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GENERAL ABSTRACT 

 The study evaluated the efficacy of thermal processing methods to improve the feeding value 

of Marama bean (Tylosema esculentum) in diets of Jumbo quail (Coturnix sp.). Five 

isonitrogenous and isoenergetic experimental diets were formulated as follows: a standard 

grower diet without MBM (CON); = a standard grower diet with 99.98 g/kg of raw (MBMR), 

cooked (MBMC), autoclaved (MBMA), and toasted MBM (MBMT). A total of 306, one-

week-old mixed-gender Jumbo quail with initial live-weights of 30.97 ± 1.79 g/b were 

distributed to 5 dietary treatments in a completely randomised design with 8 or 9 birds per 

cage and each replicated 7 times. Effect of diets on growth performance, apparent retention 

(AR) of amino acids (AA), serum biochemical and haematological parameters, carcass 

characteristics and quality, and internal organ sizes in Jumbo quail was tested. Daily feed 

intake and weekly live-weights were measured until the quail reached 5 weeks of age. Blood 

samples were collected during slaughter, and other parameters were measured postmortem. 

The AR of AA was assessed from weeks 5 to 6 using 70 quail hens (two birds per 

experimental cage). The diets significantly affected (P <0.05) the AR of lysine, methionine, 

threonine, and otheressential amino acids. The CON diet resulted in the highest (P <0.05) 

overall feed intake (FI) followed by MBMC and MBMA, while the MBMR and MBMT 

groups had the lowest overall FI.  Quail birds fed MBMR and MBMT diets showed 

significantly lower overall body weight gain (BWG) (P <0.05) compared to those fed CON, 

MBMC and MBMA diets. Moreover, quail on the MBMR diet had the lowest overall gain-to-

feed ratio (G:F) (P <0.05) compared to those reared on the other diets, which had statistically 

similar G:F values (P >0.05). The MBMR diet also resulted in higher (P <0.05) lipase level 

than the other treatments.  The CON diet produced higher (P <0.05) haematocrit level than 

the other treatments. Quail birds fed MBMR and MBMT diets had significantly lower (P 

<0.05) final body weights compared to those fed the CON, MBMC and MBMA diets. 
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Additionally the MBMR diet resulted in the heaviest (P <0.05) relative gizzard weights than 

all other dietary treatments. The MBMT and MBMR groups had significantly heavier (P 

<0.05) relative spleen weights compared to the other treatment groups. However, diet MBMT 

led to significantly heavier (P <0.05) relative proventriculus weights compared to the other 

dietary groups. Diet CON improved 1-hour breast meat redness more than the other dietary 

treatments. Furthermore, the MBMC, MBMA and CON diets significantly enhanced (P 

<0.05) 24-hour breast meat redness compared to the MBMR and MBMT diets. It was 

concluded that relative to the CON diet, cooked and autoclaved MBM treatments improved 

apparent AA retention, overall growth performance, carcass weights, and meat redness than 

the raw and toasted MBM treatments.  

Keywords: Blood parameters, Growth performance, Heat treatment, Jumbo quail, Marama 

bean, Meat quality 
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1 CHAPTER ONE - GENERAL INTRODUCTION 

1.1 Background  

The use of indigenous legume plants as sources of nutrients in animal feeds has become 

crucial in the quest to establish sustainable animal agricultural production systems and reduce 

malnutrition and food security risks in developing countries (Jeke et al., 2018). Due to the 

rapidly growing human population, which is mostly in developing countries, the demand for 

animal protein has increased in recent years (Erdaw & Beyene, 2022). Poultry meat and eggs 

are among the most common animal products consumed globally, by a wide diversity of 

cultures, traditions and religions, making them key to food and nutrition security (Mottet & 

Tempio, 2017). Thus, the use of non-conventional alternative feed sources in poultry 

production is imperative to meet the increasing demand of poultry products, especially in the 

African continent (Dalle Zotta et al., 2019). To complement chicken production, quail 

farming could be a feasible strategy to address issues of animal protein deficiency, especially 

in sub-Saharan Africa, where a large segment of the population experiences persistent 

undernourishment and malnourishment (Jeke et al., 2018).  

Quail (Coturnix spp.) are diversified small-sized, birds with short legs and varied plumage 

reared for meat and egg production (Mondry, 2016; Lukanov, 2019). They are rapidly 

gaining popularity among poultry consumers because their meat and eggs are delicious and 

have high nutritional value with beneficial bioactive substances that can prevent and cure 

various ailments (Wamuyu et al., 2017). Quail are tough and resilient to many diseases that 

affect poultry birds, which minimises on vaccination and veterinary costs (Guri et al., 2017). 

The Jumbo quail is the biggest Coturnix quail breed, which was bred from the Japanese quail 

(Coturnix coturnix japonica) line for meat production. It is currently the fastest growing quail 

breed that attains sexual maturity at six weeks of age with body weights ranging from 150 to 

https://www.sciencedirect.com/science/article/pii/S0309170821001421?casa_token=Xt8gOQTU0ToAAAAA:JCorPCxTb0imm1HtGYKBlpcBhSrkEIzpwOhf_HJ3s_3b_wBhpq1LsRWOXkzAIlxkvWzOosffeto#bib0065
https://www.sciencedirect.com/science/article/pii/S0309170821001421?casa_token=Xt8gOQTU0ToAAAAA:JCorPCxTb0imm1HtGYKBlpcBhSrkEIzpwOhf_HJ3s_3b_wBhpq1LsRWOXkzAIlxkvWzOosffeto#bib0065
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200 g (Marareni & Mnisi, 2020; Lamba et al., 2022). According to Altine et al. (2016), 

optimal quail production requires feeds of high quality that contains high levels of protein 

and energy. However, the over-reliance on conventional protein and energy sources such as 

soybeans and maize pose socio-economic and environmental challenges for large-scale quail 

intensification due their incessant market prices and other factors (Abd El-Moneim & Sabic, 

2019).   

1.2 Problem statement  

Globally, soybean meal (SBM) is dominant in the feed market as a source of vegetable 

protein because of its high protein content (average 47.4%) compared to other plant sources. 

This makes it an outstanding constituent of feed during formulations (Ravn et al., 2015; 

Shafigullin et al., 2020). However, the over-dependence on SBM is unsustainable for large-

scale quail production given its negative impact on the environment, which is associated with 

its cultivation (Gadzirayi et al., 2012; Parolini et al., 2020). Briefly, several inputs such as 

pesticides, fertilizers, machinery, and fuel, among others, are required for the cultivation of 

soybeans, which pose environmental sustainability challenges (Dlamini et al., 2014; Raucci 

et al., 2015). Unlike other traditional leguminous plants, like soybeans that require large acres 

of arable agricultural land for its cultivation, with land preparation resulting in deforestation, 

soil erosion, and compaction due to heavy machinery (Kuss et al., 2015; Almeida et al., 

2018). Marama plant grows even in poor quality soils. Therefore, exploring local legumes 

that have high nutritional value and little-to-no food value to the South African general 

citizenry has the potential to deliver sustainable quail production (Sekali et al., 2020).  

Presently, Marama bean (MB) is one of the underutilized protein sources in South Africa 

(Trytsman et al., 2019). Hence, its evaluation as an alternative nutrient source is imperative to 

ensure sustainable Jumbo quail production. However, the use of raw Marama beans in quail 

diets could be limited by the presence of trypsin inhibitors (TIs), which makes up to 20% of 
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total protein in MB (Alabi et al., 2022). Further, the presence of other anti-nutritional factors 

(ANFs) like saponins of 55-63 mg/L (Nyembwe et al., 2015), phenols up to 24.6 mg/g 

catechin equivalent (Gulzar & Minaar, 2017) and condensed tannins CT, 200 mg/g catechin 

equivalent (Shelembe et al., 2012) can reduce MB protein digestibility by suppressing 

digestive enzymes and, subsequently, increase faecal nitrogen (Tadele, 2015).  

According to Gemede & Ratta (2014) and Samtiya et al. (2020), TIs reduce protein 

digestibility and mineral absorption causing toxicity, micronutrient malnutrition, mineral 

deficiency, and decreased growth rates of livestock, especially when present in high 

concentrations. On the other hand, saponins reduce nutrient absorption, depress growth rates, 

and inhibit enzyme functions and smooth muscle activity (Abu Hafsa et al., 2022). All these 

effects could place limitation on its use as a dietary protein source in simple non-ruminants 

like quail. However, the adverse effects of these ANFs can be reduced or eliminated by 

applying effective processing techniques like boiling or combination of techniques and 

thereby improve the nutritive value of feed sources (Tadele, 2015; Batista et al., 2020). 

Likewise, the inactivation and/or removal of anti-nutritional components are vital to improve 

the nutritional potential of MB in quail nutrition.   

1.3 Justification  

Marama bean is a high source of protein, amino acids and lipids that compares relatively well 

with soybean (Ikhajiagbe et al., 2021). The MB contains 30 - 39% crude protein and 30 - 

43% crude oil comparable to 33 - 48% crude protein and 15 - 24% crude oil in soybean 

(Petrusan et al., 2016; Chimwamurombe, 2016; Miao et al., 2020; Omotayo & Aremu, 2021). 

It also contains dietary crude fibre of up to 8% (Amonsou et al., 2011) and approximately 

75% of unsaturated fatty acids (Holse et al., 2012), with 87% of those being a combination of 

oleic, linoleic, and palmitic acids (Holse et al., 2011). Marama bean is a rich source of potent 

phytochemicals including phenolic acids, flavonoids and phytosterols, as well amino acids 
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(arginine, alanine, isoleucine, cysteine, and lysine), magnesium (274.5 mg /100 g) and iron 

(3.95 mg /100 g) (Omotayo & Aremu, 2021). Some of the MB bioactive compounds have 

increasing proof of possible health benefits with regards to diet related non-communicable 

diseases (Duodu & Apeah-Bah, 2017).  

However, the presence of TIs and CTs in MB (Tibe et al., 2016) calls for pre-processing 

measures to improve and safeguard its utilization in quail diets. The most effective way of 

ameliorating thermos-labile ANFs is through heat processing (Aviles-Gaxiola et al., 2017). 

Heat treatments can inactivate ANFs (Nyembwe et al., 2015) and enhance antioxidant 

activities (Kim et al., 2019) by denaturing the heat-labile proteins like oxalates, tannins and 

trypsin inhibitors through reactions that involve destruction of disulphide bonds and splitting 

of covalent bonds (Irakli et al., 2020). Thermal treatments like roasting, dry or wet heating, 

micronization or physical treatment involving pressure processing are necessary to deactivate 

a variety of ANFs (Gulzar & Minnaar, 2017). In addition, processing techniques such as 

soaking, fermentation, debraning, autoclaving, to mention but a few, are used to reduce the 

anti-nutritional activities in feedstuff (Samtiya et al., 2020). Common treatment processes 

involving soaking, boiling, cooking, extrusion and autoclaving, have been shown to inhibit or 

reduce the anti-nutritive activities of tannins, phytic acids, and TIs (Abbas & Ahmad, 2018). 

For example, TI activities reduced when thermal treatments were employed on soybeans 

(boiled for 9 min at 100C and autoclaved for 15 min at 121C) and peanuts roasted for 20 

min at 180C (Aviles-Gaxiola et al., 2017). Nyembwe et al. (2015) found that roasting MB 

for 20, 25, or 30 min at 150C resulted in a change of sensory properties and its saponin 

content. However, the feeding value of heat-treated (cooked, autoclaved and toasted) MB is 

unknown for the Jumbo quail. Thus, it is important to establish the feed value of raw or heat-

treated Marama bean meal (MBM) for Jumbo quail. 

