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ABSTRACT

Sesame (Sesamum indicum L.) is considered as one of the important oilseed crops produced
throughout the world especially in the tropical and sub-tropical regions. Sesame crop is
grown mainly for its highly nutritious seeds that also offer medicinal value. Sesame seed is
rich in edible oil, fatty acids mainly linoleic acid and oleic acid, lignans, tocopherols,
phytosterols, phenolic acids, and minerals. Due to these essential contents, the consumption
of sesame seeds promotes good health not only in humans but also in livestock. Hence,
sesame crop has gained significant attention throughout the world due to its several benefits.
Although the global production of sesame is increasing, there is need to understand its
various uses right from benefits in cropping systems to nutritional, health and industrial level.
Several reviews have been conducted with the central focus on sesame nutritional and health
promoting benefits but none has provided a holistic review of its benefits in cropping systems
such as intercropping sesame with other crops, inclusion in crop rotation, utilization of its
crop residues as nutrient recycling, and nutritional, health and industrial uses of sesame seeds,
which this study sought to address.

IMPACT STATEMENT

Sesame is an important oilseed crop cultivated throughout the world especially in the tropical
and sub-tropical regions. This study provides a holistic review of potential benefits of sesame
in cropping systems, its nutritional, health and industrial uses. Sesame as a plant, plays
important role in nutrient cycling, and can potentially be used in the production of
bio-pesticide and herbicides for sustainable agriculture. The seeds are rich in minerals and
polyunsaturated fatty acids, antioxidants and other ingredients that protect the body against
hypertension, cardiovascular diseases, certain types of cancers, as well as treatment of male
infertility and menopause, among others. In addition, sesame seed can be a viable and
cost-effective alternative to expensive proteins in animal feeds since it has positive effects on
growth rate and meat quality of livestock. Overall, the study highlighted the importance of
sesame in cropping systems and its seeds in human diet, livestock feeding, and health,
cosmetic application and potential uses as biofuel.
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1. Introduction

spread throughout the subtropical and tropical regions

of Asia, Africa, Europe, Carribean and America (Lin
et al, 2017; FAQ, 2021). In fact, sesame has been cul-
tivated since the ancient times, precisely more than
2005). For

Sesame, scientifically known as Sesamum indicum Linn
is considered a very important oilseed crop in the
Family Pedaliacea produced throughout the world
(Bedigan, 2003). The cultivation of sesame crop has 4,300years ago

(Hwang, long, Asia
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particularly India, and Africa have been reported as
the central origin of sesame mainly because in these
locations, there are many wild relatives of sesame
which include Sesamum radiatum (2n=64), Sesamum
alatum (2n=26), Sesamum malabaricum (2n=26) and
Sesamum indicum var. yanamalaiensis (2n=26) (Ashri,
2007; Kumar & Hiremath, 2008; Sani et al, 2014;
Kumari & Ganesamurthy, 2015). Although these wild
species of sesame provide evidence of its origin from
Africa or India, it is very difficult to ascertain the pre-
cise origin of sesame although it is believed that
Africa and Asia are the most important centers of ori-
gin of sesame (Bedigian, 2004).

Morphologically, sesame is an annual herbaceous
crop that grows in an erect manner with an average
plant height of about 50cm to 200cm depending on
the variety (Langham, 2008). The crop bears opposite
leaves that can be as long as 15cm and with entire
margin (Figure 1). The leaves are broad and with lan-
ceolate shape whereas the flowers are bell-shaped,
pink, purple or white in colors which appear in the
leaf axils (Wacal, 2019). The fruit is a capsule that
usually dehiscences upon drying leading to shatter-
ing of seeds and this depends on varieties. The color
of sesame seeds can be white, black, and yellow or
brown which also depends on variety type (Figure 1).

Of all the colors, there is a high global demand for
white sesame seeds because of its high oil content,
with low oxalic acid and reduced rancidity (Agidew
et al, 2021; Wei et al., 2022).

Usually, sesame crop grows and matures within 90
to 120days after sowing and its capsules can be har-
vested and be processed into paste, oils, used in
foods, confectionary and medicinal ingredients. As
mentioned earlier, sesame seeds are rich in fatty
acids, minerals, proteins, carbohydrates, vitamin E,
lignans mainly sesamolin and sesamin (Hassan, 2013;
Nzikou et al, 2009; Unal & Yalcin, 2008; Wu, 2007).
These are the major functional ingredients that con-
tribute to the nutraceutical and health benefits of
consuming sesame seeds which include protection
against hypertension, hypercholesterolemia, carcino-
genic substances, neurodegenerative diseases like
Alzheimer’s disease and dermatological diseases
(Kanu et al.,, 2010; Prasad et al., 2012).

In 2021, the global production of sesame seed
was estimated to be 6,354,477 tons produced from
12,507,504 hectares (FAO, 2021). In the same year,
the Food and Agriculture Organization statistics
indicates that Sudan was the leading sesame seed
producer with an annual production of 1,119,026
tons, followed by India (817,000 tons), Republic of

Figure 1. Sesame plants and its seeds (Wacal, 2019).



Tanzania (700,000 tons), Myanmar (641,729.97 tons),
China (455,400 tons) and Nigeria (440,000 tons)
(FAO, 2021) (Figure 2). Of the top ten producers of
sesame seeds, 60% were from Africa indicating that
Africa is the largest sesame seed producer in the
world (3,362,247 tons) cultivated on over
7,007,345ha (Table 1). Unfortunately, sesame yield
is still lowest in Africa (490kg/ha) as compared to
Europe (1,143kg/ha) with the smallest land under
cultivation (383 ha), and also the seed yield obtained
in Asia (588kg/ha).

