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Abstract: Olive waste cake (OWC) is underestimated as an agricultural waste. In this work, OWC extract were
obtained by ethanol. Antioxidant efficacy of ethanolic OWC extract at levels of 100, 200, 400 and 600 ppm were
studied. Samples of sunflower oil mixed with OWC extract were intermittent heated at 180±5°C for 4 hr / day,
for 5 consecutive days and has been assayed for stabilization of sunflower oil against control (antioxidant free
sample) and 200 ppm Butylated hydroxi toluene (BHT) containing sample. Results exhibited the efficiency of
OWC at level up 100 ppm in reducing the changes in the physical properties of sun flower oil during the heating
at 180±5°C, whereas changes were lower than that of the control and the sample containing 200 ppm, also the
OWC at the same mentioned levels reduced the changes in the chemical properties of sunflower oil. With
regarding to the oxidative stability of sunflower oil, the OWC treated sample (with the same levels) revealed
good oxidative stability parameters peroxide value (PV), Thiobarbituric acid (TBA) value and Rancimat
induction period) as compared with the other samples, also the calculated oxidative stability parameters
(protection  factor  and  calculated  oxidative  stability  at  ambient  temperature  i.e.  Induction, Expired and
Shelf-life  months)  were  higher  than that of the control, BHT treated samples, while the sample treated with
100 ppm OWC revealed lower physical and chemical quality properties than BHT treated sample. It was
concluded that olive waste cake extract at 200 ppm and higher levels can effectively protect sunflower oil during
the heating at 180 ± 5°C.
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INTRODUCTION food additives. But, recent reports revealed that these

Vegetable oils and fats are recognized as important including cancer and carcinogenesis [4, 5]. Therefore, the
components of our diet. They provide essential fatty most powerful synthetic antioxidant (TBHQ) is not
acids,  which  are  precursors  of important hormones, allowed for food application in Japan, Canada and Europe.
such as prostaglandins and control many physiological Similarly, BHA has also been removed from the generally
factors such as blood pressure, cholesterol level and the recognized as safe (GRAS) list of compounds [6]. Due to
reproductive system [1]. Lipid peroxidation is responsible these safety concerns, there is an increasing trend to
for the quality deterioration of oils and fats [2]. Due to replace these synthetic antioxidants with natural ones,
these changes, consumers do not accept oxidized which, in general, are supposed to be safer. The
products and industries suffer from economic loss [3]. effectiveness of different natural sources in stabilizing
The oils with higher contents of unsaturated fatty acids, vegetable oils has been previously studied. Anwar et al.
especially polyunsaturated FA, are more susceptible to [7] evaluated the effect of natural lecithin on the stability
oxidation. In order to overcome the stability problems of of borage oil. Shahidi et al. [8] investigated the
oils and fats, synthetic antioxidants, such as butylated stabilization of canola oil with canola meal. Also, fruits,
hydroxyanisole (BHA), butylated hydroxytoluene (BHT) vegetables, nuts, seeds and barks are being investigated
and ter-butyl  hydroquinone  (TBHQ)  have  been used as for  their antioxidant potentials [9]. The olive oil industry

compounds may be implicated in many health risks,
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generates large quantities of a deleterious by-product Analytical Methods
known as olive mill waste. Being seasonal and resistant to
degradation, olive mill waste is a major problem for the
development of olive oil industry. Untreated olive mill
waste has broad spectrum toxicity [10]. European
researches  identified  olive mill waste as a potential
source for the recovery of antioxidant [11,12]. The
purpose of this work was to estimate the efficiency of
olive waste cake extract to protect sunflower oil against
oxidative deterioration during heating at 180±5°C.

MATERIALS AND METHODS

Materials: Refined, bleached and deodorized (RBD)
sunflower oil was obtained from Egyptian Salt & Soda Co.
while, olive waste cake (OWC), Kronakii cultivar were
collected during 2009 harvest season from Food
Technology Research Institute, Agriculture Research
Center, Giza, Egypt.

All chemicals and reagents used in the analytical
methods (Analytical grade) were obtained from either
Sigma Chemical Co. (St. Louis, MO, U.S.A.) or El-
Gamhouria Trading Chemicals and Drugs Co., Egypt.

Methods
Preparation of Olive Cake Waste Extract (OWC):
Preparation  of  olive  cake  waste  extract  (OWC)  was
carried  out  according  to  the  method  described by
Abo-Zaid et al. [13].

