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1 Introduction

Nonconventional seeds are being considered because their
constituents have unique chemical properties and may augment
the supply of edible oils. The study of minor constituents, such
as PL, in these seeds is important for their effective use [1].
Unfortunately, there are no new miracle crops out there just
waiting to be discovered. Discovery of niche markets will
come from an understanding of what drives customer needs
and wants [2]. Nigella sativa L. seeds, an annual spicy herb,
also known as black cumin or black caraway, is a member of
the Ranonculaceae family and native to some parts of the Med-
iterranean region. The seeds are used for edible and medicinal
purposes in many countries including India, Egypt and Syria.
They are used in the preparation of a traditional sweet dish,
composed of black cumin paste which is sweetened with honey
or syrup and in the preparation of pastry. They are also used
for sprinkling on bread, flavouring of food, especially bakery
products and cheese as well as a carmanitive, stomachic and
diuretic agent [3, 4]. Recently, many medical properties have
been attributed to the black cumin seeds and/or its oil, includ-
ing antineoplastic (antitumour), antibacterial, antifungal, anti-
helmenthic and treatment of asthma [5–8]. More recently, a
great deal of attention has been given to the Nigella sativa L.
seed oil and thus their consumption has increased especially in
Middle East countries. There are few studies [3, 9, 10] on the

seed oil characteristics and fatty acid composition of Nigella
sativa L. Babayan et al. [3] found that the seeds are rich in
crude fat, polyunsaturated fatty acids (particularly linoleic
acid) and protein. Saleh [9] reported in his study on the seeds
growing in Saudi Arabia that linoleic and oleic acids were the
major unsaturated fatty acids while palmitic acid was the main
saturated one.
In response to the needs of food scientists, technologists and

nutritionists, researchers are compiling data on PL and their
fatty acids from new seed sources. No data about the PL con-
tent and their fatty acid constitution of Nigella sativa L. seed
oil have yet been available. Phospholipids (PL) have potential
as a multifunctional additive for food, pharmaceutical and
industrial applications [11]. They combine nutritional and
technological properties in a single substance class. This dual
and synergistic function makes them ideal candidates for use
in functional food. On the one hand, they act as emulsifiers,
surfactants or liposome forming substances. On the other hand,
they exhibit a wide range of nutritional and even preventive, if
not in therapeutic activities. They have cholesterol reducing,
liver protecting effects as well as brain improving functions
[12]. As a class of natural antioxidants, PL represent the most
controversial group of antioxidants in that many in vivo assays,
they have been shown to be pro-oxidant. By contrast, many
lipid model studies show that PL, alone and in conjunction
with other antioxidants, have the ability to stabilize lipids [13,
14]. Development of new or better sources of PL will be con-
sidered the next step in the field of functional food research. In
this work we are presenting the results from a comparative
investigation on the content as well as the composition of lipid
classes and PL classes in Nigella sativa L. seed oil. Develop-
ment of new sources of PL to use both seed oil and its minor
components effectively was the aim of our study.

2 Materials and methods

2.1 Materials

Mature Nigella sativa L. seeds were obtained from Alfred
Galke GmbH (Gittelde, Germany) and stored at 48C until ana-
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Black cumin (Nigella sativa L.) seed oil was extracted with two dif-
ferent solvents, n-hexane (H) and a mixture of chloroform/methanol
(CM) (2 :1, by volume). Amount of total lipid (TL) was higher in the
CM miscelle (39.2% of seed fresh weight) than in the H extract
(37.9%). Chemical characteristics as well as fatty acid profile of the TL
extracts were compared and the analysis revealed that the major fatty
acid was linoleic acid C18 :2n-6 (ca. 57% of total fatty acid methyl
esters (FAME)) followed by oleic acid C18 :1n-9. Palmitic acid C16 :0
was the major saturated fatty acid and detected in appreciable level.
Chromatography on a silica column with solvent of increasing polarity
yielded 96.1–97.2% neutral lipids (NL) and ca. 3% of polar lipids. Gas
liquid chromatography with flame ionization detector (GLC/FID)
showed that the major fatty acid present in all lipid classes was
C18 :2n-6 followed by C18 :1n-9 and C16 :0 acids, respectively. Phos-

