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ABSTRACT

Jeffery, Lois Elaine. M. Sc. The University of Manitoba,
, 1982. The Eval-uation and Significance of Deterioration in Fryinq Fats. Major Professor; Dr. F.W. Hougen.

October

Canola frying fats and newer methods for determination of frying
fat quality were evaluated in a simulated commercial frying study
using french fried potatoes. Two brands of canol_a frying fat and one
brand of soy frying fat were used consecutively to fry frozen french
fries in a small- institutional size deep fryer for a tota] of five
8-hour days. samples of the frying fat and the french fries were
collectecì throughout the frying period and were used for a number of
physical and chemical analyses. Free fatty acid (FFA) varues were
determined for samples of frying fats and for samples of fats extracted
frorn the french fries. The FFA vafues appeared to be very sensitive
to the changes taking place in Lhe deep fryer, and were similar for
both the frying fats and fats extracted from the french fries. The
FFA values for the soy frying fat were slightly higher than the val-ues
for either of the two canola fatsrthroughout. the 5 days of frying.
Three different methods for estimation of total polar components were
eval-uated. Change in diel-ectric constant as measured by the Foodoil
sensor did not appear to be a re]iable or sensitive measurement. A
reported liquid column chromatographic method, when reduced to oneguarter scal-e, offered considerable savings in time and material_s and
proved as sensitive and reproducible as the full- scafe method. Another
chromatographic technique, using thin-rayer chromatography on chromarods with quantitation by a flame ionization detector (the Iatroscan
Analyzer) was not as accurate or reproducibLe as the col-umn chromatographic method, but offered a rapid method for monitoring deterioration
in frying fats. standardization of the technique is very important
and courd still be improved. Results are qualitative as werl as
quantitative and the systern is reusab]e. Results of column chromatographic separation of the three frying fats over the five days of
frying indicated that only a rnoderate amount of deterioration, producing r2-r3z polar components, had taken prace. There was very
little difference in the degree of deterioration among the three
brands of fats.

1.

INTRODUCTION

The evaluation of frying fats is of concern to several groups.

lrlutritionists have long been interested in the types of degradation
products in heated faÈs and their effects on human nutrition.

The

food industry is interested in, as well, how degradation products
affect the quality of the fried products and the frying life of the
fat.

It is also irnportant for the processors to have information

on different types of fats and oils, particularly

canola oil which

in Canada now accounts for more than one-Lhird of our edible oil(Statistics Canada, f981) and of which there is little

published

information avail-able. Thus, it is important to have quick, meaningful- tests of the quality of frying fats.
It appears from a revíew of the literature

that the nethods

for estimation of total- polar cornponents in heated fats are the

most

useful for determining the quality of fats under varying conditions
of use. However, most of these methods are tíme-consuming or expensive and the challenge remains to devel-op a quicker method which
would be applicable for routine guality control-. Thus, one aim of

this research was to evaluate

some

of the methods for determination

of polar components.
A second aim of the study was to obtain additional- informatÍon
on the behavior' of canola frying fats under conditions of simulated
commercial deep frying.

2.

This study was carried out as a joint project between the
Departments of Foods and Nutritionrand Plant Science. The actual

deep fat frying was carried out in the Department of Food Science.
Some

of the analytical work was carried out in the Department of

Foods and Nutrition and is presented, along with the statistical

analysis of the results, in the manuscript appendixed to this thesis.
The analytical work carried out in Plant Science by the author is

described in deÈail with the results in the thesis, while

some

resul-ts are also included in the manuscript.
The following review of the literature

wilÌ present

some

of the

reasons for the interest in eval-uation of frying fat quality and

discussion of the methods used in this study.

a

3.

REVIEW OF LTTERATURE

I.
Deep
numerous

The RoIe of Frying Fat in Foods

frying is a popular and widely accepted method of cooking

food itenls. Foods prepared by this method are well- liked

because of characteristics conferred by the frying process. The

raw food is. immersed in hot fat where it is quickly cooked so that

the interior remains moist while a uniform crispy brown crust forms
over the outside, giving the cooked product an appealing appearance
and f ]avour (Rober tson ,
Deep

1967 \

.

frying is a widety used method of cooking in the food in-

dustry because it ís fast, uniform and produces products with high
consumer appeal. with a steady increase in consumption of snack

foods and meals eaten away from home, deep fried foods may form

substantial portion of the diet.
frying fat

(Jacobson

,

L967)

a

As fried foods contain from 7-40?

, the frying fat itsel-f

k¡ecomes

an inte-

gral part of the diet.
It is v¡ell- estabfished that frying fat held for long periods
of time at temperatures of r75-200oc, in the presence of oxygen
water, partially

decomposes forming numerous

and

volatil-e and non-vola-

tile compounds. Artman (1969) has reviewed the chemical

changes

which take place and the various c]asses of degradation products

formed. Chang et al (1978) has identified more than 200 individual
chemical- compounds in the volatile

fraction of the frying fat

al-one.

Fritsch (1981) has provided a very general diagramatic outrine of

4.

the varous reactions which take place in the frying kettle (FiS. 1).
At

some

point in the frying life of the fat these degradation pro-

ducts reach a fevel- at which they begin to adversel-y affect the
qual-ity of the fried productsr and finally
the fat.

the user must discard

It is the composition of the frying fat up to this point

and its subsequent effect on human nutrition which have most concerned researchers in this area for the past three decades.

More

recently, there has been an increase in the research on heated
frying fats from the point of view of the food industry.

In

a

market in which prices and types of fats avail-abl-e are rapidly
changíng, the food processors are interested in the deterioration

of fats in terms of product quatity.

The processor must produce

product which consumers like and which has good shelf life.

a

Thus,

they must monitor degradation products which affect the palatabitity
and sÈabíliÈy of the finished products. Both groups are interested

in having quick tests to evaluate the quality of the frying fat
during use, and in knowing at which point in the frying life of the
fat either product quality or nuÈritive val-ue may be affected.
Ho\^/ever,

despite the many sophisticated analytical

methods

avail-able for analysis of fats and oils, there are few which prove

of much use to the food industry.

Often they are too time-con-

suming or too complicated, or their rel-ationship to the sensory

qualities of the food products are not cl-ear. fn practice, in

smal1

commercial operations and especially in the home, the frying fat is

discarded on the basis of some undefined methods of sensory evalua-

tion by the user. Large commercial operations, especially those

5.
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Figure 1:
1981).

Changes

occurring during deep fat frying (from Fritsch,

6.

invol-ved in frying snack food items which must have good shelf stabil--

ity, monitor the quality of frying fats closely and discard the fat
immediately if it appears to be affecting producÈ quality.

Since

products such as snack foods absorb a large amount of fat during

frying, the frying fat must frequently be replenished, i.e.,the turnover rate is high, and high levels of degradation products do not
accumulate. In smaller operations where the frying volume is lower
and heating more intermittent,

the quality of the fat may become very

poor before it is finally discarded. A survey by Thompson et a] (1967)

of used fats and oils from a number of comnercial operations revealed
that some fats were of good quality whil-e others had obviously

been

badly abused before they were discarded.

In countries such as Germany, there are regulations which
specify
(Mankel

maximum

limits of degradation products in used frying fats

I L979). In Canada, as yet, there are no regulations con-

cerning quality of used frying fats.

Artman (1969) has concluded

that a reasonabl-e goal would be to determine which components of
frying fats are nutritionally
determine thern, and finally
ponents in frying fats.
many years

undesirable, to develop methods to
to set reasonable limits for these

com-

However, research has been underway for

to identify and to determine the nutritional

of the degradation products in heated fats.

significance

As yet, no definite

conclusíons have been reached.

II.

lmportant Reactions in Frying Fats

Before attempting Èo review some of the nutritional

relating to heated fats, a brief review of the terms and

studies
methods

7.

more commonly used in the studies will

help to clarify the discussion.

There are four main types of degradative reactions which can

occur in heated fats: (1) autoxidation, (2) hydrolysis, (3) thermal oxidation and (4) thermal polymerization (Perkins' 1960; Lea,
1965¡ Chang- et al, 1978). The products of thermal oxidation are

of most concern in frying fats (Artman,

L969)

. Autoxidation and es-

pecially thermal polymerization are also known to produce nutritionally undesirable components but at normal deep frying temperatures
neither of these mechanisms is thouqht to be of importance.
Determination of the content of oxidized components in heated

fats has traditionally

depended on two methods:

(I)

the determination

of petroleum-ether insolubl-e fatty acids and (2) the determination of
non-urea adducting fatty acids.
The determination of petroleum ether ínsolubl-e fatty acids

involves hydrolysis of the fat and extraction of the fatty acids
with petroleum ether (Cocks and van Rede, 1966). The oNidized fatty
acids are claimed to be insoluble in petroleum ether and can
separated by filtration

be

from the unchanged fatty acids which are

soluble. However, the method has received criticism frorn Artman
(1969) who stated that the method is not quantitative as only

a

portion of the total- oxidized fatty acids are insoluble in petroleum ether.

eillek

et ql- (1918) have criticized

the method for poor

reproducibility and accuracy.
The second method. more often reported in nutritional

studies

is the deterlnination of non-urea adducting fatty acids. This

method

involves treatment with urea of the total fatty acids freed by hydro-

8.

lysis of the fat.

The unchanged fat,ty acids form insolubLe adducts

with urea and thus can be separated from the altered fatty acids.
The non-adducting fraction can be further distilled
monomeric fatty acid methyl esters (distillab1e)

to separate the
from the polymeric

material (non-distillabl-e) which is thought to consist mainly of
dimers and trimers (Kummerow, 1962; Chang et a1, 1979). Hence the

term distillabl-e non-urea adducting

(DNUA)

fatty acids which refers

to monomeric oxidized fatty acids. The distillable

monomeric frac-

tion has al-so been thought to contain the cyclic fatty acids, i.e.,
those having ring structure in the carbon chain (Chang et al, 1978).
The urea adduction method has often been used to concentrate the cyclic

fatty acids for feeding studies (Crampton et al, 1953). This
has al-so been criticized

as not being quantitative.

method

Artman (1969)

stated that dienoic fatty acids may not be adducted by urea, and thus
they remain in the non-adducting or oxidized fraction.

Kummerow (1962)

reported that the non-urea adducting fraction of thermally oxidized
corn oil contained 9.5s" of the total- l-inoleic acid.
I I I . JTutr it ional-

Impl-

icat ions of Heated Fats

The controversy over the nutritional

safety of heated fats

began back in the early 1950's with the research of Crampton and co-

workers. They first

observed appetite and growth depression in rats

fed heat polymerized linseed oi1.
a distillabfe

Next, they \¡/ere abl-e to isol_ate

non-urea adducting (DNUA) fraction from heat pol;-

rnerized linseed oil which was toxic when fed to raÈs. The toxic

fraction in linseed oil- (Crampton et al, 1953) and in soybean oi1
(Crampton et al,1956) was thought to be the branched or cyclic

o

fraction, whíle the polymeric fraction of these oils was found to
highly indigestible.

be

The research of Crampton et al in 1956 also

revealed that sunflower oil,

Iow in linol-enic acid, formed a

much

less toxic "cycLized fraction" than either tinseed or soybean oit.
From these and
made Èhat

following studies the inference seems to have

been

all heated frying fats might contain these toxic components.

However, many other researchersr especially those in the food

industry (Rice et al, 1960; Melnick,
had little

L957)

| felt that this research

practicat significance, as the oil-s were heated under ex-

treme conditions of high temperature and absence of oxygen which would

never be encountered in practical use. Furthermore, l-inseed oil

with its high content of linolenic acid is not normally used as
cooking oi1.

Numerous

a

studies foll-owed (Rice et al, 1960; Nolen

et al, 1967¡ Poling et al, L970¡ eitrlek t L979) in vrhich actually
used frying fats were fed to rats in long-term feeding studies.
Most of these groups were able to demonstrate a s]ight depression

in growth rates and some liver enlargement due to the ingestion of
heated fat.

But no effects on the health or longevity of the test

animal-s due to the ingestion of heated frying fats as the sole diet-

ary fat source could be demonstrated.
At the

same

time, Nolen et aI (L967) and Perkins and Kummerow

(f959) were able to demonstrate the presence of a toxic fraction
which could be isolated by distillation

from the non-urea adducting

fraction of used frying fats or heated fats.
No]en et at (L961 '), large doses of the

DNUA

As demonstrated by

fraction proved toxic

to test animals, but as a component of the unfractionated fat in the

10.

diet, no toxicity symptoms could be noted. Rice et a1 (1960) were only
abl-e to show that the nonadduct-forming fraction from heated oils

gave the lowest gains in weight in growth trials
and unfractionated oils,

but no toxicity

as compared to fresh

symptoms were

one of the most recent studies by Billek

evident.

(L979) revealed that

the polar or oxidized fraction of a commercially used sunflower oil,
when

fed as the sole fat source to rats, caused a significant reduc-

tion in growth with enlargement of l-ivers and kidneys. Extensive
eval-uation of the test animals revealed that the oxidized fraction

affected metabolic processes in the ríver.

However, considering (l)

that this oil came from the end of a production run when it was discarded, (2) that only the concentrated polar fraction and not the
complete heated fat gave a significantly

adverse effectr and (3)

that these fats were the sole fat source in the diets, the author
concluded that there should be no cause for concern about

human

consumption of heated frying fat.
Research is continuing to identify the suspected toxic com-

pounds in the non-urea adducting fraction of heatecl fats and to

determine their exact effects on metabotism. Gabriel- et al (r9i9)
have shown alteration in a number of metaboric processes, caused by

the

DNUA

fraction.

However, as in much of the past research, the

toxic fractions have been isolated from artificially

abused fats,

and the argument remains as to whether this has any relation to

practical conditions of use in the food industry.
cautions that resul-ts from

many

Artman (1969)

of the studies could be misleading

as the effects observed in the test animals could be due to a de-

It.
struction of essential nutrients in the diet by the oxidized fats.
Some

concern has been expressed that the fried foods might

preferentially

absorb the oxidized components from the frying fat,

and that therefore it might be prudent to examine the quality of this
absorbed fat.

Hussain and Morton (L974) and Al-im and Morton (I914)

found a greater concentration of oxidized components in t,he fat ex-

tracted from the fried foods than in the frying fat itself.

Their

conclusions were based on an estimation of oxidized components by
urea adduction as well as

of any statistical
difficult,

b1z

column chromatography. However, lack

analysis makes interpretation of their results

and poor recoveries from the col-umn chromatography method

could be contributing to large errors in their reported values.
Other reports (Gasparoli and Fedeli, 1980; Alekaev et aI, 1979) have

not supported these findings.
Artman (1969) concl-uded that although fats used for frying

lose

some

may

of their nutritive val-ue, there is no conclusive evidence

that these fats would be toxíc in the diet under norma] conditions
of use. It is most likely,

they maintain, that used frying fats

would be discarded before they would contain harmful- leveLs of de-

gradation products.

