NUTRITIONAL AND SENSORY EVALUATION OF NOODLES ENRICHED WITH SOYBEAN AND CARROT FLOUR



.     
.
              . 
                     
	.
..


.

____________________________________________________________________________________________

*Corresponding author: Email: XYZ@ABC.COM


ABSTRACT

	This study evaluated the nutritional and sensory properties of noodles produced from blends of wheat, soybean, and carrot flours in varying proportions. The proximate, mineral, and vitamin compositions of the noodles were analysed, along with a sensory evaluation to assess consumer acceptability. The results indicated significant nutritional enhancements with the inclusion of soybean and carrot flours. Notably, protein content ranged from 9.95% in the control sample (100% wheat flour) to 30.90% in the sample 60:35:5 (containing 35% soybean flour and 5% carrot flour), representing a significant increase (p < 0.05). Fat content also increased from 2.08% to 4.04%, and ash content from 2.48% to 3.85%, while carbohydrate content decreased from 75.12% to 54.19% as the proportion of soybean flours increased. Mineral analysis (mg/100 g) showed significant differences in calcium and iron contents, calcium ranged from 97.02 to 98.00 and iron from 1.89 to 2.93. Vitamin (mg/100 g) content, (beta-carotene) (5.46 - 6.00) vitamin C (1.22 - 2.03), vitamin E (1.00-1.03) vitamin B1 (0.25-0.31), vitamin B6 (1.00-1.04), vitamin B12(0.09-0.23) increased with increasing substitution of soybean and carrot flour. Sensory evaluation revealed that the control sample had the highest scores for appearance (7.63), taste (7.66) and overall acceptability (7.58), while samples with higher soybean flour received lower scores, indicating a potential trade-off between nutritional enhancement and sensory quality. The proportion of carrot flour was the same across all samples except the control. All the samples were, however, generally acceptable. Therefore, incorporating soybean and carrot flour into wheat flour can significantly improve the nutritional profile of noodles, particularly protein, fat, mineral and vitamin content. However, the sensory analysis suggests that consumer acceptability may decrease with higher levels of these flours, highlighting the need for balanced formulations that consider both nutrition and taste.
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1. INTRODUCTION 

