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Changes in food caused by deep fat frying – A review

SUMMARY. Deep-fat frying is widely used in food
industries because of its low cost and high demand,
since it produces convenient food of high acceptabi-
lity. The process is based on the oil-food interaction
at high temperatures, which cooks and dehydrates the
food, leading to physical and chemical changes, such
as starch gelatinization, protein denaturation, flavo-
ring and color production via Maillard reaction. Some
food and oil compounds are lost in the frying process,
and potentially toxic compounds are developed in the
oxidized oil. Although widely studied, many of these
compounds have not been fully identified. The pur-
pose of this study was to review literature findings on
changes in food caused by the frying process.
Key words: Composition of food, frying oil, sensory
changes

RESUMO. Alterações nos alimentos causados pelo processo
de fritura- Revisão. O processo de fritura é amplamente utili-
zado em indústria de alimentos devido ao baixo custo e alta de-
manda pela praticidade e grande aceitação. O processo é baseado
na interação óleo-alimento a altas temperaturas, que cozinha o
alimento e desidrata, levando a alterações físicas e químicas
assim como a gelatinização do amido, desnaturação de proteínas,
aroma e produção de cor através da reação de Maillard. Alguns
compostos presentes nos alimentos e no óleo são perdidos no
processo de fritura, e componentes potencialmente tóxicos são
desenvolvidos nos óleos oxidados. Embora diversos tenha ha-
vido avanços na identificação desses componentes, muitos ainda
não foram identificados. A proposta desse trabalho foi avaliar as
alterações nos alimentos causadas pelo processo de fritura.
Palavras chave: Composição do alimento, óleo de fritura, alte-
rações sensoriais

INTRODUCTION

Frying is one of the oldest food processing me-
thods. Its popularity is related to the ease and speed of
food preparation and sensory characteristics, such as
unique flavor and taste (1). It is a cheap and fast pro-
cess of simultaneous heat and mass transfer that chan-
ges the sensory and nutritional characteristics, as result
of complex interactions between food and oil (2).

Frying is an efficient cooking method because it is
a result of high temperature and fast heat transfer (3).
The oil which the food is immersed, acts like a heat-
transferring compound. The process has a preserving
action caused by thermal destruction of microorga-
nisms, enzymes and reduction of water activity on the
surface of the food (4).

Changes in food and oil depends on the characte-
ristics of the food, oil type,  surface/volume ratio of
the oil, rate of air incorporation of into the oil, tempe-
rature, heating process, length of immersion and the

kind of material the frying container is made of. Ad-
ditionally, the longer the oil is used, greater is the in-
duction of adverse reactions. Extended exposure of oil
to high temperatures and atmospheric air can generate
highly oxidized, potentially toxic products (5). 

In foods, some reactions that affect the nutritional
quality may occur (6,7). The frying process relies on
high temperatures and can changes the structure of la-
bile nutrients, such as proteins, vitamins and antioxi-
dants. Some water-soluble molecules, such as ascorbic
acid can be lost during the water evaporation. 

Furthermore, the intake of fried foodstuffs increa-
ses the consumption of fats and oils (8). High con-
sumption of food rich in fat has been linked with
several metabolic diseases, including obesity, which
is a public health problem (9).

In spite of the numerous studies on changes in the
oil during the frying process, little information has
been compiled about the changes in food. Therefore,
the purpose of this review was to highlight important
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knowledge on the changes that occur within the food
during the frying process.

The frying process
Simultaneous mass and heat transfer by hot oil mo-

difies the food surface, forming a crust that preserves
flavors and retains part of the juiciness of the food while
it is cooked, making chewing and digestion easier (1). 

Deep-fat frying oil reaches 175°C in average, ran-
ging from 150 to 200°C (10). Temperature in the
frying is very heterogeneous: the highest temperatures
(which are close to oil temperatures) are observed in
the peripheral region of the food while the core of the
food, rich in water, shows temperatures around 100oC
(usually between 101 and 103oC). Consequently, the
rate of nutrient degradation in the peripheral region is
higher than in the center (11). 

The rate of heat transfer is influenced by the com-
position of the food and its properties of heat and mass
transfer, including thermal conductivity, thermal dif-
fusivity, specific heat and density. These characteris-
tics change during the frying process, once oil and
food are altered. Besides, there are other changes cau-
sed by interactions between food compounds (1).

Frying can be accomplished in batch or continuous
fryers. Batch fryers are typically smaller and primarily
used in catering service. Continuous fryers, which are
capable of handling large amounts of frying oil and
foods, are primarily used in industrial settings, and in-
volve large-scale production. Fryers can be operated
under atmospheric, high or low pressure, and even under
vacuum (12). However, most
large-scale production is done
under atmospheric conditions.

