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sesame crops with high quality worldwide. The properties of sesame that have
been studied in the last 10 years in the world mainly on topics of oil, protein,
processing, breeding, genetic, agronomy and allergy are briefly given in this
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1. INTRODUCTION

Sesame (Sesamum indicum L.) is an erect annual plant which is a member of Pedaliaceae
family (Sharma et al., 2021). Growth habit of sesame plants is indeterminate, generally tall and
branched (Tripathy et al., 2019). The cultivation history of sesame starts 5000 years ago (Miao
etal., 2021). Its seed oil is a part of the daily edible oil for half of the global population (Wei et
al., 2014). Sesame oil presence increases in Western diet (Nachshon et al., 2019). Fatty acids
composition of its oil determines its commercial value (Kadkhodaie et al., 2014). Sesame seeds
are rich in folic acid (Kapoor et al., 2015). These seeds are used for the decoration of bread and
cookies, to produce paste, to add to dishes and to produce tahin. Sesame oil is a salad and
cooking oil (Elleuch et al., 2011). Antibacterial activity of sesame seeds for Staphylococcus and
Streptococcus was also reported (Anilakumar et al., 2010). Seed sprouts are vegetables

consumed in Asian folk (Liu et al., 2011).
2. SESAME OIL

Demand for vegetable oils is rising with increasing world population (Islam et al., 2016).
Sesame has high oil content and quality. Unsaturated fatty acids, proteins and antioxidants in
its seeds are attractive and increasing consumption of sesame seed products (Zhang et al., 2019).
The lignans (sesamin, sesamol etc.) adds pharmaceutical properties to its oil (Dutta et al., 2021).
The y-tocopherol is the most abundant tocopherol in its oil (Wan et al., 2015). Sesame oil has
antioxidant properties which prevents oxidative decay and improves storage quality (Islam et
al., 2016). A germplasm set of 54 indigenous sesame varieties from India was analysed for fatty
acid and lignan content and composition of their seed oil by Bhunia et al., (2015). The varieties
varied for composition of fatty acid and lignan. Detected values range were 10-22% for
palmitic, 5-10% for stearic, 38-50% for oleic, 18-43 for linoleic and lower than 1% for a-

linolenic acids. Also 3-37% sesamol, 27-67% sesamin and 20-59% sesamolin shared total
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lignan content. The highest a-linolenic acid percentage was 1.3% of the total fatty acids (Bhunia

et al., 2015).

Epigeal Germination Of Sesamum indicum  hypocotyl
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Fig. 1. Germination of sesame seed (Khatoon et al., 2019)

3. EXTRACTION OF SESAME SEEDS

Increasing demand to sesame in the market is triggering the development of sesame industry
(Zhang et al., 2021). Significant amount of waste (bran) is produced as a result of processing
plants of sesame that may be used as animal feed (Gorglic et al., 2019). The oil of sesame seeds
can be extracted by simple solvent extraction and expelling processes. Alternatively,
supercritical extraction can also be used which is more technologic (Nagendra Prasad et al.,
2012 ). Sesame seed processing industry generates high quantities of phenolic-rich by-products
as a natural sources of antioxidants (Mohdaly et al., 2013). Sesame oil flavor significantly
depends on roasting conditions and volatile concentrations content. Concentration of aroma
volatiles (pyrazines, furans, and sesamol) increase with increasing seed roasting temperature.
Instead, alcohols and aldehydes decrease with increasing roasting temperature. Acceptable

sesame oil aroma requires appropriate processing (Xu-Yan et al., 2012).

4. SESAME PROTEINS

Plant proteins are cheaper compared to animal proteins (Sharma et al., 2016). An important by-

product of sesame seed pressing is sesame seed meal (sesame oil cake). It is a good source of
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protein (Omer et al., 2019). Itis rich in sulfur-containing amino acids (methionine). Nearly 15—
25% of the dry weight of sesame seeds (30-50% of the defatted sesame cake mass) are proteins. Two

storage proteins are abundant; 11S globulin ratio is 60-70% and and 2S albumin ratio is 15-25% of total
sesame proteins (Tzen, 2021). Pulses and other crops are deficient in methionine, tryptophan and valine
but seeds of sesame are rich for those (Sharma et al., 2021). Their seeds are also rich in phytates
compared to soybeans (Sharma et al., 2021). Sesame seed cake is generally used as cattle feed in many

countries (Sarkis et al., 2014).

