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ABSTRACT 

Incorporating D.praehensilis into cassava gari could improve the nutritional 

profile of cassava-yam composite gari. This study investigated the effects of 

yam quantity (X1), fermentation duration (X2), and roasting temperature (X3) 

on the physico-nutritional qualities of the cassava-yam composite gari and 

then evaluated the effects of packaging materials and storage conditions on the 

quality attributes. A three-factor three-level response surface methodology 

(RSM) was used for the optimisation study while the storage study was done 

using 3
2
×3 factorial. Interestingly, an increase in yam quantity, fermentation 

duration, and roasting temperature resulted in a significant increase in the 

beta-carotene content. The iron and zinc contents of the cassava-yam 

composite gari increased significantly when the yam quantity was increased. 

Swelling capacity was reduced by yam quantity however, the roasting 

temperature increased the swelling capacity significantly to 3.40. Yam 

quantity reduced the flavour, taste, texture, and overall acceptability but was 

positively influenced by fermentation. Roasting temperature affected the 

brownness more than the other processing variables. All sensory attributes, 

L*, beta carotene, and swelling capacity were reduced under all packaging 

materials and storage conditions. However, the reduction was significantly 

higher under polyethylene (PE) packaging material at 32.22 ± 3.34⁰C. The 

brownness (a*) increased in PE, polyethylene/ polyethylene terephthalate 

(PE/PET), and polyethylene/polyethylene terephthalate/aluminium (PE/PET/ 

AL) packaging materials but the increase was significantly higher in PE under 

open market (OM) condition at 32.22 ± 3.34⁰C. PE/PET and PE/PET/AL 

provided a strong barrier property against temperature (32.22 ± 3.34⁰C). 

Considering fixed and variable costs, producing a tonne of the optimised gari 

yielded profit. 
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CHAPTER ONE 

INTRODUCTION 

Background to the Study 

Yam is a root crop that is predominantly consumed by indigenes of 

sub-Saharan Africa (Adebowale et al., 2018; Faustina Dufie et al., 2013; Leng 

et al., 2019; Okeke & Oluka, 2019)  and some Asian countries. Numerous yam 

cultivars that are edible cannot be consumed in their raw form because they 

are bitter, itchy, and contain toxic constituents (Adebowale et al., 2018). 

Because of this, yams are cooked chiefly by boiling, frying, and steaming 

(Gong et al., 2021; Maziya-Dixon et al., 2017; Obidiegwu et al., 2020; Tortoe 

et al., 2017). Additionally, yam varieties grown in Ghana for their economic 

value are white yam (Dioscorea rotundata), water yam (D. alata), bitter yam 

(D. dumetorum), Chinese yam (D. esculenta) and yellow yam (D. cayenensis) 

(Adebowale et al., 2018; Ferraro et al., 2016; Otegbayo et al., 2018; Padhan & 

Panda, 2020; Tortoe et al., 2017) whereas underutilised varieties such as D. 

praehensilis (bush yam) also exist. 

Bush yam is one of the popular wild yam cultivars which is noted to 

potentially contribute to reducing food security and poverty in Sub-Saharan 

Africa. Bush yam tubers are normally about 60 centimetres long, with mostly 

white flesh stained with yellow and an unpleasant violet layer below the 

epidermis (Adewumi et al., 2021).  Bush yam is underutilized partly due to 

high flesh enzymatic browning and postharvest losses (Adewumi et al., 2021). 

In addition, the rate of enzymatic browning in bush yam is higher as compared 

to other yam varieties. Consequently, bush yam is usually not patronised 

making it difficult to exploit its nutritional benefits. Interestingly, bush yam 
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contains rich sources of micronutrients such as zinc (5.40±77mg/100g) and 

iron (9.00±00mg/100g) (Polycarp et al., 2012) which can enhance the 

nutritional value of food products. 

Unfortunately, micronutrient deficiency is an issue of public concern in 

Sub-Saharan Africa and other African countries, with women, pregnant 

women, and children being particularly affected. This is a result of the 

consumption of diets lacking essential minerals (Desire et al., 2021; Maziya-

Dixon et al., 2017). One such micronutrient deficiency is vitamin A 

deficiency. Vitamin A deficiency is regarded to be among the most common 

nutrient deficiencies worldwide, mainly impacting children in underdeveloped 

countries such as Ghana. Vitamin A deficiency affects around 30% of children 

under the age of five globally, accounting for 2% of all deaths in this age 

range (Timoneda et al., 2018; Wirth et al., 2017).  

Similar to vitamin A deficiency are iron and zinc deficiency. Given 

that iron and zinc play significant roles in several metabolic pathways, a lack 

of these micronutrients has a deleterious impact on several physiological 

systems, including the gastrointestinal tract, central nervous system, 

immunological, skeletal, and reproductive systems. Iron deficiency affects 

42% of children under the age of five and 40% of pregnant women globally 

are anaemic (Demini & Rajagopalan, 2023) whilst zinc deficiency can lead to 

stunted growth, loss of appetite, late wound healing, and late sexual growth 

(Gharibzahedi & Jafari, 2017).  

To overcome micronutrient deficiency-related ailments, food-to-food 

fortification employing underused species high in micronutrients is becoming 

sustainable since it encourages independence and opens up food markets for 
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food produced locally (Desire et al., 2021). Teye et al. (2020) reported that 

underutilized crops have the potential to reduce undernourishment and the 

devastating impacts of hidden hunger owing to their rich sources of 

micronutrients. One such food-to-food initiative intended to fortify gari is the 

orange-fleshed sweet potato (OFSP) fortified gari  (Abano et al., 2020). 

Additionally, the influence of food-to-food fortification on iron and zinc 

deficiency reduction has not been fully studied in Ghana. It is against this 

backdrop that this research sought to incorporate bush yam into a ready-to-eat 

staple, gari which invariably is deficient in iron and zinc.    

Fortunately, there has been an improvement in research related to yam 

food product development (Leng et al., 2019a). For example, yam was used as 

a composite for bread (Amandikwa et al., 2015; Chinma et al., 2020), cookies 

(Christiana & Nkemakonam, 2018; Igbabul et al., 2015), and yam-fortified 

yoghurt (Siddiqui et al., 2022). However, little research effort has been made 

to incorporate some proportions of bush yam into gari with the motive of 

improving its nutritional quality. 

Gari is an essential food commodity prepared and consumed by people 

in Western Africa, especially Nigeria and Ghana. (Abano et al., 2020; Akinoso 

& Olatunde, 2014; and Atuna et al., 2021). Its convenience and ready-to-eat 

nature have improved sales to school children, the poor, and the busy in the 

community (Abano et al., 2020; Atuna et al., 2021). Gari is mainly produced 

from cassava which can be eaten with water, milk, and sugar as soakings or 

with hot/cold water to produce ‗eba‘ (Abano et al., 2020; Atuna et al., 2021). 

Gari preparation involves cassava root peeling, washing, grating, 

dewatering/fermentation, screening, and roasting of fermented cassava mash 
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(Adinsi et al., 2019; Akinoso & Olatunde, 2014; Escobar et al., 2018; Kehinde 

AT, 2013; Oyeyinka et al., 2019). Fermentation followed by roasting helps to 

develop the gari‘s taste, flavour, and colour (Abano et al., 2020). Cassava 

dough for gari processing is normally allowed to ferment for a maximum of 

four days depending on the cassava cultivar and taste preference of the people 

(Abano et al., 2020). Whereas the roasting causes the gari to gelatinize, dry 

out, and become crispy. 

 

In view of this, this study aims to examine how proportionate quantity 

of yam (YQ) mash, fermentation duration (FD), roasting temperature (RT), 

packaging materials, and storage conditions affect the physico-nutritional 

qualities and storage stability of cassava-yam composite gari. 

Problem Statement 

Micronutrient deficiency is a public health concern in countries in Sub-

Saharan Africa and other African countries with pregnant women and children 

severely affected (Desire et al., 2021; Harrison et al., 2022; Maziya-Dixon et 

al., 2017). This is because many people in our part of the world are exposed to 

unhealthy diets lacking important minerals including iron and zinc (Desire et 

al., 2021; Okwuonu et al., 2021). Boateng et al. (2019) and Greffeuille et al. 

(2023) reported that in Ghana, children below age five are malnourished with 

differing degrees of anaemia. Studies suggest that eighty-nine percent of 

anaemic cases in 2013 affected eleven million Ghanaians with iron and other 

essential nutrient deficiency cited as the fundamental causes. In addition, iron 

deficiency accounts for about forty-five percent of children of school-going 

age, and a zinc deficiency of six to ten percent (Wegmüller et al., 2020).  
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To overcome micronutrient deficits, the Ghanaian government has 

created compulsory fortification of wheat flour with 58.5 mg/kg of iron and 

58.5 mg/kg of zinc. However, studies show that just twenty-three percent of 

flour samples were sufficiently fortified (Wegmüller et al., 2020).  

Bush yam (D. praehensilis) which is underutilized is dense in some 

micronutrients (Zn and iron) (Polycarp et al., 2012) and remains highly 

perishable and liable to decay in storage. D. praehensilis is underutilized 

partly due to high flesh enzymatic browning and postharvest losses (Adewumi 

et al., 2021b). 

Yam-related food product development has made a profound 

improvement in research (Leng et al., 2019). However, there is no formulation 

with bush yam to prepare gari. This study therefore seeks to improve the 

utilisation of bush yam (D. praehensilis) and also incorporate iron and zinc 

into gari using bush yam. 

Moreover, previous studies examined the effects of storage on the 

quality of gari. Oluwamukomi & Adeyemi (2015) examined the effects of 

storage and packaging on the quality of protein-fortified gari and found that 

the amount of browning and free fatty acid increased under temperature and 

high-density polyethylene (HDPE) packaging material. However, these studies 

focused on a single packaging material. A detailed study on the effects of 

different packaging materials and storage conditions is scanty. 
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Justification 

Gari is a ready-to-eat food prepared chiefly from cassava roots 

(Oyeyinka et al., 2019). Studies show the possibility of incorporating root 

tuber crops in gari processing. Abano et al. (2020) and Atuna et al. (2021) 

substituted up to 30% of cassava mash with orange-fleshed sweet potato mash 

for gari production and found that there were differences in sensory attributes 

of the orange-fleshed sweet potato gari with improved vitamin A content from 

the whole cassava gari. In addition, Amandikwa et al. (2015) examined the 

sensory properties of wheat-yam flour and found that enhancing wheat flour 

for bread with 25% yam flour was statistically similar to whole wheat bread. 

Furthermore, Leng et al. (2019) investigated the nutritional potential of yam 

flour blended with carrot and groundnut paste and reported that the flour 

blends met the established requirements for micronutrients. 

Meanwhile, bush yam (D. praehensilis) remains underutilized with 

rich micronutrients such as zinc (5.40±77mg/100g) and iron 

(9.00±00mg/100g) which can be incorporated into gari to improve its 

nutritional quality. This proves that incorporating bush yam mash into cassava 

dough will yield gari of sensory qualities similar to OFSP-cassava gari but 

with improved nutritional characteristics. 
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General Objectives 

       This research aims to examine the effects of the proportionate quantity 

of yam (YQ) mash, fermentation duration (FD), roasting temperature (RT), 

packaging materials, and storage conditions on the physicochemical and 

sensory attributes of cassava-yam composite gari. 

Specific Objectives 

1. To examine the effects of yam quantity (YQ), fermentation duration 

(FD), and roasting temperature (RT) on the functional (swelling 

capacity), sensory (colour, flavour, taste, texture, and overall 

acceptability), and nutritional (beta carotene, iron, and zinc) qualities 

of cassava-yam gari. 

2. To investigate the effects of packaging materials and storage 

conditions of the optimized gari on its shelf stability. 

3. To assess the techno-economic viability of producing 1000kg of the 

optimized gari. 

Research Questions 

This study seeks to address the following major concerns: 

1. What are the effects of the processing variables, yam quantity (YQ), 

fermentation duration (FD), and roasting temperature (RT) on the 

nutritional (vitamin A, zinc, and iron) and sensory (appearance, 

flavour, taste, texture, overall acceptability, colour) qualities of the 

cassava-yam composite gari? 

2. How do the packaging materials and storage conditions influence the 

shelf stability of the optimized gari? 
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3. What will be the techno-economic viability of producing a tonne of the 

optimized gari? 

Delimitations 

Numerous varieties of cassava and bush yam exist; nevertheless, in this 

research, afisiafi cassava variety and D.praehensilis will be utilised owing to 

their availability. 

Limitations 

The petroleum ether utilised in this research could not be separated 

from the ethanol containing the beta carotene though the exact amount as 

enshrined in the protocol was used.  

Organisation of the Study 

This research comprises five chapters. Chapter one focused on the 

research background, problem statement, justification, research objectives, 

research questions, delimitations, limitations, and how the research was 

organised. In the second chapter, studies that have connections with this 

research including minerals (iron and zinc), beta carotene, cassava, yam, and 

gari were referenced. The methodology employed in this study, theories and 

concepts underlying these methods, the rationale behind the application of the 

methods, and data analysis procedures were itemized in chapter three. Chapter 

four covers the research results and their discussions. Chapter five concludes 

the research based on the research results, inferences for practical application, 

and recommendations for further study. 
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CHAPTER TWO 

LITERATURE REVIEW 

Yam 

Origin and Cultivation of Yam 

Yams is a member of the family Dioscoreaceae and genus Dioscorea 

(Shan et al., 2020). It has been determined that yams originated mostly in Sub-

Saharan Africa, Southeast Asia, and the arid regions of America (Andres et al., 

2016; Otoo, 2017; Zhu, 2015). 95% of the total world production occurs in 

West Africa with Nigeria, Ghana, Cote d‘Ivoire, Benin, and Togo being the 

region‘s largest producers representing over sixty million metric tonnes, thus, 

providing a source of livelihood for over 3000000 people (Adewumi et al., 

2021b; Baffour-Ata et al., 2023; Otoo, 2017; Polycarp et al., 2012). There are 

more than six-hundred yam varieties and of these, ten are staples.  Those 

commonly grown are white yam (D. rotundata), water yam (D. alata), bitter 

yam (D. dumetorum), Chinese yam (D. opposita), and yellow yam (D. 

cayenensis), cush-cush yam (D. Trifida),  (Adebowale et al., 2018d; Ngwe et 

al., 2015; Otegbayo et al., 2018; Otoo, 2017; Padhan, Biswas, et al., 2020; 

Zhu, 2015). Yam varies in shape (long and cylindrical) and colour (yellow, 

purple, and white) (Andres et al., 2016; Arnau et al., 2017; Obidiegwu et al., 

2020; Tortoe et al., 2020; Zhu, 2015). Yams are drought-resistant crops that 

thrive on poor soils (Tanko & Alidu, 2017).  

In Ghana, yam is grown within the Sudan Savannah and forest zones, 

but Dioscorea rotundata (pona) grows well in the Guinea Savannah zone. The 

forest zone is the primary habitat for Dioscorea alata, Dioscorea cayenensis, 

Dioscorea dumentorum, and Dioscorea praehensilis (Anokye et al., 2014).  
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Similarly, yams are grown across Ghana, except for the Upper East and 

Greater Accra regions. Brong-ahafo and northern regions are the largest 

producers of yam, thus, producing 1,337,701MT for the 2009 production year 

(Kofi Chikpah et al., 2013). Remarkably, a total production of five million 

eight-hundred and fifty-five thousand, one hundred and thirty-eight metric 

tonnes with twenty-seven thousand metric tonnes for export in 2011 was 

recorded (Tortoe et al., 2020). However, production of yam suffers from low 

yields and productivity due to environmental challenges like drought, pests, 

diseases (Banson & Danso, 2013), scarcity of high-quality yam seed (Boadu et 

al., 2018), cost of labour, and high cost of inputs (Baffour-Ata et al., 2023). 

In the West African Sub-region, Ghana comes second to Nigeria in 

terms of world production, with a production capacity of six point three 

million tonnes in 2011 (Baffour-Ata et al., 2023). However, Ghana exports the 

largest quantity of yam into the international market (Boadu et al., 2018; Felix 

et al., 2020, 2020; Wumbei et al., 2023) with exportations amount rising from 

thirty-two point five nine, nine million US dollars in 2017 to thirty-seven point 

nine eight six US Dollars in 2018 (Baffour-Ata et al., 2023). 

Food Uses of Yam 

Compared to other tuber crops, yam is the second most frequently 

eaten tuber crop and serves as food for people in the Western part of Africa, 

South America, Asia, and the Caribbean (Andres et al., 2016; Arnau et al., 

2017; Obidiegwu et al., 2020; Zhu, 2015). Yams are cooked chiefly by 

boiling, frying, and steaming (Gong et al., 2021; Maziya-Dixon et al., 2017; 

Obidiegwu et al., 2020; Tortoe et al., 2017). Similarly, yam can be boiled and 
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eaten with sauces, mashed/pounded into fufu, and fried into yam chips 

(Amandikwa et al., 2015; Tortoe et al., 2017). 