Addition of Antioxidants to the Oil: The experiment was
designed  to  include control, antioxidant free sunflower
oil (SFO), sunflower oil with 200 ppm BHT (SFO + BHT),
while  the  OWC ethanolic extract was added to the oil
with the following levels 100, 200, 400 and 600 ppm and
named as, SFO+OWC1, SFO+OWC2, SFO+OWC3 and
SFO+OWC4, respectively.

Oil Heating Process: The intermittent heating process
was done according to the procedure of Tsuzuki, et al.
[14]. In this procedure a sunflower oil (750g) and various
oil samples mixed with OWC, were placed in a stainless
steel pan fryer (50cm diameter and 30cm height) provided
with thermostat to control in the heating temperature,
individually to a temperature of 180±5°C. The various oil
samples were heated continuously at 180±5°C for 4 hr.
every day, for 5 consecutive days. At certain periods of
heating (4, 8, 12, 16 and 20 hrs), aliquots from the oil
samples were removed and stored at 5°C until analyzed.

Physical Quality Properties: Refractive index (at 40°C)
and smoke point were estimated according to the
procedures of the AOAC [15]. Relative viscosity value
was determined using an Ostwald viscometer according
to the method described in AOCS [16].

Chemical Quality Properties
Acidity %, Iodine Value and Oxidized Fatty Acid (OFAs)
Content: Acidity %, iodine value and oxidized fatty acid
(OFAs)  content  were  estimated  by  procedures
described in AOAC [17], while polar components in tested
samples were measured by the method of Waltking and
Wessels [18].

Oxidative Stability Properties: Peroxide value evaluation
was taken according to the British Pharmacopoeia [19]
and thiobarbituric acid (TBA) value was carried out
according to the method of Pearson [20]. While, rancimat
induction period measurements are carried out according
to Tsaknis et al. [21] by using a Rancimat Methrom
instrument (Ud. CH-9100 Herisau, Switzeland, Model 679)
at 100°C and 20 l/hr air flow. Protection factor was
calculated by the method of De Leonardis et al. [22].

Statistical Analyses: All the determinations were carried
out in triplicate. Significant differences (p < 0.05) were
calculated using Duncan’s multiple range test, following
a previously reported method of Steel and Torrie [23].

RESULTS

Table 1 shows that refractive index values of tested
samples were gradually increased with increasing the
heating  time,  but the control (antioxidant free sample)
has had the highest value at each heating period. On the
other hand, the refractive index value decreased with
increasing OWC level, while the sample containing BHT
had values higher than that of control sample, but these
values were lower that of SFO + OWC1 sample which
contrast with the situation with the other OWC containing
samples since they exhibited lower refractive index values
at each heating period which decreased gradually with
increasing the OWC level from 200, 400 and 600 ppm.

Table 2 reveals that the relative viscosity values of
tested  samples  increased with increasing the heating
time at 180±5°C, but the control (antioxidant free sample)
has   had   the  highest  value  for   each   heating  period.
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Table 1: Changes in Refractive index of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated with
BHT during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)
0 1.4697 1.4697 1.4697 1.4697 1.4697 1.4697
4 1.4700 1.4698 1.4699 1.4698 1.4697 1.4697
8 1.4709 1.4703 1.4706 1.4702 1.4700 1.4699
12 1.4718 1.4715 1.4716 1.4709 1.4706 1.4705
16 1.4729 1.4724 1.4725 1.4722 1.4719 1.4716
20 1.4752 1.4748 1.4749 1.4745 1.4738 1.4734

Table 2: Changes in Relative viscosity of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated with
BHT during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)
0 1.598 1.598 1.598 1.598 1.598 1.598
4 1.659 1.635 1.640 1.630 1.621 1.612
8 1.697 1.658 1.665 1.652 1.640 1.628
12 1.785 1.699 1.708 1.690 1.681 1.667
16 1.836 1.764 1.766 1.748 1.735 1.726
20 1.855 1.832 1.835 1.828 1.811 1.808

Table 3: Changes in Smoke point (°C) of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated with
BHT during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)
0 238 238 238 238 238 238
4 232 236 233 236 237 238
8 228 233 230 233 235 237
12 224 229 227 230 233 235
16 220 226 225 226 233 234
20 218 224 222 225 231 233

