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Abstract
Background
Authentication of food and agricultural products is important to trace out the right product and ensure the customer’s preference and their health. Sesame (Sesamum indicum L.) is one of the most important crops used for food and medicine in Ethiopia and different varieties and cultivars are produced in different regions of the country. This study was undertaken to determine the total flavonoid content, total phenolic content, antioxidant activity, and fatty acids profile of black and white sesame seed varieties. Samples were obtained from three major sesame seed-producing districts of Ethiopia.

Results
The total phenolic content (TPC), total flavonoid content (TFC), and the half-maximal inhibitory concentration (IC50) were ranged from 2.95 to 6.95 mgGAE/g, 2.13–4.99 mgCE/g and 8.3–16.8 AAE/g of the sample, respectively. In general, white sesame seed samples showed the highest TPC, TFC, and antioxidant activity than the black variety. Location wise, samples collected from the Metema district were found to contain a relatively higher concentration of the phytochemicals. The white seed variety was characterized by significantly higher content of oil (53.2–58.2% by mass of the sample) than the back variety (47.6–51.4%).The oil content of the seeds was found to contain nine identifiable fatty acids (FAs). The total unsaturated fatty acids constituted more than 82% of the total FAs, while the saturated FAs were lower than 18% of the total FAs. Among the unsaturated FAs, linoleic acid (C18:2, omega-6 FAs) was the dominant FA (42.5–44.3%) followed by oleic acids (37.2–38.9%). On the other hand, palmitic acids (9.35–11.2%) and stearic acid (5.78–6.52%) were the dominant FAs among the saturated FAs.

