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Abstract Osteoporosis is a disease of the bone caused majorly by vitamin D deficiency, low calcium, bad eating habits,
lack of oestrogen etc. Fortified diets had been used in the treatment of clinical disorders such as this. This study investigated
the effect of sprouting on formulation of preventive diets for osteoporosis from sorghum and soyabeans flour blends. The
sorghum and soyabeans were sprouted separately for five days. Sprouts with maximum nutrient were obtained and milled
into flours. Sorghum flour was supplemented with 0, 10, 20, 30 and 40% soyabeans respectively. Proximate analysis of the
samples showed that supplementation increased the crude protein, fat, ash, crude fibre and moisture contents of the blends
significantly (p<0.05) from (10.98+0.01% -23.01+0.01° %), (3.28+0.01% - 10.02+0.04° %), (8.78+0.01% - 10.82+0.01° %),
(1.06+0.02%- 4.01£0.01° %), (10.99+0.02% -12.72+0.01° %) respectively while carbohydrate decreased significantly (p<0.05)
from (64.04+0.02° - 39.21+0.01% %). Supplementation of 10% and 40% increased total amino acid (TAA) significantly
(p<0.05) from (54.46+0.02*" 64.45+0.01° g/100g), total essential amino acid (TEAA) increased significantly (p<0.05) from
(20.49+0.09% - 26.28+0.01° g/100g) same trend was observed for total non-essential amino acid (TNEAA) as it increased
significantly (p<0.05) from (29.97+0.01%-39.19+0.04°) tryptophan was the limiting essential amino acid (0.79+0.01°) while
glutamic acid was the most abundant amino acid with the value (10.88+0.03°%). Generally, soya beans improved sorghum
quality and food formulated from the blends may serve as a potential diet for the prevention of osteoporaosis.
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bone mass and leads to osteoporosis. Chronic VD deficiency
leads to osteomalacia [4]. Therefore, maintaining adequate
diet and intake of calcium and vitamin D is important in
maintaining bone mass density as Vitamin D enhances
intestinal absorption of calcium and phosphate. Calcium is
an essential nutrient that is necessary for many functions in
human health. Calcium is the most abundant mineral in the
body with 99% found in teeth and bone. Research has also
shown that adequate calcium intake can reduce the risk of
fractures, osteoporosis, and diabetes in some populations [5].

However, Low concentrations of vitamin D are associated
with impaired calcium absorption, a negative calcium
balance, and a compensatory rise in parathyroid hormone
(PTH), which results in excessive bone resorption [6].
Prevention of vitamin D deficiency (VDD) which in turn
leads to calcium imbalance remains a health priority globally

1. Introduction

Osteoporosis is a bone disease characterized by low bone
mass and low bone mineral density (BMD), which leads
to a high frequency of bone fragility and fractures [1]. The
mass of skeletal bone is influenced by a number of factors
majorly extrinsic (nutrition, exercise) and endogenous
(genes, metabolic hormones) factors [2]. several therapeutic
treatments have been designed to prevent or treat bone loss in
patients suffering from osteopenia. Adequate nutrition has
also been alluded as a key treatment for osteoporosis as
nutrition plays an important role in bone health, and there is
an increasing interest in dietary nutrients which influence
bone metabolism and health such as Ca and VD [3].

Reduced dietary intake of Ca is associated with reduced

* Corresponding author: [7]

enemalij@yahoo.com (Enemali Ojochenemi JohnPaul)
Received: Jun. 7, 2022; Accepted: Jun. 27, 2022; Published: Jul. 15, 2022
Published online at http://journal.sapub.org/food

Food fortification and supplementation with Vit D is
considered one of the most cost-effective strategies to
combat and address VDD. Supplementation with Vit D is
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also effective to address VDD [7], but this requires close
control of the dose due to potential toxicity, resulting in
hypercalcemia and hypercalciuria [8].

Studies have equally shown that oestrogen has a protective
role against osteoporosis. Soybeans have been linked to
many health benefits and its rich in protein and many
vitamins and minerals. It is also rich in phytoestrogens
known as isoflavones. Phytoestrogens are isoflavones, which
are plant-derived phenolic chemicals with estrogenic action.
Soybeans and soy products are high in protein and are the
richest sources of phytoestrogen compounds in human diet.
In addition, soy isoflavones can produce estrogen-like
activity in the body by mimicking the effects of natural
estrogen [9].

Sorghum is one of the indigenous staples used in addition
to other food sources in diet formulation. it is known to be
rich in phenolic compounds with appreciable anti-oxidant
properties. The starch from sorghum is also good in weight
control, hence perfect staple for astronauts intending space
mission.

