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Abstract

Background: Vegetable oil blending is one of the most potent ways in improving and upgrading low stability cooking oils.
Objective: This study is chiefly concerned by the balance between saturated, monounsaturated and polyunsaturated fatty acids as
recommended by World Health Organization (WHO) as well as improving their oxidative stability. Methodology: Palm super olein was
blended with soybean and sunflower oils at different ratios, namely, 50:50, 55:45, 60:40, 65:35 and 75:25% w/w to identify the best
cooking oil blends in terms of fatty acid balance and other specific characteristics. Bioactive minor lipid constituents of cooking oils and
their blends including vitamin E, phytosterols, phytostanols, fatty acid components and oxidative stability were analyzed. Results: The
50:50 and 55:45% super palm olein:soybean or sunflower oil blend show the highest content of total tocopherols. While, the ratio of
65 and 75% of palm super olein blends to other oils, gave the highest amount of total tocotrienol which is the most potent antioxidants.
With reference to phytosterols composition, it was found that the ratio 50:50 and 55:45% super palm olein:sunflower oil blend show
highestamount of 5-, 7-stigmasterol, B-sitosterol, 7-avenasterol. While, the highest level of 5-stigmasterol and p-sitosterol was found
inthe blend of palm olein:soybean (50:50 and 55:45%). Most of phytosterols components exert antioxidant effects and enhance immunity
inthe human body. The ratio 55,60 and 65% of palm super olein to soybean or sunflower oils show nearly ideal proportion between fatty
acid groups. Conclusion: The addition of palm super olein to sunflower and soybean oils improves the oxidative stability of these oil
blends and increases their phytonutrient contents as well as the nutritional value of oil blends via the balance between fatty acids.
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INTRODUCTION

Vegetable oils are used for cooking and frying and these
oils have limited technological application in their original
forms because of their properties. To improving their
commercial application, vegetable oils are often modified
using hydrogenation, interesterification, fractionation and
blending'. Blending method is more important for vegetable
oils with different properties and is consider as one of the
simplest methods to create new specific characteristics.
Cooking oil blending has been acommon acceptable practice
in many countries.

Any single cooking oil can have low physical, chemical,
nutritional properties and limited oxidative stability. For
example, palm olein is widely used in Malaysia as cooking oil
while soybean oilin the United States is used as major cooking
oil. To maintain quality of vegetable oil, mixing oil is gaining
worldwide popularity due to its advantages not only can
change fatty acid profile but also increase the levels of
bioactive minor lipid componentsincluding powerful natural
antioxidants?3, Blended oil may have been incorporated
with health-improving through strengthened by minor
components from the blending partner that constitute the
mixture*. The use of blended oil is better than the single oil
alone thus reducing the risks of coronary heart disease due to
natural antioxidant contents and improved fatty acid
composition of the new oil>®. Recently, blending of common
edible oils with unconventional oils (rice bran, tomato, apricot
seed, grape seed and black cumin seed oil) rich in bioactive
lipid components which may leads to promote nutritional
and functional characteristics to the foods as well as increase
the oxidative stability”. Stability of vegetable oils is being
concerned to meet consumer satisfaction'. Toraise resistance
of soybean and sunflower oils against oxidation, blending with
specific oils having antioxidant potency is necessary'.

For these reasons, palm super olein was selected to
achieve this target. Palm super olein contains about 30%
tocopherols and 70% tocotrienols of the vitamin E content;
rendering it one of the richest specific sources of natural
antioxidants. Researchers have confirmed that tocotrienols
show different biological and physiological properties than
tocopherols'>>,

Concerning the fatty acid balance, World Health
Organization (WHO)'® recommended that the best balance
as follows: 1:1:1 of saturated, monounsaturated and
polyunsaturated fatty acids for generating the best LDL/HDL
ratio".

The formulation of balanced fatty acids as well as raising
the antioxidation potency via phytonutrient of the oil blends
have not been studied comprehensively.
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The present investigation is chiefly concerned with
the fatty acid balance as prerequisite, between saturated,
monounsaturated and polyunsaturated (S:M:P) fatty acids
(1:1:1) as recommended by WHO as far as possible. Mixing of
palm super olein (rich in tocotrienols) with soybean or
sunflower oils, recognized as common cooking oils in many
countries especially in Egypt, was in the following calculated
ratios 50:50, 55:45, 60:40, 65:35 and 75:25% w/w. The later
ratios verify the balance between S:M:P fatty acids in oil blends
(1:1:1).

Therefore, the main goal of this study is to prepare new oil
blends formulation with palm super olein to maximize high
nutritional value via fatty acid balance and oxidative potency.
The palm super olein, soybean, sunflower and their blends
were analyzed for its vitamin E, phytosterols, phytostanols and
fatty acid profiles using HPLC and GLC analysis. In addition, the
oxidative stability, expressed as induction period, was carried
out by Rancimat method for all the investigated oils samples.

MATERIALS AND METHODS

Materials: Palm Super Olein (PSO) was kindly supplied from
Agwaa Company Suez, Egypt. Soybean oil (SBO) and
sunflower oil (SFO) were purchased from the commercial
market in Poland.

All solvents of HPLC grade, 1 M methanolic KOH, sterol
standards and anhydrous pyridine was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Standards of tocopherols
were obtained from Calbiochem-Novobiochem (San Diego,
CA, USA), FAME standards and Sylon BTZ was purchased from
Supelco (Bellefonte, PA, USA).

