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Functional and Proximate Composition of Sorghum Starch Complemented with
Germinated Moringa Seed Flour

ABSTRACT

The effect of complementing sorghum starch with moringa seed flour on the functional and
proximate composition of the blends was investigated. Sorghum grains were processed in to
starch and moringa seed processed to flour. The following blends were formulated; 100:0%,
97.5:2.5%, 95:5% and 92.5:7.5% for sorghum starch and moringa seed flour respectively.
The samples were analyzed for functional properties and proximate. composition using
standard analytical procedure. Bulk density was in the range of 0.57g/ml to 0.63g/ml,
swelling index was in the range of 8.06g/ml to 9.12g/ml, water absorption capacity was in the
range of 1.60g/ml to 1.75 g/ml, oil absorption capacity was in the range of 1.00 g/ml to 1.30
g/ml, least gelation concentration was in the range of 8% to 10%.Moisture content was in the
range of 7.2% to 8.8%, fat content ranged from 9.25% to 12.25%. Fibre content was in the
range of 3.01% to 3.2%. Ash content was in the range of 0.55% to 1.00%. Protein content
was in the range 0f6.34% to 12.15%. Carbohydrate content was in the range of 66.70% to
72.10%. Proximate composition parameters such as the fat content, protein content, ash
content, fibre content, carbohydrate content increasedsignificantly(P<0.05)with an
increasing percentage inclusion of moringa seed flour while the moisture content showed a
significant decrease (P<0.05). The functional properties parameters varied with inclusion of
moringa seed flour, bulk density increasedwhile water and oil absorption capacities, swelling
index and least gelation reducedwith ingreasing percentage inclusion of moringa seed flour.
However, it was only swelling index that showeda significant decrease (P<0.05). The study
shows that inclusion of meringa seed flour to sorghum starch significantly improvedthe
proximate composition and functional properties of the blends.
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INTRODUCTION

Sorghum is.one of the essential crops in Africa, and the fifth most important cereal crop
grown in the world especially in northern part of Nigeria (Zubair and Osundahunsi, 2016).
Nigeria is the largest producer of sorghum in West Africa and it accounted for about 70% of
the total sorghum output in the region (Zubair and Osundahunsi, 2016).Sorghum can be
processed into a variety of traditional foods including fermented and non-fermented products
such as unleavened bread, porridge, cookies, cakes, cereal extracts, malted alcoholic and non-
alcoholic beverages, 'tuwo’, ‘akamu’, 'kunu’, ‘ingera’, 'kisra' and 'koko' (Ajeigbe et al.,

2018).Sorghum is generally high in carbohydrate, low in quantity and quality protein that is



limiting in lysine, threonine, methionine and tryptophan (Sanni et al., 2013).The germ
fraction of sorghum is rich in minerals, protein and lipids as well as B-group vitamins:
thiamine, niacin and riboflavin (Mrema et al., 2020).

Moringa is an underutilized plant; the whole seeds can be eaten green, roasted or powdered
and steamed in tea and curries (Abiodun et al., 2012). Moringa seed contains nutritional
profile of important minerals, as well as good source of protein, vitamins, beta-carotene,
amino acids and various phenolic compounds (Anjorin et al., 2010). With the aforementioned
nutritional profile, blending sorghum powder with moringa seed flour will increase the
nutritional potential of the final product (Anjorin et al., 2010). Moringa leaf can be eaten
fresh or prepared similar to spinach and it contains over three times the amount of iron and
vitamin A found in spinach as well as four times the amount of calcium found in cow's
milk(Adejumo et al., 2013). Malnutrition in its various forms (kwashiorkor, beriberi, anemia,
and scurvy) is a major factor in high rates of infant: mortality, for instance, in West Africa; the
choice of product to combat malnutrition must comply with certain criteria: accessibility,
availability in the market, low cost, ease of preparation, general acceptance, and ease of
cultivation and a product that can solves the problem in a lasting way might well be moringa
(Chinma et al., 2014).

Complementary foods play an important role in child growth and development because it
complements both nutritional and developmental needs of the infant when breast milk alone
is no lenger sufficient for the child (Temesgen et al., 2013). Good quality weaning food must
have high nutrient,bulk density, low viscosity, and appropriate texture along with high
energy, protein, micronutrient contents and consistency that allows easy consumption (Singh
et al., 2014). Serious public health challenges may occur due to deficiency in essential
macronutrient and micro nutrients in infant’s food leading to malnutritionlike marasmus or

kwashiorkor among children especially in developing country (Ayo et al., 2011). Protein



energy malnutrition (PEM) is the most lethal form of malnutrition commonly prevalent
during the crucial transitional phase when children are weaned from breast milk to semi
solids or fully adult foods. In view of this nutritional problem, several strategies have been
used to formulate weaning food through a combination of locally available food materials
that complement each other in such a way as to create a new pattern of essential nutrients that
provide the recommended daily allowance for infants. Hence, the need for the study.