pholipid (PL) classes were separated via normal-phase HPLC. Separa-
tion was achieved on a silica column by gradient elution from isooc-
tane/2-propanol (6 :8, by volume) to isooctane/2-propanol/water
(6 :8 :0.6, by volume) lasting 35 min with UV detection at 205 nm. The
major individual PL classes were found to be phosphatidylcholine (PC;
ca. 46–48% of total PL) followed by phosphatidylethanolamine (PE),
phosphatidylserine (PS) and phosphatidylinositol (PI), respectively.
Phosphatidylglycerol (PG), lysophosphatidylethanolamine (LPE) and
lysophosphatidylcholine (LPC) were isolated in smaller quantities. The
level of saturated fatty acids, namely palmitic C16 :0 and stearic C18 :0
acids, was considerably higher in PL classes than in the corresponding
triacylglycerols. Characterization of PL profile from Nigella sativa L.
seed oil as well as the development of new source of PL was the primary
aim of this study.
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lysis. Standards used for PL identification, phosphatidylserine
(PS), phosphatidylethanolamine (PE), phosphatidylinositol
(PI) from bovine liver, phosphatidylcholine (PC) from soy-
bean, phosphatidylglycerol (PG), lysophosphatidylcholine
(LPC) and lysophosphatidylethanolamine (LPE) from egg yolk
were purchased from Sigma (St. Louis, MO, USA). The boron
trifluoride-methanol complex (BF3 solution 10% in methanol)
which was used for derivatization of the fatty acids, was pur-
chased from Merck (Darmstadt, Germany). Reagents and
chemicals used were of the highest purity available.

2.2 Methods

2.2.1 Extraction of the total lipid (TL)

Two solvents were tested as to their efficiency in extracting
TL as well as lipid classes. TL from finely ground seed mate-
rial was Soxhlet-extracted with n-hexane (H) and the second
extraction was with chloroform/methanol (CM) (2 :1, by
volume). Under the condition of extraction with CM the
extracted lipids require an addition of 0.2 volume of 0.75%
aqueous sodium chloride solution. The whole was thoroughly
mixed without shaking, the layers allowed to separate and the
chloroform layer was recovered. The lipid extract was col-
lected in a flask and subsequently treated with sodium sulphate
to remove traces of water, after filteration the extract was
taken to dryness on a rotary evaporator at 408C. The extracted
lipid were weighed to determine the TL content and stored
under nitrogen at 48C for further analyses.

2.2.2 Chemical analysis of TL

Chemical analysis of TL extracts, including acid, peroxide,
iodine and saponification values were performed in accordance
with AOAC [15] methods. Phosphorus and nitrogen content of
the crude oils was determined using the method of AOCS [16].
Total carbohyrate content was estimated from the hexose con-
tent by using anthrone-thiourea reagent [17].

2.2.3 Fatty acid composition of TL

The fatty acids were converted to methyl esters (FAME) by
heating in 10% BF3-methanol, according to the procedure
reported by Metcalfe et al. [18]. FAME were identified on a
Shimadzu GC-14A equipped with FID and C-R4AX chroma-
topac integrator (Kyoto, Japan). The carrier gas (helium) had a
flow rate of 20 mL/min, split 1 :40. A sample of 1 lL was
injected on a 30 m60.25 mm60.2 lm film thickness
Supelco SPTM-2380 (Bellefonte, USA) capillary column. The
injector and flame ionization detector temperature was 2508C.
The initial column temperature was 1008C programmed by
58C/min until 1758C and kept for 10 min at 1758C, then 88C/
min until 2208C and kept for 10 min at 2208C. A comparison
between the retention times of the samples with those of
authentic standards, run on the same column under the same
conditions, was made to facilitate identification.

