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ABSTRACT

Proximate and Phytochemical Properties of Weaning Food from Flour Blends of Millet (Pennisetum glaucum) and Lyon Bean (Mucuna cochinchinensis).
The formulated samples were analyzed for proximate and phytochemical properties. Moisture content ranged from 4.00% (Nutrend) to 10.41% (Diet 1),
with significant differences (p < 0.05) among samples. Crude protein was highest in Diet 2 (24.75%) and lowest in Diet 3 (10.51%). Nutrend exhibited the
highest energy value (400.07 Kcal/100g), crude fibre (4.93%), and carbohydrate (63.79%), but lowest tannins (0.03 mg/100g), oxalates (0.0 mg/100g), and
phenols (0.00%). Anti-nutrients (trypsin inhibitor, phytate) were generally low, with significant differences (p < 0.05) among samples. Overall, Nutrend
exhibited superior nutritional and safety profiles, while formulated diets showed potential for optimization.
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Introduction

Chronic malnutrition remains a persistent problem for young
children in sub-Saharan Africa [1]. Children in developing
countries are the most vulnerable and most affected by
malnutrition. The World Health Organization (WHO)
recommends exclusive breastfeeding for the first six months
of life. Then, from 6 months to 2 years of age, the addition
of complementary foods (known as complementary weaning
foods) is coupled with continuous breastfeeding [2]. During this
period, it is necessary to feed the child with liquid or semi-liquid
food to complement the mother’s milk [3]. These complement
foods should bring, in balanced proportion, major nutrients such
as proteins, lipids and carbohydrates.

In most parts of Africa, the traditional weaning food which
supplements breast-feeding are gruels, watery suspension
cereals such as millet, maize, rice, sorghum and other available.
Previous studies showed that millet has several potential health
benefits, partly attributed to its polyphenol and dietary fiber
contents [4]. Millet could be used as a cheaper source of flour
as compared to other cereals for developing functional foods
[5]. In addition to its nutritional quality and being gluten free,
millet has been reported to have several health benefits such as
prevention of cancer, cardiovascular diseases, reducing tumor
incidence, lowering blood pressure, delaying gastric emptying
and supplying gastro intestinal bulk [6]. However, cereals
have low quality proteins because of their poverty in some

essential amino acids such as lysine and tryptophan [3], which
are indispensable for the child growth and contribute to 45% of
dietary proteins [1]. In this context, supplementation with grain
legumes is a promising strategy to address essential nutrients
deficiency among the children [7].

Lyon beans (Mucuna cochinchinensis), one of the many species
of Mucuna in the family Leguminosae, is an underutilized tropical
legume grown in many parts of the world. It is nutritionally
comparable to other legumes such as soybeans because of
their similar contents of protein, fat and other nutrients [8]. It
contains approximately 28.7% protein, 6.12% ether extract,
3.82% crude fibre, 3.97% ash, 50.3% nitrogen free extract and
4.42kcal/g energy. It is used as a minor food crop in parts of
Nigeria as well as Asia. The need for cheap sources of protein
for developing countries has led many individuals to research
potentials of underutilized legumes to supply valuable nutrients
of which Lyon beans are one but its utilization in food forms
may be hindered as a result of the anti-nutritional factors present
in the plant. These anti-nutritional factors have been reported
to interfere with nutrient absorption and also cause a reduction
in nutrient intake, digestion and utilization [8]. Consumption of
food containing anti-nutritional factors may cause some specific
symptoms in the human body such as nausea, rashes, bloating,
and nutritional deficiencies among others [9]. In order to improve
the nutritional content and reduce the anti-nutrient contents of
Mucuna species, some common processing methods have been
used such as soaking in portable water, heating in water, alkaline
or acid solutions at elevated temperatures, germination, roasting,
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dehulling and fermentation [10]. Therefore, this study was
aimed at formulating weaning foods from flour blends of millet
and lyon bean as an alternative to traditional complementary
foods. The proximate and phytochemical compositions of the
flour blends were evaluated to ascertain their nutritional quality
as weaning foods.

Materials and Methods

Sources of Raw Materials

Pearl millet (Pennisetum glaucum) and lyon bean (Mucuna
cochinchinensis) and other ingredients such as sucrose, crayfish
and bone meal were purchased from Umuahia main market.

