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Abstract

The content of fatty acids as well as the ratio between
unsaturated and saturated fatty acids is important pa-
rameter for determination of nutritional value of cer-
tain oil. Therefore the newest trend in food processing
industry is notifying the composition of edible oils and
other food commodities for the content of each indi-
vidual fatty acid.

The main objective of this work was to identify the fat-
ty acid composition of several vegetable oils and fats.
Eleven vegetable oils and fats (n=121) were analyzed
for its fatty acid composition by gas chromatography
(GC-FID) on HP-FFAP and SPB™ column, respectively.
Among the evaluated oils the higher contents of satu-
rated fatty acids were found in palm kernel oil (76.0%
+ 1.95) and coconut fat ( 90.5% = 2.95) with predom-
inant presence of lauiric acid (€, and myristic acid
(G compared to content of total saturated fatty
acids in linseed oil (9.65% =+1.05), sunflower seed oil
(8.8% =+ 0.8) and safflower oil (7.2% =+ 0.73). The result
showed that the sunflower oil, safflower oil and linseed
oil contain the highest percentage of long chain mono
and polyunsaturated fatty acids: oleic acid (G lin-
oleic acid (Cq) and linolenic acid (C,g5)- Two varieties
of canola oil, high linolenic (44.0% = 2.02, n=21) and
high oleic acid (59.5% + 1.907, n=20) were found. The
highest P/S index (Polyunsaturated/Saturated index)
was found for safflower oil (10.55) and the lowest P/S
indexes were found for palm kernel oil (0.016) and co-
conut fat (0.005).

The fatty acid composition of safflower and sunflower
oil contains a healthy mixture of all the types of satu-
rated and unsaturated fatty acid. The value of P/S in-
dex which is associated to the impact in the human
health is also high for safflower (10.55) and sunflower
oil (6.76), which makes them the most suitable edible
oils for mass consumption.
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1. Introduction

Edible oils and fats are biological mixtures of plant or-
igin consisting of ester mixtures derived from glycerol
with chain of fatty acids [1]. Both the physical and the
chemical characteristics of oils and fats are greatly in-
fluenced by the kind and proportion of the fatty acids
on the triacylglycerol [2, 3]. Fatty acids can be classi-
fied in classes as saturated, mono-unsaturated (MUFA)
and polyunsaturated (PUFA) fatty acids. On the other
hand, the unsaturated ones are classified into series
known as omega, being ®-9 considered nonessential
for humans, and the ®-3 and ®—6 as essential fatty ac-
ids, because the latter ones cannot be synthesized by
mammials; therefore, they are obtained from diet [4, 5].
The predominant fatty acids present in vegetable oils
and fats are saturated and unsaturated compounds
with straight aliphatic chains. An even number of car-
bon atoms, from 16 to 18, with a single carboxyl group,
is the most common. A number of minor fatty acids
may be present in same vegetable sources, including a
small amount of branched chain, cyclic and odd num-
ber straight chain acids [6, 7]. An important feature
common to most plant origin oils and fats is the high
percentage of unsaturated fatty acids in the triacylglyc-
erols. In general, higher degree of unsaturation of fatty
acids in vegetable oils, the more susceptible they are to
oxidative deterioration [3, 7, and 8]. Therefore, it is es-
sential to know the composition of fatty acids of an oil
or fat, to identify their characteristics and to determine
the possible adulteration, as well as to know the stabili-
ty and physical — chemical properties of these products
[3, 9. The short chain fatty acids are of lower melting
point and are more soluble in water. Whereas, the lon-
ger chain fatty acids have higher melting points. Un-
saturated fatty acids have a lower melting point com-
pared to saturated fatty acids of similar chain length
[10]. Vegetable oils are one of the major components
of human diets, comprising as much as 25% of average
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caloric intake. Vegetable oils play important functional
and sensory roles in food products and they act as car-
riers of fat-soluble vitamins (A, D, E, and K). They also
provide an essential linoleic and linolenic acid, respon-
sible for growth [11].

