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ABSTRACT: Malnutrition is a serious concern in developing 

nations and can be curbed by blending foods of varying nutritional 

profiles for novel food products. In this research, composite flours 

were prepared by combining wheat, soybeans and carrot pomace 

in different proportions. The functional properties of the fortified 

flours showed the swelling power in the range of 110.43-117.18 

%, water absorption capacity from 2.10-2.66 %, oil absorption 

capacity from 1.23-1.28 %, Gelation capacity from 4.00-8.00 %, 

solubility index from 53.50-90.00 %, and dispersibility from 50-

60 %. The proximate analysis done was moisture, ash, crude fat, 

crude fiber, crude protein and carbohydrate contents, which were 

in the range of 8.31-10.90 %, 0.23-2.50 %, 4.29-9.64 %, 0.56-1.74 

%, 15.47-34.21 % and 44.01-67.08 %, respectively. The mineral 

analysis showed Fe, Zn, Na, Ca and K in the range of 1.99-3.01, 

2.98-3.59, 23.00-24.11, 97.00-98.04 and 199.31-207.03 mg/100g, 

respectively, while the vitamin composition of the composite flours 

shows the presence of β-carotene in the range of 4.90-6.53 

mg/100g , vitamin C ranges from 2.11-2.99 mg/100g, vitamin E 

content from 0.89-1.37 mg/100g, vitamin B6 from 0.21-1.78 

mg/100g, vitamin B12 from 0.02-0.13 mg/100 g though absent in 

samples B and E, vitamin B5 from 0.27-1.67 mg/100g and B1 from 

0.04-1.05 mg/100g. These results showed that the composite flour 

can be used in the formulation of foods like sausages, noodles, 

bread, whipped toppings, angel and sponge cakes. 
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INTRODUCTION  

Nowadays, consumers prefer food products that offer multiple benefits. Not only should they 

have to be sensorially appealing, but they should also be a good source of nutrition to fulfill 

daily requirements and have extra benefits for health (Azkia et al., 2021). The functional and 

nutritional profile of food products is necessary for determining their suitability in various food 

fortifications and their health benefits (Awuchi et al., 2019). Composite flours are a 

combination of flours for fortifying bakery products for economic and nutritional purposes 

(Palamthodi et al., 2021). 

Wheat (Triticum aestivum) is a cereal from the Graminae family with almost the highest annual 

rate of production among grains globally (Palamthodi et al., 2021). Most breads, rolls, crackers, 

cookies, biscuits, cakes, doughnuts, macaroni, spaghetti, puddings, pizza, and a variety of 

homemade hot and cold breakfast dishes are produced from wheat (David et al., 2015). 

Soybean is a nutrient-dense plant source with essential ingredients of functional foods, as it is 

a good source of protein containing most of the essential amino acids, vitamins, and minerals. 

Soybean is rich in Ca, P, and vitamins (A, B, C, and D) (Mohajan et al., 2018). Soybean can 

prevent kidney diseases, heart diseases, osteoporosis, cancer, diabetes, obesity and blood 

cholesterol (Sakare et al., 2020). Soybean flour can be used for the fortification of traditional 

cereal-based foods (Agume et al., 2017). Carrots belong to the Apiaceae family and are 

produced worldwide for food purposes (Ikram et al., 2024). It is a root vegetable, mostly 

orange, purple, red, white or yellow, with a rich source of β-carotene and vitamins like thiamine 

and riboflavin (Akinyede et al., 2020). Carrot pomace is usually regarded as waste, even though 

it contains 80 % of the carotene in the whole carrot and a good amount of dietary fiber and 

minerals (Adeola et al., 2017). Carrot pomace can be incorporated in meals like pasta, pastries, 

cakes, and sausage to reduce the challenge of environmental load (Chepkosgei & Orina, 2021). 

This research was geared toward assessing the functional properties and nutritional profile of 

wheat, soybean and carrot pomace composite flours 

 

EXPERIMENTAL  

Flours Preparation  

The soybeans were collected from Wadata market in Makurdi and prepared as described by 

Msugh et al. (2024) with little modification. The samples were cleaned of dirt by sorting out 

contaminants such as sand, sticks and leaves, washed with water and oven-dried at 50 oC. The 

soybeans were roasted, winnowed and milled using a hammer mill and sieved into fine flour 

of uniform particle size by passing them through a 2 mm mesh sieve. 