IV. The Use of Canola Oil in Deep Frying
fn Canada, the major source of edible oi1 is now canola,
accounting for more than one third of the edible oi1 consumption

(Statistics Canada, l-981). Canola is a relatively new type of rapeseed and reports on the uses of canola oil have hardly kept pace with

the rapid improvements made in the oil and the meal. Many of the

L2.

past studies have been made with the older varieties of rapeseed oi1,
while in Canada now only canola (tow glucosinolate in the meal, low
erucic acid in the oil) is used for edible oil consumption (VaiseyGenser and Eskin, 1979).
An early study (Dobbs, 1975) reported that rapeseed oil- was

not as well l-iked as other oils for frying because of its unpleasant
hot oil odour. However, at that time r processors were stil-l using
high glucosinolate varieties of rapeseed, and the glucosinolates in
the

meaL had been found

to have an effect on the odour of the oil.

A more recent report from a major processor of snack foods (Gallowayt
7979) revealed that their use of canol-a oil was limited because the

fried products did not have good shelf stability,
mention of odour or flavour problems with the oil.
compared rapeseedr soy and sunflower

but there was no
Guillaumin

(1979)

oils in both heating and frying

experiments. Rapeseed oiL was similar to soybean oil in amounts of
"new chemical compounds" (NCC) formed, while sunfl-ower oi1, contain-

ing the highest level of linoleic acid of all the oils studied'
formed the largest amounts of

NCC

during both the heating

and

frying experiments.
Clearly there is a
stability

need

for inforrnation on the performance

and

of canola products' particularl-y frying fats, under prac-

tical conditions of use.
V. Methods for Eval-uati

Fats

Over the years, there have been numerous methods used in eval--

uating the quality of frying fats.

Some

tests are based on obvious

physical changes which occur in the fat during the course of frying,
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for example,

smoke

point, viscosity, colour, and sensory evaluation.

There are many chemicaf tests reported which have been used to de-

termine 1evels of various chemical compounds found in the fats.

Some

of the more commonly used chemical tests incl-ude determination of free
fatty acids, peroxides and hydroperoxides, thiobarbituric acid value,
iodine value, and polar components. All of these methods have both
advantages and disadvantages; as yet, there does not appear to be

an

ideal method for evafuation of frying fats.
A.

Smoke Point
Smoke

point, as determined by the

(AOCS, l-977 )

AOCS

Official Method Cc-9a-48

involves heating a specific volume of fat or oil

sample

at a steady rate of temperature increase until a steady stream of
smoke

evolves. Since deep frying is carried out at temperatures of

around L85oC, the smoke point, ideally, shoul-d be v¡elL above this temper-

ature and shoul-d remain above this lempêrature during the course of fryj.ng
A smoke point of lower than l-70oC together with a content of
petroleum ether insol-uble oxidized fatty acids of 0.72 or higher

are

recommended

by the Gerrnan Society for Fat Science as being in-

dicative of severe deterioration in frying fats (Billeck, L978).
Much

of the avail-able literature,

however, does not appear to sup-

port the use of smoke point as an indicator of deterioration in fat.
An examination of the data in the literature

fats and oils do have initial

smoke

suggests that most frying

points wel] above normal frying

temperature but that they rapidJ-y drop below this temperature during

the course of frying when the fats are apparently still
quality.

of

good
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Vail and Hilton (1943) and Lowe et al (1958) surveyed a number of fats
and oils on the U.S. Market. The smoke points ranged from 174-2450
and L71-23zoc, respectively, and were correl-ated negativery with the

free fatty acid contents. Fats with high

smoke

points thus had 1ow

free fatty acid contents. Severat frying studies have shown that the
point rapidly drops bel-ow 200oc and often bel-ow l70oç after
only several hours of frying. Zabik (1962) monitored the smoke points
smoke

of five identical samples of a vegetable shorÈening before and after
a single fryÍng.

The smoke points ranged from 223-232.5oc before

frying to 163-t82oc after only a single frying when the fats
apparently stiIl

of good quality.

were

vaisey et al (unpublished data)

used soybean and canola oils and hydrogenated fats to fry cotton

balls for four consecutive 8 hour periods. The smoke points of all
fats and oils had dropped betow I70oC after 8-16 hours of frying.
The linited usefulness of smoke point for determining quality
of frying fat may be due to the method of determining

smoke

point.

The actual determination of the smoke point is a subjective evafua-

tion by the operator. Arens et al
of variability,

! 25oC, for

smoke

(1977

) reported a high degree

point determinations in different

l_aboratories. subsequently, it was demonstrated that Èhe
temperature had a large effect on the smoke point.

room

A modified'

more objective method has been published by Bregulla and Seher (1979)'

Although smoke point may give an indication of the initial

suitability

of a fat for frying, it does not appear to be a useful

measure of deterioration with the method currently in use. No doubt'

an operator wil-l discard a frrying fat when it begins to smoke pro-

fusely, but it is not clear that this

srnoke

point is at all refated
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to the
of f

smoke

point of the

same

fat as determined by the present

icial- method.

B. Viscositv
Increases in viscosity due to heatíng of fats and oils have
noted or measured by many researchers. Increase in viscosity

to heating reflects Lhe formation of polymers (Artman,
Sahasrabudhe and Bhalerao, l-963) which has adverse

been

due

1969¡

effects on the

performance of the frying fat.

VaiI and Hilton (L943) noted a viscous

gum

formation on the sides

of containers used for heating fats, although viscosities of the fats
were not measured. Lowe et al (1958) aLso noted this gum formation

which was greater for oils than for hydrogenated fats.

Stern and Roth

(1959) found a strong positive correlation between the viscosity of

the fat and the amount of fat absorbed by donuts. They suggesÈed
that this could be due to a greater "coating action" of the

more

viscous fat, as well as a slower rate of heat transfer through the
more viscous fat.

I{any researchers have measured viscosity

and

found it to correl-ate welL with chemical- indicators of fat breakdown,

for example, the amount of

NUAF

material (Rock and Roth, L966).

Lack of any standardized method for measurement of viscosity
makes comparison

of results difficult.

Methods vary from the use of

a steam-jacketed pipette to measure flow rate of fat at

l-00oc

(Rock and Roth, L966; Stern and Roth I L959) to the use of visco=

meters at various temperatures (Thompson et al, 1961¡ Jacobson,

L96li Chang et al, 1978). However, within one l-aboratory, with
the use of a standardized technique with temperature control,
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víscosity measurement might prove a usefuL quality control test.
Viscosity measurements are easily done, and reflect one of the

more

undesirable changes taking place in the frying fat, namely, the
formation of polymeric material.

C. Colour
McGiIl (1980) suggests the following mechanisms for the development of col-our in used frying oils and fats:

(1) oxidative reactions

of the oil which result in the formation of coloured

compounds,

(2) the l-oss of soluble caramel-coloured compounds from the fried
food into the fat and (3) the presence of finely divided carbon, or
charred food particles,

in the fat.

Fritsch (1981) reported

a

greater increase of colour in fats when they were used for frying
potatoes than when they were only heated; this was believed to

be

due to leaching of browning pigments from the food into the faL.

Colour values of a fat can easily be measured by any avail-able
col-orimeter such as the Lovibond tintometer (Hussain and Morton, I974)
However, due to the many factors which can influence the cofour of

fat, the actual colour values are meaningful only in the study of

a

a

particular fat and frying operation.
D.

Sensory Evaluation
Sensory e:valuation is the most commonly used method for eval-

uating the quality of frying fats and especially the fried products.
Unfortunately, it is the method on which the least information is
available.
In most small commercial operations and in the home, this is

I7

the only method by which the user decides when to discard the frying
fat.

The decision is based on a combination of odour evaluation,

visual assessment of the amount of smoke, and eval-uation of the
flavour, texture and appearance of the fried product. Billek

et al

(1978)

acknowledge the primary irnportance of sensory evaluation in assessing

fat deterioration and states that analytical data shoul-d be used to
support the findings of a sensory panel. However' there have

been

few studies published in which sensory evaluation has been correfated

to other physical or chemical- indicators of deterioration.
The amount of time required to train a sensory panel, the effort

required to maintain and motivate the panel, and the high degree of
variability

of panel results (Dobbs, 1975) are

some rnajor reasons

why only l-imited sensory evafuation has been conducted.

The leve1 of free fatty acids (FFA) in a frying fat is often
used as a measure of deterioration and as an indicator of when to

discard fat in large commercial operations (Galloway I
there is líttle

L979)

, but

information avail-able as to the effect of free fatty

acids on flavour or quality of the fried products. Hoffman
states that

FFA

(L962)

containing 16 or l-8 carbon atoms have l-ittle effect

on fl-avour, while FFA containing 14 or fewer carbon atoms, for example, from coconut and palm kernel oi1s, may give distinct

'off'

fl-avours. A study by Hartman et al (1975) supports this statement.
They added increasing levels of endogenous FFA back to four diÊferent

types of fats and oil-s and determined the minimum detectabl-e levels

for each by flavour evaluation.

fn groundnut and soybean oils,

the minimum amount detectable was l-.5? FFA, whife in babassu oil
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(an oil similar to coconut oil)

as little

as 0.1? FFA was detectable.

However, these oils were not heated and it may be that heating would

al-ter these effects of
Odumosu

FFA

on flavour.

et al- (L979) compared sensory and chemical methods of

evaluating thermally oxidized groundnut oil; however, the temperature
of oxidation was L00oC which is l-ess than frying temperature.

They

found good correlation between sensory flavour scores and chemical

indicators of fat deterioration.
F

Free Fatty Acid Value
The free fatty acid value is a measure of the free or non-

esterifíed fatty acids in the fat, indicating the degree of hydrolysis of the fat.

Free fatty acid val-ues are reported in most studies

on frying fats and are often the sole method of quality control in

large frying operations (Galloway, L919).
Although free fatty acid values are widely reported as an in-

dicator of breakdown in frying fats, it is not cl-ear which effects
the free fatty acids themselves have on the quality of the fat.
Fritsch (1981) criticizes

the method as it does not distinguish

between free fatty acids produced by hydrolysis, which have l_ittle

effect on nutritional

or sensory quality of the products, and free

fatty acicls produced by oxidation, which do have detrimental- effects
on both. As shown by Hoffman (1962) it is the carbon chain length

of the free fatty acids more than the actual amounts which has

Éhe

greatest effect on flavour of unheated fats.
Al-1 studies in which free fatty acids were measured show an

increase in free fatty acids during frying or heating and a

good
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correl-ation of these values with other cherirical indices of deterioration.

The measurement of free fatty acids can be done easily

in any quality control laboratory, and this fact has no doubt contributed to its wide use an an indicator of quality.
The mosÈ widely used method is a titration

with

NaOH

(AOCS

method Ca-5a-40, AOCS, 1977). A more recent rnethod (Lowry and

Tinsley, L9'76) involves a colorimetric deterrnination. The fat or
oil sample is mixed with cupric acetate reagent and coloured

com-

plexes are formed by the copper ion and free fatty acids. This method
has the advantages of requiring much smaller sarnples and l-ess time

than the titration
r

procedure.

Perox ides

Hydroperoxides and peroxides are the initial

products formed

during the oxidative deterioration of fats and oils (Artman,

1969)

.

The peroxide value is often used as a measure of deterioration in

unheated fats and oils

criticized

(Gray

I

1978)

. However, the method has

been

by many researchers (Artman, 1969; Fritsch, 1981;

Kantorowitz and Yannai, L9'74) for use with heated fats as the peroxides

quickly decompose at frying temperatures. Peroxide value is
commonly estimated by_measuring

most

the amount of iodine forrned from

a potassium iodide solution added to the fat (Cocks and van

Rede,

1966). Gray (1978) has summarized the various procedures used for
determination of peroxide values and the possible sources of error
associated with each method.
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c. fodine Value
The change in iodine value due to heatíng of a fat or oil re-

flects the loss in double bonds which has occurred in various degradative reactions (Artman, 1969). Iodine val-ue is defined as the
amount

of iodide removed from a soluÈion of potassium iodide by re-

action at the site of the double bonds (Cocks and van Rede, 1966).
H.

TBA Value

The thiobarbituric

acid (TBA) test for determ.ination of malon-

aldehyder a secondary oxidation product, has often been used as

indicator of the extent of J-ipid oxidation (Gray,
(1967

) used the

and the stability

frying.

TBA

1918)

an

. Jacobson

test to monitor the quality of fresh frying fats

of fried products, but not the quality of fat during

Artman (1969) questions the use of the TBA test with heated

fats as it has been reported that malonaldehyde is volatil-e aÈ frying
temperatures.
The amount of malonaldehyde is estimated by a colormetric re-

action in which two molecules of thiobarbituric acid react with

one

molecule of malonaldehyde (Gray, l97B).

I.

Polar

Components

The term polar components in fats is generally used to des-

cribe a wide range of chemical compounds formed by breakdown of
the triglyceride molecuLes. The triglyceride molecufes are relative.ly
non-polar while the degradation products are more polar due to the
presence of hydroxyl and other polar groups. This difference in

polarity has been the basis for a number of chromatographic

methods'

¿L.

for estimating the total polar components in a fat or oil.

Since

determination of the total polar components gives an absolute

measure

of the amount of deterioration rvhich has taken place in the fat, it
appears to be a useful- method for determining the l-ife of the fat
(Bi11e

k et a1,

1978 ) .

There are several possible methods for determining total polar
components in fats.

I.

Chanqe

in DieÌectric Constant

The Foodoil Sensor was recently introduced to the market as

a

portable instrument which gives a measure of the dielectric constant
of an oil or fat.

Since the dielectric

constant changes as additional

polar groups are formed, this measurement coul-d give a quick estimation of polar components in the fat.

Very littl-e

is required

skill

to operate the instrument as it requires only a small sample of the
nelted fat or oil- to be placed in the sample cup and a reading to
taken. Graziano (1978) indicated good correlation of Foodoil

be

Sensor

readings with results of other chemical tests of fat deterioration.
However, more extensive testing by Paradis and Newar (t981) showed

the instrument to be highly affected by the presence of water or food
fat in the frying fat sample. Values from the Foodoil Sensor were not
rneaningful- for use in comparing deterioration among different fats or

oil-s.

These problems were al-so found by Fritsch (198I)

.

2. Column Chromatoqraphv
e

i

]lek

with the

et at (1978) compared two cofumn chromatographic

method

for "petroleum ether insol-ubl-e fatty acids",

rnethocls
a

standard method used by the German Society for Fat Research for

') ')

determination of fat quality in commercial operations such as res-

taurants. An automated liquid column chromatographic system using
a flame ionization detector proved to be rapid but the reproducibility
was not as good as with a manual column chromatographic method with

weighing of the eluted fractions.

