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INTRODUCTION

ABSTRACT

Background: Maize is known to be one of the major cereals used as indigenous
breakfast meal and for infant weaning. It is high in carbohydrate with limited
protein content and deficient in lysine. There is a need to complement its nutri-
tional attributes with the inclusion of sesame seed flour known to be rich source
of protein, fat and some essential minerals to maximize adequate nutrition and
minimize mal nutrition that could result from the deficiency of these essential
nutrients.

Objectives: The physicochemical properties of maize starch complemented with
defatted sesame seed flour were investigated.

Methods: Maize grains and sesame seed were processed into starch and flour
respectively. The ratio of maize starch to sesame seed flour was 90:10, 85:15,
with 100% maize starch as control and 100% maize flour as control. The samples
were evaluated for proximate, mineral and functional properties using standard
analytical procedure.

Results: The proximate composition varies significantly (P<0.05).The moisture
content was in the range of (9.25 to 12.0%), protein (10.58 to 21.70%), crude
fiber (0.50 to 3.0%), fat content(1.75 to 10.0%), ash content (1.35 to 3.45%) and
carbohydrate (50.55 to 72.67%).The mineral composition shows no significant
difference (P<0.05). Copper was in the range of (0.29 to 0.33 mg/100g), potassi-
um (2.08 to 2.13 mg/100g), sodium (3.67 to 3.72 mg/100g), magnesium (0.77 to
0.84 mg/100g) and manganese (1.47 to 1.54 mg/100g). Most of functional prop-
erties investigated show no significant difference (P<0.05). Bulk density was in
the range of (0.62 to 0.64g/ml), swelling power (4.75 to 8.56 g/ml), water absorp-
tion capacity (1.8 to 3.0 g/g), oil absorption capacity (1.35 to 1.70 g/g) and gela-
tion capacity (8.20 to 11.90%).

Conclusion: The inclusion of defatted sesame seed flour to maize starch during
processing can significantly improve proximate, mineral and the functionality of
the blends.
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Maize is one of the most popular cereals in
the world providing nutrients for humans and ani-
mals (FAO, 1992). African continent produces
about 65% of maize in the world with Nigeria being
the largest producer in Africa followed by South
Africa. Nigeria produces about 8 million tons of
maize annually with states like Niger, Taraba, Ka-
duna and Adamawa and Plateau State leading in the
production (FAO, 1992). Maize is high in carbohy-
drate, limited in both quality and quantity of pro-
tein; it contains vitamin B, vitamin C and some oth-
er minerals as well as a good source of dietary fiber
(Pandaya and Srivivasan, 2012). They are used in
the formulation of animal feed and industrial raw
material such as starches, acids and alcohols (Zhang
et al.,2012). It is widely used for the preparation of
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corn starch, corn syrup, corn oil dextrose, corn
flakes, gluten, grain cake, lactic acid and ace-
tone used by various industries such as textile,
foundry, fermentation and food industries
(Zhang et al., 2012). Common foods prepared
from maize include akamu, agidi, kokoro, abari,
tuwo, kunu, masa (Okoruwa, 1997).

Maize has various health benefits such as
improvement of joint motility, it contain B-
complex which are good for proper digestion
(Sen et al., 2006). The presence of vitamin A,
C, and K as well as beta-carotene and selenium
in maize help to improve the functioning of the
thyroid gland and boost the immune system
(Sen et al., 2006). Maize contain some essential
fatty acid, especially linoleic acid in maize oil
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that plays an important role in diet by maintaining
blood pressure, regulating blood cholesterol level
and preventing cardiovascular maladies (Sen et al.,
2006). Maize is an important source of various phy-
tochemicals that plays a significant role in our health
(Kopsell et al., 2009).

