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Deep-Fat Frying of Potatoes in Palm Oil
in Relation to Quality Characteristics Assessment
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ABSTRACT

Sensory and chemical attribuies of palm oil used for repeated and discontinuous deep-fat [rying of
potato chips at clevated (emperatures were followed, Polyunsaturated fatty acids {PUFAs) decreased in
direct proportion te frying times, whercas saturated FAs were found to inversely increase. A strong de-
aree of correlation fR7) was found between iy o/C s ratio and the frving tme. Free fatty acids were re-
leased and their concentration in the paim oil often increased with repeated use, From acid values and po-
tar compounds contents of the used palm ol it was ohvious that thermoxidative alterations ook place
maindy instead of the hydrolytic process. Frying paim ol was also analyzed for ubtraviolet absorption
(A and Asgy) peroxide value (PVY and thioharbitunce acid (TBA) value during repeated and discontinu-
ous deep-fat frying. The correlation coefticients (r) between heating times and Asz, A, PV and TBA
values were .82 L 0,45, 0.42 and 0.95 L respecuvely . During frying stages. both Aygy and Aysg of the used
palm il were imeasured. Frying tmes were highly correlated with the sieady and proportional increment
in Aygy and Ayse. Sensory analysis ol the palm oil used in potatoes frying exhibited that quality deteriora-
ton has taken place with the progression of frving times. Puring {rying process. there was an inverse re-
lationship between odour and colour sensory scores and frying tmes with a correlation coefficients of r =
—0.9204 and -0.9607. respectively. Various prediction imodels Tor assessing accurately {tving times using

ditferent dependant vanables were established.

Key words: quality characteristics, deep-fat frying, palm oii, potato chips.

INTRODUCTION

Frying is one of the most popular proce-
dures of food preparation worldwide, Hence
the use and abuse of frving oils has become
of great concern for health administrations
and {or consumers. If these oils are subjected
1o extensive heat abuse. their nutritional value
not only be impaired but also pose hazards to
health (Blumenthal, 1996).

Deep fried foods especially Falafel. po-
tatoes and eggplant are a group of major
tems of the Egyptian diet. During deep fry-
ing. the oil is exposed continuously or repeat-
cdly to elevated temperatures in the presence
of air and maisture. A number of chemical
reactions including oxidation and hydrolysis
occur durmg this ume. as do changes during
thermal decomposition. As these reactions
proceed, the functional, sensory and nutri-
tional quality of the oil deteriorates and may
reach a pomt where it is no longer possible (o
prepare high quality fried products and the
frying oil will have to be discarded (Steven-
son et al., 1984). The rate of {ormation of de-
composition preducts, and indeed the prod-
ucts themselves vary with food being fried. In

addition, it has also been shown that repeated
and intermittent heating, as in restaurants and
houschold frying, increases the degradation
of lipids, probably owing to peroxide forma-
tien and decomposition  during  reheating,
cooking and cooling cycles.

There are numerous analytical methods
for assessment of frying oil deterioration, but
no single technigue can easily evaluate frving
oil quality. The method(s) chosen will depend
on the accuracy of measurement. the ease of
carrying out. the cost of analysis and the time
needed to carry on the evaluation. Therefore,
It 1S very important to have simple, rapid, de-
cisive and objective methods for assessing
accurately frying oil quality.

Changes occurring in frying oils can be
followed by a large variety of analytical
methods such as free fatty acids (FFA). or
acid value, thiobarbiwuric acid (TBA} tests
and peroxide value (PV) as well as UV ab-
sorption, ratio of absorbance (Aun/Auz). de-
termination of polar compounds and dielec-
tric constant. Sensory tests including odour,
flavour and colour and physical properties
including foam height and viscosity are also
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of great mmportance in assessing frying oil
quality. The reliability of these tests depends
mainly on the type of frying oil and the food
bemg fried as well as the experience and fa-
cilities available tn an institution of concern
(Berger, 20053,

The present work is a part of a project
entitled “Rationalizing Utilization of Edible
Otls in Local Consumption™ | financed by the
Academy of Scientific Research and Tech-
nology collaborated with Food Sci. Dept.,
Fac. Agric., Ain Shams Univ. Cairo, Egypt .
for monitoring and specifving the quality of
most common frying oils in Egypt during and
after frying operations. Therefore. the objec-
tive of this study was to quantity the influ-
ence of repeated and discontinuous fryings on
both quality charucteristics and stabilities of
the frying oil. The relationship between the
mvestigated quality parameters and the num-
ber of fryings as well as heating times were
also established.

