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ABSTRACT 

Cowpea and pumpkin have great nutritional potential but remains underutilised. They have 

diverse health enhancing properties and have potential to be processed into various products 

both for home and industrial use. In this study, the physical properties, functional properties, 

rheological properties, proximate composition, total phenolic and consumer acceptability of 

cowpea-pumpkin composite soup were investigated. Cowpea leaves, cowpea seeds, pumpkin 

fruit, pumpkin seeds and pumpkin flowers were chosen for this study because of their 

nutritional value, health promoting properties, their possibility to be incorporated into various 

culinary preparations like soups and simply because both cowpea and pumpkin are considered 

sustainable crops.Three soup formulations (Formulation 1-cowpea leaf powder and pumpkin 

seed powder, Formulation 2 -cowpea seed powder and pumpkin fruit powder and Formulation 

3- cowpea leaf powder and pumpkin flower powder) were developed at different levels (5%, 

10% and 15%). A control sample (carrot granules, potato powder, onion powder, mushroom powder, 

ungelatinised corn starch (tasteless), hydrogenated fat, salt, brown sugar and tomato powder was also 

formulated for reliability of the results. The viscosity for F2 samples was the highest (1209.7-

3116.0 cP) which increased with addition of composite mix at different levels higher than 

control, F1 and F3 samples (211.0 - 889.0 cP). Control, F1 and F3 samples exhibited a lower 

rehydration ratio (RR) (7.7-10.7 g/g) compared to F2 samples with a very high RR (11.3-14.7 

g/g). F2 had the highest water absorption capacity (WAC) (252.0-263.3 g/g) while F1 and F2 

had similar mean values (1.85.7-214.0 g/g) and control had the lowest WAC (65.7 g/g). 

Significant variations in swelling power were observed among cowpea-pumpkin soup mixes 

where F1 with 5% composite mix exhibited the lowest mean value (349%) while F3 with 15% 

composite mix showed the highest mean value (471%). There was no significant difference in 

the mean values for the solubility index (22.0-49.7%). Higher dispersibility mean values were 

observed in the control (62.7%) compared to that of the experimental soup samples (F1, F2 and 

F3) which ranged from 22.7 to 61.3%. Cowpea-pumpkin composite exhibited high protein 

content with mean values ranging from 22.33 to 28.33 g/100 g at all levels of composite mix 

which was higher than the control with the lowest mean value of 13.33 g/100 g. The control 

sample had carbohydrate content of 70.42 g/100 g which was approximately higher than those 

of F1, F2 and F3 samples which had mean values of 44.06 to 58.00 g/100 g. The Crude fibre 

had mean values ranging from 5.98 to 17.39 g/100 g, moisture 7.78 to 9.74 g/100 g, fat 1.73-

3.10 g/100 g and ash 0.35-0.57 g/100 g. Cowpea leaf powder imparted a dark green colour to 

the experimental soup samples, and this resulted inan undesirable effect on the overall 

acceptability of F1 and F3 samples while pumpkin gave an attractive golden-brown colour to 

the soup in F2 soup samples. The control sample was highly accepted in all sensory attributes 
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tested in this study. Total Phenolic Content (TPC) varied from 0.25 to 0.63 mg/GAE/100 g. 

Formulation 3 (cowpea leaf and pumpkin flower) had the highest TPC 0.54 – 0.63 

mg/GAE/100 g followed by variations of formulation 2 (cowpea seeds and pumpkin fruit) with 

0.32-0.54 mg/GAE/100 g, formulation 1 was the lowest with 0.25-0.32 mg/GAE/100 g. A total 

of 47 flavonoid compounds belonging to the flavones, chalcones, anthocyanins, flavanols, 

flavanones were detected in the formulation variations and control samples. The highest 

number of these flavonoid compounds (42) were detected in Formulation 2 followed by 

formulation 3 with 28 compounds while the lowest number of compounds was detected in 

formulation 1 (24). 

The findings of this study suggest that cowpea and pumpkin possess physical and functional 

characteristics for application in product formulations in the food industry. They are important 

vegetables in people’s dietsbecause they are rich in nutrients like protein and carbohydrates, 

good sources of antioxidants which could be due to the presence of polyphenol compounds. 

Thus, they can play a pivotal role for addressing the stress of protein-energy malnutrition by 

complementing less nutritious staple foods.  

Keywords: Soup, Composite mix, Cowpea, Formulation, Pumpkin, Soup   
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OPSOMMING 

Cowpea enpampoen het groot voedingspotensiaal, maar blyonderbenut. Hulle het 

uiteenlopende gesondheidsverbetere ndeeienskappe en het potensiaal om in verskeie produkte 

verwerk te word vir beide huishoudelike en industriële gebruik. In hierdie studie is die fisiese 

eienskappe, funksionele eienskappe, reologiese eienskappe, naaste samestelling, totale 

fenoliese enverbruikersaanvaarba arheid van cowpea-pampoen saamgestelde sop ondersoek. 

Cowpea-blare, cowpea-sade, pampoenvrugte, pampoenpitte en pampoenblomme is vir hierdie 

studie gekies weens hul voedingswaarde, gesondheidsbevorder ende eienskappe, hul 

moontlikheid om in verskeie kulinêre voorbereidings soos sop ingewerk te word en bloot omdat 

beide cowpea en pampoen as volhoubaar beskou word gewasse. Drie sopformulerings 

(Formulasie 1-koei-ertjieblaarpoeier en pampoensaadpoeier, Formulering 2 -koeiertjie-

saadpoeier en pampoenvrugpoeier en Formulering 3-koeiertjieblaarpoeier en 

pampoenblompoeier) is op verskillende vlakke ontwikkel (5%, 10% en 15 %). 'n 

Kontrolemonster (wortelkorrels, aartappelpoeier, uiepoeier, sampioenpoeier, ongegelatineerde 

mieliestysel (smaakloos), gehidrogeneerde vet, sout, bruinsuiker en tamatiepoeier is ook 

geformuleer vir betroubaarheid van die resultate. Viskositeitvir F2-monsters was die hoogste 

(1209.7-3116.0 cP) wat toegeneem het met byvoeging van funksionele saamgestelde mengsel 

op verskillende vlakke hoër as kontrole, F1 en F3 monsters (211.0-889.0 cP) Kontrole, F1 en 

F3 monsters het 'n laerrehidrasie verhouding (LV) (7.7-10.7) in vergelyking met F2 getoon 

monsters met 'n baiehoë RR (11.3-14.7). F2 het die hoogste water absorpsie kapasiteit (WAK) 

(252.0-263.3g/g) terwyl F1 en F2 soortgelyke gemiddelde waardes (1.85.7-214.0 g/g) gehad 

het enkontrole die laagste WAC (65.7 g/g). Daar was beduidende variasies in swelkrag 

waargeneem onder koei-ertjie-pampoen sopmengsels waar F1 met 5% saamgestelde mengsel 

die laagste gemiddelde waarde (349%) getoon het terwyl F3 met 15% saamgestelde mengsel 

die hoogste gemiddelde getoon het waarde (471%) Koeiertjie-pampoensop het hoë waardes 

van swelkraggehad wat wissel van (349.0-471.0%). Daar was geen betekenisvolle verskil in 

die gemiddelde waardes vir die oplosbaarheidsindeks (22.0 - 49.7%). Hoër 

verspreidingsgemiddelde waardes is in die kontrole (62.7%) waargeneem in vergelyking met 

dié van die eksperimentele sopmonsters (F1, F2 en F3) wat gewissel het van 22.7 tot 61.3%. 

Cowpea-pampoen-komposiet het hoë proteïeninhoud getoon met gemiddelde waardes wat 

wissel van 22.33-28.33 g/100 g op alle vlakke van funksionele saamgestelde mengsel wat hoër 

was as die kontrole met die laagste gemiddelde waarde van 13.33 g/100 g. Die kontrolemonster 

het koolhidraatinhoud van 70.42 g/100 g gehad wat ongeveer hoër was as dié van F1, F2 en F3 

monsters wat gemiddelde waardes van 44.06 - 58.00 g/100 g gehad het. Die Ruvesel het 



viii 
 

gemiddelde waardes gehad wat wissel van 5.98 – 17.39 g/100 g, vog 7.78-9.74 g/100 g, vet 

1.73 – 3.10 g/100 g en as 0.35 – 0.57 g/100 g. Cowpea   het 'n donkergroen kleur aan die 

eksperimentele sopmonsters verleen, en dit het gelei tot 'n ongewenste effek wat die algehele 

aanvaarbaarheid van F1- en F3-monsters beïnvloed het, terwyl pampoen 'n aantreklike 

goudbruin kleur aan die sop in F2-sopmonsters gegee het was hoogs aanvaar in alle sensoriese 

eienskappe wat in hierdie studie getoets is. Hoë aanvaarbaarheid is opgemerk vir 

kontrolemonster. Totale fenoliese inhoud (TFI) het gewissel van 0.25 tot 0.63 mg/GAE/ml. 

Formulering 3 (koei-ertjieblaar en pampoenblom) het die hoogste TPC 0.54 – 0.63 mg/GAE/ml 

gehad, gevolg deur variasies van formulering 2 (koei-ertjiepitte en pampoenvrugte) met 0.32-

0.54 mg/GAE/ml, formulering 1 was die laagste met 0.25 – 0.32 mg/GAE/ml. Die hoogste 

aantal flavonoïedverbindings (42) is in Formulering 2 en Formulering 3 (28) opgespoor terwyl 

die laagste aantal in Formulering 1 (24) opgespoor is. 

Die bevindinge van hierdie studie dui daarop dat koei-ertjies en pampoen fisiese en funksionele 

eienskappe besit vir toepassing in produk formulerings in die voedselindustr. Hulle is 

belangrike groente in mense se diet omdat hulle ryk is aan voedingstowwe soos proteïene 

enkoolhidrate, goeie bronne van antioksidante wat te wyte kan wees aan die teenwoordigheid 

van polifenolverbindings. Hulle kan dus 'n deurslaggewende rol speel om die stres van 

proteïen-energie wanvoeding aan te spreek deur minder voedsame stapelvoedsel aan te vul. 

Sleutelwoorde: Saamgestelde mengsel, Cowpea, Formulering, Pampoen, Sop 
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NAGANWAGO 

Cowpea le mokopu di na le bokgoni bjo bogolo bja phepo eupša di dula di sa šomišwe gabotse. 

Di na le dithoto tša go fapafapana tša go godiša maphelo gomme di na le bokgoni bja go šongwa 

go ba ditšweletšwa tša go fapafapana bobedi bakeng sa tšhomišo ya ka gae le ya intasteri. 

Thutong ye, dithoto tša mmele, dithoto tša mošomo, dithoto tša rheological, sebopego sa 

kgauswi, palomoka ya phenolic le kamogelo ya bareki yamafelo a sopo ya motswako wa 

cowpea-pumpkin di nyakišišitšwe. Matlakala a cowpea, dipeu tša cowpea, dienywa tša 

magapu, dipeu tša magapu le matšoba a mokopu di kgethetšwe nyakišišo ye ka lebaka la 

mohola wa tšona wa phepo, dithoto tša go tšwetša pele maphelo, kgonagalo yatšona ya go 

tsenywa ka gare ga ditokišetšo tša go fapafapana tša culinary go swana le sopo le fela ka lebaka 

la gore bobedi cowpea le mokopu di tšewa bjalo ka tše di swarelelago merogo. Ditlhamo tše 

tharo tša sopo (Sebopego sa 1-phofo yamatlakala a cowpea le phofo ya peu ya mokopu, 

Sebopego sa 2 phofo ya peu ya peu yakgomo le phofo ya dienywa tša mokopu le Sebopego sa 

3- phofo ya matlakala a cowpea le phofo ya matšoba a mokopu) di hlamilwe ka maemo a go 

fapana (5%, 10% le 15 %). Sampole ya taolo (digranules tša dikharoti, phofo ya    ditapola, 

phofo ya onion, phofoya di-mushroom, setatšhe sa mabele seo se sa gelatinized (se se nago 

tatso), makhura a hydrogenated, letswai, swikiri ye soothoand phofo ya tamati le yona e ile ya 

hlangwa bakeng sa go botega ga dipoelo. Viscosity ya F2 samples was the highest (1209.7-

3116.0 cP) yeo e oketšegilego ka tlaleletšo ya motswako wa motswako wa mošomo maemong 

a fapanego a godimo go feta disampole tša taolo, F1 le F3 (211.0-889.0 cP). Disampole tša 

Taolo, F1 le F3 di bontšhitše tekanyo ya fase ya rehydration (RR) (7.7-10.7) ge e bapetšwa le 

F2 disampole tše di nago le RR ye e phagamego kudu (11.3-14.7). F2 e be ena le bokgoni bjo 

bo phagamego bja go monya meets (WAC) (252.0 - 263.3 g/g) mola F1 le F2 di be di na le 

dikelo tša magareng tše di swanago (1.85.7-214.0 g/g) gomme taolo e be ena le ya fase kudu 

WAC (65.7 g/g). Go bile le diphapano tše kgolo ka maatla a go ruruga di lemogilwe gare ga 

metswako ya sopo ya cowpea-pumpkin moo F1 ka 5% ya motswako wa motswako e bontšhitše 

go boleng bja magareng bja fase kudu (349%) mola F3 ka 15% ya motswako wamotswako e 

bontšhitše magareng a godimodimo boleng (471%) Sopo ya cowpea-mokopu e be ena le dikelo 

tše di phagamego tša maatla a go ruruga go tloga go (349.0 - 471.0%). Go be go se na phapano 

ye kgolo ka dikelo tša magareng tša tšhupamabaka ya go qhibidiga (22.0 - 49.7%). 

Ditekanyetšo tša magareng tša go phatlalala tša godimo di iletšabonwa ka taolo (62.7%) ge di 

bapetšwa le tša dišupommu tša sopo yaditeko (F1, F2 le F3) tšeo di bego di tloga go 22.7 go 

ya go 61.3%. Motswako wa dierekisi-mokopu o bontšhitše diteng tša godimo tša proteine ka 

dikelo tša magareng go tloga go 22.33-28.33g/100 g maemong ka moka a motswako wa 
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motswako wa mošomo wo o bego o le godimo go feta taolo ka boleng  bja magareng bja fase 

bja 13.33 g/100 g. Sampole ya taolo e be ena le diteng tša dikhapohaedreite tša 70.42 g/100 g 

which e bego e ka bagodimo go feta tšeo tša disampole tša F1, F2 le F3 tšeo di bego di na le 

dikelo tša magareng tša 44.06 - 58.00 g/100 g. Faeba ya Crude e be ena le dikelo tša magareng 

go tloga go 5.98-17.39 g/100 g, monola 7.78-9.74 g/100 g, makhura 1.73-3.10 g/100 g le 

molora 0.35-0.57 g/100 g. Phofo ya matlakala a cowpea e file mmala wo motala wo mohwibidu 

go dišupommu tša sopo ya diteko, gomme se se feleleditše ka gore se se sa rategego seo se 

ilegosa ama mafelelo a go amogelega ka kakaretšo ga dišupommu tša F1 le F3 mola mokopu 

o file mmala wo o kgahlišago wa gauta-sootho go sopo ka disampole tša sopoya F2. Sampole 

ya taolo e ile ya amogelwa kudu dika ka moka tša dikwi tšeo di lekilwego nyakišišong ye. Go 

amogelegamo go phagamego go ile gwa lemogwa bakeng sa sampole ya taolo.  Palomoka ya 

Diteng tša Phenolic (TPC) e be e fapana go tšwa go 0.25 go ya go 0.63 mg/GAE/mL. Sebopego 

sa 3 (letlakala la cowpea le letšoba la mokopu) se be se na le TPC ya godimodimo 0.54 – 0.63 

mg/GAE/mL yeo e latetšwego ke diphetogo tša tlhamo ya 2 (dipeu tša marekisi le dienywa tša 

mokopu) ka 0.32-0.54 mg/GAE/mL, tlhamo ya 1 e be e le ya fase kudu ka 0.25-0.32 

mg/GAE/mL. Palo ya godimodimo ya metswako ya flavonoid (42) e lemogilwe ka go Tlhamo 

2 le tlhamo 3 (28) mola palo ya fase kudu e lemogilwe ka go tlhamo 1 (24). Dikutollo tša 

nyakišišo ye di šišinya gore cowpea le mokopu di na le dimelo tša mmele le tša mošomo tša 

tirišo ka ditlhamong tša ditšweletšwa ka intastering ya dijo. Ke merogo ye bohlokwa ka dijong 

tša bathoka gobane e humile ka phepo ya go swana le proteine le dikhapohaedreite, methopo 

ye mebotseya di-antioxidant tšeo di ka bago ka lebaka la go ba gona ga metswako ya 

polyphenol. Ka gona, di ka kgatha tema e bohlokwa bakeng sa go rarolla kgateletšego yaphepo-

mpe yamatla a diprotheine ka go tlaleletša dijo tše di tlwaelegilego tšeo di se nago phepo e ntši. 

Mantšu a bohlokwa: Motsoako o kopaneng, Cowpea, Sebopeho, Mokopu, Sopho 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background to the Study 

Vegetables are a key component of a balanced diet and the main drivers in achieving global 

nutritional security by providing nutrients, vitamins and minerals (Jena et al., 2018). Globally, 

there are over 7000 plant species of indigenous leafy vegetables (ILVs) cultivated or harvested 

from the wild for food (Schonfeldt & Pretorius, 2011).  The sub-Saharan region is a natural 

habitat for more than 4000 of these plant species (Muhanjiet al., 2011) and South Africa alone 

has more than 100 different species of ILVs used for food, including cat’s whiskers (Cleome 

gynandra), cowpea (Vigna unguicula), wild okra (Corchorus olitorius), pumpkin (Cucurbita 

maxima) and lamb’s quarters (Chenopodium album) (Dweba & Mearns, 2011). 

Cowpea and pumpkin are leafy vegetables grown and consumed by people mostly in the 

Limpopo Province of South Africa (Faber et al., 2010; Hart & Vorster, 2006; Uusiku et al., 

2010; Van Rensburg et al., 2007; Vorster et al., 2007). The commonly used parts of cowpea 

and pumpkin plants are their leaves. However, all parts of these plants are edible, as cowpea 

also produces nutritious tender green leaves, immature green pods and nearly mature fresh-

shelled grains (Wafula et al., 2016; Timko et al., 2007; Mamiroet al., 2011). A flour can be 

prepared from dry, mature cowpea seeds and processed into various foods such as cakes, bread 

and couscous and can also be used as a complementary food ingredient (Harouna et al., 2018; 

Kirigiaet al., 2018). Equally, pumpkins provide nutritious leaves and flowers which may be 

cooked and consumed as vegetables whilst the pumpkin fruit additionally has seeds which may 

also be cooked, roasted or milled into powder for incorporation into various food formulations 

(Dyshlyuk et al., 2017; Rezig et al., 2016; Harouna et al., 2018). Nutritionally, both cowpea 

and pumpkin are known to contain high levels of nutrients (Oliveira et al., 2016; Gido et al., 

2017; Vu & Nguyen, 2017). The high nutritional value of cowpea and pumpkin suggest their 

potentials in developing nutrient-dense foods including soups which may be used to 

compliment starchy meals like maize meal porridge. 

 

White maize meal porridge is a commonly consumed food in South Africa with a reported 460 

g maize being consumed per person per day in the Eastern Cape Province (Shephard et al., 

2002). However, this staple food is deficient in some essential nutrients 
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(Świątkiewicz&Bojanowski, 2004; Johnson, 2000; Menkiret al., 2008; Nuss &Tanumihardjo, 

2011; Jin et al., 2013; Rai et al., 2012). A reduction in the intake of these essential nutrients 

may lead to health-related conditionsbut a meta-analysis of available literature indicated no 

published studies describing product development using various parts of cowpea and pumpkin 

as complementary sources of such healthy ingredients. Hence, in the current study, soup 

formulations with ingredients easily harvested from the garden and adopted in a normal kitchen 

setupwere designed as a side dish to accompany maize meal porridge. In exploring the potential 

of using cowpea and pumpkin as complementary food ingredients, various aspects were studied 

such as the physical and functional properties of pumpkin and cowpea as well as the presence 

of health-providing chemicals to determine the suitability of the inclusion of pumpkin and 

cowpea into soups. 

 

1.2 Features of cowpeas and pumpkin plants 

1.2.1 Domestic cultivation of cowpea and pumpkin in South Africa 

ILVs, also known as morogo, imifino, imfino, have played a significant role in the livelihoods 

of rural communities for several centuries. In South Africa, these vegetables have been 

incorporated in domestic farming setups, particularly in many communities residing in 

Limpopo and KwaZulu-Natal provinces of South Africa (Faber et al., 2010; Hart & Vorster, 

2006; Uusiku et al., 2010; Van Rensburg et al., 2007; Vorster et al., 2007). There are two main 

groups of ILVs, namely cultivated indigenous vegetables such as pumpkins and cowpeas and 

uncultivated indigenous vegetables such as blackjack (Bidens pilosa) and spider flower 

(Cleome spp.), which grow naturally in cultivated fields, at the roadside and in sandy shade 

and grasslands (Mavengahama et al., 2013). Of these cultivated ILVs, 20.2% are sold to local 

markets, 8.3% to township residents, with very few (1.8%) being sold in shops and the majority 

(69.6%) being sold to roadside passers-by (Mungofa et al., 2018).  Figure 1.1 indicates such a 

roadside venue.  

It is important to strengthen people’s abilities to cultivate food for themselves, especially ILVs, 

as opposed to merely depending on government support systems such as social grants. In this 

way, people in urban areas will be able to maintain healthy balanced diets (Khuzwayo, 2014) 

particularly as these vegetables offer a significant opportunity for the poorest people living in 

rural communities to cultivate and trade without requiring a large capital investment (Aju et 
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al., 2013; Oulai etal., 2014; Adebooye&Opabode, 2004; Uarrotaet al., 2019; Mbhenyane, 

2017). 

Hence, cultivation of ILVs has the potential to ensure the availability of such vegetables, 

improve food security, boost income generation at a low cost and alleviate poverty in rural 

communities (Mungofaet al., 2018). 

 

Figure 1.1  Trading of indigenous leafy vegetables (morogo) to passers-by at roadsides in 

Limpopo Province, South Africa 

 

 

1.2.2 Preparation of soups containing cowpea and pumpkin 

Statistics South Africa (Stats SA) reported that food price inflation reached 14.5% in July 2022 

compared with 13,3% in June 2021, with the monthly inflation rate for bread and cereal 

increasingby 2.5% between June and July 2022 with similar large monthly price increases 

recorded for maize meal (StatsSA, 2022). An increase in food prices has a major effect on food 

affordability in mostlow-income households. As a result, consumers should be encouraged to 

explore alternative sources of food and to try various methods of processing such foods which 

are affordable, accessible, locally available and underutilized, such as indigenous vegetables, 

as potential sources of essential nutrients and compounds with health-promoting benefits 

(Olubiet al., 2021). Processing and cooking of food improve its flavor and color by increasing 

the bioavailability of food nutrients (Ogunwole, 2021) while, particularly for rural community 

members, boiling water during the preparing of soup sterilizes water that may have been 
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obtained from rivers polluted with microbes.  Edokpayi et al (2018) reported that residents in 

rural communities of South Africa have inadequate water supply and resort to collecting water 

from sources like rivers which are vulnerable to pollution and contaminated by fecal matter. 

However, lack of knowledge on ILVs restricts the popularity of indigenous vegetables and so 

an easily prepared and nutritionally dense cowpea and/or pumpkin soup that involves minimal 

processing combined with low energy utilisation should be explored to benefit the average soup 

consumer. 

 

1.2.3 Physical and functional properties of cowpea and pumpkin 

In order for plant species to be successfully introduced in food applications, they should ideally 

possess a number of desirable physical and functional properties (Rezig et al., 2016; Khalid & 

Elharadallou, 2013), critical to the quality of food (Kumari et al., 2021). Physical properties 

are those aspects such as colour and viscosity (Arifin et al., 2019; Darwish, 2020). Functional 

properties describe the behaviour of food ingredients during preparation and cooking as well 

as how they affect the finished food products in terms of how they look, feel and taste 

(Awuchiet al., 2019). Examples of functional properties are water absorption, swelling 

capacity, solubility index, dispersibility and rehydration ratio (Emeka-Ike & Chukwuemeka 

Ike, 2020; Awuchiet al., 2019). Pumpkin and cowpea have recently been reported as novel 

protein sources with attractive functional and physical properties that make food more 

appealing (Rezig et al., 2016; Pereira et al., 2020).  

 

1.2.4 Health-providing chemicals in cowpea and pumpkin 

All food is made up of chemical substances which are the building blocks of life and nutrient-

dense vegetables such as cowpea and pumpkin can contribute to a healthy diet (Khalid & 

Elharadallou, 2012) as they are rich in phenolic acids (148-1176 µg/g), flavonol glycosides 

(27-1060 µg/g) (Awika & Duodu, 2017), vitamins, beta-carotene, alpha-tocopherol (9-

35mg/100g), amino acids (1 - 4 g/100 g), carbohydrates (29 – 39 g/100 g), minerals (8 – 4424 

mg/10 g) and fibre (0.9 - 14.26 /100 g) (USDA, 2011; FAO, 2012; Menssen et al., 2017; Ajuru 

& Nmom, 2017; Campbell et al., 2016; Filho et al., 2017; Chikwendu et al., 2014). They are 

known to contribute to health by providing anti-cancer, antioxidant, anti-obesity properties and 

to improve cardio-health (Jeong-Yeon et al., 2016; Mtolo et al., 2017). Pumpkin flowerscontain 

vitamins and minerals and is used in the treatment of the common cold, to enhance immunity, 

male fertility, eye health and bone formation (Ware, 2018). Thus, the superior chemical 
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properties in pumpkin and cowpea make them nutritional power houses for good health 

(Schreinemachers et al., 2018). 

 

1.2.5 Qualitative analysis of cowpea and pumpkin soups 

The International Union of Pure and Applied Chemists (IUPAC) provides a general definition 

of qualitative analysis in which foods are identified or classified based on their chemical or 

physical properties, such as reactivity, solubility and molecular weight (Doyle et al., 2017). A 

variety of test methods may be used to evaluate the purity of materials used to produce 

foodstuffs and their ingredients. In this regard, as suggested by the Association of Official 

Methods of Analysis (AOAC), the current study used chemical tests to analyse the nutrient 

content of cowpea and pumpkin soup (AOAC, 2010). 

The current study assessed the physical properties of colour and viscosity of the pumpkin and 

cowpea. The colour of food is one of the most important organoleptic attributes that has a direct 

effect on how consumers accept and select the food - consumers associate food colour with 

freshness, flavour and its overall quality (Zhu et al., 2013). Viscosity, on the other hand, is a 

mechanical property that is used to measure the extent to whicha liquid food is thick or thin, 

characteristic textures of food that deal with the flow and deformation of foods (Zhu et al., 

2013). 

In addition, functional properties describe the behaviour of ingredients during preparation and 

cooking as well as how they affect the finished food products in terms of how they look, feel 

and taste (Awuchi et al., 2019). Swelling power, solubility index, dispersibility, rehydration 

ratio are examples of functional properties which were assessed in the current study. 

Proximate composition of food is an important criterion to assess the overall composition and 

nutritional status of any ingredient intended for food use (Verma et al 2019). This includes 

moisture content, ash content, protein content, fibre content, fat content, carbohydrate content, 

total energy which were assessed in this study. 

Consumer acceptability of food involves the use of a sensory evaluation panel who record the 

extent that they like or dislike the food (Yang & Lee, 2019). The sensory attributes 

(mouthfeel/texture, appearance, aroma and taste) evaluated in the present study also play a 

pertinent role in determining the acceptance by the future clientele of the final prepared food 

product (Hamid et al., 2016).  
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As indicated, phenolic compounds are plant constituents with biological activity such as redox 

properties that are known to have antioxidant activity (Aryal et al., 2019). About 8000 plant 

phenolics occur naturally with half of this number being flavonoids (Sulaiman & Balachandran, 

2012) which are a class of low molecular weight phenolic compounds responsible for colour, 

fragrance and taste of fruits, flowers and seeds (Ekalu& Habila, 2020: Koes et al., 1994).  

     

1.3 Problem Satement 

National governments in developing countries as well as non-governmental organizations such 

as the World Health Organisation (WHO) consider malnourishment as a serious public health 

challenge (Biebinger & Hurrell., 2008). A significant factor contributing to malnourishment is 

the tight budget experiences in many low-income households that may prevent the purchase of 

food such as fruits and vegetables (Akinboade & Adeyefa, 2018). As a result, the diets of many 

low-income households in South Africa are dominated by starch-based staple foods such as 

bread, dumplings, potatoes, rice, pap (stiff maize porridge) and samp (crushed maize) 

(Chakona & Shackleton, 2017). Such diets are deficient in certain essential micronutrients that 

negatively impact the health of children and teenagers by impairing their physical and cognitive 

development, leading to increased morbidity and mortality (Eicher et al., 2019). Overall, 

malnourishment may negatively affect the learning capacity and work productivity for 

individuals, their families and countries as a whole (Biebinger & Hurrell, 2008).  