 

https://www.sciencedirect.com/science/article/pii/S0308814615000722#!
https://www.sciencedirect.com/science/article/pii/B9780128027783000123#!
https://www.sciencedirect.com/science/article/pii/B9780128027783000123#!
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1.4 Aim and objectives 

This study intended to enhance the feed value of Marama bean (Tylosema esculentum) meal 

(MBM) as a potential nutrient source in Jumbo quail diets using three thermal treatments. 

The specific objectives stated below guided the feeding experiment:  

i. To determine the proximate constituents and amino acid composition of raw or heat-

treated MB substrates. 

ii. To determine the effect of raw or heat-treated MBM on apparent retention of amino 

acids, growth performance, and blood parameters in Jumbo quail. 

iii. To determine the effect of raw or heat-treated MBM on carcass characteristics, 

internal organ sizes, and meat quality and stability traits in Jumbo quail. 

1.5   Hypothesis 

This study tested the following alternative hypotheses (HA): 

i. HA: Heat treatment of raw MB substrates would improve proximate constituents 

and the availability of its amino acids.  

ii. HA: Heat treatment of MBM would improve the apparent retention of amino acid, 

growth performance and blood parameters in Jumbo quail compared to the 

soybean-based and raw MBM-based control diets. 

iii. HA: Heat treatment of MBM would enhance internal organs, carcass features, and 

meat quality and stability parameters in Jumbo quail compared to the soybean-

based and raw MBM-based control diets. 
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2 CHAPTER TWO - LITERATURE REVIEW 

2.1 Introduction 

The growing human population drives the need to increase food production, especially 

protein-rich food products (Wang et al., 2021). Broiler quail production offers an opportunity 

to meet the demand for animal protein. However, large-scale production of Jumbo quail is 

limited by high feed costs due to the use of expensive dietary energy (maize) and protein 

(soybean) sources during feed formulations. The food industry and researchers are placing 

emphasis on the potential use of indigenous plant-based protein sources like Mucuna, 

chickpeas, faba beans among others which could be cheaper, sustainable and ecologically 

friendly (Akhtar et al., 2022). These protein sources have little-to-no direct food value for 

humans and their production does not require arable land compared to soybean cultivation. 

These plants are rich in crude protein and oil required for healthy quail production (Nalluri & 

Karri, 2021). Several studies have evaluated the use of unconventional protein sources like 

Mucuna, pea, and canola meals as alternatives to soybean in poultry diets however; there is 

scarcity of information on the use of Marama. Marama (Tylosema esculentum) is a local 

drought-tolerant and naturally growing legume that is well-adapted to dry or low moisture 

conditions (Omotayo & Aremu, 2021). It has pods which contain seeds that could be used as 

an alternative source of nutrients in Jumbo quail diets because of its outstanding nutritional 

profile similar to legume crops like peanut, soybean and navy bean (Gulzar & Minaar, 2017; 

Omotayo & Aremu, 2021). The Marama bean (MB) is rich in crude protein (30 - 39%) with 

crude oil content of 30 - 43% (Chimwamurombe, 2016) as well as essential minerals 

including calcium content (up to 241 mg/100 g) needed for bone development, zinc (6.2 mg/ 

100g) which aids protein metabolism, iron (of about 3.95 mg/100 g) and magnesium (274.5 

mg per 100 g), required for several metabolic processes (Omotayo & Aremu, 2021). The 

aforementioned minerals are important and significant for optimum quail performance. The 
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Marama plant is currently growing without human intervention, thus its large-scale 

propagation is highly feasible given that it thrives in sandy soils with less water and no 

fertilizers (Mataranyika, 2019). Accordingly, the use of MB can reduce current feed-food 

competitions and ensure the development of profitable and sustainable quail agro-businesses 

(Parisi et al., 2020). However, the presence of anti-nutritional factors (ANFs) like tannins, 

saponins and phenolic compounds can limit its utilization (Nyembwe et al., 2015). It has 

been established that MB contains high activity of trypsin inhibitors (TI) (20% of total 

protein), which can be destroyed by heat processing (Alabi et al., 2022), hence, thermal 

treatments would be a strategic and ideal technique to ameliorate the activity of TIs in MB to 

improve its utilization. Heat treatment is an easy and low-cost method that shows positive 

effects on improving the quality and digestibility of legume seeds (Ohanenye et al., 2022). 

Moreover, heat treatment is inexpensive when compared to the use of other technologies such 

as mineral supplementation, plant bio fortification that requires regular and frequent 

applications, use of heavy and bulky products which could potentially pose some negative 

effects on the environment and increase cost (Vas Patto et al., 2014).  Therefore, this research 

aims to evaluate the use of three heat treatment methods (cooking, autoclaving and toasting) 

for improving Marama bean in Jumbo quail diets.  

 

2.2 Overview of the South African poultry industry  

The poultry industry contributes significantly to food security through the provision of cheap 

energy, protein as well as essential micro-nutrients from poultry meat and eggs (Mottet & 

Tempio, 2017). Poultry is currently one of the fastest growing agricultural industries, 

especially in developing countries like South Africa, Nigeria and Algeria (Nkukwana, 2018). 

Furthermore, it can help to alleviate poverty and livelihood of the people in marginalized 
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communities by providing income and employment (Mottet & Tempio, 2017; Etuah et al., 

2020). 

Recently, it has been documented that that South African poultry industry ranks as the fifth 

most efficient in the world. It is also the largest commercial poultry producer in Africa, 

followed by Egypt, Morocco, Nigeria, and Algeria.  In South Africa, the poultry industry 

contributes more than 20% of its share of gross domestic product (GDP) and over 40% (as 

shown in Figure 2.1) of all animal products making it the largest agricultural sector (SAPA, 

2022). In 2022, farm income for poultry meat and eggs increased by 17.0% yielding about 

R71.62 billion compared to R61.21 billion in 2021 (SAPA, 2022).  Poultry meat and eggs are 

generally the most affordable and consumed animal proteins than red meat, which is 

important to meet the zero-hunger goals set by government (Nkukwana, 2018). However, the 

recent outbreak of avian influenza has led to an increase in the price of these products. The 

South African poultry industry is dominated by a few fully integrated, large-scale commercial 

producers, alongside numerous small-scale producers. These smaller producers, who may be 

either contract growers or independent operators, primarily supply the informal market 

(Nkukwana, 2018).   

Demand for conventional feed ingredients for animal feeds exceeds the supply, hence, South 

Africa import its major feed ingredients from countries such as Brazil because it does not 

produce enough ingredients for conventional feed manufacturers. In contrast, Brazil and the 

United States of America produce sufficient quantities of subsidized cereal grains and 

oilseeds for poultry farming. Thus, it has become difficult for the South African poultry 

industry to remain competitive in the global market (Nkukwana, 2018). Hence, the demand 

for poultry products exceeds the supply which necessitates importation of poultry meat and 

eggs from other countries. Brazil is the main country exporting poultry products to South 

Africa, accounting for over 54% of poultry imports (SAPA, 2020). Between the years 2017 to 
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2021, the South African poultry industry experienced a downward trend in imports (chicken 

and egg imports decreased by 11.4% and 39.2%, respectively) due to adjusted import tariffs 

but tariff increase is still insufficient to stem flow of imports as feed cost is still unbearable 

(SAPA, 2022). High feed cost threatens the economic viability and future certainty of the 

industry and should be an eye opener for South African policymakers to consider issues that 

makes it difficult for local producers to thrive such as high feed costs (Karodia, 2017). 

Conventional poultry feeds are largely formulated using maize and soybean meal (SBM), 

which is the reason for the escalation in feed costs because these ingredients are currently 

available at exorbitant market prices. Feed costs, which currently occupy more than 70% of 

total production costs, have a major impact on the profitability of the poultry industry 

(Lombard & Bahta, 2018).  

 
Figure 2.1. Gross value of animal products (Source: SAPA, 2017). 

 

2.3 Challenges faced by poultry producers  

The poultry industry is currently faced with lots of problems relating to high feed costs, 

among other issues, which remains a major challenge (Nkukwana, 2018). Bounds and 

Zinyemba (2018) report that the South African poultry industry is challenged by high input 
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costs, fluctuations in import prices and exchange rates, limited capital or investment, and 

inadequate marketing and technical skills. Moreover, South Africa experiences exclusion 

from exporting its poultry products to other developed countries due to trade bans (SAPA, 

2021). Nevertheless, sustainable agricultural practices like no tillage machinery, use of crop 

residue can be adopted to increase production of feed ingredients required for poultry farming 

(Sodhi et al., 2023). 

Drought occurrences in some parts of the country have also exacerbated these challenges, 

which increased the cost of feed and other important inputs (Karodia, 2017). The numerous 

challenges ranging from rising feed costs, exchange rate fluctuations, import penetration, 

rising electricity tariffs, load shedding, and access to finance and markets has hindered its 

growth potential and ability to compete with global market (Lombard & Bahta, 2018). On the 

other hand, there are unprecedented riots and lootings leading to poultry farm infrastructure 

damage, large-scale theft, and massive interruptions to supply chains and transport systems 

(SAPA, 2022). Insufficient or limited state veterinary resources while there is prevalence of 

infectious and zoonotic diseases, outbreak of diseases like avian flu results in high mortalities 

and culling of birds, which have negative effects on chick production and slaughter volumes 

(SAPA, 2020). It has been proposed that adoption of smart farming could be a viable solution 

to this challenge using remote sensors for monitoring and early disease detection in poultry 

(Sharma et al., 2022).            

South Africa is not an exception among the countries that depends on Soybean meal (SBM) 

as a dietary source of protein in poultry farming because of its high-quality that is required 

for optimum livestock production (Pereira et al., 2020). The demand for soybean in Africa 

does not meet with its supply and as a result, the shortage is mostly covered by importation 

(Murithi et al., 2016). Unfortunately, high global tariffs on soybean markets result in higher 

prices for consumers, leading to net losses and economic inefficiency (Sabala & Devadoss, 

https://www.sciencedirect.com/science/article/pii/S2211926419307945#!
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2019). The European Union (EU) animal feed market is also not self-sufficient in SBM 

production (3%) and depends highly on imports which makes the sector very vulnerable to 

trade distortions and unstable price of soybeans (Pereira et al., 2020). This could lead to 

intense inadequacy of protein supply in the near future posing a risk of malnutrition and food 

insecurity, especially in developing countries where the population is on the increase 

(Hashemian et al., 2019). The use of soybean as feedstuff for animals has become 

unsustainable because it serves other purposes like feeding humans, which will pose threats 

to the food supply in the nearest future. It is expedient for researchers to identify and evaluate 

alternative protein sources for animal production that have no or little food value for humans 

(Parisi et al., 2020). 

Climate change and increasing water scarcity and shortage remains a constant challenge in 

South Africa (Bonetti et al., 2022). The impacts of climate change have been felt across the 

country in a form of drought conditions, severe floods, and wildfires, which increases the 

production cost of feed ingredients. This results in negative economic consequences thus 

driving a need for efficient water systems (Maulu et al., 2021; Pengelly et al., 2021). 

