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ABSTRACT

The purpose of this research study was to determine if unhydrogenated cottonseed
oil was suitable for the deep-fat frying process and to determine the nutritional
characteristics of the cottonseed oil and the french fries cooked in the oil. Cottonseed oil,
partially hydrogenated canola oil and partially hydrogenated soybean oil were subjected to
a temperature of 177°C for 8 hours per day and 6 batches of french fries were fried per
day for 5 consecutive days. French fries were weighed prior to frying, cooked for 5
minutes, allowed to drain, and reweighed. Oil was not replenished, filtered once per day,
and weighed daily before and after frying. Both the oil and the french fries were evaluated
to determine color, fatty acid profiles, trans fatty acids, crude fat, and moisture. The
french fries were analyzed for total polar materials and the oil was analyzed for iodine
values, peroxide values, p-anisidine values, free fatty acids and totox values.

No significant differences were found among oil types for loss of oil during
cooking, weight of french fries before and after cooking, color, moisture, and crude fat.
Iodine values for all three oil types were significantly different. Both canola oil and
soybean oil had significantly lower iodine values than cottonseed oil due to being partially
hydrogenated. Free fatty acid values were not significantly different for the three oil types.
Cottonseed oil, regardless of days of frying, had higher peroxide values, p-anisidine values
and totox values compare to canola oil and soybean oil, indicating an increased presence
of primary and secondary oxidation products. However, as days of frying increased, values

for all three oils trended closer together. There were no significant differences in total

viii



polar materials for french fries cooked in the three oils. Fatty acid profiles for both the
french fries and the oil remained relatively stable as frying days increased. The analytical
tests indicated that none of the three oil types reached a highly deteriorated state.
Cottonseed oil was significantly lower in trans fatty acids than the other oils, as were the
french fries prepared in the oil. Cottonseed oil appeared to be as stable as canola oil and
soybean oil, however the oils would need to be stressed to a much greater degree to
confirm this. In regard to dietary components associated with potential negative health
effects, french fries cooked in cottonseed oil were slightly higher in saturated fatty acids,

but markedly lower in trans fatty acids than those cooked in canola oil and soybean oil.
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CHAPTER 1

INTRODUCTION

Vegetable sources account for approximately 85% of the fats and oils consumed in
the U.S. today (O’Brien 1998). Many vegetable oils compete in the American market
including cottonseed oil. Cottonseed oil was the preferred vegetable oil in the U.S. in the
1950’s, until soybean oil overtook the market due to lower production costs. Consumers
expect that food service establishments and processors will provide them with healthy
food choices in addition to quality flavor, mouthfeel, and texture. Despite the negative
health effects, deep-fat fried snack foods remain very popular among consumers. The
unique sensory qualities found in foods that are deep-fat fried can not be duplicated by any
other cooking method. In particular, french fries remain a very popular food item in the
American diet. On average, each person in the United States consumes approximately
13.6 kg (30 pounds) of french fries every year (Ebersole 2002). Therefore, the food-
service industry has the difficult task of providing the popular french fry in the healthiest
form possible. This task may appear to be an oxymoron, however, choosing the right oil
can be the key to providing a tasty and healthier french fry at a low cost.

Cottonseed oil could be a superior choice to meeting the above requirements. One
reason is that cottonseed oil enhances the flavor of foods cooked in it (Jones and King
1993). It is well established that cottonseed oil produces the most flavorful potato chip on

the market. Another reason is that it is not necessary to hydrogenate cottonseed oil to



increase its stability. Sheaffer (1998) compared the frying performance of cottonseed oil
and canola oil using french fries. It was found that unhydrogenated cottonseed oil had
similar stability characteristics as compared to hydrogenated canola oil. Because it is not
necessary to hydrogenate cottonseed oil, it results in a fried food product with a low
concentration of trans fatty acids. Trans fatty acids have been implicated in causing heart
disease. It has also been postulated (Sheaffer 1998) that foods fried in cottonseed oil
absorb less fat than foods fried in other oils.