Sample Preparation

Lyon bean was sorted to separate the healthy ones from the bad
ones weighed and washed with clean running water to remove
debris. The sample was boiled at 100°C for 90 min, dehulled,
dried at 65°C before milling and sieved into flour while the pearl
millet were weighed, winnowed, washed, air dried, roasted at
80°C for 10 min, milled and sieved into flour.

Formulation of the Composite Flour

Four different experimental diet samples were formulated with a

total of 100 g per diet.

* D, = Control diet nutrend

* D, = Equal proportion of millet and Iyon bean flours

* D, = Higher proportion of Iyon bean flour and lower
proportion of millet flour

* D, = Lower proportion of lyon bean flour and higher

proportion of millet flour

Table 1: Formulation of Different Experimental Diet Samples

Sample | Millet | Lyon Crayfish | Sucrose | Bone meal
bean

D1 45 45 3.25 3.75

D2 30 60 3.25 3.75

D3 60 30 3.25 3.75

Determination of Proximate Composition

Moisture, crude protein, fat, ash, Crude fiber, carbohydrate and
energy value contents of the grounded rice varieties were all
determined using the method described by AOAC [11,12].

WI-wW3 100 |

W2-Wwi1i 1 T

%%Moisture = (1)
Where: W, = weight of empty dish, W, = weight of dish and
sample before drying, W, = weight of dish and sample after
drying

. wWa-wil 100
Ypash = ML, 100 @)
Where: W, = weight of empty crucible, W, = weight of

crucible+sample before ashing, W, =
sample after ashing

weight of crucible +

0pFat = W2-Wwi1 ¥

: 3

Where: W = weight of sample, W = weight of flask, W, = weight
of flask and oil extracted
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Where: W = weight of sample, W = weight of crucible + residue
after drying, W, = weight of crucible + sample after ashing

% Total Nitrogen = Titre Value x Atomic mass of nitrogen x
Normality of HCI used x 4....(5). Therefore, the crude protein
content w determined by multiplying percentage Nitrogen by a
conversion factor of 6.25 i.e. % crude protein = % N x 6.25.

The Percentage of Carbohydrate Content was Obtained by
Differential Method as follows:

Carbohydrate (%) = 100 - [%Moisture + % Ash + %Protein +
%Crude fiber + %Fat]...... (6)

The energy value was calculated by multiplying the proportion
of protein, fat and carbohydrate by their respective conversion
factors of 4, 9, and 4 kcal/g respectively and taking the sum of
their products.

The Energy Value was Calculated Thus:
Ev = (% CPx 4) + (% CF x 9) + (% CHO x 4)

Where: Ev = Food energy, CP = Crude protein, CF = Crude fat,
CHO = Carbohydrate

Determination of Phytochemical Properties

Tannins were determined and calculated using the method of
Pearson [13]. Five {5 g} weight of each sample was dispersed
in 50 mL of distilled water, shaken and allowed to stand for
30 minutes at 28 °C before it was filtered through whatman
No.42 grade filter paper. Two {2 mL} volume of each sample
extract was dispensed into a 50 mL volumetric flask and mixed
with 2 mL standard reagent and 2.5 mL of saturated Na2CO3
solution. After mixing, the content of each flask was made up
to 50 mL with distilled water and allowed to incubate at 28 °C
for 90 minutes. The respective absorbance was measured in a
spectrophotometer at wave length of 260 nm. The reagent blank
was used to calibrate the instrument while the absorbance values
of the samples was plotted to determine tannin content against
the weight of the sample. Tannin content was calculated as:

100 C vi
9% Tannin = — X AU X — X C X ——=x D /Va
w AS 1000

W = weight of sample analyzed, AU = Absorbance of the test
sample, AS = Absorbance of the standard solution in mg/ml, C =
Concentration of standard solution in mg/ml, Vf = Total volume
of extract, Va= Volume of extract analyzed, D = Dilution factor.

Phenol was determined using the method of [14]. A known
weight {0.2 g} of the various samples was treated with 10 ml
of concentrated methanol in other to extract the phenol and the
filtrate. The resultant was thoroughly mixed for 30 minutes at
room temperature (28°C). The mixture was then centrifuged at
500rpm for 15 minutes and the supernatant was recovered and
used for the analysis. One {1 mL} of the extant obtained from
each sample was treated with equal volume of folin- ciocalteu’s
reagent. This is followed by the addition of 2 mL of 2 % Na,CO,
solution. The phenol solution was prepared to standard and
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diluted to a desired concentration. One {1 mL} of the standard
solution was also treated with Folin-Denis reagent and Na,CO,
solution.

