
A C T A A L I M E N T A R I A 

Vol. IV (XXVIII), No. I 

POLONICA 

1978 

TERESA KROL 
ALEKSANDER JAKUBOWSKI 
ELŻBIETA BRZOZOWSKA 
STANISŁAW ZALEWSKI 

EV ALUATION OF NUTRITIONAL AND TOXICOLOGICAL 
PROPERTIES OF DEEPFRIED DOUGHS AND OF FRYING FAT 

Department of Human Nutrition, Warsaw Agricultural University 

Key words: deep-fried doughs , wholesomnes of fried feed, toxicologicai properties of frled 
doughs, frying fats. 

Growing rats of Vistar breed were fed for 10 weeks with diets con
taining deep-fried doughnuts and park, fat used for frying. The animals 
were later examined in terms of selected parameters of physiology of 
the test animals. A distinct lowering of the nutritional value of batter 
fried in pork fat heated for 12 to 16 hours was observed. 

Analyses of frying processes have focused mainly on determination 
of chemical transformations in frying fats and on biologica! effects of 
utilization of the fats in experimental diets [2, 12, 16, 17]. 

The studies carried out at this institute [13] provided evidence for an 
observation that frying fat is not an appropriate component of experi
mental diets for judging about quality and nutritive value of fried 
food since it contains a different number of oxidation products and gives 
biologica! effects different from those observed in fat absorbed by the 
food. 

Thus it became necessary to evaluate the nutritional value of fried 
food, the determination of effects of changes in frying fat on sanitary and 
nutritional qualities of the food, and also effects of the very technology 
of frying on them. 

The aim of the study was to perform a sanitary and nutritional 
evaluation of fried doughnuts. The evaluation embraced the effect of 
frying on the one hand and changes of the chemical composition of 
frying fat, on the other, on selected nutritional and toxicological para
meters in laboratory animals. The analysis was to give answers to the 
following questions: 
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1. What effect has frying on nutritional value and wholesomeness 
of food? 

2. What effect have chemical changes taking place in frying fat on 
nutritional value and wholesomeness of food? 

ME'IHODS 

CHARACTERISTICS OF THE TECHNOLOGICAL PROCESS 

It was continuous frying for 970 minutes at 180°C ± 5°C, average 
depth of the layer of fat - 13 to 15 cm. 

The frying cycle required 10 kg fresh pork lard purchased in a store, 
and ca. 30 kg doughnuts were fried. No additional fresh fat was put in 
during the cycle. 

METHODS OF THE IIIOLOGICAL EXPERIMENT 

The biological experiment was performed on 50 growing małe rats of 
Vistar breed, all 4 weeks old and weighing initially between 75 and 85 g. 
The rats were divided into 5 experimental groups, 10 animals in each 
group, and placed in individual cages. Average weight per group was 
82 g ± 0.2 g. 

Experimental diets 

The composition of diets: 
- doughnut dough - dried and ground - which formed the bases. 

of two diets, one containing fresh fat and another one containing frying 
fat heated for a long period {after 970 minutes), 

-- doughnuts fried in fresh fat as well as doughts fried in the long
heated fat. 

These components were supplemented with 4'0/o of minerał salts [1], 
20/o of friable vitamins [6], 10/o of potato starch, 0.10/o inositol and 0.1 '°/o of 
choline hydrochloride, vitamins soluble in fats, and vitamin B 12 [2]. 

The experimental diets contained 100/o of protein and 24'0/o of fat 
(except for the fatless diet). Since in the present study an attempt was 
made to determine the effect of frying fat absorbed by fried foods on 
protein in them, and for this reason the fried doughnuts - the analytic 
materiał in the study - had to be the only source of protein and fat in 
the diets. Consequently, the high fat content in the doughnuts (260/o) 
and the low level of protein (8.0 to 8.80/o) made the analyst keep the 
corresponding levels of protein and fat in diets at 100/o and 2411/o, 
respectively. 



Nutritional and toxicological properties of deep-fried doughs 33 

Caloric count of the diets (except for the fatless one, which was ca. 
310 kcal/100 g) was ca. 491 kcal/100 g. 