 

To alleviate malnutrition, there is a need for sustainable feeding strategies that require minimal 

funding and which provide a diverse diet (Ghosh-Jerathet al., 2016). To this end, there is an 

abundance of indigenous leafy vegetables (ILVs) that remain underutilized in South Africa 

(Gupta, 2017; Dhlamini, 2017; Gido et al., 2017) that are nutritionally dense 

(Schreinemacherset al., 2018).  Many of these ILVs are also used for medicinal purposes 

(Bvenura&Afolayan, 2016).  

 

Thus, there is a need to explore locally available ILVs such as cowpea and pumpkin to act as 

alternative sources of essential nutrients and diversification of diet that, together with basic 

vegetable ingredients, may be prepared as scientifically formulated foods with improved 

nutritional value to support a sustainable strategy directed at alleviating malnutrition. 
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1.4 Justification for the study 

The current study encourages the inclusion of locally available crops such as cowpea and 

pumpkin as part ofa sustainable strategy towards promoting food security and health in rural 

South African households.  The development and preparation of a soup using different edible 

parts of cowpea and pumpkin will enable consumers to take advantage of the high nutritional 

value resulting from combining ILVs that complement each other from a health perspective. 

Thus, if a part of one of the vegetables is low in a nutrient, that nutrient is adequately provided 

in the other vegetable.  Results from the current study should contribute towards, and support, 

current, alternative, inexpensive strategies that may be effective in combating micronutrient 

deficiencies in low-income households. In addition to these critically important food security 

and health-related features, a unique aspect of the current study became apparent when a 

preliminary meta-analysis of published literature indicated there were currently no reported 

research findings regarding the incorporation and analysis of cowpea and pumpkin in soup 

formulations. 

Providing support for a sustainable food security strategy should also contribute towards 

improving the livelihood of consumers in low-income populations by creating employment 

through the potential for home-industry preparation and sale of soup formulations. Importantly, 

the study findings should also raise awareness and understanding regarding the nutritional 

value and health benefits of food prepared with cowpea and pumpkin and their significant role 

in reducing the effects of malnutrition. There is no doubt that the study findings are important 

for not only nutritional and health security but also for safeguarding indigenous knowledge 

surrounding such ILVs. 

 

1.5 Research hypothesis 

H1: The addition of cowpea and pumpkin will improve the functional properties of the 

soup. 

H0: The addition of cowpea and pumpkin will not improve the functional properties of the 

soup. 

  

H2:  The addition of cowpea and pumpkin will enhance the physical properties of the soup 

H0:        The addition of cowpea and pumpkin will not enhance the physical properties of the 

soup. 

  

H3:  The addition of cowpea and pumpkin will highlight the improved proximate 

composition of the soup. 

H0:        The addition of cowpea and pumpkin will not highlight the improved proximate 

composition of the soup. 
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H4:  The addition of cowpea and pumpkin will enhance the overall acceptability of the soup.  

H0: The addition of cowpea and pumpkin will not enhance the overall acceptability of the 

soup. 

  

H5: 

 

The addition of cowpea and pumpkin will improve the   total phenolic content, 

antioxidant activity, and the flavonoids composition of cowpea-pumpkin composite 

soup 

H0: The addition of cowpea and pumpkin will not improve the total phenolic content, 

antioxidant activity, and the flavonoids composition of cowpea-pumpkin composite 

soup. 
 

1.6 Study aim and objectives. 

1.6.1 Aim of study 

The aim of the study was to investigate the potential of using cowpea and pumpkin as 

complementary food ingredients. In achieving this aim, the following study objectives were 

addressed: 

 

1.6.2 Study objectives 

 

Objective 1:  To assess the functional properties of cowpea-pumpkin composite soup.  

Objective 2:  To assess the physical properties of cowpea-pumpkin composite soup. 

Objective 3:  To determine the proximate composition of cowpea-pumpkin composite soup. 

Objective 4:  To evaluate consumer acceptability of cowpea-pumpkin composite soup. 

Objective 5:  To evaluate the total phenolic content, antioxidant activity and to identify the 

flavonoids present in cowpea-pumpkin composite soup. 

 

1.7 Ethical Considerations 

The research work was conducted in the UNISA Laboratories in Florida under thesupervisionof 

Dr D. Beswa. Ethics Approval was obtained from the UNISA Ethics (Reference number 

2019/CAES/076) (Appendix 1). To avoid any injuries to other students and staff members, the 

laboratory code of conduct and the safety rules were followed. The COVID-19 protocols such 

as maintaining a 2m social distance from other laboratory occupants, wearing a mask and 

sanitising hands were always observed.Approval to perform the consumer acceptance test in 

FetakgomoTubatse Local Municipality, Limpopo province, South Africa, was obtained from 

the Municipal Manager (Appendix 2).Prior to the sensory evaluation of the prepared study 

soups, study participants were informed of the study, told that there was no compensation for 
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their participation in the study, informed that they that they could leave the study at any time 

and requested to sign an informed consent form.  Plagiarism was avoided, and all published 

research articles were suitably cited. All research work was kept strictly confidential until 

published as a completed PhD thesis. 

 

1.8 Outline of Thesis 

This thesis is set out in six chapters. 

 

Chapter 1: Introduction 

This chapter presents a brief overview of the study with background information on cowpea 

and pumpkin. This is followed with the research problem, importance of study followed by the 

research hypothesis, study aims and objectives of the study. It concludes with ethical 

considerations as well as the outline of the thesis. 

 

Chapter 2: Literature review 

This chapter provides a review of the literature surrounding cowpea and pumpkin and their 

significance to the current study. Firstly, a background provides information of these 

vegetables followed by their significance as food. A description of the nutritional composition 

of cowpea and pumpkin follows with health aspects of such foods including their antioxidant 

potential, total phenolic content and then some of the physical properties of food products 

developed from cowpea and pumpkin. Finally, this chapter ends with a discussion on the 

consumer acceptability of cowpea and pumpkin as well as the theory behind techniques used 

in this study. 

 

Chapter 3: Materials and methodology 

This chapter details the methodology applied to address the research objectives of the study. 

The chapter describes the research materials, preparation of the samples, formulations for 

preparation of soup and analysis of physical properties of cowpea and pumpkin samples and 

soup mixes. Furthermore, it details an analysis of functional properties and proximate 

composition of cowpea and pumpkin samples.  A description of the sensory evaluation of soups 

prepared from cowpea and pumpkin links to consumer acceptability of the soups.  Methods 

that were used to determine the total phenolic content and antioxidant potential of these plants 
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are discussed followed by a description of the analysis of study data.  Lastly, ethical 

considerations are described. 

 

Chapter 4: Results and discussion 

This chapter presents the results of the study which are then discussed. The results are presented 

in tables. 

 

Chapter 5: Contributions and limitations of study 

The contributions and limitations of the study are outlined in this chapter. 

 

Chapter 6: General Conclusions and recommendations 

This chapter presents the conclusions drawn from the results according to the study objectives 

of the study. Furthermore, this chapter discusses the contributions and limitations of the study 

and suggests recommendations for future research involving cowpea and pumpkin based on 

the results obtained from the study. 

The thesis ends with a list of references of articles cited in the study followed by appendices. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Background 

The World Health Organisation (WHO) refers to malnutrition as “deficiencies, excesses or 

imbalances in a person’s intake of energy and/or nutrients” with nearly two billion adults being 

overweight, nearly half a billion adults being underweightwhile around 250 million children 

suffer from malnutrition (WHO, 2020; Godeckeet al., 2018).  Of these, more than 2.5 million 

children die each year from malnutrition and sub-Saharan Africa significantly contributes to 

this by showing the highest rates of underweight children and mortality due to malnutrition 

(Naicker, 2015). The increase in obesity due to malnutrition has raised serious health concerns 

as it is associated with a concurrent increase in non-communicable diseases such as heart 

disease, stroke, cancer and diabetes (WHO, 2020). Malnutrition has serious repercussions in 

all its forms on the capability of people to live a full life, work, care for their children, be 

productive, generate a positive cycle and improve their living conditions (Drimie& Pereira, 

2016). Despite governmental efforts to promote food production in an attempt to boost 

employment, to fortify staple foods and to provide social grants to alleviate the problem of 

malnutrition (Habib et al., 2015), malnutrition is a persistent problem in South Africa, 

particularly affecting its children (UNICEF, 2020). 

In South Africa, national surveys show that poor people have an inadequate diet that does not 

meet the daily nutritional requirements as indicated in Table 2.1 (Naicker, 2015). People who 

are classified as poor typically have limited financial resources and struggle to meet their basic 

needs, such as food, shelter and healthcare. This can include people who live below the poverty 

line, have low income or unstable employment, lack access to education and job opportunities 

and face barriers to accessing essential services (UNICEF, 2020). In addition, South Africa is 

undergoing a “nutrition transition” which refers to the increased consumption of fats and 

refined sugars as these become more affordable especially for low-income consumers which 

are associated with rising rates of overweight, obesity and diet-related heart diseases (Drimie 

& Pereira, 2016). Poor people live in poor food systems where nutrient dense food like eggs, 

milk, fruits and vegetables can be very expensive and, thus, making it harder for low-income 

consumers to diversify away from the nutrient-sparse staple foods (WHO, 2020). The main 

staple foods consumed around the world (rice, potatoes pap and samp) are nutritionally 

deficient as they are high in carbohydrates and low in other food nutrients (Amaral et al., 2018) 

while in South Africa, these staple foods, especially maize-based starchy foods, dominate the 
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diets of individuals who have a low intake of fruits and vegetables (Ekpa et al., 2018; Ranum 

et al., 2014).  These factors are the main contributors towards nutrient deficiencies in South 

Africa (Schonfeldtet al., 2010) and the Food and Agriculture Organisation (FAO) and the US 

Food and Drug Administration (FDA) suggest that an optimal range and concentration of 

nutrients are needed for optimal growth, health and avoidance of diseases (FAO, 2020; US 

FDA, 2020).  These include the following: 

o Dietary fats such as all edible fats and oils which may be produced from plants and 

animals (FAO, 2020). Besides true fat (triglycerides), crude fat represents materials 

extractable with ether such as phospholipids, sterols, essential oils and fat-soluble 

pigments (Ranganna 1986). Fat provides energy and aids in transport of fat-soluble 

vitamins, insulates and protects internal tissues and contributes to important cell 

processes (Pamela et al., 2005; Jones et al., 1985). 

o Carbohydrates are the main source of energy by providing glucose for the body, 

particularly the brain cells, to function optimally (Verma et al., 2012). Energy is crucial 

in maintaining the metabolic rate of the body, growth and synthesis of new tissues, 

muscular activity and physiological functions (Momanyi et al., 2020) 

o Vitamins are organic substances found in natural food stuffs essential for normal 

growth and activity of the body (FAO, 2020). 

o Dietary fibre is an indigestible carbohydrate found in structural components of plants 

(Sharma et al., 2012). It is the organic residue which remains after a food sample has 

been treated under standardized laboratory conditions with petroleum spirit, followed 

by boiling in dilute sulphuric acid, boiling in dilute sodium hydroxide solution or in 

alcohol. Crude fibre consists largely of cellulose together with lignin (Verma et al., 

2019). However, the health benefits of eating fibre-rich diet are immense including 

prevention of constipation, regulation of blood sugar, protection against heart diseases 

and prevention of certain form of cancers (Sharma et al., 2012). 

o Minerals are found in plants and animals and promote chemical reactions. They form 

part of many tissues and the minerals important for human health are calcium, 

phosphorus, potassium, iron, sodium, sulphur, chlorine and magnesium (FAO, 2020). 

o Proteins are large molecules made of amino acids. They are found in animal and plant 

foods and are necessary for growth and development of the body, for body maintenance 

and repair and replacement of worn out or damaged tissues, to produce metabolic and 

digestive enzymes and they are an essential constituent of certain hormones (Khattab 
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& Arntfield 2009; Verma et al., 2012). It is therefore recommended to enhance the 

protein quality of the diet through easily available and accessible plant protein sources 

to improve the nutritional status of the low-income group of the population (Khattab & 

Arntfield 2009). These components of food are listed in Table 2.1. 

 

 

Note that the ash content of food stuff is the inorganic residue which remains after destruction 

of organic matter. It is also defined as a measure of the total amount of mineral content or 

inorganic material that remains after milling (Ejiofor &Kporna, 2019). 

Vegetables are essential sources of nutrients needed for healthier diets (Schreinemacherset al., 

2018) and the WHO recommends a minimum vegetable intake of 400 g per day to prevent 

Table 2.1: Recommended dietary daily nutrient requirements for adults 

Nutrient Nutrient density per 1000 kcal References 

Protein 50-56 g/d FDA, NIH 

Fats 78 g FDA 

Saturated fat <20g FDA 

Carbohydrates 130-275g/d NIH, FDA 

Fibre 28-38 g/d FDA, NIH 

Vitamin A (retinal) 350-900 µg RAE FDA, NIH 

Vitamin D 20 µg- 20µg FDA, NIH 

Vitamin E 3.5-15 mg FDA, NIH 

Vitamin K 20- 120 µg FDA, NIH 

Vitamin C (ascorbic acid) 90-2530 mg NIH 

Biotin 30µg FDA, NIH 

Folate 30 – 400 µg FDA, NIH 

Thiamin 1.2 NIH 

Pantothenic Acid 1.2 – 5.0 µg NIH 

Riboflavin 0.6 - 1.3 mg NIH 

Niacin (or equivalent) 6 -16 mg NIH 

Vitamin B6 1.0 -1.7 mg NIH 

Vitamin B12 0.5 - 2.4 µg NIH 

Iron 18 - 20 mg FDA, NIH 

Zinc 6 -11mg NIH 

Calcium 250 – 1.300 mg NIH 

Iodine 75 -150 µg NIH 

Sodium as NaCl 2300mg-2.5 g NIH 

Magnesium 320 – 420 mg NIH 

Potassium 4700mg NIH 

Phosphorus 700 – 1250 mg NIH 

Source: NIH (https://ods.od.nih.gov/HealthInformation/nutrientrecommendations.aspx);FDA 

(2022) 



14 
 

chronic diseases and to supply needed micronutrients (WHO, 2015). Indigenous vegetables are 

among the most nutritious vegetables as they are rich in nutrients such as proteins, vitamins, 

minerals, fibre and are extremely low in fat (Gupta et al., 2017). They are compatible with 

staple foods to alleviate malnutrition (Maseko et al., 2017). They are sources of high-quality 

nutrition, are easily accessible, inexpensive for poor people and contain the required nutrients 

at levels exceeding those found in exotic vegetables (Singh et al., 2013). Increasing their 

consumption is acknowledged as a strategic intervention for addressing malnutrition (Birol et 

al., 2015).  

Globally, numerous indigenous vegetables species can be exploited and incorporated into diets 

to help solve nutrition-related concerns (Bvenura & Sivakumar, 2017). Studies conducted in 

countries such as Ethiopia, Zimbabwe and Kenya revealed that some poor households rely on 

indigenous vegetables to maintain an adequate and constant food supply and this has 

demonstrated that these plants are essential components in local diets (Zhang et al., 2016).  

Indigenous leafy vegetables (ILVs) are plant species which are either genuinely native to a 

particular region or which were introduced to that region to allow their evolution through 

natural processes or farmer selection (Maseko et al., 2017).  In Vietnam, indigenous vegetables 

can be wild (e.g., spider plant and pigweed) or semi-domesticated such as cowpea and pumpkin 

(Vu & Nguyen, 2017). 

Several studies revealed that ILVs are critical sources of nutrients required for optimal growth, 

health and avoidance of diseases (Ong & Kim, 2017). They are potent sources of vital nutrients 

like proteins, carbohydrates, dietary fibres, minerals, and vitamins and can be recommended 

asa remedy to alleviate malnutrition in South Africa, southern Africa, and the world at large 

(Pradeepkumar, 2015: Konsam et al., 2016; Ong & Kim., 2017; Nyadanu & Lowor, 2015; Vu 

& Nguyen, 2017; Gani et al., 2018).  

In South Africa, a total of 103 ILV species were reported by various sources from five 

provinces namely Limpopo (58%), Kwazulu Natal (27%), Eastern Cape (22%), Northwest 

(27%) and Mpumalanga (3%) (Bvenura & Afolayan, 2015).These vegetables are also known 

by many other names, including traditional leafy vegetables (TLV), traditional African 

vegetables (TAV), African leafy vegetables (ALV)), indigenous African vegetables (IAV), 

wild vegetables (WV) and traditional African leafy vegetables (TALV) (Maseko at al., 2017; 

Bvenura & Sivakumar, 2017; Mokganya & Tshisikhane, 2018). In South Africa, different 



15 
 

ethnic groups have their own names for these vegetables, they are called imfino (isiZulu and 

isiXhosa), morogo (Sesotho, Sepedi) or mihoro (Tshivenda) (Mavengahama, 2013). 

There is strong evidence that “hidden treasures” in the form of ILVs could easily play a huge 

and positive role in delivering a balanced and healthy diet (Bvenura & Sivakumar, 2017). This 

can contribute to addressing gaps in nutrition through offering healthy and affordable nutrient-

dense alternatives but, despite their nutritive value and potential economic use, the use of ILVs 

in South Africa remains low (Maseko et al., 2017).  This is due to the negative perceptions 

surrounding their consumption such as their being poverty foods, weeds, or foods for women, 

children and the weak (Bvenura & Afolayan, 2015). 

 

2.2 Cowpea and pumpkin as food 

Encouraging the utilization of nutritious, indigenous leafy vegetables such as cowpea and 

pumpkin could provide a long-term sustainable food strategy since these crops are locally 

available and are high in proteins (Menssen et al., 2017; Londonkar &Awanti, 2014; Timko et 

al., 2007; Ajuru&Nmom, 2017; Habib et al., 2015), minerals such as iron and calcium, as well 

as vitamins A, B and C (Dhlamini, 2017; Gupta, 2017; Gido et al., 2017; Okonya& Maas, 

2014). These crops are also good sources of essential nutrients such as carbohydrates and lipids 

necessary for maintaining good health (Habib, 2015) and play a crucial role in the health of 

millions of people in Southern Africa and many other parts of the world (Timko et al., 2007). 

These crops have received attention in recent years mainly since their stems, shoots, leaves, 

fruit and seeds can be eaten to contribute to their health-protective and high nutritional value 

(Longato et al., 2017; Montesano et al., 2018) and are considered a most important crops and 

some of the healthiest vegetables in the world (Wamalwa et al., 2016; Kevart 2017).  

Cowpea is also known as the orphan crop (i.e., it has little significance and get less attention 

as a food source) (Timko et al., 2007). It is used in the development of cowpea flour as a protein 

supplement in biscuits (Campbell, 2016). 

Pumpkin is among the crops that are consumed by most ethnic populations of South Africa and 

Zimbabwe (Van Rensburg et al., 2007). The flowers of pumpkin are also edible both in raw 

and cooked forms (Shaheen et al., 2017). Apart from their wonderful taste, the bright yellow 

or orange flower contains essential nutrients, minerals, and vitamins (Jothi et al., 

2014).Pumpkin seeds contain oil ranging from 400 to 540 g/kg,  this oil is commonly used as 
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a salad oil (Seymen et al., 2016) and as an ingredient in pumpkin seed cakes (Filbrand, 2012; 

Batista et al., 2018).Thus, the development of pumpkin flour produces enjoyable organoleptic 

qualities in snacks and confectionaries of cakes, cookies, scones, and bread (Filbrand, 2012). 

Cowpea and Pumpkin plants have many edible parts, this means that the two vegetables can be 

used as complimentary food ingredients. A complementary food ingredient can be defined as 

a substance that is added to a food product to enhance its flavour, texture, appearance or 

nutritional value (WHO, 2020). Theses vegetables complement each other from a health 

perspective for example when one part of cowpea is low in a nutrient, that nutrient is adequately 

provided in pumpkin. Based on the information provided in Table 2.2, cowpea seeds contain 

the highest amount of carbohydrate (50 – 60 g/100 g) while pumpkin fruit seems to contain the 

lowest amount of carbohydrates (4.9 - 6.5 g/100 g), therefore, cowpea seeds will contribute a 

significant amount of carbohydrates in the experimental soup formulations. Furthermore, 

cowpea seeds have the highest protein content (23.5 g/100 g) while pumpkin fruit has a low 

amount of (1.0 - 2.4 g/100 g) and cowpea leaves contains a higher amount of fibre (14.3 - 25.1 

g/100 g) while pumpkin leaves contain a lower amount of (0.5 - 0.9 g/100 g).  This is an 

example of how the different parts of cowpea and pumpkin can be combined to produce a 

nutritionally sound composite soup. A composite soup can be defined as a type of soup that is 

made by combining multiple ingredients and flavours to create a complex and well balanced 

dish (FDA, 2020). In addition, they can also be used as sources of nutrient supplements in 

commercial products. However, there is little information on commercial processing of food 

products using various parts of cowpea and pumpkin plants.   

 

2.3 Nutritional composition of cowpea and pumpkin 

2.3.1 Proximate composition 

Consumers should not eat food only to satisfy hunger but must also eat food that provides the 

necessary nutrients to maintain good health. It is therefore important to know the overall 

composition and nutritional status of any ingredients intended for human consumption. The 

proximate composition of food includes moisture, ash, lipid, protein and carbohydrate 

contentand is an important criterion to assess the overall composition and nutritional status of 

any ingredient intended for food use (Verma et al., 2019). To ensure a healthy diet, the FAO 

recommends a daily intake of 20 – 25 g of protein, 16 – 39 g of fats, 140 – 190 g of 

carbohydrates and 8 - 20g of fibre (FAO, 2012). An example of a balanced menu might be a 
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dinnerthat includes one trout fillet,one cup of green beans, one cup of brown rice, one small 

garden salad with two tablespoons of salad dressing, one glass of low fat milk and sparkling 

water with a lemon or lime slice. The meal contains all the required macronutrients: 634 

calories, 27 g protein, 78 g carbohydrates, 13 g fat (Lim, 2018: US Department of Health, 

2020).  

Cowpea and pumpkin have a high nutritional value (Harouna et al., 2018; Chen et al., 2017). 

They are valuable and excellent sources of protein (21- 25 g/100 g) which are cheaper than 

animal protein (poultry, meat or fish) for the rural and urban poor (Harouna et al., 2018; 

Adewale et al., 2016; Habib et al., 2015; Longato et al., 2017; Ogrodowska et al., 2017; 

Chikwendu et al., 2014; Menssen, 2017). It is well documented that animal-based proteins are 

comparably high in terms of quality than plant-based proteins, this is due to higher levels of 

their essential amino acid and are generally considered to be complete protein sources of 

essential amino acids required by humans (Kerksick et al., 2021; Hertzler et al., 2020) with 

superior levels of digestibility (Kerksick et al., 2021). Nevertheless, the sources of animal 

protein are highly priced and mostly unaffordable to low-income households. Therefore, 

frequent consumption of diets with cowpea and pumpkin could have a significant contribution 

of protein in the diets of consumers in low-income households (Timko et al., 2007). 

The protein content of cowpea seeds ranges from 20.3% to 39.4% and these seeds are also high 

in B-complex vitamins, vitamin C, vitamin E and carotenoids (Saarvedra et al., 2015; 

Gonçalves et al., 2016). The oil content of pumpkin ranges between 31.5% and 51% (Rezig et 

al., 2016; Saarvedra et al., 2015) and pumpkin also has a high vitamin E and linoleic acid 

content (Badr et al., 2011) as well as carotenoids such as β-carotene, lutein, and zeaxanthin 

(Song et al., 2017). In addition, pumpkin seeds are high in protein (24% to 36.5%) and are also 

a good source of zinc and polyunsaturated fatty acids (Kim et al., 2012) and nutraceutically 

bioactive compounds (Montesano et al., 2018). 

Pumpkin and cowpea are also inexpensive and excellent sources of complex carbohydrates 

which includes starch, oligosaccharides and crude fibre which ranges from 25 – 32 g/100 g 

(Habib et al., 2015; Longato et al., 2017; Ogrodowska et al., 2017; Campbell et al., 2016; Filho 

et al., 2017; Ebere et al., 2017). Several researchers also found that pumpkin (seeds) and 

cowpea are important sources of minerals, and being rich in fats and fibre, they can be used as 

attractive sources of fat and fibre (Ogrodowska, 2017; Habib et al., 2015; Ajuru & Nmom, 

2017 Campbell et al., 2016; Filho et al., 2017; Chikwendu et al., 2014). Pumpkin fruit and 

https://www.verywellfit.com/the-best-types-of-fish-for-health-2223830
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cowpea seeds also contain higher amounts of moisture and ash content which can improve 

mineral content of food products (Aukkanit & Rrakit, 2016; Biama et al., 2020). 

Therefore, these two vegetables play a crucial role in the lives of millions of people in the world 

by providing them with a major source of dietary protein that nutritionally complements low 

protein cereal and crop staples. The proximate composition of various parts of cowpea and 

pumpkin is illustrated in Table 2.2 below. 

 

Table 2.2. Proximate composition of cowpea and pumpkin (dry weight) 
 

Nutrient 

(g/100g) 

CL CS PL PS PFr PFl References 

Carbohydrates 39.1 60.3 9.3 12.6 4.9 3.3 

 

Ebere et al. (2017); Ngozi et al. (2014); Menssen 

(2017); USDA (2011) 

Protein 17.9 23.5 4.82 30.2 2.36 0.34 Ebere et al. (2017); Ngozi et al. (2014); USDA 

(2011) 

Ash 14.80 14.8 2.3 4.9 1.5 0.6 

 

Chikwendu et al. (2014); Ngozi et al. (2014); 

USDA (2011) 

Fibre  14.26 10.7 13.7 3.7 0.9 0.0 Chikwendu et al. (2014); USDA (2011); Ngozi et 

al. (2014); Ebere et al. (2017) 

Fat   1.31 2.07 1.5   

43.28 

0.9 0.2 Chikwendu et al. (2014); USDA (2011); Ngozi et 

al. (2014) 

Moisture 13.0 11.0 68.2 5.3 89.6 31.40 Ebere et al. (2017); USDA (2011); Ngozi et al. 

(2014); Menssen (2017) 

Note: A general reference for these data is USDA (2011). Abbreviations include cowpea leaves as CL; cowpea seeds as CS; 

pumpkin leaves as PL; pumpkin seeds as PS; Pumpkin fruits as PFr and pumpkin flowers as PFl. 

 

2.3.2 Mineral composition 

Minerals are vital in human nutrition for overall physical and mental health as well as for the 

maintenance of acid-base balance (Kalsoom et al., 2021). They affect the utilisation of dietary 

vitamins and are integral parts of bones, teeth, soft tissues, muscles, blood and nerve cells 

(Kulaitieneetal., 2014).  An appropriate intake of minerals is necessary for humans to meet 

their metabolic needs, hence avoiding a wide range of associated health problems (Santos et 

al., 2016).  

Pumpkin and cowpea seeds are also important sources of minerals such as iron at 8.27 mg/10 

g (cowpea seeds) to 8.82 mg/10 g (pumpkin seeds), as well as zinc at 337 mg/10 g to 781 

mg/100 g), contain very high levels of potassium (1233 – 4424 mg/100 g) and magnesium (184 

– 592 mg/100 g) and other essential minerals (Ajuru & Nmom, 2017; Campbell et al., 2016; 

Filho et al., 2017; Chikwendu et al.,2014). The addition of cowpea and pumpkin leaf relish 

appears to improve the intake of nutrients such as zinc and iron in children’s diets (Vilakati et 

al., 2016). Pumpkin and cowpea contain moderately high levels of Ca, Na, Mn, Fe, Zn and Cu, 

the elements which make cowpea and pumpkin valuable for food formulations (Ajuru & 
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Nmom, 2017). The distribution of minerals in various parts of pumpkin and cowpea is 

illustrated in Table 2.3 below. 

 

Table 2.3. Mineral composition of cowpea and pumpkin plants 

 

Nutrient 
(mg/100 g) 

CL CS PL PS PFr PFl References  

Ca  39 594.2 15.21 9.78 21 12.87 Elinge et al. (2012); Aremu et al. (2006); 

USDA (2011) 

Fe  77 2.5 0.87 3.75 0.8 0.23 Elinge et al. (2012); USDA (2011) 

Cu  0.1 0.5 0.05 2.17 0.2 - Elinge et al. (2012); Aremu et al. (2006); 

USDA (2011) 

P  3.8 80 40.56 47.68 30 16.17 Elinge et al. (2012); Aremu et al. (2006); 

USDA (2011) 

K  1380 357 170.04 273.24 340 57.09 USDA (2011); Aremu et al. (2006); Elinge et 

al. (2012) 

Na - 65 4.29 170.35 1 1.65 Aremu et al. (2006); USDA (2011); Elinge et 

al. (2012); 

Mn  - 12.4 0.135 0.06 0.1

25 

- Aremu et al. (2006); USDA (2011); Elinge et 

al. (2012) 

Mg  - 53 14.82 67.41 12 7.92 USDA (2011); Elinge et al. (2012) 

Zn  - 337 0.08 14.4 0.3

2 

- Aremu et al. (2006); USDA (2011); Elinge et 

al. (2012) 

Se  - - 0.35 9.4 0.3 0.23 USDA (2011) 

Note: Abbreviations include cowpea leaves as CL; cowpea seeds as CS; pumpkin leaves as PL; pumpkin seeds 

as PS; Pumpkin fruits as PFr and pumpkin flowers as PFl. 

