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Abstract

The study was undertaken to compare fat and fatty acid profiles in white lupin (Lupinus albus ssp. albus) and sesame (Sesamum indi-

cum L.), representing two different families, Fabaceae and Pedaliaceae. Fat levels were 10.74% and 55.44% in seeds of white lupin and
sesame, respectively. The results indicated that oleic, linolenic and arachidic acids in seed fat were higher in white lupin than in sesame
cultivars. Oleic acid was the predominant fatty acid in white lupin, whereas linoleic acid was predominant in sesame. Fat content (%) was
statistically significantly correlated with linoleic, linolenic and arachidic acids at the genotypic level. The fatty acid composition of white
lupin is useful for human consumption. Although oil content of white lupin was lower than that of sesame, white sweet lupin could be
improved.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Lupins (Lupinus spp.) belong to the Genisteae family,
Fabaceae or Leguminosae. Commonly, four lupins (L.

albus L., L. angustifolius L., L. luteus L. and L. mutabilis

L.) are reported as cultigens in the world (Cowling, Buirc-
hell, & Tapia, 1998; Gladstones, 1998). 1,086,006 t of these
lupins are produced in 1,107,018 ha harvested areas all
over the world; however, there is no record of lupin statis-
tics in Turkey (FAO, 2005). White or Mediterranean lupin
(L. albus ssp. albus L) is mainly grown in the Mediterra-
nean basin (Cowling et al., 1998; Gladstones, 1998; Huy-
ghe, 1997), including Turkey. Lupins are used for many
purposes, such as pasture improvement and ornamenta-
tion, and for erosion control or soil stabilization (Cowling
et al., 1998). They have also been used as green manure and
for fixing atmospheric nitrogen to soil (Howieson et al.,
0308-8146/$ - see front matter � 2006 Elsevier Ltd. All rights reserved.
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1998). Furthermore, they are mixed into the soil during
the flowering period in greenhouses to control some pests
in the south coastal region of Turkey, due to their alka-
loids. The most commonly used part of the lupin is the
seed. Lupin seeds are highly valuable as human food and
animal feed, with high protein and dietary fibre (Cowling
et al., 1998; El-Adawy, Rahma, El-Bedawey, & Gafar,
2001; Petterson, 1998).

Sesame (Sesamum indicum L.) is a member of the Pedali-
aceae family (Ashri, 1998; Weiss, 1983). 3,321,458 t of ses-
ame are produced in 7,554,200 ha areas in the world. In
Turkey, it is grown in 43,000 ha areas and produces
23,000 t (FAO, 2005). Sesame is one of the oldest edible
oil crops and its seeds are used as a food source (Ashri,
1995; Yermanos, 1980). It contains up to 60% fat in the
seeds (Baydar, Marquard, & Turgut, 1999; Uzun, Ulger,
& Cagirgan, 2002). The fat of sesame is of importance in
the food industry due to its flavour and stability, and
because it can be used to cook meals of high quality. The
fat level in lupin is ranked third after groundnut (Arachis

hypogeae L.) and soybean (Glycine max Merril) among
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Fig. 2. Saturated fatty acids (% in oil) in fat content in white lupin and
sesame cultivars grown in Turkey. Bars represent means ± standard
errors. The number of samples is two and five in the white lupin and
sesame, respectively.
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legumes (Cowling et al., 1998; van der Maesen & Somaatm-
adja, 1992). White lupin is one of the neglected legumes with
the highest protein content and also the fat is like sesame
with a great amount of oil (60%) (Ashri, 1994). In this
study, the fat and fatty acid composition of white lupin were
compared with those of sesame as two neglected crops.

2. Materials and methods

2.1. Experimental materials

The experimental materials of the present study are a
landrace of white lupin (L. albus ssp. albus L.) and four ses-
ame cultivars (Tan, Golmarmara, Muganli and Ozberk)
grown and released commercially in Turkey.

2.2. Fat and fatty acids analyses

Two white lupin and five sesame seed samples, for each
genotype, were subjected to oil extraction using Soxhlet
apparatus. The oil content was determined by comparing
the weights of approximately 5 g seed samples before and
after removal by Soxhlet with petroleum ether for 4 h.
The oil samples were then esterified according to the
method of Marquard (1987). A 1 ml sample of oil was
placed in a tube and 1 ml of Na methylate was added to
the mixture. The sample was left at room temperature over-
night, and then 0.25 ml isooctane was added. A 0.5 ll sam-
ple of the mixture was injected into the gas chromatograph.
The composition of fatty acid was determined by gas liquid
chromatography (GC) performed on a Fison GC equipped
with a flame ionization detector (FID), and fitted with a
fused capillary column FFAP-DF (25 m · 0.25 mm ID).
The detector was operated at 260 �C and the injector at
250 �C. The column was ballistically heated from 150 to
200 �C at the rate of 5 �C min�1. The carrier gas (helium)
inlet pressure was 0.15 MPa and the flow rate was 1 ml/
min. Fatty acids were identified by retention time relative
to authentic standard (Sigma, 18918).
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Fig. 1. Fat (% in seed) and unsaturated fatty acids (% in oil) in white lupin and
The number of samples two and five in white lupin and sesame, respectively.
The data were statistically analysed using the MINITAB
statistical programme.