Conclusions
The studied samples had higher concentration of linoleic acid (omega-6 FA) than oleic acid, as opposed to other reported accessions of sesame seeds. Furthermore, white sesame seeds were richer in oil content than the black variety. The high concentration of unsaturated FAs, omega-6 FA, and phenolic compounds make sesame seeds nutritionally and medicinally important for the human diet. Unlike the fatty acids profiles, the level of phenolic compounds in sesame seeds was highly dependent on the geographical region and varietal type of the seeds.[image: ../images/40538_2021_215_Figa_HTML.png]
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Background
The demand for vegetable oil has been increasing as most indigenous plants and seeds are rich in essential nutrients and also have a wide range of medicinal values [34]. Sesame (Sesamum indicum L.) is an oilseed herbaceous crop of the Pedaliaceae family, which is produced by only a few developing countries in the world due to its high demand for labor farming and harvesting [43]. About 96% of the world sesame production is contributed from Asia and African countries. Considering a 10-year average report (from 2008 to 2018), the top ten sesame producers are Myanmar, India, Tanzania, Sudan, China, Nigeria, Sudan (Former), Ethiopia South Sudan, and Burkina Faso, in the same order (http://​www.​fao.​org/​faostat/​en/​#data/​QC/​visualize, accessed on 8th July 2020).
Sesame is an important annual oilseed crop being cultivated as an ingredient for human food oil, meal, and animal feeds [35, 36]. The sesame seed oil contains saturated fatty acid, unsaturated fatty acids, proteins, and various minor nutrients such as vitamins and minerals, lignans, such as sesamin, sesamol, sesamolin, and tocopherols [11, 14, 25]. The seeds are also very rich in iron, magnesium, copper, calcium, and vitamin B1 (thiamine) and E (tocopherol), and phytosterols [20, 21, 35]. Sesame seed oil is renowned for its stability because it strongly resists oxidative rancidity even after long exposure to air [13].
These days, there are several varieties and genotypes of sesame adapted to different geographical conditions. However, the cultivation of modern varieties is limited due to insufficient genetic information [41]. According to some studies the seed is believed to exist in 16 genera and 60 species, most of which exist in Africa [41]. Ethiopia is the six top sesame producers in the world [30]. Due to the high market demand and adaptability to several environmental factors, sesame production is increasing year to year in different countries [43]. In Ethiopia, sesame seed production and export alone is twice larger than all other oil seeds together. Humera, North Gondar, and Wollega zones are the major sesame-growing areas in the country for local consumption and export market [43]. The latter two zones produce more than 60% of the country’s total sesame annual yield [26]. In these areas, both black and white sesame seed varieties are cultivated but the oil yield, the dominant fatty acid constitutes of the oils and phenolic compounds of these sesame seed varieties cultivated in these districts have not be reported so far, though the country is one of the major sesame seed producers and exporters from Africa. Furthermore, these sesame seed varieties have not been compared and reported in terms of the aforementioned chemical constituents.
Authentication of food and agricultural products is important to trace out the right product and ensure the customer’s preference and their health [10, 12]. However, as sesame seed is cultivated only in some parts of the world, few reports were documented in the literature about the oil content and other phytochemicals. In general, the composition of plant phytochemicals varies within the different species types, varietal types, and accession types [28]. Thus, it is the pressing demand to characterize plant foods and relates the finds with accessions, varieties, and/or species investigated to relate their quality based on their chemical constituents. Therefore, the present study was aimed to provide information about total flavonoid content, total phenolic content, antioxidant potential, and fatty acids composition in Ethiopian sesame seed.