Oil blends design: To achieve the balance between
saturated, monounsaturated and polyunsaturated fatty acids
in oil blends, the ratios calculated as follows: 50:50, 55:45,
60:40, 60:40 and 75:25 of oil blends depending on the fatty
acid composition of investigated pure oil samples. Palm super
olein was added to soybean oil or sunflower oil. The mixtures
of oils were placed in duplicates in 250 mL beakers for each
blend and were mixed by using a mechanical stirrer at
180 rpm for 15 min. The oil blends were mentioned as follows:

Oil blends Ratio of PSO:SBO or SFO w/w
PSO:SBO 50:50 55:45 60:40 65:35 7525
PSO:SFO 50:50 55:45 60:40 65:35 75:25

PSO: Palm super olein, SBO: Soybean oil, SFO: Sunflower oil

Methods
Vitamin E: Vitamin E (tocopherol and tocotrienol) analysis
was carried out by HPLC according to Balz et a/™® and
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Hassanien et a/'®, a solution of 250 mg of oil in 25 mL of
n-heptane was directly used for the HPLC. The HPLC analysis
was conducted using a Merck-Hitachi low-pressure gradient
system, fitted with aL-6000 pump, a Merck-Hitachi F-1000
fluorescence spectrophotometer (detector wavelengths
for excitation 295 nm, for emission 330 nm) and a D-2500
integration system. The samples in the amount of 20 mL were
injected with a Merck 655-A40 auto sampler onto a Diol phase
HPLC column 25 cm_4.6 mm ID (Merck, Darmstadt, Germany)
using a flow rate of 1.3 mL min~". The mobile phase used was
n-heptane/tert-butyl methyl ether (99:1, v/v).

Phytosterols and phytostanols: Phytosterol and phytostanols
content as well as composition were determined by GC
following the procedure described by AOCS Official Method
Ch6-91'920, Briefly, lipids (50 mg) were saponified with 1 M
methanolic KOH for 18 h at RT, then water was added and the
unsaponifiables extracted three times with hexane/methyl
tert-butyl ether (1:1 v/v). The solvent was evaporated under
a stream of nitrogen. Dry residues were dissolved in 0.2 mL
pyridine and silylated with 0.8 mL of sylon BTZ. Derivatives of
the sterols were separated on a HP 6890 series Il Plus (Hewlett
Packard, Palo Alto, USA) equipped with DB-35MS capillary
column (25 mX0.20 and 0.33 mm; J and W Scientific, Folsom,
CA). Sample of 1.0 mL was injected in split less mode. The
column temperature was held at 100°C for 5 min and then
programmed to 250°C at 25°C min~', held for 1 min, then
further programmed to 290°C at 3°C min~' and held for
20 min. The detector temperature was set at 300°C. Hydrogen
was used as the carrier gas at a flow rate of 1.5 mL min~". An
internal standard, 5a-cholestane, was used for sterols
quantification. Phytosterols and cholesterol were identified by
comparison of retention data with standards and GC/MS
(7890A/5975C VL MSD with Triple-Axis Detector, Agilent
Technologies Inc.,, Santa Clara, CA, USA) using the same
chromatographic conditions. Samples from autonomous
series were analyzed in triplicate.

Fattyacids: Methyl esters of fatty acids (FAME) were prepared
according to AOCS Official Method Ce 1 k-07"2', Diluted FAME
were separated on a HP 5890 series Il (Hewlett Packard,
Palo Alto, USA) equipped with an innowax capillary
column (30 m_0.20 mm_0.20 mm) and FID (FID). Hydrogen
was used as the carrier gas at flow rate of 1.5 mL min~". The
column temperature was isotherm 210°C. Detector and
injector temperatures were set at 240°C. Fatty acids were
identified by comparison of the retention times with authentic
standards and the results were reported as weight
percentages after integration and calculation using Chem.
Station (Agilent technologies).
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Oxidizability Cox value: The Cox value of the oils was
calculated by applying the formula proposed by Fatemi and
Hammond?%:

Cox value = {[C18:1(%)]+10.3x[ C18:2(%)] +21.6x[ C18:3(%)]} /100

Oxidative stability index: For determination of oxidative
stability of oils AOCS? Official Method Cd 12b-92 was used.
The Protective Factor (PF) of the investigated oils to indicate
the susceptibility to oxidation of oils and is expressed as
percentage extension of the induction period?, according to
the following equation:

_ IP sample-IP control "
|P control

PF 100

Statistical analysis: The obtained data were analyzed with
the statistical analysis software CoStat V6.4. Means were
compared using Least Significant Difference (LSD) at p<0.05.

RESULTS AND DISCUSSION

Vitamin E: The palm super olein oil (PSO) can be considered
as a good source of natural antioxidant (tocopherols,
tocotrienols) compared to other vegetable oil. Therefore, it
can be mixed with other oils to raise and improve stability.

Table 1and 2 show the total and concentration of vitamin
Ein cooking oil samples and their mixtures. Total tocopherols
content was the highest in SFO (768.6 ppm) followed by SBO
(576.3 ppm). The PSO contained the least amount of total
tocopherols (108.8 ppm) and highest amounts of tocotrienols
313.8 ppm. No tocotrienols were detected in SBO and SFO
while all tocopherols and tocotrienols profiles were observed
in PSO. The major vitamin E presentin PSO was a-tocopherols,
a, y and §-tocotrienols and their contribution was 25.1, 32.0,
26.5 and 11.3% respectively.