The experiment 

The experiment continued for 70 days. Consumption of diets was 
matched to the group with the lowest consumption level. Water was 
given ad libitum. 

During the experiment the following parameters were controlled: 
- the weight of diet consumption, 
- consumption of water by checking its volume before and after 

feeding, 
- increase in body weight by weighing every four days, 
- increase in body length, after Acheson [2], every 14 days, 
- the growth effectiveness of diets between the 9th and the 29th 

days of experimentation, 
- the level of hemoglobin in blood [10] every 14 days, 
- real digestibility of the diet fat [ 15) between the 6th and the 15th 

days of experimentation. 
Excrements were collected between the 50th and the 70th day of expe
rimentation to determine the content of carbonyl compounds in their 
fat fraction. 

After 70 days of the experimentation the rats were put to sleep and 
their cardiac blood was examined for 1) activity of desaminase of ade
nosine [13]-AD, 2) hematocrite index [10), 3) resistance of erythrocytes to 
hemolysis [10]. 

Interna! organs were prepared to determine their weight. Deposit 
fats (both the subperitoneal, that surrounds the interna! organs, and 
subcutaneous) were also prepared. The level of carbonyl compounds was 
determined in the prepared livers, in the deposit fats, and in excre
ments collected between the 50th and 70th days to experimentation. 
To this purpose samples of livers and excrements were mixed with 
anhydrous Na 2SO4 and subsequently exctracted for obtaining the fat 
fraction by shaking with benzene free of carbonyl compounds and 
centrifuging (5 minutes at 5000 rpm). The contents of carbonyl compounds 
and percentage of fat were determined in the extracts. Samples of the 
deposit fats were extracted with 10 ml of benzene free of carbonyl 
compounds in 50 ml measuring flasks. In the same flasks determination 
of contents of carbonyl compounds was carried out. 

METHODS OF CHEMICAL DETERMINATIONS 

In order to characterize the fat from the frying unit and that absorbed 
by doughnuts as well as the fat fraction in the biological materiał, the 
determinations of carbonyl compounds were carried out by using the 
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methods of Heniek [7], as modified by Chipault [4] and Fioretti [5]. 
The fat absorbed by doughnuts was extracted with ethyl ether free 

of carbonyl compounds using Soxhlet method [9]. 
Extraction of fat from the biological materiał was done by extracting 

in benzene [1 7] free of carbonyl compounds. Total protein was determined 
after Kjeldahl [9]. 

DISCUSSION OF RESULTS 

NUTRITIONAL EVALUATION 

The nutritional evaluation of fried doughnuts and the long-heated 
frying fat was carried out by examination of digestibility of fats and 
growth of the laboratory rats as evidenced in their increasing weight and 
longer bodies. Results of these examinations are given in Figs. 1, 2, 3. 
Feeding the rats with doughnuts fried in fresh fat and in the long-heated 
fat resulted in the lowest increments of weight and body length (Fig. 1, 2) . 

~ 

..: 

~ 

200 

% 

150 

t100 t----+-- t----+--M.,C.....-+---:H-+-----1---+------l .s 

o 8 16 24 32 40 48 56 64 72 
Oays af experimentation 

Fig. 1. Average increment of body weight of rats fed with diets containing fried 
doughnuts, fat from the frying unit as w ell as fresh fat; I'iets containing; 1-batter+ 
+fresh fat, 2- batter+fat used many times, 3- doughnuts fried in fresh frying fat 
(1-4 hrs), 4 - doughnuts fried in fat used many times 
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As compared to the control group that received fresh fat in its diet, 
the differences were, respectively, 27'°/o and 20-0/0 for body weight and 
350/o and 20°/o for body length. The long-heated frying fat in the diet 
did not lead to such a distinct lessening of growth since it was ca. 7.50/o 
lower from that of the control group. What deserves attention is a elear 
drop in weight increase of the animals fed with the doughnut diers that 
started to appear not until the third week of experimentation. Moreover, 
negative effect of feeding the rats with doughnuts fried in the long
heated frying fat was observed in the fifth week of experimentation. 
The effect was much more pronounced in evaluation of the body length 
increments, as beginning with the seventh week of experimentation: the 
animals receiving the long-heated fat absorbed by the fried doughnuts 
virtually stop growing. 
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Fig. 2. Average increment of body lenght of rats fed with diets containing fried 
doughnuts, fat from the frying unit as we11 as fresh fat; diets containing; 1-batter+ 
+ fresh fat, 2 - batter+fat used many times, 3 - doughnuts fried in fresh frying 
fat (1-4 hrs),, 4 - doughnuts fried in fat used many times 
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lt is interesting that the discussed effects of frying on the body 
weight increase of the animals appeared only after three weeks, while 
those related to body length increase only after 7 weeks of experimenta
tion. lt points to two facts: a potentially harmful effects of fried foods, 
which when taken in for an extensive period of time, may disturb growth 
even if fresh fat is used in the process of frying; methods of assessment 
of nutritional value of fried foods based on short-term experiments (NPU, 
PER) should be reviewed. 
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Fig. 3. Cocfficients of digestibility of fats absorbed by doughnuts, remaining in the 
[rying unit and fresh 