This latter method was less costly

in terms of equipment but required more time for each analysis.
With this method, a sample of the frying fat, dissolved in a solvent.

is loaded onto a silica gel column. The non-polar or triglyceride
fraction is eluted first

from the column with a non-polar solvent.

The polar fraction is more strongly adsorbed on the column packing

and is subsequently eluted with a more polar solvent.
can be determined gravimetrically.

Billek

Both fractions

g! al (1978) were able to cor-

rel-ate the value of 1? of petroleum ether insoluble fatty acids in
the fat, indicative of severe deterioration, with a value of

2B>"

of polar components as determined by column chromatography. In
later study (Bí1lek , L979) a value of

30%

a

polar components was con-

firmed to be indicative of severe deterioration, based on accompanying
sensory evaluation and other analytical data.

Paradis and Newar (1981) compared the column chromatography
method of Billek

et a] (L978) with several other nethods,.i.e.,

termination of peroxide value,

TBA

the de-

value, free fatty acid value,

dielectric constant, and contents of triglyceride dimers determined
by gas chromatography. The column chromatography method was found

to be time-consuming, but also the most sensitive to changes in the
oil.
Guillaumin (1973) reported a sinil-ar method of column chroma-

a1

tography for determination of

fats.

"ne\,v

chemicaf compounds" (NCC) in heated

The heated fats were hydrolyzed and the fatty acids converted

to methyl esters, and chromatographed on a hydrated alumina column.
The unchanged fatty acid methyl esters were eluted first

with

hexane

and the more polar compounds subsequently with a series of sol-vents

of increasing polarity"

Recoveries from the column r,vere stated to

be better than 99?, and the reproducibility of results was 1

SZ.

The l-eve1s of NCC in unheated oils ranged from 2-42 and increased to
6-10U after the oils had been used to fry 20 l-ots of french fries

over a period of 20 days. There were no other chemicaf or sensory
tests done to indicate the degree of deterioration of the oils.
3. Thin-Layer Chromatography with Flame Ionization Detection
Thin-layer chromatography on quartz rods coated with silica

ge1

(chromarods) followed by scanning of the rods with a flame ioniza-

tion detector is a rel-atively new concept in quantitative Èhin-layer
chromatography. The Iatroscan Analyzer was developed by Iatron
Laboratories Inc. of Japan foítowing successful devefopment of reusable chromarods. The Iatroscan thin-layer chromatography flame

ionization detection (TLC-FID) system and its use have been described
and reviewed in detail by Ackman (1981).

Separation is accomplished on chromarods which can be mounted

in sets of ten in a metal frame as shown in Fig. 2. Following
sample spotting and development, as in conventional thin-J-ayer

chromatography, the frame containing the chromarods is placed in the

scanning

assembJ-y

of the instrument (Fig. 3).

The rods are auto-

matically and sequentially passed through the flame of a hydrogen

atr

flame ionization detector which quantitatively estimates the amount

of substance on the rods whil-e at the

same

time cleaning and react-

ivating the rods. Following scanníng, the clean and reactivated rods
are again readY for use.
Several researchers have reported the use of the latroscan
TLC-FID system for quantitative separation of lipids

(In.nis

and

Clandinin, 1981-; Kaitaranta and Ke, 1981; Hirayama and Moritar1980;
Kaitaranta, 1980; Kramer et al, l-980, Bradley et al-, L979; Mills et a1'
1979; Tanaka et al-, 1979¡

Vandamme

et al, 1978). There has been little

application of the TLC-FID system in areas of food lipid analysis.
Kaitaranta and Ke (198f) have described the use of the Iatroscan to
measure changes in polar lipid

content of fish oils.

They compared

polar lipid content determined by TLC-FID to thiobarbituric acid
(TBA) val-ues and to increases in weight of oiJ- samples due to oxygen

uptake. They f ound a signif icant linear corre.l-ation (r=0 -945 ) between the polar J-ipids estimated by TLC-FID and the weight gain,
and also between polar lipids and TBA val-ues (r=0.935).
Regardless of the class of compound to be quantitatively ana-

lyzed, there are several important variables to consider when using
the TLC-FID system.
Ouantity of sample for spotting.

The flame ionization detector

is sensitive to very smalf amounts of material, less than 1

pg

(Kaitaranta and Nicolaides, 1981); however, Ackman (1981) reports

that the most commonly used amounts for spotting are in the range of
3-30 ug. The sample of materia] is spotted in a volume of L-2 lrl

of solvent; this is applied to the rod in smaff aliquots of 0.2 to
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0.S Ul, allowing the solvent to dry between applications to prevent

excessive spreading of the material at the origin.

Solvent deveLopment system. Selection of a suitable solvent
development system may require. some experimentation. Kramer et al,
(1980) studied the effects of solvents on the resolution of neutral

lipids on chromarods and concl-uded that the TLC-FID system is unique,
and therefore the sol-vent systems used in conventional- TLC may not

necessarily be successful with chromarods. They found that very small
changes in composition of the developing solvents affected lipid

resolution, and also noted that the resolution decreased as the rods
aged. Ackman (1981) has summarized all of the various solvent systems for chromarod development which have been reported.

Mills et aI (1979) have suggested that during development of
lipids, material- is progressívely "lost" as it migrates up the
chromarod. Standardization of solvent system and especially of
developing times are therefore extremely important.
Many researchers (Kaitaranta and

1981; Sipos and Ackman, L978¡

Ke, 198I; Innis and Clandinin,

Vandamme

et aI, I97B) have reported

developing times rather than soLvent front height, as it is often

very difficult

to see the sol-vent front on the chromarods. Solvent

front heights are often reported when the rods are partially developed
first

in one solvent system and then in another to complete the sep-

aration (Mills et al, L979).
ft has also been noted (Ackman, f981; Hirayama and Itlorita,

1980)

that all chromarods do not have identical developing rates. The rods
should initially

be checked, either in the developing solvent or by
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development of standards, and grouped in sets of ten rods, all of

which should have similar developing rates"
Operating variables of the fatroscan Anal-yzer. The three

variables to consider in the operation of the ftame ionization detector system are (I)

hydrogen flow rate and (2) air flow rate to

the burner and (3) scanning speed of the rods as they are

passed

through the flame.
The manufacturer recommends a hydrogen flow rate of l-60 ml/min

which shoul-d correspond to an instrument pressure gauge setting of
)
I.2 kg/cm-. However, there is a great deal of discrepancy between

this recommendation and results reported elsewhere. Several studies
have reported hydrogen pressures of 0.t kg/cn2 (Vandamme et al, L978¡

Kairatanta and Nicolaides, 1981) and 0.75 kg/cm' (rip.= and Ackman,
1978), with no mention of the flow rate corresponding to this pressure. Others have reported only the fl-ow rates, 80 ml/min (Innis
and Clandinin, l-98I) and 188 mllmin (Bradley et aI, 1979) with no

mention of the corresponding hydrogen pressures. A study reviewed

by Ackman (1981) stated that a hydrogen flow rate of 160 ml,/min
corresponded to a pressur e of 2.0 kg/cm2. Since Ackman (1981)

reports that the hydrogen flow rate may affect both the magnitude
and the reproducibility

of the FfD response, it would appear to

be irnportant to select a rate which gives the most reproducible
response

The manufacturer recommends an air flow rate of 2000 mlrlmin

which can be set directl-y on the instrument flow meter. There are
no reports of the air fl-ow rate having any effect on the response
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and it is usually left at the recommended rate.
The scanning speed of the rods is varied by changing speed ratio

gears on the carríage of the scanning assembly. The manufacturer
does not recommend a specific scanning speed, but rates of 2.3,

3.1 and 4.6 cmrlsec (representing scanning gears no.40,30 and 20,
respectively) have most often been reported (Ackman, I98l).

The

manufacturer cautions that at slower scanning speeds, it may be
necessary to reduce the hydrogen flow rate to avoid over-heating
and thus shortening the life

of the chromarods. Thus, it may be

necessary to try several combinations of hydrogen fl-ow rates and

scanning speeds as reported by Bradley et al- (L979) in order to find

the most reproducible response.
Flame ionization detector response. Having considered the

previously mentioned variables. the final- variabl-e to consider is
the response of the flame ionization detector to the substance or
substances under investigation.

Most researchers have found the

detector response to be linear for amounts of material ranging from
l-30ug for any particular cfass of lipid

(Ackman, l-981-). However'

more researchers have afso found that the response differs

for

different cfasses of lipids which necessitates the use of response
factors or correction factors ín order to accurately quantitate the
results.
Several- methods have been suggested for the calculation of cor-

rection factors, but the most logical method appears to be the determination of a calibration curve for each component of interest
as described by ltlills et al- (1979). They determined the detector
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response for amounts of each component ranging from I to 30

(Fig. 4).

.

Ug

A regression line was estirnated for each component following

the method of least squares. From the peak height and regression lines,
thêy were able to calculate the corresponding weight for each component
of an unknown mixture.
Mitls et al- (L979) further reported on a decrease in reproducibility

of the peak heights when a substance was chromato-

graphically developed along the rod before being scanned, rather than
being scanned at the point of origin, before development. Thus'

a

coefficient of variation of 19.6? was obtained for a chol-esterol- stearate standard after development and scanning; this was considered to
be due to inconsistent behaviour of the indivídua] chromarods.
much lower

coefficient of variation, 6.Ieo,was obtained when

A

samples

of cholesterol- stearate were spotted and scanned without chromatographic development.
However, the opinion of most researchers who have used the
TLC-FID system is that, in spite of poor reproducibility,

it is

a

quick and sensitive method for both qualitative ancl quantitative
analysis of mixtures, particularly
most widely used.

for lipids,for

which it has been
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MATERTALS AND I'{ETHODS

I.

Preparation and Collection of Used Fryinq Fats

The fol-l-owing three brands of commercial frying fats (heavy duty
hydrogenated) were used in the study:

1. Chipper Biscot - a hydrogenated canola oil (variety

Tower)

from Canada Packers (iodine value = 78).

2. Tasty Fry - a hydrogenated canola oil from Canbra Foods Ltd.
(iodine val-ue =

76)

.

3. Hydrogenated soybean oil - from Proctor and Gamble Co.
(iodine value = 76).
Each of these fats was used in turn for frying frozen french

fries (lvlcCains 3,/8" regufar cut institutionaJ- pack) for a period of
five 8-hr days. Each morning, the fat in the fryer

(GarJ-and Model

80-03 institutional- el-ectric deep fryer) was heated to 185oC (:ZSo¡')
and 9l-0 g (2 Lb) l-ots of the f rozen fries were cooked for 3 min at
L5 min interval-s thror.ighout the day. A total- of 30 lots (30x190 9

=

27.3 kg) were fried each day. After the l-5th and 30th frying of each

day, the fryer was topped up with freshly melted fat to replace that
lost by absorption and sampling. Approximately

J-200

g or 10? of the

total weight of the fat rvas added at each topping up.
Samples

of both the frying fat and the cooked french fries

were

obtained at interval-s throughout each of the 5 days of frying tÉiq.

the fat and the french fry samples were placed in glass and plastic
containers, flushed with nitrogen, and placed in frozen storage
(-ZSoC) until further analysj.s could be done.

5)

32

Time

Fr

lin

No.

Frying Fat
Sample *

I :15 A.M.

0

8:30

I

9:00

3

Schedule

French Fry
Sample **

Fat heated to
tgsoc

¿

4

9:30

5
6

10:00
10:30

7
9

10

l1:00

1t

11:30

L2
13

l4

l2:00
12

:30 P.!1.

l:00

15
16
L7
18

Fryer topped up
with fresh fat

l9
20
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Figure 5:

DaiIy frying and sampling schedule.

Fryer topped up'
Fryer turned off
for the night
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Al1 samples \¡/ere coded with 4-number, hyphenated codes (e.9.,
1-1-30-1) where the first

number (1-3)

indicates the fat type (cf. p.31)

the second number (1-5) indicates the day of frying, the third

number

(I-30) indicates the fry nurnber, and the fourth number (1 = fat;
2 = french fries) indicates the product. Thus. for example,

code

l-1-30-1 would indicate Chipper biscot frying fat - day 1 of fryíng fry number 30 - frying fat sample.
II.
Sampl-es

Analysis of Frying Fat and French Fry

Samples

of (1) the frying fats and (2) the fats extracted from

the french fries were subjected to a number of analyses. Those which
were done by the author are reported in detail in the following sec-

tion and others are referred to in the manuscript in the appendix.
(1) The frying fat sarnples were filtered
the tirne of

sampJ-e

through gJ-ass wool at

collection to remove charred food particles.

At

the time of analysis, the sarnples were melted at 55-60oC prior to
weighing.

(2) The fat in the french fries was extracted prior to analysis
by the method of Bligh and Dyer (1959) using chloroform: methanoL: water

(1:2:0.8 v/v).

Additional volumes of chforoform and water were

added

to form a biphasic mixture (chloroform: methanol-: water , 2:2:L.8 v/v)
from which the chLoroform could be separated from the methanol: water

phase. This extraction procedure was carried out in the Department
of Foods and Nutrition

34

Free Fattv Acids

A.

The free fatty acid contents in the samples of frying fats and

the fats extracted from the french fries were determined colorimetricall-y according to a method by Lowry and Tinsley (1976) as adapted
by

J

.K

. Daun (per sona I

comrnun

icat ion ) .

Approximately 200 mg of the pre-melted fats were weighed into
10 ml- screw top test tubes, and 5 ml of toluene was added to each tube,

foll-owed by I ml of cupric acetate reagent (52 w/v aqueous).

The

tubes were capped, shaken for f min and then mixed on a Vortex mixer

for l-5 sec to complete mixing. The tubes were centrifuged at 3000

rpm

for 5 min and the upper, clear layer of each tube was carefully pipetted
into a test tube. The sampJ-es were then aspirated directly into the
spectrophotometer (Beckman ModeI 25) cuvette; the absorbances lrere

read at 7l-5 nm. The percentage of free fatty acids was determined
from an absorption calibration curve for oleic acid standards (Fig. 6).
B.

Polar

l.

Components

Change

Changes

in Dielectric Constant

in dielectric constant of frying fats were measured ivith

the Foodoil- Sensor (Northern Instruments Corp.. Minnesota)
Samples were mel-ted

.

in smal-l beakers prior to being placed in

the sample cup of the Foodoil Sensor. A pipette was used to place
approximately 0.5 ml of melted fat in the sample cup. i{hen the sample
had reached the proper Lemperature as indicated by a green lighi on'

the instrument panel, the test button was depressed and the deflection

atr
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Figure 6: Absorption curve and regression line for oleic acid
standards.
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of the needle was observed. The sample cup was emptied, wiped clean,
and the next sample read fol-lowing the same procedure.
An unheated fat sample was initialJ-y used to cal-ibrate the in-

strument to zero deflection, after which the heated fat sampì-es were

sequentially tested. Only preliminary test fats and not the experimental
2.

sarnpl-es were

tested using the Foodoil Sensor.