Physical and chemical
changes in fried foods

The conditions to which
food are submitted during the
frying process initiate physical
and chemical changes that de-
pend on the composition of the
food, and affect the develop-
ment of color, flavor, and taste,
besides changing food texture.

Table 1 summarizes the
physical and chemical changes
in food during the frying pro-

cess. A portion of frying oil and polar compounds pro-
duced by oil degradation are absorbed by food, con-
tributing to the quality of the final product. An amount
of water evaporates due to the dehydration that occurs
during frying process. Furthermore, starches gelati-
nize, proteins denature, some nutrients are lost (such
as the vitamins thiamin and riboflavin, which are uns-
table at high temperatures), flavors develop, crispness
is produced and pores are formed, leading to distinc-
tive texture and sensory characteristics (1).

The content of carbohydrates and protein in raw
material, strongly interacts with lipids, especially with
thermal and oxidative degradation products (Maillard
reaction products, reticulated proteins), generating to-
xigenic and carcinogenic compounds (13, 14).

Changes in color, taste, and flavor caused 
by Maillard reactions and caramelization
Changes in the food surface may be caused by cara-

melization and / or Maillard reaction (both responsible
for the development of gold to brown hues), as well as
evaporation of surface water, which characterizes crust
formation, responsible for the texture of fried food (15).
Color development in potato chips, for example, is pro-
portional to the amount of reducing sugars in the potato,
since both browning and Maillard reactions are  stimu-
lated by the level of oxidation of the food, and also by
characteristics of  heme pigments (15).

Maillard (non-enzymatic browning) is considered
the most important reaction in the browning of food
(16). During frying, this is the main reaction affecting

TABLE 1.   Main changes in the composition of foods during 
the frying process

Component Changes during frying
Fat Increased concentration and change in composition
Water Significant loss
Reducing sugars Maillard reaction
Starch Gelatinization
Proteins Alteration of the composition
Amino acids Formation of heterocyclic flavoring substances 
Flavoring substances Formed by oxidative and Maillard reactions 

Interaction with frying oil
Vitamins Moderate loss
Minerals Small loss
Antioxidants Moderate loss
Source: Adapted from Pokorny (66).
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sugars which involves free amino groups of amino
acids, peptides, proteins, and carbonyl groups or other
aldehydes, and ketones of sugars. Several intermediate
products, called Amadori products or pre-melanoidins,
are rapidly polymerized at frying temperatures, for-
ming dark-colored molecules (melanoidins). Brow-
ning is faster at temperatures above 150 °C (17).

Among all the compounds produced by Maillard
reaction, there is an increasing interesting in toxic
compounds, like acrylamide. Acrylamide has been
known to be a neurotoxic, genotoxic and carcinogenic
compound in animal, and is classified as a probable
human carcinogen (18). The acrylamide formation has
not been fully elucidated, but it is established that it is
formed via the Maillard reaction when asparagine and
reducing sugars are heated at high temperature (19,
20). In fact, in one recent study, Miao et al. (21) sho-
wed that with the increasing of treatment time and
temperature in potato chip, acrylamide contents were
increased accordingly. Water activity could also in-
fluence the formation of this compound, with the de-
crease of water activity, the formation of acrylamide
increased (21).

Besides Maillard and caramelization, frying oil can
also take part in the non-enzymatic browning process
by reaction of lipid oxidation products with amines,
amino acids and proteins (22; 23).

Color, taste, and flavor changes caused by the oil
When food is immersed in hot oil in the presence

of O2, the oil is exposed to three agents that cause
changes in its composition: water from the food
(which causes hydrolytic changes), oxygen (that gets
in contact with the oil and causes oxidative changes
from the surface to inside of the food) and finally, the
high temperature (which causes thermal changes, such
as isomerization and scission reactions - aldehydes and
ketones - forming various degradation products, as
epoxides and hydroperoxides (15,24).

The characteristics of color, taste and flavor of fried
products are also developed by a combination of reac-
tions and compounds absorbed by the frying oil. The
main factors affecting the changes in color and flavor
during the process are the oil type, storage and thermal
changes, interfacial tension between the oil and the
product, temperature and length of frying, moisture
content, size and characteristics of food surface and
pre-frying treatments (4).

Lipid oxidation generates volatile and non-volatile
compounds that interfere in taste and flavor. The vola-
tiles in the frying oil increase at the beginning of the
process, but decrease during the frying. There are vo-
latiles important to the quality of the process, such as
saturated aldehydes C6-C9, enals (e.g., 2-decenal), die-
nals (e.g., 2,4-heptadienal), and hydrocarbons (hexene,
hexane, heptane, octane, nonane, and decane). The for-
mation of nonvolatile decomposition products is due
to the oxidation and polymerization of unsaturated fat
acid.  Aldehydes affect the flavor of deep-fried foods,
as 2-Trans-4-trans-decadienal that contributes to a fla-
vor while other aldehydes produce off flavor (25).