Sprouting is a physical modification method used to
enhance the quality of food. It is the process by which seeds
or spores are induced to germinate or put out shoots mainly
for the purpose of consumption or commercialization.
Earlier studies have shown that sprouted foods play
protective role in the body [10].

One of the major obstacles to long-term space missions
is the threat of severe bone loss in astronauts. In the
microgravity environment of space, astronauts lose on
average 1% to 2% of their bone mineral density every month.
For a short-duration flight. On a long-duration space flight,
such as those planned for missions to Mars and beyond, bone
loss can be a serious impediment. This loss may not hinder
astronauts while they are in orbit, but upon return to Earth,
their weakened bones will be fragile and at an increased risk
of fractures [11].

2. Materials and Methods

2.1. Sample Collection and Preparation

Sample collection

Sorghum and Soya bean seeds were purchased from
Lokoja international market Lokoja, Kogi State of Nigeria.

Sample Preparation

The seeds were hand picked to remove extraneous
materials. Sorghum and soyabeans were soaked separately
in water for 6 and 8 hrs to enable the seeds sprout. After
soaking, the seeds were sprouted in trays covered with
aluminium foils and water was sprinkled on the seeds at
intervals to keep seeds wet, thereby providing an enabling
environment to achieve sprouts [12]. Maximum sprouts were
achieved for sorghum on day 3 while soyabeans attained full
sprout on day 4 respectively. Samples were dried and milled
into a fine powder using an electric mill.

2.2. Reagents and Chemicals

All chemicals and reagents used were of analytical grade
produced by British Drug House (BDH) Limited, England
and Sigma Aldrich Chemical Company Incorporation,
Milwaukee, Wisconson. USA.

2.3. Proximate Analysis

Proximate nutrient determination Moisture, ash, crude
protein, crude fat and crude fibre were determined by
standard methods [13]. Total percentage carbohydrate
was determined by the difference method [14]. The method
involved addition of the total values of the different
parameters (crude protein, crude fat, crude fibre, moisture
and ash) elements of the sample and subtracting it from 100.
The value obtained was the percentage carbohydrate
constituent of the sample [15].

2.4. Amino Acid Analysis

The sorghum and soyabeans' amino acid profile was
analyzed using the Technicon sequential MultiSample
Amino Acid Analyzer (TSM) according to the method
described by [16].

2.5. Dietary Formulation

Five experimental diets were formulated using the method
described by [17].
2.6. Data Analysis

Statistical Package for Social Sciences (SPSS) version 21
was used to conduct a statistical analysis on the triplicate
value of the data obtained. Using the Duncan Multiple
Range Test (DMRT) with a confidence level of p 0.05,
analysis of variance (ANOVA) was employed to determine
the degree of significance.

3. Results and Discussion

Results

Sprouted sorghum

Sprouted soyabeans

Plate 1. photograph of sprouted sorghum and soyabeans

Table 1. shows the nutrient composition of sorghum
supplemented with sprouted soyabean flour.
The proximate composition of sprouted sorghum flour
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supplemented with 0-40% sprouted soyabeans flour
is presented in Table 1. The results showed that
supplementation of sprouted sorghum with sprouted
soyabeans flour increased the crude protein, fat, ash, crude
fibre and moisture contents of the blends significantly
(p<0.05) from (10.98+0.01* -23.01+0.01° %) for crude
protein, fat (3.28+0.01* - 10.02+0.04° %) crude fibre
(8.78+0.01% - 10.82+0.01° %) ash (1.06+0.02% - 4.01+0.01° %)
and moisture (10.99+0.02% -12.72+0.01° %) respectively
while carbohydrate decreased significantly (p<0.05) from
(64.04+0.02°- 39.21+0.01% %). The enhancement in nutrient
composition of the blend upon incorporation of sprouted
soyabeans flour into sprouted sorghum flour (Table 1) is in
agreement with the reports of [17] that incorporation of
sprouted soyabeans to nixtamalized maize influenced the
nutrient composition of the blends positively. The reason
for the notable increase in the protein content obtained
for the blends in the present study can be hinged on
supplementation with soyabeans which is a legume. This
is supported by the reports of [18] that legumes are
outstanding source of protein with reduced fats which
makes it better options used in food fortification when
compared with animal protein that is embedded with
fats. In the same vein, ash, fat, fibre and moisture were
increased upon supplementation. The increase in ash upon
supplementation with sprouted soya beans suggests that the
diet is rich in minerals, as ash is a measure of the mineral
content of food. The rich mineral content in the diet will be
advantageous in the maintenance of healthy bones by
astronauts who go on long space mission. This is supported
by the reports of [19] that nutrition is imperative in the
attainment and sustenance of optimum bone mass, as well as
preventing this enervating disease. The amount of ash
content reported in this study for the blends is higher than
that reported by [20] for sorghum diet enriched with
Bambara nut. The reason for the higher value in this study
is due to the richer protein content of soyabeans when
compared with Bambara nut. Fibre in food helps in bowel
movement, prevents constipation and encourages healthy
gut microbiota [21]. Consequently, Dietary fibre have been
implicated to be beneficial to bone health by increasing
mineral absorption and retention due to fermentation in the
lower gut and solubilization of minerals [22].