Overall, there has been a general increase in the
production of sesame over the past years reflected
by the rise in the area under cultivation (Figure 3). In
2012, the area under production was 8,542,528 ha
producing 5,384,248 tons, but increased to 5,971,045
tons in 2014, was steadily maintained until 2019
when it increased to 6,549,085 tons but this
decreased to 6,354,477 tons in 2021 produced from
12,507,504ha. The decrease in 2021 could be
attributed to COVID-19 pandemic that negatively
affected global sesame production and trade.

Furthermore, FAO (2021) shows that the top five
exporters of sesame seeds in the world are Sudan
(289,465 tons), India (260,463 tons), Ethiopia (185,528
tons), Myanmar (171,997 tons) and Pakistan (160,462
tons) earning them 350, 422, 286, 341 and 214 mil-
lion United States Dollars (USD), respectively (Table
2). On the other hand, China Mainland, Turkiye and
Japan are the world’s leading importers of sesame
importing mainly from Sudan, India, Ethiopia and
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Myanmar. Generally, the FAO statistics indicate that
sesame is important in generating revenue for most
African and Asian countries and therefore considered
a profitable crop (FAO, 2021; Wacal et al.,, 2021).

Despite the numerous benefits in terms of nutri-
tional and health values, sesame production has
mainly concentrated in Africa and Asia and mostly
grown in marginal lands with limited input require-
ments. Thus sesame is considered a climate smart
and high value crop in most countries where it is
grown and is able to provide farmers’ incomes and
livelihoods amidst climate change (Dossa et al., 2017).

Although the global production of sesame is
increasing, there is need to understand its various
benefits in cropping systems as well as the utilization
of its seeds for nutritional, health and industrial pur-
poses. Numerous studies have been conducted to
reveal the uses of sesame seeds especially related to
nutritional and health promoting benefits (Abbas
et al., 2022; Langyan et al,, 2022; Mohammed & Pattan,
2022; Pathak et al., 2017; Wei et al., 2022), while others
have focused on the level of production, export,
import trends as well as challenges in the sesame
seed production (Myint et al,, 2020; Wacal et al., 2021;
Yadav et al, 2022). However, there is still lack of a
holistic review of the cropping system benefits derived
from intercropping sesame with other crops, its inclu-
sion in crop rotation systems, utilization of its crop
residues as nutrient recycling and the overall nutri-
tional, health and industrial benefits of sesame seeds,
which this study seeks to address.

Top 10 leading sesame seed producers (000' tons) in 2021
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Figure 2. World’s top ten leading sesame seed producers in 2021.
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2. Benefits of sesame in cropping systems

Sesame is a resilient crop with a strong adaptation
to different cropping systems and numerous benefits
and that have been reported on the uses of plant
parts or whole plant, in intercropping, crop rotation
and soil fertility improvement (Couch et al, 2017;
Hussain et al., 2017; Morini et al., 2005). For instance,
the inclusion of sesame in cropping systems is one
way of reducing weeds, since the crop vigorously
outcompetes weeds (Creamer & Baldwin, 2000). This

Table 1. The area harvest, production and yield by continent
in 2021.

Area harvested

is mainly attributed to the allelopathy activity of ses-
ame plants in which it inhibits the growth of weeds
(Shah et al, 2016). Research shows that sesame
exudes allelochemicals with phytotoxic effects on the
growth of purple nutsedge (Cyperus rotundus)
(Hussain et al, 2017). Hussain et al. tested sesame
leaf extracts at concentrations of 50% and 100% on
germination, growth and physiological processes in
purple nut sedge weed. They found that sesame
extracts at 100% significantly inhibited sprouting of
nut sedge tubers, plant height, dry weight, chloro-
phyll and carotenoid as well as protein contents. The
study revealed the potential of sesame root exudates
to inhibit the photosynthetic capacity of the weeds
as well as its establishment through the release of

Continent (ha) Production (tons) Yield (kg/ha) allelochemicals, a defensive mechanism to deter
Africa 7,007,345 336,2247 490 .
Asin 3985070 > 345,395 o growth of other plar.1ts by sesame. Similarly, Kumar
America 335,665 214,976 647 and Varshney (2008) isolated root exudates from ses-
Caribbean 15,364 4127 269 ame plants and tested different concentrations of 40,
Europe 383 451 1,143 . .
80, 120, 160, 200 and 240ug/g soil) on the seedling
Sesame production and area harvested in the world (2011-2020)
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Figure 3. Trends in sesame production and area harvested in the world between 2012 and 2021.

Table 2. The top 10 world leading sesame seed exporters and importers in 2021.

Exporters Importers

Export quantity  Export value Import quantity Import value
Country (tons) (1000 USD)  Country (tons) (1000 USD)
Sudan 289,465 350,112 China, mainland 1,173,618 1,541,153
India 260,463 421,536 Tiirkiye 202,614 284,816
Ethiopia 185,528 286,042 Japan 150,975 213,148
Myanmar 171,997 341,791 Republic of Korea 86,923 151,900
Pakistan 160,428 214,098 Israel 66,770 101,779
Nigeria 138,333 170,996 Iran (Islamic Republic of) 60,700 90,000
United Republic of Tanzania 133,462 149,326 Saudi Arabia 48,274 67,611
Chad 91,940 116,970 Viet Nam 44,538 69,247
Mozambique 89,710 83,960 China, Taiwan Province of 43,142 62,791
Brazil 65,103 79,639 Germany 40,932 83,555




germination and growth of purple nut sedge. It was
found that germination and growth of purple nut
sedge decreased with increasing concentrations of
root exudates and the concentration of 240ug/g sig-
nificantly inhibited shoots and root biomass by 81.3
and 91.9%, respectively over control. It was pre-
sumed that allelochemicals released naturally from
roots of sesame as exudates have greater ability to
suppress and degrade roots of purple nut sedge
confirming the presence of active but unknown mol-
ecules in sesame root exudates which is still unclear.
Furthermore, Zhao et al. (2022) tested different con-
centrations sesame plant extracts (of stem, leaf and
roots) prepared at 0, 25, 50, 75 and 100mg mL-1 on
the germination and seedling growth of moso bam-
boo (Phyllostachys edulis). It was found that the ger-
mination time, radicle and plumule lengths were
significantly decreased with increasing concentra-
tions of extracts and the leaf extracts had the high-
est inhibition rates compared to the stem and root
extracts. The authors isolated the allelochemicals and
used high performance liquid chromatograph (HPLC),
identifying nine compounds which included pheno-
lics, alkaloids, terpenoids, flavonoids, steroid and its
derivatives, coumarins, quinines, hydroxyl and substi-
tuted benzoic acids, and cinnamic acid and its deriv-
atives. These studies reveal that sesame allelochemicals
could be exploited in the development of novel
bio-herbicides that are environmentally friendly and
promote sustainable agriculture.