Materials and methods
Sample collection
Although sesame seeds are cultivated in different regions of Ethiopia, the Metema and Wollega types are the two major sesame seeds constituting more than 60% of the country’s export market of Sesame [1, 5, 26]. These two types are produced in North Gondar zone of Amhara and East Wollega zone of Oromia regions, respectively. For this study, three districts that consistently cultivate sesame in cluster-wise manner were selected. These include: West Armachiho and Metema districts from North Gondar zone while Amuru district was considered from East Wollega zone. From each district, two to three sub-districts were selected and a total of eight sub-districts were considered for this study, namely: Gabila, Mahrish, and Girarwuha from West Armachiho district, Meka, Akushra, and Lancha from Metema district; and Yaahaa and Qaqaro from Amuru district.
From each sub-districts, five farmers were selected and from each farmer, 500 g of each of black and white sesame seeds was collected during March–April, 2018. Samples of the same variety from different sub-district of the same district were composited or mixed to get a bulk sample. Since, the same climate condition and soil type are expected to exist in those sub-districts of the same district.
Chemicals and reagents
All reagents used in this study were of analytical grade and directly used as received. Methanol (HPLC and spectroscopy grade), chloroform (99.5%), n-hexane (AR grade, 99%), acetone (AR grade, 99.5%), aluminum chloride (99.9%, anhydrous), sodium carbonate (AR), sodium chloride, sulfuric acid (98%), sodium hydroxide extra pure pellet, and l-ascorbic acid (AR, 99.7%) were from Research Lab Fine Chem, Mumbai, India; toluene (99.99%), d-Catechin hydrate (96%, HPLC grade), gallic acid monohydrate (99%, HPLC grade), undecanoic acid, and 2-diphenyl-2-picrylhydrazyl (DPPH) were from Sigma Aldrich, Germany; anhydrous sodium sulfate (99–101%), sodium tungstate dehydrate (99%), phosphomolybdic acid hydrate (99 + %), and Ortho-phosphoric acid (85%) were from Fisher Scientific, USA.
Analysis of phenolic compounds and antioxidant activity of seed extracts
For the determination of the total flavonoids, total phenolic and antioxidant activity of sesame seed varieties, about 1 g of powdered seed was extracted under ultrasonic water bath at 50 °C for 2 h using 25 mL of absolute methanol (100%) and 80% methanol in water.
The total flavonoid content was determined following the method reported by Mistrello et al. [29] and Bayba et al. [8]. Exactly 0.2 mL of extract was dissolved in 3.5 mL of distilled water in the test tube, and then, 0.3 mL of 5% sodium nitrite (NaNO2) was added to the mixture and kept for 5 min. Then 0.3 mL of 10% aluminum chloride (AlCl3) and 2 mL of 4% sodium hydroxide (1 M NaOH) was added and allowed to stand for another 5 min. Finally, the solution was measured for total content using UV–Vis spectrophotometer at 510 nm. d-Catechin was used as a reference standard and data were reported as mg catechin equivalent per gram of sample (mgCE/g).
Total phenolic content in the extract was determined according to the procedure reported by Bayba et al. [8]. Briefly, 0.2 mL of each extract was mixed with 0.75 mL of Folin reagent and 3.75 mL of 7% sodium carbonate. Finally, the mixture was incubated at room temperature in the dark for 30 min and absorbance was measured at 760 nm. Then, the total phenolic content was expressed as mg gallic acid equivalents per gram (GAE)/g.
Antioxidant activity was determined according to the procedure of Rebaye et al. [32] with some modification. Different volumes (5, 10, 20, 40, 50, 75, and 100 μL) of the sample extracts were taken in a separate test tube and 2 mL of 0.004% solution of DPPH was added to each of the test tube containing the extracts. Then, the volume of each test tubes was adjusted to 5 mL with methanol and absorbance was measured at 517 nm. Ascorbic acid was used as a reference standard while mixture without extract was used as control. Inhibition of free radical DPPH in percent (I %) was then calculated as follows:[image: $$\mathrm{Inhibition }\left(I\mathrm{\%}\right)=\frac{(A0-A1)}{A0} \times 100,$$]