MATERIALS AND METHODS

Paim oil (PO) was purchased from a local
oil processing factory. The PO samples were
taken tfrom the oil storage tanks before being
bottled. The oil was stored below 15°C in the
dark and used within |5 days as purchased. Po-
tatoes were purchased from a local store.
Analysis of the raw potatoes showed the fol-
lowing components: moisture  77.48+0.87%
whereas protein, fat, ash and total carbohy-
drates were 2.4220.23%, 0.28+£0.09%. 1.i3x
0.06% and 17.82+1.12% {on fresh matter), re-
spectively.

The peeled potatoes were chopped into
round slices ca. 1.0x0.15mm thickness and
6.0+0.20cm diameter and submerged in water
until needed. Frying was performed in four 3 L
commercial electrical fryers (Phillips) where
the surface to volume rato was 0.21. equipped
with a thermostat to regulate temperatere.

The frying protocol for the oil included
intermittent frying of potstoes at 180°C. The
propertion of potato slices to frying oil in the
repeated frying was always kept at 300 ¢/3L
(1:6 wiv) climinating one f{rying after five
frying and emptying its contents to make up
the volume of other fryers to 3 L. This was
done to avoid using fresh oil to replenish the
oil removed along with the fried potatoes,
Time required to reach and keep the bath cil
at 180°C, before introduction of potatoes, was

20

11 min. Temperature started ar 180°C and
ringed from 122°C te about 160°C during
frying operations. Potato slices were then
freed for 7 mmn. After the end of each frymng,
the oil was cooled 1o 120°C within about 25
miin, and then the oil was heated again to
180°C 10 begin with a new frying cycle,
Twenty batches of potatocs were fried within
4 days at a rate of five fryings per day. A to-
tal heating and frying times per day was 210
min. A total heating and frying time during 4
days was 14 hr. Fig. (1) shows the changes in
piim o1l temperature during the heating and
frying operations each day (5 fryings).

Analytical methods: Fatty acid methyl
esters were prepared by boron-triflouride-
methanol according to Metcall ef al. (1966).
Fatty acid methyl esters of control and used
fryving oils were 1dentified in duplicate using
Perkin-Elmer Gas Liquid Chromatography
serics 8300 equipped with a 2m column
(packed with 13% Ov-275 chromosorh W.
AW, 80/100) and flame 1onization detector
(FID). Column temperature was [00°C for 2
min and increased to 190°C with rate of
T°C/min, then isothermally for 20 min at
190°C {Ashour, 1991). Identfication of the
fatty acids on the chromatogram was made by
comparing the retention times of the frying
otl methyl esters with those of known mix-
tures of methyl esters run on the same col-
umn under the same conditions. The fatty
acid composition was expressed as area per-
centage of the total area from all methyl es-
ters. Three samples of control and used il
from the fifth. tenth. fifteenth and twentieth
fryings were analyzed in triplicate for the fol-
lowing parameters:  Acid values (AVs) ex-
pressed as % oleic acid, Peroxide value (PV),
and polar compounds (PC) were determined
according to AOAC (1995). Thiobarbituric
acid value (TBA) was determined as mg
malonaldehvde  per kg oil uccording to
Kecney (19713 Light absorption of the ol at
hoth 400 and 450 min was measured spectro-
photometrically using Unicam HEA-10S o
UV-visible Spectrophotometer (model v2.03)
according to Hassan (1980). Natural conju-
eated and unconjugated constituents were de-
termmed using UV absorption at 232 and 268
nm in purificd solvent as described by Da-
nopolus & Ninni {1972).

Sensory evaluation: The odour intensity
and the celour of trying oil were evaluated by a
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Fig. 1: Average changes in palm oil temperatures during the heating and frving operations

each day (5 frvings}

trained, experienced 10 members panel after 5,
10, 15 and 20 fryings. Panelists rated the oil
odour for overall intensity on a 10 pamt inten-
sity scale with 9-10= no odour and excellent
quality and O-I= strong unacceptable odour,
The boarder line of odour acceptability was at
5. Colour of the frying oil was also evaluated
using the same previously mentioned scale ac-
cording to Larmond ( 1970,

