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In the present study the chemical composition of Cyperus esculentus L. (tiger nut) from four distinct
geographical origin (Spain, Egypt, Nigeria, and South Africa) was assessed to observe the possible effect of
the cultivation site in the fatty acids profile, sterols composition, and squalene and a-tocopherol content.

It was verified that the individual fatty acids as well as the different fatty acids fractions were severely
affected by the geographical origin. Tiger nut oils were predominantly monounsaturated with lower
prevalence of saturated fatty acids, and with capability to provide appreciable amounts of essential fatty
acids. The sterols fraction was affected as well, but in lower extent. (3-sitosterol was the most abundant
sterol found, reaching nearly 60% of the total sterols found in tiger nut oils, with significant differences
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2011; EIBamishaiye and Bamishaiye, 2011; Oladele and Aina, 2007;
Sanchez-Zapata et al., 2010, 2011, 2012a,b).
The compositional study of tiger nut revealed that they possess

1. Introduction

Cyperus esculentus L. is a member of the Cyperaceae family

distributed mainly in the Southern European region and in the
Western part of Africa. This tuberous perennial crop is popularly
known by several designations: tiger nut, earth almond, earth nut,
yellow nut sedge, nut grass, water grass, flatsedge, chufa (mainly
in Spain), edible rush, edible galingale, rush nut, among others. In
Nigeria it is designated by aya, imunu, ofio, aki Hausa, according to
the region and ethnic groups where it is inserted (El Bamishaiye and
Bamishaiye, 2011). C. esculentus tuberous rhizomes are exploited
for human consumption being consumed raw or roasted, for flour
production, milk extraction for beverages preparation (“horchata
de chufas” in Spain; “kunnu aya” in Northen Nigeria), oil extrac-
tionand incorporation of components in food products (Adejuyitan,
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low amounts of water, but are rich in fat, fibres, and carbohydrates,
being a good source of starch (Arafat et al., 2009; Coskuner et al.,
2002; Ekcanyanwu and Ononogbu, 2010; Oladele and Aina, 2007;
Ozcan et al., 2010). Concerning fat composition, tiger nut oils are
predominantly monounsaturated, being a good source of essen-
tial fatty acids that the human organisms cannot synthesize (Kim
et al., 2007; Sanchez-Zapata et al., 2012a; Yeboah et al., 2012).
Concerning amino acids composition, tiger nut is rich in glutamic
acid, methionine, arginine and aspartic acid. Its mineral composi-
tion revealed high amounts of potassium, phosphorous, sodium,
calcium, and magnesium (Ekcanyanwu and Ononogbu, 2010; Glew
etal., 2006; Oladele and Aina, 2007). According to Chukwuma et al.
(2010), several groups of phytochemicals are present in tiger nut,
with marked differences between raw and roasted ones. Alkaloids,
resins, and sterols are the most abundant compounds followed by
cyanogenic glycosides, tannins and saponins (Chukwuma et al.,
2010). These compounds could be responsible for the biological
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properties exhibited by tiger nut, like antioxidant activity (Cook
et al., 1998), hypolipidemic and anti-obesity effects (El-Anany and
Ali, 2012; Moon et al., 2012), antibacterial (Zhao et al., 2005) and
anti-obesity properties (Moon et al., 2012).

Meanwhile the studies involving tiger nut samples normally
characterize samples from the same geographic origin. For the
authors knowledge no studies have been conducted reflecting the
chemical composition of tiger nut samples from different geo-
graphical origins, in order to study the effect of cultivation site
in the chemical composition of chufas. Since many agronomic and
edaphoclimatic factors may affect the chemical composition of tiger
nut, being the geographical origin a most important factor due to
clime and soil particularities, this subject is most worthy to be
studied.

In this sense the main objective of this work was to study the
chemical composition of tiger nut oil samples from different geo-
graphic areas (Spain, Egypt, Nigeria, and South Africa). Samples
fatty acids profile, sterols composition, as well as a-tocopherol and
squalene were performed in order to meet work objectives.