Two modifications of the trypsin inhibitor assay method of
were used [15]. The defatted samples were suspending in 0.01
M NaOH (0.50 g in 50 ml) with pH adjustment (94-9.6) and
stirring for 3 h using a multiplace stirring table. After extraction,
sample volumes were made up to 100 ml with distilled water, and
further diluted to give 40-60% inhibition of the trypsin standard
when measured in the assay. Freshly prepared N-a-ben- zoyl-
DL-arginine-p-nitroanilide (BAPNA) hydro- chloride solution
(Sigma Chemical Co., St Louis, MO); (0.040 g dissolved in 1 ml
of dimethyl sul- foxide) diluted to 100 ml with prewarmed Tris
(50 mM, pH 8.2 containing 20 mM calcium chloride) was kept
at 37°C. Sigma Type IV bovine trypsin (0.040 g in 2 litres of 1
mM HCI) and 30% acetic acid solutions were prepared weekly.
Triplicate tubes of reagent blank (a), standard (b), samples (c)
and sample blank (d) were prepared using reagent additions and
reaction times as described by Smith et al. (1980) and absorbance
measure- ments were made at 410 nm. Trypsin inhibitor levels
were determined according to the formula: TI (mg pure trypsin
inhibited per g) = (A1 X D)/ (0.019 X 1000 X S or P) where:
D = dilution factor including original 50 ml dilution, Al =
(Absorbanceb-Absorbancea)-(Absorbancec -Absorbanceb), S =
weight of original sample, P = weight of protein in sample, where
a, b, ¢ and d refer to reagent blank, standard, sample and sample
blank respectively and 1ug of pure trypsin = 0.019 absorbance
units at 410 nm.

Phytate (phytic acid) content was measured by the colorimetric
method using Wade’s reagent [16]. The absorbance at 490 nm
was measured using sodium phytate as standard. While oxalate
was determined using the titrimetric method of [17].

Statistical Analysis

All experiments were conducted in triplicate, with results
reported as mean values + standard deviation (SD). Statistical
significance between groups was evaluated using a one way
analysis of variance (ANOVA), followed by Duncan’s Multiple
range test. Differences were considered statistically significant at
p-values < 0.05. These analyses were performed using statistical
software (SPSS version 22).

Results and Discussion

The proximate compositions of roasted millet and lyon bean
flour blends are shown in Tables 2. The moisture contents of
the formulated weaning diet and nutrend ranged from 4.00 to
10.41%. Nutrend had the least value (4.00%) while diet 1 had
the highest value (10.41%). There were significant (p<0.05)
differences among the samples. The moisture content of the
samples vary from the values 3.54 — 6.46% reported by for millet
(Pennisetum glaucum) flours fortified with sesame (Sesamum
indicum) and Moringa (Moringa oleifera) as a weaning food and
1.55—11.08% reported by for smart baby-led weaning foods from
millet, soybean and ripe banana flour blends [18,19]. Moisture
content is very essential for life maintenance and analysis of it
is one of the most widely used instruments which determine the
way the food was processed and its shelf life. It has also been
used as a measure of stability and susceptibility to microbial
contamination. The lower moisture content recorded in flours
showed that the flour would have good shelf stability. According
to, flour with lower moisture have greater shelf stability since
spoilage is often caused by microbial activities and related
chemical reactions that require higher moisture levels [20].

The crude protein contents of the formulated weaning diet and
nutrend ranged from 10.51 to 24.75%. Diet 3 had the least value
(10.51%) while diet 2 had the highest value (24.75%). There
were significant (p<0.05) differences among the samples [21].
The protein content of the samples vary from the values 19.97
— 36.41% reported by for dehulled and undehulled fermented
Lyon bean (Mucuna cochinchinensis) but within the range 4.28 —
25.33 reported by for smart baby-led weaning foods from millet,
soybean and ripe banana flour blends [19]. The high protein
content recorded in diet 2 could be as a result of high protein
content of lyon beans. This similar observation was made in a
research study by [22]. Proteins are essential component of the
diet needed for survival of animals and humans and of which
basic function in nutrition is to supply adequate amounts of
required amino acids [23].

