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ABSTRACT

Objectives: The present study was aimed at improving the quality of fried sunflower oil.
Synthetic (Magnesol XL) natural (agriculture wastes of date industry) were used to absorb
the oxidation products of fried sunflower oil.
Study Design: Recycling of wastes (date pits).
Place and Duration Study: Food Science and Nutrition Department, Faculty of Agricultural
Science and Foods, King Faisal University, Saudi Arabia. Oils & Fats Research
Department, Food Technology Research Institute, Agricultural Research Center, Giza,
Egypt, between January 2012 and October 2013.
Methodology: The mineral (Si, Mg, Ca, Fe, Al, Mn and Cu) of the aforementioned
substances were determined. The physico-chemical properties of non-fried, fried and
fried-treated sunflower oil were determined. The frying process was carried out at
180±5ºC for 16hrs, 4hrs heating per day for four consecutive days. The fried sunflower oil
was treated with synthetic, natural and activated carbon of date pits at level 2%. A set of
nutritional experiments was conducted in which rats administrated standard diets were
containing non-fried, fried and fried–treated oils with adsorbent materials. The safety
limits of the fried-treated oils were determined by measuring the activities of alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatatse
(AP) and levels of total lipids, total cholesterol, HDL-cholesterol and LDL-cholesterol of rat
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sera.
Results: The results indicated that Magnesol XL, diatomaceous earth and activated
carbon of date pits contained Si + Mg + Si + Mn + Ca and Si +Mg + Ca as the basic
metals, respectively. Frying of sunflower oil led to significant increase in physico-chemical
properties. Treatments of fried sunflower oil with the aforementioned substances greatly
improve the quality of fried oil. Also, the results highlight the potential effect of Magnesol
XL, diatomaceous earth and activated carbon of date pits in improved rat liver (AST, ALT
and AP) and levels of sera constituents were similar to those of rats given non-fried oils.
Conclusion: The natural adsorbent material (diatomaceous earth) and activated carbon
of date pits do not exhibit any harmful effects on humans and possess nearly the same
adsorbing effects in removing oil oxidation products. In addition, they are cheap and are
useful for regenerating the quality of fried oils.

Keywords: Activated carbon; date pits; adsorbent materials; frying process; biological
evaluation.

1. INTRODUCTION

Oils are quite susceptible to oxidation during deep-fat frying process. Generally, there are
two basic oxidation reactions during oil frying, that is, the primary reaction which produces
hydroperoxides and the secondary oxidation where the hydroperoxides decompose to
produce smaller organic compounds such as aldehydes, alcohols, ketones, acids, etc.
Nutritional experiments were performed to envisage the effect of oil oxidation products on
rat health. For instance, methyl linoleate hydroperoxides orally administered to mice caused
necrosis, fatty degeneration and congestion in tissues [1,2]. Methyl linoleate hydroperoxides
inhibited lipase, succinate dehydrogenase and thiokinase activities, and also hemolyse red
blood cells [3]. In addition, secondary oil oxidation products have stronger toxic effects than
hydroperoxides [4]. These reports indicate the necessity to remove peroxides from
deteriorated fried oils. It is of interest to note that frying leads to darkening, thickening,
foaming and smoking of the oil [5,6].

There are various methods that can be used to remove these products such as treatment
with acid solution of ferrous sulphate [7], filtration through special membranes [8,9] and by
using different adsorbent materials [5,10]. By these methods, the treated oils can be used
again in deep-fat frying process. Saudi Arabia is among the cultivation countries and there
are many agricultural wastes such as wheat hull, rice hull and barley hull, etc. which can be
used in different industrial processes. Dates of date palm tree (Phoenix dactylifera L.) are
popular among the population of the Middle Eastern Countries. The fruit is composed of a
fleshy pericarp and seed which constitutes between 10 % and 15 % of date fruit weight [11].
The date seeds considered a waste product of many date processing plants producing
pitted dates, date syrup and date confectionery. At present, seeds are used mainly for
animal feeds in the cattle, sheep, and camel and poultry industries. With world production of
dates reaching 9 million tons in 2007, from this approximately 960 thousand tones of date
seeds are produced [12]. Thus, utilization of such waste is very important to date cultivation
and to increase the income to this sector [13]. Chemical and nutritional constituents of date
seeds were reported by [14-17]. Most current literature was limited to proximate and mineral
composition. Beyond compositional analysis, there is work of [18], who researched the
functional properties of date seeds. Their reported composition was 3.10-7.10% moisture,
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2.30-6.40% protein, 5.00-13.20% fat, 0.90-1.80% ash and 22.50-80.20% dietary fiber. Also,
seeds contain high levels of phenolics (3102-4430 mg Gallic acid 1100 gm) [8,19].