Thermal stability of oils depends on their che-
mical structure. According to Reda (15), saturated oils
are more stable than unsaturated ones. Unsaturated
fatty acids are the main precursors of the volatile com-
pounds found in oxidized oils (26,27). Linolenic acid
is an unsaturated fatty acid essential to health that is
rapidly lost in the frying process, altering the balance
between saturated and unsaturated fatty acids in the
oil (4), and increasing off-flavor formation (28).

The uses of the oil during a long time and/or its
reuse lead to formation and accumulation of undesi-
rable substances. These compounds may be related to
the release and dissolution of food particles, or pro-
ducts of thermal and oxidative reactions in the oil. All
these factors contribute to increase oil viscosity, de-
crease surface tension between the food and the oil,
and increase the supply of oil on the food surface, fa-
cilitating oil absorption (29, 30).

Incorporation or absorption of oil depends on the in-
itial quality and type of oil or fat used (31). According to
Paul and Mittal (32), many factors affect the penetration
of oil into the food, such as the geometric shape, oil vis-
cosity, food type, oil temperature, and length of frying.

Changes in texture
According to Fellows (4), development of texture

inside the food during the frying process is a result of
the combination of changes in proteins, fats and car-
bohydrate polymers similar to those that occur during
boiling or baking.

The development of pores is a major structural
change. Pores are formed by evaporation of water and
formation of capillaries. Intense heat leads to explo-
sion during evaporation of water, creating wide pores.
A superficial crust is quickly formed, acting as a ba-
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rrier to evaporation, decreasing the loss of water and
keeping the inside of the food moist. Starch gelatini-
zation and protein denaturation also contribute to the
development of pores and shrinkage of food because
gelatinized starch is usually dispersed in the conti-
nuous phase formed by protein denaturation. Accor-
ding to Ngadi and Xue (1), the presence of pores
affects mechanical properties of the food and, conse-
quently, its texture and acceptability.

The structure of a protein is the result of various in-
termolecular attraction and repulsion interactions, such
as the interaction of protein groups with water. Changes
in natural structural conditions of the protein can be re-
sult of changes in temperature, pH, surface tension,
presence of salt, and other agents that disrupt the intra-
and intermolecular interactions, causing changes in the
structure and breaking the protein in amino acids
chains. These amino acids can form spherical aggrega-
tes which interact and originate the gel network (33).

Nutritional changes
Changes in the lipid fraction of foods 
Some lipids present in fried food are oxidized, may

be accelerated by temperature increasing and oxygen
concentration. Although nutritional effects are difficult
to be estimated due to the variety of interfering factors,
such as the type of oil, history of thermal treatment,
and portion retained in the food (4).  Due to oil incor-
poration, it is important that the choice of the frying
oil is based not only on its technological characteris-
tics, but also on its nutritional features (34).

The increase in energy intake is one of the principal
problems associate with consume of frying foods. The
fat content of food increases due to absorption and re-
tention of oil, which implies an increase in energy in-
take on average in 42% in French fries and 53% in
hamburger (35). The Dietary Guidelines for Ameri-
cans recommend that less than 35% of daily calories
be contributed from fat, but in fried foods, up to 75%
of calories can be from fat (36). 

Digestibility of fat is also changed when the pro-
cess is accomplished using   reused oils / fats. Even if
a frying oil regulation is established, limiting polar
compounds to 25 % and polymer content to 12 %, po-
tentially toxic compounds can appear in oil (2). 

The hazardous compounds presently identified are
potentially carcinogenic molecules, such as carbonyl
compounds or monoepoxides, and some aldehydes

produced from linoleic acid. For example, 4-hydroxy-
2-transnonenal has been proven to be cytotoxic (2, 37).

Frying process also can produce trans fatty acids
(TFAs). TFAs are defined as unsaturated fatty acids
that contain non-conjugated carbon–carbon double
bounds in the trans configuration and epidemiologic
studies suggested that there is a relationship between
the level of these compounds intake and the risk of
cardiovascular disease (38, 39).

TFAs formation in the oil during frying have been
investigated (39, 40, 41). According to these studies,
degrees of TFAs formation during frying depended on
three main factors: frying condition, frying materials
and the methods of TFAs measurements (39).

Changes in protein content 
Nutritive value of food proteins is a combination

of quality and quantity. Quality represents functional
content of the protein consumed and used by the or-
ganism. Quantity represents the protein content in the
food. Heat treatment can reduce the amount of protein
and destroy some amino acids, changing the quality of
protein composition in food (42).

Nevertheless, the protein content increased after
frying in grass carp fillet (43). In another study, pro-
teins of the fried sardine were higher than those of the
untreated ones. This may be due to the formation of
new products similar to protein during the frying pro-
cesses and could have influenced the determination of
protein content using Kjeldahl method (44, 45). 

