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Abstract: The increasing concern for consumed fat by western populations has raised the question of
the level and the quality of fat intake, especially the composition of fatty acids (FA) and their impact
on human health. As a consequence, consumers and nutritionists have requested updated publications
on FA composition of food containing fat. In the present study, fourteen different kinds of edible oils
(rapeseed, olive, hazelnut, argan, groundnut, grape seed, sesame, sunflower, walnut and organic wal-
nut, avocado, wheat germ, and two combined oils) were analysed for FA determination using a BPX-70
60 m highly polar GC column. Oils were classified according to the classification of Dubois et al. (2007,
2008). Monounsaturated FA (MUFA) group oils, including rapeseed, olive, hazelnut, and avocado oils,
contained mainly oleic acid (OA). Groundnut and argan oils, also rich in MUFA, showed in addition
high linoleic acid (LA) contents. In the polyunsaturated (PUFA) group, grape seed oil presented the high-
est LA content while sunflower, sesame, and wheat germ oils showed noticeable MUFA amounts in ad-
dition to high PUFA contents. Walnut oils, also rich in LA, showed the highest linolenic acid (ALA) con-
tent. The n-6/n-3 ratio of each oil was calculated. Trans-FA (TFA) was also detected and quantified.
Results were compared with the data published during the past decade, and the slight discrepancies
were attributed to differences in origin and variety of seed-cultivars, and in seed and oil processes.
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Introduction

Interest in the specific fatty acid (FA) composition of oils has been emerging with the growing sci-
entific evidence that all fats are not equivalent in regard to consumers’ health. French scientists
from public health or food research institutes have recommended daily amounts for each types
of FA, i.e., saturated (SFA), monounsaturated (MUFA), polyunsaturated (PUFA), and trans-fatty
acids (TFA), as well as for specific fatty acids such as linoleic (LA), linolenic acids (ALA), and long-
chain PUFA (AFSSA, 2005; Legrand et al., 2001). With these recent concerns about specific bio-
logical properties of individual FA, consumers as well as food industry have paid attention to FA
composition of vegetable oils, seeking wider diversity. A new market has arisen with providers
proposing dozens of edible oils, including traditionally produced and locally consumed oils, veg-
etable oils previously used as ingredients in cosmetic formulations, and newmixtures of vegetable
oils combined to balance FA proportions, especially essential PUFAs.
In this new context, the Information Centre on Food Quality of the French Food Safety Agency (Afssa-
Ciqual) sought to update the French reference food composition tables regarding FA composition of
edible oils. Afssa-Ciqual has published the French food composition tables on the Internet, available
for consumers, food industries, health care professionals, and other scientists as reference data
(Afssa-Ciqual). The aim of this study was to analyse the FA composition of edible oils using an efficient
highly polar middle length GC column in order to provide accurate FA profiles of main oils commonly
consumed in France at the present time, as well as FA composition of specific new oils.

Material and methods

Chemicals
Fatty acid methyl ester (FAME) standards, including nonanoic acid methyl ester C9:0 used as in-
ternal standard, and Supeclo 37 component FAME mix #47885-U were purchased from Sigma-
Aldrich France (Saint Quentin Fallavier, F). Anhydrous milk fat certified reference material (CRM)
164 was purchased from the UE-CBR (Brussels, B). All other reagents were analytical grade from
various trademarks.

Sampling
Eleven kinds of vegetable oils, either representative of the French diet pattern or missing in
CIQUAL data base, were sampled. Following the usual sampling procedure applied by the Afssa-
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Ciqual, a cost-effective convenience sampling plan was applied. Five
bottles of major trademarks of each kind of oils were purchased in
January 2007 from several supermarkets in N.E. of France and were
mixed together in equivalent proportions. In addition, a virgin avocado
oil, a virgin wheat germ oil, and an organic virgin walnut oil (unavail-
able in supermarkets) were bought in specialised organic groceries and
individually analysed. Two distinct brands among the five walnut oils
composing the mixture sample were also individually analysed to check
trans-FA contents. Details on samples are given in table 1.