Statistical analysis and mathematical
maodels: The standard error was computed
(Larmond, 1970, Murrcay, 1972, Steel &
Torrie, 1980). A correlation test was applied
to study the relationship between different
determined compounds and the correspond-
ing time of frving. Simple and multiple re-
gression analysis were carried out using Ex-
cel program { Windows, 2000),

RESULTS AND DISCUSSION

The fatty acid composition of the frying oil
(Table 1) exhibited significant changes with
frying time (number of frying). Total satrated
fatty acids of contral palm oil comprising
52.42% whereas total unsaturated ones repre-
sents 47.58%. However, there was a slight in-
crease in total saturated fatty acids combined
with almost similar slight decrease in total un-
saturated fatty acids as the frying time was pro-

ceeded. Both linoleic and linclenic acids to-
gether decreased by 13.48% and 35.52% after
10h and 20 fryings, respectively. This indicates
that the frying oil is being saturated with elon-
gated frying times. In general, the formation of
non-volatile decomposition products 1s largely
due to thermal oxidation and polymenzation of
the unsaturated fatty acids present in frying me-
dium. The rate of oxidation is roughly propor-
tional to the degree of unsaturation of the fatty
acids present (Gonzalez-Quijano & Dobarga-
nes, 1988, Cuesta erf al.. 1993). Palm oil, con-
tains 11.39 and 0.36% linoleic and linolenic ac-
ids (Table 1} would be susceptible to relatively
slight oxidation. Linoleic acid decreased sig-
nificantly from 11.39 to 2.73% and then 7.33 as
a result of 10 and 20 fryings. respectively.
which indicates a corresponding decrease of
linoleic acid in the fryer of about 14.6 and
33.6%. However, no significant variations were
found for stearic and oleic acid concentrations
(Table 1). Alteration of used frying fats is re-
lated mainly to the unsaturated fatty acids con-
tent of the fat as well as to the heat weatment
itself, and the number of frying (Cuesta et al.,
1993). A very strong degree of correlation (R”)
was found between Ci34/Cieo ratio and the
number of frying (Table 1). Similar finding was
found also by Jaswir er al. (2000).
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Table 1: Fatty acid composition { %) of palm oil as affected by deep-fat frying of potato chips

T

! Frying numbers

Fatty acids Control i m 30

Cioa (.04 Loz (3,94

Crio 1.02 F 0.7 157

Ciyy - l 0.03 (.01

Ciou 46.70 | 49.63 5010

Ciei 4.41 : 3.96 4.4

Cle 35.83 3547 3489

Cy 11.39 DI 7.33

CIH;4 ()3() (}1(\‘ .13

Coni .25 0.07 (.63
Total saturated 52.42 34.49 57.04
Total unsaturated 47,58 45,51 42 36
Unsaturated/saturated 0908 ().835 (.7348
Linoleic + linelenie 11.75 10.01 7.46
Linolew/palmetic (.24 .20 (.15
Dependant variables R R F Sig Regression equation
Total saturated FA (X)) 109971 { 0.9824 | 53567 .08 | ¥Y=-307+ 58473 X, (-7.40)*%

=
o

Total unsaturated FA (X1 09929 (0.9859 | 70.80) 0.07 [Y=180.5549-3.7775 X5 (-8.37)"

Unsaturated/saturatcd  (X5) | G.9955 [ 0.9910 1 122290 | 05 | Y=104.6589-114 604X, (-11.06#%

Linoleic/palmetic (.X.]) 0.9979 [ 0.9959 | 243 004 1Y=335246 220 311 X, (18 530y

* values under the equations mdicate the caleulated ™ 1,7,

Fable (2) shows the average of acid values  of fryvines could be driven (Table 25 This
N o g 4 At e T . . - . T . . .
expressed as % olewe acid of control and used mathematical model reflects a high and signift-

palm oils up w 20 fryings. From this table, 1l
conld be noticed that the acid value of control
oil was 0.202 mg KOH/gm oil. The acid value
of the palm oil showed a proportional relation-
shap with the number of fryings except only at
the fifth frying, where the acid value showed a
downward rend. This could be expluined on
the basis that, up to the fifth frying the rate of
FEAs volatilization was higher than that the rate
ot their formation. After 20 fryings, the acid

cunt correlation between the dependent and in-
dependent variubles. During deep-fat frying. the
oil 1 exposed continuously or repeatedly 1o
elevated temperature in the presence of air and
moisture. The presence of  meisture in the food
bemg fried causes hydrolysis, which results in
the formation of FFAs, mono and dighycerides
and glveerin. A number of chemcal reactions
including oxidation and thermal decomposition
i e ' also occur during frying operations. Free faty
value of the frying oil amounted t© 0382 mg 0 are formed during oxidation as a result of
KOH/gm oil. The degree of correlation (R be- ¢jeavage and oxidation of double bonds {Cuesta
lween tlje acid value and the frying times was ;7 1993).