3. Results

3.1. Fat content

Genotypic effect was statistically significant for fat and
fatty acids (P < 0.05) (data not shown). The fat content
of white lupin was 10.7%, while sesame cultivars ranged
from 54.3% in Muganli to 56.1% in Golmarmara. The fat
contents of Tan and Ozberk were 55% and 56%, respec-
tively (Fig. 1).

3.2. Saturated fatty acids

The level of arachidic acid in fat of white lupin (3.5%)
was above those of sesame cultivars, while contents of
arachidic acid of Tan, Golmarmara, Muganli and
Ozberk were 0.1% (Fig. 2). The percentage of palmitic
acid varied from 7.6 in white lupin to 10 in sesame cul-
tivars. The palmitic acid level was higher in sesame cul-
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sesame cultivars grown in Turkey. Bars represent means ± standard errors.



Table 1
Relationships between fat (% in seed) and fatty acids (% in oil) in white lupin and sesame cultivars grown in Turkey

Fat content Palmitic acid (16:0) Stearic acid (18:0) Oleic acid (18:1) Linoleic acid (18:2) Linolenic acid (18:3)

Palmitic acid (16:0) 0.676
Stearic acid (18:0) 0.700 0.315
Oleic acid (18:1) �0.812 �0.512 �0.405
Linoleic acid (18:2) 0.949* 0.746 0.636 �0.839
Linolenic acid (18:3) �0.949* �0.661 �0.655 0.857 �0.938*

Arachidic acid (20.0) �0.958* �0.634 �0.707 0.873 �0.957* 0.965**

* and ** are statistically significant 0.05 and 0.01, respectively.

B. Uzun et al. / Food Chemistry 102 (2007) 45–49 47
tivars than in white lupin (Fig. 2). Stearic acid levels
were 1.5 in white lupin, 3.6% in Tan, 4.2% in Golmar-
mara, 3.5% in Muganli and 3.5% in Ozberk. The stearic
acid percentage was higher in sesame cultivars than in
white lupin (Fig. 2).

3.3. Unsaturated fatty acids

As seen in Fig. 1, linoleic acid in fat was lower in white
lupin (20.3%) than in sesame cultivars (45.3%). White
lupin, Tan, Golmarmara, Muganli and Ozberk contain
linolenic acid at 9.2%, 0.4%, 0.3%, 0.4% and 0.4%, respec-
tively (Fig. 1). The linolenic acid level in fat was higher in
white lupin than in sesame cultivars. Oleic acid percentages
were higher in white lupin (47.6%) than in Tan (37%), Gol-
marmara (36.3%), Muganli (37%) and Ozberk (37%)
(Fig. 1).

3.4. Correlations

Fat content (%) was statistically significantly correlated
with linoleic, linolenic and arachidic acids at the genotypic
level (P < 0.05). Linoleic acid was negatively related to
linolenic and arachidic acids (P < 0.05), while linolenic acid
was positively related to arachidic acid content (P < 0.01).
Although there was no statistically significant relationship,
oleic acid was negatively correlated with linoleic acid
(Table 1).

4. Discussion

White lupin, as a food legume, had less fat (10.7%) than
had sesame cultivars (55.4%) (Fig. 1). Although the crop
belongs to the legumes and is not described as an oilseed
crop, it has a considerable amount of oil in its seeds. Com-
pared with sesame, which has the highest oil content of all
oilseed crops, white lupin was lower in oil content. How-
ever, white lupin yielded approximately half of the oil con-
tent of sesame on a hectare basis (data not shown). The
world averages of seed yield of sesame and white lupin
are 440 and 1019 kg per hectare, respectively (FAO,
2005). A high amount of protein was also obtained, in
addition to oil, because white lupin contained 35.8% pro-
tein (Cowling et al., 1998). White lupin has many advanta-
ges over sesame, such as easy harvesting and nitrogen
fixation ability.
Fat content can be affected by genotype within the same
species and also by environment. Garcia-Lopez et al.
(2001) reported that the oil content fluctuated from 57 g/
kg for L. mexicanus to 115 g/kg for L. montanus. They con-
cluded that the oil contents and fatty acid profile of Mexi-
can lupins were similar to those already reported for most
lupin oils (Garcia-Lopez et al., 2001). Crochemore, Huy-
ghe, Papineau, and Julier (1994) pointed out that the oil
content of white lupin was influenced by the genotype
but the stand density had no effect. The oil content of white
coat sesame was 41.8% in Korean sesame and 43.3% in
Chinese sesame (Kang, Choi, & Ha, 2003). Total oil con-
tent of sesame varied from 46.4% to 51.5% and irrigation
affected oil content; row space had no significant effect
(Alpaslan, Boydak, Hayta, Gercek, & Simsek, 2001). Bay-
dar et al. (1999) reported that there were lines which
yielded over 63% of oil content.

