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Abstract

Olive leaves (Kronakii cultivar) were obtained from the annual
pruning of olive trees and pressed to obtain a crude juice. An
aliquots from the concentrated crude olive leave juice, represent
400, 600, 1600 and 2400 ppm as polyphenols, were added to
sunflower oil. Samples of sunflower oil mixed with clive leaves juice
were intermittent heated at 180 °C £ 5 for 5 hr / day and the
heating process was repeated for 5 consecutive days. A control
experiment was performed where butylated hydroxy! toluene {BHT)
at 200 ppm was added to sunflower oil perior to intermittent
heating in order to compare the antioxidant efficiency between the
natural polyphenolics of olive juice and synthetic antioxidant BHT.

Some physical (refractive index, smoke peint, color and
viscosity) and chemical (acid value, peroxide value, iodine value,
thiobarbituric acid value, saponification number, oxidized fatty acid
level and polymer content) constants for the unheated and heated
sunflower oil were determined. The data indicated that the addition
of olive leave juice to heated sunflower oil induced remarkable
antioxidant activity and at 800 ppm level were superior to that of
BHT is increasing sunflower oil stability.

INTRODUCTION

Deep-fat frying is one of the most common processes used widely for the
preparation of cooked foods. It is extensively used both at home and on a commercial
scale. The qils used in frying play dual functions, i.e., heating medium and enhance
the formation of food flavour. Quality of oils used for frying is highly different and
hence difficulties in controlling oil degradation are due to several variable factors such
as continuous or discontinuous frying, surface-oil volume ratio, temperature, the
degree of oil unsaturation and the presence of preservatives (Dobarganes and
Marquez, 1996). Deep-fat frying of foads is usually performed at a high temperature
{ca., 180 °C) and under atmospheric oxygen. Many studies demonstrated the
occurrence of several changes in the physical and chemical characteristics of oils
under frying conditions (Augustin and Berry, 1983 and Varela et a/. 1988).
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In food a series of complex reactions occur during oil frying such as oxidation,
polymerization, hydrolysis, cis / trans isomerization, double bond migration, pyrolysis
and cyclization (Fritsch, 1981). Gil oxidation is one of the major deteriorative reactions
occurred during frying and induce a significant loss of quality. It is well known that oil
oxidation leads to changes in functional, sensory and nutritive values as well as the
safety of the fried food (Wu and Nawar, 1986). For these reasons, antioxidants are
added to oil and foods rich in lipids to inhibit or depress the development of off —
flavour arising from the oxidation of unsaturated fatty acids. However, the use of
synthetic antioxidants such as butylated hydroxyl toluene (BHT) and butylated
hydroxyl anisol {BHA) cause harmful effects on humans {Farag et &/ 2003a). In this
connection, Chang et a/ (1977) showed that BHT and BHA are quite volatile and
easily decompose at a high temperature. In addition, these synthetic antioxidants are
not effective in preventing the development of initial off-flavour

The use of natural antioxidants is highly desirable to replace the synthetic
antioxidants. In this respect, the extracts of several plants have been reported to
possess wide degrees of antioxidant activities (Evans and Reyhout, 1992 and Kim et
al. 1994). Many herbs and spices have been shown to exhibit an antioxidant activity
(Farag ef a/. 1989, Herramann, 1989, Cao ef a/ 1996 and Jacob and Burri, 1996). The
prime justification for using an antioxidant in oils is to avoid or delay oil oxidation
during frying. It is worth menticning that Farag et &/ (2003b) extracted the
polyphenolic compounds from the olive fruits and leaves and then separated into
there fractions, i.e., free, esterified and bound phenolic compounds. These fractions
were added separately to sunflower cil and the free phenolic compounds induced an
antioxidant activity superior to that of BHT.

The present study was entailed on the direct use of juice obtained by pressing
olive leaves without recourse to extraction and fractionation of the total polyphencls.
Consequently, the polyphenolic compounds present in crude olive leave juice were
added to sunflower oil at various levels (400, 800, 1600 and 2400 ppm) in an attempt
to increase the oil stabifity during intermittent heating {180 °C + 5 °C ). One has to
point out that the main goal of this work was to use a very cheap natural source to
act as antioxidant agent. It is of interest to note that olive leaves used as a natural
source for antioxidants in the present study are obtained from the annual pruning of

olive plants.
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MATERIALS AND METHODS

Source of olive leaves:

The ripe olive leaves of Kronakii cultivar were obtained during season 2003 from
the Horticultural Research Institute, Agriculture Research center, Giza, Egypt.
Solvents and standard reagents:

All solvents used throughout the whole work were analytical grade and distilled
before use. Caffeic acid (98%) was purchased from Aldrich Chemical Co. Ltd. England.
Folin ~ Cioculteau reagent was obtained from Gerbsaure Chemical Co. Ltd. Germany.
Sunflower oil:

Refined sunflower oil without antioxidant was obtained from Cairo and Soap
Company, El-Ayat, Giza, Egypt. Peroxide and acid values for the oil were 3.98 meg/kg
and 0.01 % as oleic acid, respectively.

Preparation of crude olive leave juice:

Olive trees ( Kromakii cultivar) are pruned annually at late February. The leaves of
pruned branches were cleaned then pressed by hydraulic laboratory press. The
resultant crude juice was concentrated using a freeze dryer and kept in a brown bottle
at 5 °C until use.