It is well known that adsorbents such as activated carbon, silica and acid clay are widely
used by vegetable oil processes to remove components such as free fatty acids, peroxides,
carotenoides and phospholipids [20,21]. Activated carbon of the agricultural plant wastes
can be considered as good adsorbents to get rid of the oxidation products of oil. Activated
carbon has undoubtedly been the most popular and widely used adsorbent in wastewater
treatment throughout the world. Charcoal, the forerunner of modern activated carbon has
been recognized as the oldest adsorbent known in wastewater treatment. Activated carbon
is produced by a process consisting of raw material dehydration and carbonization followed
by activation. The product obtained is known as activated carbon and generally has a very
porous structure with a large surface area ranging from 600 to 2000 m2/g .

Activated carbon (AC) is an amorphous form of carbon that is specially treated to produce a
highly developed internal pore structure and a large surface area, thus, producing
reasonably cheap and excellent adsorbent [22]. There is a multitude of industrial
applications of AC including decolorization, purification and deodorization of vegetable oils
and fats, sugar refining and other food industries. Pollution control and wastewater
treatment are growing areas of use to combat environmental pollution.

Large quantities of dates’ stones which can be obtained from more than million metric tons
of dates produced annually in Saudi Arabia [23], justify the use of dates’ stones as a raw
material production of AC.  Knowing that dates' stone account for about 10 % of fruit weight
it can be easily shown that about 150000 metric tons of dates' stones are available
annually. A reasonable fraction of this quantity can be reclaimed easily from dates’
processing plants and can be used for production of AC. Therefore, the objective of this
study is to explore the effect of preparation conditions on the yield and quality of AC
produced from dates’ stones. Different methods for production of active carbon (Zinc
chloride, phosphoric acid, will be used in this study since little attention has been paid for
this activator in literature. The optimum conditions for AC production will be evaluated based
on the determination of various adsorption parameters (e.g. unit capacity, maximum
capacity, and percentage removal) using aldehydes, alcohols, ketones, acids methylene as
adsorbents from deep fried edible oils [24].

The main goal of the current investigation was to use activated carbon of date pits and to
compare its adsorbent efficiency with Magnesol XL as synthetic adsorbents and
diatomaceous earth as natural adsorbents to regenerate the quality of fried sunflower oil.
Also, study the effect of the regenerated sunflower oil on rat liver function such as the
determination of alanine amino transferase, aspartate aminotransferase and alkaline
phosphate activities and serum contents of total lipids, total cholesterol, high and low-
density lipoproteins.

2. MATERIALS AND METHODS

2.1 Source of Sunflower Oil

Refined sunflower oil was obtained from Areej Vegetable Oil and Derivatives Co. Riyadh,
Saudi Arabia. Acid and peroxide values of the oil were 0.1 mg of KOH per gram of oil and
0.45 active oxygen peroxides per kilogram of oil, respectively.
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2.2 Source of Date Pits

The pits of Khalas variety was obtained from Dates Packaging Factory in Al-Hasa Region,
Saudi Arabia and collected at the tamer stage (fruit ripeness).

2.3 Source of Magnesol XL and Diatomaceous Earth Clay

Magnesol XL (hydrous, white, amorphous and odourless) obtained from Magnesol Products
Division (Reagent Chemical and Research, Inc., Houston, Tx, USA). Diatomaceous earth
clay (white, amorphous and odourless) was obtained from Qasr El-Sagha Deposit (Fayoum
Governorate, Egypt).

