Nutritional and Functional Properties of Wheat-
Defatted Peanut-Orange Peel Composite Flour

ABSTRACT

The need to improve and enhance the nutritional quality of locally made foods (bakery and
confectionaries) cannot be overemphasized. This study set out to meet this need by producing
composite flours from wheat, defatted peanut and orange peel flour blends which will serve an even
greater issue of reducing the cost of wheat importation and use. The samples were coded as follows:
A-100:0:0, B-90:5:5, C-85:10:5, D-80:15:5, E-75:20:5 of wheat flour: Defatted peanut flour: orange
peel flour. The flours produced were analyzed for functional, anti-nutrient, proximate, minerals, and
phytochemical properties. The functional properties of flours; bulk density, swelling.capacity; OAC,
WAC, and Foaming capacity ranged from 0.43 to 0.93 g/ml, 0.89 to 5.67%, 0.47 to 2.55 g/L, 1.75 to
4.35ml/g, 0.52 to 10.56% respectively. The anti-nutritional properties: phytates, tannins, and trypsin
inhibitor content of flours ranged from 0.0352 to 0.0845%, 0.040 t0:0.600%, and 0.011 to 0.048mg/g
respectively. The proximate composition of the flour samples,Moisture, Protein, fats, crude fibre, ash,
carbohydrates, and energy values ranged from 5.58 to 9.55%, 6.33:t0 15.64%; 1.06 to 3.51%, 0.24 to
4.07%, 1.42 to 2.65%, 85.37 to 64.58% and 376.34 to 352.47kcal/100g respectively. The mineral
composition in the samples ranged from 232.05 to 394.62mg/100g for Ca, 76.09 to 122.27mg/100g
for Mg, 6.71 to 29.42 mg/100g for Fe, 108.78 to 256.47mg/100g for K, 10.09 to 25.75 mg/100g for Zn.
The phytochemical composition of the samples was. as-follows; 0.067-0.153%, for saponins; 0.043-
1.457%, for alkaloids; 1.03-13.77mgGAE/g, for Total phenolics; 3.07-29.31mg/QE, for Total
Flavonoids respectively. The composite flour herein produced demonstrates great potential for its use
in the development of functional:.foods« given .its great nutrients and improved functional
characteristics.
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1-INTRODUCTION

Composite flour is definedas a mixture of flours obtained from tubers (rich in starch such as cassava,
yam, potato, and protein-rich flour) and cereals, with or without wheat flour aimed at satisfying specific
functional characteristics and nutrient composition [1]. It has been used successfully and extensively
in the bakery and pastry industry. Economically, composite flour reduces the huge amount of foreign
exchange spent by Nigeria, Cameroon and other sub-Saharan countries in the importation of wheat
flour. When composite root and tuber-wheat flour is fortified with seeds like peanuts, this can further
increase the nutritional quality of the pastry products like chinchin, cookies, breads, muffins etc.
Besides, the increase in the protein content of composite flour via legumes, fortification has been
reported to improve the baking quality of dough and its products [1], [2]. The nutritional quality of the
foods produced from composite flours therefore is known to depend on the proportional:composition
of the concerned flours. The FAO (Food and Agriculture Organization of the ‘Wnited Nations)
introduced the Composite Flour Programme in 1964 [3] with a mandate to:the ‘development of bakery
products from locally available food crops.

Peanut (Arachishypogaea), belongs to the family Leguminosae, hative:to Mexico, South and Central
America [4]. China has been reported to be the highest producer of peanut estimated at of 33,309,998
tonnes per year[5], while Niger state tops the scale in terms of peanut production in Nigeria and
contributes enormously to the economy through_the sales of seeds, cakes, oil, and haulms [6].
Research has shown that when peanuts are added to a high glycemic load meal, they keep the blood
sugar stabilized so that it does not rise too high too quickly:;They are an important food crop known
for their high source of protein, oil and fibers[7]. Consumption of peanuts on daily basis has been
linked to the reduction of mortality risk-of malnutrition by up to 20% [8].The nutritional importance of
peanuts is due to the energy and growth supplementing constituents present in them. These include
carbohydrates, lipids, proteins; vitamins, minerals, some organic acids, and purines[7]. Authors report
a composition per 100 g of raw. peanuts as follows: water-1.55g, carbohydrates-21.51g, Fiber-8.0g,
Lipids (Fats)-49.669, Proteins-23.68g, Energy-585 Kcal[9]. Partially defatted peanut flour is a protein-
rich, inexpensive and underutilized product offering the same health and dietary benefits of peanut but
with less fat content. making its wide applications in diets of nutritionally vulnerable groups[10].

