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Abstract

The objective of this study was to evaluate the physicochemical
characteristics of crude oil from transgenic corn (Ajeeb YG) and it's near
isogenic (Ajeeb). The proximate composition of transgenic corn is substantially
equivalent to that of the isogenic counterpart. Regarding the physicochemical
characteristics, non-significant differences in refractive index and specific
gravity values were observed. While acid value, phosphorous and carotenoids
contents were differed significantly. In addition, non-significant differences in
fatty acid components between oil from isogenic and transgenic corn except for
linolenic acid. The oxidation parameters including peroxide and Cox (calculated
oxidizability value) were recorded as 0.990-0.963 meq O,/kg and 4.50-4.63,
respectively. The fatty acid composition showed the presence of palmitic acid
(11.24-11.45%)), stearic acid (1.616-1.516%), oleic acid (48.36-46.07%), linoleic
acid (37.106-38.97%) and linolenic acid (0.916-0.716%) for isogenic and
transgenic corn, respectively. The MUFA, PUFA and PUFA/SFA were (48.36-
46.07%), (38.02-39.69%) and (2.965-3.062), respectively. Therefore, oil from
transgenic corn had properties similar to that of isogenic counterpart. For the
safety of (GM) food and its products, there is still need for further studies.
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little linolenic acid (1%) and high concentrations of tocopherol and
carotenoid antioxidants [7]. Thus, presence of PUFA plays a pivotal
role in improvement of human health through maintaining the body
homeostasis and regulating serum lipid profile [8].

Introduction

The nutritive and calorific values of seeds make them good sources
of edible oils. Seed oils have extensive demands both for human
consumption and for industrial applications [1] and also have been

rated as the second most valuable commodity in the world trade today
[2]. There is an increasing awareness of the importance of vegetable
oils as sources of food, biofuel, health enhancing compounds, i.e.,
nutraceutical, as feedstock for industrial polymers and for many other
products. Thus the world demand for vegetable oils is set to rise even
more rapidly from year to year and this trend will impact on the price
levels of oils. Oil World report in 2015 [3] indicated that vegetable oil
for world production was not sufficient to satisfy global demand for
food and for oleochemical industry as well as for the energy sector.
Total global consumption of vegetable oils was 175.65 million tons in
2014/2015 while the total world production was 173.27 million tons
[3].

Vegetable oils and fats have wide application in foods where they
are used in frying, salad dressing, shortening of pasty, margarine,
cooking and ice cream manufacture [4]. Corn oil is produced as
a co-product of wet and dry corn milling. Corn oil production
increased markedly in recent years because of increased volumes of
corn being used in sweetener and starch production [5]. Corn oil is
refined into high quality oil for the food industry and also as a vehicle
in certain pharmaceutical formulations such as in suspensions and
emulsions [6]. Corn oil has a high concentration of the essential, Poly
Unsaturated Fatty Acids (PUFA) such as linoleic acid (46-60%), very

The genetically modified cultivars of several oilseed and oil-
producing plants are currently under commercial production
worldwide, e.g. soybean, maize and rapeseed. In 2002 approximately
35% of corn acreage in Untied States was pest-resistant or herbicide,
genetically modified hybrids. Varieties with the oil content increased
from 6.5 to 11% have also been developed to improve the energy
density for livestock feeding [9]. The industry is interested in genetic
manipulation to produce different fatty acid compositions from
the standpoint of improved functionality or improved nutritional
properties.

Genetic modification of oilseeds produces a wide variety of oils
with different fatty acid composition. Oxidative stability, functionality
and quality of vegetable oils can be affected by selective modification of
the fatty acid composition, which consequently alters the distribution
of minor bioactive components [10]. In the context of consumer
safety, the European Union (EU) has recently implemented changes
in its labeling regulation, laid down in Regulation (EU) No 1169/2011,
which entered into force in December 2014. The new regulation
formalizes the provision of food information to consumers, including
details of the vegetable oil’s composition, its manufacturer and the
storage and preparation methods used.

Corn/maize is the second most cultivated Genetically Modified
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Organism (GMO) in the world, which represents the staple
constituent of many foods. Maize represents 25% of the total GM
plant area under cultivation. In recent years, foods produced by
genetic engineering technology have been on the world food market.
The bio safety aspects, regulations and labeling of these foods are still
contentious issues in most countries. Ajeeb-YG is genetically modified
to produce the naturally occurring Bacillus Thuringiensis (Bt) protein,
CrylAb, which gives it whole-plant, season-long protection against
stalk borers such as the pink corn borer (Sesamia cretica), the purple-
lined corn borer (Chilo agamemnon) and the European corn borer
(Ostrinia nubilalis).