General chemiczal analysis of olive leave juice:

Determination of moisture, ash, lipids, crude proteins (N x 6.25) and crude fibers
were determined according to A.Q.A.C. methods (2000). Total hydrelysable
carbohydrates was determined (as glucase) after acid hydrolysis using phenol-sulfuric
acid reagent (Dubois et a/. 1960); Total polyphenol content of crude olive leave juice
was determined accerding to the method of Gutfinger (1981). Caffeic acid was served
as a standard compound and used for the preparation of the calibration curve.
0il heating process:

Sunflower oil {750 g) was placed in a stainless steel pan fryer (50 cm diameter x
30 cm height) and considered as a control. Portions of sunflower oil were mixed with
different aliquots of crude olive leave juice to contain 400, 800, 1600 and 2400 ppm
nolyphenols. Also, an experiment was conducted where the oil was mixed with BHT at
a concentration of 200 ppm to compare the antioxidant efficiency of the phenolics of
crude olive leave juice. The various oil samples were heated continuously on a gas
cooker at 180° £ 5 °C for 5 hr every day. The heating process was repeated for 5
consecutive days and stirred by hand every hour to ensure aeration and mixing. At
certain periods of heating, aliquots from the oil samples were removed and stored at
5 °C for subsequent determinations.



220 USE OF CRUDFE OLIVE LEAVE JUICE AS A NATURAL ANTIOXIDANT
FOR THE STABILITY OF HEATED SUNFLOWER OIL

Quality assurance tests:

The relative flow time of the various heated sunflower oi! samples were
measured using an Ostwald viscometer according to Joslyn (1950). Smoke point
refers to temperature at which the oil sample beqgins to smoke and recorded as
outlined by Nilson (1998). A Lovibond tintometer apparatus was applied to measure
the color of the unheated and heated sunflower 0il samples. The yellow glass slides
were fixed at 35 and the intensity of red glasses was assigned through matching with
the oil samples (Nielson, 1998). Acid, peroxide, iodine and saponification values were
determined according to A.Q.A.C. methods (2000). The insoluble polymers and
petroleum ether insoluble oxidized fatty acids were determined according to the
methods of Wu and Nawar (1986) and Biliek et al (1578), respectively.

RESULTS AND DISCUSSION

Egyptians are famous by eating daily several fried foods such as falafel, potatoes,
egg plants, fish, chicken ... etc. Fried foods are produced usually by heating fresh
foods in an oil under atmospheric oxygen. Oxidative stability is one of the most
important indicators for maintaining the guality of edible oils. There are several ways
can be used to overcome this serious oxidation problem. For instance, biending
polyunsaturated vegetable ¢ils with high oleic sunflower oil {Frankel and Huang,
1994) and the use of synthetic or natural antioxidants (Soheili ef a/ 2002 and Ruiz ef
al 1999).

It has been reported that the already used synthetic antioxidants cause several
deleterious effects on human health (Farag, ef &/ 2003a). Hence, the natural
antioxidants are the substances of cheice to inhibit or suppress oil oxidation. These
substances ought to be cheap and do not produce any deleterious compounds under
the frying conditions. In the present study the olive leaves were pressed to obtain a
juice characterized by high content of phenolic compounds. The olive leaves are
obtained from the annual pruning of olive trees, which is known as a waste material,
Therefore, the source of natural antioxidants used in this study is priceless.
Consequently, the olive leave juice is added to sunflower oil in an attempt to increase
its stability during frying.

Chemical composition of crude olive ieave juice:
Analysis of crude juice (moisture content 94.15 %) obtained from olive leaves of

Kronakii cultivar shows that the levels of crude lipids, crude proteins, total
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hydrolysable carbohydrates, crude fibers and ash were: 3.71 %, 5.60 %, 70.20 %, nill
and 20.50 %, respectively based on dry weight basis. These data demonstrate that
the main olive juice constituent was the total hydrolysable carbohydrate, it was
approximately 19 and 13 times as high as that of crude lipids and proteins,
respectively. Whilst, crude proteins was about 1.5 times as great as that of crude
lipids. The olive leave juice was nearly free from crude fibers. The total polyphenol
content of this juice was 215 ppm determined as caffeic acid. This olive leave juice
was concentrated using a freeze - dryer and used for further experiments as a natural
antioxidant.

Some physical properties of heated sunflower oil mixed with various levels
of phenolic compounds in olive leave juice:

A set of experiments was conducted to evaluate the antioxidant activity of the
polyphenolic compounds present in olive leave juice of Kronakii cuitivar, The levels of
phenolic compounds added to samples of sunflower oil were 400, 800, 1600 and 2400
ppm. The control experiment refers to heated sunflower oil without the phenolic
compounds of clive leave juice,

Refractive index: _

Table 1 shows the changes in refractive index of heated sunflower oil at various
periods. The values of refractive index of heated sunflower oil alone were gradually
increased with prolonging the heating period. Mixing sunflower cil with polyphenolic
compounds of olive leave juice at various levels (400 ppm, 800 ppm, 1600 ppm, and
2400 ppm.) caused gradual decrease in the refractive index values compared with
values of the heated sunflower oil alone (Fig. 1). In addition, the higher level of
polyphenolic compounds exhibited the highest decrease in the sunflower oil refractive
index phenomenon.

Smoke point:

The intermittent heating of sunflower oil led to a gradual and significant decrease
in the smoke point values (Table 1). The addition of various levels of polyphenolic
compounds of olive leave juice to sunflower oil and heated at 180 °C £ 5°Cfor 5 hr /
day for 5 consecutive days also caused significant decreases in smoke points (Fig. 1).
In addition, the data revealed that the decrease in smoke points was related to the
concentration of polyphenolic compounds. It is worth noting that the smoke points of
heated sunflower oil mixed with polyphencls were generally higher than sunflower oil
devoid of polyphenois.
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Color:

In the present study, the values of vellow glass slides were fixed at
35 and variable values were recorded for the red glass slides. The initial red glasses
value for the non-heated sunflower oil was 2.4 (Tabie 1). During the intermittent
heating, the values of red glasses for sunflower oil were gradually and significantly
increased (Fig. 1}). Mixing sunflower oil with various concentrations of polyphenolic
compounds of olive leave juice and heated under the aforementioned conditions, did
not cause an obvious darkening in oil color,
Viscosity:

Changes in the viscosity of sunflower oil mixed with various concentrations of
polyphenolic compounds of olive leave juice and heated at 180 + 5 °C for 5 hr / day
for 5 consecutive days are shown in Table 1 and depicted in Figure 1. The viscosity of
sunflower oil without polyphenolic components was gradually and significantly
increased during the heating process. Mixing sunflower oil with different
concentrations (400 ppm, 800 ppm, 1600 ppm, and 2400 ppm) of phenclic
compounds also induced gradual and significant increases in the viscosity values. The
viscosity value at the end of the heating process for sunflower oil devoid of phenclic
compounds was about 1.08, 1.14, 1.25 and 1.32 times are great as that of sunflower
oil mixed with 400, 800, 1600 and 2400 ppm, of polyphenolic compounds,
respectively. This means that the highest level of polyphenols added to sunflower oil
induced the least change on sunflower oil viscosity.

Acid value:

The data in Table 2 indicated that acid value of sunflower cil increased
significantly during heating and was strongly correlated with
proionging the heating period. The addition of various levels of polyphenolic
compounds of olive leave juice caused a depression in the acid vaiue during the
heating process. The acid value of heated sunflower oil at the end of heating process
was about 0.91, 1.04, 0.41, and 0.14 times as great as that of sunflower oil mixed
with 400, 860, 1600 and 2400 ppm polyphenols, respectively. These results indicate
that polyphenolic compounds decreased the oil hydrolytic rancidity. In this respect,
Farag et al (2003b) reported that total and free polyphenols obtained from both
leaves and fruits of Kronakii olive cultivar possessed antihyrolytic activity and

increased with concentration.
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Peroxide value:

The results demonstrate the occurrence of gradual increases in the peroxide
value of the heated sunflower oil alone and mixed with all levels of polyphenolic
compounds (Table 2), In addition, the higher level of polyphenolics induced the
highest antioxidant activity. In fact, the peroxide value of heated sunflower oil mixed
with 2400 ppm polyphenclics at the end of heating process was about 11.3, 9.2, 2.8
and 11.4 times as low as that for sunfiower oil mixed with 400, 800. 1600 ppm and
control, respectively.

The acceleration of sunflower oil oxidation due to heating at 180 £ 5 °C may be
interpreted as foilows. The first step of lipid oxidation is the abstraction of a hydrogen
atom from the active methylene group to form free radical (Farag et af, 2003b}. This
reaction can be accelerated by the addition of a radical source, by light or by raising
the temperature. As expected heating at 180° £ 5 °C for 5 hr / day and for 5
consecutive days is sufficient to produce free radicals which in turn rapidly react with
the atmosphetic oxygen to produce hydroperoxids. It appears that there is a
relationship between the antioxidant efficiency and the chemical composition of
phenolic compounds. The main structural feature required for antioxidant activity is a
phenolic ring containing hydroxyi groups. The evidence for this structural requirement
is supported by the powerful anti-oxidant activities of the well-known synthetic BHT
and the natural antioxidant thymol (Farag ef a/ 1982 and Topallar ef af 1997). One
wouid relate the anti-oxidant activity of BHT or thymol and other phenolic substance
to the inhibition of hydroperoxide formation through donation of hydrogen atom from
the OH group of the phenolic compounds to the lipid radical which in turn produce a
stable product.

Several authors isolated phenolic compounds from different sources and
exhibited an antioxidant activity. In this respect, Toda et al (1996) and Chuda et a/
{1996) recorded an antioxidative phenolics isolated from food plants such perilla and
garland, respectively. Plant flavonoids have been shown to be powerful antioxidants
(Vinson ef al. 1998). The data of the aforementioned authors support the findings of
the present study.

Thiobarbituric acid value {TBA):

The resuits of TBA test indicate the incidence of gradual and significant increases

on the TBA values for the heated sunflower oil, Also, mixing sunflower oil with various

concentrations of olive leave juice polyphenols exhibited a reduction in the secondary
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oxidation products (Table 2 and Fig. 3). The data for TBA values at the end of heating
process were approximately 1.3, 2.3, 8.2 and 14 times as low as that for heated
sunfliower oil mixed with 400, 800, 1600 and 2400 ppm, respectively, This means that
the polyphenolic compounds of olive leave juice at the highest level produced the
lowest level of TBA reacting substance.

Comparing the antioxidant efficiency of BHT at 200 ppm with the various levels
of phenolic compounds of olive leave juice, one would observe that the natural
phenolic compounds at 400 ppm possessed nearly the same antioxidant activity as
that of BHT at 200 ppm. Whilst, 800 ppm level exhibited antioxidant activity superior
to that of BHT in retading sunflower oil oxidative rancidity (Tables 1 and 2).
Therefore, one would recommend to add 800 ppm of the phenolic compounds of olive
leave juice to increase oil stability.

Iodine value:

The data in Table 2 and Figure 2 demonstrate that iocdine values of heated
sunflower oil were gradually decreased by prolonging the heating process. However,
mixing sunflower oil with 1600 ppm and 2400 ppm polyphenolic compounds of olive
leave juice induced the least decrease in iodine value. One would expect to achieve
these results, since the phenolic compounds remarkably lower the rate of early stages
of sunflower oi! oxidation.

