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Abstract

Flour blends were produced from wheat, unripe banana and pigeon pea. They were formulated
into the ratios (w/w) 100:0:0, 70:10:20, 60:15:25 and 50:20:30, designated as sample A, B, C,
and D respectively. Formulated samples were analysed for their nutritional and functional
properties, and the physical and chemical properties of bread produced from the blends were
also investigated which were compared to 100% wheat flour. There was no significant
difference (P>0.05) in the moisture content among the samples. There was an increase in the
protein and ash contents as unripe banana and pigeon flours were increased. For functional
properties, there was no significant difference (P>0.05) between the formulated samples and
the control (100% wheat) in bulk density. Wettability decreased with increasing addition of
unripe banana and pigeon pea. For the mineral composition, iron and potassium content were
higher in the formulated samples, there was an increase with increasing addition of unripe
banana in iron and potassium contents. The sensory mean scores values showed that in terms
of overall acceptability, bread produced from 100% wheat flour was the most preferred by the
panellists. This study has shown that flour which is higher in protein than the conventional
wheat flour can be produced from wheat, unripe banana and pigeon pea flour. Consumption of
the bread could help to alleviate the problem of protein-energy malnutrition that is still
prevalent in some communities in Nigeria and could also promote the utilization of these crops.
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1. Introduction

Bread is an important staple food in both developing and
developed countries which constitutes one of the most
important sources of nutrients such as carbohydrate, protein,
fibre, vitamins and minerals in the diets of many people
worldwide [1]. It can be described as a fermented
confectionary product produced mainly from wheat flour,
water, yeast and salt by a series of processes involving mixing,
kneading, proofing, shaping and baking [2].

In Nigeria, reliance on wheat flour in the pastry and bakery
industries has over the years restricted the use of other cereals
and tuber crops available to domestic use. Recently,
government has collaborated with the research institutes to
encourage the use of composite flours in the production of
food products such as bread, cookies etc. Several studies have
reported the use of composite flour in bread production [3]. All

these efforts were aimed at improving the nutritional values of
the bread and also to enhance crop utilization.

Wheat (Triticum aestivum) is a common cereal in the world
which plays an important role as global commodity due to its
gluten forming proteins, which are capable of having
extensibility and elasticity required for bakery products and
pasta [4]. Average wheat grain composition is approximately
84% endosperm 13% husk and 2% embryo. Wheat, however
has to be imported to tropical countries where climatic
conditions are not conducive for growing it. This often leads
to loss of huge foreign exchange of the importing countries
like Nigeria. Wheat grains are also relatively low in protein
and generally low in lysine and certain other amino acids, but
these could be complemented with legumes such as pigeon
pea. It is therefore imperative to use wheat and locally, cheap
available crops for baking purposes. The most obvious result
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of such blending is that the mixture is higher in protein than
the cereal component alone. The legumes also improve the
quality of cereal protein by supplementing them with limiting
amino acids such as lysine and sometimes tryptophan and
threonine. On the other hand, legumes which are deficient in
methionine can be supplemented by cereal grains which are
not deficient in the amino acid. The existing problem of food
insecurity and malnutrition and high cost of animal-based food
supplies have made it necessary to incorporate unconventional
protein sources into bread and to enrich the traditional
formulations [5].

Bananas (Musa sapientum) are grown worldwide in tropical
countries and are fourth most important food crop after rice,
wheat and maize [6]. It is a climacteric fruit with short shelf-
life after harvest. Banana fruits are usually traded in the fresh
form and the populations in general have the habit of
consuming only the ripe fruits. High postharvest losses in
quantity and quality are usually encountered due to poor
handling, bulk transportation, rapid ripening and lack of
processing technologies. Processing of fresh banana fruits into
flour is an excellent alternative to minimize postharvest losses
and add value to the product [7]. The flour could be
incorporated into various innovative products such as high
fibre bread [8], slowly digestible cookies [9] and edible films.
Nutritionally, banana flour is a good source of carbohydrate
with high level of resistant starch that may help control blood
sugar, manage weight and lower blood cholesterol [7]. It also
contains minerals and vitamins. Consumption of green
bananas has been reported to have beneficial effects on
diseases such as colorectal cancer, diarrhea, insulin response,
dyslipidaemia, cardiovascular disease and celiac disease [10].

Pigeon pea (Cajanus cajan) is an important underutilized
legume in south- west Nigeria [11], where it is locally known
as otinli. It contains 20%-22% of all essential amino acids
particularly lysine and 18%-35% protein, and therefore
desirable in overcoming the incidence of protein- energy
malnutrition in Nigeria [12]. Pigeon pea is rich in dietary
minerals such as calcium, copper, phosphorus, magnesium,
iron, sulfur, and potassium, and water- soluble vitamins such
as thiamine, ascorbic acid, riboflavin, and niacin [13].
Sukanya and Sopade [14] reported that composite flours from
legumes (such as cowpea, pigeon pea) and unripe banana are
good sources of dietary fiber, and can be used in the
preparation of functional foods product. Consumption of high
fiber food products has been linked to reduction in
hermorrhoids and effective management of diabetes, high
blood pressure, and obesity [15]. Also, addition of legumes to
cereals improves the amino acid balance of the product since
legume and cereal proteins are complemented in the essential
amino acids, lysine and methionine [16].

Wheat flour is the main ingredient used in the production of
bakery products including bread. However, Nigeria does not
produce sufficient quantity of wheat to meet local demand due
to unfavourable climatic conditions. For this reason, wheat is
still imported into the country to augment local production and
this has negative effect on the economy of the country. Also,
consumption of wheat products may trigger celiac disease in
genetically predisposed individuals caused by the gluten in
wheat flour. Despite the reported nutritional and health

Research article

promoting constituents in pigeon pea and unripe banana, both
food crops are underutilized in food formulation and product
development. Both wheat and unripe banana are high in
carbohydrate but low in protein content and quality. Like other
carbohydrates, their proteins are deficient in essential amino
acid, lysine. Regular consumption of carbohydrate-based diets
may lead to protein-energy malnutrition. Also, bread produced
from refined flours are low in dietary fibre and other
constituents of medicinal importance. The supplementation of
wheat with other composite flours from locally grown crops in
the production of bread would serve as alternative means of
diversifying these flours, add value to the products, increase
the utilization of these crops in Nigeria, generate more income
to farmers, reduce the quantity of wheat importation into the
country as well as reduce dependency on wheat for production
of bakery products. Inclusion of pigeon pea flour in the
formulation would enhance the quantity and quality of protein
in the bread. Like most cereals and carbohydrates, wheat and
unripe banana are deficient in essential amino acid lysine.
Hence, the cereals and legume proteins would be
complemented in the essential amino acids, lysine and
methionine. The produced bread would help to alleviate the
problem of protein-energy malnutrition that is prevalent in
most communities in Nigeria. However, with all these
limitations of using refined wheat flour for bread production,
and possible benefits of incorporating unripe banana which is
rich in dietary fibre and pigeon pea which is rich in essential
amino acid; lysine, hence the reason for this research.

