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This study was conducted to determine the total oil contents and fatty acid compositions of some commercial almond cultivars. The total oil
contents changed significantly (p<0.05) by year in all cultivars with the exception of cultivar Ferrastar. Total oil contents were changed from 50.90%
(Picantili) to 62.01% (Supernova) in 2008 and from 52.44% (Lauranne) to 63.18% (Cristomorto) in 2009. While predominant unsaturated fatty acids
were oleic and linoleic acids, predominant saturated fatty acid was palmitic acid. The highest amount of oleic acid was obtained in Glorieta in both
2008 (83.35%) and 2009 (72.74%). Linoleic acid content varied by year and the highest content was recorded in Picantili (26.08%) in 2008 and Yal-
tinski (30.01%) in 2009. The highest amount of palmitic acid was detected in cultivar Sonora in both years, i.e. as 7.76% in 2008 and 10.11% in 2009.
The mean UFA:SFA ratio was 11.73 in 2008 but 7.59 in 2009. Principal component (PC) analysis indicated that palmitic acid, palmitoleic acid, stearic
acid, oleic acid, arachidic acid, unsaturated fatty acid (UFA), saturated fatty acid (SFA) and UFA:SFA ratio were primarily responsible for the separa-

tion on PC1.

INTRODUCTION

Almond is among the most cultivated species in the Med-
iterranean countries as it easily adapts to an arid climate
and unfavorable soil conditions, and the demands for
the cultivation of almond have been increasing day by day
[Akcay & Tosun, 2005; Beyhan et al., 2011]. Turkey is one
of the countries where this increase is the most prominent.
In 2013, the increases in production and production area were
33.13 and 32.64% respectively in the last 3 years. Besides its
positive contributions to human health such as reducing obe-
sity, cardiovascular diseases, diabetes, cancer, and the choles-
terol level [Socias i Company et al., 2010; Beyhan et al., 2011;
Kirbaslar et al., 2012; Balta, 2013], this increase is caused
by its use in many fields such as the cream cake and chocolate
industry; the production of dried fruits, confection, and mar-
zipan; ice cream industry; sweetener for beverages; the use
of its oil in the pharmaceutical, painting, and cosmetic indus-
tries; the use of its green shells as animal feed and the use
of its hard shells as fuel and making chipboard [Ak¢ay & To-
sun, 2005; Yildirim et al., 2008].

Stone fruits are known with their biochemical characteris-
tics including high contents of vitamins, phenolic substances
and fatty acids. Since recent studies on almond breeding have
predominantly focused on late flowering, self-compatibility,
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and allele and gene identifications, there is very little informa-
tion on the biochemical compositions of the cultivars [Moaye-
dietal., 2011; Kodad & Socias i Company, 2008]. In the pre-
vious studies, it was reported that the genetic characteristic
of the cultivar, ecology, physiological factors, cultural practic-
es, the maturity stage of the fruit and harvest time influenced
the fatty acid content and composition of the fruit [Rabre-
novicet al.,2011; Beyhanet al., 2011; Socias i Company et al.,
2010; Zacheo et al., 2000; Habila et al., 2012]. To benefit more
efficiently from these fruits, the seeds of which are consumed,
more information regarding their storage and the develop-
mental characteristics of the cultivars is required [Femenia
et al., 1995]. After a long-storage period and transportation,
stone fruits undergo extensive fatty acid oxidation and thus
their quality significantly decreases [Kodad & Socias i Com-
pany, 2008; Socias i Company et al., 2010]. Therefore, oil
stability and fatty acid composition are important criteria for
the evaluation of seed quality [Socias i Company et al., 2010].
Recently, some studies were published about total oil and fat-
ty acid profile of some almond cultivars [Abdallah et al., 1998;
Sathe er al., 2008; Ozcan et al., 2011; Beyhan et al., 2011].
However, we did not encounter any research on fatty acid pro-
file in some cultivars such as Desmayo Largueta, Ferrastar,
Glorieta, Lauranne, Supernova.

