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ABSTRACT

The phenolic compounds were extracted from fruils and leaves
of Kronakii olive cultivar and fractionated into three major [ractions ,
i.e.free, esterified and residual phenolic acids. These fractions were
individually mixed with sunflower oil using different concentrations
(100,200 and 400 ppm) to assess their antihydrolytic and antioxidant
behaviour. Some fat constants were measured such as acid, peroxide
and thiobarbituric acid values for suntlower oil alone and mixed with
phenolic components during storage at room lemperature. The
antihydrolytic and antioxidant phenomena of olive  phenolic
compounds were compared with BHT activity as a common synthelic
antioxidant.

The results demonstrated that total and free polyphenols
obtained from both leaves and fruits of Kronakii olive culuvar
possessed an antihydrolvtic and  antioxidant activities and these
phenomena were increased by increasing their concentrations. At 400
ppm level, the aforementioned phenolic compounds exhibited
remarkable antihydrolytic and antioxidant activities and were superor
to that of BHT in reiarding sunflower oil stability.

Key words: olive fruits and leaves , polyphenols, quality assurance
tests . rancidity , sunflower oil.
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1.INTRODUCTION

Lipid peroxidation causes various aamages notonly in hiving
organisms but also in foods. In order to retard undesirable changes in
lipids due to oxidation it is necessary to add antioxidants to food
products before use (Farag et al., 1990 and Buck and Edwards 1997).
The most common antioxidants are tocopherols and synthetic phenolic
compounds such as butylated hydroxy anisole (BHA) and butylated
hydroxy toluene (BHT). The use of BHT or BHA in food has been
decreased because of their suspected action as promoters of
carcinogenesis, as well as the general consumer rejection of synthetic
food additives (Namiki, 1990). In addition, BHA and BHT are
characterized by high volatility and instability at elevated temperatures
(Dapkevicius et al., 1998). Therefore, there is a great interest in
substituting the aforementioned synthetic antioxidants by other natural
antioxidants (Farag er al., 1990, Pratt, 1992 and Tsimidou and Boskou,
1694).

Among the most important natural antioxidants are tocopherols
and ascorbic acid. Tocopherols are potent inhibitors to lipid
neroxidation in vivo but they are less effective than BHA or BHT as
food antioxidants (Tsimidou and Boskou, 1994). Melted beeswax and
its unsaponifiable constituents were mixed with butter oil or refined
cottonseed oil to study their hydrolytic and oxidative effects (Farag ez
al.. 1993). The unsaponifiables at different levels exhibited an anti-
hydrolytic and antioxidant effects on butter oil and refined cottonseed
oil, respectively. Xinchu er al. (1998) found that the petroleum ether.
acetic acid, ether and alcohol (95%) extracts of different parts of
Salvia plebeia induced an antioxidant activity. Thyme and cumin
essential oils were used to prevent cottonseed oil and butter rancidity
during storage at room temperature (Farag e a/.. 1990). In  addition,
thyme and clove essential oils are quite safe and can be applied
practically as natural antioxidants for lipids (Farag er a/., 1991). Charai
et al.. (1999) studied the effect of essential oils obtained from certain
aromatic plants as natural antioxidants for olive oil. Their results
showed a wide variation in the antioxidant activity of the essential oils
and the highest activity was observed with Thymus broussoneiti
essential oil.
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The aim of the present work was to extract the total polyphenols
from leaves and fruits of Kronakii olive fruits and leaves and
fractionate them into three fractions, ie., free, esterified and residual
phenolic compounds. These fractions were individually added to
sunflower oil in an attempt to increase its stability and to compare their
antioxidant activity with BHT.

2.MATERIALS AND METHODS

2.1.Source of olive leaves and fruits

The ripe oilve leaves and fruits of Kronakii cultivar were
collected during the season 2000 from the Horticulture Research
Institute, Ministry of Agriculture, Giza, Cairo, Egypt.

2.2.Solvents and Reagents

All solvents were distilled before use. Butylated hydroxy
toluene (BHT), and thiobarbituric acid (TBA) were purchased from
Sigma Chemical Co., St Louis, MO, USA; and Gerbsaure Chemical
Co. Ltd., Germany, respectively.

2.3.Sunflower oil

Refined sunflower oil was obtained from Cairo Oil and Soap
Co., El-Ayat, Giza, Egypt. The oil peroxide and acid values were 2.02
meqg/kg and 0.36 mg KOH/1g oil, respectively.

2.4.Extraction of olive polyphenols

Olive fruit and leaf polyphenols were extracted with ethanol
followed by centrifugation at 1500 xg for 15 min. The ethanolic
extracts were dried over anhydrous sodium sulfate and evaporated to
dryness (Kanner et al., 1994).

2.5.Fractionation of polyphenols:

Free, esterified and residual phenolic fractions were separated
from olive fruits and leaves of Kronakii cultivar according to the
method of Dabrowski and Sosulski, (1984). Free phenoli~ acids were
initially extracted with tetrahydrofuran containing NaBH4 (0.5%)
followed by extraction of soluble phenolic esters with a mixture of
methanol : acetone : water (7:7:6, v/v/v ). Alkaline hydrolysis was
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employed followed by extraction with a mixture of diethyl ether: ethyl
acetate: tetrahydrofuran (1:1:1, v/v/v) to obtain the insoluble bound
phenolic acids.