This research will build upon previous studies by evaluating the frying performance
of cottonseed oil using french fries and comparing it to partially hydrogenated canola oil
and partially hydrogenated soybean oil. Research conditions will simulate the food service
setting as close as possible in order to produce results that can be applied commercially.
The chemical characteristics of unhydrogenated cottonseed oil will be compared to that of
hydrogenated canola and hydrogenated soybean oil throughout the study period to assess
the nutritional value and stability characteristics of the oils. The amount of oil loss will
also be determined by physical measurement in addition to compositional evaluation. The
goal of this research will be to provide scientifically valid data in order to determine if
there are benefits to using cottonseed oil as a substitute for the partially hydrogenated oils

commonly used as a deep-fat frying medium by the restaurant industry.



Objective

The objective of this study is to provide scientifically valid data on the physical,
chemical and stability characteristics of cottonseed oil as a deep-fat frying medium for use

by the restaurant industry.

Statement of problem and significance

To determine the attributes of cottonseed oil as a deep-fat frying medium for use in

the food service industry.

Hypotheses
The two hypotheses tested are stated below:

1. Cottonseed oil as a frying medium has stability characteristics that differ from

hydrogenated canola oil and/or hydrogenated soybean oil.

2. The composition of french fries fried in cottonseed oil differs from french fries fried in

hydrogenated canola oil and/or hydrogenated soybean oil.



CHAPTER II

REVIEW OF LITERATURE

History of cottonseed oil

Prior to the civil war, surplus cottonseed was only utilized as feed for cattle or as
fertilizer on depleted cotton and corn fields (Wrenn 1995). Rotting cottonseed became
such a problem in the south that several states passed laws to regulate its disposal. During
the 20th century, this supposedly “worthless” cottonseed became the second most
precious cash crop in the South. This was due to the manufacture of cottonseed into
marketable commodities.

Salunkhe et al. (1992) describe the vast utilization of cottonseed. Cottonseed hulls
are used as roughage in livestock feeds and are used for a variety of other purposes such
as fuel for oil mills, insulation material and soil conditioner. Cottonseed meal is used in
the textile industry and is also used as an adhesive. Cottonseed proteins are used as a
nutritious protein source for human consumption. The manufacture of salad and cooking
oils, shortenings and margarine comprise almost the entire market for cottonseed oil. The
remainder of the oil is used in the manufacture of non-edible items such as soap, and it is
also used to pack fish and cured meats.

Cottonseed oil was used to produce the first hydrogenated-all vegetable shortening
product for the retail trade (Wrenn 1995). Crystallized cottonseed oil (Crisco®), was
introduced in the early 1900s by Proctor & Gamble who had a patent on the

hydrogenation process (Wrenn 1995). Once hydrogenation became accessible to other



manufactures, less expensive, lower grade oils were able to compete in the market.
Nationally, cottonseed oil competes with soybean oil, corn oil, peanut oil, sunflower oil,
safflower oil, and some animal fats (NCPA 1990). Cottonseed oil must compete
internationally with coconut oil from Southeast Asia, palm oil from Malaysia, African
peanut oil, olive oil from the Mediterranean basin, European sunflower oil and Canadian
rapeseed oil (NCPA 1990). The dominant position of cottonseed oil in the early 1900’s
started to decline secondary to the advent of improved processing methods
(hydrogenation and deodorization) that greatly improved not only the quality of
cottonseed oil but other oils as well. In addition, the increased use of cottonseed for cattle
feed has decreased cottonseed oil production (Jones and King 1993).

Cottonseed oil remains fifth in world production due to the competition from these
other oils (Jones and King 1993). Cottonseed oil is difficult to market because its supply
relies on cotton production, which can be variable according to climate conditions. This is
a disadvantage to customers who rely on a stable supply of oil to support their finished
products (Jones and King 1993). During the period from the 1940’s to the 1960’s, the
encouragement of soybean production to increase the supply of protein caused cottonseed
oil prices to be placed at a disadvantage (Smith 1962). According to the USDA (1988)
cottonseed oil is perceived as an expensive oil due to its exceptional performance
characteristics in food applications, however, it can be priced lower than soybean and
other oils. Typically, oil prices around the world are closely related and remain

competitive with each other (NCPA 1990).



