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ABSTRACT

Quality attributes of absorbed oils by potato fingers as affected by prolonged
heating and deep frying in 3 different oils {i.e . soybean oil, sunflower oil and
cottonseed oil) in addition to 13 of their blends at different ratios were investigated in
the present study. The batches of potatc fingers (Diamond var) were deep fried at
zero ttme and at 2 hr intervals for total time of 24 hr. the temperature was maintained
at 100°C between batches then elevated to 180°C for deep frying . The effect of
heating time on sensory evaluation of fried potato fingers was rmuch pronounced than
the type of oil and/ or oil blend. Free fatty acids (%) , peroxide value , p-anmskime
value , totox value , dienes and trienes , and polar compounds were significantiy
increased, while iodine value decreased markedly as affected by prolonged heating
and deep frying of potato fingers . It was obvious that ,as the heating was proceeded
as the extent of changes was more pronounced . Data showed highly significant
correlation between all quality attributes understudy .In the light of data and despite
diversity of change rates depending on the type of oil and/ or il blend, it can be stated
that except oil blends containing sunflower cil: soybean oil or cottonseed oil {11
w/w), the other oil samples and oil blends can be discarded after heating for 16 and
22 hrs, respectively. Notwithstanding, the former two oil blends ¢an be successfully
reused up to 24 hr of heating . Generally , oil blends seemed to be more efficient as
frying oil rather than their pure oils. The linear regression equations were also
discussed to predict the deterioration of ¢il biends,

Keywords:Frying oils, sunflower oil, soybean oil, cottonseed oil, il blends , heating
time, deep-fat frying , potato fingers , deteriorative effects, sensory
evaluation , free fatty acids , iodine value , peroxide value , p-anisidine ,
totox value, polar compounds, dienes and trienes.

INTRODUCTION

Frying as a method of preparing food was used as early as 1600 BC
by the ancient Egyptians (Banks,1995) . Deep fat frying 1s a very impoitai
method of cooking because it is fast, convenient, and deep-fat fried foods are
generally liked for flavour and texture. However the use of fat and oil for
frying could be considered as one of the most popular methods for the
preparation of food despite the current health trends (Mc Savage & Trevisan,
2001). In deep fat frying, often the fat which kept hot for long periods of time
at 180 °C and moisture and air are mixed into the hot oil. The fried foods
absorb this heated fat and it becomes part of our diet (Alexander,1978) . The
properties of the absorbed oil will influence the eating quality of the finished
product (Mc Savage & Trevisan,2001). During deep-frying , fats and oils are
repeatedly used at elevated temperature in the presence of atmospheric
oxygen and receive maximum oxidative and thermal abuse (Tyagi &
Vasishtha, 1996). Heating in the presence of air causes partial conversion of
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fats and oils to volatile chain-scission products, nonvolatile oxidized
derivatives and dimeric , polymeric , or cyclic substances (change et al ,
1978) that may pose health hazards (Cuesta et al ,1993) . Moreover, there is
some evidence that highly oxidized and heated fats may have carcinogenic
properties because of potentially toxic substances (Tyagi and Vasishtha,
1996). The absorbed oil becomes an ingredient that induces chemical
alterations during prolonged heating periods. The limits for aiteration of the
oils were established at 25% polar lipids and 1% free fatty acids (Cella et
al,2002}. As the oil was degraded the flavour of the fried foods decreased
proportionally . Panelists distinguished the quality of fried foods prepared with
different degrading cils , but it was difficult to distinguish highly deteriorated
oils containing more than 15% polar compounds { Harda et al ,2004) . In
Egypt . there is a great shortage in edible oils and accordingly , large amount
are imported to overcome this problem. Qil plants tend to blend oils, mainly
cotton seed oil , sunflower oil and soybean oil to produce blends have wide
purposes of use . These blends are used in deep fat frying of foods at
elevated temperature for iong periods no matter of their deteriorative effect.
Researches in this respect are scarce specially for the ahsorbed oil by food
which actually makes up a significant portion of the final food product . The
present study was carried out to investigate the quality attributes of absorbed
oils by potato fingers as affected by prolonged heating {up to 24 hr) of such
oil (i.e. cottonseed oil ,sunflower oil and soybean oil) and / or their blends at
different ratios.

