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Sesame, Sesamum indicum L. is one of the oldest and important oil seed crop in the world. The sesame
seed apart from providing edible oil is also rich in protein. This study was carried out to evaluate the
chemical composition and oil quality of seeds of 13 accessions of sesame grown in the Nsukka plains
of South eastern Nigeria. The treatments which comprised of the 13 accessions were laid out in a
randomized complete block design (RCBD) experiment in three replications. At maturity, samples of
seeds were taken to the laboratory for chemical analysis. The result revealed significant variation in
chemical composition and oil quality of the seeds of the sesame accessions. Percentages moisture,
protein, fibre, fat, carbohydrate and ash in the seeds ranged from 5.0 to 8.0, 17.08 to 20.90, 1.40 to 2.40,
28.0 to 46.0, 27.63 to 44.85 and 1.10 to 2.90, respectively. The ranges of iodine value, peroxide value,
acid value and free fatty acid were 76.14 to 130.07 g/100 g, 1.01 to 7.61 meq (H,0,), 0.67 to 2.85 mg/g and
0.34 to 1.43 mgl/g, respectively. Highest percentage fat was recorded in the accession Yobe gadaka

while Parchequeno had the highest percentage protein among the accessions.
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INTRODUCTION

Sesame (Sesamum indicum) is a member of the
Pedaliaceae plant family. The sesame is one of the world
most important and oldest known oil seed crops (Abou-
Gharbia et al., 1997). Its cultivation dated as far as 1500
BC in the Middle East, Asia and Africa (Ali et al., 2007). It
took the 9" position among the top 13 oilseed crops
which make up 90% of the world production of edible oil
(Adeola et al., 2010). The sesame crop is adapted and
cultivated both in the tropic and temperate zones of the
world (Biabani and Pakniyat, 2008). It is grown mostly for
the oil extracted from the seed which is edible and use for
industrial and pharmaceutical purposes. The oil is used in
the production of perfumes, skin conditioning agents,

moisturizers, hair creams, bath oil, insecticides, paints,
vanishes and drugs (Mohammed and Hamza, 2008). The
seed is also consumed throughout the world in
condiments and as an essential constituent in different
recipes (Xu et al., 2005; Alyemeni et al., 2011). It is used
to add texture and flavor to bread, biscuit, cracks and
salad dressing. Sesame seed has been shown to contain
about 35 to 60% of oil (El Khier et al., 2008; Alyemeni et
al., 2011; Borchani et al.,, 2010; Jimoh et al., 2011;
Mohammed and Hamza, 2008). The sesame oil has also
been reported to show remarkable stability to oxidation
due to the present of lignins (sesamol, sesamolin and
(Lee et al, 2008). These make sesame oil
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Alyemeni et al., 2011). Nigeria is one of the major
producers and exporters of sesame seed and ranked 6th
among world sesame producing countries and 3rd in
Africa (FAO, 2005). The production of sesame in Nigeria
is concentrated in the Guinea Savannah zone (Middle
Belt). Due to the increasing demand for sesame seed as
a result of its enormous uses, there is a need to expand
the area of cultivation as a way boosting production.
Various researches have been carried in areas outside
the traditional producing area in Nigeria to determine the
growth and yield potential of sesame types and possibility
of a viable commercial sesame production in these areas.
Such researches carried out in the Forest-Savanna
transition zones of South East and West Nigeria have
shown that performances are comparable to what is
obtained in the guinea savanna zone (Ogbonna and
Umar-Shaba, 2011; Olowe, 2007). The quantity and
quality of the oil contained in the seed have been shown
to depend on ecological factors such as climate and soil
type and on cultivars and maturity of plant (Rahman et
al., 2007). This study was therefore carried out to
evaluate the chemical composition and oil quality of
seeds of 13 accessions of sesame grown in the derived
savannah agro-ecology of South Eastern Nigeria.

MATERIALS AND METHODS

This study was conducted in 2009 and repeated in 2010 at the
Department of Crop Science Experimental site, University of
Nigeria, Nsukka located on latitude 06° 52' North, longitude 07° 24'
East and an altitude of 447 m. The materials consisted of 13
sesame accessions. These are; Adaukiari, Chimkwale yellow, 34-4-
1, Cameroun white, Parchequeno, E8, Aliade, Kachia, Jigawa,
Chimkwale, 69-1-9, Yobe gadaka and NCRI BEN 02M. These are
popular accessions grown in the Guinea savannah area which is
the major area of production in Nigeria.