The global food industry faces an unprecedented challenge in addressing malnutrition and dietary deficiencies while meeting the growing demand for convenient, affordable, and nutritious food products. Instant noodles, as one of the most widely consumed processed foods worldwide, represent a significant opportunity for nutritional enhancement and public health improvement (Ayustaningwarno et al., 2025). Despite their popularity and accessibility, conventional wheat-based noodles are usually rich in carbohydrates (Bushuk, 1998) but lack essential nutrients such as protein, fibre, vitamins, and minerals, potentially causing metabolic problems if consumed in the long term (Ayustaningwarno et al., 2025).
According to the Food and Agricultural Organisation (FAO, 2023) Africa is suffering from severe food insecurity with 5% increase from 2015-2022, and over 122 million people suffer hunger globally. (Naibaho, et al., 2024). Additionally, the World Health Organization estimates that over 2 billion people globally suffer from micronutrient deficiencies, with protein-energy malnutrition affecting millions more, particularly in developing nations where processed convenience foods constitute a substantial portion of daily caloric intake (Zhang & Hu, 2025). This nutritional gap has prompted food scientists and researchers to explore innovative approaches to food fortification, particularly focusing on readily available, nutrient-dense ingredients that can be seamlessly integrated into existing food matrices without compromising palatability or consumer acceptance.
The selection of soybean and carrot flour as enrichment agents represents a strategic approach to addressing multiple nutritional deficiencies simultaneously. Soybeans (Glycine max) stand as one of nature's most complete protein sources, containing all essential amino acids required for human nutrition (Kumari et al., 2025). Beyond their exceptional protein profile, soybeans are rich in isoflavones, which have been extensively studied for their potential health benefits, including cardiovascular protection and hormonal regulation (Usman et al., 2025). The high lysine content in soybean protein particularly complements the lysine-deficient wheat protein, creating a more balanced amino acid profile that approaches the ideal protein composition recommended by the Food and Agriculture Organization. (Hussain et al., 2024).
Carrots (Daucus carota), represent an exceptional source of beta-carotene, the precursor to vitamin A, alongside significant amounts of dietary fibre, potassium, and various antioxidant compounds (Ikram et al., 2024). The conversion of carrots into flour not only extends shelf life and reduces transportation costs but also concentrates these beneficial compounds, making them more bioavailable when incorporated into food products. The natural sweetness of carrot flour can also contribute to improved palatability, potentially reducing the need for artificial flavor enhancers (Sharma et al., 2012; Motegaonkar et al., 2024). 
The incorporation of alternative flours into traditional wheat-based noodle systems presents both opportunities and challenges from a food technology perspective. The gluten network, which provides the characteristic texture and mouthfeel of traditional noodles, requires careful consideration when introducing non-gluten proteins and fibre (Haixi et al., 2025). Soybean flour contributes functional proteins that can enhance water-binding capacity and provide emulsification properties, while carrot flour adds dietary fibre that may influence dough rheology and final product texture (Marczak & Mendes, 2024).
The fortification of noodles with soybean and carrot flour addresses several critical nutritional gaps simultaneously. Protein enhancement through soybean incorporation can significantly improve the biological value of the final product, potentially transforming a primarily carbohydrate-based food into a more balanced nutritional option. The addition of high-quality plant protein is particularly relevant in regions where animal protein sources are limited or expensive (Gil et al., 2024). The beta-carotene contribution from carrot flour addresses vitamin A deficiency, a major public health concern affecting an estimated 250 million preschool children globally. The bioavailability of beta-carotene can be enhanced through the processing methods employed in noodle production, potentially making this fortified product an effective vehicle for vitamin A delivery to at-risk populations (Le, 2025).
Furthermore, the increased dietary fibre content from both soybean and carrot flour can contribute to improved digestive health, enhanced satiety, and better glycemic control – factors increasingly important in addressing the dual burden of malnutrition and lifestyle-related diseases in many populations (Ahmad, et al., 2016). While nutritional enhancement is paramount, the sensory acceptability of fortified products ultimately determines their market success and public health impact. The integration of soybean and carrot flour into noodle formulations must be carefully balanced to maintain consumer-preferred sensory attributes while maximizing nutritional benefits. Colour changes resulting from carrot flour incorporation may actually enhance visual appeal, providing a more vibrant, appealing appearance compared to conventional pale wheat noodles (Bao et al, 2023).
This research addresses the critical need for comprehensive evaluation of nutritionally enhanced convenience foods by systematically investigating the effects of soybean and carrot flour incorporation on both nutritional composition and sensory properties of noodle products. The study encompasses detailed nutritional analysis, including proximate composition, vitamin content, and mineral analysis, alongside comprehensive sensory evaluation using trained panels and consumer testing.
The outcomes of this research are expected to contribute significantly to the field of food fortification and functional food development. By demonstrating the feasibility of producing nutritionally enhanced noodles with acceptable sensory characteristics, this work may inform industrial applications and policy decisions regarding food fortification strategies. The research findings will provide valuable insights into the complex relationships between ingredient functionality, processing parameters, and final product quality in composite flour systems. These insights extend beyond noodle applications and may inform the development of other wheat-based products seeking nutritional enhancement through plant-based ingredient incorporation. Furthermore, the comprehensive analytical approach employed in this study establishes methodological frameworks that can be applied to similar product development initiatives, contributing to the broader scientific understanding of food fortification technologies and their optimization. The potential public health impact of successfully developed, nutritionally enhanced noodle products is substantial, particularly considering the global reach and accessibility of instant noodle products. By transforming a widely consumed convenience food into a vehicle for essential nutrient delivery, this research contributes to broader efforts to address global malnutrition challenges through food system innovations.