MATERIALS AND METHODS

Materials:

Fresh oils: soy bean (sb) , sunflower (sf) and cottonseed (cs) oils
were kindly secured by the company of Extracted Qils and Derivatives Egypt.
Samples(S) and blends(B) "w/w" were as follows : S1 , (sb,100%), S2 (sf,
100%) , S3 (cs, 100%) , B1 {sb + sf, 1:1 ) ,B2( sb +cs, 1:1) , B3 { sf + ¢s,
1:1) , B4 (sh+sf+cs,1:1:1),B5(sb+sf+cs,2:1:1),B6(sb+sf,3:1),
B7 (sh+cs,3:1),B8(sb+sf+cs, 1:1:2),B9(sb+sf+cs, 1:2:1), B10
(sb+cs,1:3),B11(sb+sf,1:3), B12{sf+cs,3:1),andBi13(sf +cs,
1:3).

Potatoes : One hundred and fifty kgs of potatoes ( Diamond var.) were
brought from Maba Company , Egypt .

Methods:
Technological methods:

The potato tubers were washed , peeled , cut into fingers equal in
length (5 cm} , width (1 cm) and thickness {1 cm) and submerged in water
until needed. The cil sample or oil blend (1.5 kg ) was placed in 2 L capacity
stainless steal pan for frying of potatoes at laboratory scale and heated at
180 °C . Potato fingers were fried in 250 g batches. The batches were fried at
zero time and at 2 hr intervals for total time of 24 hr {i.e . 8 hr x 3 consecutive
days).

The temperature was maintained at 100 °C between batches then
elevated to 180°C for frying the next batch . After the 8 hr of heating , the
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pans were let to cool to room temp. for 16 hr , then reheated in the next day.
The frying potato fingers , soon after frying , were divided into 2 parts. One
part was taken for sensory evaluation by 10- well trained panlists whom
asked to evaluate the colour, flavour , texture and overall acceptability of
potato fingers using a hedonic scale of 10 points: 9-10 excellent, 7-8 {good} ,
5-6 (fair) , 3-4 (poor) and 1-2 (very poor) as outlined by Kramer and Twigg
{(1970). The second part was taken for oil extraction . The absorbed oil in
potato fingers was extracted successive four times (5 min each) in a waring
blendor using a solvent mixture composing of chioroform and methanol (2:1,
viv) . Potato fingers to solvent ratio used was 15 {wiv} The recnlian:
extracts were combmed and the solvent was evaporated by a rotary
evaporator at 40 °C . extracted oils were kept at — 18 °C untll used for
subsequent analysis (Youssef et al , 1989).

Oil analysis:

American QOil Chemists Society methods (1983) were used for
determining % free fatty acids (FFA) (Methods Cd 3a , 63) , peroxide value
(PV) (Method Cd 8- 53) ,iodine value (AV)Y Method Cd 1-25 ), The anisidine
value (AV) was determined by the IUPAC method (1987). In this method ,
the extracted oil was treated with P- anisidine reagent in isooctane solution
and the reaction products were determined spectrophotometrically at 350 nm
. Total oxidation value (Totox value)was calcutated from the following
equation: . Totox value =2 PA + AV

The absorbances due to the conjugated dienes and trienes were
measured at 232 and 268 nm , respectively in 1% oil solution in octane as
described by Danopolus and Ninni (1972).

Determination of polar compounds was carried out using the column
chromatography method described by IUPAC (1987) . The eluation solvent
used was light petroleum and diethyl ether (87+ 13, viv) .

Statistical analysis:

! Data were subjected to analysis of variance and Duncan's Multiple
Range test to separate the treatment means and the correlation coefficients
(r) between each pair of analytical vaiues understudy and overall acceptability
were calculated as outlined by Steel and Torrie (1980) . Simple regression
analysis were carried out using Excelt Program "Windows 2000".