In recent studies, it has been suggested that the ratio
of oleic acid to linoleic acid could be used as a criterion for
determining the almond kernel quality when evaluating oil
stability and fatty acid composition [Kodad & Socias i Com-
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pany, 2008]. Lipid oxidation is particularly associated with
factors including the percentage of unsaturated fatty acids,
light, oxygen, temperature, and the presence of metallic ions.
Besides, lipid oxidation is also influenced by the presence
of natural antioxidants like tocopherols which enhance lipid
stability [Habila er al., 2012; Socias i Company et al., 2010].
The high rate of unsaturated fatty acids can also extend
the shelf life of nuts, and has positive effects on human health
[Rabrenovic et al., 2011]. Almond is also rich in unsaturated
fatty acids [Abdallah et al., 1998; Sathe et al., 2008].

The main objective of this study was to determine the vari-
ation in terms of total oil contents and fatty acid composi-
tion of some commercial almond cultivars grown under same
ecological conditions. In addition, studied traits were sub-
jected to principal component analysis for the classification
and discrimination of almond cultivars. Thus, the nutritional
and healthy value as well as the genetic diversity of the stud-
ied cultivars will be revealed.

MATERIAL AND METHODS

Material

The study was conducted in 2008 and 2009. In the study,
the seed samples of 15 almond cultivars (Cristomorto,
D. Largueta, Ferraduel, Ferragnes, Ferrastar, Glorieta, Lau-
ranne, Masbovera, Nonpareil, Picantili, Sonora, Supernova,
Texas, Tuono, and Yaltinski) grafted on the almond seedling
rootstock were used, and the cultivars were obtained from
trees in the almond cultivar collection orchard located at
Egirdir Fruit Research Institute in Isparta, Turkey. The study
was set up according to a completely randomized design
with 3 replications and a tree was used in each replication.
When fruits maturated, they were collected from different
parts of the trees. The almond fruits were dried for 20 days
at room temperature and cracked out by hand. Five hundred
grams of almond kernels per cultivar were ground to a pow-
der and placed in plastic bags. Samples were frozen and kept
at -80°C until extraction.

Total oil content

Two g from the ground dry samples were taken and total
oil samples were extracted in a Soxhlet apparatus with 100 mL
of petroleum ether as a solvent. The solvent was evaporated
under vacuum using a rotary evaporator and the oil was col-
lected [Bligh & Dyer, 1959]. This process was repeated three
times for each almond cultivar.

Fatty acid composition

Fatty acid methyl esters were prepared using a method de-
scribed by Marquard [1987]. The fatty acid composition was
analyzed by GC 30 (Perkin Elmer Autosystem XL) equipped
with a CP-Wax 52 CB column (Varian Inc.) (50 x 0.25 mm,
0.2 wm). One mL of Na-ethylate (0.5 g Na-methylate +
80 mL methanol + 20 mL isooctane) solution was added
onto 40 uL of oil sample, and esterified. Before injection into
GC, 0.25 mL of isooctane was added and the tube was well-
-shaken. Next, 0.5 mL was drawn from the upper phase, which
became clear, and injected into the GC apparatus by means
of a microinjector (Perkin Elmer Autosystem XL). GC condi-

tions were: FID detector; injector and detector temperatures:
250°C; carrier gas was He at the pressure of 0.069 MPa;
and flow rate: 30 mL/min. The oven temperature was held at
80°C for 4 min and then increased to 175°C. After holding at
this temperature for 25 min, the temperature was increased to
215°C. After holding at 215°C for 2 min, the temperature was
gradually increased to 240°C and then held at this tempera-
ture for 10 min. Peaks were identified by their comparison to
the relative retention times of standards (Supelco 37 compo-
nent FAME Mix), and the results were expressed as the per-
centages of peak areas.