2.2.4 Column chromatography (CC) separation of
lipid classes

TL in chloroform was separated into neutral lipids (NL),
glycolipids (GL) and PL by passing through a glass column
(20 mm diameter630 cm) packed with a slurry of activated
silicic acid (70–230 mesh; Merck, Darmstadt, Germany) in
chloroform (1:5 w/v) according to Rouser et al. [19]. The elut-

ing solvents for NL, GL and PL were chloroform, acetone and
methanol, respectively. Solvents were evaporated by using a
rotary evaporator and the percentage of each fraction was
determined gravimetrically.

2.2.5 HPLC analysis of PL classes

Normal-phase HPLC analysis of PL classes was performed
according to Singleton and Stikeleather [20] with a Solvent
Delivery Module LC-9A for Shimadzu (Kyoto, Japan). The
chromatographic system also included a Model 87.00 (Knauer,
Berlin, Germany) Variable Wavelength Monitor detector. A
25 cm64 mm column (Knauer, Berlin, Germany) packed
with 5 lm diameter LiChrosorb Si 60 was used. PL classes
were separated with a gradient program of mixed solvents and
detected at 205 nm. Solvent A was a mixed solvent of isooc-
tane/isopropanol (6 :8, by volume) and solvent B was a mixed
of isooctane/isopropanol/water (6 :8 :0.6, by volume). Separa-
tion with a gradient starting at 100% solvent A to 100% sol-
vent B in 35 min and regeneration of the column for next ana-
lysis with 100% A for 15 min. All solvents were ultrasonicated
for 5 min prior to analysis to minimize dissolved gases. About
1–2 lg of total PL (methanol fractions obtained from CC)
were injected and solvent flow was maintained at 0.7 mL/min
at a column back-pressure of ca. 105–120 bar. PL standards
were used to identify the components of seed oil PL classes
via HPLC. The phosphorus content of the classes collected
manually from the HPLC (stored at –208C until analysis) was
determined by using the AOCS method [16]. The fatty acid
composition of the PL fractions was determined by GLC/FID
as perviously described. All extractions, CC, HPLC and GLC/
FID runs were performed in triplicates and mean values were
calculated.

3 Results and discussion

3.1 Content and chemical analysis of TL

Since lipids were readily soluble in the solvents (H and CM)
used in our work no great differences in amounts of TL
extracted from the seeds were expected among the solvents.
However, CM extracted more lipid (39.2% of total seed
weight) than H (37.9%). Perhaps the former solvent, which is
more polar and more acidic than the later, dislodged and dis-
solved oil that is tightly bound to non lipid constituents, e.g.,
lipid associated inside intracellular and protein-rich aleurone.
Chemical characteristics of the black cumin seed oil were pre-
sented in Table 1. The results showed that iodine value was
higher in the TL extracted with H than in the CM extract. The

Table 1. Characteristics and qualities of Nigella sativa L. seed oil

Analysis H extract CM extract

Peroxide value 0.22 l 0.03 0.36 l 0.01
Acid value 0.14 l 0.02 0.17 l 0.02
Saponification value 166 l 1.56 223 l 3.73
Iodine value 48.4 l 0.32 46.2 l 0.19
Phosphorus (%) 0.01 l 0.001 0.04 l 0.005
Total carbohydrate (%) 0.54 l 0.02 0.73 l 0.05
Nitrogen (%) 0.05 l 0.002 0.10 l 0.007

Values are given as mean l SD for n = 3 samples
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iodine value, which provides a measure of degree of oil unsa-
turation, has been commonly used as a means of predicting
shelf-life. Lower iodine value of Nigella sativa L. seed oil con-
fers to a more stable oil with a longer shelf-life. However,
acid, peroxide and saponification values as well as phosphorus
and carbohydrate content were higher in the CM extract. It is
known that lipid extraction using a non-polar solvents such as
H only yields the free lipids but only part of the polar lipids
[21, 22].

