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ABSTRACT: The research was designed to study the identities and concentrations of fatty acids in
edible oils that are mainly consumed in Ethiopia. A total of twenty three (23) different commercially
available edible oils were analyzed using gas chromatography mass spectrometry (GCMS). Codes for
the oils” brands were used instead of names in order to avoid conflict of interest. The analysis results
showed variation in identities and concentrations of fatty acids in the analyzed oil samples.
Depending on the type and brand of the oils, different concentrations of saturated fatty acids (SFA)
(9.92 £ 0.07 - 47.27 = 0.54), mono unsaturated fatty acids (MUFA) (24.54 + 0.46 - 66.84 + 0.54) and poly
unsaturated fatty acids (PUFA) (7.23 + 0.08 - 59.11 + 0.61) were obtained. In addition to the fatty acids,
additives and impurities (contaminants) were also detected. The ratio of unsaturated to saturated fatty

acids (P/S index) in all edible oils was calculated.
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INTRODUCTION

Lipids are among essential nutrients that can be
obtained from food. They serve as membrane
bilayer and sources of energy (Dowhan, W. and
Bogdanov, M., 2002; McDonald et al., 2010;
Gunstone, F.D., 2011; Huang, C. and Freter, C,
2015). Fats and oils belong to this class of food,
and they share common molecular structures.
They differ from each other only in the form they
take at room temperature; fats are solid, where as
oils are liquid. Fatty acids are triglyceride
molecules which are composed of three fatty acid
units connected to a glycerol unit (McDonald et al.,
2010; Andersson et al., 2010; Technical Committee,
2016). The fatty acid chains attached to the
glycerol units can be identical or different and
unsaturated (oleic, linoleic, linolenic etc. acids) or
saturated (myristic, palmitic, stearic etc. acids)
(Figure 1).

Edible oils are among the most abundant
cooking ingredients that contain essential fatty
acids that are responsible for growth, (Giese, J.,
1996) and are carriers of fat soluble vitamins (A, D,
E, and K) (Moreira et al., 1999; Fasina et al., 2006).
Generally, fatty acids (FAs) are classified as SFA,
MUFA and PUFA (Chowdhury et al., 2007). Most
of them are important to humans when they are in
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the right amount (Gromadzka, ]J. and Wardencki,
W., 2011).

Production of edible oils from oil seeds and oil-
rich fruits are well known around the world.
Ethiopia has favorable agro-climatic conditions for
cultivation of oil seeds and is also one of the
centers of origins for several oil crops such as
sesame, niger, soybean, sunflower and cotton
seeds (Beyene Tadesse, 2013). There are about 850
small-scale and micro oil processing plants in
Ethiopia (Beyene Tadesse, 2013; addismodjo.net,
12 December 2016). They produce sealed and/or
unsealed forms of oils. Mostly these oils pass
through some form of preparation before being
consumed for reasons such as safety, palatability,
texture, flavor, to enhance the taste, and
to increase the shelf life of the oils (O'Brien, D.R,,
2000; Gromadzka, J. and Wardencki, W., 2011). As
a result, many unnecessary changes occur in these
products that reduce their nutritional qualities
(Gromadzka, J. and Wardencki, W., 2011). Hence,
extraction of edible oils needs carful processing in
order to avoid the co-extraction of unnecessary
components. According to the joint WHO/FAO
report, the dietary trans fatty acids (TFAs) and
SFAs have adverse effects on blood lipoprotein
profiles and coronary heart diseases (CHD)
(WHO/FAO, 2003; Nishida et al., 2004; Uauy et al.
2009; Joint FAO/WHO CODEX, 2010).


mailto:fishgebel@yahoo.com
mailto:estifanose.ele@aau.edu.et/
mailto:estifanose.ele@aau.edu.et/
https://en.wikipedia.org/wiki/Taste
https://en.wikipedia.org/wiki/Food_preservation

22

Fsaha Tesfamicael and Estifanos Ele

14\/\/\/\/\/\)01\
OH

Palmitic acid (SFA) (3)
Myristic acid (SFA) (2)