RESULTS AND DISCUSSION

Sensory evaluation of fried potato fingers:

Since data for colour , flavour and texture of fried potato fingers as
affected by heating time and/or type of oil/l oil blend were significantly
correlated with the overall acceplability (r = 0.805* , 0.918™ and 0.923**,
respectively ), data for overall acceptability only are shown in Table {1). It was
clear that the effect of heating time was much proncunced than the type of oil
/ oil blend did. The elongation of heating time negatively affected the sensory
evaluation of fried potato fingers significantly. The remarks reported by the
panelists showed that fried potato fingers should he rejected after 18-20 hr of
heating under the experiment conditions except potato fingers fried in B10,
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B11 and B12 which were accepted up to 24 hr of heating . The rejection

mainty focused on the greasy surface and appearance of slight burnt flavour.

Data in Table (2) represent the effect of heating and frying processes
on the FFA (%) of oil absorbed by potato fingers. It is clear that all oil samples
and oil blends showed gradual but highly significant increases in FFA
(%).The steady rise in free fatty acids can be attributed partly to both the
hydrolysis of triglyceride of ¢il and to the carboxylic groups present in the
formed polar polymeric products during frying (Perkins , 1967; Peled et al ,
1975 ).

However , The two points of interest are :

1- The FFA (%) were more or less the same in all oil samples and their
blends up to 4hr of heating.

2- The heated il biends had significantly iess FFA (%) during the rest heat
treatments and up to 24hr of heating compared with the three heated oil
samples. Data presented here obviously indicate that the oils and their
blends utilized in the present study underwent severe hydrelytic rancidity
. However , the FFA (%) of absorbed oil blends only rather than oil
samples were found under the maximum recommended FFA (%) by
codex (1.5 %) up to 24hr of heating.

Data for the iodine values of the oil absorbed by potato fingers are
shown in Table (3). No significant changes were shown during the first 6 hr of
heating and frying. Dramatic and significant declines were noliced after this
period up to the end of experiment. Notwithstanding ,0ils absorbed belong to
B3, B11, B12, B13 showed significantly the lowest changes in the iodine
value {up to 18-19%) in contrary to the rest samples (declines were more
than 23% ) . However, the oil samples {i.e S1,, S2 & S3 ) showed much
pronounced decline of iodine value than the absorbed oil blends did . The
decline of iodine value up to 21.7% reduction was reported by Robertson and
Morrison (1977) after heating sunflower oil for 8hr/day at 182 °C . The
decrease of iodine value as affected by heating and frying was further
confirmed by Aggelousis and Lalas (1997) , Narasimhamurthy and Raine
(1998) , Tyagi et al (1998 } and Combe {2003) .

Table (4) illustrates the peroxide values of oil absorbed by potato
fingers . In general , the peroxide value increased significantly due to heating
and frying processes and this was true for all absorbed oils understudy .
However, the rate of the dramatic increase was varied significantly from oil/
oil blend to another . The peroxide value reached the figure 10 megui . O /
kg oil after 16hr and 20-22hr of heating for oil samples and oil blends,
respectively. It was clear that the lowest values up to 24hr of heating were
recorded for B11 and B12 in which sunflower ¢il is the dominant in these
blends . The peroxide value of oil represents the net effect of peroxide
formation and peroxide degradation (Guiliamin , 1979) .
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Table 1 : Overall acceptability of potato fingers fried on different oil samples and blends *.
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0 8.2 91 9" 07T B8 | 85 | a0 | “B.& | "85 i 0 ol e o W Xl - T il - 0 - N
2 83T | e 9.0 83 ] Y87 ] V86" [ 88| 82 | ™85 | B0 | "85 | "B5 | 88 ] 787 | 83 8.3
7.8 8.6 0.1° “B.0° ] Y83 T g st (T8 [ T8.0" 80" | 76 | 84 | 80 {83 ™e4" | ~8a | .
6 [ 7.2 | 783" | 85 | MBO ™R3 ™80  [TBO° L V7.7 | g2T (e A | 7 BT | 81 | 8.0 | g
74 T S I e 2 D 2 W Y il O S s ol O S Il e O B il e 2l B O N
10 965" 1 80T 82T T 72 | Yre |72 | e G ) 73 68° [™75 | "70 [ ™73 | 76 | 77" =757
i2 |63 i S Bt A 7.3 “7.0 7.00 1766 | T6.8 7.3 Al K A e A 70 | 1E 6.8
14 |66 | 7.0 “6.8" A X 2 R A GRS e T S e A D T I ) 7.5 1.3 5.9 |
16 5.4 6.5 763 1 66 | 6.8 6.6 55" 6.5 6.1 6.2 | 6.8 | 58 | 6.9 | 6.4 *5.5 o
13 5.7 ©5.87 5 1 60 | "B Y6 L 956 | 6.0 1| 6.0 | 50 5.3 | 54 | 65" | 607 | "59" V5 5
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Means not sharing the same superscript are significantly different at p< 0.01,, Left letters (among samples within the same time , in raw ).,
Right letters { among times within the same sample , in a column ) . * : 5: sample , t: time/hour , Foil : fresh olf .
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Table 2 : Free fatty acid (%) of oil samples and blends absorbed by potato fingers as affected by heating for
difljerent periods *,