2. Materials and Methods

2.1 Procurement of materials

The materials used for this study were wheat flour, unripe
banana and pigeon pea flour. The wheat flour was obtained
from Niger flour mills, Calabar at the point of production.
While pigeon and unripe banana were purchased from watt
market Calabar and processed into flour as shown in figures 1
and 2 respectively.

| Pigeon Pea

l

Cleaning/Sorting

Cooking (100 "C for 20mins)
Dehulling

Draiming

l

Diryving (60 “C for 48 hr)
Mialling
Sieving

Packaging

l

Pigeon Pea Flour |

Figure 1: Production of Pigeon Pea Flour [17]

674


https://doi.org/10.54117/jybw1n27

Available: https://doi.org/10.54117/jybwln27

Unripe Banana

Washing

l

Cutting

l

Blanching {100%C for 10mins)

l

Shcing (1cm thickness)
Drying in the oven (60%C to constant weight)
Milling|

Sieving

Packaging
|

Unripe Banana Flour |

Figure 2: Production of Unripe Banana Flour [4]

Table 1. Sample formulation (%)
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2.2 Methods of experimentation and analyses

Four samples (A, B, C and D) were formulated from wheat,
unripe banana and pigeon pea flours at different ratios as
shown in Table 1.

2.3 Analyses and methods of experiment

The analyses carried out on the formulated flour blends were
proximate composition (carbohydrate, ash, protein, moisture,
crude fibre), functional properties (bulk density, water and oil
absorption capacities, wettability, solubility and swelling
power) and mineral composition (iron, potassium, magnesium,
zinc and manganese). Analyses done on the bread were
physical characteristics of the bread (loaf volume, loaf weight,
specific volume and oven spring) and sensory evaluation
(colour, taste, aroma, texture and overall acceptability).

2.4 Proximate analysis

Moisture, Protein, Fat, Ash and crude fibre contents were
determined using the method described by [18]. While
carbohydrate content on a dry weight basis was determined by
difference using the method of Onwuka [19].

The caloric value was calculated using Atwater factor shown
in Eq. (2).
Caloric value =
carbohydrate x 4

crude protein x 4 + crude fat x 9 +

@)

Samples A B C D
Wheat Flour 100 70 60 50
Unripe Banana Flour 0 10 15 20
Pigeon Pea Flour 0 20 25 30

2.5 Functional properties analysis

Bulk density, water and oil absorption capacities and
wettability of the flours were analyzed according to a method
described by Onwuka [19]. While swelling power and
solubility were determined using the method described by
Pranoto [20] with slight modification.

2.6 Mineral analysis

The mineral compositions (iron, potassium, magnesium, zinc
and manganese) of the samples were analyzed according to the
method of [18].

2.7 Determination of Physical Characteristics of Bread

The oven spring of bread was determined from the difference
in height of the dough just before baking and height of loaf
after baking. Bread loaf volume was measured 50 mins after
the loaves were removed from the oven using the rapeseeds
displacement method as modified by Giami [21].

2.8 Sensory Evaluation of Bread Produced

Sensory characteristics of the coded bread samples was
evaluated for different sensory attributes by fifteen (15) semi-
trained panelists drawn from the Department of Food Science
and Technology, University of Calabar. All the panelists were
briefed before the commencement of the evaluation process.
The following sensory attributes was evaluated: taste, flavour,
colour, texture and overall acceptability. The rating was on a
nine-point hedonic scale ranging from 9 (like extremely) to 1
(dislike extremely) [22].

2.9 Statistical Analysis

All the data were subjected to statistical analysis using
Analysis of Variance (ANOVA). The means were separated
with the use of Duncan New Multiple Range Test (DMRT)
using the Statistical Package for the Social Sciences (SPSS)
23.0 software.

3. Results and Discussion

3.1 Proximate composition of wheat, unripe banana and
pigeon flour blends

The result of the proximate composition of the flour blend is
presented in Table 2. The results showed that there was no
significant difference (P>0.05) in the moisture content. The
moisture content of the composite flour ranged from 8.40 to
9.60% with sample A (control, 100% wheat flour) having the
lowest (8.40%) and sample D having the highest value
(9.60%). The result of the moisture content of the flour
increased with as unripe banana and pigeon pea flour were
added. Moisture content determines to a great extent the
handling of food and its shelf life [23]. It has also been used as
a measure of stability and susceptibility to microbial
contamination. In this study, it shows that the control sample
(A) will have a longer shelf life than the formulated samples
because of its lower moisture content.

The crude protein content of the composite flour ranged from
12.40% to 13.40% with sample A (control) having the least
protein content (12.40%) and sample D having the highest
protein content (13.40%). Protein content increased with
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increasing addition of pigeon pea flour. This could be due to
the higher protein content in pigeon pea flour than in wheat
flour. The crude protein values in this study were within the
values (12.61% - 15.03%) reported by Adeyanju [24] in
cookies from wheat, acha and pigeon pea flour blends. The
high level of protein in the formulated samples indicates the
effect of supplementing flour with legumes. Protein from plant
sources is nevertheless “complete” because they contain at
least trace amounts of amino acids that are essential in human
nutrition, eating various plant foods in combination can
provide a protein of higher biological value [25].

The ash content of the composite flour ranged from 0.40% to
1.30% with sample D having the highest ash content. Sample
A (control) had lowest ash content (0.40%) while sample D
had the highest (1.30%) ash content. The Ash content
increased with increase in unripe banana and pigeon pea flour
addition. The values obtained in this present study were lower
than the values (1.36 — 1.49) reported by [26] for cookies from
wheat, acha and African yam beans flour blends. Ash is an
indication of mineral content in food materials. The high ash
values recorded in this work may be attributed to the
increasing levels of unripe banana and pigeon pea in the
formulations. This is because unripe banana is high in minerals
e.g., potassium and iron [27].