The obtained high growth effectiveness of protein in the experimental 
diets cannot be interpreted according to the standard PER method on 
account of the high (240/o) level of fat in the diets. Nevertheless, the 
results confirmed to some degree the already observed and discussed 
regularity: the most noticeable growth of the animals in terms of 1 g of 
consumed protein was arrived at in the diets with doughnuts dough 
regardless of the type of fat in them (fresh fat - 4.40/o; long-heated fat -
4.9°/o). The groups fed with doughnuts fried either in fresh or in long
heated fat showed a decrease to ca. 3.5 of protein growth efficiency. 

Digestibility of fat heated for 16 hours (Fig. 3), both the fat absorbed 
by doughnuts and the fat remaining in the frying unit, showed an 
average decrease by ca. 50/o as compared to that of fresh fat. No drop 
in digestibility was observed for fat absorbed by doughnuts fried in fresh 
fat. 

Lower digestibility of the long-heated fat correlated with the content 
of carbonyl compounds in the fat of the diets (Fig. 4) and it should be 
accounted for by the presence of secondary products of oxidation as 
well as of high-molecular compounds. 
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Consumption of water by the animals showed variability. The groups 
fed with the long-heated frying fat and doughnuts fried in it used more 
of it in comparison with the control group, 13°/o and 70/o, respectively. 
The process of frying had no visible effect on water consumption. 
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Fig. 4. Contents of carbonyl compounds in fat o.f diets, excrements, livcr and deposit 
fats for particular experimental groups 

Summing up, it can be said that nutritional value of fried foods 
depends more on the technological process of frying than on the quality 
of fat used (fresh or long-heated). The effect of the technological process 
on the nutritional value of the doughnuts appeared at an earlier stage o·f 
the experiment while the influence of the quality of the frying fat closely 
linked with chemical changes occuring in the fat, became observable 
at later stages of the experimentation. As a sequel to the present study 
the authors intend to carry out NPR and PER tests under standard 
conditions to confirm the phenomena observed here. 
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THE SANITARY AND TOXICOLOGICAL EVALUATION 

Analysis of health parameters of organisms (Fig. 5) and of indices of 
the presence of toxic factors (Figs. 4, 6, 7) showed a highly negative and 
most significant effect of chemical changes in heated fats on wholesomeness 
of fried doughnuts. 

Fig. 4 presents the effect of feeding the animals with experimental 
diets on contents of carbonyl compounds (secondary products of fat 
oxidation) in fat present in excrements, liver and in fat tissues. Compa
rison of the data given in the figure indicates that the contents of 
carbonyl compounds in fat tissues and liver was in direct proportion 
to their levels in diet. The fat which was heated over a long period 
of time showed a four-times higher content of carbonyl compounds than 
that of the fresh fat. The concentration of carbonyl compounds was 
even higher (about six times higher) in the fat absorbed by doughnuts 
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Fig. 5. Contents of hemoglobin in blood of rats fed with diets containing fried dough
nuts, fat from the frying unit and fresh fat; 1-batter+fresh fat, 2- batter+ heated 
fat, 3- doughnuts fried in fresh fat, 4- doughnuts fried in fat used many times 
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fried in the long-heated fat. This is an evidence of selective absorption 
of secondary products of fat oxidation by fried doughnuts. 