2. Materials and methods
2.1. Chemicals

Ethanol absolute (99%) analytical grade, hexane 96%, methanol
99.8%, petroleum ether of analytical grade, sodium hydroxide
98%, and sodium chloride 99.5% were obtained from Scharlau
(Barcelona, Spain). Cyclohexane HPLC grade, dodecyl sulphate
sodic, 5-a-cholestane-3[3-ol, pyrogallol ACS reagent and fatty acids
and sterols standards were obtained from Sigma-Aldrich (St.
Louis, USA). Potassium hydroxide 85% and hydrochloric acid 4% in
methanol were purchased from Panreac (Barcelona, Spain).

2.2. C. esculentus L. sampling and oil extraction

Overall 44 samples of C. esculentus distributed by four distinct
geographical regions were collected. Twenty two samples were
from Spain, more specifically from the province of Valencia; 6 sam-
ples were from Egypt; 8 samples were from Nigeria and another 8
samples from South Africa. Each initial sample was composed by
2.5-3 kg of selected C. esculentus tubers in the field and cleaned.
From those initial samples 3 subsamples were taken for the extrac-
tion of oil in the laboratory. Samples collected in Egypt, Nigeria and
South Africa were sealed in individual containers and transported
to the laboratory in Spain in adequate conditions and controlled
atmosphere.

The fat content of tiger nut tubers was determined using the
Soxhlet apparatus at 40-60°C with petroleum ether as extracting
solvent during 24 h.

2.3. Fatty acids determination

Fatty acids profile was determined following the standard UNE
55,037-73. They were analyzed with a CE Instruments GC 8000
Top, with a flame ionization detector (FID), equipped with a Supel-
cowax 10 column (30 mm x 0.25 mm). Helium was the carrier gas
at a flow of 1 mL/min. The temperatures of the injector and detector
were 250°C and 270 °C, respectively, with an injection volume of
1 pL. The results are expressed in relative percentage of each fatty
acid, calculated by internal normalization of the chromatographic
peak areas. A fatty acids methyl esters standard mixture (Supelco
37 FAME Mix) was used for identification and calibration purposes.

2.4. Sterols and tocopherols determination

The analysis of sterols and tocopherols was made from 100 mg
of fat after extraction with cyclohexane, which is subsequently sep-
arated with nitrogen and ether of trimethylsilol and injected with
a weight of 5,7-dimethyltocol following the technique developed
by Slover et al. (1983).

The sterols composition was analyzed in the same equipment
used for fatty acids analysis, with a Tracer TR Sterol column
(30 m x 0.22 mm). The temperatures of the injector and the detec-
tor were respectively 290 °C and 300 °C. Oven temperature was set
to 265 °C, being injected a volume of 1 L.

2.5. Statistical analysis

2.5.1. Analysis of variance

An analysis of variance (ANOVA) with Type III sums of squares
was performed using the GLM (General Linear Model procedure) of
the SPSS software, version 19.0 (IBM Corporation, New York, USA).
The fulfilment of the ANOVA requirements, namely the normal dis-
tribution of the residuals and the homogeneity of variance, were
evaluated by means of the Kolmogorov-Smirnov with Lilliefors
correction (if n>50) or the Shapiro-Wilk’s test (if n<50), and the
Levene's tests, respectively. All dependent variables were analyzed
using a one-way ANOVA with or without Welch correction, depend-
ing if the requirement of the homogeneity of variances was fulfilled
or not. The main factor studied was the effect of geographical ori-
gin of C. esculentus samples in the fatty acids profile, a-tocopherol
content and sterols composition. If a statistical significant effect
was found, means were compared using Tukey’s honestly signif-
icant difference multiple comparison test or Dunnett T3 test also
depending if equal variances could be assumed or not. All statistical
tests were performed at a 5% significance level.

2.5.2. Principal component analysis

Principal component analysis (PCA) was applied to reduce the
number of variables (20 variables concerning fatty acids profile
and 5 variables concerning sterol composition and a-tocopherol
content) to a smaller number of new derived variables (princi-
pal component or factors) that adequately summarize the original
information, i.e., the influence of geographical origin in the chem-
ical composition of C. esculentus. One PCA was carried out with 20
variables (fatty acids profile), and a second PCA was performed
with the entire data obtained (25 variables - fatty acids profile
plus sterol composition and a-tocopherol content). Moreover, it
allowed recognizing patterns in the data by plotting them in a
multidimensional space, using the new derived variables as dimen-
sions, principal components or factor scores. The number of factors
to keep in data treatment was evaluated by the Scree plot, taking
in consideration the eigenvalues and the internal consistency by
means of a-Cronbach'’s value (Rencher, 1995). PCA was performed
by using SPSS software, version 19.0 (IBM Corporation, New York,
USA).