Carrot pomace flour was obtained according to the method described by Gull et al. (2015) with 

slight modifications. Fresh carrots were washed thoroughly to remove surface dirt, and the 

outer layers of the carrots were scraped and blanched at 80 oC for 2 min to prevent microbial 

action and stop enzymatic action. After which the water was drained out. The carrots were 

grated and the juice was squeezed out using a muslin cloth, dried at 60 oC for 8 h and milled 

with a hammer mill and sieved to obtain carrot flour. 
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Formulation of the Composite Flour 

Seven samples (A, B, C, D, E, F and G) were prepared by mixing blended carrot pomace and 

soybean flour with wheat flour in the proportion indicated in Table 1 

Table 1: Mixing ratio of wheat, soybean and carrot pomace composite flour blends 

Sample Wheat Flour Soybean Flour Carrot flour 

A 100 0 0 

B 95 5 0 

C 90 5 5 

D 85 10 5 

E 

F 

G 

80 

75 

70 

15 

20 

25 

5 

5 

5 

KEY A - 100% wheat flour (control), B - 95% wheat flour + 5% soybean flour, C - 90% wheat 

flour + 5% soybean flour + 5% carrot pomace flour, D - 85% wheat flour + 10% soybean flour 

+ 5% carrot pomace flour, E - 80% wheat flour + 15% soybean flour + 5% carrot pomace flour, 

F 75% wheat flour + 20% soybean flour + 5% carrot pomace flour, G70% wheat flour + 25% 

soybean flour + 5% carrot pomace flour  

Functional Properties  

Swelling Power and Solubility Index  

Swelling power and solubility were determined as described by Adegunwa et al. (2012). 

Exactly 1 g of the sample was weighed into a 50 mL centrifuge tube, and 50 mL of distilled 

water was added and mixed gently. The slurry was heated in a water bath at 70 oC, 80 oC, 90 
oC and 100 oC respectively for 15 min. During heating, the slurry was stirred gently to prevent 

clumping of the flour, after which the tube containing the paste was centrifuged at 3000 rpm 

for 10 min. The supernatant was decanted and the weight of the sediment was recorded. The 

dry matter content in the sediment gel was determined to get the dry matter content in the gel.  

 𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑚𝑎𝑠𝑠 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑔𝑒𝑙
× 100                                    (1) 

𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥 (%)  =  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑜𝑙𝑖𝑑 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔 𝑥 100         (2) 

Water absorption capacity (WAC)  

Three grams (3 g) of flour were boiled in 200 mL of water until completely cooked, washed 

with distilled water, then drained for 5 min and weighed immediately. Water absorption was 

reported as the percentage increase in the weight of the cooked sample compared to the 

uncooked sample weight. 

𝑊𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑜𝑘𝑒𝑑 𝑛𝑜𝑜𝑑𝑙𝑒𝑠 − 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑢𝑛𝑐𝑜𝑜𝑘𝑒𝑑 𝑛𝑜𝑜𝑑𝑙𝑒𝑠)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑢𝑛𝑐𝑜𝑜𝑘𝑒𝑑 𝑛𝑜𝑜𝑑𝑙𝑒𝑠
× 100             (3)  
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Oil absorption capacity (OAC) 

One gram (1 g) of the flour sample was weighed into a pre-weighed centrifuge tube and 10 mL 

of distilled water was added. The sample was vortexed for 1 min and allowed to stand for 30 

min. After centrifugation at 3000 rpm for 15 min, the supernatant was decanted and the tubes 

were allowed to drain for 5 min, and then the residue was weighed. The result was calculated 

by using the equation (4)  (Abd Elmoneim and Bernhardt, 2018). 

𝑂𝑖𝑙 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
(𝑚1)

𝑚0
× 100             (4)  

where: mo = weight of sample taken into analysis, m1 = weight of sample after supernatant 

removal. 

Least gelation capacity (LGC)  

The least gelation capacity was determined by the method described by Adegunwa et al. 