The rate of unsaturated to saturated fatty acids in edi-
ble oils and fats is very important for human nutrition.
While high levels of saturated fatty acids is desirable
to increase oil stability, on the other hand nutrition-
ally they become undesirable, because high levels of
saturated fatty acids are frequently considered to have
influence in increasing the concentration of low densi-
ty lipoproteins (LDL), affecting the ratio of LDL to HDL
(high density lipoproteins), promoting clothing and
vascular smooth muscle proliferation [12, 13]. Diet with
increasing intake of linoleic and linolenic acids increase
HDL-cholesterol and decreases LDL-cholesterol, while
higher intake of oleic acid decreases LDL-cholesterol,
but does not affect HDL cholesterol levels [14].

The main objective of this work was to identify the fat-
ty acid composition of several vegetables oils and fats
obtained from the market, in order to improve under-
standing of the oil quality, stability and applicability for
human nutrition.

2. Materials and Methods
2.1 Materials

Samples of twelve different varieties of vegetable oils
and fats as: coconut fat (7 samples), corn oil (10 sam-
ples), cottonseed fat (6 samples), linseed oil (8 samples),
palm kernel fat (7 samples), olive oil (10 samples), soy-
bean oil (5 samples), sunflower seed oil (15 samples),
safflower oil (5 samples), canola oil variety 1 (20 sam-
ples); canola oil variety 2 (21 samples) and peanut oil (7
samples) were collected from the local market during
the period between May 2012 to April 2013.

2.2 Methods

2.2.1 Preparation of fatty acid methyl esters (FAMEs)

Fatty acid (FA) composition of the oils and fats was
determined as their corresponding methyl esters.
Preparation of FAMEs was carried out according to
the modified ISO method [15]. 0.1 - 0.2 g of certain oil
was dissolved in 10 mL 0.2 mol/L H,SO, prepared in
anhydrous methanol. Esterification was performed by
refluxing for 30 minutes at 100 °C in tightly sealed Py-
rex tubes. After cooling at room temperature, 10 mL
of petroleum ether (40 - 60) was added followed by 10
mL of deionized water, mixed gently and allowed to
settle until the upper petroleum ether layer becomes

clear. The distinct upper layer of methyl esters in pe-
troleum ether was separated carefully in a capped vial
and used for analysis. 2 pL of the petroleum ether ali-
quots were injected into the chromatographic column
and peaks were recorded for their respective retention
times and areas by the data processor unit of the GC.
Identification of each individual fatty acid methyl ester
was achieved by comparison with authentic reference
standards. All solvents and standards were of analyti-
cal grade (Merck, Fluka).

2.2.2 Chromatography

HP model 5890 series Il (plus) gas chromatograph
equipped with an HP automatic liquid sampler and a
flame-ionization detector (FID) was used either with a
nonpolar fused silica capillary column (30 m x 0.32 mm
id. x 1 um film thickness) coated with 100% poly(di-
methylsiloxane), commercially available as SPB™-1ob-
tained from Supelco (USA). The carrier gas (nitrogen)
flow rate was 1.5 mL-min™ and the split ratio was 1:10.
The injection port was maintained at 250 °C and the
FID at 280 °C. Oven temperature was set at 200 °C (1
minute) increasing for 5 °C ‘min'. The final oven tem-
perature was maintained at 250 °C (20 minutes).

For confirmation of identified and determined FAMEs in
oils and fats, a polyethylene glycol TPA modified polar
column commercially available as HP-FFAP (25 m x 0.32
mm id x 0.52 pm ) was used with the same HP model
5890 series Il (plus) gas chromatograph. The carrier gas
(nitrogen) flow rate was 1.5 mL-min” and the split ratio
was 1:10. The injection port was maintained at 230 °C
and the FID at 260 °C. Oven temperature was set at 180
°Cincreasing for 2 °C ‘min™'. The final oven temperature
was maintained at 230 °C (4 minutes).

3. Results and Discussion

A total of 121 samples of vegetable oils and fats sam-
ples collected from the local markets were analyzed
on the composition of fatty acids using gas chro-
matographic method. Types and number of collected
samples were: fifteen samples were sunflower; twelve
samples were canola oil; ten samples were corn oil and
olive oil; eight samples were linseed oil, seven samples
were coconut fat, palm kernel fat and peanut oil; six
samples were cottonseed fat and five samples were
soybean oil and safflower oil. The content of following
saturated and unsaturated fatty acids was tested in the
samples : caproic acid (Cyo caprylic acid (C,.,)s capric
acid (C o) lauric acid (C,,.,), myristic acid (€0 palmit-
icacid (C,4) stearic acid (Clg0) arachidic acid (Cop0) be-
henic acid (C,,.0) lignoceric acid (C,,.0) oleic acid (Cg.0),
linoleic (C.) and linolenic acid (C gs)- The fatty acid
percent composition of tested oils and fats are shown
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in Table 1 and Table 2, respectively. The mean of total
saturated fatty acid (SFA), monounsaturated fatty ac-
ids (MFA), polyunsaturated fatty acids (PUFA) and the
values of polyunsaturated/saturated indexes (P/S) are