The amount reported in this study suggests that the
formulated diet will help in bowel movement and will
enhance availability of fat-soluble vitamins when consumed.
Fat in food usually contribute appreciable energy to the
body and also play a very key role as carriers of fat-soluble
vitamins [23]. The consistent decrease in carbohydrate upon
supplementation is predictable as several findings have
alluded to this trend. Bintu and other workers had reported
decrease in carbohydrate while Bambara and cowpea
were used to supplement some cereals. A decrease in
carbohydrate was equally admitted by Baba and co-workers
when ground nut was used to supplement some cereal-based
food. Nevertheless, the carbohydrate content obtained in the

present study corroborates with the recommended dietary
allowance (RDA) reported by [24].

The amino acid profile of sprouted sorghum supplemented
with 0-40% sprouted soyabean flour is presented in Table 2.
The result has shown that supplementation of the sprouted
sorghum with sprouted soya beans increased both the
essential and non-essential amino acids significantly
(p<0.05). Total amino acid and total essential amino acid for
100% sprouted sorghum were (54.46+0.02* g/ 100g) and
(20.49+0.09% g/100g) protein correspondingly.

Supplementation of 10% and 40% increased TAA
significantly (p<0.05) from (54.46£0.02° = 64.45+0.01°
g/100g), TEAA increased significantly (p<0.05) from
(20.49+0.09% - 26.28+0.01° g/100g) same trend was observed
for TNEAA as it increased significantly (p<0.05) from
(29.97+0.01%* -39.19+0.04°) tryptophan was the limiting
essential amino acid (0.79+0.01°) while glutamic acid was
the most abundant amino acid with the value (10.88+0.03°).
Methionine, tryptophan and threonine were increased via
supplementation.

The increase obtained in the total amino acid and
essential amino acid is due to the supplementation with
soybeans that is richer in protein and amino acids. This is
in agreement with the work of [25]. who reported an
increase in the amino acid composition of pearl millet
supplementation with soyabeans protein. Furthermore, the
elevated amino acid profile confirms earlier report by [26]
who attained higher amino acid profile after supplementing
sorghum with soyabeans flour. The total amino acid
reported in this study (64.45+0.01°g/100g) is in the range
reported by [27] for recommended dietary allowance
(RDA). Protein quality of a food sample is usually based on
amino acid content of the food [28]. This translates to the
essential amino acid present in the food sample. The
presence of the nine standard essential amino acids in
soybeans and sorghum blend obtained in the present study
portrays the high quality of the formulated diet. Limiting
amino acids are said to be maintenance and growth
determinant because these two features are limited or
regulated by the amount of essential amino acid available in
the diet. The amount obtained for the limiting amino acid in
this study is adequate for a standard diet.

Methionine and cysteine are two sulphur containing
amino acids that are critical to the functioning of biological
systems. This is because the sulphur contained in their R-
group is expedient in the synthesis of macromolecules.
Methionine is renowned to be the typical initiator of protein
synthesis and when incorporated in proteins exhibit
hydrophobic properties [29]. On the other hand, cysteine
is very vital due to its ability to form disulphide bond
which are responsible for the formation of protein structures
and can occur in the presence and absence of enzyme
interactions [30,31]. Glutamic acid which was most
abundant compared to other amino acid is in conformity with
the earlier findings of [32] who recorded same for diets
formulated from sorghum and Bambara nut.
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Table 1. Nutrient composition of sprouted sorghum flour and soya flour blend (dry matter basis)