However, unlocking opportunities for the use of drought tolerant crops like Marama, which is 

a climate-smart plant that has the ability to retain water in the root zone, can mitigate some of 

these challenges. Government interventions in making policies that could drive the uptake of 

drought tolerant crops and improved extension services through awareness programmes 

would also bring improvement to this sector (Pengelly et al., 2021). While implementing 

these policies, it is necessary to look into ways to diversify the poultry industry through 

production of other avian species like the quail, which can serve as a complementary source 

of meat and eggs. 

 

https://www.sciencedirect.com/science/article/pii/S2211926419307945#!
https://www.sciencedirect.com/science/article/pii/B9780128179413000206#!
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2.4 Quail farming  

Quail are small-framed birds, belonging to the Phasianidae family, which were domesticated 

for the first time in Japan many decades ago for meat and egg production (Priti & Satish, 

2014; Mondry, 2016). Quail meat is a tasty and delicious white-game with extremely low 

skin fat and low cholesterol value (Priti & Satish, 2014; Redoy et al., 2017). Likewise, the 

eggs, which can be boiled or made into egg pickles, have low cholesterol content compared 

to chicken eggs. Quail meat and eggs have been reported to facilitate brain and body 

development hence, they are recommended for pregnant and breast-feeding women (Priti & 

Satish, 2014). Quail farming, which is also part of aviculture, requires less rearing space, 

water, and feed, and is environmentally friendly due to the lower carbon footprint (Mnisi & 

Mlambo, 2019). However, they require high quality diets containing 18-24% crude protein, 

2 600-3 000 Kcal/kg ME, 0.6-1% calcium, and 0.5% phosphorus for maintenance and rapid 

growth (Tarasewicz et al., 2006; Smith & Tabler, 2016). However, there has not been a 

standard ration established for quail birds in South Africa (Marareni, 2021).. Therefore, a 

well-balanced protein-to-energy ration is important for optimum performance quail. Quail 

birds are reared in cages and/ or on floor pens with or without bedding material, however 

with a lower density of occupancy to avoid stress and reduce cannibalism and mortality 

(Mondry, 2016).  
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Plate 2.1. Jumbo quail raised in a cage (Source: North-West University research farm, 2023) 

 

Quail farming requires less capital and investment and provides quick returns due to the 

birds‟ early attainment of sexual maturity and high prolificacy. It also provides higher cost-

benefit ratio compared to chicken production due to lower production cost (Redoy et al., 

2017). Quail rearing is cost-effective compared to other poultry birds because they have 

strong disease resistance and requires little or no medication and vaccines (Samanta et al., 

2018). Moreover, quail litter has high fertilizer value and can be used on farmlands to 

increase crop yields.  

There are many different species of quail including the Coturnix coturnix japonica commonly 

called Japanese quail, Coturnix chinensis called king quail, and Coturnix coturnix called 

common quail (Mondry, 2016). The Jumbo quail (Coturnix sp.) is a meat-type breed that is 

known for its fast growth rate. It is a larger and meatier version bred from the Japanese quail 

line (Mbhele et al., 2019) and has now become a very important poultry species intensively 

reared for meat in South Africa (Masenya et al., 2021).  

In South Africa, commercial quail farming is gradually being recognized as a potential source 

of animal protein, which can be a tool to alleviate protein-energy malnutrition and food 
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insecurity, especially in rural areas (Mnisi et al., 2021). According to Santhi & Kalaikannan 

(2017), commercial quail farming is profitable and gaining popularity across nations, thus the 

production of high-quality quail meat is very important to improve sales. However, the 

problems associated with low demand for quail products, high feed costs, poor health care, 

and disease outbreaks, among other things (Mnisi et al., 2021), require urgent intervention. 

2.5 Soybean production   

Soybean is naturally a rich source of protein and oil and it is one of the largest sources of 

vegetable oil and protein globally (Sugiyama et al., 2015; Pagano & Miransari, 2016). 

Soybean is largely used as a source of protein in animal feeds, human diet, and in the 

production of biofuel (Pereira et al., 2020). This increases its demand and, consequently, 

results in high market prices (Sekali et al., 2020). Countries such as Brazil, China, USA, 

Argentina, and India have the highest rate of soybean production (Pagano & Miransari, 2016) 

and SBM remains the main protein source for animal feeds globally (Raucci et al., 2015).  

The increased dependence on soybean has added more pressure on its cultivation, requiring 

the use of fertilizer or bio-fertilizers and large amounts of nitrogen (N) to acquire huge yields 

(Pagano & Miransari, 2016; Pereira et al., 2020). The production of soybean depends on 

inputs like pesticides, fertilizers, machinery, and fuel, among others, which contributes to 

increased carbon footprint and atmospheric greenhouse gas emissions (Raucci et al., 2015). 

Soybean cultivation requires extensive farming areas leading to deforestation, loss of 

biodiversity, and environmental and social issues in many countries (Pereira et al., 2020),. 

Even though, there are several efforts being promoted to lessen the impact of soybean 

cultivation on the environment including the reduction of Soy Moratorium development and 

adoption of no-tillage systems (Raucci et al., 2015). Reports from the European Unioin (EU) 

state that soybean production accounts for 60% of deforestation experienced around the 

world (Karlsson et al., 2021).  

https://www.sciencedirect.com/science/article/pii/B9780128015360000013#bib0610
https://www.sciencedirect.com/science/article/pii/S2211926419307945#!
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soybeans
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/biofertilizer
https://www.sciencedirect.com/science/article/pii/S2211926419307945#!
https://www.sciencedirect.com/science/article/pii/S2211926419307945#!
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2.6  Alternative protein sources 

The major sources of protein for livestock feeds are grains from leguminous plants, by-

products from the oil industries, and several oilseed cakes. Even though these grains play 

integral part in feed formulation, it is expedient to consider other sources that can be 

produced sustainably since the production of soybean is not sustainable in the poultry feed 

industry especially in sub-Saharan Africa (Mazizi et al., 2019; Parisi et al., 2020). It is 

expected that the demand for high nutritive animal food products will increase in the future, 

necessitating the need to explore new alternative high-quality protein sources for use as 

feedstuffs. In the bid to reduce the on-going competition between humans and animals for 

plant-based diets, economic and environmental issues must be considered (Parisi et al., 

2020). There is a need to evaluate alternative protein sources, without any direct food value 

for humans to build sustainable intensive quail production systems. There is an active 

consideration on the use of indigenous underutilised plant seeds (Plate 2.2) as alternative 

protein sources, even though, they present some challenges (majorly presence of anti-

nutrients) that need to be addressed before they can become economically viable and safe for 

use as feed ingredients (Salter & Lopez-Viso, 2021). One of such underutilised crops that 

could replace soybean as a protein source in quail feed is Bambara groundnut. 

Bambara groundnut (Vigna subterranea) is a legume which is commonly consumed by 

subsistence farmers in Western Africa, but it is now popular across the world (Salter & 

Lopez-Viso, 2021). It is usually cultivated for its seeds which could be processed into feed 

for animals because of its high (17-25%) crude protein content (Manyeula et al., 2019). 

Several processing methods, including soaking, fermentation or treatment with exogenous 

enzymes have been shown to reduce the anti-nutrient content of this legume (Salter & Lopez-

Viso, 2021). This is a clear indication that Bambara groundnut has the potential increase the 

supply of protein available for poultry production when appropriate processing techniques are 
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put in place. Winged bean (Psophocarpus tetragonolobus) symbolizes another underutilised 

legume that may be used as animal feed. It is a rich source of plant protein (about 30 g/100 g) 

and essential amino acids that have the potential to replace SBM commonly used as animal 

feed (Salter & Lopez-Viso, 2021). There is a wide range of other ingredients among plant 

sources that can supply protein for poultry with substantial production outputs instead of 

relying entirely on SBM (Iji et al., 2017). A good example of such ingredients is Mucuna 

pruriens (velvet beans) which is a tropical legume with low preference for food but a high 

potential as a source of energy and protein in animal nutrition (Balogun et al., 2016). 

According to, Mucuna is an alternative feedstuff locally available in South Africa with a high 

range of protein (25-30 g/100g) content as well as essential amino acids like lysine, 

methionine, and other bioactive compounds that has great potential to enhance desirable meat 

quality in birds (Zungu et al. (2023). Its high protein concentration and medicinal value 

having anticholesterolemic, antioxidant and anti-inflammatory effect will be of great help in 

reducing the protein deficiency gaps and limit and/ prevent diseases (Muoni et al., 2019; 

Pathania et al., 2020). The use of velvet beans in diets for simple stomached animals like 

quail could be limited by the presence of antinutritional factors like trypsin inhibitors, phytic 

acids, hydrocyanic acid and tannin (Balogun et al., 2016). However, research studies show 

that when pre-treatments like soaking seeds in water for 48 hours, autoclaving (at 121°C for 

90 min) and fermentation (with Rhizopus spp for 72 hours) were applied, and toxic 

antinutrients were effectively reduced and its nutritional status improved (Balogun et al., 

2016; Muoni et al., 2019; Das et al., 2022). Chickpea (Cicer arietinum) is also a good source 

of protein and energy for livestock with protein content ranging from 13.25% to 26.77% 

(Jadhav et al., 2015). Reports by previous scholars indicate that chickpea is rich in lysine (6 - 

7% of total protein) and could be used as an alternative source of energy and protein to SBM 

in feeding animals because its nutritional value can be helpful in increasing sustainability in 
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livestock production. Similar to other legumes, chickpea seeds contain ANFs like tannins, 

trypsin inhibitors and oxalic acid, which can be inactivated by dehulling and thermal 

treatments (Iji et al., 2017; Parisi et al., 2020). Lupine (Lupinus spp.) is another crop of 

interest as a valuable source of protein in animal nutrition. Its seeds are rich in protein (35 - 

40% of the dry weight) which is comparable to soybean in terms of vitamins such as 

thiamine, niacin, riboflavin and tocopherols, as well as carotenoids, and minerals like iron, 

zinc, and manganese (Pihlanto et al., 2017). Lupine is limited by the high content of alkaloids 

(1-3%) especially in the wild bitter species but hardly contain any trypsin inhibitor activity 

and only low levels of saponins (Iji et al., 2017; Boukid & Pasqualone, 2022). Breeders have 

successfully improved on selection of lupine varieties with low-alkaloid content called the 

“cultivated sweet” lupine with an average range of 0.3 - 0.5% of alkaloids in their seeds; 

however, treatment methods like dehulling, soaking, cooking and fermentation are still 

required to remove the bitterness in these seeds to ensure their safety in animal nutrition 

(Boukid & Pasqualone, 2022). Canola (Brassica napus) meal is another by-product obtained 

after extracting oil from canola seed and can be potentially used to replace SBM because the 

amino acid profiles in the two products after oil extraction are comparable (Chakraborty et 

al., 2019; Mnisi & Mlambo, 2019). Another by-product of oil extraction is sunflower 

(Helianthus annuus L.) meal which is a good alternative protein source in poultry feeding and 

it is available in significantly high quantities throughout the year in South Africa (Mbukwane 

et al., 2022). Sunflower meals can be made from whole or decorticated seeds and can be 

extracted mechanically or by using solvents (Iji et al., 2017). Protein content in the meal 

ranges from 32 - 37% for non-dehulled meals and 35 - 39% for dehulled and partially 

dehulled meals. Moreover, an inclusion level of 20 - 30% in chicks‟ starter and up to 13.5% 

in broiler finisher diets can be utilized without any negative effect on birds‟ performance (Iji 

et al., 2017; Mbukwane et al., 2022). Alternative crops have an ability to adapt to 
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pedoclimatic conditions. Often, these so called neglected and minor crops have some good 

characteristics including being flexible to changes in the environment, thus, becoming more 

attractive for use in new systems of production. 