Oxidized fatty acids:

The initial value of oxidized fatty acids in fresh sunflower oil was 0.1 %. Upon
heating sunflower oil under the aforementioned conditions, the levels of oxidized fatty
acids were gradually and significantly increased throughout the heating period (Table
2 and Figure 3}. The levels of oxidized fatty acids of sunflower oil mixed by phenolic
compounds were also increased during the heating process. However, the levels of
oxidized fatty acids in this case were lower than that of the oxidized fatty acid content
of heated sunflower oil alone. In fact, heated sunflower oil alone had the higher level
of oxidized fatty acids being about 1.1, 1.3, 3.3, 3.6 and 12.7 times as great as that of
sunflower oil catalyzed by 400, 800, 1600 and 2460 ppm at the end of heating period,
respectively.

Polar compounds:

Table 3 indicates that the levels of polar compounds of heated sunflower oil
were gradually and significantly increased towards the end of heating process. The
level of poilar compounds at the end of the experiment was approximately 49 times as
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great as that at the beginning of the heating experiment (Table 3). The value of polar
compounds at the end of heating pericd of sunflower oil mixed by 400, 800, 160 and
2400 ppm polyphenolic substances were about 0.91 0.80, 0.24 and 0.08 times as that
heated sunflower oil alone, respectively. This finding indicate the powerful antioxidant
activity of the olive juice polyphenols and was entirely dependent upon their
concentration.

Polymer content:

The initial polymer content of fresh sunflower oil was 0.30 % and this value was
increased progressively with heating period (Table 3). The changes in polymer
contents of heated sunflower oil mixed by various concentrations of polyphenolics of
olives leave showed linear increases with time (Figure 3). The siope values were 0.34,
0.27, 0.16 and 0 04 for heated sunflower oil mixed with 400, 800, 1600 and 2400
polyphenclic compounds of olive leave juice, respectively. This means that as the level
of polyphenolic increased the formation of polymers decreased.

Polyphenolic compounds:

Changes occurring in the concentrations of polyphenolic compounds of clive
leave juice added to sunflower oil and heated intermittently (180 °C #5°C, 5 hr /
day, for 5 consecutive days) are shown in Figure 3. The ievels of phenolic compounds
were !inearly and significantly decreased during the entire heating process. The lost
amounts of the polyphenolic compounds were 388, 740 , 975 and 1200 ppm at the
end of the heating process when sunflower oil samples mixed by 400, 800. 1600 and
2400 ppm, respectively. These findings indicate that there was an inverse correlation
between the amounts of polyphenolic lost during heating and the stability of
sunflower oil.

In this respect, the changes in tocopherof content of cil used for deep fat frying
of potatoes were studied by Gordon and Kourimska (1995). It has been found that a-
tocopheerol was lost much faster than B, y or 3-tocopherol, with a reduction of 50%
a- — tocopherol after 4-5 frying operations compared with values of about 7, and 7-8
frying operations for § and y tocpherol, respectively. Aiso Ruiz ef a/ (1999) found that
the level of a- — tocopherol was lost during frying. These results are in line with data
of the present study.

As already mentioned the olive leave juice contained polyphenoclic compounds
(215 ppm). The antioxidant effect of this juice on sunflower oil stability was related to

the presence of the polychenolic compounds and this phenomencn wascntircly
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depend upon their concentration. One would like to characterize the phenolic
components of olive leave juice. However, the lack of the authentic substances
prevented the identification of olive leave juice components. In this respect,
Benavente-Gareia et al/ (2000) indicated the presence of oleuropein, followed by
hydroxyt tyrosol, the flavone -7- glucosides of luteolin and apigenin, and verbascoside
{a conjugated glucoside of hydroxy! tyroscl and caffeic acid) in olive leaves extract.
The outcome of the present study suggests that crude olive leave juice can be used in

practical operation to extend the frying life of frying oils.



Table 1. Changes in some physical properties of sunflower oil mixed with BHT and olive feaves juiceduring heating (180 + 5 °C)

at various periods

Frying time Sunflower Oif Sunflower oii+ BHT Sunflower oil mixed with polypenafic compounds of olive leave juice
(day) {Control ) {200 ppm) 400 ppm J 800 ppm 1600 ppm r 2400 ppm
Refractive index (20 °C)
o 1.47247 1.4724° 1.4724° 1.4724° 1.4724° 1.4724°
1 1.4725° 1.4725° 1.4725° 1.4724° 1.4724° 1.4724°
2 1.4728" 1.4728° 1.4731° 1.4729° 1.4725 1.4724°
3 1.4731° 1.4781° 1.4733% 1.4730~ 1.4727° 1.4725°
4 1.4739¢ 1.4739° 1.4740° 1.4735¢ 1.4729™ 1.4728°
5 1.4740° 1.4740° 1.4742% 1.4740° 1.4731¢ 1.4730" *
LSD = 0.0003 0.0001 0.0003 0.0003 0.0003 0.0003
Srmoke point (°C)
0 239 + 0.62 239+ 0.62 239 + 0.62 239° + 0.62 239 + 0.62 239° + 0.62
1 235"+ 1.09 239°+ 1.58 238° + 2.06 239 + 0.71 239+ 2.31 239° + 1.38
2 235"+ 0.18 238° + 0.58 237+ 0.76 238° + 0.98 239° + 1.03 239°+ 2.06
3 2345+ 0.23 236"+ 0.87 2359+ 0,13 237° + 2.87 238"+ 2.06 238"+ 3.22
4 2307+ 0.42 235°+ 0.57 234 + 0.68 2369+ 1.36 238°+ 0,17 238°+ 1,81
5 2258 + 1.31 2315+ 0.57 230 + 0.41 235° + (.18 2365 + 0.89 237°+ 0.13
LSD = 0.87 0.71 .87 0.87 0.87 0.87
Colour (Yeillow — Red)
0 35 2.4° 35 2.4 35 2.4 35 2.4% 35 2.4° 35 2.4a
1 35 5.2b 35 4.3 35 4.5" 35 4.0° 35 3.0° 35 2.8
2 35 10.0° 35 7.9 35 8.0¢ 35 7.5 35 4.1 35 3.0¢
3 35 13.0¢ 35 11.14 35 11.0° 35 10.0 35 5.5 35 4,
4 35 15.0e 35 12.6¢ 35 13.0° 35 12.0° 35 7.0¢ 35 5.5¢
5 35 17.00f 35 14.17 35 14.0 35 13.5' 35 8.5¢ 35 6.1°
LSD = 0.56 0.07 0.56 0.56 0.56 0.56
Viscosity {min
0 83.5 + .58 83.3° + 0.58 83.5* +0.58 83.5° +0.58 83.5° + 0.58 83.5° + 0.58
1 95.0° 4+ 1.76 90° + 0.60 .90.0° +1.85 87.3° + 1.92 84.5% + 1.07 84.0° + 2.08
2 100.1° + 1.05 94 +0.44 95.00° + 1.76 90,0° +1.28 853 + 1.76 84.5* + 3.55
3 105.30° +1.86 101° +0.44 100.0° +1.76 95.0° +1.37 87.0°+1.76 85.0° + 5.03
4 110.0° + 2.73 102 + 0.33 102.0° + 1.45 98.0° +1.68 89.0° + 1.45 86.0°+5.36
5 114.0° + 3.05 104" + 0.58 105.0" + 1.76 100.0° + 2.06 91.0° + 1.76
LSD = 1.83 0.62 1.83 1.83 1.83 1.83