2. material and methods 

2.1 Raw Material Sourcing and Preparation 
The raw materials (wheat flour, soybean & carrot), for this study were procured from Wurukum market (Latitude:7.724 N, Longitude: 8.5364 E) in Makurdi Benue State. All reagents used were analytical grade (JHD), at Food Science laboratory, Joseph Sarwuan University, Makurdi. Soybean and carrot flours were produced as shown in Figures 1. Five samples as shown in Table 1 were prepared by mixing blended carrot and soybean flour to wheat flour in the proportions indicated. Noodles were prepared as outlined in Figure 1.
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Figure 1: Flow Charts for the processing of (a) soybean & (b) carrot flour and (c) the production of noodles. Source: (Kim et al., 2011; Xin et al., 2018)


Table 1: Ratio of Wheat, Soybean and Carrot Flour Composite Blends
	[bookmark: _Hlk219715325]Sample
	(%)

	
	Wheat flour
	Soybean flour
	Carrot flour

	A
	100
	0
	0

	B
	90
	5
	5

	C
	80
	15
	5

	D
	70
	25
	5

	E
	60
	35
	5



2.2 Quality Evaluation

2.2.1 Determination of proximate composition
 
The proximate analyses of the noodle samples were carried out using the method of AOAC (2016)
i. Moisture content 
The moisture content of the sample was determined by the evaporation method described by Mauer & Bradley Jr (2017). About 2 g of sample were carefully weighed and placed in a clean, pre dried crucible, whose weight had been previously recorded. 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 (1). 
Percentage moisture content   ∗ 100
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.
ii. Ash content
The ash content was determined as described by Harris and Marshall (2017) with little modification. About 5 g of the sample was transferred into a pre-weighed crucible, placed in a furnace and ignited at 550 oC for 5 h. After which the crucible was placed in the desiccator for 10 min to cool to room temperature. The weight of ash was recorded and the ash percentage was calculated from the initial sample weight. 


iii. Determination of crude fat 
Fat content was determined by the method described by Ellefson (2017) (AOAC Method 920.39C). About 2 g of the sample was placed in the Soxhlet extraction chamber and allowed to extract in 50 mL hexane for 6 h. The solvent was recovered from rotary evaporator and collected, and the extract was dried in an oven. The total fat extracted was calculated as follows: 
∗10

iv. Crude fibre content
The crude fibre was determined as described by BeMiller (2017) with some modification. One gram (1g) of the sample (W) was transferred into a beaker containing 100 mL of 0.12 M H2SO4 and boiled for 30 min. The filtrate was separated and the residue washed with boiling water until the washing was no longer acidic. The solution was boiled for another 30 min with 100 mL of 0.012 M NaOH solution and filtered. The residue was washed with hot water until the washing was no longer basic. Finally, 78% ethanol was added to precipitate the soluble fibre which was recovered by filteration. 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 process was repeated using blank as sample, the mass after ashing was designated W3. The percentage of crude fibre was calculated thus: 


Where a is mass (g) of the sample. (Approximately 1 g)
           b (W1-W2) is the loss of mass (g) after ashing during the determination;
          c (W3) is the loss of mass (g) after ashing during the blank test.

v. Determination of crude protein
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. Catalytic amount of copper sulphate was added to the mixture. Thereafter 20 mL of concentrated sulphuric acid was added and the mixture was digested for 1 h until a clear solution was obtained. The sample digest was cooled to room temperature and 100 mL of distilled water was added. To the digested sample, 20 mL of 40 % NaOH solution was added to neutralize the pH and to convert NH4+ to NH3-. The NH3- formed was captured in a 50 mL of 4% boric acid solution that contained 6 drops of Tashiro’s indicator. 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 were calculated and then the percentage of protein in the sample. 



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

vi. Determination of carbohydrate
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%.

2.2.2 Determination of mineral content

The mineral content (Fe, Zn, Na, Ca) was determined by wet ashing method described by Harris & Marshall (2017). About 1 g of crushed noodle was digested in concentrated HNO3: HCl (3:1) at 200 0C for 3h. Exactly 1 mL was transferred to 100 mL volumetric flask and the volume made up to the mark. This was subjected to FAAS measurement.  Four minerals (Fe, Zn, Na, Ca) were determined from the calibration curve for each element. (Korn, et al., 2008, Harris & Marshall 2017)