20 \/\/\/\/\/\/\/\/\/\H/OH 2

Arachidic acid (SFA) (5) o

24 \/\/\/\/\/\/\/\/\/\/\/\H/OH
. - (0]
Lignoceric acid(SFA) (7)

1) (0]
/\/\/\/\/\/\/\/\)L
16/\/\/\/\/\/\/\)LOH 18 OH

Stearic acid (SFA) (4)

\/\/\/\/\/\/\/\/\/\/\WOH

Behenic acids (SFA) (6) 0

18

(0]
9 2 /\/\/\¢11\/\/\/\/\)LOH X o
/\/\/\/\/\/\/\/\)LOH 18 o o
18

Elaidic acid(MUFA) ( (0]

HO
1

omega-6 omega-3

Z 9
12

Linoleic Acid (PUFA) (

Arachldonlc acid(PUFA) (14)

Vaccenic acid(MUFA) (10)

Linolenic acd (PUFA) (12)

HO
omega-6
6
1 /

Oleic acid(MUFA) (8)
omega-3

Mm/w

Eicosapentaenoic acid (PUFA) (13)

Docosahexaenoic acid(PUFA) (15)

Figure. 1: Chemical structure of fatty acids, 2, 3,4, 5, 6 and 7 are SFAs, 8,9 and 10 are MUFAs and 11, 12, 13, 14 and 15 are PUFAs.

The WHO/FAO end agreement was to avoid
using industrially derived TFA and using food
products with low content of SFAs, and replacing
them with edible oils rich in PUFA and MUFA
(Grompone, A.M., 2005; Mozaffarian et al., 2007;
Uauy et al., 2009). High levels of SFAs is better to
increase oil stability though it has adverse effects
on CHD by increasing the concentration of low
density lipoproteins-cholesterol (LDL-C) (WHO,
1990; Pacifici et al., 1994; Gurr, M.I., 1999; Lawton
et al., 2000; Dzisiak, D., 2004; Uauy et al., 2009).
Consumption of edible oils with high level of
PUFAs leads to increase high-density lipoprotein-
cholesterol (HDL-C) and decreases LDL-C, while
higher intake of MUFAs decreases LDL-C, but
does not affect HDL-C levels in the body (Uauy et
al., 2009; Joint FAO/WHO CODEX, 2010). The
trans fatty acids that emerge from edible oils are
also the major risk factors for CHD and other
chronic illnesses (Joint FAO/WHO CODEX, 2010;
Stephen et al., 2013; Hajimahmoodi et al., 2013;
Roe et al., 2013). Reports from the world health
organization show CHD will remain one of the
major killers in the coming decades (Mackay, J.

and Mensah, G., 2004; Stephen et al,
Orsavova et al., 2015).

2013;

The nutritional values of oils and associated
health risks can be determined by calculating the
ratio of poly unsaturated to saturated fatty acids
(P/S index values). Oils and fats with P/S index
value higher than one are considered to have
healthy nutritional values (Kostik et al., 2013).
Several studies indicate that higher values of P/S
index indicate a smaller deposition of lipids in the
body (Lawton et al, 2000). Seriously,
cardiovascular diseases have been documented to
be the main cause of death in most Western
countries (Mackay, J. and Mensah, G., 2004;
Stephen et al., 2013; Orsavova et al., 2015). Even
though enough worldwide information is out
there, there is no enough documented data on
level of fatty acids in edible oils that are sold in
Ethiopia. Annually, Ethiopia imports several tons
of edible oils which are not well regulated.
Therefore, this research finding will became
baseline information for consumers, policy
makers, researchers, traders, health centers and
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manufacturers that can highlight the current status
of edible oils.
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Figure 2: Structures of different detected additives and contaminants

The main objective of this work was to identify the
fatty acid composition of several edible oils
obtained from the market, in order to improve
understanding of the society about the oil quality,
stability and applicability for human nutrition.

EXPERIMENTAL SECTION

General

All solvents, standards and reagents used were of
analytical grade that were purchased from Fisher
Scientific =~ UK, Bishop = Meadow  Road
Loughborough, Leics, LEll 5RG, UK. The fatty acid
standards were purchased from Sigma-Aldrich
Chemie GmbH, Riedstrasse2, D-89555 Steinheim,
Germany.