Orange (Citrus sinensis L) is one of the most important fruits in the tropical and sub-tropical regions of
the world. Its fruits are usually eaten fresh, used for making canned orange juice, frozen juice
concentrates,.jams, and jellies and many others [11]. Orange peels have shown great preservative
potentials, but unfortunately these peels are not efficiently exploited and made use of in the food
industry for product development. Many food processors still resort to using artificial preservatives as
a means of extending shelf life of their products. It has been noted that orange processing industries
generate huge amounts of orange peel and pulp as by products from the industrial extraction of
orange juices[12].

This is a great cause for concern as it impacts negatively on the environment. In accordance with
recently published information by the FAO considering the impacts of the novel coronavirus (COVID-

19), the situation of populations with extreme hunger in the world will probably increase, and therefore



countries should gain efficiencies and try to reduce trade-related costs, for example, by reducing food
waste and losses[13].
It is known that orange peels contain significant levels of nutritional and phytochemical properties

which can contribute to body’s nutrition and also medical purposes [14][15]

2-MATERIALS AND METHODS

2.1-Sourcing of materials

Wheat flour, Peanuts and oranges were gotten from Wurukum, Wadata and Railway markets
respectively, all in Makurdi-Benue State, Nigeria. Processing and analysis was carried out in the
Chemistry lab, Benue State University (BSU) for processing.

2.2 Equipment

The equipment used for the study were mixer, blender, desiccator, furnace, milling. machine, oven
(Hipman 60), sieves (0.5 mm and 0.7 mm), measuring cylinder and weighing scale

2.3-Raw material preparation

Preparation of Defatted Peanut Flour and orange peelflour

Defatted peanut flour was produced as on Figure 1, while Orange peel flour was produced as shown

on Figure 2.

2.4-Formulation of flour blends

The 3 flours; wheat, defatted peanut flour and orange peel-flour were blended in different ratios as on
Table 1.

2.5 Analytical Methods

Evaluation of functional properties of flours

The functional properties of the.flours obtained were determined as described by [17].

Proximate analysis of flour samples

The proximate analysis of the composite flours were determined by the official methods of AOAC [18].

Energy was calculated using Attwater factor (fat x 9 + carbohydrate x 4 + protein x 4 kcal/100 g).
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Figure 2: Flow Chart for the Production
Defattedfeanut flour of Orange Peel Flour
Packaging Source: Modified method of [62]

Figure 1: Flow Chart for the Production of Defatted Peanut Flour
Source: Modified method of [16]

Table 1. Flour blend formulation

Ingredient (%)

Samples Wheat flour Defatted peanut flour Orange peel
flour

A 100 0 0

B 90 5 5

C 85 10 5

D 80 15 5

E 75 20 5

Determination of minerals

The minerals Ca, K;:Mg, Fe, and Zn were determined by the Atomic Absorption Spectrophotometer
method.. The optimum range for each element was prepared and all the operational instruction for
setting up the'instrument for the analysis of specific element was strictly followed[18]. The ash
residues were digested with 5 mL of concentrated nitric acid, filtered and the filtrate transferred 100
mL volumetric flask and diluted with distilled water to 100 mL volume. This was done for all the
samples, and stored at room temperature pending AAS analysis[18].

Anti-nutritional analysis of samples

Tannins were determined by theFollins-Dennis titrating method as described by [19].Phytates were
determined by theYoung and Greaves methods with slight modification[20]. Trypsin was determined
by the method as described by[21].