On the other hand, these value decreased with increasing (222°C). Moreover the other samples exhibited a gradual
OWC level, while the sample containing BHT had values increment in the smoke values in the following increased
higher than that of control sample. These values were order; SFO+BHT, SFO+OWC2, SFO+ OWC3 and SFO+
lower  that of SFO + OWC1 which contrast the situation OWC4, 224, 255, 231 and 233°C.
in the other OWC treatments since they exhibited lower Table 4 shows the changes occurred in the acidity
refractive index values at each heating period which values (FFAs) of the control sample and antioxidant
decreased  gradually  with  increasing  the OWC level treated  samples  during  heating  the  oil  at 180±5°C for
from 200 to 600 ppm. The viscosity values at the end of 20 hrs. Data indicated that the acidity values of all
heating process for SFO + OWC1, SFO + OWC2, SFO + samples  increased  with  increasing the heating time,
OWC3 and SFO + OWC4 were 1.835, 1.828,1.811 and 1.808 while  at  each heating time and the end of heating time
times, respectively. the control sample exhibited the highest acidity value

Table  3  indicates  the changes occurred in the (0.235),  followed by the samples containing 100 ppm
smoke  point  of the control sample and antioxidant OWC (SFO+ OWC1) (0.200), while the other samples were
treated  samples  during  heating  the  oil  at 180±5°C for exhibited a gradual decrement in the acidity values in the
20 hrs.  The  smoke  point values decreased with following decreased order. SFO+BHT, SFO+OWC2, SFO+
increasing  the  heating time while at each heating time OWC3 and SFO+ OWC4, (0.198, 0.191, 0.172 and 0.165).
and the end of heating process, the control sample Table  5 illustrates the changes occurred in the
exhibited the lowest smoke point value (218°C) followed iodine values of the control and antioxidant treated
by the sample containing 100 ppm OWC (SFO+ OWC1) samples   during   heating   the  oil  at 180±5°C  for  20 hrs.



World Appl. Sci. J., 11 (1): 106-113, 2010

109

Table 4: Changes in Acidity (FFAs) of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated with BHT
during heating at 180±5°C. (as % oleic acid)

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)
0 0.078 0.078 0.078 0.078 0.078 0.078
4 0.091 0.086 0.088 0.087 0.084 0.080
8 0.108 0.094 0.096 0.095 0.090 0.086
12 0.139 0.109 0.112 0.109 0.105 0.100
16 0.192 0.130 0.134 0.132 0.126 0.118
20 0.235 0.189 0.200 0.191 0.172 0.165

Table 5: Changes in Iodine value of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated with BHT
during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)
0 130.21 130.21 130.21 130.21 130.21 130.21
4 125.20 127.35 126.45 127.45 128.12 129.11
8 122.62 125.15 123.82 125.50 126.35 128.34
12 118.35 120.65 119.23 120.75 123.25 127.15
16 110.22 115.34 114.46 117.38 120.15 124.28
20 104.50 110.23 109.45 112.25 116.50 121.26

Table 6: Changes in % Oxidized fatty acids of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated
with BHT during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)
0 0.12 0.12 0.12 0.12 0.12 0.12
4 0.13 0.22 0.26 0.20 0.18 0.18
8 0.59 0.45 0.50 0.41 0.38 0.35
12 0.98 0.76 0.81 0.65 0.50 0.50
16 1.29 0.99 1.12 0.92 0.86 0.80
20 2.35 1.96 2.13 1.83 1.70 1.65

Table 7: Changes in % Polar compounds of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated with
BHT during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)
0 2.12 2.12 2.12 2.12 2.12 2.12
4 2.85 2.68 2.72 2.66 2.46 2.32
8 3.75 2.95 2.98 2.92 2.70 2.48
12 4.86 3.85 3.98 3.80 3.58 3.29
16 6.79 4.98 5.21 4.98 4.39 3.98
20 8.38 7.65 7.88 7.56 7.20 6.75