 

Plate 2.2. Examples of alternative protein sources (a = sunflower seeds, b = chickpeas, c = 

lupines, d = velvet beans, e = Bambara groundnuts).  

 

2.6.1 Cultivation of alternative protein sources 

Majority of farmers in southern Africa are faced various production constraints ranging from 

poor rainfall distribution, high drought frequencies, poor soil fertility status, climate change, 

limited access to adequate inputs and lack of technical know-how among others that have 

resulted in high food insecurity problems (Muoni et al., 2019). Cultivation of underutilized 

alternative crops is recommended to improve food security, enhance soil conservation and 

boost livestock feed since they are able to grow naturally and tolerate arduous conditions 

without human intervention; therefore, do not require use of inputs and heavy machineries as 

opposed to the cultivation of soybean (Muoni et al., 2019; Carrascosa et al., 2023). 

Moreover, their cultivation promotes sustainable and resilient agricultural system which 

necessitates consideration of the cultivation practices of potential alternative crop species. 

These crops are widely distributed across tropical Africa and can be propagated vegetatively 

or through seeds. Jideani & Diedericks (2014) and Ajilogba et al. (2022) reported that 
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Bambara groundnut (Vigna subterranea), a legume originally from West Africa, is now 

widely grown across tropical Africa, South America, parts of Asia, and northern Australia. It 

can be propagated through seeds on level seedbeds or ridges and is known for its early 

maturity, taking only 3-6 months to harvest.According to Hanum (2021), velvet bean 

(Mucuna utilis) is cultivated from seeds and stem cuttings which is preferable due to greater 

leaf growth than seedling and it is a highly productive legume with an average yield of 200 - 

600 kg seed/ha This crop is native to South Asia and Malaysia, and at present is widely 

grown throughout Africa. It is a vigorously growing and twining annual plant with trailing 

veins and leaves grown mostly for green manuring or temporary pasture. It is a hardy crop 

which requires minimum care with a high resistance to drought, and great nitrogen fixing (34 

- 108 kg atmospheric nitrogen) ability for soil improvement (Sese et al., 2013; Muoni et al., 

2019). Irrigation is one of the factors important for crop production. Alternative crops like 

Bambara groundnut, winged bean, and sunflower grow under hot and humid conditions and 

drought-stricken places with low requirements for water and other external inputs which 

minimises the impact of its production on the environment and makes it an attractive source 

of sustainable protein (Salter & Lopez-Viso, 2021; Mbukwane et al., 2022). Fertilization is 

essential for crop cultivation, but alternative crops like mucuna, sunflower, Bambara 

groundnut and lupines have demonstrated high suitability for low input agriculture owing to 

their high adaptability to low-fertile soils, and high nitrogen fixation ability (Sese et al., 2013; 

Muoni et al., 2019; Boukid & Pasqualone, 2022). In addition, alternative crops can be grown 

as a sole crop or integrated into other farming systems. For instance, Jideani & Diedericks 

(2014) describe Bambara groundnut as an ideal crop for intercropping with maize and 

sorghum highlighting its usefulness in improving soil fertility during crop rotation.  

In addition, velvet beans can be grown solely or included in a crop rotation, intercropping or 

relay cropping plan. Also, its high growth rate and biomass production helps to reduce weed 
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and promotes plant canopy growth to cover the soil thereby reducing surface run off and 

erosion (Muoni et al., 2019). It is important to note that all the aforementioned alternative 

crops have ability to survive in extreme weather conditions without any need for irrigation 

which is advantageous considering the current climatic changes and cost of irrigation. More 

so, no heavy tillage practices or use of fertilizers is required as they can thrive on shallow 

poor soils with less vulnerability to fungal infestation (Mbukwane et al., 2022), therefore, 

reducing greenhouse gas emission that maybe a resultant effect of using heavy machines 

during tillage practices, cost of fumigation and residual effect of chemicals on the soil. These 

alternative crops are gaining traction as a more sustainable and non-genetically modified 

alternative to soybean (Boukid & Pasqualone, 2022); thus, cultivation of alternative protein 

sources will ensure food security at a reduced cost. 

2.6.2 Cost-effectiveness of alternative protein sources in poultry  

There are several alternative protein sources with good potential that can be used in poultry 

nutrition. To utilize these resources properly, it is imperative to have a good understanding of 

their properties and biological values. A shift in using other ingredients apart from SBM will 

significantly reduce the pressure on this gold standard protein source (Iji et al., 2017). As a 

commodity, the price of SBM is set internationally in dollars, invariably leading to its over-

valuation especially in countries with weaker currencies like South Africa, making it difficult 

for small scale farmers to gain access to its use. This necessitates the need to evaluate the use 

of locally available unconventional protein sources as a substitute for SBM (Ferreira et al., 

2020). These unconventional feed ingredients like Mucuna, Bambara groundnut, cowpea, 

pigeon pea, and lupine among others are inexpensive and readily available and may be 

included at recommended levels without any harmful effect on birds to cut down on the 

quantity of conventional protein sources and increase the profit of production (Iji et al., 

2017).  
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The inherent anti-nutritional factors in them can be subjected to various processing methods 

which will improve their quality and safety as feed ingredients, thus, creating a business 

chain for livestock feed manufacturers who will concentrate on the production of these 

ingredients (Olarotimi & Adu, 2017). Locally available feedstuffs especially those with great 

potentials for improving poultry performance and less value as food for humans reduce 

biodiversity and greenhouse gas emissions that could result from deforestation (Leinonen et 

al., 2013). 

Feed supplementation with native legumes is viable and provides additional proteins, 

minerals, energy and improves the overall nutritional status of livestock in developing 

countries (Sese et al., 2013). Due to shortage and high cost of conventional feed ingredients 

especially energy and protein ingredients, the utilization of alternative ingredients could make 

a substantial contribution towards a profitable poultry production system (Thirumalaisamy et 

al., 2016). Latino et al. (2020) reported that livestock production will double by 2050, thus 

alternative protein sources of comparable nutritive value to SBM are urgently needed to 

ascertain the sustainability of the South African poultry industry. Therefore, to meet the 

future requirements for animal protein, locally available and naturally growing protein 

sources should be exploited to develop profitable poultry production systems (Khan, 2018; 

Buccioni et al., 2020). 

2.6.3 Effects of alternative protein on quail production 

The use of alternatives is gaining popularity due to their high crude protein content 

comparable to soybean that could have positive impact on quail production. Several studies 

have evaluated the effect of incorporating alternative protein sources  like  pigeon pea, canola 

marula nut to mention a few in quail feed and they have shown variable effects on quail 

performance, meat quality and health status in response to the inclusion of these alternatives. 

These effects being primarily determined by the form and quantity incorporated into the diet 
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of these animals (Matabane, 2022). The inclusion level of 125 g/kg canola meal was found to 

be adequate for optimum growth performance, health and quality of meat of quail while 

inclusion levels beyond 125 g/kg resulted in poor feed intake (Mnisi & Mlambo, 2018). Toro 

et al. (2020) reported that the inclusion of roasted pigeon pea (Cajanus cajan) meal at 100 

g/kg in layer quail feed had no effect on production and quality indicators of the egg. Mazizi 

et al. (2019) also reported that 100% replacement of SBM with marula nut meal in quail diets 

did not compromise their growth performance and internal organs at grower and finisher 

phases. Nnadi et al. (2021) stated that inclusion level of 250 g/kg rubber seed cake meal did 

not affect body weight, feed conversion ratio and carcass yield in quail.  

Furthermore, some of these alternatives have been shown to possess nutraceutical properties 

that can be used as growth enhancers and antimicrobial agent to improve the overall health 

status of animals, promote organic production as well as enrich their products with health-

promoting bioactive compounds for consumers (Yadav & Jha, 2019). For example, Mulaudzi 

et al. (2022) found that including pre-treated moringa leaves in the diet of quail enhanced the 

oxidative stability of their meat, attributing this improvement to the antioxidant properties of 

the moringa leaves. Likewise, using 1 g/kg moringa seeds increased egg production, 

improved hatchability and significantly reduced blood urea and lipid profile (cholesterol and 

triglycerides) concentrations of layer quail (Ashour et al., 2020). However, the utilization of 

alternatives maybe limited based on the presence of ANFs and dietary fibre in the feed 

because the presence of ANFs like tannins forms complexes that reduces protein digestibility. 

In a study conducted by Abdulrazaq et al. (2020), it was reported that ANFs (glucosinolate 

and sinapine) found in canola were responsible for the reduction in quail‟s feed intake at a 

30% inclusion level. Eratak et al. (2021) stated that the anti-nutritive factors such as trypsin 

inhibitors and tannins present in lentil by-products at 20% inclusion level resulted in 

increased pancreas weight of quail birds. Mulaudzi et al. (2022) also stated that high fibre 
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levels in moringa leaf could limit its utilization as a nutraceutical source in Jumbo quail diets. 

Likewise, incorporating sunflower meal at levels exceeding 150 g/kg in growing quail diets 

negatively impacted performance and chymotrypsin activity, this was attributed to the high 

fiber content (Tuzun et al., 2020). Many alternatives have been used in quail diets but the 

feed value of Marama in Jumbo quail diet remains unknown.  

 

2.7  Marama bean 

Marama (Tylosema esculentum) is a perennial legume crop (Plate 2.3) that is native to 

Southern Africa. It naturally grows in the arid and semi-arid environments of Kalahari 

Desert, South Africa and surrounding countries like Namibia and Botswana, sparingly 

cultivated in Mozambique and Zambia. Currently, the Marama is being cultivated for 

experimental purposes in countries like Kenya, Israel, Australia, and the United States of 

America as shown in Figure 2.3 (Omotayo & Aremu, 2021).  Marama have some special 

morphological and physiological characteristics, such as the use of giant tubers that store 

water to help them survive in harsh environments and thrive under prolonged, blazing 

drought and heat conditions, where traditional crops cannot grow (Cullis et al., 2019; 

Adeboye & Emmambux., 2021). Its seeds are entrenched in reddish-brown hardy pods (Plate 

2.4) which can be roasted and eaten as snack, or ground to flour to make porridge (Omotayo 

& Aremu, 2021), they are also used in producing oil and butter (Maruatona et al., 2010). 

These seeds (Marama beans, MB) can be used as a protein source in animal nutrition; 

however, they need to be processed further (decorticated and crushed) as shown in Plate 2.5. 

Marama grows on sandy soils having little organic matter during summer with a temperature 

range of 28 - 37°C and produces seeds continuously throughout the growing period which 

can be harvested at any convenient time (Cullis et al., 2019). MB have the potential to be a 



 
 

29 

 

valuable feed ingredient in quail diets due to their high protein content, energy density, and 

other beneficial nutrients. Overall incorporating MB into quail diets can be a strategy for 

improving quail performance, but it is important to take steps to minimize anti-nutritional 

factors ans balance the diet appropriately.  

        
Plate 2.3.  Marama plant (Source: Tropical plants, 2022). 

 

     

       Figure 2.2. Global distribution of Marama (Source: Omotayo & Aremu, 2021).  
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Plate 2.4. Whole Marama bean (Source: DAFF, 2022). 