In addition, yams are used as composites in many food products 

mainly composite flours as a means of enhancing their utilization (Kokoh et 

al., 2019), boosting the nutritional composition (Leng et al., 2019), and 

promoting high-yielding native species, strengthening domestic agriculture, 

and helps rural development (M.O. Iwe1 et al., 2016). For instance, yam was 

utilized as composite for bread (Amandikwa et al., 2015; Chinma et al., 2020; 

Q. M. Li et al., 2020; Mingle et al., 2017; Tamaroh & Sudrajat, 2021), cookies 

(Igbabul et al., 2015), yam-based complementary food (Padhan, Biswas, et al., 

2020), and biscuits (Annisa et al., 2023; Nwosu, 2014; Omolayo Fasuan et al., 

2017). M.O. Iwe1 et al. (2016) reported that composite flour is a mixture of 

flour from starchy roots and cereals either containing or lacking wheat. 

Ultimately, tuber-based formulated foods have a nutritional benefit over 

cereal-based formulations due to their low phytate content (Leng et al., 2019). 

In Ghana, yams are an important food staple for both rural and urban 

populations' food budgets. On average, 25% of the food expenditure of urban 

households is expended on yam-based foods (Ayantunde et al., 2019; Wumbei 

et al., 2023). 

A newly harvested yam tuber comprises seventy 20% water, 25% 

starch, 1.2% protein, and trace amounts of vitamins (Obidiegwu & Akpabio, 

2017). Moreover, yam peels are high in micronutrients and can be used in the 

daily diet of animals (Karya Kate Nanbol & Otsanjugu Aku Timothy Namo, 

2019; SHAN et al., 2020). They also offer certain beneficial nutrients 

including protein and micronutrients (Amandikwa et al., 2015; M. O. & O. O., 
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2015; Obidiegwu & Akpabio, 2017) thereby contributing significantly to food 

security and the livelihoods of sixty million people (Karya Kate Nanbol & 

Otsanjugu Aku Timothy Namo, 2019).  

Furtherance to the nutritional value of yams, they have some industrial 

properties such as starch similar to that extracted from cereals. Amoo. (2014) 

reported that starch is an essential raw material for industries such as textiles, 

paper, adhesives, pharmaceuticals, and food. Starch isolated from different 

varieties was reported to expand the shelf life of fruits (Martins da Costa et al., 

2020).  

Despite the nutritional and industrial importance of yam, it has 

numerous cultural, religious, and social values that may differ regionally 

(Verter & Becvarova, 2014).  Obidiegwu & Akpabio (2017) posited that yam 

ownership and production are primarily associated with gender and class, 

emphasizing "male achievement" and "social prestige." Among the Nigerian 

Igbos, yam is the most popular food, and it has a role in social activities such 

as marriage, burial, and other traditional rites and customs. Similarly, certain 

households use it at weddings and fertility ceremonies (Verter & Bečvářová, 

2015). Cultivating yam is a demanding procedure that emphasizes its 

importance as a social, economic, and cultural crop, as well as a sign of social 

rank and authority (Obidiegwu & Akpabio, 2017). 

Nutritional and Functional Properties of Yam 

Yam contains vitamin B6, vitamin E, manganese, potassium, and 

diosgenin which has anti-cancer effects (Tortoe et al., 2020). Apart from the 

importance of yam as food, yam contains anthocyanins, steroidal saponins, 

and polyphenols, which regulate blood sugar levels and neural functions, 
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prevent heart ailments and build-up of cancer cells (Adebowale et al., 2018; 

Adomėnienė & Venskutonis, 2022; Gong et al., 2021; Otegbayo et al., 2018; 

Padhan, Nayak, et al., 2020; Padhan & Panda, 2020).  

Moreover, several studies have enumerated the therapeutic, anti-

microbial, antimutagenic, and hypoglycaemic potential of species of 

Dioscorea. Obidiegwu et al. (2020) posited that yam has a considerable 

number of bioactive compounds including; flavonoids, tannins, saponins, 

phenols, and alkaloids. In addition, yam contains peptides and proteins that 

perform pharmacological functions such as antioxidant, immunomodulatory, 

estrogenic, trypsin inhibiting, and anti-proliferative functions (Obidiegwu et 

al.,2020).  

Similarly, Shan et al. (2020) stated that the health benefits of yam 

tubers are linked to the presence of bioactive components namely; allantoin 

and steroidal saponins. Allantoin acts as an anti-irritant, anaesthetic, analgesic, 

and antibacterial component. In addition, Zhang et al. (2014) posited that 

Chinese yam contains allantoin which enhances wound healing, cell division, 

health, and longevity. 

Padhan & Panda (2020) reported that the isolates of D. bulbifera and 

D. alata possess antifungal effects on Botryodiploidia theobromae and the 

antifungal effects of D. Pentaphylla on Staphylococcus aureus, Pseudomonas 

aeruginosa, and Streptococcus mutans. Dutta & Barnali Dutta (2015) reported 

the consumption of D. esculenta for weight gain and powder of D. pentaphylla 

for curing abdominal pain after delivery, tuberculosis, contraceptives, 

constipation, indigestion, and abdominal pain. 
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Problems Associated with Yam Production and Processing for Food 

Yams contain a considerable number of micronutrients such as 

vitamins and minerals viz, zinc (5.40±77mg/100g) and iron (9.00±00mg/100g)  

(Bassey, 2017). It remains a high-caloric food for countries in Sub-Saharan 

Africa (Abu & Adzigiwe, 2021). In addition, yam is an indicator of wealth and 

an essential component of social ceremonies and religious activities. However, 

yam production faces some bottlenecks such as costs of storage and 

postharvest losses which are estimated to be around 55% under some 

environmental conditions (Ogbo Frank & Kingsley, 2014). The environmental 

factors that result in low yields and productivity are drought, pests, and 

diseases (Banson & Danso, 2013), and other conditions such as scarcity of 

high-quality yam seed (Boadu et al., 2018), cost of labour, and high cost of 

inputs (Baffour-Ata et al., 2023).  

In addition, Yams are economically produced, however, certain wild 

species have yet to be cultivated due to lower food quality, limited yield, and 

the presence of anti-nutritive chemicals (Chen et al., 2017; Padhan & Panda, 

2020). Classification of the quality of food attributes inherent in the 

undomesticated species is necessary for utilization as food and probable 

cultivation. The quality of food material present in yam involves nutritional 

and anti-nutritional components  (Chen et al., 2017), and physicochemical 

composition (Otegbayo et al., 2018) which are vital for yam utilization. 

Otegbayo et al. (2018) posited that classification of the wild varieties in terms 

of food quality will provide knowledge on the chemical, nutritional 

constituents, functional, and physicochemical attributes of the several yam 

cultivars and species that are extensively grown in West Africa, as well as 
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promote the production of shelf-stable products by identifying possible 

downstream uses for the underutilized yams. In addition, it may offer valuable 

information that can help plant breeders improve crop nutritional attributes 

while minimizing antinutritional factors via selection and hybridization 

(Baiyeri & Samuel-Baiyeri, 2023). Interestingly, the antinutritional 

components are biosynthesized and act through their reaction with minerals to 

form complexes that are poisonous to humans and animals as a result reducing 

nutrient bioavailability (Dogoré Digbeu et al., 2018; Umoh, 2013). Bassey 

(2017) and Okache et al. (2016) reported that these anti-nutritional factors 

included phytates, tannins, oxalates, hydrocyanic acid, saponins, and 

sapogenins acid which exist in low concentrations. Okache et al (2016) 

defined bioavailability as the degree to which micronutrients are assimilated 

by the body whereas Dilworth et al (2013) defined bioavailability rather 

succinctly as the amount of minerals in foods that are accessible for use in 

normal metabolism. 

Phytates have been observed to reduce the bioavailability of minerals 

through the formation of complex compounds with these minerals. Moreover, 

iron and zinc deficiency have been linked largely to phytate consumption 

(Ayele et al., 2015). While oxalates combine with calcium making it 

unavailable for absorption by the body. Surprisingly, these chemical toxicants 

are lost through food processing methods such as soaking, cooking, baking, 

roasting, and oil-frying (Oladebeye et al., 2023) thereby making them 

harmless with high nutritional availability. Additionally, Processing enhances 

digestion, taste, and storage quality while also making the yam safer to ingest 

(Dogoré Digbeu et al., 2018; Kasaye T et al., 2018). 
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Nonetheless, food processing through cutting and peeling of yams 

hasten enzymatic browning which occurs as a result of the oxidation of 

phenols by polyphenol oxidase and peroxidase to quinones which is 

hydrolysed to produce brown colouration. This browning reaction reduces the 

nutritional quality, physical appeal, and market value of yams as a result 

affecting their utilization potential (Chen et al., 2017). 

Cassava 

Cassava belongs to the euphorbiaceae family (Parmar et al., 2017; 

Perera et al., 2014). Cassava is cultivated through stem cutting that grows into 

a tiny tree and can be regarded as a semi-perennial crop (Chaweewan & 

Taylor, 2015; Ferguson et al., 2019; Ikuemonisan et al., 2020). At 

physiological maturity, cassava plants normally grow to a height of 1 to 4 

meters and are harvested between six to ten months for consumption and over 

twelve months for starch (Ferguson et al., 2019; Legg et al., 2015; S.L. Tan, 

2015).  

Moreover, the conditions that favour the growth of cassava include a 

humid hot climate, a temperature of between 25 and 29⁰C and a yearly rainfall 

of 1000 to 1500ml (Awoyale et al., 2017; S. Li et al., 2017; Ola & Adedayo, 

2020; Perera et al., 2014). Cassava has high adaptation to stresses, pests, and 

diseases (Adebayo, 2023; Chipeta, 2013a; Ikuemonisan et al., 2020). It grows 

in marginal soils ranging from medium to high sandy loam fertile soil with 

enhanced soil porosity (Adebayo, 2023; S.L. Tan, 2015).  

Cyanogen is present in every tissue of cassava and is released as 

hydrogen cyanide by the enzyme linamarase when there is a physical injury. 

The cyanogen concentration of the storage root pith is used to categorize 
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cassava varieties into two categories: "bitter" and "sweet." "Bitter" varieties 

are often those with richer starch content in their roots (S.L. Tan, 2015).  

Geographical Distribution of Cassava 

Cassava is thought to have moved from northern Argentina to the US 

peninsula of America (S.L. Tan, 2015). Other schools of thought reported that 

it originated from the south of the Brazilian Rainforest (Ferguson et al., 2019; 

Ikuemonisan et al., 2020; Otekunrin & Sawicka, 2019). Similarly, studies 

suggest that the cultivation of cassava began from the northern to the eastern 

part of South American Countries such as Brazil, Mexico, and Paraguay over a 

four-hundred-year period  (Otekunrin & Sawicka, 2019; Parmar et al., 2017). 

Studies suggest that the cultivation of cassava crop started ten thousand years 

ago in the Amazon rainforest making it one of the earliest crops to be grown 

(Parmar et al., 2017). Though its exact origins are still up for debate, the most 

recent evidence, according to molecular markers, points to the plant's 

domestication in the southwestern rim of the Amazon basin (modern-day 

Brazil(Alene et al., 2018; Edhirej et al., 2017; Tonukari et al., 2015)), where it 

descended from Manihot. esculenta species, the closest wild relative (Legg et 

al., 2015). 

 Incidentally, cassava was propagated to western Africa by Portuguese 

Merchants in the year 1588 and domesticated around the coast of West Africa 

and the Congo River (Ferguson et al., 2019; S.L. Tan, 2015). Presently, 

cassava is cultivated in over a hundred nations, filling the caloric gap of over a 

million people living in the tropics (Parmar et al., 2017).  

Cassava has consistently grown at a rate of more than 3% per year 

worldwide. In the year 2018, global production reached close to two-hundred 
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and seventy-eight million tonnes with Africa producing one-seventy million 

tonnes which is equivalent to fifty-six percent of global production (Adebayo, 

2023; Alene et al., 2018; Ikuemonisan et al., 2020; Parmar et al., 2017; Visses 

et al., 2018). Moreover, Nigeria, Thailand, Brazil, and Indonesia, remained the 

top four largest producers worldwide (Visses et al., 2018) where it serves as a 

food security crop for close to 800 million people. However, Nigeria 

(59,411,510 tonnes), DR Congo (40,050,112 tonnes), and Ghana (22,447,635 

tonnes) represent the top three producers of cassava in Africa (Adebayo, 

2023). 

Nutritional and Functional Properties of Cassava 

Cassava has starch in large amounts as well as minimal concentrations 

of protein, fibres, fats, and minerals, and the distribution of nutrients within 

plant portions varies (Panghal et al., 2021). Li et al. (2017) observed that the 

amount of starch cassava contains is in the region of 800 g starch per kilogram 

dry weight and high levels of vitamin C, carotenoids, and minerals, as an ideal 

energy source for human consumption.  

Further, the bulk of cassava's starch is kept in amyloplasts in the 

swollen root. Interestingly, cassava‘s root starch concentration ranges from 

70.3% to 80.9% dry weight. However, amylose ranges from thirteen point six 

to twenty-three-point eight percent, while amylopectin is approximately 83%. 

Cassava's soluble amylose level was found to be between 10 and 40% of total 

amylose (Panghal et al., 2021). 

Additionally, compared to potatoes, cassava root has a higher 

carbohydrate content than wheat, rice, yellow maize, and sorghum 

(Montagnac et al., 2009) per 100g as well as seventy percent moisture, twenty-
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four percent starch, two percent fibre, one percent protein and three percent 

minerals (Panghal et al., 2021). 

There has been an increased desire to incorporate fibre-rich foods in 

daily meals, and cassava could potentially be used for this purpose because of 

its high dietary fibre content. Dietary fibres, particularly those derived from 

carbs and starch structures, are major factors of low glycaemic index foods 

(Onodu et al., 2018). Onodu et al (2018) reported that Cassava could be rich in 

chemicals that are considered hazardous to humans, however roughly 80% of 

it is eliminated through the processing of the tuber. Studies showed that tuber 

crops including cassava have a low glycaemic index (GI < 55) and reduced 

cholesterol levels due to their delayed glucose release into the bloodstream. 

Further, root crops including cassava are potentially beneficial in reducing the 

risk of chronic diseases such as cardiovascular disease and diabetes mellitus. 

Similarly, cassava is dense in resistant starch which helps in managing type 2 

diabetes. Resistant starch is described as starch that skips digestion in the 

small intestine and travels to the large intestine, where it is degraded by gut 

bacteria (Onodu et al., 2018). 

Moreover, cassava remedies digestive ailments (gastritis, 

gastroduodenal ulcer, and constipation) and liver diseases. Despite being a rich 

source of calories (610 kJ/100 g fresh weight), cassava is a solution for a host 

of ailments such as inflammatory, analgesic, and carcinogenic diseases. 

Additionally, cassava contains calcium, manganese, beta carotene, ascorbic 

acid, retinol, as well as iron which boosts the red blood cells as a result 

preventing anaemia (Zekarias Tsige, 2019). 
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Cassava contains a host of beneficial bioactive substances such as 

cyanogenic glucosides including but no scopoletin, terpenoids, and flavonoids, 

which have been observed to possess antioxidant, anti-obesity, antimicrobial, 

and antidiabetic properties (Chandrasekara & Josheph Kumar, 2016). Besides, 

cassava has demonstrated a series of pharmacological activities such as 

antioxidants which fight cancer, inflammation, bacteria, and diabetes; tannins 

which fight diarrhoea, and catechins which are effective against diabetes and 

obesity (Mohidin et al., 2023). 

Factors Affecting Cassava Utilisation for Food 

Several studies opined that cassava utilization has been low over the 

years due to a myriad of reasons. Among the reasons enumerated is the 

presence of antinutritional factors in cassava. In general, cassava contains anti-

nutrients including phytates, nitrates, oxalates, and saponins that decrease 

nutrient bioavailability (Bayata, 2019; Zekarias Tsige, 2019). These 

antinutrients can be synthetic or naturally occurring in cassava and affect 

micronutrient absorption. The Phytates content of cassava is in the region of 

624 mg/100 g of cassava roots which bind to magnesium, iron, calcium, and 

zinc thereby affecting bioavailability and the utilization of protein. Oxalates 

on the other hand affect calcium and magnesium availability, and the 

formation of complex compounds with proteins as a result inhibiting protein 

digestion (Bayata, 2019). 

Besides, cassava contains toxic constituents such as linamarin, and 

luteotropin which are cyanogenic (Chandrasekara & Josheph Kumar, 2016; 

Mohidin et al., 2023). These constituents are recognized as harmful to human 

well-being since they may lead to the development of neurological conditions, 
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particularly when consuming unprocessed cassava. Ferraro et al (2016) 

reported that cassava has cyanogen in the form of linamarin (ninety-five 

percent of cyanide) and lotaustralin (five percent of cyanide). Linamarin is 

found in the flesh of cassava and is produced by valine.  Bayata (2019) posited 

that cyanide is the most poisonous chemical that restricts the eating of cassava 

roots. Consequently, humans can die of cyanide poisoning after consuming 50 

to 100 milligrams of cyanide. 

These toxic constituents are toxins and antinutritional in their actions 

and so cassava must be processed adequately before consumption. Inadequate 

processing has the potential to leave traces of cyanide which can cause 

cyanide poisoning and goitre (Alleluyanatha E., 2022; Oluwaniyi & Oladipo, 

2017). 