Oleic and arachidic acids were predominant in white
lupin compared to sesame cultivars (Figs. 1 and 2). Among
essential fatty acids, white lupin oil contained linoleic and
linolenic acids (Fig. 1). These results were in agreement
with the earlier report of Petterson (1998). Table 2 shows
that fatty acids of white lupin seed are composed of 77%
unsaturated fatty acids and 12.6% saturated fatty acids.
The amount of saturated fatty acids in white lupin was
lower than those in sesame, groundnut and soybean (Table
2). Particularly, L. mutabilis, with the highest oil content
(about 18%) and unsaturated fatty acids, is of great impor-
tance for human consumption (Cowling et al., 1998).
Lupins, in addition to being a good source of protein,
may also contain a considerable amount of useful vegetable
fat.

Among unsaturated fatty acids, white lupin was higher
in oleic and linolenic acid than was sesame; on the other
hand, it was lower in linoleic acid. Velasco, Martin, and
De Haro (1998) found that the seed oil from the main stem
in white lupin had higher percentages of saturated fatty
acids and oleic acid, and lower percentages of linoleic, lino-
lenic, eicosenoic, and erucic acid than had the seeds from
the branches. Oleic acid (47.6%) was the predominant fatty
acid in white lupin and, because of the negative correlation
between oleic and linoleic, white lupin oil contained less
linoleic acid than did sesame.

There was a negative correlation between oleic and lin-
oleic acids with a value of �0.839 (Table 1). Cowling and
Tarr (2004) indicated that there was a strong negative



Table 2
Fat (% in seed) and fatty acids (% in oil) in lupins, peanut and soybean from Fabaceae and sesame from Pedaliaceae

Fat content Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid

L. albus L. 10.7 7.6 1.5 47.6 20.3 9.2
L. angustifolius Sweeta,b 5.9 10.3 4.8 34.9 37.0 6.2
L.luteus L.a,b 5.6 5.3 1.5 31.5 46.9 4.2
L. mutabilis L.a,b 16.0 0.6 3.0 41.7 38.8 2.6
A. hypogaea L.c 45.51 5.26–10.4 2.18–4.36 52.8–82.2 2.88–27.1 �
G. max Merill.d 17.6–225 11.2–12.0 3.3–3.6 21.5–27.5 50.8-54.7 6.5–7.8
S. indicum L. 55.4 9.4 3.7 36.8 45.3 0.4

a Petterson (1998).
b Cowling et al. (1998).
c Andersen et al. (1998) and Swamy et al. (2003).
d Scott and Kephart (1997), Ruiz-Mhdez et al. (1997) and Chu and Kung (1998).
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correlation between seed oil and seed protein in narrow-
leafed lupin (Lupinus angustifolius L.) across the cultivars
(r = �0.96) and experiments (r = �0.522). Jimenez, Cub-
ero, and Deharo (1991) reported a negative correlation
between protein and oil content. Oil content is strongly
correlated with linoleic, linolenic and arachidic acid con-
tents at the genotypic level.

The results in Table 2 show that the fatty acid composi-
tion of white lupin resembles that of groundnut and canola,
in agreement with the literature (Erbas, Certel, & Uslu,
2005). Especially, erucic acid free canola have the same
fatty acid profiles (Marikkar, Ghazali, Che Man, Peiris,
& Lai, 2005) as white lupin. The two important unsatu-
rated fatty acids, oleic and linoleic were higher in sesame,
whereas only oleic acid was higher in white lupin and thus
the two neglected crop have no resemblance. Overall, white
lupin has a considerable oil content, which may also be
improved by several breeding strategies. With a high pro-
portion of unsaturated fatty acids, the crop is desirable
for human nutrition. For the fatty acid composition, there
is no recordable difference between white lupin and
groundnut, which are widely consumed as oilseeds.
Although oil content of white lupin was lower than that
of sesame, white sweet lupin could be improved for a better
oil content.

Acknowledgements

The authors gratefully acknowledge the Akdeniz Uni-
versity Scientific Research Project Unit. We also thank
Mr. John Hitz from Department of English, Purdue Uni-
versity for reviewing the manuscript.