GCMS analysis was carried out using Agilent
technologies 7820A GC and 5977E MSD

Chromatographic separations were carried out
using HP-5 column with 30 m length, 0.25 mm
internal diameter and 0.25 pm column phase
thickness. Injection mode was split-less, helium
was the carrier gas and 1ul volume of the sample
was injected to the inlet heated to 275 °C. Initial
oven temperature was 60 °C with 2 min hold time
then heated to 200 °C with ramp 10 °C/min and 3
°C/min to 240 °C. The fatty acid methyl esters
(FAMESs) were run on GCMS and the results were
expressed as mean values * standard deviation (M
+STD).

NMR spectra were recorded on Bruker
Avance 400 MHz spectrometers. For TH NMR (400
MHz) and C NMR (100.6 MHz) spectra, the
chemical shifts (0) are reported in parts per million
(ppm) relative to TMS. The 6 values are referenced
to residual DMSO in DMSO-ds at 2.50 ppm.
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Materials

Twenty three different brands of edible oils (15
locally produced and 8 imported) were purchased
from different market places in Addis Ababa
during the period from February 2016 to June
2016. All samples were separately processed
(esterified) and analyzed in triplicate. In order to
avoid conflict of interest, all analyzed samples
were given codes instead of the brand names. The
codes of the analytical samples and their sources
are given in Table 1.

Table 1. Analyzed oils and their sources

Types of edible oils Sources
KN, GN, RN, SN, KpN, EN, HN, NUN, | Niger
FUN, RUN, SUN,

FF, VF, PF, SSF Sunflower
VP, OP Palm

ZB, TB, FB, SB Soybean
EX Olive

AM Cotton

Preparation of samples and standards:
Preparation of fatty acid methyl esters (FAMEs)

The transesterification of the oil samples were
carried out in methanol (MeOH) using KOH as a
base using the standard published procedure
(Eder, K., 1995; AOAC., 2001; ISO 12966-2., 2011,
Juskelis, R. and Cappozzo, J., 2014).

Method validation (transesterification of methyl
ester)

For validation of the transesterification method,
methyl hexadecanoate was transesterified. The
transformation of methyl hexadecanoate into ethyl
hexadecanoate was carried out via base catalyzed
transesterification reaction (scheme 1). The
complete transformation of the starting material
was confirmed by measuring the yield (> 95%).
Purity of the product was checked using NMR
and GCMS.

CH,OH
CH;CH,0H (excess), KOH .

heat 50°C bt 2

W\AW — b
HyC OCH; — < H,C | OCH,CH,

‘ 16

CH,CH,0K"
and H,0

8 4

Methyl hexadecanoate Ethyl hexadecanoate

Scheme 1.
hexadecanoate

Transesterification reaction of methyl

Construction of the Calibration Curve

A standard fatty acid, palmatic acid, was esterified
to methyl palmitate following the Fischer
esterification method as illustrated in Scheme 2
(Furiyis et al., 1989; Christie W.W. 1993;
Williamson, K.J., 1994; Wendimagegn Mammo,
1996).

The esterified standard sample was prepared in
different concentrations in dichloromethane
through serial dilution technique (1 ppm, 10 ppm,
25 ppm, 50 ppm and 100 ppm) for GCMS analysis.
Each concentration was prepared in triplicate.

o0 CH;OH (excess), 20 °
mo gy WSOube s Koo,

hexadecanoic acid methyl hexadecanoate

Scheme 2: Synthesis of methyl hexadecanoate

The correlation coefficient (R2) obtained for the

calibration curve with equation y =1 x 107 + 0.0034
was 0.998.

