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ABSTRACT

Deodorizer distillates of cottonseed oil (DODC) and palm oil (DODP) contained
moisture 0.54, 0.46 unsaponifiable matter% 9.0, 14.9 tocopheralo %0.14, 2.15
oxidized fatty acid %0.51, 0.84, acid value 10.35, 145.65, saponification value 182.4,
176.0 and peroxide value 3.74, 5.91 respectively. Using different concentrations (0.05,
0.1 and 0.3%) of unsaponifiable matter (USM) for each DOD increased the stability of
sunflower seed oil. The results indicated that USM of DODP was more effective as
natural antioxidant than that of DODC.

Keywords: Deodorizer distillate, Cotton seed oil. Palm oil, Sunflower seed oil,
Unsaponifiable matter.

INTRODUCTION

Deodorization (Caustic or Physical refining) is the last major processing
step in refining of edible oils. It is responsible for removing the undesirable
ingredients present in natural fats and oils. Fraction produced from the
deodorization process called, deodorizer distillate, contains the volatile
organic material which is steam distilled during the deodorization of fats and
oils. This distillate contains tocopherols, sterols, and hydrocarbons which are
considered as valuable raw materials for production of natural antioxidant
(tocopherol) Hui (1996) and O Brien (2004).

Antioxidants such as butylated hydroxy toluene (BHT), butylated
hydroxy anisole (BHA) and propyle gallate (PG) are usually added at different
concentrations ranged from 50 to 200 ppm to fats and oils to suppress the
development of peroxide during food storage. Recently, there has been some
discussions about the undesirable effect of synthetic antioxidants, as dietary
administration of (BHT) to rats caused fatal hemorrhages in pleural and
peritoneal cavities and in organs such as epididymis, tests and pancreas,
(Verhagen, 1989). Also, BHT caused changes in rat thyroid stimulation of
(DNA) synthesis and induction of enzyme BHA which had toxic effects,
(Williams 1990). However, these antioxidants are approved for food use
within limits. (Chen, et al., 1992) and Meza et al. (1999). However, over the
past few years increase consumer demand for more natural "preservative
free" products has led the food industry to consider the incorporation of
natural antioxidants in a range of products. The use of natural antioxidants
has the advantage of being more acceptable by the consumers as these are
considered as "no. chemical”. In addition , they do not require safety tests
before being used.
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This deodorizer distillate cause problems to the Egyptian problems
since they discard it in the Nile water as it kills the fish and pollute the water,
so that a trial for the utilization of its unsaponifiable matter, should be of a
high value. Kamal — EIl. Din and Andersson (1997). compared the tocopherol
levels in some oils, and found that the different oils contained various
tocopherols with different concentrations. Parkhurst et al. (1968) studied the
effect of various concentrations of tocopherols and tocopherol mixtures on
the oxidative stability of lard sample at 97°C. The antioxidant effectiveness of
the tocopherol was found to increase in the order a, y, 8. The antioxidant and
efficiency of all tocopherols decreased with increasing its concentrations of
such that addition of any single tocopherol above a concentration of 250 pg/g
had little effect on oxidative stability. No antioxidant activity of a mixture
equivalent to that of an average peanut oil sample, containing 150 ug/g of a-
tocopherol and 250 pg/g y-tocopherol and 15 ug/g of-6-tocopherol was found
to be more stable than that containing 250 pg/g of y-tocopherol alone. Jung
and Min (1990) studied the effect of 0, 100, 500 and 1000 ppm of q, y, &-
tocopherol on the oxidative stability of purified soybean oil in the dark at
55°C. They found that the optimum concentrations of a,y,5- tocopherols
requested to increase oxidative stability were 100, 200 and 500 ppm,
respectively, as it had a significant prooxidant effect at higher concentrations.
Satue et al. (1995) studied the effect of natural antioxidants (a- tocopherol at
levels of 100 and 500 ppm) on the oxidative stability to olive oil, They found
that the a-tocopherol at 100 ppm was effective antioxidant while it showed a
prooxidant effect at higher concentration (500 ppm).

