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ABESTRACT: Due to inadequate production of edible oils in Egypt, 
importation is necessary to meet the demand. Cottonseed oil (CSO), Soybean 
oil (SBO), Sunflower oil (SFO), and palm olein (PO) are consumed in the 
refined form and used for some culinary practices including deep-frying and 
cooking. Blending of oils has many distinctive economic and technological 
advantages. It avoids the problems of high price, availability and stability. 
The main purpose of this study was to evaluate the quality of four vegetable 
oils: CSO, SBO, SFO and PO and their blends. The quality attributes 
including moisture content, refractive index, free fatty acid, peroxide number, 
anisidine, totox number and induction period measured by rancimat. 
The fatty acid profile obtained for investigated oils and their blends showed 
that (PO) was characterized by lowest content of unsaturated fatty acids 
compared to CSO, SBO and SFO. The most prominent saturated fatty acid in 
oils and their blends was palmitic acid where as the corresponding 
unsaturated fatty acid was oleic acid. However, Blend 2F (50% PO + 35% CSO 
+ 15% SBO) had the highest total saturated fatty acids followed by blend 1F 
(50% PO + 35% CSO + 15% SFO). 
Rancimat results for PO (24 hr) at 110˚C was much higher than CSO (11.3 hr) 
indicating that the stability of PO is about two times the stability of CSO. 
Using 50% PO increasing the induction period from 11 hrs to 17 hrs (blend 
1F), from 11 hrs to 19 hrs (blend 2F), from 11 hrs to 16 hrs (blend 3F), from 11 
hrs to 17 hrs (blend 4F). 
Prolonged heating up to 60 hr. at 180˚C induced regular increments till the 
end of heating in refractive index, while the acid number were almost tripled 
the initial values. Peroxide numbers reached their maximum after 40 hrs 
heating. 
The results of acid number and peroxide number revealed that all blends 
(except blend 4F) could be considered good frying media for potato chips. As 
such, upon using blend 2F as frying oil, the product was given the highest 
scores for sensory properties. These advantages will be considered by 
health-conscious consumers. 
Key Words: Deep-frying, Unsaturated fatty acids, Stability, 
Physicochemical properties, potato chips.     
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INTRODUCTION 
With only a limited number of oils and fats available on a commercial 

scale, it is not surprising that these some times inadequate to meat the 
physical, nutritional and chemical properties required for use in food 
products. The technological solutions are blending distillation, fractionation, 
hydrogenation and inter-estrification with chemical catalysts or with specific 
lipases and enzymatic enhancement (Gunstone 2002). 

However, blending process could be used to improve vegetable oils 
quality either for salad or frying purposes in this respect blends of palm olein 
with other vegetable oils can made to improve oxidation stability (Berger 
1986 a). The author stated that French regulations dos not permit the 
description of frying fat to be used for a product containing more than 2 % 
linolenic acid (Berger 1986 b). 

Mostafa et al (1994) found that olein could be considered more stable due 
to its low content of polyunsaturated fatty acids as well as the presence of 
tocopherols and tocotrinols. Flavor of potato chips fried at different 
prolonged periods with different Cottonseed oil (CSO 70%) and palm olein 
(PO 30%) blends received the highest scores. However, the clear liquid blend 
with higher content of saturated fatty acids was the blend of 80% SFO + 20% 
PO (Abdel Rahman, 1994). 

Meltzer et al., 1981 reported that cyclic and/or oxidized monomers are 
considered responsible for toxic effects and their formation seams to be 
proportional to the degree of unsaturation of the fat as well as to the time of 
exposure to high temperature. 

Studies conducted by Combe et al. (1981) on non volatile substances with 
the canalization of the hypatic duct have shown that oxidized monomers are 
well absorbed (from 25% to 93%) while the absorption of cyclic monomers is 
very high (from 91% to 96%) but polymers are very poorly absorption. 

Landers and rothman (1981). showed that the rate of oxidation of oil 
during deep frying was roughly proportional to the degree of unsaturation of 
fatty acid presents thus linolenic acid was much more susceptible than oleic, 
this explained in part why oils such as soybean and canola which tend to be 
high in linolenic acids were not considered to be as satisfactory for deep fat 
frying as oils such as corn which was lower in linolenic acid. 

Pokorny et al. (1982). reported that the acidity of the oil extracted from 
fried foods was much higher than that of frying oil for the same length of 
time. Similer trend was observed for peroxide and benzedine values while the 
iodine value of the extracted oil was much lower indicated the possibility of 
an interaction between the oxidation products formed in the frying oil and the 
surface of the fried foods. 

Izaki et al. (1984). found that the carbonyl value, acid value and the 
content of polar materials of heated oil increased markedly during the frying 
period. The maximum value of carbonyl value and polar materials were 
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obtained after 87.5 hrs of heating period while the acid value and viscosity 
continued to increase with the prolongation of the heating time. 

The demand for cottonseed oil has persisted because the oil composition 
is well suited for frying because of its light golden color, bland, slightly nutty 
taste and stability, for these reasons cottonseed oil often is the standard 
against which other oils are compared for odor and flavor Robertson et al. 
(1978); Warner (1988) and King and Marry (1989). 

Augustin and Berry (1983) mentioned that the absorbance at 233 nm 
which measure the degree of primary oxidation of Palm oil showed a trend of 
increasing diene content with progress in frying time. The increase in 
absorbance at 268 nm was not commensurate with the anisidine value, the 
relative rates of formation of ketonic and aldehydic oxidative products 
coupled with the possibility of volatillization of their products might further 
contribute to the observed difference between the anisidine value and 
absorbance at 268 nm. 

Deffense (1985) stated that palm oil fatty acid composition include 50% 
saturated and 50% unsaturated fatty acids, therefore it could readily be 
fractionated, i.e. partially crystallized and separated into a high melting 
fraction or stearin and a low melting fraction or olein. 