Sesame seed (Sesamum indicum) is known
to be one of the most ancient oilseeds crop known to
mankind, it is a cash crop produced in Nigeria in
four leading states of Taraba, Jigawa, Nasarawa, and
Benue (Naturland, 2002). Its color varies from
cream-white to charcoal-black with others like yel-
low, red or brown (Naturland, 2002). Sesame seed
plays an important role in human nutrition as they
are rich source of protein, high in tryptophan and
methionine, low in carbohydrate, cholesterol free, its
oil are good sources of omega-6 fatty acids, flavo-
noid, phenolic anti-oxidant, vitamins and dietary fi-
ber with potent anti-cancer and other health promot-
ing properties (El Khier ez al., 2008).

Sesame seed contains health benefiting com-
ponents like minerals, antioxidants and vitamins that
are essential for wellness and with positive effects
on human health (Brochani et al., 2010). They are
abundant in B-complex vitamins such as niacin, fo-
lic acid, thiamin, pyridoxine and riboflavin. The
seeds are also good source of many essential miner-
als such as calcium, iron, manganese, zinc, magnesi-
um, selenium and copper in sufficient quantities. In
Nigeria, the seeds are consumed fresh, dried, fried or
when blended with sugar (Fariku et al, 2007). In
Nigeria, industrial processing and utilization of sesa-
me have not been fully developed (Fariku et al.,
2007). However, the product is locally processed
and utilized in various forms in the states where the
crop is cultivated. Principal among the products are:
“Kantun Ridi” and “Kunun Ridi” (Fariku et al.,
2007). At the local level, oil is also extracted from
the seed and the cake is made into “Kulikuli” which
together with the leaves are used to prepare local
soup known as “MiyarTaushe”. The oil can be used
locally for cooking as well as for medicinal purposes
(Fariku et al., 2007). The objective of this study is to
determine the proximate, mineral and functional
properties of blends of maize starch and sesame seed
flour.

MATERIALS AND METHODS

Sources of material

Maize and sesame seed (Sesamum indicum)
were purchased from Kure Market Minna, Niger
State, Nigeria.
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Sample preparation

Preparation of maize starch

Maize was processed according to the meth-
od described by Akingbala et al., (1981).The
maize grains were cleaned manually and sorted
to remove husks, stems, damaged as well as dis-
colored grains achieved through winnowing,
hand picking and washing with clean water. The
sorted grains were thereafter steeped in water at
room temperature for 48 h and wet milled. The
slurry was filtered through 80mm mesh screen
and the filtrate allowed to sediment for 12 h, res-
lurried twice, and decanted. The starch cake was
oven dried at 55°C for 8 h, milled after drying
and sieved through 0.35mm mesh screen to get
fine starch powder fig 1.

Preparation of sesame seed flour

The sesame seed flour was processed accord-
ing to the procedure outlined by (Giami and
Isichei, 1999). Sesame seeds were cleaned, sort-
ed, washed, and dried. Drying was done at 45°C
for 30 min and allowed to cool after which the
seed was milled to get sesame seed flour. The
milled sesame seed flour was defatted using N-
hexane in a soxhlet extractor. Five (5g) of the
sesame seed flour was weighed into a filter paper
and the filter paper containing the weighed flour
was placed into the Soxhlet extractor. The N-
hexane was filled into a fat free round bottom
flask up to */;0f the volume of the flask; the
soxhlet apparatus was assembled and allowed to
reflux for 6h with heating mantle (KDM 1000)
adjusted to 60 -70°C. The filter paper was re-
moved from solvent extractor and the defatted
flour was collected. The deffated sesame seed
flour was air dried at room temperature, and
milled to get finer particle size. The milled sesa-
me flour was sieved to removed lumps and make
the particle sizes uniform Fig 2.
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Fig 2: Flowchart for the production of Sesame

tion of maize starch (Akingbala seed flour (Apolo, 2001) (Modified)

et al., 1981) (Modified).

Table 1: Blends formulation of maize starch and sesame seed flour

100.0% (A)

90:10% (B) 85:15% (©)

Maize starch (g) 100
Sesame seed flour (g) 0

85
15

*100% maize starch as control sample

Formulation of blends

Three different samples of maize and sesame
seed flour were formulated as follows 90:10, 85:15
and 100% maize as control sample (Table 1).