 

 

2.3.3 Fatty acid composition  

Fatty acids are lipids that are a major component of many plants, foods and medicines including 

pumpkins and cowpea. They are important dietary sources of energy and are important 

structural components of cells (Chen, 2012). Among the multiple roles of fatty acids, they have 

structural functions as constituents of phospholipids which are the building blocks of cell 

membranes, as part neutral lipids fatty acids serving as storage materials in cells and as fatty 

acid derivatives that are involved in cell signalling (Carcalho & Caramujo, 2018). 

Thus, fatty acids are nutritionally important and can be introduced in the diet easily by 

consuming indigenous vegetables such as pumpkin and cowpea (Habib et al., 2015; Longato, 

2017; Ogrodowska et al., 2017). As illustrated in Table 2.4 below, these two vegetables contain 
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significant minimum levels of recommended daily intake of saturated fatty acid such as lauric 

and stearic acid. Senekal et al. (2019) stated that the amount of saturated fat consumed should 

be as low as possible with nutritionally adequate diet.It can be concluded that the fatty acid 

content of cowpea is lower than in pumpkin hence a mix of cowpea and pumpkin would 

average out to a reasonable level of fatty acid intake. 

 

Table 2.4. Fatty acid composition of cowpea and pumpkin 

Nutrient 

(Fatty acids) 

CL 
(g/100 g) 

CS 
(g/100 g) 

PL  
(mg/100 g) 

PS 
(mg/100 g) 

PFr 
(mg/100 g) 

PFl 
(mg/100 g) 

References 

Saturated  

 

14.0 0.138 0.081 29.0 20.2 0.12 Antova et al. (2014); 

FDA (2019); 

Prommaban et al. 

(2021); Rueda et al. 

(2014) 

Monounsaturated 

 

6.9 0.044 0.02 31.40 24.7 0.03 Antova et al. (2014); 

FDA (2019); 

Prommaban et al. 

(2021); Rueda et al. 

(2014) 

Polyunsaturated  

 

25.2 0.225 0.009 39.24 5.1 0.01 Antova et al. (2014); 

FDA (2019); 

Prommaban et al. 

(2021); Rueda et al. 

(2014) 

Note: Abbreviations include cowpea leaves as CL; cowpea seeds as CS; pumpkin leaves as PL; pumpkin seeds 

as PS; Pumpkin fruits as PFr and pumpkin flowers as PFl. 

 

2.3.4 Vitamin composition   

Vitamins are indispensable to maintaining various functions of physiological importance such 

as muscle contractility, nerve transmission, blood coagulation, digestive processes and acid 

base balance (Hardisson, 2001). Vitamin C, for example, is a powerful water-soluble 

antioxidant that protects cells and cellular components from free radicals by donating electrons 

that allow the regeneration of other antioxidants such as Vitamin E (tocopherol) (Kim et al., 

2012). Pumpkin and cowpea are excellent sources of vitamins and, therefore, a high intake of 

these vegetables provides various benefits to improve overall health. 

Pumpkin and cowpea contain many vitamins especially vitamin E (up to 35 mg/100 g) and 

vitamin C (up to 9 mg/100 g) (Menssen et al., 2017; Ajuru & Nmom, 2017; Goncalves et al., 

2016; Timko et al., 2007; Chikwendu et al., 2014; Asare et al., 2013). A daily dietary intake of 

pumpkin and cowpea will not only help in solving hunger problems but will also be beneficial 

in minimising the risk of chronic health problems and treatment of common colds, in 
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maintaining eye health, in bone formation, proper growth and protection from disease 

(Kirigiaet al., 2018; Amin et al., 2019). The vitamin composition of cowpea and pumpkin is 

presented in Table 2.5 below. 

Table 2.5. Vitamin Composition of Cowpea (Vigna unguiculata) and pumpkin (Cucurbita 

maxima) per 100 g 
Vitamins 

 

CS PS PL PFr PFl References 

B1  0.00076 0.034 0.4 0.05 0.014 Abebe (2022); Batool et al. (2022); 

USDA (2019) 

B2  0.00019 0.0052  0.1  0.11 0.025 Abebe (2022); Batool et al. (2022); 

USDA (2019) 

B3  0.00314 0.286 0.4 0.6 0.028 Abebe (2022); Batool et al. (2022); 

USDA (2019) 

B5  0.411 0.056 0.0 0.298 - USDA (2019); Batool et al. (2022); 

Abebe (2022)  

B6  0.00041 0.0037 0.1 0.061 - Abebe (2022); Batool et al. (2022); 

USDA (2019) 

B9   208 9 14 16  19.47 USDA (2019) 

C  0.00169 0.3 4.3 9.0 9.2 Abebe (2022); Batool et al. (2022); 

USDA (2019) 

E 0.28 35.1 - 1.06 19.47 USDA (2019) 

K 1.7 - - 0.001 - USDA (2019); Batool et al. (2022) 

A 0.0002 0.019 37-38  0.426 32.0 Abebe (2022); Batool et al. (2022); 

USDA (2019) 

Note: With the exception of vitamin B9 whose measured availability unit is µg/100 g, the unit for the remainder 

of these vitamins is mg/100 g. Abbreviations include cowpea seeds as CS; pumpkin leaves as PL; pumpkin seeds 

as PS; Pumpkin fruits as PFr and pumpkin flowers as PFl 

 

2.3.5 Amino acids 

Proteins are made up from 20 different building blocks of amino acids and play many critical 

roles in the body including cellular structure, hormones and acting as neurotransmitters.  Thus, 

it is crucial to eat high quality protein foods that contain essential amino acids (Dash, 2017).  

While all 20 amino acids are important for health, only nine are classified as essential - 

histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and 

valine (Jayathilake et al., 2018). Fortunately, pumpkin and cowpea are rich in amino acids 

essential for the many metabolic processes in the human body (Goncalves et al., 2016). The 

WHO and FAO recommend food that has the best protein category which must have an 

essential amino acid/ total amino acids ratio above 40%. Both cowpea and pumpkin contain 

amino acids values that are higher than the set limits of the WHO and FAO, which suggest that 

these vegetables are good sources of free amino acids. Histidine (1 – 3 g/100 g), Lysine (2-4 

g/100 g) and Arginine (1- 2.66 g/100 g) are found to be the most concentrated essential amino 

acids in cowpea and pumpkin. This is illustrated in Table 2.5 below. 
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Table2.6. Amino acids composition of cowpea and pumpkin (g per 100 g) 
Amino acids CS PS PL PFr References  

Tryptophan  0.1 15.3 0.016 0.1 USDA (2019); Glew et al. (2006) 

Threonine  22.9 18.4 0.061 0.0 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Histidine  20.0 13.8 0.020 0.0 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Isoleucine  30.8 23.0 0.061 0.1 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Lysine 28.0 22.0 0.078 0.1 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Methionine  17.1 12.4 0.021 0.0 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Cystine 4.0 6.73 0.012 0.0 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Phenylalanine  37.0 31.4 0.067 0.0 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Tyrosine   26.3 22.1 0.061 0.1 USDA (2019); Glew et al. (2006) 

Valine  31.2 28.2 0.071 0.0 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Arginine  34.6 93.2 0.085 1.1 Aremu et al. (2006); Glew et al. (2006); USDA (2019) 

Note: The general reference is USDA, 2019). Abbreviations include cowpea seeds as CS; pumpkin 

leaves as PL; pumpkin seeds as PS; Pumpkin fruits as PFr. 

 

2.4 Antioxidant and total phenolic content of products developed from cowpea and 

pumpkin 

Antioxidants are a wide group of chemical compounds capable of inhibiting or delaying the 

oxidation of lipids and other biomolecules and thus reducing damage to body cells caused by 

such oxidation (Amin et al., 2018) An antioxidant is, thus, a molecule that may prevent or slow 

the oxidation of many other molecules. Oxidation reactions produce free radicals, thereby 

starting chain reactions which contribute to cell damage while antioxidants stop such chain 

reactions by eliminating free radicals by being oxidized themselves (Oliveira et al., 2016). They 

are an essential part of the defence system of the body and assist in coping with oxidative stress 

associated with reactive oxygen species (Zia-UI-Haq et al., 2013). The antioxidant potential of 

many different plants is associated with the presence of phenolic components such as phenolic 

acid in them hence there is a growing interest in plant-based extracts due to their potential in 

prevention of diseasesand promotion of consumer health (Sopan et al., 2014). 

Epidemiological studies have reported that the consumption of phenolic antioxidant rich foods 

affect human health by inhibiting / delaying the activity of reactive oxygen species thus limiting 

their harmful effect and reducing the risk of many diseases including cardiovascular diseases, 

cancers and neurodegenerative diseases, ageing and diabetes. Hence, the antioxidative activity 

of the compounds consumed every day is important for health (Kulczynski et al., 2020; Zhou 

et al 2013; Mala and Kurian, 2016). Antioxidants may soothe inflammations, viral infections 

and they are said to prevent age related eye diseases (Gramza-Michalowska et al., 2017). 
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They are an important part of the defense system of the human body and help to cope with 

oxidative stress caused by reactive oxygen species (Zia-Ui-Haq et al., 2013). These compounds 

are characterized by the ability to scavenge (neutralize) reactive oxygen species (ROS), 

including hydroperoxide radicals, superoxide anion radicals, singlet oxygen, hydrogen 

peroxide and hydroxyl radicals (Oroian & Esriche, 2015; Nathan and Cunningham-Bussel., 

2013). Antioxidants are not only important to maintain good health, but they are also widely 

used in food technology, they inhibit oxidation and limit the degradation of phytosterols and 

fats and they also preserve the high colour of food products (Liu et al., 2015; Gramza-

Michalowska et al., 2017; Kulczynski et al., 2020). 

Antioxidants can be natural or synthetic. Synthetic antioxidants like butylated hydroxytoluene, 

butylated hydroxy anisole and tertiary butylhydroquinone are restricted to be used because of 

their carcinogenic effects. Research provided evidence of adverse effects of these synthetic 

antioxidants (Yesilgurt et al., 2008; Mala and Kurian, 2016). Therefore, interest of scientists in 

natural antioxidants, especially of plant origin has grown up because of their beneficial health 

effects. They have attracted the attention of researchers because they play a very important role 

in human health by protecting the body tissues from oxidative stress (Hussain et al., 2021; 

Chiou et al., 2007). The following compounds are listed as strong antioxidants: carotenoids 

(e.g beta-carotene, lycopene, astaxanthin), tocopherols (e.g alpha-tocopherol, gamma-

tocopherol), flavonoids (e.g anthocyanins, flavanols, flavonones, isoflavones) phenolic acids 

(hydroxybenzoic acids, hydroxycinnamic acids), stilbenes, some vitamins (vitamin C), 

coenzyme Q10, sulphur compounds (e.g., allicin), mineral components (e.g., selenium, zinc) 

(Kulczynski et al., 2020; Evans and Lawrenson, 2017; Pala et al., 2018). 

Antioxidants play a very important role in different ways during different types of chronic 

diseases, in the body of living by protecting the cells from oxidation and scavenging the free 

radicals produced in the body (Skandrani et al., 2010). They inhibit the oxidizing chain 

reactions in the living body (Hussain et al., 2021). Antioxidant compounds like phenolic acids, 

polyphenols and flavonoids scavenge free radicals such as peroxide, hydroperoxide of lipid 

hydroxyl and thus inhibit the oxidative mechanisms that lead to degenerative diseases (Sopan 

et al., 2014). A high antioxidative capacity is attributed to fruits and vegetables, so far the 

antioxidative properties of various plant materials have been tested (Kulczynski et al., 2020). 

Fruits and vegetables are believed to have protective mechanism due to the presence of 

phenolic antioxidants. Phenolic compounds are the most important group of bioactive 
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compounds which also have the potential to protect the body against chronic diseases (Mtolo 

et al., 2017). They act as scavengers of radicals, reducing agents and metal ion chelators (Zhao 

et al., 2014). Dietary phenolics are mainly found in crops and through their free radical-

scavenging capacity, have proven to show high levels of antioxidant activity (Apea-Bah et al., 

2016; Amin et al., 2018). Considering the bioactivity of these substances and their presence in 

a variety of vegetables, dietary phenolics are viewed as natural antioxidants and the vegetable 

sources that it contains as functional foods (Amin et al., 2018).  

 

Phenolic compounds from natural sources have attracted great attention during the last two 

decades, because they are famous powerful chain breaking antioxidants that play an important 

role in protecting the body tissues against oxidative stress, and contribute to human health 

(Zlabur et al., 2017; Barba et al 2012; Chiou et al., 2007; Apeah-Bah et al., 2017; Sopan et al., 

2014). They possess many hydroxyl groups which have very strong radical scavenging activity 

(Sopan et al., 2014). Polyphenols present in fruits and vegetables and also in products made 

from these plants for example cocoa and beverages are important naturally occurring 

antioxidants (Aoudi et al., 2011). In addition, many of the vitamins (vitamin c) and mineral, 

which in most cases are abundantly found in fruits and vegetables, are strong antioxidants 

(Barba et al., 2012).  

Cowpea and pumpkin are versatile vegetables having identical position among all vegetables 

due to their different parts which are consumable, each possessing outstanding phytochemicals 

applicable in treatment and prevention of medical disorders (Sharma et al., 2020). The different 

parts of cowpea and pumpkin are nutrient dense sources of protein, carbohydrates, dietary fibre 

along with minerals and vitamins (Yadav et al., 2018; Sombie et al., 2018) besides these 

nutrients they serve as rich sources of biologically active compounds which include dietary 

phenolics such as phenolic acids, anthocyanins, flavonoids, proanthocyanins, flavones 

tocopherols and tocotrienols, compounds that promote health by virtue of their antioxidant 

properties (Asif et al., 2017; Bardaa et al., 2016; Apea-Bah et al., 2017; Sopan et al., 2013; 

Kulczynski et al., 2020). Various researchers have clearly reflected the antioxidant properties 

of these biologically active compounds in these vegetables by means of various antioxidant 

parameters like total phenolic content and ferric reducing antioxidant power (Yadav et al., 

2018). 

Bochnak and Swieca (2020) reported that pumpkin powder is a good source of potentially bio 

accessible phenolics and antioxidant capacities which might play an important role in pre-
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diabetics, diabetics and individuals with vascular injury (Mala and Kurian, 2016). Cowpea and 

pumpkin have proven to be beneficial in working against oxidative damage associated with 

cardiovascular diseases and other lifestyle diseases. To date, there have been only few studies 

on the antioxidative activity of pumpkin and cowpea but not a combination of the two 

vegetables. 

 

2.4.1 Pumpkin (Cucurbita maxima) 

Previous studies investigated the antioxidant activity of pumpkin flours, broccoli, carrots 

asparagus, red pepper and kale and a significantly higher antioxidant activity was observed in 

pumpkin flours because of the increased levels of phenolic compounds (Oliveira et al., 2016; 

Dinu et al., 2016). Thus, pumpkin has received much attention recently as being able to provide 

exceptional protection against chronic conditions such as hypertension and cancer mainly 

because of such its anti-inflammatory and antioxidant attributes (Bardaa et al., 2016). Eating 

pumpkin seeds as a snack can help prevent the most common types of kidney stones and are 

beneficial in the treatment of roundworms, sore chests, tapeworms, intestinal parasites, fever, 

bronchitis and enlarged prostates (Ajuru & Nmom, 2017). Furthermore, the addition of 

pumpkin seeds has also proved to increase the antioxidant properties of raw burgers (Longato 

et al., 2017). 

A study of the oxidative stability characteristics of pumpkin seed oil would enhance the 

development and appreciation (valorization) of such essential oil particularly in the food 

production industry (Bardaaet al., 2016). This oil has many pharmaceutical uses as it is rich in 

several bioactive components such as sterols, squalene, unsaturated fatty acids, tocopherols, 

and carotenoid pigments that show antitumor, antimicrobial, antioxidant, antihypertensive and 

anti-diabetic activity (Li et al., 2016). However, pumpkin as a plant is usually viewed as the 

basis of medicines and functional foods because pumpkin products have a variety of biological 

activities mainly because of the presence of natural complexes of fatty acids, minerals, soluble 

and insoluble fibre, vitamins, antioxidants and other bio-regulators (Rabrenovicet al., 2014; 

Dyshlyuket al., 2017).  Important for the current study, however, is that previous research 

hasshown that pumpkin pulp possesses strong antioxidant action that promotes the use of 

pumpkin flour as a vital component in the formulation of various food products other than in 

bakery (Dyshlyuket al., 2017).  
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2.4.2 Cowpea (Vigna unguiculata) 

Cowpea is also considered an excellent source of dietary phenolics, especially flavan-3-ols, 

flavonols and flavonoids that safeguard body cells from radical-induced oxidative damage 

(Apea-Bah et al., 2017). From a nutritional perspective, epidemiolocal studies have shown a 

correlation between the consumption of phenolic acid-rich foods and a decline in several 

chronic diseases (Zia-UI-Haq et al., 2013). 

Cowpea is famous for its medicinal properties and extracts of this plant is used in several 

naturopathic, homeopathic and allopathic remedies (Londonkar&Awanti, 2014). Evidence 

suggests that a cowpea diet may offer benefits in treating diabetes, cancer, cardiovascular 

disease and has significant anti-inflammatory effects (Awika & Duodu, 2017). In addition, a 

mixture of cowpea seed powder and oil may be used to treat stubborn boils; eating cowpea 

seeds has a diuretic effect and is effective against stomach worms; is used to treat amenorrhea; 

painful menstruation, epilepsy and chest pains, while bilharzia and blood in urine can also be 

treated by consuming cooked cowpea roots and seeds (Londonkar & Awanti, 2014). The 

proteins in cowpea also demonstrate important cholesterol lowering and antioxidant effects 

(Shevkaniet al., 2015). 

The literature indicates the potential of cowpea and pumpkin to not only provide functional 

foods that minimise oxidative stress-related conditionsbut also to improve the quality of food 

(Amin et al., 2018). 

 

2. 5 Physical properties of products developed from cowpea and pumpkin 

Physical properties of food are those properties that lend themselves to description and 

quantification by physical rather than chemical means (Berk, 2018). Examples of physical 

properties include viscosity and colour. Viscosity is the internal friction of a liquid or its ability 

to resist flow (Darwish, 2020). However, colour is the most important attribute that directly 

affects consumer preference for any product (Arifin et al., 2019). Producing food products with 

an attractive colour is one of the main goals in the food manufacturing industry and pumpkin 

flour is popular due to its highly desirable deep yellow-orange colour (Kiharason et al., 2017). 

Cakes made with pumpkin flour have a very soft and moist texture, appear golden brown in 

colour, have a savoury taste, look very appetizing and increase one’s appetite (Borro & 

Gemora, 2016). The addition of pumpkin puree to pies also produces products with a colour 

that was highly appetizing (Islam et al., 2014). 
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Several reports indicated that the addition of pumpkin powder in the manufacturing of bread 

leads not only to desirable organoleptic qualities but also to an increase in the volume of the 

final baked product (Manjula & Suneetha, 2014; Dyshlyuket al., 2017). Starch is a very useful 

polymer in the food production and pumpkin starch exhibits the highest viscosity value and is 

well known for their lower value of gelatinization temperatures, highest value of hardness, 

cohesiveness, and chewiness (Roznowska, 2017). Adding pumpkin is linked to desirable 

changes in cooking attributes of chicken burgers, suggesting that texture and juiciness of 

products may besignificantly enhanced (Longatoet al., 2017). Furthermore, products made 

from pumpkin have proved to be optimal in appearance (Kiharasonet al., 2017). Pumpkin seeds 

contain 400-540g/kg oil which is mainly used as salad oil. However, the use as pumpkin oil 

incooking remains limited mainly due to its strong aroma, dark greenish colour and foaming 

characteristics (Seymen et al., 2016; Santos et al., 2016; Filbrandt, 2012). 

On the other hand, higher swelling during baking and a higher peak viscosity are a result of 

greater quantities of starch in cowpea (Jeong & Chung, 2018). Thus, muffins prepared with 

cowpea flour show a higher volume and increased height by increasing batter visco-elasticity 

and accelerating stability of air bubbles (Shevkani et al., 2015). Dough containing cowpea is 

significantly harder as shown in increased hardness of crumbs and decreased loaf volume in 

bread made with cowpea flour (Campbell et al., 2016). Biscuits supplemented with cowpea 

have a poor colour which is considered unappealing (Hama-Ba et al., 2018). Cowpea flour also 

yields greater hardness in muffins, but this does not affect the textural properties of cowpea 

products (Jeong & Chung, 2018). Some of these factors contribute to the limited exploitation 

of cowpea products in food markets (Campbell, 2016). 

 

2.6 Consumer acceptance of cowpea and pumpkin 

Inspite of being consumed as food, indigenous leafy vegetables (ILVs) have been generally 

regarded as weeds (Mavengahama, 2013), low value vegetables (Kidane et al., 2015) and are 

restricted to certain areas or communities (Konsamet al., 2016). Lower utilization levels can 

be accredited to the perception that ILVs are food for hard times and for the poor (Dhlamini, 

2017). They are also considered cheap and suitable for children as well as the weak for 

consumption in times of drought, all factors contributing to the low levels of their utilisation 

(Gido et al., 2017; Maseko et al., 2017; Bvenura & Afolayan, 2016; Neugartet al., 2017). The 

many advantages and economic benefits of ILVs may not be fully realized unless and until 
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these false and negative perceptions surrounding these vegetables change (Bvenura & 

Afolayan, 2016). 

Most muffins containing cowpea flour have a relatively reduced taste and flavour while biscuits 

supplemented with cowpea were less attractive asto smell, taste and poor colour and are 

considered unpleasant (Hama-Ba et al., 2018). The coarseness introduced by cowpea flour also 

affected mouth feel and taste of cowpea porridge and cowpea fortified weaning foods causing 

a reduction in acceptability of cowpea products (Tortoeet al., 2014). The beany flavour in 

products formulated from cowpea is related to the presence in cowpea of lipoxygenases that 

reduce the acceptability of products containing cowpea (Tortoe et al., 2014; Jeong & Chung, 

2018). 

However, products made from pumpkin are highly acceptable due to its desirable flavour and 

sweetness, but caution must be exercised as the addition of too much pumpkin flour may 

decrease its likeability level (Kiharasonet al., 2017). Fortifying yoghurt using pumpkin pulp is 

linked with a statistically crucial effect on sensory parameters such as flavour and overall 

consumer choices required that the yoghurt be highly acceptable (Barakat et al., 2017). In a 

study to determine the sensory acceptability of mashed pumpkin included in ice-cream, the 

mashed pumpkin was highly acceptable as a vegetarian ice-cream in the market without even 

mentioning its nutritional benefits (Moreno et al., 2015). Furthermore, pies formulated from 

pumpkin had the highest flavour and highest overall acceptability compared with other 

formulated pies. This indicates that pumpkin can be used in bakery and confectionery industries 

to increase market value because pumpkin-containing products are highly acceptable (Islam et 

al., 2014). Cakes made of pumpkin look very appetizing, tasted savoury and had a very moist 

and soft texture. Thus, in terms of general acceptability, these cakes were favourably 

comparable (Borro & Gemora, 2016). Several reports indicate that the addition of pumpkin 

powder in bread production leads not only to desirable organoleptic qualities of the bread, but 

also increases the volume of the product (Manjula & Suneetha, 2014).  

Therefore, it can be concluded that a combination of cowpea and pumpkin would provide 

complementary inputs to food products to improve their palatability and health provision. 

 

2.7. Theory behind study techniques 

Understanding the way food materials respond to physical and chemical treatments allows for 

optimum design of food equipment and processes to ensure food quality and safety (Wilhem 
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et al., 2004). In this study, physical and functional properties of cowpea-pumpkin soup, their 

proximate composition, total phenolic and antioxidant compounds were determined. 

 

2.7.1 Physical properties 

2.7.1.1. Colour 

The quantification of colour in the present study was carried out using a colorimeter, a light 

sensitive device that determines the transmittance and absorption of light which is passed 

through a sample component. This method quantifies colour by measuring the three primary 

colour components of light as seen by the human eye i.e., red, green and blue (Giese, 2003). 

This measures colour much the same as the human eye and the colour indices used are L* 

(lightness; a* and b* for chromaticity).  

 

2.7.1.2. Viscosity 

A rheometer was used to determine the viscosity ofcowpea-pumpkin soup formulations to 

provide insights into their stability and appearance. This method is based on measuring the 

torque exerted on the shaft of impeller as a function of its rotational speed in the test solution. 

The rheological behaviour is determined under constant temperature conditions. The greater 

the viscosity of the solution, the greater the torque exerted on the impeller (Abbas et al., 2010). 

 

2.7.2 Determination of proximate composition of soup samples 

Food is a complex mixture of moisture, crude fat, crude protein, ash, crude fibre, and total 

carbohydrates and their determination is termed proximate analysis (Aurand et al., 1987). In 

this regard, AOAC methods were used to determine the proximate composition of cowpea-

pumpkin composite soup samples. These methods are a comprehensive and reliable collection 

of chemical and microbiological methods and consensus standards which undergo rigorous, 

systematic scientific scrutiny to ensure that results are credible and defensible and can be used 

with confidence (Mohanta, 2016). 

 

2.7.2.1. Protein 

The Kjeldahl distillation apparatus was used to determine the protein content of samples of 

soup formulations. Since proteins are some of the only molecules in food that contain nitrogen, 

the Kjeldahl method is based on the measurement of the protein content of a soup formulation 

indirectly by quantifying the nitrogen content of a soup sample (Krotz et al., 2008). 
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2.7.2.2. Carbohydrate 

Acid hydrolysis is used to determine total carbohydrate. This is based on subjecting the samples 

to digestion by takadiastase under such conditions as are necessary for the breakdown of starch, 

dextrins and maltose to glucose (Weinmann, 1947). 

 

2.7.2.3. Moisture content 

Moisture content is determined using the thermogravimetric approach. This method is based 

on loss on drying, this involves heating the sample, drying and the weight loss during 

evaporation of moisture is recorded (Nielsen, 2006). 

 

2.7.2.4. Ash 

The dry ashing technique is used to determine ash content in food.  This method is based on 

burning off the organic matter and to determine the inorganinc matter which remains. This 

method involves removing the water present and to char the sample thoroughly and then ashing 

at 550℃ in a muffle furnace (AOAC, 1980). The ash content is calculated by dividing the 

weight after ashing with original weight sample (weight before ashing) and multiplied by 100. 

 

2.7.2.5. Fats 

The Gas chromatograph procedure is used to analyse the fat content. This involves releasing 

triglyceridesand other molecules containing fatty acids from the samples using an acid base. 

The triglycerides are then extracted into a mixture of ethyl and petroleum ether. The fatty acids 

are then esterified to form fatty acid methyl esters. Total fat is calculated as the sum of 

individual fatty acids expressed as their respective triglyceride equivalents (AOAC, 2016).  

 

2.7.3. Functional properties 

Functional properties improve mouth feel and flavour retention which makes it a very 

important property in food formulations (Emeka-Ike & Chukwuemeka, 2020). Considering the 

promising opportunities that protein fractions from cowpea and pumpkin could open for the 

development of novel, efficient and cost-effective products, it was necessary to determine if 

they possess functional properties suitable for food applications and consumer acceptability. 

Functional properties of cowpea-pumpkin composite soup examined in the current study 

include water absorption capacity, rehydration, dispersibility, swelling power and solubility.   
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2.7.3.1. Water absorption capacity 

Water absorption capacity (WAC), also called water absorption, is the amount of water 

(moisture) taken up by food/powder to achieve the desired consistency needed to create quality 

food products (Awuchi et al., 2019). This is based on adding water or an aqueous solution 

enough to cover the sample (1g sample and 15ml of water). This is followed by centrifuging 

and quantification of the water retained by the pelleted material in the centrifuge tube 

(Damoradan et al., 2010). 

 

2.7.3.2. Rehydration 

Rehydration measures the extent to which food products presents the characteristics of texture 

and increased volume that render them suitable for consumption after being reconstituted. This 

is based on soaking the samples in water to wet the sample. It allows penetration of thewater 

into the pores, absorption on the surface of the matrix, diffusion into the solid matrix and 

equilibration (Berk, 2009). 

 

2.7.3.3. Swelling power 

Swelling powe rmeasures the volume (ml) taken up during swelling of food material under 

specific conditions and is determined based upon the volume of water or swelling agent added 

to the sample (Awuchi et al., 2019). This was done by heating a mixture of cowpea-pumpkin 

in a water bath, centrifuge then measuring the sediment. 