where A0 is the absorbance of the control and A1 is the absorbance of the sample. The extract concentration providing 50% of radical scavenging activity (IC50) was calculated from the graph of inhibition percentage against extract concentration.
Determination of fatty acids
Prior to extraction, all the samples were stored at room temperature in a plastic bag. Approximately, 15 g of sample was finely ground with electrical blender (FW100 high-speed universal disintegrator) and portion of the powdered sample was immediately extracted by the Folch method cited in Rincón‐Cervera et al. [33] with a slight modification. Briefly, a 0.5 g portion of powder sample was mixed with 8 mL chloroform and 4 mL methanol and undergone shaking for 36 h at 300 rpm in the dark room. Then, the lipid phase (chloroform) was separated from the aqueous phase with the aid of 2.4 mL of 0.73% aqueous sodium chloride solution. The solvent (chloroform) was then removed using rotary evaporator at 40 °C. Finally, the resulting dry sample was recovered with 5.00-mL toluene, placed in a brown bottle and stored at 4 °C for derivatization and fatty acid analysis.
For derivatization, 2 mL H2SO4 in methanol (1%) was added into a test tube containing 1 mL previously extracted lipid. To this, 175 µL of 0.1697 mg/mL undecanoic acid (C11:0) was added as an internal standard and the tube was tightly caped. Once the mixture was homogenized, it was allowed to react for 12 h, while being incubated at 50 °C. The solution was left to cool down at room temperature and 5.0 mL of 5% aqueous NaCl solution was added. Then, the fatty acids methyl esters (FAMES) were extracted twice with 3.0 mL of hexane (total 6 mL of hexane). Once the extract was dried over anhydrous sodium sulfate and filtered by an acrodisc syringe membrane filter, then it was transferred into the GC/MS analysis vial and stored at − 20 °C until analysis was done [27].
GC/MS analysis
Agilent 7890B gas chromatograph equipped with a 5977A MSD was used. This was coupled to a mass spectrometer operated in electron ionization mode. A fused-silica capillarity column (30 m, 0.25 mm I.D., 0.25 mm film thickness) with chemically bonded phases DB-5 MS (J and W Scientific) was used for the GC separation. A split injection mode was used and a 1-μL sample was injected. The starting oven temperature was 125 ºC, this was held for 2 min then raised at the rate of 30 ºC/min to 170 ºC, then raised at the rate of 15 ºC/min to 200 ºC hold for 2 min, then raised at the rate of 3 ºC/min to 230 ºC, this was held for 20 min. Other operating conditions were as follows: carrier gas, He (99.999%), with a flow rate of 1 mL/min; injector temperature, 250 ºC; and split ratio 25:1. Mass spectra were recorded at 70 eV and the mass range was from m/z 40 to 500 amu, ion source temperature 230 ºC and quadruple temperature 150 ºC and solvent delay time 3.5 min. The fatty acids were identified by making use of spectral matching of each GC/MS spectra with the NIST-11 library data for the GC/MS system.
Data analysis
Descriptive statistical analysis was done and the results were expressed as mean values and standard deviation (SD) of triplicate measurements. Significant differences of the data among the parameters were done by one-way ANOVA. All the statistical tests were performed at 5% level of significance.
Results and discussion
Total flavonoid, total phenolic content, and antioxidant activity
Total flavonoid content of the extracts was determined by extrapolation from the calibration curve [image: $$Y = 0.0547x - 0.0054$$]; (R2 = 0.9995) prepared from absorbance measurement at 510 nm on the catechin standard solution while phenolic content was determined by extrapolation from the calibration curve [image: $$Y = 0.0619x-0.0049$$] (R2 = 0.9999) constructed from gallic acid standard. The level of total flavonoid and phenolic contents are given in Table 1. The effect of 100% methanol and 80% methanol on the extraction efficiency for phenolic and flavonoid content was compared (results not shown) and 80% methanol was found to be more efficient than absolute methanol. The effect of 1:1 ration of water to methanol was also tested but the resulting extract was turbid and cloudy and hence greatly affected the absorbance measurement. Thus, 80% methanol was used for the extraction of flavonoids and phenolic compounds from the studied samples. Aqueous methanol (80%) also proved to be effective solvent for extracting phenolic compounds from rapeseed [15] and flaxseed [4].Table 1Total flavonoid and total phenolic contents, and antioxidant activity of sesame seed extracts