The crude fibre content ranged from 0.75% — 2.00%. Sample
A (control) had the lowest value (0.75%) while sample D had
the highest value (2.00%). There was no significant difference
(P>0.05) among the samples. The fibre content of the blend
increased with increase substitution of unripe banana and
pigeon pea. These values were similar to the values reported
by [26] for cookies from wheat, acha and African yam beans
flour blends. Fibre is needed to assist in digestion and keep the
gastrointestinal tract healthy, it aids in lowering blood
cholesterol levels and slows down the process of absorption of
glucose, thereby helping in blood glucose level control [28]. It
also ensures smooth bowel movements and thus helps in easy

Table 2. Proximate composition of Flour blends (wheat, unripe
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flushing out of waste products from the body, increase satiety
and hence impacts some degree of weight management [29]. It
slows down the release of glucose during digestion, so cells
require less insulin to absorb that glucose. The American
Diabetes Association recommends that people with diabetes
should consume 25 g-50 g of fibre per day [30]. The faecal
bulking action of insoluble fibre makes it useful in the
treatment of constipation and diverticular disease [31].

The fat content of the flour blends significantly (P<0.05)
increased with increasing addition of unripe banana and
pigeon pea flours. The fat content of the flours ranged from
4.00% for sample A (control) to 7.00% for sample D. There
were no significant differences (p>0.05) among the fat content
of the flour blend samples. The values were higher than (16.50
— 20.29%) reported by [32] for cookies from wheat, unripe
banana and pigeon pea flour blends. Fat in food will not only
increase the energy density but is also a transport vehicle for
fat soluble vitamins [33]. Excessive fat intake however may
result to childhood obesity and cardiovascular diseases [34].
Also, high fat content in foods affect the shelf stability of such
food as it could lead to the development of rancid flavour as a
result of auto-oxidation.

The carbohydrate content decreased insignificantly (P>0.05)
among samples as unripe banana and pigeon pea lewvels
increased. The values decreased from 74.00% in the control
sample to 66.70% in sample D. The carbohydrate content in
the samples depended on other parameters since it was
calculated by difference. The caloric (energy) value of the
flour blends ranged from 363.15 to 399.80 (Kcal/100 g).
Sample D had the lowest value (363.15 Kcal/100 g) while
sample B had the highest value (399.80 Kcal/100 g). There
was no significant difference (P>0.05) in the caloric (energy)
value among the samples. The protein, fat and carbohydrate
constituents contributed to the calculated caloric value of the
samples with fat as the major contributor (9 kcal/g) while
protein and carbohydrate have about 4 kcal/g.

banana and pigeon pea) Dry matter.

Parameters Samples
A B C D

Moisture content (%) 8.45+0.782 8.70 + 1.56% 8.60 + 0.00? 9.60 +1.70?
Protein (%) 12.40 £ 0.00° 13.05 +0.078 13.30 £ 0.142 13.40+ 0.142

Ash (%) 0.40 £ 0.00? 1.10+0.142 1.20 £ 0.00% 1.30 £ 0.422

Fibre (%) 0.75+0.35? 1.25+0.35% 1.50 £ 0.00? 2.00 £1.41°

Fat (%) 4.00 * 3.54° 4.75 + 2.47° 5.00 £ 2.127 7.00 £0.717
Carbohydrate (%) 74.00 £ 4.67° 71.15 +1.20° 70.40 = 2.26° 66.70 = 4.38°
Caloric value a a a a
(Kcal/100g) 390.60 +0.42 399.80 +1.83 370.80£23.33 363.15 +5.30

Values are expressed as mean = SD (n=3). Means with different superscripts (a,
B = (70% WF, 10% UBF, 20% PPF)
D = (50% WF, 20% UBF, 30% PPF)

Key: A = (100% WF, 0% UBF, 0% PPF)
C = (60% WF, 15% UBF, 25% PPF)
Where: WF = wheat flour, UBF = unripe banana flour, PPF = pigeon pea flour

3.2 Functional properties of wheat, unripe banana and
pigeon pea flour blends

The result of the functional properties of wheat, unripe banana
and pigeon pea flour blends is presented in Table 3. The result
showed that bulk density ranged from 0.56 g/cm? to 0.61 g/cm®
with sample A having the lowest value (0.56 g/cm3) and
sample D having the highest value (0.61 g/cm®). There was no

b) are significantly different from each other at p<0.05.

significant difference (P>0.05) among the samples analysed.
The result was within the range of values (0.42 — 0.94 g/cm?)
reported by [35] for unripe banana, pigeon pea and sweet
potato composite flour. Also, similar findings (0.77 — 0.81
g/cm?) were reported by [26] for composite flour from wheat,
African yam beans and acha flours. The bulk density of flour
is the density measured without the influence of any
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compression [26]. It is clear that decreased in the proportion of
wheat flour leads to an increase in bulk density of composite
flours. The high bulk density makes the flour suitable for use
in food preparations. Bulk density of composite flours
increased as unripe banana and pigeon pea incorporated with
wheat flour increased.

Water absorption capacity (WAC) varied ranged from 0.20
(9/g) for sample A to 1.40 g/g for sample D. The WAC was
observed to be lowest in the sample A (control) and highest in
sample D. The result indicates that the addition of unripe
banana and pigeon pea flour to wheat flour has effect on the
amount of water absorption. This could be as a result of the
molecular structure of the starch of the grain which prevented
water absorption, as could be seen from the higher values of
WAC, with the increase in proportions of other flours
compared to wheat flours. A similar observation (1.42 g/ml —
1.79 g/ml) was reported by Ubbor et al. [36] for composite
flour from wheat, acha and whole orange fleshed sweet potato
flours. High WAC of composite flours shows that the flours
can be used in the preparation of some foods such as sausage,
dough, processed cheese and other bakery products [26].

There was no significant difference in oil absorption capacity
(OAC) among the samples which ranged from 1.39 (g/g) for
sample D to 1.67 (g/g) for sample A. The lowest OAC was
observed in sample D (1.39 g/g), while the highest value was
observed in sample A (1.67 g/g). [36] reported similar values
(1.46 g/ml — 1.74 g/ml) for composite flour from wheat, acha
and whole orange fleshed sweet potato flours. The presence of
high-fat content in flours might have affected adversely the
OAC of the composite flours. However, the flours in this study
may be potentially useful in the interaction of structural
components in food most especially in flavour retention,
improvement of palatability and extension of shelf life
particularly in bakery or meat products where fat absorption is
desired [37].