2.6.0xidation systems

Different concentrations of total, free, esterified and residual
phenolic compounds (100,200, 400 ppm) and BHT (200 ppm) were
individually added to sunflower oil. The antihydrolytic and antioxidant
activities of each phenolic fraction were followed 1p by the
determination of the acid, peroxide and thiobarbituric acid tests daily
over a period of 20 days. These values were used tocompare the
effectiveness of the phenolic fractions on sunflower oil stability.

2.7.Quality assurance methods

The chemical measurements of the following were determined
using Standard American Oil Chemists Society methods (A. O. C. S.-
1985) indicated in the parentheses, acid value (cd 3 a. 63), and
peroxide value (cd 8.53). The secondary oxidation products were
determined by the thicbarbituric acid (TBA) test (Ottolenghi, 1959).
Three replications were run for each parameter during sunflower oil
storage and the mean values are presented in the text.

2.8.Statistical analysis

The data of quality assurance tests were subjected to analysis of
variance with a randomised complete block design to partition the
effects of different parameters (Steel and Torrie, 1980). The simple
regression coefficient (reaction slope) for acid value was statistically
calculated.

3.RESULTS AND DISCUSSION

There is currently a great worldwide interest in finding new and
safe antioxidants from natural sources to prevent food rancidity. The
present study was focused on olive polyphenols which do not induce
undesirable odour or taste and are separated from olive leaves and
fruits of Kronakii olive (very cheap natural source) into 3 major
fractions, i.e., free, esterified and residual phenolic compounds. These
fractions beside the total polyphenols were added individually to
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- sunflower oil at various concentrations in order to extend the shelf-life
of the oil.

The antioxidant and antihydrolytic activities of olive various
phenolic components were assessed by assesing the char ges in some
fat constants (acid, peroxide and thiobarbituric acid values). An
experiment was performed where sunflower oil was catalyzed by BHT
(200 ppm) in order to compare the antioxidant efficiency of the olive
phenolic compounds under study with the most commonly used
synthetic antioxidant material. It has been reported that synthetic
antioxidants (BHT, BHA and PG) are added at concentrations of 100-
400 ppm to fats and oils to suppress the development of peroxides
during food storage (Allen and Hamilton, 1983). Therefore, the
phenolic fractions were added at concentrations of 100, 200 and 400
ppm to sunflower oil.

Figure (1) shows the changes in acid values of sunflower oil
mixed with phenolic fractions obtained from leaves and fruits of
kronakii olive cultivar and BHT during storage at room temperature.
The acid values for the systems consisted of sunflower oil alone and
sunflower oil catalysed by BHT, total, free, esterified and residual
phenolic fractions were linearly increased over the storage period. In
other words, there was a linear relationship between the acid values
and storage period. In order to evaluate the effectiveness of the added
phenolic materials to sunflower oil, the reaction slope of the acid value
curves was used as a guide in this context. Accordingly, the slope
values for the acidity of sunflower oil alone and catalysed by BHT
(200 ppm), total (100,200,400 ppm), free (100, 200, 400 ppm)
phenolic fractions of Kronakii leaves were; 0.5, 0.3, 0.4, 0.3, 0.1, and
0.4, 0.3, 0.2, respectively. Also, the siope values of the acid value
curves representing the esterified (100, 200, 400 ppm) and residual
(100, 200, 400 ppm) phenolic fractions of Kronakii leaves were the
same (0.5). A slope value greater than one-half indicates pro-
hvdrolytic effect whereas a value lower than 0.5 demonstrates an anti-
hydrolytic activity. Hence, the systems containing BHT, total and free
phenolic fractions exhibited an anti-hydrolytic activity. Conversely,
esterified and residual phenolic fractions at various levels caused non-
significant anti-hydrolytic activity on sunflower oil.

The slope values of the sunflower oil acid values using the
phenolic fractions from Kronakii fruits were nearly similar to that
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Fig.(1):Effect of total (T), free (F), residual ( R) and esterified (E) polyphenolic
compounds of Kronakii olive fruits and leaves on the acid value of
sunflower oil.
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obtamed from the Kronakii leaves. In general, total and free
polvphenols possessed an anti-hydrolytic effect and this phenomenon
was increased by increasing their concentration. Also, one has to point
out that the use of the latter two fractions at 400 ppm level
significantly exhibited anti-hydrolytic activity and were superior to
that of BHT in retarding sunflower oil hydrolytic rancidity.