high (R™ = (.7500). A suitable regression equa-
tion which describes the relationship between
the acid value of the frying oil und the number

Polar compounds determination stands
out s the most commonly used methodology
to evaluate frying fat alteration and has been

Table 2: Acid value of palm oil as affected by deep-fat frying of potato chips

Number of | Frying Time (hr) Acid Value (mgKOH/g oil) ¥) ) (R
Fryings (Y) (X)* ( '
¢ 0.0 0.202 = 0,004 9.32 (1.8698 (1L.7566
5 3.5 0,132 £0.003
|0 7.0 (0.221 = 0.014
15 (0.5 (,348 + (2006
20 14.0 0,382 £ 0.010
Y =-4.8150+ 459728 X ( 3.05)*=

*Acid value = SE RV alue of caleulated * 1™

22
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included in the regulations to establish the
maximum permissible [imits of alteration in
otls used for human conswmption {Lurnley.
16881, The results shown i Table (3) indicate
a gradual and continuous increase of total polar
content in  the ol from 12.00+£0.21%
tmean+SD) contral ol 10 1292024, 14,00+
0.18. 21.78+0.38 and 26.89+(0.27% when palm
oil was used in 5, 10, 15 und 20 repeated and
discontinuous ryings, respectively. without oil
replenishment. A standard level from 25 to 27
% polar compounds 18 used o several
Furopean  countries 1o indicate
deteriorated ol (Lumley, 1983}
Heating ume around 14 hr (Table 3) or
number of 20 [ryvings gave alteration level

severely

{26.89+0.27%) almost around the iimit rec-
ommended by regulations for discarding fry-
ing fats (25-27 % polar compounds).

It is well known that uasaturated fats are
more susceptible than saturated ones to oxygen
attack during thermal oxidation. and this can
result in high icvels of polar compounds. There-
fore. the level of polar compounds in the {rying
palm o1l should be retated to the degree of un-
suturation of the o1l which s known to be rela-
tively low (Cuesta ¢t af,, 1993). However, pre-
vious reports in the fiterature reported that un-
saturation of the o1l is probably one of many
compositional factors affecting the formation of
total polar comnpounds (Lumley, 1958). Alse an
increase m the polar fraction with the number
of fryings was found when samples from used
olive oil m 13 deep-fat fryings ol potate chips
were analyzed (Cuesta er af, 1993). On the
ather hand, rate of degradation 1s proportional
to the temperature and frving time (Fedelli,
198%). Results in Table (3) also revealed that
the relation between the total polar content and
the number of fryings had a high (r=0.94) and
significant {P< 0.01) correlation with the num-
ber of tryings. From AVs (Table 1y and polar

compounds contents {Table 3), it could be con-
cluded that during deep-fat {rying of potito
chips in palm oil, thermexidative alterations
took place instead of the hydrolytic process as
evidenced by the higher correlation for the
thermoxidative alteration (polar compounds “
vs rumber of {ryings). Palm ol s characterized
by its relative stability against thermoxidative
alteration due 10 its relatively high degree of
saturation . especially when compared with
olher types of oils used in food frying (Du-
plessis & Meredith. 19991, Therefore, it s rec-
ommended not to use palm o1l for more than 20
fryings when the heating and frymg protocol
used in the present investigation 1s employed,
The regression equation presented in Table 13
could be exploited to prediet either the equiva-
lent heating time to what we have. in present
investigation. suggested or the estimation of po-
Jar compounds {PCY percent (independent vari-
able). The significance of both t and F values
reflects the suttability of the suggested mathe-
matical modet for prediction of one dependunt
varable (PC%) when the other independent
variible is known or vice versa.