Fromtheresultsrecordedin Table 1and 2, it was noticed
that mixed oil samples contains higher level of total
tocopherols and total tocotrienol. Concerning tocotrienols
profiles in mixtures, it was found that when add 50, 55, 60, 65
and 75% of PSO to 50, 45, 40, 35 and 25 of SBO a-tocotrienol
appears at a level of 23.2, 26.8, 28.6, 28.8 and 28.5%
respectively. In addition, y-tocotrienols found at concentration
of 9.9, 10.6, 13.4, 15.3 and 18.3% respectively. However,
3-tocotrienol appears in mixture samples at concentration of
43, 48, 5.8, 5.8 and 6.0% respectively. Also, B-tocotrienol
present in reasonable content in mixture PSO:SBO. The same
observations occur in case of increasing addition of PSO to
SFO, it was noticed gradual increase in the levels of «, y and
8-tocotrienols which are not found in single SFO. It can be
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Table 1: Vitamin E profiles for palm super olein, soybean oil and their blends

Ratio of palm super olein:soybean oil (w/w%)

Vitamin E 100% SBO 50:50 55:45 60:40 65:35 75:25 100% PSO
Tocopherol (ppm)

a-tocopherol 69.5+0.169* 77.0%0.26 794%0.17¢ 83.61+0.18¢ 86.81+0.22¢ 91.2+0.22° 106.1+0.12°
B-tocopherol 5.9+0.212 2.6+0.08° 2.6+0.07° 2.0%+0.10¢ 1.4£0.06¢ 1.2£0.05¢ 0.0¢
y-tocopherol 314.5+0.142 128.0+0.31° 103.71+0.36¢ 84.81+0.24¢ 80.1£0.20¢ 72.6%0.15° 2.7£0.039
3-tocopherol 186.41+0.24° 442+0.32° 432+0.31¢ 23.540.09¢ 19.1+0.07¢ 16.4+0.06f 0.09

Total tocopherol 576.3 251.8° 228.9¢ 193.9¢ 187.4¢ 181.4f 108.89
Tocotrienol (ppm)

a-tocotrienol 0.0¢ 97.11+0.24 110.9+0.32¢ 112.440.12¢ 114.8+0.33¢ 117.910.25° 1356+0.14°
B-tocotrienol 0.0¢ 9.21+0.08f 9.5+0.25¢ 10.7£0.14¢ 11.4+0.11¢ 12.94+0.10° 18.2+0.24?
y-tocotrienol 0.0¢ 41404 439+0.31¢ 52.440.25¢ 60.6+0.21¢ 75.8+0.15° 112.3+0.31°
s-tocotrienol 0.0f 18.2+0.14¢ 19.8+0.25¢ 22.9+0.25¢ 23.1£0.32¢ 25.1%0.14° 4770112
Total tocotrienol 0.0¢ 165.9 184.1¢ 198.4¢ 209.9¢ 232.5° 313.8°

Total vitamin E (ppm) 576.3 417.5¢ 413.04 392.3f 397.3¢ 413,94 422.6°

PSO: Palm super olein, SBO: Soybean oil, *Means within a row followed by the same letter(s) are not significantly different according to Duncan’s multiple range

test

Table 2: Vitamin E profiles for palm super olein, sunflower oil and their blends

Ratio of palm super olein:sunflower oil (w/w%)

Vitamin E 100% SFO 50:50 55:45 60:40 65:35 75:25 100% PSO
Tocopherol (ppm)

a-tocopherol 744.5%0.13** 336.0+0.39° 307.3+0.25¢ 289.8+0.24¢ 257.1%£0.22¢ 241.410.14f 106.1+0.129
B-tocopherol 13.0+0.152 6.6+0.08° 5.7%0.02¢ 49+0.31¢ 45+0.11¢ 3.6+0.14 0.09
y-tocopherol 11.21+0.08° 6.310.36° 5.610.25¢ 47+0.16¢ 44+0.16¢ 4.1£0.15f 2.7£0.039
3-tocopherol 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total tocopherol 768.6 348.9° 318.6¢ 299.44 266.0° 249.1f 108.89
Tocotrienol (ppm)

a-tocotrienol 0.0¢ 70.910.19f 76.21£0.29¢ 79.3%£0.31¢ 84.4+0.12¢ 99.3+0.14° 1356+0.14°
B-tocotrienol 0.0f 9.1%0.16¢ 10.3£0.11¢ 10.8+0.41¢ 10.5+0.14< 12.6+0.21° 18.2+0.24?
y-tocotrienol 0.0¢ 43.240.25f 49.5+0.25¢ 52.5+0.15¢ 60.5+0.21¢ 65.110.34° 112.3+0.31°
s-tocotrienol 0.09 15.6+0.21¢ 14.9+0.24 16.3+0.11¢ 19.2+0.11¢ 20.7+0.22° 4770112
Total tocotrienol 0.0¢ 138.8 150.9¢ 158.9¢ 174.6¢ 197.7° 313.8°

Total vitamin E (ppm) 768.6° 487.7° 469.5¢ 458.3¢ 440.6 446.8° 422.69

PSO: Palm super olein, SFO: Sunflower oil, *Means within a row followed by the same letter(s) are not significantly different according to Duncan’s multiple range

test

concluded that the ratio of mixture 75 PSO:25 SBO or SFO is
preferable than that the other mixtures since gave higher
content total tocopherols and tocotrienols. It is noteworthy
that tocotrienols are strong antioxidant and health benefits?.
Now, tocotrienols have received more attention than
tocopherols, because they show a different biological
activities®. They also demonstrate great potential as an
anti-osteoporotic agent?. The PSO is especially rich in
tocotrienols, what could be a purpose to enrich of cooking
0ils (SBO and SFO). To improve the vitamin E of cooking oils
(SBO and SFOQ), it can be mixed with PSO as a source of a, y
and §-tocotrienol beside a-tocopherols. Cooking vegetable
oils which contained y and §-tocotrienol beside o, yand
d-tocopherols improve bioavailability of these oils. The two
isomers (y and §-tocotrienol) were reported to exert the most
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potent anti-cancer effects in several studies®?°. Blending of
PSO with SBO or SFO positively influenced on the vitamin E
content especially tocotrienols and can be recommended as
a safe and economic method of increasing the concentration
of these compounds in cooking oils. Increased the level of
tocotrienols in blended oils could be beneficial since
tocotrienols have been shown toinhibit cholesterol synthesis,
reduce plasma cholesterol levels as well as influencing other
risk factors for cardiovascular disease and suppress tumor-cell
proliferation?®2°,