Hallabo (1977) found that the stability of refined cotton seed oil at
100°C increased from 8.5 hours to 31.5, 26.5 and 14 hours (equal to 3.7, 3.1
and 1.64 relative stability) when the unsaponifiable matter of soybean oil was
added in concentrations of 0.1,0.2 and 0.3% respectively. Khalil et al (2001)
reported that addition of unsaponifiable matter of crude olive pomace oil to
sunflower increased its induction period from 6 days to 6.4, 6.8, 6.9 and 7.3
days by using concentration at 100, 200, 500 and 1000 ppm respectively.
Malecka, (2002). reported that the addition of 0.3% form the USM isolated
from tomato seed oil showed higher antioxidants activity than addition of
0.02% BHA and USM from oat grain or wheat germ oil. As- avenasyerol and
citrostadienol as well as tocopherol that were identified in USM of tomato
seeds oil could be responeble for its potential antioxidants activity. Similar
results were obtained by EL — Bastawesy et al. (2007 & 2008), who reported
that peach, tomato, grape and mango seeds are considered rich sources of
natural antioxidants. The methanolic extracts of these seeds had high
antioxidants activity more than that of BHT.

Therefore, this work was carried out to evaluate the utilization of the by-
products of deodorization process produced during refining of both cotton
seed oil and palm oil as sources of unsaponifiable matters rich in tocopherols.
and their utilization as natural antioxidants in sunflower oil that should be of
quite high value for oil industry.
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MATERIALS AND METHODS

Materials:

The following materials were used in the present investigation:
Deodorizer distillate of palm oil (DODP) was obtained from Misr Gulf Oil
Company, Attakah — Suez Egypt during physical refining process at 240°C
and a pressure of 3 mm Hg. Deodorizer distillate of cotton seed oil (DODC)
during deodorization process at 180°C and pressure of 10mm. Hg and
refeined sunflower used obtained from Cairo Oil and Soap Company, El-
Aiyat factory, Giza Egypt.

Standards: a,y, & ©- tocopherols were obtained from Hoffmann —
Laroche company L.td., Pasle, Switzerland. All organic solvents were purified
according to the methods outlined by Vogel (1973). All chemicals used were
analytical grade.

Methods:

Moisture was determined in DODP and DODC according the AOCS
(1984) and acid, saponifactian, ester and peroxide values. Beside total fatty
acids, free fatty acids, oxidized fatty acids, glycerides and unsapouifiable
matters percentages were determined in DODP and DODC according to
AOCS (1984) methods. Stability of sun flower seed oil was measured by
using oven test at 63C° according to Cocks & Rede (1966).

Acid, peroxide, saponification, iodine values and unsaponifiable matter
were determined in sunflower seed oil according to AOCS. (1984) methods.

Total tocopherols were determined in DODP, DODC unsaponifiable
matters and sunflower seed oil according to the method of Wong et al. (1988)
as follows: Two hundred +10 mg of the sample were weighed accurately in a
10 ml volumetric flask. Five mlis of toluene were added by pipette and the
sample dissolved. Three and one half ml of 2,2 bipyridine (0,07 % WI/V in
95% aqueous ethanol) and 0.5 ml of FeCl; 6H,0 (0.2 % w/v in 95% aqueous
ethanol) were added in that order. The solution was made up to 10 ml with
95% aqueous ethanol after standing for one min. The absorption at 520 nm
was measured using (Spectronic 20) against a reference of a blank solution
that was prepared as above but omitting the sample. Solutions were
protected from strong light during color development. The method was
calibrated by preparing standard solutions, contains 0-100 pg of pure a-
tocopherol in 10 ml of toluene and then analyzed as above. The
concentration of tocopherol in pg in the samples was calculated from the
standard curve.

Extraction of unsaponifiable matter of DODP and DODC:

The total unsaponifiable matters of DODP and DODC were extracted
by using alkali solution according to AOAC (1990).

Efficiency of unsaponifiable matter as a natural occurring antioxidants:

The unsaponifiable matter extracted with alkali from DODP and DODC
were added at 0.05%, 0.1% and 0.3% to the sunflower oil after evaporation of
solvent. The oxidative stability was determined by the oven test method of
Cocks and Rede (1966). An oil sample (100 gram) was placed in a 200 ml
beaker covered with a watch glass and incubated at 63+0.5°C and peroxide
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value measured every 24 hours for up to 1483 hours. Peroxide value
reversed time was plotted and induction period determined according to
Hallabo, (1977) to evaluate the unsaponifiables as natural occurring
antioxidant. Also, concentration of 100, 200 ppm of a- tocopherol was used
as antioxidant and its efficiency was compared with that of the
unsaponifiable matter.