The crude fibre contents of the formulated weaning diet and
nutrend ranged from 2.01 to 4.93%. Diet 3 had the least value
(2.01%) while nutrend had the highest value (4.93%). Nutrend
differ significantly (p<0.05) from other samples [21]. The crude
fibre of the samples vary from the values 0.29 — 4.83% reported
by for dehulled and undehulled fermented Lyon bean (Mucuna
cochinchinensis) and 3.83 — 7.94% reported by for millet
(Pennisetum glaucum) flours fortified with sesame (Sesamum
indicum) and Moringa (Moringa oleifera) as a weaning food
[18]. According to Eromosele and Eromosele, presence of
high crude fibre improves glucose tolerance and is beneficial
in treating maturity on set diabetics [24]. Fibre helps in the
maintenance of human health and has been known to reduce
cholesterol level in the body. Fibre diets promote the wave-like
contraction that moves food through the intestine. High fibre
food expands the inside walls of the colon, easing the passage of
waste, thus making it an effective anti-constipation [24].

The ash contents of the formulated weaning diet and nutrend
ranged from 2.37 to 4.04%. Diet 2 had the least value (2.37%)
while diet 1 had the highest value (4.04%). There were no
significant (p>0.05) differences between nutrend and diet 3. The
moisture content of the samples vary from the values 0.58 —3.14%
reported by for millet (Pennisetum glaucum) flours fortified with
sesame (Sesamum indicum) and Moringa (Moringa oleifera) as
a weaning food and 1.16 —2.83% reported by for smart baby-led
weaning foods from millet, soybean and ripe banana flour blends
[18,19]. This could be as a result of the processing method. Ash
is a non organic compound containing mineral content of food
and nutritionally it aids in the metabolism of other compounds.
The ash content recorded in the composite samples could be a
source of minerals which apart from its nutritional value are good
for good skin and strong bones [25]. The ash content represents
the total mineral content in foods and serves as available tool for
nutritional evaluation [26].

The fat contents of the formulated weaning diet and nutrend
ranged from 8.99 to 10.85%. Nutrend had the least value
(8.99%) while diet 1 had the highest value (10.85%). There were
no significant (p>0.05) differences between nutrend and diet 3.
The fat content of the composite flour samples were higher than
the values 1.20 — 4.56% reported by for rice flour blended with
bambara groundnut flour and 2.04 — 3.50% reported by for flour
blends produced from wheat, unripe plantain and pigeon pea
[27,28]. The high fat content recorded in the samples show that
the composite flour will have high energy products because of
the fat content. Fats and oils provide more than twice as much
energy as the carbohydrate on a weight-weight basis [29]. One
gram of fat or oil will yield about 368 k/cal of energy when
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oxidized in the body. High fat content of the product may not
provide a conducive environment for microbial growth and
activities hence improving the shelf life of the product [30].

The carbohydrate contents of the formulated weaning diet and
nutrend ranged from 49.26 to 63.79%. Diet 1 had the least
value (49.26%) while nutrend had the highest value (63.79%).
There were no significant (p>0.05) differences between diets 1
and 2. The carbohydrate content of the samples vary from the
values 40.85 — 57.82% reported by for dehulled and undehulled
fermented Lyon bean (Mucuna cochinchinensis) and 42.99 —
88.92% reported by for smart baby-led weaning foods from
millet, soybean and ripe banana flour blends [21,19]. The high
carbohydrate content of these samples suggests that the flours
would be a very good source of energy for the body [31]. The
high carbohydrate content of the samples is attributed to the high
carbohydrate content in millet. The total carbohydrate content
indicated that these types of flour are classified as food energy

supplier of nutritive and economical value which could represent
good sources for industrial flour and starch.

The energy value contents of the formulated weaning diet and
nutrend ranged from 385.39 to 400.07 Kcal/100g. Diet 3 had the
least value (385.39 Kcal/100g) while nutrend had the highest
value (400.07 Kcal/100g). Nutrend differ significantly (p<0.05)
from other samples. Nutrend vary (p<0.05) significantly
from other samples in the energy values. This result could be
attributed to the values of protein, carbohydrate, and fat content
of the samples. This is highly desired especially in famine and
war locations where the next meal is not easy to come by. High
energy foods have shown to have protective effect in the optimal
utilization of other nutrients [32]. Energy was observed to be
high for all the samples, so energy content is a parameter used
to determine the quality of food especially for formulation
designed for adults with high energy requirements.

