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Abstract

Antioxidants are substances which interfere with the normal
oxidation process forming a stable compound that will not propagate
further oxidation. Different food-grade antioxidants were added to
sunflower seed oil to follow up their suitability for oil oxidation stability
at ambient and high temperatures.

The best antioxidant which showed the highest effect in
increasing the shelf life and the oxidation stability of sunfolower oil was
propy! gallate (PG). It increased the shelf life from 8 months for the
control to 14 months. The second effective antioxidants were BHT and
BHA (12.5 and 11.5 months), respectively.

Rosemary, o - Tocopherol and GT-2 were the lowest effective

(11, 10 and 9.6 months), respectively.

The obtained results showed the susceptibility of antioxidants
when used in heating the il at 180 * 5°C for up to 12 hours. They had
the least increase in oil viscosity, refractive index, acid and peroxide
values for up to 6 hours, followed by a sharp increase in the oil
deterioration for up to 12 hours. Therefore, antioxidants are suitable for
oil oxidation stability at ambient temperature, and may act as
pro-oxidants at high temperatures for long periods of heating.
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INTRODUCTION

Antioxidants are substances which interfere with the normal oxidation pro-
cess forming a stable compound that will not propagate further oxidation of the
glyceride. They are usually thought to function as free radical acceptors, thus ter-
minating the oxidation at the initiation step. In the absence of an antioxidant, a hy-
drogen atom is lost from the allylic carbon in the fatty acid group with the formation
of a fatty free radical. The latter is readily susceptible to be attacked by atmo-
spheric oxygen, resulting in the formation of peroxides and hydroperoxides. When
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antioxidant is present, it functions as a free radical acceptor forming a stable com-
pound that will not propagate further oxidation of the glyceride. Normally, there is a
balance between the amount of free radicals generated in the body and antioxidants
to protect against them. However, an additional burden of free radicals, or lack of
antioxidant protection, can shift this balance. Free radicals are formed constantly
by the body's normal use of oxygen, such as respiration and some cell-mediated im-
mune functions. They are also found or generated from environmental pollutants,
ciga-rette smoke, car exhaust fumes, radiation or ultraviolet, pesticides and certain
industrial solvents. Free radicals can damage cell membrances and other vital cell
components, such as genetic material in the cell nucleus and can inactivate enzymes.
Damage to body cells and molecules by oxygen containing free radicals has been im-
plicated in a wide variety of diseases. The unsaturated fatty acids of lipids and li-
poproteins are especially susceptible to free radical mediated oxidation, and oxida-
tive modification of low-density lipoportein (LDL) particles in the blood is believed
to be an important part of the atherosclerotic process. Free radical damage to DNA
is believed to play a role in initiation of carcinogenesis. Oxyradicals also can attack
proteins, thereby changing their structure and ability to function (Jacob, 1994). For
all these mentioned, reasons scientists current opinion is the supplementation of hu-
man diets with antioxidant and vitamins, especially vitamin E and C which have
proved to be effective for protection against Low Density lipoprarein (LDL) oxidation
(Jialal, 1993; Block, 1993 and Lachance, 1994).

This investigation was carried out to evaluate the effect of some food-grade
antioxidants upon increasing the shelf life of sunflour oil and to determine their pro-
tective effect in the heated oil.

MATERIALS AND METHODS
Materials

Sunflower seed oil, pure and refined, was selected from edible oils for its in-
stability due to its high unsaturated fatty acids (20% oleic and 65% linoleic acid.
Robbelen, et al., 1989). It was purchased from Silla Company at El Fayoum.b) Food
grade antioxidants of BHA, P.G and Alpha - tocopherol (Vit. E) were obtained from
Sigma Chemical Co., St. Louis, MO, USA. Rosemary was obtained from SKW Chemi-
cals Georgia, U.S.A. Tenox GT2, was obtained from Estman Chemical Co., Tennesee,
USA. It is composed of 70% total tocopherols (9% alphatocopherol; 46% Gamma -
tocopherol; 17% delta-tocopherol) and 30% vegetable oil.
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The food additive regulation in USA has a limitation of 200 ppm of synthetic
antioxidants and 300 ppm for tocopherol antioxidants; while others of natural anti-
oxidants have 400 ppm as a recommended usage level (Eastman Chemical, 1993).

Methods

The antioxidants used were at the recommended usage levels as previously
mentioned. Antioxidants were dissolved in 100 ml sunflower seed oil in duplicates
and kept in brown bottles for the following:

a) Determination of shelf life or the oxidation stability of the samples using Ranci-
mat Metrohm 679 as described in Hasenhuettle and Wan (1992).

b) Determination of viscosity using Viscometer Brookfield RVDV-l cone plate and
connected with the water bath Brookfield TC 500 as described in Howard (1991).

c) Determination of refractive index, acid value and peroxide number as described
by the AOCS (1985).