The frying process reduced the amino acid con-
tents, with the lowest value was obtained in samples
fried in palm oil (46). Deep-fat frying had been repor-
ted to decrease the available lysine of fish fillets by
about 17% and by 25% when the fish oil had been
used for continuous frying for 48 h as a result of inter-
actions between the amino group of lysine and car-
bonyl compounds (46).

Netherless, no significant effect of the frying prac-
tices was found on the amino acid content (lysine, his-
tidine, threonine, valine, methionine, leucine,
isoleucine, phenylalanine, arginine, aspartic acid, se-
rine, glutamic acid, proline, glycine, alanine, cystein
and tyrosine) of selected fishes (45). A study on the
amino acid contents of raw, cooked and fried fishes no
found differences in individual amino acids as result
of frying (47).

In general, the content of protein is increased by
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the frying process due the effect of concentration, be-
cause frying is also a process of dehydration. In rela-
tion of essential aminoacids, there is no agreement in
the literature about it loss. However, lysine is the first
aminoacid involved in Maillard reaction, so it is sup-
posed to be lost during frying process.  

Content of minerals 
The content of minerals seems to have no signifi-

cant loss. Studies found that minerals are relatively
preserved by frying, especially at high temperatures
(165 to 185 oC), and short cooking time (48, 49). Öze-
ren and Ersoy (50) evaluated fish processing and ob-
served a small increase in the concentration of
minerals such as Na, K, Ca, Mg, Fe and Zn after
frying, probably due to a concentration effect. In a
study with rainbow trout fillets the minerals (Na, Ca,
Mg, K, P, Fe and Zn) increased significantly during
the frying process (51).

Another study determined the effects on the content
of minerals and heavy metals of frying frozen seafood.
The process of frying increase  significantly the con-
tent of macro and microelements as well as the content
of heavy metals (Na, Mg, Ca, Cu, Fe, Zn, Pb,  Cd and
Hg ), except for K and Mg content in mussels and
shrimps, respectively (52). How was related to protein,
the content of some minerals can increase with frying
due the effect of concentration.

Changes in vitamin content and degradation 
of antioxidants
Vitamins are thermosensitive and their oxidation

depends on the internal temperature of the food and
frying process. Vitamin C usually is the most thermo-
sensitive. Among B group vitamins, thiamine, ribofla-
vin, niacin and B6 are the most frequently affected by
the process (15). 

Biswas and Nanni (53) reported moderate loss of
vitamin C when frying fruits in soybean oil. Loss of
vitamins is caused by high temperatures or enzymatic
oxidation during the preparation process or long pe-
riods of frying (54). Speek et al. (55) investigated the
effect of processing on carotenoids in vegetables, in-
dicating an average loss of 14 % and 24 % for vitamin
A activity in boiling and frying, respectively. 

Manorama and Rukmini (56) investigated the ef-
fects of processing on the preservation of beta-caro-
tene in palm oil. Total beta-carotene was eliminated in

the first frying operation, but the mixture of other
types of carotenes, even with some losses, was still
found in the oil. Some carotene oxidation products
were identified in heated palm oil, indicating that the
loss of beta-carotene during frying is probably partly
due to the oxidation of the compound (57,58).

Retinol, carotenoids and tocopherols are destroyed,
changing oil flavor and color. However, preferential
oxidation of tocopherols has a protective (antioxidant)
effect which is particularly important, since the majo-
rity of the frying oils is of vegetable origin, showing
great amounts of unsaturated, rapidly oxidized fats (4).
In oils with different unsaturation degrees, degradation
was significantly higher when tocopherols were ab-
sent, can to be related with tocopherols type (59). Kou-
rimska and Gordon (60) reported that the content of
α-tocopherol was lost more quickly than other toco-
pherols of canola oil, with a 50 % reduction after 4-5
frying operations.

The influence of home cooking methods, such as
frying on the antioxidant activity of vegetables was
evaluated. Garlic showed losses higher than 50%, as-
paragus between 30% and 40%, Swiss chard, cauliflo-
wer, and pepper between 5% and 30% considering
ABTS radical scavenging capacity (53). 

Alterations in starch and indigestible
polysaccharides (fibers)
The most common polysaccharide in food is starch.

Amylose and amylopectin dissolve in water with heat
forming a polymer network, leading to starch gelati-
nization (33). Gelatinization occurs after denaturation
of globular proteins at high temperatures and involves
carbohydrates, proteins, lipids and water (33). 