RESULTS AND DISCUSSION

Chemical composition of deodorizer distillates:

Chemical composition of deodorizer distillates of both palm and cotton
seed oils (DODP and DODC) was determined. Form the results shown in
Table (1), it is noticed that moisture content in the DODP and DODC was
0.46 and 0.54% respectively. The results are in agreement with those
obtained by Basiron (1996) and Ghosh & Bhattacharrya (1996).Also, it could
be noticed that the free fatty acids content of the DODP and DODC were
found to be 69.80% and 5.03%, respectively. Such difference might be due to
the different conditions used during refining,. Deodorizer distillate of palm oll
was essentially produced during physical refining process which was carried
out at high temperature and low pressure (240°C and 3mmHg). These
conditions decreased the FFA content of oil; being deodorized to quite low
acid values than that obtained by the ordinary normal deodorization
conditions and hence FFA content will increase in DODP. DODC was
produced from oil that was alkali refined and subjected to only 180°C, and 10
mm Hg for its deodorization, hence FFA are not stripped in the DODC.

Schmidt (1989) reported that physical or steam refining might be able
to lower the free fatty acid content in the oil to be between 0.02 and 1% down
to be only 0.02-0.03%. However. Arnold (1977) found that the physical
refining could produce refined oil containing only 0.03% FFA from crude palm
oil containing 5% FFA. Meanwhile, during refining of cotton seed oil that was
carried out with caustic refining, the FFA in caustic refining was mostly
removed in soap stoke. The deodorization process was carried out at lower
temperature and high pressure (180°C and 10 mm Hg). These results are in
agreement with those reported by Abd El-Aziz (1985), who found that the
FFA of DODC contained 18.56% FFA, while Jones (1996) reported that the
FFA of DODP was 70%. Acid value of DODP and DODC was 145.56 and
10.35, respectively. The acid value of DODP was more than that of cotton
seed oil, which is due to the higher content of FFA in the first one.
Ramamurthi and McCurdy (1993) confirmed that the acid value of canola,
mixed canola and soya, and soya deodorizer distillates was 157.6, 5, 64.8
and 44.8%. respectively. From the-same results mentioned in Table (1), it
could be observed that the saponification values of DODP and DODC. were
176.00 and 182.40, respectively. Ghosh & Bhattacharyya. (1996) reported
that the saponification value of sunflower oil deodorizer distillate was 138.1.
Meanwhile, Ramamurthi, & McCurdy (1993) mentioned that the
saponification value of canola and soya deodorizer distillate was 163 and
72.8, respectively. Bondioli et al. (1993) reported that the saponification value
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of olive oil deodorizer distillate was 49.6. Also, from the results reported in
Table (1), it could be observed that the ester value of DODP and DODC more
30.35 and 172.05 respectively. The ester value of DODC was more higher
than that of the DODP, which is due to the higher percentage of esterified
fatty acids in the first compared to the second. Also, it can be noticed that the
peroxide value of DODP and DODC was 5.91 and 374 milliequivalent/kg
DOD. respectively. These results confirmed with those obtained by Abd El-
Aziz (1985) who reported that the peroxide value of DODC (on fresh weight
basis) was 3.4%. El-Mallah et al. (1990) reported that the deodorizer distillate
contained peroxides that are formed by mild oxidative of oils during