2.4 Preparation of Activated Carbon

Pit was first washed thoroughly with water to remove all foreign materials, mud and sticky
sweet remnants of dates, then; they were be speared in one layer over plastic sheets and
left to dry in doors. Washed-clean whole dates pits was dried in a drying oven at 110ºC to
facilitate crushing and grinding in a grinder (Perten, model LM 3310, USA) to a particle size
of 180µm, placed in a crucible, carbonized in air in a muffle furnace (5000, Thermolyne,
Iowa, USA) at 550ºC for 12 hr and then cooled to room temperature in a desiccator and
stored in glass screw-capped bottles [25].

2.5 Elemental Analysis

The elemental analysis of (Si, Mg, Ca, Fe, Al, Mn and Cu) of various materials (date pits,
Magnesol XL and Diatomaceous earth clay) were carried out at the SCS-CNRS Laboratory
using micro analytic devices ensuring a precision of (±0.3)% for the major components
(˃10%). A LECO analyzer (model SC 144) was used for determination.

2.6 Frying Process

A known amount (2 kg) of refined sunflower oil was placed in an electric-fried fryer (Hobart
model HK3-2, Hobart Corp, Troy, Ohio, U.S.A) and heated at 180± 5ºC. Then, potato chips
(2 mm thickness) previously soaked in NaCl solution (10%, w/v) were fried. The weight of
chips fried for each batch was about 200g. The frying process was repeated for four
consecutive days for 4h every day. Hence, the total continuous frying period was 16h. The
oil samples were left to cool down and then stored at -5ºC for further analysis.

2.7 Adsorption Process

Each adsorbent (2%, w/v) based on the weight of the oil was added to frying oil after
heating, stirred for 15 min, vacuum filtered through what man filter paper No.1 the filtrate
was stored in a sealed vessel at 4ºC after flushing with nitrogen.

2.8 Quality Assurance Tests for Non-fried, Fried and Fried-treated Sunflower
Oil

Refractive index, acid value and peroxide value were determined according to method of
AOAC guideline [25]. Smoke point refers to the temperature at which the oil sample begins
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to smoke and is recorded as outlined by Nielsen [26]. A Lovibond Tintometer apparatus
(The Tintometer Ltd., Salisbury, England) was applied to measure the colour of non-fried,
fried and fried –treated sunflower oil samples. The yellow glass slides were fixed at 35 and
the intensity of red glass was assigned through matching with the oil samples [26].
Brookfield LV viscometer Model TC-500 (Brookfield Engineering Laboratories Stoughton,
MA, USA) was used to measure the viscosity of the oil samples at 30ºC according to the
method described by [27]. Thiobarbituric acid (TBA) value, oxidized fatty acid and polymer
contents for the sunflower oil samples were determined according to the methods of [28-30],
respectively. Polar components in sunflower oil samples were measured by column
chromatography according to the method described by [31]. An aliquot of the sunflower oil
samples (0.1ml) was dissolved in methanol (3ml), vortexed and the absorbance at 232 and
268nm were recorded for conjugated dienes and trienes, respectively as mentioned by [32].

2.9 Animals and Diets

A total of 50 male adult rats (Sprague Dawley strain) with an average weight of 90-100 gm
were purchased from the animal house of the Faculty of Veterinary Medicine, King Faisal
University. The rats were randomly divided into five groups according to the oil type (non-
fried oil, fried oil and fried-treated oil with 2% Magnesol XL, diatomaceous earth and
activated carbon of date pits), each group of ten rats. The rats were housed in plastic cages
and fed on standard diet (oil 15%, casein 16.11%, vitamin mixture 1%; mineral mixture 4%,
fiber 1% and starch 62.82%) and water was available at libitum for 17 days as an adaptation
period.

2.10 Blood Sample

Blood samples were taken at the start of the experiment and at 2, 4, 6, and 8 weeks after
administration of the tested diets. The blood samples were obtained from the orbital venous
plexus by means of capillary tube (1-1.5 ml from each rat). The blood of ten rats in each
group was placed in a centrifuge tube. Sera were obtained by centrifugation at 1100 x g for
20 min and kept frozen until analysis.

2.11 Serum Analysis

The methods of [33,34] were used for the determination of ALT (EC 2.6.1.2), AST (EC
2.6.1.1) and AP (EC 3.1.3.1) activities, respectively. Total lipids, total cholesterol, HDL-C
and LDL-C were estimated as outlined by [35,36,37].