When raw potato products are fried, changes in
starch are very important. Starch granules are rapidly
gelatinized upon contact with hot oil. The rigid struc-
ture of raw potatoes is lost in 1–2 min, and the fried
chips become soft. On further heating, a firm crispy
crust is formed on the surface of fried particles, which
is highly appreciated by the consumer. On the surface
of chips, where the water content is much lower than
in internal layers, the gelatinization is not so intense,
so starch granules partially retain their crystalline
structure (61).

Studies about the dietary fiber content indicated
that cooking of frozen French fries had no effect on
starch composition compared with fresh samples,
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while frying significantly increased the percentage of
resistant starch, partially attributed to the formation of
amylose-lipid complex (62), increasing fiber content. 

High-molecular-weight non-starch polysaccharides
(dietary fiber) decompose during the preparation of
French fries, especially in the case of low-specific gra-
vity tubers. However in some cases dietary fiber in-
creased during frying, possibly caused by the
formation of melanoidins or other indigestible com-
pounds. Besides, polysaccharides form a compact film
on the surface at the beginning of the heating process,
preventing fat migration into the fried food and loss
of water (61, 63).

Changes of the oil caused by heating
The chemical reactions occurred during deep-fat

frying involve hydrolysis, oxidation, isomerization
and polymerization (Table 2)  resulted in the genera-
tion of free fatty acids, small molecular alcohol, al-
dehyde, ketone, acid, lactone and hydrocarbon,
diglyceride and monoglyceride, cyclic and epoxy
compounds, trans isomers, monomer, dimmer, oligo-
mer (23, 64).

The degree of unsaturation of the fatty acids is the
main factor affecting the oxidative stability of oil/fat.
In general, oils that are more unsaturated oxidize more
rapidly than less unsaturated ones. Minor components
such as metals, free fatty acids, mono- and diacylgly-
cerols can negatively affect frying stability of oil (65).

Reused oil gives better characteristics to the fried
product, compared with oil that did not undergo tem-
perature changes, because of the polar compounds that
impregnate the food surface, providing flavor, impro-

ving contact between the oil and water on the surface
of the product, and catalyzing heat transfer (66). Ho-
wever, the quality of the oil is affected when it is used
for long periods. In continuous commercial produc-
tion, oil is retained in the product and should be con-
tinuously replaced, and non-volatile products formed
should be removed by filtration in order to maintain
the oil quality (4). 

Free fatty acids, mono- and diglycerides are
hydrolysis products and represent about 2.5 to 4 % of
the acidity of disposable oil. Its oxidation and reacti-
vity rate is generally higher than triacylglycerols, ma-
king it easier for changes to take place. Free acidity in
oil is a measure commonly used to control the quality
of frying oils. Free fatty acids are also negative factors
because they lower the smoke point (4).

Depending on the amount of water that the frying
process removes from the food and that is mixed with
triacylglycerols (TAG), these compounds may be
hydrolyzed and  form free fatty acids (FFA), mono-
acylglycerols (MAG) and diacylglycerols (DAG)
and/or be oxidized by incorporation of oxygen from
the surface, forming peroxides, hydroperoxides, con-
jugated dienes, epoxides, hydroxides and ketones.
These compounds may be decomposed in small frag-
ments or remain in the TAG molecule and bind with
each other, leading to TAG dimers, polymers (5, 31). 

Final Considerations
The interactions between frying oil and fried food

are of great relevance for nutritional quality of the final
product. Foods are complex and heterogeneous matri-
xes, and all changes produced by frying occur simul-

TABLE 2. Main groups of compounds formed in oils during the frying process
Type of change Causative Agent New compounds formed
Hydrolytic Moisture Free fatty acid

Diacylglycerols 
Monoacylglycerols

Oxidative Air Oxidized monomers
Oxidized dimers and polymers
Volatile compounds (aldehydes, ketones, hydrocarbons)
Sterol oxides

Thermal Temperature Dimers and non-polar polymers
Cyclic Monomers
Trans isomers and position isomers

Source: Navas (17).
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taneously and contribute to the development of color,
taste, texture and quality of fried products. Depending
on the composition of the food, there may be a predo-
minance and/or intensification of a particular reaction,
which is difficult to delineate and analyze separately.
The frying process can cause changes in the structure
of labile nutrients, such as proteins, vitamins and an-
tioxidants. Some compounds produced during frying
process such as trans-fat acid and acrylamide are a pu-
blic health problem. It is therefore very important to
identify and evaluate their effects on human health and
also how to reduce the production of these compounds
during frying.

REFERENCES
1.     Ngadi M, Xue J, Food Frying: Modifying the Functio-

nal Properties of Batters. In: Novel Food Processing:
Effects on Rheological and Functional Properties,
Ahmed, J., Ramaswamy H.S., Kasapis S., Boye J.I.B.
(Eds), CRC Press, Canada. 2009, p. 437-457. 