2.2.3 Determination of vitamin content

β-Carotene was quantified following. as described by Pegg & Eitenmiller (2017) with modification. One gram of sample was saponified with ethanolic KOH and extracted with hexane, centrifuged, and filtered. Absorbance of pooled extracts was measured at 325 nm using a UV-Vis spectrophotometer, and β-carotene content was estimated from the calibration curve. Vitamin C was determined by titration with 2,6-dichloroindophenol. Extracted samples were stabilized with 15% metaphosphoric acid, titrated to a persistent pink endpoint, and quantified using a standard ascorbic acid curve. Vitamin B1 was oxidized in alkaline solution by potassium ferricyanide solution to form thiochrome, which was extracted with isobutanol and the resulting blue fluorescence measured 268 and 365 nm. Vitamin B12 was determined by UV spectrophotometric measurement of the characteristic ultraviolet colour (386 nm) following extraction in water.  Vitamin E (α-Tocopherol) was determined by oxidation with ferric chloride (the ferrous ions formed were measured colorimetrially with the aid of α, α’-dipyridyl (bright red colour). One gram (1g) of the sample was macerated with 20 mL of ethanol. To one milliliter (1 mL) of the extract, 0.2% ferric chloride in ethanol was added, then 1 mL 0.5% α, α-dipyridyl was also added and left undisturbed for 15 min. The resulting mixture was diluted to 5 mL with distilled water and absorbance was measured at 520 nm. Then concentration of Vitamin E was extrapolated from the standard curve. (Omoboyowa, et al., 2015)

2.2.4 Sensory evaluation of noodle samples

The formulated noodles and a commercial noodle brand were subjected to sensory evaluation by ten untrained panelists from the Center for Food Technology and Research (CEFTER), Benue State University. Sensory attributes assessed included appearance, aroma, taste, mouthfeel, and overall acceptability. Coded samples were served randomly in clean white plates at ambient temperature under controlled lighting conditions. Panelists rinsed their mouths with water between samples. A nine-point hedonic scale, as described by Xu et al. (2020), was used for the evaluation.

2.3 Statistical Analysis

Statistical analysis was done using Statistical Package for Social Science (SPSS) computer software. All experiments were conducted in duplicate and reported as mean ± standard deviation. Analysis of variance (one way ANOVA) was used to ascertain any significant differences in the treatments at 95% (P=0.05) significant level. The Duncan Multiple Range Tests (DMRT) was used to separate means