Further, the underutilization of cassava has also been due to the 

preference of cereals for root crops like cassava, small-scale production of 

casava, and the inaccessibility of cultivars with improved attributes. Cassava 

cultivation has been the preserve of the peasant farmer in most countries in the 

global south. This ultimately affects the availability and utilization potential of 

cassava (Chipeta, 2013b; Mohidin et al., 2023). 

In addition, cassava has a short postharvest life. After three to four 

days following harvest, cassava is liable to decay owing to its bulky nature and 

high moisture content (Agwu et al., 2015; Alleluyanatha., 2022). Chipeta 

(2013) reported that decay after the harvest of cassava is shown by an interior 

colour change which affects the marketability of cassava. 
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Nevertheless, pests and diseases pose a significant danger to cassava 

production in Sub-Saharan Africa. The pests of major concern are green mites, 

mealy bugs, cassava mosaic disease, and bacterial blight (Chipeta, 2013). 

Uses of Cassava for Food 

Cassava is an essential crop that provides calories for thousands of 

people as well as providing numerous commercial and industry-related 

benefits through processing (Awoyale et al., 2017; Edhirej et al., 2017; Legg 

et al., 2015; Li et al., 2017). Its fibrous root serves as a vital part of the diet of 

millions of individuals worldwide. Moreover, cassava has been regarded as a 

"poor man's crop" because it is primarily consumed by those who live in 

poverty (Otekunrin & Sawicka, 2019; Perera et al., 2014; S.L. Tan, 2015) and 

those who cannot pay for higher-cost food cereals like rice (Chaweewan & 

Taylor, 2015; Ferguson et al., 2019; Mezette et al., 2013). Furthermore, 

cassava can be cooked, roasted, dried, or fermented before consumption, based 

on the cultivar (Djeni et al., 2015). Most importantly, cassava is boiled and 

eaten with sauces or sundried and milled into flour (Oluba et al., 2018). Gari is 

a staple food produced from cassava which is indigenous to people living in 

the west African sub-region and can be eaten in the form of ‗eba‘ and ‗gari‘ 

soakings (Adebayo, 2023; Akingbala et al., 2005; Atuna et al., 2021). 

Similarly, gari is prepared using a blend of cassava and orange-fleshed sweet 

potato as a means of fortification with vitamin A (Abano et al., 2020; Atuna et 

al., 2021). In addition, cassava is processed into fufu, yakayake, tapioca, 

cassava flour, attieke (Adebayo, 2023; Awoyale et al., 2017), cassava cakes, 

biscuits, and noodles (Tonukari et al., 2015) and animal feed (Li et al., 2017; 

Ola & Adedayo, 2020; Visses et al., 2018). Interestingly, cassava is used as an 
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ingredient for poultry, pork, cattle, and fish feed (Tonukari et al., 2015). 

Cassava flour is free from gluten and can be used wholly to bake bread, as 

well as a blend of wheat flour to lower the amount of gluten in the product of 

interest (Adebayo, 2023).  

In addition to being a staple meal in tropical and subtropical regions 

and feed for animals, it is additionally utilized as a basic ingredient in food 

processing, textile, pharmaceutical, plastic, and detergent industries due to its 

high level of starch (Panghal et al., 2021). In developed economies, cassava 

serves as raw materials for starch production, medicines, and biofuels (Alene 

et al., 2018; Edhirej et al., 2017; S. Li et al., 2017; Tonukari et al., 2015). In 

the food industry, cassava starch is processed to yield goods with specific 

chemical and physical properties for items including custard powders, jelly, 

gravies, confections, glucose, and baby food (Edhirej et al., 2017). 

Additionally, in the field of pharmacy, cassava starch is used to coat tablets, as 

a desiccant to absorb moisture from capsules, and to bind powders together 

(Tonukari et al., 2015) 

The utilization of cassava to produce ethanol and biofuel has drawn a 

lot of attention in the last ten years because fossil oil sources are finite (Li et 

al., 2017). Hence, Cassava has so gained popularity as a crop for large-scale 

plantations and small-scale farming due to its minimal time, labour, and 

financial input requirements. This ultimately ensures the availability of raw 

materials for the manufacture of bio-ethanol (Li et al., 2017) which in turn can 

be used to manufacture organic acids (citric acid and enzymes) (Tonukari et 

al., 2015). 
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Gari 

Gari also called Garri or tapioca is the most eaten cassava-based food 

in Sub-Saharan Africa. It is a roasted granular product made from cassava 

after peeling, grinding, fermenting, and roasting. It is a ready-to-eat food due 

to its low cost, ease of storage, and simple to prepare (Arinola et al., 2017; 

Ndjouenkeu et al., 2021; Ngoualem Kégah & Ndjouenkeu, 2023). 

Fermentation before roasting contributes to the development of the gari's taste, 

flavour, and colour (Abano et al., 2020). In addition, gari is normally 

consumed in the form of ‗eba‘, or ‗gari soaking‘ in conjunction with other 

food products (Adebayo, 2023; Akingbala et al., 2005; Atuna et al., 2021). 

The processing of gari has evolved over the years. There is white gari 

and yellow gari. White gari is prepared wholly from cassava whereas yellow 

gari is prepared from cassava dough mixed with yellow food colour or palm 

oil. Gari‘s texture, colour, taste, and swelling ability determine its quality. Fine 

texture, sweet gari, and higher swelling capacity are mostly preferred by 

customers (Atuna et al., 2021). 

Functional Properties of Gari 

Consuming gari can have positive and negative effects on the body. 

The main problem regarding the consumption of gari is the exposure to toxins 

owing to inadequate processing of cassava with high cyanogenic glucosides. 

Ingesting gari rich in toxins may lead to the development of neurological 

conditions including cyanide poisoning and goitre (Alleluyanatha, 2022; 

Oluwaniyi & Oladipo, 2017).  

Studies suggest that the physical and chemical properties of gari 

include the amount of moisture of 10.3% to 12.4%, percentage ash of 0.69% 
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and 0.78%, percentage fat of 0.33% and 0.44%, percentage fibre of 0.48% to 

0.66%,  (Karim et al., 2015). Teye et al (2017) reported that gari is high in 

carbohydrates, and fibre, as well as some substantial quantity of calcium, 

phosphorus, and vitamin C. 

Furthermore, the main nutrient in gari is carbohydrates with a minimal 

amount of protein, fibre, fat, and minerals. This indicates that gari lacks some 

essential nutrients such as iron, and zinc (Atuna et al., 2021). Similarly, Karim 

et al. (2015) reported that gari contains a considerably small amount of 

protein, and therefore lacks important amino acids for good health. Hence, it‘s 

important to improve the nutritional quality of gari with easily accessible 

sources of nutrients.  

Numerous studies have employed the approach of food-to-food 

fortification and preparing gari with biofortified cassava. Amongst them are 

findings made by Abano et al. (2020) and Atuna et al. (2021). Abano et al. 

(2020) reported fortifying gari with up to 30% orange-fleshed sweet potato 

rich in beta carotene improved the vitamin A composition of gari which can 

resolve the vitamin A menace in Africa. Atuna et al. (2021) on the other hand 

posited that adding up to 27% orange-fleshed sweet potato enhanced the 

vitamin A content of the gari with reduced cyanogen content. Additionally, 

Olatunde et al. (2021) substituted up to 30% of beta carotene-fortified cassava 

with African yam bean and found that the gari has 16.3-23.5% protein and of 

beta carotene 19.8-20.3%. 

Gari Processing in Ghana 

In Ghana, the processing of gari is a preserve for rural women on a 

small scale, thus providing a source of livelihood and food security for the 
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underprivileged, and the disadvantaged (Teye et al., 2017). Lately, the gari 

processing business in Ghana and around the world is receiving more attention 

due to its critical role in preserving global food security. The majority of 

Ghanaian processors are rural and small-scale operators, making quality 

control exceedingly challenging (Bani et al., 2013). 

Gari production in Ghana starts with the peeling of cassava roots with 

a knife. Washing is done with clean water and then grated by a grating 

machine. Cassava mash is then bagged in polypropylene sacks and pressed to 

dewater. Fermentation begins during the process of dewatering for the 

recommended number of days. Sieving is done on raffia trays to remove 

unwanted fibre, and roasted in aluminium pans by roasting until crispy. 

Many Ghanaians, especially Ashantis, did not like gari; but, as a result 

of growing commercial activities in the late 2000s, consumption has expanded 

to encompass the rest of Ghana. Processing methods especially fermentation 

varies from region to region. Fermentation is usually done for a maximum of 

four days following frying given the type of cassava cultivar and the particular 

community's preferred flavour. The methods of fermentation and frying 

determine the taste, flavour, and colour of the gari. Some Ghanaian processors 

mix white gari with yellow food colour to improve its appearance (Abano et 

al., 2020) 

There is competition in gari marketing centres, neither buyers nor 

sellers can decide their prices. Many smallholder units produce gari in main 

gari-producing areas, and they primarily sell it in village markets. Large 

markets, which are often smaller, serve as a hub for the assembling of gari 

from the many smallholder units that surround them (Bani R et al., 2013).  
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Amongst all the by-products of cassava, Gari remains the product most 

people in West Africa cherish to prepare, eat, and sell (Esheya, 2021). 

Similarly, in Ghana, close to 70% of all marketable cassava products are gari. 

The demand for gari has grown in recent years among consumers particularly 

students, and the working population in the country and outside (Amoah et al., 

2022). Opoku-Mensah et al. (2013) posited that gari manufacturers made 

GH45 per 50kg of gari, GH25 per 50kg of agbelima, and GH40 to 50 per 50kg 

of high-quality cassava flour. Given such marketing conditions, gari is the 

most cherished by-product to manufacture and market. Nimoh et al. (2020) 

posited that gari producers make a revenue of sixty-five thousand seven 

hundred fifty-six pesewas per year for every fifty-two thousand and fifty-two 

kilograms of cassava processed with a total production cost of fifty-one and 

forty pesewas and a mean net income of fourteen thousand seven hundred and 

sixteen cedis seven pesewas making gari production a profitable enterprise. 

Effects of Fermentation on the Physicochemical Quality of Gari 

Through fermentation, raw food products can be converted into more 

valuable products that have more nutrients and improved gut health 

characteristics (Xiang et al., 2019). Abano et al. (2020) posited that a surge in 

fermentation duration causes an upsurge in beta carotene content of OFSP gari 

and results in about 2.5 times more than the orange-fleshed sweet potato 

quantity. This according to the authors could also be due to the reduction in 

dry matter as microorganisms break down starch and proteins. However, 

fermentation decreased the swelling power of the OFSP gari as opposed to the 

potato amount. This is because fermentation degrades the carbohydrate in the 
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OFSP-cassava mash to produce lactic acid which reduces the amount of 

carbohydrates. 

Additionally, Fermentation had a positive effect on the taste, texture, 

flavour, and overall acceptability of beta carotene gari than the orange-fleshed 

sweet potato amount (Abano et al., 2020) 

Further, Abiodun et al. (2020) reported an enhancement in the protein 

amount of gari with the duration of fermentation as well as fibre content. This 

is due to the loss of dissolvable solids as a result of improving the amount of 

fibre of the gari. However, the amount of ash decreases as fermentation 

duration increases. This could be due to the solubility of some minerals during 

the dewatering process. In contrast, fermentation boosted iron and zinc 

amounts of whole cassava gari but was higher in gari processed with blended 

breadfruit. This is because breadfruits are denser in zinc and iron amounts than 

cassava (Ajifolokun & Adeniran, 2018). 

Interestingly, microbes perform an essential function in the conversion 

of starch to organic acids. For example, in research conducted by Escobar et 

al. (2018), the PH of a dewatered fermented cassava mash was somewhat 

more than the PH of a fermented mash. However, gari processed from both 

mashes had lower PH due to the conversion of starch to acids. In addition, 

screw-pressing of a grated mash decreased the cyanide content by 84% owing 

to the linamarase activity and dewatering. Moreover, fermentation reduced 

cyanide by 72%. This is attributable to the actions of lactic acid bacteria 

linamarase and the solubility of cyanogens in water (Escobar et al., 2018).  
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Effects of Roasting on the Physicochemical Quality of Gari 

Roasting as a thermal processing method that increases food's 

digestibility, flavour, and bioavailability while also enhancing nutrient 

bioavailability by altering the physical, chemical, and structural characteristics 

of the food product (Sruthi et al., 2021). Furthermore, roasting imparts colour, 

flavour, aroma, and antioxidants to food while also causing the food product to 

gelatinize and expand (Kotsiou et al., 2021; L. Li et al., 2023; Mohamed 

Ahmed et al., 2020; Sruthi et al., 2021). 

Findings by Amoakoah Twum et al. (2021) who worked on the effects 

of roasting on soybean gari fortified with iron showed that antinutritional 

amounts such as oxalates (0.048mg per 100g to 0.199mg per 100g), phytates 

(0.510mg per 100g to 1.512mg per 100g), and tannins (0.0140 mg per 100g to 

0.027mg per 100g) of the fortified gari increased due to the increment in 

amounts of soybean used. However, the unheated soybean flour had the 

largest amounts of these antinutritional factors but was reduced upon heat 

treatment at a temperature of 80⁰C. Moreover, fortification of soybean gari 

mixed with iron prior to roasting had the highest iron amount (1.90mg/100g) 

whereas soybean gari fortified with iron post roasting was lower than the 

former (1.03mg/100g). Other minerals examined in the research saw a similar 

trend; Ca (.15 - 15.81 mg/100g), Na (0.83 - 11.51 mg/100g), Mg (3.81 - 9.27 

mg/100g), and Zn (0.4-1.82 mg/100g). Generally, minerals withstand food 

processing methods. Moreover, thermal processing has been noted to enhance 

iron amounts and bioavailability (Arinola & Olanrewaju, 2016). Similarly, the 

amount of ash in gari was found to increase when roasting was increased 
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though it was less than the allowable limit in gari (Arinola & Olanrewaju, 

2016). 

Additionally, Amoakoah Twum et al. (2021) indicated that fortifying 

soybean gari with iron before roasting profoundly affected the colour of the 

gari. The brightness (L*) and brownness (a*), saw a substantial increase in 

values. Specifically, the largest L* value of 72.82 was observed when iron was 

added post roasting while a* value of 2.72 was noted when iron was added 

before roasting. However, the yellowness (b*) decreased when iron was 

added.  

Arinola & Olanrewaju, (2016) reported that an increase in roasting 

time enhanced the protein amount. This was attributed to degradation of 

antinutritional factors bonded the available proteins during the roasting 

process. However, the amount of fibre decreased substantially with increased 

roasting time. This was attributed to the thermal degradation of fibres in the 

food subjected to elevated temperature during roasting. 

Storage  

Effects of Storage on the Physicochemical Properties of Gari 

A host of factors including but not limited to light, oxygen, amount of 

moisture, temperature and packaging materials could cause the degradation of 

carotenoids. Numerous studies show the degradation of carotenoids under 

storage (Dias et al., 2014; Marangoni Júnior et al., 2018; Sonar et al., 2019; 

Song et al., 2018; Syamila et al., 2019; H. Zhang et al., 2019). Bechoff et al. 

(2015) reported that the degradation of trans-b-carotene increased with 

temperature and storage duration of gari packaged in a sewed cotton bag and 

stored in Kilner jars; this was lowest for the gari made using palm oil and 
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highest for the gari made from yellow cassava. In this study, the Arrhenius 

model predicted that 13% of trans-b-carotene of the biofortified gari with RAE 

(retinol activity equivalent) of 301 would have been retained if the biofortified 

gari was stored at 25 8°C for 6 months. Therefore, when working with 

biofortified gari, it is not advisable to use traditional gari storage methods. 

Similarly, Udemba et al. (2023) mentioned that the total carotenoid 

counts of gari prepared from yellow-fleshed cassava root decreased from 7.49 

µg/g and 15.19 µg/g to 1.65 µg/g and 2.09 µg/g under light and dark 

conditions. The decrease was attributed to exposure to light. In addition, it was 

reported by Oluwamukomi & Adeyemi (2015) that at 20°C and 30°C, the 

moisture content rose from roughly 9.36% to approximately 9.43% and 9.7%, 

respectively, whereas at 40°C, it decreased for soy-melon gari packaged in 

sack and high-density polyethylene material. Oluwamukomi & Adeyemi 

(2015) posited that the hygroscopic characteristics of soy-melon "gari" 

particles and the ambient relative humidity may have caused these variations 

in moisture content with variations in storage temperature. Moreover, the free 

fatty acid content rose when the temperature was 30°C. This was attributed to 

the influence of lipid oxidation in the presence of high moisture content. 

Further, Oluwamukomi & Adeyemi (2015) observed that after almost 20 

weeks of storage at an elevated temperature of 40°C, browning rose 

significantly, moving from a monthly change in absorbance of 0.02 nm to 

0.035 nm. This was attributed to Millard reaction at a storage temperature of 

40°C. Similarly, the total viable count of bacteria up to 12 weeks of storage, 

increased initially before declining once more. As the air temperature 

approached 30°C, the amount of mould grew; yet, during the study period, no 
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visible mould colonies were found at 40°C. This must have been due to the 

combined effect of prolonged heating at 40⁰C and relative humidity of 45%, 

which must have made the environment unsuitable for growth and 

proliferation therefore leading to their reduction. 