Pazola et al. (1983) reported that the indices recommended for the quality 
assessment of abused frying fats: 
1) The concentration of petroleum ether insoluble oxidized fatty acids is 

above 0.7% (or 1.0%). 
2) The smoke point is lower than 170˚C. 
3) Both odor and flavor are not acceptable. 
 
This study was hence undertaken to:- 

1- Prepare different blends of indigenous seed oils i.e. cottonseed oil, 
sunflower oil and soybean oil using palm olein in order to improve the 
quality aspects towards oxidative stability as cooking and frying oils. 

2- Study the effect of blending different oils of salad and/or frying on their 
physical and chemical properties fatty acid profile, unsaponifiable 
matter percentage and stability using rancimat method. 

3- Study the effect of blending of different fried oil blends on their 
physical and chemical properties during heating process at 180ºC for 
60 hrs and/or frying potato chips at 180ºC. 

4- Evaluate the palatability and flavor performance of frying oil blends 
during intermittent frying of potato chips. 

 
MATERIALS AND METHODS 
Materials: 

Oils Palm olein oil, cottonseed oil, sunflower oil and soybean oil were 
obtained from Extracted Oils and Derivatives Company, 35 Suez Canal St., 
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Moharam Bek, Alexandria. All oils samples were stored at Freezer (at 0°C) in 
dark glass bottles for further analysis. 

 
Frying oils blends: 
Four blends of frying oils were prepared. 

 Palm Olein Cottonseed Sunflower Soybean 
Blend (1F) 50  % 35 % 15 % - 
Blend (2F) 50 % 35 % - 15 % 
Blend (3F) 50 % 25 % 25 % - 
Blend (4F) 50 % - - 50 % 

 
Physical Characteristics of oils: 
Refractive index was measured using Abbè refractometer (Carl Zeziz JENA, 
GDR) at 25ºC according to the Method of AOAC (2000). 
Color Determination A lovibond tintometer was applied to measure the 
color using 5.25 inch cell according to the method of the A.O.A.C. (1990) 
 
Chemical Characteristics of oils: 
Determination of moisture: An appropriate amount of the oil Sample was 
accurately weighed (Ca.10g) and dried in the oven at 105ºC until constant 
weight was reached as described in the A.O.A.C. (2000). 
Acid value (AV), Peroxide value (PV), Saponification Number and 
Iodine Number (Wijs Method) were determined according to A.O.A.C. (2003). 
p-Anisidine value (p-AV) was determined as per AOCS (1998). 
Totox number: were calculated as follow formula: 

Totox number = 2 (peroxide number) + Anisidine number 
Identification of Fatty acid by GC: Methyl esters of fatty acids were 
obtained according to AOAC (1990). In Extracted Oils and Derivatives 
Company, 35 Suez Canal St., Moharam Bek, Alexandria, the fatty acid methyl 
esters were determined by gas chromatography (PERKIN ELMER) models 
8400 equipped with flame ionization under the following conditions:Column 
temperature: 180ºC isothermal.Detector flame ionization (FID), Carrier gas 
Nitrogen, foil gases air 0.5 ml/min and detector temperature 270ºC, sensitivity 
10²*16 and chart speed 2.5 mm/min. The peaks were identified by comparison 
with pure methyl ester standards through their retention time under identical 
conditions. 
Rancimat method: A 679 Rancimat (Metrohm, Herisan, Switzerland) was 
used and the experiment was undertaken as described by (Laubli and Bruttel, 
1986). 
The frying process of potato: The oil was heated to 180 ْ◌ C ±5 ْ◌C potato 
tubers were peeled, washed and cut into 5.0 × 0.7 × 0.7 cm pieces potato 
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slices Bars were soaked in water befor fried. The potato slices (200 gm) were 
strained of water prior to frying the experiment was repeated for 5 
subsequent days. Every day potato was fried for five subsequent times for 
every batch there was a rest period of half an hour. After, the oil turning cool, 
a sample had been taken for determining refractive index, acid number and 
peroxide. 
Heating oil treatment: Oil had been subjected to heating temperature ۱۸۰ْ  C 
±5 for five subsequent days in an oven dryer aerated by a fan, oil samples 
were taken after 10, 20, 30, 40, 50 and 60 hours for determining refractive 
index, acid and peroxide number. 
 
RESULTS AND DISCUSSION 
Physical Characteristics of frying oils and their blends: 

Physical Characteristics of fresh palm olein (PO), cottonseed oil (CSO), 
sunflower oil (SFO), soybean oil (SBO) and their frying blends are 
represented in Table (1). Moisture content of fresh frying oils and their 
blends ranged "between" 0.012 % to 0.186 %, soybean oil had the lowest 
content of moisture 0.012 %, whereas palm olein oil had the highest moisture 
content 0.186 %. While blend (4F) contains the lowest percentage of moisture 
content 0.030 % compared with other frying blends, since moisture content 
of Blend (3F), blend (2F) and blend (1F) were 0.051%, 0.139% and 0.047% 
respectively. The results in Table (1) also show the color of fresh PO, CSO, 
SFO and SBO was 2.9, 5.9, 1.5, 2.6 red color (at 35 yellow) respectively. Blend 
(1F) had higher red color 3.9, followed by blend 2F 3.8, blend 3F (2.4) and 
blend 4F (2.3) red color. Results in the same Table (1) showed that refractive 
index of fresh oils and their blends ranged "between" 1.4543 to 1.4686. 
 
Table (1): Physical Characteristics of Frying oils and their blends. 