Table 3. The content of SFA, MUFA, PUFA (% w/w) and the
values of P/S indexes in different types of vegetable oils
and fats

shown in Table 3. ; Mean + SD P/s
Type of Oil/Fat o) | MUFA (%) |PUFA (%)| index
Coconut
. - . 90.5+295 | 88+0.85 [0.5+0.02| 0.005
Table 1. Saturated fatty acid composition of different |(n=7)
H 0,
types of vegetable oils and fats (% w/w) (Cnoir; o 251418 | 268+12 | 48+ 45 1.91
Mean £ SD Cottonseed 224+122 | 354+24 | 42+48 | 187
Type of (n=6)
oWt | G e e | @g| & | @ | ey | @ | |Linsced
o 6o (n=8) 965+1.05 | 221+15 | 68+29 | 7.05
Coconut 0.04+0.2 |7+2.0( 8+2.0 [ 48 4| 16%3.0 9.2+1.5 2+1.0 0.25+0.2 Palm K I
(0=7) (:_"71) eme 76+195 | 225422 [1.25+055 0016
Corn - 4+0.8( 7+1.2 0.6+0.4 10£2 3.5%15 -
(n=10 glf’fo) 1435+19 | 78443 |70+33 | 049
Cottonseed 0.4+0.2 | 20+2.5 2+0.6
(n=5) (s:_y;ea” 1354093 | 285+12 |57.5+22| 426
Linseed 55+1.5 | 3.5+1.2 | 0.65+0.3 —
(0=8) S“_”fs"we' seed | 88408 | 315+45 |595+75| 676
Palm - 4+1 5+2 |41+5 16+2 8+1.0 2+0.8 (n_ )
K |
iy F:j;‘)”t 1924037 | 585+58 | 2027 | 104
Olive - - - - 0.65+0.2 | 11.5+4 2+0.5 0.22+0.12
(n=10) (S:i‘)’we' 724073 | 166+45 | 76+3 | 1055
e i Canolavariety 1 | ¢, 056 |50.5+1.907 [307+17| 32
(n=20) 6+ 0. 541, VESD :
Sunflower 3.7£15 2+0.8 23%1.2 Canola variety 5
seed 174+067 | 232429 [592+1.1| 34
(n=15) (n=21)
Peanut 75+15 | 45+1.8 3+1.2
(n=7)
Safflower 05402 | 40518 | 25615 | 0201 The results from this study, showed that the percent-
(n=5) age of the total SFA ranged from 7.2% + 0.73 for saf-
Cano:a 52406 | 44%14 flower oil to 90.5% + 2.95 for coconut fat, with the pre-
type . .. . o g
(iizo) dominant presence of lauiric acid (C,,0) and myristic
Canola 105425 | 69+16 aciq (C,,0)-Thisis following the gengral rule, where the
gg;z) major FA present in the vegetable oil or fat showed an

Table 2. Unsaturated fatty acid composition of different
types of vegetable oils and fats (% w/w)

Mean + SD
Type of Oil/Fat
P Cisq (%) Cis. (%) C.s3(%)
Coconut (n=7) 8.8+ 0.85 05+0.2 -
Corn (n=10) 26.8+1.2 48 +4.5 -
Cottonseed (n=6) 354+24 42+48 -
Linseed (n=8) 221+15 20515 475+5.6
Palm Kernel (n=7) 225+22 1.25 +0.55 -
Olive (n=10) 784+43 7.0+33
Soybean (n=5) 285+1.2 495+6.5 8+34
sunflowerseed | 5y 5 45 59575 -
(n=15)
Peanut (n=7) 585+5.8 20+£2.7 -
Safflower (n=>5) 16.6 +4.5 76+3
Canolavariety 1 | 5o, 1007 | 188435 11.9+1.1
(n=20)
Ca”"('r‘;‘_";{ ')ety 2| 232429 152436 444202
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even number of carbon atoms [6].