Processing of cottonseed

Jones and King (1993) describe the processing of cottonseed oil:

1. Cottonseed is cleaned by a variety of screening methods.

2. Linter fibers are removed mechanically using cottonseed delinter machines. Lint must
be removed in order to improve the yield of the oil. Lint comprises approximately
8.6% of the seed.

3. Hulls are removed from the seed to improve the protein quality of the meal produced
and prevent oil sorption by the hulls. The hulls are removed by either a bar huller or
seed decorticator.

4. Reduction involves flaking or reducing the size of the meat once the hulls are removed
in order to simplify oil removal. Seeds can either be flaked by passing through two
side-by-side rollers or more commonly, by passing through a series of five crushing
rollers.

5. The seeds are cooked in steam-jacketed kettles in two separate phases. The first phase
utilizes a temperature of 88°C while the second phase utilizes a temperature range of
110°C-132°C. The final moisture content of the seeds is between 3-6%, depending on
which extraction method is used. Cooking breaks down cell walls which allows the oil
to escape, reduces oil viscosity, controls moisture content, inactivates enzymes, kills
microorganisms, detoxifies gossypol and binds phosphatides (Ward 1976).

6. Three methods are used in the industry to extract oil: screw press, solvent method, or a
combination of the two. The solvent method, which uses hexane, is the most

common.



Refining of cottonseed oil

To be utilized as a human food source raw cottonseed oil must be refined to
remove impurities, which ensures desirable flavor, color and stability characteristics.
Refining is the most important step in the purification process of oil and involves removing
the nonglyceride components such as phospholipids, color, and trace metals and free fatty
acids (Jones and King 1993). The process mixes alkali and oil to form soaps. The non-
glyceride components contained in the soap are then removed by using centrifugation and
hot water washings (NCPA 1996). Bleaching furthers the purification process which
involves the removal of color bodies, trace metals, and soaps by using bleaching clays that
absorb the impurities (Jones and King 1993).

Deodorization is an essential step in the refining process. The process removes
volatile compounds that can produce off-odors and off-flavors, leaving the oil with a 0.01-
0.03% free fatty acid content and a zero peroxide value (Gavin 1978). This process was
perfected by David Wesson in the twentieth century who exposed the oil to superheated
steam in a vacuum (Wrenn 1995). Along with free fatty acids, aldehydes, ketones,
alcohols and hydrocarbons associated with undesirable flavors and odors produced by
autoxidation are removed (Jones and King 1993). Cottonseed oil can be deodorized at
lower temperatures, resulting in less loss of tocopherols that are natural antioxidants that

help retard oxidation (NCPA 1996).



Manufacturing of cottonseed oil

Depending on the intended use of the oil, cottonseed oil can be winterized or
hydrogenated. Cottonseed oil must be winterized before being marketed as a salad oil to
remove the cloudiness caused by stearine (Wrenn 1995). Stearine solidifies at refrigerator
temperatures due to its saturated fat content. To produce a clear cottonseed oil, the oil is
cooled until the stearine precipitates.

Hydrogenation of oil increases the stability. This allows it to withstand high and
prolonged temperature abuse such as that which occurs in deep-fat frying. Hydrogenation
is the process by which hydrogen is added to unsaturated double bonds in a fatty acid
chain by reacting fatty acids with hydrogen gas in the presence of a catalyst.
Hydrogenation was developed in the early 1900s to produce a less costly solid vegetable
oil product to replace lard (American Society of Clinical Nutrition 1995). The purpose of
hydrogenation is to reduce the potential for oxidative damage, increase the stability of the
oil and to solidify the oil (Nawar 1996). The process increases the melting point of oils
and helps retard oxidation and flavor deterioration (Salunkhe et al. 1992). Hydrogenation
not only adds hydrogen to the double bond, it also results in migration of double bonds
and reconfiguration of some of the cis double bonds into trans double bonds. Trans fatty
acids are so named because the hydrogen atoms on the carbon atoms involved in the
double bond are on opposite sides of the carbon chain, whereas in naturally occurring
unsaturated fatty acids (cis isomers), the hydrogen atoms on the carbon atoms involved in

the double bond are on the same side of the carbon chain (Ascherio and others 1999).