Phytosterols and phytostanols: The contents of
desmethylsterols, 4-monomethylsterols and 4,
4-dimethylsterols as well as phytostanols were identified
in cooking oils samples (Table 3, 4). The total phytosterols
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Table 3: Phytosterols and phytostanols compositions for palm super olein, soybean oil and their blends

Ratio of palm super olein:soybean oil (w/w%)

Phytosterols 100% SBO 50:50 55:45 60:40 65:35 75:25 100% PSO
Desmethylsterols (ng g=')

Campesterol 181.1£11.8*  130.9%5.1° 127.0£4.9¢ 122.1£3.8¢ 115.9+4.6¢ 103314 80.9%1.3¢
Campestanol 1191422 54%0.2¢ 5.1£0.2¢ 44+0.1¢ 9.0+0.3° 1.6%0.1 0.09
A5-stigmasterol 146.7+8.5° 101.0+1.9° 943+1.2¢ 91.1+0.9¢ 84.0+1.0¢ 77.0%0.8f 50.6£0.49
B-sitosterol 557.9+32.1° 384.5+23.0° 369.2+14.0¢ 346.9%12.0¢  3320%15.1¢  2967%11.7¢  203.0%£9.7¢9
Sitostanol 46.6+1.72 22.0%0.7° 20.0£0.7¢ 19.24+0.8¢ 15.84+0.5¢ 11.9+0.4f 0.0¢
A5-avenasterol 0.09 8.010.2f 8.5+0.2¢ 9.6+0.1¢ 10.0+0.2¢ 12.0£0.3° 15.7%+0.52
4, 4-dimethylisterols (ngg~')

Cycloartenol 82.8+7.32 40.5+1.6° 354+1.3¢ 34.0+1.59 305+1.1¢ 224108 0.09

2,4 methylene-cycloartenol 12.8+0.52 6.0+0.3° 6.0+0.3° 5.0%0.2¢ 3.9+0.2¢ 3.5%0.1¢ 0.0¢

Total phytosterols and phytostanols (pg g=')

Total 1039.8° 697.8° 665.3¢ 632.3¢ 601.1¢ 528.4f 350.29

PSO: Palm super olein, SBO: Soybean oil, *Means within a row followed by the same letter(s) are not significantly different according to Duncan’s multiple range test

Table 4: Phytosterols and phytostanols compositions of palm super olein, sunflower oil and their blends

Ratio of palm super olein:sunflower oil (w/w%)

Phytosterols 100% SFO 50:50 55:45 60:40 65:35 75:25 100% PSO
Desmethylsterols (ng g~')

Campesterol 160.7 4.8 119.9+3.7° 117.5+4.0¢ 1123+4.0¢ 1103+33¢ 98.8+2.9f 80.91+1.89
A5-stigmasterol 119.1£3.8 88.2+3.1° 83.41+2.9¢ 79.7+3.0¢ 748+2.8¢° 70.1£2.8f 50.61+1.49
B-sitosterol 7784%11.2° 4937+19.6°  467.1+£185° 433.7%+151¢  398.34+9.9¢ 347.8+10.4f 203.0%£6.99
Sitostanol 141.8%1.3° 67.2£2.0° 61.3£2.1¢ 56.4%1.8¢ 46.6+1.0° 32.8+04f 0.0¢
A5-avenasterol 5.8%0.6° 9.9£0.2f 11.0£0.2¢ 11.8£0.2¢ 12.1£0.3¢ 13.610.2° 157104
A7-stigmasterol 137.8£3.6° 66.8+1.6° 59.4+1.4¢ 52.8+1.3¢ 459+1.1¢ 31.2%1.3f 0.09
A7-avenasterol 36.1£1.8° 16.7+0.4° 15.2%+0.3¢ 13.440.3¢ 11.6%+0.2¢ 8.0+0.2f 0.09

4, 4-dimethylisterols (ngg~')

Cycloartenol 93.3£5.3° 453%1.1° 43.1%£0.9¢ 36.0£0.6¢ 32.2+0.7¢ 21.8+0.3f 0.0¢

2, 4 methylene-cycloartenol 26.9%2.1° 12.5+0.3° 11.24£0.3¢ 9.6+0.2¢ 9.1£0.1¢ 6.5+0.1f 0.0¢
4-monomethyisterols (pg g=7)

Citrostadienol 65.2£2.8 31.3%1.10 27.2+1.1¢ 25.8+1.04 21.4+0.7¢ 15.3%+0.5f 0.09

Total phytosterols and phytostanols (ug g~')

Total 1565.1° 951.5b 896.4¢ 831.5¢ 762.3¢ 645.9 350.29

PSO: Palm super olein, SFO: Sunflower oil, *Means within a row followed by the same|

and phytostanols content in SFO were at the highest level
(1565.1 ug g="). The SBO was the second-richest source of
total phytosterols and phytostanols content (1039.8 ug g™),
followed by PSO (350.2 ug g7"). Incorporating of 50% PSO
with 50% of each SBO or SFO gave surpasses total phytosterols
and phytostanols than the other cooking oil blends. The total
phytosterols and phytostanols in all oil blends were higher
than that of individual PSO and less than single SBO and SFO.
From the results recorded in Table 3 and 4, it was noticed
that B-sitosterol, campesterol and A5-stigmasterol were the
major phytosterols in all investigated oil samples. When PSO
was incorporated with each SBO or SFO in different ratios, it
was noticed that there is an increase in A5-stigmasterol and
campesterol than that in single PSO. Concerning B-sitosterol,
it was found that the addition of 50% from PSO to SBO or
SFO (50%), causes an increase in the level of this sterol
than that the other cooking oil blends. Moreover, the levels of
B-sitosterol in all cooking oil blends are higher than that in
individual PSO.