MATERIALS AND METHODS

Sorghum grains and Moringa seed were purchased from Kure Ultra Modern Market, Minna,
Niger State, Nigeria. All chemicals used were of analytical grade. All analyses were carried
out at Food Processing Laboratory, Department of Food Science and, Technology, Federal

University of Technology, Minna, Niger State.

Sample preparation

Preparation of sorghum starch

Sorghum starch was prepared using the method described by Zubair and Osundahunsi (2016)
with slight modification. Five hundred gram (5009) of sorghum was cleaned by winnowing to
remove chaffs and other light contaminants, washed in a bucket of water during which the
bad seed is floated and skimmed off. The cleaned sorghum is then soaked in a bucket
containing distilled water and steeped for 48 h at room temperature. The steep water was
discarded and soaked grain drained and thereafter wet-milled using a Kenwood chef grinder.
The slurry was then sieved through a muslin cloth to remove the over tails which were
discarded. The over tails were further washed off with 600 ml of distilled water. The slurry
was allowed to stand for 48h to settle down and to promote the fermentation process at room
temperature. The souring water was decanted from the sediments and the fermented slurry

obtained was collected into a muslin cloth and hand squeezed to reduce the moisture content



in order to facilitate the drying process. The semi-wet slurry was dried at temperature of 60°C
for 8h. The dried slurry is then dry milled and sieved through 250 mm aperture. The resultant
starch powder was cooled, packaged in airtight low-density polyethylene bags and stored
under ambient condition

Preparation of germinated moringa seed flour

Moringa seeds were processed according to the method described by ljarotimi et al. (2013)
with slight modification. The seeds were sorted, washed and soaked in.water for 12 h after
which the water was drained and the seeds were spread on perforated trays lined with wet
cloth and covered with another wet cloth. The seeds were allowed to.germinate (sprout) at
room temperature 27 + 2°C for a period of 72 h. The germinated seeds were picked carefully
with the sprouts, washed, dehulled, oven dried at 80°C for 9 h using cabinet drier and dry
milled. It was then sieved through 250 mm aperture and packaged in airtight containers and

stored under ambient conditionand formulated as shown in table 1.

Tablel. Blend formulation of sorghumand moringa seed flour

Samples Sorghum starch (%)Moringa seed flour (%)
A 100.00

B 975 2.5

C“. 95.05.0

D 92.5 7.5

Sample analyses
Determination of functional properties

The bulk density of the sample, water and oil absorption capacities, gelation capacity and

swelling power were determined by the method described by ljarotimi et al. (2013).



Determination of proximate composition

Moisture content, ash content, protein content, fibre content,fat content and carbohydrate
content were determined using the method described by AOAC (2019).

Statistical Analysis

All experiments were carried out in triplicate and data obtained were subjected to analysis of
variance (ANOVA) and the means were separated by lowest standard deviation test (SPSS
version 16). Significant level was accepted at 5%.

RESULTS AND DISCUSSION

Result of the functional property as presented in table 2 showed thatthe bulk density
increased significantly (p<0.05) with an increase in the<percentage of inclusion of moringa
seed flour with the sample having the highest percentage inclusion recording the highest
value of 0.63 g/ml and the control sample having the lowest value of 0.57 g/ml. This could be
as a result of the fact that moringa seedis rich in fibre:as shown in the fibre content of the
samplein table 3. Bulk density is as the ratio of flour weight to the volume in gram per
mills.The value of the bulk density is close to the value of 0.54-0.71 g/ml reported by
ljarotimiet al.(2013) for a weaning food from sorghum. The value is also in line with the
value range of 0.58-0.61g/ml reported by Jude-ojei et al. (2017) for maize-ogi supplemented
with fermented meoringa seed flour. The bulk density of flour samples influencedthe amount
and strength. of packaging material, energy density, texture, and mouth feel (Chinmaet al.,
2014).. Nutritionally, low bulk density promotes easy digestibility of food products,
particularly among children with immature digestive system(Zubair and Osundahunsi, 2016).
Swelling capacity of food gives an indication of increase in the volume upon absorption of
water. It is an important parameter that enhances the acceptability of the final product.
TheSwelling index recorded a significant decrease (p<0.05) as the percentage inclusion of

moringa seed flour increases. Thisobserved decrease in the swelling power may be as a result