The UV absorption (Asz-, Ayl peroxide
value (PV) and thiobrbiturie ucid  values
(TBA) of the used palm oil 1n 0, 5. 10, 15 and
200 deep—fat fryings of potato chips arc pre-
sented in Tables (4, 3 and 6). With respect 1o
UV absorption. 1t 1s possibie 1o divide the
whole frying period (14 hr/4 davsy into three
phases. The first 3.5 hr on the first day of {ry-
mg resulted oo rapid decrease m Ay and @
slight decrease 1n Aswe (Table 4). The second
phase, which lasted from about 7 hr to 105 ir
wius characterized by a constlerable and <1g-
nificant increasc in both Az and Ay values.
The third phase (from 10.5 1o 14 hry was
characterized by o continuous mereuse n Az
whereas Aagy showed almost stabiiity. On the
other hand. PV showed a rapid increase ull

Table 3: Polar compounds of pahn oil as affected by deep-fat frying of potato chips

Number of | Frying Time (hr) Polar compounds (%) ¥ ) R
Fryings (Y} (X)* () (r) (R
8] 0.0 [2.00 £21.00 21.68 {).8373 0.87%¥5
5 35 12,92 +00.24
10 7.0 14.00 00,18
15 10.5 21,78 £ 00,38
20 14.0 26.89 + 00.27

Y =- 69389 + (1L.7957 X (6H.44 %

* Polar compounds (%) = SE

=* Value of caleulated 1t
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Table 4: Effect of number and time of deep-fat frving process on absorptivity (232, 268 nm) of
palnt oil used in processing of potato chips.

Frying :
Nl{mll)er of Time (hr) Azw: ) (r) (R ,‘J‘,z"_‘”., (F) ir) (R
Fryings o 1X ) {X,*
(} (.0 0.53+0.04 623%F | gN2I5|] 06749 016200110753 7<% 0.4472 0.2000
K 3.3 (0.29+x0102 0.12+).01
10 700 0534003 0122001 ;
15 TS (1.75320 (M s=0.02
20 4.0 0.95=0.00 : (0. 172001
Y o= 40813 + JH 1700 X, (2500
Y= 6, 1250 = §7.5000 X, (0871

* Xs value + ST
= Sremificant #

Table 5: Effect of pumber and time of deep-fat

2 WValue of caleulated

=5 Non significan

frying process on peroxide value (ml equiv./

Kg) of palm oil used in processing of potato chips

Number of Frving Time (hr) Peroxide value .
) e - (F) (r) (R
Fryvings {Y) (Xow
§] 0.4} 0182 =000 (.63 04104 0.1734
s 35 i 1O R4 £ 0.)
i 7t N7 =0z
I 1 JRHY = Ui
7ﬁm1(‘, 1340 _ ! _H'!.,'\‘ = \_
Y= 27851 4003147 X (079

" Peroxide value = SE

=k Value of calcuiated 1

Table 6: Effect of number and time of deep-fat frying process on thiobarbituric acid of palm

oil used in processing of potato chips

Number of | Frying Time ihri | THA . Ny
o . i1 {r} (R
Frvings (Y} (X
0 0.0 (082 £ 0.002 2583 (L9463 (.8934

3 35 0310 =0.003
{0 7.0 H 328 £ 0,006
15 10.5 i 0410 =0.004 ‘
2 14.0 (L4891 2 0003 ) |
Y o= - 0743+ 341588 X (3.08)
FTBA value £ SE = Value ol caleulaed ~

1 s - .
the 7% hr of frving followed by a noticeable

decrease during the last 7 hr of frying (15"
and 20" frvings: Table 5). A sieady and con-
unuous merement in the TBA values (Tabic
6) in relation to the heating tme or number of
tryings have taken place. The rate of TBA
increased after 3.5 hr till the end of frying pe-
riod (14 hr) was slower when compared to
that shown by Ajs (Table 4).

The correlation coefficients between heat-
ing times and Asn, Aje PV and TBA were
(182, 0.45, 0.42 und 0.95, respectively, which
indicate that TBA wvalue of used palm oil

24

showed the highest correlation with heating
time followed by Ass; whereas both A and
PV showed almost similar lfow correlation.
However, both PV and As, measures are de-
ceptive in heat-oxidized oils and cannot be re-
lied upon in deep-fat frying of palm oil. Al-
though hydrolysis did not oceur, it was the oxi-
dation which took place wt high temperatures
which ultimately affected the quality of fats
used for deep-fat frying (Roth & Rock, 1972
During deep-fat frying of potato chips, a
progressive loss of unsaturation of palm oil
wus observed (Tuble 1), This decrease in un-
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saturation can be attributed to the oxidation
of polyunsaturated fatty acids  (PUFAs)
therefore. a shift in one of the double bonds
occurs, producing a conjugated dienes thag
can be measured by UV absorption at 232nm,
followed by destruction of the double bonds
producing oxidation products which can be