Except for palm kernel oil and coconut fats, palmitic
acid (C,) Was the major saturated FA for all oils, fol-
lowed by stearic acid (C18:o).These findings were similar
with those of Zambiazi et al. [16]. The content of myris-
tic acid (C,,,) in corn oil, cottonseed oil, olive oil, soy-
bean oil and safflower oil was low, ranging from 0.40%
+ 0.2 for cottonseed oil to 0.65% + 0.2 for olive oil. The
presence of behenic acid (C,,,) was found only in the
samples of sunflower seed oil (0.8% * 0.2) and peanut
oil (2.2% % 1.2), and the presence of lignoceric acid
(C,,,) was found only in the tested samples of peanut
oil (2% = 0.8). Arachidic acid (C,,,) was found in sam-
ples of coconut fat, linseed oil, olive oil, sunflower seed
oil, peanut oil and safflower oil, within the range from
0.20% =+ 0.1 for safflower oil to 3.0% + 1.2 for peanut oil.

Peanut oil showed the highest long chain SFA content,
comprising 7.2% of arachidic (Cop0) behenic (€, and
lignoceric FA (CMO).These findings are very close to the
results presented by Zambiazi et al. [16], where total
content of these three SFA was found to be 6.18%.
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Coconut fat and palm kernel oil showed different pat-
tern of SFA composition in comparison with the rest of
the tested oils. Lauric acid (C,,,) was the predominant
fatty acid in palm kernel oil (41% + 5) and coconut fat
(48% = 4). Besides lauric acid another short chain SFA
as caprylic acid (Cy.p)r capric acid (C,o.0) Myristic acid
(C, .0 palmitic acid (€0 and stearic acid (C,q) Were
also present in both oils. Because of a high content of
short chain FA these oils are used in chemical industry
for manufacturing of detergents and soaps [16].

All samples presented total SFA content less than one
fourth of the total FA content (saturated and unsaturat-
ed FA), except coconut and palm kernel fat. The content
of total SFA in corn oil was found to be approximately
one fourth of total FA content. It is known that the ex-
cessive consumption of SFA is related to the increase
of the plasmatic cholesterol and the obesity [5]. On the
other hand, the consumption of PUFA and MUFA has
been recommended to improve the lipid profile in re-
lation to the saturated SFA. Yu-Poth et al. indicate that
the rich diets in PUFA may provoke an increase in the
LDL - cholesterol oxidation and the reduction of the
HDL -cholesterol levels [17]. There is a tendency in in-
creasing the recommendations of MUFA consumption,
that seems not to affect the HDL levels, and also it may
reduce the LDL and triacylglycerols blood levels, that
make it more effective in prevention of hearth diseases.

Corn oil showed the similar content of PUFA (48.0% =+
4.5) as soybean oil (57.5% + 2.2), which was in accor-
dance with findings of Lawton et al. [14].

Sunflower seed oil also showed high PUFA content
(59.5% + 7.5) with the predominant presence of linole-
ic acid (Cm), which makes this oil suitable for use as
a salad oil [18]. In all tested samples of sunflower oil,
the presence of linolenic acid (C,,,) was not found.
According to the investigation of Zambiazi et al. [16]
and Chowdhury et al. [19], the content of linolenic acid
(C,s5) in sunflower seed oil was found to be within the
range from 0.12 - 0.45%.

Olive oil is nutritionally considered one of the best sal-
ad vegetable oil due to the highest MUFA content (75%
-77 %), which is mainly due to the predominant pres-
ence of oleic acid (C,,,). Our investigations of FA com-
position of olive oils showed that the content of MUFA
in olive oils was 78.4% + 4.3.

The highest content of total unsaturated FA was found
for safflower (92.6% =+ 1.06) and sunflower oil (91% =+
2.12), followed by canola oil - variety 1 (90.2% + 0.45)
and linseed o0il (90.1% + 0.99). The lowest content of un-
saturated FA was found for coconut fat (4.65% =+ 0.15).
These findings were in line with the literature data [19].