 

 

 
Plate 2.5. Decorticated and crushed Marama seeds ( Source: North-West University research 

farm, 2022) 

2.7.1.  Nutritional profile of Marama bean 

MB contain a crude protein content that ranges between 29 - 34%, with the lipids content of 

35-43%, dietary fibre of 19-27% and dry matter and ash contents of 90.22% and 4.57%, 

respectively (Holse et al., 2010; Cullis et al., 2023; Alabi et al., 2022). The beans also contain 

minerals like iron (~3.95 mg/100 g), which is important for preventing anaemia, zinc (~6.2 

mg / 100 g), as well as rich calcium content (~241 mg/100 g), (Omotayo & Aremu, 2021). 

The MB is a good source of vitamin B, C necessary for optimal poultry health and E which 
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acts as an antioxidant. MB also, contains α-, β- and γ-tocopherols in measurable quantities 

being dominated by γ-tocopherol with 59-234 mg/g followed by α- and β-tocopherols with 14 

- 48 mg/g and 1.1 - 3.3 mg/g, respectively (Holse et al., 2010). Furthermore, the bean 

possesses glutamic, aspartic, tyrosine, alanine, arginine, aspartic, cysteine, isoleucine, and 

leucine, which are somewhat important in quail nutrition (Amonsou et al., 2012). However, 

MB is low in methionine content  (1.2%) which is the first limiting amino acid with a 

significant effect on growth (Table 2.1) (Amonsou et al., 2012; Ullrich et al., 2019); this 

value is still within the minimum (0.45 - 0.5%) dietary requirements for quail (Smith & 

Tabler, 2016). 
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Table 2.1. Chemical composition (%, DM, unless mentioned otherwise) of Marama bean and 

soybean.  

Components Marama bean          Soybean 

1
Proximate   

Dry matter 94.03 90.22 

Gross Energy (Kcal/kg) 2 798 2 280 

Crude protein 32.72 34.79 

Crude fat 38.67 17.22 

NDF  7.51 14.73 

ADF  3.43 12.0 

Ash 2.88 4.57 

1
Amino acids 

  

Arginine 2.71 2.48 

Histidine 1.07 0.94 

Isoleucine 1.54 1.54 

Leucine 2.41 2.71 

Lysine 2.04 2.18 

Phenylalanine 2.02 1.77 

Threonine 1.22 1.32 

Histidine 1.07 0.94 

Valine 1.77 1.75 

2
Methionine 1.2 1.5 

2,3
Minerals (g/kg) 

  Phosphorus 10.65 10.32 

Calcium   1.57   0.74 

Magnesium   3.58   2.02 

Sources: 
2
Amonsou (2010); 

3
Biel et al. (2018); 

1
Alabi et al. (2022). 

2.7.2 Anti-nutritional factors in Marama bean 

One of the main challenges with using MB in quail diets could be their high levels of anti-

nutritional factors (ANFs), such as protease inhibitors, condensed tannins, lectins, phytic acid 

and saponins, which can reduce nutrient absorption and growth (Aviles-Gaxiola et al., 2017). 
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ANFs are metabolites that are produced naturally in plants to offer protection against pest 

attacks or herbivory (Aviles-Gaxiola et al., 2017). The ANFs can be divided into heat-stable 

group (phytic acid, tannins, alkaloids, saponins, non-protein amino acids) which are sensitive 

to normal processing temperatures substances and heat labile group (lectins, cyanogenic 

glycosides, protease inhibitors and toxic amino acids) which are resistant to normal 

processing temperatures (Thakur & Kumar, 2017). Generally, ANFs reduce feed intake, feed 

efficiency, and growth rate as well as inhibiting the digestibility and bioavailability of 

nutrients especially protein in experimental animals (Gemede & Ratta, 2014; Abbas & 

Ahmad, 2017). 

The MB contain high amounts of condensed tannins (CT, 200 mg/g CE) (Shelembe et al., 

2012), which are known to be inhibitors of lipase, amylase, trypsin and chemotrypsin 

interfering with absorption of iron and decreasing quality of protein in food ( Gemede & 

Ratta, 2014). Thakur et al. (2019) indicated that high tannin concentration in diet may cause 

depression in the activities of microbial enzyme, and intestinal digestion by reducing nutrient 

absorption and increasing the removal of nutrients through defaecation. Thus, increasing 

faecal nitrogen which can lead to increased environmental pollution and reduced nutrient 

utilization efficiency. Phytic acids in MB reduce the nutrient bioavailability by binding to 

minerals like zinc, calcium and iron (Kapewangolo, 2010). This causes a reduction in gut 

absorption, leading to micro nutrient deficiencies and impaired growth (Kumar et al., 2021). 

Likewise, MB contain saponins concentration of 55 - 63 mg/L (Nyembwe et al., 2015), 

which inhibit enzymes and cholesterol absorption (Del Hierro et al., 2018).  However, 

saponin increases permeability in the intestines, thereby allowing interaction between toxins 

and gut bacteria within the immune system of livestock (Del Hierro et al., 2018). The 

presence of amylase inhibitors in feeds have been reported to reduce feed intake and/or 

nutrient utilization of products in animals (Tadele, 2015). Protease inhibitors, which 

https://www.tandfonline.com/doi/full/10.1080/1828051X.2020.1827993
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constitute about 10.5% of the total protein in MB (Avrelija & Walter, 2010), can bind with 

proteins and reduce the activity of digestive enzymes, impairing protein digestibility and 

utilization in animals (Khajali & Slominski, 2012). Similarly, lectins can decrease feed 

efficiency, cause goitrogenic responses, induce pancreatic hypertrophy, and damage the liver 

in poultry (Parisi et al., 2020). Lectins also have the ability to attach to the lining of the 

digestive tract, altering gut morphology and function, which impairs nutrient absorption and 

growth (Yin et al., 2019; Banti & Bajo, 2020).Hence, the presence in high concentrations of 

most common ANFs (saponins, tannins, phytate, polyphenolic compounds, trypsin and 

protease inhibitors) in plant materials like MB interfere with its nutritional value of by 

reducing mineral absorption, protein digestibility and causing toxicity and health disorders 

(Samtiya et al., 2020). The combined effect of endogenous loss of essential amino acids 

(particularly sulphur containing amino acids) and reduced intestinal proteolysis may result in 

reduced growth performance of birds (Clarke & Wiseman, 2007). 

However, tannins and saponin at lower concentrations possess anti-microbial, anti-viral, 

antioxidant, and neuroactive actions that provide beneficial contribution towards health in 

animals (Alorkpa et al., 2016). This means Marama has a potential as a nutraceutical and 

could prevent infections in birds. The indication of tannins and saponin present in MB 

requires to be investigated further for quail nutrition. Adverse effects that ANFs have on 

animal‟s growth and health performance are summarized in Table 2.2. 
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Table 2.2. A summary of the reports of effects of anti-nutritional factors 

Anti-nutrient      Activity Reference 

Phytates 

Reduces mineral bioavailablity, 

inhibits calcium and iron absorption. Gemede & Ratta, 2014. 

   Tannins Reduce protein digestibility, decrease 

 

 

bioavailablity of essential amino acids, 

 

 

causes loss of appetite and body 

weight, breathing problems and Thakur et al., 2019; 

 

cardiac complications. Samtiya et al., 2020. 

   Saponins Negatively affect absorption of lipids,   

 

 
vitamins A and E, alters the integrity of 

 

 
intestinal epithelial cells. Samtiya et al., 2020 

 
Lectins and hemaglutinins Causes impaired growth, hypertrophy        

 

and hyperplasia of pancreas and 

reduction in nutrient absorption. 

Grant et al., 1995; 

Muramoto, 2017. 

   Cyanide Respiratory inhibitors, causes oxidative  Gemede & Ratta, 2014; 

 

stress in poultry, rapid ingestion leads 

to death. 

Kadiri & Asagba, 

2019. 

   Enzyme inhibitors 

e.g.plant serpins also  

Inhibit trypsin and chymotrypsin 

activity, causes pancreatic hypertrophy 

 known as "suicide 

inhibitors" 

and hyperplasia, growth retardation 

and reduction in protein digestibility. Samtiya et al., 2020 

 

According to Parisi et al. (2020), post-harvest treatments can help reduce the amount of 

ANFs in leguminous grains. Different processing techniques commonly applied to legumes 

before consumption includes soaking, boiling, microwaving, cooking, extrusion, autoclaving, 

germination, to mention a few. These techniques are proven to reduce ANFs, enhance the 

sensory value, nutritive value and physical attributes of legume seeds (Abbas & Ahmad 2018; 

Ohanenye et al., 2022). 

2.7.3 Evidence and effects of Marama bean meal in poultry diets 

Presently, there are a few literatures regarding the use of dietary MB in poultry production. 

Likewise, the available studies to this end reported the use of raw MB in other poultry species 
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with none on quail birds which indicates that the use of MB in poultry is still gaining 

popularity. The inclusion of raw MB improved microbial communities and their functional 

and metabolic pathways in male Ross 308 broilers (Montso et al., 2022). Furthermore, 

Manyeula et al. (2019), reported that dietary inclusion of MBM in Tswana hens‟ diet did not 

affect their bone chemical composition, dry matter composition or organoleptic qualities of 

the meat . However, the minerals like phosphorus, calcium and potassium decreased over 

time due to utilization in egg production. In addition, Alabi (2023) concluded that the 

inclusion of raw MB at a higher level (190 g/kg) in to broiler diets compromised their growth 

performance, health status and meat quality properties. The possible explanation for this 

could be linked to the presence of   antinutrients like trypsin inhibitors, tannins and possibly 

phytates. This results in growth inhibition, hypertrophy, and hyperplasia of visceral organs 

such as the pancreas. Although the use of MBM is limited by the presence of ANFs, no 

studies have investigated methods to improve the nutritive and feed values of MBM for 

Jumbo quail. 

2.8 Thermal treatments   

The most important aspects of food safety and nutrition security is the use of pre-processing 

techniques to improve consumer acceptability and the nutritional value of the product 

(Nkhata et al., 2018). Generally, processing of food is aimed at increasing overall 

digestibility by affecting the internal (amino acid sequence of the proteins, protein folding 

and cross linking) and external factors (intact cell structures and presence of ANFs) (Joye, 

2019). Although legumes contain high concentrations of macro- and micro-nutrients, they 

also constitute considerable amounts of ANFs that reduce the digestibility of proteins, 

vitamins and minerals (Thakur & Kumar, 2019; Mahanta et al., 2020). This may also cause 

gastrointestinal upset that may lead to high faecal excretion of nutrients (Nkhata et al., 2018). 
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Furthermore, it has been reported that anti-nutrients reduce availability and absorption of 

minerals (Samtiya et al., 2020). 

There are various traditional methods and technologies, to process and reduce the levels of 

ANFs in feed ingredients.  These methods include fermentation, germination, debranning, 

autoclaving, and boiling, soaking and genetic manipulation. However,  most of the ANFs can 

be removed by using single traditional methods while others require combining several 

processes and thermal treatments (Thakur & Kumar, 2019; Samtiya et al., 2020).  