measured by PV and TBA. Measurement of

unsaturation is somewhat more reliable i as-
sessing deterioration of frying oils (Table 1)
than other anualytical methods, mentioned
herein, but fatty acid compositton of control
oil before frying should be known. As previ-
ously shown in the present paper and other
papers (In press). there are many methods
available for analyzing heat abuse of oil. The
method chosen will depend on the purpose

for measuring the {rying fat, the accuracy of

measures described and the time allowed.
Several trials have been carried out to
provide a rapid method for testing frying oils
abuse. The suggested methods are based on
measuring the changes. which have been
taken place in oil colour during frving proc-
ess. The best concentration of the oil in chio-
roform was found to be 20 % (w/v). Light ab-
sorption at 400 nm as an indication of the
naturat yellow colour of the oil and Ausg
which measures the brown pigments formed

m used ol during {rying are chosen. As
shown in Tables (7 and 8). frying times were
highly correlated with the steady. and propor-
tional imcrement in Ay and Agsp. The corre-
tation coefficients were as high as 0.9973 and
0.9921 for Ay and Az with the frving
times. respectively. This means that 99.5%
and 98.4% (R™ of changes in absorbance (o1l
colour) at 400 and 450 nm (Tables 7 and &)
can be attributed to the heating time or the
number of {rvings.

The organoleptic evaluation of the control
palm oil indicated that both odour and colour
were considered excellent quality (mean scores
= 945, 9.33, Table 9). Sensory analysis of the
pabn oil used in potatoes frying exhibited that
quatity deterioration have taken place with the
advancement of heating times (number of {ry-
ings). It seems that there 15 an inverse relation-
ship between quality evaluation of both odour
and colour of the used pabm o1l and the trme of
repeated and discontinuous frying of potatoes.
The linear regression equations {or predicting
adour and colour scores are presented in Table
(9. The heating time (Y) of the used palm ol
could be predicred more accurately (R™ = 0.97)
when both dependant variables, odour (X;) and
colour (X}, are introduced together m 4 multi-
ple regression equation {Table 9). Even after 20

Table 7: Effect of frying conditions on the adsorptivity ( 400 nm) of palm oil used in deep-tat

frying of potato chips

Number of Frying Time {hr} Ay . N
Fryings {Y) (X)* (k) tr) (R%)
0 0.0 0.175 = 0.00)7 545,19 (0.9973 IRV TS
5 35 0.245 + 0021}
10 7.0 (1285 = 0008
15 10.5 0.240 0014
20 14.0 (0.395 = 00,007

Y o=- 117380 + 65.0625 X {23.35y%*

* A:m() \'lllLlC + SI:

% Value of calculated ~ ¢

Table 8: Effect of frying conditions on adsorptivity ( 450 nm ) of palm oil used in deep-fat fry-
ing of potato chips

Number of : Frying Time (hr) Az {F) . (R%)
Fryings (Y) (X)* trt
0 0.0 0.09 * 0.000 186.78 (.9921 .9843
5 35 0.120 £ 0.02]
10 7.0 0.148 = .024
15 10,5 0.160 = (1014
20 14.0 0.193 = 0,025
Y =- 129119 + 140,0273 X (13,67

* Aus vilue = SE

#* Value of caleulated =t
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Table 9: Effect of frving conditions on the organoleptic evaluation (flavour and colour) of

palm oil used in decp-fat fryving of potato chips .

Number Fryving Flavour Colour

of Time (hr} Score (I irl (R Score (F} (r) (RY)
Fryings (Y) (Xy* (X5)*

0 0.0 1 9452050 1 1663 ] 09204 | 0.8472 1 9332100 | 4280 | 09667 | 3..0345

5 35 1 728175 T.Ho+].4]

16 7.0 1 6.55+1.51 6.90x1.29

15 10.5 | 6.33+0.87 6.22+1.09

20 14.0 | 5.335z1.35 5774083

Y = 31.9019- 35356 X, (- 1.08)%
Y= 34,4194 - 38210 X- (- 6.54]
Y= 354726 + 44878 X, - £.3868 Xo

(LOKI™ (- 304"

