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ABSTRACT

Introduction: The content of polar compounds (PC) and polymeric triglycerides build up
in fried and recycled/reused oils and therefore, these undesirable components are often
used as markers of deterioration in edible oil quality. Expert and authoritative agencies have
recommended an upper limit of 25% for PC in fried/reused edible oils; beyond this level
the oil is considered unsuitable for human consumption. The safety of recycled or
repeatedly-heated oils is still very much a concern of both the health authorities and the
general public. Objective: The present study evaluates the safety of long-tern consumption
of heated vegetable oils containing 25% of PC on growth, effect on major body organs and
reproduction outcome, using the Sprague-Dawley rat model. Methods: Refined, bleached
and deodorised palm olein (PO) and partially hydrogenated soybean oil (HSBO) were
repeatedly heated for 5 hours daily with no topping-up at 180°C until a polar compound
(PC) content of 25% was attained. Refined soybean oil was similarly heated up to 50% PC
and used in the positive control diet. All five experimental oils, namely unheated PO (No
PC), heated PO (25% PC), unheated HSBO (No PC), heated HSBO (25% PC), and
positive control o0il (50% PC) were separately incorporated at 30% energy (15% w/w) as
the sole dietary fat into nutritionally-adequate purified diets. Each experimental diet was
provided ad libitum to a different dietary group comprising 14 male and 20 female Swiss-
albino rats. After 13 weeks (90 days), 10 males were selected from each group and each
male was paired with two females from the same dietary group for the reproductive study.
After 4 weeks into the reproductive study (total of 17 weeks on the experimental diets), all
10 males in each group were sacrificed and the usual toxicity tests consisting of blood cell-
type counts, liver and kidney function tests, and examination (organ-to-body weight ratios
and histology) of the liver, kidney, heart and spleen were performed. Results: The heated
PO and HSBO diets were well-tolerated by the animals. However, these heated test oils
inhibited growth marginally (p>0.05), enlarged the liver, kidney and heart, and markedly
raised serum alkaline phosphatase (liver function test) compared to the unheated oils
(p<0.05), but with no obvious histological damage to these tissues. The positive control
diet caused mild to moderate diarrhoea in the animals during the first week, and significantly
inhibited growth (p<0.05) compared to the other dietary groups. The heated-fat diets
affected adversely the reproductive performance of the female rats which improved
significantly after supplementation with 3%(w/w) [6% energy] unhydrogenated soybean
oil. Conclusion: The above findings suggest that long-term consumption of heated vegetable
oils containing PC in the region of 25% has negative effects on growth, metabolism, and
pregnancy outcome.
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INTRODUCTION

Edible oils and fats form an indispensable component of our diet, providing a large portion
of our energy needs, and imparting its characteristic texture, feel and taste. Appropriately,
some food laws and regulations pertaining to the quality of edible fats and oils have been
put in place to safeguard the quality and safety of our foods for consumer welfare and
protection.

When packed properly and protected from heat, light and oxygen, edible oils and fats
undergo only minimal deterioration. However, at high temperatures and in the presence of
oxygen and moisture, oils and fats undergo various thermal oxidative reactions such as
polymerisation of polyunsaturated fatty acids (PUFA), autoxidation of fatty acids (mainly
unsaturated) to unstable hydroperoxides, and hydrolysis of triglycerides to form free fatty
acids. 12

In deep-frying operations, one can expect varying degrees of hot, moist and oxidative
conditions to occur, which therefore necessitate the use of a good quality oil, the lowest
possible temperatures, maximum rates of oil turnover and the removal of burnt particles
from the oil. ¥ Excessive oxidation of the oil is often accompanied by polymerisation; the
decomposition products that result from this may either be volatile (e.g. peroxides, aldehydes,
ketones, carboxylic acids) or non-volatile polar compounds (e.g. monomers, dimers, trimers)
and contribute to “gumming” and foaming of the frying oil."!

