


Nutritional, Culinary, and Sensory Characteristics of Noodles Made from Composite Flours of Wheat (Triticum aestivum), African Yam Bean (Sphenostylus stenocarpa), and Jackfruit Seed (Artocarpus heterophyllus)


ABSTRACT
Noodles are quick–cooking foods that have become popular across the globe due to their convenience, ready-to-cook, fast yielding income, low cost, status symbol, job demands among urban dwellers, sensory appeal, versatility, storageability, satiety, good eating and nutritional qualities. This present study was conducted to determine the nutritional, culinary and sensory properties of noodles produced from wheat, African yam bean and jackfruit seed composite flours. The data generated were subjected to one- wayone-way analysis of variance (ANOVA) using the statistical package for service solution sciences (SPSS, version 23) software. Significant means were separated using Tukey’s test at p<0.05. The flour samples were mixed together in varied proportions (90:5:5, 80:15:5, 70:20:10, 60:25:15 and 50:30:20) and used for the production of noodles, with the noodle produced from 100 % wheat flour as a control. The noodle samples produced were evaluated for proximate, mineral, vitamin, culinary and sensory properties using standard methods. The results of the proximate composition revealed that the moisture content of the noodles ranged from 7.11 to 9.02, fat 5.10 to 6.53, crude protein 11.38 to 24.42, crude fibre 0.87 to 1.93, ash 1.40 to 1.87, carbohydrate 56.25 to 74.15 %, while energy varied from 381.42 to 387.92 kJ/100g. The results showed that the moisture, ash, fat, crude protein and crude fibre contents of the noodles increased significantly (p<0.05) with increased substitution of African yam bean and Jackfruit seed flours. The results of the mineral composition also showed that the calcium content of the noodles ranged from 70.34 to 114.52, magnesium 38.84 to 83.08, phosphorus 61.85 to 126.43, potassium 46.10 to 94.80, iron 7.14 to 8.85 and zinc 3.42 to 5.15 mg/100g. These minerals increased with the increase in the addition of African yam bean and jackfruit seed flours. The niacin, thiamin, riboflavin, vitamin D, ascorbic acid and vitamin A contents of the noodles ranged from 3.24 to 4.92, 3.53 to 5.33, 3.5 to 4.27, 3.10 to 4.16, 1.74 to 2.77 and 2.47 to 4.61 mg/100g, respectively. The study, therefore, showed that the use of locally available and novel African yam bean and jack fruit seed flours to complement wheat flour in the production of instant noodles has the potential to increase the nutrient intake of the consumers of the formulated noodle samples.
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INTRODUCTION
“Noodles, commonly prepared from hard/soft wheat flour, are popular throughout the globe due to their versatility, low cost, ease of preparation and nutritional quality.  Commercial noodles are rich in carbohydrates, but deficient in essential nutrients, like proteins, dietary fibre and vitamins.  Due to the scarcity of Essential Amino Acids (EAA) like lysine and methionine in wheat proteins, incorporation of EAA-rich proteins and fatty-acid-rich lipids from other sources is important to improve the nutritional quality of noodles” (Chowdhury et al., 2020; Zang et al., 2022).  “Noodles are quick – cooking foods that have become popular across the globe due to their convenience, ready to cook, fast yielding income, low cost, status symbol, job demands among urban dwellers, sensory appeal, versatility, storageability, satiety, good eating and nutritional qualities” (Okafor and Usman, 2015; Akubor et al., 2023). “They are strips or strands cut from a sheet of dough made from flour, water and either common salt or a mixed alkaline salt” (Adedeji, 2017). Wheat flour has been used extensively for producing pasta such as macaroni, spaghetti and other forms of noodles (Akanbi et al., 2011), and all the brands of noodles currently available in the Nigerian market are exclusively made from wheat flour. Noodles have also gained popularity in several parts of Africa owing to changes in lifestyle and urbanisation (James et al., 2017). “They are important staple foods worldwide with a steady annual production increase of 3% since 2010” (Akinoso et al., 2016). In 2010, Nigeria became the world's 12th largest consumer of instant noodles and proceeded to the 13th largest consumer of noodles in 2017, with an average of one billion seven hundred and sixty million servings per year as estimated by the Instant Noodles Association global demand (WINA) in 2018. WINA (2018) also predicted that the demand for noodles in Africa is expected to increase with population growth, which has necessitated the research and development of noodles of good nutrition and acceptability from indigenous crops such as wheat, acha and moringa oleifera ( Orisa and Udofia, 2019), plantain, cocoyam, cassava, and sweet potato (Akonor et al., 2017). “In Nigeria, noodles are fast replacing the traditional diets, serving as breakfasts and snacks where they are consumed wet, boiled, steamed or fried. They are often eaten with sauce, soup and stew.  There are many types of noodles, differentiated in their ingredients, type of processing, size and shape, cooking properties and end-use quality. They all share common processing steps of mixing of ingredients, kneading, rolling, or sheeting the dough and cutting into pieces” (Damak et al., 2022).

“However, the production of noodles, like other wheat flour-based products, is confronted with spiking import bills for wheat and nutrient deficiency. Processed with whole wheat flour, water, and salt as the basic ingredients, whole wheat noodles are gaining popularity among customers, due to their nutritional value, unique flavor, and ease of consumption. However, bran interferes with the formation of the gluten protein network, resulting in whole wheat noodles with an easy breakage, hard texture, poor color, and rough mouthfeel” (Cai et al., 2022). “This has continued to tremendously deplete the nation’s foreign exchange reserve and also outrageously hiked the cost of wheat flour-based products like noodles and bread. Besides, an increasing consumer health consciousness is the key factor in the expansion of research towards the utilisation of composite flour technology for the production of noodles. Malnutrition and some health concerns are traced to the consumption of 100% wheat flour products. This is because wheat flour is refined and stripped of essential nutrients such as protein, dietary fibre, minerals and vitamins” (Damak et al., 2022). “Obesity, diabetes mellitus, cardiovascular disease, inflammation, allergy, digestion problems and celiac disease are implicated in excessive consumption of wheat flour-based products, which have become one of the major staple foods in developed and developing countries like Nigeria” (Okereke et al., 2021).