The major problem facing oil production in Egypt is the wide gap
between production and consumption. Egypt’s production covers
less than 10% of the national consumption [11]. In addition, market
profitability of new modified oilseeds depends heavily on rich sources
of minor constituents [10]. The physicochemical examination of oils
is mainly made from the standpoint of their edible as well as industrial
uses. The quality of vegetable oils can be judged by the knowledge of
their physical and chemical characteristics. Therefore, the objective
of this study was to compare the physicochemical characteristics
and fatty acid composition of genetically modified corn (Ajeeb YG)
with isogenic counterpart (Ajeeb) and evaluate the effects of genetic
modification on these characteristics.

Materials and Methods

Materials

The transgenic corn line (Ajeeb YG) containing the CrylAb gene
and its isogenic counterpart (Ajeeb) were grown in a field trail under
the same environmental conditions and field management. Samples
were harvested on September, 2011 in Hehia, Sharkia Governorate,
Egypt. Samples were stored at 4°C until use.

Methods of analysis

Proximate analysis of corn seed samples: The moisture, crude
protein (Nx6.25), fat, ash and fiber were determined in triplicate
according to the Standard Association of Official Analytical Chemists
(AOAC) procedures [12]. Carbohydrates were calculated by
difference.

Corn oil

Oil extraction: Oil was extracted from the dried ground corn by
blending with hexane overnight (twice). The hexane was separated
from the oil by evaporating under vacuum using a rotary evaporator
(Buchi 461, Switzerland).

Physical properties: Color attributes were carried out using the
CIELAB (L*,a*,b¥) color scale with a Minolta colorimeter (Konica
Minolta Sensing, Inc. Osaka, Japan). Color was expressed by CIE
L* (whiteness or brightness), a* (redness/ greenness) and the b*
(yellowness/ blueness) coordinates [13]. The refractive index of
extracted oil was measured according to Association of Official
Analytical Chemists (AOAC) [12] using Abbe refractometer at
25°C while the specific gravity of oil samples were determined
gravimetrically according to the method outlined by Association of
Official Analytical Chemists (AOAC) [12].

Chemical properties: Acid value and free fatty acids were
determined according to International Union of Pure and Applied

Chemistry (IUPAC) [14]. Iodine absorption value, saponification
number, unsaponifiable matter and peroxide value have been
determined according to Association of Official Analytical Chemists
(AOAC) [12]. The concentration of phosphorous in the corn
oil samples were determined using the method of Zhukov and
Vereshchagin [15]. The total carotenoid content was assayed according
to the British standard method of analysis [16]. Oxidizability value
(Cox) was calculated according to Farhoosh et al. [17], based on the
percentage of C18 unsaturated fatty acids as follows:

Cox = [1(18:1%) + 10.3 (18:2%) + 21.6 (18:3%)] / 100

Fatty acid analysis: The oil was converted to methyl esters
according to the method of O’Fallon et al [18]. The sample (40 ul
of the oil) was placed into a screw-cap Pyrex tube to which 0.7 ml
of 10 N KOH in water and 5.3 ml of MeOH were added. The tube
was incubated in a 55°C water bath for 1.5h. After cooling below
room temperature in a cold tap water bath, 0.58 ml of 24 N H_SO,
in water was added. The tube was incubated again in a 55°C water
bath for 1.5 h. After Fatty Acid Methyl Esters (FAME) synthesis, the
tube was cooled in a cold tap water-bath. Three milliliters of hexane
was added and the tube was vortex-mixed for 5 min. The tube was
centrifuged for 5 min and the hexane layer, containing the FAME,
was analyzed. Analyses of FAME were carried out with a Hewlett
Packard Gas Chromatograph (HP 6890 series), equipped with a flame
ionization detector and a capillary column, HP5, (25 m; i.d. 0.32 um;
0.17 um film thickness). The column temperature was programmed
from 170 to 240°C at a rate of 5°C/min and the injector and detector
temperatures were 260 and 275°C, respectively. Nitrogen was the
carrier gas. The identification of the peaks was achieved by retention
times and by comparing them with authentic standards (Sigma, USA)
analyzed under the same conditions.