The volatile products of deep-frying cause foaming of the frying medium, unpleasant
odours and sticky kitchen walls. However, it is the non-volatile components, often referred
to as polar compounds (PC), which are of greater health concern. These non-volatiles
accumulate in the frying oil and it is generally agreed that heated fats containing PC up to
levels of 25% can still be regarded as acceptable for human consumption, while at above 27-
30% PC, these heated fats are considered unfit for human consumption.

Interest on the safety of heated fats actually began many decades ago which saw early
work by Crampton’s group in the 1950s on the toxicity of severely heated fats and their non-
urea adduct fraction.! Subsequently, other researchers reported that severely heated fats
caused adverse effects in rats including growth retardation, diarrhoea, liver damage and
death. (678

There has been a recent “revival” in the concern for the safety of heated fats by both
the public, food industry and health professionals, which evoked the development of
authoritative websites providing information and guidelines for deep-frying in restaurants
and foodservice outlets !, as well as the organisation of a series of international symposia
for scientists, food technologists and health professionals to debate the topic. 1%

In a survey of still-in-use frying oils of a popular Malaysian hawker trade, "!it was
reported that the PC content of such oils ranged from 6% to slightly over the upper acceptable
limit of 25% PC. Although the actual proportion of used frying oil samples that may be
considered as deteriorated was small, the findings nevertheless suggest that Malaysians
who habitually consume hawker fried foods may be taking in used frying oils containing PC
levels bordering on the PC-threshold considered fit for human consumption.
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What about the PC content of other frying oils used to prepare popular restaurant or
foodservice outlet-foods, which feature prominently in the diet of young children and
teenagers? While the question lies unanswered for the moment in the face of inadequate
local data, it is pertinent to note that currently, there is no provision in the Food Legislation
of many countries, including Malaysia, which regulates the level of PC in edible oils and
fats.

The potential health hazard of cumulative intake of frying oils with PC content below
the upper acceptability limit prompted the present study. The objective of this study is to
evaluate the safety of heated refined, bleached and deodorised (RBD) PO and HSBO
containing 25% PC using the Swiss-albino rat model.

METHODS
Preparation of Heated Fats

RBD palm olein (PO) and partially HSBO were provided at the courtesy of the Malaysian
Palm Oil Board (MPOB; formerly known as “PORIM”). These oils were heated with a 10.6
KW Garland Fryer daily for 5 hours at 180°C without topping-up until the oils attained a
25% PC content, as determined by column chromatography. %!

Non-hydrogenated soybean oil was similarly heated until a 50% PC content was obtained
and used as the positive control in the study. The fatty acid composition of the unheated
and heated test oils, including the positive control, as determined by gas-liquid
chromatography (stationary phase: Supelco Phase SP2340 microcolumn, carrier gas: helium,
column temperature: isothermal @ 180°C) are shown in Table 1.

Table 1: Fatty acid composition of the unheated and heated vegetable
fats used in the study (Values in percentage)

Fatty acid Palm olein HSBO Soybean
Unheated Heated Unheated Heated Heated (Positive
control)

C12:0 (lauric acid) 0.2 0.2 0.4 0.3 0.5
C14:0 (myristic acid) 1.1 1.2 0.3 0.2 0.3
C16:0 (palmitic acid) 41.4 472 12.4 14.7 15.7
C18:0 (stearic acid) 3.9 42 20.3 16.6 49
C18:1 (oleic acid) 41.9 39.7 24.7 24.5 27.1
C18:1 [elaidic acid

(trans)] 0.1 0.4 24.9 31.9 0.4
C18:2, n-6 (linoleic acid) 10.2 6.0 9.0 3.0 43.6
C18:3,n-3 (a-linolenic
acid) 0.2 0.1 0.5 0.1 32
Others 1.0 1.0 7.5 8.7 39
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Experimental Diets

In a preliminary study, the experimental diets which contained unheated and heated oils (PO
and HSBO) were formulated to provide equal amounts of protein, minerals, vitamin and fibre
per kilocalorie (kcal) in order to facilitate isocaloric feeding. The test fats were then fed at 3
dietary levels (15% energy, 30% energy and 45% energy) to 21-day old male Swiss-Albino
rats for 90 days during which time food consumption and growth of the animals were
recorded. M

In the above preliminary study, all three dietary fat levels were well-tolerated by the
rats used. However, the dietary fat level selected for use in the present study was 30%
energy as this level was considered adequately high to emphasise the potential detrimental
effects of the heated test fats in the rat model used. In order to obtain experimental diets
with this fat level, each test fat was incorporated at 15% (w/w) separately as the sole source
of fat into purified diets providing 441 kcal/100 g.