Determination of Phytochemicals

The Folin-Ciocalteu reagent was used to determine the total phenolic content (TPC) of the various
sample extracts in terms of Gallic acid equivalent (GAE) [22]. The total flavonoid content was
determined, using quercetin acid as standard, and aluminium chloride as reagent[23]. Alkaloids and

saponins were estimated gravimetrically [19].

Statistical analysis

Statistical Package for Social Science (SPSS) Version 26 computer software was used to analyze the
data. All experiments were conducted in triplicates and reported as meantstandard deviation (SD).
Analysis of variance (one way ANOVA) was used to ascertain any significant differences in the
treatments; differences were considered at 95% (p<0.05) significant level. .The Duncan Multiple

Range Tests (DMRT) was used to separate means.

3.-RESULTS AND DISCUSSIONS

Table 2: Functional Properties of flours

Bulk Water Qil Swelling Foaming
Density Absorption Absorptio  Capacity . Capacity
(g/ml) Capacity n Capacity (%)
(ml/g) (%)
A 0.67°+0.00 1.75%+0.00 0.477+0.38 © 1.31°+0.0 8.60%t0.00
1
B 0.71°+0.00  1.89%+0.01 1.12°+0.00 1.22°+0.00 9.10%0.10
C 0.73+0.01  2.37°+0.01 1.37°+0.02  1.13°+0.0  9.50°+0.00
0
D 0.82°+0.01  3.25°+0.20 1.69°4+0.02 1.14°+0.0 9.85+0.05
1
E 0.98'+0.00  4.35°+0.15 1.84°40.00 1.08°+0.0 10.56%+0.06
0
PDP  0.43%+0.02_ 2.332#0.02 2.55°+0.02 0.89°t0.0  0.93°+0.02
F 2
OPF 0.63°%+0.02 1.75°+0.11 1.34°+0.03 5.67°+0.1 0.52°+0.03
1
Key:

A-100% Wheat. flour, B-90%Wheat: 5%DPF: 5%0PF flour, C-85%Wheat: 10%DPF: 5%0PF flour, D-
80%Wheat: 15%DPF: 5%O0PF flour, E-75%Wheat: 20%PDPF: 5%O0PF flour; DPF-Defatted peanut
flour, ORPF-Orange peel flour

Values represent mean+SD of triplicate determinations. Means in the same column with different
superscripts are significantly different at p<0.05.



Table 3: Proximate composition of composite flours

Percentage (%) kcal/100
g
Sampl Moisture  Fat Protein Ash Fibre Carbohydra Total
e code tes Calories
A 5.58%+0.0 1.06°+0.0 6.33%+0.01 1.42°+0.0 0.24°+0.0 85.37°+0.03 376.34°+0.0
1 1 0 0 2
B 7.99°+0.0 1.37°+0.0 8.90°+0.16 1.66°+0.0 0.66°+0.0 79.42°+0.19 365.61°+0.3
4 5 1 2 5
C 8.46°+0.01 1.76°+0.04 11.04°+0.0 1.97°+0.0 1.57°#0.2 75.20°+0.03 360.80°+0.2
7 1 1 1
D 8.72°40.0  2.66°+0.0 12.48°+0.0 2.27°+0.0 2.79°+0.1 71.08°+0.16 358.18°+0.1
1 8 3 0 1 4
E 9.55°+0.0 3.51'+0.00 15.64°+0.0 2.65°+0.0 4.07°+0.0 64.58°+0.00 .352.47°+0.0
0 1 0 7 0
Key:

A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%0PF flour, C-85%Wheat; 10%DPF: 5%0OPF flour, D-
80%Wheat: 15%DPF: 5%O0OPF flour, E-75%Wheat: 20%DPF: 5%OPF flour.Values represent
mean+SD of triplicate determinations. Means in the same column with different superscripts are
significantly different at p<0.05.