Statistical analysis

The statistical analysis was performed using the Statistical Package
for Social Scientists (SPSS) version 16.0 (SPSS, Inc, Chicago, IL,
USA). All analyses were performed in triplicate. Data were expressed
as mean * Standard Deviation (SD) and statistical significance
was assigned at P < 0.05 level. An independent sample t-test was
conducted to compare the means between the properties of isogenic
and transgenic corn oil samples at the 0.05 significance level.

Results and Discussion

Proximate composition of tested corn seed cultivars

The proximate composition of the isogenic and transgenic
corn kernels are presented in (Table 1). There were no significant
differences between the isogenic and transgenic corn samples at
(p<0.05). The moisture content was 11.09 and 10.66% for isogenic
and transgenic samples, respectively while ash levels were 1.37 and
1.30% for the isogenic and transgenic corn, respectively. These results
were similar to those obtained by [19-21] for different corn varieties.
Protein, an essential growth promoting factor, is present in fairly high
amount of 10.89 and 10.05% for the isogenic and transgenic corn,
respectively. These results are in agreement with those reported by
[20-22]. The crude fat content was 3.98 and 4.39% for the isogenic
and transgenic corn, respectively. These results were higher than
those reported by [23], but fell within the range reported for different
corn cultivars [19-21]. The crude fiber content was 2.18 and 2.23% for
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Table 1: Proximate composition of the isogenic and transgenic corn oil samples.

Corn samples
Component (%)
Isogenic (Ajeeb) Transgenic (Ajeeb YG)
Moisture 11.09 + 0.0792 10.66 + 0.235%
Ash 1.37 £ 0.1142 1.30 £ 0.0122
Protein 10.89 + 0.2262 10.05 + 0.2262
Fat 3.98 +0.123* 4.39 +0.1372
Crude fiber 2.18 £0.076 2.23 +0.0572
Carbohydrates 81.29+0.174° 81.73 £ 0.384°
Gross energy (Kj/100g) 1689.45 1698.23

*The same letter in the same row is not significant different (P<0.05). *Results
are mean * SD (n= 3).

Table 2: Physicochemical properties of the isogenic and transgenic corn oil
samples.

Corn oil sample

Properties Isogenic (Ajeeb) | Transgenic (Ajeeb YG)

Color Yellow Yellow

Refractive index 1.4663 + 0.0015% 1.4600 + 0.0061*

Specific gravity 0.8588 + 0.00042 0.8891 + 0.00032

Acid value (mg KOH/g) 2.386 + 0.165° 2.468 + 0.1122

Free fatty acid (%) 1.200 + 0.084° 1.240 + 0.056
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Figure 1: CIEL a,b coordinates (L*, a* and b*) of oil extracts from the isogenic
and transgenic corn samples.

lodine value (g 1,/100g)

113.21 £ 0.5152

106.18 +1.18*

Saponification value (mg KOH/g)

181.66 + 1.5272

182.66 +1.5272

Unsaponifiable matter (%) 0.850 + 0.022 0.870 + 0.032
Peroxide value (meq peroxide/kg) | 0.990 + 0.012 0.963 +0.012
Oxidizability value (Cox) 4.50 +0.722 4.63 +0.892

Phosphorous (%)

0.423 + 0.015°

0.541 +0.0212

Carotenoids (ppm)

55.11 + 0.798°

69.58 +3.60%

*The same letter in the same row is not significant different (P<0.05). *Results
are mean + SD (n= 3).

the isogenic and transgenic corn, respectively. These results are in the
literature range [19-21,24]. The carbohydrates content was 81.29 and
81.73% for the isogenic and transgenic corn, respectively. The gross
energy value for isogenic and transgenic corn samples was 1689.45
and 1698.23 Kj/100g and this high-energy value is due to high protein
and carbohydrates.

From the results, it can be concluded that the composition of
transgenic corn (Ajeeb YG) is substantially equivalent to that of the
isogenic (Ajeeb), as well as to corn varieties in commerce. In addition,
all tested parameters fell within the range of conventional standard
values reported by ILSI [25].