51 s, S: s, | B B, | B, | B, | Bs | Bs | B B, B, B By | Bp | Bn
ol o421 014 62 0.4 014 01 | 0.3 ] 012 0147 0400 | 0.2 [T0.43 ] 042 |91 ] m0.13 | r0.11
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* 1 §: sample , t: time/hour , Foil : fresh oil . “*as in Table 1
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Table 3 :lodine value of oii samples and blends absorbed by potato fingers as atfected by heating for different periods .,

*; S: sample, t: timefhour , Foil : fresh oll . . *asinTable1
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Table 4 : peroxide value of oll samples and blends absorbed by potato fingers as affected by heating for different periods *,
t 5 8, S, B, B2 B3 B4 BS B6 B7 B8 BY E10 Bil BI2 B13
Foil | "0.59" | "0.67 | *0.70 | “0.49 051 *0.49" *0.59' “0.67 *0.60/ 057 | 049 “0.52 | ‘pet’ | "097 *0.56' *0.61%
0 063 | "0.67 | "0.7F | 055 *0.60° *0,59 *0.66' 40,73 0,66 0,66 *0.55" 060 [ 0700 | "0.52 | ‘0.61 *D,65%
2 | roe® | rod® Tt | o8t | et '0.66" ‘0.88' | j.047 0,72 )80 037 | "0.730 | '0.820 | "0.66) | 083" | 005K
4| ™159% | P16 | .88 | 128 | "ok | 0959 LIS | ) 34" | %1049 | %0 280 | ] 330 ] o)W | Spg79 | "0.087 | “N1.78" | *°.228
6 o8 | ™46 | 207 | 705" | S48 | %124 158P | PTLRoP | F1a4n | P65 | PL2E | CLO7 | LI [ C128 | 208 1.
B [ 2.79" | 344" | "4.88% | 0550 | FWy00r | T gP | B get | a2 51 | W01 P | past | Uyl | N5 [ W47 ] W73 | Sz | )
10 | “388F | "A.19% | ‘622 | 327 | 288 55" | 2600 | “3.7 | 23560 ety g2l 3227 | #1028 | 0050 | ") 5qF 3,587 | ™3.308
12 | 5207 | Foaat 1080 | FaaqT | o7 W7 | 3 | a66" | "a0T | 403 | a6 | 24T | 5058 | Wiss | ¥agr | sag
14U Ms0r ] N7 ] gost [ st [ Miaae” 1479 | ™4.54" | “6.48d | P556' | 6.56° | "6.110 388 | Fa.28 | #5022 | 6.05° | 6.99°
16 | 9887 | 8797 | 066" | To.80T [ *s.0s° %5 ggY 548 | RIIY %6.59 217 °6.95° 5220 | a5 | 17.047 6.88" g 17
18 11007 | 985 | 1005 | "821F | 837 | 158 | v794 | '9.23" | 828 %892 | 755 | .15 [ "7.1° | *g.05° 8.35° | To.28°
20 | 1046° | 1057 ] IL79" | W35 | Fous | to.06° | B50 | T1015° | 7935 | "079" | 928 | “8.88° | 005 | “8.78 9,01 | ™10.31%
22 | 27 M2 10950 1 o522 | fo9s" | Tiot® | 9800 [ ho75* | *e88® [ *10as" | *0.95® | 078" | o8 | *0as* [ o | MiL0"
24 | 1306t L1285 | Mgt [ e | St | 2038t [Roea? [ hosst T o T a0 5052 | Fhoa® [ Foeas | Bert T e.sst | oot
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The peroxlde value mcreased s:gmf‘ cantly during deep fat frying of potato
chips in soybean oil up to 64hr at 180 % (T yagi & Vasishtha, 1996)and ina
blend of cottonseed oit and sunflower oil after 10 frymgs at 180°C (Hassan &
Abou Arab , 2004) . When 20 batches of potato chips were fried at 170 °C
over a perlod of 4 days , soybean oil underwent the greater change than
sunflower oil extracted from potato chips (Coll & Clasell , 1984).