2.12 Statistical Analysis

The data of the present work were subjected to analysis of variance, and the least
significant difference (LSD) test was used to compare the mean values of the studied
parameters using SPSS program package.
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3. RESULTS AND DISCUSSION

3.1 Elemental Analysis of Various Adsorbents

Table 1 shows the mineral content of Magnesol XL (synthetic filter aid), diatomaceous earth
(natural filter aid) and date pits activated carbon (agricultural plant wastes). All the filter aids
can be distinguished by their metal pattern. For instance, date pits activated carbon
contained the highest level of Cu as great as that in Magnesol XL and diatomaceous earth,
respectively. The highest level of Si was recorded for Magnesol XL followed by
diatomaceous earth and date pits activated carbon. Generally, the basic metals for
Magnesol XL, diatomaceous and date pits activated carbon were Si + Mg + Mn, Si + Mn +
Ca and Si + Mg + Ca, respectively. Several authors studied the mineral contents of various
and synthetic adsorbent materials. For instance, [38] mentioned that the major constituents
of filter aids (natural and synthetic adsorbents) were carbon, calcium, silicon, alumina and
magnesia.

Table 1. Mineral pattern of Magnesol XL, diatomaceous earth and activated
carbon of date pits

Mineral (ppm) Magnesol XL Diatomaceous
earth

Activated carbon of
date pits

Si 345.00±3.50 322.00±3.00 316.30±3.41
Mg 290.00±2.50 100.12±1.51 250.30±2.81
Ca 155.00±1.90 284.00±2.81 233.19±1.90
Fe 9.01±0.60 18.30±0.92 22.16±0.71
Al 7.20±0.30 9.03±0.10 5.51±0.62
Mn 500.00±5.501 490.00±4.52 292.00±2.11
Cu 8.90±0.41 60.33±1.09 25.16±1.00

The data (values ± SE) are the mean values of three measurements for the same sample

3.2 Quality of Starting Sunflower Oil

Figs. 1-12 shows some physico-chemical properties of starting sunflower oil. In general, the
values of the physical and chemical constants for sunflower oil quality under study
(refractive index, smoke point, color, viscosity, acid value, peroxide, TBA value, Conjugated
dienes and trienes, polar content, polymer content and oxidized fatty acids) were similar to
those published in many works [39,40] and indicate that the fresh sunflower oil used was of
good quality.

3.3 Quality Loss of Fried Sunflower Oil

The changes in quality parameters of sunflower oil during intermittent frying are shown in
Figs. 1-12. It is worth noting that sunflower oil was heated at 180±5ºC for 4 h each day and
this process was reported for four consecutive days. Oil samples were taken at the end of
each day and kept at – 5ºC until analysis. Refractive index is a good diagnostic parameter
for the degree of oil unsaturation and this value increased by increasing the number of
conjugated double bonds in the oil. The data in Fig. 1 show that there were slight increases
in the refractive index of sunflower oil during the various frying times. The intermitted frying
of sunflower oil led to a gradual and significant decrease in the smoke point values Fig. 2.
The color of fried sunflower oil samples collected at different period was measured on a
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fixed yellow glass slide [35] and variable red glass slides. The color of sunflower oil changed
from clear yellow to dark brown especially during the last days of the frying process. The
dark color patterns were significantly different from each heating period correlated with
hours of deep fat frying process Fig. 3. The viscosity of sunflower oil Fig. 4 was gradually
and significantly increased during the frying process. It is worth mentioning that the viscosity
at the end of the frying process was about 4.00 times as high as that in the oil at the
beginning of the experiment. The increase of viscosity may due to the formation of high
molecular weight polymer compounds leading to the higher the degree of deterioration [41].
These polymer compounds led to increase the viscosity values of fried oil.

