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ARTICLE
ABSTRACT INFO

In this study, some growth parameters, protein content and fatty acids properties of ten different sesame Research article

populations cultivated in Southeastern Anatolia were investigated. Protein and oil contents of the Received:
populations varied between 19.60-24.85 % and 30.16-40.36 %, respectively. Oleic acid (43.42-45.05 17.05.2022
%), linoleic acid (38.12-39.80 %), palmitic acid (9.33-9.83 %) and stearic acid (5.33 to 5.63 %) were

the predominant compounds of the seed oil. Cultivated populations exhibited significant differences in ﬁcggpégg's
relation to seed yield, seed number per capsule, and 1000-seed weight. Furthermore, seed yield was R
significantly predicted by oil content and plant height according to the results of multiple linear Keywords:
regression analysis. Fatty acids, Oil and

protein contents,
Sesame, Sesamum
indicum L.

Giineydogu Anadolu Menseili Bazi Susam Populasyonlarinin Morfolojik Ozellikleri ve Verime
Mliskin Performanslar

u MAKALE
OZET BILGIiSi

Bu ¢alismada, Giineydogu Anadolu’da kiiltiirii yapilan 10 farkli susam popiilasyonunun bazi biiylime  Arastirma Makalesi
parametreleri (bitki boyu, kapsiil sayisi, yag orani, yag asitleri, ve protein orani) incelenmistir. Susam

tohumunda yag icerigi ve protein igerigi sirasiyla % 30.16-40.36 ve % 19.60-24.85 arasinda Gelis:
degismistir. Tohum yag asitlerinin ana bilesenleri oleik asit (% 43.42-45.05), linoleik asit (% 38.12- 17.05.2022
39.80), palmitik asit (% 9.33-9.83) ve stearik asit (% 5.33-5.63) saptanmistir. Susam popiilasyonlari,

tohum verimi, kapsiil bagina diisen tohum sayisi ve 1000-tohum agirligi1 bakimindan anlamli farkliliklar Kabul:
gostermistir. Coklu dogrusal regresyon analizine gore tohum verimi, yag igerigi ve bitki boyuyla 11.05.2023

onemli dlgiide iliskili bulunmustur.
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Protein ve yag
icerigi, Susam,

Sesamum indicum L.,
Yag asitleri
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INTRODUCTION

Sesame (Sesamum indicum L.; Pedaliaceae) is one of the most important oil seed crops extensively cultivated in
the temperate and tropical zones of the world (Biabani and Pakniyat 2008). Each of the planting areas in the sub-
tropical temperate regions of the semi-arid tropical area has led to a wide variety of genotypes (Weiss 2000; S6giit
2008). Sesame seed is rich in oil (44-58 %) and protein (18-25 %) and is often used directly or in processed form
(Saydut et al. 2008; Wenliang et al. 2011). In general, it has been reported that the fatty acid components of sesame
seeds are linoleic, oleic, palmitic and steric acids, respectively (Ozkan, 2018).

Sesame seeds have been reported to be used as active metabolites in antiseptics, disinfectants, viricides,
antitubercular agents and moth repellants, since they involve sesamin and sesamolin like natural antioxidants.
Sesame oil is rich in nutrients and possesses potent antihypertensive activities (Liu et al. 2014). Sesame seeds are
not only a good source of oil but also a source of protein when defatted. Sesame oil includes the non-fat portion
(1-2 wt %) which contains sesamin, sesamol, sesaminol, sesamolin and episesamin. The incidence of oxidative
stress and mammary tumours is diminished through sesamin induced enhanced hepatic detoxification (Sambasiva
et al. 2001). In addition to the antioxidant agents, palmitic, stearic, oleic and linoleic acids are known to be the
predominant fatty acids in sesame oil (Shahidi et al. 2006).

Sesame seed oil has been used for a long time in the health field, especially in the East (Sambasiva et al. 2001).
For example, sesame seed is used as a medicinal plant in llam Province, Iran particularly for burn healing
(Pirbalouti et al. 2013). In Bangladesh, sesame seed and oil are used for medicinal purposes in the treatment of
various ailments, such as diabetes mellitus (Rahmatullah et al. 2012). On the other hand, its oil is used in cosmetics
and as topical medicaments in traditional Chinese medicines (Oiso et al. 2008). Sesame seeds contain oleic acid,
which is known to be an inhibitor of the development of adrenoleukodystrophy (ALD) which is a fatal disease
affecting the brain and adrenal glands and responsive to reduce blood pressure (Teres et al. 2008).