	Districts
	Sesame seed varieties
	Total flavonoid contents (TFC) (mg/g)
	Total phenolic contents (mg/g)
	Scavenging activity (IC50) value (mgAAE/g)

	Metema
	White
	4.99 ± 0.03a
	6.96 ± 0.03a
	16.8 ± 1.59a

	Black
	3.38 ± 0.02b
	4.27 ± 0.05b
	10.2 ± 1.202b

	West Armachiho
	White
	4.17 ± 0.03c
	5.26 ± 0.05c
	13.2 ± 1.195c

	Black
	2.13 ± 0.03d
	4.19 ± 0.08d
	9.8 ± 0.96d

	Amuru
	White
	4.34 ± 0.1e
	4.59 ± 0.06e
	10.4 ± 0.97b

	Black
	2.89 ± 0.1f
	2.95 ± 0.04f
	8.3 ± 0.80e


NB: Data represent mean ± SD of triplicate analysis. Means within a column (a, b, c, d, e, f) marked with different letters are significantly different at (p < 0.05)



Looking at Table 1, the total phenolic content in sesame seed varieties ranged from 2.95 to 6.96 mgGAE/g of sample. While total flavonoid content ranged from 2.13 to 4.99 mgCE/g. Comparing the different districts of sesame seed samples, samples from Metema district had significantly higher total phenolic (6.96 mgGAE/g) and flavonoid content (4.99 mgCE/g) (p < 0.05) than any other districts (Table 1) while significantly lower concentration (p < 0.05) of TPC (2.95 mgGAE/g) and TFC (2.13 mgCE/g) were recorded in samples from Amuru and West Armachiho districts, respectively.
In general, white sesame seed varieties had a relatively higher concentration of TPC and TFC than the corresponding black sesame seed samples collected from the same districts. White sesame seed sample from the West Armachiho district contained almost twice the concentration in the black seed variety.
A study on Moroccan sesame seed showed a much lower concentration of total flavonoids expressed as quercetin equivalent (QE) (0.13–0.15 mgQE/g) and total phenolics (3.58–3.98 mgGAE/g) [34] but the varieties of the studied sesame seeds were not indicated in the report. On the other hand, a Chinese white sesame seed had a significantly higher concentration of flavonoids (7.14–13.55 mgCE/100 g) and a comparable total phenolic content (3.71–7.9 mgGAE/g) [25].
In this study, the antioxidant activity of the 80% methanol extracts of the seeds was investigated. The DPPH scavenging activity of the sesame seed extracts with an increase in the concentration of the samples is depicted in Fig. 1a, b. As indicated in the figures, all the samples had closely matching inhibition activity but much lower than the standard ascorbic acid, which is one of the potent antioxidant compounds. From the figure, the concentration (in µg/mL) of the sample that is required to reduce the DPPH by 50% (i.e., IC50 value) are 159, 262, 203, 274, 256, 317, and 2.62, respectively, for Metema type white sesame, Metema type Black sesame, West Armachiho type white sesame, West Armachiho type black sesame, Amuru type white sesame, Amuru type Black sesame and ascorbic acid standard, respectively. Thus, Metema type white sesame had relatively better inhibition capacity while Black sesame from Amuru district had the lowest inhibition capacity.[image: ../images/40538_2021_215_Fig1_HTML.png]
Fig. 1a, b % Inhibition vs concentration graph of two varieties of sesame seed samples (a) and ascorbic acid standard (b). The suffix “W” and “B” refers to “White” and “Black” variety, respectively


To visualize the inhibition capacity of the samples with respect to ascorbic acid, all the IC50 values showed in the figure above are converted to ascorbic acid equivalent, and results are presented in Table 1. From the data in Table 1, the sesame seeds extracts showed lower DPPH scavenging activity (p < 0.05) than that of the standard ascorbic acid. The present study revealed that IC50 values were determined between 8.23 ± 0.89 and 16.8 ± 1.59 mgAAE/g of sesame seed varieties. These observed differences may be attributed to factors such as genetic variation difference, geographical factors, soil type, agriculture practices, and climate condition of the sampling districts.
Correlation between antioxidant activity and phenolic compounds
In order, visualize the dependence of the antioxidant activities on the total phenolic and flavonoid contents, correlation analysis was carried out. It was found that the regression coefficient (r2) between IC50 in (mgAAE/g) and phenolic compounds (Fig. 2a), and between IC50 (in mgAAE/g) and flavonoids (Fig. 2b) of the two varieties of samples was found to 0.94 and 0.5, respectively. Both flavonoid and phenolic compounds had a positive correlation with antioxidant activity. However, phenolic compounds were more contributors to the antioxidative properties of the extracts of sesame seed samples.[image: ../images/40538_2021_215_Fig2_HTML.png]
Fig. 2a, b Correlation between the antioxidant activities with total phenolic content (a) and with total flavonoid content (b)


Fatty acid analysis
The total oil content of the sesame extract ranged from 47.6 to 58.2%. The white variety of sesame seeds had relatively higher oil yield than the corresponding black variety. The average oil yield of the samples are arranged in a decreasing order: West Armachiho type white seed (58.2%) > Metema type white seed (56.2%) > Amuru type white seed (53.2%) > Amuru type black seed (51.4%) > Metema type black seed (48.5%) > West Armachiho type black seed (47.6).
Various researchers have reported the oil percentage composition of sesame seeds collected from different counties. The percentage oil content found in the present study were in agreement with the report by Azeez et al. [6] (53.23–55.12%), Hiremath et al. [23] (46.13–53.8%), Benitez-Benitez et al. [9] (51%) and Carvalho et al. [11] (58%). However, lower percentage oil yield (35–49%) was reported by several scholars for sesame seed collected from Africa, Uruguay and Iran [2, 17, 42]. On the other hand, unlike the present findings where white sesame seeds found to contain higher oil yield, a report by Ali et al. [3] have shown that black sesame seeds from Pakistan had a higher percentage composition of oil (52%) than the corresponding white variety (44%).
As indicated in the literature, extraction protocol, agronomic practice, year of cultivation, accession type and environmental conditions of the cultivation regions have significant effect on the oil yield of sesame seeds [3, 9, 24, 42].
The composition of fatty acids of sesame seed varieties was determined by gas chromatography–mass spectrometry (GC/MS). A representative total ion chromatogram is indicated in the Additional file 1 (Figures S1–S6). In all the studied samples, a total of nine major fatty acids were detected and their identities were confirmed from NIST-11 spectral library. The identified compounds are palmitoleic acid, palmitic acid, margaric acid, linoleic acid, Oleic acid, cis-vaccenic acid, stearic acid, arachidic acid, and behenic acid (Table 2). From the nine identified FAs, palmitic (C16:0), heptadecanoic acid (C17:0), octadecanoic acid (C18:0), eicosanoic acid (C20:0) and docosanoic acid (C22:0) were saturated fatty acids while palmitoleic acid (C16:1), oleic acid (C18:1), cis-vaccenic acid (18:1) and linoleic acid (C18:2) were unsaturated fatty acids.Table 2Relative percentage composition (%) of fatty acids detected in white and black sesame seed varieties collected from three different districts (Metema, West Armachiho and Amuru) in Ethiopia