The acid values of sunflower oil increased significantly during frying and were strongly
correlated with the heating time Fig. 5. Free fatty acids are formed during oil hydrolysis and
during deep-fat frying process [30]. Hydroperoxides are the primary products of lipid
oxidation. Therefore, the determination of peroxides can be used as an oxidation index for
the primary stages of oxidation of sunflower oil. The data in Fig. 6 show that the peroxide
value of sunflower oil gradually increased with the frying time and become unacceptable
after the second day of frying. It is well know that carbonyl compounds are formed as part of
secondary oxidation products from the decomposition of hydroperoxides during frying.
Frying process caused forming a molecule of hydroperoxides and releasing peroxy radical
[42]. The carbonyl compounds react with TBA reagent to produce TBA derivatives that have
high absorbance at 535nm. The TBA values of sunflower oil Fig. 7 increased slowly at the
early stages of frying and become more after the second day of frying.

The conjugated dienes and trienes in the oil system absorb at 232 and 268nm, respectively.
The data in Figs. 8 and 9 shows that the frying process caused positional rearrangement of
the double bonds in sunflower oil and consequently a part of the non-conjugated system
was converted to conjugated dienes and trienes double bonds.

It is well known that the thermal degradation products are polar in nature and a value of
27% of the total polar materials has been established as the maximum limit for frying oils
[43]. The polar content of sunflower oil under study was gradually increased during
intermittent frying and there were significant differences in the contents of the polar
compound at any of the measured frying times polar Fig. 10. The frying process caused
gradual and significant increases in the formation of polymer materials Fig. 11. The oil
quality control regulations [41] indicate that the polymer levels must not exceed 10%.
Accordingly, the fried sunflower oil has to be discarded after 2 days and should not be used
for human nutrition. Fresh sunflower oil had no oxidized fatty acids at the beginning of the
experiment. During the frying process, the levels of oxidized fatty acids of sunflower oil were
gradually and significantly increased with frying time Fig. 12.

3.4 Effect of Adsorbent Materials and Fried Sunflower Oil Quality

Fried sunflower oil had a refractive index of 1.4707 at 25ºC. The treatment with Magnesol
XL at 2% level caused significant decreases in the refractive index values. The same finding
was achieved when fried sunflower oil was separately treated with diatomaceous earth and
activated carbon of date pits Fig. 1. The fried sunflower oil had a smoke point of 205.00ºC.
The treatment of fried sunflower oil with Magnesol XL at the 2% level induced a significant
lowering effect on the smoke point. These findings were also recorded for the treatment of
fried sunflower oil with diatomaceous earth and activated carbon of date pits (Fig. 2). The
color of fried sunflower oil was 35 yellow and 18.00 red. The treatment with Magnesol XL at
the 2% level caused a significant decrease of the red-coloured glasses. The same finding
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was achieved when fried sunflower oil was separately treated with diatomaceous earth and
activated carbon of date pits Fig. 3. The viscosity of fried sunflower oil at 180ºC for 4h was
65.00 centipoises. Treatment with Magnesol XL remarkably lowered the viscosity of fried
sunflower oil. The treatment with diatomaceous earth and activated carbon of date pits had
the same effect on the viscosity of fried sunflower oil (Fig. 4). The results demonstrate that
the treatment of fried sunflower oil with Magnesol XL at the 2% level led to significant
reduction in the levels of free fatty acids. The data for fried sunflower oil samples treated
with diatomaceous and activated carbon of date pits was in accordance with the results of
Magnesol XL treatments (Fig. 5). Similar results were achieved by [44], which used
activated carbon from wastes in regeneration of frying oils. The peroxide value of fried
sunflower oil was 36.30. The treatment with Magnesol XL resulted in a significant decrease
of the peroxide value of fried sunflower oil. The efficiency of various adsorbent materials in
lowering the peroxide value of the fried sunflower oil was approximately the same (Fig 6).