CoLumn Chromatoqraphv

SeparaÈion uslng a 25 g silica gel- column. Total- polar compo-

nents in the fats were determined by column chromatography as de-

scribed by Billek
for the

et ql (1978). Silica gel (60-200 mesh, Davidson Co.)

coLumns was

activated by drying at 160oC for 4 hr; then

water (5? of the weight of the sil-ica gel) was added and the mixture
shaken for I hr to equilibrate.

Twenty-five grams of the activated

silica gel was used for each column.
A glass column (38 cm x 2.I cm i.d.)

with a sintered glass disc

support and Teflon stopcock was partialì-y filled

A (petroleum ether: ether, 872I3 v/v).

with 50 mf of solvent

A disc of fibergfass filter

paper was fitted over the sintered glass disc to retain the fine

partícles of the silica gel.

Originally, a wad of cotton woo1 or glass

wool was used to cover the glass disc (as described by Biflek

(1978). Hor{ever, the

gJ-ass wool

silica gel, and it was difficult

et al

did not always completely retain the
to obtain 1evel packing of the sil-ica

gel on top of the wad of glass wool-. The disc of fiberglass filter
paper was more effective than the glass wool in both of these respects.
The 25 g of silica ge1 was sl-urried in 80 mI of solvent A in

small beaker and was stirred to remove air bubbtes. The slurry

a

wab

a1

gradually poured through a glass funnel- into the column. The stopcock
of the column was left partially
to facilitate

open during the packing procedure

even packing of the silica ge1. Additional sol-vent A

was

used to rinse the remaining sitica gel from the beaker and the funne1

into the column.
Several techniques were tried to obtain an even packing of the

column. It was necessary to maintain a continuous flow of the slurry
into the coLumn to avoid channeling. Also, much difficurty

was en-

countered in having the sil-ica gel settle without the formation of

air bubbles which tended to rnigrate and form large breaks or channels
ín the column. An el-ectric vibrator was used to improve the settling
of the silica get in the column. Finally, when the silica geI

was

settled in the col-umn, a small disc of fiberglass fil_ter paper was
placed on top to prevent disturbance of the surface of the silica gel
when adding sample and eluents.

A sample of the melted frying fat (l g iveíghed to four decimal-

places) was weighed into a small beaker and dissol-ved in l0 ml of
sol-vent A. The sol-ution was carefully added to the top of the column,

followed by two 5-mr aliquots of sorvent A used to rinse the beaker.
The triglyceride

(non-polar) fraction was eluted with 150 ml of

solvent A fol-lowed by the porar fraction with 150 mr of sol-vent B
(diethyl ether).
tially

The flow rate was 2.5 ml/nin, controlled by par-

closing the stopcock of the column. Twelve fractions

(2-5

ml ,each)

were corlected in graduated cylinders and transferred with rinsing

into pre-weighed Ì00-mr round bottom flasks.

The solutions were eva-

porated to dryness with a rotary evaporator and a waterbath

(OOoC);
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followed by heating in an oven (ttOoC) for 4-5 min to remove the
last traces of sol-vent. The fl-asks were placed in a desiccator to
cool, and were then weighed. The weights of the fírst 6 fractions
eluted with solvent A were added to determine the total weight of
non-polar material, and the weights of the last 6 fractions eluted

with solvent B were added to determine the total- weight of polar
nateriaf.

The recovery of sample from the column was calcul_ated

as the combined weight of all eluted fractions as a percentage of

the weight of the sample charged to the column.
Aitempted reconditioninq of the column betleen sampl-es. A

new

25 g column was used to fractionate a I g sample of used frying fat.

Following elution, the coLumn packing was washed with 60 nl of solvent

A. A second I g sample of fat was fractionated as described in the
previous section.

The column packing was successively washed with

60 ml of methanol, 60 ml- of acetone, and 60 ml of solvent A. A third

I g sample of the

same

fat was fractionated on the washed column.

Separation usinq a 6.25 g silica gel col-umn. The complete procedure for the 25 g column was reduced to one-quarter scafe.
column (30 cm x l- cm i.d.) was packed with 6.25 g silica gel.

A

A 250

mg

sample of frying fat was efuted from the column, with 50 ml_ of sol_vent

A followed by 50 ml of solvent B. lnitially,
were collected.

Once

twenty 5-mf fractions

the pattern of elution was established, only

two bufk 50 ml fractions were coll-ected and weighed.

Difficul-ties were stiII

encountered in obtaining uniforrn packing

?o

in the column' which appeared to be temperature related.
was finally

This problem

solved by putting a circulating water jacket on the column,

and circulating cold tap water throughout the procedure. This com-

pletely eliminated the problem of bubbles and channer formation in
the column and greatly increased the flow rate.
Analysis of frying fats.

Samples

of the unheated frying fats

and the heated fats from the 30th fry of each of the 5 days for

al-l three types of fat were fractionated on either a 25 g or a 6.25

g

silica ge1 column.
3. Thin Layer Chromatography with Flame Ionization Detection

bv

an Iatroscan Analvzer
Since quantitative thin-1ayer chromatography on chromarods is

a

relatively new procedure, there were no established methods to foll-ow
for separation of heated frying fats.

A method for the separation

of heated frying fats into non-polar and polar fractions was developed
as follows:

Selection and activation of chromarods. Ten chromarods (type

S,

Technical- Itiarketing Associates, Mississauga, Ontario) were secured

in the dual purpose development/scanning frame (Technical [Iarketing
Associates). They were simultaneousJ-y cfeaned and activated by passage
through the fl-ame ionization detector of the faLroscan Analyzer (l{odeI
TH-10, Technical Marketing Associates). Between periods of use, the
chromarods were stored in a glass tank containing distilled

water..

Just prior to use, the rods were removed, dried 5 min in an oven at
o

105 C and scanned through the fl-ame detector.

In order to checl< the sinilarity

of developing rates of the
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10 rods, they were developed
ror I / mln

in solvent

(petroleum

ether: ether,87¿I3v/v)

and the heights of the sol-vent fronts on each rod were

compared. As the 10 rods appeared to have simitar developing rates.
no further selection of chromarods was required.

Application of samples to tþe chromarods. Fat samples were dissolved in chloroform (distilled

in glass) and applied in small por-

tions to the origin of each chromarod. Spotting of
than

1¡-r1

vol-umes

of

more

was done with a l-0 U1 syringe (Unimetrics Syringe, Model

TP5010 TLC) which had

a Teflon tip especially for spotting in thin-

layer chromatography. Thís el-iminated the danger of scratching the
fine silica coating on the rods, and helped to prevent solvent from
creeping up on the outside of the syringe needle during application.

Spotting of samples of less than fulwas done with a l-ul syringe.
Initially,

samples of concentrations from 1 to L0Ug,/Ul were

spotted in volumes ranging from 0.5 to 6Ul.

It was found suitable,

later, to standardize on a sample concentration of

10uC

/uI,

spot a vol-ume of

20Ug

on the rod.

2

Ul, thus depositing a sample of

and to

The 2Ul of solution was spotted in sma1l aliquots of approximately

0.5U1, allowing the sofvent on the rod to dry between each application.
Sol-vent system and development procedure. A mixture of petroleum ether ( bp 30-600C) ancl diethyl ether (85:15 v,/v) gave adequate

resolution of the triglyceride fraction from the polar materiaf.
Decreasing the amount of diethyl- ether in the mixture (pet. ether:
ether , 87 zI3 v/v)afl-owed the polar fraction to remain as one peak near

the origin, but did not always adequately resolve the triglyceride
peak. Increasing the amount of diethyl ether (pet. ether: ether,

4t.
B0:20 v/v) gave very good resolution of the triglyceride

peak but

caused the polar fraction to be resolved into several- smaller peaks

which were more dífficult

to accurately quantitate.

The rods were developed for L7 min in 60 mI of pet. etheri

ether (85:15 v/v) in a chromarod tank Lined on three sides with filter
paper. The frame containing the rods was removed from the tank

and

dried in an oven at 105oC for 5 min to remove any traces of solvent.
The hydrogen

pressure and air flow rate were initially

set at L.2 kg/cn2

und

2000 ml/min. The rods were traversed through the flame at a rate of

0.3 cm,/sec (i.e.,

40 sec per-scan), using gear no. 30 on the

scanning frame drive.

The amplifier output was set at maximum. The

analog signal cable from the detector was connected to a digital

integrator (Autolab, Model 6300-12) to which was connected a potentiometric recorder (Beckman, Model 1005). The external- chart feed
cable from the fatroscan Analyzer was coupled directly to the recorder;
this activated the pen and chart paper drive only during each scan.
This offered a considerable saving in chart paper as the chart paper
drive was disengaged during the return of the frame between scans.
recorder was operated at 100 mv with a chart speed of 5 in/min.
Several combinations of hydrogen flow rates (Ì.0, 1.2 and 1.4
)

kg/cm-) and scanning speeds (0.3 cm/sec and 0.4 cm/sec) were tested

to determine which conditions gave the most reproducible response.
Determination of l-inearity of response and rel-atirru ,.=pon=..
Standard solutions of a triglyceride fraction and a polar fraction

The

42

isolated by column chromatography from a heated fat (code 2-5-30-1)
were each made up at concentrations of 5 Ug/Ul and I VS/VL in chtoro-

form in

25m1

glass stoppered volumetric fl-asks. Volumes of 0.5 to

6.0Ulof the standard solutions (i.e.,

f.0 to 30ilg) were spotted

on

each of 9 rods, developed and scanned. The integrated peak areas
were used to determine (1) the l-inearity of detecÈor response for
each of the two classes of compounds over a range of sample sizes

and (2) the . response for the triglyceride fraction relative to the

polar fraction.
triglyceride

The detector response was also determined for a pure

(triolein,

Supelco Co.).

Separation of nixtures of non-pofar and pol-ar rnaterial of

composition. Using triglyceride and polar fractions isolated

knor^¡n

by

column chromatography from a heated fat (code 2-5-30-1), a series

of mixtures were prepared with the following compositions:
Concentration

(in

CHCI^)

Triglyceride Fraction
(?bYwt)

Pol-ar Fraction

(Z bYwt

)

10 uclu1
il

65.51

I

70.I7

lt

75.47
79.90
85.71
90.91

ll
il
il

.43
29.83
24 .53
20.10
l-4.24
9.09
4.79
34

95.2r
These soLutions were individually

spotted on each of 9 rods (2 v7 /rod)

developed and scanned as previously described.

Anplysis of, heated frying fats.

Samples

of frying fats from

the beginning and end of each frying period for each of the three
brands of fats were made to a concentration of l-0 VB/ltI in chloroform.
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Each of the solutions was spotted on

9

replicate chromarods (2 uI/

rod) , which were developed and scanned as previously described.

4¿.

RESULTS AND DTSCUSSION

Free fatty acid values, determined by a rapíd colori-

metric method, were done on frying fats and fats extracted from
the french fries.

Three different methods for estimation of total

polar components were evaluated; change in dietectric constant
measured by

as

the Foodoil Sensor, gravimetric determination of polar

components by liquid column chromaLography, and a quantitative thin-

layer chromatographic technique using the Iatroscan Analyzer.
A.

f'ree t'aEty Aclqs

Free fatty acid measurements were done in duplicate on samples

of frying fat from fry no. 0, 6,18,24
for all 3 types of fat.

and 30 of each of 5 days

Resufts were expressed as

%

of free fatty

acids (as oleic) determined from the regression equation for oleic
acid standards (Fig. 6, p. 35). The mean values for each fry over
5 days of frying for all 3 fat types are shown in Fig. 7. The free

fatty acid val-ues appear to parallel- very closeJ-y the changes taking
place in the frying fat.

The levefs of free fatty acids increased

each day, but decreased after the l-5th and 30th Lry of each day

the fryer was topped up with fresh fat as would be expected.

when

ivlean

values ranged from O.0l- to O.O4Z for the unheated fats to l-.ll to

I.262 for the fats after 5 days of frying.

The soy frying fat ini-

tia1ly had the lowest free fatty acid value (0.01%) but throughout
the frying it had the highest tevels of free fatty acids. The two
canola fats had simitar levels of free fatty acids throughout the five
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days of frying.
Correl-ations of the free fatty acid values with hours of frying

for the 3 fats are detailed in the appended manuscript. In brief'
there were high correlation coefficients for the increase in free fatty
acid value with increase in hours of frying for all 3 fats.
Free fatty acid values for the fats extracted from the french

fries were al-so determined in duplicate on samples from fry no. 3'
9

, 18, 24 and 30 of each day of frying for all 3 fat types, as

as the fat extracted from the pre-cooked frozen french fries.
mean

wel-lThe

values for each fry are shown in Fig. 8. Again, the values

appear to reflect the changes taking place in the frying fat, aIthough not as consistentl-y as did the free fatty acid values of the

frying fats,

The free fatty acid value of the faL in the frozen french

fries was 0.962, reflecting the composition of the fat in which

Èhe

fries were blanched by the manufacturer. Thus the free fatty acid
values of the fats extracted from the fries at the beginning of the

5 day frying period were 0.12 to 0.14%' representing a balance between the higher free fatty acid vaÌues of the fries and the lower

free fatty acid values of the frying fats.

The free fatty acid val-ues

for the final fries after 5 days ranged from 0.99 to I.19?, very
similar to the values of 1.1-1 to L.262 for the frying fats.
The regression lines and correlation coefficients describing

the increase in

FFA

with hours of frying are shown in the

appended

manuscript. There were high correlations of free fatty acid values
with hours of frying.
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B.

Polar

Components

1. Chanqe in Dielectric Constant
Preliminary testing with the Foodoil Sensor showed erratic
resul-ts in which the reading for a heated canola fat sample

was

either 1.0 or negatively off scale on different occasions.

The

instrument was tested more extensively with a series of 0 to 56 hr
used canola fats from a preliminary frying study. The readings taken

on four different occasions (replications) are shown in Table I

with the

FFA

values for the fats.

aJ-ong

There was obviously an increase in

deterioration of the fats over the 56 hr of frying as shown by the
FFA values which ranged from 0.024

to I.4242. Although the instrument

readings did show a correlation with an increase in hours of frying

(FiS. 9). the results were sometime quite variable
tions.

Al-so, the

maximum

among

the replica-

reading obtained for the 56 hr frying fat

was only I.0 on an instrument scale of 0 to 7 which meant that atl

readings were in the botton l-58 of the range of scal-e. As the actual
experimental frying fat sanples were not expected to fal-f outside

of this 15? of the range, it was concluded that this instrument
would not give sufficiently

precise readings, and it was not re-

tained for the rest of the study.
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1; Foodoil Sensor Readings and FFA Val-ues for Hydrogenated
Canola Oil Used for Frying French Fries.
TABLE

Hours of
Fry ing

Rep

1

Instrument Readings ,
nep 3 Rep 4 trfean -S.D.