	Fatty acid
	Fatty acid composition (%) (mean ± standard deviation; n = 2)
	 
	Metema white seed
	Metema black seed
	West Armachiho white seed
	West Armachiho black seed
	Amuru white seed
	Amuru black seed
	Means of the average

	Palmitoleic acid
	0.087 ± 0.01
	0.115 ± 0.01
	0.098 ± 0.01
	0.109 ± 0.008
	0.08 ± 0.009
	0.117 ± 0.019
	0.101

	Palmitic acid
	9.87 ± 0.58
	10.91 ± 0.44
	10.8 ± 0.67
	10.98 ± 0.78
	9.345 ± 0.88
	11.18 ± 0.49
	10.64

	Margaric acid
	0.035 ± 0.003
	0.032 ± 0.004
	0.036 ± 0.006
	0.028 ± 0.004
	0.03 ± 0.004
	0.027 ± 0.003
	0.031

	Linoleic acid
	44.31 ± 1.77
	42.5 ± 2.99
	43.7 ± 2.11
	43.3 ± 2.96
	43.9 ± 3.19
	44.0 ± 3.10
	43.6

	Oleic acid
	37.85 ± 2.27
	38.88 ± 3.94
	37.98 ± 4.01
	38.18 ± 3.11
	38.95 ± 3.35
	37.19 ± 2.24
	38.2

	Cis-vaccenic acid
	0.778 ± 0.09
	0.936 ± 0.087
	0.811 ± 0.076
	0.906 ± 0.089
	0.78 ± 0.071
	0.957 ± 0.073
	0.861

	Stearic acid
	6.335 ± 0.55
	6.022 ± 0.05
	6.523 ± 0.074
	5.78 ± 0.43
	6.238 ± 0.51
	5.823 ± 0.44
	6.12

	Arachidic acid
	0.627 ± 0.069
	0.595 ± 0.06
	0.634 ± 0.068
	0.588 ± 0.061
	0.59 ± 0.061
	0.596 ± 0.039
	0.605

	Behenic acid
	0.092 ± 0.085
	–
	–
	0.093 ± 0.01
	0.083 ± 0.009
	0.094 ± 0.012
	0.091




The percentage composition of some of the fatty acids varied within sesame seed varieties over a narrow range. For example, the stearic acid varied from (5.78 to 6.523%), palmitic acid (9.345–11.186%), oleic acid (37.19–38.95%), linoleic acid (42.49–44.31%) (Table 2). The coefficient of variation of these fatty acids was < 10, which indicates the variability of these compounds in the studied samples, were minimal. Whereas palmitoleic acid (C16:1) and stearic acid (C18:0) with a coefficient of variation 15% and 45%, respectively, indicated that these two compounds were widely varied with the studied samples.
In all the studied samples, the total unsaturated fatty acids were greater than 82% of the total fatty acid, which implies that sesame seed oil is the most preferred oil for consumption. The other interesting feature of this seed oil is that almost half of the fatty acid (43%) is constituted from linoleic acid, an omega-6 fatty acid, and an essential fatty acid for the human diet.
The fatty acid composition of white and black sesame seed varieties was compared with other reported seed oils from Ethiopia and overseas counties (Table 3). The fatty acid profiles obtained from the present study conformed to the trend reported in the literature for sesame seed oils. Unlike the other trace fatty acids, oleic acid and linoleic acids have shown broader ranges of variation between the present result and reported data (Table 3). This indicates the existence of some genetic variations with the studied and reported sesame seeds and/or environmental conditions between the cultivation regions [42].Table 3Comparisons of fatty acid composition in sesame seed varieties reported from different origin