Wettability ranged from 74.40 seconds in sample D to 141.90
seconds in sample A This implies that sample D will absorb
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water faster than the rest of the samples. Lower values (0.92 —
1.27 sec.) for wettability was reported by [36] for composite
flour from wheat, acha and whole orange fleshed sweet potato
flours. Wettability is related to the ability of a solid to absorb
liquid, such as water, as it spreads over the surface of the solid
[38]. The variations in wettability values could be attributed to
the polarity of the flour molecules, their contact surfaces and
their porosity [39].

The result of swelling power and solubility of the flour blends
at different temperatures as presented in Table 3 showed that
the swelling power (60°C) ranged from 1.75% in sample A to
2.10% in sample D while the swelling power (70°C, 80°C)
varied insignificantly (P>0.05) from 2.60% and 3.40% in
sample C and D respectively to 2.80% and 4.05% in sample A
respectively. The solubility (60°C, 70°C and 80°C) varied
insignificantly (P>0.05) and ranged from 1.95%, 4.30% and
5.30% for sample A, D and B respectively to 3.65%, 7.60%
and 8.30% B, B and D respectively. Bolaji [40] reported higher
swelling power 60 °C (3.02 —4.49%), 70°C (7.01 —8.43%) and
80°C (8.95 — 10.59) for flour from different varieties of maize.
Swelling is a function of ratio of amylose to amylopectin, the
characteristics of each fraction in terms of molecular weight -
distribution degree length of branching and confirmation [41].
The swelling power of the flours increased with increase in
temperature. The swelling power of the flours at 80 °C had the
highest values. This may have been as a result of fallen
gelatinization temperature of the flours. The swelling pattern
of the flour suggests the level of crystalline packing of the
starch granules [40]. This indicated that the swelling power
granules reflect the extent of the association forces within the
granules. An increase in solubility was also noticed in the
samples as the temperature increased. There was no significant
difference (P>0.05) in solubility of the samples. Solubility of
the samples may be a function of processing and
reconstitution. Higher solubility values [60 °C (0.10 — 0.40%),
70°C (0.06 — 0.30%) and 80 °C (0.05 — 0.20)] were also
reported by Bolaji [40] for flour from different varieties of
maize. The higher the solubility, the more the flours may
reconstitute well in water.

Table 3. Functional Properties of Flour blends (wheat, unripe banana and pigeon pea) Dry matter

Parameters Samples
A B C D
Bulk density (g/cm?) 0.57 £ 0.03? 0.59 £ 0.00? 0.56 +0.01° 0.61 +0.02?
Water absorption capacity 0.20 £ 0.00° 0.60 + 0.00° 1.30£0.142 1.40 £ 0.002
(9/9)
Qil absorption capacity 1.67+0.272 1.58+0.132 1.58 + 0.402 1.39+0.132
(9/9)
Wettability (sec) 141.90 = 10.61° 135.60 + 22.062 129.00 + 0.85? 74.40 + 30.24°
Swelling index  60°% 1.75+0.07%® 1.95 +0.07% 2.05+0.07¢ 2.10 +£0.00?
(%) 70% 2.80 £ 0.85° 2.65 +0.64% 2.60 £0.57¢ 2.60 +0.28°
80°C 4.05+0.21° 3.50 £ 0.14° 3.40 £ 0.28° 3.40 £ 0.28°
Solubility (%)  60°% 1.95+ 1912 3.65 £ 0.49° 2.30 £0.077 2.30%0.00?
70 6.30 £ 2.40° 7.60 £ 4.242 6.30 £ 2.40° 4.30 £ 0.42°
80°c 6.00 £+ 0.00? 5.30 = 0.00? 6.95 + 0.49° 8.30 £1.41°

Values are expressed as mean + SD (n=3). Means with different superscripts (a, b) are significantly different from each other at p<0.05.
Key: A = (100% WF, 0% UBF, 0% PPF); B = (70% WF, 10% UBF, 20% PPF); C = (60% WF, 15% UBF, 25% PPF); D = (50% WF, 20% UBF, 30% PPF)
Where: WF = wheat flour, UBF = unripe banana flour, PPF = pigeon pea flour
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3.3 Mineral composition of wheat, unripe banana and
pigeon pea flour blends

The result of the mineral composition of the flour samples is
presented in Table 4. The result showed that the iron content
ranged from 3.36 to 4.06 mg/100g. The iron content in the
samples significantly (P < 0.05) increased with increasing
substitution of unripe banana and pigeon pea. Sample A
(control) had the lowest content (3.36 mg/100g) and Sample D
recorded the highest value (4.06 mg/100g). The high value in
iron content recorded in sample D could be attributed to the
higher proportion of unripe banana substitution. The results of
this study are comparable to that of [42] (3.46 —5.89 mg/100g)
in biscuits from wheat-sweet potato-soybean composite flour.
Iron contributes to the formation of red blood cells. It also
provides oxygen transport or catalyses electron transfer
reactions, nitrogen fixation for the synthesis of
deoxyribonucleic acid [42].

The potassium content ranged from 0.19mg/100g to
0.85mg/100g. Sample A had the least potassium content 0.19
mg/100g and sample D has the highest potassium content of
0.85 mg/100 g. The potassium content of the flours was lower
than 130.71 mg/100g - 211.76 mg/100g reported by [26] for
cookies from wheat, acha and African yam beans flour blends.
The potassium in this study increase in unripe banana and
pigeon pea substitution. According to [43], potassium intake is
required in relatively large amount in the body because it
functions as an important electrolyte in the nervous system.
Dietary potassium has been shown to exert a powerful, dose
dependent inhibitory effect on sodium sensitivity [43]. Studies
have shown that increasing the potassium intake of
hypertensive rats that were fed high sodium diets lowered
blood pressure, reduced incidence of stroke and stroke-related
death, and prevented cardiac hypertrophy, mesenteric vascular
damage, and renal injury [44].

The manganese content ranged from 0.27 mg/100 g to 0.35
mg/100 g. The manganese content in the samples increased
with pigeon pea and unripe banana substitution. Sample A
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(control) had the highest value (0.35 mg) while sample B had
the lowest value (0.27 mg). The results obtained are lower
compared to those (0.91 — 0.98 mg/100g) reported by [42].
Manganese plays a role in the formation of hormones
including the synthesis of sex hormones and the functioning of
the nervous system [42].