+ refers to standard error.
BHT refers to butylated hydroxy toluene.

LSD demonstrates to least significant difference test.
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Table 2. Changes in some chemical properties of sunflower oil mixed with BHT and olive leave juice during heating

(180 + 5 °C) at various periods

Frying time (day) Sunflower oil Sunfiower oil + BHT Sunflower oil mixed with polyphenolic compounds of olive leave juice
(control) (200 ppm) 400 ppm [ 800 ppm | 1600 ppm | 2400 ppm
Acid value {(mg KOH/g oil}
] 009 +0 01 0.09° + 0. 01 0.09° + 0.01 0.09° £+ 0.01 0.09° + 0.01 0.09* + 0.01
1 0.56° + 1,76 0.54° + 0.04 0.50° + 0.02 0.45° + 0.02 0.13° + 0.04 0.10° + 0.06
2 0.92° + 0.01 0.85° + 0.03 0.88° + 0.01 0.80° + 0.02 0.20° + 0.01 0.14° +0.02
3 1.15% + 0.30 1.09 + 0.04 1.10% + 0.03 1.00° + 0.10 0.35% + 0.01 0.16% + 0.02
4 137 + 0.34 1.23* + 0.05 1.3+ 0.03 1,10 + 0.16 0.52° + 0.02 0.18% +0.010
5 1.64" + 0.33 1.45"+ 0.4 1.50' + 0.03 1.20'+ 0.206 0.68" + 0.02 0.23® + 0.05
LSD = 0.03 0.05 0.03 0.03 0.03 0.03
Peraxide value (meq.peroxides/Kg oil)
0 0.60°+ 0.06 0.60° + 0.06 0.60° + 0.06 0.60* + 0.06 0.60° + 0.06 0.60° + 0.06
1 3.90° +0.52 3.90° +0.55 3.67° 4+ 0.29 3.60° +0.88 0.98% + 0.30 0.78% + 0.72
Z 13.61° + 0.63 129+ 0.49 13.00° + 0.58 11.50° 4 0.68 2.50° +£0.58 1.30° + 0.19
3 17.21° + 0.28 19.10° + 1.28 17.00" + 0.73 17.00% + 0.55 381" + 0.73 1.92° + 0.44
4 25.00° + 0.67 34.00° + 0.35 24.00° + 0.79 25.00° + 0.35 5.85% + 0.30 2.71° 4+ 0.59
5 43.50° + 0.37 41,50 + 0.47 43,00" + 0.79 35.00" + 0.32 10.50° + 0.27 3.80% + 0.25
LsSD = 0.06 08 0.06 0.06 0.06 0.06
Todine value (g I, / 100g lipids)
0 131.00° + 2.21 131,00* +2.21 131.00° + 2.21 131,00° + 2.21 131.00° + 2.21 131.00° + 2.21
1 128.00° + 3.06 128.00° + 0.58 128.00° + 3.05 128.00° + 2.91 129.00° + 2.68 130.00° + 3.60
2 125.00° + 2.98 126.00° +0.33 126.00° + 2.69 128.00° + 2.82 128.00° + 3.05 129.00" + 3.14
3 123.00° + 3,22 125.00¢ + 0.58 124.00° + 2.67 127.00% + 2.01 128.00° + 3.05 129.00®° + 2,72
4 118.00° + 0.73 122.00° + 0.58 120.00° + 3.17 127.00% + 2.94 127.00¢ + 2.52 128.00° + 3.29
5 110.00"+ 5.29 116.00' + 0.58 115.00° + 2.07 125.00° + 2.09 127.00° + 3.06 128.00° + 3.72
LSO = 1.06 0.64 1.06 1.06 1.06 1.06
Thiobarbituric acid test (Absorbance at 535 nm}
0 0.01°+ 0.16 0.01* + 0.16 0.01° + 0.16 0.01* +0.16 0.01° +0.16 0.01% +0.16
1 0.23° +0.11 0.013° + 05 0.02 + 0.18 0.01° + 0.17 0.01* + 0.15 0.01° + 0.13
2 0.82° +0.32 0.6° + 0.05 0.55% + 0.18 0.40° 4+ 0.19 0.01° + 0.10 0.07% + 0.13
3 1.50° +0.28 1.79° +0.01 0.80° +0.16 0.58° + 0.10 0.11° + 0.14 0.10° + 0.18
4 1.9° +0.31 1.21¢ + 0.01 1.30° +0.19 0.88° +_0.13 0.19* + 0.17 0.11% + 0.16
5 2.300 + 0,54 1.69" + 0.06 1.73¢ + 0.17 1.00° + 0.17 0.28° + 0.18 0.16“ + 0.36
LsD = 0.07 0.04 0.07 0.07 0.07 0.07

+ refers to standard error.
BHT refers to butylated hydroxy toluene.