(2012). Ten suspensions of flour blends (2%, 4%, 6%, 8%, 10%, 12%, 14%, 16%, 18%, and 

20%) (w/v) in 5 mL distilled water were prepared in test tubes. The test tubes containing the 

suspension were heated in a boiling water bath for 1 h. The tubes and contents were cooled 

rapidly under running water and then cooled further for 2 h at 4 oC. Next, the tubes were 

inverted to see if the content would fall or slip off. The least gelation concentration is when the 

sample from the inverted test tube does not fall or slip off. 

Dispersibility   

The method described by Adegunwa et al. (2012) was adopted. Exactly 10 g of each flour 

blend was weighed into a 100 mL measuring cylinder and distilled water was added to make 

up the volume to 100 mL. The setup was stirred vigorously and allowed to settle for 3 h. The 

volume of settled particles was recorded and subtracted from 100. The difference was reported 

as percentage dispersibility.  

Proximate Analysis 

Determination of Percentage Moisture Content 

The moisture content of the samples was determined by the oven evaporation method described 

by Mauer (2024). Exactly 2 g of samples were carefully weighed and placed in a clean, pre-

dried crucible, whose weight had been previously recorded. The dish containing the sample 

was placed in a well-insulated electric oven at 103 oC for 3 h. Thereafter, the sample was 

removed and placed in a desiccator at ambient temperature to cool. This procedure was 

repeated until a constant weight was obtained. The loss in weight of samples was reported as 

moisture content and calculated as shown in equation (5). 

Percentage moisture content % (MC) = 
𝑊1−𝑊2

𝑊1−𝑊0
∗ 100                                  (5) 

Where: Wo is the weight of the empty dish and W1 is the weight   of the dish and sample after 

drying. W2 is the final weight after drying, and W1-Wo is the weight of the sample before 

drying. 
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Determination of total ash  

The ash content was done as described by Harris and Marshall (2017) with little modification. 

Exactly 5 g of the sample was transferred into a pretreated crucible, placed in a furnace and 

ignited at 650 oC for 5 h. After which the crucible was allowed to cool to room temperature, 

was removed from the furnace and placed in the desiccator for 10 min. The weight of ash was 

recorded and the ash percentage was calculated from the initial sample weight.  

% Ash = 
(𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒+𝑎𝑠ℎ)− 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑚𝑝𝑡𝑦 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 ∗ 𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
∗ 100                  (6) 

Dry Matter coefficient = % Solids / 100 

Determination of crude fat 

Fat content was determined by the method described by Ellefson (2017). Exactly 2 g of the 

sample was placed in the Soxhlet extraction chamber and allowed to extract for 8 h. The solvent 

was distilled and collected, and the extract was dried in an oven. The total fat extracted was 

calculated as follows: 

% Fat = 
𝑊3− 𝑊2

𝑊1
 ∗ 100                                                                      (7) 

Where: W1 is weight of sample, W2 is weight of empty flask, W3 is weight of flask with extract 

Crude fibre content 

The crude fiber was done as described by Adeoye et al. (2019) with some modification. Two 

grams (2 g) of the sample were weighed and transferred into a 250 mL beaker and boiled for 

30 min with 100 mL of 0.12 M H2SO4 then filtered through a funnel. The filtrate was washed 

with boiling water until the washing was no longer acidic. The solution was boiled for another 

30 min with 100 mL of 0.01 M NaOH solution and filtered with hot water and methylated spirit 

three times. The residue was transferred into a crucible and dried in the oven at 103 oC for 1 h. 

The crucible with its content was cooled in a desiccator and then weighed (𝑊1). The residue 

was taken into a furnace for ashing at 600 °C for 1 h. The ashed sample was removed from the 

furnace and put into the desiccator to cool and later weighed (𝑊2). The percentage of crude 

fiber was calculated thus: 

% of crude fibre = 
𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒−𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
∗  100                    (8) 

Determination of Total Protein Content 

Protein content was determined using the Kjedahl method as described by Chang and Zhang 

(2017). One gram (1 g) of the sample was weighed and placed into digestion tubes. Two copper 

sulfates were added to the mixture. Thereafter 20 mL of concentrated sulphuric acid was added 

and the mixture was digested for 5 h until a clear solution was obtained.   The sample digest 

was cooled to room temperature and 100 mL of water was added. The content of the glass tube 

was transferred to the distillation units. To the digested sample, 50 mL of 50 % NaOH solution 

was added to neutralize the pH and to convert NH4
+ to NH3

-. Steam was bubbled into the sample 

to entrain the NH3
- that was formed. NH3

- was later condensed. The NH3
- formed was captured 

in a 50 mL boric acid solution of 4% that contained 6 drops of Tashiro’s indicator. When the 
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NH3
- reacts with Boric acid, the solution turns from red to violet to green (pH 4.4-5.8) due to 

the color change of the indicator from acid to basic medium. Then 150 mL of the condensate 

was captured in the boric acid solution. Titration was done with 0.25 mol/L HCl until the 

solution had a slightly violet color. The moles of nitrogen atoms in the sample was calculated 

and then the percentage of protein in the sample. 