3.2 Fatty acid composition of TL

According to the results shown in Table 2 the major com-
ponents of fatty acids were linoleic (C18:2n-6) and oleic
(C18:1n-9) acids. These extracts also contain appreciable
amounts of saturated normal chain fatty acid, especially palmi-
tic acid (C16:0). The dominating fatty acid was linoleic acid
C18:2n-6 which accounted for ca. 57% of the total FAME.
The second major fatty acid was oleic acid C18:1n-9 (23.9–
24.1%). The ratio of linoleic acid to oleic acid was more than
2:1. This result agreed that those reported in soybean oil
(C18:2n-6 = 52%, C18:1n-9 = 25%) and in corn oil (C18:2n-
6 = 58.7%, C18:1n-9 = 26.6%). The content of the both satu-
rated fatty acids palmitic (ca. 13%) and stearic (ca. 3%) was
comparatively lower. On the other hand, the unsaturated fatty
acids amounted to more than 83% of the total fatty acid con-
tent of the lipids extracted with H and CM. The results of this
investigation agree with those reported by Babayan et al. [3]
and Saleh [9]. However, negligible amount of gadoleic acid
(C20:1n-9, cis-9-eicosenic acid) = 0.3% was detected in the
CM extract and not reported by Babayan et al. [3] while myr-
istic (C14:0) = 0.9%, myristoleic (C14:1) = 0.18%, palmito-
leic (C16:1) = 0.3%, arachidic (C20:0) = 0.14%, linolenic

(C18:3) = 0.3% and lignoceric (C24:0) = 1.08% were
detected by Saleh [9] but absent in our study. The source of
this variability may be genetic (plant cultivar, variety grown),
seed quality (maturity, harvesting-caused damage and hand-
ling/storage conditions), oil processing variables, or accuracy
of detection and quantitative techniques.

3.3 Lipid classes and their fatty acid profile

The classic procedure performed to separate lipid mixture
uses solvents of increasing polarity with column of silicic
acid. In this procedure, PL are eluted from a column with
methanol following elution of the other lipid classes. The
importance of determination of lipid classes and their fatty
acid composition is reflected in the utilization of each fraction
in the industry. Table 3 gives the proportions of lipid classes
present in the Nigella sativa L. seed oil (H and CM extracts) as
well as their fatty acid profile. The major lipid class found in
our study was NL, which constitute 96.1–97.2% of the TL,
while polar lipids constitute ca. 3%. As expected, the level of
polar lipids was higher in CM extract than in H extract. For
PL, the weight percentage in the CM extract was 3 times that
of H extract. Not only did CM extract the most lipid, but it
also extracted much minor constituents, especially in our study
polar lipids. The fatty acids present in NL and polar lipids
resemble each other in the examined samples. Fatty acid pro-
file was characterized by excepionally high levels of linoleic
acid C18:2n-6 in all lipid classes, while oleic acid C18:1n-9
fall in the lower range. Palmitic acid C16:0 was the major
saturated fatty acid in all classes and the other saturated fatty
acid (stearic acid, C18:0) was found in small amounts. NL
resemble polar lipids in the ratio of saturated fatty acids to
unsaturated fatty acids which was estimated to be ca. 1:3.
While, polar lipid fractions were characterized by high level of
saturated fatty acids, which make up ca. 20% of total FAME
in GL and more than 25% of total FAME in PL. High levels of
oleic and linoleic acids, in all lipid classes could have nutri-
tional implication.