Table 2: Proximate Composition of Formulated Weaning Diet and Nutrend

Parameters Nutrend Diet 1 Diet 2 Diet 3
Moisture (%) 4.004+0.01 9.80°+0.00 9.61°+0.09 10.41+0.03
Crude protein (%) 16.00°+0.01 23.52°+0.08 24.75*+0.03 10.519+0.12
Crude fibre (%) 4.93£0.05 2.51°+0.01 2.37°+£0.05 2.01°+0.03
Ash (%) 2.50°+0.05 4.04+0.13 2.37£0.04 2.66°+0.05
Fat (%) 8.99°+0.01 10.85%+0.09 10.38°+0.04 9.15°£0.21
Carbohydrate (%) 63.79°+0.04 49.26°4£0.16 49.93+0.16 55.25"+0.12
Energy value (Kcal/100g) 400.07°+0.01 388.77°+0.02 392.14°+0.01 385.39°+0.03

Values shows the mean of triplicate analysis and + standard deviation. Figures with different superscript down the row
are significantly different (p<0.05). Nutrend = commercial weaning food, D1 = 45MF:45LBF:3.35C:3.75S:3BM, D2 =
30MF:60LBF:3.35C:3.75S:3BM, D3 = 60MF:30LBF:3.35C:3.75S:3BM, MF = millet flour, LBF = lyon bean flour, C = crayfish, S

= sucrose, BM = bone meal

The Phytochemical properties of roasted millet and lyon bean
flour blends are shown in Tables 3. The tannin contents of the
formulated weaning diet and nutrend ranged from 0.03 to 0.24
mg/100g. Nutrend had the least value (0.03 mg/100g) while
diet 2 had the highest value (0.24 mg/100g). Nutrend differ
significantly (p<0.05) from other samples. The tannin content of
the samples vary from the values 0.13 — 1.49 mg/100g reported
by for weaning food produced from blends of millet, soya beans
and Moringa Oleifera leaf flour but much lower than the values
19.62 — 75.63 mg/100g reported by for millet (Pennisetum
glaucum) flours fortified with sesame (Sesamum indicum) and
Moringa (Moringa oleifera) as a weaning food [33,18]. There
was an increase in the tannin contents of the samples with
increase in lyon bean. This may be that lyon beam contain higher
tannin. The tannin content of flours may have a significant role
in antioxidant activity. They have vasculoprotective, healing and
anti-diarrheal properties. Also, tannins have been considered
to be anti inflammatory, anti-carcinogenic and anti mutagenic
agents [34]. This property attributes to tannins an important and
beneficial nutritional interest in the children nutrition and the
health of people at risk.

The oxalate contents of the formulated weaning diet and
nutrend ranged from 0.07 to 0.22 mg/100g. Nutrend had the
least value (0.07 mg/100g) while diet 1 had the highest value
(0.22 mg/100g). Nutrend differ significantly (p<0.05) from other
samples. The oxalate content of the samples vary from the values
0.33 — 0.95 mg/100g reported by for weaning food produced
from blends of millet, soya beans and Moringa Oleifera leaf

flour and 0.32 — 1.71 mg/100g reported by for dehulled and
undehulled fermented Lyon bean (Mucuna cochinchinensis)
[33,21]. The oxalate content in this study is considered to be
safe as they are below the safe normal range of 4-9 mg/ 100 g for
oxalates as reported by [35].

Phenol contents of the formulated weaning diet and nutrend
ranged from 0.00 to 0.41%. Nutrend had the least value (0.00%)
while diet 2 had the highest value (0.41%). There were no
significant (p>0.05) differences between diet 1 and diet 3. The
phenolic content of the samples were much lower than the values
198.55 — 661.21 mg/100g reported by for millet (Pennisetum
glaucum) flours fortified with sesame (Sesamum indicum) and
Moringa (Moringa oleifera) as a weaning food [18]. There
was an increase in the phenolic content of the samples with
increase in lyon bean. This may be that lyon beam contain higher
phenol. The health properties of phenolic compounds have been
extensively studied from an epidemiological point of view by
studying directly their effect on enzymatic systems and/or on
physiological functions. Phenol and other phytochemicals found
in fruits, vegetables and legumes are bioactive compounds
which are able to neutralize free radicals and that play a role in
several diseases prevention [36].