The magnesium content ranged from 4.67 to 4.76 mg/100g.
The magnesium content in the samples also significantly
increased with substitution (P < 0.05) of pigeon pea and unripe
banana. Sample D had the highest value (4.76 mg) while
sample A (control) had the lowest value (4.67 mg). The values
are low compared to 32 — 49 mg/100g obtained by [42] in
biscuits from wheat-sweet potato-soybean composite flour.
Magnesium is necessary for biochemical reactions in the body,
helping to maintain muscle, improving the functioning of the
nerve, maintaining the heart rate, and regulating the blood
sugar [45].

The zinc content ranged from 4.23 mg/100 g in sample D to
4.54 mg/100 g in sample A. Sample A (control) records the
highest content (4.54 mg/100 g), and sample D records the
lowest score (4.23 mg/100 g). The zinc contents were within
the range reported by [1] (2.27 — 6.52mg/100 g) for bread from
wheat, acha and mungbean flour blends. Zinc plays a catalytic
and metabolic role by making the active site of nearly 300
enzymes. It also participates in the storage and release of
insulin, in the secretion of digestive enzymes [46].

Generally, Minerals are essential for the maintenance of the
overall mental physical wellbeing and are important
constituents for the development and maintenance of bones,
teeth, tissues, muscles, blood, and nerve cells. They aid acid
base balance, response of the nerves to physiological
stimulation and blood clotting [47]. The K, Mn and Mg
contents were higher in the composite flours than in the control
sample (A). This could be attributed to the increase in unripe
banana and pigeon pea flour levels.

Table 4. Mineral Content of Wheat, Unripe Banana and Pigeon Pea Flour blends (mg/100g)

Parameters Samples
A B C D
Iron 3.36 £ 0.03* 3.45 +0.02° 3.52+0.02" 4.06 = 0.02°
Potassium 0.19 £0.01°¢ 0.39 £0.01° 0.45 +0.03° 0.85 £ 0.04%
Manganese 0.27 +£0.00¢ 0.35+0.01* 0.32+0.01° 0.34 £ 0.00?
Magnesium 4,67 £0.14° 4.73 £0.14? 4.73 £0.01° 4.76 £ 0.01°
Zinc 4.54 +0.03? 451 +0.01° 4,31 +£0.03 4.23+0.02°

Values are means + SD (standard deviation) of triplicate determinations. Means on the same row with different superscripts are significantly different at

(P<0.05).

Key: A = (100% WF, 0% UBF, 0% PPF), B = (70% WF, 10% UBF, 20% PPF), C = (60% WF, 15% UBF, 25% PPF), D = (50% WF, 20% UBF, 30% PPF)

Where: WF = wheat flour, UBF = unripe banana flour, PPF = pigeon pea flour

3.4 Physical properties of bread made from wheat,
unripe banana and pigeon pea flour blends

The result of the physical properties of bread made from
wheat, unripe banana and pigeon pea flour blends is presented
in Table 5. The result showed that there was no significant
difference (P>0.05) in the loaf weight of the bread among the
samples. The loaf weight values ranged from 313.2 g to 350.80
g. Sample A (control) had the highest value while Sample B
had the lowest value. The loaf weight was higher in the control

sample (100% wheat flour) than in the composite samples. [1]
reported lower loaf weight (243.5 — 271.0g) for bread from
wheat, acha and mung bean composite flour.

The loaf volume values ranged from 325.00 to 1100.00 cm?.
The volumes of the bread made from the composite flours
were lower than those made from 100% wheat flour. Thisisin
agreement with the results (376.00 — 391.00cm?®) of Ighabu [2]
where they found lower bread volumes associated with
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composite flour as opposed to 100% wheat flour. The lower
loaf volumes can be attributed to lower levels of gluten
network in the dough because of decrease in structure forming
proteins; glutenin and gliadin in the composite flour and
consequently less ability of the dough to rise due to the weak
cell structure [2].

The specific volume values ranged from 0.93 to 3.13 cm¥/g.
Bread specific volume decreased with increase in the level of
substitution of wheat flour with unripe banana and pigeon pea
(3.13cmé/g to 0.93cm®/g). The highest bread specific volume
was 3.13cm®/g recorded in sample A which was 100% wheat,
while the sample with the lowest specific volume was the one
made from 50% wheat, 20% unripe banana and 30% pigeon
pea (D). However, the specific volume of 100% wheat flour
and 70% wheat, 10% unripe banana and 20% pigeon pea (B),
were not significantly different from each other. Same could
be said for the specific volume of 60% wheat, 15% unripe
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banana and 25% pigeon pea (C) and 50% wheat, 20% unripe
banana and 30% pigeon pea (D). Igbabu [2] reported lower
specific loaf volumes of 1.77 — 196cm®/g for bread from wheat,
defatted soy and banana flours. The low specific in the
composite flour can be attributed to lower levels of gluten
network in the dough because of decrease in structure forming
proteins; glutenin and gliadin in the composite flour and
consequently less ability of the dough to rise due to the weak
cell structure [2].

The oven spring of the bread ranged from 1.65 to 3.50 cm. The
oven spring also decreased significantly as the level of
substitution of wheat flour with unripe banana and pigeon pea
increased. This could also be due to poor gluten framework in
the composite flours. Lower values (0.35- 2.35cm) were
reported by [1] for bread from wheat, acha and mung bean
composite flour.

Table 5. Physical Properties of Bread made from Wheat, Unripe Banana and Pigeon Pea Flour blends (Dry Matter)

Parameters Samples
A B C D
Loaf Weight (g) 350.80 + 14.14°  313.2+18.38% 333.85+14.212  348.4 +14.14
Loaf Volume (cm®) 1100.00 + 141.42% 850.00 + 70.71*  475.00 + 35.35"  325.00 + 35.35"
Specific Volume (cm3/g) 3.13+0.28° 2.71 +0.06° 1.42 +0.05 0.93+0.14
Oven Spring (cm) 3.50 +0.142 2.95+0.072 2.30+0.14° 1.65+0.21¢

Values are means = SD (standard deviation) of triplicate determinations. Means on the same row with different superscripts are significantly different at

(P<0.05).

Key: A = (100% WF, 0% UBF, 0% PPF), B = (70% WF, 10% UBF, 20% PPF), C = (60% WF, 15% UBF, 25% PPF), D = (50% WF, 20% UBF, 30% PPF)

Where: WF = wheat flour, UBF = unripe banana flour, PPF = pigeon pea flour

3.6 Mean sensory scores of breads made from wheat, unripe
banana and pigeon pea flour blends

The mean sensory scores of breads made from wheat, unripe
banana and pigeon pea flour blends are presented in Table 6.
The results showed that the means scores for colour, taste,
aroma, texture and overall acceptability ranged from 5.60 -
8.33,5.93-7.22,5.93 - 747, 6.53 - 7.93 and 6.67 - 8.20 for

samples A, B, C and D respectively. There was no significant
difference among samples B, C and D in terms of colour, but
significantly different from sample A. The sensory mean score
for sample B was most acceptable in terms of colour, taste,
aroma, texture and overall acceptability among the formulated
samples, it had the closest value to sample A after (100%
wheat) which served as the control.