Research also indicates that sesame plants have
high concentrations of lignans in the leaves, stems
and seeds (Hata et al, 2010), which could be
extracted and used for insecticide (Wu et al., 2007;
Andargie et al., 2021). A study by Sintim et al. (2009)
reported that whole leaves or vegetative parts of
sesame extracts from selected sesame cultivars
exhibited phototoxic effects against cotton leaf
worm (Spodoptera litura). This is attributed to the
phytotoxic substances found in sesame plants which
include flavanoids, saponins, phenols, and other
organic acids responsible for the insect repellency
the (Laurentin et al, 2003). Furthermore, Morini
et al. (2005) observed phytotoxic effects of sesame
extracts against ant species (Atta sexdens rubropilosa)
and revealed that the lignans i.e. sesamin and sesa-
molin were responsible for the phytotoxicity against
the ants. According to Taverner et al. (2001), the
extracts cause phytotoxicity effects through
the blockage of spiracles suffocating the ants upon
the oil traversing the hemolymph system of the
insects. These studies indicate that sesame could
be exploited in the development of cheap and are
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environmentally friendly bio-pesticides. However,
more studies are need to isolate the bioactive com-
pounds from sesame and test their efficacies on
management of major insect pests in agriculture.
Studies also indicate that sesame plays important
roles in intercropping and crop rotation systems (Tong
et al,, 2015; Yogranjan et al,, 2014). For instance, higher
crop yields have been reported in intercropping ses-
ame with sunflower, maize and peanuts (ljoyah et al.,
2016; Olowe & Adeyemo, 2009). There are a number
of mechanisms through which sesame crop increase
crop vyields. For instance, intercropping sesame with
millet reduces the infestations of striga weeds (Striga
hermonthica L) as compared to mono-cropping of
millet (Hess & Dodo, 2004; Wacal et al., 2021). In such
intercropping systems, sesame exudate allelochemicals
which inhibit the growth and establishment of para-
sitic weeds in a similar manner in which the “push
and pull” technology works (Khan et al., 2010). The
“push and pull” in weed control operates on the prin-
ciple of allelopathy in which a plant e.g., silver leaf
desmodium included in a cereal based intercropping
system releases allelochemicals to inhibit the growth
of striga. Since sesame exhibits a similar allelopathic
activity towards striga, it could be important to
explore the inclusion of sesame in the “push and pull”
weed management technology. Furthermore, sesame
plays an important role in management of plant
pathogens such as Fusarium oxysporum f. sp,
Macrophomina phaseolina due to the release of
allelochemicals whose active ingredients have been
cited as Chlorosesamone, hydroxysesamone and 2,3-
epoxysesamone (Hasan et al., 2001; Syed et al., 2015).
Additionally, sesame is known to reduce the detrimen-
tal effects of root-knot nematode when intercropped
with cotton (Heuzé et al., 2016). These studies reveal
that sesame plant as an intercrop, has the potential to
reduce the negative effects of weeds and diseases
increasing yields of other crops and overall productiv-
ity, thus considered important in a wide range of
cropping systems. More still, intercropping sesame
with broccoli has been shown to promote arbuscular
mycorrhizal fungi colonization as it plays the role of a
host plant (Tong et al,, 2015). Arbuscular mycorrhizal
fungi plays a significant role in nutrient acquisition
and uptake from soils and enhancing resistance to
stress (Bi et al, 2019; Gupta, 2020; Hu et al, 2022;
Smith & Read, 2008). Thus, sesame has the potential
to improve the productivity of several crops in varying
cropping systems. However, studies are needed to
demonstrate these mechanisms in different cropping
systems where sesame is produced on poorly infertile
soils with limited inputs under intercropping systems.
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Nutrient recycling is an important aspect in promot-
ing sustainability of cropping systems. Research indi-
cates that sesame has extensive root system which
recycles nutrients from the deep layer of soil to the top,
and the plant provides valuable cover to the soil while
at the same time exhibiting a positive effect on soil
structure, moisture retention and tilth (Langham, 2008;
Heuzé et al, 2016). Additionally, the above ground of
sesame plants after harvest particularly stover, provide
good source of nutrients for the succeeding crop. For
instance, Langham (2020) reported that for every
1000kg ha™' of seed harvested, the remaining stover
may contain up to 60kg N, 11kg P, and 94kg K, while
the leaves contain 16kg N, 2kg P, and 18kg K. Thus,
incorporation of sesame stover and leaves could play
important role in recycling nutrients. However, the high
nutrient content of sesame residues reported by
Langham (2020) implies that it may also exhaust the
soil available nutrient almost like cereal crops leading to
decline in fertility. A study by Wacal et al. (2019b)
reported that continuous mono-cropping of sesame
without residue return to the fields led to significant
decrease in soil organic nitrogen, carbon results and
consequently low vyield. Therefore, it is recommended
that sesame crop residues should be incorporated in
the soil to replenish the nutrients lost through harvest
and maintain soil fertility.