P- Anisidine values of oil absorbed by potato fingers as affected by oil
blending and heating time are shown in Table (5) . It was clear that p-
anisidine values increased significantly by heating time elongation up to the
end of experiment. Moreover , oil blending affected the p-anisidine vale
significantly. In other words , the differences between oils and/or therr blends
within the same heating time were significant . The point of interest was that
blending of sunflower oil with either soybean cil or cottonseed cfl by a ratio
(3:1 , whw) significantly decreased the p-anisidine value of the oils absorbed
belong to B11 and B12 as compared with other oil blends.

The calculated totox values of absorbed oils are shown in Table (6) .
As the resuit of the effect of heating process on both peroxide value and p-
anisidine value, The totox values elucidate significant increases as the
heated process wag elongated. As well , the differences between totox values
belong to oil samples and/or their oil blends were highly significant within the
same heating time . The end of the experiment showed a superior of both
B11 and B12 as they had the lowest totox values . However, all oil samples
and their oil blends had p-anisidine and totox values within the range
reported by Agoub et al (1999).

Dienes and trienes in absorbed oils understudy are shown in Tables
(7 and 8). As the heating time was elongated the dienes and trienes
significantly increased. Deep fat frying produced an increase in the
con;ugated dienes and trienes when soybean oil was heated at 170,180 and
190 °C up to 70 hr (Tyagi & Vasishtha, 1996). The rate of change was much:
pronounced for oil samples rather than their oit blends . However , it seemed
to be that B11 and B12 were the superior ones since they had significantly
the lowest dienes and trienes through heating periods in compared with other
oil blends.

Data given in Table {9) generally reveal that as the heating process
was proceeded as the % polar compounds (pc) of absorbed oils increased.
No significant differences were shown between oil samples and/or oil blends
up to two fryings (i.e. frying in fresh oils and after 2 hr of heating) .Then,
dramatic increases with significant differences were shown from the third
frying up to the end of experiment . However , blending of oils seemed to be a
useful process since the PC % reached the value of 25% after 18 hr of
healing oil samples compared with 22 hr for different oil biends . The point of
interest was that oils absorbed by potato fingers belong to the blends
containing 50% or more sunflower cil (i.e. B1, B9, B11 and B12 ) showed
significant lower PC (%) up to 24 hr of heating and frying . According to
Paradis and Nawar (1981 a , b) and Blumenthal (1991) fat or oil must be
discarded when its polar fraction is more than 25% .

Table (10) shows highly significant correlations between all
parameters understudy .
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Table 5 : anisidine value of oil samples and blends absorbed by potato fingers as affected by heating for different
__periods *, '
A 5 Sy S ", L1} n, R, B. B, B B iy By By, By By
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Table 6 :totox value of oil samples and blends absorbed by potato fingers as affected by heating for different
periods * .
5 S S S B, 8, Bs B, By ™ B, B, Bo B ™ T "
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*: §: sample , t: time/hour , Foil : fresh oil . ** as in Table 1
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Table 7 : Dienes of oil samples and blends absorbed by potato fingers as affected by heating for different periods *.
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* : 8: sample, t: ime/hour , Foil : fresh oil . ** as in Table 1
Table8 : Trienes of oil samples and blends absorbed by potato fingers as affected by heating for different periods®.
3 s, [ S B, B, B, i, B, R If; I B, B | By B, B,
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*: 8: sample, t: time/hour, Foil : fresh oil . ** as in Table 1