Table 6. Mean Sensory Scores of Breads made from Wheat, Unripe Banana and Pigeon Pea Flour blends

Parameters Samples
A B C D
Colour 8.33x£0.72° 6.47 +1.81° 6.27 +1.67" 5.60 + 1.96"
Taste 7.27 £0.96% 6.53 + 1.24%® 6.67 + 1.59% 5.93 +£1.33°
Aroma 747113 6.33 + 1.50% 6.47 +1.81% 5.93 £1.71°
Texture 7.93+0.70° 7.27 £0.80%® 7.20£1.21% 6.53 +2.07°
Overall acceptability 8.20 + 0.68* 7.07 +1.10° 6.80 + 1.47° 6.67 + 1.05

Values are means + SD (standard deviation) of triplicate determinations. Means on the same row with same superscripts are not significantly different at

(P>0.05).

Key: A = (100% WF, 0% UBF, 0% PPF), B = (70% WF, 10% UBF, 20% PPF), C = (60% WF, 15% UBF, 25% PPF), D = (50% WF, 20% UBF, 30% PPF)

Where: WF = wheat flour, UBF = unripe banana flour, PPF = pigeon pea flour

4. Conclusions

The result of the present study has shown that formulation of
wheat, unripe banana and pigeon pea flours have various effect
on the physical properties of the bread as well as the functional
properties of the flour blends. The crude protein, crude fibre,
fat and ash content of the flour blends increased while the
carbohydrate content decreased with increase in unripe banana
and pigeon pea flours in the blends. The iron and zinc content
of the flour blends decreased with increasing unripe banana
and pigeon pea levels while the potassium, manganese and

magnesium content of the flour blends increased with
increasing unripe banana and pigeon pea levels. The mean
score values for the sensory attributes of the bread showed that
bread produced from 70% wheat, 10% unripe banana and 20%
pigeon flour blend (Sample B) was the most acceptable.
Consumption of the produced bread can help to address the
problem of protein-energy malnutrition that is still prevalent in
some communities in Nigeria as well as bring about the
availability of wheat flour substitute made from locally
available yet very affordable crops. This will also increase the
economic value of these crops.
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Further study should be carried out to determine the
microbiological safety of the composite flour. Also, shelf-life
study should be carried out to determine the shelf-life stability
of flour blend made from wheat, unripe banana and pigeon
pea. and shelf — life of the bread made from the formulated
flour blends.

Research on the antinutrient and microbiological safety of this
study is currently in progress.

Conflict of interest
The authors declare no conflicts of interest.

References

[1] Igbabul, B., Dabels, N., Shar, F., lorliam, B. M. and Abu, J. O.
(2016). Physicochemical, Nutritional and Sensory Properties of
Bread from Wheat, Acha and Mung Bean Composite Flours. Food
Science and Quality Management, 56, 21-26

[2] Igbabul, B. D., Num, G. and Amove, J. (2014b). Quality
Evaluation of Composite Bread Produced from Wheat, Maize and
Orange fleshed Sweet Potato flours. American Journal of Food
Science Technology. 2. 4: 109-115.http://dx.doi.org/10.12691/ajfst-2-
4-1

[3] Dhanimsetti, S., Kothakota, A., Ranasalva, N., Bodhankar, H. B.
and Chavan, P. D. (2016). Development of Composite Flour Bread
and its Effect on Physical, Sensory and Nutritional Characteristics.
International Journal of Agriculture Sciences, ISSN: 0975-3710 & E-
ISSN: 0975-9107, 8: 57-3110-3114

[4] Inyang, U. E., Daniel, E. A. and Bello, F. A. (2018). Production
and quality evaluation of functional biscuits from whole wheat flour
supplemented with acha (fonio) and kidney bean flours. Asian
Journal of Agriculture and Food Sciences, 6(6): 193-201.
https://doi.org/10.24203/ajafs.v6i6.5573

[5] Masood, S. B. and Rizwana, B. (2010). Nutritional and Functional
properties of some promising legume protein Isolates. Pakistan
Journal of Nutrition. 9(4). 373-379
http://dx.doi.org/10.3923/pjn.2010.373.379

[6] Akcoaz, H. (2011). Analysis of energy use for banana production:
A case study from Turkey. African Journal of Agricultural Research.
6(25):5618-5624. http://dx.doi.org/10.5897/AJAR09.480.

[7] Pragati, S., Genitha, I. and Ravish, K. (2014). Comparative study
of ripe and unripe banana flour during storage. Journal of Food
Processing Technology. 5:3-8. https://dx.doi.org/10.4172/2157-
7110.1000384.

[8] Juarez-Garcia, E., Agama-Acevedo, E., Sdyago-Ayerdi, S. G.,
Rodriguez-Ambriz, S. L., and Bello-Pérez, L. A. (2006).
Composition, digestibility and application in breadmaking of banana
flour. Plant Foods for Human Nutrition (Dordrecht, Netherlands),
61(3), 131-137. https://doi.org/10.1007/s11130-006-0020-x

[9] Aparicio-Saguilan, A., Sayago-Ayerdi, S. G., VargasTorres, A. T.
J., Ascencio-Oter o, T. E. And Bello-Perez, L. A. (2007). Slowly
digestible cookies prepared from resistant starch-rich lintnerized
banana starch. Journal of Food Composition Analysis. 20:175-181
https://doi.org/10.1016/j.jfca.2006.07.005

[10] Lee, W. C., Yusof, S., Hamid, N. S. A. and Baharinn, S. S.
(2006). Optimizing conditions for hot water extraction of banana
juice using response surface methodology (RSM). Journal of Food
Engineering. 75(4):473-479.
http://dx.doi.org/10.1016/j.jfoodeng.2005.04.062.

[11] Fasoyiro, S. B. and Arowora, K. A. (2013). Chemical, pasting
and sensory properties of whole fermented maize (ogi) fortified with
pigeon pea flour. International Journal of Biology, Food, Veterinary,
Agriculture and Engineering. 7, 218-220.