There are numerous studies conducted to examine the agronomic performances of the sesame genotypes in
different areas of Turkey (Karaaslan et al. 1999; Baydar 2005; Furat and Uzun 2005; Y1lmaz et al. 2005; Uzun et
al. 2007; Cagirgan et al. 2009; S6giit 2009; Hatipoglu et al. 2017; Bakal 2022; Izgi and Bulut 2023). Although a
large number of studies have recently been released, the yield capabilities and fatty acid profiles of the local
sesame varieties or populations have not been studied under the ecological conditions of Southeastern Anatolia.
Hence, this study was carried out to evaluate some agronomic and morphological properties of the sesame
populations originating from Southeastern Anatolia. It is thought that the results obtained will guide those who
plan to grow sesame in similar climatic conditions, since the research region is hot and the summers are dry.
Therefore, the aim of the study was to determine the oil and protein properties of local populations, it can be
predicted that it will guide researchers who consider using sesame plant in industry.

MATERIAL AND METHOD
Plant Growth Conditions

Ten sesame populations grown as local varieties in Kilis province (36.71N, 37.11E) of Southeastern Anatolia in
Turkey were used in the present study. The sesame populations were coded as K-1 (Oylum), K-2 (Arpakesmez),
K-3 (Yavuzlu), K-4 (Besiriye), K-5 (Demirisik), K-6 (Polateli), K-7 (Kesmelik), K-8 (Bozcayazi), K-9 (Ekincik),
and K-10 (Dolek). The study was performed in the experimental fields of Agricultural Practices and Research
Center of Kilis 7 Aralik University in 2010. Certain soil and climate characteristics of the experiment site were
given in Tables 1 and 2, respectively.

When the soil properties in Table 1 are examined, it can be said that it is basic with pH=8.48, it is rich in potassium
but poor in phosphorus, and the lime rate is much higher than normal.
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Table 1. Physical and chemical properties of the research location’s (Kilis) soils

Analysis Values Reference ranges  Evaluation
pH 8.48 6.6-7.3 Alkaline
Lime % 22.35 5.0-10.0 High

Salt % 0.05 0.0-0.015 Salt-free
Organic Matter % 1.60 2.0-3.0 Low
Phosphorus(ppm) 1.00 7-20 very low
Potassium (ppm) 245.00 100-250 adequate
Structure % 57.00 30-50 Loamy
Iron (ppm) 5.26 45< Adequate
Copper (ppm) 1.77 0.2< Adequate
Zinc (ppm) 0.44 1< Inadeq.
Manganese (ppm) 4.29 1< Adequate

When we look at the climatic characteristics, it is seen that the annual average precipitation is below 400 mm, the
summers are quite dry, and water scarcity prevails for optimum efficiency (Table 2).

Table 2. Monthly average of rainfall, temperature and humidity for research location in the year 2010

Month (Rn?m)f all Temperature (°C) I(—J)/t;)m udity
January 43.5 8.6 66.6
February 59.1 8.9 61.3
March 34.0 13.3 51.2
April 49.5 16.6 44.8
May 25.4 21.8 43.8
June 13.1 255 42.2
July - 29.1 45.4
August - 31.6 34.0
September 0.30 26.0 44.1
October 17.5 194 48.2
November - 174 35.3
December 93.6 10.1 56.9
Average (Year) 385 18.3 46.8

Field Trials and Growth Parameters

Field trials were performed with three replications and in a randomized complete block design. The seeds were
sown by hand at an interval of 0.10 and 0.70 m within and between rows, respectively. Nitrogen (urea) and
phosphorus (Triple Super Phosphate (P.Os) fertilizers were applied at a rate of 5 kg/da. Ten plants were randomly
chosen for each population and subsequently agronomic characteristics such as plant height (cm), branch number
per plant, capsule number per plant, seed number per capsule, 1000-seed weight (g) and seed yield (kg/da) were
evaluated. Furthermore, collected sesame seeds were dried at 101 °C for 30 minutes and then powdered and dried.
Powdered and dried samples were then used for the analysis of crude protein (%), crude oil (%) and fatty acid
composition (%).