Table 2. Composition of the experimental diets &P

Dietary component Percent (% w/w)
Test oil 15.0¢
Casein 20.0

Corn starch 45.0
Sucrose 10.0
Celufil 5.0

AIN mineral mixture 76 3.5

AIN vitamin mixture 76 1.0
DL-methionine 0.3
Choline bitartrate 0.2

4 Diet composition modified from reference.!*!
b provide 441 keal/100g
¢ Equivalent to 30% kcal.

The level of essential fatty acids (EFAs), mainly n-6 linoleic acid, varied across the
experimental diets. The lowest dietary linoleic acid level (0.9% energy) was in the heated
HSBO diet while the positive control diet contained the highest amount of linoleic acid at
13.1% energy.

Four-week old Swiss-Albino rats were divided into 5 groups balanced on the basis of
body weight and sex. Each group, consisting of 14 males and 20 females, was
randomly assigned to one of the experimental diets below (containing dietary fat at 30%
energy):

: Unheated PO (No PC)
Heated PO (25% PC)
Unheated HSBO (No PC)

: Heated HSBO (25% PC)
Positive control fat (50% PC)

moQw»

Malaysian Journal of Medicine and Health Sciences Vol. 2(1) January 2006



Evaluation of the Safety of Heated Vegetable Oils Containing 25% Polar Compounds 29

Animals in each dietary group were kept two to a cage; males and females were housed
separately. Food and water were provided ad libitum. Food consumption and weight of the
animals were recorded weekly.

Reproduction Study

After 90 days (13 weeks), the males and females in the same dietary group were mated for
the reproduction study; 10 males from each group were selected and each male was paired
with two females from the same dietary group for 3 weeks. At 16 weeks, pregnant females,
identified by “bulging abdomen” accompanied by marked increase in bodyweight were
separated and housed singly after the second week of gestation.

Litter size, stillborn pups, weight of pups on day 2 and day 21, and pre-weaning deaths
were recorded. Litter size was culled to 7 at the end of the third day after delivery. Reproduction
data obtained with the same strain of rats fed a commercial rat chow were included for
purposes of comparison.

To investigate the effects of EFA supplementation on reproductive performance, a
separate set of male and female weanling rats were randomly assigned to the various
experimental diets except that in this case, 3% (w/w) soybean oil and 12% (w/w) of the test
fat were incorporated into the experimental diets concerned, maintaining total dietary fat at
15% (w/w) or 30% energy. The amount of soybean oil added supplied approximately 1.62 g
of linoleic acid per 100 g diet or 162 mg linoleic acid per 10 g of diet. After 13 weeks, 10 males
from each group were selected and each male was paired with two females from the same
dietary group for 3 weeks. Reproduction outcome indices for the various dietary groups as
described earlier were measured.

Biochemical Parameters and Examination of Organs

At 17 weeks, the males in all groups were fasted for about 18 hours, weighed, and
anesthesised with diethyl ether. Blood was collected by heart puncture and dispensed into
plain bottles for biochemical analysis. The liver, kidneys, heart and spleen of each animal
were removed for the determination of organ-to-body weight ratios, after which the livers
were stored at —25°C and later analysed for total lipid content using the extraction procedure
of Bligh and Dyer. %!

The lungs, liver and kidneys of 4 males from each dietary group were preserved in 10%
formalin solution for histological examination. Tissue sections were stained with
haematoxylin and eosin, and examined under light microscope.