Fatty acid esterification
Fatty acid methyl esters (FAMEs) were prepared using sodium methox-
ide as a catalyst. In brief, a 50 mg portion of vegetable oil was weighed
to the nearest 0.1 mg in a reacting flask. Then 1 mL internal standard
solution (1 mg C9:0 99% purity/mL in hexane) was added and the flask
was shaken vigorously. 2 mL 0.5N sodium methoxide was then added,
and the flask was vigorously shaken again for 1min. before being heated
to 40 °C for 30 min., with vigorous shaking at regular intervals. Then
100 μL glacial acetic acid, 4 mL distilled water, and 4 mL hexane were
successively added, and the flask was vigorously shaken each time. The
flask was then centrifuged, and the supernatant was stored at – 80 °C
under nitrogen until the GC analysis, if necessary.
For the GC analysis, 50 μL of FAME solution was diluted in 1 mL hexane,
and then 0.5 μL was injected in GC. Methylation and analysis were per-
formed in duplicate for each sample at the same time.

Chromatographic conditions for FA analysis
GC analysis was carried out on an Agilent 6890N gas chromatograph
(Agilent Technologies Inc., Massy, F) equipped with an Agilent 7683
autosampler, an on-column injector set in “track oven” mode (which
means that the injector temperature is always 3 °C higher than the
oven temperature) and a flame-ionisation detector (FID) set at 255 °C.
Signal acquisition was computed with a Varian Galaxie® software data
system (Varian Inc., Les Ulis, F). A BPX-70 (60 m × 0.25 mm i.d.,
0.25 μm film; SGE Europe Ltd, Courtaboeuf, F) flexible fused-
silica-column was used with column inlet pressure set at 110 kPa
(constant pressure), hydrogen as the carrier gas, and the following tem-
perature programme: 60 °C (5 min) – 15 °C/min. 165 °C (1 min.) –

2 °C/min. 225 °C 4 min.
A reference solution was made in the lab by spiking a CRM164 FAME
solution with a fish oil FAME solution plus some commercial FAME stan-
dards (including Supelco #47885-U). This lab-made reference FAME so-
lution was used to determine as many FAME peaks as possible using the
BPX-70 column under working conditions. Chromatographic peaks
were identified by comparison with several typical chromatograms
such as: individual FAME reference chromatograms, CRM164 chroma-
tograms (before and after spiking with reference FAME solutions), as
well as chromatograms of both lab-made reference FAME and
CRM164 FAME fractions from silver nitrate impregnated thin-layer chro-
matography [determination of saturated FA, mono-cis FA, trans-FA, and
polyunsaturated fatty acid (PUFA) subclasses], and finally chromato-
grams reported in the literature under the same chromatographic con-
ditions (Vingering and LeDoux, 2009). The lab-made reference FAME
solution and Supelco #47885-U standard were injected twice each (at
the beginning and at the end of a series sequence, after blanks) during
each series of chromatographic runs as qualitative standards to check
the FAME retention times and to identify peaks in samples by compari-
son of chromatograms. The FAME overlaps occurring when using the
BPX-70 60-m column were described and discussed earlier (Vingering
and LeDoux, 2009).

Table 1. Oil samples (information obtained from packaging or from producers).

Oils Trade-
marks

Information

Argan 1 Virgin cold-pressed oil. Organic agriculture.
Moroccan fruits

2 Kernels slightly roasted. Organic agriculture.
3 Kernels slightly roasted. Organic agriculture
4 Virgin oil

Avocado 5 Virgin cold-pressed oil, organic agriculture.

Combined
olive and
seed oils

1 Rapeseed and olive oils
6 Olive and sunflower oils
7 Sunflower, rapeseed, olive, grape seed oils
8 Safflower, olive, and nut oils
9 No detail.

Combined
vegetable
oils

10
11 Sunflower, oleisol, rapeseed, and grape seed oils
12 Corn, walnut, wheat germ, and grape seed oils
13 “4 oils” Grape seed, rapeseed, oleisol, and sunflower

oils
13 “Special” Palm, sunflower, and rapeseed oils

Grapeseed 1 Virgin cold-pressed oil. Organic agriculture.
French seeds.12

13
14
15

Groundnut
(Peanut)

11
12
13
14
16

Hazelnut 1 Virgin cold-pressed oil. Organic agriculture.
12
14
16
17

Olive 12 Virgin cold-pressed oil.
13 Virgin cold-pressed oil.
18 Virgin cold-pressed oil.
19 Virgin cold-pressed oil.
20 Virgin cold-pressed oil.