Type of Oil Moisture (%) Color (Red) Refractive Index 

Palm Olein  0.186 2.9 1.4543 

Cottonseed 0.073 5.9 1.4653 

Sunflower 0.070 1.5 1.4676 

Soybean 0.012 2.6 1.4686 

*Blend (1F) 0.047 3.9 1.4616 

*Blend (2F) 0.139 3.8 1.4626 

*Blend (3F) 0.051 2.4 1.4633 

*Blend (4F) 0.030 2.3 1.4613 
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Results in Table (2) show the chemical characteristic of fresh oils and 
their blends. Acid number ranged "between" 0.07 to 0.170 %, SBO had the 
lowest acid number 0.070% followed by PO (0.147%) and CSO (0.167%) while 
SFO had a highest acid number 0.17% compared with other fresh frying oils. 
Blend (1F), blend (2F), blend (3F) and blend (4F) of frying oil had the acid 
number 0.153, 0.147, 0.163 and 0.147% respectively. 

 
Table (2): Chemical Characteristics of Frying oils and their blends. 

Type of Oil Acid 
number 

Peroxide 
number 

Meq 
oxygen/kg 

Iodine 
number 

Saponification 
number Anisidine Totox Unsaponifiable 

Matter (%) 

Palm Olein  0.147  2.283  55.903 195.947 6.20 10.760  0.553 

Cottonseed 0.167  0.600  108.863 188.993 3.21 4.410 0.156 

Sunflower 0.170 1.050 129.453 187.66 1.89  3.990 0.297 

Soybean 0.070 0.823  130.907 190.583 1.83  3.476  0.022 

*Blend (1F) 0.153 1.891  86.713 194.913 0.53 4.312 0.347 

*Blend (2F) 0.147 2.175 78.487 193.617 0.62 4.970 0.300 

*Blend (3F) 0.163 1.994  92.962 194.937 0.85 4.838  0.312 

*Blend (4F) 0.147 2.238  92.850 192.687 2.20 6.676  0.258 

 
The peroxide number ranged "between" 0.60 to 2.283 meq/kg of fresh 

frying oils. It could be noticed from the results that CSO had the lowest 
quality and the lowest peroxide number (0.6 meq/kg) followed by SBO (0.823 
meq/kg), SFO (1.05 meq/kg), and PO (2.283 meq/kg).  

Iodine number of fresh frying oils were 55.903, 108.863, 129.453 and 
130.907 for PO, CSO, SFO and SBO respectively. this is mainly due to the 
type of oils related to semi-drying which had iodine number ranging between 
90-130 contain a high percent of unsaturated fatty acid (except PO related to 
non-drying oils) and blending PO with other oils resulted change in iodine 
number according to the blend percentage.  

Saponification number of fresh frying oils ranged "between" 187.66 to 
(195.947), PO oil had the highest saponification number (195.947) followed by 
SBO (190.583), CSO (188.993) and SFO (187.66), while blend 4F frying oil had 
the lowest saponification number compared with other frying oil blends. 

The anisidine number determines the level of aldehydes principally 2-
alkanols, their present in the oil indicate the formation of secondary oxidative 
compounds the data in table (2) reveal that the PO showed higher anisidine 
number (6.2) in comparison to CSO, SFO and SBO which were 3.21, 1.89 and 
1.83 blend (1F) frying oil had the lowest anisidine number compared with 
blend (2F), blend (3F) and blend (4F) frying oils. 
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Results in the same table show that totox number of PO had the highest 
totox number compared with CSO, SFO and SBO which were 4.41, 3.99 and 
3.476 respectively. 

Unsaponifiable matter ranged between 0.022 to 0.553. PO contained a 
higher percentage of unsaponifiable matter and frying oils blends changing 
according to the blend percentage.  
 

Fatty acids composition of frying oils and their blends 
Fatty acid composition of fresh frying oils PO, CSO, SFO, SBO and their 

frying blends are presented in Table (3). Blend (1F): (50% PO + 35% CSO + 
15% SFO), blend (2F) (50% PO + 35% CSO + 15% SBO), blend (3F): (50% PO + 
25% CSO + 25% SFO) and blend (4F): (50% PO + 50% SBO) are shown in 
table 3. The most prominent fatty acids in the blends of fresh frying oils were 
oleic acid (56.1%, 20.05%, 18.68%, and 25.5%), linoleic acid (13%, 62.1%, 
74.98%, and 58.5%) and palmitic acid (29.4%, 15.35%, 4.37%, and 6.2%) for 
PO, CSO, SFO and SBO, respectively. PO had the highest amount of palmitic 
acid (29.4%) but contained the lowest amount of stearic acid (0.83%) and 
linoleic acid (13%). SFO had the highest amount of linoleic acid (74.98%) of 
all fresh oils followed by CSO (62.1%), SBO (58.5%) and PO (13%). The total 
saturated fatty acids in PO were very high (30.84%) compared to the other 
fresh frying oils (17.33%, 5.93%, 9.3% for CSO, SFO and SBO, respectively). 
The most prominent fatty acids in the frying oils blends were palmitic acid 
(32.78%, 34.17%, 27.98% and 32.68%), oleic acid (33.59%, 31.13%, 34.3%, and 
32.48%), and linoleic acid (32.13%, 31.68%, 35.78%, 32.42%), for blend 1F, 
blend 2F and blend 3F and blend 4F, respectively. Blend 2F had the highest 
amount of total saturated fatty acids (37.17%) compared with other frying oils 
blends, blend 1F (33.38%) blend 3F (28.35%) and blend 4F (33.16%). The 
unsaturated fatty acids in blend 3F were the highest content 71.62% 
compared with other blend oils (66.82%, 66.59% and 62.81%) for blend 4F, 
blend 1F and blend 2F, respectively. 

 

Table (3): Fatty acids Composition of Frying oils and their blends. 