More still, sesame stover can be converted to bio-
char, a soil amendment prepared from thermal deg-
radation of crop residues and is known to improve
soil fertility, crop growth and yield (Basalirwa et al.,
2020; Park et al., 2015; Wacal et al., 2019a; Woldetsadik
et al, 2018; Zheng et al, 2010). In addition, it has
been reported that biochar prepared from sesame
straw and applied in soils improved soil bulk density
and also exhibited the potential of reducing N,O gas
emission (Kang et al., 2016). These studies show that
sesame straw biochar can be use in agriculture to
improve soil conditions, particularly soil fertility as
well as mitigate climate change in various cropping
systems. Overall, the use of sesame straw for biochar
production could be a cheap and eco-friendly
approach for soil fertility management in sesame
producing regions. However, more studies are still

needed to understand the quality of biochar from
sesame residues, C sequestration potential and over-
all agronomic performances of crops cultivated on
soils amended with biochar derived from sesame res-
idues. Finally, research has shown that fermented
sesame meal can be applied as an organic fertilizer
for crop production since it may contain 5.9% nitro-
gen (N), 3.3% phosphoric acid (P), and 1.5% potas-
sium oxide (K) (Wei et al., 2022). This kind of sesame
meal could be a source of nutrients for the produc-
tion of vegetables, such as watermelon, strawberries,
and grapes. The benefit of using such fermented ses-
ame meal an organic fertilizer lies in the proliferation
of beneficial soil microorganisms such as bacteria
and actinomycetes which enhance nutrient release in
soil and thus improve soil fertility (Ma and Fang
(2019). However, more studies are needed to under-
stand the potential use of sesame meal as a biofer-
tilizer for crop production.

3.1. Nutritional composition of sesame and its uses

3.1.1. Proximate analysis

Sesame is rich in dietary components such as crude
protein, fats and carbohydrates (Hassan, 2012; Wada
et al,, 2021; Zebib et al., 2015). The seeds are rich in
crude protein (average 24.79%), crude fat (average
49.81%) and carbohydrate (average 9.12%) (Table 3).
The crude fiber, ash and moisture contents are pres-
ent in lower and comparable proportions, 5.95, 5.62
and 3.46%, respectively, in the seeds. The above
studies suggest that sesame is rich in crude fat and
crude protein which makes it a functional food.

3.1.2. Seed mineral content

The mineral contents of sesame seeds are shown in
(Table 4). On average, sesame seeds provide a good
source of P (597.83mg/100g), K (623.84mg/100g), Ca
(779.02mg/100g), Mg (408.95mg/100g), Fe (9.03mg/
100g), Cu (1.51mg/100g), Zn (6.97mg/100g) and Mn
(3.16mg/100g) (Deme et al., 2017; Makinde & Akinoso,
2014; Tenyang et al, 2016; Wacal et al, 2019¢). These
minerals are important for various physiological func-
tions in the body (Pathak et al.,, 2014).

Table 3. Seed proximate composition of sesame grown in different parts of the world.

Crude protein (%) Crude fat (%) Carbohydrate (%) Crude fiber (%) Ash (%) Moisture (%) Reference
23.11 51.58 10.46 5.98 5.36 3.51 Zebib et al. (2015)
37.24 47.18 1.60 4.03 8.82 3.71 El-Khier et al. (2008)
22.30 58.52 5.64 7.03 3.25 2.96 Hassan (2012)

26.23 52.70 9.77 3.56 5.83 1.91 Olagunju & Ifesan (2013)
20.55 - - 3.30 4.27 4.21 Asghar et al. (2014)
19.31 39.08 18.11 11.82 6.20 447 Wada et al. (2021)

24.79 49.81 9.12 5.95 5.62 3.46 Mean




3.1.3. Oil and fatty acid content

Sesame oil is a major source of fatty acid both
essential and non-essential. For instance, Zahran
et al. (2020) reported on average, oil content range
of 39.56 to 54.64% among sesame genotypes of
Egypt whereas Unal and Yalgcin (2008) reported on
average 54.26% among Turkish sesame seeds.
Kancharla and Arumugam (2020) also analyzed the
oil content of forty-five different sesame accessions
consisting of white brown and black sesame seeds
and reported that oil content ranged from 44.89 to
48.00% in the white, 38.89 to 49.67% in the brown
and 41.33 to 44.11% in the black sesame seeds.
Similarly, Dar et al. (2019) studied the variability in
fatty acid content of forty-three different accessions
of sesame in India and found that oleic and linoleic
acids the dominant fatty acid constituents of sesame
seeds, ranged from 34.71 to 45.61% and 38.49 to
49.60% respectively. On average, the fatty acids are
palmitic (8.42%), linolenic (0.6%), linoleic (41.16%),
oleic (39.56%), stearic (5.55%), and arachidic (0.6%)
(Table 5).

3.1.4. Amino acid composition of sesame seeds

The most common essential amino acids in sesame
seeds include phenylalanine, methionine, threonine,
valine, and histidine (Ahmed et al., 2020; Nweke
et al, 2011; Ylzer & Gengcelep, 2023). On average,
alanine (4.77), aspartic (3.73%), arginine (3.69%) and
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leucine (3.08%) are contained in high amounts
(Table 6).

3.1.5. Ligans, tocopherols and phytosterols of
sesame seeds

Sesame seeds contain important plant based lignans
that majorly include sesamin, sesamolin and sesami-
nol. These lignans are responsible for the antioxidant
properties of sesame oil (Wu, 2007; Li et al., 2023).
On average sesame contains 3.14mg/g of sesamin,
1.08 mg/g of sesamolin and 0.37 mg/g sesamol, with
a total of 6.15mg/g of lignans (Table 7). The seeds
are also important source of tocopherols, precursors
of vitamin E which are also related to the antioxidant
properties of sesame oil. Research also show that
sesame seeds is rich in y-tocopherol and a-tocopherol
which are the two major forms of vitamin E (Wan
et al, 2015). The total tocopherols in sesame seeds
varies with variety and locations. For instance
Matthius & Ozcan (2018) valued the tocopherol lev-
els of sesame seeds from eleven different countries
and found 34.07 mg/100g y-tocopherol and 0.134 mg/
100g a-tocopherol. Similarly, Williamson et al. (2008)
evaluated the contents of tocopherols in sesame
seeds from 11 different genotypes from eight coun-
tries and found on average 7.81 mg/100g y-tocopherol
and 0.026 mg/100g a-tocopherol. On average, the
y-tocopherol may be found in the range of
8.12mg/100g to 53.1mg/100g while a-tocopherol is
0.14 to 18.01 mg/100g in sesame seeds (Aued-Pimentel

Table 4. Mineral content of different Sesame seeds (mg/100g) across the world.