3. results and discussion

3.1 Proximate Composition of Noodles Produced from Wheat, Soybean, and Carrot

The proximate composition of the noodle samples is presented in Table 2. The moisture content ranged from 6.38 to 9.66 %. A significant increase (p<0.05) in moisture content was observed with the incorporation of SBF and CF. This variation in moisture content could be attributed to the varied hydrophilic properties of the fibre in CF and SBF as the SBF incorporation increased. The amount of moisture in a food material is very critical to the product’s stability and shelf. The results in this study are higher than those observed by Akonor et al. (2017), who reported moisture content ranging from 4.74 to 8.86 % for noodles made from a variety of roots and tubers. Similar results were gotten for noodles produced from wheat-moringa-based flours (Zula et al., 2021). These researchers observed a moisture content range of 7.72 to 10.83 %. The moisture content observed in this study was lower than 14 % which is recommended by the Codex Alimentarius Commission for the safe storage of foods and food materials (CODEX Alimentarius Commission, 2005). 
The protein content varied significantly across all samples. This significant increase (p<0.05) in protein content was observed as the incorporation of SBF increased. This increase could be attributed to the fact that soybeans are known to be high in protein content. The noodle samples had protein content ranging from 9.95 to 30.90 %. These results are higher than those of Zula et al. (2021), who produced noodles from moringa and wheat. More reports have seen protein content in the range of 10.90 to 14.26 % (Akonor et al., 2017). Orisa & Udofia (2019) reported protein content in the order of 10.07 to 14.44 %. This indicates that the noodles produced in this study are very rich in protein. 
The substitution with SBF and CF resulted in an increase in fat content from 2.08 to 4.04 %. The noodles with 35 % SBF (60:35:5) had the highest fat content, while the control sample (100:0:0) had the least. This increase in fat content differed significantly among all the samples and could be attributed to the fat content in the SBF as well as due to the recipe.  Akubor et al. (2023) reported higher fat contents in the order of 7.47 to 14.05 % for noodles produced from unripe banana and cowpea flours. The fat content results in this study are lower than those reported by Akonor et al. (2017) for noodles produced from root and tuber composite flours. 
The ash content ranged from 2.48 to 3.85 % with sample 60:35:5 having the highest value, while 100:0:0 had the least value. An increase in the ash content of the noodle samples was seen as substitution with SBF increased. All samples were significantly different (p<0.05) from each other. The increase in ash content could be attributed to the high ash content of SBF. The ash content in this study was higher than those reported by a study on comparative study on instant noodles in Sokoto state Nigeria (Suleiman et al., 2020). The researchers observed ash content in the range 0.97 to 0.99 %. The trend in results disagree with those of (Onyema et al., 2014) who reported a decrease in the ash content. 
The fibre content ranged from 0.74 to 1.35 %, with sample 60:35:5 having the highest value and sample 100:0:0 having the least. There was a significant increase (p<0.05) in fibre content as the substitution with SBF increased. The addition of CF also accounts for this increase in fibre content. These values are low comparable to the high fibre content (16.65 - 36.22%) reported by Orisa & Ukpong (2019) for Triticum durum, Digitaria exilis, Vigna unguiculata Flour and Moringa oleifera flour composited noodle and that (1.54 - 2.19) reported by (Zula et al., 2021) for moringa-based noodles, also values (1.30 - 2.93 %) reported by Mohamad, et al., (2024) for noodles fortified by rice bran. Srinu et al., (2021) reported similar values (0.29 – 0.92 %) for noodles fortified with spices. However, the fibre content in this study was comparatively higher than those reported by (Lanorio et al., 2022) who produced noodles from Kalinga mix and moringa flours. The results were also comparable to those by Hussin et al., (2020) in their wheat-bambara nut noodles. 
[bookmark: _Hlk219718946]The carbohydrate content ranged from 54.19 to 75.12 %, with significant differences among all the samples. Hussin et al. (2020) observed lower carbohydrate content for noodles produced from wheat and Bambara nuts. Similar but lower (46.99 - 71.09 %) results were observed by Akubor et al. (2023) for noodles produced from blends of wheat, unripe banana and cowpea.



Table 2: Proximate composition (%) of noodles produced from wheat, soybean, carrot composite flour

	WF:SB:CF
	Moisture content
	Crude Protein
	Crude Fat
	Ash content
	Crude Fibre
	Carbohydrate
	Energy (kcal)

	100:0:0
	9.66d±0.03
	9.95a±0.03
	2.08a±0.03
	2.48a±0.03
	0.74a±0.03
	75.12e±0.13
	359.00e±0.14

	90:5:5
	8.19c±0.03
	25.39b±0.03
	2.13b±0.03
	2.99b±0.03
	0.89b±0.03
	56.03c±0.13
	344.85d±0.14

	80:15:5
	6.38a±0.03
	29.80c±0.03
	2.12ab±0.03
	3.05c±0.03
	0.92b±0.03
	57.76d±0.08
	369.32a±0.14

	70:25:5
	8.14b±0.03
	29.80c±0.03
	2.75c±0.03
	3.00b±0.03
	1.05c±0.03
	57.29b±0.13
	360.71c±0.14

	60:35:5
	8.11b±0.03
	30.90d±0.03

	4.04d±0.03
	3.85d±0.03
	1.35d±0.03
	54.19a±0.13

	389.12b±0.27



WF: Wheat flour, SB: Soybean flour, CF: Carrot flour. Values with different superscript are significantly different
3.2 Mineral Composition of Noodles Produced from Wheat, Soybean, and Carrot