Rapeseed 12
13
16
17
21

Sesame 1 Virgin cold-pressed oil. Organic Agriculture. African
seeds

2
4
22 Virgin cold-pressed oil. Organic Agriculture.
23
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The correction factors were determined and calculated as previously re-
ported (Vingering and LeDoux, 2009). A control oil with a simple FA
profile was made in the lab by mixing non-refined olive and walnut
oils. After homogenisation, small portions of the mixture were poured
into amber vials and stored under nitrogen at – 28 °C, until use. Ten
aliquots of this control oil were first methylated in duplicate following
the working conditions and analysed using BPX-70 column to check re-
peatability and accuracy. A sample of this lab-made control oil mixture is
systematically thawed and added as a quantitative control in each series
of GC runs to regularly check the performance of the method. All FAMEs
were quantified against C9:0 FAME 99% purity as internal standard
(Vingering and LeDoux, 2009).

Results and discussion

Fatty acid analysis
Ten aliquots of a lab-made control oil mixture weremethylated and ana-
lysed in duplicate under working conditions. The results were in the
range of the ISO/IDF Standard (ISO15885/IDF184, 2002) (data not
shown).
All the oil FA composition analyses in the present study were made
within the same series: samples were methylated the same day in dupli-
cate and then analyzed on the BPX-70 60-m column within the same
run. A typical chromatogram of a vegetable oil is shown in Figure 1.
The use of a 60-m highly polar GC capillary column allowed separation
and identification of many fatty acids, including minor FAs, such as trans
isomers. Only few authors (Ortiz Moreno et al., 2003; Noor Lida et al.,
2002; Christopoulou et al., 2004) used such efficient middle length GC
columns for studying FA composition of vegetable oils. Others worked
with shorter columns (25-30 m) bonded with average or highly polar
phases, the reason why poor information on specific minor FAs, such
as TFA, were available in most publications (Juanéda et al., 2007).

Fatty acid composition of vegetable oils
The fatty acid composition of analysed oils is shown in table 2. All the
duplicate results were in accordance with the ISO/IDF Standard
(ISO15885/IDF184, 2002): the relative difference between two inde-

pendent single test results, obtained using the same method on identi-
cal test material in the same laboratory by the same operator using the
same equipment within a short interval of time, will be greater than 5%
in not more than 5% of cases, with an absolute maximum of 1 g/100 g
(FA > 5 g/100 g) or 12% with an absolute maximum of 0.5 g/100 g
(1 g < FA < 5 g/100 g) (data not shown).
Dubois et al., 2007, 2008 classified vegetable oils within different classes
and subclasses according to their FA profiles. Results of this study are
presented following this classification.

Oils from MUFA group
Rapeseed, olive, hazelnut, and avocado are MUFA rich oils, especially
in oleic acid (18:1 n-9) with contents ranging from 50 (avocado) to
70 g/100 g of oil (olive, hazelnut). Dubois et al., 2007 classified these
vegetable oils in the MUFA group, since MUFA were found to be major
FAs in these fruits and seeds.
Our results regarding rapeseed oil FA composition are similar to the data
from literature (Lee et al., 1998; Przybylski and Mag, 2002). Beside high
contents of MUFAs with oleic acid as major FA, the rapeseed oil
was found to be one of the richest oils in ALA (7.8 g/100 g oil) with a
low LA n-6/ALA n-3 ratio (2.4), due to a low content in linoleic acid.
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Figure 1. Partial chromatograms* of FAME prepared from 3 vegetable oils. Analyses
on a BPX-70 column (60 m × 0.25 mm i.d., 0.25 μm film; SGE Europe Ltd), hydro-
gen as carrier gas and temperature programme as followed: 60°C (5 min) –

15 °C/min. 165 °C (1 min.) – 2 °C/min. 225°C 4 min. Peak identification: 1. 16:0;
2. 7c-16:1 (n-9); 3. 9c-16:1 (n-7); 4. 17:0; 5. 9c-17:1 (n-9); 6. 18:0; 7. trans-18:1;
8. 9c-18:1 (n-9); 9. 11c-18:1 (n-7); 10. 9c,12t-18:2 (n-6); 11. 9t,12c-18:2 (n-6);
12. 9c,12c-18:2 (n-6); 13. trans-18:3 (n-3); 14. 9c,12c,15c-18:3 (n-3); 15. 20:0;
16. 11c-20:1 (n-9); 17. 22:0; 18. 13c-22:1 (n-9); 19. 24:0; 20. 15c-24:1 (n-9).
*The 3 chromatograms are presented at the same scale for both the x- and y-axis.