3. Results and discussion
3.1. Fatty acids profile of C. esculentus samples

Samples of tiger nut (C. esculentus) from different origins were
assessed for their fatty acids profile. In Table 1 are reported the
main fatty acids found in the samples from Spain, while in Table 2
is presented the fatty acids profile of tiger nuts from Egypt, Nigeria
and South Africa. The most abundant fatty acids were the same in
all samples independently from their origin. Oleic acid (C;g.1) was
the most abundant fatty acid, reporting marked differences among
samples from different regions (between 51.81% and 75.43%).
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Table 1
Fatty acids composition (g/100 g of fatty acids) of tiger nut samples from Spain.
Sample Ciz:0 Ciao Cis:o Cis:o Cig: Ci7:0 Cis:o Cig: Cis2 Ciss Cao:0 Cao Coao SFA MUFA PUFA
S-1 0.04 0.09 0.02 14.48 0.25 0.07 2.50 73.66 8.26 0.16 0.37 0.06 0.04 17.67 73.91 8.42
S-2 0.04 0.09 0.02 15.09 0.25 0.06 2.81 73.23 7.75 0.17 0.34 0.05 0.09 18.60 73.48 7.92
S-3 0.04 0.07 0.02 13.45 0.25 0.07 2.85 75.43 7.30 0.14 0.34 0.05 0.00 16.89 75.67 7.44
S-4 0.03 0.08 0.02 13.86 0.25 0.07 2.79 74.74 7.62 0.15 0.33 0.05 0.00 17.24 74.98 7.77
S-5 0.03 0.08 0.02 13.48 0.26 0.08 239 73.70 9.26 0.28 0.36 0.06 0.00 16.50 73.96 9.54
S-6 0.06 0.09 0.01 13.33 0.25 0.06 3.08 74.59 7.94 0.16 0.35 0.06 0.00 17.06 74.84 8.10
S-7 0.02 0.07 0.02 14.07 0.25 0.07 2.64 73.41 8.86 0.21 0.34 0.06 0.00 17.27 73.66 9.07
S-8 0.08 0.13 0.02 15.72 0.23 0.09 3.75 72.87 6.19 0.15 0.40 0.05 0.08 2043 73.23 6.34
S-9 0.05 0.10 0.02 15.83 0.24 0.07 2.50 72.34 8.32 0.17 0.27 0.03 0.06 18.95 72.58 8.49
S-10 0.05 0.11 0.02 16.00 0.30 0.06 3.00 71.29 8.59 0.21 0.29 0.03 0.04 19.60 71.59 8.81
S-11 0.06 0.11 0.02 16.99 0.32 0.06 2.54 70.89 8.49 0.18 0.24 0.03 0.04 20.13 71.21 8.67
S-12 0.06 0.11 0.02 16.17 0.30 0.06 3.23 71.14 8.33 0.22 0.29 0.04 0.05 20.02 71.44 8.54
S-13 0.05 0.09 0.01 15.93 0.21 0.06 2.46 72.90 7.76 0.14 0.26 0.03 0.06 18.99 73.11 7.90
S-14 0.05 0.08 0.02 16.45 0.25 0.07 2.01 72.75 7.80 0.12 0.24 0.03 0.04 19.04 73.04 7.92
S-15 0.07 0.11 0.02 17.65 0.30 0.07 2.18 71.21 7.82 0.14 0.24 0.03 0.08 20.51 71.57 7.96
S-16 0.06 0.10 0.02 15.71 0.27 0.06 245 73.02 7.82 0.18 0.26 0.03 0.00 18.71 73.29 8.00
S-17 0.06 0.10 0.02 17.29 0.33 0.08 2.18 69.12 10.18 0.28 0.26 0.04 0.05 20.09 69.45 10.46
S-18 0.06 0.10 0.02 17.07 0.26 0.06 2.15 70.76 9.06 0.19 0.24 0.03 0.00 19.74 71.02 9.25
S-19 0.06 0.09 0.02 17.88 0.27 0.07 2.09 69.62 9.34 0.20 0.25 0.03 0.00 20.52 69.93 9.54
S-20 0.06 0.10 0.02 16.22 0.23 0.06 2.19 72.06 8.63 0.14 0.24 0.04 0.00 18.93 72.30 8.77
S-21 0.05 0.14 0.01 18.03 0.28 0.05 241 69.79 8.67 0.19 0.14 0.17 0.00 21.01 70.13 8.86
S-22 0.07 0.11 0.04 15.97 0.35 0.05 234 73.97 6.76 0.14 0.13 0.04 0.00 18.89 74.32 6.90
Mean 0.05 0.10 0.02 15.76 0.27 0.07 2.57 72.39 8.22 0.18 0.28 0.05 0.03 19.01 72.61 8.39
SD 0.01 0.02 0.01 143 0.03 0.01 0.41 1.68 0.86 0.04 0.07 0.03 0.03 1.34 1.72 0.94