The experiment was laid out in randomized complete block
design (RCBD) with three blocks. Each block was divided into 13
plots each measuring 3 x 2 m. The 13 sesame accessions were
randomly allocated to the plots in each block. The sesame seeds
were sown at the spacing of 60 x 30 cm. NPK 20:10:10 fertilizer
was applied at the rate of 200 kg/ha a month after planting. At
maturity the sesame plants were cut and tied together in bundles in
each plot and allowed to dry in the field. The seeds were later
extracted and packaged according to the experimental layout.

Chemical analysis of sesame seed

Samples of seeds from each plot were taken to the laboratory for
proximate analysis for the determination of moisture, protein, fat,
carbohydrate, ash and fibre content in the seeds. The method of
proximate analyses was the standard procedure of AOAC (1995).
lodine value, peroxide value, acid value and free fatty acid of the
seed oil were also determined.

Moisture content was estimated by drying in an oven at 100 to
105°C to a constant weight. Crude protein determination was by the
Kjeldahl method. Crude fat content was determined using the
continuous extraction in a Soxhlet apparatus (dimethyl ether was
used as solvent). Ash content was determined by incinerating in a
furnace at 550°C for 5 h. Crude fibre was determined by segmental
hot digestion of the defatted sample with dilute acid and alkaline

solutions. lodine value, peroxide value and acid value were
determined according to the AOAC (1995). Free fatty acid (FFA)
was obtained from the relation: one unit of acid value = 0.053%
FFA (Ajiwe et al., 1997).

Statistical analysis

Data collected were subjected to analysis of variance (ANOVA)
according to the procedure described by Steel and Torrie (1980) for
RCBD experiments. Separation of treatment means was carried out
using the F-LSD procedure as described by Obi (2002). Test of
significance was at 5% probability level.

RESULTS

Table 1 presents the weather record on rainfall,
temperature and relative humidity for the years 2009 and
2010 taken from the University of Nigeria meteorological
station located at about 200 m away from the experi-
mental site. The record indicated that higher amount of
rainfall was recorded in 2009 than 2010. It also showed
that rainfall started earlier in 2009. Generally, the
differences in these weather factors between the two
years were small.

2009 experiment

The result of the proximate analysis carried out on the
raw sesame seeds of the 13 accessions showed
considerable and significant variability in moisture, crude
protein, crude fibre, crude fat, carbohydrate and ash
content among the accessions. There was significant
difference in moisture percentage among the accessions
as shown in Figure 1. Chimkwale had the highest
moisture content while 69-1-9 and Yobe gadaka
contained the lowest moisture in the seeds. There was
insignificant difference between the moisture content in
Chimkwale and Adaukiari, 34-4-1, Cameron white,
Parchequeno, Aliade and NCRI BEN 02M. The result
presented in Figure 2 indicated that Parchequeno had the
highest crude protein content.

It however differed significantly only from Cameroun
white, Chimkwale, Yobe gadaka and Kachia in protein
content. Crude fibre content was highest in Parchequeno
while the lowest value was obtained from Aliade.
Parchequeno, Adaukiari, Camerooon white, Chimkwale,
34-4-1 and Chimkwale yellow had statistically the same
crude fibre content (Figure 3). Crude fat content was
highest in Yobe gadaka and differed significantly from the
rest of the accession. Accession 69-1-9 had the least fat
content (Figure 4). Accession 69-1-9 top the other
accession in carbohydrate content. Its value was
however statistically the same with what were obtained
from E8, Jigawa and Aliade. Yobe gadaka had the least
carbohydrate content among the accessions (Figure 5).
Ash content was highest in Adaukiari, though the value
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Table 1. Weather records on rain days, amount of rainfall, maximum and minimum temperatures and relative humidity in the study area in the years 2009 and 2010.