etter(s) are not significantly different according to Duncan’s multiple range test

When PSOincorporated with SFO at different ratios, it was
noticed that the appearance of A7-stigmaand A7-avenasterol
in all SFO:PSO mixtures (which are not found in single PSO).
Concerning A5-avenasterol, increase the addition of PSO
to SFO cause a gradual increases of this sterol. Asa
result of mixing between cooking oils, 4, 4-dimethylsterols
(cycloartenol and 24  methylene-cycloartenol) and
4-monomethylsterols (citrostadienol) started to appear at
reasonable amounts which are not detected in individual
PSO. It is known that B-sitosterol control the levels, reduce
the activity of cancer cell, promote prostate gland
health and enhances immunity in the human body¥®.
Moreover, B-sitosterol, campesterol and stigmasterol have
antioxidant effects. The A5-avenasterol has an essential
anti-polymerization effect, which could conserve oils from
oxidation during cooking process®'. Recently, increased
interest in consumption of phytosterols is mainly responsible
for many health benefits products®2. Enrichment of human
food in natural phytosterols is convenient for the decreasing
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Table 5: Fatty acid profiles for palm super olein, soybean oil and their blends

Ratio of palm super olein:soybean oil (w/w%)

Fatty acids 100% SBO 50:50 55:45 60:40 65:35 75:25 100% PSO
Saturated Fatty Acid (SFA)

C12:0 0.1£0.0% 0.2£0.03¢ 0.2+0.01¢ 0.2£0.00¢ 0.3+0.11° 0.3£0.02° 0.4+0.02?
C14:0 0.1£0.0f 0.4%0.01¢ 0.4+0.01¢ 0.5+0.02¢ 0.8£0.02¢ 0.9£0.03° 1.0£0.03?
C16:0 10.2+0.319 22.941.03f 245+1.1¢ 25.0%+1.0¢ 26.6£1.0¢ 29.2+1.2° 349+1.3
C18:0 3.4+0.14° 3.1+0.13° 3.1x0.1° 2.8+0.12¢ 2.8+0.11¢ 3.0+0.13¢ 2.9+0.12¢
=SFA 13.89 26.6 28.2¢ 28.5¢ 30.5¢ 33.4° 39.2°
Monounsaturated fatty acid (MUFA)

c16:1 0.4%+0.012 0.2+0.0° 0.0 0.0 0.0 0.0 0.0

181 24.2+1.09 35.041.35f 36.3+1.2¢ 37.5+1.3¢ 38.8+£1.1¢ 40.5+1.3° 46.1£1.5°
TMUFA 24.69 35.2f 36.3¢ 37.5¢ 38.8¢ 40.5° 46.12
Polyunsaturated fatty acid (PUFA)

C18:2 56.4+2.152 35.8+1.26° 33.3%1.33¢ 31.8+1.54¢ 29.0+1.2¢ 24.8+1.3f 14.6£0.669
c18:3 52%0.132 2410.1° 2.2+£0.09¢ 2.2+0.08¢ 1.7£0.08¢ 1.3%+0.06¢ 0.1+0.0°
*PUFA 61.6° 38.2° 35.5¢ 34.0¢ 30.7¢ 26.1f 14.79
Relations

PUFA/SFA 4.5 1.40 1.3¢ 1.2¢ 1.0¢ 0.8f 0.7¢
PUFA/MUFA 2.5 1.0° 0.97¢ 0.9¢ 0.79¢ 0.64 0319

Cox value 7.2° 4.6° 43¢ 4.4 3.7¢ 3.2 2.09

Total vitamin E/PUFA 9.3f 10.92¢ 11.63¢ 11.5¢ 12.9¢ 15.85° 28.74°

PSO: Palm super olein, SBO: Soybean oil, *Means within a row followed by the same letter(s) are not significantly different according to Duncan’s multiple range

test

Table 6: Fatty acid profiles for palm super olein, sunflower oil and their blends

Ratio of palm super olein:sunflower oil (w/w%)

Fatty acids 100% SFO 50:50 55:45 60:40 65:35 75:25 100% PSO
Saturated Fatty Acid (SFA)

C12:0 0.2+0.01* 0.2%+0.03¢ 0.2%+0.01¢ 0.2%0.00¢ 0.2%0.11¢ 0.3%+0.02° 0.4%0.02
C14:0 0.2%+0.01¢ 0.6+0.01¢ 0.6+0.01¢ 0.7%£0.01¢ 0.7%0.05¢ 0.8+0.02° 1.0£0.00°
C16:0 6.7%+0.309 21.4%0.10 22.9+041¢ 24.6+0.65¢ 25.3+0.84¢ 28.8+1.01° 34.9%0.21°
C18:0 2.8+0.07° 2.7%0.08 24%0.16f 2.5+0.16° 2.6+0.02¢ 2.6+0.10¢ 2.9+0.02
2SFA 9.99 24.9f 26.1¢ 28.0¢ 29.3¢ 3250 39.22
Monounsaturated fatty acid (MUFA)

C18:1 31.3+1.019 38.2+1.05 39.5+1.84¢ 40.4+1.98¢ 40.8+1.63¢ 43.0%1.68° 46.1+3.08°
EMUFA 31.3¢ 38.2 39.5¢ 40.44 40.8° 43,00 46.1°
Polyunsaturated fatty acid (PUFA)