[bookmark: _Hlk219718674]The mineral content of the noodles is presented in Table 3. The iron content of the samples varied significantly (p<0.05) ranging from 1.89-2.93 mg/100g. This variation was observed with increased SBF incorporation. Iron plays a crucial role in strengthening the immune system. It is a functional component of haemoglobin and other essential compounds involved in respiration, immune function, and cognitive development. Ensuring an adequate iron intake is especially important in the diets of pregnant women, nursing mothers, and infants to prevent anaemia (Olayinka & Etejere, 2018). Results in this study are lower than those reported for noodles incorporated with cowpea, moringa and acha flours, which ranged from 6.98 to 21.53 mg/100g. This is also consistent with reports by Onyema et al., (2014) who did a comparative study of instant noodles in some Nigerian markets. One study has reported iron contents ranging from 1.30 to 2.71 mg/100g for instant noodles sold in Sokoto markets of Nigeria (Usman et al., 2022).
Zinc content varied significantly among the samples, ranging from 3.01 to 3.21 mg/100g. These results indicate a significant increase (p<0.05) in zinc content with the increased incorporation of SBF and CF into noodles. This is trend aligns with findings by (Suleiman et al., 2020), who reported Zinc contents ranging from 1.02 to 2.37 mg/100g. Zinc is an essential micronutrient involved in protein formation, blood formation, wound healing, taste perception, growth, and the maintenance of all tissues. It also plays a vital role in the immune system and is a component of many enzymes (Adenike, 2013).
Sodium content of the noodle samples varied significantly (p<0.05) with the addition of SBF and CF. The values ranged from 23.57 to 24.55 mg/100 g. Sodium is required by the body to regulate blood pressure and blood volume. It also helps to regulate the fluid balance in the body. It also helps in the proper functioning of the muscles and nerves. Sulaiman et al., (2021) reported higher sodium contents () in their noodles enriched with mushroom.. Orisa & Udofia, (2019) got lower sodium content values ranging from 1.58 to 11.76 mg/100g for noodles from Triticum durum, Digitaria exilis, Vigna unguiculata Flour and Moringa oleifera Powder.
A significant increase in Calcium content (p<0.05) was observed across all the samples with an increase in the incorporation of SBF and CF. The calcium contents ranged from 97.02 to 98.00 mg/100g. Calcium is known to play a major role in muscle contraction, building strong bones and teeth, blood clotting, nerve impulse, transmission, regulating heartbeat and fluid balance within cells (Usman et al., 2015). It has also been identified to play a major role in managing blood pressure and preventing breast cancer. These results are lower than those reported by Orisa & Udofia (2019) for cowpea or moringa-based noodles. Akubor et al. (2023) in a study to produce noodles from wheat, unripe banana and cowpea flour blends, the calcium content was observed to range between 89.60 to 103.00 mg/100g, which is far higher than the results obtained in the present study.
Table 3: Mineral composition of noodles produced from wheat, soybean, and carrot composite flour
	WF:SB:CF
	mg/100 g

	
	Fe
	Zn
	Na
	Ca
	

	100:0:0
	1.89a±0.00
	3.01b±0.00
	23.57a±0.00
	97.02a±0.00
	

	90:5:5
	2.00b±0.00
	2.99a±0.00
	24.34b±0.01
	97.41b±0.31
	

	80:15:5
	2.80c±0.00
	3.01b±0.00
	24.33b±0.01
	98.00c±0.00
	

	70:25:5
	2.80c±0.00
	3.21d±0.00
	24.55c±0.00
	98.00c±0.01
	

	60:35:5
	2.93d±0.05
	3.21d±0.00
	24.50d±0.00
	98.00c±0.00
	


WF: Wheat flour, SB: Soybean flour, CF: Carrot flour. Values with different superscript are significantly different