% Nitrogen = 
(𝑚𝑙 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑎𝑐𝑖𝑑−𝑚𝑙 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘 )𝑥 𝑁  𝑜𝑓 𝑎𝑐𝑖𝑑 ∗ 14.𝑜𝑜7

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑖𝑛 𝑔𝑟𝑎𝑚
              (9)  

Where: N is normality, blank is mL of standard acid needed to titrate a reagent blank, % crude 

protein 𝑖𝑠 % 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 ∗ 6.25           (10)             

Determination of Total Carbohydrate 

Total carbohydrate content was calculated by the difference, that is, deducting the sum of the 

percentages of crude protein, lipid, moisture, ash and crude fiber contents from 100%. 

Determination of Minerals    

The Atomic Absorption Spectrophotometer was used for the determination of Ca, Zn, and Fe 

content after digestion with 5 mL of concentrated nitric acid as described by Onyenweaku 

(2024) with some modifications. The sodium and potassium contents were determined by flame 

photometry as described by Saifullah et al. (2019). 

Determination of Vitamins 

Determination β-carotene 

β-carotene was quantified by adopting the methods described by Harijono et al. (2012) and 

Biswas et al. (2011). Exactly 1 g of the sample was transferred to glass test tubes, then 5 mL 

of acetone (4 oC) was added, and the tube was held for 15 min with occasional shaking at 4 oC. 

The solution was vortexed at a high speed for about 10 min. and centrifuged at 1370 rpm for 

10 min.  The Supernatant was collected into separate test tubes, and the residues were re-

extracted with 5 mL of acetone before centrifuging. The corresponding supernatants of samples 

were put together and filtered individually using Whatman filter paper. The absorbance of the 

extracts was determined at a 449 nm wavelength with a UV-Vis spectrophotometer.   

Determination of Vitamin C 

Ascorbic acid was determined as described by Mutiara et al. (2012). Standard indophenol 

solution (a deep blue dye) was prepared by dissolving 0.05 g of 2,6-dichloro Indophenol in 

water diluted to 100 mL and filtered. To standardize, 0.053 g of ascorbic acid was dissolved in 

90 mL of 20% metaphosphoric acid (used in extracting and titrating the vitamin) and diluted 

with water to 100 mL. About 10 mL of this solution was pipetted into a small conical flask and 

titrated with indophenol’s solution until a faint pink color persisted for 15 s. Exactly 2 mL of 

the extracted juice from the calyces prepared from each sample was pipetted into a conical 

flask individually and 5 mL of 20% metaphosphoric acid (as a stabilizing agent) was added 

and made up to the 10 mL mark with water. Titration was done with the indophenol solution 

till a faint pink color persisted for 15 s. The vitamin content in the calyces was calculated. 

Vitamin C in mg/100 g = 
𝑇𝑖𝑡𝑟𝑒 𝑣𝑎𝑙𝑢𝑒∗ 0.212∗ 100 

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
                                       (7) 
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Determination of vitamin E 

Tocopherol was analyzed as described by Bassey et al. (2021). One gram of each sample was 

weighed, macerated with 20 mL of n-hexane in a test tube for 10 min. and centrifuged for 10 

min. at 5000 rpm. The solution was filtered; 3 mL of each filtrate was transferred into dry test 

tubes in duplicates and evaporated to dryness in a boiling water bath. Following this, 2 mL of 

0.5 N alcoholic potassium hydroxide was added and boiled for 30 minutes in a water bath, then 

3 mL of n-hexane was added and shaken vigorously. The n-hexane is transferred into another 

set of test tubes and evaporated to dryness. 2 mL of ethanol was added to the residue. Another 

1 mL of 0.2% ferric chloride in ethanol was also added. Then 1 mL of 0.5 % 1,1-dipyridyl in 

ethanol was added, followed by the addition of 1 mL of ethanol to make it up to 5 mL. The 

solution was gently mixed and absorbance was taken at 520 nm against the blank. 