[12] Jigam, A. A. and Ndaseco, G. M. (2012). Effects of extrusion
cooking on the nutrient and anti nutrient composition of pigeon pea

Research article

and unripe plantain blends. Journal of Pharmaceutical Sciences;
02(05); 2012:158-162. https://dx.doi.org/10.7324/JAPS.2012.2533.
[13] Kumar, v. and Karma, A. S. (2012). Comparative study of
physicochemical, functional, antinutritional and pasting properties of
taro (Colocasia esculenta), rice (Oryza sativa) flour and their blends.
Food Science and Technoloy. Vol. 48, issue 1, pages 59-68.
https://www.sciencedirect.com/journal/lwt/vol/48/issue/1

[14] Sukanya, M. and Sopade, P. A. (2011). Physicochemical
properties, resistant starch content and enzymatic digestibility of
unripe banana, edible canna, taro flours and their rice noodle
products. International journal of food science & technology, 46(10),
2111-2117. https://doi.org/10.1111/j.1365-2621.2011.02724.x

[15] Jaja, T. and Yarhere, I. E. (2015). Risk factors for Type 2
diabetes mellitus in adolescents secondary school students in Port
Harcourt. Nigeria. Nigerian Pediatric Journal. 42, 131-137.
https://doi.org/10.4314/njp.v42i2.13

[16] Qadri, T., Hussain, S. Z., Rather, A. H., Amin, T. and Naseev,
B. (2018). Nutritional and storage stability of wheat-based crackers
incorporated with brown rice flour and carboxymethyl cellulose
(CMC). International Journal of Food Properties, 21(1): 1117-1128.
https://doi.org/10.1080/10942912.2018.1485033

[17] Fasoyiro, S. B., Akande, S. R., Arowora, K. A., Sodeko, O. O.,
Sulaiman, P. O., Olapade, C. O., and Odiri, C. E. (2010). Physico-
chemical and sensory properties of pigeon pea (Cajanus cajan) flours.
African  Journal of Food  Science., 4, 120-126.
http://www.academicjournals.org/ajfs

[18] AOAC, (2023). Official methods of analysis of AOAC
International (22 Edition).
https://doi.org/10.1093/9780197610145.001.0001

[19] Onwuka, G. I. (2005). Food Analysis and Instrumentation:
Theory and Practice. Naphthali Prints, Lagos, Nigeria. 140-146

[20] Pranoto, Y. and Rakshit, S. K., Yahmayuni, H. and Haryadi
(2014). Physicochemical properties of heat moisture treated sweet
potato starches of selected Indonesian varieties. International Food
Research Journal, 21(5), 2031.

[21] Giami, S. Y., Mepha, H. D., Kiinkabari, D. B. and Achinewu, S.
C. Q. (2003). Evaluation of the nutritional quality of breads prepared
from wheat-fluted pumpkin (Telfairia occidentalis) seed flour blends.
Plant Foods for Human Nutrition. 58:217-226.
http://dx.doi.org/10.1023/B:QUAL.0000041167.61992.4d

[22] Nicolas, L., Marquilly, C., and O’Mahony, M. (2010). The 9-
point hedonic scale: Are words and numbers compatible? Food
Quality and Preference, 21(8), 1008-1015.
https://doi.org/10.1016/j.foodqual.2010.05.017

[23] Akinsanmi, A. O., Oboh, G., Akinyemi, J., Ayodele, J. and
Adefegha, A. S. (2015). Assessment of the nutritional and antioxidant
capacity of unripe, ripe and over ripe plantain (Musa paradisiaca)
peels. International Journal of Advanced Research, 3(2), 63 — 72.
[24] Adeyanju, J. A., Babarinde, G. O., Adekunle, A. A., Olajire, A.
S. and Adegboye, A. A. (2018). Quality Characteristics of Cookies
Produced from Wheat, Acha and Pigeon Pea Flour Blends. Annals.
Food Science and Technology, 19(4): 691-698.

[25] McDougall J. (2002). “Plant Foods have a Complete Amino Acid
Composition.” Circulation, 105(25): 197
https://doi.org/10.1161/01.CIR.0000018905.97677.1F

[26] Adeyanju, J. A., Babarinde, G. O., Olanipekun, B. F., Bolarinwa,
I. F. and Oladokun, S. O. (2021). Quality Assessment of Flour and
Cookies from Wheat, African Yam Bean and Acha Flours. Food
Research, 5(1): 371-379 http://dx.doi.org/10.26656/fr.2017.5(1).370
[27] Choo, C. L. and Aziz, N. A. A. (2010). Effects of banana flour
and B-glucan on the nutritional and sensory evaluation of noodles.
Food Chemistry, 119 (1):34-40
https://doi.org/10.1016/j.foodchem.2009.05.004

[28] Anderson, J., Baird, P. Richard, H. (2009). Health benefits of
dietary  fibre.  Nutrition  review, 67  (4):  188-205.
https://doi.org/10.1111/j.1753-4887.2009.00189.x

680


https://doi.org/10.54117/jybw1n27
https://doi.org/10.24203/ajafs.v6i6.5573
http://dx.doi.org/10.3923/pjn.2010.373.379
http://dx.doi.org/10.5897/AJAR09.480
https://dx.doi.org/10.4172/2157-7110.1000384
https://dx.doi.org/10.4172/2157-7110.1000384
https://doi.org/10.1016/j.jfca.2006.07.005
http://dx.doi.org/10.1016/j.jfoodeng.2005.04.062
https://dx.doi.org/10.7324/JAPS.2012.2533
https://www.sciencedirect.com/journal/lwt/vol/48/issue/1
https://doi.org/10.1111/j.1365-2621.2011.02724.x
https://doi.org/10.4314/njp.v42i2.13
https://doi.org/10.1080/10942912.2018.1485033
http://www.academicjournals.org/ajfs
https://doi.org/10.1093/9780197610145.001.0001
http://dx.doi.org/10.1023/B:QUAL.0000041167.61992.4d
https://doi.org/10.1016/j.foodqual.2010.05.017
https://doi.org/10.1161/01.CIR.0000018905.97677.1F
https://doi.org/10.1016/j.foodchem.2009.05.004

Available: https://doi.org/10.54117/jybwln27

[29] Howarth, N. C., Saltzman, E., and Roberts, S. B. (2001). Dietary
fiber and weight regulation. Nutrition reviews, 59(5), 129-139.
https://doi.org/10.1016/s0031-3955(05)70351-5

[30] Trinidad, P. T., Mallillin, A. C., Valdez, D. H., Loyola, A. S,
Askali-Mercado, F. C., Castillo, J. C., Encabo, R. R., Masa, D. B.,
Maglaya, A. S. and Chua, M. T. (2006). Dietary Fiber from Coconut
Flour: A Functional Food. Innovative Food Science and Emerging
Technologies, 7: 309-317. https://doi.org/10.1016/j.ifset.2004.04.003
[31] McKevith, B. (2004). Nutritional Aspects of Cereals Final
Report to the Home-Grown Cereal Authority. Nutrition Scientist,
British Nutrition Foundation. pp. 126-213.
http://dx.doi.org/10.1111/j.1467-3010.2004.00418.x

[32] Adejumo, P. O., Adejumo, A. O., Edebiri, O. E. and Olukoya, F.
0. (2020). Effect of unripe banana and pigeon flour on the chemical,
antinutritional and sensory properties of whole wheat-based cookies.
GSC advanced research and reviews, 4(1), 017-023

10.30574/gscarr.2020.4.1.0050.