Oil, Fatty Acid and Protein Analysis

Seed oil extraction was performed with hexane using the Soxhalet extraction apparatus for four hours. In this
context, 10 g of each seed sample was used. After extraction, hexane was evaporated with a rotary evaporator and
then 10 ml n-heptane was added to 0.5 g of sesame oil; The mixture was then taken into a screw-capped tube for
esterification. After adding 0.5 ml of potassium hydroxide to methanol, the mixture was vortexed for 30 secons,
followed by an hour of incubation at ambient conditons. Chromatographic analyses of fatty acid methyl esters
were performed with a GC-FID (Shimadzu, GC-2010 series) using the same chromatographic conditions reported
in our previous study (Ozkan et al. 2012). The seed protein content was based on the nitrogen content
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determination by the Kjeldahl method, and then, the content was calculated by multiplying the nitrogen content
by 6.25.

Statistical Analysis

Data were subjected to statistical analysis using SPSS 16.0 program (Statistical Package for Social Sciences,
USA). Descriptive statistics were summarized and the results were expressed as the mean + standard error (SE).
Comparisons of means were made using one-way variance analysis (ANOVA-F) followed by Duncan’s post-hoc
test. The statistical significance was accepted when p < 0.05. Pearson correlation coefficients and multiple linear
regression analysis were used to determine the type of relationship between variables. It was checked whether the
assumptions were violated for linear regression. For univariate normality, skewness and kurtosis values (all
between -1;+1 interval) were examined together with Kolmogorov-Smirnov (p>0,05 for all variables). For
multivariate normality, Mardia's multivariate skewness (s=2.36, p=0.292) and kurtosis (k=15.17, p=0.929) values
were calculated. It was determined from the correlation matrix that there was no multicollinearity problem.

RESULTS AND DISCUSSION

Analysis of variances and the combined results of plant height, branch number, capsule number per plant, 1000-
seed weight, seed number per capsule, seed yields of different ten sesame populations cultivated in Kilis ecological
conditions are presented in Table 3 and 4, respectively. Accordingly, statistically significant differences were
found at the 1 % probability level in terms of 1000-seed weight and seed yield among populations. No statistical
differences were revealed among the figures from 10 populations regarding plant height, capsule number per
plant, branch number per plant, and seed number per capsule.

The results in relation to growth parameters were found to be higher than the previous studies performed on
sesame. The branch number per plant in our study varied between 3.60 and 5.70 per plant (Table 4). The branch
number was 2.40-3.52 (EI Mahdi et al. 2007) and 4.23-5.48 (Y1lmaz et al. 2005) but the capsule number per plant
was lower than the study by Yilmaz et al. (2005). Sogiit (2008) reported that the capsule number variability
depends on the length of day and flower number per plant, and consequently on climatic variations.

Seed number per capsule changed between 42.76 and 55.90 (Table 4). However, the seed number was 65.3-76.1
(Cagirgan et al. 2009). Seed number per plant and capsule positively depend on capsule number per plant and
these characters are controlled by additive gene effects and phenotypic selection (Sumathi & Muralidharan 2009).
1000-seed weight, which can function as the most important selection criterion in order to improve yield (Tas and
Celik 2011), ranged from 2.56 to 3.84 g herein (Table 4). The results are similar to the previous study by Yilmaz
et al. (2005).

Simple correlations between each variable are presented in Table 5. Seed yield contributing characters, which also
depend on high-yielding varieties and management practices, are important in phenotypic selection.
Corresponding to the agronomic properties of populations cultivated, seed yield per da varied between 13.51 (for
K-5) and 23.32 (for K-1) demonstrated significant positive correlations between plant height (r=0.45") and oil
content (r=0.44"). In general, it is found that the varieties that are tall, branched, and carry a higher number of
capsules, are significant for phenotypic selection. The highest and positive genotypic correlation coefficient of
seed yield was observed with capsule number, branches per plant, and plant height (Sarwar et al. 2005).