Otls that require hydrogenation to increase stability are usually high in
polyunsaturated and monounsaturated fatty acids. Polyunsaturated fatty acids such as
linoleic and linolenic acids that have a tendency to oxidize and become rancid are reduced
during hydrogenation, which prolongs storage time (Ascherio et al. 1999). Oils that are
higher in saturated fats are more stable. Oil must meet a certain quality standard in order
for hydrogenation to be effective. The requirements are that the oil contain <0.1% free
fatty acids, <1.5 ppm soap and <0.1% moisture (Puri 1980). In addition, it should have a
low color and a peroxide value <10 meq/kg because polar pigments and oxidized ions can

act as catalyst poisons (Puri 1980).

Frying

Frying is one of the oldest cooking methods (Varela et al. 1988). Deep-fat frying is
commonly used by the food service industry. In the United States, the fried food industry
increased by approximately 88% between the years of 1979 and 1988 (Tettweiler 1991),
in spite of recommendations from organizations such as the American Heart Association
to limit intake of fried food

Deep-fat frying is the complete immersion of a product in heated oil. Many
complex changes occur in fats and oil during the frying process. Heat is transferred to the
food product by conduction and convection. Conductive heat transfer occurs within the
food under unsteady state conditions (Singh 1995). Convective heat transfer occurs
between the food and the surrounding oil (Singh 1995). Farkus (1994) proposed that the

frying process occurs in four different phases:



1. The characteristic of the initial heating stage is that the surface of the product
immersed in the oil reaches the same temperature as the boiling point of the liquid.
The mode of heat transfer is convection and this last only a few seconds with no
vaporization occurring from the surface of the food.

2. The surface boiling stage is initiated by the vaporization process. Forced convection is
the mode of heat transfer due to increased turbulence in the surrounding oil. The crust
begins to form on the surface of the food during this stage.

3. The falling rate is the stage that when the internal temperature of the food reaches the
boiling point and the most moisture leaves the internal region of the food. At this
point, the starch content of the internal region of the food begins to gelatinize and
cook. More moisture is lost and the crust layer continues to increase in thickness.

4. The bubble end-point is the final stage in the frying process. The moisture loss
diminishes, and no more bubbles are seen escaping from the surface of the product.

The crust layer continues to thicken.

Degradation

The more oxidatively stable oil is, the longer it can withstand the abuse it suffers
during the deep-fat frying process. Industry and food service operators expect highly
stable oil to reduce operation costs. The stability of the oil is directly related to how often
it must be replenished and/or completely changed out. In order to control the quality of
the end product and the life of the oil, this degradation process, or loss of stability, must

be understood.
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Oil degradation occurs simply through the aging process and use. The degradation
process of cooking oil is a five-phase process described by Blumenthal (1988) (Figure 1).
1. Break-in oil - white product; raw, ungelatinized starch at center of the fry; no cooked
odors; no crisping of the surface; little oil pickup by the food.

2. Fresh oil - slight browning at the edges of the fry; partially cooked centers; crisping of
the surface; slightly more oil absorption.

3. Optimum oil - golden-brown color; crisp, rigid surfaces; delicious potato and oil odors;
fully cooked centers (rigid, ringing gel); optimal oil absorption.

4. Degrading oil - darkened and/or spotty surfaces; excess oil pickup; product moving
toward limpness; casehardened surfaces.