C18:2 58.6+2612 36.711.45° 343£1.12¢ 31.5+1.33¢ 29.8+1.28¢ 244+1.10f 14.6£0.149
C18:3 0.2+0.012 0.2+0.012 0.1£0.01° 0.1+0.01° 0.1£0.01° 0.1£0.0° 0.1£0.00°
TPUFA 58.8% 36.9° 34.4¢ 31.6¢ 29.9¢ 24.5° 14.79
Relations

PUFA/SFA 5.9 1.50 1.3¢ 1.14 1.0¢ 0.7¢ 0.3f
PUFA/MUFA 1.872 0.96° 0.87¢ 0.78¢ 0.63¢ 0.56f 0.31¢

Cox value 6.4 4.2° 3.9¢ 3.7¢ 3.5¢ 3.0f 2.09

Total vitamin E/PUFA 13.12f 13.2° 13.64¢ 14.54 14.7¢ 18.2° 28.74°

PSO: Palm super olein, SFO: Sunflower oil, *Means within a row followed by the same letter(s) are not significantly different according to Duncan’s multiple range test

of plasma cholesterol level and coronary mortality®. Blending
between cooking oils positively influenced on the phytosterols
content and can be recommended as safe and cheap way of
these compounds in other edible fats and oils.

Fatty acid: The main fatty acids in the PSO were oleic and
palmitic acids, 46.1 and 34.9% respectively. The SBO and SFO
were characterized by a high percentage of linoleic acid
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56.4 and 58.6% followed by oleic acid, 24.2 and 31.3%
respectively. However, linolenic acid in only SBO amounted to
5.2%3%35 (Table 5, 6).

The addition of 50, 55, 60, 65 and 75% of PSO to SBO or
SFO causes a gradual increase in the amount of C16:0 and
C18:1. Atthe same time, a decrease in the content of C18:2. In
addition, C18:3 appeared in reasonable amount when
adding PSO to SBO. In the cooking oil samples investigation,
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PSO contained the highest amount of Saturated Fatty Acid
(SFA) as compared to other two single oils. For PSO, SFA was
39.2%, monounsaturated fatty acid (MUFA) 46.1% and
polyunsaturated fatty acid (PUFA) 14.7%, these results were
agreed with Azrina et a/3%. By virtue of the values of PUFA/SFA,
PUFA/MUSFA, Cox value and total vitamin E/PUFA%, the
stability of blends can be determined clearly from these values
which confirm best results of keeping quality of the blends.
From the results recorded in Table 5 and 6, it was found that,
when adding higher amount of PSO to SBO or SFO, the oil
blends have low Cox value, PUFA/SFA and PUFA/MUFA. The
ratio of PUFA/SFA and Cox value are commonly proved as a
measure of oxidative stability?2%®. Karupaiah and Sundram3
found that decrease in PUFA/SFA ratios in human food were
associated with increase post-prandial level of HDL-C in
plasma. It is also noticed that the proportion of PUFA/MUFA
ratios were decreased by increase the addition of PSO to other
oilsand hence, increased the oxidative stability of the cooking
oil blends. The SFA:MUFA:PUFA in individual cooking oils
(PSO, SBO and SFO) do not reach to ideal ratio according to
WHO'6. The WHO'® recognized the best ratio at approximately
1:1:1 for SFA:MUFA:PUFA, the importance of this balance for
generating the best LDL/HDL ratio'. This balance is critical at
any level of fat intake, therefore the WHO' recommends
slightly less SFA and PUFA than MUFA in the balance.The
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addition of PSO for SBO or SFO especially 55, 60 and 65%
nearly exhibit balance between SFA:MUFA:PUFA, this leads to
improvement the nutritional benefits. Moreover, the addition
of PSO (75%) to other cooking oils causes the slightly
decrease the PUFA, which leads toimprovement the oxidative
stability (Fig. 1, 2). The oil blends namely, 55, 60, 65 and 75%
of PSO:SBO or SFO are more effective not only on nutrition
benefits but also on their oxidative stability.

Oxidative stability: The susceptibility of the studied cooking
oils and their blends to oxidation was measured by the
Rancimat test, the inflection point in the oxidation curve is
defined as IP*8. The length of the IP is considered a relative
measure of the stability of oils. The results of oxidative stability
(IP) of cooking oils and their mixture were showed in Fig. 3. It
was found that PSO had the most stable against oxidation and
highest IP (24.1 h). The results also showed that the IP of the
mixtures gradual increased as addition of PSO ratio increased
to each SBO or SFO as shown in the Fig. 3. The results of
oxidative stability revealed an overall increase in IP of the
blended oils than that of individual SBO and SFO. Generally,
blending PSO with either SBO and/or SFO at any ratio gave a
markedly higher IP than the individual oils. The Protective
Factor (PF) expresses the susceptibility to oxidation of oils as
percentage extension of the IP. The highest PF% was found in
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Table 7: Protective factor of cooking oil blends ACKNOWLEDGMENTS

Ratio of PSO:SBO or SFO w/w
Qil blends 50:50 55:45 60:40 65:35 75:25
Protective Factor (PF)
PSO:SBO 45,9¢* 50.5¢ 54.1¢ 59.6° 67.9°
PSO:SFO 53.6° 59.0¢ 65.5¢ 70.0° 71.8

*Means within a row followed by the same letter(s) are not significantly different
according to Duncan’s multiple range test

case of adding 65 and 75% of PSO to other two oils (Table 7).
If the value of PF is greater than one, raise the stabilizing effect
of the sample. The greater value of PF lead to the higher in
the antioxidant effectiveness of the added 0il*.