processing. Basiron (19965) mentioned that the DODP contained more
volatile odoriferous and oxidated products than the original oil. The total fatty
acid percentage in the DODP and DODC was 84.64% and 90.27%,
respectively while the estrified fatty acids (glycerides, mono, di and tri) were
14.84% and 85.24% respectively. The high glycerides content in DODC
results from the method used for each production. The DODC was obtained
after neutrilization of the crude oil with alkalil and hence, all FFA are estrified
to soap. Oxidized fatty acids of DODP and DOPC were 0.84 and 0.51%,
respectively. According to the results in Table (1), the total tocopherol in
DODP was 2.15% (21500 ppm) [as a-tocopherol from standard curve], whilte
total tocopherol of DODC was 0.14% (1400 ppm). The higher amount of total
tocopherol of DODP than that of DODC, could be due to the different
conditions of refining processing, since physical refining process causes a
high reduction of tocopherol that resulted from the high temperature used
during refining. Wong et al. (1988) mentioned that, during steam refining and
deodorization processes, there was a substantial reduction in tocopherol
content, from 907-920 ppm in the feed degummed and bleached olein to 636
ppm in the refined, bleached and deodorized oil. Cvengros (1995) reported
that the physical refining of edible oil reduced phytosterol and mainly
tocopherols. Also, conventional method (caustic refining) of cotton seed oil
used basic solution in neutralization. The basic solution leads to degradation
of tocopherol, so that the tocopherol content is lower than that in DODC.
Rudy and Senkownski (1974) mentioned that the basic solutions in presence
of oxygen leads to a rapid oxidization of tocopherol into quinine. Jones (1996)
reported that the crude cotton seed oil contains about 1000 ppm tocopherols
but up to one third could be lost during refining. The deodorization step
removes tocopherols from the oil, but they may be recovered from the
distillate and sometimes marketed as by-product. These amounts are more
than that obtained by Abdul-Gapor (1984)who reported that total tocopherol
in DODP was 0.4% (4000 ppm). ElI-Mallah et al. (1990), reported that the
total tocopherol in deodorizer distillate of soybean oil reached up to 2%.
Ramamurthi and McCurdy (1993) reported that the total tocopherol contents
in deodorizer distillate of canola, mixed canola and soya were 1%, 4.15 %
and 12.74%, respectively. Also, Brunner et al (1991) mentioned that the total
tocopherol in deodorizer condensate of soybean oil was 11.6 % (2.2 a and
9.3 v, B and &-tocopherols). Ghosh & Bhattacharyya (1996) confirmed that
the total tocopherol in sunflower oil deodorizer distillate was 4.8%. According
to. the results shown in Table(1), the unsaponifiable matter in the DODP and
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DODC was 14.90% and 9.00% respectively. These results confirmed those
obtained by Abd EI- Aziz (1985) who reported that the unsaponifiable matter
of deodorizer distillate of cotton seed oil was 10.6%, and also those obtained
by Abdul Gapor et al. (1989) and Basiron (1996) who found that the
unsaponifiable matter of DODP was 15.34%. Frank (1976) reported that
deodorization reduced unsaponifiable matter content of soybean oil by about
60%. Meanwhile. Ramamurthi & McCurdy (1993) found that the
unsaponifiable matter of canola and soya deodorizer distillates was 14.6%
and58.1%, respectively. On the other hand, Ghosh & Bhattacharyya (1996)
reported that the unsaponifiable matter of sunflower oil deodorizer distillate
was 24.9%.