Statistical analyses

The data were analyzed using SPSS statistical pack-
age program and the means were separated with Duncan’s
Multiple Range test. Principal component analysis was used
for the determination of the most significant components.
In the principal component analysis, eigenvectors were cal-
culated to determine the contribution of each variable to
the separation of the cultivars.

RESULTS AND DISCUSSION

Total oil

The total oil contents of the studied cultivars are pre-
sented in Table 1. In the study, large differences were found
in oil content among the cultivars. The average value of oil
content over the 2 years varied from 52.51% in Picantili to
61.92% in Cristomorto. The cultivars Cristomorto, Super-
nova and Ferragnes had a mean value of oil content higher
than 60%. The analysis of variance indicated that the effect
of the cultivar, year and the interaction cultivar x year were
significant for total oil contents at the level of p<0.01. The to-
tal oil contents changed significantly (p<0.05) by year in all
cultivars with the exception of cultivar Sonora. The high-
est total oil content was determined in Supernova (62.01%)
in 2008, followed by cultivars Ferragnes (60.92%) and Cristo-
morto (60.66%). On the other hand, the lowest total oil con-
tent was found in Picantili (50.90%). In 2009, the highest total
oil content was recorded in Cristomorto (63.18%), followed
by cultivars Ferragnes (61.71%) and Supernova (61.70%).
On the other hand, the lowest total oil content was detected
in cultivar Lauranne (52.44%) (Table 1). These results were
in agreement with the results of Kodad er a/. [2013], who have
reported that the total oil content of almond kernels ranged
from 48.7% to 64.59%. On the other hand, Abdallah er al.
[1998] reported that the total oil content of almond kernels
changed between 38% and 53% DW. Similarly, Kodad et al.
[2006] determined slightly higher total oil contents in almond
cultivars ranging from 40% to 65% DW. In agreement with
the results of Kodad et al. [2006], Kodad &d Socias I Com-
pany [2008] reported a total oil content of almond kernels
between 48% to 67% DW in eight cultivars and 47 advanced
self-compatible almond genotypes developed in an almond
breeding program. In the previous studies, it was reported
that factors including the genetic characteristic of the cultivar,
ecology, physiological factors, cultural practices, the maturity
stage of the fruit, and harvest time had effects on oil con-
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TABLE 1. Total oil contents of almond kernels (%).

Total oil

Cultivars Average

2008 2009
Cristomorto 60.66 =0.88®  63.18+0.82% 61.92
D. Largueta 54.90 £2.10%®  59.80=+1.69 57.35
Ferraduel 55.54 £1.42%B  60.82£1.324 58.18
Ferragnes 60.92 £1.20®  61.71=1.04=* 61.32
Ferrastar 57.40 £1.69%8  57.95+1.574 57.68
Glorieta 53.59 =173 54.52+1.84™ 54.06
Lauranne 56.30£0.840dA  52.44+(0.93® 54.37
Masbovera 5339 =1.57®  55.19+1.63¢m 54.29
Nonpareil 55.99+1.13%dB  57.56+1.26s" 56.78
Picantili 50.90 +1.7988  54.12+1.28m 52.51
Sonora 58.03 £2.17%  55.48+=1.03¢® 56.76
Supernova 62.01 £0.96**  61.70%1.12:8 61.86
Texas 52.95+1.74%  58.95+1.37cA 55.95
Tuono 57.79+1.40"  56.89+1.02%A 57.34
Yaltinski 56.510.33bdB  6(0.820.73bA 58.67
Average (year) 56.46 58.07
LSD 1.907

Each value is expressed as mean =standard deviation. Means followed
by different capital letters (years) in the row are significantly different
(p<0.05). Means followed by different small letters in the columns (cul-
tivars) are significantly different (p<0.05).

tents [Sathe et al., 2008; Rabrenovic et al., 2011; Beyhan et al.,
2011; Socias i Company et al., 2010; Zacheo et al., 2000; Ha-
bilaeral., 2012].