Rep 2

0.024

0

U

0

0

0

0

o

U

U

0

0

0

16

0

0.3

0

0

0.08-0.15

24

0.3

0

0

0.3

32

0.4

0.6

0

0.6

40

0.5

0.5

u.4

0.4

48

0.8

0.9

0.7

0.8

56

1.1

1.1

1.0

0.9

Free Fatty
Acids (3 )

+
+

0.15-0. l7
+
0.40-0.28
+
0.45-0.06
+
0.80-0.08
+
1.03-0. r0

0. 121

0.256
0.392
0.568
0.716
1.070

r.424

2. Column Chromatography
Although the col-umn chromatography method reported by Billek et aI
(1978) has successfully been used by other researchers (Paradis and
Newar, I98l; Beare-Rogers (personal cornmunication); Waltking and Wesse1s,
1981)

, and was considered successful in this study, it was felt that

it was too complicated and tíme-consuming for routine analysis.
Therefore, modifications of the procedure were attempted which involved a reconditioning procedure so that the column coul-d be reused.
lVhen

this proved unsuccessful, the whole cofumn method of Billek et al

(1978) was reduced to ä scal-e which offered several benefibs. the

results of these investigations are detail-ed in the following sections.
Separation using a 25 g silica gel- col-umn. Initiatly,

followed was that reported by Bitlek

modifications: (i)

the

method

et a1 (1978) with the following

the fiberglass wad over the sinctered glass disc

was replaced by a disc of fiberglass filter

paper which allowed

more

even packing of the silica ge1 and retained the fine silica 9e1 par:

ticles,

(ii)

the eluate from the column was collected as individual
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Sensor

instrument readings with

s1.

25 mr fractions rather than two bulk 150 ml fractions and (iii)

the

exact amount of sample loaded onto the column was estimated by weighing the sample beaker after the second rinsing onto the col-umn. The
collection of 25 ml- fractions allowed the resolution pattern of the
column to be observedr ând estimation of the amount of sample loaded

onto the column allowed the recovery from the column to be cal-culated.
Duplicate samples of a 56 hr heated canola fat.sample from a
preliminary frying study were fractionated on individual columns.
A typical chromatogram is shown ín Fig. 10. The total- fractions

(non-polar) eluted with petrol-eum ether: ether (87:13 v/v) and the

tota] fractions (porar) eluted with ether were each cal-culated

as

percentages of the total- amount of sample toaded onto the column.
The combined non-polar (triglyceride)

and polar fractions were cal_-

culated as a percentage of the totar amount of sample loaded onto
the co]umn to deÈermine the recovery. The varues for duplicate
samples (Table 2) indicated a high degree of reproducibility.

A further 3 samples of a fat from the frying study (code I-1-

0-1) were separated on identically prepared columns in order to estimate the variability

of the method. Results are shown in

Tabl_e 2.
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2: Precision of Replicate Frying Fat Separations on 25 g
Sil-ica Gel Columns.

TABLE

iglycer ide
Fraction (3)

Sample Code

Tr

56
hr frying fat
I

8t .26

Mean

86.99

1-1-0-1

95.32
94.48
94.02

I

n

86.7t

94.6t

Mean

0.66
0.70

SD

CV(U)

Polar

Fraction

(Z)

Recovery
(?)

13.81
12.L7
L2.99

r0I.07

.60
6. rl_

99.92
100.59

99.88
100.48

4

4.79
5. r7
0.82
15.86

The standard deviatíons for the triglyceride

98

.8r

99.77
0.90
0.90

and polar fractions,

although more than adequate for the purpose of the study. \¡rere higher
Èhan

the standard devíations of 0.3 reported by Billek

The ínitial

et al- (1978).

problems in maintaining an even packing of the column

without bubbles may have been affecting the precision in separation
of fat on the column.
The method proved to be time-consuming, however, and expensive

in terms of column packing and solvents, and thus it would not appear to be the best method for routine analysis of used frying fats.
Paradis and Newar (1981) found the column chromatography method to

require about 4 hr

for each separation. The amount of time esti-

mated for each separation in this study was about 4-5 hr

per sample.

Atlempted reconditioning of the column between sampl-es. A pos-

sible alÈernative to reduce the time and material cost would be

a

column which could be reused. Following recommendations by Carroll.
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and Serdarevich

(1967

) an attempt was made to wash and regenerate the

column between samples, rather than packing a new column.

A sample of 56 hr. frying fat was separated on a ne$¡ 25 g silica
ge1 column. Following this, the column was washed with 60 m1 of petroleum ether: ether (87:l-3 v/v).

A second sample of the same fat

was

separated on the same column. Although the percentages of triglyceride
and polar fractions were similar to those obtained from the new column

(Table 3), observation of the elution patterns showed poorer resol-u-

t.ion from the washed col-umn (Figure 11, ii).
3: Comparison of Chromatographic Separations of a 56 hr.
Frying fat on a (i) New and (ii, iii)
Reconditioned 25 g
Silica GeI Co]umn

TABLE

Tr igl-ycer ide

Column

Treatment

(i)

New Column

.t,'ractlon
81

(e")

.26

Polar

Fraction
13.

Recovery
(?)

7

Bl_

t01.07

(ii) Washed with
petroleum ether:
ether

84.61

13.90

98.51

(iii) Washed with
a series of solvents

82.71

1s.02

97.79

A more thorough regeneration using a series of sofvents was done

on the same column. A third sample of fat on this col-umn showed much
poorer resolution with incomplete separation of the triglyceride-

polar fractions (FiS.11, iii),

and.

as indicated by the large amount of

material in fractions 6 and 7.
fn conclusion, as the regeneratíon procedure adversely affected
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Figure 1l: 'Column Chromatography of I g of 56 hr frying fat on 25 g sil-ica gel- before and after
column reconditioning: (i) separation on a new 25 g col-umn, (ii) second separationrafter
'
washing with pet. ether: ether (iii) third separation,after washing with a series of sol-vents
(pet. ether: ether; methanol; acetone; pet. ether: ether). TG, triglyceride; pL, polar lipid.
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the resolutíon on the column, it did not appear to be a feasible
alternative.
Separation using a 6.25 q silica qeI co]umn. A third alterna-

tive, which proved successful, was to reduce the size of the

column

to t size, thus reducing the time required to pack and run the

column

and the costs for column packing and solvents.

fn addition, the

srnall-er col-umn had a higher length/width ratio

(25/I.0) than the

large col-umn (30/2.I) which should give a better separation efficiency
of the fractions

(Snyder

, 1962).

The procedure for packing and running the column was the

same

as that for the large column except for the addition of a circulating

cold water jackeÈ to the small column which eliminatecl the bubbles
and greatly improved the flow rate.

Triplicate samples of a frying fat (code 1-1-0-l) were separated
on individual 6.25 g columns to determine the pattern of resofution
and to estimate the variability

resufts are shown in Table 4.

of the smafl column method.

The
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4: Precision of Replicate Frying Fat Separations on 6.25 g
Silica Gel Columns.

TABLE

iglycer ide
Fraction G\

Sample

Polar

Tr

Code

I-t-0-1

Fraction

96.26

4.55

o< t?

¿.

))

.45

5.

l_3

100.81
99 .45
101. 58

.63
.46

100.61
1.08

96

95.98
0.66
0.69

Mean
SD

CV(?)

Recovery
(%)

4
0

q q¿

The standard deviations for the triglyceride

l_.07

and polar fractions

were 0.66 and 0.46, respectively, as compared to 0.66 and 0.82 (cf. Table 2) for

the 25 g column. There appeared to be a better separation of the triglyceride and polar fractions on the 6.25 g column as indicated

by

the negligible amount of residue in fraction 6 (FiS. 12). On the
25 g column, the triglyceride

and polar fractions appeared to overlap

slightly in fraction 7 (FiS. 10, p. 52).
A t-test was used to compare the difference between mean vafues

for the large and
tions.

smal-L columns

for the triglyceride and polar frac-

There were no significant differences (p< 0.05) betweenthe

mean

values obtained from the large and srnal-l columns.

In concl-usion, the 6.25 g silica gel column was found to give
results comparable to those from a 25 g column. Considering the
savings in time, 40 min as compared to l-20 min to run each colirmn,

the savings in silica gel, 6.25 g as compared to 25 g per column,
and the savings in solvent, 100 mI as compared to 300 mI per separa-

tion, this was judged to be a better method for column chromatography
of frying fats.
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Figure 12: Column chromatography of 250 mg of 56 hr frying fat
6.25 g silica gel. TG, triglyceride; PL, polar lipid.
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Ana]vsis of f rvinq f ats.

Samples of the unheated fats, and the

heated fats from the 30th fry of each day, for each of the 3 fats were
chromatographed to determine the percentages of triglyceride

and polar

components. Resul-ts are presented in Tabl-e 5. There was an increase

in the percentages of polar components in all 3 fats over the 5 days
of frying.

There was 3.67 to 5.50? of poÌar material in the unheated

fats and this increased Eo 12.69 to 13.10? after 5 days of frying.

These

values for the heated fats are much l-ess than the limit of 30å polar

material mentioned by Billek (I979) as indicative of severe deterioration in used frying fats, indicating that the length of time or the
conditions of frying in this study did not produce severe deterioration ín the frying fats.

Although no forma] sensory evafuation of the

french fries was done during this study, comments by the operat.ors
indicated that the quality of the frying fat and of the french fries
was quite acceptable at the end of the 5 day period.

There did not

appear to be any distinct differences in contents of polar components
among

the 3 brands of frying fat used in this study.

These data were combined with additional data from the Departrnent

of Foods and Nutrition, using the

same method

for additional fat

samples, and were used to estimate regression lines describing the

increases in polar components rvith increase in hours of frying.

The

results are detail-ed in the appended manuscript, but in brief, there
were high correlations of percentages of polar components with hôurs'

of frying for all- 3 fats.
fn summary, the determination of polar components by column
chromatography appears to be a sensitive and precise method for
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TABLE

5: Percentages of Triglyceride and Polar Components in Three
Heated Fats from Five Days of Frying.

Sample

Code *

1-1-0-1
1-1-24 -1

iglycer ide
Fraction (U)
Tr

Polar

Fraction

Recovery
(U)

(3)

95.98
93.18
90.84
90.48
88.11
87.75

.63
.62
8.80
9.96
11.85
13 .l_0

99.96
100.85

2-1-0-1

94.70

2-1-3 0-1

02

2-2-30-r

,07
90.32
88.99
87.43

.50
6.54
8.26
9.83
lt_.32
13.02

100.33
1C0.33
100.15
100.31
100.44

t- 2-3 0-1

l_-3-3 0-l
1-4 -3 0-1

1-s-3 0-1

2-3 -3 0-1

2-4-30-t

2-5-3 0-1

-r- 0-1
3-1-3 0-1
3-2-3 0-1
3-3-3 0-r
3-4-3 0-1
3-5-3 0-1
3

"o

92

97.00
94.53
ot

ttr

90.27
89.64
87 .28

4
6

5

.61
6.10
3
1

Ç1

r0.04
10.40
12 .6'7

100.61
100.40
99 .64

t00.44

r00.l-9

100.20
100.63
99.81
100.31
100.04
99 .97

I,2 or 3 = type of fatr 1-5 - day of frying; 0-30 = fry no.;
I = frying fat.
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monitoring deteríoration in frying fats.

The use of a \

s

1ze

column reduces the time and materials cost of the method by L

3/4, respectively.

and

However, it is stil-t a time-consuming method

which requires a skiLled technician and thus would not

a quick quality control test in the food industry.

be

useful

as
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3. Thin-Layer Chromatography with Flame Ionization Detection
There were no established procedures to fol_Iow for using the

ratroscan system for determination of polar lipids in used frying

fats.

Thus it was necessary to develop a method which is described

in detail in the following section. The percentages of polar

compo-

nents in frying fats determined by TLC-FID using the latroscan system were
compared

to percentages of porar components determined by col-umn

chromatogr aphy.

Operating variables of the Iatroscan Analyzer. As there appeared to

l-ittfe concensus as to which hydrogen flow rates corresponded to the
various hydrogen pressure settings on the instrument

gage, these

were checked over the range commonly used on the instrument.

The

resul-ts are shown in Fig. 13. The flow rate of 160 ml/min recommended

by the manufacturer corresponds to a gage setting of 0.8 kg/cnz
)

- not I.2 kg/cn- as suggested by the manufacturer. Thus, it would
appear to be important to check the correlation between flow rate
and pressure setting for the particul_ar instrument used.

rnitially,

the effect of hydrogen pressure on detector response

was checked at l-.2 and r.4 kg/cn' fo, a standard triglyceride

sample

of 6 ug, spotted on the rods but not developed. The mean peak areas
were fB.g7 ! 0.97 and 18.941 1.g5, respectively, at a scanning speed
of 0.3r cm/sec (40 sec/rod). A t-test was used to deterrnine that
there was no significant difference between the
at the two hydrogen pressure settings.

mean

values (p<!.05).

However, a visual appraisal

of the scanning at a hydrogen pressure of

l-

.+ kg/cn2 revealed that

the rods r¡/ere overheated, which according to Ackman (1981) may shorten

be
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the Life of the chromarods. A1so, at the hígher hydrogen pressure,
the variability

of the response was greater, (g.jgs" C.V.) than at the

lower hydrogen pressure (5.092 C.V.).
The effect of hydrogen pressure on response was determined for
samples which had first

been developed. The scanning speed was in-

creased to 0.4J- cm/sec (30 sec/rod).

Amounts

of 20 Ug in 2 U1 of

solution were spotted, developed and scanned at H, pressures of

J-.0,

l-.2 ancl r.4 ug/cn2. The mean responses for 9 rods at each H, pressure
are shown in Table

6.

TABLE 6: Effect of Hydrogen Pressure on FrD Response*
Speed of 0.41 cmlsec.

H2 Pressure

Mean response

Coeff. of var.

(U

)

1t<.g7cn2

at a scanning

7

1.0

t -¿

36.93

JÖ. Z4

25.16

L7

1.4

ab

.99

40.96b
15.01

* Val-ues bearing different subscripts are significantly different;
p

< 0.05

An anaÌysís of variance of the data reveated significant differences between mean values at different H, pressures (Table 7).
Duncan's multiple range test revealed a significant difference between

the

mean

value for l-.+ kg/cm2 and the value for

l-

.O Ug/cn2, but not

between the values for 1.0 and r.2 kg/cn2 or between the val-ues for

1.2 and I.4 kg/cm2.
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7: Analysis of Variance"of Detector Response at H, Pressures
of 1.0, I.2 and I.4 kg/cn" (Scanning speed, 0.41 crn/sec).