Table (1): Chemical properties of DOD of palm and cotton seed oils.

Properties DODP DODC
Moisture (%) 0.46 0.54
Free fatty acids (%) 69.80 5.03
Acid value 145.65 10.35
Saponification value 176.00 182.40
Ester value 30.35 172.05
Peroxide value 5.91 3.74
Total fatty acids (%) 84.64 90.27
Glycerides % (mono, di and tri) 14.84 85.24
Oxidized fatty acids (%) 0.84 0.51
Total tocopherols (%) 2.15 0.14
Unsaponifiable matter (%) 14.90 9.00

Chemical composition of the unsaponifiable matters extracted from
DODP and DODC.

Unsaponifiable matters extracted from DODP and DODC after
saponification with alkali were analyzed for their contents of sterol, tocopherol
and total hydrocarbon using TLC and Densitometer for quantitative
identification percent of each component. From the results presented in Table
(2), it is noticed that the unsaponifiable matter extracted from DODP after
saponification with alkali contains 5.93% sterols, 22.53% total tocopherols
and 43.00% hydrocarbons.

It is clear that the major component of the unsaponifiable matter of
DODP was found to be hydrocarbon compounds and tocopherols; while the
minor components were sterol and unkown compounds amounted to 28.54%
Also, from the results shown in Table (2), it is observed that the
unsaponifiable matter of DODC contained 12.93% sterol, 17.88% total
tocopherol and 51.89% hydrocarbon, while the unkown compounds
amounted to 27.1%. These results indicate that the unsaponffiable matter
extracted from DODP after alkali treatment contains more a,y, d-tocopherol
and less sterol and total hydrocarbon than that extracted from DODC after
the same treatment. These results are in agreement with those of Abd El-
Aziz (1985), who reported that the major component in unsaponifiable matter
extracted from DODC by alkali method was hydrocarbon, while minor
component was sterol.
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Table (2): Fractionation and identification of unsaponifiable matter from

DODP and DODC after saponification with alkali

Component USM of DODP% USM of DODC%
Sterol 5.93 12.93
Unknown 6.95 6.02
0 — tocopherol 6.17 4.38
Unknown 9.72 --
y-tocopherol 5.53 4.84
a-tocopherol 10.83 8.66
Unknown -- 2.20
Unknown 8.62 6.59
Unknown 3.25 12.29
Hydrocatrbon 43.00 51.89

Chemical properties of sunflower oil used for estimation of its stability:

Acidity, acid value, peroxide value, saponification value, iodine value,
unsaponifiable matter tocopherol (ppm) and stability at 63°C in hours were
determined in the investigated refined sunflower oil. These properties will give
an idea about the quality of oil under investigation and its freshness, and the
obtained results are shown in Table (3). From the results shown in Table (3) it
could be noticed that the acidity and acid value were 0.06% and 0.12,
respectively. These results indicate that the oil was not subjected to hydrolytic
rancidity in the seed before extraction. The peroxide value was found to be
only 0.35 millequivalent/kg oil, which indicates also the freshness of the oil.
Saponification value of sunflower oil was 189 and iodine value (Hunus) was
124.88 and both values are within limits for sunflower seed oil according to
Egyptian Standard for Edible Oils (1993) and AOCS (1984).The
unsaponifiable mater of sunflower oil was 1.28% and tocopherol content was
716 ppm. Such results are in agreement with those of Basiron (1996), who
reported that the unsaponifiable matter of refined sunflower oil was 1.2% and
tocopherol content was 700 ppm. Stability of sunflower oil by oven test at
63°C was 690 hours.

Table (3) Chemical properties of sunflower seed oil.

Properties Value
Acidity (%) 0.06
Acid value 0.12
Peroxide value 0.35
Saponification value 189.0
lodine value 124.88
Unsaponifiable matter % 1.28
Tocopherol (ppm) 716.00
Stability in hours at 63°C 690.00

Effect of addition of a-tocopherol standard on oxidative stability and
relative stability of sunflower seed oil:

Addition of a-tocopherol with different concentrations (100 and 200
ppm) on the oxidative stability and relative stability of sunflower oil is shown
in Table(4). From the results, it could be observed that the induction period of
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sunflower oil alone (control sample) at 63°C was 690 hours; while addition of
100 and 200 ppm a-tocopherol caused a noticeable increase in the induction
period of sunflower oil compared to that of control. Addition of 100 ppm a-
tocopherol increased the stability by 230 hours (to 920 hr.); while addition of
200 ppm a-tocopherol increased the stability by 300 (to 990 hr). From the
above mentioned results, it could be noticed that the stability of sunflower
seed oil increased with increasing concentration of a-tocopherol. These
results are in agreement with those of Soliman et al. (1990), who found that
addition of DL - a-tocopherol between 250-500 ppm reduced the rate of
oxidation in sheep and camel fats. Also Jung & Min (1990), found that the
peroxide value of soybean oil containing 100 ppm a-tocopherol was lower
than that of control sample at 63°C. From the results in Table (4), it could be
noticed that the relative stability increased with increasing concentrations of
a-tocopherol. The relative stability of control sample was 100%, while the
relative stability after addition of 100 and 200 ppm tocopherol were 133.3%
and 143.5%, respectively.

Table (4) Stability and relative stability of sunflower oil mixed with
different concentrations of a- tocopherol.

a-tocopherol concentrations (ppm)
Control 100 200
Stability in hours 690 920 990
Relative stability % 100 133.3 143.5

Effect addition of unsaponifiable matter separated from DODP and
DODC by saponification method on the oxidative stability and relative
stability of sunflower seed oil.