- All the sunflower seed oil samples (100 ml) were heated at 180+50C for 12 hours
at intervals of 3 hours heating for 4 consecutive days. The heated oils were sam-
pled every day after heating in brown bottles and kept at 5oC for analytical ex-
periments. The remainder of oil samples were heated the next day for another 3
hours and then sampled as previously until the forth day and the total of 12 hours
heating.

- The heated oil samples without antioxidant (control) and with the added antioxi-
dants were subjected to the some previously mentioned treatments for the de-
termination of viscosity, refractive index, acid and peroxide values to follow the
effect of the added antioxidants at high temperature compared to the control.

RESULTS AND DISCUSSION

The susceptibility of an oil or fat to auto-oxidation can generally be assessed
in terms of oxidation stability. In the food industry, the oxidation stability of fats
play an important part in ensuring the quality of their products. The quality assess-
ment of fats with regard to freshness, keeping properties, and storageability can be
carried out by either static or dynamic methods. In the static method, analytical de-

terminations are made of various characteristics (such as the peroxide umber, acid
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value and the refractive index) related to the degree of auto-oxidation which has al-
ready taken place. Dynamic methods (such as oxidation stability) enable a better
forecast of the future response of a fat to oxidative influences, (Frank et al.,
1982).

Few years ago, Brinkman Instruments introduced the Rancimat. It is based on
the conductimetric method developed for fat and oil analysis (Hadorn and Zurcher,
1974) to determine the effectiveness of an antioxidant in an oil. The results, tabu-
lated in Table 1, show the potential use of antioxidants to increase the shelf life of
sunflower seed oil at ambient temperature. The oil samples were tested using the
Rancimat at 100°C and the results were calculated at 25°C using the temperature
coefficient of 2.2 for each 10 degree increase in temperature (Hadorn and Zurcher,
1974) and the coefficient of 2.5 as established by Pardun and Kroll (1972) for the
autoxidation reaction for organic reaction rates.

The best antioxidant which showed the highest effect in increasing the shelf
life and the oxidation stability of sunflower seed oil was PG. It increased the shelf
life from 8 months for the control to about 14 months. The latter effective antioxi-
dants in rank were BHT and BHA. They had comparaable sheef lives of 12.5 and 11
month respactivly equal shelf lives of (12.5 and 11 months) respectively. Rose-
mary, a-tocopherol and GT-2 were the lowest effective (11,10 and 9.6 months),
respectively.

Data in Table (1) show the time of shelf life in average (mean) for each treat-
ment with different antioxidants. This means the time of induction period of the ini-
tiation of deterioration till reaching the highest level which is the date of expiration.
These results could be used in applications for determining trade standards for the
processed oil in the quality control laboratory during production as mentioned before
by Hill, (1994).

Figure 1 shows the relationship of viscosity and time and Figure 2 shows the
relationship of refractive index and time. These two graphs are in agreement and
express the true correlation between viscosity and refractive index. This correla-
tion was known by Johnson and Kummerow (1957) who mentioned that the refrac-
tive index increased almost linearly with the increase in heating time and this is

generally was attributed to the formation of high molecular weight materials.

Moreover, Figures (1) and (2) classify the used antioxidants upon their effec-
tiveness in lowering the viscosity and the refractive index of the heated oils with
antioxidants at 180°C for 12 hrs. It is well observed that BHA and a-tocopherol
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Table 1. Oxidation stability of sunflower oil treated with different food-grade antioxidants.

Oxidation stability

Rancimat at 100°C

Calculated * at ambient temp.

Sunflower oil + Mean +S.D. Induction Expired Mean +S.D.
antioxidant (Hours). | (Hours) | (Months) | (Months) | (Months) | (Months)
Control 8.03 0.31 4.45 11.91" 8.18 3.73
BHA 11.00 0.20 6.10 16.32 11.51 5.36
BHT 12.27 0.23 6.80 18.20 12.50 5.70
PG 14.10 1.00 7.82 20.92 14.37 6.55
a-Tocopherol 10.03 0.37 5.56 14.88 10.22 4,66
GT-2 9.66 0.20 5.10 14.12 9.60 4.11
Rosemary 11.85 1.05 4.52 17.58 11.05 6.53