of disruption of hydrogen atom inherent in the seed by amylases and proteases into sugars
and amino acids as reported by Oloyede et al.(2015). A flour product with high swelling
capacity has comparative advantages over those with low swelling capacity as the volume of
the final product with high swelling capacity is of good economic advantage (Oloyede et al.,
2015). No significant difference (P>0.05) was observed in the water absorption capacity of
all the samplesbutthe sample with 2.5% inclusion of moringa seed flour showeda higher
value than other samples. The result range (1.6 ml/g -1.75 ml/g) is different from the value
4.15g/ml reported by (Simwakaet al., 2017) for sorghum starch. This difference could be as a
result of processing condition. Water absorption capacity of the control was higher than the
other samples except for sample B which has the highest. This.result against what was
reported by (Simwaka et al., 2017) in water absorption capacity of 4.15ml/g of fermented
Sorghum supplemented with amaranth in effect of fermentation on physicochemical and
antinutritional factors of complementary foods from millet, sorghum, pumpkin and amaranth
seed flours. This could be due to the decrease in.amount of carbohydrates (starch) and fibre in
this flour. Water absorption index plays an important role in the food preparation as it
influences other functional and sensory properties (Sreerama et al., 2012). It is a critical
function of protein.in various food products like soups, dough and baked products (Sreerama
et al., 2012). The water absorption capacity of flour is useful in determining the suitability of
the material.in bakery purposes (Singh et al., 2012). Lower water absorption capacity is
desirable for.making gruels as this will help to increase the energy density and nutrient
content of infant food (Singh et al., 2012). Oil absorption capacity is an important functional
property as it is attributed to the physical entrapment of oil which is considered important as
flour retainer and improves the mouth feel of food products (Jude-ojeiet al., 2017). There was
no significant difference (P>0.05) between oil absorption capacity of the control sample and

the samples with inclusion of moringa seed flour. Although the control sample and the



sample with 2.5% moringa seed flour have the highest value. Flour from seeds and legumes
that have oil absorption capacity of more than 6.00% have been reported to perform well in
the formulation of meat extenders, bakery and weaning products (Jude-ojei et al., 2017). The
least gelation capacity of sample with moringa seed flour was found to be significantly
(P<0.05) higher than the control sample. Least gelation concentration is an index of gelation.
According to Chinmaet al. (2014) gels are characterized by their viscosity, plasticity and
elasticity and the higher the least gelation concentration, the lower is the ability of the flour to
form a stable gel. The results show that sample B and C formed a stable gel than sample A
and control and such product will serves as a good binder and provide consistency in food
preparation such as semi-solid beverages like kunun-zaki (Chinma et al., 2014). The result
was in agreement with Jude-ojei et al., (2017) that reported value of 5.67-15.33% for maize
starch supplemented with fermented moringa Seed flour. However, high least gelation
concentration observed in control samples are desirableas Arawande et al., (2010) reported
that high least gelation concentration will lead to reduction in viscosity which therefore leads
to increase in nutrient density and. low dietary bulk which is highly favorable for a good

weaning diets.

The moisture .content. of the sample reduces with an increasing quantity of inclusion of
moringa seed flouras shown in table 3. This is indication that the flour blend can be stored for
a longer time without spoilage. Low moisture content in complementary foods is very
important to prevent nutrient losses and ensure adequate shelf life of the product as the
removal of moisture generally increases concentration of nutrients and make some nutrients
more available (Abiodun et al., 2012). The range of the moisture content (7.20 to 8.80%) is in
line with protein advisory group of United Nation that recommended that moisture content of

flour should not exceed 10% in order to keep a floury product for a reasonably long time



(Abiodun et al., 2012). The higher moisture content observed in the control sample was

probably due to somevariation in processing techniques.

The fat content recorded a significantly (P<0.05) higher values with an increase in percentage
inclusion seed flour than the control sample. This might be due to the fact that moringa seed
is an oil seed (Jimoh et al., 2017). High fat content is nutritionally advantageous because it
can increase the energy level of a diet, however, it reduce the shelf life and stability of the
food product during storage since unsaturated oils are vulnerable to oxidative rancidity

(Adebayo et al., 2012).