TABLE

Source of Variatron

Pr

e

ssur e

Rods
Er ror
Total

df

¡{s

F

2

38.007

tr 10*

(]

r51.02L
7 .IB2

2r.86*

I6
zo

* p < 0.05
Since it was again observed that the rods were overheated at the
?
L.4 kg/cm- pressure, and also that the baselines of the scans

were

very unstable with excessive background noise, a lower H" pressure
setting was selected.
At the faster scanning speed of 0.4Ì cm/sec (30 sec/rod) a hydrogen pressure of I.2 kg/cnz guu" a response with a lower variability

than a pressLrre of f.O kg/cn2. However, at a slower scanning speed

of 0.31 cm/sec (30 secrzrod) the lower pressure of 1.0 kg/cm2

was

selected to minimize overheating of the rods.
The effect of scanning speed on detector response was checked at

two scanning speeds, 0.31 cm,/sec and 0.4Ì cm/sec at a hydrogen pressure of L.0 kg/cn2. The mean response at the two scanning speeds
\dere compared by a t-test

which indicated no significant difference

between the two response values (Table 8).
These resul-ts are not in agreernent with those of Bradl-ey et aI

(1919) who reported a greater response and smal]er coefficient of

variation at faster scannings speeds.
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TABLE 8: Mean Peak Areas* (n = 9) for 20 Vg Samples Developqd and
Scanned at Two Scanning Speeds (HZ pressure = 1. O kg/cn¿).

Scanninq Speed

0.3I cmlsec

0.41 cmlsec

Mean

38.11

37.05

S.D.

3. 68
9.66

Coeff. of Var.

(?)

a

a

9.14
24 .68

* Values bearing different subscripts are significantly
p < 0.05.

different;

It was finally decided to standardize upon a scanning speed of
0.3I cm/sec (40 sec/rod) and a hydrogen pressure of l.O

U,g/cn2

(flow rate = 210 ml-lmin) throughout the following study.
Determination of linearity

of response and relative response

response of the detector to weights of lipid ranging fron 1-30 p9

The
was

determined for both a triglyceride and a polar fraction.
The mean vafues of integrated peak areas from 9 rods were plot-

ted against weights of the fractions spotted and developed on the
rods (Fis. Ì4).

There appeared to be a linear rel-ationship between

the weights of material- spotted and the peak areas which is in agreement with the findings of }lill-s et aL (1979). A l-inear regression

line was estimated for each fraction using the method of least
squares. A rack of fit test was used to test whether the linear regression moder was appropriate for the data (Neter and wassermanr
L974).

The analysis of variance table for the l_ack of fit

polar component data is shown in Table 9.

test for the
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9:

TABLE

Table for Lack of Fit Test for Polar Fraction Data.

ANOVA

Source of variatíon

df

SS

I

Regress ion
Res idua I

,352.099
2t098.L36

28

70
64

Pure Error
Lack of Fit
Total

The test statistic

F*

MS

6

L,840 .497
257.639

7I

30,450.145

for the l-ack of fit

28.758
42.940

I.493

test is given by the

following equation:
F* = MS (lack of fit)
t{S (pure error )
The calcul-ated F* value was 1.493 which was compared to the tab-

ulated F (.95; 6, 64) of 2.35. Since F* < F tab the conclusion

was

that the linear regression

The

model- was

appropriate for the data.

equation for the linear regression line for the polar fraction is

as

follows:
+ = -)

?.769

+ I.9jL2

x

A regression line was estimated for the triglyceride fraction
1n

the

same way

using the method of least squares. The analysis of

var iance tabLe for the lack of fit
TABLE

10:

ANOVA

test is shown in Table 10.

Table for Lack of Fit Test for TrigJ-yceride Fraction

DdLd.

Source of variation
Regress ion
Res

idual

Pure Error
Lack of Fit
Total

df

I
70
64
6

7I

SS

.396
2'/98l-.328
2',LIs .435
865.893
55,708.724

MS

F*

52 r127

33.054
L44.3l-6

4.366
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The calculated F* value was 4.366 which was compared to the tabulated

F (.95; 6, 64) of 2.35. Since F*> F tab., the conclusion was that
the Linear regression model was not appropriate for the triglyceride
fraction data. However, as the data appeared to fol-l-ow a linear relationship for weights of triglyceride from 1 to

20

Ug it appeared

that a piecewise regression model might fit the data. A computer
program, using an

line.

SAS

package, was used to estirnate the new regression

The estimate of the regression line was found to

be

t = -2.2744 + 2.4822xÌ * 1.6099 (xr-20)x,
where x^=0 if x-€20 and x^=1 if x- > 20. Since the amount of material
¿T¿L

selected for spotting and developing was Z0 ltg, *2=0, and the equation

Xr =:l + 2.2744 could be used for estimating the equivalent weight
"

a
Âôaa
L.AALL

(x) of triglyceride from the peak area (Î').
The regression lines and their equations for the triglyceride
and polar fractions are shown in Figure

J-4.

It can also be seen from the regression lines that the

mean de-

tector response for the triglyceride fraction was always slightly
greater than the
fraction.

mean

detector response for the

same

weight of polar

In order to determine if there were significant differences

between the two regression l-ines, the slopes and intercepts of the

two regression lines were tested and found to be significantly

ferent (p <0.05). Thus, there was a significantly

dif-

greater detector

response f or the tr iglycer ides than f or the polar lipids

f

or th'e sarile

weight of material-. Therefore, it was necessary to use the two regression l-ines to estimate the weights of triglyceride and polar frac-

tions in unknown samples, and to compare the ratios of weights rather
than peak areas.
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Although no suitable polar lipid standard could be obtained,

it was decided to determine the detector response for a pure triglyceride standard, triolein.

Amounts

of triolein

ranging from I to 30 Ug

were spotted, developed and scanned. The mean peak areas for each

weight of standard are shown in Fig. 15. The mean peak areas for

the developed triglyceride fraction, isolated from used frying fat

by

column chromatography (cf. Fig. 14) are shown again in this figure

for comparison. As expected, the responses were very simifar for
triolein

and the isolated triglyceride

fraction, indicating that the

triglyceride fraction isol-ated from the column was a suitable triglyceride standard for the frying fats.
chromatograms from the triolein

A visual observation of the

and triglyceride

standards

showed

that the positions and shapes of the two peaks coincided, further
indicating the similarity of the two standards. A1so shown in Fig.
15 is the detector response for triolein

which was spotted

and

scanned but not developed. For all weights of the standard, the de-

tector response was considerably higher for the undeveloped than for
the developed standard. Although this

phencmenon has

not been re-

ported by other researchers, it is in agreement with the observations
of lt{ilIs et al- (I979 ) that

rnater

ial, is progressively " l-ost" as it

migrates up the rods.

A lack of fit

test was used to test whether a l-inear regression

model was appropriate for the developed triolein

The analysis of variance tabfe for the fack of fit
developed triolein

data is shown in Table l-1.

standard data.-

test for the
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0 . 3l cm,/sec .

,

72.

TABLE

11:

ANOVA

Table for Lack of Fit Test for Developed Tríolein Data

Source of Variation

ion
Residuals
Pure Error
Lack of Fit

Regr ess

Total-

df

SS

I

62

,126.255

18

2,I20.332
r,L52.244

7

968.088
64 ,246.581

'tI
79

F*

MS

16.229
138.298

8.552

As the calcul-ated F* value of 8.552 was much larger than the tab-

ular F (.95¡ 7,7f)

of 2.L1, the conclusion was that the response to

increasing amounts of the triolein

standard was not linear.

Although

data, it appeared

a regression model was not fitted to the triolein

that perhaps a curvilinear relationship might better fit

these data.

However, it would be preferabl-e to repeat these resu1ts and also to

determine the response for amounts of standard greater than 30 pg be-

fore attempting this analysis.
No attempt was made to fit

triolein

a regression model to the undeveloped

standard data as there would be l-ittle

interest in quantita-

ting undeveloped standards. However, it wou1d be inLeresting to determine the response for standards which had been developed to different

heights on the chromarods to determine if the response to a given
weight of sample is inversely proporÈional to the height that the
sample has migrated up the rod.

Separation of mixtures of non-pofar and polar mate¡iêL of

known

composition. Since the results of separations of the used frying
fats by column chromatography had shown that the

maximum l-eveIs of

polar components were in the range of l-2-13%, the suitability

of the

1)

ratroscan system for estimating levels of porar components up to
which is considered a

(Bill-ek,

maximum

a]lowable leve1 for commercial

30%,

use

1979\, could not be determined with the used frying fats.

Therefore, a series of mixtures containing amounts of polar

components

from 4.79 to 34.43e" were prepared from the fractions of triglyceride
and polar materiaLs eluted by column chromatography. Amounts of 20 ug

in a solution of 2 pl were spotted, developed and scanned. Typical
chromatograms for mixtures containing 4.792 and 34.43? porar maLerial

are shown in Fig. 16.
The mean peak areas for nine rods were calculated for both the

triglyceride and polar fractions frorn each mixture. Using the regression equations for the triglyceride ancl polar fractions, the
corresponding weights of each fraction were estimated from the

mean

peak areas. The percentage of polar material by weight in each mix-

ture was calculated and is shown ín Table 12.
The amount of polar rnaterial as determined by TLC-FID corresponded approximately to the known amounts of polar rnaterial in the

mixtures. The estimation of polar material, 7.262, was higher than
the amount of 4.79? known to be in the mixture, while at the other
end at a known level- of 34.43? polar naterial,

the estimation of

30.472 was slightJ-y low. A possible expranation for the deviations

from the expected results

is the large amount of error (C.V. =

22.01 - 52.622) involved in quantitating the polar peaks, especially

at very low l-evels of polar material.

This could possibly be reduced

by spotting larger amounts of sample, perhaps 20-40 pg , so that even

at very fow ]evels of polar material, the actual weight of material

74.

(ii)

origin.+

solvent

front

origin-

solvent

front

Figure ì-6: Typical chromatograms of lipid mixtures containing
(i) 4.792 polar components and (ii) 34.432 polar components,
developed and scanned on chromarods" SampJ_e size = 20 pgi
t
H2 = I.0 kg/cn' i scanning speed = 0.31 cmlsec. TG, triglyceride; PL, polar lipid.

TABLE

Iqean Peak Areas and Corresponding Inleights of Tr iglycer
t imaÈed by TLC-FID from trlixtures of Known Composition.

12:

Es

Known Composition

of ltlixture

Polar Fraction
(? by wt)

PL

TG

Fraction
(n=9

Correspond ing l^/e ights
Estimated from
Reqress ion Lines

Areas
(?)

Ivlean Pea k

Fr ac t

ion

(n=9)

)

ide (TG) and Polar (PL) Fractions

PL
TotalTG
Fraction Fraction TG+PL

(ue)

(ue)

(ue)

Bstimated Composition
of Mixture
bV TLC-FID
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and thus the peak area would be greater

Analysis of frying fats.

Samples of

frying fats

from

the beginning and the end of each frying period for each of the three
brands of fats were separated using the ïatroscan systern. The percentages of polar material in the fats were calculated from the

mean

peak areas using the regression equations and are shown in Table 13.

For comparison, the percentages of polar material- determined by column
chromatography (cf. Tabl-e 5) are included in the table.

For the unheated fats, the values for polar components by TLCFfD were somewhat high, 6.02 Lo 7.222, as compared to values of 3.19

to 5.503 by cofumn chromatography.

Conversely, for the fats at the

end of the frying period, the val-ues for polar components by TLC-FID
were slightly
col-umn

low, 9.93 to 10.'77eo, as compared to 12.99 to l-3.10?

by

chromatography. These deviations from the expected resul-ts

are similar to those observed frorn the separations from mixtures of
known composition.

However, in spite of the variability

associated with the fatro-

scan Anal-yzer system., it appears from the above results that the
system offers a quick and sensitive method for observing qualitative
and quantitative changes in frying fats.

Although the initial

sys-

tem is expensive, most of the components are reusable and thus there

is little

cost involved for materials contrary to the case in the

column chromatography methods.

There is room for further development of techniques with the sys-

tem. The use of different sol-vent systems and standards might
it possible to quantitatively estimate different cl-asses of

make

cornpounds

13: Mean Peak Areas and Corresponding tr{eights of Triglyceride (TG) and polar (pL) Fractions
Estimated by TLC-FID from Unheated and TJsed Frying Fats.
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in the polar fraction.

For example, Innis and Clandinin (1981) first

separated the polar and non-polar fractions, and then partially

scanned

the rods which quantitated and removed the non-polar fraction.

The

rods were then redeveloped in another sol-vent system which gave a
complete resolution of the polar fraction.

This technique could pos-

sibly be used with used frying fats to determine the actual
of different classes of

compounds

more

within the polar fraction.

amounts

79.

SUMMARY AND CONCLUSIONS

Canol-a

frying and newer methods for determination of frying fat

quality were evaluated in a deep frying sLudy designed

LU s

imul-ate

commercial frying oPerations.

Free fatty acid val-ues were determined by a rapid colorimetr

method. The

FFA

1C

values correlated well- with hours of frying for all

three types of fat.
Three different techniques for determination of the total polar
components in frying fats were evaluated. Changes ín dielectric

con-

stant were neasured by the Foodoif Sensor instrument. The rnethod

was

neither sensitive nor reproducible and it was feft that the instrument
would not provide useful- information of the quality of the frying fats.
A reported method for column chromatographic separation of polar
and non-polar components gave results of high reproducibility

and gave

good correlation with increases in hours of frying for all three types

of fats.

The column chromatographic method was reduced to one-quarter

scale which offered considerable savings in time and materials without affecting the accuracy and reproducibility of the resul-ts.
A method for the determination of total polar components by TLC-

FID using the latroscan Analyzer system was developed and evaluated.

Results were not as reproducibl-e as those obtained by the column
chromatographic method, but the system is rapid and offers a sensi-

tive method of observing qualitative and quantitative changes in

80.

frying fats.
From this study it is difficult

to predict which of these

methods

would be the most useful for monitoring the quality of frying fats.

Both the free fatty acid values and the val-ues for polar components
as determined by column chromatography correlated well with increases

in hours of frying.

However, although no formal- sensory evaluation

was performed in this study, comments by the operators had indicated

that the quality of the fat and the french fries was quite acceptable
at the end of the five days of frying.

The fínal_ level_s of polar

components in the fats, I2-I3e", also indicated Lhat only a moderate
amount of deterioratíon had taken place at this time.

Therefore,

it wourd be useful in future work to use the fats for a longer period,
to the point of discard, and to correlate the analytical_ values to
this endpoint of use.
None

of these methods for determínation of polar components woul-d

appear to be suitable as a routine quality control test for the food

industry.

The column chromatography methocl is time-consuming and

requires a skilled operator, but has an advantage in that the initial
costs for equipment are minirnal. The TLC-FID system using the
fatroscan Analyzer is more rapid, but the ínitial

cost of equipment

is high, and a skilled operator is required in order to obtain reproducibl-e results.