The cyanide content of biofortified gari was low (1 mg/L CN-1) upon 

storage but diminished after 6 months as described by Abiodun et al. (2020). 

The decrease in the amount of cyanide was attributed to the hydrogen 

cyanide's volatility after storage. However, colour difference saw an upsurge 

throughout storage, demonstrating how the gari's colour deviated from the 

normal colour. Because β-carotenoids are thought to be the main cause for the 

yellow pigments in meals, this could be because β-carotene is depleted during 

fermentation. Similarly, Abiodun et al. (2020) reported that the brightness and 

brownness of the biofortified gari increased for a protracted storage duration, 

thus whitening the gari at 6 months of storage. Moreover, scores for PH 

increased during storage. This may be due to the rancidity of the gari by 

hydroperoxide which invariably reduced the colour from two months of 

storage. Nevertheless, the low swelling capacity recorded was attributed to 

high temperature, level of gelatinisation, and moisture content. 

The cyanide content of biofortified gari was low (1 mg/L CN-1) upon 

storage but diminished after 6 months as described by Abiodun et al. 

(2020).The decrease in the amount of cyanide was attributed to the hydrogen 

cyanide's volatility after storage. However, colour difference saw an upsurge 

over the course of storage, demonstrating how the gari's colour deviated from 

the normal colour. Because β-carotenoids are thought to be the main cause for 

the yellow pigments in meals, this could be because β-carotene is depleted 
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during fermentation. Similarly, Abiodun et al. (2020) reported that the 

brightness and brownness of the biofortified gari increased for a protracted 

storage duration, thus whitening the gari at 6 months of storage. Moreover, 

scores for PH increased during storage. This may be due to rancidity of the 

gari by hydroperoxide which invariably reduced the colour from two months 

of storage. Nevertheless, the low swelling capacity recorded was attributed to 

high temperature, level of gelatinisation, and moisture content. 

Economic Importance of Gari 

Amongst all the by-products of cassava, Gari remains the product most 

people in West Africa cherish to prepare, eat, and sell (Esheya, 2021). 

Similarly, in Ghana, close to 70% of all marketable cassava products are gari. 

The demand for gari has grown in recent years among consumers particularly 

students, and the working population in the country and outside (Amoah et al., 

2022). Opoku-Mensah et al. (2013) posited that gari manufacturers made 

GH45 per 50kg of gari, GH25 per 50kg of agbelima, and GH40 to 50 per 50kg 

of high-quality cassava flour. Given such marketing conditions, gari is the 

most cherished by-product to manufacture and market. Nimoh et al. (2020) 

posited that gari producers make a revenue of sixty-five thousand seven 

hundred fifty-six pesewas per year for every fifty-two thousand and fifty-two 

kilograms of cassava processed with a total production cost of fifty-one and 

forty pesewas and a mean net income of fourteen thousand seven hundred and 

sixteen cedis seven pesewas making gari production a profitable enterprise. 

Transforming cassava into other products provides avenues for 

employment, value addition, and waste reduction, and enhances the business 

prowess of cottage folks (Amoah et al., 2022; Esheya, 2021). This thus 
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provides an avenue for expansion and sustainability of the gari business 

(Esheya, 2021; Nimoh et al., 2020). Cassava processing guarantees a higher 

revenue for processors as high as 50% (Opoku-Mensah et al., 2013). 

Moreover, enhancing gari production in Ghana has addressed food security 

menace as well as generating income for an improved standard of living 

especially amongst women (Nimoh et al., 2020). The Gari manufacturing 

industry has shown to be an important small and medium enterprise in West 

Africa, creating jobs, and the GDP of most countries (Fuseini, 2022). The 

ability of the gari business to enhance the standard of living is remarkable 

given its high demand in the market. Coincidentally, the cost of production is 

comparatively cheap, an entirely artisanal-based agro-processing enterprise 

with maximum returns. The long storage life and the ready-to-eat nature of 

gari ensure convenience and boost the trade of the product in Ghana (Opoku-

Mensah et al., 2013). 
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CHAPTER THREE 

MATERIALS AND METHODS 

Sample Acquisition and Preparation 

Fresh cassava (afisiafi) was bought from Jukwa in the Cape 

Municipality and yam (D. praehensilis) was bought from Sefwi Debiso in the 

Western North Region was sent to Duakror in Cape Coast for gari processing. 

The cassava was peeled and any infested parts were removed. The cassava 

was then washed in clean water to remove sand and impurities and then 

packed into clean aluminium basins before weighing. Yam tubers (D. 

praehensilis) were peeled directly into a mixture of 1% citric acid and 0.5% 

ascorbic solutions and then allowed in the solution for 1 hour to reduce 

enzymatic browning. A 3kg of each sample (cassava and yam) was weighed 

and mixed based on the design requirements as shown in Table 1 and Figure 1 

below. The samples were then ground into a smooth dough. The dough was 

put into polypropylene sacks, tied and pressed to remove water, and then 

allowed to ferment for days (1-3 days) in the open. 

Roasting of Composite Yam-cassava dough into Composite Gari 

Roasting of gari occurred at Duakror, a locality in the Cape Coast 

metropolis. The composite yam-cassava dough which has been packed into 

sacks was screw-pressed and allowed to ferment for days one, two, and three. 

Specimen were sampled for 24 hours representing day one, 48 hours 

representing day two, and 72-hours representing day three of the fermentation 

duration.  Each sample of the composite yam-cassava dough was sieved using 

1.2 mm screens and roasted to a moisture content of 5.6 ± 1.2% (in aluminium 

pans) based on the fermentation duration (FD) and roasting temperature (RT) 
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as shown in Table 1. An IR thermometer (-4 to 950⁰F/-20 to 510⁰C) was used 

to measure the temperature that causes the cassava-yam composite gari to 

gelatinize, dry out, and become crisp. The gari was permitted to cool to a 

temperature of 35⁰C in a clean bowl and packed in white airtight polythene. 

The Screening was not done for the cassava-yam composite gari sample but 

was done for the controls (whole cassava gari) using 0.6 mm screens to 

produce uniform gari texture and then packed back into the white polythene 

bags for analysis. 
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Figure 1: Flow diagram of cassava-yam gari 
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Analyses of Gari 

Measurement of Colour  

The colour properties of the were measured in Hunter‘s parameters 

using an automatic colour difference metre (6CR-410, Wavelength 60nm 

Japan). To calibrate the machine before use, the tip of the source of measuring 

light flux was placed against the surface of the white calibration plates 

provided by the producer. Colour measurement was then carried out on the 

samples depicting L*, a*, b*, and hue angles were calculated. The values of 

the L*, which range from zero (black) to one hundred (white), represent the 

brightness of gari. Whiteness (plus sixty) and redness (plus one hundred) are 

determined by the chromaticity, a*. The chromaticity coordinates, a* and b*, 

measure yellow if positive and blue if negative, respectively, and measure 

redness if positive (+60) and greenness if negative (60). The browning index 

and colour difference were also determined using the following equations; 

Browning index, BI = 
100(𝑋;0.31)

0.17
                                                         (1) 

Where X = 
𝑎:1.75𝐿

5.645𝐿:𝑎;3.01𝑏
 

Colour difference, ΔE = √∆𝐿2  +  ∆𝑎2 +  ∆𝑏2                                             (2) 

Colour difference =√(𝐿 ∗ − 𝐿𝑜)2  +  (𝑎 ∗ −𝑎𝑜)2 + (𝑏 ∗ −𝑏𝑜)2                 (3) 

where Lo, ao, and bo are the original brightness, brownness, and yellowness of 

the cassava mash, respectively, whereas L, a, and b are the brightness, 

brownness, and yellowness of the composite gari, respectively. 

Swelling Capacity Determination 

Swelling capacity (SC) was calculated based on a procedure described 

by Abano et al. (2020) with slight modifications. A 3g of yam gari sample was 

put into fifty mils measuring cylinder which was initially cleaned and dried. 
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The gari was levelled by simply taping the cylinder and the volume, V1 was 

determined. 30millimetres of distilled water were added followed by swirling 

of the measuring for about a second. The cylinder was then permitted to stand 

for one hour and volume, V2 was determined. The procedure was repeated for 

all the samples and the S.C of the cassava-yam composite gari samples was 

calculated from the equation below; 

  𝑺. 𝑪 =  
𝑽𝟐;𝑽𝟏

𝑽𝟏
                                                                               (4)                       

Sensory Evaluation 

Sensory analysis was done at the University of Cape Coast using 

students of the University. The selection of the sensory panels was based on 

their availability and willingness to take part in the exercise, they are students 

and so they eat gari regularly, they were healthy and without any history of 

reaction to gari, they could identify colour of any product and express their 

taste perception regarding sweet, bitter, and umami taste. A panellist of 50 

students was chosen and semi-trained to identify and arrogate scores to quality 

characteristics of the yam gari samples such as appearance, texture, flavour, 

taste, and overall acceptability. Samples were offered to panellists in 

transparent containers during the early hours of the day at 9:00 am. Before 

sensory evaluation, it was ensured that no panellist had eaten prior to the 

sensory exercise. Panels were offered water to intermittently wash their mouth 

as they tested the samples. The panels established sensory properties of the 

yam gari product using a nine-point hedonic scale designated as 1-dislike 

extremely, 2-dislike very much, 3-dislike moderately, 4-dislike slightly, 5-

neither like nor dislike, 6-like slightly, 7-like moderately, 8-like very much, 

and 9-like extremely. 
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Determination Of Beta-Carotene Content of The Cassava-Yam 

Composite Gari 

The vitamin A precursor content of the composite dough and processed gari 

will be determined according to a technique outlined by Abano et al. (2020) 

with minor adjustments. 1g of dough and processed gari will be loaded into a 

volumetric flask containing ten millilitres of ethanol and allowed for 20 min 

while shaking intermittently. The quantification of the beta carotene with 

ethanol will be done three times to ensure that all the colour is removed from 

the samples. The resultant solution will be filtered using 0.45-μm filter paper. 

15ml of petroleum ether (40 to 60⁰C) will be mixed with the filtrate to mix 

well by shaking and the mixture left to stand for 20min forming a two-layered 

solution. The top layer which is the β-carotene will be pipetted for the 

absorbance measurement at 450 nm wavelength against a blank of petroleum 

ether. The amount of β-carotene will be calculated by the expression below; 

Total carotenoids = 
𝐴𝐵𝑆 ×𝑉(𝑚𝑙) ×10000

2592 ×𝑊 (𝑔)
                                                   (5) 

Determination of Iron and Zinc Content of the Composite Cassava-yam 

Gari 

Micro nutritional content was quantified based on a procedure 

described by Faustina Dufie et al. (2013) with slight modifications. A 0.4g 

gari specimen was put into a 100mL Kjeldahl flask, 4.4mL of mixed digestive 

solution was added and the samples were digested at 360
o
C for two hours.  

Blank digestions were performed similarly. Following digestion, 

digested substances were proportionally poured into 100mL volumetric flasks 

and diluted to the volume. 
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Standard solutions of 1, 2, and 5𝜇g/mL solutions of Fe and Zn were 

prepared. The standard solutions were put into the atomic absorption 

spectrophotometer (AAS), and the resulting calibration curves were displayed 

on the instrument. As the sample solutions were aspirated, their amounts were 

recorded.  

Iron (Fe) and zinc (Zn) content were calculated using the formula 

below. 

Fe (µg/g) = 
𝐶 (µ

g

ml
) ×𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔𝑡 (𝑔)
                                        (6)                      

Zn (µg/g) =  
𝐶 (µ

g

ml
) ×𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔𝑡 (𝑔)
                                      (7)              

Optimisation of the Composite Cassava-yam Gari 

The optimisation of the gari was done using the response optimiser in 

Minitab Statistical Software 19. In this research, optimisation goals including 

maximise, minimise, and target were employed for the factors and responses. 

Moreover, the goal for the yam quantity, fermentation duration, and roasting 

temperature were within the design limit. Nevertheless, maximising SC, 

brightness, brownness, appearance, flavour, taste, texture, overall 

acceptability, and beta-carotene was recommended in this study. Equation 8 as 

reported by (Abano et al., 2020) was used for quantifying the composite 

desirability. From equation 8, n represents the number of responses, di 

represents desirability index for each variable, Yi represents the optimisation 

method for exhibiting the desirability of the several responses considered in 

this research, and CDI represents the composite desirability Index with a scale 

of zero to one. 

𝐶𝐷𝐼 = [∏𝑖<1 
𝑛 𝑑𝑖(𝑌𝑖)]

1

𝑛                                           (8) 
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Storage Study of the Optmised Gari 

The packaging materials (polyethylene PE, polyethylene/polyethylene 

terephthalate PE/PET, polyethylene terephthalate/aluminium PE /PET/Al) 

were purchased from the local market. The packaging materials were chosen 

because of easy accessibility on the Ghanaian market and are used for 

packaging dried foods. The PE and PE/PET/Al were ready-made and with 

dimensions 11cm×13cm while the PE/PET was designed into a pouch with 

dimensions 11cm×13cm using the KRUPS Vacupack device. 

The effects of packaging materials on the physico-nutritional qualities 

of the optimized gari were carried out as reported by Dufera et al. (2023) with 

few modifications. 40grams of optimized gari was packaged in pouches 

designed with PE, PE/PET, and PE/PET/AL packaging materials, sealed with 

the KRUPS Vacupack device and stored under three storage environments; 

supermarket (SM), room storage (RM), and open market (OM) while making 

sure the packages were completely sealed to prevent moisture and oxygen 

migration to the food samples. At the one-month interval, nine samples of the 

optimized gari were randomly selected (sampled) from the packaging 

materials, three from each for nutritional (iron and zinc), colour, and sensory 

analysis for a five-month storage period. 

Techno-Economic Assessment of Producing One Tonne (1000kg) of The 

Optimized Cassava-Yam Composite Gari 

The cost of producing a tone (1000kg) in a year was carried out as 

reported by Dimopoulou et al. (2021) with slight alterations. Specifically, 

fixed and variable costs (operating costs) involved in gari processing were 

considered to determine the economic viability of producing 1000kg of the 
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optimized gari. The fixed cost included the cost of machines/tools, housing 

facilities, depreciation, taxes, and insurance. Operating costs included the cost 

of raw materials, fuel, repairs and maintenance, and the cost of unit operations 

at each stage of the Gari production process. The machine's total cost is the 

sum of its total fixed and variable costs. Depreciation of machines (grater, 

screw press) was computed using Hunt's (1983) straight-line method, using 

Equation 9, and interest on machine ownership was calculated using Equation 

10. 

Depreciation = 
𝐶𝑜𝑠𝑡 𝑝𝑟𝑖𝑐𝑒;𝑠𝑎𝑙𝑣𝑎𝑔𝑒 𝑝𝑟𝑖𝑐𝑒

𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑙𝑖𝑓𝑒
                        (9) 

Interest = Rate  
𝐶𝑜𝑠𝑡 𝑝𝑟𝑖𝑐𝑒:𝑠𝑎𝑙𝑣𝑎𝑔𝑒 𝑝𝑟𝑖𝑐𝑒 

2
                                      (10) 

Taxes, insurance, and shelter were determined at 1.0% of the cost 

price. Repairs and maintenance costs were 5% of the cost price whereas costs 

of labour depended on the number of workers to process 1000kg of gari. From 

the total cost of processing 1000kg of gari, revenue, profit, and break-even 

cost were determined. 

Experimental Design 

The design chosen for the optimisation study was Box Behnken‘s 

design with a three-factor, three-level response surface as shown in (Table 1). 

This design has a variety of responses, including three factors that aid in 

optimization. Various yam proportions ranging from 10 to 30% were selected 

because of a similar study for orange flesh sweet potato (OFSP) gari (Abano et 

al., 2020). The FD of 1 day (24 hours) to 3 days (72 hours) was chosen based 

on how long the cassava dough must ferment before being processed into gari. 

A roasting temperature of 100ᵒC to 140ᵒC was chosen based on a preliminary 

investigation into cassava-yam composite gari. 
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 15 experimental runs were produced from the composite with three 

centre points using Minitab software 19. Yam was not added to the control 

samples (cassava gari). The outcome of the three factors on gari colour (L*, 

a*, and b*), SC, sensory characteristics (flavour, taste, texture, and overall 

acceptability), and nutritional contents (Zn and Fe) were examined. 3
2
×3 

factorial arrangement in a completely randomized design was used for the 

effects of storage conditions and packaging materials on the physico-

nutritional qualities of the optimized gari. 

Statistical Analysis 

Data was analysed using analysis of variance technique using Minitab 19 to 

determine the effects of YQ, FD, and RT on colour, SC, and sensory attributes 

of the yam gari at a significance level of 5% (p<0.05). Surface plots for the 

independent variables (FD, YQ, and RT) and the residuals (SC, colour, and 

sensory attributes), and quadratic models were generated. 3
2
 ×3 factorial was 

used for the effects of storage conditions and packaging materials on the 

sensory and nutritional qualities of the optimised gari.  
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

Table 1: Results from the Response Surface Methodology (RSM) for the yam composite gari 

X1 

(%) 

X2 (days) X3 

(⁰C) 

SC L* a* b* Appearance. Taste Texture Flavour. Overall.  Fe 

(µg/g) 

Zn 

(µg/g) 

B. 