Determination of Vitamin B6 

Vitamin B6 in the sample was determined as described by Kall (2003) with a few modifications 

using high-performance liquid chromatography (HPLC). The sample (2 g) was hydrolyzed 

with 0.1 N hydrochloric acid at 121°C for 30 min., followed by neutralization with sodium 

hydroxide to a pH of 7.0. The hydrolyzed sample was filtered, and a derivatizing agent (O-

phthalaldehyde) was added to convert vitamin B6 into its fluorescent form. The derivatized 

sample was then injected into an HPLC system equipped with a reverse-phase C18 column, 

using a methanol-water (60:40 v/v) mobile phase at a flow rate of 1.0 mL/min. The fluorescent 

derivative was detected with a fluorescence detector set at an excitation wavelength of 340 nm 

and emission at 450 nm. Quantification was achieved by comparing the peak areas of the 

sample with those of standard pyridoxine solutions.  

Determination of Vitamin B12 

Approximately 3 g of flour was mixed with 15 mL of extraction buffer (8.3 mM sodium 

hydroxide and 20.7 mM acetic acid, 185 pH 4.5) containing 100 µl of sodium cyanide (1% w/v 

in water) and extracted in 186 boiling water for 30 min. After cooling, 300 µl of α-amylase (50 

mg/mL) was added, and the samples were incubated in a water bath (30 min, 37 C) to allow 

the breakdown of starch before centrifugation (6,900 × g, 10 min). Residues after centrifugation 

were kept in 5 mL of extraction buffer and centrifuged again. After combining the supernatants, 

the final volume was adjusted to 25 mL with the extraction buffer. After filtration, 10 mL of 

the extracts was purified through an immunoaffinity column and analyzed with a Waters 

UHPLC system equipped with a photodiode array detector (at 361 nm) and an Acquity HSS 

T3 C18 column (2.1 × 100 196 mm, 1.8 µm). The mobile phase was a gradient flow of 

acetonitrile and MilliQ water with 0.025% trifluoroacetic acid (0.32 mL/min), as explained by 

Xie et al. (2018). 

Statistical Analysis 

The result of the analysis was expressed as mean + standard deviation and SPSS Statistical 

Package version 27.0 was used to analyze the variances using a one-way analysis of variance 

(ANOVA) post-hoc test.  
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RESULTS AND DISCUSSION  

Results  

The result of the functional properties, proximate composition, mineral content and vitamin is 

presented on Table 2-5. 

Table 2: Functional composition of composite wheat-soyflour-carrot pomace flour 

Sample SP (%) WAC (%) OAC (%) LGC (%) SI (%) Dispersibility 

A 110.43g±0.03 2.23c±0.02 1.24bc±0.03 4.00c±0.00 90.00a±0.00 60.00bc±0.00 

B 116.00c±0.30 2.24bc±0.01 1.25abc±0.02 4.00c±0.00 90.00a±0.00 62.00ab±2.00 

C 115.20d±0.40 2.25bc±0.01 1.28a±0.02 4.00c±0.00 90.00a±0.00 65.50a±0.50 

D 116.60b±0.01 2.26b±0.02 1.27ab±0.02 6.00b±0.00 71.00b±1.00 57.00cd±1.02 

E 117.18a±0.03 2.24bc±0.02 1.28a±0.02 6.00b±0.00 53.50c±3.50 55.00d±3.00 

F 111.39f±0.03 2.10d±0.01 1.28a±0.01 8.00a±0.00 72.00b±2.00 50.00e±2.00 

G 112.59e±0.03 2.66a±0.03 1.23c±0.03 8.00a±0.00 69.00b±3.00 50.00e±5.00 

KEY: SP – swelling power, WAC – water absorption capacity, OAC – oil absorption capacity, 

LGC – Least gelation capacity, SI – solubility index 

 

Table 3: Proximate composition of composite wheat-soyflour-carrot pomace flour 

Sample 

 