Oils Trade-
marks

Information

Sunflower 12
13
14
16
17

Walnut 11 (walnut I)
12 (walnut II)
14
13
24

Walnut I 11
Walnut II 12
Walnut III 25 Virgin cold-pressed oil. French fruits from organic

agriculture.

Wheat germ 1 Virgin cold-pressed oil.
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Table 2. FA composition of analysed vegetable oils (in g FA/ 100 g oil).

Rapeseed Olive Hazelnut Avocado Groundnut
(peanut)

Argan Combined
Olive and
Seeds

Grapeseed

Group1 MUFA MUFA PUFA

Subclass1 MUFA SFA + LA LA

14:0 0.1 - - 0.1 0.0 0.2 - -
16:0 4.5 8.3 5.6 16.9 8.9 11.9 7.9 6.9
16:1 n-7+n-9 0.2 0.8 0.2 7.7 0.1 0.1 0.4 0.1
17:0 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1
17:1 n-9 0.1 0.2 0.1 0.1 0.1 - 0.1 -
18:0 1.6 3.0 2.5 0.8 2.6 5.0 3.2 3.9
18:1-trans* - - - 0.1 - - - -
18:1 n-9 55.2 71.0 72.7 50.3 51.3 43.8 46.3 18.4
18:1 n-7 4.0 3.3 2.4 7.1 1.3 0.9 2.7 1.0
18:2-trans* 0.1 - 0.1 0.3 0.2 - 0.1 0.6
18:2 n-6 19.4 6.7 12.9 10.5 23.5 33.3 32.5 63.3
18:3-trans* 0.6 - - 0.1 - - 0.1 -
18:3 n-6 - - - - - - - -
18:3 n-3 7.8 0.7 0.4 0.6 0.2 0.1 2.2 0.4
20:0 0.6 0.4 0.2 0.1 1.2 0.4 0.5 0.3
20:1 n-9 1.1 0.4 0.2 0.1 1.5 0.4 0.5 0.3
20:2 n-6 - - - - - - - -
22:0 0.3 0.1 0.0 - 2.5 0.1 0.3 0.1
22:1 n-9 0.2 - - - 0.1 0.0 0.0 -
24:0 0.1 0.1 - - 1.4 0.0 0.1 -
24:1 n-9 0.1 - - - - - - -
SFA 7.3 11.9 8.3 17.9 16.7 17.6 12.1 11.2
MUFA 59.7 75.2 75.4 65.2 54.24 44.8 49.4 19.5
PUFA 26.9 7.4 13.3 11.0 23.7 33.5 34.7 63.6
PUFA n-3 7.8 0.7 0.4 0.6 0.2 0.1 2.2 0.4
PUFA n-6 19.1 6.7 12.9 10.5 23.5 33.3 32.5 63.3
n6/n3 ratio 2.4 10.0 35.9 19.0 130.5 256.3 14.9 175.7
trans-FA 0.7 - 0.1 0.5 0.2 - 0.1 0.5
Total FA 95.7 94.9 97.4 94.8 94.8 96.3 96.8 95.2

Sunflower Sesame Combined Wheat germ Walnut Walnut I Walnut II Walnut III
(organic)