2.     Ziaiifar AM, Achir N, Courtois F, Trezzani I, Trystram
G: Review of mechanisms, conditions, and factors in-
volved in the oil uptake phenomenon during the deep-
fat frying process.  Int. J. Food Sci. Tech. 2008; 43:
1410–1423. 

3.     Sanibal EAA, Filho JM.: Physical, chemical and nu-
tritional oils subjected to the frying process. Food. In-
gred. South Am. 2002.

4.     Fellows PJ: Food processing technology. Principles
and Practice, Artmed, São Paulo, Brazil; 2006, P. 608. 

5.     Del Ré PV, Jorge N.: Behavior of vegetable oils for
frying discontinuous frozen pre-fried products. Ciênc.
Tecnol. Aliment. 2006; 26: 56-53. 

6.     Ans VG, Mattos ES, Jorge N.: Quality assessment of
frying oils used in restaurants and similar. Ciênc. Tec-
nol. Alim. 1999; 19: 413-419. 

7.     Corissin MS, Jorge N.: Oxidative changes in oils from
cottonseed, sunflower and palm oil used for frying fro-
zen cassava. Alim. Nutri. 2005; 17: 25-34. 

8.     Albuquerque TG, Sanches-Silva A, Santos L, Costa H.
An update on potato crisps contents of moisture, fat,
salt and fatty acids (including trans-fatty acids) with
special emphasis on new oils/fats used for frying. In-
ternational Journal of Food Sciences and Nutrition.
2012; 63: 713–717.

9.     WHO. World Health Organization. Diet, nutrition and
the prevention of chronic diseases. Report of a Joint
WHO/FAO Expert Consultation. WHO Technical Re-
port Series No. 916. Geneva: WHO. 2003.

10.   Combe N, Rossignol-Castera A.: Vegetable oils and
frying. Cahiers de Nutrition et de Diététique. 2010;  45

: 44-51. 
11.   Moreira RG, Castell-Perez ME, Barrufet MA.: Deep-

fat frying: Fundamentals and applications. MD: Aspen
Publishers, Gaithersburg, 1999, p. 350.

12.   Mallikarjunan PK, Ngadi MO, Chinnan MS.: Breaded
Fried Foods. CRC Press, Boca Raton, FL, 2010, p.
179. 

13.   Sikorski ZE.: Chemical and Functional Properties of
Food Proteins, Z.E. Sikorski, (Ed.), Technomic Publis-
hing Company. 2001, p. 490.

14.   Tynek M, Hazuka Z, Pawlowicz R, Dudek M.: Chan-
ges in the frying médium during deep-frying of food
rich in proteins and carbohydrates.  J. of Food Lipids.
2001;  251-261.

15.   Reda S.Y.: Comparative study of vegetable oils sub-
jected to the thermal stress. Master Dissertation, Uni-
versidade Estadual de Ponta Grossa, 2004.

16.   Davis HT.: Factors Determining Emulsion Type:
Hydrophile-lipophile Balance and Beyond. Colloids
Surfaces. 1994; 91: 9-24. 

17.   Navas SJA.: Optimización y control de la calidad y es-
tabilidad de aceites y productos de fritura. PhD Thesis,
Universidade de Barcelona, 2005.

18.   IARC. IARCMonographs on the evaluation of carci-
nogenic risks to humans, WHO, Some industrial che-
micals, acrylamide. 1994; 60:389–433.

19.   Stadler RH, Blank I, Varga N, Robert F, Hau J, Guy
PA.: Acrylamide from Maillard reaction products. Na-
ture. 2002; 419: 449–450.

20.   Kalita D, Jayanty S.: Reduction of acrylamide forma-
tion by vanadium salt in potato French fries and chips.
Food Chemistry, 2013; 138: 644–649.

21.   Miao YT, Zhang HJ, Zhang LL, Wu, AJ, Sun YJ, Shan
Y, Yuan Y.: Acrylamide and 5-hydroxymethylfurfural
formation in reconstituted potato chips during frying.
J Food Sci Technol, 2013. 

22.   Zamora R, Hidalgo FJ: Coordinate contribution of
lipid oxidation and maillard reaction to the nonenzy-
matic food browning. Critical Reviews in Food
Science and Nutrition, 2005; 45: 49–59. 

23.   Velasco J, Marmesat S, Dobarganes CM: Chemistry
of frying. In: Advances in Deep Fat frying of foods,
Sahin, S., Sumnu, S. G., CRC Press, Boca Raton, FL,
2008, p. 33-51.

24.   Moretto E, Fett R.: Technology of Vegetable Oils and
Fats. Varela,  São Paulo, Brazil, 1998, p. 150.

25.   Boskou D. Frying fats. In: Chemical and functional
properties of food lipids. Sokorski ZE, Kolakowska A.
CRC Press. 2002, p. 385. 