Fatty acids

The fatty acid compositions of the studied cultivars are
shown in Table 2. It was also found the large variability for
fatty acids. The analysis of variance showed that the ef-
fect of the cultivar, year and the interaction cultivar x year
were significant for all fatty acids except heptadecanoic acid
(p<0.05). The highest content of oleic acid was obtained
in Glorieta in both 2008 (83.35%) and 2009 (72.74%). On
the other hand, the lowest content of oleic acid was detected
in Picantili (62.89%) in 2008 and in Yaltinski (55.14%) in 2009
(Table 2). Kodad ef al. [2013] reported oleic acid contents
ranging from 61.8% to 80.2% of total oil in kernels of selected
almond genotypes. In turn, Sathe e al. [2008] determined
oleic acid contents varying from 57.54% to 73.94% of total oil
in eight almond cultivars from 12 different California coun-
ties. Moreover, Moayedi et al. [2011] showed that the main
monounsaturated fatty acid was oleic acid with the content
ranging from 66.7% to 69.7% of total oil in the kernels of three
wild almond species. In agreement with our results, Kirbaglar
et al. [2012] reported 71.98% oleic acid content in an al-
mond genotype in Turkey. However, as compared to our re-

sults, the lower amounts of oleic acid ranging from 72.5% to
79.97% have been reported by Ozcan et al. [2011] in different
commercial almond cultivars. This may be due to different
cultural and ecological conditions in studies. Moreover, high
temperature has a negative effect on the syntheses of linole-
ic and linolenic acids in plants but has a positive effect on
the synthesis of oleic acid [Beyhan ef al., 2011]. In the study,
linoleic acid content also varied by year and the highest val-
ue was recorded in Picantili (26.08%) in 2008 and Yaltinski
(30.01%) in 2009 but the lowest value was obtained from
Masbovera (9.27%) in 2008 and Tuono (9.82%) in 2009.
The highest value of palmitic acid was detected in cultivar So-
nora in both years, i.e. as 7.76% in 2008 and 10.11% in 2009.
On the other hand, the lowest content of palmitic acid was
recorded in cultivar Texas (4.34%) in 2008 and in cultivar
Nonpareil (6.63%) in 2009. The amounts of palmitoleic acid
were much higher in 2009, and the highest value was detected
in cultivar Ferraduel (0.67%) in 2008 and in cultivar Nonpa-
reil (0.73%) in 2009. The lowest content of palmitoleic acid
in both years was obtained from cultivar Texas, i.e. as 0.21%
in 2008 and 0.22% in 2009. In the study, the highest amount
of stearic acid was found in cultivar Ferrastar (3.58%) but
the lowest one in cultivar Cristomorto (0.77%) in 2008. On
the other hand, in 2009 the highest content was detected
in cultivar Picantili (4.71%) but the lowest one in cultivar
Nonpareil (1.71%). Arachidic acid was determined in trace
amounts in 2008. In 2009, the highest amount was obtained
in the cultivars Desmayo Largueta and Sonora (0.07%) but
the lowest amount in the cultivars Nonpareil and Supernova
(0.02%) (Table 2). Similar results have been reported in previ-
ous studies [Abdallah ef al., 1998; Sathe et al., 2008; Beyhan
etal.,2011; Moayediet al.,2011; Gupta et al., 2012; Kirbaglar
et al., 2012; Balta, 2013]. Fruit genotype, ecology, harvest
time and maturity have effects on the fatty acid composition
of plants [Beyhan et al., 2011; Habila et al., 2012; Sathe et al.,
2008].

