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Vegetable Oils: Effects of Processing, Storage 
and Use on Nutritional Values 

R.E. LANDERS and D.M. RATHMANN, Best Foods Research and Engineering Center, 
Best Foods, A Unit of CPC North America, Union, NJ 07083 

ABSTRACT 

At the present time, vegetable oils are the source of most of the 
visible fat in the U.S. diet. They are used as salad and cooking oils, 
in salad dressing, margarine and shortening. Processing methods in- 

clude extraction, refining, hydrogenation and interesterification. 
During storage and use, the products are exposed to oxygen and/or 
heat, particularly during frying. Processing, storage and use are re- 
lated to changes in composition, nutritive value and physical char- 
acteristics of vegetable oils. Refining removes undesirable minor 
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components present in crude oils. Refined polyunsaturated vegeta- 
ble oils are the primary dietary source of tocopherols. Hydrogena- 
tion modifies physical characteristics and improves sensory and oxi- 
dative stability. This process converts some of the polyunsaturated 
fatty acids to new fatty acid isomers. Although the biochemical 
effects of these isomers are still being studied, long-term animal 
feeding trials and human experience have demonstrated that the 
partially hydrogenated oils in margarines and shortenings are whole- 
some foodstuffs. Abusive overheating of fat in air sharply decreases 
its palatability and nutritive value and may create minor amounts of 
carcinogenic materials. However, long-term animal feeding studies 
with properly used frying fats have revealed little, if any, effect on 
life span and incidence of pathological conditions. 

INTRODUCTI ON 

At the present time in the U.S., the primary vegetable oil 
source is soybean (1). Much smaller amounts of safflower 
and sunflower seed are processed for oil. Corn, cottonseed 
and peanut oils are by-products of other uses of the seeds. 
In addition, certain oils are imported,  primarily from 
warmer countries. Vegetable oils are the source of most  of 
the visible fat in the U.S. diet. They are used as salad and 
cooking oils, in salad dressings, margarine and shortenings 
(2). Processing methods include extraction, refining, hydro- 
genation and interesterification (2). In storage, the fat may 
be altered by exposure to air and during frying, the fat is 
subjected to both air and moisture at elevated tempera- 
tures. These can cause more or less oxidation, polymeriza- 
tion and hydrolysis. 

The major processing and use conditions are described 
and related to effects on composit ion and nutritive values. 

PROCESSING 
Extraction 

The first step in processing is separation of the oil from the 
source, i.e., soybeans, cottonseed, corn germ, dried coconut  
or other oil-rich plant material (2). Details of the process 
are different for each source, but the general pattern is the 
same for all. Historically, oil was expelled by pressing, with 
or without deliberate heating. At  present, the usual process 
is to roll the seed or germ into thin flakes (in which some 
oil is expelled) which are then extracted with hexane. This 
gives a higher yield of oil with generally fewer impurities 
and less heat damage. The hexane is distilled off and none 
remains in the crude oil. 

The crude vegetable oil consists of the desired tri- 
glycerides and unsaponifiables together with small amounts 
of other substances which contribute undesirable character- 
istics to the oil, such as color, flavor, odor, instability and 
foaming. Pesticides are a comparatively recent addition to 
this list but when one recognizes the almost universal use of 
pesticides, many of which are highly soluble in fats, their 
presence in crude, unprocessed vegetable oils should not  be 
surprising (3). 

Refining 

The first step in processing crude oil (Table I) is a t reatment  
with dilute aqueous a lkal i -usual ly  caustic soda or soda ash 
(2). This converts free fat ty acids to soaps and hydrates 
phosphatides, mucilagenous and proteinacous substances so 
that they become insoluble in the oil. The oil is separated 
by centrifuging. Some of the pesticides remain in the soap 
or gummy sludge. 

Bleaching 

Next comes treatment  with bleaching earth or clay (e.g., 
Fuller 's or diatomaceous earth) and filtration (2). This 
adsorbs color-producing substances and some pesticides. 