5. SESAME ALLERGY

Sesame is an increasing allergen (Saf et al., 2020). As an allergen, it is affecting approximately
0.1% of the population in North America. In the Middle East, it is one of main reason for
anaphylaxis (Adatia et al., 2017). In another study, Warren et al., (2019) estimated that 0.5% of
the US population reported sesame allergy in past. Sesame seed food allergy was increased
worldwide during past 20 years. It is estimate that sesame seed food allergy affects 0.1-0.2 %
of the population where sesame is consumed. This ratio is relatively low (nearly % of cow’s
milk allergy) (Dalal et al., 2012). European Union was added sesame in the allergens food list

and sesame added products require information on labels (Muhlenbein & Pfiitzner, 2018).
6. GENETICS

In wide agro ecological zones in the world, many different varieties of sesame exist (Nagendra
Prasad et al., 2012 ). Sesame is not transformed genetically yet (Yadav et al., 2010). Low yield
is a major constraint for its cultivation (Jayaramachandran et al., 2020). Inherently low genetic
yield potential and susceptibility to biotic and abiotic stresses are the reasons for low
productivity of sesame. Development of stress tolerant high yielding varieties is needed (Jyothi
et al., 2011). The gap between the potential and realized yields in sesame is very high due to
capsule shattering and sensitivity to a biotic and abiotic stresses (Tripathy et al., 2019). Sesame

plant leaf shape affects development of plantlets and seed yields. Leaf and capsule regulation
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by breeding and high harvest mechanization adaptation may improve yields in sesame (Zhang

etal., 2018).
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Figure 2. Pods (upper photos) and corresponding seeds (lower photos) of sesame harvested at
different stages of development (Stage 1 is early, Stage 5 is mature) (Chandra et al., 2019)

Genomic studies on sesame have started late but during 2010-2015, extensive progresses were
experienced on this crop in genomics. Functional markers, genes and QTLs linked to important
agronomical traits and association analysis were generated by linkage mapping but much of
these data are ununified and distributed in different publications (Dossa et al., 2016).
Mutagenesis, interspecific hybridization, somaclonal variation and somatic hybridization can
be used for sesame breeding. Identification of candidate genes and QTLs (quantitative trait loci)
and monitoring them in breeding cycles by molecular markers can be used for sesame
improvement. Crop’s biosystematics and floral biology are also needed attention (Tripathy et
al., 2019). Plant architecture modification is required to increase harvest index. Selection for
medium plant height (approximately one meter) with high capsule density starting from 15-20
cm above the soil level is needed (Tripathy et al., 2019). Male sterility is an effective phenotype

for sesame hybrid production (Zhou et al., 2019). Most of the 20,000 sesame germplasm
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accessions exist in the world is mainly in South Korea, China, India and in a few African
countries. Sesame is the sole cultivated Sesamum species for seed production. Narrow genetic
base prevents acceleration in sesame breeding but absence of enough number of elite
accessions also reduces improvements. Mutagenesis was succesfully applied to develop new

sesame germplasm and varieties in past (Ju et al., 2021).
7. AGRONOMY

Sesame production is common in marginal and semi-marginal lands (Pandey et al., 2017). Its
cultivation is between latitudes 30 S to 43 N (Langham et al., 2021). Sesame crop is widely
grown in tropical and subtropical countries as a major oil and protein source (Wang et al., 2014).
It is grown typically by smallholders mainly in developing countries. Inappropriate fertilizers
usage is among the major constraints for its production (Zenawi & Mizan, 2019). Seed yield
and quality siginificantly get affected from drought stress (You et al., 2019). Genotype and
drought stress affect quality and quantity of extractable oil (Kadkhodaie et al., 2014). Sesame
is commonly cultivated in marginal areas under diversified stress factors in the world. Crop
yield loss is high especially under waterlogging, chilling, salinity and heavy metals stress (Islam
et al., 2016). Research to improve traditional seed harvest methods and postharvest processes

are needed to improve agronomic capacity of crop (Mushtaq et al., 2020).