2009 2010

Months Rain days  Rain fall (mm) Temp (°C) : Rel. humidity (%) Rain days Rain fall Temp. (°C_) Rel. humidity (%)

Max. Min. 0900 h 1600 h (mm) Max. Min. 0900 h 1600 h
Jan 3 53.59 31.90 21.45 71.39 58.63 0 0.00 32.90 20.26 66.63 50.87
Feb 1 2.19 32.46 22.79 74.61 59.43 0 0.00 33.89 23.32 71.68 57.18
Mar 0 0.00 33.61 23.32 72.81 57.03 3 43.88 34.03 23.26 69.97 53.81
April 11 180.6 31.37 21.60 76.20 66.20 7 161.80 32.83 23.07 73.10 63.87
May 10 283.69 30.23 21.42 74.16 70.32 10 212.34 30.39 22.23 73.48 68.81
June 18 152.51 29.13 20.83 74.67 72.67 18 247.39 29.13 21.47 75.90 70.77
July 16 248.17 28.65 20.58 74.84 74.58 17 158.48 27.94 21.00 76.52 71.29
Aug 18 260.33 27.48 20.84 75.00 75.00 18 404.15 27.55 21.16 77.16 72.68
Sept 17 175.76 27.87 20.10 74.67 74.50 18 203.95 28.13 20.73 77.13 71.80
Oct 17 387.10 28.39 20.26 74.94 74.74 18 183.63 28.97 20.84 76.00 68.45
Nov 5 103.18 29.85 19.30 63.80 61.73 2 19.31 30.03 21.23 73.70 64.03
Dec 0 0.00 32.71 18.84 65.35 48.68 0 0.00 32.10 18.32 61.23 48.16

was statistically the same with the values obtained
from Chimkwale yellow, Jigawa, Chimkwale and
Kachia. Cameroon white had the least ash
content (Figure 6).

Result of the analyses done on the quality
parameters of the sesame seed oil also indicated
significant variation among the accessions. The
highest iodine number was recorded from Yobe
gadaka while Jigawa had the least value of iodine
number. It was also noted that the iodine number
recorded from Yobe gadaka was significantly
higher than those of other accessions with the
exception of Adaukiari (Figure 7). Peroxide value
was highest in Adaukiari and Chimkwale and they
differed significantly from the other accessions.
Yobe gadaka had the least value among the
accessions (Figure 8). Figure 9 showed that
accession 34-4-1 registered the highest acid
value. It was however statistically the same with
the acid values obtained from Parchequeno,
Chimkwale yellow Kachia and Adaukiari. The least

acid value was recorded from 69-1-9. Accession
34-4-1 had the highest free fatty acid in the seed
oil and differed significantly from all the
accessions with the exception of Parchequeno
and Chimkwale yellow. The least free fatty acid
was recorded from 69-1-9 (Figure 10).

2010 experiment

The result of the 2010 experiment followed the
same trend observed in the 2009 experiment
(Table 2). The slight variations between the
values obtained from the two years were not
significant, more so the accessions still
maintained their rankings in the second year in all
the attributes studied.

DISCUSSION

The variability in chemical composition and oil

quality recorded among the accessions in the
presented study agreed with reports of other
researchers in sesame. There was however
differences in the values between their reports
and what were obtained in this study. The range
of moisture content of 5 to 8% obtained in this
study is higher than 4.16 to 4.62 and 2.7 to 4.7%
reported by Tokusoglu et al. (2004) and El Khier
et al. (2008), respectively. The mean moisture
content of 6.20% was however less than the
mean of 8.5% recorded by Jimoh et al. (2011) in
other accessions of sesame. It has been shown
that high moisture content encourages the growth
of micro organisms thereby causing the deterio-
ration of stored seeds (Afolabi, 2008). The high
moisture content therefore implies that the seeds
may not store well and to avoid this, effort should
be made to reduce the moisture content before
storage of the seed. The crude protein content in
the accessions was low when compared to what
were obtained elsewhere. The range of 17.08 to
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Figure 1. Percentage moisture content in seeds of 13 sesame
accessions in 2009 experiment.
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Figure 2. Percentage crude protein content in 13 sesame
accessions in 2009 experiment.
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Figure 3. Percentage crude fibre content in the seeds of 13
sesame accessions in 2009 experiment.
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Figure 4. Percentage crude fat content in the seeds of 13 sesame
accessions in 2009 experiment.
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Figure 5. Percentage carbohydrate content in the seeds of 13
sesame accessions in 2009 experiment.
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Figure 6. Percentage ash content in the seeds of 13 sesame
accessions in 2009 experiment.
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Figure 7. lodine values of seed oil of 13 sesame accessions in
2009 experiment.
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Figure 8. Peroxide value of the seed oil of 13 sesame accessions
in 2009 experiment.
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Figure 9. Acid value of the seed oil of 13 sesame accessions in
2009 experiment.
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Figure 10. Free fatty acid content of seeds oil of 13 sesame
accessions in 2009 experiment.