TABLE I 

Crude Vegetable Oil Refining 

Treatment Components removed 

Water & alkali & Free fatty acids 
centrifugation ~ Mucilagenous substances 

Pesticides 
Phosphatides 
Proteinaceous substances 

Bleaching earth & Colors 
fffltration IL Pesticides 

t 
Steam (deodorization) & Colors 

partial vacuum ID Flavors 
Pesticides 

Low temperatUre (winteri- Resins 
zation) & filtration I~ Triglycerides- high melting 

Waxes 

Refined vegetable oil 

Deodorization 

Undesirable flavors and odors are removed by bubbling 
steam through the oil, usually under partial vacuum (2). 
The last of the pesticides also are volatilized and removed 
by steam. 

Winterization 

Some, but not  all, vegetable oils are refrigerated so that  any 
resins, waxes and high-melting triglycerides crystallize. 
These are removed by filtration (2). The resultant oil, then, 
will remain clear at refrigerator t empera tu res -a  desirable 
characteristic for a salad oil. 

The net effect of refining, bleaching, deodorization and 
winterization is to remove pesticides and other potential ly 
toxic compounds naturally associated with the oilseeds and 
to improve taste, odor and stabili ty in storage and use. 

Composition of Refined Vegetable Oils 

A comparison of the nutritive values (Table II) of four 
important  refined vegetable oils shows that all of these oils 
are good sources of essential polyunsaturated fat ty acids 
(4-6). Cottonseed oil is higher in saturates than the other 
three oils. Soybean oil contains considerably more linolenic 
acid and this may be, in part, responsible for its poor flavor 
stability (7,8). Corn oil is higher in phytosterols  than the 
other oils; it  is the only one containing a significant amount  
of ubiquinone, an antioxidant,  and, in addition, has a high 
ratio of 7- to a-tocopherol.  These may help explain its 
excellent stabili ty against oxidative rancidity. All of these 
oils have a good ratio of tocopherols (vitamin E) to poly- 
unsaturates. Polyunsaturated vegetable oils are the primary 
dietary source of tocopherols (8-10). All of the refined oils 
are essentially free from phosphatides and contain only 
very low levels of free fatty acids. 

Hydrogenation 

Some vegetable oils are partially hydrogenated to improve 
their stability, resistance to oxidation or to change their 
physical characteristics for special uses (2). This com- 
mercially important  process converts some of the poly- 
unsaturated fatty acids to fat ty  acid isomers. Although the 
biochemical effects of these isomers are still being studied, 
long-term animal feeding trials and human experience have 
demonstrated that  the partially hydrogenated oils in marga- 
rines and shortenings are wholesome foodstuffs. The effect 
of hydrogenation processing on nutri t ional value (8,11-14) 
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TABLE II 

Typical Compositions of Refined Vegetable Oils a 

Percent by weight 

Oil components Corn Cottonseed Soybean b Sunflower 

Triglycerides, total 98.8 99.1 99.0 99.2 
Fatty acids c 

Polyunsaturated 60.4 52.5 61.3 68.7 
Linoleic 59.9 52.2 54.1 68.2 
Linolenic d O. 5 O. 3 7.2 0. 5 
Monounsaturated 25.0 19.5 22.5 18.6 
Saturated e 13.4 27.1 15.2 11.9 

Unsap onifiables, total 1.2 0.9 1.0 0.8 
Tocopherols, total 0.07 0.07 0.07 0.07 
a-Tocopherol 0. 02 0.04 0.01 O. 05 
3'-Tocopherol 0.05 0.03 0.06 0.02 
Ubiquinone 0.02 - -- - 
Free fatty acids 0.07 0.07 0.07 0.07 
Phosphatides . . . .  

alndividual values are based on analysis data and references 4-6. 
bValues shown are for soybean oil prior to partial hydrogenation to stabilize the oil. 
Cpolyunsaturated fatty acids (PUFA) include linoleie and linolenic. 
dMonounsaturated fatty acids = 100 - (PUFA + SFA + unsaponifiables). 
eSaturated fatty acids (SFA) include laurie, myristic, palmitic and stearic. 

is discussed thoroughly in an article by T.H. Applewhite in 
this proceedings. 