Moisture Crude Ash Crude Fat Crude 

Fibre 

Crude 

Protein 

Carbohydrate 

A 9.94b±0.03 1.59f±0.03 4.37e±0.07 1.57b±0.02 15.47f±0.03 67.08a±0.23 

B 9.38e±0.03 0.23g±0.03 6.16d±0.03 0.95e±0.03 20.98e±0.03 62.33b±0.13 

C 9.84c±0.03 2.02d±0.03 4.39e±0.03 1.74a±0.03 24.29d±0.03 57.75c±0.13 

D 8.93f±0.05 2.08c±0.03 4.29f±0.03 1.07d±0.03 29.80c±0.03 53.85d±0.15 

E 9.57d±0.03 2.09b±0.03 6.93c±0.03 0.81f±0.03 32.00b±0.02 vitaminse±0.12 

F 10.90a±0.03 1.87e±0.03 7.42b±0.03 0.56g±0.03 32.01b±0.03 47.27f±0.13 

G 8.31g±0.04 2.50a±0.03 9.64a±0.03 1.36c±0.03 34.21a±0.03 44.01g±0.14 

Mean within the same column with different superscripts are significantly different at p<0.05 

KEY: SP – swelling power, WAC – water absorption capacity, OAC – oil absorption capacity, 

LGC – Least gelation capacity, SI – solubility index 
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Table 4: Mineral composition of wheat-soyflour-carrot pomace flour 

Mean within the same column with different superscripts are significantly different at p<0.05 

Table 5: Vitamin content of composite wheat-soyflour-carrot pomace flour 

Sample Fe Zn Na Ca K 

A 2.93b±0.05 3.01c±0.00 23.57d±0.00 97.02d±0.00 200.00b±0.00 

B 2.99a±0.01 3.59a±0.00 24.00c±0.00 97.00d±0.00 199.31b±0.76 

C 3.01a±0.01 3.11b±0.01 23.00e±0.01 97.01d±0.00 199.90b±0.00 

D 2.00d±0.00 2.98f±0.00 24.10ab±0.00 98.00b±0.00 207.03a±6.11 

E 2.90b±0.00 3.01c±0.01 23.99c±0.00 97.96c±0.00 200.33b±0.58 

F 2.06c±0.00 3.00d±0.00 24.07b±0.06 98.04a±0.00 200.00b±0.00 

G 1.99d±0.01 2.99e±0.00 24.11a±0.00 98.00b±0.00 201.00b±0.00 

Within the same column with different superscripts are significantly different at p<0.05 

 

DISCUSSION    

Functional properties of the composite flours   

The swelling power is linked to the association binding in the starch granules as well as the 

strength and nature of the micelle network. A high swelling index of a flour sample can be as 

a result of low amylose concentration in that sample (Adegunwa et al., 2012). The swelling 

power of the composite flour was in the range of 110.43-117.18 %. The result is higher than 

the 8.33-12.10 % reported on wheat soybeans and sunflower seeds composite flour by Msugh 

et al. (2024) and the 0.84-7.21 % reported on wheat/white beans composite flour by Oa et al. 

(2016). The difference in the result could be as a result of the carrot pomace or sunflower seeds 

used in the flours, respectively. The water absorption capacity of the composite flour was 2.10-

2.66 %. The result is higher than the 0.50-1.22 % reported on soybean-wheat composite flour 

by Godswill (2019) and not too far from the 1.75-2.18 % of maize-soybeancomposite flour 

reported by David et al. (2022). The high-water adsorption capacity of the composite flour 

could be attributed to the high content of carbohydrates in the samples (Emeka-Ike and Ike, 

2020). The oil absorption capacity (OAC) contributes to a good mouthfeel while retaining the 