Sample analyses

Moisture content, ash content, protein con-
tent, fibre content and content were determined us-
ing the method described AOAC (2005). The miner-
al composition was determined using the method
described by Onwuka (2005). The bulk density of
the sample were determined by the method de-
scribed by Okaka and Porter (1999), The water and

oil absorption capacities was determined by the
method of Okezie and Bello (1988), gelation ca-
pacity and swelling power were determined by
the method described by Onwuka, (2005).

Statistical analysis

All experiments were carried out in triplicate.
Data obtained were subjected to one-way analy-
sis of variance (ANOVA) while Duncan's multi-
ple range tests were conducted to separate the
means. These were done using the Statistical
Package for the Social Scientists (SPSS version
16.0). Significance level was accepted at 5%.
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RESULTS AND DISCUSSION

Proximate composition of maize starch and
defatted sesame seed flour is presented in Table 2.
Moisture content of the samples shows a significant
difference (P<0.05) with samples with sesame seed
flour having the least values. This could be attribut-
ed to the fact that addition of sesame seed flour in-
creases the fat content of the samples thereby reduc-
ing the moisture content (Malomo, 2012). The pro-
tein content of the samples was found to have in-
creased significantly (P<0.05) with an increase in
addition of sesame seed flour. This is probably due
to the fact that sesame seed is a good source of pro-
tein (Alobo, 2001). Sesame seed protein is known to
have a good balance of amino acid with a chemical
score of 62% and a net protein utilization of 54%
(Alobo, 2001). There was a significant increase
(P<0.05) in the fibre content with an increasing ad-
dition of sesame seed flour. This could be because
sesame 1s a rich source of fibre (Lasekan, 1996).

The significant increase (P<0.05) observed
in the fat content of the samples containing sesame
seed flour might be due to the fact that sesame seed
is an oil seed despite the fact that it has been defat-
ted (Olayanju et al., 2006). The ash content in-
creased significantly (P<0.05) with an increase in
the inclusion of sesame seed flour (Sanni et al.,
2008). Ash is important in determining the total
mineral composition in foods since it is an organic
residue remaining after the water and organic matter
are removed by application of heat (Sanni et al.,
2008). The carbohydrate content was found to have
decreased significantly (P<0.05) in the samples with
sesame seed flour. This is due to the fact that sesame
seed is a rich source of protein (Lasekan, 1996).

There was significant increase (P<0.05 ) in
the mineral content of the samples with an increase
in the inclusion of sesame seed flour as shown in
Table 3. This is probably due to the fact that sesame
seed is a good source of mineral (Obiajunwe et al.,
2005). The seeds are incredibly rich sources of
many essential minerals which include phosphorus,
sodium, and magnesium in concentrated amounts.

Most of these minerals have vital role in
bone mineralization, red blood cell production, en-
zyme synthesis, hormone production as well as reg-
ulation of cardiac and skeletal muscle activities
(Tunde et al., 2012). Mineral elements play vital
role in metabolic processes; this includes regulation
of muscle contractions, transmitting of impulses,
bone formation, maintenance of osmotic pressure,
acid-base balance, absorption of glucose e.t.c (Peters
et al., 2016). Potassium is essential and it has an

important role in synthesizing amino acid and
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protein (Oshodi ef al., 1999).

The result of the functional properties of
maize starch and sesame seed flour is presented
in Table 4. There was no significant difference
(P<0.05 ) in the bulk density of the samples.
However, the sample with the highest percent-
age of sesame seed flour was found to have the
least value for bulk density. Low bulk density is
an advantage in complementary food formula-
tion (Akpata and Akubor, 1999). Infant diet
ought to be low in dietary bulk because of the
capacity of their gastric system which may not
be able to handle bulkier foods. Bulk density
promotes easy digestibility of food particularly
for children with immature digestive system
(Gopaldas et al., 1992). There was significant
difference (P<0.05 ) in the water absorption ca-
pacity of the samples with the sample containing
sesame seed flour recording higher value. This
could be as a result of high presence of more hy-
drophilic carbohydrate with good water retention
capacity (Ocheme and Chinma, 2008). Water
absorption capacity is an index of the maximum
amount of water it can absorb and retain as well
as increases digestibility of food (Ijarotimi and
Keshinor, 2012). Excessive water absorption
capacity has tendency to make food deteriorate
and eventual spoilage (Ocheme et al., 2010).