Carotene 

30 3 120 2.66 33.72 -0.90 8.70 6.51 6.75 6.88 7.23 7.16 241.49 85.92 3.36 

20 1 100 3.20 30.69 -0.16 9.36 6.15 5.91 6.51 5.30 6.09 286.45 54.14 7.05 

10 3 120 3.40 36.63 -2.50 8.03 6.32 6.34 6.24 6.39 6.60 205.01 41.25 4.09 

20 3 140 3.82 38.87 -3.62 7.17 7.21 6.42 6.60 6.89 7.18 241.99 53.34 9.10 

10 1 120 3.40 33.95 -1.09 8.90 7.15 6.62 6.82 6.64 7.15 198.24 65.81 4.69 

20 2 120 2.90 35.54 -1.72 6.36 6.84 6.21 7.10 6.52 6.82 261.58 51.66 8.89 

20 3 100 3.18 36.34 -1.91 9.16 6.27 7.42 6.88 6.69 7.46 171.42 44.04 4.30 

30 2 140 2.60 34.40 -1.29 7.68 7.16 6.79 7.31 6.98 7.15 213.74 69.91 5.00 

20 1 140 3.00 32.63 -0.21 10.5 6.38 6.79 6.93 7.07 6.96 205.56 55.38 5.30 

30 1 120 2.75 27.42 -0.15 6.42 6.89 6.00 6.39 6.28 7.04 219.36 56.32 8.00 

10 2 140 3.10 37.63 -2.46 8.20 7.02 6.11 6.81 6.14 7.15 127.96 39.62 4.82 

30 2 100 2.65 35.38 -1.57 8.96 7.30 6.82 6.98 6.69 6.97 200.42 53.86 4.36 

10 2 100 3.20 37.11 -2.45 6.80 6.59 6.47 6.75 6.37 7.00 190.22 37.21 6.80 

20 2 120 3.12 36.35 -2.11 7.60 6.80 6.19 7.00 6.50 6.85 195.01 41.21 8.01 

20 2 120 2.99 35.94 -1.92 6.98 6.90 6.57 6.92 6.57 7.00 202.66 37.21 7.82 

Cont. 1 120 4.00 39.93 -3.59 8.79 8.38 7.82 7.64 7.82 8.44 175.32 30.00 4.60 

Cont. 2 120 3.82 40.62 -3.49 7.47 7.91 7.88 7.61 7.44 8.20 189.44 34.28 4.40 

Cont. 3 120 4.10 40.50 -3.52 7.35 8.01 7.07 7.41 7.64 8.13 151.22 34.86 4.55 

X1 = yam quantity (YQ) in %, X2 = fermentation duration (FD) in days, X3 = roasting temperature (RT) in ᵒC, SC = swelling capacity, L* = 

brightness of the cassava-yam composite gari, a* = brownness of the cassava-yam composite gari, b* = yellowness of the cassava-yam 

composite gari, Fe = iron content measured in µg/g, Zn = zinc content measured in µg/g, and Cont.= control
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Table 2: Results of browning index (BI) and colour difference from the 

Response Surface Methodology (RSM) for the yam composite gari 

X1 (%) X2 (days) X3 (⁰C) BI ΔE 

30 3 120 207.52 9.65 

20 1 100 215.52 12.74 

10 3 120 199.36 6.43 

20 3 140 193.22 4.30 

10 1 120 207.67 9.36 

20 2 120 196.07 8.10 

20 3 100 204.73 6.84 

30 2 140 202.26 8.97 

20 1 140 217.82 11.02 

30 1 120 206.10 16.06 

10 2 140 199.43 5.50 

30 2 100 205.55 7.86 

10 2 100 195.22 6.32 

20 2 120 198.92 6.90 

20 2 120 197.50 7.49 

Cont. 1 120 197.78 2.89 

Cont. 2 120 193.75 2.76 

Cont. 3 120 193.37 2.91 

BI = browning index, ∆E = colour difference, and cont.=control 
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Table 3: Regression Coefficients of Yam Quantity (X1), Fermentation Duration (X2), and Roasting Temperature (X3 

Response β0 X1 X2 X3 X1
2
 X2

2
 X3

2
 X1X2 X1X3 X2X3 R

2 

SC 2.25 -.009  -.241  0.032 -.0006  0.126  -.0001 -0035  0.00006  -.0019  97.93% 

p-value  0.000 0.378 *0.04 0.313 *0.03 0.313 0.298 0.809 0.477  

L* 59.3 0.125  7.46  - .532  - .007  1.973  .00241  0.106  -.00187  0.0073  95.35% 

p-value  *0.003 *0.00 0.252 0.255 *0.00 0.146 *0.02 0.531 0.804  

a* -9.8 0.005  0.11  0.132  .00137  0.506  -.0004  -.0229 0.00036  .00036 87.00% 

P-value  *0.04 *0.00 0.448 0.700 0.151 0.618 0.297 0.833 0.245  

b* 31.5 0.335  - 0.39  -.445  -.0006  1.010  0.0024 0.0443 -.00335  - .0393  70.76% 

p-value  0.949 0.595 0.793 0.909 0.062 0.089 0.177 0.202 0.143  

Appearance 6.17 -.002 -0.35 0.013 .00198 0.230 -.00003 0.0089 -0.0007 0.0088 84.71% 

p-value  0.483 0.834 0.212 0.468 0.243 0.950 0.469 0.476 0.380  

Taste 10.96 -.097  2.408  -.091  .00004  0.014  .00053 .02763 .00042  .02348 90.74% 

p-value  0.319 0.070 0.534 0.978 0.920 0.181 *0.01 0.553 *0.01  

Texture 6.67 -.019 1.968 -.019  .00093 -.291  .00014  0.0136 .000337  - .0088  91.77% 

p-value  0.093 0.662 0.310 0.331 *0.00 0.310 *0.03 0.456 0.080  

Flavour 0.70 -.137  1.92 .0765  .00088 0.063 -.00016 .02166 0.00065 -.0196 89.28% 

p-value  0.098 *0.03 *0.04 0.592 0.674 0.701 *0.05 0.415 *0.03  

Overall 6.09 -.080  1.59  -.001  .00123  - .007  .00014 0.0157 0.00004  -0.0143 89.67% 

p-value  0.620 0.172 0.293 0.438 0.960 0.711 0.121 0.960 0.084  

Fe (µg/g) -228 - 9.09  - 121  0.349   0.349  6.5 -.0513  0.315  - 0.0263  0.733  80.57% 

p-value  *0.038 0.946 *0.05 *0.03 0.616 0.172 0.708 0.698 0.296  

Zn (µg/g) 537 -13.6  - 51.2  - 5.23  0.0938 6.86  0.013 0.018  0.0804 0.166  76.91% 

p-value  *0.035 0.699 0.433 0.165 0.180 0.724 0.245 0.434 0.716  

B. carotene -50.9 0.931  7.56  0.738  0.0076 -.711  -.00262 0.0329 -.00436  -.0395  94.28% 

p-value  *0.00 *0.03 *0.00 0.071 0.068 *0.023 0.168 *0.039 0.055  

BI 469 -1.52 –47.6 –3.38 0.0103 5.04 0.01087 -0.207 0.0114 0.223 77.66% 

p-value  0.445 *0.031 0.333 0.72 0.091 0.161 0.252 0.421 0.139  

ΔE 79.4 -0.26 –0.8 –1.08 –0.0022 1.36 0.00401 –.0669 0.00424 –.0334 66.95% 

p-value  0.843 0.534 0.125 0.894 0.392 0.356 0.511 0.604 0.681  

*Significant p < 0.05%, β0 is the intercept of the model. X1
2
, X2

2
, and X3

2
) are the curvature effects of yam quantity, fermentation duration, and roasting 

temperature. X1X2, X1X3, and X2X3 are the interaction effects of yam quantity, fermentation duration, and roasting temperature 
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Effects of Yam Quantity, Fermentation Duration, and Roasting 

Temperature on the Colour of the Gari 

Colour is one of the quality parameters of gari. It enhances the 

appearance of the gari thereby influencing consumer perception. Adebayo B. 

Abass et al. (2012) posited that colour of gari should be unique; white or 

cream. Consumers prefer gari that is uniform and bright in colour. White gari 

is mostly deemed pure by Ghanaians. From Figure 2 (a) adding yam to 

cassava dough decreases the brightness of the cassava-yam composite gari 

while FD increases the brightness. However, both YQ and FD had a 

significant (p<0.05) effect on the brightness of the cassava-yam composite 

gari as well as the curvature and interaction effects of fermentation duration. 

Interestingly, RT was not significant (p>0.05) in addition to its curvature and 

interaction effects. Additionally, the addition of yam to cassava dough and FD 

affected the brightness positively indicating an increase in brightness whereas 

the RT affected it negatively as shown by the regression model 11. 

Nevertheless, FD contributed to the brightness more (59.68 times) than YQ 

and (-14.02 times) than RT decreasing the brightness as depicted by the 

regression model 11. The decrease in brightness may partly be due to the 

colour of the yam used in the formulation as the yam undergoes high 

enzymatic browning and wholly due to a high roasting temperature which may 

promote caramelisation of sugars and Maillard reaction during the thermal 

processing. This finding agrees with Guo et al. (2022) and Tekgül Barut et al. 

(2023). 

The brownness of the cassava-yam composite gari was positively 

affected by YQ, FD, and RT as shown by the regression model 12 and Figure 
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2 (b) indicating that an increase in each of the independent variables causes a 

corresponding increase in the brownness. Additionally, YQ and FD affected 

the brownness with a statistically significant effect (p<0.05) as shown in Table 

4. However, the curvature and interaction effects for all processing variables 

were not significant (p>0.05). Moreover, RT contributed more to the 

brownness than FD (1.2 times) and YQ (26.4 times) as shown in regression 

model 12. This may be due to the non-enzymatic browning induced by the 

caramelisation of sugars as was reported in similar research works which 

involved orange-fleshed sweet potato gari (Abano et al., 2020) and bread 

(Soleimani Pour-Damanab et al., 2014). This suggests that reducing the FD to 

a day (24 hours), RT to around 100⁰C, and yam quantity will significantly 

reduce the brownness. This is necessary because brown gari is not desirable in 

the Ghanaian market, therefore, reducing the brownness will boost its 

desirability. Further, the browning index (BI) was negatively affected by all 

three processing variables (regression model 15) indicating an increase in BI 

when the processing variables decrease and vice versa. However, YQ 

contributed more to the BI than FD and RT as shown in Table 3 (formulations 

with 20% and 30% have the highest BI) and regression model 15. Moreover, 

FD has a significant effect (p<0.05) on the BI while YQ and RT were not 

significant as well as the curvature and interaction effects of all processing 

variables. Similar trends were observed for colour difference (ΔE); however, 

the FD was not significant as observed in the latter. This finding is consistent 

with Younge et al. (2022) who reported an increase in ΔE of fufu when the 

OFSP amount was increased. The relevance of determining ΔE is for matching 
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colours accurately and measuring colour change over time (Younge et al., 

2022). 

The yellowness of the yam gari was negatively affected by FD and RT 

(as shown by the coefficients of the regression model 13) which implies that 

an increase in both FD and RT decreases the yellowness of the yam gari. 

However, YQ affected the yellowness positively. The yam quantity 

contributed more to the yellowness than FD and RT, though it was not 

significant as depicted by Table 4. This observation is highly expected because 

the yam used for the gari processing was not purely white. This observation is 

consistent with Abano et al. (2020) who reported an enhancement in 

yellowness of OFSP gari with an increment in OFSP amount. Moreover, all 

the processing variables were not significant as well as the curvature and 

interaction effects.  

YL* = 59.3 + 0.125 X1 + 7.46X2 - 0.532 X3 - 0.00733 X1
2
 - 1.973 X2

2
 + 

0.00241 X3
2
 + 0.1062 X1X2 - 0.00187 X1X3 + 0.0073 X2X3              (11) 

 

Ya* = -9.8 + 0.005X1 + 0.11X2 + 0.132 X3 + 0.00137X1
2
 + 0.506 X2

2
 - 

0.000444X3
2
 - 0.0229X1X2 + 0.00036X1X3 - 0.0207X2X3           (12) 

    

Yb* = 31.5 + 0.335X1 - 0.39X2 - 0.445X3 - 0.00059X1
2
 + 1.010X2

2
 

+ 0.00244X3
2
 + 0.0443X1X2 - 0.00335X1X3 - 0.0393X2X3       (13) 

 

YBI = 469 – 1.52X1 – 47.6X2 – 3.38X3 + 0.0103X1
2
 + 5.04X2

2
 + 0.01087X3

2 
- 

0.207X1X2 + 0.0114X1X3 + 0.223X2X3                                                                       (14) 
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YΔE = 79.4 – 0.26X1 – 0.8X2 – 1.08X3 – 0.0022X1
2
 + 1.36X2

2
 + 0.00401X3

2
 – 

0.0669X1X2 + 0.00424X1X3 – 0.0334X2X3                                        (15) 

 

(a) 

 

(a) 

 

(a) 
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(b) 

 

(b) 

 

(b) 

 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



 

53 

 

(c)                                                                      

 

(c) 

 

(c) 

 

Figure 2: Effects of YQ, FD, and RT on (a) brightness, (b) brownness, and (c) 

yellowness of the cassava-yam composite gari. X1 = yam quantity (YQ) in %, 

X2 = fermentation duration (FD) in days, and X3 = roasting temperature (RT) 

in ⁰C 
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Effects of Yam Quantity, Fermentation Duration, and Roasting 

Temperature on the Swelling Capacity 

One quality characteristic that consumers desire from gari is swelling 

capacity because it gives a sense of satisfaction. Consumers consider good 

quality gari to be one whose swelling capacity is three times its initial volume 

(Atuna et al., 2021; Escobar et al., 2018). In the same vein, a swelling capacity 

ranging from 300% of the original volume is regarded as quality gari by 

customers (Abano et al., 2020; Akingbala et al., 2005; Atuna et al., 2021; S. O. 

Nwancho et al., 2014). The swelling capacity from this research ranges from 

260% to 340% as shown in Table 1 which is dependent on the quantity of yam 

utilised for the composite dough. However, the SC for gari processed without 

yam recorded higher scores of 382% - 410% (Table 1). From Table 4, YQ of 

10 to 30% had a significant effect (p < 0.05) on the SC (260% to 340%), 

however, its curvature effect and interaction effect were not significant (p > 

0.05). Moreover, it is worth noting from model equation 16 in addition to 

Figure 3 (a) and (b) that the YQ negatively affected the SC indicating that as 

YQ decreases, SC increases. This may be due to the reduction in starch 

coupled with a reduction in amylose and amylopectin content in the composite 

by replacing cassava with yam mash thereby reducing the SC of the cassava-

yam gari compared with the controls. In addition, FD affected the SC 

negatively depicting that as FD decreases SC increases as shown in the 

regression model 16. This is because starch/sugars may have been hydrolysed 

by fermentation. Fermentation breaks down starch into sugars, alcohol, and 

lactic acid thereby reducing starch content and SC of the gari. The alcohol 

however, escapes through roasting (Abano et al., 2020; Akinoso & Olatunde, 
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2014; Akintayo et al., 2019; Chinma et al., 2020; Godswill et al., 2019). Lactic 

acid-related fermentation has been observed to reduce the starch and fibre 

content of gari. Additionally, FD was not significant (p>0.05) as well as its 

interaction effects, however, its curvature effect
 
was significant (p<0.05) as 

shown in Table 4. FD of the cassava composite dough contributed 28.3 times 

reducing the SC of the gari compared to the yam quantity. RT was significant 

on the SC (p<0.05). However, its curvature effect and interaction effects were 

not significant (p>0.05). Moreover, RT influenced the SC positively as shown 

in regression equation 16, indicating that as RT increases SC increases. This is 

attributed to the gelatinization of starch which enhances the SC of the cassava-

yam composite gari. Further, RT made a contribution of -3.7 and -0.1 times 

increasing the SC of the composite gari compared to yam quantity and FD as 

depicted by regression equation 16 and Figure 3 (c). Nevertheless, it has been 

observed in this study that particle sizes for cassava-yam composite gari have 

been generally small. Generally, SC is affected by the gari‘s particle size, 

amount of moisture, and FD coupled with amylose and amylopectin content 

(Abano et al., 2020). Similar findings were reported for β-carotene fortified 

gari Abano et al. (2020) and Atuna et al. (2021), yam-flour composite bread 

(Amandikwa et al., 2015), and gari from fresh cassava roots and dry chips 

(Nwancho et al., n.d.). 