5. Runaway oil - dark, case-hardened surfaces; excessively oily product; surfaces
collapsing inward; centers not fully cooked; off-odor and off-flavors (burned).

The longer an oil can stay in the optimum phase, the more useful and cost-effective it is

for commercial food service.

Visual degradation of the oil includes decreased smoke point, increased viscosity,
darkened color, and increased foaming (Gere 1983, Perkins 1967; Rock and Roth 1967;
Tangel et al. 1977). White smoke over frying oils is normal and is mostly steam. Blue to
gray smoke contains organics co-distilling with steam and can indicate that the oil needs to
be discarded. However, this condition cannot be used for quantification.

Viscosity is the ability of oil to resist flow. As the temperature increases, viscosity

decreases. Saturation and larger molecules, such as long chain fatty acids or polymerized

11
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Figure 1. Frying oil/food quality curve (Blumenthal 1988).
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thermal breakdown products, tend to increase viscosity (Jones and King 1993). As the
viscosity increases, foods tend to absorb more oil on the surface (Blumenthal 1996).

Foaming is used by food service establishments as an indicator that the oil needs to
be discarded. However, foods fried in oils prior to the appearance of foam may contain a
large amount of decomposition products such as polymers that alter the safety, flavor,
flavor stability, color and texture of the fried food (Chang et al 1978 ). By the time oil
foams, it has already been abused. High quality oil bubbles, it does not foam (Blumenthal
1996). Some oil processors will add an antifoaming agent such as dimethylpolysiloxane to
their oils to help minimize foaming.

The color of oil is often used as an indicator of quality, however, fresh (unused)
oils vary in color. Processing techniques and pigments such as carotene are responsible
for the differences in color between various fresh (unused) oils (Jones and King 1993).
Oils darken in color as they are heated and used for frying. This is due to the presence of
polymers and oil-soluble products from the fried food (Blumenthal 1996). Other factors
that influence oil color include the type and amount of food being fried, batch of the oil,
completeness of filtration, temperature, and the type of fryer (Takeoka et al. 1997). Since
there are so many factors involved in the determination of oil color, it should only be used
as a marker, not as the overall determinant of oil quality.

Visual analysis of the color of oil is commonly used, but it is highly variable.
Methods for expressing color numerically were developed by the CIE (Commission
Internationale d’Eclairage), an international organization concerned with light and color

(Minolta 1993). The two most commonly used methods to express color numerically are
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the Yxy color space, devised in 1931 by CIE, and the L*a*b* color space, devised in 1976
to provide more consistent color differences in relation to visual differences. The L*a*b*
color values of liquid oil samples can be quantified using ultraviolet-visible
sphectophotometers (Maes et al. 1997). L* indicates lightness, and a* and b* indicate
chromaticity. The a* value is positive in the red direction and negative in the green
direction while the *b value is positive in the yellow direction and negative in the blue
direction (Minolta 1993). An L* value of 100 is equal to white, and the value of 0 is equal
to black. The a* value represents the color spectrum of red to green. The redness of a
sample is represented with a positive value of 100, while the greenness of a sample is
represented with a value of —100. The b* value represents the color spectrum of yellow to
blue. The yellowness of a sample is represented with a value of positive 100, while the
blueness of a sample is represented with a value of —100 (Minolta 1993). These values
can then be converted into everyday language represented by hue, lightness, and saturation
(chroma). Hue is the classification of red, yellow, blue, etc.; lightness represents bright

and dark colors; saturation describes whether a color is dull or vivid (Minolta 1993).

Chemical degradation of lipids

Chemical degradation can occur rapidly during the deep-fat frying process and
includes hydrolysis (lipolysis), oxidation, and polymerization (Clark and Serbia 1991).
Lipolysis involves cleavage of fatty acid chains from the glycerol molecule (hydrolysis),
resulting in release of free fatty acids. Free fatty acids can be responsible for off-odor and

off-flavor development. Lipolysis can occur enzymatically due to the reaction of lipids

14



with enzymes, or non-enymatically due to the presence of heat and water. Lipolysis is a
major problem in the deep-fat frying of foods and is secondary to the large amounts of
water introduced from the food while frying and the high temperatures used (Fennema
1985). Prior to harvest, the oilseed can contain large amounts of free fatty acids,
however, most of these are removed in the refining process. Free fatty acids that develop
during frying can cause problems such as decreased smoke point and surface tension of
the oil, thus reducing the quality of the fried food (Fennema 1985).