Sample B-Car Vit C Vit E Vit B6 Vit B12 B5 B1 

A 6.33a±0.06 2.97ab±0.06 1.35b±0.00 0.98c±0.00 0.10b±0.00 0.27f±0.00 1.03c±0.03 

B 6.53a±0.46 2.80c±0.00 1.36b±0.00 0.98bc±0.01 0.00e±0.00 0.37e±0.00 1.05a±0.00 

C 6.27a±0.00 2.94b±0.02 1.37a±0.01 0.99b±0.00 0.05c±0.06 0.37e±0.00 0.05d±0.00 

D 6.21a±0.00 2.97ab±0.02 1.33c±0.01 0.98c±0.01 0.03d±0.00 0.38d±0.00 0.04d±0.00 

E 6.27a±0.01 2.99a±0.00 0.99d±0.00 1.78a±0.00 0.00e±0.00 0.39c±0.00 1.04b±0.00 

F 5.00b±0.00 2.11d±0.01 0.89e±0.01 0.36d±0.00 0.13a±0.00 0.68b±0.00 1.02bc±0.00 

G 4.90b±0.00 2.11d±0.01 0.98d±0.01 0.21e±0.01 0.02e±0.01 1.67a±0.00 1.00c±0.00 
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food flavor (Awuchi et al., 2019). The oil absorption rate in this research increases as the 

quantity of soybeans increases. That is, the higher the soybean content, the higher the protein 

content, the higher the oil absorption, and the better the mouthfeel and flavor (Abah et al., 

2020).  Flours with a good amount of OAC can be instrumental in formulating foods like 

sausages, whipped toppings, angel and sponge cakes, and chiffon desserts (Godswill, 2019). 

Gelation capacity is the ability to form a gel-like texture when cooked (Shrestha et al., 2021). 

A lower gelation capacity suggests that the flour will have a softer, more fragile texture when 

cooked (Msugh et al., 2024). Samples A, B, and C have a low gelation capacity. This is due to 

the high starch content in them; the amylose component of starch can re-associate, forming a 

network of hydrogen bonds that traps water, creating a gel-like structure when heat is applied. 

Samples F and G have a high LGC due to the low starch content and high protein content 

(Emeka-Ike & Ike, 2020). The solubility index shows the extent to which the component of the 

flour or powder material dissolves in water (Nishad et al., 2017). Samples A, B, and C have 

the same solubility index and it is the highest among the samples followed by F, G and D. The 

high solubility index of samples A, B and C implies they can digest faster. Therefore, it is a 

better option for most food formulations than the rest of the samples (David et al., 2015). The 

dispersibility of the composite flour was in the range of 50-60 %. Dispersibility of the flour is 

the ability of the flour to rehydrate with water without the formation of lumps (Palamthodi et 

al., 2020). In this research, sample C has the highest dispersibility (65.50 %), and samples F 

and G have the lowest value (50 % each). The result is lower than 75.9-82.1 % reported by 

Mohajan et al., (2018) on soybean flour and within 20-70 % reported by Adeola et al., (2017) 

on water yam, pigeonpea and carrot pomace composite flour. The high dispersibility of the 

samples shows that they can form a good constitution in water, producing a fine paste (Awolu, 

2017).  

Proximate Composition of the Composite Flour 

The proximate composition of the composite flour is presented in Table 3, which shows the 

moisture content of the flours in the range of 8.31-10.90 % which is less than the 10.20-12.22 

% reported on wheat-soybean and moringa composite flour by Verem et al. (2021) but within 

the 8.28-10.60 % range of values reported on maize-soybean composite flour by David et al. 

(2022). Moisture content is a vital parameter in the storage behavior of flours. Low moisture 

content enhances the long shelf life and storage stability of the products (Oa et al., 2016). 

According to Godswill (2019), flours with moisture content less than 10 % exhibit a long shelf 

life. In this research, all the samples except sample F have a moisture content of less than 10 

% implying a long shelf life. The ash content in this research was 0.23-2.50 %.  The ash content 

increases as the content of soybean increases in the samples except for samples B and F.  The 

result of this study can be compared with the 0.77-2.85 % reported by Ekunseitan et al. (2017) 

on wheat mushroom and cassava composite flour and within 0.02-3.95 % of soft wheat and 

asomdwee cowpea flour reported by David et al. (2015). Ash content shows the measure of 

inorganic matter present in the flour samples (Abe-Inge et al., 2020). Sample G has the highest 

inorganic matter content, while sample B has the lowest content. The crude fat content of the 

samples was in the range between 4.29-9.64 %, the values are higher as compared to the result 

reported on wheat-tiger nut composite flour by Oke et al., (2016) and 1.52-2.37 % reported on 

wheat, soybean and moringa leaf composite flour by Verem et al., (2021). It can be seen that 

the sample has enough fat, which can be useful in food formulations. The samples had a crude 

fiber content of 0.56-1.74 %. The fat content was less than the literature (0.74-2.51 %) reported 

by Ekunseitan et al. (2017) on wheat mushroom and cassava composite flour. The low fiber 
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content may result in minimal cooking loss, though high dietary fiber in food is also important 

in preventing some diseases like constipation, stroke, obesity and cardiovascular illnesses 

(Abe-Inge et al., 2020). The crude protein (15.47-34.21 %) in the sample increases as the 

quantity of soybeans increases. Makinde and Taibat (2018) reported a lesser value (3.15-

20.45%) on wheat corn almond and coconut composite flour as compared to these findings. 