Effect of addition of different concentrations of unsaponifiable matter
(0.05, 0.1, 0.3%) separated from DODP and DODC by saponification method
on the oxidative stability and relative stability of sunflower oil is tabulated in
Table (5). From the results it is clear that the induction period of sunflower oil
without any addition at 63°C was 690 hours. On the other hand, the
sunflower oil after addition of 0.05%, 0.1% and 0.3% unsaponifiable matter of
DODP (containing 69.7, 139.9 and 418.2 ppm total tocopherols) caused an
increase in the induction period of oil at 63°C from 690 hours for control
sample to 890, 1000 and 1080 hours, respectively. From the above
mentioned results, it could be observed that the stability increased with
increasing the concentration of unsaponifiable matter. Hence, addition of
0.05% unsaponifiable matter (69.7 ppm tocopherols) increases the stability
by 200 hours compared to control, while addition of 0.1% (139,9 ppm
tocopherols) and 0.3% (418.2 ppm tocopherols) caused a noticeable
increases in the stability by 310 and 390 hours, respectively.
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Table (5): Stability and relative stability of sunflower oil in presence of
unsaponifiable matter separated from DODP with
saponification method.

Unsaponifiable matter concentrations
Control[DODP| DODC | DODP | DODC | DODP | DODC
0.05% 0.10% 0.30%
Stability in hours 690 890 690 1000 700 1080 720
Relative stability 100 ]128.9 100 144.9 101.4 156.5 104.3

Also, from the same results it is clear that the relative stability of
sunflower oil (control) was 100%, while addition of 0.05%, 0.1% and 0.3%
unsaponifiable matter into the same oil led to an increase in the relative
stability to 128.9%, 144.9% and 156.5%, respectively. Comparing these
results with than obtained in Table (4), it is clear that addition of 200 ppm
tocopherol increased the stability of sunflower oil by 43.5%, compared with
control, while addition of 139.3 ppm tocopherol (0.1% unsaponifiable matter)
increased the stability by 44.9%. This result indicate that tocopherol in the
unsaponifiable matter increased stability more than the equivalent weight of
tocopherol alone, this may be due the presence of other components besides
tocopherols in the unsaponifiable matter that acted as antioxidant towards
oxidation such as squalene and sterols. These results are in agreement with
that obtained by Hallabo (1977) who found that the stability of refined cotton
seed oil increased from 8.5 hours to 31.5. 26.5 and 14.0 hours (equal to 370,
310 and 164%, relative stability), respectively. Satue et al. (1995),, reported
that the addition of 100, 500 and 1000 ppm of a-tocopherol to purified olive oil
kept in the dark at 40°C, acted as powerful antioxidant was greater at 100
ppm than at higher concentrations.

On the other hand from the results in Table (5), it is observed that the
stability of control sample was 690 hours, while the stability of other samples
containing 0.05% (17.4 ppm tocopherol) 0.1% (34.8 ppm tocopherol) and
0.3% (104.4 ppm tocopherol) unsaponifiable matter of DODC was 690, 700
and 720 hours, respectively. These results indicate that the stability of control
sample was found to be equivalent to that containing 0.05% unsaponifiable
matter, while addition of 0.1% and 0.3% unsaponifiable matter led to only
minor increase in the stability by 10 and 30 hours, respectively. Moreover, the
relative stability of both control and 0.05% unsaponifiable matter led to minor
increase with increasing the concentration since it reached to 101.4 and
104.3%.

Comparing with the results in Table (4), it could be observed that the
relative stability of sunflower oil containing 0.3% unsaponifiable matter of
DODC (104.4 ppm tocopherol) was 105.1%, while the relative stability of
sunflower oil containing 100 ppm standard tocopherol was 133.3%.

Finally, one can conclude that the deodorizer distillate produced from
chemically refined (DODC) could not be used as natural antioxidant because
it has little antioxidant effect due to its low content of natural antioxidant. On
the other hand, the deodorizer distillate produce from physical refining of
palm oil (DODP) could be used as a good source of natural antioxidant due to
its relatively high content of natural antioxidant.

9



Hallabo, S.A.S. et al.

REFERENCES

Abd El-Aziz, S.M.G.(1985). Chemical and biological evalution of
unsaponifiable matter of vegetable oils ph.D. Thesis, Fac., of Agric.,
Cairo Univ.

Abdul-Gapor, M.T.; Ong, A.S.; Keto, A.; Watamable, H. & kawada, T.(1989).,
Antioxidant activity of palm vitamin E with special reference to
tocotrienols. The International Journal of Oil Palm Research and
Development, 1, no, 1, 63-67.