 

2.7.3.4. Solubility 

Solubility in foods is botha chemical and a functional property that measures the ability of a 

given food substance to dissolve in a solvent, usually water or oil. Solubility involves soluble 

component of the soup powder while dispersibility involves insoluble or clumped components 

of your soup powder.   

The extent of solubility of a food substance in a specific solvent is commonly measured as the 

saturation concentration, in which addition of more solute does not increase concentration of 

the solution and rather starts to precipitate the excess quantity of solute (Awuchi et al., 2019). 

This was measured using an insoluble index, after mixing and centrifuging the mixture the un-

dissolvable content is measured. 
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2.7.3.5. Dispersability 

Dispersibility is generally defined as a rapid, uniform distribution of a powder into solution 

enough to cover the food without forming lumps. This is based on separating agglomerated 

particles from each other generating a new interface between the inner surface of liquid 

dispersion medium and the surface of the dispersed particles using a test tube (Wootta & 

Beckjr, 2013).  

 

2.7.4 Total Phenolic content and antioxidant potential 

2.7.4.1. 2,2-diphenyl-l-picrylhydrazyl (DPPH) antioxidant assay 

Shalaby & Shanab (2013) reported that the DPPH antioxidant assay is based on the 

measurement of the scavenging capacity of antioxidants towards a stable free radical α,α-

diphenyl-β-picrylhydrazyl (DPPH; C18H12N5O6, M = 394.33). The delocalisation of the free 

hydrogen gives DPPH its deep violet colour, with an absorption in ethanol solution at around 

520 nm and its reduced form in the presence of antioxidants has a reduced violet colour (Kedare 

& Singh, 2011).  

 

2.7.4.2. 2,2′-Azino-bis 3-Ethylbenzothiazoline-6-Sulfonic Acid (ABTS) antioxidant assay 

The 2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt radical cation 

(ABTS•+) is a stable free radical used to estimate the total antioxidant capacity (TAC) of 

natural products. The ABTS method is based on spectrophotometric monitoring of the decay 

of this radical cation following oxidation of ABTS caused by the addition of an antioxidant 

present in a sample. The ABTS strongly absorbs at longer wave lengths such as 415, 645, 734, 

and 815 nm but 734 nm is used by most investigators (Rajurkar & Hande, 2011). 

 

2.7.5. Sensory evaluation 

Sensory evaluation is a method uses a sensory panel to measure sensory characteristics of food 

that can be quantified which include aroma, appearance, flavour, texture and taste. This method 

differentiates between products based on their sensory characteristics and determines 

quantitative description of all the sensory attributes (Stone & Sidel, 1993; IFT, 2007). The 

panel uses an instrument called a hedonic scale to provide data comparable in nature to the 

instrument output. 

Furthermore, sensory evaluation in these early stages of product development can help to 

pinpoint the imperative sensory characteristics driving acceptability of food (Sharif et al., 
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2017). It was important to evaluate the acceptability of cowpea-pumpkin soup to evaluate the 

level of liking of the soup hence a panel was recruited to evaluate the soup.  

The next chapter describes the methods used in detail.  
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CHAPTER 3 

MATERIALS AND METHODS 
 

3.1 Research materials 

The vegetables used in this study were planted in Burgersfort, Limpopo Province, South Africa 

and harvested manually during the 2019 and 2020 cropping seasons. Raw soup materials such 

as dry carrot granules, potato powder, onion powder, mushroom powder, ungelatinised corn 

starch, salt, brown sugar and tomato powder was procured locally from Burgersfort 

supermarkets (Pick n Pay, Shoprite and Karachi Corner). Laboratory chemicals were 

providedby the Food Science Laboratory, University of South Africa, Florida Campus, South 

Africa. These were purchased from Sigma Aldrich, Modderfontein, Johannesburg, South 

Africa. 

 

  
A. B. 

Figure 3.1. A. Photograph of pumpkin leaves. Photograph taken by candidate. B. Photograph 

of cowpea leaves. Adopted from Boari et al. (2022). 

 

3.2 Preparation of samples 

3.2.1 Pumpkin flowers 

Preparation of the pumpkin flowers was conducted as described by Pongjanta (2006). Briefly, 

pumpkin flowers were sorted before being washed. The pumpkin flowers were blanchedas 

follows, enough water to fully submerge the flowers was boiled (100℃) in a pot. The flowers 

were immersed in the boiled water for two minutes. The flowers were drained, cooled and 

oven-drying at 60°C until completely dry. Then they were milled, screened through a clean 
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mesh sieve with 2 mm spaces before being packed in low density polyethylene bags and stored 

at 4℃ in a refrigerator until use. 

 

  
A B 

Figure 3.2. A. Pumpkin flowers. B. Powdered, dried pumpkin flowers. Photographs taken by candidate. 

 

 

3.2.2 Pumpkin fruit 

The preparation of the pumpkin fruit was as described by Różyło et al. (2014) and Pongjanta 

et al. (2006).  Briefly, the fruit was cleaned, peeled, seeds were removed, and the flesh was cut 

into 2 cm3 pieces. These pieces were soaked in 0.1% (w/v) citric acid for 15 min to prevent 

oxidation, before being drained, crushed and pulped. The pulp (flesh residue) was screened 

through a 0.35mm sieve and spread on stainless steel trays. The flesh residue was then oven-

dried at 65℃ for 8 hours. The dried pulp was milled, screened using a 2mm mesh sieve before 

being packaged in polyethylene bags and stored in a refrigerator at 4℃. 

   
A.                                             B.                                               C. 

Figure 3.3. Preparation of pumpkin fruit powder. A. Pumpkin fruit. B. Diced pumpkin fruit. C. Powdered, dried 

pumpkin fruit. Photographs taken by candidate. 
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3.2.3 Pumpkin seeds 

The pumpkin seeds were prepared as described by Rezig et al. (2016). Briefly, the seeds were 

cleaned and oven-dried at 80°C for 6 hours before being de-hulled, milled and screened by 

passage through a 2 mm mesh sieve. The powder was packed in polyethylene bags and stored 

at a low temperature (4℃) until use. 

  

A.                                                                        B. 
Figure 3.4.A. Photograph of pumpkin seeds.  B. Photograph of powdered pumpkin seeds. 

 

3.2.4 Cowpea leaves 

The preparation of the leaves was conducted as described by Idris (2011). Briefly, this involved 

sorting the cowpea leaves, followed by their washing. The leaves were blanched as follows, 

enough water to fully submerge the flowers was boiled (100℃) in a pot. The flowers were 

immersed in the boiled water for 2 min. They were drained, cooled and oven-dried at 60°C 

until they reached a constant weight. The dry leaves were milled, screened (2 mm mesh sieve), 

packed in polyethylene bags and stored at 4℃ until use. 

  

A B 

Figure 3.5.A. Fresh cowpea leaves. B. Powdered cowpea leaves. Photographs taken by candidate. 
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3.2.5 Cowpea seeds 

Cowpea seeds were sorted, cleaned and soaked in tap water (1:10 v/v) at 25°C for 24 hr. They 

werethen drained, de-hulled and boiled in fresh tap water for 30 min. The boiled seeds were 

cooled and oven-dried at130°C for 6 hr. The dried seeds were milled, screened (2 mm mesh 

sieve), packed in polyethylene bags and stored in a refrigerator until use. 

  

A B 

Figure 3.6. A -Cowpea seeds; B - Powdered cowpea seeds. Photographs taken by candidate. 

 

3.3 Formulations for preparation of soup 

Three (3) soup formulations and a control that did not contain either cowpea or pumpkin were 

developed as a novel feature of this study.  Composite mixes that consisted of a mixture of 

cowpea leaf powder and pumpkin seed powder in a ratio of 1:1 (Mix A), or cowpea seed 

powder and pumpkin fruit powder in a ratio of 1:1 (Mix B) or cowpea leaf powder and pumpkin 

flower powder in a ratio of 1:1 (Mix C) were prepared separately.The amounts of ingredients 

were calculated based on a batch size of 100 g (Table 1). 

Table 3.1. Formulation of soup mixes based on 100 g batch size.  

Ingredients Control F1 

(5%) 

F1 

(10%) 

F1 

(15%) 

F2 

(5%) 

F2 

(10%) 

F2 

(15%) 

F3 

(5%) 

F3 

(10%) 

F3 

(15%) 

Dry carrots 10 10 10 10 10 10 10 10 10 10 
Potato powder 11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.75 11.75 
Onion powder 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Mushroom powder 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 
Ungelatinised corn starch 15 15 15 15 15 15 15 15 15 15 
hydrogenated fat 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
Salt  3 3 3 3 3 3 3 3 3 3 
Brown sugar 2 2 2 2 2 2 2 2 2 2 
Tomato powder                  6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 
Composite mix A - 5 10 15 - - - - - - 
Composite mix B - - - - 5 10 15 - - - 
Composite mix C - - - - - - - 5 10 15 
Total 61.75 66.75 71.75 76.75 66.75 71.75 76.75 66.75 71.75 76.75 
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Figure 3.7. Soup recipes formulated in Table 3.1 

Note: Control = 100% CIMix+ 0% composite mix.F1 (5%) = formulation 1 with 5%(w/w) of cowpea leaf powder and pumpkin 

seeds powder at a ratio 1:1; F1 (10%) = formulation 1 with 10% (w/w) of cowpea leaf powder and pumpkin seeds powder at 

a ratio 1:1; F1 (15%) = formulation with 15%(w/w) of cowpea leaf powder and pumpkin seeds powder at a ratio 1:1; F2 (5%) 

= formulation 2 with 5% (w/w) of cowpea seeds powder and pumpkin fruit powder at ratio 1:1; F2 (10%) = formulation 2 with 

10% (w/w) of cowpea seeds powder and pumpkin fruit powder at ratio 1:1; F2 (15%) = formulation 2 with 15% (w/w) of 

cowpea seeds powder and pumpkin fruit powder at ratio 1:1;  F3 (5%) = formulation 3 with 5% (w/w) of cowpea leaf powder 

and pumpkin flower powder at ratio 1:1; F3 (10%) = formulation 3 with 10% (w/w) of cowpea leaf powder and pumpkin 

flower powder at ratio 1:1; F3 (15%) = formulation 3 with 15% (w/w) of cowpea leaf powder and pumpkin flower powder at 

ratio 1:1. 
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3.4 Analysis of functional properties of cowpea and pumpkin samples 

3.4.1 Water absorption capacity 

The water absorption capacity was determined using the method described by Adegunwa et al. 

(2012). Briefly, 15 ml of distilled water was added to 1 g of the formulated soup mix in a pre-

weighed centrifuge tube. The tube and its content were agitated on a IKA orbital shaker (KS 

130 Basic shaker, Lasec laboratories) for 2 min and then centrifuged (Sorvall GLC-1 centrifuge 

(Model 06470, USA) for 20min at 4000 g The clear supernatant was decanted and the mass of 

each centrifuge tube containing the sediment was measured. The quantity of water bound by 

the sample was determined by subtracting the mass of the centrifuge tube plus the mass of the 

soup mix from the mass of the tube plus the soup mix sediment.  The difference between these 

masses was then calculated as the volume of water bound per100 g of dry soup powder. 

 

3.4.2 Swelling power and solubility index 

The method of Adegunwa et al. (2012) was used to determine the solubility and swelling 

power. Briefly, 1g of soup powder was weighed into each of four pre-weighed 50 ml centrifuge 

tubes and gently mixed with 50 ml of distilled water. Respectivesoup slurries were then heated 

in a water bath at 70, 80, 90 or100°C for 15 min. To prevent the soup from clumping, eachslurry 

was stirred gently during heating. After 15 min, the tube with the paste was centrifuged at 

3000 rpm for 10 minutes using a centrifuge (Sorvall GLC-1 centrifuge (Model 06470, USA). 

The supernatant was decanted promptly after centrifuging. The weight of the sediment was 

measured and recorded. The content of moisture in each sediment was determined relative to 

the dry matteras follows: 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 =
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑚𝑎𝑠𝑠 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑔𝑒𝑙
 × 100 

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

 

3.4.3 Dispersibility 

Dispersibility was determined using the method described by Kulkarni et al. (1991). Samples 

were prepared in triplicate of10 g of each soup mix.  Each sample was measured into a 100 ml 

measuring cylinder. Distilled water was then added to the measuring cylinder to make up to 

100ml of the mixture. The measuring cylinder was sealed with parafilm, and the mixture was 

physically shaken vigorously for 5 minutes and left aside to settle for 3 hours. The volume of 
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the settled particles was measured and recorded and subtracted from 100 ml. The difference 

was reported as percentage dispersibility. 

 

3.4.4 Rehydration ratio 

The rehydration ratio provides details of the mass of rehydrated and drained food to the mass 

of the original material (Severini et al., 2005). Its measurement was done using the method 

described by Krokida and Marinos-Kouris (2003). Exactly 2 g of each of the formulated 

cowpea-pumpkin soup powders was mixed with 20 ml distilled water in a glass beaker and 

immersed in a water bath at (40, 60 and 80℃, respectively, while agitated at a constant speed 

of 100 rpm. After 10 min, the samples were removed from the water bath, then blot dried using 

tissue paper (to remove the extra solution) and weighed. The rehydration ratio is the ratio of 

weight of rehydrated samples relative to the dry weight of the sample. 

 

3.5.  Determination of physical properties of cowpea and pumpkin samples, and soup 

mixes 

3.5.1 Colour measurement 

A pre-calibrated Hunter Lab colorimeter (Hunter Associates Laboratory, Inc., Reston, VA, 

USA) was used to measure sample colour. About 20 g of the sample were measured into a 

clean dry glass sample cup, placed in a sample port, covered and results were recorded. The 

readings were recorded as Hunter Lab values, whereby: L* (100=white; 0=black) indicated 

lightness; a* measures chromaticity (i.e., the quality of colour), with negative values showing 

greenness and positive values indicating redness; and b* measures chromaticity, with negative 

values indicating blueness and positive values showing yellowness. 

 

3.5.2 Viscosity 

Sample Preparation: Exactly 10 g of different soup composition was weighed and dispersed 

in 100 ml of distilled water. The mixture was stirred with heating until it reached boiling point 

and started thickening and then continued to boil for a further 5-10 minutes with constant 

stirring.  However, it was noticeable that once you stop stirring the mixture had a non-uniform 

composition. Soups were then cooled to room temperature before analysis was started. The 

measurements were performed on the Brookfield Ametek RST Rheometer (Type: RSTSST, 

S/N: 7123080) with CCT-25 spindle (S/N: 0400174), software used was Rheo3000, v2.0. 

Method Parameters: time 60s; Speed: 0-1300rpm; Reading points: 60; No temperature control. 
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3.6 Proximate composition 

A proximate composition analysis of the samples including determination of crude fat, 

moisture content, crude fibre, and crude protein of the formulations was determined according 

to AOAC (2000) methods. Carbohydrate content was calculated by subtracting the percentage 

sum of moisture, crude fibre, crude protein, crude fat and ash from 100%, while energy was 

determined using combustion calorimetry (Jeong & Chung, 2018). The samples were analysed 

in triplicate and the methods are described in detail in the following sections. 

 

3.6.1 Moisture content 

The moisture content was determined using methods described by the AOAC (2010). Briefly, 

this involveddrying two grams of each sample to constant weight at 105oC in a pre-weighed 

crucible for five hours (AOAC, 2010). The samples were thencooled for 10 minutes, weighed 

and the percentage moisture content was calculated as:  

 

moisture content (%)=
(𝑊2−𝑊3)

(𝑊2−𝑊1)
𝑥 100 

 

Where  W1= Initial weight of empty crucible,  

W2= Weight of crucible + sample before drying and  

W3= final weight of crucible + sample after drying.  

 

 

3.6.2 Crude protein 

The micro Kjeldahl method described by AOAC (2010) was used. Two grams (2g) of the 

samples were mixed with 10 ml of concentrated sulphuric acid (H2SO4) in a heating tube. One 

tablet of selenium catalyst wasadded to each tube, and the mixture heated inside a fume 

cupboard. The digest wasthen transferred into a 100 ml volumetric flask and made up to volume 

with distilled water. A portion of the digest (10 ml) was mixed with 10 mL 45% NaOH solution 

and poured into a Kjeldahl distillation apparatus (Buchi Digestion and Distillation Protein 

Analyser, Switzerland). The mixture was distilled and the distillate collected into 4% boric acid 

solution containing 3 drops of methyl orange indicator. Each distillate (50 ml) was collected 

and titrated using 0.1 M Hydrochloric acid (HCl). Percentage nitrogen was first calculated as:  

% N = [100 × W × N ×14 × Vf] × T / 100 × Va; 

 

where W = weight of the sample. 

N = the normality of the nitrate (0.1N). 

Vf= total volume of the digest (100 mL). 



42 
 

T = the Titre value and  

Va = the aliquot volume distilled.  

 

Crude protein was calculated as:  

 

protein (%) = N (%) X 6.25 

 

where N (%) is the percentage nitrogen and 6.25 is the conversion factor.  

 

3.6.3 Ash content 

Exactly 2 g samples in a pre-weighed crucible were placed in a muffle furnace for 8 h at 600oC, 

then cooled after which the crucible was removed and reweighed (AOAC, 2010). Percentage 

ash was calculated as follows: 

 

Ash content (%)=
(𝑎𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡+𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒)−𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 

(𝑠𝑎𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡+𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒)−𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
𝑥 100 

 

3.6.4 Crude fibre 

Two grams of each sample was weighed into a flask and 100 ml of 0.25 N H2SO4 was added 

to it at room temperature. The mixture was heated to boil and refluxed for 60 minutes from 

onset of boiling. The mixture was filtered. To the residue was added100ml of 0.31 N NaOH 

and further heated for 1 h. The mixture obtained was filtered using a fibre sieve cloth and 10 

mL of acetone was added to the filtrate. The obtained residue was washed with hot water and 

transferred to a crucible. The samples were dried at 105℃ for 2 hours and allowed to cool in a 

desiccator. After cooling, the samples were weighed in triplicate (AOAC, 2010). The crude 

fibre was calculated using the following equation: 

 

Crude fibre content (%)=
𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
𝑋 100 

 

3.6.5 Crude fat 

The crude fat of samples was determined using the methods described by the AOAC (2010) 

using a Soxhlet apparatus and extraction using petroleum ether. Ground samples of 2 g were 

weighed into pre-weighed thimbles. This was then extracted for 8 h in a heating mantle and 
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dried at room temperature. The thimbles and sample were reweighed and the difference in 

weight was expressed as percentage crude fat using the following formula:  

 

Crude fat content (%) =
(𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑒𝑎𝑘𝑒𝑟−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑎𝑡 𝑠𝑎𝑚𝑝𝑙𝑒)−𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑒𝑎𝑘𝑒𝑟

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
𝑋 100 

 

 

3.6.6 Carbohydrate content 

Total carbohydrate was calculated by subtracting the percentage sum of moisture, crude fibre, 

crude protein, crude fat and ash from 100% according to methods described in theAOAC 

(2010).  

 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) = 100 − (𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 + 𝑎𝑠ℎ + 𝑓𝑎𝑡 + 𝑓𝑖𝑏𝑟𝑒 + 𝑝𝑟𝑜𝑡𝑒𝑖𝑛) 

 

3.7 Consumer acceptability of soup 

Approval was obtained from the Municipal Manager (Appendix 2 and 3) to perform the 

consumer acceptance test in FetakgomoTubatse Local Municipality, Limpopo Province, South 

Africa.To evaluate the various vegetable soups, a panel of seventy (n=70) untrained consumers 

who were over the age of 18 years were selected randomly based on availability as determined 

during their recruitment. The consumers were all selected from a rural environment, the main 

beneficiaries of the results and recommendations from this study, who preferred an informal 

environment in which to conduct the sensory evaluation. Due to the Covid 19 pandemic and 

lockdown restrictions the sensory evaluation was conducted outside the laboratory. Since a 

sensory evaluation lab could not be procured, a noise and odour-free testing venue compatible 

with a professional sensory evaluation laboratory was provided at a convenient area for the 

target population. To avoid distractions and allow people to focus on the evaluation, the 

environment was very quiet, no talking was allowed, no music, no eating or drinking was 

permitted. To comply with COVID-19 rules and regulations, social distancing was observed 

by seating the panellistsone metre apart as well as to prevent them from influencing each other. 

The consumer panel comprised males (n=29) and females (n=41) who confirmed that they were 

not allergic to the ingredients used to formulate the soup recipe. The soup samples were 

labelled and presented in a randomized order as described by Granato et al. (2012). The panel 

evaluated a spoonful (25–30 mL) of hot soup samples (intransparent plastic cups) for visual 

appearance, odour, mouthful/texture, taste, and overall acceptability using a 9-point hedonic 
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scale (9 = liked very extremely, 8 = liked very much, 7 = liked moderately, 6 = liked slightly, 

5 =neither liked or disliked, 4 = disliked slightly, 3 = disliked moderately, 2 = disliked very 

much, and 1 = disliked extremely) (Meilgaard et al., 2007; Stone & Sidel, 2004). The panel 

was provided with tap water in separate containers to rinse their mouths and plates before and 

between tastings. The panellists wrote their response directly onto a questionnaire which was 

provided to each panellist (Appendix 2). 

   

3.8 Total phenolic content and antioxidant potential 

3.8.1 Sample extraction 

The phenolic compounds from each cowpea and pumpkin soup powder sample were extracted 

using the method described by Waterman & Mole (1994). This was done using acidified 

methanol (1% HCl in methanol).  Each sample was extracted with 30 ml solvent in three phases 

as follows: 10 ml solvent was added to 0.3 g of the sample in a conical flask and completely 

covered with aluminium foil.  Each sample was stirred for 2 h, transferred to 40 ml plastic 

centrifuge tubes, centrifuged at 3500 rpm for 10 min (25ºC) and decanted, retaining the 

supernatant. The sample residue was rinsed again with 10 ml of the solvent stirred for 20 min 

centrifuged again as above and decanted, keeping the supernatant.  This step was repeated as 

described.  The supernatants were combined and stored in a glass bottle covered with 

aluminium foil and kept in the cold room until analysed. 
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3.8.2 Total phenolic content (TPC) 

The Folin-Ciocalteu assay was used to determine the total phenolic content (TPC) of cowpea 

and pumpkin soup mixes. Gallic acid was used as the standard for this assay. To perform the 

assay, 0.5 ml of extracts were mixed with 10 ml of distilled water in a volumetric flask. Then, 

2.5 ml of Folin-Ciocalteu reagent was added to the flask, followed by shaking and incubating 

in the dark. After 2 minutes, 7.5 ml of sodium carbonate solution (20 g/100 ml) was added to 

each flask. The contents were mixed and made up to volume with deionized water. The flask 

was stoppered and thoroughly mixed by inverting several times. Following the addition of 

sodium carbonate, the flask was allowed to stand for 2 hours before measuring the absorbance 

at 760 nm using a UV/Vis spectrophotometer. A reagent blank was also prepared using distilled 

water. The concentration of total phenolic compounds in the extract was expressed as 

milligrams of gallic acid equivalent (GAE) per 100 g sample (mg GAE/100 g). All samples 

were analysed in triplicate. 

  

3.8.3 Antioxidant activity (ABTS) 

The antioxidant activity was determined using the method described by Awikaet al. (2003). 

The solution of ABTS radical cation (ABTS·+) was prepared by mixing equal volumes of 8 

mM ABTS and 3 mM potassium persulphate (K2S2O8) using deionised water. The solution was 

allowed to react for at least 12 hours in the dark at room temperature before use. A phosphate 

buffer solution (pH 7.4) was prepared by mixing 0.2 M Na2HPO4 (40.5 ml), 0.2 M Na2H2PO4 

(9.5 ml) and 0.877g NaCl and filling up to 100 ml with deionised water. The buffer solution 

(pH 7.4) can be adjusted using 1 M HCl or 1 M NaOH.  A working solution was prepared by 

adding 2.5 ml of ABTS·+ solution to phosphate buffer solution (72.5 ml). 

 

Sample analysis: 

The working solution (2.9 ml) was added to methanolic extracts (0.1 ml) or Trolox standard 

(0.1ml) in each test tube and mixed. The test tubes were allowed to stand 30 min for both 

Trolox standard and the samples.  The absorbance of the standards and samples was measured 

at 734 nm. The results were expressed as µM Trolox equivalent/100 mg sample. 

 

3.8.4Antioxidant activity (DPPH assay) 

The DPPH assay was conducted using the method described by Awika et al. (2003). This 

involved the preparation of the following solutions: 
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DPPH stock solution:   

A total of 12 mg (0.0012 g) of DPPH was weighed into a 50 ml volumetric flask and made up 

to volume with methanol. Note that it dissolves rather slowly and should be shaken for at least 

20 minutes to make sure all DPPH particles are dissolved. This solution should remain stable 

for use for at least 3 weeks when stored at -20°C. 

 

DPPH working solution:   

A 10 ml volume of DPPH stock solution was pipetted into each 100 ml measuring cylinder and 

diluted with 50 ml methanol to obtain an absorbance of approximately 1.1 OD units at 515 nm.  

If too low, this solution could be adjusted with DPPH stock solution. Methanol was used to 

zero the spectrophotometer. 

 

1000 µM Trolox Stock Solution:  

Exactly 25 mg (0.0025 g) Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) 

was weighed into a 100 ml volumetric flask and made to the mark with methanol. Trolox serial 

dilutions (0 – 1000 µM) were prepared and a standard curve drawn. To marked sealable tubes 

prepared induplicate, 150 µl of Trolox standard and 2850 µl of DPPH working solution was 

added. These were covered with foil and shaken for 15 minutes. Absorbance was measured at 

515 nm. 

 

Sample analysis:  

A volume of 2850 µl of DPPH working solution was added to 150 µl sample extract in a 

sealable tube. This was prepared in duplicate.  It was shaken for 60 minutes (usually for 6 

hours) and absorbance was measured at 515 nm. A blank was included in every sample. 

Absorbance reading should be between 0.2 and 1.1.  If absorbance is less than 0.2 additional 

dilution of sample extract is necessary. NB: to be on the safe side, absorbance should be 

checked after the first 15-30 minutes, and make sure it is at least 0.5. 

 

3.8.5 Flavonoids profiling 

3.8.5.1. Sample preparation for flavonoid profiling  

To prepare the samples for metabolite profiling, 1 g of each soup mix was weighed and placed 

in centrifuge tubes. Then, 10 mL of 80% aqueous methanol was added and mixed well. The 

tubes were placed in an ultrasonic bath (Scientech 704, Labotech, South Africa) and allowed 
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to sonicate for 1 hr at 4°C. This was followed by centrifugating the tubes at 3500 rpm for 5 min 

at 4°C using an Eppendorf 5702R centrifuge (Merck South Africa). The supernatant, was 

carefully transferred to a round bottom flask and subsequently concentrated using a rotavapor 

under vacuum at 40°C. The extract was dried, and to reconstitute it, 1 mL of high-quality 

methanol suitable for chromatography was added. The reconstituted extract was filtered into 

dark amber vials for analysis. The whole extraction process was repeated three times for each 

sample. 

 

3.8.5.2. Sample analysis  

Following a method described by Adebo et al. (2019), the LECO Pegasus GC-HRTOF-MS 

system (LECO Corporation, St Joseph, MI, USA) was calibrated using perfluorotributylamine 

(PFTBA) as a mass calibration compound, with 11 masses utilised for pre-analysis calibration: 

CF3 (m/z 68.9952), C2F4 (m/z 99.9936), C2F4N (113.9967), C2F5 (m/z 130.9920) C3F6 (m/z 

149.9904), C4F9 (m/z 218.9856), C5F10N (m/z 263.9871), C8F16N (m/z 413.9775), C9F18N 

(m/z 463.9743), and C9F20N (m/z 501.9711). The observed intensity and resolution were 

41,392 and 40,200, respectively, with a mass accuracy root mean square (RMS) of less than 1 

ppm. Sample analysis was done with the GC-HRTOF-MS system, equipped with an Agilent 

7890A gas chromatograph (Agilent Technologies, Inc., Wilmington, DE, USA) operating in 

high-resolution, a Gerstel MPS multipurpose autosampler (Gerstel Inc. Germany) using a 

Rxi®-5 ms column (30m×0.25mm ID×0.25 μm) (Restek, Bellefonte, USA). The samples were 

injected in a spitless mode by introducing one microliter of each sample using helium as a 

carrier gas, flowing consistently at a rate of 1 mL/min. The temperature of the inlet and transfer 

line was kept at 250 and 225°C, respectively.  The initial oven temperature was set at 70°C and 

held for 0.5 min. The temperature was then increased at a rate of 10°C per minute until it 

reached 150°C. It was maintained at this temperature for 2 min. Afterwards, the temperature 

was further increased at a rate of 10°C per minute until it reached 330°C. It was then held at 

this temperature for 3 min to allow the column to bake out. A recommended rate of 13 spectra/s, 

with an m/z range of 30–1000, was used for MS data acquisition. The electron ionization was 

adjusted to 70 electron volts (eV), and the temperature of the ion source was kept at 250°C. 