Lipid oxidation is the primary chemical degradation process and can produce both
satisfactory and unsatisfactory flavor compounds. Excessive lipid oxidation renders edible
oils and fat-containing foods unacceptable, reduces shelf life, and decreases the nutritional
quality of the food (Fennema 1985). However, a small amount of oxidation can actually
enhance the fried flavor. Autoxidation is the predominant oxidative reaction and is
described by Ho et al. (1996).

Autoxidation is a chain reaction initiated by a free radical mechanism. The
initiation reaction usually occurs not by the reaction of unsaturated fatty acids with
oxygen, but by the decomposition of hydroperoxide. This occurs in the presence of
catalysts such as metal, heat or exposure to light, or by singlet oxygen.

Propagation is the next step in the chain reaction after free radical formation.
Hydrogen radicals are removed from the double bond position and oxygen attacks to form
peroxy radicals. Hydroperoxides are then formed from hydrogen from other substrate
groups, these substrate groups go on to react with oxygen, and the chain reaction

continues.
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The process is terminated by the interaction between two free radicals. Many
decomposition compounds are formed and can be classified as volatile products —
hydrocarbons, aldehydes, ketones, furans, carboxylic acids; or nonvolatile products — polar
and nonpolar cyclic monomers, non-cyclic monomers, dimers, trimers, and higher
molecular weight compounds (White 1991).

“Oxidative rancidity” is the term used to describe fats and oils that have developed
objectional flavors and odors due to autoxidation. The degree of unsaturation, the
presence of antioxidants, and light affect the rate of oxidation. Hydrogenation is one
method used to retard oxidation by increasing the saturated fatty acid content of the oil.
Many oil processors add chelating agents to their oils, such as citric acid, to retard
oxidation caused by heavy metals (Institute of Shortening and Edible Qils 1999).
Cottonseed oil naturally contains tocopherol, which is an antioxidant that helps retard
oxidation (Salunkhe et al. 1992). Unprocessed cottonseed oil contains approximately 1000
ppm of tocopherols, however, up to one third can be lost during refining (Jones and King
1993). Various researchers have found levels of tocopherol in commercially refined
cottonseed oil to be between 633 ppm to 950 ppm (Sherwin 1976; List and Friedrich
1989; Slover et al. 1969). Some oil processors will add tertiary butylhydroquinone
(TBHQ) as an antioxidant. TBHQ gives oxidative stability to polyunsaturated oils
without creating problems of color or flavor stability (Fennema 1985). Processors also
protect fats and oils from light to prevent oxidation and increase shelf life.

Filtration also helps maintain the quality of oil. Reduced smoke point and increased

fat deterioration, especially an increase in free fatty acids, are associated with food
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particles present in the frying medium (Jones and King 1993). There are a variety of fryers
on the market, and thus vary in size, heating method, and cooking method. According to
Jacobson (1991) the most important part of the frying equipment is the filtration system.
The type and kind of filter influences the removal of “cracklings” which can ruin the
appearance of the fried food, darken the oil, and impose off-flavors. Use of filtering
powder polishes and neutralizes part of the free fatty acids (Jacobson 1991). Filtering
powder can be used to aid the filtering process and to improve the quality of the oil.
Filtering powder works by building up on the filter paper which traps more food debri,
improves the color of oil, and improves the stability of oil by reducing the amounts of free
fatty acids and total polar materials (Jones and King 1993). However, small amounts of
the soaps that form remain in the hot frying oil after filtration and can cause darkening and
undesirable flavor changes in the fat and products fried in the fat (Jacobson 1991).
Morton (1977) explained the polymerization process. It involves the formation
of new carbon-carbon linkages in the absence of oxygen. Cyclic fatty acids are produced
if the bonds are formed within one fatty acid. Development of bonds between two fatty
acids results in dimeric acids, either within one triglyceride molecule or between two
molecules. Formation of additional cross-links between these molecules produces
polymers with high molecular weight. Oils and fats form polymers when subjected to
extreme conditions of temperature and time, and occur in insignificant amounts under