Serum alkaline phosphatase was determined by diagnostic kits (Boehringer Mannheim)
employing the “optimised standard method” "/ while serum urea was estimated by the
colorimetric method described by Wooton. '

Analysis of Data

Differences among the various group means for a particular measurement or parameter were
computed by the one way ANOVA. The level of significance used is o. = 0.05, and for a
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significant “F value”, the least significant difference (LSD) was calculated by the formula
described by Welkowitz et al."®

RESULTS

Fatty Acid Composition of Test Oils

From Table 1, it is evident that the content of essential polyunsaturated fatty acid linoleic
acid decreased 40-66% after the heat treatment. The greatest relative reduction (9.0% to
3.0%) was observed in the heated HSBO group.

The linoleic acid content of the test oils varied considerably, namely from 3.0% w/w in
heated HSBO to 10.2% w/w in unheated PO, and as high as 43.6% w/w in the positive
control oil. When the test oils were incorporated at 15% (w/w) into the experimental diets,
the linoleic acid content of the diets in terms of energy % were: unheated PO= 3.1%; heated
PO=1.8%; unheated HSBO=2.7%, heated HSBO=0.9%, and the positive control oil, 13.1%.

The unheated and heated PO oils were essentially free of trans fatty acid (TFA).
However, the unheated and heated HSBO used contained substantial amounts of TFA,
namely, 26% and 32% respectively.

Dietary TFAs have been reported to adversely affect the EFA concentration of rat
milk,""” while a similar effect has also been reported in humans.*” This negative influence
of TFA on the quality of breastmilk may in turn have an adverse influence on the weight of
the pups of the dams concerned.

Food Consumption and Growth

The weekly food consumption for male and female animals for the first 13 weeks is shown in
Table 3, while the corresponding growth of the male animals during this period is shown in
Fig. 1. Food consumed by male or female animals was comparable across the dietary
groups but within each dietary group, the males consumed significantly more food per
week compared with the females (p<0.05). Food consumption was clearly lowest in the
positive control group where the animals experienced mild to moderate diarrhoea during the
first week.

Fig.1 shows that on the whole, marginally lower growth (p>0.05) was observed in the
male animals fed heated PO or heated HSBO compared with the corresponding unheated
test oil. Throughout the first 13 weeks, growth of the animals was poorest (p<0.05) in the
positive control group fed the severely heated soybean oil containing 50% PC.

Both TFA and linoleic acid content of the experimental diets did not seem to affect
significantly the growth of the animals as evidenced by the comparable growth of male rats
fed either the unheated or heated test oils (PO and HSBO).
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Table 3: Weekly food consumption and weight gain in the various experimental groups for the
first 13 weeks (Mean + SD)

Dietary oil

Males

Females

Food consumed!

Total weight

Food consumed

Total weight

(g/week/rat gain’(g/rat) (g/week/rat gain®(g/4rat)
Unheated PO 73 +£9.7 183 £13.9 52+5.5 416 +12.2
Heated PO 71+12.2 175 +£24.5 53+6.5 413 £ 155
Unheated HSBO 70 + 10.4 186 + 16.5 52+7.8 400+ 11.8
Heated HSBO 70+ 11.3 182 +£13.9 52+8.0 394 + 6.1%*
Positive control 67 +14.2 155 +12.9* 54+5.9 391 + 4.0%*
(50% PC)
LSD(S%) ns 12.9 ns 17.0

! Estimated from the average food consumed per week for each dietary group for the first 13 weeks.

2Based on individual weight gains after 13 weeks.

3 Four females housed in each cage (individual weight gains not available)
*Significantly lower (p<0.05) than males in other dietary groups
**Significantly lower (p<0.05) than females in other dietary groups

ns=no significant difference by ANOVA

MEAN BODYWEIGHT (G)
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Figure 1. Growth response of male rats fed various unheated and heated oils
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Biochemistry of Blood and Urine

The results of the various biochemical parameters measured are shown in Table 4. Of these
parameters, only serum alkaline phosphatase (a liver function test) appeared sensitive
enough to detect toxicity of the heated oils, and this serum biochemical parameter was
markedly raised (p<0.05) in the animals fed the heated test oils and the positive control oil.
The total lipid content of the liver of the animals on either unheated or heated-fat diets was
closely similar which indicates that there was no increased deposition of fat in the livers of
the animals fed the heated oils. If there was impaired lipid metabolism in the experimental
animals, one would expect fat deposition in the liver of the animals concerned, a condition
akin to non-alcoholic fatty liver disease. 2!