Legumes crops are processed through traditional techniques such as soaking, fermentation, 

malting, and roasting. Processing techniques help to increase the availability of nutrients by 

lowering the levels of ANFs such as phytates, tannins, TI and lectins that interfere with 

mineral availability and protein digestibility (Mahanta et al., 2020). Grains are also subjected 

to these processing treatments to impart special characteristics, improve organoleptic 

propertiesby reducing phytochemicals and ANFs (Arbab-Sakandar et al., 2023). Pre-

processing methods such as roasting and cooking have been proven to decrease ANFs 

through degradation of phytic acids (Oghbaei & Prakash, 2016; Dhuli et al., 2022). Heat 

processing is widely accepted as effective means of improving the quality of alternative 

protein sources, removing pathogens and inactivating the thermo-labile ANF of legume 

grains (Iji et al., 2017). Thermal treatments have greater effects on dissipation of ANFs and 

pesticide residues and a combination of processing techniques renders grains safe for 

consumption by humans and animals (Kaushik et al., 2018). Therefore, the nutritive value of 

legumes can be improved by subjecting them to various processing treatments such as 

milling, soaking, germination, and autoclave to overcome the effects of these food anti-

nutrients (Samtiya et al., 2020).  

 Moreover, the application of suitable thermal processing treatments would increase 

opportunities for the versatile utilization of under-utilized legume seeds (Vadivel & Biesalski, 

https://www.tandfonline.com/author/Oghbaei%2C+Morteza
https://www.tandfonline.com/author/Prakash%2C+Jamuna
https://scholar.google.com/citations?user=WPMoVSUAAAAJ&hl=en&oi=sra
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2012). Marama beans (Tylosema esculentum) contain numerous ANFs that can be lowered 

through thermal treatment, such as boiling, roasting, or autoclaving. Thermal treatment helps 

in reduction of tannins since MB contains high levels of tannins, which can bind to proteins 

and reduce their digestibility (Alabi et al., 2012). It has been reported that boiling 

significantly improved the protein digestibility of beans by inactivating protease inhibitors 

that reduces activity of digestive enzymes and decrease protein digestion (Duodu & Apea-

Bah, 2017; Kaewtapee et al., 2017).  

Furthermore, MB contains phytic acid, which can bind to minerals such as calcium, zinc, and 

iron, making them unavailable for absorption (Mokhele, 2018). Boiling and roasting the 

beans reduced the levels of phytic acid and improved mineral availability (Dhuli et al., 2022).  

MB also contains lectins that bind to the lining of the digestive tract and interfere with 

nutrient absorption (Muramoto, 2017). Thermal procedures such as boiling and pressure 

cooking have been found to inactivate these lectins and reduce their anti-nutritional effects 

(Patterson et al., 2017). Jackson et al. (2010) and Maphosa & Jideani (2017) observed that 

boiling MB increased feed intake in animals through reduced bitterness and soften the texture 

of the beans, making them more palatable. Therefore, thermal treatments could help detoxify 

ANFs in MB, and thus reduce the risk of illnesses that could be caused by food poison or 

toxicity, making it safer and more nutritious for animal consumption (Muramoto, 2017). 

Overall, thermal treatment is an important step in processing MB for use in animal feed, as it 

can help reduce the levels of ANFs, improve the nutritional value of the beans, and improve 

their safety and palatability. 

2.8.1 Cooking    

This is the simplest method of thermal processing used for legumes, which is done by placing 

the seeds in excess warm water and slowly bringing it to boil or putting it directly into a pot 

of boiling water at a temperature of 100C (Drulyte & Orlien, 2019). Cooking is an effective 
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way of removing or reducing anti-nutrients such as tannins, phytic acid and trypsin inhibitors 

in beans (Fabbri & Crosby, 2016). Thermal processes involved in deactivating these 

compounds are expensive (Zawoska-Zakrzewska et al., 2020) hence, cooking provides the 

best and cheaper option because it does not only reduce ANFs, but also preserves the highest 

minerals in the seeds (Rondanelli et al., 2017; Shen, 2020) (). Patterson et al. (2017) also 

reported that cooking improved the nutritional value of pulses (peas, beans, lentils, chickpeas, 

and faba beans) and reduced anti-nutritional contents such as tannins and trypsin inhibitors. 

The time for the cooking process varies between 20 and 40 min and it is an important factor 

which depends on the type of legume and the type of pre-processing techniques (e.g., 

soaking, drying etc.) (Drulyte & Orlien, 2019). Tibe et al. (2016) noted that MB must be 

well-cooked to maximize its high protein content. However, Snyman (2015) found that 

cooking at temperatures as high as 150°C for 30 minutes can lead to protein denaturation and 

reduce cysteine and arginine levels, thus, decreasing the overall protein content. Therefore, it 

is necessary to cook MB at a lower temperature for Jumbo quail.  

2.8.2 Toasting  

This is a traditional method that improves food flavour and helps to release phenolic acids 

(Shahidi et al., 2021). Drying and toasting improves the nutritional quality of the meal and 

degrades ANFs (Snyman, 2016). Toasted seeds can be used to produce flour with modified 

functionality (Obasi et al., 2014). Toasting lowered moisture content of seeds and increased 

protein and mineral content in pigeon pea (Akubor, 2017). Increased inclusion levels (37.5%) 

of pigeon pea (Cajanus cajan) meal toasted at 105°C for 7 minutes reduced ANFs, increased 

most of the essential amino acids consequently improved the growth performance and yield 

in broiler chicks (Ojediran & Emiola, 2021).  

Toasting MB is more effective, reducing trypsin inhibitor activity by 5% and tannin content 

by 41% (Tibe et al., 2016). Roasting MB at 150°C for 20 minutes has been shown to improve 
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their sensory properties and increase their acceptance by consumers (Kayitesi et al., 2010). 

However, roasting of MB should not exceed 20 min to prevent it from getting a dark colour 

and bitter taste (Nyembwe et al., 2015). Additionally, improper heating may lead to low 

quality meal for the animals, because a significant amount of the ANF will still be active 

(Snyman, 2015; Tadele, 2015) which necessitates the need to toast the MB for the Jumbo 

quail. 

2.8.3 Autoclaving  

Autoclaving is a process that is generally used on cereals and other plant-based foods, to 

activate the phytase enzyme as well as increase acidity (Ertop & Bektaş 2018). It is a high 

intensity thermal method that is done by boiling in a sealed pressure chamber called 

autoclave, which is aimed at going beyond normal ambient boiling point of water. The 

procedure involves exposing the required item to a pressurized saturated steam of about 

121°C with time duration varying from 7 mins to 1 h depending on quantity and type of 

legume (Drulyte & Orlien, 2019). Autoclaving common beans reduced trypsin inhibitors by 

59.8%, amylase inhibitors by 42.2%, and resistant starch content by 45.9% (Batista et 

al.,2020)..  Most ingredients have been found to show health benefits after being processed 

through autoclaving (Samtiya et al., 2020). This process improves and preserves the 

nutritional and functional properties of hard to cook seedsas well as improves nutrient 

bioavailability, texture and palatability compared to uncooked seeds. Introduction of this 

procedure in feed preparation could boost the nutritional and functional quality of beans 

(Batista et al., 2020). Therefore, it is necessary to evaluate the role of autoclaving in 

improving MB in Jumbo quail diet. 
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2.9 Summary 

Globally, poultry products are the most consumed because they are considered a cheap source 

of high-quality animal protein. Quail birds are the latest addition into the South African 

poultry industry. To ascertain optimum performance, they require highly nutritious diets that 

are composed of maize, soybean and other nutritious ingredients. However, the demand for 

these maize and soybean is very high due to its several applications in the food, feed, and 

biofuel sectors. Moreover, their production has a negative impact on socio-economic and 

environmental sustainability. Thus, underutilized legumes such as MB can be used as 

alternative nutrient source. MB is a nutraceutical plant that is rich in protein, amino acid 

(especially lysine), oil, and bioactive compounds. Incorporating MBM into Jumbo quail diets 

can ensure sustainable intensification of the birds. However, the presence of ANFs can limit 

its utility in their diets. Thus, this necessitates MB pre-processing to reduce the anti-

nutritional activities of secondary metabolites and improve their overall utilisation. This can 

be achieved through thermal treatments (cooking, autoclaving and toasting), which underpins 

the aim of this study. 
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3 CHAPTER THREE – APPARENT RETENTION OF AMINO ACIDS, 

GROWTH PERFORMANCE, AND BLOOD INDICES IN JUMBO 

QUAIL FED DIETS CONTAINING RAW OR HEAT-TREATED 

MARAMA BEAN MEAL  

Abstract 

This study was carried out to assess the effect of raw or heat-treated Marama bean meal 

(MBM) on apparent retention of amino acids, growth performance, and blood parameters in 

Jumbo quail. A total of 306, one-week-old mixed-gender Jumbo quail chicks (30.97 ± 1.79 g 

live weight) were randomly and evenly distributed into five isonitrogenous and isoenergetic 

experimental diets, which were replicated seven (7) times per experimental diet. The diets 

were formulated as follows: a standard grower diet without MBM (CON); a standard grower 

diet with 99.98 g/kg of raw (MBMR); cooked (MBMC); autoclaved (MBMA); and toasted 

MBM (MBMT). The diets caused varied responses (P <0.05) on apparent retention (AR) of 

lysine, methionine, threonine, among others. In week 2, diet MBMC promoted higher weight 

gain (34.81 g/bird) than MBMR (19.63 g/bird). Two-week-old quail birds reared on diet CON 

had the highest G:F (P <0.05) followed by those fed with MBMC and MBMA while diets 

MBMR and MBMT had the lowest G:F (P <0.05). However, in week 3, quail birds fed with 

diet MBMT showed the highest (P <0.05) G:F. CON resulted in higher (P <0.05) 

haematocrits than MBMR and MBMT. Diet MBMR promoted the highest (P <0.05) lipase 

levels and the lowest were on diets CON and MBMC. It was concluded that relative to the 

CON diet, cooking and autoclaving treatments of MBM enhanced apparent retention of 

amino acids, overall growth performance, carcass weights and meat redness than the raw and 

toasting treatments of MBM.  

Keywords:  Amino acids, Blood biochemistry, Growth performance, Heat treatment, Jumbo 

quail, Marama beans  
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3.1 Introduction 

The Jumbo quail is an excellent meat-type breed recently introduced into the poultry industry 

due to its fast growth rate, early maturity, and high environmental resistance (Mbhele et al., 

2019). It is, therefore, expedient to intensify the production of the Jumbo quail to meet the 

increasing global demand for protein (Mnisi & Mlambo, 2018; Ismail et al., 2020). However, 

the cost of commercial quail production is on the increase primarily due to the need for feed 

and dietary protein, which generally reflect the high cost of major protein sources such as 

soybean meal (SBM) (Nasar et al., 2016; Babatunde et al., 2021). There is a shortage of SBM 

as a feed ingredient for livestock because it has direct food value for humans and many other 

industrial biofuel applications, which make its market price to be relatively high (Mnisi & 

Mlambo, 2018). Consequently, feeding costs can be reduced by using non-conventional 

feedstuff of local origin, which has comparable nutritional profile and quality as SBM. Even 

though, there are several non-conventional plant-based protein sources (faba beans, field peas 

and chickpeas) that gave positive results when used in poultry feeds (Babatunde et al., 2021), 

the feed value of Marama bean (Tylosema esculentum) in Jumbo quail diet has not been 

investigated.  