RESULTS AND DISCUSSION

Results

The concentration of fatty acid components of
edible oils were determined using external
standards that allow wus to calculate the
concentration or percentage of one or many
constituents that appear separated in the GCMS
chromatogram. Total fatty acids profiles of 23
edible oils were analyzed. All of them contain
palmitic, stearic, oleic and linoleic acids as major
components. However, myristic, arachidic,
behenic and lignoceric acids were detected in
small amounts in few samples. In addition to the
fatty  acids, additives and  impurities
(contaminants) were also detected (Figure 2). The
ratio of unsaturated to saturated fatty acids (P/S
index) in all edible oils were higher except in OP,
VP, RUN and EX edible oils. The total fatty acids
concentrations and P/S index values of 23 edible
oil samples are shown in tables 2, 3 and 4. Table 2
shows the analyzed edible oil samples with their
respective fatty acid (FA) concentrations. Palmitic,
stearic, oleic, and linoleic acid are common fatty
acids for all the samples. However, variation in
concentration is evident from the table.
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Table 2: The analyzed edible oil samples with their respective fatty acid (FA) concentrations
Types of | Concentrations of FAMES ( Mean + STD)
edible Myristic | Palmitic Stearic Oleic acid | Linoleic acid | Arachidic | Behenic | Lignoceric
oils acid (%) acid (%) acid (%) (%) (%) acid (%) acid (%) acid (%)
01KN - 11.40+0.14 4.07+0.04 49.10£0.46 32.20+0.34 1.1840.01 1.404£0.01 | 0.65+0.01
02GN - 9.77+0.10 3.63+0.04 51.00+0.48 31.8+0.34 0.91+0.01 1.93£0.02 | 0.94+0.01
03RN - 19.00+0.28 5.87+0.07 36.60+0.38 38.50+0.28 - - -
04SN - 13.20+0.08 6.07+0.05 50.10+0.51 27.50+0.24 0.83+0.01 1.40+0.01 | 0.87+0.01
05KpN - 7.51£0.09 3.49+0.03 36.50+0.32 52.50+0.57 - - -
06FN - 10.20+0.13 3.72+0.07 53.40+0.41 28.90+0.33 1.51+0.04 1.46£0.01 | 7.43+0.01
07 HN - 11.50+0.10 3.60+0.03 58.50+0.58 26.40+0.29 - - -
08NUN - 13.80+0.18 5.860.06 46.70£0.40 31.50+0.34 0.80+0.01 1.34+0.02 | -
09FUN - 12.50+0.18 6.19+0.05 24.50+0.46 56.80+0.31 - - -
10RUN - 21.70+0.38 4.12+0.04 48.70+£0.41 25.50+0.17 - - -
11 SUN - 10.00+0.08 3.39+0.05 49.30+£0.47 32.80+0.32 0.85+0.03 2.34+0.03 | 1.24+0.01
12FF - 7.46x0.07 3.62+0.04 36.80+0.34 52.10+0.54 - - -
13VF - 6.58+0.05 3.34+0.02 40.60£0.31 49.40+0.61 - - -
14PF - 11.60+0.16 4.25+0.05 35.60+0.33 48.50+0.46 - - -
15SSF - 7.2240.09 3.48+0.05 30.20+0.26 59.10+0.60 - - -
16VP 0.98+£0.02 | 38.90+0.35 3.99+0.04 47.20+0.48 8.90+0.12 - - -
170P 0.80+0.01 | 42.60+0.04 3.87+0.49 45.50+0.08 7.23+0.38 - - -
18ZB B 1020£0.12 | 3410.04 | 57.10#053 | 26401028 | 0.77t0.01 | 1.35¢0.01 | 0.75%0.01
19TB - 11.80+0.12 7.76x0.08 35.20+0.34 45.20£0.46 - - -
20FB 10.50+0.08 3.11+0.01 43.40£0.35 43.10+0.55 - - -
21SB - 12.40+0.15 4.81+0.05 34.50+0.43 48.20£0.37 - - -
22EX - 14.40+0.15 3.50+0.04 66.80+0.54 15.30+0.26 - - -
23AM 0.554+0.00 | 25.20+0.30 2.29+0.01 28.80+0.13 43.10+0.56 - - -

Table 3 describes the average values of SFA,
MUFA and PUFA, and the P/S index values for
individual commercial edible oil samples. The P/S
indexes that obtained were raging from 0.15-5.52.
The value has direct relation to the quality of the
oils. Those oils with P/S indexes less than one are
not advisable for consumption purposes. Table 4
shows the average values of total SFA, MUFA and
PUFA, and the P/S values of the commercial
edible oils based on their sources.