AOAC. (1990). Official Methods of Analysis of the Association of Official
Analytical Chemists. 15. ed. Published by the Association of Official
Analytical Chenists. Arlington, Virginia. U.S.A.

AOCS.(1984). Official and Tentative Methods of the American Oil Chemists
Society, 502, S02. South. Sixth Street, Champaign, lllinois, 61820.
Arnold, G.M. (1981). Deodorization and finished oil handling JAOCS.58: 175-

184.

Basiron,Y.(1996). Palm oil. In: Bailey's industrial oil and fat products. Fifth
edition, edited by Y.H. Hui. Awiley. Interscience Publication. John Wiley
and Sons, Inc. New York. Chichester. Brisbane. Toronto. Singapore.
Volume 2, pp. 271-375.

Bondioli, P; Mariani, C.; Lanzani, A.; Fedeli, E. & Muller, A. (1993). Squalene
recovery from olive oil deodorizer distillates. JAOCS, 70: 763-766.
Bruner, G.; Malchow, T.; Stuerken, K. & Gottschau. T. (1991). Separation of
tocopherols from deodorizer condensates by counter current extraction

with carbon dioxide J. Supercrit. Fluids. 4, no. 1. 72-80.

Chen, Q, Shi, H. & Ho, C. T. (1992): Effect of rosemary extracts and major
constituents on lipid oxidation and soy bean lipoxygenase activity. J.
AOCS. Soc., 69: 999 — 1002.

Cocks, L.V. & Rede, C.V.(1966). Laboratory handbook for oil and fat analysis.
Academic Press, London and New York.

Cvengros, J. (1995). Physical refining of edible oils JAOCS.72: 1193-1196.

Egyptian Standard for Edible Oils (1993). Vegetable edible oils. No. 49.
Egyptian Organization for Standardization and Quality Control. U. A. R.

EL — Bastawesy, Amal M.; EL — Refai, A.A. & Zakaria, M.M (2007). Grape
and mango seeds as untradional sources of edible oils, antioxidants
and antibacterial compounds. Mansoura J. of Chemistry, 34, 17-36.

EL — Bastawesy, Amal M.; EL — Refai, A.A. & Moustafa, M.Z. (2008).
Utilization of peach and tomato as unconventional sources of edible
oils as natural antioxidants. Egypt J. Agric. Res 86, 275 -289.

El-Mallah, M.H., EI-Shami, S.M. & Zaher, F.A. (1990). Studies on
deodorization distillates of soybean oil as potential sources of natural
tocopherols. Seifen Ole-Fette — Wachse, 116 no. 6, 199-201.

Frank, E.S, (1976). Steam refining. JAOCS 53; 358-360.

Ghosh, S. & Bhattacharyya, D.K. (1996). Isolation of tocopherol and sterol
concentrate from sunflower oil deodorizer distillate JAOCS, 73; 1271-
1274,

10



J. of Food and Dairy Sciences, Vol. 1 (1), January, 2010

Hallabo,S.A.S(1977). Chemical studies of naturally occurring unsaponifiable
matter in some vegetable oils Ph.D. Thesis, Fac. of Agric. Cairo Univ.

Hui, . Y. H (1996). Bailey's industrial oil and fat products. Edible oil and fat
products. Oils and oilseeds. 5 Ed. Vol. 2.A Wiley. Interscience
Publication John Wiley and Sons, Inc. New York, Chichester, Brisbane,
Toronto, Singapore.

Jones, L. (1996). Cotton Seed Oil .. In: Bailey's industrial oil and fat products.
Fifth Edition Edited by Y.H. Hui Awiley. Interscience Publication. John
Wiley and Songs. Inc. New York, Chichester. Brisbane, Toroto,
Singapore, Vol 2.

Jung, M.Y. & Min, D.B. (1990). Effects of a , y, & ©, tocopherols on oxidative
stability of soybean oil J. Food Science, 55 : 1464-1465.

Kamal-EI Din, A. & Andersson. R. (1997).A multivariate study of the
correlation between tocopherol content and fatty acid composition in
vegetable oils. JAOCS,74:375-380.

Khalil, M. F; EL- Nikeety, M,M, Hallabo, SA; & Eid, M.M (2001). Studies on
packing materials and a new source of natural antioxidants from olive
leaves. The third International Conference and Exhibition for Food
Industries Quality Control. 17-19 June. Alex.