SFA=%(Ce:0 *+Cs:0 + C10:0 + C12:0 + C14:0 + C15:0 + Ci6:0 + C17:0 + Cis:0 + Ca0:0 + C22:0 + Ca4:0); MUFA = 3(Cyg:1 +Cis:1 + Co2:1); PUFA=E(Cyg:2 + Cisi3).

Spanish samples reported higher mean values (72.39% - ranging
between 69.12% and 75.43%), followed by Egyptian samples (71.69%
- from 71.23% to 72.03%), South African samples (62.95% - from
62.17%t063.82%); and finally by Nigerian samples which reported a
mean value of 59.44% (from 51.81% to 61.23%). Palmitic acid (Cyg:9),
the second most abundant fatty acid reported higher values in the
samples from South Africa (20.38%), followed by Nigeria (17.87%),

and Spain (15.76%). On the other hand samples from Egypt reported
lower Cyg.9 values, 15.15%.

Linoleic acid (Cyg:2) was the third main fatty acid found in all
tiger nut samples (Tables 1 and 2). Its mean values ranged from
8.22% to 10.91%, respectively in samples from Spain and South
Africa. The three fatty acids discussed earlier (C;g.1; Ci6:0; and
Cyg:2) reported significant differences among regions (P<0.001 for

Table 2

Fatty acids composition (g/100 g of fatty acids) of tiger nut samples from Africa (Egypt, Nigeria, and South Africa).
Sample Ciz:0 Ciao Cis:o Cis:o Cig: Ci7:0 Cis:o Cig: Cis2 Ciss Ca0:0 Cao Coaxo SFA MUFA PUFA
Egypt
E-1 0.05 0.12 0.02 14.74 0.26 0.06 3.81 71.63 8.69 0.00 0.42 0.08 0.12 19.43 71.89 8.69
E-2 0.06 0.10 0.02 14.61 0.27 0.07 3.69 71.73 8.45 0.08 0.44 0.07 0.11 19.18 72.03 8.53
E-3 0.05 0.09 0.02 15.23 0.26 0.07 3.21 71.82 8.63 0.06 0.39 0.05 0.10 19.21 72.10 8.69
E-4 0.06 0.04 0.02 15.13 0.25 0.06 2.99 72.03 8.43 0.05 0.24 0.06 0.12 18.72 72.36 8.48
E-5 0.05 0.03 0.02 16.11 0.26 0.06 3.18 71.69 7.99 0.01 0.36 0.07 0.09 19.98 71.97 8.00
E-6 0.05 0.07 0.01 15.09 0.27 0.06 3.23 71.23 8.64 0.06 0.40 0.07 0.08 19.06 71.54 8.70
Mean 0.05 0.07 0.02 15.15 0.26 0.06 3.35 71.69 8.47 0.04 0.37 0.07 0.10 19.26 71.98 8.52