Type of Oil 
% Fatty acids Total 

Saturated : 
Total 

Unsaturated 

Saturated 
Total 

Unsaturated 
Total C12:0 C14:0 C16:0 C18:0 C18:1 C18:2 C18:3 

Palm Olein  0.17 0.44 29.4 0.83 30.84 56.1 13.00 0.00 69.10 1.00 : 2.240 
Cottonseed 0.00 0.19 15.35 1.79 17.33 20.05 62.1 0.49 82.64 1.00 : 4.768 
Sunflower 0.00 0.00 4.37 1.56 5.93 18.68 74.98 0.38 94.04 1.00 : 15.85 
Soybean 0.00 0.00 6.20 3.10 9.30 25.5 58.5 6.56 90.56 1.00 : 9.737 

*Blend (1F) 0.00 0.6 32.78 0.00 33.38 33.59 32.13 0.87 66.59 1.00 : 1.994 
*Blend (2F) 0.00 0.00 34.17 3.00 37.17 31.13 31.68 0.00 62.81 1.00 : 1.689 
*Blend (3F) 0.00 0.37 27.98 0.00 28.35 34.3 35.78 1.54 71.62 1.00 : 2.526 
*Blend (4F) 0.00 0.48 32.68 0.00 33.16 32.48 32.42 1.92 66.82 1.00 : 2.015 
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The stability of frying oils and their blends 
Induction period as determined by the rancimat method represents an 

effective alternate to assess the oxidative stability of oils as an easy, quick 
and safe method (Rauen - Migueletal, 1990). 

Results of the stability of frying oils namely palm olein, cottonseed, 
sunflower and SBO and their frying blends as indicated by induction period 
using rancimat method are presented in table (4). 
 
Table (4): The stability of frying oils and their blends. 

Oil/Blend Induction period at 110 ْ◌ C in 
 

Relative stability (%) 
Palm olein (Po) 24 100 

Cottonseed (CSo) 11 45.8 
Sunflower (SF) 11 45.8 
Soybean (SB) 10.9 45.42 

B1F Po/CSo/SF (50/35/15) 17.3 72.1 
B2F Po/CSo/SB (50/35/15) 17.24 71.83 
B3F Po/CSo/SF (50/25/25) 17.3 72.1 

B4F Po/SB (50/50) 17.1 71.25 
 

It is obvious from the obtained data in table (4) that the induction period 
using rancimat method of palm olein at 110 ْ◌ C was much higher than that of 
CSO, as the induction periods at 110 ْ◌ C were 24 and 11.3 hrs for palm olein 
and CSO respectively. These findings are coinciding with that found by 
mostafa (1996). However, induction period of palm olein was found to be the 
highest one among tested oils such as SFO and SBO (11 hrs and 10 hrs) 
respectively. This means that the stability of investigated palm olein is about 
more than twice the stability of other oils. The increase in the induction 
period of palm olein is due to its high content of both tocopherols and 
tocotrinols. These natural antioxidants gave palm olein and its blends special 
and unique advantage of being stable and nutritious furthermore, the high 
level of tocotrinols and tocopherols in PO encourage the trend of decreasing 
level of the industrial antioxidants which have some nutritional problems 
(Mostafa et al., 1993). 

The same results revealed also that the oil stability of the blends showed 
a remarkable increase as a result of using 50% palm olein as the induction 
period at 110 ْ◌ C increased from 11 hrs in CSO and SFO to 17 hrs (Blend 1), 
from 11 hrs to 19 hrs (Blend 2), from 11 hrs to 16 hrs (Bl end 3) and from 11 
hrs to 17 hrs (Blend 4). 

Consequently, blending CSO, SFO and SBO with palm olein improved 
their oxidative stability. These results are in good agreement with those 
obtained by Allam (1994), Mostafa et al., 1994 and Wetherit et al (1994), Who 
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found that fresh palm olein had a much longer induction period (40 hours) 
than that of other fresh oils olive oil, SFO, SBO (8.2 – 14.8 hours) inducting 
its oxidative stability. 

The relative stability of oils and their blends (R. S.) was calculated and 
also are presented in Table (4). Hence, it could be noticed that the blends (1) 
and (3) had the highest relative stability among the invistigated oils and 
blends followed by blend (2), CSO, SFO and SBO since their corresponding 
values were 71.83, 45.8, 45.8 and 45.42 % respectively. 

Effect of heating time at 180 ْ◌ C for 60 hours on some physical and 
chemical properties of frying oils and their blends. 

Palm olein is usually used as frying media; it is of primary importance to 
study the effect of blending PO with CSO, SFO and SBO on their quality 
aspects during successive heating at 180   ْ◌ C up to 60 hours. 

Results of effect of heating at 180   ْ◌ C for 60 hours on the physical and 
chemical characteristics of PO, CSO, SFO, SBO and their frying blends: 
blend (1F): (50% PO + 35% CSO + 15% SFO), blend (2F) (50% PO + 35% CSO 
+ 15% SBO), blend (3F): (50% PO + 25% CSO + 25% SFO) and blend (4F): 
(50% PO + 50% SBO) are presented in figure (1, 2 and 3). 
 
Change in refractive index 

Results in and figure (1) show that the refractive index of fresh PO, CSO, 
SFO, SBO and their blends ranged from 1.454 to 1.467 at the beginning of the 
experiment. Refractive index was gradually increased versus heating time 
being ranged from 1.464 to 1.484 for palm olein and SFO after 60 hours. 
However, it could be noticed that SFO had the highest refractive index 
increase whereas palm olein had the lowest increase in refractive index 
followed by cottonseed and soybean. These results show that the decreasing 
rate in refractive index of palm olein compared with other investigated oils 
could be attributed to the high content of natural antioxidants to in palm 
olein and these antioxidants underwent remarkable decrements during 
heating of sunflower, soybean and CSO compared to palm olein. The same 
observation was reported by Du – Plessis et al (1981) and Mostafa (1996) 
upon evaluation CSO and peanut oil for deep frying. On the other hand, 
blending CSO, SFO and/or palm olein (blends 1, 2, 3 and 4F) led to a 
decrease in the refractive index of blended oils compared to cottonseed, 
sunflower and soybean accompanied with only slight and gradual increase in 
their values during heating process (Blend 4F had the lowest value whereas 
Blend 3F had the highest). 