Table 3. Variance analysis regarding plant growth, development and yield parameters
Sum of squares
Branch Capsule Seed

Sou_rce_ of df Plant height number number per number 1OQO-seed Seed vyield
Variation weight

per plant plant per caps.
Total 29 471.37 35.97 3489.94 1392.87 474 317.04
Population 9 164.92 11.30 1442.79 47458 2.98™ 296.09"
Error 20 306.45 24.67 2047.15 918.29 1.76 20.95
CV (%) 6.36 23.22 26.80 14.16 11.86 25.18

*p< 0.05, "p< 0.01
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Table 4. Mean values for plant height, branch number per plant, capsule number per plant, seed number per
capsule, 1000-seed weight, seed yield of populations

Branch Capsule .
Population E::?gnr: t (cm) number per number ;S)giiar\]:srglz er \}voe?gh?e(zc)j (Skege%g;eld

plant per plant
K-1 67.36% 5.46% 48.06% 51.80% 3.54%® 23.328
K-2 62.03% 4.30%¢ 38.53® 48.26% 3.58%® 18.378¢
K-3 63.83a%° 4.03" 39.26% 51.46% 2.56° 14.25°
K-4 63.70%° 5.032¢ 46.06% 48.70% 3.35° 14.00°
K-5 62.432 5.00%¢ 38.46% 43.63 3.41%® 13.51°
K-6 64.562°¢ 4.60%° 33.70° 44.60° 3.37® 18.36%¢
K-7 59.56° 3.66° 28.30° 42.76" 3.57® 13.67¢
K-8 62.70%° 5.30%® 41.50% 51.33%® 3.42%® 14.24°
K-9 60.60° 4.86%° 41.03%® 50.90% 3.842 15.42¢
K-10 66.83%* 5.70% 54.26° 55.90? 3.39%® 19.77%
Mean 63.36 4.80 40.93 48.94 3.41 16.49
LSD 6.65 1.90 17.22 11.54 0.51 5.44
CV% 6.36 23.22 26.80 14.16 11.86 25.18

Means in the same column by the same letter are not significantly different to the test of Duncan (¢=0.05) ns: Non
significant

Table 5. Correlation coefficients among plant variables

Plant Branch Capsule Seed per 1000-seed Qil content
height number number capsule weight

Branch number 0.65™

Capsule number 0.70™ 0.71"

Seed per capsule 0.33 0.14 0.38"

100-seed weight -0.18 -0.15 -0.16 -0.02

Oil content 0.08 -0.25 -0.07 0.27 0.45"

Seed yield 0.45" 0.24 0.31 0.25 0.16 0.44"

= p<0.01, : p<0.05

Table 6. Linear regression model for Yield by plant height and oil content

B SE Beta t P Tolerance VIF
Constant -11.81 8.06 -1.47 0.15
Plant Height 0.33 0.12 0.42 2.717 0.01 0.99 1.01
Oil content 2.02 0.77 0.40 2.63" 0.01 0.99 1.01

Dependent variable = Yield, R?=0.365, Adj-R?=0.318, SEE = 2.66549, F(227= 7.772, p = 0.002

Total number of capsules per plant was strong positively associated with the plant height (r=0.70") and branch
number (r=0.71"). The capsule number showed variation between 28.3 and 54.26 per plant among different
populations cultivated in Kilis ecological conditions. There is a weak positive correlation (r= 0.38") between the
number of capsules and number of seeds per capsule. Qil content and 1000-seed weight had a positive and
significant (r=0.45") correlation (Table 5). Similar studies conducted in different locations (Hatipoglu et al. 2017
in Sanlurfa conditions; Bakal, 2019 in Cukurova conditions) are in agreement with the findings of this study.
Multiple linear regression results showed that seed oil content (B=2.02; p <0.05) and plant height (B=0.33;
p<0.05) were significant predictors of yield (Table 6). Izgi and Bulut (2023), in their study in Mardin conditions,
stated that plant height had no effect on yield, whereas oil content had a significant positive effect on yield.