3.3 Vitamin Composition of Noodles Produced From Wheat, Soybean, and Carrot

The vitamin A content of the noodles made from wheat, soybean and carrot flour blends is shown in Table 4, the values were not significantly (p<0.05) different across the samples. Despite the inclusion of SBF and CF in wheat flour. The beta-carotene values ranged from 5.46 to 5.77 mg/100g. Tiony & Irene, (2021) observed lower values for beta-carotene and recorded 1.34 to 4.08 mg/100g of noodles from soybean-carrot-based flour blends. Abraham et al., (2018) however observed higher beta-carotene values (0.26 - 8.16 mg/100g) for noodles from orange-fleshed sweet potato-based flours. Beta-carotene is crucial for proper and clear vision, and consuming foods rich in this vitamin is essential for improving the body's vitamin A levels. Nevertheless, all the values for vitamin A in this study were above the recommended daily intake of 300 µg/day (Tadesse et al., 2015).
The vitamin C content of the noodles produced varied significantly (p<0.05) among all the samples. The values ranged from 1.22 to 2.03 mg/100g. Santosh et al. (2024) observed vitamin C contents varying from 1.33 to 1.66 mg/100g which is lower than those reported in this study. Researchers have also observed vitamin C content ranging from 0.13 to 0.40 mg/100g (Shin et al., 2021). Studies have shown that regular consumption of vitamin C-rich fortified foods can contribute to overall well-being because it acts as an antioxidant protects DNA, proteins and lipids from oxidative damage, and acts as a cofactor for mono-oxygenases and dioxygenases (Paciolla et al., 2019).
The vitamin E content of the noodles produced was not significantly (p<0.05) different among all the samples. The values varied from 1.00 to 1.03 mg/100g. Results in this study are higher than those reported by Santosh et al. (2024) who observed vitamin E contents ranging from 0.15 to 0.79 mg/100g. Vitamin E is a major fat-soluble antioxidant that terminates the oxidation of polyunsaturated fatty acids (PUFAs) by scavenging the peroxyl radicals (Lee & Han, 2018). Vitamin B6 content of the noodles varied from 1.00 to 1.04 mg/100g. Shin et al., (2021) reported vitamin B6 content of 0.04 mg/100g. Vitamin B6 is a fascinating molecule involved in the vast majority of changes in the human body because it is a coenzyme involved in over 150 biochemical reactions. It is active in the metabolism of carbohydrates, lipids, amino acids, and nucleic acids, and participates in cellular signaling (Stach et al., 2021)
Vitamin B12 contents increased significant (p<0.05) from 0.09 to 0.25 mg/100g. Vitamin B12 just like the other B vitamins are needed for carbohydrate and protein metabolism, and are essential for growth, well structuring and functioning of the cells. Kwak et al., (2012) reported lower vitamin B12 contents (0.02 – 12.20 mg/100 g) in a cross-section of noodles consumed in Korean restaurants. Thiamine (Vitamin B1) functions as the coenzyme thiamine pyrophosphate (TPP) in the metabolism of carbohydrates and branched-chain amino acids. The values obtained in this study ranged from 0.25 to 0.31 mg/100g. Ogbonaya also reported low values (0.170 to 0.175 mg/100g) for thiamine in noodles prepared, from wheat, rice and water yam C

Table 4: Vitamin composition of noodles produced from wheat, soybean, and carrot composite flours

	WF:SB:CF
	mg/100 g

	
	Beta-carotene
	C
	E
	B6
	B12
	Thiamine

	100:0:0
	5.46a±0.40
	1.38c±0.04
	1.01b±0.01
	1.00a±0.00
	0.09a±0.00
	0.25a±0.01

	90:5:5
	5.73a±0.01
	1.33c±0.00
	1.03b±0.01
	1.04a±0.01
	0.10a±0.00
	0.30b±0.00

	80:15:5
	6.00b±0.00
	1.22a±0.01
	1.01b±0.00
	1.02a±0.01
	0.12a±0.00
	0.30b±0.00

	70:25:5
	5.76a±0.01
	2.03d±0.06
	1.02b±0.00
	1.01a±0.01
	0.17a±0.06
	0.31b±0.01

	60:35:5
	5.77a±0.01

	1.30c±0.01
	1.00b±0.00
	1.03a±0.00
	0.25a±0.00
	0.30b±0.00


WF: Wheat flour, SB: Soybean flour, CF: Carrot flour. Figures with same superscript are not significantly different