Nutrients with a high rate of unsaturated fatty acid
have been preferred in human nourishment in the recent
years [Ozcan et al., 2011]. Monounsaturated fatty acids
(MUFAs) (oleic acid, palmitoleic acid, and heptadecanoic
acid) and polyunsaturated fatty acids (PUFAs) (linoleic
acid and linolenic acid) are found at high rates in the seeds
of stone fruits including almond and constitute the majority
of the total oil. MUFAs have been reported to be as effective
in reducing the cholesterol level in human beings as PUFAs
[Kodad & Socias I Company, 2008; Kirbaglar et al., 2012].
Especially oleic acid (0-9 family) is reported to remarkably
reduce the effect of the gene causing breast cancer [Kirbaglar
et al., 2012]. In addition, linoleic acid was shown to be effec-
tive in the repair of DNA damage, in the regulation and de-
velopment of cell differentiation, in providing immunological
activation, and in the regulation of blood pressure and blood
coagulation in human beings [Beyhan ef al., 2011; Kirbaglar
et al., 2012]. Unsaturated fatty acids also significantly ex-
tend the shelf life of nuts if they are stored under favorable
conditions [Sathe er al., 2008]. Moreover, MUFAs have
been reported to increase oxidative stability in oils [Habila
et al., 2012; Kirbaslar ef al., 2012]. Unsaturated fatty acids
are affected by environmental factors like light, temperature,
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TABLE 3. The rates of UFA, SFA and UFA:SFA in almond kernels.

Cultivars UFA (%) SFA (%) UFA:SFA
2008 | 2009 | Mean 2008 | 2009 | Mean 2008 2009 Mean
Cristomorto 92.43 85.35 88.89 5.73 10.74 8.24 16.13 7.94 12.04
D. Largueta 90.94 87.65 89.30 6.68 10.77 8.73 13.61 8.13 10.87
Ferraduel 83.95 81.98 82.97 11.6 10.52 11.06 7.23 7.79 7.51
Ferragnes 89.65 86.41 88.03 9.65 11.56 10.61 9.29 1.47 8.38
Ferrastar 90.70 83.24 86.97 11.35 11.90 11.63 7.99 6.99 7.49
Glorieta 94.79 89.06 91.93 6.00 9.52 7.76 15.79 9.35 12.57
Lauranne 91.18 85.61 88.40 10.01 11.42 10.72 9.11 7.49 8.30
Masbovera 90.49 87.51 89.00 6.78 10.27 8.53 13.35 8.52 10.94
Nonpareil 87.95 84.99 86.47 7.67 9.09 8.38 11.47 9.35 10.41
Picantili 88.99 83.15 86.07 8.20 14.50 11.35 10.85 5.73 8.29
Sonora 87.35 83.01 85.18 10.99 12.62 11.81 7.95 6.58 7.27
Supernova 85.50 85.23 85.37 8.77 10.76 9.77 9.75 7.92 8.84
Texas 92.89 88.52 90.71 5.57 11.42 8.50 16.68 1.75 12.22
Tuono 93.22 76.43 84.83 6.60 13.43 10.02 14.12 5.69 9.91
Yaltinski 90.95 85.20 88.08 7.20 11.73 9.47 12.63 7.26 9.95
Mean 90.07 84.89 87.48 8.19 11.35 9.77 11.73 7.59 9.66
TABLE 4. Principal component analysis in almond kernels. The almond kernel has a tendency to molding during stor-
— age and transportation due to the oxidation of the fatty acids
Variables Principal component it contains, which causes loss of quality. Therefore, the ratio
Total fatty acid () 0'2116 0'1267 0.;05 of ol.eic agid .to linoleic acid (O:L) is considered a signiﬁcgm
Palmitic acid (%) 0.014 0.033 0.058 quality criterion for the.evaluaﬁlon of almopd kernel quahty
Palmitoleic acid (%) 0.607 0.329 0268 and the high O:L r.aFlo in pa..l“'[ICl.llal“IS considered as an im-
Heptadecanoic acid (%) 0337 0.503 055 qutant factor providing stability in oils as well as a higher nu-
Stearic acid (%) 0777 0.156 0130 trltlonal.value [Kodad et al., 2011, 2013]. Accordmg to dgta,
Oleic acid (%) 0,756 0.586 0,055 the cultivars Tuono, Mas.bove.ra and Glorieta showeq hlgh
Linoleic acid (%) 0362 -0.866 0027 anq stable contents of oleic acid apd low contents of.lmolelc
Arachidic acid (%) 0.597 0059 20209 acid and also high O:L values during the 2 years studied.
UFA -0.770 0,076 0.040 PCA is a multivariate statistical method that causes data
SFA 0.961 0.109 0,004 reconstruction and reduction. Therefore, PCA was used for
UFA:SFA 0.943 20.076 0113 the discrimination of almond. The characteristics with the ei-
Eigenvalue 5430 1535 1107 genvalues greater than 1 are evaluated to be descriptive in PCA
Percent variation 4936 13.95 10.07 [Shin ef al., 2010]. Results from the principal component
Cumulative percent variation  49.36 63.32 7338 analysis presented in Table 4 indicate that the first 3 compo-