In general, the adsorbent materials can be used effectively to lower the peroxide value of
fried or oxidized oils. Fried sunflower oil had a TBA value of 1.33. Treated with Magnesol XL
significantly decreased the amount of TBA-reacting substances. Treatments with other
adsorbent materials induced the same effect on the levels of secondary oxidation products
Fig. 7. The levels of conjugated dienes and trienes of fried sunflower oil were 1.85 and 1.09
as determined by the absorption at 232 and 268 nm, respectively. The treatment of fried
sunflower oil with Magnesol XL, diatomaceous earth and activated carbon of date pits at the
2% level significantly decreased the contents of conjugated dienes and trienes. These
results indicate that these adsorbent materials had nearly the same capacity for adsorption
of conjugated dienes and trienes present in fried sunflower oil Figs. 8 and 9. Treatment with
Magnesol XL significantly lowered the polar content, which agreed well the oil quality
regulations [45]. Treatment with other adsorbent materials significantly decreased and had
nearly the same effect in reducing the level of polar compounds Fig. 10. The results
indicated that the fried sunflower oil heated 180ºC for 16h had 7.80% polymers. The
treatment of fried sunflower oil with different adsorbent materials at the 2% level induced a
significant decrease in the polymer contents Fig. 11. The results illustrate that the treatment
of fried sunflower oil with Magnesol XL significantly lowered the oxidized fatty acid levels.
The data for fried sunflower oil samples treated with diatomaceous earth and activated
carbon of date pits were in accordance with the results of Magnesol XL treatments Fig. 12.
Overall, the data suggest that the adsorbent materials under study possess useful
scavenging properties; they remove the oxidation products from the fried sunflower oil and
the regenerated oil may by re-utilize in the date industry. In addition, the activated carbon of
date pits had different levels of minerals. Generally, the present work provides information
on improving the quality of fried sunflower oil using Magnesol XL, diatomaceous earth and
activated carbon of date pits at 2% level. The potential for using Magnesol XL as adsorbent
material to remove the oxidation products from frying oils is restricted by its irritant effect of
skin and eyes. The natural adsorbent material (diatomaceous earth) and activated carbon of
date pits do not exhibit any harmful effects on humans and possess nearly the same
adsorbing effects in removing oil oxidation products. In addition, they are cheap and are
useful for regenerating the quality of fried oils.
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Fig. 1. Changes in refractive index of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

Fig. 2. Changes in smoke point of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 3. Changes in colour of non fried, fried and fried-treated sunflower oil with
different adsorbent materials
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Fig. 4. Changes in viscosity of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 5. Changes in acid value of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 6. Changes in peroxide value of non fried, fried and fried-treated sunflower oil
with different adsorbent materials
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Fig. 7. Changes in TBA level of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 8. Changes in diene content of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 9. Changes in triene content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

0

0.5

1

1.5

TB
A 

le
ve

l
(a

bs
or

ba
nc

e 
at

53
0n

m
)

0

0.5

1

1.5

2

2.5

Di
en

e 
co

nt
en

t
(a

bs
or

ba
nc

e 
at

23
2n

m
)

0
0.2
0.4
0.6
0.8

1
1.2
1.4

FS

Tr
ie

ne
 co

nt
en

t
(a

bs
or

ba
nc

e 
at

26
8n

m
)

Annual Research & Review in Biology, 4(10): 1561-1577, 2014

1571

Fig. 7. Changes in TBA level of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 8. Changes in diene content of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 9. Changes in triene content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

FS FAS MA DA AC

Treatments

FS FAS MA DA AC

Treatments

FS FAS MA DA AC
Treatments

Annual Research & Review in Biology, 4(10): 1561-1577, 2014

1571

Fig. 7. Changes in TBA level of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 8. Changes in diene content of non fried, fried and fried-treated sunflower oil with
different adsorbent materials

Fig. 9. Changes in triene content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials



Annual Research & Review in Biology, 4(10): 1561-1577, 2014

1572

Fig. 10. Changes in polar content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

Fig. 11. Changes in polymer content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

Fig. 12. Changes in oxidized fatty acids of non fried, fried and fried-treated sunflower
oil with different adsorbent materials
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Fig. 10. Changes in polar content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

Fig. 11. Changes in polymer content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

Fig. 12. Changes in oxidized fatty acids of non fried, fried and fried-treated sunflower
oil with different adsorbent materials
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Fig. 10. Changes in polar content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

Fig. 11. Changes in polymer content of non fried, fried and fried-treated sunflower oil
with different adsorbent materials

Fig. 12. Changes in oxidized fatty acids of non fried, fried and fried-treated sunflower
oil with different adsorbent materials
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3.5 Influence of Fried and Fried-treated Sunflower Oil with the Different
Adsorbent Materials on Rat Health

A set of nutritional experiments was performed to elucidate the effect of non-fried, fried and
fried-treated oils with different synthetic and natural materials at the 2% level on rat liver
function and sera contents were taken as a guide to evaluate the safety of the fried and
fried-treated sunflower oil.