Feeding the animals with diets containing the heated fat, both the 
absorbed and the remaining in the frying unit, led to an increase of 
carbonyl compounds in the fats of the animals (in fat tissues and liver 
fat), accompanied by a conspicuous drop of percentage of excretion of 
carbonyl compounds from organism (regardless of their increased levels 
in the excrement fat). It was observed that the organisms of the rats 
fed with doughnuts fried in the long-heated fat excreted ca 140/o of 

Type of diet 

Batter + tresh tat 

Batter + fat used 
many times 

Doughnuts !ried 
in fresh tat 

Doughnuts fried in 
tat used maey timea 

AD /ie active uo i ts/ 
O 2 6 8 1 O 12 1 16 18 20 

Fig. 6. Activity of AD (in active units) in blood plasma of animals fcd with fried 
doughnuts, fat from the frying unit, and fresh fat 
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Fig. 7. Weight of livers of animals fed with fried doughnuts, fat from the frying unit 
and fresh fat - given here in O/o body weight 
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consumed carbonyls; the animals fed with frying fat - 400/o, and those 
fed with fresh fat and doughnuts fried in it - 620/o and 51 O/o, respectively. 
It is therefore possible to conclude that the higher degree of oxidation 
changes in fat (longer heating period) the less the organism can cope with 
its metabolism and excretion. This is confirmed by lower digestibility 
and distinct concentration of carbonyl compounds in fat of livers of 
animals fed with diets containing the long-heated fat as well as doughnuts 
fried in it. Liver has, as we know, an important function in metabolism 
of fats, detoxification, and removal of harmful compounds from organism. 
It is worth mentioning that there was a distinct correlation between the 
content of carbonyl compounds in liver and the weight of the organ 
(Fig. 7), which bears evidence to their toxic character. 

Animals fed with fried doughnuts and with the diet containing frying 
fat showed lower levels of hemoglobin as compared with those of the 
group receiving fresh fat in diet (Fig. 5). 

The lowest hemoglobin was observed in the rats receiving doughnuts 
fried in the long-heated fat: 140/o lower content than in the control 
group rats. 

An interesting correlation was noticed between increments of body 
length (Fig. 2) and hemoglobin levels (Fig. 5). 

In both cases the curves of growth for the period up to the 7th and 8th 
weeks of experimentation were in accord for all groups. Later a pronoun
ced inhibition of growth occurred, or even a decrease, for groups fed 
with diets of fried doughnuts. This was induced by toxicity appearing 
clearly at later stages of experimentation, the toxicity of products con
tained in the doughnuts, and particularly of those in the doughnuts fried 
in the long-heated frying fat. The results of analyses of hemoglobin levels 
in the blood of the lab animals correlated to some degree with changes 
in the index of hematocrite and the degree of resistance of erythrocytes 
to hemolysis, but here values of these indices showed lesser varia
bility. 

Analyses of activity of desaminase of adenosine in the lab rat blood 
plasma proved it was higher in the groups receiving the long-heated 
fat, either that absorbed by doughtnuts or remaining in the frying unit -
1070/o and 70'0/o. respectivelly, in comparison with the control group 
(Fig. 6). The obtained results enable us to say that changes in fat and 
the technological process of frying have an accumulating effect on AD 
activity in the animal blood plasma. The chemical changes in frying 
fat were a stronger factor activating this enzyme. 

The higher activity of AD in the rat blood plasma accounts for the 
harmful impact of the products of decomposition of heated fats and of 
products developing during frying on organisms. After resorption from 
the alimentary tract they were carried by body liquids to liver. 

The above postulates are confirmed by increased content of carbonyl 
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compounds in liver (Fig. 4) and the higher weight of the organ expressed 
in O/o of body weight (Fig. 7). The largest livers were found in rats fed 
with doughnuts fried in the long-heated fat and with diets containing 
the long-heated frying fat. As compared to the weight of livers in the 
control group they were larger by 1.5 and 1/3. 

Simultaneously conducted histopathological analyses revealed increased 
fattening of liver tissue in groups of rats with larger livers. The other 
interna! organs (kidneys, spleen, heart, testicles) showed no distinct 
increments in weight. 