normal cooking conditions (Institute of Shortening and Edible Oils 1999).
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Oil uptake

Americans are consuming large amounts of fats in the form of fried foods. Some
fried foods contain excessive amounts of fat. In some cases it can reach more than 45% of
the total product (Saguy and Pinthus 1995). Industries are hard pressed to provide quality
fried foods which contain a lower amount of fat. The amount of oil uptake a food item
possesses can greatly influence the fat content of that particular food. In today’s health
conscious environment, reducing the fat content of a product should greatly enhance its
acceptance. Reduced content of fat in the finished product is not the only reason to reduce
oil uptake. Studies questioning the safety of heated fats and oils are abundant in the
scientific literature (Clark and Serbia 1991). Oil extracted from the food contains more
polymers than the oil left in the fryer (Pokorny 1980). Excessive cooking conditions can
produce toxic compounds in fats and oils, however unacceptable sensory qualities occur
before the oil reaches this level of degradation (Clark and Serbia 1991).

Pinthus and others (1993) describe the factors reported to affect oil uptake.

These include oil quality, product and oil temperature, frying duration, the particular
foods’ shape, composition (e.g., solids, moisture, fat, protein), and porosity, pre-frying
treatments (e.g., blanching, drying), coating, surface roughness and others. To ensure that
oil uptake is related to the nature of the oil product used in frying food, the factors listed
above need to be strictly controlled.

It has been well documented that oil composition and quality influence oil uptake
(Abdel-Aal and Karara 1986; Blumenthal 1987, 1991; Pokorny 1980). When an oil

interacts with the food being fried, surfactants are formed which affect oil quality (Stier
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and Blumenthal 1990, 1993). Surfactants affect fat absorption and heat transfer at the oil-
food interface by reducing the surface tension of the oil (Saguy and Pinthus 1995).
However, fresh oils form very little surfactants, while the majority of surfactants are
formed in degraded oils (Blumenthal 1991).

The type of product being fried affects oil uptake. For example, potatoes are
known to absorb more oil than meat (Min and Smouse 1989). The most notable change in
the french fry during the frying process is a large amount of moisture loss and an increase
in the fat content (Table 1). Since french fries are one of the top selling menu items at
every menu price level in the restaurant industry (Anon 1982 a, b), if restaurants serving
them provide the lowest fat product possible it will have a major impact on fat
consumption by consumers.

Gamble et al. (1987) suggested that there is a linear relationship between moisture
loss and oil uptake throughout the deep-fat frying process. However, other research has
found no relationship between these two variables (Dupont et al. 1992). French fries that
are pre~-dried absorb less oil, however, this type of treatment may decrease sensory quality
(Gupta et al. 2000). Freezing french fries prior to frying will also decrease oil uptake

(Weaver et al. 1975).

Lab analyses

More than 400 different chemical compounds have been discovered in degraded,
heated oil (Gere 1982). There are many tests available to determine oil composition

throughout the various stages of decline. Sensory evaluation will remain the best

19



Table 1. Changes in the composition during frying of french fries'

Component Character of Changes
Water Substantial losses
Fat Pronounced increase (original fat is
negligible
Reducing sugars; sucrose Maillard reactions
Flavor Volatiles from Maillard reactions

Interactions with frying oil

Starch Gelatinization, dextrinization

Amino acids Formation of heterocyclic flavor substances,
mutagens

Proteins Denaturation

Minerals Slight decrease

'Pokorny 1999
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