	Country
	Fatty acid composition (%)
	Refs.

	 	Palmitoleic acid
	Palmitic acid
	Margaric acid
	Linolenic acid
	Linoleic acid
	Oleic acid
	Cis-vaccenic acid
	Stearic acid
	Arachidic acid
	Behenic acid
	 
	India
	0.1–0.13
	8.0–10.0
	–
	0.25–0.5
	32.0–42.0
	40.0–49.0
	–
	3.6–4.7
	0.4–1.1
	–
	[37]

	Tunisia
	0.21–0.24
	11.0–11.4
	–
	0.5–0.51
	35.6–36.1
	43.1–44.1
	0.96–0.97
	6.4–6.92
	0.74–0.83
	–
	[18]

	Sudan
	–
	12.86–12.96
	–
	–
	36.30–36.4
	47.5–47.52
	–
	2.93–3.07
	–
	–
	[16]

	Kenya, Tanzania and Uganda
	–
	7.97–8.53
	–
	0.44–0.45
	47–18–48.53
	37.27–37.92
	–
	4.85–4.93
	0.49–0.51
	–
	[42]

	Congo
	–
	7.32–9.98
	–
	–
	46.1–46.40
	38.55–39.17
	–
	5.25–5.65
	0.7–1.0
	–
	[31]

	Africa and India
	–
	10.32–10.78
	 	35.68–36.52
	 	45.11–47.49
	–
	3.98–5.82
	0.91–1.29
	–
	[23]

	Turkey
	–
	8.8–9.0
	 	0.56–0.58
	42.3–43.2
	41.3–41.8
	–
	5.37–5.50
	0.63–0.65
	–
	[39]

	Egypt
	–
	7.75- 8.76
	 	0.33–0.43
	42.7–43.2
	39.22–41.63
	–
	5.02–8.22
	0.59–0.64
	0.1–0.13
	[22]

	Morocco
	–
	11.2–11.4
	 	0.19–0.21
	42.0–42.2
	41.8–42.0
	–
	4.8–5.0
	–
	–
	[20]

	Iran
	0.09–0.15
	12.47–13.21
	–
	0.39–0.56
	48.32–50.0
	31.3–32.7
	–
	2,68–3.08
	0.43–0.55
	0.27–0.47
	[38]

	Ethiopia (white variety)
	0.08–0.1
	9.34–10.8
	0.03–0.04
	Trace
	43.7–44.3
	37.8–38.9
	0.77–0.81
	6.23–6.52
	0.59–0.63
	0.08–0.09
	This study

	Ethiopia (black variety)
	0.11–0.12
	10.9–11.2
	0.03–0.04
	Trace
	42.5–44
	37.2–38.9
	0.9–0.95
	5.7–6
	0.58–0.59
	0.09
	This study