“Therefore, to mitigate against these highlighted problems, Nigerian Food Scientists and Nutritionists have continued to investigate the potentials of flours from local food crops such as soybean, African yam bean, bread fruit, jack fruit, cassava, and many others in the production of wheat flour-based products such as biscuits, cakes, bread, pasta, cookies and noodles” (Effiong et al., 2018; Odimegwu et al., 2019; Okekere et al., 2021; Okoye et al., 2022; Damak et al., 2022). 
“African yam bean (Sphenostylis stenoscarpa), which is also called Uzaki or Ijiriji, among the Igbos in South eastern Nigeria, is a bean-shaped leguminous crop that is widely cultivated in West Africa. Although it is classified as lesser known and underutilised compared to other legumes like cowpea, soybean and African locust bean, it is relatively high in protein, vitamins, magnesium, iron and copper” (Anya and Ozung 2019). The amino acid profile of African yam bean indicates that the levels of lysine and methionine present in it are equal to or better than those of soybean (Abdulkareem et al., 2015). “African yam bean seeds are consumed in different forms. They can be toasted and eaten with or without the seed coat. The seeds can also be cooked like cowpea and eaten as bean porridge or in combination with yams “Jigbu” or “abacha” (tapioca). The seeds can be equally milled into flour and used for the production of bread, cookies, cakes, breakfast cereals and chin-chin” (Alozie and Udofia, 2009; Okafor and Usman, 2015; Idowu, 2015; Adebayo et al., 2018).
“Jackfruit is widely cultivated in countries such as India, the Philippines, Pakistan, Sri Lanka, Malaysia, Thailand, and Bangladesh. Due to its edaphoclimatic adaptability, the jackfruit tree can grow on almost any type of soil, but prefers deep, well-drained sandy-loam soils, with plenty of moisture and rich in organic matter. Artocarpus plantations are found on flat or sloping land, on porous soils in tropical areas, as well as on light soils” (Morelos-Flores et al., 2022). “Jackfruit (Artocarpus heterophyllus Lam) is a plant crop that is grown in tropical and subtropical regions throughout the world. It can be used as a vegetable and consumed as a fruit when ripe. Jackfruit is an extremely versatile and sweet-tasting fruit which possesses high nutritional value. It contains up to 79 % carbohydrate, 13 % protein, 3.2 % fibre, as well as vitamins and minerals (Odimegwu et al., 2019). It also has a very short shelf-life because of its high moisture content” (Ocloo et al., 2010; Adeleke and Abiodum, 2018). Jackfruit is an underutilised fruit that is mainly consumed as fruit, and as a result, is being wasted owing to postharvest losses due to lack of industrial utilisation. The utilisation of locally available and inexpensive novel flours derived from food crops like African yam bean and jackfruit seeds to substitute wheat flour in the production of noodles without impairing their acceptability would be of immense benefit in restoring food security in Nigeria. This would also reduce the over-dependence on wheat-imported flour in Nigeria and other non-wheat-producing countries in the production of wheat-flour-based food products. The objective of this study was to determine the nutritional, culinary and organoleptic properties of noodles produced from wheat, African yam bean and jackfruit seed flour blends. 

MATERIALS AND METHODS
Procurement of Raw Materials
The wheat flour (Triticum aestivum), African yam bean (Sphenostylis stenocarpa) and jackfruit seeds (Artocarpus heterophyllus) used for this study were purchased from Ogbete Main Market, Enugu, Enugu State, Nigeria.
Preparation of African Yam Bean Seed Flour 
The boiled African yam bean flour was produced according to the method described by Anya and Ozung (2019) with slight modifications. Two kilograms (2 kg) of African yam bean seeds were cleaned and soaked in 4.5 litres of potable water in a plastic bowl at room temperature (30±2 oC) for 8 h. The soaked seeds were drained, rinsed and dehulled manually by rubbing them in between palms to remove the hulls. The dehulled seeds were boiled with 3.5 litres of potable water at 100 0C for 30 min on a hot plate. The boiled seeds were drained, spread on the trays and dried in a hot air oven (Model DHG 9101 ISA) at 60 oC for 18 h with occasional stirring of the seeds at intervals of 30 min to ensure uniform drying. The dried seeds were milled into flour with the attrition mill and sieved through a 500 micron mesh sieve. The flour produced was packaged in an airtight plastic container, labelled and kept in a refrigerator until needed for further use.
Preparation of Jack Fruit Seed Flour 
The jackfruit seed flour was produced according to the method described by Odimegwu et al. (2019). Two kilograms (2 kg) of full head jackfruit was washed with 3 litres of potable water, sliced open with a kitchen knife and manually deseeded. The jackfruit seeds were cleaned manually, and the white arils (seed coat) were peeled off. The seeds were soaked in 3.5 litres of potable water for 24 h at room temperature (30±2 oC) with a change of water every 6 h to prevent fermentation. The soaking was done to remove the thin brown spermorderm that covers the cotyledons. After that, the peeled cotyledons of the jackfruit seeds were steamed at 100 0C for 20 min, and the water was drained off. The steamed cotyledons were allowed to cool at room temperature and then sliced into thin chips. The sliced cotyledon chips were spread on the trays and dried in a hot air oven (Model DHG 9101 ISA) at 80 oC for 14 h with occasional stirring of the chips at intervals of 30 min to ensure uniform drying. The dried chips were milled into flour with the attrition mill and sieved through a 500 micron mesh sieve. The flour obtained was packaged in an airtight container, labelled and kept in a refrigerator until needed for further use.
Formulation of Flour Blends
The wheat, African yam bean and jackfruit seed flours were mixed together in varied proportions of 100:0:0, 90:5:5, 80:15:5, 70:20:10, 60:25:15 and 50:30:20 in a Kenwood mixer (Model Philips, type HR, 1500A, Holland) to produce homogenous samples of composite flour. After that, the flour blends obtained were separately packaged in air-tight plastic containers, labelled and kept in a refrigerator until needed for the production of noodles. The composite flours used for the production of noodles are given in Table 1.
Table 1. Formulation of composite flours
WF                  AYBF                JSF
100                 	_                      _ 
90                       5                      5
80                       15                    5
70  		         20                    10
60                       25                    15
50                       30                    20

WF = Wheat flour, AYBF = African yam bean flour, JSF = Jackfruit seed flour.