The result is also higher than the 16.00-28.13 % reported by Iwe et al. (2016) on FARO 44 rice 

African yam bean and brown cowpea seeds in composite flour. The composite flour can be a 

good source of protein in food fortification. The carbohydrate content of the flour decreases as 

the quantity of soybeans increases (67.08-44.01 %) nevertheless, the flour is a good source of 

carbohydrates and can be used in the production of food like bread and doughnuts. The same 

trend was also reported by David et al. (2022) on maize-soybean composite flour. 

Minerals Contents of the Composite Flour 

The mineral content of the composite flour as presented in Table 4 shows Fe content in the 

range of 1.99-3.01 mg/100 g. This result is similar to the 1.98-3.08 mg/100 g reported on maize-

soybean flour by David et al. (2022) and the 1.2-3.1 mg/100 g on wheat-soybean flour by 

Akubor and Fayashe (2018). Food produced from this flour will prevent fatigue, weakness and 

shortness of breath, which are some illnesses caused by the deficiencies of Fe. The Zn content 

was 2.98-3.59 mg/100 g. The result is a little higher than the 2.85-2.95 mg/100 g reported on 

wheat-soy composite (Issa Khan et al., 2012) and lower than the 3.40-8.3 mg/100 g of cassava, 

rice, and banana composite flour reported by Udomkun et al. (2019). The presence of the Zn 

in the flour indicates its nutritional value as Zn is responsible for several bodily functions such 

as blood clotting, taste and wound healing (Skalnaya & Skalny, 2018). The Na content in the 

study was 23.00-24.11 mg/100g. The result is higher than the 18.10-18.30 mg/100g reported 

on wheat-soybean composite flour by Akubor and Fayashe (2018) and less than the 22.67-

46.78 mg/100g reported on wheat-mushroom and cassava composite flour by Ekunseitan et al.  

The calcium content (97.00-98.04 mg/100g) is higher than the 9.32-14.04 mg/100g reported 

on maize-soybean composite flour reported by David et al.  The K content of the flour was 

199.31-207.03 mg/100 g and less than 73.50-143.6 mg/100 g of wheat-soybean composite flour 

reported by Akubor and Fayashe (2018). The presence of these minerals is an indication that 

flour is a good source of minerals for food formulation. 

Vitamins Content of the Composite Flour 

The vitamin composition of the composite flour shows the presence of β-carotene in the range 

of 4.90-6.53. β-carotene is an antioxidant and anti-inflammatory that protects cells from 

damage (Zheng et al., 2022). Vitamin C in this study ranged from 2.11-2.99. Vitamin C helps 

form collagen and wound healing (Eliseeva and Mironenko, 2018). The vitamin E content of 

the sample ranged from 0.89-1.37. Vitamin E helps in the reduction of oxidative stress, 

protection of cell membranes and prevention of some diseases (Rizvi et al.,2014). Vitamin B6 

was 0.21-1.78, while vitamin B12 was 0.02-0.13 though absent in samples B and E. These 

vitamins prevent stroke and cardiovascular disorders (Kataria et al., 2021). Vitamin B5 (0.27-

1.67) helps in the formation of coenzymes, which is key for energy metabolism (Maqbool et 

al., 2017). B1 (0.04-1.05) is very important for proper cell functioning (Mrowicka et al., 2023). 
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CONCLUSION 

The composite flours were made by combining wheat, soybeans, and carrot pomace in varying 

proportions. The functional analysis, proximate composition, and mineral and vitamin content 

showed that the composite flour can be used in the production of several food products, such 

as sausages, noodles, bread, whipped toppings, sponge cakes and many others. Formulation C 

had the most functional and nutritional characteristics.  However, lab tests for such products 

can be done to allow subsequent commercialization of the composite flours. 
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