Marama bean (MB) is a hardy leguminous perennial plant that grows widely across Southern 

Africa, producing tubers and seeds that are of economic importance. It has been recognized 

as a valuable crop for subsistence diets because of its high protein and oil content, 

comparable to that of soybeans. It also possesses notable nutraceutical properties. (Cullis et 

al., 2019). Previous reports show that MB contain bioactive compounds that can stimulate 

digestion, improve gut health and increase immune response when included in poultry diets 

(Stastnik et al., 2021; Popoola et al., 2023). Despite their nutraceutical properties, the 

presence of ANFs in MB could limit their use in quail production. 
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Thus, this chapter determined the effects of three heat treatment methods to enhance the feed 

value of MBM in Jumbo quail on apparent retention (AR) of amino acid (AA), growth 

performance, and haematology and serum biochemistry. The hypothesis was that thermal 

treatment of MB would improve growth performance, AA utilisation, and blood parameters 

of the birds. 

3.2 Materials and methods 

3.2.1 Animal rights statement 

The study protocol approved by the Research Ethics Committee for Animal Production 

studies of the North-West University (approval no. NWU-00811-22-A6) according to the 

guidelines established for use and care of animals in research. 

3.2.2 Study area 

The experiment was carried out in summer (between January and February 2023) at 

Molelwane Research Farm of the North-West University with geographical coordinates of 

25°40.459′S, 26°10.563′E, situated in the semi-arid region of the North West province of 

South Africa. This area experiences ambient temperature ranging between 17 and 37°C in 

summer and between -3 and 17°C in winter. Annual rainfall ranges between 300 and 600 

mm.  

3.2.3 Ingredients, preparation, and pre-processing of Marama  

Whole MB were collected from Malwelwe Village, Kweneng district of Botswana 

(23.94282° S; 1999° E), growing in Kalahari sands. Annual rainfall in the village ranges 

between 350 and 450 mm. This area experiences ambient temperature ranging between 18 

and 36°C in summer and between 0 and 25°C in winter.   
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Soybean products as well as other ingredients were procured from Nutroteq and Simplegrow 

Agic Services (PTY) LTD both located in Centurion, in the Gauteng province of South 

Africa. The beans were dehulled using a J500 grain cleaner (JAPS Engineering, Benoni, SA), 

crushed and divided into four groups where three groups were subjected to different heat 

treatments (cooking, toasting, and autoclaving), and one group was not processed (raw). 

Dehulled MB seeds were divided and subjected to the different thermal procedures: 

1) Cooking: Weighed MB seeds were poured into an aluminium pot containing 600 mL 

(1:10) of water on an electric stove and heated to boiling point (100°C), then cooked for 20 

min, which was the optimum temperature and duration that yielded greatest reduction of 

trypsin inhibitor activity (TIA) (Alabi et al., 2022). After which the cooked seeds were 

rinsed, drained and dried at room temperature until constant weight. 

2) Toasting: Weighed MB seeds were roasted in a forced convection continuous tumble 

roaster (Roastech, Bloemfontein, South Africa) at 150°C for 20 min, which is the 

recommended time and temperature required to deactivate trypsin inhibitors in MB 

(Nyembwe et al., 2015). 

3) Autoclaving: Weighed MB seeds were poured into conical flasks at a seed to water ratio of 

1:7.5 (w/v) and placed in an autoclave (3870E Heidolph, Tuttnaeur, New York, USA) for 15 

min at 121°C (7psi), which is effective in reducing TIA and enhancing the nutritional value 

of MB (Alabi et al., 2022). Autoclaved MB seeds were spread in aluminium bowl and air 

dried.  All pre-processed MB were milled with a Polymix PX-MFC 90 D (2 mm) to produce 

MBM before blending with other ingredients.  
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3.2.4 Chemical analysis  

Prior to dietary formulation, the milled raw and heat-treated MBM samples were analyzed for 

chemical composition following the Association of Official Analytical Chemists methods 

(AOAC, 2005). The dry matter (DM) was determined (AOAC, 2005: method no. 930.15) by 

measuring approximately 1 g of the samples (4 subsamples) in pre-weighed crucibles, placed 

in an oven and dried at 105°C for 12 h. Afterwards, the samples were removed and cooled in 

desiccators then weighed.  The DM was calculated by finding the difference between the 

initial weight and moisture content. Organic matter (OM) content determination (AOAC, 

2005: method no. 942.05) was done by placing the dried samples in a muffle furnace 

incinerated at 600°C for 12 h. The loss in weight was measured as OM while the remaining 

residues measured as ash. Crude fibre (CF), neutral detergent fibre (NDF), and acid detergent 

fibre (ADF) were determined using an ANKOM
2000

 Fibre Analyser (ANKOM Tech. NY, 

USA) by adapting the detergent methods of Van Soest et al. (1991).  The NDF and ADF 

were determined by refluxing about 0.45 – 0.5 g samples with a neutral detergent solution for 

1 h and  acid detergent solution for 1 h 15 min. A heat stable α-amylase was used in 

determining NDF and was expressed inclusive of residual ash. The CF was determined using 

crude fibre acid solution (0.255 N) afterwards the crude fibre base solution (0.313 N). Acid 

detergent lignin (ADL) content was determined by treating the dried ADF residue bags with 

sulphuric acid (72%) for 3 hours and thereafter cleaned using tap water and oven-dried for 

overnight. The standard macro-Kjeldahl method (AOAC, 2005: method no. 984.13) was used 

to determine the total N content, which was then converted to CP by multiplying percentage 

N by the factor 6.25. Ether extract (EE) was determined using an ANKOM XT 20 extractor 

(ANKOM Technology, NY, USA). Metabolizable energy (ME) was estimated using the 

following formula: ME (kcal/kg) = 2778 – 66 (CF × 88% DM). Samples were digested in 2.5 

mL of concentrated HCl for 18 h at 110 °C (AOAC method 982.30) for amino acid analysis, 
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followed by neutralization with 6 N NaOH, and cooled to room temperature. Thereafter, AAs 

were subjected to a chromatographic analysis using a Waters Acquity Ultra Performance 

Liquid Chromatograph (UPLC) fitted with a photodiode array (PDA) detector (AccQ-Tag 

Ultra; Waters Corporation, Milford, MA, USA).  

3.2.5 Diet formulation 

The study was composed of five dietary treatments which were formulated (Table 3.1) to 

meet the nutritional requirements for grower quail (Smith and Tabler, 2016). The 

experimental diets were formulated to be isocaloric and isonitrogenous in a marsh form by 

including MBM in a standard grower diet as follows: CON = a standard grower diet without 

MBM; MBMR = a standard grower diet with 99.98 g/kg of raw MBM; MBMC = a standard 

grower diet with 99.98 g/kg of cooked MBM; MBMA = a standard grower diet with 99.98 

g/kg of autoclaved MBM; MBMT = a standard grower diet with 99.98 g/kg of toasted MBM. 

The chemical composition of the diets was carried out as described for the MBM samples in 

Section 3.2.4.  
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Table 3.1. Gross ingredient composition (g/kg as is) of the experimental diets.  

Ingredients CON MBM 

Marama bean meal  0 99.98 

Yellow maize (8.0%) 552.2 584.5 

Full-fat soya 120.0 28.78 

Soya oilcake (45.74%) 266.9 244.7 

Crude soya oil mixer 20.95 0 

Limestone 12.44 12.0 

Monocalcium phosphate 8.98 9.96 

Salt (fine) 2.71 2.48 

Sodium bicarbonate 1.27 1.63 

DL-Methionine 4.14 4.42 

L-Threonine 1.12 1.30 

L-Tryptophan 0.09 0.05 

Lysine HCl 2.85 3.82 

Lignobond 2.0 2.0 

Grower premix
2
 3.0 3.0 

Axtraphytase (1000 FTU/g) 0.10 0.10 

Antioxidant 0.25 0.25 

Salinomycin (12%) 0.50 0.50 

Zinc bacitracin 0.50 0.50 

Calculated values (g/kg as fed)   

Dry matter 888.8 892.5 

ME (Kcal/kg) 3,102 3,102 

Crude protein 215.0 215.0 

Lysine 12.2 12.2 

Methionine 7.15 7.15 

Threonine 8.10 8.10 

Tryptophan 2.30 2.30 

Crude fat 67.18 57.75 

Crude fibre 36.63 35.72 
CON = a standard grower diet without Marama bean meal; MBM = a standard grower diet containing 99.98 

g/kg of Marama bean meal.  
2
Premix: vitamin A (11000 IU), vitamin D3 (2500 IU), vitamin E (25 IU), vitamin K3 (2.0 mg), vitamin B1 (2.5 

mg), vitamin B2 (4.5 mg), vitamin B6 (5.1 mg), niacin (30 mg), pantothenic acid (10 mg), folic acid (0.7 mg), 

biotin (0.12 g), copper sulphate (8.0 mg), potassium iodide (0.34 mg), ferrous sulphate (80 mg), magnesium 

sulphate (100 mg), sodium selenite (0.25 mg), and zinc sulphate (79 mg). 

3.2.6 Feeding trial and bird management 

Three hundred and six (306), day-old mixed-gender Jumbo quail chicks were obtained from 

Golden Quail Farm in Randfontein, Gauteng province of South Africa. The chicks were 

offered stress pack: soluble vitamins and electrolytes for poultry (Virbac) for the first three 

days and raised on a standard commercial starter meal for four days, after which experimental 
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diets were introduced until day 7, giving the birds 3 days to adapt to the treatments. For the 

experiment, chicks were evenly and randomly assigned to 35 cages (8/9 birds/cage) that were 

distributed to the 5 diets in such a way that each dietary treatment was replicated 7 times. The 

cages were constructed with wire mesh in which polythene sheets were laid as bedding.  Each 

cage, measuring 100 cm in length × 60 cm width × 30 cm height, was the experimental unit; 

the cages were all placed in one room. The experiment lasted for 35 days during which feed 

and water were offered on an ad libitum basis. The birds were reared under natural lighting 

(12 hours daily) throughout the feeding trial.  

3.2.7 Growth performance 

Live weight of chicks was recorded at the beginning of the experiment (one-week-old) to 

determine initial body weights (30.97 ± 1.79 g live weight) and subsequent weekly 

measurements were done to estimate average weekly body weight gain. Collection and 

measurement of feed refusals was done daily before giving fresh feeds during the experiment 

to estimate feed intake per cage. Feed intake was estimated by finding the difference between 

weights of feed offered and refusal which was divided by total number of birds per cage.  The 

body weight gain (BWG) and feed intake (FI) data was used to calculate average weekly 

gain-to-feed ratio (G:F). Mortality was recorded on occurrence and the data was used to 

calculate the corrected G:F. 

3.2.8 Apparent amino acid retention 

At the end of the experiment (35 days), two quail birds were randomly selected from each 

cage pooled to a total of 14 birds per treatment for the measurement of apparent retention 

(AR) of amino acids (AA). The birds were given a three-day adjustment period before 

excreta collection was done for five days. Feed offered and feed refusals was weighed to 

determine feed consumed. Excreta was collected in the morning every day, wrapped and 
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stored in a refrigerator at -15°C per cage. The samples were then analysed for their amino 

acid composition with a focus on the essential amino acids since there is limited data on AR 

of essential AA in quail. Afterwards, AR of AA values were calculated as follows: 

                      ( )  
                   

         
     

  

3.2.9  Slaughter procedure and blood collection 

The remaining birds (42–45 quail per treatment) were weighed to determine the final body 

weight (FBW) (at 35days) and then transported to a local abattoir where they were 

electrically stunned and slaughtered by slicing the jugular vein and allowed to bleed. While 

bleeding, blood was allowed to drip in sterilised containers and samples (up to 4 ml) were 

collected using 5 ml syringe and 23 g needle into two different test tubes from the freshly cut 

vein (two randomly selected birds in each replicate) for blood analysis. The tubes had two 

distinguished lid colours; purple ones contained ethylene-diamanie-tetra-acetic acid (EDTA), 

which is an anti-coagulant used for haematological analysis. The tubes having red lids did not 

have any anticoagulant and were used for serum biochemical analysis. The tubes containing 

the blood were stored in a cooler bag and the haematological samples were analysed within 

24 h after collection (Washington & Hoosier, 2012). 