Group1 PUFA PUFA

Subclass1 LA + MUFA LA + SFA

14:0 0.1 0.0 - 0.1 - - - -
16:0 6.0 8.4 6.3 15.9 7.2 6.5 6.9 6.4
16:1 n-7+n-9 0.1 0.1 0.1 0.2 0.2 0.1 0.1 0.1
17:0 0.1 0.1 0.1 - 0.1 - - -
17:1 n-9 0.0 0.0 0. - 0.0 - - -
18:0 3.6 5.5 2.9 0.6 2.7 2.5 2.6 2.7
18:1-trans* - - - - - - - -
18:1 n-9 29.4 38.5 38.4 11.1 15.2 15.8 14.1 17.4
18:1 n-7 1.3 1.6 1.6 1.5 1.3 1.3 1.2 1.2
18:2-trans* 0.5 0.2 0.3 - 0.3 0.2 0.5 -
18:2 n-6 54.5 40.0 44.4 52.7 57.1 56.1 57.3 57.3
18:3-trans* - - 0.1 - 0.5 0.6 1.3 -
18:3 n-6 - - - - - - - -
18:3 n-3 0.1 0.4 1.3 7.1 11.9 12.1 11.7 10.8
20:0 0.3 0.7 0.4 0.3 0.1 0.3 0.0 0.3
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Olive oil is mainly a source of oleic acid (> 70% of total FAs) and shows
the lowest content in linoleic acid compared to the other oils analysed in
this study. Overall, our results regarding this oil are within the range of
French and Greek olive cultivars FA composition (Ollivier et al., 2006,
2003; Boskou, 2002), but slightly lower than Italian, Korean, and
Japanese olive oils regarding 16:0 and 18:2 n-6 contents and slightly
higher for 18:3 n-3 content (Lee et al., 1998; Mannina et al., 2003;
Ranalli et al., 2003). Our results are in accordance with specifications of
trade standards for olive oils as defined by the International Olive Oil
Council (IOOC). FA composition of various olive cultivars showed signif-
icant differences (Ollivier et al., 2003; Mannina et al., 2003), so olive oil
FA profiles have been considered as a parameter to characterise a regis-
tered designation of origin (RDO) (Ollivier et al., 2006). Moreover, sig-
nificant differences were observed between olive pulp and seed FA com-
positions (Ranalli et al., 2003).
Hazelnut oil shows the highest oleic acid contents (72.7 g/100 g oil).
Our results are close to the FA profile reported for Turkish hazelnut oil
with slight differences: OA content is slightly lower, and both LA and
ALA contents are higher in the present study than in the Turkish one
(Alasalvar et al., 2003).
In addition to a high oleic acid level, avocado oil shows high contents in
two other MUFAs, palmitoleic (16:1 n-7) and cis-vaccenic (18:1 n-7)
acid (respectively, 7.7 and 7.1 g/100 g oil), compared to other vegeta-
ble oils (from 0.1 to 0.8 g/100 g oil), confirming previous reports (Ortiz
Moreno et al., 2003; Bora et al., 2001). Nevertheless, this oil shows the
highest palmitic acid (16:0) content (16.9 g/100 g compared to
0.1 - 15.9 for other oils). In our study, the oleic (OA, 18:1 n-9), linoleic
(LA, 18:2 n-6), and α-linolenic (ALA, 18:3 n-3) acid contents of avocado
oil (respectively, 53.1%, 11.1%, and 0.6% of total FAs) are slightly lower
than the average values reported for Mexican avocado (respectively,
60.3%, 13.7, and 1.4%) (Ortiz Moreno et al., 2003). These authors ex-
tracted oil from avocado pulp in their lab using four different methods
including solvent and/or microwaves and observed a significant influ-
ence of extraction procedure on the FA profile. In our study, the ana-
lysed avocado oil, labelled as cold pressed oil, was bought in a specia-
lised store and FAME was directly made from the oil sample.
Considering individual results by Ortiz-Moreno et al., 2003, our results
were close to their “microwaves/squeezing extracted oil” except for ALA

which remained higher in Mexican avocado (1.8% of total FAs).
A different cultivar from Brazil showed ALA content of avocado pulp oil
as low as in our study (0.5% of total FAs) (Bora et al., 2001). These
authors also reported that avocado pulp and seed oils showed signifi-
cant differences in FA composition, the seed oil being much richer in
PUFA than the pulp oil, especially both LA and ALA (Bora et al., 2001).
Last point, the avocado oil studied here also contained trans-FAs as high
as 0.5% of total FAs. Such a relatively high content is at the upper limit
for TFA contents in cold pressed oils (Brühl, 1995). Such TFA contents
were previously reported while testing various extraction procedures in
laboratory, ranging from 0.3 to 0.9% of total FAs depending on the
method of oil extraction from avocado pulp (Ortiz-Moreno et al.,
2003). As we used a moderate methylation procedure with sodium
methoxide as catalyst in small amounts of hexane in order to reduce
the risk of generating TFAs during analysis, TFAs from avocado oil were
probably present either in avocado pulp or/and generated during pro-
cess. On the other hand, we did not find any TFA, even as traces, in vir-
gin wheat germ, walnut oils, or olive oil mixtures in the present study
(table 2), so the methodology used here did not seem to generate TFAs.