Malecka, M. (2002). Antioxidant properties of the unsapouifiable matter
isolated from tomato seeds, oat grains and wheat germ oil. Food
Chemistry. 79, 327-330.

Meza, N.; Rodriguez, N.; Juarez, M.; Garcia, J.; Casanova, R. & Guerrero, A.
(1999). Antioxidant activity in soybean oil of extract from Thompson
grape bagasse. J.A.O.C.S. 76. 1445-1447.

O Brien. Richard D. 52004). Fats and oils. Formulating and Processing for
Applicaticus 2" Ed. CRC press. Boca Raton, London, New York,
Washington D.C.

Parkhurst, R.M; Skinner, W.A. & Prisicilla. A. (1968). The effect of various
concentrations of tocopherols and tocopherol mixtures on the oxidative
stability of a sample of lard. JAOCS, 45 : 614 — 642.

Ramamurthi, S. & McCurdy. A.R. (1993). Enzymatic pretreatment of
deodorizer distillate for concentration of sterols and tocopherols.
JAOCS, 70 : 287- 295.

Rudy, B.C. & Senkownski, B.Z. (1974). Alpha tocopherol acetate. In:
Analytical profiles of Drug Substances. Edited by k. Florey/ Academic
press, New York, San Francisco London. Vol. 3.

Satue, M.T; Huang, S.W. & Frankel, E.N. (1995). Effect of natural antioxidant
in virgin olive oil on oxidative stability of refined, bleached, and
deodorized olive oil JAOCS, 72: 1131- 1137.

Schmidt, K.M. (1989). Sunflower oil processing manual Puplished by the
National Sunflower Association Bismaeck, North Dakota 5850/ U.S.A.

Soliman, M.A.; Abou — El — Maati, S.M. & Attia, A.M. (1990). Effect of dL —
alpha tocopherol addition on animal fats stability during storage.
Zagazig J. Agric. Res. 17 : 325 — 330.

Verhagen, H; Thitssen, H.W; Tenhoor, F. & Kleinjans, J.C.S.(1989).
Dispositon of single oral doses of butylated hydroxyl anisol in man and
rat. Fd. Chem. Toxic. 27 No. 3 pp 151-158.

11



Hallabo, S.A.S. et al.

Vogel, A.l. (1975). A text Book of Practical Organic Chemistry. 3" ed. English
Language Book. Society and Longmans Group Ltd.

Williams, G; M; Wang, C.X. & latropoulos, M.J. (1990). Toxicity studies of
butylated hydroxyl anisol and butylated hydroxyl toluene. Il Chronic
feeding studies. Fd. Chem. Toxic 27 No. 12 pp 799-806.

Wong, M.l.;; Timms, R.E. & Goh, E.M. (1988). Colorimetric determination of
total tocopherols in palm oil, olein and stearin. JAOCS, 65: 259-262.

Ol 3 Aad 1 A 3 Ads e iU il ALY pe o gall (e B2EELY)
Osadll J 93y aladialy 3auSl 3alias dagala 3 gaS Jiall

yaall ae Glali e g e 3 sana deal ¢ gdla da deal e

i) el — ey 406 — L0881 clelid) o

%0.54 e s sing Jaaill 55 il 553 31 AN AN ) il of an
oalaal 962,15 ¢90.14 «Js58 S5 %14.9 «%9.00 «cuaill ALl e 3 50 %0.46
Wl anaill 285 96176.00 <%182.4 ¢ oaesl 43 1) 96145.65 <910.35 530S 5 dia
s ) Y puaill ALY e ol gall dilaly s ¢ N 5ill e 5,91 ¢3.74 OIS 2S5 5l o8
530 s Adliaal o) gl 5016 53l 5 e il s (9490.3 <960.1 «960.05) <l 38 i uadl
Ohill 3y e 8l @l Jaadll Cuy ) e A geatall 3 sall ) Lyl cadiisall 38 5l
Aaruds 5auS] Cilalass
ope 3 gall — ualll lga iy — Jaddll cuy y — pladll ¢y — A3l I A ) sl Al <)

Ol AL

ol aSaty o8
By saiall drala — 4oyl 4 =l 3l ae aaal /o ]
8 ALl daala — 4l 3l A4S apall (5 pd dana fa ]

12