No blood, bilirubin, ketone bodies nor glucose could be detected in the 24-hour urine
samples of the adult males from the various dietary groups. However, practically all urine
samples showed traces of albumin by the test strip method used; the significance of this
was uncertain as the kidney function tests performed did not reveal kidney damage.

Table 4. Biochemical parameters of blood® and liver” in male rats fed the experimental diets

Expt diet RBC¢ TWBC? Hb PCV ~ Fasting  °Alk. Bilirubin Liver
(10%ul) (10%/ul)  (g/dL) (%) glucose p’tase (mg/dL) total

(mg/dL)  (IU/L) lipid

(¢/100g)

Unheated PO 7.53 6.49 17.2 50.9 103 430" 0.65 3.36
+1.59 #£1.75 +0.58  #£2.31 +20 +98 +0.11 +0.42

Heated PO 8.81 5.33 16.7 48.9 99 521 0.66 3.46
+2.15 £1.57 +044 1091 +24 +143  £0.19 +0.47

Unheated HSBO 9.12 5.24 15.6 51.3 116 397 0.60 3.47
+0.49 +1.99 +0.56  £2.55 +36 +148  £0.23 +0.18

Heated HSBO  8.99 4.37 15.4 50.2 100 578**  0.59 3.36
+0.67 *1.55 +0.50 +4.10 +28 +158  £0.14 +0.35

Positive control  9.45 4.99 16.7 49.5 89 719° 0.72 3.43
+2.42 +1.94 055 *1.51 +17 +190  £0.128  +0.34

LSDsq, 1.23 ns 0.48 ns 18.0 161 ns 0.374

#Mean of 14 samples

® Mean of 10 samples

¢ Red blood cells

4 Total white blood cells

¢ Alkaline phosphatase @ 37°C
[Values with different superscripts are significantly. different (p<0.05)]
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Enlargement of Liver, Kidney and Heart

The weight of the liver, kidney and heart, but not the spleen, of the animals fed the heated
test oils, expressed as a ratio of the respective body weight of the animal, was significantly
enlarged (p<0.05) when compared with the respective ratios in the animals fed unheated
test oils (Table 5). This apparent adverse effect was most marked in the positive control
group. Surprisingly, the spleen of the animals appeared unaffected by the consumption of
the heated test oils, whether at 25% or 50% PC.

Histology of Major Organs

Histological examination of the lungs, liver and kidneys of the male animals in all experimental
groups did not show fatty infiltration or any other histological abnormality which could be
associated with the consumption of the heated test oils and positive control oil. These
findings are in general agreement with the results obtained in similar studies on heated fats
by other investigators.

Table 5: Organ-to-bodyweight ratios” in male rats fed the experimental diets
Dietary Liver/BW® Kidney/BWb Heart/BW® Spleen/BWb
group (g/100g) (g/100g) (g/100g) (2/100g)
Unheated PO 2.51! 0.59! 0.293! 0.293!
+0.260 +0.028 +0.014 +0.013
Heated PO 2.84% 0.65% 0.292! 0.188
+0.326 +0.039 +0.015 +0.014
Unheated 2.59! 0.62? 0.295! 0.203
HSBO +0.291 +0.019 +0.008 +0.008
Heated 3.25° 0.70* 0.3222 0.204
HSBO +0.300 +0.029 +0.011 +0.011
Positive 3.28} 0.72* 0.312? 0.189
control +0.334 +0.026 +0.035 +0.013
(50% PC)
°LSD 0.219 0.029 0.0127 ns

(5%)

#Each value represents mean + SD of 14 animals

"BW = body weight

¢ Least significant difference

Within a column, values with different superscripts are significantly different (p<0.05)
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Table 6. Reproductive performance of female rats fed unheated or heated oils
(25% PC) as the sole source of dietary fat

Reproduction ~ Rat chow! Palm olein HSBO Positive

indices Unheated  Heated? Unheated  Heated> Control®

No. females

pregnant out 16 14 15 18 15 10

of 20 mated

Pre-natal 0 1 8 1 4 8

mortality (n)