Discussion

The transesterification reaction was conducted as
indicated in methodology section. Both TH-NMR,
and BBC-NMR (Figure 3, 4) are in agreement with
the structure of Ethyl hexadecanoate. The proton
signal (quartet) at & 4.03 ppm was assigned for
oxygenated methylen group (C-1").

The triplet at 8 2.25 ppm was assigned for C-2
methylen protons which are attached to carbonyl
carbon. The quintet at 6 1.50 ppm was assigned to
C-3 methylen protons. The broad and unresolved
peaks between & 1.19 ppm and 1.33 ppm were
assigned to C4-C15 protons, and the methyl
protons of ethoxy group (C-2') appeared at 8 1.16
ppm. The triplet at 6 0.83 ppm belongs to terminal
C-16 methyl group (Figure 3). All the information
obtained confirms that the transesterification
reaction (Schem 1) was conducted successfully.
Characteristic peaks of 13C were clearly observed.
The peak for carbonyl carbon of the ester was
appeared at 6 173.41 ppm. The peak at 60.10 ppm
was assigned to the oxygenated methylen group
(Figure 4).
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Table 3. Average values of SFA, MUFA and PUFA, and the P/S index values for individual commercial edible oil

samples
Types of edible oils Types of fatty acids and concentrations
%SFA %MUFA %PUFA P/Sindex

01KN (Niger) 18.700.21 49.11+0.46 32.22+0.34 1.72
02GN (Niger) 17.18+0.18 51.01+0.48 31.82+0.34 1.85
03RN (Niger) 24.87+0.35 36.6420.38 38.50+0.28 1.55
04SN (Niger) 22.37+0.16 50.12+0.51 27.54+0.24 123
05KpN (Niger) 11.00+0.12 36.5320.32 52.53+0.57 477
06FN (Niger) 24.3240.26 53.4120.41 28.91+0.33 1.19
07 HN (Niger) 15.100.13 58.54+0.58 26.42+0.29 1.75
08NUN (Niger) 21.80+0.27 46.7120.40 31.54+0.34 1.44
09FUN (Niger) 18.69+0.23 24.54+0.46 56.80+0.31 3.04
10RUN (Niger) 25.82+0.42 48.7310.41 25.51+0.17 0.99
11 SUN (Niger) 17.82+0.20 49.31+0.47 32.8440.32 1.84
12FF (sunflower) 11.0840.11 36.81+0.35 52.14+0.54 471
13VF (sunflower) 9.92+0.07 40.6420.31 49.4320.61 4.98
14PF (sunflower) 15.85+0.21 35.6420.33 48.5320.46 3.06
15SSF (sunflower) 10.70+0.14 30.21£0.26 59.11+0.61 552
16VP (palm) 43.87+0.41 47.24+0.48 8.94+0.11 0.20
170P (palm) 47.27+0.54 45.5320.49 7.23+0.08 0.15
18ZB (soya bean) 16.48+0.19 57.14+0.53 26.44+0.28 1.61
19TB (soya bean) 19.56+0.20 35.23+0.34 45.24+0.46 231
20FB (soya bean) 13.61+0.09 43.4140.35 43124055 3.17
21SB (soya bean) 17.2140.20 34.54+0.43 48.23+0.37 2.80
22EX (olive) 17.90+0.19 66.84:+0.54 15.34+0.26 0.85
23AM (cotton) 28.0440.31 28.8340.13 43.1140.56 1.54