Preparation of Noodle samples
The noodles were produced according to the method described by Orisa and Udofia (2019) with slight modifications. The flour blends were mixed separately with warm water at 40 0C and 5 % carboxymethylcellulose (CMC). The mixture was thoroughly kneaded for 10 min to form the homogeneous dough. The dough was allowed to rest for 20 min, and after that, it was kneaded again and rolled with a rolling pin into sheets of about 3 mm thickness. The sheets were extruded using a manual cold extruder to obtain the raw noodle strands. The raw noodle strands were steamed at 100 0C for 3 min and then oven dried in a conventional air oven Model 4050, Gallen Kamp Co. Ltd, London) at 70 0C  for 6 h. The noodles were allowed to cool at room temperature (30±2 0C) and on cooling, they were individually packaged in low-density polyethene bags, labelled and stored in a refrigerator until needed for analysis. The noodles produced from 100 % wheat flour were similarly prepared and used as a control.

Proximate Analysis 

The moisture content was determined by hot air oven drying of the samples at a constant temperature of 1050C to constant weight according to the method of AOAC (2016). The ash, crude protein (N x 6.25), crude fibre and fat (solvent extraction) were determined according to the standard analytical methods of AOAC (2016). The carbohydrate content was calculated by difference as 100% - % (Moisture + Crude Protein + Ash + Fat + Crude Fibre). The energy content was calculated by multiplying the percentage values of crude protein, fat and carbohydrate content of the samples by the Atwater factors of 4, 9 and 4, respectively (AOAC, 2016). All determinations were carried out in triplicate samples on a dry weight basis. 


Mineral analysis 

The mineral elements were extracted by dry ashing of the samples in a muffle furnace at a temperature of 550°C to constant weight, followed by dissolution of the ash obtained from each sample in a volumetric flask by the addition of 50 mL of de-ionised water and a few drops of Hydrochloric acid. The calcium, magnesium and phosphorus contents of the samples were determined by the use of an atomic absorption spectrophotometer. The potassium, iron and zinc contents were also determined using the Techcomp AA600 atomic absorption spectrophotometer and further confirmed by the use of a digital flame photometer according to the methods of AOAC (2016). All determinations are carried out in triplicate samples on a dry weight basis.


Vitamin Analysis

The thiamine, niacin and ascorbic acid contents of the samples were determined on a dry weight basis by the use of an atomic absorption spectrophotometer (Perkin-Elmer Model 300, Norwalk, CT, USA) after extraction. The riboflavin and vitamin D contents were determined by the use of a digital fluorimeter. The vitamin A content was determined by the use of an ultraviolet absorption spectrophotometer after extraction with chloroform. All determinations were carried out in triplicate samples according to the methods of AOAC (2016). 

Culinary properties 

The cooking time and cooking loss of the samples were determined after cooking ten grammes (10g) of each sample with 300mL of boiling distilled water in a 400mL beaker according to the method of AACC (2015). The weight and volume increase were also determined according to the methods of AACC (2015) as the difference in weight and volume of cooked and uncooked noodles, expressed as the percentage of the weight of uncooked noodles. All determinations were carried out in triplicate samples on a dry weight basis. 
[bookmark: _heading=h.2w5ecyt]Sensory Evaluation of Noodle Samples

The noodle samples were assessed by a panel of twenty semi-trained panellists selected randomly from the students of the Department of Food Science and Technology, Enugu State University of Science and Technology, Enugu, Nigeria. The criteria for the selection were that the panellists were 18 years and above, regular consumers of noodles, and not sick or allergic to any food during the preparation of the test samples. Twenty grams (20 g) of each sample of noodles was cooked with half a cup of boiling water for 3 min and stirred occasionally. Seasonings from the commercial Indomie noodles were added to enhance the taste and cooked until the water almost dried up. The cooked noodles were randomly coded and served to the panellists in clean plastic plates with plastic spoons. A cup of drinking water and unsalted crackers were also provided for the judges for oral rinsing of their mouths after tasting each sample. The attributes of taste, colour, aroma, texture, and overall acceptability were assessed by the judges using a nine-point Hedonic scale with 1 representing dislike extremely and 9 representing like extremely (Effiong et al., 2018). The evaluation was carried out in the sensory evaluation laboratory under controlled conditions of lighting and illumination. Expectoration cups with lids were also provided to the panellists who did not like to swallow the samples after tasting. The samples were evaluated and rated by the panellists based on their preference and acceptability.