20.90 recorded among the accessions is less than 32 to
40 reported by El Khier et al. (2008).

The mean crude protein of 18.85 is also less than the
mean values of 24.63, and 21.78 reported by Borchani et
al. (2010), Jimoh et al. (2011). The highest value of 20.90
recorded from Parchequeno was however close to these
means. Protein is very important in human nutrition and is
one of the nutrients that are frequently low in plant
products. Although, the mean crude fibre recorded in this
study may appear to be low in accessions such as
Adaukiari, Parchequeno, others like Cameroon white and
Chimkwale have high crude fibre contents if compared
with other reports (Jimoh et al., 2011). Fibre in diet is
important as it helps to maintain human health by
reducing cholesterol level in the body (Bello et al., 2008).
The sesame accessions showed appreciable crude fat
content. The range of 30 to 46% can be considered to be
favourable when compared with results obtained by other
researchers (Borchani et al., 2010; Mohammed and
Hamza, 2008; Alyemeni et al., 2011).

The economic important of sesame is determined by
the quantity of oil it contains. Accessions like Yobe
gadaka, Kachia and Chimkwale that yielded high crude
fat should be selected for production in this area, though
seed yield will also be a major determinant in making a
choice. The carbohydrate content of 27.63 to 44.85 in the
accessions is also high when compared with the findings
of El Khier et al. (2008). The ash content was within the
range reported by Alyemeni et al. (2011). High level of
ash makes the oilseed a good source of mineral nutrition
to the consumer (Afolabi, 2008).

On the oil quality of the seed, most of the accessions
fall within the acceptable standard. The range of iodine
value of 76.14 to 130.07 falls within the semi-drying oil
group. This conform to other findings that sesame seed
oil is semi-drying oil (Fernando and Akujiobi, 1987). lodine
value measures the degree of unsaturation of vegetable
oils (Dayrit et al., 2007). The greater the degree of
unsaturation the higher the iodine value and the greater
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Table 2. Chemical properties of the seeds of the 13 sesame accessions in 2010 experiment.

ACCESSIONS Moisture Crude Crude Crude Carbohydrate Ash (%) lodine value  Peroxide value  Acid value  Free fatty acid
(%) protein (%) fibre (%) fat (%) (%) (g/100 g) (meq.H20y) (mg/g) (mg/g)
Adaukiari 7.00 19.17 2.25 39.00 29.70 2.88 121.40 7.50 2.48 1.30
Chimkwale yellow 6.20 19.78 1.88 34.00 35.40 2.72 106.88 471 2.63 1.35
34-4-1 6.22 19.80 1.84 35.00 36.00 1.14 110.04 2.52 2.78 141
Cameroun white 7.00 17.02 2.03 38.00 34.85 1.10 90.42 2.53 1.01 0.50
Parchequeno 6.80 21.00 2.36 36.88 31.20 1.76 103.88 4.55 2.68 1.38
E8 6.44 18.55 141 31.00 40.88 1.72 103.68 2.52 1.38 0.68
Aliade 6.70 19.30 1.38 32.00 38.80 1.82 110.82 2.53 0.81 0.36
Kachia 6.28 18.30 1.42 39.50 32.20 2.30 108.22 2.55 2.22 1.16
Jigawa 6.20 18.98 1.76 29.50 40.88 2.68 80.10 5.10 1.58 0.81
Chimkwale 7.80 17.56 1.98 40.15 30.10 241 116.30 7.88 1.24 0.66
69-1-9 5.30 18.40 1.68 27.50 45.15 1.97 118.02 5.03 0.68 0.33
Yobe gadaka 5.12 18.20 1.60 45.68 27.90 1.50 129.40 1.02 2.44 1.21
NCRI-BEN O2M 7.16 19.08 1.78 37.00 32.88 1.52 108.88 3.02 1.26 0.60
F-LSD(0.05) 1.40 0.4 0.43 4.80 8.40 0.40 10.20 1.88 0.82 0.25
the possibility of the oil becoming rancid by Acid value represents free fatty acid content due Conclusion

oxidation (Ronald and Ronald, 1989). The mean
peroxide value of 3.95 recorded in the accessions
falls below the maximum value of 10 meqgKOH/g
set by the Codex Alimentarius Commission for
groundnut oil (Abayeh et al.,, 1998). Peroxide
value is an index of rancidity in oil. It is a measure
of peroxide contained in a vegetable oil (Chabiri et
al., 2009).

