 4172,

SD.AT » M TIL/BE)A10% L <N &kl T
35~50H [Hfa #F L 72, P-10~P-30 & C-10~C-30 Tfid)
i L 72 4 Dl [Pk BodaREE Dl h* & 5 iz, —
b, MF10, M-20Tfi 15 L 72 4 012 s 17 0 40 IR FX I T

3% (¢, M30THEF L 72 L oA, 208 L Lot
TE VRN H 72, M-10, M-20R B 3 XTo
] T EF (2358 1%, KEMIMIZ D T BB L HEE
(P<0.05) %75l 72, P-10~P-309 P/AP ftiiz[&E] I
ARHB THT L 727 2 F OKE Mo & ol
LAl ERLZ,. 1 =-0.75(233nm ),

r=-0.72(280nm),
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W, F7oEpk, Billek ZHEAHRE L 72K ( GPC
LC, CC ) &, HaREL 12 HEL DHLEIZ
WTEBREITH T,