Blending ratios Parameters Crude Fibre  Carbohydrate Moisture
SSGF:SSBF Crude Fat (%) (%) (%) Ash (%) (%)
Protein (%)
100:00:00 10.98+0.01° 3.28+0.01°  8.78+0.01° 64.04+0.02° 1.06£0.02°  10.99+0.02%
90:10:00 12.08+010° 5.58+0.02° 8.92+0.01° 58.04+0.03¢ 2.00+0.01°  11.32+0.01°
80:20:00 16.08+0.01° 6.78+0.04° 9.02+0.01° 51.85+0.01° 2.88+0.01°  11.72+0.02°
70:30:00 19.00+0.03¢ 8.18+0.01° 9.92+0.01¢ 45.4+0.01° 3.68+0.01°  12.11+0.01°
60:40:00 23.01+0.01°  10.02+0.04°  10.82+0.01° 39.21+0.01*  4.01£0.01°  12.72+0.01°

Values are means + SD (standard deviation) of triplicate determinations. Means on the same column with different superscripts are
significantly different at P = 0. 05. SSGF = sprouted sorghum flour; SSBF = sprouted soybean flour.

Table 2. Amino acid Analysis

Amino acid 100:00:00 90:10:00 80:20:00 70:30:00 60:40:00
Leucine 1.210.01° 1.91+0.01° 1.98+0.01° 2.43£0.01° 2.51£0.01°
Lysine 2.61%0.01° 2.89+0.06" 3.13+0.01° 3.34+0.01° 3.57+0.03°
Isoleucine 4.82+0.01° 4.99+0.01° 5.13+0.01° 5.35+0.06" 5.4740.01°
Phenylalanine 3.17£0.02° 3.33£0.01° 3.42+0.04° 3.58+0.01° 3.65£0.02°
Tryptophan 0.53+0.01° 0.58+0.03" 0.62+0.01° 0.74%0.01° 0.79+0.01°
Valine 2.86+0.01° 2.96+0.02° 3.1240.01° 3.16+0.03° 3.18+0.01°
Methionine 0.84£0.03° 0.91£0.01° 0.93+0.03° 1.00+0.01° 1.23+0.04°
Proline 0.90+0.01° 1.01+0.01° 1.2240.01° 1.52+0.01° 1.71+0.01°
Arginine 3.92£0.01° 4.02£0.03° 4.07£0.01° 4.10£0.02° 5.13£0.01°
Tyrosine 2.6240.02° 2.69+0.01° 2.72+0.02° 2.8740.01° 2.9240.03°
Histidine 1.79+0.01° 1.91+0.01° 2.14+0.01° 2.42+0.01° 2.64£0.01°
Cysteine 0.95+0.01° 1.23%0.05° 1.56+0.01° 1.74%0.01° 2.99+0.02°
Alanine 2.29+0.01° 2.44+0.01° 2.71+0.02° 2.95+0.06° 3.14£0.01°
Glutamic Acid 9.06+0.02° 10.21£0.01° 10.44£0.01° 10.62+0.01° 10.88+0.03°
Glycine 2.39+0.01° 2.57+0.04° 2.72+0.01° 2.89+0.01° 3.1540.01°
Threonine 2.75£0.02° 2.98+0.01° 3.07£0.03° 3.20£0.02° 3.29+0.02°
Aspartic Acid 4.88+0.01° 4.99+0.01° 5.18+0.01° 5.33+0.01° 5.7240.01°
Serine 3.01£0.01° 3.21+0.02° 3.25+0.01° 3.440.01° 3.62+0.03°
TAA 54.46£0.02° 54.66x0.01° 57.43£0.02" 59.54+0.04° 64.45£0.01°
TEAA 20.49+0.09% 21.8240.01° 24.4620.01° 25.16£0.01° 26.28+0.01°
TNEAA 29.97+0.01° 32.28+0.03" 33.8020.01° 35.39£0.01° 39.19+0.04°
TEAA/TNEAA 0.69+0.01° 0.68+0.01° 0.72+0.03° 0.72+0.02° 0.68+0.01°

Values are means + SD (standard deviation) of duplicate determinations. Means on the same row with different superscripts are
significantly different at P =0 .05. TAA = total amino acids. TEAA = total essential amino acid; SSGF = Sprouted sorghum flour;

SSBF = sprouted soybean flour.
4. Conclusions

In this study, it was found that supplementation of
sorghum with soyabeans protein enhanced the general
quality of the formulated diets with increase in soyabeans
content. furthermore, the blend was found to contain the nine
essential amino acids. This suggests that the formulated diet
was a standard diet and be serve as a potential diet in the
prevention of osteoporosis.

5. Recommendations

It is recommended that further investigations are needed
on formulated diets from sorghum and soyabeans such as

phytoestrogen, antinutrients, vitamins etc in furtherance of
the viability of the diets. In the same vein, other staples such
as rice, millets, beans etc can be investigated. Also, the use of
animal model to check toxicity, biochemical parameters,
haematological indices etc are required.
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