Interesterification 

Another form of processing, interesterification, or molec- 
ular rearrangement (2), can be used to change the physical 
characteristics of a fat or oil. During this process, a fat or 
mixture of fats is warmed with a small amount  of alkali or 
acid. This causes simultaneous hydrolysis and esterification 
with the net  effect of causing fatty acids to trade places in 
the triglycerides. The fatty acid composition of the fat or 
oil does not  change during the interesterification process, so 
the nutritional value is unchanged. This process can be 
applied to any fat or mixture of fats, i.e., lard, tallow, 
vegetable oils or partially hydrogenated oils. The process 
has been used chiefly in making shortenings. However, it  
might also be used in manufacturing a good quality margar- 
ine containing little or no trans-isomers by interesterifica- 
don of an oil with a highly saturated fat (14). 

STORAGE AND USE 

Oxidation 

Unsaturated fatty acids are subject to chemical reactions 
(2,9,15) which can occur upon exposure to air (oxidation) 
and during deep fat frying (oxidation, polymerization, 
hydrolysis). A double bond, whether it be in a rnono- 
unsaturated or polyunsaturated fatty acid, is a point of 
chemical reactivity. This is as true for fats and oils as for 
any other compound, and is an important  factor to con- 
side r in regard to effects on health and nutritive value. 

Under the usual storage conditions, oxidative rancidity 
occurs so slowly that there is no particular effect on nutri- 
tive values. Vegetable oil processors refine oils in such a 
way as to retain the naturally occurring tocopherols. They 
provide protection against oxidative rancidity, thus con- 
tributing greatly to the stability of vegetable oils during 
storage and use. 

Extensive oxidation (8,15,16) would eventually destroy 
carotenoids (vitamin A), essential fatty acids and tocopher- 
ols (vitamin E). The reaction is accelerated by exposure to 
light, by higher temperatures and by metals which may act 
as catalysts, e.g., copper or iron. To remove the traces of 
these metals present in crude vegetable oils, a chelating 

agent such as phosphoric or citric acid is frequently used as 
a processing aid during refining (2). In addition, the rate of 
oxidation of an oil during storage can be greatly decreased 
by presence of antioxidants, by lower storage temperatures 
and by packaging under nitrogen or vacuum rather than air. 
If the fat contains insufficient tocopherols, other anti- 
oxidants may be added to provide protection against oxi- 
dative rancidity and loss of nutritive value. 

Oxidation is, of course, accelerated at the higher tem- 
peratures occurring in frying of foods. The rate is roughly 
proportional to the degree of unsaturation: linolenic, with 
three double bonds, is much more susceptible than oleic, 
with only one. Linoleic is intermediate. This is one reason 
why high linolenic acid soybean oil is not  a satisfactory 
frying oil whereas corn oil is a good one. Commercially 
available soybean oil is stabilized by partial and selective 
hydrogenation to reduce the linolenic acid content. 

Polymerization 

Heat also accelerates another reaction of polyunsaturates, 
i.e., polymerization (15). Although the mechanisms are not  
completely understood, the result is large molecules formed 
by carbon-to-carbon and/or carbon-to-oxygen-to-carbon 
bridges between several fatty acids. If the concentration of 
polymers becomes high enough, there is a marked increase 
in viscosity of the frying fat. 

Hydrolysis 

Moisture in foods that are fried in fat may cause some 
hydrolysis (15) to free fatty acids, but  it also helps create a 
steam blanket over the frying kettle, thereby minimizing 
contact with air, and, in addition, helping to volatilize and 
remove peroxides, flavors and odors. 