Table 4. Average values of total SFA, MUFA and PUFA, and the P/S values of the commercial oils based on their

sources
Origins Mean * SD P/Sindex
SFA (%) MUFA (%) PUFA (%)
Nigger edible oils(n=11)* 19.78+0.23 45.88+0.44 34.9740.32 1.76
Sunflower seeds (n=4)* 11.89+0.13 35.83+0.31 52.30+0.56 440
Palm edible oils(n=2)* 45.57+0.48 46.39+0.49 8.09+0.10 0.18
Soya bean edible oils (n=4)* 16.72+0.17 42.58+0.41 40.76+0.42 2.44
2Cotton seed edible oil(n=1)* 28.04+0.31 28.83+0.13 43.11+0.56 1.54
aQOlive oil(n=1)* 17.90+0.19 66.84+0.54 15.34+0.26 0.86

*1 is the number of samples analyzed;
a for cotton seed and olive oils single values were considered

Among the detected SFAs, palmitic acid was
obtained in the highest concentration which was
followed by stearic acid. Oleic and linoleic acids

were detected in all edible oils. While myristic,
arachidic, behenic and lignoceric acids appeared
as minor fatty acids in KN, GN, SN, FN, SUN,
ZB and NUN edible oils (Table 2, Figure 5).
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Figure 5. A representative chromatogram of edible oils: 1. Palmitic acid, 2. Stearic acid, 3. Oleic acid, 4. Linoleic acid, 5. Arachidic

acid, 6. Behenic acid, 7. Lignoceric acid

The highest average amount of SFA 45.57 +
0.48% was obtained in palm oils followed by
cotton seed oil (28.04 + 0.31%) and niger oils (19.78
+ 0.23%). Sunflower oils contain the lowest
amount of SFA (11.89 * 0.13%) Table 4. The
highest average concentration of MUFA was
obtained in olive oil (66.84 + 0.54%) which was
followed by the palm oils (46.39 £ 0.49%), niger
oils (45.88 + 0.44%) and soybean oils (42.58 +
0.41%). Sunflower oils were the richest in PUFA
(5230 + 0.56%) which was followed by the
cottonseed oil (43.11 + 0.56%), and soybean oils
(40.76 = 0.42%). Palm oils contain the lowest
average concentration of PUFA (8.09 + 0.10%) as
depicted in Table 4.

The relationship between the polyunsaturated
and saturated fatty acid content was expressed as
P/S index. Some samples like OP (P/S = 0.15), VP
(P/s = 0.20), EX (P/S = 0.85) and RUN (P/S =
0.99) have shown P/S index values lower than one
which indicate that they contain lower amount of
essential fatty acids that shows they have less
health benefits. In the case of refined sunflower
such as SSF (P/S = 5.52), VF (P/S = 4.98), KpN
(P/S = 4.77) and FF (P/S = 4.71) edible oils, the
P/S index values are much higher. The others oils
have moderate P/S index values between 1 and 4
(Table 3).

Sunflower edible oils contain the average
highest P/S index value (4.40) which is followed

by soybean (2.44) and niger edible oils (1.76). They
are relatively rich in Polly Unsaturated Fatty
Acids which have the last carbon-carbon double
bond at position 6. They are called ®-6 fatty acids.
Fatty acids that are rich in @-6 can have anti-
inflammatory activity which protect cell damage
and promote cell repair.

The average lowest P/S index value was
measured in palm edible oils (0.18) followed by
olive edible oil (0.86) (Table 4). These values are
closer to results reported by Kostik et al. (Kostik et
al., 2013). The individual oil fatty acid analysis
results are discussed below.

Fatty acids:
Niger edible oils

The total SFA concentration in analyzed Niger oils
ranges from 11.00 £ 0.12% to 25.82 + 0.42% with
predominant presence of palmitic and stearic
acids (Table 2). Whereas, oleic and linoleic acids
were the only detected MUFA and PUFA
respectively. The concentrations of oleic and
linoleic range from 24.54 + 0.46% to 58.54 + 0.58%
for oleic acid and 25.51 + 0.17% to 56.80 * 0.31%
for linoleic acid (Table 2). According to WHO and
FAO, the recommended saturated fatty acid
content should not exceed 10% of the total fatty
acids in vegetable oils. However, for most niger oil
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brands concentrations of SFA are higher than the
recommended value. The values are also varied
which may be arisen from variation in plants
growth conditions, seed maturation, and possibly
adulteration with chip edible oils. For example
RUN Niger oil has high amount of SFA and low
amount of PUFA (Table 2) and P/S index less than
one, which is an indication for adulteration with
other oils.