SD 0.01 0.03 0.00 0.53 0.01 0.01 0.32 0.26 0.26 0.03 0.07 0.01 0.02 0.42 0.27 0.27
Nigeria
N-1 0.04 0.17 0.01 17.89 0.27 0.07 3.96 59.78 9.64 0.10 0.41 0.06 0.10 22.73 60.05 9.74
N-2 0.02 0.18 0.00 18.13 0.26 0.07 3.81 61.23 8.64 0.13 0.40 0.05 0.09 22.76 61.50 8.77
N-3 0.03 0.16 0.01 17.73 0.27 0.08 3.91 61.18 8.59 0.12 0.39 0.04 0.01 22.36 61.48 8.71
N-4 0.04 0.16 0.01 16.94 0.26 0.06 3.84 61.23 9.61 0.13 0.38 0.07 0.07 21.58 61.49 9.74
N-5 0.04 0.17 0.01 17.23 0.26 0.06 3.64 60.23 8.24 0.11 0.37 0.08 0.08 21.69 60.50 8.35
N-6 0.05 0.15 0.00 18.03 0.27 0.07 3.58 60.13 8.18 0.11 0.40 0.06 0.09 22.43 60.42 8.29
N-7 0.04 0.14 0.00 18.41 0.26 0.06 3.81 51.81 8.61 0.12 0.41 0.06 0.01 22.94 52.07 8.73
N-8 0.04 0.18 0.01 18.63 0.26 0.07 3.79 59.93 8.64 0.11 0.40 0.00 0.04 23.16 60.19 8.75
Mean 0.04 0.16 0.01 17.87 0.26 0.07 3.79 59.44 8.77 0.12 0.39 0.05 0.06 22.46 59.71 8.88
SD 0.01 0.01 0.01 0.57 0.00 0.01 0.13 3.14 0.56 0.01 0.01 0.02 0.04 0.57 3.15 0.56
South Africa
SA-1 0.08 0.21 0.02 21.36 0.35 0.08 3.66 62.86 10.89 0.11 0.28 0.03 0.04 25.79 63.21 11.00
SA-2 0.08 0.18 0.01 18.75 0.31 0.06 5.34 63.81 10.90 0.11 0.35 0.04 0.06 24.88 64.12 11.01
SA-3 0.09 0.22 0.02 21.23 0.31 0.08 3.84 62.59 11.12 0.11 0.29 0.03 0.04 25.87 62.90 11.24
SA-4 0.08 0.19 0.01 21.34 0.32 0.08 3.63 62.93 10.83 0.11 0.27 0.03 0.03 25.70 63.25 10.94
SA-5 0.09 0.22 0.02 19.63 0.33 0.09 4.19 62.59 10.69 0.10 0.33 0.02 0.02 24.64 62.92 10.79
SA-6 0.08 0.21 0.01 18.98 0.34 0.07 3.94 63.82 10.90 0.10 0.31 0.02 0.02 23.67 64.16 11.00
SA-7 0.08 0.22 0.02 20.63 0.33 0.08 418 62.85 11.03 0.12 0.32 0.01 0.01 25.57 63.18 11.15
SA-8 0.08 0.19 0.01 21.12 0.35 0.08 3.63 62.17 10.89 0.11 0.33 0.02 0.02 25.50 62.52 11.00
Mean 0.08 0.20 0.01 20.38 0.33 0.08 4.05 62.95 10.91 0.11 0.31 0.02 0.03 25.20 63.28 11.02
SD 0.00 0.02 0.00 1.09 0.01 0.01 0.57 0.58 0.13 0.01 0.03 0.01 0.02 0.76 0.58 0.13