Table 4.Antinutritional composition of Composite-flours

Sample Phytates Tannins Trypsin.inhibitors
(%) (%) (mg/9)

A 0.0352%+0.000 0.040°+0.000 0.011°+0.000

B 0.0583°+0.000 0.435°+0.005 0.028%°+0.000

C 0.0596"+0.000 0.475°+0.055 0.014*"+0.000

D 0.0823°+0.001 0.445°+0.005 0.029%+0.000

E 0.0845°+0.000 0.600°+0.000 0.048"+0.001

Key: A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%O0PF flour, C-85%Wheat: 10%DPF: 5%O0PF
flour, D-80%Wheat: 15%DPF: 5%0PF flour, E-75%Wheat: 20%DPF: 5%O0PF flour.Values represent
mean+SD of triplicate determinations.:Means in the same column with different superscripts are
significantly different.at p<0.05.

Table 5. Mineral ecompasition of composite flours

mg/100g

Sample Calcium Iron Potassium Magnesium Zinc

A 232.05°+0.01 6.71%+0.21 108.78%+1.22 76.09%+0.01 10.09°+0.11
B 237.13°+0.01  13.27°+0.28 159.73°+39.73  88.32°+0.00 13.42°+0.04
C 277.24°+0.12  17.87°+0.02 176.11°+2.35 05.22°+0.01 17.41°+0.05
D 309.08°+1.06  24.84°+0.25 215.29°+0.73 107.78°+0.01  21.88°+0.20
E 394.62°+6.01  29.42°+0.15 256.47°+0.43 122.27°40.01  25.75°+0.57
Key:

A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%0PF flour, C-85%Wheat: 10%DPF: 5%O0PF flour, D-
80%Wheat: 15%DPF: 5%OPF flour, E-75%Wheat: 20%DPF: 5%OPF flour.Values represent
meantSD of triplicate determinations. Means in the same column with different superscripts are
significantly different at p<0.05.



Table 6. Phytochemical compaosition of composite flours

Sample Saponins Alkaloids Total Total

(%Dry weight) (%Dry weight) Phenols Flavonoids

(mgGAE/qg) (mgQAE/qg)

A 0.067°+0.001 0.043%+0.001 1.03%+0.00 3.07°+0.01
B 0.107°+0.000 0.663°+0.000 4.44°+0.08 12.68"°+0.01
C 0.125°+0.001 0.811°+0.006 8.80°+0.00 16.22°40.00
D 0.145°+0.002 0.980°+0.005 10.14+0.00 24.89°+0.01
E 0.153°+0.003 1.457°+0.000 13.77°+0.02 29.31°+0.00
Key:

A-100% Wheat flour, B-90%Wheat: 5%DPF: 5%0PF flour, C-85%Wheat: 10%PDPF: 5%0PF flour,
D-80%Wheat: 15%PDPF: 5%O0PF flour, E-75%Wheat: 20%DPF: 5%O0PF flour.Malues represent
mean+SD of triplicate determinations. Means in the same column with different superscripts are
significantly different at p<0.05.

3.1-Functional properties offlours

The functional properties of flours describe the behavior of the flours during preparation and cooking
and also predict how they will affect the finished products in terms.of appearance, taste and
texture[24]. These properties are a function of the organoleptic, physical, and chemical properties of
the food such as protein content, carbohydrate content, fibre and fat content[25]. The functional
properties of the composite flours are presented on Table 2. Water absorption capacity (WAC) is an
important functional property required in-food formulations especially those involving dough handling
as it determines the extent to which. the flour concerned can absorb water. The water absorption
capacity increased significantly (p<0.05) from 1.75mg/L (sample A) to 4.32mg/L (sample E). The
major chemical composition that enhances the water absorption capacities of flours are proteins, fiber
and carbohydrates .These constituents contain hydrophilic parts such as polar or charged side
chains. Therefore, the increase in the:WAC of the flour is due to the increase in the protein and fiber
content of the flour as the guantity of the high-protein-dense rich DPF and OPF were added. A similar
trend was observed by several authors who used composite flours of wheat, rice flour, green gram
and potato flours and noted an increase in WAC with increase in the incorporation of the different
flours to:wheat flour[26]. This was attributed to the molecular structure of the rice, green gram and
potato starch. A'similar situation was reported in another study by [27].