MUFA/SFA + LA subclass
Groundnut and argan oils were classified as MUFA (group)/SFA + LA
(subclass) oils since average SFA and LA contents were higher than in
the MUFA group/MUFA subclass (Dubois et al., 2007). Major FAs
in groundnut oil are found to be oleic acid and then linoleic acid. The
present results are comparable to some previously reported data
(Sanders, 2002; Dorschel, 2002), but SFA and LA contents in the tested
groundnut oil mixture are slightly lower and OA content is slightly
higher than the average values calculated by Dubois et al., 2007 from
literature data. The ALA content of groundnut oil measured in the pres-
ent study (0.1%) is lower than the published results for US oils (0.7%)
(Dubois et al., 2007; Dorschel, 2002), but similar to findings for Greek
oils (0.1%) (Christopoulou et al., 2004). The specificity of groundnut oil
of containing long chain (C > 20) FAs, i.e., 20:0, 20:1, 22:0, and 24:0, is
thus confirmed.
Argan oil, an exotic oil from Morocco, with putative biological proper-
ties interesting for human health (Charrouf and Guillaume, 2008), is
more or less balanced in OA and LA as major FAs, with respectively,
40 and 33 g/100 g of oil and is also found to be rich in palmitic acid

Sunflower Sesame Combined Wheat germ Walnut Walnut I Walnut II Walnut III
(organic)

20:1 n-9 0.2 0.3 0.3 1.4 0.2 0.1 0.2 0.2
20:2 n-6 - - - 0.1 - - - -
22:0 0.7 0.1 0.5 0.1 0.1 - - -
22:1 n-9 - - 0.0 0.2 - - - -
24:0 0.2 0.0 0.2 0.1 - - - -
24:1 n-9 - - - 0.2 - - - -
SFA 10.9 14.9 10.3 17.2 10.0 9.3 9.8 9.4
MUFA 30.8 40.2 40.2 13.3 16.6 17.1 15.4 18.7
PUFA 54.6 40.4 45.7 60.0 69.1 68.2 69.0 68.1
PUFA n-3 0.1 0.4 1.3 7.1 11.9 12.1 11.7 10.8
PUFA n-6 54.5 40.0 44.4 52.9 57.1 56.1 57.3 57.3
n6/n3 ratio 681.0 99.9 35.2 7.5 4.8 4.6 4.9 5.3
trans-FA 0.5 0.2 0.4 - 0.9 0.8 1.7 -
Total FA 96.9 95.9 96.8 91.8 96.8 95.5 96.0 96.4

1. See reference [2]. – not detected. 0.0 detected as traces.
* sum of all trans-isomers of the TFA group.
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(16:0). Those findings are in agreement with data from literature
(Rezanka and Rezankovà, 1999; Hilali et al., 2005). ALA content of argan
oil is very low (0.1 g/100 g oil). Such low ALA contents have been
observed in some argan oils from different origins (Hilali et al., 2005),
but ALA contents as high as 3.8% have also been reported (Rezanka
and Rezankovà, 1999).

Oils from PUFA group
Grape seed, sunflower, sesame, wheat germ, and walnut oils are rich in
PUFAs with contents ranging from 40 (sesame) to 63 g (grape seed)
PUFA/100 g oil. Grape seed has been classified in an LA subclass,
sunflower, sesame, and wheat germ oils in an LA+MUFA subclass, and
walnut oil in an LA+SFA subclass (table 2) (Dubois et al., 2007).

PUFA/LA subclass
Grape seed oil is the richest in PUFAs, representing 66.5% of total FAs,
and has been classified in an LA subclass Dubois et al., 2007. Indeed, this
oil shows the highest content in linoleic acid (63.3 g/100 g oil), but due
to a poor linolenic acid content, the PUFA n-6/PUFA n-3 ratio is very
high. Our results regarding FA composition of grape seed oil are quite
similar to those previously reported, with only few differences
(Udayasekhara Rao, 1994; Sovová et al., 2001). Grape seed oil from
India contained 8.1% ofmyristic acid (14:0) and less palmitic acid (16:0)
(3.5%) than in the present study (7.2%). French grape seed oil showed
slightly higher OA content and slightly lower LA content than those re-
ported for grape seeds from Macedonia (Sovová et al., 2001). In addi-
tion, Sovová et al., 2001 reported the presence of 0.4% γ-linolenic acid
(GLA, 18:3 n-6). However, in our study, chromatograms of FAMEs pre-
pared from grape seed oil did not show any peak in the area of
GLA elution, neither GLA nor trans-ALA (GLA overlapped with some
trans-ALA on the BPX-70 60-m column under analytical conditions
used in the present study (Vingering and LeDoux, 2009)).