Low rancidity indicates high resistance to
peroxidation and longer storage life. The present
of lignin and tocopherols (hatural anti-oxidant) in
sesame seed has been indicted for the resistance
to oxidation which is one of the most important
indicators of stable quality in edible oil (Rajaei et
al., 2008; Lee et al., 2008; Cheikh-Rouhou et al.,
2006).

The mean acid value of 1.79 was close to 1.64
reported by Borchani et al. (2010) and is below
the maximum acceptable level of 4 mgKKOH/g oil
(Hammond, 1993) and FAO maximum value of 6.0.

to enzymatic activity and signifies spoilage in
vegetable oil. Accessions such as 69-1-9 and
Aliade showed acid value as low as 0.67 and
0.78, respectively presenting them as high quality
oil and comparable to oil of almond nut (0.77) and
groundnut (0.35) (Afolabi, 2008). The result also
indicated that seed oil of these accessions are low
in free fatty acid content. Free fatty acid compo-
sition is the most important parameter used in
differentiating vegetable oils. High levels of free
fatty acid result to unpleasant taste of the oil
(Dayrit et al., 2007). The non significant diffe-
rences in the chemical attributes between the two
years may be attributed to the fact that the
variation in weather factors in the two years was
not sufficient enough to cause significant effect.
Moreover the rainfall and temperature values
recorded for the two years were within the range
reported to be suitable for sesame production
(Olowe, 2007).

The study has shown that the seed composition
and oil quality of sesame grown in the Nsukka
plain of the derived savannah agro-ecology of
South Eastern Nigeria is comparable to what were
obtained in the other sesame producing areas.
The oil quality is as good as those of other quality
vegetable oils and fall within the acceptable
standard. The study also presents accession
Yobe gadaka as a high oil producing type while
Parchequeno is a high protein type among the
accessions tested in the study area.

REFERENCES

Abayeh OJ, Aina EA, Okuonghae CO (1998). Oil content and
oil quality characteristics of some Nigerian oil seeds. J. Pure
Appl. Sci. 1:17-23.

Abou-Gharbia HA, Shahidi F, Shehata AY, Youssef MM
(1997). Effectof processing on oxidative stability of sesame
oil extracted from intact and dehulled seeds. J. Am. Oil



Chem. Soc. 74: 215-221.

Adebowale AA, Sanni SA, Falore OA (2010). Varietal differences in
the physical properties and proximate composition of elite sesame
seeds. Libyian Agric. Res. Cen. J. Int., 1(2):103-107.

Adeola YB, Augusta CO, Oladejo TA (2010). Proximate and mineral
composition of whole and dehulled Nigerian sesame seeds. Afr. J.
Food Sci. Technol., 1(3):71-75.

Afolabi IS (2008). Chemical qualities of oils from some fresh and
market vegetable crops within Kwara state of Nigeria.
BIOKEMISTRI 20(2):71-75.

Ajiwe VIE, Okeke CA, Nnabuike B, Ogunleye GA, Elebo E (1997).
Application of oil extracted from African star apple(Chrysophyllum
africanum), horse eye bean (Mucuna sloanei) and African pear
(Dacrydes edulis). Biores. Tech., 59:259-261.

Ali GM, Yasumoto S, Seki-Katsuta M (2007). Assessment of genetic
diversity in Sesame (Sesamum indicum L.) detected by Amplified
Fragment Length Polymorphism Markers. Elect. J. Biotech., 10:12-
23.

Alyemeni MN, Basahy AY, Sher H (2011). Physico-chemical analysis
and mineral composition of some sesame seeds (Sesamum
indicum L.) grown in the Gizan area of Saudi Arabia. J. Med. Plants
Res., 5(2):270-274.

AOAC (1995). Official Methods of Analysis. 16" edition. Association of
Official Analytical Chemists. Washington D.C. USA.

Biabani AR, Pakniyat H (2008). Evaluation of seed yield related
characters in sesame (Sesamum indicum L.) using factor and path
analysis. Pak. J. Bio. Sci. 11:1157-1160.

Bello MOI, Flade OS, Adewusi SRA, Olawore NO (2008). Studies on
the chemical composition and antinutrients of some lesser known
Nigerian fruits. Afr. J. Biotech., 7(21): 3972-3979.

Borchani C, Besbes S, Blecker C, Attia H (2010). Chemical
characteristics and oxidative stability of sesame seed, sesame
paste and olive oils. J. Agric. Sci. Tech., 12:585-596.