The bulk density (BD) of the flours ranged from 0.67g/ml (sample A) to 0.98 g/ml (sample E). The bulk
density of flour is a measure of the heaviness of a flour sample. It is that parameter of a flour that is
used to determine its packaging requirements and is a function of the particle size and moisture
content of flours [28]. As observed, the BD of the composite flours increased with increase in the
incorporation of DPF. Flours from legumes have been reported to have high BD[29] and this could
also be one of the reasons for the significant increase (p<0.05) in the BD from sample A to E. A
similar trend was observed by Suresh et al. [26]. It is clear that decreased the proportion of wheat
flour increased the bulk density of the composite flours. The high bulk density of the flours suggests

their suitability for use in food preparations.



The oil absorption capacity (OAC) of the flours ranged from 0.47g/L (sample A) to 1.84g/L (sample E).
OAC is the ability of the fat in flour to bind to the non-polar side chain of proteins. The Oil absorption
capacity is an essential functional property that contributes to enhancing mouth feel while retaining
the food products’ flavor [30]. The OAC as observed in this study increased with increase in the
addition of DPF. This could be due to the high protein content in DPF. The higher the amount of heat
treatment given to a protein, the more hydrophobic the protein becomes, as a result of a higher
number of hydrophobic groups exposed through the unfolding of the protein molecules[31]. This could
further explain the significant increase (p<0.05) in the OAC of the flours with increase substitution of
DPF (produced by a series of heat treatment procedures including roasting and screw:-pressing). The
results of this study agree with those of Suresh et al. [26] and Kaushet al[27].

The swelling capacity (SC) of the flours ranged from 1.08% (sample E) to 1.31% (sample;A). Increase
incorporation of DPF witnessed a significant decrease (p<0.05) from sample A to sample.C. However,
increase incorporation from sample C to sample E witnessed no significant ‘change (p>0.05) in SC.
SC is a function of the size of particles, types of variety (like the presence of starch) and types of
processing methods or unit operations involved in the flour production:.The results show a significant
decrease (p<0.05) in SC from sample A to sample E. This could be due to a reduction in the flour's
ability to absorb water and swell as it reflects the ‘extent of ‘associative forces in the starch
granules[32].

The foaming capacity (FC) of the flours ranged from 8.6 (sample A) to 10.56 (sample E). It is a
measure of the amount of interfacial area icreated by the:whipping the food or flour. Proteins are
mainly responsible for foaming[33]. Foaming capacity and stability generally depend on the interfacial
film formed by the proteins, which-maintains the suspension of air bubbles and slows down the
coalescence rate[34]. This study recorded a significant increase (p<0.05) in the foaming capacity as
the substitution with DPF inereased from sample A to sample E. This could be due to the increase in
protein content of the flours'as DPF concentration increased. A similar trend was reported by Aburime
et al [24] and Suresh et al. [26].

3.2-Proximate.composition of the composite flours

The proximate.composition of composite flours of wheat, defatted peanut flour and orange peel flour
are presented on Table 3.The moisture content of the flours ranged from 5.58% in sample A to 9.55%
in sample.E. There was a significant increase (p<0.05) from sample A to sample E as the level of DPF
incorporation:increased; implying the composite flours are different from the control. The increase in
moisture content could be attributed to increase in the hydrophilic property of fiber in the DPF and
OPF as the level of incorporation increased. Also this was expected as DPF contain a great
concentration of protein[35] which is usually associated with high water absorption. This result agree
with those of [36] who reported an increase in the moisture content with increase in African yam bean
flour on a cassava-African yam bean composite flour. The relatively low moisture content is an
indication of storage stability and could produce a more shelf stable product. These also compare
favorably with results by other authors who reported a moisture content ranging from 8.89-9.11%[37].
These results fall below the 14% recommended standard as set by Standard Organization of Nigeria

(SON) for safe storage of flours in Nigeria.The protein content ranged from 6.33% (sample A) to



15.64% (sample E). Protein content of the blends increased significantly (p<0.05) with every level of
DPF flour substitution. This increase was expected because of the high protein content of DPF
compared with wheat flour hence the observed synergistic effects of protein complementation[35]. A
similar result was noted in a study by [30] but rather disagree with [39] and [37] who observed a
decrease in the protein content as the level of substitution of wheat flour increased. As observed in
this study, the significant increase in the protein content of the composite flours is the basis for
formulating the blends such that the any food product therefrom will not only have higher protein
content but also higher protein quality.