P K Ca Mg Fe Cu Zn Mn Reference

442.94 336.75 464.97 399.65 6.42 - 7.97 1.5 Makinde and Akinoso (2014)

784.64 743.50 424.66 313.08 10.26 1.02 3.80 3.46 Deme et al. (2017)

645.10 686.08 1501.72 455.90 10.52 2.10 9.60 5.30 Tenyang et al. (2016)

518.65 729.05 724.75 467.15 8.91 1.42 6.51 240 Wacal et al. (2019¢)

597.83 623.84 779.02 408.95 9.03 1.51 6.97 3.16 Mean

Table 5. Fatty acid composition (%) of sesame seeds across the world.

Palmitic (%) Stearic (%) Oleic (%) Linoleic (%)  Linolenic (%)  Arachidic (%)

(C16:0) (C18:0) (c18:1) (C18:2) (C18:3) (C20:0) SFA (%) MUFA (%)  PUFA (%) References

5.60 5.30 40.30 46.10 0.40 0.50 12.8 40.70 46.50 Hama (2017)

10.10 4.72 41.06 4324 0.36 0.50 15.23 41.30 43.60 Dar et al. (2019)

6.70 — 33.65 34.00 1.38 - 9.95 17.85 18.70 Wacal et al.
(2019d)

8.25 4.89 37.60 47.77 0.45 0.50 - - - Were et al.
(2006)

8.65 5.45 43,02 46.25 - 0.85 - - - Nzikou et al.
(2009)

10.07 6.38 38.35 44,00 - 0.61 - - - Agidew et al.
(2021)

8.27 5.69 39.34 4385 0.36 0.61 - - - Matthaus &
Ozcan (2018)

9.44 5.28 39.32 43,08 0.32 0.55 - - - Kurt (2018)

8.72 6.69 43.42 40.14 0.91 0.64 15.94 43.77 40.29 Zahran et al.
(2020)

8.42 5.55 39.56 43.16 0.60 0.60 13.48 35.91 37.27 Mean




8 C.WACALETAL.

Table 6. Amino acid profile of Sesame seeds.

Nweke et al. Ahmed et al. Yiizer and

S/N Amino (%) (2011) (2020) Gengcelep (2023) Mean

1 Arginine 431 243 433 3.69

2 Alanine 1.56 0.90 11.86 477

3 Aspartic 2.65 1.63 6.92 3.73

4 Cysteine 0.16 0.40 1.57 0.71

5 Glutamic 7.12 3.52 17.78 9.47

6 Glycine 1.70 0.98 2.26 1.65

7 Histidine 0.87 0.48 2.51 129

8 Isoleucine 1.30 0.73 2.32 1.45

9 Leucine 2.25 132 5.68 3.08

10 Lysine 0.91 0.58 2.82 1.44

1 Methionine 0.93 0.64 2.78 145

12 Ornithine - 0.01 - 0.01

13 Phenylalanine 1.55 0.86 447 2.29

14 Proline 1.20 0.68 3.55 1.81

15 Serine 1.52 0.89 421 2.21

16 Threonine 1.19 - 3.45 2.32

17 Tyrosine 1.27 0.64 2.90 1.60

18 Tryptophan - 0.13 - 0.13

19 Valine 1.60 0.90 3.52 2.01
Table 7. Sesame lignin contents in seeds. 3.2. Nutritional uses of sesame
Sesamin Sesamolin Sesamol  Total lignin 3.2.1. Human nutrition
(mg/q) (mg/q) (mg/q) (mg/q) References " "
947 174 030 NS Wa 2007 Due to the nutritional compositions of sesame seeds
2.65 1.65 0.44 474  Dar et al, 2015 aforementioned, sesame has been used in confec-
0.78 0.23 - 818  Kim et al, 2014 tionery and food in different parts of the world
1.26 1.18 - 415  Shietal, 2017 )
155 0.62 - 217 Rangkadilok Sesame seeds are potential ingredients in the devel-

et al, 2010 opment of healthy snacks and confectioneries that

3.14 1.08 0.37 6.15  Mean

et al, 2006; Matthius & Ozcan, 2018; Williamson
et al, 2008).

Sesame seeds also contain high amounts of phy-
tosterol which can range from 231.7 to 305.2mg/100g
with (-sitosterol the predominant phytosterol, fol-
lowed by campesterol and stigmasterol (Pathak et al.,
2014). In addition, a study by Deme et al. (2021)
investigated the contents of phytosterol and found
that p-sitosterol constituted 927.42mg/kg followed
by campesterol and stigmasterol comprising 351.23
and 125.73mg/kg, respectively and these sterols
made up 85% of the sterol content of sesame oil. It
is these phystoterols that are responsible for lower-
ing cholesterol level in the blood when sesame is
consumed in the diet reducing the risk of certain
cancers (Pathak et al., 2014). Furthermore, sesame is
rich in phenolic and flavonoid compounds. Agidew
et al. (2021) investigate the contents of total pheno-
lic and flavonoids in black and white sesame variet-
ies and found that the total phenolic content ranged
from 2.95 to 6.96 mgGAE/g of seeds while total fla-
vonoid content ranged from 2.13 to 4.99 mgCE/g.
These phenolic and flavonoids play a key role in anti-
oxidant activity and anti-carcinogenic properties
when sesame is included in the diet (Lin et al., 2017).

can substitute the ultra—processed cereal-based con-
fectioneries. Sesame seeds have low sugar content,
thus its products like biscuits, cookies are considered
low glycemic confectionaries (de Carvalho et al,
2023). The authors reported high scores for the dif-
ferent sensory attributes of confectionery developed
from sesame. Similarly, Alobo (2001) reported that
sesame can be used instead of millet flour to pre-
pare biscuits. Moreover, sesame seeds have been
included in flour formulation to develop nutritious
complementary flour as a sustainable strategy to
curb the persistent prevalence of malnutrition (Alowo
et al, 2018; Gernah et al., 2012; lkujenlola, 2014).
Further processing of sesame seeds such as oil
extraction provides sesame oil that is used in prepa-
ration of other diets and meals (Bedigan, 2018).