3.4 HPLC of PL classes

Widely distributed in food the PL have both pro- and antiox-
idant effects [13, 14]. Even though they are used as food emul-
sifiers worldwide and although at the same time they have a
very positive image, their use in functional food is still limited.
Considering the amount of clinical data, there is no doubt that
PL will become standard ingredients for this rapidly expanding
category of food [12]. The isolation of the PL classes of

Table 2. Fatty acid composition (% of total FAME) of Nigella sativa
L. seed oil

Fatty acid H extract CM extract

C16 :0 13.0 l 0.03 13.1 l 0.05
C18:0 3.16 l 0.01 3.22 l 0.02
C18:1n-9 24.1 l 0.03 23.9 l 0.03
C18:2n-6 57.3 l 0.04 57.0 l 0.06
C20:1n-9 n.d.a) 0.30 l 0.002
C20:2n-6 2.44 l 0.01 2.48 l 0.02

a) n.d., not detected
Values are given as mean l SD for n = 3 samples

Table 3. Lipid classes and their fatty acid composition (% of total FAME) of Nigella sativa L. seed oil

H extract CM extract

Class of lipid NL GL PL NL GL PL
97.2a)l 0.09 2.18 l 0.02 0.32 l 0.002 96.1 l 0.06 2.59 l 0.01 1.05 l 0.004

C16:0 12.2 l 0.02 17.6 l 0.03 23.3 l 0.06 12.4 l 0.01 18.4 l 0.02 23.9 l 0.04
C18:0 3.07 l 0.01 3.58 l 0.02 4.23 l 0.01 3.04 l 0.02 2.07 l 0.02 3.38 l 0.02
C18:1n-9 22.8 l 0.02 23.6 l 0.04 24.3 l 0.04 22.3 l 0.03 24.7 l 0.03 23.9 l 0.03
C18:2n-6 59.9 l 0.05 52.6 l 0.05 45.8 l 0.06 58.6 l 0.07 51.8 l 0.04 46.2 l 0.07
C20:1n-9 n.d.b) n.d. n.d. 0.67 l 0.002 0.64 l 0.002 0.09 l 0.001
C20:2n-6 2.03 l 0.01 2.62 l 0.01 2.37 l 0.02 2.99 l 0.02 2.39 l 0.005 2.53 l 0.02

a) g/100 g TL
b) n.d., not detected
Values are given as mean l SD for n = 3 samples
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Nigella sativa L. seed oil had not been carried out before.
HPLC offeres several advantages over TLC but none of the
published HPLC techniques for separation of complex lipids
met all of our objectives. UV absorption by lipids at the 200–
210 nm region is due largely to the presence of double bonds.
PL do not have a specific absorbance, but can be detected by
monitoring the absorbance of double bonds in their fatty acid
moieties. The absorption by other functional groups, such as
ester carbonyl and amino, also occurs, but it is small by com-
parison. Being a senstive, convenient and nondestructive
method, UV detection is ideal for monitoring the separation of
lipids by HPLC. PL classes from Nigella sativa L. seed oil (H
and CM extracts) were separated into seven fractions by
HPLC. The seven fractions had the same retention time when
compared with authentic standards and were identified as PG,
PE, PI, LPE, PS, PC and LPC, respectively. Data about the
qualitative and quantitative PL classes as well as their fatty
acid composition are shown in Table 4.
Phosphorimetry of PL classes in both extracts revealed that

PC was the most abundant class, being more than 46% of the
total PL content followed by PE, PS and PI, respectively. PC
and PE make up together ca. 75% of total PL content. PG,
LPE and LPC were found to be present in insignificant
amounts. The nature of fatty acids in position 1 and 2 of the
glycerol backbone can vary to an extensive degree dependent
on the source of the oil [12]. Analytical data showed that in all
PL classes the fatty acid profile was similar to that of total PL.
Furthermore, the content of saturated fatty acids, namely pal-
mitic C16:0 and stearic C18:0 acids, was considerably higher
than in the corresponding NL. Palmitic acid, moreover, was
detected in higher levels in PS and PI classes (D30% of total
FAME). Linoleic acid C18:2n-6 predominated as the main
unsaturated acid in all PL classes followed by oleic acid
C18:1n-9, whereas, eicosadienoic C20:2n-6 and gadoleic
C20:1n-9 acids were presented in small quantities or in traces.
Recently, Boyd [13] mentioned that the antioxidant activity of
PL was associated with amine-containing PL, such as PC and
PE. The ability to stabilize lipids was also affected by the
chain length and degree of unsaturated of the fatty acids on the
PL. Those PL with longer chain length and PL containing
more saturated fatty acid were the most effective antioxidants.