SFA=%(Cs:0 +Cs:0 + C10:0 + C12:0 + C14:0 + C15:0 + Ci6:0 + C17:0 + Cis:0 + Ca0:0 + C22:0 + Ca4:0); MUFA = X(Cig:1 +Cisi1 + Co2:1); PUFA=2(Cygi2 + Cisiz).
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the three fatty acids). Besides that these fatty acids are classified,
respectively, as monounsaturated fatty acids (MUFA), saturated
fatty acids (SFA), and polyunsaturated fatty acids (PUFA), being
each one the main fatty acid according to their class. Consequently,
SFA, MUFA and PUFA contents were affected as well according to
the samples geographical origin, with recorded marked significant
differences (P<0.001 for each fat fraction). In this sense, MUFA is
the main fraction of tiger nut oils, compressing between 59.71%
and 72.61% of all fatty acids (respectively in Nigerian and Spanish
tiger nut samples). SFA content vary between 19.01% and 25.20%,
while PUFA values oscillated between 8.39% and 11.02%, possible
values reporting respectively to Spanish and South African sam-
ples (Tables 1 and 2). The contents reported in the Spanish and
Egyptian tiger nut samples are quite in accordance to the pro-
file obtained by Sanchez-Zapata et al. (2012a), while the profile
observed in the Nigerian and South African samples was differ-
ent. Concerning Nigerian samples, the low values of C;g.1 recorded
are higher than those reported by Eteshola and Oraedu (1996) and
lower than those reported by Laseka and Abdulkarim (2012), which
worked with tiger nuts from the same country. The fatty acids
profile exhibited by the samples of Egypt is in accordance to that
reported by Arafat et al. (2009). However El-Anany and Ali (2012)
reported higher percentage of C;g., and consequently higher PUFA,
by studying tiger nut oils from Egypt. The differences found in the
samples from different regions could result from several agronomic
factors, such as, the maturation of tiger nuts, the variety studied; but
also from edaphoclimatic reasons, such as, the climate conditions,
soil composition and properties, and human agricultural practices.
All these factors influence the chemical composition of tiger nut
samples.

The fatty acids composition of tiger nut fat is considerably sim-
ilar to that presented by olive oil (Malheiro et al., 2012, 2013), a
world recognized vegetable oil for its flavour and healthy proper-
ties. Nutritionally tiger nut oil is arich source of essential fatty acids,
and present respectively ratios of MUFA/SFA and Cig.1/Cig:9 above
3 and 4 for Spanish and Egyptian samples, while Nigerian and South
African samples reported ratios below 3 and 4.

Observed the results obtained in the fatty acids profile of tiger
nut samples from four different geographical origins, a princi-
pal component analysis (PCA) was performed. For the author’s
knowledge, the application of chemometrics to geographical dif-
ferentiation purposes of tiger nut has never been conducted. Only
one work was carried out with authentication purposes of the P.D.O.
(Protected Designation of Origin) of “horchata de Valencia”, abever-
age where tiger nut is the main ingredient, regarding their mineral
content (Boeting et al., 2010; Temple et al., 1990, 1991).

By using two principal factors, or principal components, 56.45%
of the variance could be explained, 38.03% in the first factor and
18.42% in the second factor. In Fig. 1 it is inferred that the fatty
acids profile allowed the creation of four distinct groups, each group
according to the samples provenience. Samples from South Africa
were those who reported a more differentiated profile. These sam-
ples, represented in the positive and negative regions of the first
and second factors respectively, were characterized due to being
richer in saturated fatty acids (SFA) and polyunsaturated fatty acids
(PUFA). Concerning SFA, myristic acid (Cq4.9), palmitic acid (Cyg:¢),
and margaric acid (Cq7.9) were found in higher content in South
African samples. Palmitoleic acid (C;g:1), and linoleic acid (Cyg:2),
the major PUFA, also characterized these samples.

The samples from Nigeria were represented in the positive
regions of both factors due to higher content in arachidic acid
(Cy0:0)- Samples from Egypt and Spain were represented in the
negative region of the first factor. Spanish samples were more
abundant in monounsaturated fatty acids (MUFA) due to the high
content in oleic acid (Cyg:1), but were also abundant in linolenic
acid (Cqg-3), and pentadecanoic acid (Cy5:¢ ). Egyptian samples were
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Fig. 1. Principal components analysis obtained from the fatty acids profile of tiger
nut samples from Spain, Egypt, Nigeria and South Africa. PCA factors explain 56.45%
of the total variance.

richer in SFA, although being minority in the C. esculentus oil,
namely, behenic acid (Cy5.¢) and lignoceric acid (Cy4.9).

The results obtained in PCA are a valuable asset in order to
authenticate tiger nut provenience, and therefore be a useful tool
in terms of traceability and authentication purposes for the P.D.O.
“horchata de Valencia”.