The tender leaves of sesame plants are also con-
sumed as a delicious vegetable prepared as a muci-
laginous sauce in some African countries such as
Uganda (East Africa) and Ivory Coast (West Africa)
(Aworh, 2018; Bedigan, 2018). This is attributed to
the high nutritive values such as carbohydrates,
proteins, minerals and fiber highly recommended
for human consumptions. In addition, there are
important phytochemicals in sesame leaves found
in greater amounts include flavonoids and alkaloids
whereas tanins, phenols and phytates being



anti-nutritional factors are in low contents (Mbaebie
et al, 2010). The flavonoids and phenolic com-
pounds are very important for antioxidant activities
when sesame leaves are consumed in the diet (Lin
et al, 2017). In some communities of developing
countries such as Uganda, sesame seeds may be
washed, dried and pounded in a motor using a
pestle and cooked with dry fish or smoked meat
providing carbohydrates, fats and oils, minerals,
protein and fibre like the vegetables (Alowo
et al., 2018).

These studies reveal the different ways sesame
seeds are consumed as foods across the world. This
also suggests sesame is a nutrient dense food with
adequately balanced nutritional contents that offer
an alternative to fight malnutrition (Wei et al., 2022).
Therefore, advocating for the inclusion of sesame in
different diets and menus is crucial in curbing the
double burden of malnutrition in developing coun-
tries (Reardon et al.,, 2021).

3.2.2. Livestock nutrition

Several researches have shown that sesame seeds
can be a feed component for fish, chicken, and other
livestock (Bonos et al., 2017; Dernekbasi et al., 2017;
Obeidat et al.,, 2019). An earlier study by Emadi et al.
(2014) reported that sesame seeds can be an import-
ant ingredient in fish feed, as observed by the
increase in the growth rate and weight gain in rain-
bow trout Oncorhynchus mykiss fed on feeds contain-
ing 20% sesame seed. Specifically, sesame seed is
rich in amino acid methionine which can be a sub-
stitute for other plant based fishmeal deficient in this
essential amino acid (Enyidi et al., 2014). Thus, ses-
ame meal could be used to enhance fish growth rate
and meat quality.

Furthermore, a study indicates that sesame meal
can effectively replace soya beans as an alternative
source of protein for piglets at critical phase of
weaning and at a relatively lower cost (Reis de Souza
et al., 2017). The authors reported that sesame meal
has the potential of allowing increased utilization of
digestible arginine in weaned piglets for enhanced
growth performance. Other studies have also revealed
that when phytase which is an exogenous enzyme is
included in the diet, phytic acid is hydrolyzed to pro-
duce evidently higher amounts of calcium, and
apparent total tract digestibility, therefore, providing
an increased availability for use in pigs (Almeida
et al, 2013; Brana et al., 2006).

Research also shows that the inclusion of 12%
sesame seed meal in rabbit production significantly
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improve their growth and carcass quality (Njidda &
Isidahomen, 2010). The authors fed New Zealand
white breed rabbits on diets mixed with 4, 8 and
12% of sesame seed meal (SSM) and found that the
best rate was 12% and attributed this benefits to the
abundant protein and fats in sesame seeds.

Sesame seed meal has also been reported to
improve the growth of lambs and ewes (Sheep) and
even goats as well as reduce cost of feeding (Obeidat
et al, 2019; Obeidat & Gharaybeh, 2011; Pérez et al.,
2022). Bonos et al. (2017) fed lambs of Pelagonia
(comparing sesame seeds mixed at a rate of at 1009/
kg feed and 200g/kg feed, with conventional feeds
for 9weeks and they observed that lambs fed on
sesame hull at 200g/kg feed had significantly better
final body weight, and high quality carcass.
Furthermore, sesame seed hulls included up to 12%
in broiler chicken feeding has been reported to
increase growth rate and meat quality (Mahmoud
et al., 2015). These improvements in the growth of
livestock upon feeding sesame seed meals are
attributed to the existence of polyunsaturated fatty
acids in sesame seeds (Wei et al., 2022).

Moreover, sesame meal has been reported to sig-
nificantly improve milk production. Mitsiopoulou
et al. (2021) reported that incorporating whole ses-
ame seeds in the concentrates in goats’ diets at 10%
non-significantly increased milk yield (1594 g/h/day)
compared to feeding only forages without the ses-
ame seeds (1570g/h/day). The authors also reported
that 10% whole sesame seeds significantly increased
fat content (4.20%) in milk compared to the control
(3.15%). It was also reported that including sesame
seeds to replace 10 and 20% of concentrate protein
resulted into high milk production of 1523 and
1491g/h/day respectively compared without sesame
seeds (1381g/day) (Maged et al., 2017). Additionally,
the authors observed significantly higher fat percent-
age in the milk when sesame seeds were included in
the rations. Research also indicates that partial sub-
stitution (50%) of soybean meal (protein) by inclu-
sion of sesame seed meal in the diet of buffaloes did
not have any significant differences in the milk yield
(10.7kg//h/day) when compared to the control
(10.4kg/h/day) (Mahmoud & Ghoneem, 2014). These
findings suggest that incorporating sesame seeds
into the diet of lactating livestock can improve milk
production although more research is needed on
other livestock species.