The fat content of the flours ranged from 1.06% (sample A) to 3.51% (sample E).-There was an
observed significant fat content increase (p<0.05) in the flour composites as the level of. substitution
with DPF and OPF increased. This may be due to the fat content of peanut as:the level of
incorporation in the blends increases. The low fat levels are beneficial as:it ensures:longer shelf life
for the products [40] because all fats and fat containing foods contain some unsaturated fatty acids
and hence are potentially susceptible to oxidative rancidity. These results: are shigher than those
observed by [36] of 0.5%-1.4% but are similar to results by [38].

The ash content of the flours as shown ranged from 1.42% in sample A (control) to 2.65% in sample E
with 20%DPF and 5% OPF. It was observed that the values increased significantly (p<0.05) with
increase in the level of DPF and OPF. This could be attributed to the high ash content in peanuts[4],
[41] and orange peels[15]. The ash content of a food is essentially its mineral content. Minerals are a
group of essential nutrients which serve a variety of important metabolic functions and are parts of
molecules such as hemoglobin, adenosine triphosphate (ATP) and deoxyribonucleic acid (DNA). The
results herein obtained are higher than those observed by [38] but are similar to those in a study by
[17] who reported on the chemical composition of composite flours with increasing incorporation of
Bambara groundnut.The fibre=content of the flours produced was observed to vary from 0.24% in
sample A to 4.07% in Sample with the highest substitution of DPF. There was a significant difference
(p<0.05) between the samples as.the level of incorporation of DPF and OPF increased. This increase
was expected as peanut and orange peel have high fibre contents [35], [42]. Consumption of foods
appreciably high in. fibre contributes to an increase in faecal bulk thus increased rate of intestinal
transit. Dietary fibre intake has also been linked with lower risk of coronary heart diseases, stroke,
hypertension, diabetes, lowering blood pressure as well as cholesterol levels in the serum[43]. These
results are lower than those reported by [36] and [39] who incorporated orange-fleshed sweet potato
into wheat flour cookie production. These results however are also higher than those reported by [37]
who reported 1.10 to 1.58% in a yellow maize-soybean-jackfruit composite flour.The carbohydrate
content of the flours decreased significantly (p<0.05) from 85.37% in sample A (control) to 64.58% in
sample E. The decrease is due to the increase in other proximate components since carbohydrate is
obtained by difference. This agrees with [17], [36], [38]who reported that increase in other proximate
component (protein, ash fibre, moisture) often result to decreased in carbohydrates content of food.
The lower carbohydrate content of flour has several health benefits, as it will aid digestion in the colon
and reduce constipation often associated with products from refined grain flours. These results

disagree with those from other studies [37].The total calories decreased significantly (p<0.05) with



increase substitution of DPF and OPF from 376.34Kcal in sample A (control) to 352.47Kcal in sample
E. This decrease could be attributed to a decrease in the carbohydrate contents of the flours which is
the main contributing macromolecule to the energy content of any food product and also due to the
fact that peanuts do not have high carbohydrate contents as opposed to wheat flour[4].
3.3-Antinutritional factors of the composite flours