3.2. «a-Tocopherol, squalene and sterols composition

The tiger nut oils from the samples of different regions were
studied to quantify minor compounds, namely a-tocopherol and
sterols. The results obtained in the Spanish samples are reported in
Table 3, while those from the Egyptian, Nigerian and South African
samples are reported in Table 4. a-Tocopherol reported higher con-
tent in the samples from Egypt, with a median value of 28.7 ng/g,
being this tocopherol found in all samples. However in the remain-
ing samples it was only found at vestigial amounts. In Spanish
samples it was only identified in 4 of the 22 samples, ranging from
0 pg/g to 65.2 ng/g, reporting a median value of 4.6 pg/g. In Nige-
rian samples was reported in 3 of the 8 samples with 0.1 .g/g, while
in South African samples it was identified in only one sample with
the same 0.1 pg/g.

Concerning squalene content, samples from Egypt reported sig-
nificantly higher values (103.3 pg/g; P<0.001) comparatively with
the remaining samples. Samples from Spain, South Africa and
Nigeria reported respectively 53.2 pg/g, 52.0 pg/g and 40.6 pg/g
(Tables 3 and 4).

Total sterols content increase in the following order:
Egypt (728.7 pg/g) < Spain (939 ng/g) < South Africa
(948.2 ng/g) < Nigeria (962.1 wg/g). PB-Sitosterol was the most
abundant sterol, varying between 59.6% (Egypt samples) and
64.5% (South Africa samples) of total sterols. Its absolute values
achieved 611.5pg/g in the samples from South Africa, being
[3-sitosterol present with significantly low content in the samples
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Table 3

Squalene, a-tocopherol, and sterols composition of tiger nut samples from Spain (results expressed as j.g/g).
Samples Squalene a-Tocopherol Campesterol Stigmasterol [-Sitosterol
S-1 334 19.4 142.8 194.5 585.7
S-2 339 0.0 155.6 189.8 609.4
S-3 452 0.0 134.0 197.0 615.7
S-4 50.3 0.0 129.7 200.1 615.1
S-5 66.5 0.0 1415 204.1 585.0
S-6 61.4 65.2 128.8 197.2 547.4
S-7 83.5 0.0 113.8 191.2 605.0
S-8 25.7 0.0 127.8 230.9 601.4
S-9 42.7 0.0 149.0 201.2 594.9
S-10 49.1 0.0 135.0 173.1 638.5
S-11 51.1 0.0 126.8 164.0 645.9
S-12 40.8 0.0 1153 188.2 648.9
S-13 78.9 0.0 149.8 1934 577.9
S-14 91.1 0.0 148.2 189.3 568.7
S-15 64.7 0.0 149.3 196.2 589.8
S-16 344 0.0 147.7 222.7 595.3
S-17 49.4 0.0 155.7 220.7 574.2
S-18 63.6 0.0 148.9 201.9 585.6
S-19 37.8 0.0 154.2 193.2 614.8
S-20 41.0 10.7 152.3 202.9 586.4
S-21 67.6 0.0 135.0 165.8 631.6
S-22 59.0 5.8 1413 172.9 622.7
Mean 53.2 4.6 140.1 195.0 601.8
SD 17.4 14.3 12.5 16.7 25.9
Minimum 25.7 0.0 113.8 164.0 547.4
Maximum 91.1 65.2 155.7 230.9 648.9