Table 2 shows some sera enzyme activities of rats fed non-fried sunflower oil. There were
slight and non significant increases in the activities of these enzymes (ALT, AST and AP)
during the whole experiment (8 weeks) the administration of fried sunflower oil caused
gradual and significant increase in rat sera enzyme activities starting from the second week
and towards the end of the experimental period. The data for the administration of fried-
treated sunflower oil indicate that the activities of ALT, AST and AP enzymes paralleled the
non-fried sunflower oil. This means that adsorbent materials under study removed the oil
oxidation products, which are produced during oil frying and caused an increase in enzyme
activities. These results highlight the potential effect of the adsorbent materials in removing
oil oxidation products.

Table 2. Sera enzymes activities of rats fed on non-fried, fried and fried-treated
sunflower oil with various adsorbent materials

Experiment
al period

Non-fried
oil

Fried oil Fried-treated oil
Magnesol
XL (2%)

Diatomaceo
us earth
(2%)

Activated
carbon of
date pits (2%)

Alanine aminotransferase (IUL-1)
0 12.00±1.50 12.00±1.50 12.00±1.50 12.00±1.50 12.00±1.50
2 12.02±1.30 13.32±2.00 12.11±1.17 11.85±1.90 12.10±2.00
4 12.13±1.95 15.60±2.30 11.98±1.75 12.09±2.00 11.93±1.83
6 11.99±1.80 17.20±3.00 12.05±1.80 11.90±1.73 12.09±2.11
8 12.10±1.72 19.32±3.13 12.01±2.00 12.04±1.93 12.00±1.95
Aspartate aminotransferase (IUL-1)
0 11.90±1.45 11.90±1.45 11.90±1.45 11.90±1.45 11.90±1.45
2 11.95±1.53 12.80±2.00 11.87±1.50 11.95±1.63 11.88±1.43
4 11.93±1.61 14.50±2.50 11.95±1.61 12.03±1.91 12.01±2.00
6 12.00±1.90 16.90±3.00 12.03±2.00 12.00±2.01 11.98±2.03
8 11.87±1.66 19.30±3.80 11.98±2.00 11.90±1.88 12.09±1.01
Alkaline phosphatase (IUL-1)
0 66.01±3.50 66.01±3.50 66.01±3.50 66.01±3.50 66.01±3.50
2 66.09±3.46 69.00±3.80 66.13±3.65 66.12±3.65 66.19±3.62
4 66.81±3.64 73.00±4.50 65.90±3.41 66.00±3.14 65.13±3.00
6 66.28±3.41 78.00±5.03 66.30±3.61 65.85±3.59 66.00±3.41
8 66.11±3.32 81.00±6.12 66.00±3.05 66.32±3.91 66.30±3.23

The data (values ± SE) are the mean values of three measurements for the same sample

Table 3 indicates the changes in total lipid contents of rats' administrated non-fried, fried
and fried-treated sunflower oil. All samples caused gradual and non-significant increases in
the levels of total starting from the second week from commencement and towards the end
of the experiment.
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Table 3 shows the serum cholesterol contents of rats fed on non-fried, fried and fried-
treated sunflower oil treated with Magnesol XL, diatomaceous earth and activated carbon of
date pits at the 2% level. The results indicate very little increase in the total cholesterol due
to administration of non-fried sunflower oil during the whole experiment. On the other hand,
the sera total cholesterol content for rats fed a diet containing fried sunflower oil induced a
gradual and significant increase in total cholesterol throughout the entire nutritional
experiment. The administration of fried-treated sunflower oil with various adsorbent
materials caused a non-significant increase in the total cholesterol level and paralleled the
results of non-fried sunflower oil. These findings led to indicate, in general, that adsorbents
with high polarity caused high adsorbing effects in removing the secondary oxidation
products of used sunflower oil and, hence, increased its quality.

The results Table 3 demonstrates that there are non-significant changes in the sera levels
of LDL-C for rats fed on various samples of sunflower oil (non-fried, fried and fried-treated).