IFlavour. colour scures = SE

repeated and  discontinuous frymgs. the used
palm otl was arganoleptically stitl considered
acceptable. As could be driven from the regres-
ston equatons in Table {9). frving of potatoes in
pulirr o1l for 3.5 hr and 3.8 hr may decrease the
average scores ol both odeur and colour by |
unil, respectively. Alse by atihzimg the same
equations the times needed {or rejectng the used
o1l odour and colour by the panclists werc pre-
dicted to be 143 and 5.3 hr, respectively.
When both ftavour (X} and colour {X,) vari-
ables are introduced in the multiple regressien
equation presented 1 Table (93, the predicted
wime for ol rejection was cstimated to be 1598
ar. The efficiency of the muluple regression
cquation presented in Table (9 was  high
enough to indicate that 97¢% of used oil changes.
as a result of frying, could be detected by triuned
and experienced panehsts when both flavour
(X)) and colour (Xs) mean scores are used 1n the
SAITE Tegression equarion.

After evaluating the dilferent quality pa-
rameters and investigating the cffect of repeared
and discontinuous deep-fat frying on the quality
of pulm i, then we tricd o design suitable
mathematical  equations  for estimating  deci-
sively and accurately the idependent varable
(Y= frying time or number of fryings — 19g. 1)
when some dependant variables are known. As
we mentioned before. no one single technique
can euasily evaluate frying oil quality, thus utiliz-
ing and analyzing the resuits obtained from sev-
eral analyticul techniques together may be more
relinble. However, assessment of used [(rying
ails could easily be used to control the usage of
frving ails by advising the consumers or restur-
ant’s owners with the maximum allowible heat-
ing times or number of fryings in which the oil
could be subjected before discarding.
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Multiple regression equations which_'wa:%
formed by using step-wise regression are pre-
sented m Table (10). The mathematical mod-
els found in Table (10) are the best group
chosen 1o express the relationship between
the independent variable (Y= heating time or
aumbcer of fryings) and the dependant vari-
ables (X)), Multicutinary equations. whatever
its strength, are not mcfuded in Table (10).
The mathenwatical formulas are wrranged de-
scendingly according to highest strength and
significance as well as lowest standard crror. |
For example. the most suitable equation’in
Table €10} is equation No. | which describes
the relationship between the ndependent
variable {Y) and three dependant variables.
e Ay (X TBA value (X:)r and PC %
(X1 The degree of correlation (R) between
the independent variable Y and these depend-
ant variables {Xs) are as high as almost equal
[, whereus both F and t values are very high
(Table i0). This reflects the high validity of
the mathematical model{s} and the strong re-
jationship between Y and the chosen X,
which entered to the equation in a step-wise
manner. Equation 1 and also other equations
presented in Table (10} could accurately pre-
dict. without any doubt. the frymg time of the
palm oil which has been exposed to repeated
and discontinuous deep-fat frying of potato
chips in palm oil.
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Table 10: The best mathematical models employed for accurate evaluation of frying times of
potato chips in palm oils during repeated and discontinuous frying operations.

[rue  |[Calewdated
_ . (ri (RY iF ) Y
NO Best mathematical models (hoh (hr)
f— - 254 X 4 |7 ) 7% _
boY= 08758 222054 X+ 176877 X+ 01032 X, 1) 00 1 0000 | 7461089 7000 7.00
185.45)% (12738 (21.62)%
ST S TTERY T - 7
2 VE o I1AB09 4+ STISSI N+ 09922 Rew 0013 Ko ) pin Joggga | 203390 1050 10.68
17.69) {1.297* (0.28)*
2 . - ] ; 217 a 74 3 ]
BYE MBI RO SN0 R+ O TR A OOTE N g 9959 [0.0978 | isho0(  ison| 14
(262 12.45)% {1.33)%
—T — — 4
Yo DRSO #7200 X HIOS0200 R 40103 1K g goas Tooesh | e037] ool 024
i0.45) (3687 108
5 Y= 20742 US040 X, 01943 X, 09970 |ooss0 | 165531 700|696
(38 48" (320
6 [¥= = 15042 SRA032 X, + 0.0946 X, oo l00s1 | 12951]  wmonl 1510
(5.2 {1,660
- = ( 74 + (12572 X.
T YE 1002007943 Xy 0,25 72 X covrt 109822 1 5526|1400 1404
V.91 (3.42)%
* Values of caleulated 1. Y = Time of {rying ¢hr).
K] = A4 X2 = Adsh
1= TBA X4 =PC %y
X3 = Acud value X7 =PV,
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