Additionally, the system utilized a recommended extraction frequency of 1. 5 kilohertz (kHz). 

To guarantee precision, the sample extracts from three replicates were analysed twice, resulting 

in a total of six analytical injections for each sample. The gathered GC-HRTOF-MS dataset 

was changed into mzML format using the LECO ChromaTOF-HRT software. Afterwards, it 
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was processed using the XCMS open-source tool, which included peak picking and alignment. 

The outcome was a peak list containing 6270 variables, including corrected peak retention 

times (in minutes), mass-to-charge ratios (m/z), and integrated peak areas. 

 

3.9 Data analysis 

The statistical analysis was conducted utilizing the Statistical Package for the Social Sciences 

(SPSS) version 28.0 (IBM, New York, USA). A one-way analysis of variance (ANOVA) was 

executed to evaluate significant differences (p< 0.05) among the means. The outcomes were 

presented as the mean values ± standard deviation of three replicates, and the mean comparison 

was performed using Duncan’s multiple range test (Duncan, 1995). Data for viscosity, 

functional properties, crude protein and carbohydrates were analysed using Principal 

Component Analysis (PCA) to determine variations between soup formulations based on 

loading of their attributes. 

 

3.10 Ethical considerations 

Experiments were carried out in the UNISA Laboratories under the supervision of Dr D Beswa 

and Dr JJ Sibanyoni. Approval to perform the consumer acceptance test in the 

FetakgomoTubatse Local Municipality, Limpopo Province, South Africa, was obtained from 

the Municipal Manager (Appendix 2). Each panellist who participated in the evaluation of 

consumer acceptability of the soup was provided with a consent form (appendix 3) which was 

read and explained to ensure that all the participants understand the purpose of the study. Then, 

the panel members were asked to complete and sign their consent forms to indicate their 

consent to participate in the study and to confirm that they understood the purpose of the study. 

The consumer panel members were informed that participation in the study was voluntary and 

that they were free to withdraw from the study at any stage and that their personal information 

would be kept confidential. In addition, participants were informed that there was no 

recompense associated with their participation in the study. Ethics approval was obtained from 

the UNISA Ethics Committee (appendix 1) Reference number 2019/CAES/076. The laboratory 

rules on safety were strictly followed so as to avoid any injuries or harm to personnel. 

Plagiarism was by all means possible avoided, and all citations were done in the form of 

interpretation and reconstruction of public works.  Confidentiality in all research work was 

adhered to until the completion of the PhD thesis. 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

 

4.1. Effect of cowpea powder and pumpkin powder on the functional properties of 

cowpea-pumpkin composite soup 

Food components provide a variety of functions and play a significant role in the development 

of new food products. Functional properties describe the behaviour of ingredients during 

preparation and cooking, as well as how they affect the finished products in terms of 

appearance, feel (mouth and hand) and taste (Awuchi et al., 2019). These properties are very 

important in food formulations as they improve mouth feel and flavour retention (Emeka-Ike 

& Chukwuemeka, 2020). Ingredients used in food contribute variously to the functional 

property of food.  An example of this is starch that is responsible for gelatinization, browning 

and flavouring of food. When foods containing starch are exposed to dry heat, dextrinization 

occurs leading to the formation of dextrins, which imparts a brown colour to the food to make 

it sweeter (Chinaza et al., 2019). Results of functional properties of cowpea-pumpkin 

composite soup are presented in Table 4.1. 

 

Table 4.1. Functional properties of cowpea-pumpkin soup mixes 

Soup mix 

 

RR (g/g) 

 

WAC (g/g) SP (%) SI (%) Dispersibility

(%) 

Control 7.7a ± 0.6 65.7a ± 1.5 437.0e ± 2.0 27.3ab ± 2.5 62.7e ± 1.5 

F1 (5%) 8.0ab ± 1.0 214.0e ± 1.7 349.0a ± 2.0 41.3d ± 4.0 57.7d ± 2.1 

F1 (10%) 8.7abc ± 0.6 185.7b ± 1.5 354.0b ± 2.0 49.7e ± 5.5 61.3de ± 2.1 

F1 (15%) 8.7abc ± 0.6 194.3c ± 1.5 445.0f ± 2.0 22.0a ± 2.0 59.0de ± 1.0 

F2 (5%) 12.3de ± 1.5 252.0f ± 1.0 464.0h ± 1.7 36.0cd ± 0.0 47.0c ± 2.0 

F2 (10%) 11.3cd ± 0.6 252.0f ± 2.0 445.3f ± 1.5 25.0a ± 0.0 39.3b ± 1.5 

F2 (15%) 14.7e ± 1.5 263.3g ± 2.0 451.7g ± 1.2 38.3cd ± 0.6 22.7a ± 2.1 

F3 (5%) 8.0ab ± 1.0 206.3d ± 1.5 364.7c ± 1.5 33.7bc ± 0.6 56.7d ± 1.5 

F3 (10%) 10.0abcd ± 1.0 185.7b ± 1.5 423.3d ± 1.5 28.3ab ± 0.6 51.7c ± 1.5 

F3 (15%) 10.7bcd ± 0.6 189.3b ± 1.5 471.0i ± 1.0 41.7d ± 0.6 49.3c ± 1.5 

Mean ± Standard deviation. Mean values followed by different letters in a column are significantly different p < 0.05 (LSD).  

Note: F1- Formulation 1; F2- Formulation 2; F3- formulation 3; WAC – water absorption capacity; SP – swelling power; SI – 

solubility index; RR- rehydration ratio 
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4.1.1. Water Absorption Capacity 

The water absorption capacity (WAC), also called water holding capacity, is the amount of 

water (moisture) taken up by food/powder to achieve a desirable consistency and to create a 

quality food product (Awuchi et al., 2019). The higher the moisture content of food, the lower 

the water absorption capacity (Sapirstein et al., 2018). The WAC for the experimental soup 

samples was significantly higher (185.7 – 263.3 g/g) than that of the control sample (65.7 g/g). 

Among the formulation variations, it appears that the addition of cowpea leaf powder and 

pumpkin seed powder had a significant effect on the WAC – an inverse effect was noted 

whereby a reduction in the WAC from 214 to 185.7 g/g was associated with an increase in 

cowpea leaf powder and pumpkin seeds powder. The decrease in WAC may be attributed to 

the low protein content in cowpea leaf powder. Proteins are both hydrophobic and hydrophilic 

in nature and so can interact with the water in foods (Awuchi et al., 2019) and according to 

Khalid & Elharadallou (2013), a low protein content contributes to a reduced water absorption. 

A similar trend was observed for the variations of formulation 3 where the WAC decreased 

from 206.3 to 185.7 g/g.  

 

However, variations for formulation 2 followed an opposing trend where the WAC increased 

from 252 to 263.3 g/g. As observed by Aukkanit & Rrakit (2016) and Biama et al. (2020), a 

decrease in the WAC of formulation 3 variations was probably due to the higher moisture 

content of cowpea seeds and pumpkin fruits.  In a study conducted by Aukkanit & Rrakit, 

(2016) to investigate the influence of the addition of dried pumpkin fruit powder on chemical, 

physical, cooking and sensory characteristics of noodles, it was reported that pumpkin contains 

high levels of water so that noodles together with 30 g dried pumpkin powder was highest 

regarding water absorption. In a study conducted by Biama (2020) to investigate the nutritional 

and technological characteristics of new cowpea varieties grown in Eastern Kenya, it was also 

reported that cowpea seeds have increased levels of absorbed water which also reduce cooking 

time. On the other hand, the increasing WAC values for formulation 2 variations may be linked 

to the higher protein content of cowpea seeds. The WAC was reported to increase with 

increasing protein content, and a high moisture content was observed in a protein isolates from 

dehulled, defatted cowpea (Vigna unguiculata L) seeds (Khalid et al., 2012).  

Several researchers have reported that cowpea and pumpkin are potent sources of vital nutrients 

such as proteins and carbohydrates (Pradeepkumar, 2015: Konsam et al., 2016; Nyadanu & 

Lowor, 2015; Ong & Kim., 2017; Gani et al., 2018).  
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The high-water absorption capacity could also be due to the high carbohydrate content 

observed in the soup powder samples. According to Emeka-Ike & Chukwuemeka (2020) and 

Adejuyitan (2009), a high-water absorption capacity could be attributed to increased levels of 

carbohydrates present in food. Similar results were also obtained by Sharma & Lakhawat 

(2017), who also obtained a WAC of 189 g/g in pumpkin seed powder. The results are also 

compatible to those obtained by Kumari et al. (2021), with a WAC for pumpkin seed flour 

ranging from 178.00 g/g to 296.10 g/g. The results of this study are also in line with other 

studies that reported an increase in the WAC in pumpkin flour (Akintade et al., 2019). 

However, it is reported that very low or excessive water absorption can negatively affect the 

quality of food products (Awuchi et al 2019) hence the moderate WAC results obtained in this 

study are important in the consistency of the soup (Iwe et al., 2016) and makes cowpea and 

pumpkin acceptable for soup formulations. 

 

4.1.2. Swelling Power 

The swelling capacity (SP) is the volume in millilitre taken up by the swelling of one gram (1 

g) of food material under specific conditions. Its determination is based upon the addition water 

or a swelling agent (Awuchi et al., 2019). The SP or SI is considered a quality measure in some 

food products as it is an indication of the non-covalent bonding between molecules of 

starchgranules and is also one of the factors in determining the a-amylose and amylopectin 

ratios (Iwe et al., 2016). The results from the current study regarding the determination of 

swelling power are shown in Table 4.2 and indicate that the swelling power for the 

experimental samples was significantly high - with mean values ranging from 349% to 471% 

– while the control sample showed an intermediate mean value of 437%. Among the variations 

of formulation 1, it appears that the addition of cowpea leaf powder and pumpkin seeds powder 

had a significant effect on swelling power as shown by the upward trend where the swelling 

power increased (from 349.0% - 445.0%) with an increase in cowpea leaf powder and pumpkin 

seed powder. A similar trend was also observed for the variations of formulation 3 where the 

swelling power increased from 364.7% – 471.0% in parallel with an increase in cowpea leaf 

powder and pumpkin flower. According to Surech & Samsher (2013), a high starch content 

increases swelling power (index) of foods and the increase in swelling power was probably due 

to high amounts of starch reported in all the samples.  

 

Similar results were also observed by Moutaleb et al. (2017), who noted that an increase in 

sweet potato in blends resulted in an increase in the swelling power of the final product. The 



52 
 

results of the present study were also compatible with the previous findings of Nyam et al. 

(2013), who also noted higher swelling power contributed by pumpkin seeds. Furthermore, 

swelling power results of the present study are desirable for soup formulation with digestion 

rate suitable for dietary demands. Deng et al. (2020) stated that swelling power affects the 

digestion rate by enhancing acid diffusion and modulating partitioning of pepsin at the food-

gastric fluid interface and thereby the total amount of pepsin in the food particle. 

 

4.1.3. Solubility Index  

Food solubility is a chemical and functional property referring to the ability of a given food 

substance to dissolve in a solvent, usually water or oil.  This is commonly measured as the 

saturation concentration, in which addition of more solute does not increase the concentration 

of the solution and rather starts to precipitate excess solute (Awuchi et al., 2019). According to 

Zayas, (1997), solubility is the amount of proteins in a sample that dissolves in a sample which 

means it is that proportion of nitrogen in a protein product which is in the soluble state under 

specific conditions. Solubility is an important prerequisite particularly when protein is useful 

as a functional ingredient in foods (Rezig et al., 2016). 

Results of the current study (Table 4.1) revealed that solubility for the experimental samples 

varied from 22.0 % to 49.7 % compared to the control sample (27.3 %). The solubility was 

found to be significantly higher in Formulation 1, variations 5% and 10% of cowpea leaf and 

pumpkin seed and in Formulation 3, variation 15% of cowpea leaf powder and pumpkin flower. 

The samples had mean values* ranging from 41.3 % to 49.7 %.  The higher rate of solubility 

observed could be due to the amino acid content in cowpea leaf powder in the samples. Amino 

acids are generally soluble in water due to the ionic attraction between the amino acid charges 

being replaced by strong attraction between polar water molecules and Zwitterions (Rezig et 

al., 2016). Generally, the level of amino acids in cowpea and pumpkin is low, so that, for 

example, tryptophan in cowpea, pumpkin seed, pumpkin flower and pumpkin fruit ranges from 

0.01 mg/100 g to 0.095 mg/100 g (Ilesanmi et al., 2016; USDA, 2019; Glew et al., 2006).  

The addition of cowpea leaf powder and pumpkin powder in variations of all the soup 

formulations showed a significant effect on their solubility so that an increase of cowpea leaf 

and pumpkin seed in formulation 1 led to a decrease in the soup solubility (from 49.7 - 22.0%).  

A similar trend was also observed for the variation of Formulation 2 where the addition of 

cowpea seeds and pumpkin fruit at 10% decreased solubility from 36.0% – 25.0%. The trend 

was also noted in Formulation 3 variations where the solubility decreased from 33.7% - 28.3% 
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following the addition of cowpea leaf and pumpkin flower. Conversely, solubility of the control 

sample (27.3 %) was rather lower than Formulation 1 (5% and 10%), Formulation 2 (5% and 

15%) and formulation 3 varieties. The trend in formulation 2 and 3 varieties was not followed 

by 10% probably due to the effect of pumpkin fruit and pumpkin flower in the samples. The 

low solubility of the control sample could be due to the absence of cowpea and pumpkin during 

formulation because they contain starch granules responsible for solubility. It might also be 

due to the presence of lipids in the control sample that may reduce water absorption capacity 

of foods which can lead to reduced swelling capacity and consequently reduced solubility 

(Oppong et al., 2015). The high solubility of cowpea and pumpkin provide further support for 

their promising candidacy for future application in commercial soup products. Similar 

observations were reported by Rezig et al. (2016) who recorded solubility of 41.4% and 43.7% 

in protein fractions from pumpkin seeds. 

The results revealed that Formulation 1 with 15% of cowpea leaf powder and pumpkin seed 

powder exhibited the lowest solubility of 22.0%. An increase to 15% cowpea leaf and pumpkin 

seed powder in the composite mix was noted to induce a decrease in the solubility of that soup 

formulation. A similar trend was observed for Formulation 2 with 10% of cowpea seed and 

pumpkin fruit powder (25.0 %) and Formulation 3 with 10% of cowpea leaf and pumpkin 

flower powder (28.3 %) where the addition of composite mix to 10% led to a decrease in the 

solubility of the samples.  

In conclusion, the high solubility results of cowpea-pumpkin in the present study are highly 

desirable for soup formulation because it may increase its digestibility. According to Oppong 

et al. (2015), high solubility of food shows high digestibility of the food which may indicate 

excellent use for food formulation.  

 

4.1.4. Dispersibility 

The dispersibility of a mixture in water indicates its reconstitutability and in food formulations, 

the higher the dispersibility of a food mixture, the better (Modawi, 2006). The data for 

dispersibility of cowpea-pumpkin soup presented in Table 4.1 varied from 22.7% to 49.3. The 

control sample without cowpea and pumpkin powder in the formulation, had a significantly 

high dispersibility of 62.7%. The addition of pumpkin seed, fruit, flower and cowpea leaf and 

seed powder had a significant effect on the dispersibility of the formulations.  Among the 

variations of formulation 1, it appears that the dispersibility increased with addition of cowpea 
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leaf powder and pumpkin seed powder as shown by an increased from 57.7% -61.3%. 

Conversely, a downward trend was noted among the variations of formulation 2 where 

dispersibility decreased from 47.0 % to 22.7 % with the addition of cowpea seed powder and 

pumpkin fruit powder. A similar trend was also observed in variations of formulation 3 where 

the dispersibility decreased from 56.7 % to 49.3 % with an increase in cowpea leaf powder and 

pumpkin flower powder. It has been reported that dispersibility increases with increasing 

particle size distribution and decreases with an increasing proportion of fine particles below 90 

mm (Fang et al., 2008). Hence the dispersibility results obtained in this study are desirable for 

a soup because they indicate that the particles are not fine which could result in lumps or slurry 

neither are they too large. It can be concluded that the addition of pumpkin and cowpea 

decreases the dispersibility of the food products. 

 

4.1.5. Rehydration Ratio 

Rehydration is a diffusion process, during which water moves from the outside of the cells into 

the interior, and the rehydration capacities of samples depend on the dehydration method that 

is used (Severini et al., 2005). Rehydration is a way to analyse dried products where a high 

rehydration ratio value means that the dried product has a good quality because the pores allow 

water to re-enter the cells (Noomhorm, 2007). It is an important physical property of dried 

pumpkin, because it reflects the intrinsic property and molecular structure of the dried product.  

The data for the rehydration ratio of the experimental samples ranged from 8.0 to 14.7 g/g 

compared to the control sample that was the lowest (7.7) (Table 4.1).  

The addition of cowpea pumpkin powder had a significant effect on the RR of the formulations 

as shown by an increase in the RR after their addition to the soup mix. The RR for the control 

sample was significantly lower than the variations in Formulations 1, 2 and 3. The lower 

rehydration values are evidence for product shrinkage caused by prolonged drying resulting in 

irreversible physico-chemical changes (Singh & Pandey, 2011). Among the variations of 

formulation 1, it appears that the RR increased from 8.0 to 8.7 g/g along with an increase in 

cowpea leaf and pumpkin seed powder. A similar trend was also observed for the variation of 

formulation 3 where the rehydration ratio increased from 8.0 – 10.7 g/g with an increase in 

cowpea leaf powder and pumpkin flower. The upward trend was also observed among the 

variation of formulation 3 where the RR increased from 12.3 to 14.7 g/g with an increase in 

cowpea seed powder and pumpkin fruit. The increase in rehydration ratio may be attributed to 

the high content of starch present in the samples, as reported by Singh & Pandey (2011). These 
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are similar to results obtained by Wang et al. (2011) as to the rehydration ratio of pumpkin 

(11.09). However, the study’s results indicate that cowpea and pumpkin are suitable for soup 

production due to their ability to absorb water into the cells as demonstrated by their 

rehydration ratio. According to Berk (2009), dehydrated foods should have the ability to regain 

their original moisture content, volume, shape and quality when rehydrated. This is important 

for soup production as it ensures that the ingredients can absorb water into their cells, resulting 

in a desirable texture and flavor in the final product therefore, cowpea and pumpkin possess 

this ability. 

 

4.2. Effect of cowpea powder and pumpkin powder on the physical properties of 

cowpea-pumpkin composite soup 

4.2.1.  Appearance and colour of soup samples 

Using the control soup as a base, the composition of the soup mix formulations varied 

following the addition of bulleted components at 5%, 10% or 15% as follows: 

• Formulation 1: increasing proportions of powdered cowpea leaf and pumpkin seed. 

• Formulation 2: increasing proportions of powdered cowpea seed and pumpkin fruit. 

• Formulation 3: increasing proportions of powdered cowpea leaf and pumpkin flower. 

 

Photographs of cowpea-pumpkin composite soup formulations are shown in Figure 4.1. As 

indicated in column 4, the control soup mix samples had an appealing golden-brown colour. 

Regarding formulation 1, following the addition to 5% of the compositemix, the colour of the 

soup deepened slightly with slight gold and green shades.  As the formulation increased to 10% 

and then 15%, he green colour in particular increased in intensity.  From a colour perspective, 

the appearance of formulation 1 was similar to that of formulation 3. Cowpea leaf powder was 

common to these two soup preparations and so contained chlorophyll pigments (Li et al., 2018) 

that imparted a dark green colour to the soup and the intensity of the green colour in the various 

formulations increased together with the percentage increase in the formulations to 10% and 

then 15%. In terms of texture, formulation 1 appeared very different from formulation 3 which 

appeared to be relatively thicker and grainier. In addition to dark colour, formulation 3 had a 

coarse texture probably due to the presence of pumpkin flower powder. Cowpea leaf and 

pumpkin flower powder can also make soup appear thicker and grainier due to their high fiber 

content which adds bulk to the soup. The fibrous nature of these ingredients also contributes to 

the grainier texture as they do not dissolve completely. 
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In contrast, formulation 2 with 5% composite mix was an eye-catching, light golden-brown 

colour which was similar to the control soup. The difference between the appearance of 

formulation 2 soups and those of formulation 1 and 3 was the exclusion of vegetable leaf 

powders from the composite mix and this added consumer appeal to formulation 2. While all 

the formulation 2 soups retained the colour of the control soup, the 10% and 15% formulation 

2 soup mixes increased in texture and graininess and appeared less appealing. In brief, a visual 

comparison of the three soup formulations according to their percentage composition indicated 

that formulation 2 soup colour and texture was most appealing at 5% and 10% addition of 

powdered cowpea seed and pumpkin fruit. 

 

Soup mix Composite mix 

(5%) 

Composite mix 

(10%) 

Composite mix 

(15%) 

Control soup 

Formulation 1 

 

(Cowpea leaf 

powder and 

pumpkin 

seeds powder) 

    
Formulation 2 

 

(Cowpea seed 

powder and 

pumpkin fruit 

powder) 

    
Formulation 3 

 

(Cowpea leaf 

powder and 

pumpkin 

flower 

powder) 
    

Figure 4.1. Photographs of samples of soup formulations 

 

The colour of food largely affects its consumer appeal which ultimately has an influence on 

consumer expectations and purchase decisions. A colorimetric comparison of the control soup 

and formulation 2 soup samples showed that the intense golden-brown colour of these soups 

was associated with relatively high chroma values which ranged from 17.02 for the control 

soup and from 17.42 to 23.84 for the three formulation 2 soups containing increasing amounts 

of powdered cowpea seed and pumpkin fruit (Table 4.2).  
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The lightness intensity of the golden-brown colour increased with the addition of mixes from 

5%, through 10% and on to 15% composite mixes as indicated by high L*mean values (52.63 

- 74.06) and chromaticity values (17.42 – 23.84) of formulation 2 compared to the control soup 

with L* value (71.96) and chromaticity value of 17.02. This observation was also supported by 

high positive b*-values (17.41-23.55) of formulation 2 when compared to the control soup 

(16.50).  High positive b*-values (responsible for yellowing) were probably due to the release 

of anthocyanins which are relatively high in the pumpkin fruit. The golden-brown colour of 

formulation 2 soup samples was probably imparted by carotenoid (mainly β-carotene, lutein, 

and zeaxanthin) which are predominantly present pumpkin fruit and flours (Arifin et al., 2019). 

Carotenoids are abundantly occurring natural pigments responsible for the yellow, orange, and 

red colour of many fruits, vegetables, algae and bacteria (Atencio et al., 2022; 

Gordon& Bauernfeind, 1985). The intense golden-brown colour of formulation 2 soup samples 

may also be attributed to a combination of factors including browning and yellowing 

compounds, resulting from the Maillard reaction and the polymerization of anthocyanins with 

some phenolic compounds (Nistor et al., 2022).  

 

Table 4.2. Colour of soup mixes  
Soup mix L* a* b* C* 

Control Mix 71.96h ± 0.01 4.19i ± 0.02 16.50c ± 0.01 17.02d ± 0.01 

F1 (5%) 74.06j ± 0.02 -3.20f ± 0.02 19.83g ± 0.01 20.09g ± 0.01 

     (10%) 67.35f ± 0.01 -0.43b ± 0.02 15.13a ± 0.01 15.14a ± 0.01 

     (15%) 60.92e ± 0.01 -0.63d ± 0.02 16.48c ± 0.02 16.49b ± 0.02 

F2 (5%) 72.49i ± 0.01 3.72g ± 0.01 23.55h ± 0.01 23.84h ± 0.01 

     (10%) 58.24c ± 0.01 0.50c ± 0.02 17.41d ± 0.01 17.42e ± 0.01 

     (15%) 55.29b ± 0.00 0.96e ± 0.02 17.51e ± 0.02 17.54f ± 0.02 

F3 (5%) 71.37g ± 0.02 3.81h ± 0.05 26.86i ± 0.01 27.13i ± 0.01 

     (10%) 59.07d ± 0.01 3.02a ± 0.01 17.56f ± 0.01 17.56f ± 0.01 

     (15%) 52.63a ± 0.01 3.20f ± 0.01 16.29b ± 0.02 16.60c ± 0.02 

Note: Mean ± Standard deviation. Mean values followed by different letters in a column are significantly different 

p < 0.05 (LSD).L* denotes lightness from black (0) to white (100), a* redness (+) to greenness (-), b* yellowness 

(+) to blueness (-) (Singo and Beswa, 2018). The chroma (C*) coordinate indicates colour intensity (Hssaini et 

al., 2021). 

 

The addition of more cowpea leaf resulted in a darker colour of the soup formulations 1 and 3 

as show by a decrease in L*-values while a*-values shifted from positive (redness) to negative 

(greenness) for formulation 1. In these formulations, the soup samples with a 5% of composite 

mix had the highest value of lightness (L*) (74.06; 72.49 and 71.37, respectively). The intensity 

of the green colour of soup samples from formulations 1 and 3 could be attributed to the 

presence of cowpea leaves. Green plant leaves are known to contain high content of 

chlorophyll, a pigment responsible for the green colour. Increasing the concentration of 
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composite mix resulted in a further decrease in L*-values (74.06-60.92 for formulation 1, 72.49 

- 55.29 for formulation 2 and 71.37-52.63 formulation 3, respectively) and b*-values (+ve), 

a*-values (+ve) also decreased. The darker colour of the soup samples blended redness and 

yellowness. However, the overall colour difference values indicate a significant effect of 

cowpea leaf addition on the colour of formulations 1, 2 and 3.  

 

4.2.2.  Rheological properties of soups 

Other physical parameters measured in this study were the rheological properties of cowpea-

pumpkin composite soup. The rheological properties of liquid (flowing foods) play a 

significant role in process and quality control during food processing (Setiawan et al., 2021).  

 

4.2.2.1. Viscosity 

Viscosity is one of the important attributes of liquid foods like soups and has an effect on the 

mouthfeel and swallowability of food. While eating food that contains both liquid and solid 

phases, the liquid component tends to enter the hypopharynx before swallowing and this leads 

to high risk of aspiration (Yamada et al., 2017). According to Wendin (2010), patients who 

suffer from chewing and swallowing disorders e.g., dysphagia, may have difficulties ingesting 

normal food and liquids and need a texture-modified diet. Hence soups with higher viscosity 

observed in this study would be easier to swallow and could be recommended for children, the 

elderly and people with dysphagia and may enable them to maintain adequate nutrition.  

Therefore, when developing a liquid food, it is crucial to ensure that its viscosity suits the 

swallowing abilities/limitations of the target consumers (e.g., children, people with dysphagia 

etc.). Soups are perceived as being easier to swallow and could be recommended to people with 

swallowing problems e.g., young children. However, the porosity and wobbly consistence of 

low viscosity soups had higher risk of getting into airways during swallowing. The selected 

rheological properties of cowpea-pumpkin soup samples measured in this study are presented 

in Table 4.3.  

 

Among the formulation1 variations of cowpea leaf powder and pumpkin seeds powder, the 

variation with 5% was more viscous as shown by the highest viscosity mean value of 88.91 cP 

with a shear stress of 21.2 Pa at a shear rate of 497.2 s-1. This was followed by the variations 

with the highest concentration of cowpea leaf powder and pumpkin seeds powder (15%) at a 

viscosity of 56.6 cP and shear stress of 15.1 Pa at a shear rate of 497.2 s-1. These values show 

that the addition of cowpea leaf powder and pumpkin seeds powder in formulation 1 
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significantly increased its viscosity with reference to the control soup (viscosity of 33.2 cP, 

shear stress of 13.9 Pa) at the same shear rate (497.2 s-1). 

 

Table 4.3.  Rheological properties for reconstituted cowpea-pumpkin soup mixes at 26°C 

Soup Mixes Viscosity 

(cP) 

Shear stress 

(Pa) 

Shear rate  

(s-1) 

ClMix 33.21c ± 0.04 13.92c ± 0.19 497.23a ± 2.05 

Formulation 1 (5%) 88.91i ± 1.10 21.21f ± 0.30 497.23a ± 0.85 

                        (10%) 31.92c ± 0.13 36.38h ± 0.19 752.56c ± 0.41 

                        (15%) 56.64e ± 0.45 15.14d ± 0.55 497.23a ± 0.95 

Formulation 2 (5%) 21.09a ± 0.40 7.80a ± 0.10 497.20a ± 0.30 

                        (10%) 62.75f ± 0.16 38.55i ± 0.11 653.24b ± 0.29 

                        (15%) 48.78d ± 0.85 18.96e ± 0.18 497.11a ± 2.70 

Formulation 3 (5%) 24.13b ± 0.55 8.65b ± 0.05 497.20a ± 0.50 

                        (10%) 80.67h ± 0.25 65.13j ± 0.04 823.82d ± 0.14 

                        (15%) 71.50g ± 0.70 22.37g ± 0.56 497.21a ± 1.39 
Note: Mean ± Standard deviation. Mean values followed by different letters in a column are significantly different 

p < 0.05 (LSD).  