LSD demonstrates to least significant difference test.
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Table 3. Changes in some chemical properties of sunflower oil mixed with BHT and olive leave juice during heating

(180 + 5 2C) at various periods

Frying time (day) Sunflower oil Sunflower oil + BHT Sunflower oil mixed with polyphenclic compounds of clive leave juice
{control) {200 ppm) 400 ppm ] 800 ppm 1600 ppm 1 2400 ppm
Polar compound content (%)

0 0.61* +0.29 0.61° +0.29 0.61% + 0.29 0.61°* + 0.29 0.61° + 0.29 0.61* + 0.29
1 561° +0.30 5.30° +0.01 5.40° + 0.32 5.00° + 0.51 1.00° + 0.31 0.817 + 0.51
2 15.00° + 0.58 15.5° + 0.44 13.00° + 0.73 12.00° + 0.52 1782+ 0.72 1.00% + 0.59
3 20.60% + 0.40 199 + 0.17 19.759 + 0.92 17,004 + 0.33 3.30°° + 0.96 1.13° + 0.39
4 26.30° + 0.67 24° + 0.00 24.00° + 0.79 22.00% + 0.60 5.51° + 0.79 1.75% + 0.12
5 30.00" + 0.95 26" + 0.26 27307+ 1.10 24.10" + 0.57 7.30% 5 1.10 2,50 + 0,17

LSD = 231 0.27 2.31 2.31 2.31 2.31

Polyrmer content (%)

0 0.30° + 0.11 0.30° + 0.11 0.3 + 0.11 0.30° + 0.11 0.30* + 0.11 0.30° + 0.11
1 1.20° + 0.13 1°+ 0.6 1.0° + 0.13 0.85° + 0.20 0.51° + 0.13 0.35° + 0.24
2 2.01°+0.22 1.8°+ 0.6 1.70° + 0.16 1.40° + 0.36 0.84°+ 0.16 0.39° + 0.48
3 2.70° +0.19 2459 + 0.6 2.50° +0.16 2,00 + 0.29 1.307 +0.22 0.50°° + 0.44
4 3.40° +0.22 3F+0.12 3.10° +0.26 2.50¢ + 0.26 1.10° + 0.26 0.59" + 0.22
5 4,00+ 0.20 3.307 + 0.43 370+ 0.31 2.60" + 0.53 2.00+0.30 0.80° + 0.80

LsD = 0.09 0.23 0.09 0.09 0.09 0.09

Oxidized fatty acids (%)

0 0.10° + 0.05 0.10° + 0.05 0.10° + 0.05 0.10° + 0.05 0.10° + 0.05 0.10° + 0.05
1 0.40° + 0.03 - 0.25° + 0.02 0.30° 4 0.01 0.25% + 0.01 0.19° + 0.04 0.14* + 0.01
2 0.95° + 0.06 0.86° + 0.06 0.84° + 0.04 0.70° + 0.02 0.21% + 0.03 0.18% + 0.02
3 1.70° + 0.02 1.29° + 0.12 1.20° + 0.04 1.20% + 0.04 0.35% + 0.01 0.20™ + 0.02
4 2.51% + 0.02 2.26° + 0.15 2.20° + 0.02 1.50° + 0.03 0.53% + 0.01 0.23% + 0.05
5 3.30" + 0.03 3.90"+ 0.13 3.00" + 0.03 260"+ 0.06 0.91" + 0.02 0.26% + 0.05

LSD = 0.05 0.12 0.05 0.05 0.05 0.05

+ refers to standard error.

LSD demonstrates to least significant difference test.
BHT refers to butylated hydroxy toluene.

1239 5 ‘Ovevd

67¢



Smoke peint (*C)

Viscosity (min}

260 [

250

240

230

216

200

140

120

100

80 °

60

40

20 -

'i —&%—sunliowel oil ¢

230

USE OF CRUDE OLIVE LEAVE JUICE AS A NATURAL ANTIOXIDANT

FOR THE STABILITY OF HEATED SUNFLOWER OIL

—— it Awar

—ms ¢ 4(HE ppin prodyphonets

—-h---c:'-lun’! pom peolyphanols
— e 4 300 ppe pOlyphenols
] e ¢4 FAOT ppm pSlypheneds

1 2 3 4

Heating time (day)

! amef@—g + 400 pprn polyphencis
—A— ¢ +R00 ppin polyphenols

| —3E— c+ 1600 ppn pulyphenols
1+c4 2400 pptm polyphenols
:-—-—Q——EHT

Healing iime (day)

Refractive Index (20 “C}

18

16

Intensity of red glass slides

1.475

1.4745

1.474 -

1.4735

1.473 -

1.4725 4

1.472 -

1.4715

1.471

——— suriwar olf ©
—l e g+ AT e pAlyphenols
i ¢+ §00) ppm inlyphencle
——c + 15{K} ppm polyphanals
=i ¢ » 1400 ppm potyphenois.
—r— S T

1 2 3 ¢ .- 5"

Healing e {(day)

=& —uunllowet 01l ©

—— ¢ + 400 ppm palyphenols
=+ B0} ppm polyphencols
==3——c+ 1600 pi#n polyphenols
———c+ 2400 ppm polyphenols
-8 BHT

o T +

1 2 3 4 5

Heating time (day)

Fig 1. Changes in some physical properties of heated sunflower oil mixed with
phenolic compounds of olive leave juice and BHT.