Table 3. Effect of non-fried, fried and fried-treated sunflower oil with various
adsorbent materials on total lipids, total cholesterol, high density lipoprotein

cholesterol and low-density lipoprotein cholesterol levels of rat serum

Experimental
period

Non-fried
oil

Fried oil Fried-treated oil
Magnesol
XL (2%)

Diatomace
ous earth
(2%)

Activated
carbon of
date pits (2%)

Total lipids (mgdL-1)
0 290.00±4.50 290.00±4.50 290.00±4.50 290.00±4.50 290.00±4.50
2 291.00±4.11 290.50±4.56 291.00±4.61 289.09±4.13 290.13±4.19
4 298.90±4.09 291.03±4.66 291.33±4.71 290.33±4.71 289.70±4.19
6 298.99±4.20 290.90±4.70 290.31±4.00 289.50±4.81 289.66±4.20
8 290.00±4.13 291.90±5.01 290..00±4.01 290.21±4.00 290.11±4.00
Total cholesterol (mgdL-1)
0 160.00±1.13 160.00±1.13 160.00±1.13 160.00±1.13 160.00±1.13
2 160.19±1.11 165.00±1.62 160.33±1.53 160.55±1.50 160.81±1.33
4 161.20±1.32 172.30±1.70 160.56±1.90 161.14±1.56 161.01±1.72
6 161.50±1.35 179.81±1.85 161.90±2.01 161.00±1.71 160.85±1.90
8 160.95±1.45 188.50±1.55 160.83±1.86 160.87±1.53 160.05±1.83
High density lipoprotein cholesterol (mgdL-1)
0 101.01±0.95 101.01±0.95 101.01±0.95 101.01±0.95 101.01±0.95
2 10153.±0.87 101.83±1.01 100.98±0.85 101.00±0.90 100.90±0.93
4 101.67±0.98 100.85±0.75 101.03±0.90 101.19±0.85 101.97±0.94
6 102.00±1.00 101.90±1.00 100.88±0.85 102.03±1.00 102.00±1.09
8 100.90±0.90 102.00±1.03 102.13±1.03 101.81±1.01 101.80±1.13
Low density lipoprotein cholesterol (mgdL-1)
0 45.00±0.33 45.00±0.33 45.00±0.33 45.00±0.33 45.00±0.33
2 45.09±0.39 45.13±0.41 45.00±0.39 45.19±0.41 45.50±0.40
4 45.90±0.51 44.91±0.31 45.41±0.45 46.11±0.61 45.90±0.55
6 45.30±0.42 45.31±0.51 46.14±0.61 45.90±0.53 44.31±0.62
8 46.00±0.63 46.20±0.60 45.82±0.38 46.13±0.61 45.81±0.65

The data (values ± SE) are the mean values of three measurements for the same sample

Table 3 shows the sera levels of HDL-C of rats fed on non-fried, fried and fried-treated
sunflower oil. The results demonstrate that these samples of sunflower oil did not cause any
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significant changes in HDL-C level. It's generally accepted that the determination of AST,
ALT and AP activities are an indicator of liver function. The work of [46] based on
histological examination have shown that the lipid oxidation products induced deleterious
effects on rat liver tissue. There data are in line with our findings, since the adsorbing
substances under study adsorb most of the oxidation products formed during frying process
using sunflower oil and restored its quality depending on the results of enzymatic and non-
enzymatic parameters. The oil oxidation products can safety is removed by natural
adsorbent materials (diatomaceous earth and activated carbon of date pits). Magnesol XL is
a synthetic adsorbent material used for adsorption of metal ions, polymers, polar
compounds and free and oxidized fatty acids. However, these materials induce irritant
effects on the eyes and skin of the handler.

Consequently, natural adsorbent materials have to be used instead of Magnesol XL since
these substances possess the same scavenging properties on the oil oxidation products.

4. CONCLUSION

The data of the present study demonstrate that filtration treatment with activated carbon
date pits regenerated the quality of fried sunflower oil and possess higher adsorbing effects
than the natural adsorbent material (diatomaceous earth) and synthetic adsorbent material
(Magnesol XL) in removing oil oxidation products. In addition a date pit is cheap and useful
for regenerating the quality of fried oil.
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