Therefore, blending of palm olein with other vegetable oils: cottonseed, 
sunflower and/or soybean kept their characteristics from being deteriorated 
during heating as refractive index of oil was concerned. These results are in 
agreement with those reported by Khalil et al (1993), Allam (1994), Mostafa 
(1996) and Khatab (2007). 
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Figure (1): Effect of heating time (hrs) on refractive index of fresh frying oils 

and their blends. 
 

However, the increase of refractive index of frying oils and their blends by 
increasing the subsequent heating up to 60 hours at 180 ْ◌ C could be 
attributed to polymer formation and thermal degradation of the oils during 
heating process. These observations are coincided with those obtained by 
Mostafa (1994), Abdel Rahman (1994), Mostafa (1996) and Khatab (2007). 

Effect of heating time at 180 ْ◌ C for 60 hours on some chemical properties 
of frying oils and their blends including acid number and peroxide number 
are shown in figure (2), (3). However, the developments of such parameters 
in oils are considered to be highly importance to be used in evaluating the 
quality of heating oils. 

Furthermore, it could be noticed that the rate of increment in acid number 
of oils and their blends was sharply during the first 20 hour of heating since 
the acid number of fresh oils: palm olein, cottonseed, sunflower and soybean 
were 0.14, 0.16, 0.17 and 0.07 respectively. Which increased sharply during 
the first 20 hours of heating to 1.42, 2.03, 2.29 and 2.99 and increased 
gradually during the last 40 hours of heating to 4.12, 4.56, 5.10 and 5.23 
respectively. The same trend in the rate of increment in acid number of oil 
blends was observed. Since the acid number of fresh oil blends (1F), (2F), 
(3F) and (4F) were 0.15, 0.14, 0.13 and 0.11 respectively. Which increased 
during the first 20 hours of heating to 1.73, 1.89, 1.82, 2.26 and increased 
after that during the last 40 hours of heating to 4.40, 4.49, 4.42 and 4.73 
respectively. The changes in acid number of oils and their blends could be 
attributed to the formation of peroxides and hydroperoxides after 20 hours 
heating, thereafter, they broke down to carbonyl compounds some of which 
contained COOH group causing the increase in acid number (Figure 2). 
Generally, these results proved high stability of palm olein compared to the 
other investigated oils. As expected in figure (2) blending cottonseed, 
sunflower and/or SBOs with palm olein. Improved the acid number value 
since, after 60 hours of heating. However, blend 3F (50% PO + 25% CSO + 
25% SFO) and blend 1F (50% PO + 35% CSO + 15% SFO) are considered the 
best ones to be used as frying oil. 
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Figure (2): Effect of heating time (hrs) on acid number of fresh frying oils and 

their blends. 
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Figure (3): Effect of heating time (hrs) on peroxide number of fresh frying oils 

and their blends. 
 
The increase in acid number due to successive heating or frying of oil was 

also observed by El-sharkawy (1979), Allam (1994) and Mostafa et al (1994). 
Meanwhile, Galal et al (1992) and Khatab (2007) indicated that these was a 
gradual increase in acid number from 0.3 for fresh SFO to 1.9 after 48 hours 
accompanied by a gradual decrease in smoke point during frying. In addition, 
Mostafa (1987) found that heating of peanut oil caused an increase in acid 
number due to the formation of both acidic compounds and free fatty acids. 
Also, oxidized fatty acids formed as a result of heating and increased 
markedly with increasing heating time. This phenomenon was noticed during 
heating of oil blends Khatab (2007). 

It is evident from Figure (3) that heating the fresh oils and their blends up 
to 180ºC increased their peroxide number. It could be observed also that the 
peroxide number gradually increased after being heated for 30 hrs and 
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followed by a sharp decrease after 60 heating hours. These results indicate 
that peroxides are formed during the first 30 hours of heating and after that 
they usually decompose or polymerize. 

The same observation was reported by Allam (1994) and Mostafa (1996). 
However, Lesizkiewicz and Kasperk (1988) attributed the drop in peroxide 
number not due to decomposition of parotids, but to the decrease in the rate 
of oxidation and/or acceleration of polymerization reaction. Generally, results 
obtained, indicate that oxidation had occurred to a greater extent in soybean, 
sunflower, cottonseed more than in palm olein. This could be explained by 
the difference in the composition of investigated oils in respect to 
polyunsaturated fatty acids and natural antioxidant. Therefore, as expecting, 
blending cottonseed sunflower and/or soybean with palm olein improved 
their oxidative stability during heating process at 180 ْ◌ C up to 60 hrs, since 
the rate of increase in peroxide number of blended oils was lower than that of 
frying oils. However, blend (3F): (50% PO + 25% CSO + 25% SFO) and blend 
(1F): (50% PO + 35% CSO + 15% SFO) were considered the best ones to be 
used as frying oil. 
 