lodine value (g [2 ! 100g fipidsj

FARAG, R.S et al. 231

1.8 -
—“.—'—‘:I:I:(:;I;: :dmhm 50 ——p— yurflower ot ¢
NN S g 48| i
< 1 Pty o — c+ 1800 podyph.
— 14 | TR 2400 pes polyphanchs -x- 40 ) . -"'—:-!400::9'##\-':‘1
12 g e
g 8
£ 1 ¥
£ 5
5 0.8 - ...E..
g «
o . 2
g 0.6 5
0.4 - b
3
.°
0.2 ]
4]
1 2 3 4. 5 1 2 3 4 5
Heali N
ealing tima {day) . Heating thne {day)
o [ ——— sunhowar o .
1467 —{3me g + 400 ppmi :ul,ph-nol. --25 runfowar oll ¢
= ¢+ 800 ppm polyphenols E === g ¢ 400 ppm polyphanols
143 st g+ V600 ppm polzahengis ey g+ §00 Ppm poiyphensly
=t — £+ 2400 ppm polyplanats a wembl——— o+ 1800 P polyphanch
—te WHT % 2. it = 0+ 3400 ppm polyphanals
138 - - v — et
133 515
! g
128 v
-]
123 - 3 t
h
118 2
805
o
113 - 3
2
108 ' 1 T 1 O T ™ {

Haating thne {day) Heating tinw (day)

Fig 2. Changes in acid, peroxide, thiobarbituric acid (TBA) and iodine values of heated
sunfiower oil mixed with phenolic compounds of olive leave juice and BHT.



Oxidized farty aclds {%)

-
35 - e gunficant il €
=81 + 400 ppm polyphienuly
——h——5+300 prin polyphencis
K =+ 1600 ppm polyphanchs
4 ¢+ 21100 ppm polyphencls
——— il
25
2
1.5
1
0.5
0 'Ji . , : ]

232

USE OF CRUDE OLIVE LEAVE JUICE AS A NATURAL ANTIOXIDANT

FOR THE STABILITY OF HEATED SUNFLOWER OIL

— Wt UM ¢
~— =g + 100 ppitt palyplianciy
—d=g+$00 ppen gulypliensia
30 { st o 1800 pivm peiyphennis

St g e 2400 P pedyphanale RIS
e T

20

15

Polar compound santent (%)

10

ol

Heuting tme (day

45 -

Patymer content (%)
- o bt
- (5 [X) oW th F'

o
>

m—eleae guslgwrar ol o
=g + 400 ppe polyphencls
i 04800 ppwm potyphencls
e 441 000 ppm polyphervie

meiliee= 4 7400 ppm golyphancis

Healing time (day)

Fig 3. Changes in polar compound, polymer compound, oxidized fatty acid and total
phenolic compound contents of heated sunflower oil mixed with phenolic
compounds of olive leave juice and BHT.

Haating tirne {day)

Total patyphencts {ppm_}

3000

2500

b surfower oll © » 4D0ppm patypd e st
=f=—=g + 400 ppm polyphen. iy

saide— ¢+ 1800 ppm polyphancis

—dpen ¢+ 7400 ppmm polyphanala




USE OF CRUDE OLIVE LEAVE JUICE AS A NATURAL ANTIOXIDANT 233
FOR THE STABILITY OF HEATED SUNFLOWER OIL

REFERENCES

1. A.0.A.C (2000). Official Methods of Analysis of the Association of Official Analytical

2.

10.

11.

Chemists, 17" ed, edited by W. Horwitz, A.0.A.C., Washington, DC.

Augustin, M.A, and Berry, S.K. {(1983). Effectiveness of antioxidants in palm olein
during heating and frying. J. Am. Oil Chem. Soc. 60: 105 — 107.

Benavente-Gareia, 0., Castillo, 1., Lorente, J., Ortuno, A. and Del Rio, J.A. (2000).
Antioxidant activity of phenolics extracts from olea europaea L. Leaves. Food

Chem. 68: 457-462.

Biliek, G., Guhr, G. and Waibl, 1. {1978). Quality assessment of used frying fats:
A comparison of four methods. J. Am. Qil Chem. Soc. 55 (10) 728 : 733.

Cao, G., Sofic, E. and Prior, R.L. (1996). Antioxidant capacity of tea and commeon
vegetables, J. Agric. Food Chem. 44: 3426 — 3431.

Chang, S.S., ostrich-Matijasevic, B., Hsieh, O.A.L. and Cheng, L.H. (1977).
Natural antioxidants from rosemary and sage. J. Food Sci. 42: 1102 — 1106.

Chuda, Y:, Ono, H. , Ohnishi - kameyama, M., Nagata, T. and Tsushida, T.
{1996). Structural identification of two antioxidants quinic acid derivatives from
garland (chrysanthemun corronanum L). 1. Agric. Food Chem, 44: 3037 — 3039.

Dobarganes, M.C. and Marquez, R.G. (1996). Dimmer and higher oligometric
triglycerides, in deep frying chemistry, Nutrition and practical Applications. edited
by E. G. perkins and M.D. Erickson. American Qil Chemistry Society, Champaign.
Pp. 89 — 111.

Dubois, M.A., Geddes, W.F. and Smith, F. {1960). The carbohydrates of the
grammeae. A quantitative study of carbohydrates of wheat germ. Cereal Chem.
37: 557 - 561,

Evans, R.J. and Reyhout, G.S. (1992). Alternates to synthetic antioxidants. In:
Science and Human Nutrition, ed. G. Charalambous. Elsevier S5cience,
Amsterdam, p 27.

Farag, R. S., Badei, A. Z.M.A and El - Baroty, G.S.A (1989). Influence of thyme
and clove essential oils on cottonseed oil oxidation. 3. Am. Qil. Chem. Soc, 66:
800-804.