Figure (2) shows the changes in the peroxide value of sunflower
oil mixed with phenolic fractions obtained for both leaves and fruits of
Kronakii olive cultivar during storage. The data illustrated that the
phenolic substances added to sunflower oil induced features of an
autocatalytic chain reaction, ie., the rate of hydroperoxide formation
increased with time. Since the curves in Fig. (2) show an increase in
the peroxide value with time, the peroxide values at 14" day storage
period for all systems were divided by the peroxide value of the
control (sunflower oil without any additives) to demonstrate the effect
of the added materials on the stability of sunflower oil. Therefore, a
value greater than one indicates a pro-oxidant effect while the values
lower than one demonstrates an anti-oxidant activity. Sunflower oil
without any phenolic components and mixed with BHT (200 ppm)
systems was used as a guide to indicate the anti-oxidant or pro-
oxidant activity. Accordingly, the relative peroxide values for BHT
(200ppm), total (100. 200, 400 ppm) and free (100, 200, 400 ppm)
phenolic componds of Kronakii leaves were 0.26; 0.40, 0.26, 0.12 and
0.40. 0.26. 0.12, respectively. Also, the relative peroxide values for
esterified (100, 200, 400 ppm) and residual (100, 200, 400 ppm)
phenolic compounds of Kronakii leaves were all the same (1.0). In
addition, the relative values for all systems using phenolic compounds
from fruits were calculated as mentioned before and the values were
nearly similar to those obtained from leaves of Kronakii olive cultivar.

The antioxidant values for the systems containing 200 ppm of
total and free phenolic compounds obtained from Kronakii leaves and
fruits exhibited antioxidant activity similar to a system comprised of
sunflower oil and BHT (200 ppm). On the other hand. the addition of
esterified and residual phenolic compounds to sunflower oil of both
leaves and fruits at various concentrations (100, 200, 400 ppm) did not
exhibit any antioxidant activity on sunflower oil. It is worth
mentioning that 400 ppm level of total and free phenolic compounds
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obtained from both leaves and fruits produced superior antioxidant
power compared t0 that produced by BHT.

Fig (3) shows the TBA values for the systems consisted of
sunflower oil (control), sunflower oil containing BHT (200 ppm), total
- (100, 200, 400 ppm), free (100, 200, 400 ppm), esterified (100, 200,
400 ppm) and residual, (100, 200, 400 ppm) phenolic compounds
extracted from leaves and fruits of Kronakii olive cultivar. The results
for TBA test indicated that the levels of secondary oxidation products
from sunflower oil were very low and gradually increased with
storage. The addition of BHT and total or free phenolic fractions
obtained from both Kronakii leaves and fruits 10 sunflower oil
significantly decreased the formation of secondary oxidation products
at all concentrations. The formation of secondary oxidation products
decreased by increasing the level of free and total phenolic fractions
added to sunflower oil. The content of secondary oxidation products at
the 16" day of storage period for sunflower oil containing total (100,
200, 400 ppm) and free (100, 200, 400 ppm) phenolic compounds
extracted from Kronakii leaves were 0.36, 021, 0.07 and 037, 0.23,
0.07, respectively. The respective values for TBA reacting species
using the fruit phenolic compounds were 0.36, 0.21, 0.09 and 0.36,
0.21, 0.07, respectively. These data show that phenolic fractions of
both leaves and fruits induced similar lowering effect on the formation
of TBA reacting substances. On the other hand, the esterified and
residual fractions of both fruits and leaves did not cause any
significant effect towards decreasing the level of secondary oxidation
products.

Several authors extracted various phenolic compounds from
different plant sources and generally these compounds induced an
increase in the shelf-life of some vegetable oils. For instance,
polyphenols were extracted by Fayad ef al., (1989) from the olive oil
using hexane, acetone and ethanol in asimple sequential procedure
yielding three fractions (A, B, C). Fractions B and C were found to
contain the highest ortho-diphenol concentration (about 3%). The
addition of purified fraction B ata level of 100 ppm to refined olive or
soybean oils partially inhibited the oxidative deterioration when the
oils were stored in the darkat 100 °C. Also, Xing and White (1997)
reported that the antioxidant activities of oat groats and hulls increased
with the increased concentration. During 20 days of storage, the groat
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extract (0.3%) was not significantly different from TBHQ after day 16,
and hull extracts (0.2 and 0.3%) were not significantly different from
TBHQ on day 20.

The main structure feature required for antioxidant activity is a
phenolic ring containing hydroxyl group. This structural requirement
is supported by the powerful antioxiant activites of the well-known
synthetic BHT and the natural antioxidant thymol (Farag,and El
Khawas., 1989 and Topallar ef al., 1997). One would relate the
antioxidant activity to BHT or thymol to the mnhibition of
hydroperoxide formation. The first step in lipid oxidation is the
abstraction of hydrogen atom from a falty acid and oxygen
involvement gives a peroxy radical. Generally, the antioxidants
suppress the hydrogen atom abstraction from a fatty acid moeity which
leads to the decrease of hydroperoxide formation. It is well known that
the phenolic compounds act as hydrogen donors to that reaction
mixture and therefore, the formation of hydroperoxides is decreased.
The rtesults of the present study arc in line with these statements.
Generally speaking the phenolic OH group has to be in the free form
and if these groups are attached to other groups (such as glycosidic
residue), it would prevent their antioxidant power due to the lack of
hydrogen atoms donated to fatty acid radicals. This hypothesis 1s
supported by the fact that the total and free phenolic compounds
induced powerful antioxidant effect while, the esterified and residual
phenolic compounds exhibited very little effect on retarding sunflower
oil oxidative rancidity.
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