Effect of frying time (day) on some physical and chemical 
properties of frying oils and their blends 
Physico-chemical properties of frying oil blends 

The Physico-chemical properties of frying oil blends incorporated in 
potato frying process for subsequent 5 days are presented in figure (4, 5 and 
6). 
These results reveal that the refractive index values increased with 
increasing the frying time of all blends. Increments percentages were almost 
always the same in all blends. Acid number also increased with increasing 
frying time. Results in figure (5) show the changes in acid number for fresh 
frying oils palm olein, cottonseed, sunflower, SBO and their blends after 5 
days of frying. The amount of free fatty acid in oils can be used to indicate  
the extent of its deterioration due to hydrolysis of triglycerides and/or 
cleavage and oxidation of fatty acid double bond. Although the initial acid 
number of the fresh frying oils was different (0.14, 0.16, 0.17 and 0.07) for 
palm olein, cottonseed, sunflower and soybean oil, respectively. After one 
day frying SBO had the highest acid number 1.61 compared with fresh frying 
oil palm olein 0.85, CSO 1.06 and sunflower 0.99. PO had the lowest acid 
number 1.59 after three days of frying followed by 2.43, 2.63 and 2.95 for 
CSO, SFO and SBO, respectively. Changes in acid number over 5 days frying 
period from the initial values for fresh oils palm olein; 0.14 - 2.39 was lesser 
followed by CSO; 0.16 – 2.7 and SFO; 0.17 – 2.92, however higher changes 
were found in SBO; 0.07 - 4.17. 
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Figure (4): Effect of Frying time (day) on refractive index of fresh frying oils 

and their blends. 
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Figure (5): Effect of Frying time (day) on acid number of fresh frying oils and 

their blends. 
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Figure (6): Effect of Frying time (day) on peroxide number of fresh frying oils 

and their blends. 
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Acid number in frying oil blends were as follows: 0.11, 0.13, 0.14 and 0.15 
for blend 4 frying, blend 3F, blend 2F and blend 1F, respectively. There was 
an increasing trend in acid number in all oils with increasing frying time from 
day 0 to day 5. There was an initial sharp increase in the acid number for 
blend 4F from 0 day to one day frying while blend 3F, blend 2F and blend 1F 
showed a gradual increase throughout the frying time from day 0 to fifth day 
of frying the increase in the acid number content could be caused by the 
increase in rate of hydrolysis when water is introduced into the frying system 
by the potato crisps. Changes in acid number over the 5 days period from the 
initial values for blend 4F; 0.11 – 3.57 was the larger followed by blend 3F; 
0.13 – 2.76 and blend 2F 0.14 – 2.71 but lesser changes was found in blend 
1F; 0.15 – 2.65. The initial acid number was around 0.14 for blend 2 and 3 but 
it reached 0.16 for blend 1 and 0.153 for blend 4, however percent increment 
after 5 days of potato frying process was obvious for blend 4 followed by 
blend 1, blend 2 and blend 3. however all the blends could be considered 
good frying oils since the acid number did not reach 2 according to Mankel 
(1970) who stated that oils should be considered spoiled when the acid 
values were more than 2. Olieman (1983) also considered the frying fat could 
be rejected when its acid number exceeded 2.5. 

Peroxide number is a measure of the amount of peroxides formed in oils 
through autoxidation and oxidation processes. Results in Figure (6) show the 
changes in peroxide number for fresh frying oils and their blends from day 0 
to day 5. Their was an initial sharp increase in the peroxide number for SBO 
from day 0 to day 1 while PO, CSO and sunflower showed a gradual increase 
throughout the frying time (day) peroxide number in day 2 frying of palm 
olein, cottonseed, sunflower and SBO were 8.13, 11.41, 15.33, and 18.71 meq 
oxygen/kg, respectively. PO had the lowest change content of peroxides after 
day 3 (13.09 meq/kg) followed by CSO (16.64 meq/kg), SFO 21.43 meq/kg, and 
SBO 21.43 meq/kg. Rapid increase in peroxide number in SBO and SFO 
showed the oils to be very unstable to oxidative degradation. This was 
largely due to the highest percentage of linoleic acid in the two oils. The 
lower peroxide number of palm olein in day 4 compared with other oils 
mainly due to the higher total unsaturated fatty acid content of palm olein 
compared with other fresh frying oils. 

Peroxide number alone is not a suitable parameter to assess the extent of 
fats and oils deterioration. Increase in the peroxide number during frying 
period indicates increased formation of peroxides due to oxidation. However, 
peroxides are unstable under deep-frying conditions, at the frying 
temperatures and as oil deterioration continues the hydroperoxides 
decomposes forming carbonyl and aldehydic compounds causing the 
peroxide value to decrease. This is the reason why the amount of peroxides 
in the oil cannot be used to estimate the extent of oil deterioration. 

Results in Figure 6 also show the change in peroxide number of frying 
oils blends during frying time (day). There was an increase in peroxide 
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number in all oils with increasing frying time from day 0 to day 5. Blend 1F 
had the lower peroxide number 4.62 meq/kg after one day frying compared to 
blend 2F, blend 3F and blend 4F which were 4.78, 5.38 and 6.43 meq/kg, 
respectively. Blend 4F had the highest peroxide number 13.72 meq/kg after 2 
day frying followed by blend 3F 10.84 meq/kg, blend 2F 10.34 meq/kg and 
blend 1F 10.21 meq/kg. The highest peroxide number throughout the frying 
days found in blend 4F after 4 day frying followed by blend 3F,blend 2F and 
blend 1F which were 20.81, 20.34 and 19.45 meq/kg. 

 
REFRENCES 
A. O. A. C. (1990). Official and Tentative Methods and Recommended 

Practices of the American Oil Chemists' Society. 4th edition, Edited by D. 
Firestone, AOCS, Champaign, IL U.S.A. (1989). 

A. O. A. C. (2000). Official Methods of Analysis of the Association of Official 
Analytical Chemists. Published by the A.O.A.C. International 17th Ed. 
Washington, D.C. 

A. O. A. C. (2003). Official Methods of Analysis of the Association of Official 
Analytical Chemists. Published by the A.O.A.C. International 18th Ed. 
Washington, D.C. 