Statistical analysis
The data generated were subjected to one-way analysis of variance (ANOVA) using the statistical package for service sciences (SPSS, version 23) software. Significant means were separated using Tukey’s test at p<0.05.
RESULTS AND DISCUSSION
Proximate Composition of Noodle Samples 
The proximate composition of the noodle samples is presented in Table 2. 
“The moisture content of the noodle samples ranged from 7.11 to 9.02 %. There were significant (p<0.05) differences in the moisture contents of the noodle samples, except the control (100 % wheat flour noodles), which showed no detectable difference with the sample produced from a blend made with 90 % wheat, 5 % African yam bean and 5 % jackfruit seed flours. The moisture content of all the noodles was below 11 % which is the Codex standard moisture specification (14 % maximum) for shelf-stability of instant non-fried noodles and pasta products” (Akubor and Fayashe, 2018; USDA, 2019). “This implies that the products would have reasonable shelf stability, as low moisture content enhances the keeping properties of food products because it prevents the growth of microorganisms” (Akonor et al., 2017). “Generally, the shelf life of noodles is dependent on their moisture content because high moisture content has the potential to encourage the growth of microorganisms in the product, which will eventually result in the spoilage of the product” (Okereke et al., 2022; Akubor et al., 2023). 
The fat content of the noodles ranged from 5.10 to 6.53 %. The control sample (Noodles produced from 100 % wheat flour) had the least fat content (5.10 %), while the noodles produced from composite flour produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours had the highest value (6.53 %). There was an increase in fat content as the levels of African yam bean and jackfruit seed flours increased in the noodles. This could be due to the higher content of fat in African yam bean and jackfruit seed flours compared to the wheat flour. The fat content (5.10 to 6.53 %) obtained in this present study was higher than the values of 1.39 to 3.00 % reported by Omeire et al. (2014) for noodles produced from wheat, acha and soybean composite flours. “Low-fat food products are less susceptible to rancidity and hence, more shelf-stable. Dietary fats that provide essential fatty acids (EFA) have been known to enhance the taste and acceptability of foods, slow gastric emptying and intestinal motility, thereby prolonging satiety and facilitating the absorption of fat-soluble vitamins. The presence of fat also helps to determine the texture, flavour and aroma of food” (Chude et al., 2018).
The protein content of the noodles ranged from 11.38 % in the control sample (Noodles produced from 100 % wheat flour) to 24.42 % in the composite flour noodles produced from 50 % wheat,  30 % African yam bean and 20 % jackfruit seed flours. The sample containing 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours was significantly (p<0.05) higher in protein content compared to the other samples. There was an increase in the protein content of the noodles on the addition of African yam bean and jackfruit seed flours. Comparable protein content results were reported for noodles produced from wheat, sweet potato, and African yam bean flour (11.67 to 13.04 %) (Effiong et al., 2018). The values (11.38 to 24.42 %) obtained in this present study were higher than the protein content (5.88-7.79 %) reported by Akinoso et al. (2016) for trifoliate yam–wheat composite flour noodles. “This result, therefore, indicates that noodles of improved protein content could be produced from the substitution of wheat flour with African yam bean and jackfruit seed flours. Proteins are important in the body for the production of hormones, enzymes and blood plasma. They are immune boosters and can help in cell division as well as in growth” (Orisa and Udofia, 2019). 
The crude fibre content of the noodles ranged from 0.87 to 1.93 %. The noodles produced from 100 % wheat flour (Control) had the least value (0.87 %), while the sample produced from the blend of 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours had the highest crude fibre content (1.93 %). The crude fibre content of the noodles increased with the increase in the levels of African yam bean and jackfruit seed flours in the blend. The crude fibre contents (0.87 to 1.93%) of the noodles obtained in this study were lower than the 8.94 to 9.46 % reported by Thorat et al. (2018) for noodles fortified with cowpea and pomegranate peel powder. The increase in the consumption of dietary fibre could significantly lead to a reduction in the risks of obesity, constipation, cardiovascular diseases and colon cancer (Okereke et al., 2021; Akubor et al., 2023). “The food products which are high in dietary fibre are known as low glycemic index foods and have also been shown to reduce postprandial blood glucose and insulin response, and improve blood glucose and insulin concentration in individuals with diabetes mellitus” (Ojo et al., 2017; Okekere et al., 2022).
The ash content of the noodle samples ranged from 1.4 % in the control sample (Noodles produced from 100 % wheat flour) to 1.87 % in the composite noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours. The result showed that the ash content increased with an increase in the quantity of African yam bean and jackfruit seed flours in the noodles. Ash content of a food sample is an index of the mineral elements of such food (Akubor et al., 2023). This indicates that the noodles produced from composite flours would provide more mineral elements to the products than the 100% wheat flour noodles. The result is in agreement with that of Chude et al. (2018), who reported an increase in ash content of noodles from wheat substituted with fermented Bambara groundnut flour. The ash content (1.40 to 1.87 %) obtained in this present study was low compared to 1.35 to 2.11 % reported by Effiong et al. (2018) for wheat/orange–fleshed sweet potato-African yam bean composite flour noodles. 
The carbohydrate content of the noodles ranged from 56.25 to 74.15 %. There were significant (p<0.05) differences in the carbohydrate content of the noodles. The result showed that the carbohydrate content of the noodles decreased with increased supplementation of African yam bean and jackfruit seed flours. Similar decrease in carbohydrate with increase in substitution of Bambara groundnut was reported by Chude et al. (2018) for wheat / Bambara groundnut flour noodles (72.45 to 53.60 %).  The carbohydrate content (56.25 to 74.15 %) of the noodles produced in the present study was also low compared to values (75.10 to 77.32 %) reported by James et al. (2017) for wheat / Bambara nut/cassava composite flour noodles. The low carbohydrate content of the composite flour noodles has several benefits, as it aids digestion in the colon and reduces constipation often associated with products from refined wheat flour (Olarunsogo et al., 2019). The decrease in the carbohydrate content of the noodles could also be useful to people who need low-carbohydrate foods, and in addition, enhance the health status of overweight and obese persons. 
The energy content of the noodles ranged from 381.42 to 387.92 kJ/100 g.  The sample produced from the blend produced with 50 % wheat, 30 % African yam bean and 20 % jack seed flours had the lowest energy value (381.42 kJ/100 g) compared to the control sample (Noodles produced from 100 % wheat flour) with the highest energy value of 387.92 kJ/100 g. The decrease could be due to the low amount of carbohydrate in African yam bean and jackfruit seed flours relative to wheat flour. This observation is in agreement with the findings of Dagem et al. (2016), who reported a decrease in the energy content of noodles produced from nettle leaves and wheat flour blends (351.45 to 367.38 kJ/100 g) with increased substitution of nettle leaves. The substitution of wheat flour with African yam bean and jackfruit seed flours at different levels in the production of noodles generally increased the fat, crude protein, crude fibre and ash contents with a remarkable decrease in their carbohydrate and energy contents.