 

YSC = 2.25 – 0.0085 X1 - 0.241 X2 + 0.0320 X3 - 0.000565 X1
2
 + 0.1259 X2

2
 – 

0.000141X3
2
 -    0.00348 X1X2 + 0.000063X1X3 – 0.00187 X2X3              (16) 
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(a) 

 

(b) 

 

(c) 

 

Figure 3: Effects of YQ, FD, and RT, on the (a)(b)(c) SC of the casava-yam 

composite gari. X1 = % quantity of yam %, X2 = fermentation duration in 

days, and X3 = roasting temperature in ⁰C 
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Effects of Yam Quantity, Fermentation Duration, and Roasting 

Temperature on the Sensory Attributes of the Gari 

The influence of YQ, FD, and RT on the sensory attributes based on 

the response from sensory panellists is illustrated in Figure 4 and regression 

equations 17 - 21. The taste of the cassava-yam composite gari was affected 

negatively by the YQ as shown by the regression model 18. However, it was 

enhanced positively by FD indicating that increasing the former decreases the 

taste and increasing the latter increases the taste. This is because fermentation 

produces a variety of aroma-related compounds, including those associated 

with bitter, umami, sweet, sour, and salty tastes including alcohols, aldehydes, 

amines, and ketones (Xiang et al., 2019). Similarly, from Figure 4 (b, c, d, and 

e), an increase in FD increases flavour, taste, texture, and overall acceptability. 

However, it was observed that as FD increases beyond two days, sour taste is 

formed which can make the composite gari undesirable. This is because 

fermentation beyond two days results in a sour taste of gari due to the high 

acid produced from fermentation though it has other beneficial features such 

as reducing the amount of cyanide and improving the storage life of the gari. 

Similar trends were observed for flavour, taste, texture, and overall 

acceptability where FD for all model terms had a positive influence on 

flavour, taste, texture, and overall acceptability while YQ had a negative effect 

as depicted by the regression models 17-21. Additionally, the contribution by 

FD to the sensory qualities in this study exceeded that of YQ and RT as shown 

by model coefficients in equation (17-21). This observation is consistent with 

a study by Abano et al. (2020) who worked on beta carotene-fortified gari. 

Moreover, YQ, FD, and RT were not significant on all sensory attributes 
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(p>0.05) except for flavour where FD and RT were significant (p<0.05) as 

well as its curvature effects as shown in Table 4. The interaction effects of 

taste and curvature effect of texture as well as its interaction effects were also 

significant (p<0.05). 

In contrast, the appearance of the cassava-yam composite gari was 

negatively affected by YQ and FD as shown by model equation 17. The 

negative coefficients observed for YQ and FD imply that increasing these 

variables decreases the appearance with none of the processing variables 

having a significant effect (p>0.005) on the appearances as well as their 

curvature and interaction effects as shown in Table 4. Similarly, from Figure 4 

(a), increasing YQ and FD decreased the appearance. However, RT affected 

the appearance positively as shown in Figure (a), and was not statistically 

significant on the appearance (p>0.05).  

Moreover, increasing the YQ in the yam gari sample reduces the 

particle size of the yam gari in that it makes the gari smooth and increases 

consumer acceptability of the texture Figure 4 (d). This observation may be 

attributed to less fibre in yam which was used to replace cassava thereby 

reducing the coarseness and improving the smoothness of the cassava-yam 

composite gari. This further suggests that the proportion of yam in yam-

cassava composite gari should not exceed 30% as this may result in the 

production of smooth (fine particles) gari. In sum, the controls (whole cassava 

gari) had higher consumer acceptability than the cassava-yam composite gari 

as shown in Table 1. This suggests that a small quantity of yam should be 

incorporated into gari for fortification to reduce mineral deficiency and to 

meet consumer desirability. This observation agrees with  Atuna et al. (2021) 
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who reported that substituting up to 25% cassava mash with sweet potato 

enhanced consumer acceptability of cassava-OFSP gari. 

YAppearance = 4.64 - 0.002 X1 - 0.35 X2 + 0.013 X3 + 0.00198 X1
2
 – 0.230X2

2
 – 

0.000032X3
2
 +     0.0089X1X2 - 0.000710X1X3 + 0.00882X2X3           (17) 

 

YTaste = 10.96 - 0.097X1 + 2.408X2 - 0.0905X3 + 0.00004X1
2
 + 0.014X2

2
 

+ 0.000525X3
2
 + 0.02763X1X2 + 0.000422X1X3 - 0.02348X2X3           (18)   

                                   

YTexture = 6.67 - 0.0188X1 + 1.968X2 - 0.0187X3 - 0.000930X1
2
 - 0.2911X2

2
 

+ 0.000136X3
2
 + 0.01363X1X2 + 0.000337X1X3 - 0.00875X2X3           (19) 

 

YFlavour = 0.70 - 0.137X1 + 1.92X2 + 0.0765X3 + 0.00088X1
2
 + 0.063X2

2
 -

 0.000157X3
2
 + 0.02166X1X2 + 0.000653X1X3 - 0.01960X2X3              (20) 

 

YOverall = 6.09 - 0.080X1 + 1.59X2 - 0.0008X3 + 0.00123X1
2
 - 0.007X2

2
 

+ 0.000144X3
2
 + 0.01567X1X2 + 0.000038X1X3 - 0.01437X2X3             (21) 

(a) 
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(a)    

 

(a) 

 

 

(b) 
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(b) 

 

(b) 

 

(c) 
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(c) 

 

(c) 

 

 

(d) 
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(d) 

 

(d) 

 

(e) 
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(e) 

 

(e) 

 

Figure 4: Effects of YQ, FD, and RT on the sensory attributes cassava-yam 

composite gari; (a) Appearance, (b) Flavour, (c) Taste, (d) Texture, and (e) 

Overall acceptability. X1 = % quantity of yam %, X2 = fermentation duration 

in days, and X3 = roasting temperature in ⁰C   

                                                                                                                      

Effects Of Cassava-Yam Composite, Fermentation Duration, And 

Roasting Temperature on The Beta Carotene Content of Gari 

Beta carotene is a carotenoid found in the diet of humans and can be converted 

to retinol in the body though, not all is converted to vitamin A. It is a 

secondary metabolic product manufactured in plants that is a member of the 

unoxidized carotenoids chemical group and has the potential to reduce 

malnutrition related to vitamin A deficiency (Bogacz-Radomska & Harasym, 

2018). The effects of YQ, FD, and RT are illustrated in Figure 6. Interestingly, 
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an increase in YQ, FD, and RT resulted in a significant (p<0.05) increase in 

the beta carotene content of the cassava-yam composite gari as well as the 

curvature (X3
2
) and interaction effects of RT as depicted in Table 4. Moreover, 

all the processing variables affected the beta carotene content positively 

indicating an increase in beta carotene content when the processing variables 

increased. Similarly, from Figure 6 (f), an increase in YQ and FD caused an 

increase in the beta carotene content, however, the beta carotene content of the 

cassava-yam composite was reduced when the RT was increased. The surge in 

beta carotene content of the cassava-yam composite gari could be a result of 

the addition of yam to cassava mash. From Figure 6 (e), the beta carotene 

content of the cassava-yam composite gari rose to about 10ug/g when the 

roasting temperature was 120⁰C but reduced when the temperature exceeded 

120⁰C. This is because at elevated temperatures beta carotene is degraded. 

Abano et al. (2020) posited that applying heat causes all trans-β-carotene to 

isomerize with cis-trans-β-carotene, which has a lower retinol activity. As a 

result, all trans-β-carotene contributes more than cis-trans-β-carotene.  

However, FD contributed more to the beta carotene amount (8.1 times YQ and 

10.2 times RT) than YQ and RT as depicted by the model terms in regression 

equation 20. This may be due to the disruption of antinutritional factors 

bonded to the beta carotene present in the composite dough during 

fermentation (Nkhata et al., 2018) as well as the loss of dry matter and water 

as fermentation duration increases (Sharma et al., 2020). 

YB.C(ug/g) = -50.9 + 0.931X1 + 7.56X2 + 0.738X3 - 0.00761X1
2
 - 0.711X2

2
 -

 0.002602X3
2
 + 0.0329X1X2 - 0.00436X1X3 - 0.0395X2X3                       (20)                                                      
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(e) 

 

 
 

 (e) 

 
 

(e) 
 

                  
 

Figure 5: Effects of YQ, FD, and RT on the Beta carotene content (BC, ug/g) 

of the cassava-yam composite gari. X1 = % quantity of yam %, X2 = 

fermentation duration in days, and X3 = roasting temperature in ⁰C 
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Effects of Yam Quantity, Fermentation Duration, and Roasting 

Temperature on the Iron Content of the Gari 

Iron is one of the main components of oxygen transporters, including 

haemoglobin and myoglobin, hem-containing enzymes, and non-hem proteins, 

iron is essential for oxygen uptake. The effect of YQ, FD, and RT on the iron 

content of the cassava-yam composite gari is illustrated in Figure 7 and Table 

2. From Figure (a and b) an increase in yam amount increases the iron content 

to around 210ug/g with a statistically significant effect as well as its curvature 

effect (p < 0.05) as shown in Table 4. The increase in iron content could be a 

result of replacing cassava with yam in the dough used to prepare the gari. 

Interestingly, from Figure 6 (c) an increase in FD appeared to have decreased 

the iron amount marginally from 160ug/g to 130ug/g. The decrease in iron 

amount may be due to the leaching of some soluble iron during the 

fermentation process. This finding agrees with Ajifolokun & Adeniran (2018). 

However, an increase in RT to 120⁰C caused a corresponding increase in iron 

content but reduced slightly when the roasting temperature reached 140⁰C 

with a statistically significant effect (p<0.05) as shown in Table 4. Moreover, 

it is worthy of notice that both YQ and FD affected the iron content negatively 

indicating a decrease in iron content when both YQ and FD increased. RT 

however affected the amount of iron positively with a higher effect (-0.085 

times) than FD and (-1.13 times) YQ as shown in regression equation 23. This 

finding is consistent with Amoakoah Twum et al. (2021) who reported an 

increase in iron content of gari when iron was added before roasting compared 

to gari with iron added after roasting. In general, minerals including iron 
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withstand heat processing and thus enhance the amount due to loss of moisture 

during the thermal process. 

YFe(ug/g) = -228 - 9.09X1 - 121.0X2 + 10.30X3 + 0.349X1
2
 + 6.5X2

2
 - 0.0513X3

2
 

+ 0.315X1X2 - 0.0263X1X3 + 0.733X2X3                                                 (23) 

                                                              (a)                                                                      

 

                                                             (b) 

 

(c) 

 

Figure 6: Effects of YQ, FD, and RT on the (a)(b)(c) Iron content (Fe, ug/g) of 

the cassava-yam composite gari. X1 = % quantity of yam %, X2 = fermentation 

duration in days, and X3 = roasting temperature in ⁰C 
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Effects of Yam Quantity, Fermentation Duration, and Roasting 

Temperature on the Zinc Content of the Gari 

Zinc is an important mineral that aids in cell division, DNA and 

protein synthesis, and the metabolic function of enzymes in the body 

(Deshpande et al., 2013). The effect of YQ, FD, and RT on the zinc content of 

the cassava-yam composite gari is illustrated in Figure 7 and Table 1. From 

Figure 7 (a, b, c), the addition of yam and an increase in FD increased the zinc 

content of the cassava-yam composite gari. The increase in zinc amount when 

YQ increases may be due to replacing cassava with yam in the composite 

dough used for the gari. 

Moreover, both YQ and FD affected the zinc content negatively (regression 

equation 22). However, YQ had a significant effect (p>0.05) on the zinc 

content of the cassava-yam composite gari. Its curvature and interaction 

effects were not significant as shown in Table 2. Both FD and RT were not 

significant as well as their curvature and interaction effects. 

Additionally, FD contributed more to the reduction in zinc content 

(8.299 times) as depicted in equation 24. The reduction in zinc content, when 

fermentation increases, could be a result of the leaching of available zinc 

during dewatering (Ajifolokun & Adeniran, 2018). Interestingly, RT appeared 

to have boosted the zinc amount slightly as shown in Figure 7. The slight 

increment in zinc content could be attributed to the destruction of 

antinutritional factors bound to zinc during thermal treatment (Mohamed 

Ahmed et al., 2020). 

YZn (ug/g) = 74 - 5.94X1 - 49.3X2 + 0.73X3 + 0.0857X1
2
 + 7.58X2

2
 - 0.0051X3

2
 

+ 0.418X1X2 + 0.0221X1X3 + 0.101X2X3                                                   (24) 
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(a) 

 

(b) 

 

(c) 

 

Figure 7: Effects of YQ, FD, and RT on the (a)(b)(c) Zinc content (Zn, ug/g) 

of the cassava-yam composite gari. X1 = % quantity of yam %, X2 = 

fermentation duration in days, and X3 = roasting temperature in ⁰C 
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Optimization of the Yam-Cassava Composite Gari 

The results from the optimization analysis with ninety-five percent 

confidence indicated that YQ of 30%, RT of 100⁰C, and FD of 3 days are the 

optimal processing variables for the yam gari. These optimal conditions 

produced 38.2036 brightness, 38.2036 greenness, 300.22% SC and an 

appearance of 7.12, a taste of 7.12, texture of 7.66, flavour of 7.85, overall 

acceptability of 8.07, beta carotene content of 12.29µg/g and composite 

desirability of 0.67 for the effect of the processing variables on the quality of 

the yam gari and sensory characteristics. Based on the desirability index from 

Figure 8, appearance, beta carotene, flavour, taste, and texture had the highest 

desirability of 1. This observation reflects consumer preference because those 

sensory attributes largely influence consumer behaviour and acceptability of 

gari in the market. Overall acceptability and brightness had desirability indices 

of 0.84 and 0.82 respectively. SC, however, had the lowest desirability from 

the optimization analysis. 
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Figure 8: Desirability of the cassava-yam gari composite for the responses 

 

Effects of Packaging Materials and Storage Conditions on the Physico-

Nutritional Quality of the Optimised Gari 

To investigate how storage and packaging affect the physico-

nutritional characteristics of the created optimal yam composite gari. For 5 

months, samples of the optimized gari were stored in airtight plastic pouches 

in room (RM), supermarket (SM), and open market (OM) settings. Every 28 

days, some samples were collected for examination. Figures 9 through 18 and 

Table 4 illustrate the effects of storage on the nutritional makeup of the 

optimized cassava-yam composite gari, as mentioned in the subsection pages.  
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Polyethylene (PE)                                                                                                                                                                                                  

       

Polyethylene/polyethylene/terephthalate (PE/PET)             

                            

      

Polyethylene/polyethylene/terephthalate/Aluminium (PE/PET/AL) 

Figure 9: Optimised gari packaged in polyethylene (PE), polyethylene/ 

polyethylene terephthalate (PE/PET), and polyethylene/ polyethylene 

terephthalate/ aluminium (PE/PET/AL) 
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Table 4: Thickness, oxygen permeability (OP), and water vapour 

permeability (WVP) of packaging materials 

Packaging material Thickness 

(µm) 

OP (cm3 / 

m2 d bar) 

WVP (g/m2 d) 

Polyethylene (PE) 50 50 – 200 0.5-2 (Dufera et al., 

2023) 

Polyethylene 

terephthalate (PE/PET) 

50/12 1-5 0.5-2(Lange&Wyser, 

2003) 

Polyethylene 

terephthalate/aluminium 

(PE/PET/AL)  

 

50/12/9 0 0 (Lange&Wyser, 

2003) 

 

Table 5: Temperature of each of the storage conditions 

Storage Condition Temperature (ᵒC) 

Room Storage (RS) 27.45 ± 2.35 

Supermarket (SM) 27.90 ± 3.09 

Open Market (OM) 32.22 ± 3.34 

 

Effects of Packaging Materials and Storage Conditions on the Colour (L* 

and a*) of the Optimised Gari 

Effects on the Brightness (L*) 

 

From Figure 10 below, the brightness (L*) of the optimised gari in all 

packaging materials and storage conditions decreased from the predicted value 

of 38.20 for the first month of storage to the fifth month. However, for gari 

packaged in PE, PE/PET stored at an OM temperature of 32.22 ± 3.34°C and 

PE/PET and PE/PET/AL stored at RM (27.45 ± 2.35°C) and SM (27.90 ± 

3.09°C) respectively, the brightness increased to around 39 for the first month 

of storage before finally decreasing for the entire period. The decrease in 

brightness could be due to browning caused by storage temperature. However, 
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the rate of decrease was significantly higher for all packaging materials under 

OM (32.22 ± 3.34°C).  Moreover, all packaging materials and storage 

conditions were not statistically significant (p>0.05) for the first two months 

of the storage period, however, the rate of retention of brightness in PE/PET 

and PE/PET/AL stored in RM and SM was lower compared to PE, PE/PET, 

and PE/PET/AL stored in OM. Indicating that the brightness was largely 

reduced in polyethylene than in polyethylene terephthalate and polyethylene 

terephthalate/ aluminium. This observation corroborates with what was 

reported by Kamble et al. (2020) for the reduction of brightness in pasta stored 

at different storage temperatures and packaging materials (HDPE) and Jan et 

al. (2017) for the decrease in brightness in cookies. 

Additionally, it is worth noting that from the third month of storage to 

the last period of storage the rate of degradation of brightness is low in 

PE/PET and PE/PET/AL stored at RM (27.45 ± 2.35°C) and SM (27.90 ± 

3.09°C)), and OM (32.22 ± 3.34°C) with a significant effect (p<0.05). The 

higher scores of brightness for the optimised gari stored in PE/PET and 

PE/PET/AL stored in RM and SM could be a result of strong barrier properties 

against oxygen permeation and temperature. 
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Figure 10: Effects of packaging materials and storage on the brightness (L*) 

of the optimised gari. 