Sesame has wide diversity in root morphology. High root biomass helps plant to improve
aboveground biomass and seed yield which are determined by multi-environmental trials (Su
etal., 2019). Eighteen lines were evaluated by correlation analysis to determine the major traits
effecting seed yield of sesame in a study of Ramazani (2016). Significant negative correlations
were determined between seed yield and number of capsules/plant and number of seeds/capsule
parameters. Number of seeds/capsule produced highest negative direct effect on sesame seed
yield. Indirect highest negative effect on sesame seed yield was related to the capsule
number/plant through the seed number/capsule (Ramazani, 2016).
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Many abiotic and biotic stress factors reduce the biomass accumulation and rainfed sesame seed
yield (Mehmood et al., 2021). Sesame is tolerant to drought and poor soils but affected from
diseases and waterlogging. High and stable yield is prerequisite but increasing mechanization

level for harvest will increase global sesame production (Zhang et al., 2019).
8. CONCLUSIONS

Demand to sesame in the market increases. Fatty acids composition of sesame oil determines

its commercial value. Both potential and actual yield levels could be increased by,

increasing harvest index

- modification of plant leaves and capsules

- hybrid variety production

- utilisation and unification of new developed genomic tools

- researches on plant biosystematics, floral biology, root morphology and biomass production

- breeding activities via interspecific hybridization, somaclonal variation, mutagenesis and
somatic hybridization.

- obtain crops with medium plant height (approximately one meter) and high capsule density
starting from 15-20 cm above the soil level via by agronomic applications or breeding.

- reduced capsule shattering

- reduced susceptibility to biotic and abiotic stresses (drought, waterlogging, chilling, salinity
and heavy metals stress)

- improve traditional seed harvest methods and postharvest processes

- non-allergen varieties.

92



Olmez and Sevilmis. / Journal of Mus Alparslan University Agricultural Production and Technologies, 1(2):86-97, 2021

LITERATURES

Adatia, A., Clarke, A. E., Yanishevsky, Y., & Ben-Shoshan, M. (2017). Sesame allergy: current
perspectives. Journal of asthma and allergy, 10, 141.

Anilakumar, K. R., Pal, A., Khanum, F., & Bawa, A. S. (2010). Nutritional, medicinal and
industrial uses of sesame (Sesamum indicum L.) seeds-an overview. Agriculturae
Conspectus Scientificus, 75(4), 159-168.

Bhunia, R. K., Chakraborty, A., Kaur, R., Gayatri, T., Bhat, K. V., Basu, A., & Sen, S. K.
(2015). Analysis of fatty acid and lignan composition of Indian germplasm of sesame
to evaluate their nutritional merits. Journal of the American Oil Chemists'
Society, 92(1), 65-76.

Chandra, K., Sinha, A., & Arumugam, N. (2019). Gene isolation, heterologous expression,
purification and functional confirmation of sesamin synthase from Sesamum indicum
L. Biotechnology Reports, 22, e00336.

Dalal, 1., Goldberg, M., & Katz, Y. (2012). Sesame seed food allergy. Current allergy and
asthma reports, 12(4), 339-345.

Dossa, K. (2016). A physical map of important QTLs, functional markers and genes available
for sesame breeding programs. Physiology and Molecular Biology of Plants, 22(4), 613-
619.

Dutta, D., Prasad, R., & Gangopadhyay, G. (2021). Inter-specific hybrid sesame with high
lignan content in oil reveals increased expression of sesamin synthase gene. The
Nucleus, 1-12.

Elleuch, M., Bedigian, D., & Zitoun, A. (2011). Sesame (Sesamum indicum L.) seeds in food,
nutrition, and health. In Nuts and seeds in health and disease prevention (pp. 1029-
1036). Academic Press.

Gorgiig, A., Bircan, C., & Yilmaz, F. M. (2019). Sesame bran as an unexploited by-product:
Effect of enzyme and ultrasound-assisted extraction on the recovery of protein and

antioxidant compounds. Food Chemistry, 283, 637-645.

93



Olmez and Sevilmis. / Journal of Mus Alparslan University Agricultural Production and Technologies, 1(2):86-97, 2021

Islam, F., Gill, R. A., Ali, B., Farooq, M. A., Xu, L., Najeeb, U., & Zhou, W. (2016). Sesame.
In Breeding Oilseed Crops for Sustainable Production (pp. 135-147). Academic Press.

Jayaramachandran, M., Saravanan, S., Motilal, A., Prabhu, P. C., Hepziba, S. J., Swain, H., &
Boopathi, N. M. (2020). Genetic improvement of a neglected and underutilised oilseed
crop: sesame (Sesamum indicum L.) through mutation breeding. The Nucleus, 63(3),
293-302.

Ju, M., Miao, H., Wang, H., & Zhang, H. (2021). Mutagenesis for Creation of Genetic
Variability in Sesame. In The Sesame Genome (pp. 121-129). Springer, Cham.

Jyothi, B., Ansari, N. A,, Vijay, Y., Anuradha, G., Sarkar, A., Sudhakar, R., & Siddiq, E. A.
(2011). Assessment of resistance to Fusarium wilt disease in sesame (Sesamum indicum
L.) germplasm. Australasian Plant Pathology, 40(5), 471-475.