Either of these methods coul-d prove useful- in a re-

search or regulatory capacity.

However, the challenge still

remains

to develop a simple and inexpensive method which would be more usefu]
for use in the food induslry.
A second goal of this study, which was attained, was to obtain

additional infornation on the behavior of canola frying fats.

From

8r.

the analyses made in this study, the canola frying fats appeared to
perform as weII as the soy frying fat. After five days of frying, the
levels of free fatty acids were higher in the soy fat than the canola
fats while the levels of polar components were similar for both types
of fats.

Although the conditions and length of frying operation in

thís study was not sufficient to produce high levels of degradation
products, a subsequent study (referred to in the appended manuscript),
in which liquid canola and soy frying fats were used for frying for
seven day periods, also indicated that the canola fat was as accept-

able as the soy fat throughout the frying period'

ö¿.
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Of particular concern is the stability of a fat to the
repeated frying carried out in institutional food

Abstract
The effects of extended deep frying on chemical and physical
changes occurring in hydogenated solid and liquid canola and soybean frying fats u,ere examined in two separate frying studies. Samples of the frying fats and french fries rvere taken at intervals
throughout each experiment and were analyzed for a number of

production. The breakdown products which are
formed from fat at frying temperatures include volatile compounds, free fatty acids, cyclic compounds,
polymeric triglycerides and other high molecular
weight compounds (Chang et ql., 1978). These deterioration products in turn cause physical changes such

chemical and physical parameters. The values for free fatty acids
(FFA) and lor polar components (PC) rvere each highly correlated
rvith hours of frying for all types of fats; therefore, equations for
predicting levels of PC from FFA values were calculated. AlÌ fats
contained only moderate levels of degradation products after 5 or
l0 days of frying. These levels of degradation products did not
appear to affect the sensory qualities of the french fries adverseiy,
and there rvere only minor differences in sensory quality betrveen
fries cooked in liquid soy or canola fats.

as an increase in viscosity, a darker colour, and a lower

smoke point of the fat. As the fryrng fat is absorbed

by the food, thermal oxidation products can

be

expected to affect its sensory and nutritional characteristics (Holm et a|.,1957; Gabriel et a|.,1977; Billek,
1979). While many methods have been published to

evaluate the changing quality of fat during frying,
some sensory judgment of the fried product is often
the practical basis for judging when a used fat should
be discarded. A more objective test is desirable, particularly one which can be done easily by food service
operators and will signal deterioration before nutritional quality is compromised.
Countries such as West Germany and the Netherlands, concerned about the possible nutritional hazards of the thermal oxidation products in frying fats,
have specified limits on the amount of deterioration
which should be allowed in commercially used fats
(Mankel, 1979¡,van der Heide, 1979). A column chro-

Résumé
Les effets de Ia friture prolongée sur les changemeirts chimiques
et physiques des huiles à frire canola et soja à l'état fluide et à l'état
hydrogéné concret firent I'objet de deux études distinctes. Des échantillons d'huiles et de frites furent prélevés à intervalles au cours de
chaque expérience et furent analysés pour plusieurs paramètres chimiques et physiques. Les teneurs en acides gras libres (AGL) et en
constituants polaires (CP) furent fortement corrélés avec la durée
de friture dans le cas de toutes les huiles. On a développé des équations qui permettent de prédire les niveaux de CP et de AGL. Les
niveaux de produits de dégradation après 5 ou l0 jours de friture
furent modérés dans le cas de toutes les huiles. Ces niveaux de produits de dégradation n'ont pas semblé nuire aux qualités organoleptiques des frites. Les différences en qualité organoleptique furent
mineures entre les frites cuites au canola ou au soja.

matographic method for the determination of total
polar components (PC) in used fats has been reported
to be reasonably reproducible, and while still timeconsuming, correlated well with standard tests. For
example, a concentration of abouf 25Vo PC corresponds to about 0.1 Vo of petroleum ether insoluble
oxidized fatty acids, which is one of the West German
criteria of fat deterioration (Billek et al., 1978; Guhr

Xntroduction
Canoia oil, from low erucic acid, low giucosinolate
rapeseed, now accounts for more than 40Vo of the
Canadian production of edible fats and oils (Statistics Canada, 1982). Canola oil is processed into a variety of edible oil products including liquid and solid
fats for frying. However, to date there have been few

and Waibel, 1979; Meyer, 1979).

Many snack food manufacturers and restaurant
chains in Canada routinely monitor the percentage of
free fatty acids (FFA) in used fat as an indicator of
deterioration even though the theoretical basis for so
doing is not well defined. Recently Robern and Gray
(1981) published a colorimetric spot test which can be
used as an indicator of excessive-amounts of thermal

publications which describe the performance of canola
frying lats in comparison to those which have been
commonly used. Such information is needed by existing and potential users of canola frying fats.

r87

lowing parameters: thiobarbituric acid (TBA) value
(Tarladgis et ø1., 1962), hydroperoxide value (Eskin
and Frenkel, 1976), peroxide value (Cocks and van
Rede, I966), iodine number (AOCS 1979a), FFA

oxidation products in fats. While this test essentially
depends upon the concentration of FFA, the published
results showed that the content of oxidized materials

(PC) parallelled the FFA concentration and gross
changes produced obvious colour differences (blue to
yellow).

The following studies were designed to provide
information on a variety of physical and chemical
changes which occurred in canola fats during the
repeated frying of potatoes under conditions simulating good restaurant practice. Soybean frying fats were
studied for comparison. The statistical relationships
among the parameters measured were examined to further the development of reliable methods for judging
fat deterioration. For the same reason, similar measurements were made, when possible, on the fat
extracted from the fried potatoes. While both liquid
and solid fats were tested, sensory qualities of fried
potatoes were measured only on those fried in the
liquid fats.
Materials and Methods
Frozen french fry potatoes (3/8" regular cut) in
institutional pack were obtained from a local wholesale food distributor. The solid fats, two canola and
one soybean base, also in institutional pack, were
hydrogenated and contained an antifoam agent
(dimethylpolysiloxane) and stabilizers. The two liquid
fats, one canola and one soybean, were lightly
hydrogenated. All fats were obtained directly from the
processor.

All frying

was done in an institutional electric deep

fryer (Garland Model 80-03) which was pretreated with
a nonstick lecithin preparation to facilitate subsequent
cleaning. Each day the fat was heated to 185 + 2"C
and allowed to equilibrate at this temperature for 15
min prior to frying. One batch (910 g) of potatoes was
cooked every l5 min for a total of 30 batches per d
(7.5 h). Frying time for each batch was 3 min, followed
by draining for 2 min over the fryer. The volume of
fat was replenished twice daily with fresh fat after the

fifteenth and thirtieth fry. At the end of each day the
fryer was turned off and the fat was left in the fryer
ovenight to cool to room temperature. Frying was con-

tinued for 5 d with the solid fats and for l0 d with
the liquid fats for a total of 37.5 h and 75 h of frying,
respectively.
Samples of french fries (450 g) and

of frying fats
(150 mL) were taken at evenly spaced intervals
throughout each day. All samples were cooled, flushed
with nitrogen and frozen for subsequent chemical
and/or physical analyses.
The french fry samples were freeze-dried for 48 h
in a Virtis freeze dryer and the percentage of moisture
was estimated by the difference in weight. The fat was
then extracted from the dried samples by the method
of Biigh and Dyer (1959) and the percentage of fat
absorbed during frying was determined on a dry weight
basis.

Samples of used frying fat and fat extracted from
fried potatoes were analyzed in duplicate for the fol-

(Lowrey and Tinsley, 1976) modified by J. Daun
(Grain Reseach Laboratory, Winnipeg, personal communication), fatty acid patterns (Metcalfe et at., 1966)
and trans fatty acids (Ottenstein et at. , 1977) . The contents of PC were determined by column chromatography on silica gel (Billek et øt., l91B); a new column
was used for each sample and the polar fraction was
eluted and also weighed.
Physical measurements on the frying fats included
the following: measurement of viscosity using a Brookfield viscometer (model C2303 LVT) with the UL sample adaptor at 60'C for the solid fats and at 21oC for
the liquid fats, and determination of smoke point following the standard AOCS (1979b) method. Colour
changes of the liquid fats were measured using the

Hunterlab Colour Difference Meter (Model D25).
Sensory quality of the french fries was evaluated
only on those prepared in the liquid frying fat study.
This included assessment of exterior crispness, interior
dryness, intensity of oil flavour, off-flavours of oil,
oily mouthcoat, potato flavour, colour and overall
quality. The assessments were done by an eight member trained panel using the line-scale method of Stone
et al. (1974). The sample of french fries for sensory
evaluation was taken from the fourteenth fry on each
of days 7,2, 4,6, 8 and l0 of the study. Each of these
day's sample was compared to a control sample fried
in fresh fat just prior to the panel session. All quality
parameters except colour were evaluated under red
lights in a sensory analysis room with individual
booths. Colour was evaluated under natural daylight
conditions.

Results and Discussion
The fatty acid composition and trøns fatty acid content of the unheated solid and liquid frying fats are
shown in Table 1 in comparison to those of salad oil.
Since essentially no changes were observed in fatty acid

composition after extended frying, the values for the
heated fats have not been included. The fatty acid
compositions of the solid and liquid soybean fats compare favourably with those published by the Consumer
and Food Economics Institute (1979). Differences in
the composition of Canola I and Canola II solid fats
are probably due to variations in processing as they
were obtained from different processors.
The content of trqns fatty acids in processed fats
has been reported to vary with both type (selective or
non-selective) and the extent (short-time to long-time)
of hydrogenation (Teasdale, 1975;El-Shalfory et al.,
1981). The qd hoc Committee on the Composition of
Special Margarines has recommended that the Canadian edible oil industry "be encouraged to seek ways
to increase the linoleate content while reducing the
trans fafly acid content of Canadian foods" (Davignon
et al., 1980). All soiid frying fats contained at least
25û/o of Clï:l trqns fatty acids and had a proportion
188

Table l. FaLty acid composition ol frying îats in comparison
Solid
FaLty acid

l4:0
l6:0
l6: I
l8:0
l8: I
l8:2
i8:3

Canola

I

20:0

Salad oils

Lic¡uid fats

Il

Soybea n

C'anola I

Soybea n

Clanola

0.2
8.8

0. I
12.2

tr

0. I

tr

0. I

3.8

10.2

9.3

0.4

Lr

tr

4.3
0.3
1.7

3.9
45.2

10.2

5.3
0.2
0.1

oil.ì

faLs

Canola

0.3

13.6
61 .1

Lo salacl

Soybean

tr

10. I

9.9

0.4
2.4

13.5

65.0

7l.9

t.9
Ir

II.I

t3.7

tr

1.2

l.ô

0.1

0.ó

l.l

0.6

55.2
26.3
9.3
0.8

0.4
0.4

3.1

0.3
0.3

1.1

3.2
0.5
0.3

0.3

0.2

8.0
43.9
33.6

20:l

1.2

1.9

22:0

0.?

0.4

22:l

0.2

1.4

¡18:l

25.1

44.8

28.8

27.4

9.9

tr

cl8:l
TS+¡l

42.6

iò. /

36.3

34.0

49.2

65.6

5

44.2
34.1

55.2
6.3

0.3
2.0

I.6

37.2

0.2

10

Q

ò. /

36.4
22.5

tg/100 g methyl esters.
2Total saturated plus lrzns

(-)

-

apparenLly zero

ing extended frying, the correlations between hours of
frying and the values from physical and chemical tests
were estimated and these are shown in Table 3. Of the
physical tests, change in colour showed the highest

of saturated plvs trans fatty acids which exceeded the
4090 maximum suggested by the Committee (Table l).
The fatty acid composition of the fat extracted from
the uncooked french fries is shown in Table 2. The
potatoes were fry-blanched during processing and it
would appear, from the presence of traces of erucic
acid (C22:l), that canola was the blanching fat. The
fats extracted from the french fries cooked in solid fats

correlation with hours

of frying;

however, colour

changes were measured only in the liquid fats. Smoke

points showed the expected negative correlation with
of frying for all fats. Viscosities gave higher
correlations with hours of frying for the liquid fats
than for the solid fats, which may be a consequence

hours

were almost identical in composition to those of the
frying fats (Table l). These results are in agreement

with those of Aust and Thompson (1981),

of the temperature at which viscosities were measured.

who
reported that the lipid composition of partially-fried
frozen potatoes reflected that of the finish frying oil.
In addition, essentially no change was observed after
5 d (37.5 h) of frying. For these reasons, the fats
extracted from the french fries cooked in liquid fats
were not analyzed for fatty acid composition.
To estimate the best predictor of change in fats dur-

Of the chemical tests, peroxide values, TBA values,
hydroperoxide values and iodine numbers generally
showed poor correlations with hours of frying. The
highest correlation with hours of frying was shown by
the FFA values foliowed closely by the percentages of
PC. Both of these correlations were consistently high
among all types of fats.

Table 2. Fatty acid composition ol fats exrractecl f'ronr f re¡rch lries cookecl in solid lats.l
U

Fatty acid

Canola

37.5 h

0.3
9.5

0.3

0.2

0.2

9t

9.

8.6

7.8

I8:l

72.0

l8:3

0.8

20:0

09

t2.3
69.0
s.9
0.4
0.1

20:l

1.9

1.3

22:0

0.4

0.2

0.1
5.3

9.6

22:l

cl8:l

0h
I

375

h

0h
0. I
r 1.0

tf

l6: I
I8:0

¡18:l

Soybea n

0h2

l6:0

o.t

ll

0. I
5.8

l4:0

r

C'anola

I

ncooked
lries

3

3jl

I I.6
10.2
5.8
0.3
0.1

9.9

73.9
2.1

9.8
14.1
2.2
0.8

1.8

I.9

0.4

0.4

0. I

0.3
0.2

1.4

t.2

26.4

27.)

42.6

4.t.

44.9
29.0

42.6
31.5

t

tg/100 g methyl esters
2hours used I'or frying ar tinre of sampling
(-) apparently zero

-
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0J
r0.6
tr

9.2

9.2

6ó.8

66.2

10.9

10.8
0.3
0.7

0.2
0.1

l3

37.5

--

0.6
0.6
0.3

1.0

0.4

29.3

294

31 .5

36.8

h

Table 3. Correlationl{r) of hours ol frying time rvith physical and chenrical changes in frying

faLs.2

Physical

Solid I'ats
Canola
Canola

I

Soybean

:

-.80

76

-.70

.80
.93

.34
.77
.69

.31

-.90
-.92

92
95

.86
.88

.89
.05

/o
-. to

ll

Soybean

Canola

:
:

.91
9l

l'or solicl läts; n
2l 1'or liquicl fats.
Smoke poinL; PV
Peroxide value: TBA
polar conrpollents.
lree laLty acidsl PC
{-) not analyzed
2SP

l5

=

:

TBA

Viscosity

I

Liquid fats

rn

Chemical

Colour

Fat

:

HPV

50
28
38

.99
.99
.99

.95
.97
.96

-

36

-.