 

 

Effects on Brownness (a*)   

The brownness of the optimised gari packaged in polyethylene (PE), 

polyethylene/polyethylene terephthalate (PE/PET), and polyethylene/ 

polyethylene terephthalate/aluminium (PE/PET/AL) and stored at RM (27.45 

± 2.35°C), SM (27.90 ± 3.09°C), and OM (32.22 ± 3.34°C) respectively for 

the first month increased from the predicted a* value of -2.04 to 8.55. 

However, the increase in brownness was significantly higher in all packaging 

material for the second month of storage at OM (32.22 ± 3.34°C), especially 

for gari packaged in PE, and finally hitting a peak a* score of 21.89 as shown 

in Figure 11. Moreover, the level of brownness was highest in PE and lowest 

in PE/PET/AL at the end of the storage period with a statistically significant 

effect. The increase in brownness may be due to loss of luminance caused by 

exposure to elevated temperatures that caused brownness (non-enzymatic). 
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This finding is consistent with Oluwamukomi & Adeyemi (2015) for 

increased brownness in protein-fortified gari during storage. 

 

Figure 11: Effects of packaging materials and storage on the brownness (a*) 

of the optimised gari 

 

Effects of Packaging Materials and Storage Conditions on Sensory 

Attributes 

Sensory evaluation of the optimised gari was done based on 

appearance, flavour, taste, texture, and overall acceptability since these 

attributes present a better indication of the physicochemical changes that occur 

during the storage period. 

Appearance  

 

The predicted score for appearance is 7.12. This score of appearance increased 

for the optimised gari in PE/PET/AL to 7.45, evened out for PE/PET, but 

decreased for PE under all storage conditions, at RM (27.45 ± 2.35°C), SM 

(27.90 ± 3.09°C), and OM (32.22 ± 3.34°C) for the first month of storage. 

Moreover, after one month of storage, the appearance decreased in PE stored 
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at OM (32.22 ± 3.34°C C) with a statistically significant effect at the end of 

the storage period. However, the decrease in the appearance of the optimise 

gari in PE/PET at RM (27.45 ± 2.35°C) and SM (27.90 ± 3.09°C) was low and 

not significant at the end of the storage period. The decrease in appearance 

generally could be ascribed to the oxidation of colour. This observation agrees 

with (Abiodun et al., 2020) who reported a decrease in the appearance of 

biofortified cassava gari. 

 

Figure 12: Effects of packaging materials and storage on the appearance of the 

optimised gari 

 

Flavour  

 

Overall, the flavour of the optimised gari packed in PE and stored 

under OM (32.22 ± 3.34°C) condition decreased (7.8 to 4.21) significantly 

(p<0.05) for the first two months of storage but the decrease in flavour under 

RM (27.45 ± 2.35°C) and SM (27.90 ± 3.09°C) condition was not significant. 

This indicates that the volatility of flavour through PE and the rate of 

carotenoid oxidation were highest in PE under high temperatures. Moreover, 
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the flavour of the packed optimised gari in PE/PET/AL stored at OM (32.22 ± 

3.34°C) at RM (27.45 ± 2.35°C) and SM (27.90 ± 3.09°C) decreased slightly, 

especially under OM and evened off for the rest of the storage period though it 

was not significant. This indicates the ability of PE/PET/AL to provide a 

strong barrier against high temperature and oxygen permeation. PE/PET, 

however, saw a steady decline to around 6.21 in the flavour of the optimised 

gari. The decrease in flavour in all packaging materials is consistent with 

Abiodun et al. (2020) for biofortified cassava gari. 

 

 

Figure 13: Effects of packaging materials and storage on the flavour of the 

optimised gari 

 

 

Taste 

The taste of the optimised gari followed a trend similar to flavour. The 

taste of the optimised gari packed in PE and stored at OM (32.22 ± 3.34°C) 

condition decreased significantly from the predicted score of 8.33 (with an 

actual score of 4.38) for the first two months and finally hit a low of 3.50 
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indicating the effects of temperature and PE on the taste whilst gari in 

PE/PET/AL under all storage conditions decreased slightly for the first two 

months and evened off for the entire period as depicted in Figure 14. 

However, gari in PE material and stored at RM (27.45 ± 2.35°C) and SM 

(27.90 ± 3.09°C) in two months of storage decreased from 8.33 to 5.30 and 

5.21 respectively and appreciated to 5.81 and 6.10 under RM (27.45 ± 2.35°C) 

and SM (27.90 ± 3.09°C) conditions. The decrease in a taste of gari packaged 

in PE/PET and PE/PET/AL under all conditions of temperature was generally 

low; however, PE/PET at OM (32.22 ± 3.34°C) conditions for the first two 

months of storage was significant on the taste. The decrease in taste could be 

attributed to oxidation of gari in the packaging material 

 

Figure 14: Effects of packaging materials and storage conditions on the taste 

of the optimised gari 
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Texture  

Similarly, the texture of the optimised gari in PE packaging material for the 

first month of storage under all storage conditions decreased, however, the 

texture was reduced significantly by PE at OM (32.22 ± 3.34°C) at RM (27.45 

± 2.35°C) storage conditions. Expectedly, the texture of the gari packaged in 

PE/PET and PE/PET/AL and stored under OM (32.22 ± 3.34°C) at RM (27.45 

± 2.35°C) and SM (27.90 ± 3.09°C) conditions for the first two months, 

decreased very slightly indicating the potency of PE/PET and PE/PET/AL in 

providing a strong barrier against temperature. However, there was no 

significant difference between PE/PET/AL and PE/PET under OM (32.22 ± 

3.34°C), RM (27.45 ± 2.35°C), and SM (27.90 ± 3.09°C) from the first month 

up till the end of the storage period. The decrease in texture could be attributed 

to the accumulation of moisture in the packaging materials. This observation is 

consistent with Marangoni Júnior et al. (2018) who reported of loss of 

crispiness in potato chips under storage.  
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Figure 15: Effects of packaging materials and storage conditions on the 

texture of the optimised gari. 

 

Overall Acceptability 

The overall acceptability of the optimised gari indicates the consumer 

acceptability and possible commercialisation of the product. From Figure 16, 

the consumer acceptability of the optimised gari packaged in PE and stored 

under OM (32.22 ± 3.34°C) and RM (27.45 ± 2.35°C) was reduced 

significantly from the predicted score of 8.07 to 4.99 and 5.32 at the end of the 

storage period as shown in Figure 17. However, PE under SM (SM (27.90 ± 

3.09°C) reduced significantly for the first two months from 8.07 to 6.13 and 

appreciated and finally to a score of 5.66 at the end of the 5 months. The 

consumer acceptability of the optimised gari packaged in PE/PET and 

PE/PET/AL under OM (32.22 ± 3.34°C), RM (27.45 ± 2.35°C), and SM 

(27.90 ± 3.09°C) conditions reduced slightly in PE/PET material from 8.07 to 

6.62, 6.91, and 7.00 and PE/PET/AL material from 8.07 to 7.11, 7.10, and 

7.21 but were not significant. The reduction in acceptability may be due to 

oxygen permeation and moisture. This observation agrees with Abiodun et al. 

(2020) who reported a decrease in the acceptability of yellow-fleshed cassava 

gari. 
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Figure 16: Effects of packaging materials and storage conditions on the 

overall acceptability of the optimised gari. 

 

Beta Carotene 

Beta carotene is mostly found in plants and consumed by humans in 

diets to meet their vitamin A requirements. From Figure 17, the beta carotene 

content in all packaging materials and under all storage conditions saw a 

downward trend. Specifically, the quantity of beta carotene degraded 

significantly in PE from 12.29µg/g to 4.34µg/g at OM (32.22 ± 3.34°C), 

4.51µg/g at RM (27.45 ± 2.35°C), and 4.55µg/g at SM (27.90 ± 3.09°C) 

conditions. A similar trend was observed for PE/PET under all conditions for 

the first month of storage but was not significant. However, it is worth noting 

that beta carotene content decreased steadily in PE and PE/PET for the rest of 

the storage period and finally hit a significant low of 1.54 µg/g for PE at OM 

(32.22 ± 3.34°C). Optimised gari in PE/PET/AL saw a steady degradation 
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pattern indicating a strong barrier against temperature. Interestingly, 

PE/PET/AL packaging material reduces the rate of beta carotene degradation 

significantly under all storage conditions. The loss of beta carotene in 

PE/PET/AL may be attributed to oxygen accumulation in the headspace of 

packaging. This observation is consistent with Udemba et al. (2023) for loss of 

beta carotene yellow fleshed cassava gari. 

 

Figure 17: Effects of packaging materials and storage conditions on the beta 

carotene quantity of the optimised gari. 

 

Swelling Capacity 

The swelling capacity of the optimised gari in PE/PET/AL reduced very 

slightly from 3.00 of the first month of storage at OM (32.22 ± 3.34°C), RM 

(27.45 ± 2.35°C), and SM (27.90 ± 3.09°C) conditions to 2.9 of the last 

months but was not significantly different from PE/PET indicating the 

effectiveness of the packaging against temperature. Similarly, in PE/PET 

material, the swelling capacity decreased slightly from 2.9 in the third month 

at OM (32.22 ± 3.34°C) condition to 2.7 at the end of storage. Swelling 
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capacity was however high (2.9) at RM (27.45 ± 2.35°C) and SM (27.90 ± 

3.09°C) conditions at the end of the storage period. Swelling capacity in PE 

started decreasing from 2.8 in the second month at OM (32.22 ± 3.34°C) to 

2.7 at the end of the period and was not significantly different. PE/PET/AL 

therefore provided a strong barrier as its swelling capacity values are within 

the recommended range (3.00 - 4.5). This observation is consistent with 

Abiodun et al. (2020) for decrease in swelling capacity of gari under storage 

and packaging. 

 

Figure 18: Effects of packaging materials and storage conditions on the 

swelling capacity of the optimised gari. 
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Techno-Economic Assessment 

The cost of producing a tone (1000kg/year) of the optimised gari was 

determined by considering fixed and variable costs (operating costs). The 

fixed cost included the cost of machines/tools, housing facilities, depreciation, 

taxes, and insurance. Operating costs included the cost of raw materials, fuel, 

repairs and maintenance, and the cost of unit operations at each stage of the 

Gari production process. The grater's total cost is the sum of its total fixed and 

variable costs. Depreciation of the grater was computed using Hunt's (1983) 

straight-line method, using equation 8, and interest on machine ownership was 

calculated using equation 9. 

Taxes, insurance, and shelter were calculated at 1.0% of the cost price. 

Repairs and maintenance costs were determined at 5% of the cost price 

whereas costs of labour depended on the number of workers that processed a 

tone of gari. From the total cost of processing a tone of gari, breakeven, 

revenue, and profit were determined. 
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Table 6: Fixed Cost (GHS) 

Item Cost (GHS) 

Grating machine 2000.00 

Salvage value 1000.00 

Economic life 5years* 

Depreciation 200.00 

Repairs and Maintenance        100.00 

Taxes 20.00 

Insurance 20.00 

Interest 30.00 

Shed 20.00 

Screw press 1500.00 

Roasting pan 400.00 

Oven 30.00 

Silver basin 50.00 

Rafia Sieve 30.00 

Peeling knife 10.00 

Kitchen stool 20.00 

Roaster 10.00 

Two wooden boards (2x8) 160.00 

Total Fixed Cost 6,230.00 
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Table 7: Operating Cost (GHS/5kg) 

Item Cost 

Yam 30.00 

Cassava 50.00 

Water 5.00 

Polypropylene sack 4.00 

Firewood 50/sack 

Labour (cost of unit operations) 50/day 

Number of labourers 1/day 

Fuel (engine oil) 10.00 

Fuel (diesel) 35.00 

T & T 100.00 

Total Variable Cost 334.00 

 

Table 8: Operating Cost (GHS/1000kg) 

 

 

 

 

 

ITEM COST 

Yam 3000.00 

Cassava 7000.00 

Water 40.00 

Polypropylene sack 30.00 

Firewood 750/15 sacks 

Labour (cost of unit operations) 2,500/five days 

Number of labourers 10/day 

Fuel (engine oil) 10.00 

Fuel (diesel) 500.00 

T & T 1000.00 

Total Variable Cost 14,830.00 

Total Fixed Cost 6,230.00 

Total Cost 21,060.00 
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Table 9: Profitability Analysis (GHS/1000kg) 

 

Variable Cost/kg =  
𝐓𝐨𝐭𝐚𝐥 𝐯𝐚𝐫𝐢𝐚𝐛𝐥𝐞 𝐜𝐨𝐬𝐭

𝐐𝐮𝐚𝐧𝐭𝐢𝐭𝐲
                                                   (25) 

Variable Cost/kg = 
GHS14,830

1000kg
 = GHS14.83/kg 

Discussion 

The techno-economic assessment was done to ascertain the economic 

viability of producing 1000kg (1 tonne) of the optimised gari in a year. Results 

showed that the fixed costs involving machines, tools, and equipment‘s 

ownership, taxes, insurance, depreciation, repairs, and maintenance amounted 

to GH6,230.00/5kg of optimised gari as shown in Table 5. The total variable 

costs and the total cost of producing 1000kg/year are GHS14,830 and 21,060 

respectively as shown in Table 6. From equation 25, the variable cost of 

production per kg amounted to GH14.83/kg.  

Quantity 

(kg) 

Fixed 

Costs 

(GHS) 

Variable 

Costs 

(GHS) 

Total 

Costs 

(GHS) 

Total 

Revenue 

(GHS) 

Profit/Loss 

(GHS) 

0 6,320 0 6,320 0 -6,320 

100 6,320 1,483 7,803 3,500 -4,303 

200 6,320 2,966 9,286 7,000 -2,286 

300 6,320 4,449 10,769 10,500 -269 

313.32 6,320 4,646.28 10,966.28 10,966.20 -0.08 

400 6,320 5,932 12,252 14,000 1,748 

500 6,320 7,415 13,735 17,500 3,765 

600 6,320 8,898 15,218 21,000 5,782 

700 6,320 10,381 16,701 24,500 7,799 

800 6,320 11,864 18,184 28,000 9,816 

900 6,320 13,347 19,667 31,500 11,833 

1,000 6,320 14,830 21,150 35,000 13,850 
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Moreover, from Table 8, and keeping the fixed cost constant 

throughout the year, no revenue was realised for the first year. Similarly, 

losses were made when the quantity of gari produced for the first three months 

started and increased by 100kg and sold at GHS35/kg. However, a breakeven 

quantity of approximately 313kg was realised by the fifth month indicating 

that the total cost was equal to the total revenue as shown in Table 8. 

Interestingly, after the fifth month, profit started accruing when the 

quantity of production exceeded the breakeven point. A profit of GHS13,850 

was realised at the end of the year when 1000kg of the gari was produced. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

From this study, YQ of 30%, FD of 3 days (72 hours), and RT of 

100ᵒC are the optimal processing conditions for the optimised cassava-yam 

composite gari. These conditions yield a beta carotene content of 12.29µg/g 

and a swelling capacity of 3.0022. However, the swelling capacity was 

reduced by yam quantity and fermentation duration. Interestingly, the yam 

quantity, fermentation duration, and roasting temperature improved the 

quantity of iron in the gari improved. Additionally, the zinc amount of the 

cassava-yam composite gari was increased significantly by the addition of 

yam indicating the effects of yam in the composite gari. 

The sensory attributes such as flavour, taste, texture, and overall acceptability 

were positively influenced by the fermentation duration but were not 

significant except for flavour. Whilst the appearance was affected positively 

by the roasting temperature but was not significant. From the study, a yam 

amount in composite cassava-yam composite gari should not exceed 30% as 

this will impair the sensory attributes and the overall consumer acceptability. 

The brightness of the cassava-yam composite gari was reduced by yam 

quantity. The brownness was affected positively by the three processing 

variables. However, both yam quantity and roasting temperature affected the 

brownness more than fermentation duration with a statistically significant 

effect indicating the effects of Millard reaction. Yam quantity affected the 

yellowness positively and contributed more to the yellowness than 

fermentation duration and roasting temperature but was significant. 
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From the storage study, the beta carotene content of the optimised gari 

in packaging materials and under storage conditions decreased throughout the 

storage period, especially in polyethylene packaging material under open 

market condition (OM). Similar trends were observed for appearance, flavour, 

taste, texture, overall acceptability, and the brightness of the optimised gari. 

The brownness, however, increased in all packaging materials and under 

storage conditions throughout the storage period.  

From the fixed cost of production, variable cost, and revenue, findings 

revealed that producing a tonne of the optimised cassava-yam composite gari 

yielded profit. 

Recommendations 

1. From the findings of this study, further studies involving yellow yams 

of the same variety should be used. 

2. Further studies on the moisture content and microbial quality of the 

stored gari should be conducted in future research.  
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APENDICES  

APENDIX A 

SENSORY EVALUATION FORM FOR THE COMPOSITE  

 

 

<20 20-35 >35 How often do you eat 

gari? 

Please tick 

1-4 

times/

month 

5-9 

times 

/month 

Over 10 

times/ month 

 Instruction:  Taste the samples in front of you from left to right.  

On a scale of 1 to 9, how do you like the following attributes of the CODED gari? 