CONCLUSION

It was concluded that, the addition of PSO to SFO or SBO
maximizing the oxidative stability of blends as well as the
expected nutritional value. In addition, some cooking oil
blends verified the balance between SFA:MUFA:PUFA as
recommended by WHO. Moreover, the best combination of
cooking oil blends was 55, 60, 65 and 75% PSO to other oils.
The results of oxidative stability revealed an overall marked
increase in IP of the blended oils than that of individual oils. In
particular, the ratio of 65 and 75% of PSO blended with other
two oils, gave the highest amount of total tocotrienol
which is perceived as the most potent antioxidants.
Concerning the phytosterols and phytostanols, 50:50% and
55:45% PSO with SFO oil blends show highest amount of
5-stigmasterol, B-sitosterol, 7-stigmasterol, 7-avenasterol.
While, the highest level of 7-stigmasterol and B-sitosterol
was found in the blends of PSO to SBO (50:50 and
55:45%). B-sitosterol, campesterol and stigmasterol exert
antioxidant effects and enhance immunity in the human body.
This will open new application domains particularly in the oil
blending processes.

157

This study was supported by international cooperation
between the Egyptian Academy of Sciences, National
Research Centre, Food Industries and Nutrition Division, Fats
and Oils Department Cairo, Egypt with Polish Academy of
Sciences and Poznan University of Life Sciences, Faculty of
Food Sciences and Nutrition, Poznan, Poland.

REFERENCES

Idris, N.A. and N.LH.M. Dian, 2005. Inter-esterified palm
products as alternatives to hydrogenation. Asia Pac. J. Clin.
Nutr., 14:396-401.

Aladedunye, F. and R. Przybylski, 2013. Frying stability of
high oleic sunflower oils as affected by composition of
tocopherol isomers and linoleic acid content. Food Chem.,
141:2373-2378.

Marmesat, S., A. Morales, J. Velasco and M.C. Dobarganes,
2012. Influence of fatty acid composition on chemical
changes in blends of sunflower oils during thermoxidation
and frying. Food Chem., 135: 2333-2339.

Siddique, M.B., A. Ahmad, M.H. Ibrahim, S. Hena, M. Rafatullah
and A.K.M.Omar, 2010. Physico-chemical properties of blends
of palm olein with other vegetable oils. Grasas Aceites,
61:423-429.

Azrina, A., 2005. The effects of rice bran and blended rice bran
oils on indices of coronary heart disease. Ph.D. Thesis,
University Putra, Malaysia.

Gupta, RK.and N.Singh, 2013. Morinda citrifolia(Noni) alters
oxidative stress marker and antioxidant activity in cervical
cancer cell lines. Asian Pac. J. Cancer Prev., 14: 4603-4606.
Rudzinska, M., M.M.M. Hassanein, A.G. Abdel-Razek, K. Ratusz
and A. Siger, 2016. Blends of rapeseed oil with black cumin
and rice bran oils for increasing the oxidative stability. J. Food
Sci. Technol., 53: 1055-1062.

Abdel-Razek, A.G., M.M.M. Hassanein, M. Rudzinska, K. Ratusz
and A. Siger, 2016. Enhancement the stability, quality and
functional properties of rapeseed oil by mixing with
non-conventional oils. Am. J. Food Technol., 11: 228-233.



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Asian J. Sci. Res,, 10 (3): 150-159, 2017

Choudhary, M., K. Grover and G. Kaur, 2015. Development of
rice bran oil blends for quality improvement. Food Chem.,
173:770-777.

Reyes-Hernandez, J., E. Dibildox-Alvarado, M. Charo-Alonso
and J. Toro-Vazquez, 2007. Physicochemical and rheological
properties of crystallized blends containing trans-free and
partially hydrogenated soybean oil. J. Am. Oil Chem. Soc.,
84:1081-1093.

Abdel-Razek, A.G., S.M. EI-Shami, M .H. El-Mallah and
M.M.M. Hassanien, 2011. Blending of virgin olive oil with less
stable edible oils to strengthen their antioxidative potencies.
Aust. J. Basic Applied Sci., 5: 312-318.

Vasanthi, H.R, R.P. Parameswari and D.K. Das, 2012.
Multifaceted role of tocotrienols in cardioprotection supports
their structure: Function relation. Genes Nutr., 7: 19-28.
Yuen, K.H., JW.Wong, A.B.Lim, B.H. Ng and W.P. Choy, 2011.
Effect of mixed-tocotrienolsin hypercholesterolemic subjects.
Funct. Foods Health Dis., 1: 106-117.

Aggarwal, B.B., C. Sundaram, S. Prasad and R. Kannappan,
2010. Tocotrienols, the vitamin E of the 21st century: Its
potential against cancer and other chronic diseases.
Biochem. Pharmacol., 80: 1613-1631.

Khanna, S., N.L. Parinandi, S.R. Kotha, S. Roy, C. Rink, D. Bibus
and CK. Sen, 2010. Nanomolar vitamin E a-tocotrienol
inhibits glutamate-induced activation of phospholipase A,
and causes neuroprotection. J. Neurochem., 112: 1249-1260.
WHO., 2008. Interim summary of conclusions and dietary
recommendations on total fat and fatty acids. The Joint
FAO/WHO Expert Consultation on Fats and Fatty Acids in
Human Nutrition, Geneva, Switzerland, pp: 1-12.

Sundram, K., K.C. Hayes and O.H. Siru, 1995. Both dietary 18:2
and 16:0 may be required to improve the serum LDL/HDL
cholesterol ratio in normocholesterolemic men. J. Nutr.
Biochem., 6: 179-187.

Balz, M., E. Schulte and H.P. Thier, 1992. Trennung von
tocopherolen und tocotrienolen durch HPLC. Lipid/Fett,
94:209-213.

Hassanien, M\.M.M., A.G. Abdel-Razek, M. Rudzinska, A. Siger,
K. Ratusz and R. Przybylski, 2014. Phytochemical contents
and oxidative stability of oils from non-traditional
sources. Eur. J. Lipid Sci.Technol., 116: 1563-1571.