4 Concluding remarks

Nigella sativa L. seed is a promising oil crop because of the
specific properties of its seed oil. This study describes the com-
ponents of PL in Nigella sativa L. seed oil and the distribution

of their fatty acids. The results are important as an indication of
the potentially economical utility of Nigella sativa L. seed oil as
a new source of PL. We have shown that solvent and/or mix-
tures used in lipid extraction process play an important role in
the amount and composition of recovered lipids. Nigella sativa
L. seed oil, a linoleic-oleic type oil, is a good source of fatty
acids for human nutrition. PL fraction have a high PC and PE
concentration making this oil a good source of these compo-
nents. High content of linoleic acid in all PL classes, on the
other hand, make the Nigella sativa L. of interest in the cos-
metics industry due to the effect of linoleic acid on the skin’s
moisture balance. It is anticipated that commercial exploitation
of Nigella sativa L. seed oil will soon be realized.

5 References
[1] Cherry, J. P., Kramer, W. H., in: Szuhaj, F. B. (Ed.), Lecithins:

Sources, Manufacture and Uses, AOCS Press, Champaign, IL
1989, pp. 16–33.

[2] Joseph, G. E., in: Samuel, L. M., David, C. T. (Eds.), Seed Oils
for the Future, AOCS Press, Champaign, IL 1992, pp. 1–8.

[3] Babayan, V. K., Koottungal, D., Halaby, G. A., J. Food Sci. 1978,
43, 1314–1319.

[4] �stun, G., Kent, L., Chekin, N., Civelekogiu, H., J. Am. Oil
Chem. Soc. 1990, 67, 958–960.

[5] Hasan, C. M., Ahsan, M., Islam, N., Bangladesh J. Bot. 1989, 18,
171–174.

[6] Hussein, A. S. M., Planta Med. 1990, 56, 644–645.
[7] Hanafy, M. S. M., Hatem, M. E., J. Ethnopharmcol. 1991, 34,

275–278.
[8] Salomi, N. J., Nair, S. C., Jayawardhanan, K. K., Varghese, C. D.,

Panikkar, K. R., Canc. Lett. 1992, 63, 41–46.
[9] Saleh, A. M., Food Chem. 1992, 45, 239–242.
[10] Ramadan, M. F., M�rsel, J.-Th., Eur. Food Res. Technol. 2002,

214, 202–206.
[11] Endre, F. S., Szuhaj, B. F., in: Hui, Y. H. (Ed.), Bailey’s Industrial

Oil and Fat Products, Vol. I, John Wiley & Sons, New York
1996, pp. 311–395.

[12] Schneider, M., Eur. J. Lipid Sci. Technol. 2001, 103, 98–101.
[13] Boyd, L. C., in: Finley, J. W., Shahidi, E. (Eds.), Omega-3 Fatty

Acids, Chemistry, Nutration and Health Effects, American
Chemical Society, Washington, DC 2001, pp. 258–279.

[14] Rathjen, T., Steinhart, H., in: McDonald, E. R., Mossoba, M. M.
(Eds.), New Techniques and Applications in Lipid Analysis,
AOCS Press, Champaign, IL 1997, pp. 341–355.

[15] AOAC, Official Methods of Analysis, Association of Official
Analytical Chemists, Washington, DC 1995.

[16] Firestone, D. (Ed.), AOCS, Official Methods and Recommended
Practices of the American Oil Chemists’ Society, American Oil
Chemists Society’, Champaign, IL 1990.