References

Alpaslan, M., Boydak, E., Hayta, M., Gercek, S., & Simsek, M. (2001).
Effect of row space and irrigation on seed composition of Turkish
sesame (Sesamum indicum L.). Journal of the American Oil Chemists

Society, 78, 933–935.
Andersen, P. C., Hill, K., Gorbet, D. W., & Brodbeck, B. V. (1998). Fatty

acid and amino acid profiles of selected peanut cultivars and breeding
lines. Journal of Food Composition and Analysis, 11, 100–111.

Ashri, A. (1994). Genetic resources of sesame: present and future
perspectives. In R. K. Arora & K. W. Riley (Eds.), Sesame biodiversity
in Asia: Conservation evaluation and improvement (pp. 25–39). New
Delhi: IPGRI.

Ashri, A. (1995). Sesame research overview: current status, perspectives
and priorities. In M. R. Bennett & I. M. Wood (Eds.), Proceedings of

the 1st Australian sesame workshop (pp. 1–17). Darwin: NT Dept.
Primary Industry and Fisheries.

Ashri, A. (1998). Sesame breeding. Plant Breeding Reviews, 16, 179–228.
Baydar, H., Marquard, R., & Turgut, I. (1999). Pure line selection for

improved yield, oil content and different fatty acid composition of
sesame, Sesamum indicum L. Plant Breeding, 118, 462–464.

Chu, Yan-Hwa, & Kung, Yu-Lang (1998). A study on vegetable oil
blends. Food Chemistry, 62, 191–195.

Cowling, W. A., Buirchell, B. J., & Tapia, M. E. (1998). Lupin. lupinus

L. Promoting the conservation and use of underutilized and neglected
crops (Vol. 23). Rome: Institute of Plant Genetics and Crop Plant
Research, Gatersleben/International Plant Genetic Research
Institute.

Cowling, W. A., & Tarr, A. (2004). Effect of genotype and environment on
seed quality in sweet narrow-leafed lupin (Lupinus angustifolius L.).
Australian Journal of Agricultural Research, 55, 745–751.

Crochemore, M. I., Huyghe, C., Papineau, J., & Julier, B. (1994).
Intraplant variability in seed size and seed quality in Lupinus albus L.
Agronomie, 14, 5–13.

El-Adawy, T. A., Rahma, E. H., El-Bedawey, A. A., & Gafar, A. F.
(2001). Nutritional potential and functional properties of sweet and
bitter lupin seed protein isolates. Food Chemistry, 74, 455–462.

Erbas, M., Certel, M., & Uslu, M. K. (2005). Some chemical properties of
white lupin seeds (Lupinus albus L.). Food Chemistry, 89, 341–345.

FAO. (2005). Available from http://www.fao.org.
Garcia-Lopez, P. M., Muzquiz, M., Ruiz-Lopez, M. A., Zamora-Natera,

J. F., Burbano, C., Pedrosa, M. M., et al. (2001). Chemical compo-
sition and fatty acid profile of several Mexican wild lupins. Journal of

Food Composition and Analysis, 14, 645–651.
Gladstones, J. S. (1998). Distribution, origin, taxonomy, history and

importance. In J. S. Gladstones, C. A. Atkins, & J. Hamblin (Eds.),
Lupines as a crop plants biology, production and utilization (pp. 1–39).
Wallingford, Oxon: CAB International.

Howieson, J. G., Fillery, I. R. P., Legocki, A. B., Sikorski, M. M.,
Stepkowski, T., Minchin, F. R., et al. (1998). Nodulation, nitrogen
fixation and nitrogen balance. In J. S. Gladstones, C. A. Atkins, & J.
Hamblin (Eds.), Lupines as a crop plants biology, production and

utilization (pp. 149–180). Wallingford, Oxon: CAB International.
Huyghe, C. (1997). White lupin (Lupinus albus L.). Field Crops Research,

53, 147–160.
Jimenez, M. D., Cubero, J. I., & Deharo, A. (1991). Genetic and

environmental variability in protein, oil and fatty acid composition in
high alkaloid white lupin (Lupinus albus L.). Journal of the Science of

Food and Agriculture, 55, 27–35.
Kang, M. H., Choi, J. S., & Ha, T. Y. (2003). Chemical properties of

sesame seed cultivated in Korea and China. Food Science and

Biotechnology, 12, 621–624.

http://www.fao.org


B. Uzun et al. / Food Chemistry 102 (2007) 45–49 49
Marikkar, J. M. N., Ghazali, H. M., Che Man, Y. B., Peiris, T. S. G., &
Lai, O. M. (2005). Use of gas liquid chromatography in combination
with pancreatic lipolysis and multivariate data analysis techniques for
identification of lard contamination in some vegetable oils. Food

Chemistry, 90, 23–30.
Marquard, R. (1987). Qualitatsanalytik im dienste der pflanzenzüchtung.
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