Table 4

Squalene, a-tocopherol, and sterols composition of tiger nut samples from Egypt, Nigeria, and South Africa (results expressed as jLg/g).
Samples Squalene a-Tocopherol Campesterol Stigmasterol [3-Sitosterol
Egypt
E-1 103.4 28.9 1144 179.3 430.1
E-2 103.2 28.8 114.1 178.9 4423
E-3 103.1 28.5 1143 178.4 436.5
E-4 103.6 284 114.2 179.1 431.7
E-5 103.4 28.9 1144 176.5 435.4
E-6 103.3 28.8 114.7 178.8 430.1
Mean 103.3 28.7 1144 178.5 434.4
SD 0.2 0.2 0.2 1.0 4.7
Minimum 10.31 284 1141 176.5 430.1
Maximum 10.36 28.9 114.7 179.3 442.3
Nigeria
N-1 40.7 0.0 166.3 187.1 606.0
N-2 40.3 0.1 166.2 187.0 601.0
N-3 40.6 0.1 166.5 186.6 612.1
N-4 40.7 0.0 166.3 189.9 601.4
N-5 40.8 0.0 166.2 190.1 612.5
N-6 40.7 0.0 166.1 188.0 612.2
N-7 40.4 0.0 166.3 190.6 604.5
N-8 40.5 0.1 166.2 181.2 615.9
Mean 40.6 0.0 166.3 187.6 608.2
SD 0.2 0.1 0.1 3.0 5.7
Minimum 40.3 0.0 166.1 181.2 601.0
Maximum 40.8 0.1 166.5 190.6 615.9
South Africa
SA-1 63.0 0.0 144.6 166.6 620.4
SA-2 37.5 0.0 176.3 171.7 609.0
SA-3 35.6 0.0 160.2 193.2 595.1
SA-4 62.1 0.0 160.2 175.4 616.5
SA-5 36.5 0.0 160.5 177.6 616.7
SA-6 60.2 0.1 175.4 164.7 599.9
SA-7 61.2 0.0 156.4 165.2 612.4
SA-8 59.8 0.0 1724 173.2 622.3
Mean 52.0 0.0 163.2 173.5 611.5
SD 12.9 0.0 10.8 9.3 9.7
Minimum 35.6 0.0 144.6 164.7 595.1

Maximum 63.0 0.1 176.3 193.2 622.3
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Fig. 2. Principal components analysis obtained from the combination of fatty acids
profile and contents of squalene, a-tocopherol, stigmasterol, campesterol, and 3-
sitosterol of tiger nut samples from Spain, Egypt, Nigeria and South Africa. PCA
factors explain 65.70% of the total variance.

from Egypt (434.4 pg/g; P<0.001). Stigmasterol and campesterol
reported mean values between 100 wg/g and 200 pg/g in all
samples. Campesterol mean values varied between 114.4 pg/g and
166.3 pg/g, respectively in the samples from Egypt and Nigeria.
In fact, campesterol reported significantly lower values in the
samples from Egypt and significantly higher values in those
samples from Nigeria and South Africa (P<0.001). In the case
of stigmasterol a lower variance was observed among samples
from different origins. South African samples reported lower
mean values (173.5g/g) and samples from Spain higher ones
(195.0 pg/g). Comparatively with the sterols composition of tiger
nut oil from Ghana, the results obtained in our samples are quite
similar to those obtained by Yeboah et al. (2012).

In this case, since tiger nut oils are poor in SFA, richer in unsatu-
rated fatty acids, and contain considerable amounts of sterols, they
may be consider a good fat source, and may low the risk in the
occurrence of cardiovascular diseases.

Combining the results obtained in the fatty acids profile together
with squalene, a-tocopherol, and sterols composition, another PCA
was developed to try to see the influence of geographical origin
in the tiger nut oil composition. In this new PCA three principal
factors were used, explaining 65.7% of the total variance (Fig. 2).
As observed in Fig. 2 the separation of the samples according to
their origin was achieved. The tendency observed in the PCA dis-
played in Fig. 1 concerning the fatty acids profile is maintained. In
this new PCA, samples from South Africa (in the positive regions
of the three factors) and Nigeria were characterized due to high
campesterol content. Spanish tiger nuts were more abundant in
stigmasterol, while Egyptian tiger nuts were highly rich in squa-
lene and a-tocopherol. The inclusion of such new variables in study
aids in the differentiation of the samples. Furthermore, such results
corroborate that the fatty acids profile can be used as geographi-
cal markers of tiger nut samples, being possible to differentiate the
samples according to their origin.

4. Conclusions

The study of tiger nut samples from different regions brought
to light that the cultivation site has a tremendous effect in the

composition of the final oil obtained. Fatty acids profile and sterols
composition, as well as a-tocopherol and squalene contents were
affected according to the tiger nut’s origin. The samples analyzed
revealed that tiger nuts oil is rich in monounsaturated fatty acids
with a lower prevalence of saturated fat. Furthermore, they are
composed by sterols with biological importance, which increases
the nutritional value of the oil. Applying chemometric tools to the
data obtained it was possible to differentiate the samples according
to their origin. The fatty acids profile could be used as geographical
authenticity markers to attest the provenience of tiger nut samples.
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