Furthermore, sesame can be used as an additive
to make good quality silage with improved palatabil-
ity in ruminants (Hirano et al., 2005). The plants can
be harvested at different phenological stages,
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including with pod, milky grain, and mature grain,
for silage making (de Carvalho et al,, 2023). A study
by Amorim et al. (2020) showed that sesame silage
had a higher crude protein (117.7g/kg of dry matter,
DW) content and lower fiber content (562.4g/kg DM)
compared to corn and millet silages and thus having
a better rumen fermentation quality and digestibility
when tested in rams (male sheep). These studies pro-
vide opportunities to harness sesame as an alterna-
tive ingredients in silage making.

Overall, the above studies indicated that sesame
seeds can be a viable and cost-effective alternative
to expensive proteins in animal feeds since it has
positive effects on growth rate and meat quality
(Omer et al., 2019).

4, Medicinal uses, and nutraceutical
properties

The seeds of sesame provide important nutrients
such as the fatty acids, minerals, amino acids and lig-
nans that are beneficial in human nutrition (Tables
3-7). Hence, several studies have reported the health
promoting benefits of sesame and its cosmetic uses
(Chinweuba & Chendo, 2017; Heidari-Soureshjani
et al,, 2016; Hsu & Parthasarathy, 2017; Majdalawieh
& Mansour, 2019), as discussed below.

4.1. Antihypertension and cardiovascular
diseases

Hypertension or high blood pressure is one of the
leading causes of cardiovascular diseases (Rapsomaniki
et al, 2014). An earlier study by Sudhakar et al.
(2011) provided sesame and sunflower oil mixture to
patients to consume for 45days and observed that
the Nifedipine and oil-mix patients had significant
improvement in the health evidenced by the lower-
ing of the blood pressure compared to those patients
treated on nifedipine drug alone. The improvement
in hypertension patients due to consumption of
sesame-sunflower oil was attributed to the abun-
dance of polyunsaturated fatty acids and ligans such
as sesamin and sesamolin that lower the lipid perox-
idation as well as decreasing inflammatory effects
(Ogunsola & Fasola, 2014; Vennila, 2017).

With the lowering of blood pressure, sesame oil is
capable of preventing the occurrence of hypertension
and cardiovascular diseases in humans (Hsu &
Parthasarathy, 2017). The authors attributed this to the
lignan contents such as sesamin and sesamolin with
antioxidant and hypocholesterolemic effects. A study by

Karatzi et al. (2013) found that after the consumption of
sesame oil provided as salad dressing for 60days, post-
prandial and flow mediated dilation (FMD) were signifi-
cantly increased implying reduced risk of cardiovascular
disease. Another study showed that ingesting about
2.52g black sesame meal daily for 4weeks instead of
the sesame oil showed antihypertensive effects, and
preventing the risk of cardiovascular disease (Wichitsranoi
et al, 2011). Thus, the inclusion of sesame in the diet
could play a significant role in reducing hypertension
and cardiovascular diseases attributed to antioxidant
activities of sesame seeds.

4.2. Anticarcinogenic properties

A study conducted both in vitro and vivo proved the
concept that lignans especially sesamin and sesamol
from sesame oil contain important anti-carcinogenic
properties (Majdalawieh et al, 2017; Majdalawieh &
Mansour, 2019). Research reveal that increasing the con-
sumption of sesamin can have a negative effect on
tumor cells responsible for various forms of cancer such
as colon, prostate, breast, pancreas, and lung cancers
(Harikumar et al,, 2010). However, further studies need
to be done to identify the right quantities of sesame
lignans required to completely destroy cancer cells com-
parable with chemotherapy treatments.

4.3. Knee osteoarthritis

There is also arise in the level of arthritis worldwide
especially among the elderly people. Fortunately, ses-
ame in combination with other conventional treatment
packages have been associated with reduced effects of
osteoarthritis especially on the knee (Eftekhar Sadat
et al, 2013). In their study, the authors administered
both standard drug therapy and 40g/day of sesame
seeds by oral for 2months and observed that patients
receiving the sesame seeds combination progressively
recovered from knee osteoarthritis. This was attributed
to the increase in antioxidant enzyme activity and body
oxidative status improving clinical signs of knee
osteoarthritis.

4.4. Antifungal and antibacterial properties

Sesame oils also possess antifungal and antibacterial
thus playing important role in treating wounds (Lavaee
et al, 2019; Shittu et al,, 2007). This is attributed to the
fact that sesame oil inhibits the growth of bacteria and
fungi. For instance, a study showed that staphylococcus
aureus infections can be treated with a minimum



concentration of sesame oil of 32mg/ml (Heidari-
Soureshjani et al., 2016). This study shows that sesame
oil which has a very effective antibacterial and antifun-
gal activity could be promising agents for the future
development of antibiotics and anti-fungal drugs.

4.5. Anti-ulcer properties

Sesame has also been known to protect against ulcers
(Mishra et al, 2019). Mishra et al. (2019) conducted a
study using rats to determine whether or not the use of
sesame plant extracts (0.5 and 1mg/kg) could heal gas-
tric ulcers and indeed the extracts showed potentials to
offer gastroprotective activity against ulcers. The authors
showed that sesame, had a remarkable reversal of gas-
tric mucosal damage induced by alendronate. This is
because the damaging effects of both ethanol and
stress are known to be closely associated with the
impairment of mucosal barrier mechanisms and there-
fore it could be recommended that the consumption of
sesame oil offers protection against ulcers.