Data indicated that the iodine values of all samples Table 6 shows the changes occurred in the oxidized
decreased with increasing the heating time, while at each fatty  acids  content  of  the control and antioxidant
heating time the control sample exhibited the lowest treated  samples  during  heating  the  oil  at 180±5°C for
iodine value (from 130.21 at the initial zero time of heating 20 hrs. Data indicated that the oxidized fatty acids content
to 104.5 after 20 hr.), followed by the samples containing of all  samples  increased  with increasing the heating
100  ppm  OWC (SFO+ OWC1), from 130.21 to 109.45, time, while at each heating time and after 20 hr. of the
while the other samples exhibited a gradual increment in intermittent heating the control sample exhibited the
the iodine values after 20 hr. following decreased order; highest oxidized fatty acids content (2.35%), followed by
SFO+BHT, SFO+OWC2, SFO+ OWC3 and SFO+ OWC4, the samples containing 100 ppm OWC (SFO+ OWC1)
(110.23, 112.25, 116.50 and 121.26 gI/100g oil). (2.13%), furthermore the other samples exhibited a gradual
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Table 8: Changes in Peroxide value (meq O /kg) of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil2

treated with BHT during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)

0 0.87 0.87 0.87 0.87 0.87 0.87

4 1.98 1.21 1.35 1.20 1.10 1.01

8 3.25 2.98 3.16 2.97 2.50 2.25

12 5.22 4.82 4.98 4.78 4.35 4.12

16 6.38 5.43 5.68 5.40 5.12 4.93

20 7.12 6.29 6.85 6.30 6.05 5.88

Table 9: Changes in TBA values (mg malonaldehyde / kg)of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower

oil treated with BHT during heating at 180±5°C

Treatments SFO SFO+BHT SFO+OWC1 SFO+OWC2 SFO+OWC3 SFO+OWC4

Heating periods (hr)

0 0.11 0.11 0.11 0.11 0.11 0.11

4 2.68 2.25 2.34 2.20 2.01 1.82

8 5.76 4.36 4.52 4.21 4.03 2.24

12 7.89 6.62 6.78 6.35 6.10 5.62

16 8.25 7.73 7.89 7.46 7.22 6.75

20 8.93 7.89 7.98 7.58 7.30 6.89

decrement in the oxidized fatty acids content in the (6.85 meq O /kg ), whereas the other samples were
following decreased order; SFO+BHT, SFO+OWC2, SFO+ exhibited  a gradual decrement in the peroxide values in
OWC3 and SFO+ OWC4, (1.96, 1.83, 1.70 and 1.65%). the following decreased order SFO+BHT, SFO+OWC2,

Table 7 shows the changes occurred in the polar SFO+ OWC3 and SFO+ OWC4, (6.29, 6.30, 6.05 and 5.88
compounds  content  of the control and antioxidant meq O /kg).
treated  samples  during  heating  the  oil  at 180±5°C for From Table 9, it could be observed that the changes
20 hrs. Data indicated that the polar compounds content occurred in the Thiobarbituric acid value (TBA) of the
of all samples were a gradual highly increase with control sample and antioxidant treated samples during
increasing  the  heating  time while at each heating time heating the oil at 180±5°C for 20 hrs. Data indicated that
the control sample exhibited the highest polar compounds the TBA values of all samples increased with increasing
content  by  3.95 fold of unheated followed by the the heating time while at each heating time and after 20 hr.
samples containing 100 ppm OWC (SFO+ OWC1), by 3.72 of heating process, the control sample exhibited the
fold of unheated, while the other samples exhibited a highest TBA value (8.93 mg malonaldehyde / kg),
gradual decrement in the polar compounds content by followed  by  the samples containing 100 ppm OWC
3.61, 3.57, 3.40 and 3.18 folds of fresh unheated the (SFO+ OWC1) (7.98), while the other samples were
(SFO+BHT, SFO+OWC2, SFO+ OWC3 and SFO+ OWC4), exhibited a gradual decrement in the TBA values in the
after 20 hr. of the intermittent heating process. following decreased order; SFO+BHT, SFO+OWC2, SFO+

Evaluation of Oxidative Stability of Treatments: Table 8 Table  10  shows that the oxidative stability
illustrates  the  changes  occurred  in   the  peroxide values (induction period at 100°C) increased gradually as the
(PV) of the control sample and antioxidant treated samples level of OWC added to the sunflower oil increased from
during heating the oil at 180±5°C for 20 hrs. Data indicated 200 to 600 ppm as compared to the control sample
that the peroxide values of all samples increased with (antioxidant free) and the sample treated with synthetic
increasing  the  heating time while at each heating time antioxidant (BHT), while the sample containing 100ppm
and the end of heating, the control sample exhibited the OWC exhibit lower oxidative stability parameters than
highest  peroxide  value  (7.12  meq O /kg), followed by these  of BHT containing sample which result in2

the samples containing 100 ppm OWC (SFO+ OWC1) increasing   of    the   calculated   parameters   of  oxidative