Abdel-Rahman, T. M. (1994). Studies on edible frying oils. Msc. Thesis in 
Nutrition and food sciences. Faculty of home Economics, Minufiya 
University, Shebin El-Kom. 

Allam, Samah, S. M. (1994). Preparation of high stable frying oil. Msc. Thesis 
in Food Science and Technology, Faculty of Agriculture, Cairo Univ. 

AOAC (1990). Official methods of analysis (15th ed.). Arlington, VA: 
Association of Official Analytical Chemists. 

Augustin, M. A. and S. K. Berry (1984). Stability of tapioca Chips fried in 
refined bleached and deodorized palm olein (RBD) treated with 
antioxidants. J. Amer. Oil Chem. Soc. 61: 873. 

Augustin, M. A. and S. K. Berry (1984). Stability of tapioca Chips fried in 
refined bleached and deodorized palm olein (RBD) treated with 
antioxidants. J. Amer. Oil Chem. Soc. 61: 873. 

Berger, K. G. (1986 a). Palm oil products: Why and How to use them?. Food 
Technology, (9), 72-79. 

Berger, K. G. (1986 b). The Palm oil research Institute of Malysia J. Am. oil 
Chem. Soc, 63. (2), 217-222. 

Combe, N., M.J. Constantin and Entressanls, B. (1981). Lymphatic absorption 
of non-volatile oxidation products of heated oils in the rats. Lipids, 16, 8-
14. 

Deffense, E. (1985). Fractionation of palm oil J. Am. Oil Chem. Soc, 62, (2), 
376-385. 

Du-Plessis, L. M., P. V. Twisk, P. J. V. Niekerk and M. Steyn (1981). Evaluation 
of peanut and cottonseed oil for deep frying. J. Amer. Oil. Chem. Soc, 58: 
575-8. 

 585 



 
 
 
 
 

M. M. Mostafa, A. A. Baker, M. M. El-Habashy and M. M. Aly aldin 

El-Sharkawy, A. A. (1979). Chemical and physical changes during continuous 
heating of oils. Ph. thesis in Food Science and Technology. Fac., Agric, 
Cairo Univ. 

Galal, S. M., M. A. Bekheit and M. H. Aly (1992). Physical, Chemical and 
Biological evaluation of sunflower seed oil used for frying. Bulletin of 
Nutrition institute of Arab Republic of Egypt 12 (1): 28-47. 

Gunstone, F. D. (2002). Production and trade of vegetable oils in Food 
Technology: Composition, properties and uses. Blackwell Publishing, 
page 1-52. 

Izaki, Y., S. Yoshikawa and M. Uchiyama (1984). Effect of ingestion of 
thermally oxidized frying oil on peroxidative criteria in fats lipids, 19, 324-
331. 

Khalil, M. F., M. A. El-Agaimyand H. A. Badawy (1993). Effect of blending on 
stability of commercial oil during frying. Egypt J. Appl. Sci., 8, (1), 106-113. 

Khattab, M. K. M. (2007). Evaluation the quality of blended edible vegetable 
oils commonly produced and consumed in Egypt. Msc thesis in Food 
Analysis, Institute of public health, Alexandria University. 

King, C. C. and E. C. Mary (1989). Cottonseed oil as a frying medium. J. Amer. 
Oil Chem. Soc. 66: 192. 

Landers, R. and D. Rothman (1981). Vegetable oils effect of processing, 
storage and use on nutritional values. J. Amer. Oil Chem. Soc. 58: 255. 

Laubli, M. W. and P. A. Bruttel (1986). Determination of the oxidative stability 
of fats and oils: comparison between the Active Oxygen Method (AOCS cd 
12 – 57). And Rancimat method, J. Am. Oil Chem. Soc., 63: 792 – 792. 

Lesizkiewicz, B. and M.  Kasperek (1988). The effect of heat treatment on fatty 
acids of rapeseed oils. J. Amer. Oil Chem. Soc. 65: 1511. 

Meltzer, J. B., E. N. Frankel, T. R. Bessler and E. G. Perkins (1981). Analysis 
of thermally abused soybean oils for cyclic monomers J. Am. Oil Chem., 
Soc, 58, 779-784. 

Mostafa, M. M., A. H. Rady and M. A. Madkour (1993). Composition and 
nutritional aspects of palm oil consumed in Egypt. 1993 PIPOC PORIM 
international palm oil congress "Update and Vision", 20-25 September 
1993, Kuala Lumpur, Malaysia.  

Mostafa, M. M., A. H. Rady and M. A. Madkour (1994). The stability of some 
palm oil products consumed in Egypt. Oil and Fats International Congress 
1994, September 5-8, 1994, Kuala Lumpur, Malaysia.  

Mostafa, M. M., A. H. Rady, A. Faried and A. El-Egieul (1996). Blending of 
palm olein with cottonseed oil. 1996 PORIM international palm oil 
congress "Competitiveness for the 21st Century, 23-28 September 1996, 
Kuala Lumpur, Malaysia. 

Olieman, N. W. (1983). Inspection of frying oils and fats. Fat. Science Proc. 
16th ISF Congress, Budapest. 

Pazola, Z., J. Gawecki, M. Buchowski, J. Korczak, J. Jankun and B. 
Grzeskowiak (1983). Choice from Simple Methods for quality control of 

 586 



 
 
 
 
 

Preparation  of  different  oil  blends  for frying 

frying Fat during deep Frying of Potato Products. Fat Science Proc. 16th 
ISF Congress Budapest. 

Rauen-Miguel, A., W. Esteves and D. Barrera-Arellano (1990). 81st Annual 
Meeting of the AOCS, April 25, Baltimore, 1990. 