PUFA/LA+MUFA subclass
Other PUFA oils like sunflower, sesame, andwheat germ oils also contain
high MUFA amounts (Dubois et al., 2007).
The main fatty acids in “conventional” sunflower oil are linoleic and
oleic acids, along with palmitic acid (Noor Lida et al., 2002; Guinda
et al., 2003; Gupta, 2002; Wang, 2002), but field-grown mutant sun-
flower seeds can showmuch higher contents of oleic or oleic plus palmi-
tic acids (Guinda et al., 2003). Sunflower oils analysed in the present
study show an FA composition similar to the conventional sunflower oil
profile (Codex Alimentarius).
Like argan oil, sesame oil is balanced in both OA and LA asmajor FAs, but
contrary to argan, LA content was found to be higher than OA content.
Such results are in accordance with previously reported data (Kochbar,
2002), even if LA content from the present study (42% of total FAs)
was at the lowest limit of results from literature (Lee, et al., 1998; Abou-
Gharbia et al., 2000; Alpaslan et al., 2001; Jahaniaval et al., 2000).
Nevertheless, our results are within the range of values established by
the Codex Alimentarius for sesame oil (Codex Alimentarius). Such low
LA contents were also reported from sesame seeds in Turkey depending
on the interaction between row space and irrigation effects (Alpaslan
et al., 2001). Dubois et al., 2007 classified sesame oil in PUFA group
and argan in MUFA group, but average LA content of sesame oil calcu-
lated from published data was higher than LA content measured in the
present study. This is the reason why both argan and sesame oils, which
have close FA compositions in our study, are presented in different
groups in table 2.
Contrary to most of the oils analysed in the present study, the tested
wheat germ oil is not a mixture, but a unique sample from a traditional
local factory producing a virgin cold-pressed oil. However, our results
are quite similar to the results previously reported for FA compositions
of wheat germ oil extracted either by solvents at cold or hot tempera-

tures (Dunford and Zhang, 2003), or supercritical CO2 (Panfili et al.,
2003). Only small differences are observed, for instance OA content is
slightly lower, and both LA and ALA contents are higher in the present
study than in the reported data (Dunford and Zhang, 2003; Panfili et al.,
2003). Moreover, LA and ALA contents of wheat germ oils extracted by
solvents decreased with increasing temperatures during solvent extrac-
tion (Dunford and Zhang, 2003). No trans-PUFA is detected in the virgin
wheat germ oil analysed in the present study, even as traces.

PUFA/LA+SFA subclass
Dubois et al., 2007 classified walnut oil in a PUFA group/LA +SFA sub-
class, but these authors used only Greek data (Tsamouris et al., 2001).
The FA composition of the mixture made from 5 French walnut oils is
quite different from the results obtained with Greek oil [40], but remains
in accordance with data from Wolff (1993) for German and French oils.
In the present work, as for Wolff’s results, the walnut oil mixture has
lower SFA (10%) and much higher MUFA (17% of total FAs) contents
than the Greek oil (respectively, SFA 15% and MUFA 1%). Regarding
PUFA content, the French oil is poorer in 18:2 n-6 and richer in 18:3 n-
3, with an LA n-6/ALA n-3 ratio of 4.8 against 7.4 for the Greek oil. The
walnut oil mixture also presents a relatively high TFA content
(0.86 g/100 g oil, representing 0.9% of total FAs). Deodorisation, the
last step of oil refining, is known to be the main cause of trans-PUFA iso-
mer formation during oil processing (LeDoux et al., 2007). Wolff (1993)
reported TFA contents from 0.84% to 1.83% in refined walnut oils and
0.1% for virgin walnut oil.
In addition to the planed work, we analysed two walnut oils individually
(walnut I & II, table 1) and an extra walnut oil (organic walnut III, table 1)
labelled as virgin cold-pressed oil. Overall, the FA compositions of these
three oils conform to our previous findings, including good LA n-6/ALA
n-3 ratios (table 2). However, both the walnut I & II oils contained TFAs
(respectively, 0.8% and 1.8% of total FAs) and both of these oils showed
trans-18:2 as well as trans-18:3, while the FAME chromatograms for
organic walnut oil did not show any TFA, even as traces.