The oil absorption capacity shows a signif-
icant decrease (P<0.05) with addition of sesame
seed flour. These findings were in contrast to the
observation of Walde et al, (2005) which report-
ed that lower protein content could lead to lower
oil absorption capacity due to the lipophilic ten-
dency. High oil absorption capacity enhances
flavor and mouth feel of flour when used in food
preparation (Balogun and Olatidoye, 2010). The
swelling power shows a significant decrease
(P<0.05) with inclusion of sesame seed flour.
This observation is in agreement with Zubair
and Osundahunsi (2016) who reported that the
higher the fat content of sample, the lower will
be its ability to swell. Swelling power is the
amount of water a food sample will absorb and
swell within a given temperature and time
(Zubair and Osundahunsi, 2016). The swelling
power of flour granules is an indication of the
extent of associative forces within the granules
(Malomo, 2012). The higher the value of swell-
ing power, the higher the associative force
(Malomo, 2012). Fat may complex with starch
and limit swelling (Zobel, 1984). There was a
significant reduction (P<0.05) in the gelation
capacity of the sample with inclusion of sesame
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seed flour. This is probably due to the fact that sesa-
me seed been high in oil reduce the ability of the
flour to form gel (Zobel, 1984). Gelation is an im-
portant functional property of food sample as it af-
fects the textural properties of food. Hence, it is re-
quired for food system use as a thickening and gel-
ling agent (Zobel, 1984).

CONCLUSION

The study shows that complementing maize
starch with sesame seed flour in infant food

formulation significantly improves the nutrition-
al composition as well as its functionality during
processing. However, percentage inclusion of
not more than 5 % in order to control the fat con-
tent level may be recommended.

Table 2: Proximate composition of maize starch and defatted sesame seed flour

Samples

Parameters (%) A B C
Moisture content ~ 12.00°+ 1.13 10.10°+0.14 11.00%+1.41
Crude protein 16.24°+2.74 19.26%+1.78 21.70°+0.99
Crude fiber 0.5°+0.00 2.25%+1.06 3.00°+ 0.57
Fat content 1.75°40.35 7.75°+1.06 10.00°+0.00
Ash content 1.35°+0.49 2.00°+0.00 3.45%+0.57
Carbohydrate 68.11°+2.39 56.94°+0.76 50.55°+0.92

Values are mean + standard deviation of duplicate determination. Mean in the same row fol-
lowed by different superscript are significantly different (P<0.05).

Table 3: Mineral composition of maize starch and defatted sesame seed flour

Samples

Parameters A B C
(mg/100g)

Copper 0.29°+0.01 0.32%4+0.03 0.33%+0.04
Potassium 2.08°+0.01 2.11°+0.04 2.13%+0.05
Sodium 3.67°+0.02 3.70°+0.03 3.72°+0.06
Magnesium 0.79°+0.01 0.80°+0.02 0.84°+0.04
Manganese 1.50°+0.01 1.51°£0.02 1.54°+0.04

Values are mean + standard deviation of duplicate determination. Mean in the same row followed by different

superscript are significantly different (P<0.05)

Table 4: Functional composition of maize starch and defatted sesame flour

Samples
Parameters A B C
BD (g/ml) 0.63%+0.04 0.64°+0.03 0.62+0.06
WAC (g/g) 1.80°+0.28 3.0%40.03 2.4+0.06
OAC (g/g) 1.48°+01.00 1.40°+0.21 1.35°+0.20
SP  (g/ml) 5.79°+0.43 5.58%+0.28 475°42.18
GC (%) 11.90°+0.14 8.20°%+0.28 8.70°+0.14