2

2

OWC3 and SFO+ OWC4, (7.89, 7.58, 7.30 and 6.89).
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Table 10: Oxidative stability* of Sunflower oil treated with different levels of OWC compared to crude sunflower oil and sunflower oil treated with BHT

Oxidative stability
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Rancimat at 100°C Calculated at ambient temperature
--------------------------------------------------------------- -----------------------------------------------------------------------------------------------

Description Induction period (hrs) Protection factor Induction (months) Expired (months) Shelf-life (months)

Treatments
SFO 8.00 - 4.43 11.87 8.15c c c c

SFO + BHT 10.00 1.250 5.54 14.83 10.19bc bc bc bc

SFO + OWC1 10.60 1.325 5.88 15.73 10.81bc bc bc bc

SFO OWC2 12.50 1.562 6.93 18.54 12.74ab ab ab ab

SFO + OWC 17.80 2.225 9.87 26.41 18.14a a a a

SFO + OWC4 25..50 3.187 14.13 37.83 26.13a a a a

*Values with different superscript in the same column are significantly different.

stability (protection factor, induction, Expired and shelf the samples containing 200, 400 and 600 ppm OWC have
life at ambient temperature), also the sample containing the higher smoke point compared with control and other
OWC at level of 600 ppm exhibited the best oxidative samples which state the anti-oxidative ability of OWC at
stability parameters. the mentioned levels.

DISCUSSION indicator for the hydrolysis extent takes place in oils

The refractive index is considered one of the most [26]. BHT and OWC at levels of 200, 400 and 600 ppm
important physical characteristics, as it is useful for reduce the  hydrolysis  of the triglycerides which result
estimating the degree of their saturation as well as for in low free fatty acid content and low acidity than the
identification processing purposes, establishing their control sample and the sample containing 100 ppm OWC
purity and observing the progress reaction such as only with preference to the higher level of OWC. This
catalytic hydrogenation, oxidation and isomerisation. indicated that polyphenolic compounds in OWC
Since the OWC protect the oil from oxidation [22, 24], decreased the oil hydrolytic rancidity. In this respect,
therefore, samples containing OWC at 200 ppm and above Farag, et al. [27] reported that total and free polyphenols
exhibited  lower  refractive  index  values  as compared obtained from both leaves and fruits of olive cultivar
with control sample and BHT containing sample which possessed antihydrolytic activity and increased with
give lower refractive index value than the sample concentration.
containing 100 ppm. The iodine value is considered a good index for the

With regards the relative viscosity of the tested unsaturation extent of fatty acids in oils. The OWC reduce
samples, the relative flow time which reflects the the changes of iodine values by the same way which
magnitude  of  oil  viscosity and is generally considered affect acidity which agree with the results reported by
as an adequate indicator of the resistance to the oil flow Anwar et al. [28].
affecting by the reactions which may be occurred in it It is well known that the oxidized fatty acids content
[25]. It follows the same trend of refractive index values. in the edible vegetable oils negligible or slight if they
This means that the highest level of OWC added to produced under good sanitary conditions. The OFAs
sunflower oil induced the least change on sunflower oil content in the edible oils should not exceed 1% as
viscosity. recommended by Walla, [29], which achieved in our work

The smoke point of the edible oils is the temperature by addition of BHT and OWC, especially with the high
at which the oil smokes which affected by the presence of levels 200, 400 and 600 ppm.
free fatty acids and other volatile substances and it It   has  been  reported  that  polar  compounds
reflects  the ability of an antioxidant to protect the oil content   is    considered   a   reliable   indicator   on  state
since the high smoke point mean the low formation of free of  the  edible  oils  deterioration  [30].  The  results  took
fatty acids and other volatile substances during the the  same  trend  of  the   other   chemical   quality
heating process of the oil samples as a function of the properties  which indicate that OWC can act as a good
added antioxidant [25]. The smoke point values are antioxidant in protecting sunflower oil as reported by
correspond with the results of other physical criteria since Lumley [31].