Table 4. Phospholipid (PL) classes and their fatty acid composition (% of total FAME) of Nigella sativa L. seed oil

Class
of PL

H extract CM extract

PG PE PI LPE PS PC LPC PG PE PI LPE PS PC LPC
1.51a)l 0.03 25.1 l 0.05 9.56 l 0.01 1.20 l 0.001 12.3 l 0.03 46.1 l 0.04 4.23 l 0.01 1.56 l 0.04 24.3 l 0.03 8.99 l 0.01 1.69 l 0.003 11.8 l 0.05 48.5 l 0.03 3.16 l 0.03

C16 : 0 20.6 l 0.05 25.4 l 0.01 29.9 l 0.03 24.9 l 0.07 35.6 l 0.03 20.3 l 0.01 20.9 l 0.02 24.6 l 0.03 22.8 l 0.02 31.7 l 0.04 23.3 l 0.04 32.2 l 0.01 20.6 l 0.03 18.8 l 0.03
C18 : 0 3.96 l 0.01 4.39 l 0.01 3.70 l 0.03 2.51 l 0.02 3.00 l 0.02 4.66 l 0.01 4.74 l 0.01 3.12 l 0.02 3.51 l 0.01 3.86 l 0.01 2.79 l 0.03 2.86 l 0.01 4.32 l 0.01 3.49 l 0.01
C18 : 1n-9 25.7 l 0.03 19.3 l 0.06 23.5 l 0.04 22.3 l 0.03 18.2 l 0.03 23.3 l 0.04 25.1 l 0.05 24.5 l 0.06 20.1 l 0.05 22.4 l 0.02 24.6 l 0.01 21.6 l 0.03 22.5 l 0.02 24.8 l 0.03
C18 : 2n-6 46.8 l 0.05 48.9 l 0.05 40.7 l 0.08 47.6 l 0.06 41.2 l 0.08 49.2 l 0.07 46.5 l 0.05 44.7 l 0.06 49.1 l 0.05 39.5 l 0.09 45.7 l 0.04 41.1 l 0.08 49.7 l 0.06 49.4 l 0.05
C20 : 1n-9 n.d.b) n.d. n.d. n.d. n.d. n.d. n.d. 0.66 l 0.001 0.92 l 0.003 0.59 l 0.002 0.85 l 0.003 0.92 l 0.003 0.46 l 0.001 0.85 l 0.002
C20 : 2n-6 2.94 l 0.02 2.01 l 0.03 2.20 l 0.01 2.69 l 0.01 2.00 l 0.02 2.54 l 0.01 2.76 l 0.03 2.42 l 0.03 2.57 l 0.02 1.95 l 0.02 2.76 l 0.01 1.32 l 0.01 2.42 l 0.01 2.66 l 0.02

a) g/100 g total PL
b) n.d., not detected
Values are given as mean l SD for n = 3 samples



Ramadan et al.

244 Nahrung/Food 46 (2002) No. 4, pp. 240–244

[17] Southgate, D. A. T., in: Southgate, D. A. T. (Ed.), Determination
of Food Carbohydrates, Applied Science Publishers, London
1976, pp. 108–109.

[18] Metcalfe, L. C., Schmitz, A. A., Pleca, I. R., Anal. Chem. 1966,
38, 514–515.

[19] Rouser, G., Kritchevsky, D., Simon, G., Nelson, G. J., Lipids
1967, 2, 37–42.

[20] Singleton , J. A., Stikeleather, L. E., J. Am. Oil Chem. Soc. 1995,
72, 485–488.

[21] Van der Meeren, P., Vanderdeelen, J., Boyd, L. C., in: Nollet Leo,
M. L. (Ed.), Handbook of Food Analysis, Physical Characteriza-
tion and Nutrient Analysis, Marcel Dekker, New York 1996, pp.
507–532.

[22] Firestone, D., Mossoba, M. M., in: McDonald, R. E., Mossoba,
M. M. (Eds.), New Techniques and Applications in Lipid Analy-
sis, AOCS Press, Champaign, IL 1997, pp. 1–33.

Received January 10, 2002
Accepted February 20, 2002