 

The increase in viscosity of formulation 1 was probably due to the presence of stabilizer agents 

(dietary fibres) in pumpkin seed which has the ability to bind water tending to increase the 

consistency of the products and so leading to the formulation of viscous gels and consequently 

promoting higher viscosities (Baba et al., 2018). It might also be due to molecular interactions 

and to inability of the samples to rehydrate and form crosslinks due to the high concentration 

of fibre which sequester water molecules (Mona et al., 2021).  

The formulation 2 soup sample with 10% cowpea seed powder and pumpkin fruit powder was 

the thickest among the variations of formulation 2. This sample had a viscosity of 62.75 cP, 

shear stress of 38.5 Pa, at a shear rate of 653.2 s-1. In contrast, the 5% Formulation 2 variation 

exhibited the lowest viscosity (21.1 cP) and shear stress (7.8 Pa) among all the formulations in 

this study, including the control soup. The reduction in viscosity of formulation 2 (5%) could 

have been caused by the lower starch content in the lowest concentration of cowpea seed 

powder and pumpkin fruit powder (5%). According to Santamaria et al. (2021), viscosity is 

directly related to the amount of starch present in the food.  

The incorporation of 10% cowpea leaf powder and pumpkin flower powder in formulation 3 

resulted in soup samples with the highest viscosity of 80.7 cP, shear stress of 65.1 Pa, and the 

highest shear rate of 823.8 s-1 among the variations of formulation 3. The variation with 5% of 

cowpea leaf powder and pumpkin flower powder was less viscous (24.1 cP) among formulation 
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3 variations (80.7 and 71.5 cP) and the control soup (33.2 cP). The lowest viscosity at 5% 

addition of the control mix was also observed in formulation 2.  

The incorporation of cowpea into the formulation must have affected the viscosity. This might 

be due to the interaction of starches with protein which can influence gelatinization and 

retrogradation of starches (Adenike, 2012). The results agree with those reported by Idowu et 

al. (2017) with mean values ranging from 21.9 – 58.5 cPand 63.3- 107.3cP in cocoyam-cowpea 

blends. Similar results (65-145 cP) were also recorded by Adenike (2012) in 8% cowpea flour 

concentrations of complementary foods.  

However, the variation in viscosity and shear appears not to be linear as the formulations 

increase from 5% through to 15%.  i.e., viscosity does not consistently increase as the 

percentage composition of the soups increases. This could be an indication that the viscosity 

of pumpkin or cowpea powder at different concentrations had a great impact on the increase or 

decrease of the viscosity of the soup. 

Among the formulation 1 variations (cowpea leaf powder and pumpkin seed powder), It was 

noted that as the viscosity increased there was a drop in shear stress and shear rate. This is 

because a higher viscosity means the soup’s resistance to flow increased which resulted in a 

lower shear rate and lower shear stress.  As the viscosity decreased, the shear stress and shear 

rate increased. This means the soup’s resistance to flow allowed easier movement of soup 

leading to a higher shear rate and higher shear stress. The decrease in viscosity allowed faster 

movement. This is a characteristic on a non-Newtonian food. According to Van Canneyt & 

Verdonck (2014), foods whose viscosity decreases with increase in shear rate and vice versa 

are called non-Newtonian foods. In comparison, formulation 2 variations (cowpea seeds and 

pumpkin fruit) and formulation 3 variations (cowpea leaf powder and pumpkin flower) show   

an increase in shear stress and shear rate as the viscosity increased. This means an increase in 

shear rate and shear stress increased molecular alignment in the soup and the resistance of the 

soup to flow resulting in an increase in viscosity. This could be due to the addition of pumpkin 

seed powder in formulation 1 and pumpkin fruit and pumpkin flower in formulations 2 and 3. 

Formulation 2 and 3 could be examples of Newtonian food, foods with a constant viscosity are 

called Newtonian (Van Canneyt& Verdonck, 2014).  Since no studies have been found related 

to this, it was not possible to compare this with other researchers. 

It can be concluded that Formulation 1 (cowpea leaf and pumpkin seed powder at 5%) and 

Formulations 3 cowpea leaf powder and pumpkin flower at 10% and 15% had the desirable 
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viscosity. Thus, at higher viscosity the soup is thicker and is thought to be of superior quality 

(Fellows, 2009). 

  

4.3. Effect of cowpea powder and pumpkin powder on the proximate composition of 

cowpea-pumpkin composite soup 

Proximate assay an important criterion to assess the overall composition and nutritional status 

of any ingredient intended for food use (Verma et al., 2019).  

The data on proximate composition of 10 soup formulations are summarized in Table 4.4. 

 

Table 4.4. Proximate composition of soup mixes (g/100 g) 

Soup mixes Crude fat Moisture Crude fibre Crude protein Ash Carbohydrates 

ClMix 1.73a ±0.15 7.78a ±0.19 6.27a ±0.49 13.33a ±0.58 0.48bc ±0.03 70.42c ±0.82 

F1 5% 2.73a ±0.06 8.29abc ±0.09 17.39b ±6.25 27.00bc ±2.00 0.52cd ±0.01 44.06a ±4.97 

F1 10% 2.80ab ±0.17 8.06ab ±0.17 12.36ab ±0.33 23.00bc ±2.00 0.49bcd ±0.06 53.30ab ±1.55 

F1 15% 3.10b ±0.10 7.81b ±0.29 14.25ab ±1.69 24.33bc ±2.52 0.48bc ±0.01 50.03ab ±3.56 

F2 5% 2.30ab ±0.20 8.68bc ±0.25 9.11ab ±1.75 26.67bc ±1.53 0.55cd ±0.04 52.70ab ±3.13 

F2 10% 2.13ab ±0.84 8.84bc ±0.13 13.29ab ±7.08 22.33b ±1.15 0.47bc ±0.01 52.93ab ±6.63 

F2 15% 1.87ab ±0.72 8.27abc ±0.76 11.03ab ±1.12 25.67bc ±1.53 0.41ab ±0.03 52.76ab ±1.72 

F3 5% 1.73ab ±0.59 9.07cd ±0.10 5.98a ±0.57 24.67bc ±0.58 0.55cd ±0.04 58.00b ±0.43 

F3 10% 2.93ab ±0.38 8.89bc ±0.10 10.30ab ±1.50 28.33c ±3.21 0.35a ±0.03 49.21ab ±3.91 

F3 15% 2.30ab ±0.46 9.74d ±0.12 11.28ab±0.64 26.33bc ±2.52 0.57d ±0.02 49.79ab ±2.45 

Mean ± Standard deviation. Mean values followed by different letters in a column are significantly 

different p < 0.05 (LSD).  

 

4.3.1. Crude Fat content 

Crude fat represents, besides the true fat (triglycerides), other materials extractable with ether 

such as phospholipids, sterols, essential oils and fat-soluble pigments (Ranganna, 1986). It 

includes all fats and oils that are edible which may be produced from plants and animals (FAO, 

2020). Fat provides energy and aids in transport of fat-soluble vitamins, insulates and protects 

internal tissues and contributes to important cell processes (Pamela et al 2005; Jones et al., 

1985).  

Table 4.4 depicts the crude fat content of cowpea-pumpkin composite soup. A linear increase 

in crude fat content of composite soup was observed when more pumpkin powder was added. 

A significantly higher mean value of fat content was recorded in F1 15% samples (3.10 g/100 

g) followed by F3 10% samples (2.93 g/100 g) then F1 10% samples (2.80 g/100 g). The 

possible reason for higher fat content in F1 samples is the addition of pumpkin seeds. Pumpkin 
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seeds have been reported as excellent sources of fat (38– 49 g/100 g) (Longato, 2017; Rezig et 

al., 2016; USDA, 2011). The fat content of Formulation 2 at all levels of composite mix was 

significantly less than F1 formulations (1.87-2.30 g/100 g). Addition of pumpkin fruit which 

has a low-fat content could be a possible reason. Pumpkin fruit is rich in different nutrients but 

low in fat (Poliszko et al., 2019). The results also indicate that addition of composite mix 

decreased the fat content of the soup in F2 formulations from 2.30 g/100 g to 1.87 g/100 g.  

The results show that the control sample and F3 with 5% composite mix had the lowest fat 

content, this was probably due to non-addition of either pumpkin or cowpea seeds which 

contain moderate amounts of fat. The low-fat content recorded in this study confirms the fact 

that Indigenous leafy vegetables are generally low in fats. Khalid & Elharadallou (2013) also 

reported similar results fat content (2.30 g/100 g) in cowpea. These results are also comparable 

to those reported by Madode et al. (2011) where fat content of 1.74 g/100 g was observed in 

cowpea puree. However, based on the results of this observation, low fat content in cowpea-

pumpkin composite soup is desirable especially with a growing health-conscious population. 

 

4.3.2. Moisture content 

The moisture content of cowpea-pumpkin composite soup was significantly high in F3 

samples, a formulation of cowpea leaf powder and pumpkin leaf powder ranging from (8.89 – 

9.74 g/100 g). It was observed that the control sample had the lowest moisture content (7.78 

g/100 g) compared to samples F1 (7.81-8.29 g/100 g) and F2 (8.27-8.84 g/100 g). However, 

basing on these mean values there was no significant difference between all the formulated 

soup samples. Similar results were also observed by Pereira (2020) who also noted that high 

moisture content (8.46 – 9.55 g/100 g) in food present unfavourable conservation of products 

due to rapid decomposition. Moreira et al. (2020) also reported similar results on the effect of 

different cooking techniques on carotenoids and antioxidant of biofortified pumpkins. The 

results are also comparable to those obtained by Momanyi et al. (2020) who reported slightly 

higher moisture content ranging from 9.43 -9.45 g/100 g. The results obtained are significantly 

higher compared with the moisture content of pumpkin seed and rind (4.32-5.96 g/100 g) 

reported by Nyam et al. (2013), Habib et al. (2015) and those reported by Uduwerella et al. 

(2021) for pumpkin seed flour (6.33 g/100 g). High moisture content in food is an indication 

of their susceptibility to microbial attack and spoilage (Abubofuor et al., 2016) while lower 

moisture content ensures better shelf life and reduces the microbial spoilage of food (Ajayi et 

al., 2006). 
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4.3.3 Crude fibre content 

Dietary fibre is an indigestible carbohydrate found in structural components of plants (Sharma 

et al., 2012). It is the organic residue which remains after the food sample has been treated 

under standardized conditions with petroleum spirit, boiling dilute sulphuric acid, boiling dilute 

sodium hydroxide solution and alcohol. The crude fibre consists largely of cellulose together 

with a little lignin (Verma et al., 2019). However, the health benefits of eating fibre rich diet 

are immense including prevention of constipation, regulation of blood sugar, protecting against 

heart diseases, reducing high levels of and prevention of certain form of cancers (Sharma et al., 

2012). Fibres are not only desirable for their nutritional properties but also for their functional 

and technological properties and because of this, they could be used as food ingredients 

(Scieber et al., 2001). 

 

The results for determination of crude fibre are presented in Table 4.4. Except for the control 

sample and F3 5% samples with low fibre content of 5.98 g/100 g and 6.27 g/100 g, the crude 

fibre of cowpea-pumpkin composite soup is significantly high. It was observed that F1 samples 

had the highest crude fibre content ranging from 12.36g/100g to 17.39 g/100 g (i.e., F1 5% = 

17.39 g/100 g; F1 10% = 12.36 g/100 g, and F1 15% = 14.25 g/100 g).  The high fibre content 

in F1 samples was probably due to the high crude fibre content found in pumpkin seeds that 

were incorporated in the formulation. However, the results are slightly lower than those 

reported by Nyam et al. (2013), who reported a high fibre content of 31.48 g/100 g in an 

investigation to determine the proximate composition pumpkin seed bread. Formulations F2, 

F3 10%, and F3 15% samples had slightly lower crude fibre content varying from 9.11 g/100 

g to 13.29 g/100 g (F2 5% 9.11; F2 10% 13.29 g/100 g; F2 15% 11.03 g/100 g; F3 10% 10.30 

g/100 g and F3 15% 11.20 g/100 g). The results indicate that there was not much difference 

between the mean values of these samples. The high fibre content in cowpea and pumpkin 

helps in regulating the digestive system aiding bowel health and weight management (Darkwa 

& Darkwa, 2013). Based on the results, it can be concluded that cowpea-pumpkin composite 

soup has a vital role to play in people’s health.  

 

4.3.4. Crude Protein content 

Proteins are large molecules made of amino acids. They are found in animal and plant foods 

and are the main structural constituents of the cells and tissues of the body (FAO, 2020) 

Substances, such as enzymes, hormones and antibodies are protein in nature and are necessary 

for the proper functioning of an organism. Lysine is the limiting amino acid in cereal proteins 
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whereas legumes contain adequate amount of lysine (Khattab & Arntfield, 2009). Proteins are 

necessary for growth and development of the body, for body maintenance and the repair and 

replacement of worn out or damaged tissues, to produce metabolic and digestive enzymes and 

they are essential constituents of certain hormones (FAO, 2020). According to Khalid et al. 

(2012), the continuous increase in population makes it difficult for people to afford buying 

animal products regularly. It is therefore recommended to enhance the protein quality of the 

diet through easily available and accessible plant protein sources to improve the nutritional 

status of the low-income group of population (Khattab & Arntfield, 2009). Crude protein 

measures the total nitrogen content of a product, and from that, estimates the amount of the 

protein within that product (Verma et al., 2012). 

 

Results of the present study (Table 4.4) revealed that the highest crude protein content was 

observed in F3 10% (28.33 g/100 g) and the lowest was the control sample with 13.33 g/100 

g. However, the results reveals that there was no significant difference in the mean values of 

all formulations at all levels of composite mix incorporation ranging from 22.33 g/100 g to 

27.00 g/100 g (F1 23.00 g/100 g to 27.00 g/100 g; F2 22.33 g/100 g to 26.61 g/100 g; F3 24.67 

g/100 g to 28.33 g/100 g). A possible reason for this is the addition of cowpea and pumpkin 

reported to be high in protein by various authors. Several authors reported that Indigenous 

vegetables are essential sources of proteins (Schreinemachers et al., 2018; Gido et al., 2017; 

Meldrum et al., 2018; Njume et al., 2014; Sharma et al., 2012; Khalid et al., 2012; Appiah et 

al., 2011; Kumari et al., 2021). Total crude protein was significantly low in the control sample 

where neither cowpea nor pumpkin was added. This is a clear indication that the addition of 

cowpea and pumpkin increases the protein content in food and can provide adequate nutrition 

vital to human survival. The obtained results agree well with those reported by Khalid & 

Elharadallou (2013) who reported 22.30 - 26.73 g/100 g protein content in cowpea flour, 

Sharma & Lakhawat (2017) reported 29.65 g/100 g protein content in pumpkin seeds.  Nyam 

et al. (2013) reported protein content ranging from 20.21 to 23.89 g/100 g in pumpkin and 

Bunde-Tsegba et al. (2020), reported 24.80 g/100 g protein content in locust beans. 

Furthermore, protein content of 21.35 g/100 g was also reported by Momanyi et al. (2020) in 

cowpea and sorghum snack bars and lastly Naiker et al. (2019) reported 24.30 - 26.33 g/100 g 

protein content in cowpea flour. In contrast, the results are significantly higher than protein 

content of 9.6 g/100 g reported by See et al. (2007) in pumpkin flour. Current nutrition 

guidelines recommend 50 g – 56 g of protein daily (US FDA, 2022; NIH), the findings of this 

study reveal that cowpea and pumpkins are the vital sources for this. Consumption of cowpea-
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pumpkin soup would be an important step towards relieving protein malnutrition in the poor 

countries of the world. 

 

4.3.5. Ash content 

Ash content of a food stuff is inorganic residue which remains after destruction of organic 

matter. It is also defined as a measure of the total amount of mineral content or inorganic 

material that remains after milling (Ejiofor & Kporna, 2019). It may not necessarily be exactly 

equivalent to the mineral matter as some changes may occur due to volatisation or some 

interaction between constituents (Ranganna, 1986). According to Adubofuor et al. (2016), food 

with high ash content is expected to have high concentration of various mineral elements which 

are expected to speed up metabolic processes, improve growth and development. 

 

Even though the mean values for ash content were slightly different (Table 4.4), there was no 

significant difference in the ash content of all the samples. However, it was noted that the ash 

content in F1 progressively decreased with addition of cowpea and pumpkin from 0.52 to 0.48 

g/100 g. A similar trend was also noted in F2 samples, wherein there was a reduction from 0.55 

to 0.41 g/100 g. It is apparent that the incorporation of the composite mix consisting cowpea 

and pumpkin had anegative effect on the ash content as evidenced by similar observationsin 

F2 where the mean values of ash decreased from 0.55 g/100 g to 0.41 g/100 g. A possible 

explanation for this decrease in ash contentmay be attributed to the inherent low ash content 

cowpea and pumpkin. However, a different trend was reported in F3 samples as the highest ash 

content was observed in F3 15% (0.57 g/100 g), then F3 5% (0.55 g/100 g) then lastly the 

lowest of 0.35 g/100 g in F3 10%. The high ash content in F3 could be an indication that cowpea 

and pumpkin leaves combined produces high ash content as compared to other edible parts of 

these two indigenous vegetables. The results observed in this study are comparable to those 

obtained by Nyam et al. (2013) ranging from 0.41 to 0.68 g/100 g in pumpkin seeds and rind. 

Furthermore, the results were significantly lower from those reported by other researchers. 

Momanyi et al. (2020) reported ash content of 1.33 g/100 g and 2.26 g/100 g in sorghum and 

cowpea blend snack bar. Mean values of 2.71 – 3.64 g/100 g were reported by Naiker et al. 

(2019) in cowpea flour. Pereira (2020) reported ash content in pumpkin flour varying from 5.8 

- 9.4 g/100 g and Saeleaw & Schleining (2011) also found ash content of 5.4 g/100 g in 

pumpkin flour. 
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4.3.6. Carbohydrate content 

Carbohydrates have a wide range of physiological effects which are important for human 

health. They are the main source of energy and provide ideal fuel (glucose for body to function 

optimally (Verma et al., 2012). Carbohydrates provide energy to the cells particularly the brain 

cells that require glucose for metabolism. Energy is crucial in maintaining the metabolic rate 

of the body, growth, and synthesis of new tissues, muscularactivity and physiological functions 

(Momanyi et al., 2020). Carbohydrates also have an impact on the mouthfeel of a product by 

increasing viscosity and providing textural cues perceived by the somatosensory system which 

makes them a vital formulation ingredient (Kokkinidou et al., 2018). Carbohydrates, especially 

starch have higher stability for granules swelling, high temperature resistant, higher shear 

stability and are used as viscosifiers and texturizers in soups (Egharevba, 2019). 

 

Table 4.4 depicts the carbohydrate content of cowpea-pumpkin composite soup. Except for F1 

5% samples with significantly low carbohydrate content (44.06 g/100 g), the carbohydrate 

content in all other formulated samples varied significantly with higher mean values ranging 

from 49.21 to 70.42 g/100 g. The control sample exhibited the highest carbohydrate mean value 

(70.42 g/100 g) in comparison to all experimental soup samples. The reason behind this 

noteworthy disparity may attributed to theabsence of cowpea and pumpkin in the control 

sample. Nevertheless, there was no significant variation between the mean values of F1 (44.06 

- 50.03 g/100 g), F2 (52.70 - 52.93 g/100 g) and F3 (49.21 - 58.00 g/100 g). The probable 

explanation for the similarity in carbohydrate content is the dilution effect due to addition of 

cowpea and pumpkin in all the formulations which resulted in reduction of the carbohydrate 

content. These results were similar to the carbohydrate content (49.11 g/100 g) of pumpkin 

seeds reported by Nyam et al. (2013). Pereira (2020) also reported carbohydrate content 

varying from 54.2 to 61.8 g/100 g in pumpkin flour. Momanyi et al. (2020) observed slightly 

higher carbohydrate content of 61.1- 73.25 g/100 g in sorghum and cowpea. However, the 

values are lower compared to the results found by Saeleaw & Schleining (2011) who reported 

79.57 g/100 g of total carbohydrate in pumpkin flour. From these findings, it can be concluded 

that cowpea- composite soup could make better sources of energy in people’s diets. The 

decrease in carbohydrate content reported after addition cowpea and pumpkin make them low 

calorie and easy to digest raw materials. 
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4.4. Effect of cowpea powder and pumpkin powder on consumer acceptability of 

cowpea-pumpkin composite soup 

The data for consumer acceptance of soup samples is presented in Table 4.5. The results 

indicate that consumer acceptance of soup appearance for formulations F1 (6.61 – 7.27) and 

F2 (6.99 – 7.00) did not exhibit any significantdeviation from that of the control sample, despite 

their mean values being slightly lower than the control samples (7.64). The similarity for 

consumer acceptance of F1 and F2 samples was probably due to the appealing colour resulting 

from the addition of pumpkin seeds in F1 and pumpkin fruit in F2 samples. This observation 

serves as a clear indication that colour plays a very crucial role in the acceptance of food. 

Similar results were also discovered by Arifin et al. (2019) in a study to evaluate the sensory 

acceptability of muffins made from pumpkin puree who muffins made from pumpkin puree 

noted that colour in is one of the most important attributes that directly affect the consumer 

preference of any product. 

  

Table 4.5. Consumer acceptability of cowpea/pumpkin composite soup 

Formulations  Sensory attributes 

  Appearance Aroma Taste Mouthfeel/texture Overall acceptability 

Control  7.64c ± 1.74 7.44d ± 2.16 6.99d ± 2.39 6.90c ± 2.45 7.09c ± 2.42 

F1 (5%)  7.27c ± 1.81 7.14d ± 2.03 6.64cd ± 2.46 6.36bc ± 2.50 6.51bc ± 2.53 

F1 (10%)  6.61bc± 2.20 6.51bcd ± 2.25 6.24bcd ± 2.38 5.90abc ± 2.58 6.16abc ± 2.53 

F1 (15%)  6.87bc ± 2.04 6.70cd ± 2.00 6.20bcd ± 2.44 6.07abc ± 2.49 6.17abc ± 2.57 

F2 (5%)  6.99c ± 2.03 6.59bcd ± 2.11 6.20bcd ± 2.52 6.04abc ± 2.61 6.29bc ± 2.62 

F2 (10%)  6.74bc ± 2.13 6.53bcd ± 2.28 6.10bcd ± 2.53 5.87abc ± 2.65 6.03abc ± 2.56 

F2 (15%)  7.00c ± 2.02 6.70cd ± 2.10 6.27bcd ± 2.43 6.10abc ± 2.56 6.44bc ± 2.51 

F3 (5%)  5.69ab ± 2.93 5.54abc ± 2.90 5.29abc ± 3.07 5.20ab ± 3.05 5.39ab ± 3.13 

F3 (10%)  5.34b ± 2.95 5.39ab ± 2.98 5.16ab ± 3.21 4.96ab ± 3.09 5.20ab ± 3.24 

F3 (15%)  4.99a ± 3.20 5.04a ± 3.12 4.64a ± 3.28 4.64a ± 3.29 4.76a ± 3.30 

Mean ± Standard deviation. Mean values followed by different letters in a column are significantly different p < 

0.05 (LSD). 

 

Higher amount of pumpkin puree in muffin provided better appearance and a pleasant yellow 

/orange colour (Arifin et al., 2019). In support of this, the initial study reveals that F2 samples 

with 15% pumpkin fruit scored the highest acceptance on appearance. Pumpkin products have 

proved to be the best in appearance and addition of pumpkin flour into recipes produced 

desirable effects (Kiharason et al., 2017; Arifin et al., 2019; Islam et al., 2014; Hossein 

Ghaboose 2018; Borro R & Gemora, 2016; Islam et al., 2014; Hossein Ghaboose, 2018). The 

addition of pumpkin seeds in F1 formulation could have neutralized the colour of cowpea 

leaves which are less acceptable. 
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 The appearance of formulation 3 (F3) at all levels of composite mix incorporation was 

significantly less acceptable (4.99-5.69) compared to that of the control (7.64). According to 

Matenge et al. (2012), the combination of different ingredients used in the preparation of the 

food samples might have masked the natural colour and texture of the dried cowpea leaves that 

could be less acceptable. This justifies the lowest acceptance scores for F3 samples (F3 5% 

(5.69); F3 10% (5.34); F3 15% (4.99) by the consumers. The initial study revealed that the dark 

green colour from cowpea leaves of F3 samples was not welcomed by many and this gave all 

F3 soup samples a lower rating. It also an indication that products made from cowpea powder 

produces a dark green colour which is unacceptable to consumers.  

However, the high acceptability of the control sample could be due to the non-addition of 

indigenous vegetables (cowpea and pumpkin) and due to the common ingredients combined 

during formulation such as tomato powder, mushroom powder and onion powder familiar to 

consumers. 

The findings of this study show that highest aroma scores were observed for the control (7.44) 

which was not significantly different from F1 and F2 samples with similar mean values ranging 

from 6.51-7.14. The addition of pumpkin seed powder in F1 samples contributed to the 

acceptable aroma. In a study by Biggins et al. (2013), cakes made with ground pumpkin seed 

meal were found to be more viscouswith higher water activity, nice aroma and liked by 

consumers. The same results are also noted for F2 samplesin this study, a combination of 

cowpea seeds and pumpkin fruit produced a good aroma. Moongngarm et al. (2014), found out 

that most panellists scored the cookies substituted with cowpea seed powder to be similarly 

acceptable as the control cookies for odour and overall liking. In addition, Hossein Ghaboose 

(2018) also revealed that cookies filling with 25% pumpkin puree was the most liked for their 

aroma compared to those without pumpkin puree. 

The F3 samples received the lowest aroma scores, with the formulation containing 5% 

composite mix was scoring 5.54, while the formulation with 10% composite mix scored 5.39 

and the formulation with 15% had a score of 5.04. The low mean scores were probably due to 

the strong odour of cowpea leaves which was probably deemed highly unacceptable by 

consumers. 

The results show that consumer acceptance of soup taste for formulations F1, F2 and control 

samples were somehow similar as shown by their acceptance scores ranging from 6.10 to 6. 

99. The rich nutty taste of pumpkin seed powder used in formulating F1 samples could be the 
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reason for consumer acceptance. According to the findings reported by Jeong-Yeon et al. 

(2016), pumpkin seeds possess a distinct taste and flavour. The taste of F2 samples were found 

to be equally well-accepted as the F1 samples. This is likely attributable to the inclusion of 

cowpea seed and pumpkin fruit powders in the soup formulations. In a study by Borro & 

Gemora (2016), it was discovered that pumpkin fruit added to cake tasted savoury and proved 

to be very acceptable. It was also noted that pumpkin fruit is sweet (Dhiman et al., 2009) and 

can be used in many mixes because of its attractive flavour, colour and sweetness (Jesmin et 

al., 2016; Sathiya Mala et al., 2018; Arifin et al., 2019). In addition, the development of a bean 

like off - flavour of cowpea powder as protein supplement was noted (Campbel, 2016; Tortoe 

et al., 2014) which could be one of the reasons for acceptance of F2 samples. 

The F3 formulations containing 5%, 10%, and 15% composite mix were observed to have the 

lowest acceptance scores for the taste, with mean values of 5.29, 5.16 and 4.64, respectively.  

This finding indicates that an increase in theconcentration of pumpkin flower and cowpea leaf 

powder resulted in an unacceptable soup taste. A study by Borro & Gemora (2016) suggests 

that even though some people dislike the taste of pumpkin flowers, but with mild flavour, they 

can be easily mixed into casseroles, blended vegetable serving and other dishes.  

The control soup was highly rated for mouthfeel/texture (6.90), it was not found to significantly 

varied from F1 and F2 formulations containing 5%, 10%, and 15% composite mix. The F1 

formulations were scored 6.3, 5.90, and 6.07, respectively, while F2 formulations received 

6.10, 6.04, and 5.87, respectively. It is noteworthythat food items made from pumpkin powder 

were more widely accepted in terms of their texture and acceptability as reported by Sathiya 

Mala (2018). The lowest scores were recorded for F3 samples with 5% 5.20; 10% 4.96 and 

15% 4.64. From the present study, the mouthfeel/texture score of soup decreased with the 

increasing incorporation of cowpea leaf powder and pumpkin flower powders in the 

formulations of the soups. The comparative acceptance for texture could have been attributed 

to the combination of different ingredients used in the preparation of the food samples such as 

the tomato powder, onion powder, mushroom powder that might have masked the natural 

colour and texture of the dried cowpea leaves that could be less acceptable. 

The results indicate that the overall acceptance of control, even though slightly high (7.09) than 

compared to the experimental formulations, didnot significantly differ from that of the F1 

(ranging from 6.16 to 6.51) and F2 (ranging from 6.03 to 6.44). F3 samples exhibitedthe lowest 

overall acceptancemean valuesranging from 4.76to 5.39. The findings also showed that the 
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overall acceptanceof soups decreased with the increased inclusion of cowpea leaf and pumpkin 

flower. 