and oxygen and are being oxidized, an event called rancidifi-
cation [Bingol, 1976]. The fatty acids which have undergone
rancidification contain peroxide-type molecules. These mol-
ecules have a destructive effect on vitamins [Bingol, 1976].
In the study, it was determined that almond cultivars were
rich in unsaturated fatty acids. The highest rates of unsatu-
rated fatty acids among the cultivars were obtained in culti-
var Glorieta in both years (Table 3). The rates of unsaturated
fatty acids ranged from 83.95% (Ferraduel) to 94.79% (Glo-
rieta) in 2008 and from 76.43% (Tuono) to 89.06% (Glorieta)
in 2009. On the other hand, the saturated fatty acids (SFAs)
contents were determined to vary from 5.73% (Cristomorto)
to 11.35% (Ferrastar) in 2008 and from 9.09% (Nonpareil) to
14.50% (Picantili) in 2009 (Table 3). These results were found
higher than those in the previous studies [Balta, 2013; Yildirim
etal.,2008]. The mean UFA/SFA ratio was 11.73 in 2008 but
7.59 in 2009 (Table 3). Considering the average of 2 years
data, the cultivars Glorieata, Texas and Cristomorto had
a higher value than the others for UFA:SFA ratio.

nents explained 73.38% of the total variability observed. PC1,
PC2 and PC3 components accounted for 49.36%, 13.95%
and 10.07% of the total variance, respectively. PC1 showed
8 variables with higher scores (values >0.50) related to fatty
acid component (palmitic acid, palmitoleic acid, stearic acid,
oleic acid and arachidic acid) and fatty acid ratio (UFA, SFA
and UFA:SFA). The highest contribution of PC2 correspond-
ed to linoleic acid, oleic acid and heptadecanoic acid. The sep-
aration along PC3 was primarily due to variations in total fatty
acid and heptadecanoic acid. These results support the rele-
vance of SFA, UFA:SFA, palmitic acid, linoleic acid and total
fatty acid as discriminant parameters that differentiate almond
cultivars. Similar results were reported in previous PCA appli-
cations to almond research [Carratala ef al., 1998; Shin et al.,
2010; Colic et al., 2012; Kodad et al., 2013].

CONCLUSIONS
Cristomorto, Supernova and Ferragnes appeared to

be predominant cultivars in terms of total oil content based
on average data of 2 years. Glorieta and Texas cultivars
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were noticeable in terms of unsaturated fatty acids (91.93%,
90.71%, respectively). In addition, the total oil contents of Tu-
ono, Masbovera, Glorieta and Cristomorto cultivars were
similar in both years. The highest ratio of UFA:SFA was ob-
tained from Glorieta, Texas and Cristomorto cultivars. It was
concluded that the commercial value of these cultivars would
be increased and they could be used as parents in breeding
studies. Moreover, Cristomorto was the most important culti-
var with regard to high total oil, unsaturated fatty acid and oil
stability characteristics.
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