The high concentrations of linoleic acids in
edible oils benefit the consumers by increasing the
good cholesterol and decreasing the bad
cholesterol. The linoleic acid profiles observed in
this study are a bit lower than reported values
(Dutta et al., 1994; Getinet Alemaw and Adefris
Teklewold, 1995; Dagne Kifle. and Jonsson, A.,
1997; Ramadan, M.F. and Morsel, ].T., 2003).
However, the oleic acids content are high when
compared to values reported by different
researchers and organizations (Dutta, et al., 1994;
Getinet Alemaw and Adefris Teklewold, 1995;
Dagne Kifle. and Jonsson, A., 1997; Ramadan, M.F.
and Morsel, J.T., 2003). The SFA contents observed
in these edible oils are slightly higher than the
previous reports (Dutta et al, 1994; Getinet
Alemaw and Adefris Teklewold, 1995; Dagne
Kifle. and Jonsson, A., 1997, Ramadan, M.F. and
Morsel, J.T., 2003). These variations could be due
to variation in growth conditions and
adulteration.

Sunflower edible oils

The fatty acid components of the sunflower oils
were palmitic, stearic, oleic and linoleic acids
wherein the content of linoleic acids was the
highest (Table 2). The concentration of SFA ranges
from 9.92 £ 0.07% to 15.85 £ 0.21% (Table 3). This
value is lower when compared to the SFA
concentration in niger oils (Table 3), which can be
taken as a measure of its quality. The average
linoleic acid (PUFA) concentration of the
sunflower edible oils is the highest among
analyzed oils (Table 4). This can be clearly seen in
the average P/S index value of the oil (4.40, Table
4). The content of saturated fatty acids of some
sunflower edible oils was higher than the
previously reported literatures (Deffense, E., 1995;
Grompone, M.A., 2011) and standards (Joint
FAO/WHO CODEX 210-1999, 2015) though its
fatty acid profiles are in good agreement with
reported data (Hammond ef al, 2005). In general,
the analyzed sunflower oils have higher contents

of PUFA and lower contents of SFA compared to
other oils (Table 4), which is the sign of the
healthy oils.

Soybean oils

The major fatty acids that were detected in
soybean edible oils were palmitic, stearic, oleic
and linoleic acids. In addition, ZB soybean oil
contains long carbon chain saturated fatty acids
such as arachidic, behenic and, lignoceric acids
(Table 2). The SFA levels in soybean oils range
from 13.61 = 0.09% to 19.56 + 0.20%. The MUFA
levels range from 34.54 + 0.43% to 57.14 + 0.53%.
While the measured values of PUFA are between
2644 £ 0.28% and 4823 + 0.37%. Among the
analyzed oil samples, the second highest MUFA
was measured for ZB which is 57.14 £ 0.53%
(Table 3). The linoleic acid concentration in ZB oil
is the lowest (26.40 + 0.24%) of the soybean oils.
The observed variation in concentration might be
due to maturity levels of the seeds as well as other
environmental and processing factors (Hammond
et al, 2005).

The level of saturated fatty acid in soybean oils
is in agreement with the literature data (Zambiazi,
et al., 2007; Wang, T., 2011; Grompone, M.A., 2011;
Kostik et al., 2013; Joint FAO/WHO CODEX 210-
1999, 2015). The MUFA and PUFA values are
slightly different from the literature data
(Hammond et al, 2005; Zambiazi et al., 2007; Wang,
T., 2011; Kostik et al.,, 2013; Joint FAO/WHO
CODEX 210-1999, 2015). However, PUFA amounts
are within the FAO/WHO codex recommended
range (Joint FAO/WHO CODEX 210-1999, 2015).