Table 2:   Proximate composition (%) of noodle samples
	Samples Moisture           Fat       Crude Protein     Crude Fibre        Ash         Carbohydrate     Energy(kJ/100 g)                                                                  

	A          A          7.11e±0.00        5.10f±0.04      11.38f±0.06       0.87f±0.03        1.40e±0.14      74.15a±0.12      387.92a±0.14
B          B          7.14e±0.03        5.24e±0.02      11.53e±0.05      0.95e±0.05        1.56d±0.15     73.58b±0.10       387.54b±0.17
C          C          7.23d±0.05        5.45d±0.04      12.68d±0.04      1.25d±0.04       1.62c±0.13      71.60c±0.16      386.03c±0.12
D          D          8.34c±0.07        5.83c±0.06      15.23c±0.03       1.58c±0.07       1.71b±0.12       67.31d±0.11      382.69d±0.18
E          E          8.64b±0.01        6.17b±0.03      19.54b±0.04      1.79b±0.08       1.83a±0.15      62.05e±0.15      381.90e±0.13
F          F           9.02a±0.07        6.53a±0.05       24.42a±0.07      1.93a±0.10       1.87a±0.14      56.25f±0.13      381.42f±0.15



Values are mean ± standard deviation of triplicate replications. Means within the same row with different superscripts are significantly (p<0.05) different from each other. 
A- Noodles made from100 % wheat flour, B- Noodles made from 90 % wheat, 5 % African yam bean and 5 % Jackfruit seed flours, C-Noodles made from 80% wheat, 15 % African yam bean seed and 5 % jackfruit seed flours, D- Noodles made from 70 % wheat, 20 % African yam bean and 10 % jackfruit seed flours, E- Noodles made from 60 % wheat, 25 % African yam bean seed and 15 % jackfruit seed flours, F- Noodles made from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours.



Mineral Composition of Noodle Samples 
The mineral composition of the noodle samples is presented in Table 3. 
The calcium content of the noodle samples ranged from 70.34 to 114.52 mg/100 g. The sample produced from a blend containing 50 % wheat, 30 % African yam bean and 20% jackfruit seed flours had the highest calcium content (114.52 mg/100 g), while the control sample (Noodles produced from 100 % wheat flour) had the least value (70.34 mg/100 g). There were significant (p<0.05) differences in the calcium content of the noodles. This could be attributed to differences in the calcium content of the different flours used for the preparation of the noodles. The result showed that the calcium content of the composite noodle samples increased with increased substitution of African yam bean and jackfruit seed flours. (Okoye and Mofunanya, 2024)
This trend is an indication that African yam bean and jackfruit seeds are rich sources of calcium (Anya and Ozung, 2019; Odimegwu et al., 2019). The intake of calcium is important in enzyme activation, development and maintenance of bones and teeth in the human body (Okereke et al., 2021). Calcium also plays an important function as it aids in blood clotting and muscle contraction (Ogah et al., 2021).
“The magnesium content of the noodle samples ranged from 38.84 mg/100 g in the wheat flour noodles to 83.08  mg/100 g in the composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours. There were significant (p<0.05) differences in the magnesium content of the samples. The result showed that the increase in the level of African yam bean and jackfruit seed flours resulted in an increase in the magnesium content of composite flour noodles compared to the control sample. Magnesium is important in the development of healthy muscles, nerves, bones and in the maintenance of blood sugar levels in the human body. It also aids in the regulation and control of physiological functions of the brain and heart” (Akubor et al., 2023).
“The phosphorus content of noodles samples produced from wheat-African yam bean-jackfruit seed flours ranged from 61.85 to 126.4 mg/100 g. The control sample (Noodles produced from 100 % wheat flour) had the least value (61.85 mg/100g), while the composite flour noodles produced from 50 % wheat, 30 % African yam and 20 % jackfruit seed flours had the highest phosphorus content (126.43 mg/100g). The result showed that the phosphorus content of the noodles increased with increased substitution of wheat flour with African yam bean and jackfruit seed flours. There were significant (p<0.05) differences in the phosphorus content of the samples. Phosphorus is a component of nucleic acids, which plays an important role in the cellular metabolism of other nutrients such as carbohydrate, protein and fat” (Okereke et al., 2021; Okoye et al., 2022). “The potassium is required in large amounts in the human body because it plays a critical role as an important electrolyte in the nervous system. It also helps to reduce the risk of high blood pressure and in the maintenance of acid-base balance in the body” (Damak et al., 2022; Akubor et al., 2023).
“The iron content of the noodles produced from wheat-African yam bean-jackfruit seed flours ranged from 7.14 to 8.85 mg/100g. The control (100 % wheat flour) noodles had the least value (7.14 mg/100g), while the composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours had the highest iron content (8.85 mg/100g). There were significant (p<0.05) differences in the iron content of the noodles. This could be attributed to the variation in the iron content of different flours used for the preparation of the noodles. Iron is an important micronutrient needed for growth, development and health of infants. It also plays a critical role in the formation of haemoglobin, which is a component of blood cells that transports oxygen in the bloodstream throughout the body” (Dewey, 2013; Sadawarte et al., 2018; Li et al., 2024). 
“The zinc content of the noodles produced from wheat-African yam bean-jackfruit seed flours ranged from 3.42 to 5.15 mg/100g. The zinc content of the noodles was significantly (p<0.05) higher in composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours than the control. There were significant (p<0.05) differences in the zinc content of the noodles. The increase in substitution of wheat flour with African yam bean and jackfruit seed flours resulted in an increase in zinc content of the composite flour noodles. Zinc is one of the important mineral elements that is needed for the activation of specific enzymes in the body. It also plays a vital role in gene expression and regulation of cellular growth” (Akubor et al., 2023). The addition of African yam bean and jackfruit seed flours to wheat flour at different levels in the production of noodles generally increased the mineral content of the composite flour noodles compared to the control (100 % wheat flour noodles).




Table 3:   Mineral composition (mg/100g) of Noodle samples
	           Samples    Calcium           Magnesium       Phosphorus        Potassium          Iron               Zinc  

	A                        A          70.34f±0.03         38.84f±0.13      61.85f±0.69       46.10f±0.18       7.14f±0.14        3.42f±0.07  
B                        B           75.56e±0.03        43.64e±1.18       77.92e±0.36        57.94e±0.68      7.23e±0.10       3.66e±0.05    
C                        C           88.67d±0.007       56.82d±1.33     82.05d±0.75       62.21d±0.64      7.55d±0.117     3.85d±0.007     
D                        D           92.36c±1.44        71.04c±0.13      94.96c±1.32        67.44c±0.78      7.87c±0.14       4.43c±0.004      
E                        E           107.65b±0.66       78.04b±0.12     117.75b±1.66      75.54b±2.09     8.34b±0.12       4.71b±0.005       
F                         F           114.52a±0.85        83.08a±1.16      126.43a±1.05      94.80a±0.68     8.85a±0.11      5.15a±0.006  
LS


Values are mean ± standard deviation of triplicate replications. Means within the same row with different superscripts are significantly (p<0.05) different from each other. 
A- Noodles made from100 % wheat flour, B- Noodles made from 90 % wheat, 5 % African yam bean and 5 % Jackfruit seed flours, C-Noodles made from 80% wheat, 15 % African yam bean seed and 5 % jackfruit seed flours, D- Noodles made from 70 % wheat, 20 % African yam bean and 10 % jackfruit seed flours, E- Noodles made from 60 % wheat, 25 % African yam bean seed and 15 % jackfruit seed flours, F- Noodles made from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours.