Values are mean =+ standard deviation of duplicate determination. Mean in the same row followed by different superscript are significantly
different (P<0.05); A = 100% maize starch, B =90% maizestarch and 10% Sesame seed flour, C =85% maize starch and 15% Sesame seed flour; BD =
Bulk density, WAC = Water absorption capacity, OAC = Oil absorption capacity, SP = Swelling power, GC = Gelation capacity

Anchor University Journal of Science and Tecnology Vol. 1, No 1, June 2020

Zubair et al. 65



REFERENCES

Akingbala, J.O., Rooney, K.W., Faubion, J.M.
(1981). A Laboratory Procedure for the
preparation of ogi ;A Nigerian Fermented
Food. Food Science and Technology 45(5).

Akpata, M.1., Akubor, P.I. (1999). Chemical Com
position and Selected Functional Properties
of Sweet Orange (Citrus sinensis) Seed
Flour. Plant Food Human Nutrition

Alobo, A.P. (2001). Effect of sesame seed on millet
biscuit characteristics. Plant for Food Hu-

man Nutrition 56:195-200.

AOAC (2005). Association of Official Analytical
Chemists, Official Method of Analysis.

Apolo, A. P. (2001). Effect of sesame seed on millet
biscuit characteristic. Plant food for
human nutrition. 56: 195-202.

Balogun,I.O. and Olatidoye, O.P.(2001).Functional
properties of dehulled and undehulled velvet
beans flour. Journal of Biological Science
and bioconversation, 2:1-10.

Borchani, C.,Besbes, S.,Blecker, C. H., Attia, H.
(2010). Chemical Characteristics and Oxida-
tive Stability of Sesame Seed, Sesame Paste,
and Olive Oils. Journal ofAgriculture, Sci-
ence and. Technology. 12: 585-596.

El-Khier, M. K. S., Ishag, K.E.A., and Yagoub,
A.E.A. (2008). Chemical Composition and
OilCharacteristics of Sesame Seed Cultivars
Grown in Sudan. Research Journal of Agri-
culture and Biological Sciences, 4(6): 761-766.

Fariku, S.,Ndonya, A.E.; Bitrus, P. Y. (2007). Biofu-
el characteristics of beniseed (Sesanum
indicum) Oil. African Journal of Biotechnol-
ogy Vol. 6 (21), pp. 2442-2443.

FAO/WHO, (1992). Energy protein requirement.
Report of of a joint FAO/WHO expert con-
sultation. WHO Tech. series No.74:86-98.

Giami, S.Y and Isichei, J. (1999). Preparation and
properties of flour and protein concentrate
from raw, fermented seeds. Plant foods for
Human Nutrition 454, 67-77.

Gopaldas, T., John, C. (1992). Evaluation of a con-
trolled 6 months feeding trail on intake by
infant and toddlers fed high energy low bulk
gruel versus high energy-high bulk density
gruel in addition to their habitual home diet.
Journal of tropical pediatrics38:278-283.

[jarotimi,O.S and Keshinor, O.0.
(2012).Formulation and nutritional quality
of infant formula produced from popcorn,
bambara groundnut and African locust beans
flour. Journal of microbiology, Biochemistry
and, Food Science (16):1358-1388.

Anchor University Journal of Science and Tecnology Vol. 1, No 1, June 2020

Kopsell, D.A., Armel, G.R., Muller, T.C.,
Sams,C.C.,Deyton, D. E., McElroy, J.S.,
and Kopesell,D.E. (2009).Increase in
nutritionally important sweet corn kernel
carotenoid following mesotrine and atra-
zine applications. Journal of agricultur-
al and food chemistry,57,6362-6368.

Lasekan, O.0. (1996).Effect of germination on
amylase activities and rheologcal prop-
erties of sorghum and acha rains.Journal
of Food Science and Technology, 33:329
-331.