1- dislike extremely 2- dislike very much    3- dislike moderately   4- dislike slightly   

5- neither like nor dislike  

6- like slightly          7- like moderately        8- like very much         9- like extremely 

 Appearance: How attractive is the gari? 

Texture: How the product looks in terms particle size 

Taste: sensation felt in your mouth while you chew/eat the gari 

Flavour: the taste of gari after swallowing. Do you feel the normal gari flavour? 

Overall Acceptance: Combined effect of appearance, texture, taste, flavour 

 

 

 

DAY 1 

CODE Appearance Taste Texture Flavour Overall 

acceptance 

1D,30,120      

1D,20,140      

1D,20,100      

1D,10,120      

1D, CONT      
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DAY 2 2D,20,120      

 2D,10,140      

 2D,10,100      

 2D,30,100      

 2D,20,120      

 2D,30,140      

 2D, CONT      

       

DAY 3 3D,30,120      

 3D,10,120      

 3D,20,100      

 3D, 20,140      

 3D, CONT      
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APENDIX B 

SENSORY EVALUATION FORM FOR THE OPTIMISED GARI 

 

 

<20 20-35 >35 How often do you eat 

gari? 

Please tick 

1-4 

times/

month 

5-9 

times 

/month 

Over 10 

times/ month 

 Instruction:  Taste the samples in front of you from left to right.  

On a scale of 1 to 9, how do you like the following attributes of the CODED gari? 

1- dislike extremely 2- dislike very much    3- dislike moderately   4- dislike slightly   

5- neither like nor dislike  

6- like slightly          7- like moderately        8- like very much         9- like extremely 

 Appearance: How attractive is the gari? 

Texture: How the product looks in terms particle size 

Taste: sensation felt in your mouth while you chew/eat the gari 

Flavour: the taste of gari after swallowing. Do you feel the normal gari flavour? 

Overall Acceptance: Combined effect of appearance, texture, taste, flavour 

 

 

 

 

CODE Appearance Taste Texture Flavour Overall 

acceptance 

PE/SM      

PE/ OM      

PE/ RM      

      

      

 PE/ PET/ SM      

 PE/ PET/OM      

 PE/ PET/RM      
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 PE/PET/AL/SM      

 PE/PET/AL/OM      

 PE/PET/ AL/RM      
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APENDIX C 

ANOVA FOR THE THREE-FACTOR THREE LEVELS RESPONSES  

BETA CAROTENE 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 54.7181 5.4718 11.54 0.002 

  Blocks 1 3.8160 3.8160 8.05 0.025 

  Linear 3 35.3746 11.7915 24.86 0.000 

    YQ 1 23.1267 23.1267 48.76 0.000 

    FD 1 3.4273 3.4273 7.23 0.031 

    RT 1 8.8207 8.8207 18.60 0.004 

  Square 3 7.3269 2.4423 5.15 0.034 

    YQ*YQ 1 2.1396 2.1396 4.51 0.071 

    FD*FD 1 2.2055 2.2055 4.65 0.068 

    RT*RT 1 4.0043 4.0043 8.44 0.023 

  2-Way 

Interaction 

3 6.6620 2.2207 4.68 0.043 

    YQ*FD 1 1.1245 1.1245 2.37 0.168 

    YQ*RT 1 3.0365 3.0365 6.40 0.039 

    FD*RT 1 2.5011 2.5011 5.27 0.055 

Error 7 3.3202 0.4743     

  Lack-of-Fit 5 2.4741 0.4948 1.17 0.521 

  Pure Error 2 0.8461 0.4230     

Total 17 58.0383       
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IRON CONTENT (µg/g) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 19560.3 1956.03 2.90 0.085 

  Blocks 1 3723.5 3723.53 5.53 0.051 

  Linear 3 8065.9 2688.64 3.99 0.060 

    YQ 1 4399.2 4399.19 6.53 0.038 

    FD 1 3.3 3.33 0.00 0.946 

    RT 1 3663.4 3663.41 5.44 0.052 

  Square 3 6635.7 2211.91 3.28 0.088 

    YQ*YQ 1 4499.0 4499.01 6.68 0.036 

    FD*FD 1 185.5 185.50 0.28 0.616 

    RT*RT 1 1555.9 1555.94 2.31 0.172 

  2-Way 

Interaction 

3 1073.2 357.72 0.53 0.675 

    YQ*FD 1 102.9 102.88 0.15 0.708 

    YQ*RT 1 110.4 110.40 0.16 0.698 

    FD*RT 1 859.9 859.88 1.28 0.296 

Error 7 4716.4 673.78     

  Lack-of-Fit 5 4637.7 927.54 23.56 0.041 

  Pure Error 2 78.7 39.37     

Total 17 24276.8       
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ZINC CONTENT (µg/g) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 1880.66 188.07 0.89 0.581 

  Blocks 1 292.31 292.31 1.38 0.278 

  Linear 3 222.25 74.08 0.35 0.790 

    YQ 1 37.39 37.39 0.18 0.687 

    FD 1 105.45 105.45 0.50 0.503 

    RT 1 79.41 79.41 0.38 0.559 

  Square 3 557.73 185.91 0.88 0.496 

    YQ*YQ 1 325.50 325.50 1.54 0.255 

    FD*FD 1 204.88 204.88 0.97 0.358 

    RT*RT 1 100.59 100.59 0.48 0.512 

  2-Way 

Interaction 

3 1079.45 359.82 1.70 0.253 

    YQ*FD 1 0.32 0.32 0.00 0.970 

    YQ*RT 1 1034.84 1034.84 4.90 0.063 

    FD*RT 1 44.28 44.28 0.21 0.661 

Error 7 1479.20 211.31     

  Lack-of-Fit 5 1467.86 293.57 51.77 0.019 

  Pure Error 2 11.34 5.67     

Total 17 3359.86       
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SWELLING CAPACITY 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 3.30189 0.330189 33.17 0.000 

  Blocks 1 0.06323 0.063231 6.35 0.040 

  Linear 3 0.81428 0.271427 27.27 0.000 

    YQ 1 0.74420 0.744200 74.76 0.000 

    FD 1 0.00883 0.008832 0.89 0.378 

    RT 1 0.06125 0.061250 6.15 0.042 

  Square 3 0.09942 0.033139 3.33 0.086 

    YQ*YQ 1 0.01179 0.011785 1.18 0.313 

    FD*FD 1 0.06907 0.069074 6.94 0.034 

    RT*RT 1 0.01179 0.011785 1.18 0.313 

  2-Way 

Interaction 

3 0.01885 0.006283 0.63 0.618 

    YQ*FD 1 0.01260 0.012600 1.27 0.298 

    YQ*RT 1 0.00063 0.000625 0.06 0.809 

    FD*RT 1 0.00562 0.005625 0.57 0.477 

Error 7 0.06968 0.009955     

  Lack-of-Fit 5 0.04522 0.009043 0.74 0.661 

  Pure Error 2 0.02447 0.012233     

Total 17 3.37158       
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BRIGHTNNESS (L*) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 185.413 18.5413 14.36 0.001 

  Blocks 1 6.560 6.5600 5.08 0.059 

  Linear 3 85.154 28.3847 21.98 0.001 

    YQ 1 25.896 25.8960 20.05 0.003 

    FD 1 57.248 57.2482 44.33 0.000 

    RT 1 2.010 2.0100 1.56 0.252 

  Square 3 23.237 7.7457 6.00 0.024 

    YQ*YQ 1 1.987 1.9869 1.54 0.255 

    FD*FD 1 16.964 16.9643 13.13 0.008 

    RT*RT 1 3.448 3.4482 2.67 0.146 

  2-Way 

Interaction 

3 12.375 4.1251 3.19 0.093 

    YQ*FD 1 11.729 11.7293 9.08 0.020 

    YQ*RT 1 0.560 0.5600 0.43 0.531 

    FD*RT 1 0.086 0.0860 0.07 0.804 

Error 7 9.041 1.2915     

  Lack-of-Fit 5 8.710 1.7420 10.53 0.089 

  Pure Error 2 0.331 0.1654     

Total 17 194.453       
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BROWNNESS (a*) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 20.0565 2.00565 4.68 0.026 

  Blocks 1 0.4827 0.48273 1.13 0.324 

  Linear 3 8.6841 2.89471 6.76 0.018 

    YQ 1 2.6259 2.62587 6.13 0.042 

    FD 1 5.7820 5.78200 13.50 0.008 

    RT 1 0.2763 0.27627 0.65 0.448 

  Square 3 1.3375 0.44583 1.04 0.432 

    YQ*YQ 1 0.0690 0.06897 0.16 0.700 

    FD*FD 1 1.1156 1.11562 2.61 0.151 

    RT*RT 1 0.1165 0.11651 0.27 0.618 

  2-Way 

Interaction 

3 1.2532 0.41773 0.98 0.457 

    YQ*FD 1 0.5437 0.54374 1.27 0.297 

    YQ*RT 1 0.0205 0.02054 0.05 0.833 

    FD*RT 1 0.6889 0.68890 1.61 0.245 

Error 7 2.9971 0.42816     

  Lack-of-Fit 5 2.9237 0.58473 15.92 0.060 

  Pure Error 2 0.0735 0.03674     

Total 17 23.0536       
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YELLOWNESS (b*) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 15.3302 1.53302 1.69 0.249 

  Blocks 1 0.0317 0.03175 0.04 0.857 

  Linear 3 0.3523 0.11744 0.13 0.939 

    YQ 1 0.0039 0.00390 0.00 0.949 

    FD 1 0.2812 0.28120 0.31 0.595 

    RT 1 0.0672 0.06722 0.07 0.793 

  Square 3 7.5980 2.53266 2.80 0.118 

    YQ*YQ 1 0.0127 0.01270 0.01 0.909 

    FD*FD 1 4.4423 4.44227 4.91 0.062 

    RT*RT 1 3.5291 3.52909 3.90 0.089 

  2-Way 

Interaction 

3 6.3016 2.10054 2.32 0.162 

    YQ*FD 1 2.0411 2.04111 2.26 0.177 

    YQ*RT 1 1.7956 1.79560 1.98 0.202 

    FD*RT 1 2.4649 2.46490 2.72 0.143 

Error 7 6.3334 0.90477     

  Lack-of-Fit 5 5.5728 1.11457 2.93 0.274 

  Pure Error 2 0.7606 0.38028     

Total 17 21.6636       
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APPEARANCE 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 5.51072 0.551072 3.88 0.043 

  Blocks 1 0.17987 0.179873 1.27 0.298 

  Linear 3 0.35272 0.117573 0.83 0.519 

    YQ 1 0.07782 0.077823 0.55 0.483 

    FD 1 0.00671 0.006709 0.05 0.834 

    RT 1 0.26819 0.268188 1.89 0.212 

  Square 3 0.40411 0.134704 0.95 0.468 

    YQ*YQ 1 0.14488 0.144879 1.02 0.346 

    FD*FD 1 0.23088 0.230885 1.62 0.243 

    RT*RT 1 0.00061 0.000608 0.00 0.950 

  2-Way 

Interaction 

3 0.28851 0.096171 0.68 0.593 

    YQ*FD 1 0.08327 0.083272 0.59 0.469 

    YQ*RT 1 0.08064 0.080640 0.57 0.476 

    FD*RT 1 0.12460 0.124601 0.88 0.380 

Error 7 0.99474 0.142105     

  Lack-of-Fit 5 0.99039 0.198078 91.19 0.011 

  Pure Error 2 0.00434 0.002172     

Total 17 6.50545       

 

 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



 

137 

 

FLAVOUR 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 5.05257 0.505257 6.86 0.009 

  Blocks 1 0.46758 0.467583 6.35 0.040 

  Linear 3 0.45367 0.151223 2.05 0.195 

    YQ 1 0.08476 0.084761 1.15 0.319 

    FD 1 0.33745 0.337450 4.58 0.070 

    RT 1 0.03146 0.031457 0.43 0.534 

  Square 3 0.16330 0.054432 0.74 0.561 

    YQ*YQ 1 0.00006 0.000058 0.00 0.978 

    FD*FD 1 0.00080 0.000805 0.01 0.920 

    RT*RT 1 0.16276 0.162758 2.21 0.181 

  2-Way 

Interaction 

3 1.70426 0.568088 7.71 0.013 

    YQ*FD 1 0.79386 0.793855 10.78 0.013 

    YQ*RT 1 0.02856 0.028557 0.39 0.553 

    FD*RT 1 0.88185 0.881851 11.97 0.011 

Error 7 0.51554 0.073649     

  Lack-of-Fit 5 0.42545 0.085090 1.89 0.381 

  Pure Error 2 0.09009 0.045046     

Total 17 5.56811       

 

 

 

 

 University of Cape Coast            https://ir.ucc.edu.gh/xmlui

Digitized by Sam Jonah Library



 

138 

 

TASTE 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 5.05257 0.505257 6.86 0.009 

  Blocks 1 0.46758 0.467583 6.35 0.040 

  Linear 3 0.45367 0.151223 2.05 0.195 

    YQ 1 0.08476 0.084761 1.15 0.319 

    FD 1 0.33745 0.337450 4.58 0.070 

    RT 1 0.03146 0.031457 0.43 0.534 

  Square 3 0.16330 0.054432 0.74 0.561 

    YQ*YQ 1 0.00006 0.000058 0.00 0.978 

    FD*FD 1 0.00080 0.000805 0.01 0.920 

    RT*RT 1 0.16276 0.162758 2.21 0.181 

  2-Way 

Interaction 

3 1.70426 0.568088 7.71 0.013 

    YQ*FD 1 0.79386 0.793855 10.78 0.013 

    YQ*RT 1 0.02856 0.028557 0.39 0.553 

    FD*RT 1 0.88185 0.881851 11.97 0.011 

Error 7 0.51554 0.073649     

  Lack-of-Fit 5 0.42545 0.085090 1.89 0.381 

  Pure Error 2 0.09009 0.045046     

Total 17 5.56811       
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TEXTURE 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 2.28927 0.228927 7.81 0.006 

  Blocks 1 0.45038 0.450380 15.36 0.006 

  Linear 3 0.15167 0.050555 1.72 0.249 

    YQ 1 0.11045 0.110450 3.77 0.093 

    FD 1 0.00610 0.006104 0.21 0.662 

    RT 1 0.03511 0.035112 1.20 0.310 

  Square 3 0.41300 0.137668 4.70 0.042 

    YQ*YQ 1 0.03194 0.031943 1.09 0.331 

    FD*FD 1 0.36942 0.369421 12.60 0.009 

    RT*RT 1 0.01099 0.010989 0.37 0.560 

  2-Way 

Interaction 

3 0.33406 0.111355 3.80 0.066 

    YQ*FD 1 0.19334 0.193339 6.59 0.037 

    YQ*RT 1 0.01822 0.018225 0.62 0.456 

    FD*RT 1 0.12250 0.122500 4.18 0.080 

Error 7 0.20524 0.029320     

  Lack-of-Fit 5 0.18897 0.037794 4.65 0.187 

  Pure Error 2 0.01627 0.008133     

Total 17 2.49451       
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OVERALL 

Source DF Adj SS Adj MS F-Value P-Value 

Model 10 4.97790 0.497790 6.08 0.013 

  Blocks 1 0.23811 0.238113 2.91 0.132 

  Linear 3 0.31690 0.105632 1.29 0.350 

    YQ 1 0.02205 0.022050 0.27 0.620 

    FD 1 0.18905 0.189046 2.31 0.172 

    RT 1 0.10580 0.105800 1.29 0.293 

  Square 3 0.06555 0.021851 0.27 0.847 

    YQ*YQ 1 0.05548 0.055485 0.68 0.438 

    FD*FD 1 0.00022 0.000221 0.00 0.960 

    RT*RT 1 0.01223 0.012231 0.15 0.711 

  2-Way 

Interaction 

3 0.58632 0.195440 2.39 0.155 

    YQ*FD 1 0.25547 0.255471 3.12 0.121 

    YQ*RT 1 0.00023 0.000225 0.00 0.960 

    FD*RT 1 0.33063 0.330625 4.04 0.084 

Error 7 0.57333 0.081905     

  Lack-of-Fit 5 0.55473 0.110946 11.93 0.079 

  Pure Error 2 0.01860 0.009300     

Total 17 5.55123       
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APPENDIX D 

RESPONSE OPTIMISATION PREDICTION 

 

 

 

 

 

 

 

 

Variable Setting 

YQ 30 

FD 3 

RT 100 

Response Fit SE Fit 95% CI 95% PI 

B. Carotene 

(ug/g) 

12.299 0.994 (9.948, 14.650) (9.439, 15.158) 

Overall 8.073 0.413 (7.096, 9.050) (6.884, 9.261) 

Flavour 7.848 0.435 (6.819, 8.878) (6.596, 9.100) 

Texture 7.661 0.247 (7.077, 8.246) (6.950, 8.372) 

Taste 8.322 0.392 (7.395, 9.248) (7.195, 9.449) 

Appearance 7.121 0.544 (5.834, 8.408) (5.556, 8.687) 

a -2.039 0.945 (-4.273, 0.195) (-4.756, 0.678) 

L 38.20 1.64 (34.32, 42.08) (33.48, 42.92) 

SC 3.002 0.144 (2.662, 3.343) (2.588, 3.417) 
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APPENDIX E 

ETHICAL  CLEARANCE  
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