Vitamin Composition of Noodle Samples 
“The vitamin composition of the noodle samples is presented in Table 4. 
The niacin content of the noodles ranged from 3.24 to 4.92 mg/100g. The control (100 % wheat flour noodles) had the least niacin content (3.24 mg/100g), while the composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours had the highest value (4.92 mg/100g). The result showed that the niacin content of the noodles increased with an increase in the levels of African yam bean and jackfruit seed flours substitution. This could be due to the substitution effect caused by differences in the niacin content of different flours used for the preparation of the noodles. Niacin plays an important role as it aids in the treatment of diabetes mellitus. It also functions as a coenzyme in the metabolism of carbohydrate, fat and protein in the body” (Momoh et al., 2020; Li. et al., 2024). 
The thiamine content of the noodles ranged from 3.53 to 5.33 mg/100g. The noodles produced from composite flour substituted with high proportions of African yam bean and jackfruit seed flours had higher thiamine content than the control (100 % wheat flour) noodles. There were significant (p<0.05) differences in the thiamine content of the noodle samples. The values (3.53 to 5.33 mg/100g) obtained in this present study were lower than the thiamine content (4.61-6.68 mg/100g) reported by Ogah et al. (2021) for noodles produced from wheat and almond seed flour blends. “Thiamine functions as a coenzyme in carbohydrate and energy metabolism. It also plays an important role in the treatment and control of beriberi in the human body” (Momoh et al., 2020; Nwosu and Okoye, 2022).
The riboflavin content of the noodles ranged from 3.55 to 4.27 mg/100g. The riboflavin content was significantly (p<0.05) higher in composite flour noodles substituted with higher proportions of African yam bean and jackfruit seed flours compared to the control wheat flour noodles, which had the lowest value of 3.55 mg/100g. The riboflavin content (3.55 to 4.27 mg/100g) obtained in this present study was lower than the values (4.88-8.62 mg/100g) reported by Olarunsogo et al. (2019) for instant noodles produced from blends of sweet potato, soybean and corn flour. Riboflavin is a major component of coenzymes involved in the growth of cells, tissues, respiration and energy production. It also plays a vital role in the metabolism of fat, steroids and medications in the human body (Akubor and Fayashe, 2018; Ololade et al., 2019).

“The vitamin D content of the noodles ranged from 3.10 mg/100g in control (100 % wheat flour noodles) to 4.16 mg/100g in noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours. The vitamin D content showed significant (p<0.05) differences among the noodle samples. The result showed that the increase in substitution of African yam bean and jackfruit seed flours resulted in an increase in the vitamin D content of the composite flour noodles compared to the control (100 % wheat flour) noodles. This observation is an indication that African yam bean and jackfruit seeds are good sources of vitamin D” (Anya and Ozung, 2019; Odimegwu et al., 2019). “Vitamin D helps in the development of strong bones and teeth. It also plays a vital role in the absorption of calcium and phosphorus in the body” (Shere et al., 2018; Ahmad et al., 2023).
The ascorbic acid content of the noodles produced from wheat, African yam bean and jackfruit seed composite flours ranged from 1.74 to 2.77 mg/100g. The control (100 % wheat flour) noodles had the least ascorbic acid value (1.74 mg/100g), while the composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours had the highest ascorbic acid content (2.77 mg/100g). The increase in the addition of African yam bean and jackfruit seed flours in the noodles resulted in a significant (p<0.05) increase in the ascorbic acid content of the composite flour noodles compared to the control wheat flour noodles. The values (1.74 to 2.77 mg/100g) obtained in this present study were comparable to the ascorbic acid content (1.69-2.74 mg/100g) reported by Anggraeni and Saputara (2018) for noodles supplemented with unripe banana flour. Ascorbic acid (vitamin C) plays an important role in the repair of tissues and maintenance of cartilage. “It is also essential in the formation of proteins needed for the healing of wounds and development of scar tissues in the skin, tendons and blood vessels” (Odimegwu et al., 2019; Daniella et al., 2022).
“The provitamin A is a substance that may be converted within the body to vitamin A. It can also be referred to as a precursor of vitamin A. Typical examples are carotenoids in humans, which include α-carotene, β-carotene and β-cryptoxanthin. The provitamin A content of the noodles ranged from 2.47 to 4.61 mg/100g. There were significant (p<0.05) differences in the provitamin A content of the noodles. The result showed that the provitamin A content of the noodles increased with increased substitution of African yam bean and jackfruit seed flours. This is a clear demonstration that African yam bean and jackfruit seeds are rich sources of provitamin A” (Anya and Ozung, 2019; Odimegwu et al., 2019). “Pro-vitamin A intake is important in the formation and maintenance of healthy teeth, mucous membranes and skin. It also helps in the maintenance of good eyesight” (Okereke 2021; Akter et al., 2022). The substitution of wheat flour with African yam bean and jackfruit seed flours in the production of noodles generally increased the vitamin content of the composite flour noodles compared to the control wheat flour noodles.	