Kadkhodaie, A., Razmjoo, J., Zahedi, M., & Pessarakli, M. (2014). Oil content and composition
of sesame (Sesamum indicum L.) genotypes as affected by irrigation regimes. Journal
of the American Oil Chemists' Society, 91(10), 1737-1744.

Kapoor, S., Parmar, S. S., Yadav, M., Chaudhary, D., Sainger, M., Jaiwal, R., & Jaiwal, P. K.
(2015). Sesame (Sesamum indicum L.). In Agrobacterium Protocols (pp. 37-45).
Springer, New York, NY.

Khatoon, R., Abbasi, H., Aslam, M., & Chaudhary, S. S. (2019). A comprehensive review on
Tukhme Kunjud (Sesamum indicum Linn.) with special reference to Unani System of
Medicine. CELLMED, 9(3), 2-1.

Langham, D. R., Zhang, H., & Miao, H. (2021). 1.2 World Sesame Production. The Sesame
Genome, 1.

Liu, B., Guo, X., Zhu, K., & Liu, Y. (2011). Nutritional evaluation and antioxidant activity of
sesame sprouts. Food Chemistry, 129(3), 799-803.

Mehmood, M. Z., Qadir, G., Afzal, O., Din, A. M. U., Raza, M. A,, Khan, I., & Ahmed, M.
(2021). Paclobutrazol improves sesame yield by increasing dry matter accumulation and
reducing seed shattering under rainfed conditions. International Journal of Plant
Production, 1-13.

Miao, H., Langham, D. R., & Zhang, H. (2021). Botanical Descriptions of Sesame. In The
Sesame Genome (pp. 19-57). Springer, Cham.

94



Olmez and Sevilmis. / Journal of Mus Alparslan University Agricultural Production and Technologies, 1(2):86-97, 2021

Mohdaly, A. A. A., Hassanien, M. F. R., Mahmoud, A., Sarhan, M. A., & Smetanska, I. (2013).
Phenolics extracted from potato, sugar beet, and sesame processing by-
products. International Journal of Food Properties, 16(5), 1148-1168.

Mushtag, A., Hanif, M. A., Ayub, M. A., Bhatti, I. A., & Jilani, M. I. (2020). Sesame.
In Medicinal Plants of South Asia (pp. 601-615). Elsevier.

Mdahlenbein, S., & Pfltzner, W. (2018). Sesame allergies: clinical significance, diagnosis, and

therapy. Allergo Journal International, 27(3), 97-105.

Nachshon, L., Goldberg, M. R., Levy, M. B., Appel, M. Y., Epstein-Rigbi, N., Lidholm, J., ...
& Elizur, A. (2019). Efficacy and safety of sesame oral immunotherapy—a real-world,
single-center study. The Journal of Allergy and Clinical Immunology: In Practice, 7(8),
2775-2781.

Nagendra Prasad, M. N., Sanjay, K. R., Prasad, D. S., Vijay, N., Kothari, R., & Nanjunda
Swamy, S. (2012). A review on nutritional and nutraceutical properties of sesame. J
Nutr Food Sci, 2(2), 1-6.

Omer, H. A., Ahmed, S. M., Abdel-Magid, S. S., Bakry, B. A., El-Karamany, M. F., & El-
Sabaawy, E. H. (2019). Nutritional impact of partial or complete replacement of soybean
meal by sesame (Sesamum indicum) meal in lambs rations. Bulletin of the National
Research Centre, 43(1), 1-10.

Pandey, S. K., Majumder, E., & Dasgupta, T. (2017). Genotypic variation of microelements
concentration in sesame (Sesamum indicum L.) mini core collection. Agricultural
Research, 6(2), 114-121.

Ramazani, S. H. R. (2016). Surveying the relations among traits affecting seed yield in sesame

(Sesamum indicum L.). Journal of crop science and biotechnology, 19(4), 303-309.

Saf, S., Sifers, T. M., Baker, M. G., Warren, C. M., Knight, C., Bakhl, K., ... & Nowak-
Wegrzyn, A. (2020). Diagnosis of sesame allergy: analysis of current practice and
exploration of sesame component Ses i 1. The Journal of Allergy and Clinical
Immunology: In Practice, 8(5), 1681-1688.

Sarkis, J. R., Michel, 1., Tessaro, I. C., & Marczak, L. D. F. (2014). Optimization of phenolics
extraction from sesame seed cake. Separation and Purification Technology, 122, 506-
514.