234

12.

13.

14.

15.

i6.

17.

18.

19.

20.

21.

22.

23.

FARAG, R.S et al

Farag, R.S., El - Baroty, G.S. and Amany, M. Basuny. {2003b). The influence of
phenolic extracts obtained from the olive plants (cvs) Picual and kronakii) cn the
stability of sunfiower oil. J, Food Sci. Techn. 55:81-87.

Farag, R.S., El - Baroty, G.S. and Amany, M. Basuny. (2003a). The influerce of
phenolic extracts obtained from the olive plants (cvs. Picua!l and Kronakii) on the
stability of sunflower oil. ], Food Sci. Techn. 38: 81 - 87.

Frankel, E.N. and Huang, S.W. {1994). Improving the oxidative stability of
polyunsaturated vegetables oils by blending with high — oleic sunflower oil. 1.
Am. Qil Chem. Soc. 71 (3): 255 — 259,

Fritsch, C.W. (1981). Measurement of frying fat deterioration: A brief review, J.
Am. Qil Chem. Soc. 58: 272 - 274.

Gordon, M.H. and Kourimska, L. (1995). The Effects of antioxidants on changes
in oils during heating and deep frying. 3. Sci. Food Agric. 68; 347 - 353.

Gutfinger, T. (1981). Polyphenols in olive oils. J. Am. Qil. Chem. Soc. 58: 966-
968.

Herramann, K. (1989). Occurrence and content of hydroxyl cinnamic acid and
hydroxyl benzeic acid compounds in foods, Crit. Rev. Foed Sci, Nutr. 28: 315 -~
347.

Jacob, R.A. and Burri, B.J. (1996). Oxidative damage and defense. Am. J. Clin.
Nutr. 63 (6): 985 — 990.

Joslyin, M.A. (1950). Method in food analysis. Academic Press. Inc., Publishers

New York.

Kim, S.¥, Kim, J.H., Kim, S.K., Oh, M.Y. and Hung, M.Y. {1994)}. Antioxidant
activities of selected oriental herbs extracts. J. Am. Oil Chem. Soc. 71: 631 — 640.

Nielson, 5.5. (1998). Food Analysis. Second Edition. An Aspen Publication, Aspen
Publisher, Inc. gaithersburg, Maryland. Pp 222 - 223.

Ruiz, M.G., Polvillo, M.M., Mendez, R.M.V. and Dobarganes, M.G. (1999).
Influence of used frying oii quality and natural tocopherol content on oxidative
stability of fried potatoes. 3. Am. Qil Chem. Soc. 76 (4): 421 — 425.



24.

25,

26.

27.

28.

29,

USE OF CRUDE OLIVE LEAVE JUICE AS A NATURAL ANTIOXIDANT 235
FOR THE STABILITY OF HEATED SUNFLOWER GiIL

Soheili, K.C., Artz, W.E. and Tippayawat, P. (2002). Pan - heating of low linolenic
acid and partially hydrogenated soyhean cils, Ihid. 79 (3) : 287-290.

Toda, M. , Matsumoto, R ., Yamaguch, 1.T., chiba, K. and Novel, K. (1996).
Antioxidant isolated from perilla frutescens Brittom var. crispa (thunba). Biosci.
Biotechnol. Biochem. 60: 1093 - 1095.

Topaliar, H., Bayrak, Y. and Iscan, M.J. {1997). A kinetic study of the auto
oxidation of sunfiower seed oil, J, Am. Qil. Chem. Soc. 74 (10) : 1323 - 1327.

Varela, O.M., Rosoe, B.R. and Varela, G. {1988). Effects of frying on the nutritive
value of food, in frying of food: principles Changes, New Approach, edited by
Varela, G., Bender, A.E. and Morton, 1.D., Ellis Horwood Ltd., Chichester,
England, PP. 93 — 102.

Vinson, J.A., Hao, Y., Su, X. and Zubik, L. {1998). Phenal antioxidant quantity
and quality in foods, vegetables. J. Agric. Foad Chem. 64: 3630 - 3634.

Wu, P.F. and Nawar, W.W. (1986). A technique for monitoring the quality of used
frying oils. J. Am, Qil Chem. Soc. 63 (10): 1363-1367.



236 FARAG, R.S et al

L) BansdU S alias BalaS Al (0 si 30 (3l aas aladid

T@Mmqﬁhtc ‘J}a:ug.'ul!..!_aﬁebaﬂgic ‘E)égémolyb‘;

s Al Lol o = 5 A Lil Zeala — o)y LdS — )

el il iganll S g e V1 L 5 Spas dpea = ¥

ol Jsmnll L w5 sl el e Ly Sl € a5 3,5 s
el panl (e G380 G ey el dad jpaad 5SS S0 AR G Jaae
Y Gl g (el e eda YEor = V0 = e — e ) Jaudl sane GlS e e
o 5add o0 F pVA B o Al S A Giliadl 3l pa . Geedl Sl oy
Al st i a0 et by . AdEe WU 0 aldadl il Lay clels
Ol (A ein Yoo S0 Geeldd sbe u Y AEAQ 88O sdliad) Oy 5oy pun
3o u3l Al el Al e 3o s o8 LS5 el Al ity Liad a3l
S L A — el — il A~ LS el Jie Aadl gy Gl el
e Ay Syl A Aogeall W) Je ASLS) G e Ao peas Gl
oo padial) ol g S gl GambealY) e (s finall SIS Ll st o g8l

A o Gl el e i Y sl Jod sas Bl o gl ca
Gy alal comgall S A pa adal (e m Ave 58S o o 5auS0 Saliae al
580 Balne 35S (g oS ouh il g Bale pladiad sty Al Lo cuaa
c e Fas e 5l il e L W T