Table 4:    Vitamin   composition (mg/100g) of noodle samples
	         Samples      Niacin         Thiamine          Riboflavin      Vitamin D    Ascorbic acid     Pro-Vitamin A                             

	3 3.24                  A         3.24f±0.03       3.53f±0.03       3.55e±0.03        3.10f±0.04         1.74f±0.03        2.47f±0.05 
B                         B          3.46e±0.03       3.77e±0.05       3.55e±0.02         3.44e±0.05       1.83e±0.02        2.81e±0.7    
C                         C          3.72d±0.007     4.31d±0.07      3.72d±0.07         3.71d±0.07        2.11d±0.007      3.36d±0.08     
D                         D          4.15c±0.01       4.57c±0.08       3.90c±0.02         3.94c±0.06        2.25c±0.06        3.75c±0.04      
E                          E         4.63b±0.007      4.83b±0.09      4.15b±0.04         4.04b±0.03        2.55b±0.04        4.28b±0.03      
F                           F         4.92a±0.007      5.33a±0.11      4.27a±0.05          4.16a±0.08        2.77a±0.05        4.61a±0.7  
                


Values are mean ± standard deviation of triplicate replications. Means within the same row with different superscripts are significantly (p<0.05) different from each other. 
A- Noodles made from100 % wheat flour, B- Noodles made from 90 % wheat, 5 % African yam bean and 5 % Jackfruit seed flours, C-Noodles made from 80% wheat, 15 % African yam bean seed and 5 % jackfruit seed flours, D- Noodles made from 70 % wheat, 20 % African yam bean and 10 % jackfruit seed flours, E- Noodles made from 60 % wheat, 25 % African yam bean seed and 15 % jackfruit seed flours, F- Noodles made from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours.



Culinary Properties of Noodle Samples
“The culinary properties of the noodle samples are presented in Table 5. 
The cooking time of the noodles ranged 5.23 to 8.76 min with the control sample (Noodles produced from 100 % wheat flour) and the composite flour noodles produced from the blend made with 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours, respectively having the highest (8.76 min) and least (5.23 min) values. Optimum cooking time refers to the time needed for the gelatinisation of the starch, which is usually marked by the disappearance of the central white core in the noodle strands” (Akubor et al., 2023). The decrease in cooking time of the noodles with increased substitution of African yam bean and jackfruit seed flours might be due to the dilution of gluten in the dough. This confirms the earlier report of Shere et al. (2018), which indicated that “the dilution of wheat gluten with spinach puree decreased the cooking time of composite flour noodles. Good-quality noodles should have a short cooking time with little loss of solids in the cooking water. The result showed that the composite flour noodles produced in this study had a lower cooking time than the control wheat flour noodles. The differences in the cooking time of noodles could be attributed to the variation in the gelatinisation temperature of the respective flours used for their production” (Daniella et al., 2022).
The volume increase of the noodles showed the highest value (9.23 %) in the control wheat flour noodles compared to the other composite flour noodles. The values ranged from 6.33 to 9.23 %. There were significant (p<0.05) differences in the volume increase of the samples. The volume increase gives an indication of the high swelling power of wheat flour compared to other composite flours. Adebayo et al. (2018) reported a higher volume increase in noodles produced from Musa spp – wheat composite flours.
“The cooking loss of the noodle samples produced from wheat, African yam bean and jackfruit seed flours ranged from 4.15 to 5.71 %. The control (100 % wheat flour) noodles and composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours had the least cooking loss (4.15 %) and highest (5.71 %) values, respectively. The increase in the cooking loss of the composite flour noodles compared to the control (100 % wheat flour) noodles could be due to the weakening of gluten network by the presence of African yam bean and jackfruit seed flours (non- gluten protein flours) which allows more solids to be leached out from the noodles into the cooking water” (Adebayo et al., 2018; Akubor et al., 2023). Cooking loss is an indicator of the resistance of the noodles to cooking (Effiong et al., 2018). “Low cooking loss is more preferable, while high cooking loss is undesirable because it represents high solubility of starch, which would result in turbid cooking water, low cooking tolerance and sticky mouthfeel” (Adebayo et al., 2018; Akubor et al., 2023).
The weight increase of the noodle samples produced from wheat, African yam bean and jackfruit seed flours ranged from 11.20 to 14.56 %. The control (100 % wheat flour) noodles had the least value (11.20 %), while the composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours had the highest weight increase (14.56 %). There were significant (p<0.05) differences in the weight increase of the samples. The differences could probably be due to the heaviness of different flours used for the production of noodles and their affinity for moisture. This result is in accordance with that of Akubor et al. (2023) for noodles produced from blends of wheat, unripe banana and cowpea flour. The substitution of wheat flour with African yam bean and jackfruit seed flours generally reduced the cooking time and volume increase of the noodle samples, with a slight increase in their cooking loss and weight increase.
Table 5:   Culinary properties of noodle samples 
	      Samples         Cooking Time          Volume               Cooking                Weight     
                                   (min)                   increase (%)         Loss (%)             increase (%) 

	A                    A               8.76a±0.06                9.23a±0.02            4.15f±0.02            11.20f±0.07                   
B                    B               7.56c±0.03                8.78b±0.04           4.36e±0.04            12.34e±0.03                 
C                   C               7.83b±0.04                8.32c±0.03            4.63d±0.03            12.77d±0.05                   
D                   D               6.35d±0.08                7.87d±0.05             4.82c±0.05           13.42c±0.06                     
E                   E               6. 24e±0.05               7.44e±0.07              5.32b±0.07          13.97b±0.06                        
F                   F               5.23f±0.07                6.33f±0.09              5.71a±1.10            14.56a±0.07 