In general, overall acceptability of soups depends on the individual data for the sensory 

attributes like appearance, aroma, taste and mouthfeel. All soups coincided in the range of “like 

extremely” to “like very much” for soups made from pumpkin fruit powder and pumpkin seeds 

and that made from cowpea seeds powder and pumpkin fruit powder. Based on these findings, 

it can be concluded that pumpkin and cowpea produce likeable organoleptic qualities in 

formulated food products. 

 

4.5. Effect of cowpea powder and pumpkin powder on total phenolic content, 

antioxidant activity and flavonoid compounds of cowpea-pumpkin composite soup 

4.5.1. Total phenolic content, antioxidant activity 

The gap in the current literature to which this study is addressed includes an assessment of the 

antioxidant potential of a combination of cowpea-pumpkin powders.  The main aim of this 

experiment was to evaluatethe effect of cowpea powder and pumpkin powder on antioxidant 

potential and the total phenolic content of cowpea-pumpkin composite soup. The results from 

the current study regarding the determination of Total Phenolic of soup samples are shown in 

Table 4.6. 

 

Table 4.6. Total phenolic content and antioxidant activity of soup samples 

Soup mix TPC 

(mgGAE/100 

g) 

ABTS 

(µM TE/g sample) 

DPPH 

(µM TE/g sample) 

Control Mix 0.44c ± 0.01 77.06h ± 3.75 15.97b ± 0.03 

F1 (5%) 0.32b ± 0.01 57.01d ± 3.43 16.40f ± 0.04 

  (10%) 0.30b ± 0.01 41.12b ± 1.71 16.24cd ± 0.03 

  (15%) 0.25a ± 0.01 32.94a ± 1.03 16.33ef ± 0.04 

F2 (5%) 0.32b ± 0.01 61.74de ± 1.92 15.91ab ± 0.01 

     (10%) 0.47c ± 0.02 48.96c ± 0.61 15.90ab ± 0.02 

     (15%) 0.54d ± 0.03 48.32c ± 1.35 15.88a ± 0.01 

F3 (5%) 0.54d ± 0.01 66.47ef ± 1.78 16.22c ± 0.02 

     (10%) 0.63e ± 0.02 72.40gh ± 0.71 16.31de ± 0.07 

     (15%) 0.63e ± 0.01 68.58fg ± 0.49 16.29cde ± 0.04 
Note: Abbreviations include Total phenolic Content as TPC; 2,2’-Azino-bis 3-Ethylbenzothiazoline-6-Sulfonic 

Acid antioxidant assay as ABTS; 2,2-diphenyl-l-picrylhydrazyl antioxidant assay as DPPH. 

Mean ± Standard deviation. Mean values followed by different letters in a column are significantly different p < 

0.05 (LSD). 
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Total Phenolic Content (TPC) varied from 0.25 to 0.63 mg/GAE/100 g. Formulation 3 (cowpea 

leaf and pumpkin flower) had the highest TPC 0.54 – 0.63 mg/GAE/100 g followed by 

variations of formulation 2 (cowpea seeds and pumpkin fruit) with 0.32-0.54 mg/GAE/100 g, 

formulation 1 was the lowest with 0.25-0.32 mg/GAE/100g while the control sample had a 

TPC of 0.44 mg GAE/100 g. The TPC of formulation 1 decreased linearly as the concentration 

of the composite mix increased while an opposite trend was observed for formulations 2 and 

3. Interestingly, it is assumed that the leaves and seeds could increase the TPC of the soup as 

they contain high amounts of phenolic compounds (Bai et al., 2018; Moreira-Araujo et al., 

2018; Adjei-Fremah et al., 2015; Peiretti et al., 2017). However, the TPC of formulations 1 and 

2 seem to have been affected by the presence of cowpea and pumpkin seeds which are known 

to be substantially high in dietary protein which co-exist with polyphenolic compounds (Rangel 

et al., 2004; Mansour et al., 1993; Da Silva et al., 2019). The interaction between protein and 

phenolic compounds probably resulted in formation of complexes which made these 

compounds less assayable (Czubiński & Dwiecki, 2016).  TPC of formulation 3 increased with 

increased concentration of cowpea and pumpkin powders and this was probably due to the 

individual contribution of phenolic compounds naturally found in cowpea leaf and pumpkin 

flower (Santos et al., 2021; Cai et al, 2003; Peričin et al., 2009). Another potential factor could 

be the fact the absence of seeds in formulation 3 variants.  

The concentration of composite mixes had a direct impact on the antioxidant activity of 

formulation 1 and formulation 2, resulting in a linear decrease. In the case of formulation 1, 

this decrease in antioxidant activity was evident in the ABTS radical scavenging activity, which 

decreased from 57.01 to 32.94 µM TE/g sample, and the DPPH radical scavenging activity, 

which decreased from 16.40 to 16.24 µM TE/g sample. This decrease corresponded with the 

decrease in TPC, which decreased from 0.32 to 0.25 mg GAE/100 g. On the other hand, 

formulation 2 exhibited opposing responses, as the antioxidant activity decreased from 61.74 

to 48.32 µM TE/g sample (ABTS) and 15.91 to 115.88 µM TE/g sample (DPPH), while the 

TPC increased from 0.32 to 0.54 mg GAE/100 g.  

The reasons for the antagonistic reactions between TPC and antioxidant activity in formulation 

2 remain unclear, but it is possible that phenolic compounds were masked due to phenol-protein 

complexation. In contrast, formulation 3 showed a significant linear increase in TPC, ranging 

from 0.54 to 0.63 mg GAE/100 g, as well as an increase in antioxidant activity from 66.47 to 

72.40 µM TE/g sample (ABTS) and 16.22 to 16.31 µM TE/g sample (DPPH). This observation 

supports the speculation that the presence of protein-rich ingredients had a negative effect on 

the extractability of phenolic compounds in formulations 1 and 2, as formulation 3, which did 
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not contain any protein-rich ingredients, exhibited higher TPC and antioxidant activity. The 

control had substantially higher ABTS radical scavenging activity (77.06 µM TE/g sample) 

compared to the cowpea-pumpkin composite soup formulations (F1, F2, and F3), while the 

DPPH radical scavenging activity of the control was significantly lower than that of 

formulation 1 and formulation 3. The high TPC and antioxidant activity of formulation 3 can 

be attributed to the fact that the phenolic compounds of cowpea leaf powder and pumpkin 

flower powder did not interact with potential chelating constituents such as dietary proteins. 

 

4.5.2. Some flavonoid compounds identified across soup formulations 

Flavonoids are important constituents of the human diet and are among the most potent 

antioxidants from plants. These compounds are present in cowpea, pumpkins and other 

indigenous vegetables like Amaranth leaves, moringa oleifera, purslane and sweet potato 

leaves (USDA, 2011). Studies suggest that dietary intake of flavonoid rich foods can have a 

protective effect against human diseases associated with oxidative stress (Sombie et al., 2018).  

The data on flavonoid compounds identified across the 9 soup formulations and a control are 

summarized in Table 4.7. 

Results of the present study revealed that a total of 47 flavonoid compounds belonging to the 

flavones, chalcones, anthocyanins, flavanols, flavanones were detected in the formulation 

variations and a control. Among the variations, formulation 2 with cowpea seeds and pumpkin 

fruits had significantly higher number of flavonoid compounds (42). More of these compounds 

(19) were present in F2 5% samples. The higher number of these compounds could probably 

be due to the presence of cowpea seeds and pumpkin fruits which possess higher amounts of 

flavonoids. Several researchers have reported that cowpea seeds and pumpkin have been 

associated with higher total flavonoid content and are excellent sources of many natural poly-

phenolic flavonoid compounds (Apeah Bah et al., 2017; Khalid & Elharadallou, 2012). 

Among the variations of formulation 1, it appears that the number of compounds decreased 

from 12 to 1 along with an increase in cowpea leaf and pumpkin seed powder. A similar trend 

was also observed for the variations of formulation 2 where the number of compounds detected 

decreased from 19 to 9. However, the variations for formulation 3 with cowpea leaf and 

pumpkin flower followed an opposing trend where the number of compounds increased (6 to 

15 compounds) with addition of cowpea leaf and pumpkin flower. This upward trend could be 

due to the addition of pumpkin flower. According to Gonzalez et al. (2022), volatile organic 

compounds are often associated with plants fragrances especially flowers. 
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About 15 flavonoid compounds were detected in the control sample (where no cowpea and 

pumpkin were added). About 24 flavonoid compounds (24) were detected in variations of 

formulation 1 with cowpea leaf and pumpkin seeds. Among these variations, only 1 compound 

d-Proline, N- methoxycarbonyl, hexadecyl ester was detected in F1 (15%). This is an indication 

that addition of cowpea leaf powder had an effect on the composition of flavonoid compound. 

Giada (2013) reported that excellent antioxidant activity is related to the presence of hydroxyl 

groups and the effectiveness of the flavonoids decreases with the substitution of hydroxyl 

groups for glycosides. 

The findings of this study indicates that different sets of compounds were detected in each of 

the different formulation variations for example, none of the compounds detected in the control 

sample was detected in the F3 variations and none of the compounds detected in Formulation 

3 variations was detected in the control sample. About 23 compounds which were not detected 

in F1 5% samples were also not detected in the F3 variations. These findings also reveal that 6 

of the compounds detected in variations of F3 n-Propyl acetate, IH-Tetrazole-1,5-diamine, 

Propanenitrile, 3-hydroxy-, Methyl Alcohol, S)-Isopropyl lactate were not detected in any other 

formulation. Furthermore, the 14 compounds detected in F1 5% were also not detected in F2 

10% and F2 15%. However, this difference of compounds may be due to the distinguishing 

feature of different powders and quantities in each formulation. Maguipa et al. (2022) also 

noted the individual contribution of each ingredient in each formulation on antioxidant activity. 

However, three compounds 2-Propynenitrile, 3-fluoro-, Methyl glyoxal, 4-(2-Acetoxyphenyl)-

1-ethyl-3-methyl-5-(4-nitrophenyl) pyrazole were dominant in all three formulations F1, F2 

and F3 samples. 

Since there are no studies for both cowpea and pumpkin that have been found to be related to 

these findings, it was not possible to compare this with other published research findings. 

However, Sombie et al. (2018) reported that cowpea seeds alone have a total flavonoid content 

ranging from 0.21 to 1.01 mgQE/100g. The USDA, (2011) also reports a flavonoid content of 

1.63mgQE/100g in raw pumpkin fruit. Therefore, based on the results, it can be concluded that 

the consumption of cowpea and pumpkin could have a significant contribution towards a 

reduction of risks of several chronic diseases due to the presence of flavonoids compounds that 

are known to safeguard body cells from radical-induced oxidative damage. 
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Table 4.7. Classification of some flavonoid compounds identified across soup formulations 

No Name of Compound Type of 

compound 

Classification Retention time (minutes) 

    Control F1-5 F1-10 F1-15 F2-5 F2-10 F2-15 F3-5 F3-10 F3-15 

1 2,4,6-Trimethoxyacetophenone Flavonoid Chalcone 
12.19 - - - 12.18 - - - - - 

2 2-Trifluoromethylbenzoic acid, tridec-2-ynyl ester Not a flavonoid Synthetic compound 
9.10 - 15.282 - - 9.09 - - - - 

3 2-Undecen-4-ol Flavonoid Flavones 
16.18 6.13 - - 16.22 16.15 - - - - 

4 7-Chloro-1,3,4,10-tetrahydro-10-hydroxy-1-[[2-[1-

pyrrolidinyl]ethyl]imino]-3-[3-

(trifluoromethyl)phenyl]-9(2H)-acridinone 

Flavonoid Flavones 

23.27 

9.92 - - - - 6.98 - - - 

5 9H-xanthen-9-ol, 9-(1,1-dimethylethyl)- Not a flavonoid Natural compound 

(Xanthone) 17.71 - - - - 16.44 - - - - 

6 Butanenitrile Not a flavonoid Nitrile compound 
8.50 - 8.36 - 6.72 - - - - - 

7 Carbonic acid, decyl phenyl ester Not a flavonoid Ester compound 
9.95 - - - - 9.92 - - - - 

8 Carbonocyanidic acid, ethyl ester Flavonoid Anthocyanins  
23.33 - 23.92 - 23.32 - - - - - 

9 Cyclopentane, 1,2,3,4,5-pentamethoxy-, 

stereoisomer 

Flavonoid Flavone 

14.98 - - - 14.98 - - - - - 

10 d-Proline, N-methoxycarbonyl-, hexadecyl ester Flavonoid Anthocyanins 
11.18 - - 12.076 11.28 - - - - - 

11 Glutaric acid, hept-2-yl 3-octyl ester Not a flavonoid Ester 
4.98 - - - - 4.01 - - - - 

12 N-Methyl-1-(1,3-benzodioxol-5-yl)-2-butanamine Flavonoid Methylated flavonoid 
7.41 - 6.15 - 7.38 - - - - - 

13 Naphthalene Not a flavonoid Polycyclic aromatic 
hydrocarbon 5.60 - - - 5.61 - - - - - 

14 Pyrrole-2,5-dicarboxylic acid, 4-(2-

diethylamino)ethyl-3-methyl-, 2-ethyl ester 

Flavonoid Anthocyanins 

10.31 - - 5.830 10.41 10.13 - - - - 

15 Tetradonium Bromide Flavonoid Flavonols 
20.27 - 18.29 - 18.24 18.20 - - - - 

16 3-Butene-1,2-diol, 1-(2-furanyl)- Not a flavonoid Simple organic 

compound - - 13.97 - - 2.92 - - - - 

17 Pyridine, 3-phenyl- Not a flavonoid Heterocyclic 

aromatic compound - - 26.98 - - 26.98 - - - - 

18 Pyrrolidine-2-carboxamide, N-heptyl-N-methyl- Not a flavonoid Chemical compound 
- - 16.17 - 2.98 - - - - - 

19 Trifluomeprazine Not a flavonoid Organic compound 
- - 20.94 - - 20.20 - - - - 

20 Xanthene, 9,9-dimethyl- Not a flavonoid Chemical compound 
- - 12.18 - - 12.18 - - - - 

21 Pregnan-20-one, 3-(acetyloxy)-5,6-epoxy-6-methyl-
, cyclic 20-(1,2-ethanediyl acetal), (3β,5β,6β)- 

Not a flavonoid Steroid compound 
- - 8.10 - 6.10 - - - - - 

22 Tetrahydropyran Z-10-dodecenoate Flavonoid Flavanones 
- 7.64 10.23 - 8.19 7.60 7.12 - - - 

23 4-(2-Acetoxyphenyl)-1-ethyl-3-methyl-5-(4-
nitrophenyl)pyrazole 

Flavonoid Flavones 
- 6.43 - 2.80 - 2.69 ND 2.57 - - 
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24 2-(2,4,6-Trinitrophenyl)-3-oxobutanoic acid,ethyl 
ester 

Not a flavonois Synthetic compound 
- 2.92 - - - - ND - - 2.79 

25 3-Methylbutyl N-heptafluorobutyryltryptophanate Not a flavonoid Synthetic compound 
- 18.37 - - - - 29.79 - - - 

26 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-
methyl- 

Flavonoid Flavones 
- 6.57 - - - - 6.52 - - - 

27 5-Hydroxymethylfurfural Not a flavonoid Organic compound 
- 7.77 - - - - 7.65 - - - 

28 Glycolaldehyde dimer Not a flavonoid a oxoaldehyde 
compound - 2.97 - - - - - - - 2.90 

29 Methyl glyoxal Not a flavonoid a oxoaldehyde 

compound - 7.93 - - - - 2.93 2.63 2.70 - 

30 N,N-dimethyl-4-tert-butylamphetamine Not a flavonoid Synthetic compound 
- 29.62 - - 5.12 - - - - - 

31 tert-Butyldimethylsilylamine Not a flavonoid Organosilicon 

compound - 11.35 - - - - - - - 27.33 
32 2-Propynenitrile, 3-fluoro- Not a flavonoid Chemical compound 

- 22.22 - - 17.59 - 11.09 25.70 23.17 6.21 

33 Acetic acid, hydrazide Not a flavonoid Simple organic 

compound - 4.51 - - - - 2.90 - - - 

34 Thioacetic acid Not a flavonoid Simple organic 

compound - 7.96 - - - - - - - 3.00 

35 Chloromelfoquine Not a flavonoid Synthetic compound 
- - - - - 23.32 9.87 - - - 

36 Aminoacethydrazide Not a flavonoid Chemical compound 
- - - - - - 2.62 - - 2.80 

37 Ethanamine, N,N-difluoro- Not a flavonoid Chemical compound 
- - - - - - 2.91 - 2.60 - 

38 Hydrazinecarboxamide Not a flavonoid Chemical compound 
- - - - - - 3.65 - - 2.98 

39 Methylsulphonamide, N-ethyl-N-tetradecyl- Not a flavonoid Organic sulphur 

containing 

compound 

- - - - - - 

27.87 

- 

4.51 

- 

40 Ethanol, 2,2-dichloro- Not a flavonoid Chemical compound 
- - - - - - 11.30 - 2.67 - 

41 2-Benzyl-3-methoxycyclopropanecarboxylic acid, 
methyl ester 

Flavonoid chalcones 
- - - - 5.67 - - - ND 28.83 

42 2-Chloroethanol Not a flavonoid Alcohol compound 
- - - - - - - - 2.74 2.73 

43 (S)-Isopropyl lactate Not a flavonoid ester 
- - - - - - - - 2.71 2.69 

44 Methyl Alcohol Not a flavonoid Simple alcohol 

compound - - - - - - - - 2.85 2.61 

45 Propanenitrile, 3-hydroxy- Not a flavonoid Organic compound 
- - - - - - - 2.89 2.59 2.66 

46 1H-Tetrazole-1,5-diamine Not a flavonoid Organic compounds 
- - - - - - - 2.93 - 2.94 

47 n-Propyl acetate Not a flavonoid Ester 
- - - - - - - 2.78 - 2.614 

 



76 
 

4.5.3. Compounds that were detected only in specific formulations 

Results of compounds that were detected only in specific formulations is presented in Table 

4.8. This study allowed the identification of 177 compounds in three soups formulations. 

Among the 3 formulations (F1, F2 and F3), 16 to 90 compounds were detected in each 

formulation. Of the 3 formulations, the highest number of compounds, 50.8% were identified 

in variations of formulation F1 with cowpea leaf and pumpkin seeds. This formulation presents 

a large variety of volatile compounds with retention time varying from 3.08 min to 26.51 

minutes. Among the variations of Formulation 1, F1 5% 2-Furancarboxylic acid retention was 

the predominant compound that was identified. 

About 45% of the total compounds identified were from variations of formulation 2 with 

cowpea seeds and pumpkin fruit. This was the second highest number of compounds after 

formulation 1 variations and had high retention times also second highest in retention time 2.79 

- 29.47 from formulation 3 variations.  

The compound profile of F3 formulations with cowpea seeds and pumpkin fruit were quite 

similar to each other and show 2 predominant compounds 2-Propanol, 1- and Ethanol. 

Nevertheless, only 26% of compounds were detected in the variations of formulation 3. 

However, this formulation variation had the highest retention time 2.58 minutes to 31.24 

minutes. 

For the control sample, only 16 compounds 1H-Benzimidazole, 2-Diethylamino-N-

naphthalen-1-yl-acetamide, 2-Propynal and others were identified with retention times of 3.33 

minutes to 23.93 minutes. 

However, the large variety of volatile compounds observed is due to the unique soup 

formulations of the present study. Furthermore, the lowest retention time 2.58 minutes was 

identified for Ethane, nitro- amongst the F3 variations and also the highest retention time 31.24 

was also identified amongst the F3 variations for Carbon disulfide. The different retention time 

could be explained by the different chemical composition of each compound. 
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Table 4.8. Compounds that were detected only in specific formulations and their retention times. 

 
Soup mix flavonoids Organic compounds Synthetic 

compounds 

Chemical compounds inorganic 

compounds 

Phenolic 

compounds 

Hydrocarbon 

compound 

Alcohols  

Control  Atropic acid (6.79 

min) 

 

1H-Benzimidazole (9.37 min) 2-Diethylamino-N-naphthalen-

1-yl-acetamide (4.58 min) 

DL-Alanine, N-methyl-N-(byt-3-

yn-1-yloxycarbonyl)-, tetradecyl 

ester (8.88 min) 

- - - - 

 - 2-Propynal (4.64 min) 

 

2-Pyrrolidinone, 5-

(hydroxymethyl)- (23.93 min) 

Heptyl ethylphosphonofluoridate 

(16.81 min) 

- - - - 

 - 3-Piperidinol, 1-ethyl- 

 (4.35 min) 

- - - - - - 

 - Acetone, 1-[4-

(dimethylaminoethoxy) phenyl]-  

(20.95 min) 

- - - - - - 

 - Benzenehexanenitrile, β,β-

dimethyl-ε-oxo- (3.33 min) 

- - - - - - 

 - Benzoic acid, 3-methylbutyl-2 

ester (7.74 min) 

- - - - - - 

 - Benzoic acid, 4-amino-, 4-

acetoxy-2,2,6,6-tetramethyl-1-

piperidinyl ester (24.54 min) 

- - - - - - 

 - Ethanesulfonyl chloride (5.176 

min) 

- - - - - - 

 - Ethyl 2-hydroxybenzyl sulfone 

(9.01 min) 

- - - - - - 

 - N,N-Diethyl-2-aminoethanol, 

tert-butyldimethylsilyl ether 

(7.11 min) 

- - - - - - 

 - Phenylacetic acid, 2-

diethylaminoethyl ester (3.60 

min) 

- - - - - - 

F1(5%) 1,2,3-Propanetriol, 1-

acetate (9.39 min) 

 

2(3H)-Furanone, 5-

hexyldihydro- (5.36 min) 

1-Propanesulfonyl chloride 

(6.34 min) 

 

1H-Imidazole, 1-methyl-5-nitro- 

(10.31 min) 

- 4-Acetoxy-3-

methoxystyrene 

(8.84 min) 

5,7-Dodecadiene, 

(E,Z)- (19.76 min) 

 

- 

 1H-2-Benzopyran-1-

one, 3,4-dihydro-8-

hydroxy-6-methoxy-

3-methyl-, (R)-  

(16.82 min) 

2(4H)-Benzofuranone, 5,6,7,7a-

tetrahydro-4,4,7a-trimethyl-, (R)-  

12.68 min) 

 

Dinocap (24.56 min) 

 

1H-Indene, 1-hexadecyl-2,3-

dihydro- 24.50 min) 

 

- - - - 

 2-Butenoic acid, 3-

methyl-, methyl ester 

(4.56 min) 

2-Diethylamino-N-[4'-

(2-diethylamino-

acetylamino)-3,3'-

dimethoxy-biphenyl-

4-yl]-acetamide (3.62 

min) 

2H-Tetrazole, 2-methyl- (9.95 

min) 

 

Ethyl 2-cyano-3-(4-

methacryloyloxyphenyl)acrylate 

(18.11 min) 

 

5-Ethoxy-3,4-dihydro-2H-

pyrrole-2-carboxylic acid, ethyl 

ester (4.55 min) 

 

- - - - 

 2-

Furancarboxaldehyde, 

5-methyl- (4.15 min) 

4-Hexen-3-one, 5-methyl- (4.60 

min) 

Methyl 2-

[methoxy(methyl)amino]-2-

methylpropanoate  (6.42 min) 

Acetic acid, hydroxy-, propyl 

ester (3.31 min) 

 

- - - - 
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 2-Furancarboxylic 

acid (4.02 min) 

4H-Pyran-4-one, 3,5-dihydroxy-

2-methyl- (7.12 min) 

Phosphoramidous difluoride 

(5.75 min) 

 

Benzeneethanamine, 2-fluoro-

β,3,4-trihydroxy-N-isopropyl- 

(20.19 min)  

- - - - 

 2-Furancarboxylic 

acid, 3-methyl-, 

methyl ester (7.36 

min) 

9-Octadecenamide, (Z)- (21.79 

min) 

 

- Carbonochloridic acid, ethyl 

ester (5.17 min) 

- - - - 

 Orcinyl di-angelate 

(20.00 min) 

 

Fumaric acid, ethyl 3,4,5-

trichlorophenyl ester (13.18 min) 

- Chlorfenapyr (20.04 min)  

 

- - - - 

 - Hexadecanamide (18.19 min)  - Difluoroisothiocyanatophosphine 

(10.02 min) 

- - - - 

 - l-Norvaline, N-ethoxycarbonyl-, 

hexadecyl ester (4.33 min) 

- Furan, 2-(dichloromethyl)-

tetrahydro- (5.09 min) 

- - - - 

 - Methanone, (1-

hydroxycyclohexyl) phenyl- 

(14.96 min) 

- Methylazoxymethanol acetate 

(3.08 min) 

- - - - 

 - n-Hexadecanoic acid (18.06 min) - Monoethanolamine (26.51 min) 

 

- - - - 

 - Oleic acid - N-Dodecylmethylamine (12.06 

min) 

- - - - 

 - Phenethylamine, N-benzyl-p-

chloro- (7.54 min) 

 

- N-[3,3'-Dimethoxy-4'-(2-

piperidin-1-yl-acetylamino)-

biphenyl-4-yl]-2-piperidin-1- yl-

acetamide (21.37 min) 

- - - - 

 - Phytol (19.54 min) 

 

- Phosphonic acid, [1-[(1-

methylethylidene)amino]propyl]-

, bis(trimethylsilyl) ester (12.28 

min)  

- - - - 

 - Pyrimidine, 2,4,5-triamino- 

(10.98 min) 

- β-alanine, N-cyclohexyl-N-[2-(4-

methyl-1-piperidinyl)acetyl]-, 

ethyl ester (5.62 min) 

- - - - 

 - Succinic anhydride (4.73 min) 

 

- β-alanine, N-cyclohexyl-N-[2-(4-

methyl-1-piperidinyl)acetyl]-, 

ethyl ester (5.62 min) 

- - - - 

 - Undecanoic acid, methyl ester 

(17.62 min) 

- DL-7-Azatryptophan (20.66 

min) 

- - - - 

 - Butanoic acid, 2-cyano-3-

methyl-, ethyl ester (5.95 min) 

-  - - - - 

F1(10%) Benzene, 1-methoxy-

4-(methylthio)-  (8.89 

min) 

 

4-Pyrimidinamine, 2,6-difluoro- 

(18.94 min) 

 

1,3-Dioxolane, 2-(1,1-

dimethylethyl)-  (3.45 min) 

 

Alanylalanine, N,N'-dimethyl-N-

ethoxycarbonyl-, dodecyl ester 

(13.26 min) 

 

- - Isobutane (2.64 

min) 

 

- 

 Bis[2-

(cinnamoyloxy)-1-

naphthyl]methane 

(5.44 min) 

Aminoacetic acid, 2-(2-fluoro-

4,5-dimethoxybenzoyl)-, ethyl 

ester (24.64 min) 

 

3,4-Methylenedioxy-N-

ethylamphetamine (6.39 min) 

 

Isophthalic acid, phenylethyl 

undecyl ester (6.59 min) 

 

- - - - 

  Benzeneacetamide, N-methyl-N-

[2-(dimethylamino)ethyl]-2-

ethoxycarbonylamino- (19.96 

min) 

Benzedrex (20.26 min) 

 

N-(2-Isopropoxy-phenyl)-4-

phenoxy-benzamide (16.47 min) 

- - - - 

  Butanenitrile, 4-bromo- (4.30 

min) 

 

α-[2-Piperidyl]-2,6-di-[p-

trifluoromethylphenyl]-4-

pyridinemethanol (23.33 min) 

Oxamide, N-(3-methoxypropyl)-

N'-cycloheptylidenamino- (17.06 

min) 

- - - - 
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  Ethoxycyclohexyldimethylsilane 

(6.13 min) 

- Pheniramine (27.53 min) 

 

    

  Glutaric acid, hept-2-yl 3-hexyl 

ester (4.01 min) 

- - - - - - 

  Thiourea, N,N'-dimethyl- (7.56 

min) 

    - - - - - - 

F1(15%) 5-Methoxy-N,N-

Diisopropyltryptamine 

(6.92 min) 

1,2,4,5-Tetrazine, 3,6-dipropyl- 

(2.74 min) 

 

L-5-Propylthiomethylhydantoin 

(15.49 min) 

 

1-Butanol, 2-methyl-, acetate 

(2.67 min) 

 

- 1,4-Benzenediol, 

mono-tetradecyl 

ether (5.17 min) 

Propene (3.85 min) 

 

- 

  1,4-Dimethyl-1,2,4-triazol-3-

thione-5-one (7.16 min) 

- Alanylalanine, N,N'-dimethyl-N-

ethoxycarbonyl-, hexadecyl ester 

(13.21 min) 

- - - - 

  1-Butanone, 2-chloro-3-methyl-

1-[4-(1-methylethyl)phenyl]-  

(4.34 min) 

- l-Isoleucine, N-

methoxycarbonyl-, pentadecyl 

ester (8.57 min)  