Deep Fat Frying 

The k i n d  of food being fried also affects the fat in the 
kettle. If the food is a piece of chicken, e.g., some chicken 
fat will cook out and blend with the frying fat. Breaded or 
batter-coated foods may contribute flavors and tiny par- 
ticles which burn and add to the color of the frying fat. 
Onions and fish are obvious contributors of strong flavors. 
It is customary to add fresh fat to the kettle to maintain 
constant volume, replacing that removed by the food. If 
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food is breaded or batter-coated, the fat is fi l tered peri- 
o d i c a l l y  to  r e m o v e  particles that  might accelerate 
deterioration. 

Obviously, this is not  a simple s y s t e m - a  fact that  im- 
pacts on any a t tempt  to evaluate changes in nutritive values 
which may occur during deep fat frying. Overall, a used 
frying fat as compared to a fresh one is stronger in flavor 
and odor and darker in color. I t  contains free fat ty acids 
and extractives from food that cause foaming. Contents of 
tocopherols and polyunsaturates are lower. But, i t  is im- 
por tant  to emphasize that  the content  of saturated fat does 
not  increase (2), except  on the rare occasions when beef or 
lamb is being fried and saturated fat is extracted from the 
meat. Conditions of frying do not  result in formation of a 
hydrogenated fat, as some people believe. It is the usual 
practice to discard frying fat when (a) addit ion of moist 
food to the hot  fat causes excessive foaming, (b) the fat 
smokes (a sure sign of overheating), or (c) strong odors and 
dark color are apparent  (15). A good chef always discards 
the fat when the quality of the fried food begins to drop. 
This is an extremely important  point  to remember in con- 
nection with the interpretat ion of animal feeding studies 
when used frying fats are part of the diet. 

In an a t tempt  to simplify the system and maximize the 
effects of heat  and oxygen, investigators (15-17) have bub- 
bled oxygen or air through a hot  fat for many hours and 
then used the product  in animal feeding studies. Such a 
system is intended to destroy polyunsaturates and cause 
extensive polymerization.  In no way does it resemble deep 
fat frying (15,16,18,19). The product  is unpalatable,  dark, 
viscous and people would not  eat it! But the rats had no 
choice. They survived, but  grew poorly and looked very 
unthrifty.  Because these products were poorly digested and 
assimilated, the animals were, in effect, starving and mal- 
nourished. Not unexpectedly,  it  was possible by chemical 
fractionation to isolate small amounts of carcinogenic sub- 
stances from the polymers. It is impor tant  to note that  the 
effect of even such severely damaged fat could be largely 
counteracted by addition of fresh fat to the diet (17) (Fig. 
1). It is a major error to use data from such studies with 
fats oxidized at high temperatures in predicting what the 
response to properly used frying fats would be. 

Several two-year feeding studies (18,19) have been done 
with rats receiving diets in which the sole source of fat had 
been used under practical deep fat frying conditions until 
foaming became excessive when food was inserted. This is 
the p o i n t  at which a restaurant operator  normally throws 
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FIG. 1. Growth of  rats fed 15% fresh cottonseed oil, 15% autoxi- 
dized cottonseed oil, 15% autoxidized cottonseed oil + 10% fresh 
cottonseed oil. From Kaunitz et al. (17). 

away the fat, cleans the kettle and refills i t  with fresh fat. 
At this point  the used fat is rather dark-colored and some- 
what strong in flavor, but  is still reasonably palatable. The 
precise changes in analytical values depend, of course, on 
the experimental  conditions. 

A rat feeding study (18) was conducted in which the 
conditions used in preparation of the used fats simulated 
conditions of intermit tent  frying in a restaurant. The fat 
was heated to 182 C in 60-kg, gas-fired kettles each week- 
day from 8:00 a.m. to 4 :00  p.m. At  9:00 a.m. and 2:00 
p.m., 3.95 kg each of frozen potatoes,  breaded scallops and 
onion rings (typical low-fat fried foods) were fried for 5, 
2.5 and 3 min, respectively. At  4:00 p.m., 2.47 kg of the 
specific fats were added to the respective kettles. The fat 
was allowed to cool to room temperature overnight and on 
weekends. 