¢00z 1qua2aq ‘(Z1) 0€ “AlUN BINOSUBK "I9S “dLBY T



9184

Table 9 : Polar compounds of oil
different periods * .

samples and hlends

absorbed by potato fingers as affected by heating for

! g 5 5; S B, H, I B, By By By By By Ry By, Bz By
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*: §: sample , t: timefhour , Foil : fresh oil .
Table: {10) correlation coefficient for quality attributes of absorbed oils as affected

** as in Table 1

b

prolonged heating and frying

Overall . . lodine Free Fatt Peroxide Anisidine Totox Polar
acceptability Dienes Trienes Value ;tu:id(%)!r Value Value Value Lipids
Overall acceptability 1.000 -0.934 -0.889* -0.889 -(0.947 -0.895 -0.923 -0.934 -0.955
Dienes 1.000 0.932° -0.878 0.934 0.959 0.943 0.928 0.980
Trienes 1.000 0.602 0.914 0.908 0.920 0.910 0.899
lodine Value 1.000 -0.884 -0.886 -0.864 -0.848 | -0.880
Free Fatty Acid({%) 1.000 0.946 0.916 0.973 0.971
Peroxide Value 1.000 0.817 0.964 0.947
Anisidine Value 1.000 0.941 0.932
Totox Value 1.000 | 0.936
Polar Lipids 1.000

** Highly significant correlation at p< 0.01.

.
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Generally, positive correlations were noticed between each one of all
parameters except overall acceptability and iodine value which correiated
negatively with them. . :

Table 11: The linear regression equations for predicting the frying time
of the best two oil blends.

Regression equation
Dependant Variables
B11* B12*

verall acceptability Y¥=9.1868-0.1701 x ¥=9.0736-0.1632 x
Free fatty acids(%) Y=0.1148+0.0561 x Y=0.1675+0.0512 x
lodine value ¥=125.02-0.891 x ¥=119.12-1.038 x
Peroxide value =-0.8129-+0.4518 x ¥=-0.2800+0.4413 x
ip-Anisidine value Y=0.7825+0.1006 x Y=0.4860+0.1103 x
Totox value Y=-0.8473+1.0052 x Y=0.0857+0.9946 x
Dienes Y=-0.0484+0.0964 x Y=-0.0615+0.0977 x
Trienes Y¥=-0.0531+0.0273 x Y=-0.0353+0.0306 x
Polar compounds (%) =-1.365+1.0368 x Y=-1.722+1.0640 x

* B11: sunflower oil + soybean oil, 3:1 (wiw).
** B12 : sunflower oil + cottonseed oil, 3:1 (wiw).

The linear regression equations for predicting the frying time of the
best two oil blends recommended to use as frying olis (i.e. B11 and B12 ) are
shown in Table (12) .It is easy to predict the heating time of such two oil
blends by determining any one of the mentioned parameters understudy . On
the other hand , these regression equations are useful for predicting the
deteriorative effect of heating and frying such two oii biengs as a fuicuur. o
heating time (hr)

In conclusion, from the nutritional point of view , it is very important to
study the absorbed oil by fried food rather than the heated oil itself. The
heating and frying processes affect the absorbed oil significantly mainly due
to the deteriorative effects of thermal decomposition and forming undersirable
constituents that may pose health hazard (El-sayed , 2002 and Ali , 2004 ). In
the light of data presented concerning the detericration of absorbed on by
fried potato fingers , it could be concluded that except oil biends B11 and B12

, the tested oil samples and their oil blends should not be reused after 16 hr
and 22 hr of heating at 180 °C , respectively . However, blending of sunflower
oil and each of soybean oil or cottonseed oil by a ratio 3:1 (ww) is
recommended as frying oil blend since they can be used for frying up to 24hr
at 180 °C . The simplified equations of linear regression obtained in this study
can be easily used for prediction of both the deteriorative effect and heating
time for the recommended frying oil blends.
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