With respect to the different populations, crude oil contents were found to be between 30.16 (for K-4) and 40.36
% (for K-2), and crude protein contents were found to be between 19.60 (for K-7) and 24.85 % (for K-10) (Table
7). In general, populations with low oil contents were found to have higher protein contents.
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Table 7. Oil and protein contens (%) of different populations

Population :\)Alégr?-?;?t Protein content MeanSE
K-1 40.26+4.672 22.70+3.262
K-2 40.36+2.662 21.70+2.40%
K-3 30.50+4.42?2 24.15+2.312
K-4 30.16+5.512 23.45+2.962
K-5 36.43+4.052 24.15+1.912
K-6 38.40+2.902 24.15+2 47?
K-7 34.70+4.43? 19.60+2.55?
K-8 32.90+1.912 24.15+2.69%
K-9 33.33+2.652 24.15+2.78%
K-10 37.26+2.402 24.85+2.42?
Mean 35.44 23.31

CV% 18.22 17.34

LSD 11.02 7.67

Means sharing different letters in columns are significantly different (Duncan test, 0=0.05) for each populations

Protein content of the sesame seeds exhibited different ranges for different studies. The content was 18.3 - 25.18
% (Bahkali et al. 1998), 19.60-24.85 % (Dhawan et al. 1972), 22.3-32.9 % (EI Naim et al. (2012), 21.3 to 25.31
% (Baydar et al., 1999). In this work, the populations cultivated showed a relatively similar protein content (24.85
%) to the previous reports.

Karaaslan et al. (1999) researched sesame oil content and found out that it varied between 36 to 50 %, in native
varieties (52-61 %) and imported varieties, 43.42-49.67 % by Yilmaz et al. (2005) and (45.48%) by Sagir et al.
(2009). Consequently, the crude oil content found in the current study was lower than the previous reported
studies. These values may change with different ecological conditions, management practices and cultural factors.
In addition, genetic structure and developmental stages may result in these variations.

The proximate fatty acid composition of sesame seeds is presented in Table 8. Different percentages were found
for both fatty acids, the average values being 44.02 for oleic acid and 39.17 % for linoleic acid. Concerning the
differences among populations cultivated, oleic acid (43.42-45.05 %), linoleic acid (38.12-39.80 %), palmitic acid
(9.33-9.83 %) and stearic acid (5.33-5.63 %) are the major unsaturated fatty acids (Table 8).

Table 8. Fatty acid composition (%) in the sesame populations

. o . Oleic acid Linoleic acid
Population Palmitic acid (16:0)  Stearic acid (18:0) (18:1) (18:2)
K-1 9.83 5.33 43.51 39.57
K-2 9.49 5.55 44.14 39.17
K-3 9.56 551 43.49 39.69
K-4 9.60 5.45 44.43 38.74
K-5 9.66 5.36 43.79 39.32
K-6 9.45 5.63 45.05 38.12
K-7 9.63 5.55 43.70 39.33
K-8 9.45 5.56 43.42 39.80
K-9 9.33 5.62 4493 38.37
K-10 9.44 5.33 43.74 39.63
Average 9.55 5.49 44.02 39.07
CV % 1.46 2.09 1.48 2.87

Oleic acid and linoleic acid were the main constituents, accounting for more than 80.0 % of total fatty acids (Unal
and Yalg¢in 2008). In a study conducted in India, Mondal et al. (2010) reported that the percentage content of oleic,
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linoleic, palmitic and erucic acids ranged between 36.7-52.4, 30.4-51.6, 9.1-14.8 and 0.0-8.0, respectively. Some
sesame cultivars in the south-eastern part of Turkey were reported to contain palmitic acid (9.7 %), stearic acid
(4.8 %), oleic acid (45.3 %) and linoleic acid (39.5 %) whereas the ranges for sesame cultivars in the
Mediterranean Region reported by Baydar et al. (1999) was stated to involve palmitic acid (9.3 %), stearic acid
(4.7 %), oleic acid (43.4 %) and linoleic acid (41.7 %). Palmitic acid (8.32-9.44 %), stearic acid (4.93-5.76 %),
oleic acid (41.06-42.42 %), linoleic acid (41.67-44.36 %) ranges were reported to be in some Turkish sesame
seeds by (Unal and Yal¢in 2008).

CONCLUSIONS

Sesame is an important oilseed crop, and its oil is valuable for human health due to its richness in unsaturated
fatty acids. In this study, among the local sesame populations, K-1 and K-10 showed the best performance and
seemed promising for further investigations. Furthermore, the seed yield is significantly associated with plant
height and oil content, which are also significant predictors according to the multiple linear regression results. As
a conclusion, it would be useful to sow and compare the populations showing good performance with
commercially registered varieties in terms of yield and yield parameters in subsequent years.
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