There was no significant difference (P<0.05) in the fibre content of all the samples. Although,
the sample with the highest percentage of inclusion-of:moringa seed flour (7.5%) recorded
the highest value of fibre content (3.20%). The result obtained:was in line with the findings of
Jimoh et al., (2017) that reported a value range of 1.65% to 7.94% for some selected sorghum
cultivars. The fibre contents of the samples were also in line with the recommended value of
less than 5% specified by the (FSSAI, 2011).-Weaning food with low fibre content is very
important as this would €nable children to consume food that is more nutrient-dense and to
meet the daily energy and other vital nutrient requirements (ljarotimi et al., 2013). Children
are expected to have lower dietary fiber intakes than adults, with the recommended amount
proportional:to body weight (ljarotimi et al., 2013). Possible undesirable aspects of high fiber
levels in weaning foods include increased bulk and lower caloric density, irritation of the gut
mucosa, ‘and adverse effects on the efficiency of absorption of various nutrients of
significance in diets with marginal nutrient content(ljarotimi et al., 2013). Diet high in fibre
content has been reported to impair protein and mineral digestion and absorption in human

(Bean et al., 2103).



The protein content of all the samples that contain moringa seed flour was significantly
higher than the control sample. This might be due to the fact that moringa seed is a good
source of protein as reported by ljarotimi et al. (2013). The value obtained 6.34% to 12.15%
is in the range of not more than 15% recommended by (WHO, 2011). Chinma et al, (2014)
reported that germination and fermentation improves the protein content and quality of food
products. Theimprovement in protein content during germination of the seeds may be
attributed to the net synthesis of enzymic protein by the germinating seeds (Chinma et al.,
2014). The ash content of the control sample (0.55%) was the lowest while sample B has the
highest value of (1.0%). These values are lower than the value reported by Abiodunet al.
(2012)who reported value range of 1.01% - 1.56% for<sorghumstarch. The level of ash in

food is an important nutritional indicator of minerals density Abiodun et al. (2012).

The carbohydrates content value range of 66.70%-72.10%:agrees with the result 65.15%-
76.28% reported by Jimoh et al. (2017) for.sorghum starch and also fall within the value
range of 68.81%-69.65 as reported by (Abiodun et al., 2012).Carbohydrate contributes to the
bulk of energy of the sample which makes it high energy food and ideal for the growth of
growing infants (Jimoh et al. (2017). The calories in an infant diet are provided by the
protein, fat and carbohydrate which are major components of complementary foods that help
to meet the energy requirement of growing infants and insufficient level of any of these may

lead to malnutrition (Jimoh et al. (2017).



Table 2. Functional properties of sorghum and moringa seed flour

Parameters A B C D

Bulk density (g/ml)0.57°0.02  0.61%+0.01  0.58+0.01  0.63%+0.00
Swelling index (9/g)9.12%£0.04 8.43°+0.11 8.25°+0.07 8.06°+0.02

Water absorption capacity (ml/g) 1.70%+0.281.75%+0.3 1.60%+.0.28  1.60%+0.28
QOil absorption capacity (ml/g) 1.30%+0.14  1.30°+0.14 1.10°+0.14 1.00%+0.00

Least gelation (%) 10.00%0.00  9.00%0.00 8.00°40.00  8.00°+0.00

Values are mean * standard deviation of duplicate determination. Mean in the same row
followed by different superscript are significantly different (P<0.05). A= control (100%
sorghum starch), B= 97.5% sorghum starch and 2.5% moringa seed flour, C= 95% sorghum
starch and 5% moringa seed flour, D = 92.5% sorghum starch and 7.5% moringa seed flour

Table 3. Proximate composition of sorghum and moringa seed flour

Parameters (%)A B C D

Moisture content8.80°+0.00 7.50°%0.14  7.30°+0.14  7.20°+0.00
Fat content9.25°+1.06 . 10.25%+0.35 10,75°+0.35  12.25%0.35

Fibre content3.01%+0.08 -~ 3.05+0.06 3.16%+0.85 3.20%+0.11
Protein content6.34%+0.20 @ 8.70°+0.07 11.28°+0.14 12.15%+0.14
Ash content0.55%+0.07 1.00%+0.00 0.63°+0.42 0.69°+0.01

Carbohydrate content72.10%0.75  67.64°+0.57 66.76°+0.36 66.70°+0.60

Values are mean * standard deviation of duplicate determination. Mean in the same row
followed by different superscript are significantly different (P<0.05). A= control (100%
sorghum starch), B= 97.5% sorghum starch and 2.5% moringa seed flour, C= 95% sorghum
starch and 5% moringa seed flour, D = 92.5% sorghum starch and 7.5% moringa seed flour



CONCLUSION

The study showedthat the addition of moringa seed flour to sorghum starch improve the
functionality as well as some nutritional characteristics as shown in the protein, fat, ash and
fibre content of the sample. Increases in the protein and fat contentwill help in reducing the
incidence of protein energy malnutrition. The moisture content was also found to reduce
significantly with addition of moringa seed flour hence, improvement in shelf life stability.

Addition of moringa seed flour to staple food is hereby recommended.
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