Variation factors of oil FA composition
The present study recalls and underlines the specificity of the analysed
vegetable oils in terms of their FA composition, an often used criterion
for the general classification of oils and fats, recently revisited by Dubois
et al., 2007. Overall, our results are in agreement with the average of the
vegetable oil FA compositions published in literature in the past decade
for the same oils as well as in the FA compositions given by the Codex
Alimentarius standard for named vegetable oils (Codex Alimentarius).
However, differences were observed between our results and published
data for some FA contents of several oils. These differences could be
explained by various reasons.
Significant differences in FA profiles were reported for the same kind
of oil in relation with several parameters. Among influencing factors,
the cultivar and the origin of the oleaginous plant have been quoted
(Lee et al., 1998; Ollivier et al., 2006; Ollivier et al., 2003; Mannina
et al., 2003; Guinda et al., 2003). In contrast, numerous varieties of a
same oleaginous fruit from different geographical origins have been re-
ported to have very close FA compositions (Hilali et al., 2005). Changes
in total FA amounts as well as in FA proportions were also observed
during development of oilseeds (Chung et al., 1995) and, for a same
vegetable, pulp and seed can shows drastic differences in their FA
compositions (Ranalli et al., 2003; Bora et al., 2001).

Overview
Figure 2 shows the SFA, MUFA, and PUFA distributions of the different
analysed oils. Only few variations are observed regarding SFA contents,
from 7 to 19% of total FAs depending on the oil. In all oils, palmitic
acid (16:0) is always the major SFA, followed by stearic acid (18:0).
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Other SFAs, such as 14:0, 20:0, 22:0, and 24:0, are minor. On the
other hand, both MUFA and PUFA contents show drastic variations de-
pending on oleaginous species and vary respectively from 14.4 to
77.5% (MUFA) and from 7.1 to 66.5% (PUFA) of total FAs. Oleic acid
(18:1 n-9) is always the major MUFA and linoleic acid (LA, 18:2 n-6) is
the major PUFA. Only three pure (non-combined) oils show α-linolenic
acid (ALA, 18:3 n-3) contents higher than 7 g/100 g oil: wheat germ
(7.1 g/ 100 g), rapeseed (7.8), and walnut (11.9). The LA n-6/ALA n-3
ratios of these oils are respectively, 7.5 (wheat germ), 2.4 (rapeseed),
and 4.8 (walnut). Both rapeseed and walnut oils, having a high LA con-
tent and a low LA/ALA ratio, turn out to be interesting oils to increase
ALA intakes in the French diet with an adequate balance between
LA and ALA contents.

As a particular attention is now being paid to trans-fatty acids
(Mozaffarian et al., 2006; Baylin et al., 2003), we examined the TFA
contents of the oils. Olive and argan oil mixtures, as well as organic
wheat germ and walnut oils did not present any trans fatty acids even
as traces. All other oil mixtures and avocado oil showed low trans-18:2
and trans-18:3 isomer contents (from 0.1 to 0.9 g total TFA/100 g oil)
representing about 0.1 to 0.9% of total FAs. Both the individually ana-
lysed walnut oils showed TFA contents, with walnut II sample as high as
1.7 g total TFA/ 100 g oil. These trans-PUFA are mainly produced dur-
ing the deodorisation step of oil refining process (Wolff, 1993a,
1993b). Avocado oil was the only oil to contain trans-18:1 isomers as
low as 0.1% of total FAs. Crude vegetable oils with such low TFA con-
tents are not considered to be significant contributors to TFA intakes
(Laloux et al., 2007).

Conclusion

The French experts in the lipid nutrition field have recommended
through the French Food Safety Agency (Afssa) that lipids should repre-
sent from 35% to 40% of the total energy intake (AFSSA, 2010). In west-
ern diets, these recommendations are not met since lipids represent
more than 40% of the total energy intake. In parallel to this “quantity
of fat” aspect, a “quality of fat” consideration is emerging since the re-
commendations also require less than 33% of lipid intake to be SFA, and
an LA/ALA ratio of about 4 (AFSSA, 2010) as well as the reduction of TFA
(AFSSA, 2005), even if TFA intake by French population remains lower
than in some other industrial countries (Laloux et al., 2007).
Consequently, French Food composition databank (Afssa-Ciqual) has
undertaken a new set of nutrient analyses of some of the key foods cited
in the latest French food consumption survey. The present paper reports
the FA composition of several vegetable oils. The results underline that,
when considering the nutritional needs of consumer, oils should be
chosen according to their different FA profiles. ■
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