AOCS., 1997. AOCS Official Method Ch 6-91: Determination of
the Composition of the Sterol Fraction of Animal and
Vegetable Oils and Fats by TLC and Capillary GLC. In: Official
Method and Recommended Practices of the American Qil
Chemists' Society, Firestone, D. (Ed.). 4th Edn., American Oil
Chemists' Society, USA.

AOCS., 2007. AOCS Official Method Ce 1k-07: Direct
Methylation of Lipids for the Determination of Total Fat,
Saturated, c/s-Monounsaturated, ¢/s-Polyunsaturated and
trans Fatty Acids by Chromatography. In: Official Method and
Recommended Practices of the American Oil Chemists'
Society, Mehlenbacher, V., TH. Hopper, EM. Sallee and
W.E.Link (Eds.). 5th Edn., American Oil Chemist's Society, USA.

158

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Fatemi, S.H. and E.G. Hammond, 1980. Analysis of oleate,
linoleate and linolenate hydroperoxides in oxidized ester
mixtures. Lipids, 15: 379-385.

AOCS., 1997. AOCS Official Method Cd 12b-92: Oil Stability
Index. Sampling and Analysis of Commercial Fats and Oils.
In: Official Method and Recommended Practices of the
American Oil Chemists' Society, Firestone, D. (Ed.). 4th Edn.,
American Oil Chemists' Society, USA.

Abramovic, H. and V. Abram, 2006. Effect of added
rosemary extract on oxidative stability of Camelina sativa
oil. Acta Agriculturae Slovenica, 87: 255-261.

Imoisi, O.B., G.E. llori, I. Agho and J.0. Ekhator, 2015. Palm oil,
its nutritional and health implications (review). J. Applied Sci.
Environ. Manage., 19: 127-133.

Miyazawa, T., A. Shibata, P. Sookwong, Y. Kawakami and
T. Eitsuka et a/, 2009. Antiangiogenic and anticancer
potential of unsaturated vitamin E (tocotrienol). J. Nutr.
Biochem., 20: 79-86.

Chin, KY., H. Mo and LN. Soelaiman, 2013. A review
of the possible mechanisms of action of tocotrienol-a
potential antiosteoporotic agent. Curr. Drug Targets,
14:1533-1541.

Das, S, SR. Powell P. Wang, A. Divald and
K. Nesaretnam et al, 2005. Cardioprotection with palm
tocotrienol: Antioxidant activity of tocotrienol is linked with
its ability to stabilize proteasomes. Am. J. Physiol.-Heart Circ.
Physiol., 289: H361-H367.

Mishima, K., T. Tanaka, F. Pu, N. Egashira and K. lwasaki et a/,
2003. Vitamin E isoforms a-tocotrienol and y-tocopherol
prevent cerebralinfarctionin mice.Neurosci. Lett., 337:56-60.
Kakade, N.A. and C.S. Magdum, 2012. HPLC analysis of
B-sitosterol in herbal medicine and vegetable oils. Int. J.
Pharm. Life Sci., 3: 1666-1669.

Nasri, N., B. Fady and S. Triki, 2007. Quantification of
sterols and aliphatic alcohols in Mediterranean stone
pine (Pinus pinea L.) populations. J. Agric. Food Chem.,
55:2251-2255.

Lerma-Garcia, M.J., J.M. Herrero-Martinez, E.F. Simo-Alfonso,
C.R.B. Mendonca and G. Ramis-Ramos, 2009. Composition,
industrial processing and applications of rice bran y-oryzanol.
Food Chem., 115: 389-404.

Cusack, LK, M.L. Fernandez and J.S. Volek, 2013. The
food matrix and sterol characteristics affect the plasma
cholesterol lowering of phytosterol/phytostanol. Adv. Nutr.,
4:633-643.

FAO. 2001. Codex Alimentarius: Fats, Oils and Related
Products. In: Codex Standard for Named Vegetable Qils
(CX-Stan 210-1999), FAO (Ed.). 2nd Edn., Vol. 8, Food and
Agriculture Organization, USA., pp: 11-24.

Hassanein, MMM.M., A.G. Abdel-Razek, M. Rudzinska
and M.H. El-Mallah, 2016. Comprehensive study on the
characteristics and authenticity of Egyptian monovarietal
coratina virgin olive oil. Int. J. ChemTech Res., 9: 86-94.



36.

37.

38.

Asian J. Sci. Res,, 10 (3): 150-159, 2017

Azrina, A., P.H. Lim, I. Amin and A. Zulkhairi, 2009. Vitamin E
and fatty acid composition of blended palm oils. J. Food
Agric. Environ,, 7: 256-262.

Goffman, F.D.and T.Bohme, 2001. Relationship between fatty
acid profile and vitamin E contentin maize hybrids (Zea mays
L.). J. Agric. Food Chem., 49: 4990-4994.

Mendez, E., J. Sanhueza, H. Speisky and A. Valenzuela,
1996. Validation of the rancimat test for the assessment of
the relative stability of fish oils. J. Am. Oil Chem. Soc,
73:1033-1037.

39.

40.

159

Karupaiah, T. and K. Sundram, 2013. Modulation of human
postprandial lipemia by changing ratios of polyunsaturated
to saturated (P/S) fatty acid content of blended dietary fats:
A cross-over design with repeated measures. Nutr. J,, Vol. 12.
10.1186/1475-2891-12-122

Polavka, J., J. Paligova, J. Cvengros and P. Simon, 2005.
Oxidation stability of methyl esters studied by differential
thermal analysis and rancimat. J. Am. Oil Chem. Soc,
82:519-524.



	AJSR.pdf
	Page 1