Under these conditions, partially hydrogenated soybean 
oil (commercially available) could be used for up to 60 hr 
of deep fat frying. Changes in iodine value (IV) and com- 
position of used partially hydrogenated soybean oil (HSBO) 
are compared (Table III) with unhydrogenated,  unused, 
soybean oil (SBO), unused HSBO and HSBO used for 216 
hr in the presence of a silicone antifoam. The used HSBO 
had slightly lower IV and polyunsaturated fat ty  acids than 
the unheated HSBO, and more free fat ty  acids and polar 
lipids. 

Rat growth rates on the used HSBO were somewhat 
lower (Table IV), reflecting a slightly decreased digesti- 
bi l i ty/absorbabil i ty.  Obviously, the differences are small; 
there is no obvious pattern.  Overall, they indicate no life- 
shortening effect of the used HSBO. 

The overall incidence of pathological conditions also 
does not  suggest the presence of a major toxin in the used 
fat. The pattern for the unheated, lightly hydrogenated soy- 
bean oil was comparable to that for unheated, non- 
hydrogenated soybean oil. Use in frying did not  increase 
incidence of tumors or other pathological condit ions and 
might even have caused some decrease. 

These data are typical. However, other researchers using 
other fats and/or  other experimental  conditions have ob- 
tained somewhat different values. The conclusion from all 
such studies (19) is that, apparently,  no unusual health 
hazards are associated with properly used frying fats. 
"Proper"  means (a) use at the correct temperature with the 
avoidance of overheating, smoking and marked darkening, 
(b) correct storage, preferably chilled if there is a consider- 
able interval between periods of use, (c) and discarding of 
the fat when insertion of food in the kettle causes excessive 
foaming of the hot  fat and/or  the fat  develops strong 
flavors and odors. Good culinary practice requires proper 
use of frying fats (15). 
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TABLE I I I  

Frying Fats Used in Ra t  Feeding Study (18) 

Soybean oil Partially hydrogenated  soybean oil 
Oil value/composi t ion Frying t ime at 182 C (hr) 

0 0 60 216 a 

Iodine value 129 108 101 101 
Polar lipids (%) 1 1 14 30 
Free fat ty  acids (%) 0.04 0.02 0.65 8.10 
Linoleic acid (%) 51 35 30 32 
Linolenic acid (%) 6 4 0.3 1 

aSilicone added to control  foaming during frying. 

TABLE IV 

Effects of  Consumpt ion  of  Used Deep Fat  Frying Oils on Ra t  Weight Gain, Fa t  Absorb- 
ability and Ra t  Survival (18) a 

Observed effect  
Soybean oil Partially hydrogenated  soybean oil 

Frying t ime at  182 C (hr) 
0 0 60 216 

Weight gain (g) 
Males -- 2 m o n t h s  365 358 339 344 

-- 12 | 727 725 677 704 
Female " -- 2 ~ 200 204 196 201 

-- 12 405 392 375 377 
Oil absorbabili ty (%) 

Males - 2 m o n t h s  96.2 95.5 90.3 91.5 
12 ] 96.5 96.8 92.4 92.7 

Females - 2 ; 96.8 96.4 92.1 92.7 
- 12 97.5 96.8 92.7 94.0 

Survival (%) 
Males -- 21 m o n t h s  80 73 87 66 

- -  2 4  [ 62 53 67 53 
Females -- 21 ~ 60 80 80 80 

- -  24 33 58 60 58 
Tumors  (%)b 

Males 20 22 18 22 
Females 56 53 38 29 

Respiratory disease (%) 
Males 22 16 22 20 
Females 11 7 13 11 

Nephritis (%) 
Males 30 24 20 22 
Females 8 14 12 6 

Liver pathology 
Males 24 48  6 18 
Females 34 38 28 24 

aEach group of Sprague-Dawley weanling rats contained 50 males and 50 females. 
bpercentage of rats with the pathological condit ion.  
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