95



Olmez and Sevilmis. / Journal of Mus Alparslan University Agricultural Production and Technologies, 1(2):86-97, 2021

Sharma, L., Saini, C. S., Punia, S., Nain, V., & Sandhu, K. S. (2021). Sesame (Sesamum
indicum) Seed. In Oilseeds: Health Attributes and Food Applications (pp. 305-330).
Springer, Singapore.

Sharma, L., Singh, C., & Sharma, H. K. (2016). Assessment of functionality of sesame meal
and sesame protein isolate from Indian cultivar. Journal of Food Measurement and
Characterization, 10(3), 520-526.

Su, R., Zhou, R., Mmadi, M. A., Li, D., Qin, L., Liu, A., & Dossa, K. (2019). Root diversity in
sesame (Sesamum indicum L.): insights into the morphological, anatomical and gene
expression profiles. Planta, 250(5), 1461-1474.

Tripathy, S. K., Kar, J., & Sahu, D. (2019). Advances in sesame (Sesamum indicum L.)
breeding. In Advances in Plant Breeding Strategies: Industrial and Food Crops (pp. 577-
635). Springer, Cham.

Tzen, J. T. (2021). Beneficial Components in Sesame Proteins and Oil. In The Sesame
Genome (pp. 59-78). Springer, Cham.

Wan, Y., Li, H., Fu, G., Chen, X., Chen, F., & Xie, M. (2015). The relationship of antioxidant
components and antioxidant activity of sesame seed oil. Journal of the Science of Food
and Agriculture, 95(13), 2571-2578.

Wang, L., Yu, S., Tong, C., Zhao, Y., Liu, Y., Song, C., & Zhang, X. (2014). Genome
sequencing of the high oil crop sesame provides insight into oil biosynthesis. Genome
biology, 15(2), 1-13.

Warren, C. M., Chadha, A. S., Sicherer, S. H., Jiang, J., & Gupta, R. S. (2019). Prevalence and
severity of sesame allergy in the United States. JAMA network open, 2(8), e199144-
e199144.

Wei, X., Wang, L., Zhang, Y., Qi, X., Wang, X., Ding, X., & Zhang, X. (2014). Development
of simple sequence repeat (SSR) markers of sesame (Sesamum indicum) from a genome
survey. Molecules, 19(4), 5150-5162.

Xu-Yan, D., Ping-Ping, L., Fang, W., Mu-lan, J., Ying-Zhong, Z., Guang-Ming, L., ... & Yuan-
Di, Z. (2012). The impact of processing on the profile of volatile compounds in sesame

oil. European Journal of Lipid Science and Technology, 114(3), 277-286.

96



Olmez and Sevilmis. / Journal of Mus Alparslan University Agricultural Production and Technologies, 1(2):86-97, 2021

Yadav, M., Chaudhary, D., Sainger, M., & Jaiwal, P. K. (2010). Agrobacterium tumefaciens-
mediated genetic transformation of sesame (Sesamum indicum L.). Plant Cell, Tissue
and Organ Culture (PCTOC), 103(3), 377-386.

You, J., Zhang, Y., Liu, A, Li, D., Wang, X., Dossa, K., & Zhang, X. (2019). Transcriptomic
and metabolomic profiling of drought-tolerant and susceptible sesame genotypes in

response to drought stress. BMC plant biology, 19(1), 1-16.

Zenawi, G., & Mizan, A. (2019). Effect of nitrogen fertilization on the growth and seed yield
of sesame (Sesamum indicum L.). International Journal of Agronomy, 20109.

Zhang, H., Langham, D. R., & Miao, H. (2021). Economic and Academic Importance of
Sesame. In The Sesame Genome (pp. 1-18). Springer, Cham.

Zhang, H., Miao, H., & Ju, M. (2019). Potential for adaptation to climate change through
genomic breeding in sesame. In Genomic designing of climate-smart oilseed crops (pp.
371-440). Springer, Cham.

Zhang, H., Miao, H., Wei, L., Li, C., Duan, Y., Xu, F., & Chang, S. (2018). Identification of a
SiCL1 gene controlling leaf curling and capsule indehiscence in sesame via cross-

population association mapping and genomic variants screening. BMC plant
biology, 18(1), 1-12.

Zhou, T., Hao, G., Yang, Y., Liu, H., Yang, M., & Zhao, Y. (2019). Sicwinvl, a cell wall
invertase from sesame, is involved in anther development. Journal of Plant Growth
Regulation, 38(4), 1274-1286.

97



	Yaşar Ahu Ölmez1, Deniz Sevilmiş1*