Chabiri SA, Hati SS, Dimari GA, Ogugbuaja VO (2009). Comparative
quality assessment of branded and unbranded edible vegetable oils
in Nigeria. Pacific J. Sci. Tech., 10(2):927-934.

Cheikh-Rouhou S, Hentati B, Besbes S, Blecker C, Deroanne C, Attia
H (2006). Chemical composition and lipid fraction characteristics of
Aleppo Pine (Pinus halepensis Mill) seeds cultivated in Tunisia.
Food Sci. Tech. Int., 15:407-416.

Dayrit FM, Buenafe OEM, Chainani ET, De Vera IM, Dimzon IKD,
Gonzales EG, Santos JER (2007).. Standard for essential
composition and quality factors of commercial virgin coconut oil and
its differentiation from RBD coconut oil and copra oil. Philippine J.
Sci., 136(2):119-129.

El Khier MKS, Ishag KEA, Yagoub AEA (2008).. Chemical
composition and oil characteristics of sesame seed cultivars grown
in Sudan. Res. J. Agric. Biol. Sci. 4(6):761-766.

FAO (2005). FAOSTAT Database. http://apps.fao.org/default.htm.
Accessed January 30,2011.

Fernando CEC, Akujobi EO (1987). Chemical analysis of selected
vegetable oils and fats of Sokoto State of Nigeria. J. Basic Appl.
Sci. 1:11.

Ogbonna and Ukaan 803

Hammond EW (1993). Vegetable oils. In Encyclopaedia of Food
Science; Food Technology and Nutrition.(1* edition) Edited by
Macrae R., Robinson R.K., Sadler M.J. Academic Press Ltd
London 1:124-126.

Jimoh WA, Fagbenro OA, Adeparusi EO (2011). Effect of processing
on some minerals, anti- nutrients and nutritional composition of
sesame (Sesamum indicum) seed meals. EJEAFChe 10(1):1864.

Kanu PJ (2011). Biochemical analysis of black and white sesame
seeds from China. Am. J. Biochem. Mol. Biol, 1:145-157.

Lee J, Lee Y, Choe E (2008). Effects of sesamol, sesamin and
sesamolin extracted from roasted sesame oil on the thermal
oxidation of methyl linoleate. LWT Food Sci. Tech., 41:1871-1875.

Mohammed MI, Hamza ZU (2008). Physicochemical properties of oil
extract from Sesamum indicum L. seeds grown in Jigawa state,
Nigeria. J. Appl. Sci. Environ. Manage. 12(2):99101.

Obi IU (2002). Statistical Methods of Detecting Differences Between
Treatment Means and Research Methodology: Issues in Laboratory
and Field Experiments. A.P Express Publishers, Nsukka, Nigeria.
p. 117.

Ogbonna PE, Umar-Shaba YG (2011). Yield rsponses of sesame
(Sesamum indicum L.) to rates of poultry manure application and
time of planting in a derived savannah ecology of south eastern
Nigeria. Afr. J. Biotechnol., 10(66):14881-14887.

Olowe VIO (2007). Optimum planting date for sesame(Sesamum
indicum L.) in a transition zone of south west Nigeria. Agric. Tropica
et subtropica, 40(4):156-163.

Rahman MS, Hossain MA, Ahmed GM, Uddin MM (2007). Studies on
the characterization, lipids and glyceride composition of sesame
(Sesamum indicum L.) seed oil. Bangladesh J. Sci., Ind. Res.
42(1):67-74.

Rajaei A, Barzegar M, Sahari MA (2008). Comparison of anti
oxidative effect of tea and sesame seed oils extracted by different
methods. J. Agric. Sci. Tech., 10:345-350.

Ronald SK, Ronald S (1989). Pearson’s Composition and Analysis of
Food (9" edition). Longman Publishers. London ,UK 2:4-8.

Steel RGD, Torrie JH (1980). Principles and Procedures of Statistics.
A Biometrical Approach. 2" edition. McGraw Hill Book Company
Inc. NY. p. 633.

Tokusoglu O, Onal MK, Alakr | (2004) Proximate chemical
composition, amino acid and fatty acid profile of sesame seed flour.
J. Food Sci. Tech. (Mysore), 41:409-412.

Xu J, Chen S, Hu Q (2005). Antioxidant activity of brown pigment and
extracts from black sesame seed (Sesamum indicum L.). Food
Chem., 91:79-83.


http://apps.fao.org/default.htm