Palm edible oils

Palm oils contain myristic, palmitic, stearic, oleic
and linoleic acid wherein the content of oleic acids
was the highest (Table 2). The OP palm oil has the
highest concentration of SFA 47.27 + 0.54%
followed by VP oil (43.87 + 0.41%). Their saturated
fatty acid profiles are in good agreement with
published literatures data (Siew et al, 1990;
Deffense, E., 1995). The SFA contents measured in
the palm oils are a bit high (Tavares, M. and
Barberio, ].C., 1993; Chowdhury et al, 2007;
Zambiazi et al., 2007), and they contain the lowest
concentration of PUFA (Table 3) with an
indication of health risks.
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Cotton edible oils with the highest linoleic acids content (43.11 +

The single cotton seed oil analyzed contains 0.56%).

myristic, palmitic, stearic, oleic and linoleic acids

Table 5. Additives and contaminants detected in some of the oils.

No | Contaminants or additives | Oils in which it/they are | Possible Origin Use in oils
detected
1 a-Pinene, p-cymene KN, RN, FUN, NUN, SN, | essential oil component None
RUN, FB and SUN
2 3-Carene KN, RN, FUN, NUN, SN None
and SUN
3 3-Thujene RN, NUN and SUN None
4 B-Myrcene FUN, SN, RUN and SUN “ None
5 Caryophllene FUN None
6 D-limonene KN, RN, FUN, NUN, SN, | additive or essential oil flavoring
RUN, FB and SUN component
7 Phthalates KpN, FUN, RUN, RN, KN, plastic containers contaminant
SUN, FB, NUN, SUN, RN
8 Dodecane, tridecane, RN, FB, SUN, FUN, RUN, containers of kerosene or | contaminant
tetradecane, pentadecane, KpN, NUN, SN other hydrocarbons
hexadecane, heptadecane,
octadecane and nonadecane
The SFA and MUFA concentrations are pentadecane, hexadecane, heptadecane,

almost the same (Table 3). This result is within
the FAO/WHO recommended codex standard
range (Joint FAO/WHO CODEX 210-1999, 2015).
The SFA content in cotton seed oil is the second
highest among the analyzed oils next to palm oil
which can be considered as threat to health.

Olive oil

The concentration of oleic acid in EX edible oil is
the highest among the oils that have been
analyzed in this research. It has the second lowest
concentration of linoleic acid (15.34 = 0.26%)
following palm edible oil (8.07 £ 0.10%) (Table 4).
In general, the SFA, MUFA and PUFA results of
this oil are within the range of Codex
Alimentarius and I0OOC (I00OC, 1993 and Codex
Alimentarius Commission, 1993). Results of SFA
and PUFA of this oil are slightly higher than
previously published data (Zambiazi et al., 2007;
Vingering et al., 2010; Kostik et al., 2013)while its
MUFA contents is slightly less (Zambiazi et al.,
2007; Vingering et al., 2010; Kostik ef al., 2013).

Impurities and contaminations

Impurities and additives were detected during
the analysis of the oils. Some of these are terpenes
such as p-cymene, alpha-pinene, 3-carene, 3-
thujene and D-limonene. Kerosene constituents
such as dodecane, tridecane, tetradecane,

octadecane and nonadecane were also detected.

In addition, phthalates such as 1-bromo
naphthalene,  dibutyl  phthalates, diethyl
phthalates, isobutyloctyl phthalate, isobutyl
undecyl phthalate and isobutylnonyl phthalate
were detected in some edible oils. Table 5 shows
detected contaminants and/or additives and
their possible sources.

CONCLUSIONS

This study has evaluated FAs composition of 23
edible oils from six different sources; niger seeds,
sunflower seeds, soybean seeds, palm fruits,
cotton and olive seeds. Their total fatty acids
content (SFAs, MUFAs, and PUFAs) and their
impurities were determined using GCMS. The
analyzed oils vary in their specific FAs
composition depending on specific plant source
and other factors. The sunflower and cotton oils
showed higher concentrations of PUFAs that
account for 52.30% and 43.11% respectively. The
sunflower oils were found to contain the lowest
amount of SFA and the highest content of PUFA
with reasonable MUFA. In terms of purity,
imported edible oils are in a better condition than
the domestic products. According to WHO, oils
those with higher (> 1) P/S indexes are well
recommended for consumption.
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