The antinutrients in the composite flours are presented in Table 4.The phytate contents of the flours
ranged from 0.035 to 0.085% as the level of incorporation of DPF increased. Sample A had the lowest
phytate contents while sample E had the highest concentration. As observed, there was a significant
increase (p<0.05) in the phytate contents between sample A and sample B but no significant
difference (p>0.05) between sample B and C. This was also noticed between sample C and D. Phytic
acid has been known to decrease the availability of especially bivalent mineral ions (calcium, iron,
magnesium and zinc) as well as protein. When bound to protein; it is known to induce a decrease inits
solubility and functionality[44]. The results obtained here are lower than those obtained by [17] who
reported 0.06%-0.11% for composite flours from yellow maize, Bambara groundnut and mango
powder, but higher than those reported for a wheat-based complementary food by [16].The tannin
contents ranged from 0.040% to 0.600% for sample A to.sample.E in flours. As seen, the level of
incorporation of DPF didn't have (p>0.05) any significant effect on the tannin content of both the flour.
This could be due to proper processing which reduced the level- of tannin contents significantly.
Tannins are known to precipitate proteins, inhibit digestive enzymes and affect the utilization of
vitamins and minerals, hence consuming large amounts of tannins may result in adverse health
effects, such as impaired microbial enzyme activity such by forming irreversible as well as reversible
complexes with these enzymes[46].-The results in this study are lower than those reported by [17] and
[47].The trypsin inhibitor contents of the flour samples ranged from 0.011mg/g to 0.048mg/g for
sample A to sample E. Increasing levels of incorporation of DPF didn’t have a significant effect on the
trypsin inhibitors in the flour samples. There' was a significant increase in the trypsin inhibitor content
between sample A and sample Bito E. This could be due to the fact that peanuts are known, just like
many legumes to contain high concentrations of trypsin inhibitors[48]. The presence of protease
inhibitors in ‘the diet had been reported to form an irreversible trypsin enzyme-trypsin inhibitor
complex, ‘causing a trypsin drop in the intestine and a decrease in the diet protein digestibility, leading
to slower. growth. In this condition, the organism increases the secretory activity of the pancreas,
which- could eause, pancreatic hypertrophy and hyperplasia[49]. The results of this study follow the
same trend as those reported by [1], [50] but are lower comparatively.

3.4-Mineral composition of composite flours

The mineral composition of the flour samples are presented on Table 5.The value for the calcium
contents in the flours ranged from 232.05-394.62mg/100g. There was a significant difference (p<0.05)
in the calcium contents of the flours as the values increased with increase in the incorporation of DPF
and OPF. Calcium is known to play a major role in muscle contraction, building strong bones and
teeth, blood clotting, nerve impulse, transmission, regulating heart beat and fluid balance within
cells[51]. The iron content of the samples increased significantly (p<0.05) from 6.71 mg/100g (sample

A) to 29.41mg/100g in sample E. There was a significant increase in the iron content of the flours
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asthe level of incorporation of DPF and OPF increased. Iron is involved in strengthening the immune
system. Iron is the functional component of hemoglobin and other key compounds used in respiration,
immune function and cognitive development. It is important in the diet of pregnant women, nursing
mothers and infants. Iron prevents anemia[52].

The potassium contents of the samples ranged from 108.78-256.47mg/100g with sample A having the
least, while sample E having the highest. There was significant increase (p<0.05) in the potassium
content as the level of incorporation with DPF and OPF increased. It has been reported that
potassium plays vital roles in maintaining fluid balance and proper functioning of the essential organs
such as the brain, nerves, heart and muscle[53]. It has also been known to aid:nerve impulse
transmission and it is a major cation of intracellular fluid[52]. The addition of DPF and OPF increased
the magnesium content of the flours such that sample A had the least valueiof 76.54mg/100g and
sample E had the highest value of 122.27mg/100g. There was a significant increase.(p<0.05) in the
magnesium content between the samples. Magnesium is essential to.good health as it 'helps in the
maintenance of normal muscle and nerve function, keeping heart rhythm steady, supporting a healthy
immune system and keeps bones strong[54].

The zinc content of the samples ranged from 10.09-25.74mg/100g.:There was a significant increase
(p<0.05) in zinc content of the flours as the level of incorporation with DPF and OPF increased. Zinc
helps with hormone production, growth and repair; improves immunity and facilitates digestion. Zinc
also has a big impact on hormonal balance, so.for this reason, zinc deficiency can result to an
increased risk for infertility or diabetes. Peanuts are rich in zinc and this increase is justified[41]. Zinc
has been recommended for the treatment of diarrhea by the World Health Organization (WHO) and
United Nations Children‘s Fund (UNICEF)..Zinc is an_effective therapy for diarrhea and will decrease
diarrhea morbidity and mortality[55].