Post-natal 0 0 0 1 0 0

mortality (n)

Litter size* 7.6 6.0 7.1 6.1 4.4 7.0
+1.99 +2.85 +2.54 +2.57 +2.54 +0.00

Stillborn pups 1.0 1.5 24 2.5 3.9 3.5

per delivery

Pre weaning 02 02 12 11 1.0 1.0

deaths per litter

Mean wt (£SD) of 5.2 49 4.6 4.5 4.0 5.0

pups on day 2 (g)  +0.21 +0.47 +0.36 +0.46 +0.10 +0.37

Mean wt (£SD) of  30.0 28.8 21.4* 27.1 23.6* 19.4%*

pups on day 21 (g)° +2.3 +3.4 2.4 +4.8 #3.7 +0.8

1Average proximate composition: fat 3.5%, protein 22.0%, CHO 54.1%, ash 6.4%, fibre 4.0%, and
moisture 10.0%.

2 Heated oil containing 25% PC,

3 Heated soybean oil containing 50% PC

# Including stillborn pups,

% Only litters of at least 6 live pups at 21 days considered

*Significantly lower than corresponding unheated oil
**Significantly lower than in all other dietary groups

Reproductive Performance

The reproductive performance of female rats from the various dietary groups is shown in
Table 6. All the heated-fat diets used in the study contributed to poor reproductive
performance with respect to the indices measured; for example, high number of stillborn
pups, poor pre-weaning growth of pups, and smaller litter size.
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The mortality of pregnant female rats fed the heated fats at the end of gestation and during
delivery was unexpected. The symptoms preceding death included an apparent prolonged
gestation period, lethargy and extensive haemorrhage in the uterus which was evident from
vaginal bleeding or upon autopsy performed on the succumbed animals. These symptoms
resemble those reported in the literature for pregnant female rats fed the original AIN-76 diet
which might have been deficient in vitamin E and K. 2*!

Fortifying the experimental diets with 3% soybean oil (to increase EFA content) improved
reproductive performance, especially mean weight of the pups at 21 days of age in the two
palm olein groups (p<0.05). Supplementing the modified AIN 76 experimental diets with
vitamin K (1 mg vitamin K/kg diet), a clotting factor, was successful in preventing pre-natal
mortality caused by uterine haemorrhage in the pregnant female rats (Table 7).

Table 7. Improved reproductive performance in female rats fed various test fats
supplemented with 3% soybean oil'

Reproduction Rat chow Palm olein HSBO Positive
indices Unheated  Heated Unheated  Heated control
Pre-natal 0/14 0/14 1/15 2/15 2/13 4/13
mortality? (1/14) (8/15) (1/18) (4/15) (8/10)
Post natal 0/14 0/14 0/15 0/15 0/13 0/13
mortality? (0/14) (0/15) (1/18) (0/15) (0/10)
Litter size? 7.6 8.1 7.9 7.1 6.6 8.2
(6.0) (7.1) (6.1) (4.4) (7.0)
Stillborn pups 1.0 0.8 1.9 2.1 24 2.8
per delivery (1.5) (2.4) 2.5 3.9 (3.5)
Pre-weaning 0.2 0.2 12 0.7 0.8 1:1
deaths per litter 0.2) (1.2) @.:1) (1.0) (1.0)
Mean wt of pups 5.2 5.0 4.8 4.7 4.6 4.5
on day 2 (g) (4.9) (4.6) 4.5) (4.0) (5.0)
Mean wt of pups 30.0 3L2%* 30.2% 274 24.8 19.2
at 21 days (g)* (28.8) (21.4) (27.1) (23.6) (19.4)

! Values before soybean supplementation are given in parentheses for comparison
2 Expressed as a proportion of total number of pregnant females
3 Including stillborn pups,

4Only litters of at least 6 live pups at 21 days considered
* Significantly higher (p<0.05) after SBO supplementation
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DISCUSSION

The present study was carried out to investigate the safety of heated vegetable oils
containing 25% of PC, the upper limit for PC considered safe for human consumption. The
heated test oils inhibited growth only marginally compared to the corresponding non-
heated test oils during the first 13 weeks. However, the higher PC content (50% w/w) in the
positive control oil affected negatively (p<0.05) the growth of the animals in this group.