4.6. Treating infertility

Research also indicates that sesame seed and its oil is
capable of treating male fertility when used in combina-
tions with other treatments (Ashamu et al., 2010). Using
sesame seeds, a study found that sperm quality (count
and mobility) was greatly improved in males who
ingested sesame seeds in their diets for 3months (Khani
et al, 2013). In their study, the patients were offered
oral powder of sesame sachets, 0.5mg/kg for 3months
and the result of semen analysis showed an increase in
spermatocyte size attributed to the lignans that play
important role in eliminating reactive oxygen species
responsible for low sperm production. Furthermore, a
study of women infertility at post menopause reported
that sesame seed ingestion promoted the production of
estrogen due to sesame lignan (sesamol), thus reversing
menopause (Dar & Arumugam, 2013). All these studies
indicate that sesame has potential to treat infertility and
reverse menopause in men and women, respectively
although there is still need for more research in this area.

4.7. Massage therapy

Sesame oil is also reported to have been applied in
massage therapies. A study has shown that sesame
oil can be used as a complimentary treatment of
pain relief after massage in a clinical trial (Bigdeli
Shamloo et al, 2019). In their study, the patients
received a five minute massage twice a day for seven
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consecutive days with sesame oil and had their pains
significantly reduced. A similar finding was reported
by Nasiri and Farsi (2017) who observed that mas-
saging patients with limb trauma (phlebitis) with ses-
ame oil significantly reduced the pain. The authors
attributed this to the analgesic activities of this oil,
which due to its chemical composition, could be
effective in reducing the pain severity of phlebitis.
These important compositions are the unsaturated
fatty acids and the lignans that play a vital role in
anti-inflammatory activities thereby alleviating pain.

5. Industrial uses
5.1. Cosmetics uses of sesame

Sesame oil also serves as a high quality source of
materials for soap and cosmetic production. A study
has revealed that sesame oil v has a high nondrying
value and has potential use in production of soap
and cream (Chinweuba & Chendo, 2017). The authors
demonstrated that liquid and solid soaps could be
prepared by boiling 50% sodium hydroxide mixed
with 14.25% sesame oil in the presence of 35.50%
water and 0.02% sodium silicate. The liquid soap was
produced from sesame seed oil by saponification of
30% of the oil with 8% potassium hydroxide, 58.8%
water and 3.2% alcohol or formaldehyde. When
tested, the properties of the soap and body cream
were considered high quality comparable to prod-
ucts on the markets.

5.2. Production of biofuel from sesame

There is an increase in the demand for fossil fuel
despite its negative impacts of global warming and
climate change (Holechek et al., 2022). Alternative
sources of fuel preferably renewable energy and bio-
fuels are being sought (Dawodu et al., 2014). Research
has shown that sesame oil could offer a suitable raw
material for biodiesel production through the pro-
cess of transesterification of its fatty acid contents
(Betiku & Adepoju, 2013; Wakil et al., 2014).

A study by Dawodu et al. (2014) subjected sesame
oil to transesterification with methanol in the pres-
ence of sodium methoxide and observed a biodiesel
yield of 87.80% when optimum condition of 1:6 oil/
methanol molar ratio were maintained, in the pres-
ence of a catalyst (0.75%) after a reaction time of
30min was achieved. The selected fuel properties
were within the range set by ASTM and EN bodies.
Furthermore, Ahmad et al. (2011) demonstrated that
sesame oil after undergoing transesterification,
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biodiesel is obtained. The researchers conducted an
acid-base catalyst transesterification of sesame crude
oil at 6:1 molar ratio of methanol/oil, respectively,
using 0.34%, 0.67%, and 1.35% of sodium hydroxide-
potassium hydroxide mixture as a catalyst for the
optimization process when the reaction temperature
at 60°C was maintained and stirred for 1-30h with a
stirring velocity of 600rpm. The resultant mixture
was cooled at room temperature for the separation
of different phases and biodiesel was obtained. The
authors successfully produced a biodiesel yield of
92% and the fuel properties of sesame biodiesel met
the American Society for Testing Material (ASTM) bio-
diesel standards. Saydut et al. (2008) also achieved
transesterification (i.e., methyl esters) of sesame oil,
by mixing the same with methyl alcohol in a molar
ratio of 1:6 and catalyst (NaOH) concentration of
0.5% at 600°C which ultimately converts sesame oil
to biodiesel. The quality assurance determination
revealed that sesame biodiesel produced have simi-
lar properties such viscosity and density of the
methyl esters with that of petroleum based diesel
(Yogranjan et al., 2014). These studies suggested that
sesame, which is widely grown for food consump-
tion, can also potentially provide raw materials for
biodiesel production (Ahmad et al., 2010), although
there is need to understand the cost benefit implica-
tions of using sesame plants for biodiesel.

6. Conclusion and future scope

This review unraveled the benefits of sesame in
various cropping systems, nutritional, health, and
industrial uses of sesame crop. Precisely, this review
revealed that sesame plants offers several bene-
fits such as reducing weed and pest infestations in
cropping systems which could be exploited in bio-
pesticide and herbicides production for sustainable
agriculture. It also plays a role in promoting arbus-
cular mycorrhizal, nutrient recycling through its crop
residues and providing raw materials for biochar and
other organic fertilizers production. The seeds are rich
in minerals and polyunsaturated fatty acids, antioxi-
dants and other bioactive compounds that protect
the body against hypertension, cardiovascular dis-
eases, certain types of cancers, knee osteoarthritis,
ulcers, as a massage oil for alleviating pain, as well as
treatment of male infertility and menopause, among
others. In addition, sesame seed can be a viable and
cost-effective alternative to expensive proteins in ani-
mal feeds since it has positive effects on growth rate
and meat quality of livestock. Overall, the study high-
lighted the importance of sesame seeds in human

diet, livestock feeding, health, and its cosmetic and
potential uses as biofuel. However, the use of sesame
as raw material for production of biofuel as an alter-
native energy to fossil fuel requires clear understand-
ing of cost benefit analysis of using sesame compared
to other oils. Additionally, more research is needed
on sesame production technologies, development of
novel livestock feeds and functional health products
from sesame seeds that can be marketed globally.
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