In conclusion of the analyses aimed at a sanitary and toxicological 
evaluation of fried foods and frying fat it was observed that the funda
mental factor determining the negative effects of these diets components 
on lab animals was the presence of the long-heated fat, regardless of the 
fact whether it was absorbed by doughnuts during frying or added to 
the diet dough. 

The technological process of frying had a much lesser effect than 
fat's quality on the wholesomeness of the fried foods. Nevertheless, an 
accumulation of the negative effect of the very process of frying and 
the application of long-heated fat was observed over the period of 70 days 
of the experiment. 

CONCLUSIONS 

1. The nutritional value and wholesomeness of fried foods depend 
both on the changes which occur in the frying fat and on the nature 
of changes in the fried foods induced by the technological process. It. was 
observed that 

- chemical changes in frying fat have the dominating role in deter
mination of the wholesomeness of fried foods. After 12 to 16 hours of 
frying doughnuts are saturated with a quantity of fat with toxins 
sufficient to cause a generał lowering of health standards of the laboratory 
animals (lower level of hemoglobin, higher weight of liver and higher 
activity of AD); 

- the process of frying lowers the nutritional value of diets defined 
by growth factors (body length and weight) and the growth efficiency 
of diet protein. 

2. Over a 70-day experimental cycle it is possible to observe accumu
lation of the negative effect of the long-heated fat and of the process 
of frying which lead to decreasing of the nutritional value of fat and 
a generał drop in health parameters of animals fed with doughnuts fried 
in the long-heated fat. 
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ŻYWIENIOWO-TOKSYKOLOGICZNA OCENA CIAST SMAŻONYCH W TŁUSZCZU 
METODĄ ZANURZENIOWĄ ORAZ FRYTURY STOSOWANEJ DO SMAŻENIA 

Instytut Żywienia Człowieka, SGGW-AR Warszawa 

Streszczenie 

Przeprowadzono ocenę higieniczno-żywieniową ciast smażonych metodą zanu
rzeniową (na przykładzie pączków) oraz smalcu stosowanego do smażenia . W !O-ty
godniowym doświadczeniu biologicznym zbadano wpływ procesu smażenia i zmian 
chemicznych zachodzących w tłuszczu frytury na wybrane wskaźniki fizjologiczno
toksykologiczne rosnących szczurów szczepu Wistar. Poziom tłuszczu w dietach 
wynosił 240/o, białka -100/o. 

Badano : strawność tłuszczu diet, wzrost szczurów- przez kontrolę przyrostu 
ciężaru ciała i długości , wydajność wzrostową białka diet, ciężar narządów we
wnętrznych, poziom hemoglobiny, wartość hematokrytową, aktywność dezaminazy 
adenozyny w osoczu krwi i oporność czerwonych krwinek na hemolizę, a także po-
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ziom związków karbonylowych w tłuszczu diet, kału, wątrób oraz tkance tłuszczowej 
P-Odotrzewnowej i podskórnej . 

Stwierdzono, że na wartość biologiczno-żywieniową i higieniczno-toksykologiczną 

smażonych pączków wywiera wpływ zarówno proces smażenia, jak również jakość 
tłuszczu frytury. Proces smażenia w większej mierze, aniżeli jakość tłuszczu, oddzia 
ływał na wskaźniki żywieniowe, jak: wzrost zwierząt oraz wydajność wzrostową 

białka diet i poziom hemoglobiny. Natomiast stopień zmian chemicznych tłuszczu, 

zależny od czasu trwania procesu technologicznego, miał większy wpływ na mierniki 
higieniczno-toksykologiczne, jak: ciężar wątrób i aktywność dezaminazy adenozyny 
w osoczu oraz zawartość związków karbonylowych w tłuszczu wątrób i tkance tłusz
czowej depozytowej. Począwszy od 5-7 tygodnia doświadczenia, u zwierząt żywio

nych pączkami smażonymi w tłuszczu długoogrzewanym, obserwowano kumulowanie 
się negatywnego efektu smażenia i zmian zachodzących w tłuszczu frytury, prowa
dzące do obniżenia wzrostu i ogólnej zdrowotności. 