26.   Morales MT, Rios JJ, Aparicio R: Changes in the Vo-
latile Composition of Virgin Olive Oil During Oxida-
tion:Flavors and Off-Flavors. J. Agric. Food Chem.
1997; 45: 2666–2673.



12 BORDIN et al.

27.   Kiritsakis AK. Flavor Components of Olive Oil—A
Review. J. Am.Oil Chem Soc. 1998; 75: 673-681. 

28.   Solinas M, Angerosa F, Camera L. Oxidation Progress
in Vegetable Oils During Frying: Determination of Vo-
latile Components by HRGC and HPLC. Riv. Ital.
Sost. Grasse. 1998; 65: 567–574. 

29.   Dobarganes MC, Velasco J, Dieffenbacher A.: Deter-
mination of polar compounds, polymerized and oxidi-
zed triacylglycerols and diacylglycerols in oils and
fats. Pure Applied Chem. 2000; 72: 1563-1575.

30.   Jorge N, Soares BBP, Lunardi VM, Malacrida CR.:
Physical-chemical alterations of sunflower oils, corn
and soybeans for frying, Quím. Nova. 2005; 28: 947-
951.

31.   Del Ré PV, Jorge N.: Behavior of sunflower oil, soy-
beans and corn for frying of breadedmeat product pre-
fried frozen, Ciênc. Agrotec. 2007; 31: 1774-1779.

32.   Paul S, Mittal GS.: Regulating the use of degraded
oil/fat in deep-fat/oil food frying, Crit. Rev. Food Sci.
Nutr. 1997; 37: 635-662. 

33.   Belitz HD, Grosch W.: Química de Los Alimentos,
Acribia, Zaragoza,  1997, p. 1087.

34.   Mellema M.:  Mechanism and reduction of fat uptake
in deep-fat fried foods. Trends Food Sci. Tech. 2003;
14: 364–373.

35.   USDA. United States Department of Agriculture.
2013. http://ndb.nal.usda.gov/ndb/foods/show/6572
Acessed in 09/06/13.

36.   Myers AS, Brannan RG.: Efficacy of fresh and dried
egg white on inhibition of oil absorption during deep
fat frying. Journal of Food Quality, 2012; 35: 239–246.

37.   Seppanen CM, Saari Csallany A. Formation of 4-
hydroxynonenal, a toxic aldehyde, in soybean oil at
frying temperature.  J. of the Am. Oil Chemists’ So-
ciety. 2002; 79: 1033–1038. 

38.   Mozaffarian D, Pischon T, Hankinson SE, Rifai N,
Joshipura K, Willett WC. Dietary intake of trans fatty
acids and systemic inflammation in women. American
Journal of Clinical Nutrition, 2004; 79: 606–612.

39.   Tsuzuki W, Matsuoka A, Ushida K. Formation of trans
fatty acids in edible oils during the frying and heating
process. Food Chem. 2010; 123: 976–982.

40.   Aladedunye FA,  Przybylski R.: Degradation and nu-
tritional quality changes of oil during frying. Journal
of American Oil Chemist’s Society, 2009; .86: 149–
156  

41.   Bansal G, Zhou WB, Tan TW, Neo FL, Lo HL.: Analy-
sis of trans fatty acids in deep frying oils by three dif-
ferent approaches. Food Chemistry, 2009; 116:
535–541.

42.   Henry CJK.: Impact of fried foods on macronutrient
intake, with special reference to fat and protein. Grasas
y Aceites. 1998; 49: 336-339. 

43.   Zhang J, Wu D, Liu D, Fang Z, Chen J, Hu Y, Ye X.:
Effect of cooking styles on the lipid oxidation and fatty
acid composition of grass carp (ctenopharynyodon ide-
llus) fillet. Journal of Food Biochemistry, 2013; 37:
212–219.

44.   Deman JM.: Principles of Food Chemistry, 3rd ed.,
Aspen Publishers, Inc., Gaithersburg, MD, 1999, pp.
118-49. 

45.   Ismail A. Ikram EHK.: Effects of cooking practices
(boiling and frying) on the protein and amino acids
contents of four selected fishes. Nutrition & Food
Science. 2004; 34: 54-59.

46.   Oluwaniyi OO, Dosumu OO, Awolola GV.: Effect of
local processing methods (boiling, frying and roasting)
on the amino acid composition of four marine fishes
commonly consumed in Nigeria. Food Chemistry,
2010; 123: 1000–1006.

47.   Steiner-Asiedu M, Daniel A, Njaa LR.: Effects of local
processing methods (cooking, frying and smoking) on
three fish species from Ghana: part 2 – amino acids
and protein quality, Journal of Food Chemistry, 1991;
41: 227-36.

48.   Gokoglu N, Yerlikaya P, Cengiz E. Effects of cooking
methods on the proximate composition and mineral
contents of rainbow trout (Oncorhynchus mykiss),
Food Chem. 2004; 84: 19–22. 