The experimental design did not control for two possible confounding variables, namely
the dietary levels of linoleic acid and TFA. The overall results indicate these two variables
did not have a significant effect on the growth of the animals during the first 13 weeks.

The positive control oil included in the study was meant as a positive marker for
adverse effects, if any, for the long-term consumption of heated oils in the animal model
used. The positive control oil in this case is not meant to be a comparison oil and as such,
its relevance to practical situations does not arise.

In the experimental design used, prime consideration was given to the use of the test
oils as the sole source of dietary fat. No attempt was made to maintain the dietary linoleic
acid level the same across experimental groups. This is because manipulation of dietary
linoleic acid level by the addition of any fresh PUFA-rich oil to the heated fat-diets would
have reduced the toxicity of the heated fat concerned, an effect akin to topping-up of the
medium in frying operations.

On the same topic, topping up of the used frying medium with fresh oil prior to the next
frying cycle the following work day also reduces the PC content of the frying medium (and
hence its “toxicity”), as described by Ng ! for a popular local hawker trade.

The EFA requirement for pregnancy in the rat is met by diets adequate for growth, while
that for lactation is somewhat higher. Pregnant rats are reported to require 0.25% of energy
as linoleate and during lactation, 0.68% of energy as linoleate. ¥ These amounts of EFA are
lower than the basic EFA needs recommended for humans. *' The linoleic acid contents of
the test diets, which ranged from 0.9% to 3.1% energy, are expected to support the increased
physiological demands for essential fatty acid during pregnancy and lactation. The inferior
reproductive performance of the female rats fed the heated oils in this study was not likely
due to a deficiency of linoleic acid but could be attributed to the toxicity of the PC in the
heated oils.

Despite the well-documented fact that linoleic acid needs are increased during pregnancy
and lactation, ' it would be reasonable to infer that the overall improvement of reproductive
performance by the female rats after supplementing the diets with 3% soybean oil was
mainly due to the effects of reducing the toxicity of the heated fats rather than the corrective
effects brought about by an increased supply of linoleic acid per se (Table 7).

Of the biochemical measures used, only serum alkaline phosphatase — a liver function
test —appeared as the only serum marker sensitive enough to detect an adverse biochemical
impact of the heated oils used in this study. The organ-to-bodyweight ratios recorded
clearly indicated that the liver, kidney and heart of the animals on the heated-fat diets were
enlarged compared to those of animals on the corresponding unheated-fat diets. The
enlargement of these organs, which may be taken as a proxy measure of adverse health
impact induced by the consumption of the experimental heated oils, was not severe enough
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to cause observable tissue damage as assessed by histological examination of the affected
organs.

The death of pregnant animals during parturition due to excessive haemorrhage was
unexpected and the phenomenon was particularly serious in the heated-fat groups.
Interestingly, this phenomenon was also observed by Roebuck et al 1 in pregnant rats fed
AIN-76 purified diets, which prompted the addition of extra vitamin E, K-1 and B , to the
original AIN-76A Diet to improve its nutritional composition.?”)

Nevertheless, the initial purified diets used in this study, although probably low in
vitamin K, are not expected to confound the results obtained for growth of the male animals
during the first 13 weeks, nor the findings recorded for blood biochemistry and organ
examination.

CONCLUSION

The findings in the present study strongly suggest that long-term consumption of heated
vegetable oils containing 25% of PC have negative effects on growth and body biochemistry,
leading to enlargement of the liver, heart and kidneys in the white rat model used. However,
no detectable histological damage to the major organs mentioned was observed in the male
rats fed the heated oils, including the positive control, for 17 weeks.

While the negative impact of the experimental heated oils containing 25% of PC on
growth of the animals during the first 13 weeks was marginal, there were significant adverse
effects on pregnancy outcome, affecting the weight and survival of pups, as well as the
health and survival of the maternal rat.
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