3.2 Sensory Evaluation of Noodles Produced from Wheat, Soybean, and Carrot Flour Blends

The sensory attributes of the noodles produced are presented in Table 5. There was a significant (p<0.05) decrease in all the attributes as the level of incorporation with SBF increased. It is evident that an increase in SBF negatively affected the rating of the product for all the samples. The mean scores recorded for the appearance ranged from 6.55 to 7.63. This is less than 7.55 to 8.35 as reported by (Akubor et al., 2023) for noodles from unripe banana-cowpea-based noodles. Results in this study are however higher than those reported for instant noodles from wheat, rice (Oryza sativa) and mushroom (Agaricus bisporus) flour blends (Mbaeyi-Nwaoha et al., 2022). Flour colour, protein content, and ash content are important factors responsible for noodle colour as reported by Mbaeyi-Nwaoha et al. (2022).  The aroma of the noodles from the blends ranged from 6.00-7.00. Similar results were obtained for instant-fried noodles made with soybean and carrot pomace flour (Tiony & Irene, 2021). Santosh et al. (2024) however observed higher ratings for noodles with processed bamboo shoots. Various volatile compounds such as terpenes, aromatic alcohols, aldehydes, and ketones are major aroma compounds that are developed as a result of the Maillard reaction in soybean (Mbaeyi-Nwaoha et al., 2022). The taste of the formulated noodle blends ranged from  5.48 to 7.66 which is higher than the 1.65-5.60 as observed by (Mbaeyi-Nwaoha et al., 2022). The results in this study are also higher than those reported for noodles formulated from moringa (Moringa oleifera) leaf powder and wheat flour blend (Zula et al., 2021). Abraham et al. (2018) also reported mean scores for taste of 4.8 to 7.1. The mean sensory score for mouthfeel observed in this study ranged from 5.70 to 7.84. Akubor et al. (2023) observed higher scores for taste ranging from 7.60 to 8.05. Lower ratings have also been recorded for taste for noodles as reported by Mbaeyi-Nwaoha et al. (2022). Lanorio et. al. (2022) reported higher acceptability (in colour, mouth feel and flavour) and sensory mean scores for noodles prepared with KALINGA (a mix composed of ground rice, mung bean, and sesame seeds). The noodles produced recorded overall acceptability scores ranging from 5.95 to 7.58. This means that all the noodle samples were generally acceptable. Results in this study agree with several other studies that abound in the literature (Akubor et al., 2023; Hussin et al., 2020; Tiony & Irene, 2021).
Table 5: Mean sensory scores for noodles produced from wheat, soybean and carrot composite flours
	WF:SB: CF
	Appearance
	Aroma
	Taste
	Mouthfeel
	Overall acceptability

	100:0:0
	7.63a±1.25
	7.00a±1.20
	7.66a±1.29
	7.84a±1.77
	7.58ab±1.54

	90:5:5
	7.25ab±0.92
	6.81ab±1.50
	6.67b±1.26
	5.70±1.03
	7.20b±1.11

	80:15:5
	7.20ab±1.02
	6.56ab±1.35
	6.81b±1.07
	7.25b±1.07
	7.15b±1.46

	70:25:5
	6.65a±1.22
	6.00a±1.19
	5.81a±1.36
	6.00a±1.86
	6.70ab±1.59

	60:35:5
	6.55a±1.43
	6.01a±1.45
	5.48a±1.40
	5.70a±1.53
	5.95a±1.79


WF: Wheat flour, SB: Soybean flour, CF: Carrot flour. Values with different superscript are significantly different 

4. Conclusion
This study explored the effects of incorporating soybean and carrot flour into wheat flour to produce nutritionally enhanced noodles. The results demonstrated that the substitution of wheat flour with soybean and carrot flour significantly improved the protein, fat, fibre, and mineral content of the noodles, particularly in samples with higher proportions of soybean and carrot flour. Sample 60:35:5 (60% wheat flour, 35% soybean flour, 5% carrot flour) consistently showed the highest nutritional improvements, especially in protein, calcium, and iron contents.
However, the sensory analysis revealed that while the inclusion of soybean and carrot flours enhanced nutritional value, it also affected sensory attributes such as taste, aroma, and overall acceptability. The control sample (100% wheat flour) received the highest sensory scores, indicating a preference for traditional wheat-based noodles among consumers. However, all the test samples were generally acceptable. The sample with the highest soybean and carrot flour content had lower sensory scores, suggesting a potential trade-off between nutritional enhancement and sensory quality. Summarily, the incorporation of soybean and carrot flour into wheat flour significantly boosts the nutritional profile of noodles, but careful consideration is needed to balance these nutritional benefits with sensory acceptability.
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