Two varieties of canola oil were tested on the fatty acid
composition: variety 1, with the high content of oleic
acid (59.5% + 1.907) and variety 2, with the high con-

tent of linolenic acid (44% = 2). Soybean oil and the
canola oil (variety 1) showed similar presence of linole-
nic acid, ranging from 8% + 3.4 for soybean oil to 11.9%
+ 1.1 for canola oil. This is considered adequate for giv-
ing ® - 3 source, and allied to the other FA content, rel-
atively good oil stability at room temperature [9]. Even
with similar linolenic acid content canola oil (variety 1)
showed different pattern from soybean, which is due to
lower soybean oil content in MUFA (28.5% + 1.2), and
higher content in PUFA (57.5% + 2.2). The lower con-
tent of SFA and higher content of MUFA makes canola
oil nutritionally more adequate than soybean oil for sal-
ad and cooking purposes [13].

Linseed oil was the richest one in ® - 3-fatty acid with
47.5% * 5.6 of linolenic acid. Linolenic acid is a o - 3
PUFA that plays an important role in the regulation of
biological functions, prevention and treatment of a
great number of human diseases, such as hearth and
inflammatory diseases [20]. But, as the amount of PUFA
content increases, an oxidation reaction of oil is more
likely to occur. The higher content of linolenic acid
makes linseed oil unsuitable for human consumption
[21].

Oleic acid (C,q,) was found to be predominant unsatu-
rated FA in coconut fat (8.8% + 0.85) and palm kernel fat
(22.5% = 2.2). Linoleic acid (C,q.,) Was the predominant
unsaturated FA (42% =+ 4.8) in cottonseed oil, which
also contains high level of SFA (22.4% + 1.22). These
findings were in correlation of the literature data [16].

The relationship between saturated and polyunsatu-
rated FA content is expressed as P/S index. This value is
an important parameter for determination of nutrition-
al value of certain oil. Qils and fats with higher value
of P/S index than 1 are considered to have nutritional
value. Several studies indicate that higher value of P/S
index means a smaller deposition of lipids in the body
[14]. The values of P/S indexes of tested oils and fats are
shown in Table lII. The higher value for P/S index was
found for safflower oil (10.55) and the lowest for palm
kernel oil (0.016) and coconut fat (0.005). These results
are in line with the data obtained from the literature
[16, 18].

4, Conclusions

- Canola oil (variety 2) and linseed oil differed from
the others by presenting appreciable amount of lin-
olenic acid (C,, ) ranged from 44% + 2.02 for canola
oil to 47.5% =+ 5.6 for linseed oil. Linolenic acid is a
® - 3 PUFA that plays an important role in the reg-
ulation of biological functions. But, as the amount
of PUFA content increases, an oxidation reaction of
oil is more likely to occur. The higher content of lin-
olenic acid makes linseed oil unsuitable for human
consumption
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Canola oil (variety 1) and olive oil showed the
highest values of MUFA (59.5% + 1.907 for canola
oil variety 1 and 78.4% =+ 4.3 for olive oil), with the
predominant presence of oleic acid Because of the
high content of oleic acid, olive oil is nutritionally
considered as one of the best salad vegetable oils.

Peanut, cotton and corn oils, showed higher con-
tent of unsaturated FA (more than 75%) than satu-
rated ones, which is mainly due to the distribution

between oleic (C,,,) and linoleic acid (C,, ).

18:1)
The fatty acid composition of safflower and sun-
flower oil contains a healthy mixture of all the types
of saturated and unsaturated fatty acid In consider-
ation of total percentage of unsaturated FA (MUFA
+ PUFA), sunflower oil appears superior. On the oth-
er hand in respect of total percentage of essential
FA (linoleic and linolenic), soybean oil is superior.
But on overall consideration, sunflower oil with the
highest percentage of MUFA and PUFA appeared
to be suitable for mass consumption. The value of
P/S index which is associated to the impact in the
human health is also high for safflower (10.55) and
sunflower oil (6.76), which makes them the most
suitable edible oils for mass consumption.

5. References

[l

(2]

3]

(4]

[5]

(6]

(7]

(8]

Egbgl M. A. D., Halimah A. S., Abdulah M. K. and Zalifah
M. K. (2011). Fatty acid composition of four different veg-
etable oils (red palm olein, corn oil and coconut oil) by gas
chromatography. IPCBE 14, pp. 31 - 34.

Senanayake S. P J. N., and Shahidi F. (2002). Structured
lipids: acydolysis of gamma-linolenic acid rich-oils with
n-3 polyunsaturated fatty acids. Journal of food lipids 4,
pp. 309 - 323.