- - - - 

  2H-imidazole-2-thione, 1,3-

dihydro-4-(2-methylpropyl)-  

(8.41 min) 

- l-Norvaline, n-

propargyloxycarbonyl-, heptyl 

ester (8.86 min) 

- - - - 

  3-Buten-2-one, 4-(4-hydroxy-

2,2,6-trimethyl-7-

oxabicyclo[4.1.0]hept-1-yl)-  

(5.19 min) 

- Octylamine, N,N-di(allyl)-  

(12.07 min) 

 

- - - - 

  Ethanone, 1-[1-(4-amino-1,2,5-

oxadiazol-3-yl)-5-methyl-1H-

1,2,3-triazol-4-yl]-2-morpholino- 

(3.03 min) 

- Spiroxamine (9.10 min) 

 

- - - - 

  Pentanamide, 2-

(dimethylamino)-N-[7-

(hydroxyphenylmethyl)-3-(1-

methylethyl)-5,8-dioxo-2-oxa-

6,9-

diazabicyclo[10.2.2]hexadeca-

12,14,15-trien-4-yl]-3-methyl- 

(6.08 min) 

- Undecanoic acid isopropyl ester, 

10-hydroxy-11-morpholin-4-yl- 

(3.17 min) 

 

- - - - 

  Oxalic acid, allyl pentyl ester 

(3.12 min) 

- 1-Piperidin-1-ylpropan-2-yl 

acetate (2.83 min)  

- - - - 

   - Azepan-1-yl-acetic acid, acridin-

9-ylmethylene-hydrazide (4.14 

min) 

- - - - 

   - Benadryl (20.21 min) 

 

- - - - 

F2(5%) 2,3-

Dihydrothieno[3,4-

b][1,4]dioxine-5-

carboxylic acid, 

cyclopropylamide 

(16.40 min) 

(3S,9aR)-3-Butyloctahydro-1H-

pyrrolo[1,2-a]azepine (5.10 min) 

 

- 3-t-Butyl-7a-

dimethylaminomethyltetrahydr-

pyrrolo[1,2-c]oxazol-1-one 

(25.02 min) 

 

- - Benzene, 1,1',1''-[1-

(bromomethyl)-2-

methoxy-1-ethanyl-

2-ylidene]tris- 

(16.52 min) 

 

- 

 - 1,2-Ethanediamine, N,N,N',N'-

tetramethyl- (15.88 min) 

- 9H-Pyrrolo[1,2-a]indol-9-one, 2-

methyl- (27.25 min) 

- - - - 

 - 1,3-Oxathiolane, 2-[[(2-

chloroethyl)thio]methyl]-2-

methyl- 5.23 min) 

- Alanine, N-methyl-N-

neopentyoxycarbonyl-, 

heptadecyl ester (18.96 min) 

- - - - 

 - 1-[2-Pyridyl]-2,2-dimethyl-2-

morpholino ethanol (6.40 min) 

- Anthrone (12.41 min) - - - - 
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 - 3-Pentanamine (20.23 min)  Benzenamine, 4,4'-(1,2-

ethanediyl)bis- (8.68 min) 

- - - - 

 - Benzenesulfonamide, 5-bromo-

2-fluoro-N-(2-pyridin-4-ylethyl)-  

(5.18 min) 

- Betahistine (20.16 min) 

 

- - - - 

 - Bromonitromethane (19.87 min) - l-Norvaline, n-propoxycarbonyl-, 

heptadecyl ester (7.65 min)  

- - - - 

 - Isoquinoline, 1,2,3,4-tetrahydro-

1-[2-nitrobenzyl]-6,7-dimethoxy- 

(23.76 min) 

- Tioconazole (5.73 min) 

 

- - - - 

 - Pentanamide, 2-

(dimethylamino)-4-methyl-N-[2-

methyl-1-

[[3,3a,11,12,13,14,15,15a-

octahydro-12,15-dioxo-13-

(phenylmethyl)-5,8-

ethenopyrrolo[3,2-

b][1,5,8]oxadiazacyclotetradecin-

1(2H)-yl]carbonyl]butyl]  - (4.36 

min) 

- - - - - - 

 - α-Bromo-2,4-difluorotoluene 

(16.36 min) 

- - - - - - 

F2(10%) - 4-Chlorobutanoic anhydride 

(3.61 min) 

 

Benzoic acid, 4-(1-azepan-1-

ylmethyl-2-oxo-1,2-dihydro-

indol-3-ylideneamino)-, ethyl 

ester 7.91 min) 

1,1,1,2,2,3,3-Heptafluoro-3-

(1,2,2,2-

tetrafluoroethoxy)propane (8.17 

min) 

- - Propane, 2,2-

difluoro- (5.57 min) 

 

- 

 - 6-Hepten-2-one, 5,7,7-trichloro- 

(2.81 min) 

 

Dipropargylaminomethyl-9-

phenanthryl ketoxime (8.26 

min) 

1-Aminocyclopentanecarboxylic 

acid, N-methoxycarbonyl-, 

isohexyl ester (6.70 min) 

- - - - 

 - N,N-Dimethyl-3-

butoxypropylamine (20.92 min) 

Sotalol (3.10 min) 

 

 - - - - 

  Propanamide, N-(4-bromo-3-

methylphenyl)- 3-(4-morpholyl)-  

(6.92 min) 

-  - - - - 

F2(15%)

  

- 2,2'-Bithiazolidine (3.14 min) 

 

- 1,2,5-Oxadiazole-3,4-

dicarboxaldehyde, 4-(O-

acetyloxime) 3-oxime, 2-oxide 

(7.82 min) 

Hydroxylamine (3.42 

min) 

- - - 

 - 3-Methyl-1,2-diazirine (8.00 

min)  

 

- 1,2-Ethanediamine, N,N,N',N'-

tetraethyl- (5.44 min) 

 

- - - - 

 - 3-Methyl-2-butenoic acid, tridec-

2-ynyl ester (6.26 min) 

- Carbohydrazide 2.94 min) 

 

- - - - 

 - Propanedioic acid, oxo-, bis(1-

methylethyl) ester 2.99 min) 

 

- Hexafluoroisopropyl acrylate 

(11.21 min) 

 

- - - - 

 - 1,3-Dioxolane, 2-pentadecyl- 

(29.47 min) 

- Oxalic acid, ethyl propyl ester 

(2.79 min) 

- - - - 

 - - - Propane, 1,1'-sulfonylbis- (3.03 

min) 

- - - - 

 - - - Pyrimidine-2,4(1H,3H)-dione, 5-

amino-6-nitroso-3.00 min) 

- - - - 

 - - - Silane 5.38 min) - - - - 

 - - - Thymine (5.61 min) - - - - 
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F3(5%) 2-Hexanol, 3-methyl- 

(2.66 min) 

Methane, dipropoxy- (2.92 min) 

 

- 1-Heptanamine, N,N-diheptyl- 

(25.34 min) 

- - - - 

 4-Penten-2-one (2.76 

min) 

- - 1-[3-(4-Bromophenyl)-2-

thioureido]-1-deoxy-b-d-

glucopyranose 2,3,4,6-

tetraacetate (2.76 min) 

- - - - 

 - - - Argon (2.93 min) - - - - 

 - - - Carbon disulfide (31.24 min) - - - - 

 - - - Diacetyl(methoxyimino)methane 

(3.02 min) 

- - - - 

F3(10%) - Propanoic acid, 2-oxo- (2.98 

min) 

 

Glycine, N-acetyl-N-

(trifluoroacetyl)-, methyl ester 

(3.00 min) 

Hydrazine (2.80 min) 

 

- - - Ethanol (2.72 min) 

 

 - - Pyrrole, 2-(2-naphthyl)-3,5-

diphenyl- (29.40 min) 

 

N8-(3-Chloro-4-fluorophenyl)-

N2-(1-methylpiperidin-4-

yl)pyrimido[5,4-d]pyrimidine-

2,8-diamine (29.49 min) 

- - - Ethanol, 2,2,2-trifluoro- 

(2.63 min) 

 

 - - -  - - - Isopropyl Alcohol (2.66 

min) 

 

F3(15%) - 1,1,1-Tribromopropanone (2.91 

min) 

- 2-Methylpropenoic acid, 

2,2,3,4,4,4-hexafluorobutyl ester 

(30.06 min) 

- - - 1-Octanol, 

2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-

pentadecafluoro- (2.85 min) 

 - Acetic acid, methyl ester (24.89 

min) 

- 2-Propanol, 1-hydrazino- (2.69 

min) 

- - - 1-Propanol (2. 60 min) 

 

 - Ethanethioic acid, S-

[(methylthio)methyl] ester  (2.75 

min) 

- 2-Propanone, 1-hydroxy- (2.94 

min) 

 

- - - 2-Propanol, 1-amino-, (R)-  

(2.71 min) 

 

 - Ethane, nitro- (2.58 min) -  - - - - 
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CHAPTER 5 

CORRELATION OF THE RESULTS USING PRINCIPAL COMPONENT 

ANALYSIS (PCA), CONTRIBUTIONS AND LIMITATIONS OF STUDY 

 

5.1. Correlation of the results using Principal Component Analysis (PCA) 

In order to determine the relationships between soup formulations based on their functional 

properties, viscosity, carbohydrate and crude protein composition, the data was subjected to 

Principal Component Analysis (PCA). Principal Component 1 (PC1) accounted for 44.12% of 

the total variation, while Principal Component 2 (PC2) accounted for 26.84%. Together, these 

principal components explained 70.96% of the total variation, as illustrated in Figure 5.1. 

 

 

Figure 5.1. Biplot of principal components PC1 and PC2 loadings   
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The vectors with acute angles indicate a positive correlation, while those with obtuse or right 

angles suggest no correlation. The soup formulations with similar characteristics were loaded 

closely together, while those with different attributes were placed further apart. Specifically, 

the formulation 1 containing 5% composite mix, Formulation 2 with 5% composite mix, 

Formulation 3 with 10% composite mix, and Formulation 3 with 15% composite mix were 

loaded on PC1. Their characterization was based on high viscosity, solubility index, crude 

protein, water absorption capacity, and rehydration ratio, as detailed in Tables 4.1, 4.3, and 4.4. 

However, viscosity and solubility index exhibited less significant contribution to PC1 loading 

compared to crude protein, water absorption capacity, and rehydration ratio.  

 

The viscosity, solubility index, and water absorption capacity were closely related with 

formulation 1 containing 5% of composite mix and variations of formulations 3 containing 10 

and 15% composite mix. The characterisation of formulation 1 (5%), formulation 3 (10%), and 

formulation 3 (15%) indicates that the rise in crude protein content has significantly enhanced 

the water absorption capacity and solubility of these formulations. As a result, the viscosity of 

these formulations has increased due to the interaction between proteins and water molecules. 

 

Formulation 1 with 15% composite mix, and the soup from Formulation 2 with 10% composite 

mix were loaded on PC2. These formulations were characterized by a high carbohydrate 

content andhigh swelling power as shown in Table 4.4. Formulations with insignificant 

contribution were loaded on PC3, namely Formulation 1 containing 10% composite mix and 

Formulation 3 containing 5% composite mix and were associated with high dispersibility 

(Table 4.1) which had a negatively correlation with swelling power. 

 

5.2. Contributions of study 

In the South African context, no studies have been conducted that shows the importance of 

combining different edible parts of indigenous vegetables in food formulations. In spite of 

several studies having been conducted in various parts of South Africa / globally with respect 

to indigenous leafy vegetables, this is the first study to investigate the physical, functional, 

nutritional value and antioxidant potential of soup made from a combination of cowpea and 

pumpkin. The holistic analysis of the present study added to the existing research by identifying 

the importance of combining different kinds of indigenous vegetables in food formulations. 

Additionally, combining the different edible parts (flowers, seeds, leaves and fruits) of cowpea 

and pumpkin can complement each other from a health perspective, if a part of one vegetable 
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is low in one nutrient it is adequately provided in the other vegetable. The confirmed result of 

this study also contributes to existing strategies to alleviate malnutrition using sustainable 

feeding strategies that require minimal funding and which provides a diverse diet using 

nutritionally dense indigenous leafy vegetables. Cowpea-pumpkin composite soup will also 

contribute as a sustainable strategy towards promoting food security and health in households. 

Producing cowpea-pumpkin soup provides full possibility for the consumption of indigenous 

leafy vegetables like cowpea and pumpkin. 

Another unique aspect of this study became apparent when a preliminary meta-analysis of 

published literature indicated there were currently no reported research findings regarding the 

incorporation and analysis of cowpea and pumpkin in soup formulations. The findings 

contribute not only to the nutritional and health security but also safeguarding indigenous 

knowledge surrounding indigenous leafy vegetables like cowpea and pumpkin. The use of soup 

as opposed to just fortifying maize products is an improvement to food fortification. 

The novel feature of this study of developing three soup formulations (Formulation 1 cowpea 

leaf powder plus pumpkin seed powder; Formulation 2 cowpea seed powder and pumpkin fruit; 

Formulation 3 cowpea leaf powder and pumpkin flower powder) adds to the existing literature 

on complementary foods. The combination of cowpea and pumpkin would provide 

complementary inputs to food products to improve their health and palatability. A combination 

of cowpea seed powder and pumpkin fruit exhibits golden-brown colour and an eye-catching 

appearance which is appealing to consumers. The low viscosity of cowpea-pumpkin is 

desirable in complementary foods due to increase in nutrient and energy densities without 

excessive increase in viscosity. The results of this study also add to the small amount of 

research that report the high solubility of foods which shows high digestibility of the food 

which may indicate excellent use for food. 

The results of this study sought to close the gap between the availability of ILVs and exotic 

vegetables. It will do so by providing insight to policy makers that their policies are not in 

favour of ILVs. Therefore, they will review their policies existing policies on ILVs and raise 

awareness. This will not only increase their availability in the market but will also increase 

opportunities for the uses of ILVs.  The availability of ILVs in the market will help consumers 

remove the negative critics that people hold against these leafy vegetables such as food for the 

old and poor, old-fashioned food and unhygienic since they grow in the wild. 
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Furthermore, development of cowpea-pumpkin soup can contribute immensely to improving 

the food baskets not only in South Africa but the globally. It will bring a renewed interest in 

the benefits of ILVs. Adoption, utilization, and consumption of cowpea-pumpkin soup will be 

a step forward towards combating the protein calorie malnutrition and iron deficiency in the 

parts of the world. 

 

5.3. Limitations 

The COVID 19 pandemic and lockdown restrictionshave significantly impacted the work 

environment. The necessity to prevent the spread of the virus and save lives has resulted in 

restricted access to laboratories, thereby necessitating sensory evaluations to be conducted 

outside of laboratory settings with limited attendance due to gathering restrictions.  As such, 

the viewpoints of all those people who could not evaluate the samples is lacking. The 

questionnaires were formulated in English, which posed a challenge for some respondents who 

were illiterate. In certain instances, the questions had to be translated into Sepedi language to 

facilitate completion, which may have detracted from the interest of some participants. 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

6.1. Conclusions 

.  

The first objective of this study was to assess the effect of cowpea powder and pumpkin powder 

on the functional properties of cowpea-pumpkin composite soup. The results of this study show 

that the water absorption capacity of cowpea and pumpkin is very high. The results of 

formulations 1, 2 and 3 were not significantly different from each other with mean values 

ranging from 185.7 – 263.3. However, increasing the cowpea seeds and pumpkin fruit into the 

mixture also increased the water absorption capacity of the sample. The findings from this 

study also indicate that cowpea and pumpkin have high swelling power and lower solubility 

index. The soup formulations also recorded higher rehydration ratio than the control sample. 

Dispersibility results recorded show that the control sample had the highest dispersibility as 

compared to the formulated mixes. Cowpea seeds and pumpkin fruit had the lowest 

dispersibility (22.7-47.0) compared to cowpea leaf and pumpkin flowers (49.3-56.7) which 

also had mean values lower than cowpea leaf powder and pumpkin seed (57.7-61.3). 

Overall, the results reveal that cowpea and pumpkin have desirable functional properties which 

make them useful in many food systems where they could play functional roles. Furthermore, 

the water absorption of cowpea-pumpkin makes them useful not only for soups but for various 

products that require water retention for their textural integrity. The research will be valuable 

to food industries, researchers, food chemists and nutritionists and policy makers. 

The second objective of this study was to assess the effect of cowpea powder and pumpkin 

powder on the physical properties of cowpea-pumpkin composite soup. The results show that 

the addition of cowpea leaf powder in F1 and F3 samples imparted a dark green colour to the 

soup which was not welcomed while pumpkin gave an attractive golden-brown colour to the 

soup in F2 samples. The intensity of the golden-brown colour Addition of pumpkin influences 

the colour of food because pumpkin contains a lot of B-carotene pigment which provides an 

intense orange yellow colour to food products. 

Based on the results, Cowpea seeds and pumpkin fruit have very high viscosity which also 

increased with the addition of composite mix at different levels. Viscosity of cowpea leaf, 

pumpkin seeds and pumpkin flower was generally lower just like that of the control sample 

which had no cowpea or pumpkin addition. 
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The third objective of this study was to determine the effect of cowpea powder and pumpkin 

powder on the proximate composition of cowpea-pumpkin composite soup. The findings of 

this study showed that cowpea and pumpkin are rich in Proteins, carbohydrates, crude fibre, 

moisture and lower in ash and fat content. The fat content of all formulations ranged from 1.73 

to 3.10 which confirms the fact that Indigenous vegetables are generally low in fat content 

which is desirable considering the growing health-conscious population. The results showed 

that cowpea and pumpkin are high in fibre content and the highest scores were reported for F1 

samples cowpea and pumpkin seed. The results show that cowpea and pumpkin are high in 

protein and this is confirmed by the low mean value (13.3) reported for the control sample 

which had no cowpea or pumpkin as compared to the other formulations made from cowpea 

and pumpkin with mean values ranging from 22.33 to 28.33. The carbohydrate content of 

cowpea and pumpkin was significantly high in all formulations ranging from 44.6 to 58.0 even 

though they were lower than that of the control sample. The results indicate that the ash content 

in ILVs is generally very low as the mean values reported for all formulations were not 

significantly different ranging from 0.35 to 0.55. Low moisture content was reported for all 

formulations ranging from 7.81 -9.74 and this testifies that cowpea and pumpkin have a better 

shelf life and reduced microbial spoilage. 

The results obtained in this study support the fact that cowpea and pumpkin have good 

physicochemical properties which could be exploited for nutrition and food formulation. 

Furthermore, the present study has revealed that cowpea and pumpkin are valuable and 

excellent sources of protein which is cheaper than animal protein for rural and urban poor 

people. The study has also established that development of high nutritious products such as 

cowpea-pumpkin composite soup could significantly contribute towards alleviation of 

malnutrition and related health conditions for millions of people in the world. Moreover, soup 

production provides a full possibility for the consumption of Indigenous vegetables like 

cowpea and pumpkin. They have a high nutritive value are excellent sources of Protein and 

could significantly contribute towards alleviation of malnutrition and related health conditions. 

The fourth objective of this study was to evaluate the effect of cowpea powder and pumpkin 

powder on consumer acceptability of cowpea-pumpkin composite soup. The results of the 

study revealed that the texture and dark green colour of dried cowpea leaves was not welcomed 

by many hence F3 samples (cowpea leaf and pumpkin flowers) had the lowest mean values in 

all attributes and overall acceptability. High acceptability was noted for control sample which 
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did not have any addition of cowpea or pumpkin. However, comparing the three formulations 

from cowpea and pumpkin, Formulation 1 (cowpea leaves and pumpkin seed) and Formulation 

2 (pumpkin fruit and cowpea seeds) scored high mean values in terms of appearance, aroma, 

taste mouthfeel and overall acceptability. 

The results reported in this study confirm that cowpea and pumpkin are very important 

vegetables which can be highly accepted in people’s diets. It is also clearly observed that 

pumpkin powder could be successfully added to soup preparations to function as a natural 

nutrient source with remarkable health benefits and increasing consumer acceptance. The 

evaluation method used in this study has merit following from its relevance to panellists, the 

relaxed panellists contributed to improved analysis and accuracy of the results.    

The last objective of this study was to evaluate the effect of cowpea powder and pumpkin 

powder on total phenolic content, antioxidant activity and total flavonoids of cowpea-pumpkin 

composite soup. Results indicated that formulations 2 and 3 possess the highest TCP levels 

ranging from 0.5 - 0.63 while formulation 1 had the lowest TCP content 0.25-0.32. 

Furthermore, it was also noted that Formulation 2 and 3 had also higher amounts of flavonoid 

compounds 28 to 42 while formulation 1 was the lowest with 24. The obtained results may 

however not be surprising because according to literature cowpea seeds and pumpkin flower 

and fruit are excellent sources of dietary phenolics the main cause for health promotion and 

antioxidant properties. Basing on these results it can be concluded that the consumption of 

cowpea and pumpkin is vital for a decline in several chronic diseases due to the presence of 

flavonoid compounds that safeguard body cells from radical-produced oxidative damage. 

Overall, this study provides high-value information on the characteristics of pumpkin and 

cowpea powders for application in the food industry. The results reveal that Pumpkin and 

cowpea are amongst the important, nutritious and medicinal vegetables which can be consumed 

to cure different ailments. The study indicates that both cowpea and pumpkin are good sources 

of antioxidants which could be due to the presence of polyphenol compounds. Thus, they could 

be utilised as a source of supplement or further exploited for value addition as they are rich in 

nutrients and antioxidant components. 

The results reported in this study confirm that cowpea and pumpkin are very important 

vegetables in people’s diets because they have high protein and carbohydrate content which 

makes them suitable for addressing protein-energy malnutrition as well as in food product 

formulations. It can be concluded that pumpkin and cowpea can be successfully used as 
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functional and nutritionally valuable food ingredients. The use of products made from ILV 

such as a soup, as opposed to just fortifying starch-based staple products, improves fortification 

as a way to combat malnutrition.  Thus, consumption of indigenous vegetables can play a 

pivotal role in mitigating the stress of malnutrition and help people meet their recommended 

daily nutrient requirement. There is evidence from this study conducted in South Africa that 

indigenous vegetables can contribute significantly to a nutritionally balanced diet by 

complementing less nutritious staple foods and thereby meeting the recommended daily 

nutrient intake of consumers of a staple diet. Development of cowpea-pumpkin soup provides 

a full possibility for the consumption of cowpea and pumpkin. 

 

6.2. Recommendations 

Although this research has brought into light some significant results, the study suggests the 

following recommendations: 

o Based on the results of this study it is recommended that cowpea-pumpkin could be 

highly valuable in terms of their high fibre content when producing new food products 

for people who need fibre in their diet. 

o Further investigation is required to develop baby food products incorporating cowpea-

pumpkin which are high in protein to help ease the problem of malnutrition among 

children. 

o Limited comparability is another issue hence repeated experiments are required over 

several seasons, regions and sites to strengthen the validity of the results. 

o The present study is a South African study and locally grown cowpea and pumpkin 

might show themselves to have a unique proximate composition and so unique benefits. 

o Rivers particularly in Limpopo may be polluted with heavy metals from mining 

activities more studies are required to determine heavy metal content of ILVs and 

specifically cowpea and pumpkin. 

o Further studies are required to determine other important attributes like the shelf life 

which were not considered in this study which also play a pivotal role in product 

development.  

o Further nutritional profiling of cowpea-pumpkin soup is needed to determine the 

vitamin and amino acid content. 
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o To boost the utilisation of cowpea and pumpkin, recipes can be developed and 

introduced in popular eating places school feeding programmes and government 

institutions like prisons and hospitals. 

o Based on the results of sensory evaluation, improving the appearance and taste of F3 

soup is very important. 

o There is need for in depth participatory studies on the indigenous knowledge systems 

about ILVs as well as on the current importance of cowpea-pumpkin in the household 

economy. 

o More information is required on commercial processing of food products using various 

parts of cowpea and pumpkin plants. 

o Research and policy intervention as well as extension workers need to educate people 

about the importance of Indigenous vegetables like cowpea and pumpkin and the 

edibility of parts like flowers and seeds and the nutritional benefits attached to them. 

o There is need to promote the consumption of ILVs through awareness and campaigns. 

o HIV positive people and other sick people should be encouraged to consume ILVs more 

so that their immune system can be strengthened.  

o Cowpea-pumpkin seeds, fruits, leaves and flowers can be converted into extracts which 

become more concentrated source of nutrients and can be utilised in medicines and 

novel food products. 

o Phytochemicals and proteins present in cowpea-pumpkin constituent parts can be 

extracted to develop safe and novel antioxidant and microbial drugs. 

o After approval from scientific communities, cowpea-pumpkin based nutraceuticals and 

cosmetics can be commercially marketed for the well-being of humans.  
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Appendix 2: Permission Letter 

 

 

Department of Life and Consumer Sciences                                                                          

University of South Africa                                                                                                            

Private Bag X6 

Florida, 1710 

 

3 September 2021 

 

Mr NW Phala                                                                                                                                    

Municipal Manager                                                                                                             

Greater Tubatse Municipality 

Dear Madam 

PERMISSION TO CONDUCT A RESEACH IN THE GREATER TUBATSE LOCAL 

MUNICIPALITY  

My name is Nyarai Mungofa and I am a PhD student in the Department of Life and Consumer Science 

at the University of South Africa. The title of my research is “The Potential of using vigna unguiculata 

and cucurbita maxima as complementary food ingredients”.  

I hereby seek your consent to conduct a research in Greater Tubatse Local Municipality. The research 

study involves consumer acceptability of prepared soup formulations from cowpea and pumpkin. For 

further reference, I have provided you with a copy of my research proposal which includes a consent 

form and questionnaire to be used in the research process as well as a copy of the approval letter from 

the Ethics Committee of UNISA. 

For more details on this project, you can contact my supervisor Dr D Beswa via Tel: 011 559 6000 

and email: beswad@uj.ac.za. 

Your consideration in this regard will be greatly appreciated. 

 

Yours faithfully 

 

………………………… 

Nyarai Mungofa (Researcher) 
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Appendix 3: CONSENT FORM  

 

Title of research project: The potential ofVignaunguiculataandCucurbitamaxima as 

complementary food ingredients 

 

Dear Mr/Mrs/Miss/Ms_________________________ Date....…/..…..../20...... 

 

NATURE AND PURPOSE OF THE STUDY 

Thank you for agreeing to participate in this important research study aimed at investigating 

the potential of using cowpea (Vigna unguiculata) and pumpkin (Cucurbita maxima) as 

complementary food ingredients. 

The findings of this study will encourage utilization of locally available crops as strategies 

towards improving livelihood of consumers in low-income populations. 

 

RESEARCH PROCESS  

Three soup formulations and a control will be developed. Experiments will be done to 

determine the physical properties, functional properties, nutritional composition, total phenolic 

content and antioxidant potential of cowpea and pumpkin. A panel of untrained consumers of 

soup will then be recruited to rate the hot soup samples in terms of visual appearance, odour, 

texture, taste and overall acceptability using a 9-point Hedonic scale. Data will then be 

analysed. 

 

CONFIDENTIALITY 

Your ratings and assessments of any of the research instruments as well as your opinions are 

viewed as strictly confidential, and only members of the research team will have access to the 

information. 

No data published in thesis and journals will contain any information by means of which you 

may be identified. Your anonymity is therefore ensured. 
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WITHDRAWAL CLAUSE 

I understand that I may withdraw from the study at any time. I therefore participate voluntarily 

until such time as I request otherwise. 

 

POTENTIAL BENEFITS OF THE STUDY  

The findings of this investigation will unpack the potential of cowpea and pumpkin in 

addressing malnutrition and promoting food security in rural households. The findings will also 

raise awareness and understanding of the nutritional value and medicinal benefits of cowpea 

and pumpkin and their significant role in reducing micronutrient deficiency thereby changing 

people’s attitude towards these vegetables. Appropriate recommendations will be made to the 

relevant authorities for possible intervention. 

 

INFORMATION (contact information of your supervisor) 

If there is any question concerning this study contact Dr D Beswa, 011 471 2274, Department 

of Life and Consumer Sciences, UNISA.  

 

CONSENT 

I, the undersigned, ……………………………………………………………….… (full name) 

have read the above information relating to the project and have also heard the verbal version, 

and declare that I understand it.  I have been afforded the opportunity to discuss relevant aspects 

of the project with the project leader, and hereby declare that I agree voluntarily to participate 

in the project.   

I indemnify the university and any employee or student of the university against any liability 

that I may incur during the course of the project. 

I further undertake to make no claim against the university in respect of damages to my person 

or reputation that may be incurred as a result of the project/trial or through the fault of other 

participants, unless resulting from negligence on the part of the university, its employees or 

students.  
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I have received a signed copy of this consent form. 

 

Signature of participant:  ........................................................................... 

 

Signed at ………………………………….…… on ………………………… 

WITNESSES 

1. ................................................................................................................ 

 

2. ................................................................................................................. 

 

Will you need feedback on the outcome of this study? If so, please provide your email address: 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………… 
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Appendix 4: Questionnaire 
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