Malomo, O.,0gunmoyela,
0.A.B.,Adekoyeni,0.0,Jimoh O,, Olu-
wajoba, S.0.,Sobawnwa, M.O. (2012).
Rheological and functional properties of
soy poundo yam flour. International
Journal of Food Science and Nutrition.
2(6):101-107.

Naturland. (2002). Organic farming in the Trop-
ics and Subtropics: Sesame.

Obiajunwa, E.I., Adebiyi, F.M.,Omode, P.E.
(2005). Determination of essential min-
erals and trace elements in Nigerian ses-
ame seeds using TXRF technique. Paki-
stan Journal of Nutrition4 (6)393-395.

Ocheme, O.B., and Chinma, C.E.,(2008). Effect
of soaking and germination on some
physicochemical properties of millet
flour for porridge production. Journal of
food Technology,6(5);185-188.

Ocheme,O.B, Oloyede,0.0, and Mikalu, E.G.
(2010). Effect of lime soaking and cook
ing (nixtamilization) on the proximate,
functional and some anti-nutritional
properties of millet flour. Assumption
University Journal of Technology.14
(2):131-138.

Ogazl, P.O. (1984). Plantain production, pro
cessing and utilization. Paman Associate
Publication, Oxford London, U.K, Edin
bomgh Melbourne, Aust - 566.

Okaka, J. C.; Porter, N.N. (1999). Physico-
chemical and Functional Properties of
Cowpea flour. Journal of Food Sci-
ence.

Okezie, B.O., Bello, A.B. (1988).
"Physicochemical and Functional Proper
- ties of Wing Bean Flour and Isolate
Compared with Soy Isolate". Journal of
Food Science 43, 450-454.

Zubair et al. 66



Okoruwa, A.E. (1997) Utilization and processing of
maize.IITA Research Guide No.35.1ITA,

Onwuka, G. L. (2005). Food Analysis and Instru-
mentation, Theory Practice. Naphali Print,
Lagos Nigeria.

Oshodi, A.J.L., Ogungenle, H.N., Oladimeji, N.O.
(1999).Chemical composition, nutritionally
valuable minerals and functional properties
of benniseed, pearl millet and quinoa flours.
International Journal of Food Science and
Nutrition. 50;35-36.

Pandya,T.S., Srinivasan, R. (2012).Effect of ham-
mer mill retention screen size on fibersepa-
ration from corn flour using the Elusive pro-
cess. Industry crops products,35:37 -43

Peters, H.,Mgbang, J.E., Essien, N.A.,Ikpeme, C.E.
(2016). Nutritional Evaluation of Breadfruit
and Beniseed Composite Flours. American

Journal of Food Science and Technology,
2016, Vol. 4, No. 6, 182-187

Sanni, S.A., Adebowale, A.A., Olayiwola, O.I. and
Maxiya-Dixon, B. (2008). Chemical compo-
sition and pasting properties of iron fortified
maize flour. Journal of food, Agriculture
and Environment, 4:74-78.

Tunde-Akintunde, T. Y., Oke, M. O., and
Akintunde, B. O. (2012). Sesame seed. In
oilseeds. Intech Open.

Walde, S.G., Tummal, J., Lakshminarayan, S.M.
and Balaraman, M. (2005).The effect of rice
flour on pasting and particle size distribu-
tion of green gran
(phaseolusradiate, LWilezek) dried.

Zhang, B., Ciu, D., Liu, M., Gong, H., Huang, Y.H.
(2012).Corn porous starch; prepara-
tion,charachterization and adsorption prop-
erty. International Journal of Biology. Mac-
ro molecules, 50:250-256.

Zobel, H.F. (1984). Composition and functional
properties of soyabeans and bambara
groundnut flours. International journal of
Food Science and Nutrition.47:27-33.

Zubair, A.B. and Osundahunsi, O.F. (2016). Effect
of steeping period on the physicochemical

and pasting properties of sorghum starch. Ap

plied Tropical Agriculture. 21(3): 12-18.

Anchor University Journal of Science and Tecnology Vol. 1, No 1, June 2020

Zubair et al.

67