Values are mean ± standard deviation of triplicate replications. Means within the same row with different superscripts are significantly (p<0.05) different from each other. 
A- Noodles made from100 % wheat flour, B- Noodles made from 90 % wheat, 5 % African yam bean and 5 % Jackfruit seed flours, C-Noodles made from 80% wheat, 15 % African yam bean seed and 5 % jackfruit seed flours, D- Noodles made from 70 % wheat, 20 % African yam bean and 10 % jackfruit seed flours, E- Noodles made from 60 % wheat, 25 % African yam bean seed and 15 % jackfruit seed flours, F- Noodles made from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours.
Sensory Properties of Noodle Samples 
The sensory properties of the noodle samples are presented in Table 6. 
“The score for the taste of the noodle samples varied significantly (p<0.05) among the samples and ranged from 6.15 in composite flour noodles produced from 50 % wheat, 30 % African yam bean and 20% jackfruit seed flours to 7.70 in the control sample (100 % wheat flour noodles). The variation in taste among the noodles could probably be due to differences in the composition of the flours used for production of the noodles” (Anggraeni and Saputara, 2018). The result showed that the taste of the noodle samples decreased with increased substitution of wheat flour with African yam bean and jackfruit seed flours. Similar decrease in the taste of the noodles was also reported by Adebayo et al. (2018) for noodles produced from Musa spp – wheat composite flours.
“The score for the colour of the noodle samples produced from wheat, African yam bean and jackfruit seed flours ranged from 6.49 to 7.70. The colour of the noodles varied significantly (p<0.05) among the samples. The wheat – African yam bean- jackfruit seed composite noodles (50:30:20) were the least preferred by the panellists in terms of colour. This could probably be due to the unattractive colour of the cooked composite flour noodles, which was caused by the colour of African yam and jackfruit seed flours. Colour is one of the major variables governing the acceptance of food” (Omeire, 2014). Since colour relies on the sense organ of sight, the colour of the noodles was one of the outstanding parameters in the decision of the panellists. In addition, noodles produced from 100 % wheat flour were preferred by the panellists with reference to colour. This could be due to the fact that the consumers are already familiar with it. 
The score for the aroma of the noodles ranged from 6.40 to 7.45. The control (100 % wheat flour noodles), which had the highest score for the aroma (7.45), was also significantly (p<0.05) different from the other samples. In addition, the composite flour noodles produced from wheat- African yam bean – jackfruit seed flours (50:30:20) had the lowest score for aroma (6.40). The result is in agreement with the report of Orisa and Udoffia (2019), who attributed the low aroma score of wheat-cowpea-acha-moringa oleifera leaf noodles to 25 % acha flour inclusion. Individual constituents of the composite flours impact their characteristic aroma on the aroma perception of finished products. Anggraeni and Saputara (2018) reported an improvement in the aroma of the noodles supplemented with unripe banana flour.

The score for the texture of the noodle samples ranged from 5.50 to 7.77. The composite flour noodles produced from wheat, African yam bean and jackfruit seed flours (50:30:20) had the lowest score (5.50), while the control (100 % wheat flour) noodles had the highest score for texture (7.77). The relatively low texture values observed in composite flour noodles compared to the control (100 % wheat flour) noodles could be due to the interference of the composite flour constituents in the development of gluten during the production of the noodles. Omeire et al. (2014) had a similar report that the differences in the texture of the noodle samples could be due to the presence of gluten in wheat flour, which formed elastic dough resulting in noodles with good texture and better structure.
The score for the overall acceptability of the noodles ranged from 6.50 to 7.85. The control wheat flour noodles were the most preferred and also differed significantly (p<0.05) from the other samples in terms of overall acceptability, while the composite noodles produced from wheat, African yam bean and jackfruit seed flours (50:30:20) were the least preferred by the panellists. The result showed that the noodles produced by substituting part of the wheat flour with 15 % African yam bean and 5 % jack fruit seed flours were also acceptable. Akubor et al. (2023) reported that acceptable noodles can be produced by substituting wheat flour with 30 % cowpea and 10 % unripe banana flours. Further increase in the proportions of African yam bean and jackfruit seed flours in the production of the noodle samples made the panellists to score the products low in terms of overall acceptability. 
    



Table 6:   Sensory properties of noodle samples 
	    Samples      Taste             Colour              Aroma            Texture            Overall
                                                                                                                       acceptability

	       A          7.70a±1.26       7.70a±1.08        7.45b±1.23        7.77a±1.33          7.85a±0.99          
B                B          7.68a±1.23       7.45b±0.72        7.28a±1.87        7.15b±1.39          7.50b±0.89        
C                C          6.40c±1.31       6.70c±1.13        7.15c±1.89        7.00c±0.79          7.20c±1.01       
D                D          6.35d±1.31       6.45d±1.19        7.00d±1.08        6.25d±0.76         7.10d±0.64        
E                E           6.25e±1.61      6.45e±1.10         6.97d±1.15        6.90e±0.79         6.60e±0.82          
F                F           6.15f±1.60       6.29e±1.14         6.40e±0.75        5.50f±0.89          6.50f±0.92  	  



Values are the mean ± standard deviation of twenty (20) semi-trained judges. Means within the same row with different superscripts are significantly (p<0.05) different from each other. 
A- Noodles made from100 % wheat flour, B- Noodles made from 90 % wheat, 5 % African yam bean and 5 % Jackfruit seed flours, C-Noodles made from 80% wheat, 15 % African yam bean seed and 5 % jackfruit seed flours, D- Noodles made from 70 % wheat, 20 % African yam bean and 10 % jackfruit seed flours, E- Noodles made from 60 % wheat, 25 % African yam bean seed and 15 % jackfruit seed flours, F- Noodles made from 50 % wheat, 30 % African yam bean and 20 % jackfruit seed flours.





                                                

                                                            





CONCLUSION 
The study showed that the substitution of wheat flour with African yam bean and jackfruit seed flours resulted in the production of acceptable and highly nutritious noodles. This revealed that the wheat, African yam bean and jack fruit seed flour blends possessed desirable nutrient composition for the composite flour samples. The result also revealed that the increase in the addition of African yam bean and jackfruit seed flours led to a significant (p<0.05) increase in fat, crude protein, crude fibre and ash contents with a remarkable decrease in carbohydrate and energy contents of the noodle samples. The mineral and vitamin contents of the samples also showed that the calcium, magnesium, phosphorus, potassium, iron, zinc, niacin, thiamine, riboflavin, vitamin D, ascorbic acid and provitamin A contents increased progressively with increased substitution of African yam bean and jackfruit seed flours.
The culinary properties of the noodles showed that the noodles produced from the flour blends showed higher weight increase and cooking loss, with a corresponding decrease in cooking time and volume increase than the 100 % wheat flour noodles. The sensory properties of the samples also revealed that the noodles produced from 100 % wheat flour (control) were the most acceptable by the judges and showed significant (p<0.05) differences in taste, colour, aroma, and texture compared to the composite flour noodles. In addition, the composite flour noodles were also acceptable organoleptically because they were equally rated high by the judges in all the sensory attributes evaluated in this study. The substitution of wheat flour with 5 to 30 % African yam bean and 5 to 20 % jack fruit seed flours resulted in the production of noodles with improved nutritional quality and acceptability. This, therefore, showed that these indigenous food crops would be beneficial to pastry, pasta, bakery and confectionery industries and also helps to reduce the cost of wheat importation in Nigeria.
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