19

.99
.98

.96
.96

.54
26

Thiobarbituric acid value: HPV

:

.61
.34

FFA

IN

Hydropcroxide value:

lN

:

lodine number;

FFA =

-

by the standard AOCS method can vary + 25'C from
one laboratory to another. Smoke points for all fats

The values for physical and chemical properties of
the frying fats, from the beginning of each study and
after extended frying, are shown in Table 4 for the
solid fats and in Table 5 for the liquid fats. Within
each market form, iiquid or solid, the properties of
canola and soybean products appeared to be quite
similar. The liquid fats darkened with continued heating as would be expected. Solid fats also appeared to
darken although actual colour readings were not taken.
The smoke point temperatures were initially uniformly
low in comparison 1"o the 224" C reported for salad oil
(Vaisey-Genser and Eskin, 1982).Il should be noted
that Arens et al. (1977) reported that measurements

Table 4. Physical and chemical values of solid fats at
and after extended frying.l
Physical

Fat/Time

0h

Viscosity

('c)

(CPs)

208

22.7
23.4

0h
37.5

h

152
209
ll34

lJ,ö

2t2

22.3

24.5

Soybean

0h

showed only minor changes in either solid or liquid
fats. The FFA and PC values showed distinct increases
in all fats as frying time was extended. However, the
levels of PC remained well below the 3090 which is
considered to be indicative of deterioration in used frying fars (Billek, 1979). It is interesting that the contents of FFA and PC in the liquid fats after 37.5 h
of frying (Table 5) were no greater than in the solid
fats (Table 4). This suggests that the two market forms
were equally stable to the frying conditions which were
used in this study.
The correlations between hours of frying and physical and chemical values of the fats extracted from the
french fries are shown in Table 6. The highest correlations were between FFA values and hours of frying
and between percentages of PC and hours of frying,
as in the frying fat samples. The percentage of fat
absorbed did not correlate well with hours of frying.
The values from all physical and chemical tests on
the fats extracted from the french fries are shown in
Tables 7 and 8. There were no significant differences
in the amounts of fat absorbed from the solid or liquid

Lhe beginning

Chemical

SP

Canola I
37.5 l"t
Canola ll

dropped below 170'C after 15 to 20 h of frying. This
temperature has been recommended by the German
Society for Fat Research to be used, in conjunction
with a concentration of petroleum ether insoluble oxidized fatty acids of0.790, as a basis for discarding used
frying fat (Billek et ol., 1978). Viscosity measurement

37.5 h
t52
23.2
IDefinitions as per Table 3

PV

TBA

IN FFA PC
$ol gol

0.034
0.058

78
73

0.03

0.024
0.024

76
76

0.04

0.0 r 4

83
80

(meq/kq)

0.3
4.9
4.4
7.8
0.9
4.2

0.066

t.l6

Ll
0.0 l

4.31
13.10
4.51

t3.42
2.51

1.26 12.70

Table 5. Physical and chemical values of liquid lats at the beginning. during. and after extended frying.l
Physical

Fat/tìrne
Canola

0h
37.5

t5

h
h

Chemical

Colour

SP

Viscosity

PV

(AE)

(oc)

(cps)

(mecl/kg)

21.0
36.9
42.2

194
144

2t.6

0.8

22.8

l2t

i.8

23.4

2.9

TBA

HPV

tN

FFA

PC

lVol

(7o)

I

0.002
0.060
0.0s8

0.024

94

0.00

3.41

0.041

96

1.00

t1.12

0.0s7

9)

2.26

I5.12

0.096
0.034
0.056

0.000

97

0.041

I0t

0.00
0.60

10.57

0.026

90

1.73

t5.33

Soybean

2t.0

tr9

ì8.i

1.8

h

34.0

152

20.4

2.8

h

4l.b

t34

2t.2

4.7

0h
37.5

75

IDefinitio¡ts as per Table
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the fats extracted from the french fries (Table 9). As
expected, the correlations between the contents of PC
and FFA were high in all cases (p > 0.9). However,
significant differences among slopes (b) and,/or intercepts (a) ofthe regression equations prohibited the calculation of a generalized equation. The relationship

Fig. I Relarionship betleen FFA and hours of frying time in: A
Solid frying fats; B. Liquid frying fats.

between
forms of soybean or canola fats, although lower values
were observed with the use of the liquid soy product.
Yang and Chen (1979) suggested that less fat was
absorbed when frying in liquid fat than in solid fat.
The peroxide values, TBA values, hydroperoxide
values and iodine numbers showed little change from
the beginning to the end of either frying study. The
percentages of FFA and of PC in the fats extracted

FFA and PC formation during

frying

appeared to vary with the market form of the frying
fat (Figure 3). The regression lines for the solid fats
uniformly had larger b values than for the liquid fats
(Table 9). Thus, a given increment in FFA would correspond to a larger increase in polar components in
the solid fats than in the liquid fats. The solid soybean

fat initially had the lowest content of PC of any of
the five frying fats tested (Tables 4 and 5). Accord-

from fried potatoes appear similar to the values
obtained from the frying fats (Tables 4 and 5).
However, in the case of the PC values less confidence
can be placed in the data from fats extracted from
potatoes due to difficulties in recovering all PC from
the columns. It was observed that 5-1090 of the non-

ingly, in the regression equations (Table 9) the (a) value
for the solid soybean fat was low, although the rate
of accumulation of PC in response to increases in FFA
(b) was similar to that in solid canola fat. The relationships between FFA values and percentages of PC
in the fats extracted from the french fries were similar to those of the frying fats but the difference
between solid and liquid fats was less distinct.

triglyceride fraction remained strongly adsorbed on the
column. This difficulty may also be observed in the
data reported by Alim and Morton (19'74) which suggested that thermal oxidation products were preferen-

tially absorbed by fried foods.
Because ofthe high correlations that existed between
FFA values in used fats and hours of frying time and
between percentages of PC and hours of frying times
(Table 3), these relationships were plotted and are
shown in Figures I and 2 respectively. It is obvious
that both of these measurements of frying fats could
be used as predictors of the changes taking place in
the french fries.
Since FFA analysis is a much simpler and faster test
to perform, and correlated as well with frying time as
did the accumulation of PC, it appears attractive to
use only FFA analysis as a measure of deterioration
in frying fat as suggested by Robern and Gray (1981).
The validity of predicting the accumulation of PC
from FFA values was examined by estimating the
correlation coefficients between the two sets of data
for canola and soybean fats in both the frying fats and
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Fig. 3 Relationship benveen contents of PC and FFA in: A.
solid frying fats; B. Used liquid frying fats.
191

Used

Table 7. Physical and chemical values of solid fats extracted from
french fries cooked at the beginning and after exLended fry"
ing.l

Table 6. Correlationì (r) of hours of frying time rvith physical and
chenrical changes in fats extracred from french fries.2
Chemical

Physical

Fat/rir¡e

PV TBA HPV IN

Fat
absorptìon

-.04

Soybean

-.14

Canola

I

Far

.7

-.28

ior solid fatsl n

:

2Defi¡ritions as per Table

3

rn

:

15

-.68
46
.59 4
66
-.42 .14
.33 .08 .ó I
-.39 .19 -.34
.45

.t2

Soybean -.12

Chenlical

Physical

2l for

liquid

.54
15

-.66

-.49
-.49

PV TBA HPV IN

absorption

FaL/rinle

Solid iaLs
Canola I
Canola ll

Liquid lats

lt-

FFA

lTol

.98

.99
.99
.99
.98

Canola I
0.75 h

.95
.99
.98
.91

faLs

0.4
7.5

0.066 0.067

t5.2

2.0

0.006 0.154

t6.6

10. l

0.r20

4.7

0.010

-l-ò

12.4
10.0

37.5

h

Canola Il
0.75 h

37.5

h
h

I J.J
14.2

0.75

l"t

rDefinitions as per Table

Within the solid fats, although the slopes (b) of the
FFA;PC relationships were similar for soybean and
canola fats, there were significant differences in intercepts (a) which meant that a general equation for solid
fats from both oil sources was not valid (Table 9).
Within the liquid fats, however, there were no signifi-

PC

(o/ol

9ol

l4

54
70

0.

73
72

0.

0.340
0. l 38

l7

0.12

0.0s8 0.296

68

0.1

l8

0. 138

Soybean

37.5

FFA

l.r9

5.43

r0.78

l4

0.99

l.ls

4.49

t0.92
3.53
10.88

3

judged significantly (p < 0.05) less crisp than french
fries cooked on all other days. In all other characteristics, within each fat, the french fries were considered

similar throughout the l0 day frying study.

In examining the sensory differences between soybean and canola fats, over all days of frying, the french
fries cooked in canola fat were judged to be less dry

cant differences between either slopes (b) or intercepts
(a) so that the combined equation for soybean and
canola liquid fats could be estimated; it is shown in
Table 9. Although not conclusive, these data comparisons do suggest that the FFA content of frying fats
has predictive value for PC. This prediction, however,
is based on only two experiments, and requires further validation before it can be generalized for all types

and mealy, less crisp, and lighter in colour than those

fried in soybean fat. The "overall" quality scores,
which represent a subjective integration of all characteristics, were significantly higher (p < 0.05) for the
french fries cooked in canola fat. It should also be
noted that even after 10 d of frying, the panel found
the french fries cooked in either canola or soy liquid
fat to be very acceptable despite the fact that the fats
contained 1.2 and 2.890 linolenic acid. Holm et ql.
(1957) and Smouse (1979) have reported that the
intense reversion flavours in some heated oils may be
related to formation of high molecular weight unsatu-

of frying fats under varying frying conditions.
The results of the sensory analyses of the cooked
french fries from the liquid frying fat study showed
that, in general, there were few significant differences
in the quality of the french fries from the beginning
to the end of the study (Table l0). These findings tend
to confirm the results of the chemical tests in which
only moderate amounts of deterioration in the frying
fats were detected. Within the canola fat series, the
french fries on day I were judged to have significantly
less oily mouthcoat (p < 0.05) than the french fries
cooked on any other day. Within the soybean fat
series, the french fries cooked on days 1 and 2 were

Table 9. Relationships between free fatty acids and polar components in frying fats and in fats extracted from french fries

(rvltereY: a +

bx).

Type of fat

Responsel

Frying fat
Solid

Canola I
Canola ll

Tal¡le 8. Physical and chenrical values of liquid laLs extrac[ed fronr
french fries cooked at the beginning a¡rd after extended frying.l

l]ryrsl
Fat/tinle

37.5

75

h
h

Fat
absorption

l2.I

1.9

0.034 0.074

14.2
10 9

2.5
3.7

0.056 0.076

0.046 0.088

0.25

h
h
h

75

9.4
8.7

5.4

lDefinitions as per Table

6.9
4.4

0.022 0.070
0.028 0.096

5.3

0.022 0.096

90
85
82
97
90
88

I

Soybean

4.48
4.54
a <o

6.99
7.30
7.34

3.49

.93
.94

5.69

4.5 I

5.7

I

4.88

2.21
2.44

.94

5.7 6

4.58

2.29

4.64
4.30

s.33
6.96
6.85

2.66
3.48
3.42

5.40
s.86

2.70
2.93

3.65
3.67

Combined liquid

PV TBA HPV IN FFA PC
lokl l1ol

Soybean

37.5

Liquid
Canola

Chemical

(1ol

Canola I
0.25 h

Soybean

.96
.97
.91

fa ts

Fat extracted lrom french lries
Solid

0.03
0.84
t.93

Canola I
Canola II

4.57
10.09
I

Soybean

5.50

0.04
0.56

L93

1.60

13.03

Liquid
Canola I

3.99

Soybean

.95
.96
.99
.98
.95

2.77
5.21
5.

l6

IPredicted increase in polar components (y) to a 0.57o increase in
free fatty acids(x).

3

r92

Table 10. Averages scoresl from sensory evaluation of french fries (liquid frying fat).

Fat/tinle

Overall
quality2

Exterior

Interior

Potato

Oil flavour

rnou thcoal

Oily
Colour2

crispness2

dryness2

flavou r

intensity

r.88

0.40,

l.l9

0.79

0.8

gL,

r.30

l.l3

t.77
t.42

r.30

134

0.98

0.53
0.97

r
1.42

0.39
0.54

t.67
r.65

t.32

2.76
2.87

t.l6

Canola I

Day I
Day I0
Soybean

Day I
Day l0

L7

1.54b

r

.39

0.68
0.95

Ilogs of standardized nlean panel scores 1n:8); higher value represents nrore of the characteristic.
2denotes significant difference (p<0.05) between canola and soy over all days.
abvalues in the same colunln for the same lat bearing different le[ters are significanrly differenL (p<0.05)

rated compounds from linolenic acid. As these compounds would be expected to be in the polar fraction
of the fat, the content of PC would be expected to

relate

A.O.C.S. 1979b. Smoke, fire and flash points. A.O.C.S. Official
Method Cd 9a-48. "Official and Tentative Methods".
3rd ed. A.O.C.S. Champaign,

to the acceptability of the fat. However, it

appeared that the levels of PC reached in this study
were insufficient to cause a decrease in the acceptability of fried potatoes. From a processing point of
view, it would be useful to determine at what level of
PC the sensory quality of the fried product begins to
be adversely affected; Billek (1979) has suggested that

Ill.

Arens, V.M., Guhr, G. and Waibel, J. 1977. Bestimmung des Rauchpunktes zur Beurteilung von Brat-und Seidefetten. Fette

Seifen Anstrichm. 7 9(a):256.
Aust, R. and Thompson, L.U. l98l. Lipid composition of finished
fried potatoes and frying oils. Nutr. Rep. Int. 24:957.
Billek, G. 1979. Heated oils
and nutritional aspects.
- Chemistry
Nutr. Metab. 24(Suppl.
l):200.
Billek, G., Guhr, G. and Waibel, J. 1978. Quality assessment of
used frying fats: A comparison of four methods. J. Am.

Oil Chem. Soc. 55:728.

this level is 3090.
In summary, FFA values and contents of polar components gave the best correlations with hours of frying in these studies. Since the correlations between
these two tests were high, and since the method for
PC is more complex, the determination of FFA may
be the best method for monitoring fat deterioration
during extended deep frying. Several equations for
predicting the contents of polar components from the
FFA values for different types of fat are provided. The
sensory scores of potatoes, fried in liquid fats showed
remarkably few differences due to either oil source or
the length of time the fat had been used. After 10 days
of use the FFA values of the liquid fats ranged from
1.7 - 2.3V0 and contents of PC ranged from 13
- 16V0,as
yet the potatoes fried in these fats were judged
acceptable. Further work is required before critical
levels of FFA or PC for discarding frying fats can be
recommended.
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