Looking at Table 3, the fatty profile of black and white sesame seed varieties from Ethiopia had a similar profile with the fatty acid composition of sesame seed oil reported from Tunisia [18] and India [37] (Table 3). However, the major fatty acids were found to be higher in Ethiopian sesame seeds. For instance, the percent composition of the omega-6 fatty acid (linoleic acid) is significantly higher in the present study (42–44%) than sesame oilseed accession from Tunisia (35.6–36.1%), Indian (32.0–42.0%), Sudan (36.3–36.4), Africa and India samples (35.68–36.52) (Table 3). Whereas, a comparable linoleic acid composition (40–44%) was reported by Ünal and Yalçın [39], Hassan [22] and Gharby et al. [20], respectively, from Turkey, Egypt, and Morocco (Table 3). On the other hand, a higher percent composition of this fatty acid was reported in Congolese and Iranian sesame oilseeds [31, 38].
The Oleic acid content in Tunisian, Indian, Sudanese, Turkish, Egyptian, Moroccan, and Iranian sesame seed varieties were higher than (41–47%) those found in the present study (37–39%) (Table 3). However, a comparable results with the present study were reported for Kenyan, Tanzanian, Ugandan and Congolese sesame oilseeds samples [42], Nzikou et al. [31]. In addition, relatively much lower oleic acid was reported from Iranian sesame oilseed sample [38].
The major saturated fatty acid, palmitic acid composition (8–11%) reported from some selected African and Asian countries were comparable with those found in the present study (9–11%) (Table 3). However, a higher composition (13%) were reported in Sudanese and Iranian sesame seed accessions [16, 38]. A similar trend was noted for the second major saturated fatty acid, stearic acid (Table 3), but a relatively lower composition of it was reported in Sudanese and Iranian sesame seed accessions [16, 38].
A higher composition of linoleic acid in the studied Ethiopian Sesame seed makes these sesame seed varieties to be nutritionally more important as compared to the Tunisian and Indian sesame seed types. Furthermore, cis-vaccenic acid (C18:1) was not identified in most of the reported sesame seed, while in Ethiopian sesame seeds, about 1% was noted. These variations might be due to variations in the genetic makeup of the seeds and agro-ecological conditions of the study areas.
Results of the present study were also compared with reported other Ethiopian oil seeds (niger seed and linseeds) and interestingly, there is a wide difference in the individuals fatty acid composition between these oilseeds. For example, niger seed is much richer in linoleic acid (C18:2) (73%) and sesame seed (44%). However, linseed has a significantly lower composition of this omega-6 fatty acid (15%). On the other hand, sesame seed varieties are richer in oleic acid (C18:1) (about 37%) than niger seed (7%) and linseed (20%). Thus, this fatty could be a marker molecule for sesame seed oil. Secondly, cis-vaccenic acid (C18:1) was not reported in both niger seed and linseed [19, 40].
Conclusion
This study assessed the composition of phenolic compounds and fatty acid compositions of white and black sesame seeds collected from three major sesame oilseed-producing districts. Both white and black sesame seeds are composed of quantifiable amounts of total phenolic and flavonoid compounds ranging from 2.95 to 6.96 mgGAE/g and 2.13–4.99 mgCE/g, respectively. The sample extracts have demonstrated appreciable IC50 values ranging from 8.23 to 16.8 mgAAE/g of samples. In general, white sesame seeds are relatively richer in total flavonoid and phenolic compounds. On the other hand, sesame seeds collected from Metema districts had higher phenolic, flavonoids, and antioxidant activities.
The fatty acid analysis revealed that the seeds are composed of both saturated, monounsaturated, and polyunsaturated fatty acids. The two varieties of sesame seeds had a comparable composition of fatty acids. Among the nine fatty acids identified, 82% of the total fatty acids were composed of unsaturated fatty acids, which makes sesame seed is nutritionally important. The predominant polyunsaturated fatty acids components in the sesame seed varieties were linoleic acid (C18:2), which was ranging from 42.5 to 44.3% of the total fatty acid followed by the monounsaturated fatty acid, oleic acid (C18:1) which ranged from 37.2 to 38.9% of the total fatty acid. Both black and white sesame seed samples were rich in the omega-6 fatty acid (linoleic acid) as compared to some other oil seeds. The saturated fatty acids constituted < 18% of the total fatty acids, of which palmitic acid (C16:0) constituted (9.3–11.2%) followed by stearic acid (C18:0) (5.78–6.52%) of the total fatty acids.
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