3.5-Phytochemical compaosition of the composite flours

The saponin, alkaloids, Total- Phenols and Total Flavonoids of the flour samples are presented on
Table 6.The saponin content ranged from 0.067% to 0.153% in the flours as the level of incorporation
with DPF increases. Increasing levels of DPF in the samples witnessed a significant increase (p<0.05)
in the saponin contents. This could be due to the fact that peanuts and orange peel also contain some
significant amount of saponins as reported in literature[56]. Saponins are natural compounds present
in in foods most especially and they are known to have surface active properties. As reported by
[56]saponins have. plasma cholesterol lowering effect in humans and are important in reducing the
risk of many chronic diseases. On the other hand, saponins are treated as natural antioxidants since it
binds to cholesterol and prevents cholesterol oxidation in the colon[57]. The content of alkaloids in the
flour samples ranged from 0.04% to 1.46%. There was a significant increase (p<0.05) in the alkaloid
contents with increase incorporation of DPF and OPF. Alkaloids belong to a class of naturally
occurring organic compounds that mostly contain basic nitrogen atoms. These compounds include
related compounds with neutral and even weakly acidic properties. Alkaloid is seen as bye-products
of plant metabolism, and they also act as protein reservoirs[17]. They generally possess high level of
bitterness and thus become universal feeding deterrent in plant-herbivores interactions[58]. The

results herein obtained are significantly lower than those reported by [17].The total phenolic content in
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the flour samples ranged from 1.03-13.77mgGAE/g. There was a significant difference (p<0.05) in the
total phenolic contents of the flours as it was observed to increase with increase incorporation of DPF
and OPF. Sample A had the least with 1.03mgGAE/g while sample E had the highest with
13.77mgGAE/g. Phenals play important roles in the prevention of degenerative diseases, particularly
cardiovascular diseases and cancers through the modulation of oxidative stress mediated through
their antioxidant properties. These biologically active compounds have been reported to have anti-
inflammatory, anti-carcinogenic, and anti-ischemic properties[59].The observed rise in flavonoid
content of formulated flour with attendant rise inDPF(94.4-228.8mgGAE/g) and OPF(5.27-
9.40mgGAE/qg) substitution is consistent with earlier study that showed peanuts and orange peels are
good sources of phenolics with antioxidant activity[23],[70][59].The total flavonoid contents of the
flours increased significantly (P<0.05) with increase in the incorporation of DPE. and OPE. Sample A
had the least (3.07mgQAE/g) while sample E had the highest (29.31mgQAE/g). This increase was
expected as peanuts have been known to contain high amounts of flavonoids than phenols[59].
Flavonoids also possess strong antioxidant properties. They have been used in many countries as
medications for blood vessel protection, and are ingredients of numerous multivitamin preparations
and herbal remedies. Studies have also reported increasing flavonoid contents for pearl millet-tiger
nut flour[61].

4-CONCLUSION

Composite flour was successfully produced from wheat, partially. defatted peanut flour and orange
peels. Increased incorporation or substitution with defatted peanut flour and orange peel
floursignificantly improved the protein, fat, ash ‘and the dietary fibre contents of the composite flour,
which could be nutritionally advantageous.to the low-income earners who can hardly afford high
protein foods because of the costs. The flour also had increased nutrients in minerals, with improved
functional properties showing:that the. flours could be used extensively in the food system.
Interestingly, this study demonstrated a significant enhancement in the phytochemical composition of
the flours. This makes the_flours potential sources of these bioactive compounds and making it
versatile for use in functional food development. The use of this composite flour would greatly
enhance the ‘utilization of these crops in sub-Saharan African countries like Nigeria where the crops
has not been optimally utilized. It would encourage farming activities and value addition to the
farmers™ crops:
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