The trypsin inhibitor of the formulated weaning diet and nutrend
ranged from 0.00 to 0.17 mg/100g. Nutrend had the least
value (0.00 mg/100g) while diet 2 had the highest value (0.17
mg/100g). There were significant (p<0.05) differences among
the samples. The trypsin inhibitor content of the samples were
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slightly higher than the values 0.03 — 0.07 mg/100g reported by
for weaning food produced from blends of millet, soya beans
and Moringa Oleifera leaf flour [33]. There was an increase in
the trypsin inhibitor of the samples with increase in lyon bean.
This may be that lyon beam contain higher trypsin inhibitor.
The low levels of trypsin inhibitor found in this study may be
as a result of the processing methods used such as dehulling
and degradation caused by heat treatment such as boiling and
roasting applied in the processing of the samples [37].

The Phytate contents of the formulated weaning diet and
nutrend ranged from 0.00 to 0.29 mg/100g. Nutrend had the
least value (0.00 mg/100g) while diet 3 had the highest value
(0.29 mg/100g). There were no significant (p>0.05) differences
between diet 1 and diet 3. The phytate content of the samples vary
from the values 0.09 — 0.43 mg/100g reported by for weaning
food produced from blends of millet, soya beans and Moringa

Oleifera leaf flour but lower than the values 1.35—1.97 mg/100g
reported by for dehulled and undehulled fermented Lyon bean
(Mucuna cochinchinensis) and 17.96 — 23.22 mg/100g reported
by for millet (Pennisetum glaucum) flours fortified with sesame
(Sesamum indicum) and Moringa (Moringa oleifera) as a
weaning food [33,21,18]. There was an increase in the phytate
content of the samples with increase in millet. This may be that
millet contains higher phytate content. The phytate content
observed to have decreased in this study is expected to enhance
the bioavailability of proteins and dietary minerals such as iron,
zinc, calcium and magnesium of the weaning food formulations
[37]. Dietary phytate at low levels are said to have beneficial
role as an antioxidant, anticarcinogens and are likely to play
an important role in controlling hypercholesterolemia and
atherosclerosis [38].

Table 3: Phytochemical Properties of Formulated Weaning Diet and Nutrend

Parameters Nutrend Diet 1 Diet 2 Diet 3

Tannin (mg/100g) 0.03b+0.01 0.19a+0.01 0.24a+0.02 0.23a+0.08
Oxalate (mg/100g) 0.07b+0.01 0.22a+0.01 0.14a+0.00 0.16a+0.01
Phenol (mg/100g) 0.00¢+0.00 0.32b+0.08 0.41a+0.01 0.30b+0.08
Trypsin inhibitor (mg/100g) 0.00d+0.00 0.13b+0.01 0.17a+0.02 0.08¢+0.01
Phytate (mg/100g) 0.00¢+0.00 0.25a+0.00 0.13b+0.01 0.29a+0.08

Values shows the mean of triplicate analysis and + standard deviation. Figures with different superscript down the row
are significantly different (p<0.05). Nutrend = commercial weaning food, D1 = 45MF:45LBF:3.35C:3.75S:3BM, D2 =
30MF:60LBF:3.35C:3.75S:3BM, D3 = 60MF:30LBF:3.35C:3.75S:3BM, MF = millet flour, LBF = lyon bean flour, C = crayfish, S

= sucrose, BM = bone meal

Conclusion

The formulated weaning diets (Diet 1, Diet 2, Diet 3)
demonstrated competitive nutritional profiles compared to
Nutrend, with Diet 2 standing out for its high protein content
(24.75%). However, Nutrend excelled in energy value, fibre,
and carbohydrate content, coupled with lower anti-nutrients,
suggesting better safety and digestibility. The significant
variations in proximate and anti-nutrient levels highlight the need
for optimization of ingredient ratios and processing methods to
enhance the nutritional quality of the formulated diets. Further
studies on shelf stability are recommended to inform large-scale
production and commercialization.
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