[33] Bamisaye, F. A., Ajani, E. O., Nurain, I. O., & Minari, J. B.
(2014). Nutritional evaluation of some fortified traditional weaning
meals from oriade local Government area of Osun State,
Nigeria. International Journal of Applied Sciences and
Biotechnology, 2(3), 359-363.
http://dx.doi.org/10.3126/ijasbt.v2i3.10955

[34] Capra, M. E., Pederiva, C., Viggiano, C., De Santis, R.,
Banderali, G., & Biasucci, G. (2021). Nutritional Approach to
Prevention and Treatment of Cardiovascular Disease in
Childhood. Nutrients, 13(7), 2359.
https://doi.org/10.3390/nu13072359

[35] Ohizua, E. R., Adeola, A. A., Idowu, M. A., Sobukola, O. P.,
Afolabi, T. A., Ishola, R. O., ... & Falomo, A. (2017). Nutrient
composition, functional, and pasting properties of unripe cooking
banana, pigeon pea, and sweetpotato flour blends. Food science &
nutrition, 5(3), 750-762. https://doi.org/10.1002/fsn3.455

[36] Ubbor, S. C., Ekeh, J. I., Agwo, O. E., Iguh, B. N. and Egwu,
S.N. (2022). Physicochemical and sensory properties of cookies
produced from composite flour of wheat, acha and whole orange
fleshed sweet potato. Nigerian Agriculture Journal, 53(1): 248-259
[37] Aremu, M.O, Olaofe O. and Akintayo, E.T. (2007). Functional
properties of some Nigerian varieties of legume seed flour
concentration effect on foaming and gelation properties. Journal of
Food Technology, 5(2), 109-115

Research article

[38] Merryweather, L. M., Hill, S. H. A, Robinson, A. L., Spencer,
H. A., Rudge, K. A, Taylor, G. R. J., Wheatcroft, A. J. D., Weeks, J.
J., Sahibdeen, S. S., Flynn, P.J., Blowers, M., Murphy, L. ., Murray,
J. T., Waites, B. A., Goodchild, M. E., Morgan, C., Hogarth, S. L.,
Buckley, D. S. and Rogers, F. C. (2005). Dictionary of food science
and technology. Blackwell Publishing, Oxford, p 392
DOI:10.1002/9780470995891

[39] Mohebby, B., Fallah-Moghadam, P., Ghotbifar, A. R. and
Kazemi-Najafi, S. (2011). Influence of MaleicAnhydride
Polypropylene (MAPP) on Wettability of Polypropylene/Wood
Flour/Glass Fiber Hybrid Composites. Journal of Agricultural
Science and Technology, 13: 877-884.
https://civilica.com/doc/1827109

[40] Bolaji, O. T., Oyewo, A. O., Adepoju, P. A., and Bolaji, O.
T. (2014). Soaking and drying effect on the functional properties of
ogi produce from some selected maize varieties. American Journal of
Food Science and Technology, 2(5), 150-157.
http://dx.doi.org/10.12691/ajfst-2-5-3

[41] Onitilo, M. O,, Sanni, L. O., Daniel, I., Maziya-Dixon, B.,
and Dixon, A. (2007). Physicochemical and functional properties of
native starches from cassava varieties in Southwest Nigeria. Journal
of Food Agriculture and Environment, 5(3/4), 108

[42] Roger, P., Bertrand, B. M. M., Gaston, Z., Nouhman, B., & Elie,
F. (2022). Nutritional composition of biscuits from wheat-sweet
potato-soybean composite flour. International Journal of Food
Science, 2022(1), 7274193. http://dx.doi.org/10.1155/2022/7274193
[43] Adrogue. H. J. and Madias, N. E. (2007). Sodium and potassium
in the pathogenesis of hypertension. New England Journal of
Medicine. 356:1966-78. http://dx.doi.org/10.1056/NEJMra064486
[44] He, F. J. and MacGregor, G. A. (2008). Beneficial effects of
potassium on human health. Physiologia plantarum, 133(4), 725-735.
https://doi.org/10.1136/bmj.323.7311.497

[45] Ohenhen, R. E., and lkenebomeh, M. J. (2007). Shelf Stability
and Enzyme Activity Studies of Ogi: A corn Meal Fermented
Product. Journal of American Sciences. 3(1): 38-42.

[46] Oyeyinka, S. A., Adeloye, A. A., Olaomo, O. O., and Kayitesi,
E. (2020). Effect of fermentation time on physicochemical properties
of starch extracted from cassava root. Food Bioscience, 33, 100485.
https://doi.org/10.1016/j.fbi0.2019.100485

[47] Wardlaw, G. M. and Kessel, M. (2012). Vitamin A. In:
Perspectives in nutrition, 9™ edition. McGraw Hill, Boston, Toronto.
Pp 792-818.

681


https://doi.org/10.54117/jybw1n27
https://doi.org/10.1016/s0031-3955(05)70351-5
https://doi.org/10.1016/j.ifset.2004.04.003
http://dx.doi.org/10.1111/j.1467-3010.2004.00418.x
http://dx.doi.org/10.3126/ijasbt.v2i3.10955
https://doi.org/10.3390/nu13072359
https://doi.org/10.1002/fsn3.455
https://civilica.com/doc/1827109
http://dx.doi.org/10.12691/ajfst-2-5-3
http://dx.doi.org/10.1155/2022/7274193
http://dx.doi.org/10.1056/NEJMra064486
https://doi.org/10.1136/bmj.323.7311.497
https://doi.org/10.1016/j.fbio.2019.100485