Physicochemical properties of corn oil

The knowledge of chemical and physical properties of edible
oils is important having role in processing functionality, storage
stability and nutritional behavior. Plant seeds are rich source of lipids
[26]. Edible oils in general exhibit considerable deviations in their
composition, thus it is difficult to define single values for chemical and
physical properties of edible oils [27]. The physicochemical properties
of oil from the isogenic and transgenic corn are shown in (Table 2).

Physical properties

Color: Color of oil reflects the degree of refining and is an

important criterion for its intended use in food formulations. The
flavor of the oil is also key property, which is subjective to temperature,
moisture, air in contact, light and presence of antioxidants [28].

Oil from isogenic and transgenic corn samples had yellow color
(Table 2). The CIELab coordinates (L* and a*) values for isogenic and
transgenic corn were not differed significantly. However, the b* value
of the oil obtained from the isogenic corn was significantly higher
(P<0.05) than transgenic corn oil sample. Moreover, corn oil from
the two investigated samples showed L* and b* values (Figure 1)
indicating that the color of the two oils was lighter and more yellow.
Hsuand Yu [29] reported that the CIE Lab coordinates (L*, a* and b*)
values of some vegetable oils, such as palm, soybean, sunflower, olive
and corn were ranged from 63.4 to 69.5; 3.8 to 4.4 and 9.2 to 10.4,
respectively. O’Brien [9] reported that crude oil has darker reddish
amber color than other vegetable oils, which can usually be processed
to light colored oil.

Refractive index: As seen in (Table 2), the refractive indices of
isogenic and transgenic corn oil were 1.4663 and 1.4600, respectively
which not differed significantly. Refractive index of oil increased with
increase in the number of double bonds (iodine value). In general,
the refractive indices of oils relate to the degree of unsaturation in a
linear way [27].

Specific gravity: The specific gravity is a good indicative of purity
of oil; it is depend on the number of double bonds and the chain
length of the fatty acids [28]. The specific gravities measured at room
temperature for isogenic and transgenic corn samples were nearly the
same being 0.8891 and 0.8588, respectively (Table 2). The results for
specific gravity and refractive index are closely associated with those
reported by Rudan-Tasic and Klofutar [27] for maize germ oil. CRA
[30] also reported typical values for physical parameters of maize
germ oil: color; pale yellow, specific gravity (0.922-0.928), refractive
index (1.470-1.474) and flavor; slight corn, slight nutty/buttery.

Chemical Properties

Acid and free fatty acid values: The acid value is an indicator for
edibility and freshness of oils. Humidity and temperature result in
increased acid value due to hydrolysis of glycerides. Higher acid value
gives an idea about increased susceptibility of oils to rancidity [31].
From (Table 2), the acid and free fatty acids values of the transgenic
corn were significantly higher than the isogenic sample. The values
were 2.386, 2.468 mg KOH/g, 1.200 and 1.240% for oil from isogenic
and transgenic corn samples, respectively (Table 2). The Acid value
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of the seed oils studied fell within allowable limits for edible oils [32].

Iodine value: Todine value is used to assess degree of instauration
of fatty acids and indicator of oxidative stability. The higher iodine
value represents the greater degree of instauration [33]. Iodine values
of oil from the isogenic and transgenic corn cultivars were not differed
significantly being 113.21 and 106.15g 12/100g (Table 2). Our results
are similar to those obtained by Leibovitz and Ruckenstein [34].

Saponification number: Saponification value gives the idea of
molecular weight of fatty acids present in oil; higher value corresponds
to lower molecular weight of fatty acids [31]. Saponification numbers
for isogenic and transgenic corn were insignificantly different
(P<0.05), they were 181.66 and 182.66 mg KOH/g, respectively (Table
2). These results are in agreement with those reported by Sabah EL-
Kheir et al. [35].

Unsaponifiable matter content: Unsaponified matter includes
those substances frequently found dissolved in fats and oils which
cannot be saponified by caustic alkali but are soluble in ordinary
fat solvents [36]. Unsaponifiable matter contents for isogenic and
transgenic corn oil samples were not significantly different (P<0.05)
being 0.85 and 0.87%, respectively (Table 2). These results are similar
to that obtained by Abdulkadir and Abubakar [37].