49.   Avallone S, Rojas-Gonzalez J, Trystram G, Bohuon P.:
Thermal Sensitivity of Some Plantain Micronutrients
during Deep-Fat Frying.  J. Food Sci. 2009; 74.

50.   Ozeren A, Ersoy B.: The effect of cooking methods on
mineral and vitamin contents of African catfish.  Food
Chem. 2009; 115: 419-422.

51.   Asghari L, Zeynali F, Sahari MA.: Effects of boiling,
deep-frying, and microwave treatment on the proxi-
mate composition of rainbow trout fillets: changes in
fatty acids, total protein, and minerals. J. Appl. Ichth-
yol. 2013: 1–7.

52.   Czech A, Stachyra K.: Effect of processing treatments
(frozen, frying) on contents of minerals in tissues of
‘frutti di mare’. International Journal of Food Science
and Technology, 2013, 48: 238–245.

53.   Jimenez-Monreal AM, Garcia-Diniz M., Martinez-
Tome M, Marical M, Murcia A.: Influence of Cooking
Methods on Antioxidant Activity of Vegetables. J.
Food Sc. 2009; 74: 97-103.

54.   Somsub W, Kongkachuichai R, Sungpuag P, Charoen-
siri R.: Effects of three conventional cooking methods
on vitamin C, tannin and myo-inositiol phosphates
contents in selected Thai vegetables. J. Food Comp.
Anal. 2008; 21: 187–197. 

55.   Speek AJ, Speek-Saichua S, Schreurs WHP.: Total ca-
rotenoid and b-carotene content of Thai vegetables and
effect of processing. Food Chem. 1998; 27: 245–257.



13CHANGES IN FOOD CAUSED BY DEEP FAT FRYING – A REVIEW

56.   Manorama R, Rukmini C. Nutritional evaluation of
crude palm oil. J. Oil Tech. Association; 1991; 22:
83-87.

57.   Wong KC. Oxidation of some components of palm oil.
In: International Developments in Palm Oil, W. Newall
& DA Earp (Eds.), 1977,  pp. 187-202. 

58.   Fillion L, Henry CJK.: Nutrient losses and gains du-
ring frying: a review. Int. J. Food Sci. Nutr. 1998; 49:
157-168. 

59.   Barrera-Arellano D, Ruiz-Méndez MV, Velasco J,
Márquez-Ruiz G, Dobarganes M.C.: Loss of tocophe-
rols and formation of degradation compounds at frying
temperatures in oils differing in unsaturation degree
and natural antioxidant content.  J. Sci. Food Agric.
2002; 82: 1696-1702.

60.   Kourimska L, Gordon MH.: The effects of antioxi-
dants on changes in oils during heating and deep
frying. J. Sci. Food Agric. 1995; 68: 347-353.

61.   Boskou D, Elmadfa I.: Frying of Foods: Oxidation,
Nutrient and Non-Nutrient Antioxidants, Biologically
Active Compounds and High Temperatures, CRC
Press, New York, EUA: 2010, p. 276.

62.   Asp N, Bjorck I.: Resistant starch, Trends Food Sci.
Tech. 1992; 3:  111-113. 

63.   Rimac-Brnčić S, Lelas V, Rade D, Šimundić B.: De-
creasing of oil absorption in potato strips during deep
fat frying.  J. Food Eng. 2004; 64: 237–241. 

64.   Zhang Q, Saleh SM, Chen J, Shen Q.: Chemical alte-
rations taken place during deep-fat frying based on
certain reaction products: A review. Chemistry and
Physics of Lipids. 2012; 165: 662– 681.

65.   Aladedunye FA, Przybylski R.: Minor components in
oils and their effects on frying performance. Lipid
Technology, 2013; 25: 87-90.

66.   Blumenthal MM.: A new look at the chemistry and
physics of deep-fat frying. Food Tech. 1991; 45:
68–71.

67.   Pokorny J.: Substrate influence on the frying process.
Grasas y Aceites. 1998; 49: 265-270.

                                                     Recibido:     26-02-2013
                                                     Aceptado:    13-06-2013

COMPLETE SU COLECCION DE
ARCHIVOS LATINOAMERICANOS DE NUTRICION.           .

Apreciado suscriptor:
Ofrecemos la oportunidad de completar su colección de ALAN a precios reducidos

Escribanos indicando los ejemplares (Volumen y Número) faltantes en su colección a:

O F I C I N A   E D I T O R I A L
                                                           Apartado 62778                     
                                                           Chacao
         Fax: (58-212) 286.0061           Caracas 1060            email: info@alanrevista.org
                                                           Venezuela

Usted recibirá confirmación de disponibilidad y una cotización de precios