* The oxidation stability conducted with Rancimat at 100°C were calculated at 25°C using the tem-
perature coefficient of 2.2 for induction period (Hadorn and Zurcher, 1974) and 2.5 for expired

period (Pardun and Kroll, 1972).
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have close results to the control, while all the other antioxidants showed no effect
in prventing the heated oils from increasing their viscosity and their refractive in-
dex, which lead to their increase in formation of high molecular weight materials up
to 12 hours. Thus, a conclusion could be mentioned that the selected food grade anti-
oxidants except BHA showed the problem of carry-over in the heated oils for up to
12 hours as cited before by Sherwing and Thompson (1967). Also, these graphs
show that the effect of antioxidants (except GT 2) in the heated oils are in moderate
function up to 6 hourse of heating and then a sharp increase of viscosity and refrac-
tive index was observed. These data could conclude that the used antioxidant are not
suitable for heated oils for up to 6 hours. Meanwhile, they are of good benefit to hu-
man health in nutrition with salad oils treated with antioxidants which prohibit the
cell internal body oxidation as mentioned by Jacob (1994), in case of being used
without heating at high temperatures for such long time.

For assessing the suitability of the added antioxidants to sunflower seed oil
samples, analytical determinations are made for various characteristics. The data
tabulated in Table 2 show the effect of each added antioxidant on the heated oil upon
the heating time. Acid value reflects the degree of oil hydrolysis and the amount of
free fatty acid involved in the heated oil samples. From these data, it can be ob-
served that the oil sample treated with BHA had the least amount of free fatty acids
(1.04) after heating for up to 12 hrs. On the other hand, BHT and Rosemary have the
highest acid value (2.4 and 2.55), respectively. These results are in good correla-
tion with the viscosity values shown in Figure (1).

Peroxide value monitor the degree of oil oxidation and the amounts of perox-
ides and hydroperoxides built up in the heated oil. Due to the high sensitivity of the
hydroperoxides to high temperatures and their breakdown to aldehydes and ketones
(Kopp, 1973) causing the different smell of the heated oils, therefore, the low per-
oxide value could deal with the highest oxidation and the time of their breakdown.
From Table 3 BHA is ranked the best antioxidant which protected the oil samples
from oxidation up to 12 hours. The oil samples treated with the antioxidants BHT and
Rosemary had a sensitive effect upon peroxides causing their breakdown into alde-
hydes and ketones, which may be observed in Table 3. It shows the gradual increase
in peroxides and then their decrease due to their breakdown as aforementioned by
Kopp (1973). Moreover, BHA showed a moderate carry-over among the other anti-
oxidants in its suitability at high temperature for 3 hours only. These results are in
agreement with those of Shermin and Thompson, (1967).

To make a conclusion across all the obtained physical and chemical analyses,
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Table 2. Changes in acid value of sunflower oil treated with different food grade antioxidants.

Heating at 180 + 5°C

Sunflower oil

+ antioxidant Zero 3 hrs 6 hrs 9 hrs 12 hrs
Control 0.48 1.20 1.48 1.74 1.46
BHA 0.42 0.69 0.86 0.97 1.04
BHT 0.42 0.62 0.79 1.92 2.41
PG 0.40 0.75 0.98 1.57 1.70
a-Tocopherol 0.47 0.56 0.92 1.09 1.53
GT-2 0.42 0.83 1.26 2.19 1.12
Rosemary 0.73 0.85 1.42 1.98 2,55

Table 3. Chages in peroxide value of sunflower oil treated with food grade antioxidant.

Heating at 180 + 5°C

Sllnﬂnwcr oil

+ antioxidant Zero 3 hrs 6 hrs 9 hrs 12 hrs
Control 430 6.18 10.73 14.53 39.37
BLIA 438 7.48 7 11.98 16.67 21.83
BHT 3.51 6.92 15.07 22.36 17.79
PG 433 7.64 10.82 13.97 35.50
a-Tocopherol 3.88 7.92 11.36 14.29 28.93
GT-2 4.42 8.16 10.11 11.11 37.42
Rosemary 4.85 7.08 10.42 16.79 11.49
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we could conclude that the antioxidants are suitable in their function for increasing
oxidative stability at ambient temperature only, while they could act as pro-
oxidants or they could breakedown into other substances, which could act as pro-
oxidants.

The obtained results are in good agreement with the Swiss Public Office regu-
lations, which offered a list of permitted additives in foods including antioxidanis in
edible fats and oils. They recommended that antioxidants in edible fats and oils. are
additives that do not improve frying performance and are not used in products sold
as frying oils (Firestone et al., 1991). Moreover, Dutta and Savage (1998), did not
observe any influence of tocopherols on the stability of the extracted Walnut oil.
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Figure 1. Viscosity of heated sunflower oil at 185 * 5°C treated with food-grade an-

tioxidants.
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Figure 2. Refractive index of heated sunflower oil treated with food-grade antioxi-
dants.
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