Robertson, J. Morrison, B. Lyon and P. Shaw (1978). Flavor and chemical 
evaluation of potato chips fried in sunflower, 'cottonseed and palm oils. J. 
Food Sci. 43: 420.  

Warner, K. (1988). 37th oilseed processing clinic, New Orleans, Al. March., 
C.F. King, C.C. and E.C. May 1989. Cottonseed oil as a frying medium J. 
Amer. Oil Chem. Soc. 66: 192. 

Wetherilt, H., N. Basoglu, M. Pala, M. Yildiz, G. Caglar and Unal, M. (1994): 
Frying performance of blends of palm olein with sunflower oil and 
soybean oil and comparison with pure oils. Paper presented at Oil and 
Fats International Cpngress 1994, September 5-8, 1994, Kuala Lumpur, 
Malaysia. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 587 



 
 
 
 
 

M. M. Mostafa, A. A. Baker, M. M. El-Habashy and M. M. Aly aldin 

 تحضیر مخالیط مختلفة من الزیت للتحمیر
 

  ، مجیدة الحبشى ،على عبد العال بكر  ،محمود محمد مصطفى 
 محمد محمد على الدین

 راعة ـ جامعة المنوفیةقسم علوم وتكنولوجیا الأغذیة ـ كلیة الز 

 الملخص العربي
بالنسبة إلى عدم إكتفـاء الزیـوت فـى مصـر كـان مـن الضـرورى إسـتیراد الزیـوت لتقابـل الطلـب. 

) وزیـت النخیـل SFO) زیـت عبـاد الشـمس (SBO) زیت فول الصـویا (CSOزیت بذرة القطن (
)PO العمیـق والطـبخ. ) یستهلك فى صـورة مكـررة ویسـتعمل فـى شـئون المطـابخ وتشـمل التحمیـر

وخلط الزیوت لها كثیر من المزایا الإقتصادیة والتكنولوجیـة الواضـحة حیـث تتجنـب إرتفـاع الأسـعار 
 وعدم التواجد وثباتیة الزیوت.

والغــرض الأساســى مــن هــذه الدراســة هــى لتقــدیر جــودة أربعــة زیــوت نباتیــة زیــت بــذرة القطــن 
)CSO) زیــــت فــــول الصــــویا (SBO) زیــــت عبــــاد الشــــمس (SFO) وزیــــت النخیــــل (PO (

ومخالیطهم وعلامات الجودة تتضمن المحتوى الرطوبى ومعامل الإنكسار والأحماض الدهنیة الحـرة 
ورقم البیروكسید ورقم الأنیزیـدین ورقـم التوتـوكس وفتـرة التحضـین التـى تقـاس بجهـاز الرانسـیمات 

Rancimat. 
) یحتــوى علــى أقــل POخیــل (وشــكل الأحمــاض الدهنیــة للزیــوت ومخالیطهــا تبــین أن زیــت الن

محتوى من الأحماض الدهنیة الغیر مشبعة إذا قورن بواسطة زیت بذرة القطن وزیت فـول الصـویا 
وزیـت عبـاد الشـمس ومـن الأحمـاض المشـبعة الأكثــر شـیوعاً فـى الزیـوت ومخالیطهـا هـو حــامض 

ییك فى حـین أن البالمتیك فى حین أن الحمض الدهنى الغیر مشبع الأكثر شیوعاً هو حامض الأول
٪ زیــت فــول ١٥٪ زیــت بــذرة قطــن + ٣٥٪ زیــت نخیــل + ٥٠) والــذى یتكــون مــن (2Fمخلــوط (

) والـذى یتكـون مـن 1Fالصویا) یحتوى على أعلى نسبة مـن الأحمـاض المشـبعة یتبعهـا مخلـوط (
 ٪ زیت عباد الشمس).١٥٪ زیت بذرة قطن + ٣٥٪ زیت نخیل + ٥٠(
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ســـاعة علـــى درجـــة  ٢٤) هـــى POلزیـــت النخیـــل ( Rancimatونتـــائج جهـــاز الرانســـیمات 
سـاعة وهـذا یعنـى أن ثباتیـة  ١١.٣)  CSOم كانت أكثر إرتفاعـاًً◌ مـن زیـت بـذرة القطـن (˚١١٠

٪ مـن زیـت النخیـل ٥٠) وعنـد اسـتعمال CSO) مرتین مثـل زیـت بـذرة القطـن (POزیت النخیل (
 ١٩سـاعة إلـى ١١ن ) ومـ1Fسـاعة (مخلـوط  ١٧سـاعة إلـى  ١١یجعل فترة التحضین تزیـد مـن 

 ١٧ســاعة إلــى  ١١) ومــن 3Fســاعة (مخلــوط  ١٦ســاعة إلــى  ١١) ومــن 2Fســاعة (مخلــوط 
 ).4Fساعة (مخلوط 

م تزیــد بالزیــادة المنتظمــة حتــى نهایــة التســخین ˚١٨٠ســاعة علــى درجــة  ٦٠والتسـخین لمــدة 
بتدائیـة فـى بالنسبة لمعامـل الإنكسـار فـى حـین رقـم الحموضـة یـزداد إلـى ثلاثـة أضـعاف القیمـة الأ

 ساعة من التسخین. ٤٠حین أن قیم البیروكسید تصل إلى القمة بعد 
) ممكــن 4Fونتـائج رقــم الحموضـة ورقــم البیروكسـید تبــین أن جمیـع المخــالیط ماعـدا مخلــوط (

) كزیت تحمیر 2Fأعتبارها زیوت جیدة لتحمیر رقائق البطاطس. وعلى ذلك عند إستعمال مخلوط (
رجات للصفات الحسیة وهذه الممیزات سـوف تؤخـذ فـى الإعتبـار بواسـطة فإن المنتج یعطى أعلى د
 المستهلك الحذر صحیاً.
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