The acidity (as % oleic acid) is considered a good

before and during extraction procedures and processing
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Peroxide value is known as an indicator of the extent 3. Che Man, Y.B. and C.P. Tan, 999. Effects of natural
of forming the hydroperoxides and peroxides. Also, the and synthetic antioxidants on changes in refined,
PV is a valuable measure of the early stages of rancidity bleached and deodorized palm olein during deep-fat
occurring in food under ambient conditions. The OWC at frying of potato chips. J. American Oil Chemists
level above 200 ppm reduce the PV during oil heating Society, 76(3): 31-339.
since it reduce the hydroperoxide formation and the 4. Hou, D.X., 2003. Potential mechanism of cancer
consequence degradation of it to peroxides [32]. chemoprevention by anthocyanin. Current

Thiobarbituric acid value (TBA) is a condensation Advancements in Molecular Medicines, 3: 149-159.
reaction between the TBA and malonaldehyde, the most 5. Prior, R.L., 2004. Absorption and metabolism of
predominate product of the secondary oxidation of fatty anthocyanins: potential health effects. In: M.
acids in food lipids. Therefore, the TBA value considered Meskin, W.R. Bidlack, A.J. Davies, D.S. Lewis and
a good chemical quality criterion to identify the oxidative R.K. Randolph, (Eds.), Phytochemicals: mechanisms
state of fresh edible oils and fats and to measure the of action Boca Raton, FL: CRC Press, pp: 1-19.
oxidation extent which occurred [33]. The TBA values of 6. Farag, R.S., A.Z.M.A. Badei and G.S.A. El Baroty,
the OWC treated samples at level of 200, 400 and 600 ppm 1989. Influence of thyme and clove essential oils on
were kept lower than that of control, BHT and 100 ppm cottonseed oil oxidation. J. American Oil Chemists
OWC  samples  which  exhibited  higher  TBA values. Society, 66(6): 800-804.
This  means  that  the  OWC  at the highest level 7. Anwar, F., M.I. Bhanger and G. Kazi, 2003.
produced the lowest level of TBA reacting substance. Relationships of Rancimat and AOM values at

The induction period is a characteristic of oxidative varying temperatures for several oils and fats.
stability of the edible oils and fats [7]. The oxidative JAOCS., 80(2): 151-155.
stability (induction period at 100°C) as a function of 8. Shahidi, F., P.K. Janitha and P.D. Wanasundara,
antioxidant level stated stark correlation between 1992. Phenolic antioxidants. Critical Reviews in Food
antioxidant effect and level of OWC added which in Science and Nutrition, 32(1): 67-103.
agreement  with  the finding of De Leonardis et al. [22] 9. Pratt, D.E. and B.J.F. Hudson, 1990. Natural
who  reported the same results for the olive oil waste antioxidants not exploited commercially. In: B.J.F.
water extract in protection lard treated with different Hudson, (Ed.), Food Antioxidants. Amsterdam:
levels of olive oil waste water extract (30 - 350 ppm). Also, Elsevier, pp: 171-192.
Amro et al. [24] demonstrated that olive cake prevents 10. Aldini, G., A. Piccoli, G. Beretta, P. Morazzoni, A.
lipid oxidation, has potent free radical scavenging activity Riva, C. Marinello and R.M. Facino, 2006.
and reducing power activity. Antioxidant activity of polyphenols from solid olive

It could be concluded that olive waste cake extract at residues of Cv. Coratina. Fitoterapia, 77: 121-128.
200 ppm and higher levels can effectively stabilize 11. Niaounakis, M. and C.P. Halvadakis, 2004. Olive-Mill
sunflower  oil as compared with BHT at its legal limit, Waste Management, first ed. Typothito-George
since  the higher olive waste cake (400 and 600 ppm) Dardanos, Athens.
levels  were  superior in protecting sunflower oil during 12. Visioli,  F.,  A.   Romani,   N.   Mulinacci,   S.  Zarini,
the heating at 180 ± 5°C, since it improved resistance of D. Conte and F.F. Vincieri, 1999. Antioxidant and
sunflower oil against thermal deteriorative changes. other biological activities in olive oil mill waste water.
Therefore, olive waste cake can be recommended as a J. Agricultural and Food Chemistry, 47: 3397-3401.
potent source of antioxidants for the stabilization of food 13. Abo-Zaid M.A., S.A. Farag and M. Saad, 1993.
systems, especially unsaturated vegetable oils. Identification and purification of the phenolic
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