St. Angelo A. J. (1996). Lipid oxidation in foods. Critical re-
view in Food Science and Nutrition 36 (3), pp. 175 - 224.

Assiesa J., Loka A., Bocktinga C. L, Weverlingb G. J., Liev-
ersec R, Visserd I., Abelinge N. G. G. M., Durane M., and
Schenea A. H. (2004) Fatty acids and homocysteine levels
in patients with recurrent depression: an explorative pilot
study. Prostaglandins, Leukotrienes and Essential Fatty
Acids (70), pp. 349 - 356.

Ristic V., and Ristic G. (2003). Role and importance of di-
etary polyunsaturated fatty acids in the prevention and
therapy of atherosclerosis. Med. Pregled 56 (1-2), pp. 50
-53.

Daniewski M., Jacorzynski B., Filipek A., Balas J., Pawlizka
M., and Mielniczuk E. (2003). Fatty acid content in select-
ed edible oils. Roczniki-Panstwowego-Zakladu-Higieny
54(3) pp. 263 - 267.

Zambiazi R. Z., and Zambiazi M. W. (2000). Vegetable oil
oxidation: effects of endogenous components. Revista da
Sociedade Brasiliera de Ciencia e Tecnologia de Alimen-
tos, Camphinas 34(1), pp. 22 - 32.

Bradley D. G., and Min D. B. (1992). Singlet oxygen oxida-

116

[9]

0]

(11l

[12]

[13]

[14]

[15]

(16l

[17]

18]

(19

[20]

[21]

tion of foods. Critical Review Food Science and Nutrition
31(3), pp.211-236.

Zambiazi R. Z. (1999). Oxidation reactions of vegetable
oils and fats. Revista da Sociedade Brasiliera de Ciencia e
Tecnologia de Alimentos, Camphinas 33 (1), pp. 1- 7.

Chayanoot S., Ausa C. Jaruwan N.N. and Chakrit T.
(2005). Effects on solvents on fatty acid profile of stearin
separated from crude palm oil. ICEE, pp. 1 - 4.

Fasina O. O., Hallman C. H. M., and Clementsa C. (2006).
Predicting Temperature-Dependence Viscosity of Vegeta-
ble Oils from Fatty Acid Composition. JAOCS 83(10), pp.
899 -903.

Dzisiak D. (2004). New oils reduced saturated and trans
fats in processed foods. Cereal Foods World 49 (6), pp.
331-333.

Przybylski R, McDonald B. E. (1995). Development and
Processing of vegetable oils for human nutrition in Illinois:
The Oil Press /AOCS.

Lawton C. L., Delargry H. J., Brockman J,, Simith R.C., and
Blundell J. E. (2000).The degree of saturation of fatty ac-
ids of fatty acids influences in post ingestive satiety. British
Journal of Nutrition 83 (5), pp. 473 - 482.

BS EN ISO 5508 (1995). Animals and vegetables fats and
oils. Analysis by gas chromatography of methyl esters of
fatty acids.

Zambiazi R. C,, Przybylski R., Zambiazi M. W., and Men-
donca C. B. (2007). Fatty acid composition of vegetable
oils and fats. B.CEPPA, Curitiba 25(1), pp. 111 - 120.

Yu-Poth S., Etherton T. D., Reddy C. C., PearsnoT. A, Reed
R., and Zhao G.(2000). Lowering dietary saturated fat
and total fat reduces the oxidative susceptibility of LDL in
healthy men and women. Journal of Nutrition 130 (9), pp.
2228 -2237.

Daniewski M., Jacorzynski B., Filipek A., Balas J., Pawlicka
M., and Mielniczuk E. (2003). Fatty acids content in select-
ed edible oils. Roczniki-Panstwowego-Zakladu-Higieny
54 (3), pp. 263 - 267.

Chowdhury K., Banu L. A, Khan S., and Laif A. (2007).
Studies on the Fatty acid Composition of Edible Oil. Bang-
ladesh J. Sci .Ind. Res. 42 (3), pp. 311 - 316.

Shapiro, H. (2003). Could n-3 polyunsaturated fatty ac-
ids reduce pathological pain by direct actions on the
nervous system? Prostaglandins, Leukotrienes and Es-
sential Fatty Acids 68(3), pp. 219 - 224.

McKenzie S., Taylor D. C (1996). Seed oils: a new age. Plant
Biotechnology, 1(1), pp. 1-4.