Peroxide (PV) and Oxidizability (Cox) values: The oxidative
state of tested oil can be evaluated from the combined analysis of its
PV and its cox index (Table 2). Peroxide value is an index of rancidity,
thus the high peroxide value of oil indicates a poor resistance of the
oil to peroxidation during storage [38]. Corn oils exhibited a good
oxidative state as indicated by a low peroxide value (0.990-0.963 meq
O,/kg of oil) for isogenic and transgenic corn, respectively (Table
2). The values were also lower than those of sunflower (7.9 meq/kg)
and olive oil (10 meq/kg) [39]. The obtained results revealed that the
peroxide values were insignificant (P<0.05) being 0.990 and 0.963
meq peroxide/kg, respectively (Table 2). Furthermore, no significant
different between the PUFA/SFA ratio and the Cox value (p<0.05).
This may be due to the relative stability of corn oil’s fatty acids against
oxidation reactions.

Phosphorous content: The concentration of phosphorous in
the corn oil samples was determined as the indicator of the level
of phospholipids in oils (Table 2). The phosphorous content of
isogenic corn (0.423%) was significantly lower (P<0.05) than that
of the transgenic corn (0.541%). Feng et al. [5] reported that higher
concentrations of phosphorous will result in more phospholipids
present in the oils.

Carotenoids content: As seen in (Table 2), the carotenoids
content of the isogenic corn oil was significantly lower (P<0.05) than
that of transgenic corn, they were 55.11 and 69.58 ppm, respectively.
Carotenoids play an important potential role in human health by
acting as biological antioxidants protecting cells and tissues from the
damaging effects of free radicals and singlet oxygen [40].

Fatty acids composition of corn oil samples: Fatty acids
composition of corn oil samples are presented in (Table 3). Palmitic,
stearic, oleic, linoleic and linolenic acids were identified. There were
no significant differences in fatty acid composition between isogenic
and transgenic corn oil except for linolenic acid (Table 3). The total
saturated and unsaturated fatty acid composition of corn seeds oil,

Table 3: Fatty acid composition of isogenic and transgenic corn oil samples (%
of total lipid).

Corn oil samples

Fatty acid

Isogenic (Ajeeb)

Transgenic (Ajeeb YG)

Palmitic (16:0)

11.246 £ 0.312°

11.446 +0.382

Stearic (18:0)

1.616 + 0.0282

1.516 + 0.0282

Oleic (18:1)

48.364 +1.1982

46.074 + 1.526*

Linoleic (18:2)

37.106 + 0.9412

38.970 + 1.015%

Linolenic (18:3) 0.916 + 0.0282 0.716 + 0.028°
> unsaturated fatty acids 86.386 85.76
¥ saturated fatty acids 12.862 12.962
T. saturated /T. unsaturated 0.149 0.151
MUFA 48.364 46.074
PUFA 38.022 39.686
T.PUFA/T. SFA 2.956 3.062

*The same letter in the same row is not significant different (P<0.05%). *Results
are mean = SD (n= 3).

are 12.862, 12.962 and 86.386, 85.760%, respectively and the most
abundant fatty acid is oleic acid. The major saturated fatty acids in
corn seeds oil were palmitic acid (11.246-11.446%) while the major
unsaturated fatty acids in two corn seeds oil were oleic (48.364-
46.074%) and linoleic (37.106-38.970) acids (Table 3). Our results fell
within the literature range [41,42].

There were no chemical or biological differences between the fatty
acid components of vegetable oils produced from GM or non-GM
plants [43-45]. For example, lauric acid or oleic acid molecules from
GM plants will be identical to lauric or oleic molecules derived from
non-GM plants [46]. In the case of input trait-modified GM plants,
their entire oil compositions will be indistinguishable from those
produced by non-GM versions of the same crop. For example, oils
from the most common GM crops grown at present (maize, soybean,
rapeseed and cotton) have the same acyl compositions as oils from
non-GM varieties of these four oilseed crops [47].

Several commercially important refined vegetable oils are derived
from plants which are recognized as potent food allergens. Full
refining of oils results in the almost complete removal from oils of
protein, which is responsible for allergic reactions [48]. Allergenic
reactions to proteins expressed in GM crops have been one of the
prominent concerns among biotechnology critics and a concern of
regulatory agencies [49]. Therefore, several studies are still needed to
evaluate the safety of the small amount of protein or DNA, remained
after refining, from the original GM crop in vegetable oil. Therefore,
several studies are still needed to evaluate the safety of the small
amount of protein or DNA, remained after refining, from the original
GM crop in vegetable oil. Furthermore, GM food needs to be tested
on a case-by-case basis bases.
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