3.2.10 Blood analysis 

The collected samples were immediately taken to the laboratory for blood analysis. Whole 

blood counts such as platelets, heterophilis, lymphocytes, monocytes, and haematocrits, were 

determined by using an automated IDEXX LaserCyte Haematology Analyser (IDEXX Vet 

Diagnostics, S.A. PTY, Midrand, South Africa). Serum biochemistry analysis for total 

protein, total bilirubin, lipase, glucose, albumin, cholesterol, amylase, alkaline phosphatase 
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(ALP), serum symmetric dimethylarginine (SDMA) and alanine transaminase (ALT) content 

was determined by placing the clotted blood samples in a centrifuge (Hermle Labortechnik 

GmbH, Wehingen, Germany) for 15 min at 1000 g following the Washington & Hoosier 

(2012) guidelines, afterwards analysed in an automated IDEXX Vet Test Chemistry Analyser 

(IDEXX Laboratories S.A. PTY, Midrand, South Africa). 

3.2.11 Statistical analysis 

 Data for repeatedly measured parameters (average weekly feed intake, average weekly body 

weight gain and average weekly G:F) were subjected to repeated measures analysis option in 

the General Linear Model procedure (PROC GLM) of the Statistical Analysis System (SAS), 

version 9.4 of 2013. The following statistical linear model was used: 

                                 Yijk = μ + Di + Wj + (D × W)ij + Eijk, 

Where, Yijk = dependant variable, μ = overall population mean, Di = effect of diet, Wj = effect 

of week (quail age), (D × W)ij = effect of interaction between diets and week, Eijk = random 

error associated with observation ijk which is assumed to be normally and independently 

distributed. 

Data for overall feed intake, AR of AAs, growth performance (overall body weight gain and 

average weekly G:F), serum biochemistry and haematology were analysed using one-way 

ANOVA (PROC GLM) in SAS. The following model was employed for the analysis.  

Yij = μ + Di + Eij 

Where, Yij = the dependant variable, μ = overall population mean, Di = effect of diet, and Eij = 

random error term associated with observation ij which is assumed to be normally and 

independently distributed. Separation of means was compared using the probability of 

difference option in SAS. Significance for all statistical tests was declared at P <0.05. 
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3.3 Results 

The cooked Marama bean substrate tended to have the lowest DM, OM, ash and CP contents, 

while the toasted substrate had the highest values (Table 3.2). Autoclaving resulted in the 

highest EE, while cooking had the lowest EE value. The results show that raw marama 

substrates tended to have higher ADL contents than all the heat-treated substrates. However, 

cooking resulted in the lowest fibre contents (CF, NDF, ADF, and ADL), hence the cooked 

Marama bean substrate had a higher calculated ME value. Compared to the raw substrate, all 

the heat treatments tended to have a negative effect on AA values of the substrates with 

cooking resulting in the lowest values. 
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Table 3.2. Chemical composition and metabolizable energy values (g/kg DM, unless     

mentioned otherwise) of raw and heat-treated Marama substrates. 

  

1
Substrates 

  2
Components RMBS CMBS AMBS TMBS 

Dry matter (g/kg) 948.5 895.8 951.60 969.1 

Organic matter 921.1 872.6 923.10 940.1 

Ash 27.43 23.17 28.45 29.04 

Crude protein 309.9 306.0 309.2 326.4 

Ether extract 380.1 373.0 386.7 380.5 

Crude fibre 252.5 110.8 298.2 314.7 

NDF  329.7 154.3 362.0 327.4 

ADF  181.8 144.5 172.4 174.9 

ADL 165.3 69.70 134.7 162.9 

ME (Kcal/kg)                 2 763                    2 772                    2 761                   2 760 

 

Amino acids     

Arginine 31.41 27.13 31.19 30.61 

Histidine 12.15 10.11 12.10 11.20 

Isoleucine 15.56 15.57 15.85 15.81 

Leucine 23.72 23.15 25.20 24.86 

Lysine 11.04 12.61 13.00 14.33 

Methionine 4.57 2.71 4.36 3.42 

Threonine 10.84 10.97 11.86 12.03 

Valine 16.76 17.25 17.41 17.68 

Phenylalanine 23.57 20.04 22.44 21.68 
1
Substrates: RMBS = raw Marama bean substrate; CMBS = cooked Marama bean substrate; AMBS = 

autoclaved Marama bean substrate; TMBS = toasted Marama bean substrate. 
2
Components: NDF = neutral detergent fibre; ADF = acid detergent fibre; ADL = acid detergent lignin; ME = 

metabolizable energy. 

 

The average chemical composition of diets containing raw and treated MB as well as the diet 

containing SB is presented in Table 3.3. There were notable differences as compared with the 

diet MBMR which indicates the effect of the heating techniques differed on all of the 

chemical components across the treatments. Cooking showed higher DM values than other 

heat treatments, while the highest EE was recorded in the diets that contained toasted MB. In 

addition, CP values showed a slight variation for the analyzed values as a result of the heat 

treatment on amino acids. Cooking treatment tended to slightly reduce the entire essential AA 
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compared to the raw diet, except for histidine and phenylalanine content of the diets which 

were similar and greater than the control diet respectively. Autoclaving showed higher AA 

values for all the AAs except threonine which is lower than the diets that contained raw MB. 

Likewise, the highest values for methionine and threonine were recorded in diets containing 

toasted MB. 

Table 3.3. Averaged chemical composition (g/kg as fed) and metabolizable energy of diets 

containing heat-treated Marama bean meal. 

   

        
1
Diets 

  2
Components CON          MBMR     MBMC     MBMA   MBMT 

Dry matter 867.8 907.2 897.0 872.5 872.7 

Organic matter 818.1 862.0 859.2 817.8 824.4 

Ash 49.68 45.15 37.72 54.69 48.33 

ME (Kcal/kg) 2,741 2,739 2,743 2,741 2,743 

Crude protein 184.0 207.3 185.0 214.2 215.9 

Ether extract 26.35 73.35 60.53 60.13 64.90 

Crude fibre 62.54 65.85 60.85 62.59 60.70 

NDF  139.0 149.8 143.3 157.5 207.7 

ADF  80.72 115.2 102.2 91.99 103.2 

ADL 31.35 33.13 33.48 30.50 33.80 

Amino acids 

Arginine 16.74 18.64 17.20 21.30 18.39 

Histidine 6.62 7.23 6.62 7.71 7.68 

Isoleucine 8.70 9.72 8.46 10.35 9.55 

Leucine 18.89 19.87 18.35 22.03 19.71 

Lysine 11.68 10.87 9.28 12.70 11.03 

Methionine 10.26 8.82 8.73 9.39 9.56 

Threonine 10.27 9.93 9.45 9.77 10.16 

Valine 9.79 10.86 8.73 12.03 10.72 

Phenylalanine 12.94 14.44 13.53 16.26 14.42 
1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Marama bean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal. 
2
Components: ME = metabolizable energy, NDF = neutral detergent fibre, ADF = acid detergent fibre, ADL = 

acid detergent lignin.  
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3.3.1 Apparent amino acid retention   

Table 3.4 shows dietary treatment had varied effects on apparent amino acid retention of 

Jumbo quail. Birds fed CON, MBMC and MBMA had higher (P <0.05) AR of arginine than 

birds fed MBMR and MBMT. Diets CON and MBMT had the highest (P <0.05) AR of 

histidine followed by diets MBMC and MBMA and the lowest AR of histidine was from 

MBMR. . Quail birds offered diet CON had the highest (P <0.05) AR of isoleucine followed 

by MBMA diet, and the lowest was from diet MBMR. Diet CON promoted the highest (P 

<0.05) AR of leucine and phenylalanine followed by diets MBMC, MBMA and MBMT while 

diet MBMR promoted the lowest retention. The highest (P <0.05) AR of lysine was observed 

for birds fed CON and MBMC diets followed by MBMT and MBMR while the lowest AR 

for lysine was from MBMA. Diets CON and MBMC promoted higher (P <0.05) AR of 

methionine compared with the other diets, which did not differ (P >0.05).Birds fed CON had 

the highest (P <0.05) AR of threonine while those fed diet MBMR had the least AR of 

threonine. The lowest AR of valine was observed in birds fed MBMR and MBMC (P <0.05) 

followed by MBMA and MBMT birds, and the highest (P <0.05) AR of valine was from the 

CON group.  
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Table 3.4. Effect of diets containing raw or heat-treated marama bean meal on apparent 

retention of amino acids (g/kg DM) in Jumbo quail (n = 70). 

 

 

  

1
Diets 

    Parameters CON MBMR MBMC MBMA MBMT 
2
SEM P value 

Arginine 774.1
a
 693.7

b
 742.9

a
 762.5

a
 722.6

b
 9.074 0.001 

Histidine 811.3
a
 666.1

c
 767.9

b
 747.8

b
 820.7

a
 9.284 0.001 

Isoleucine 695.1
a
 505.7

d
 615.6

b
 598.4

c
 568.7

c
 10.15 0.001 

Phenylalanine 734.6
a
 557.2

c
 683.8

b
 704.3

b
 671.0

b
 10.20 0.001 

Lysine 769.3
a
 691.2

b
 735.4

a
 641.5

c
 722.3

b
 9.961 0.001 

Methionine 826.9
a
 777.1

b
 813.5

a
 802.9

b
 791.1

b
 10.56 0.022 

Threonine 642.2
a
 434.7

d
 553.9

c
 522.5

c
 555.6

b
 8.146 0.001 

Valine 673.0
a
 466.5

c
 506.3

c
 576.7

b
 537.3

b
 13.52 0.001 

Leucine 702.3
a
 530.8

c
 648.4

b
 621.4

b
 652.8

b
 9.496 0.001 

a,b,c,d
 Means, in a row, with similar superscripts are not statistically different (P > 0.05) 

1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Marama bean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal. 
2
SEM: standard error of the mean. 

 

3.3.2 Growth Performance  

Repeated measures analysis showed that there was no time (quail age in weeks) × diet 

interaction effects on FI (P = 0.076) and mortality (P = 0.898). However, significant 

interaction effects were observed on weight gain (P <0.0001) and G:F (P <0.0001). Table 3.5 

indicates that dietary treatments had no effect on overall mortality. CON promoted the 

highest (P <0.05) overall FI followed by diets MBMC and MBMA, and the lowest overall FI 

was from the MBMR and MBMT groups. Two-week-old quail fed with diet CON had the 
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highest weight gain (39.72 g/bird) followed by those fed with diets MBMC (34.81 g/bird) and 

MBMA (31.89 g/bird) while those fed with MBMR (19.63 g/bird) had the lowest weight 

gain. In week 3, MBMR promoted the lowest weight gain followed by MBMT and the 

highest weight gain was from diets CON, MBMA and MBMC, which did not differ (P 

>0.05). In week 4, birds reared on MBMT and MBMR had lower (P <0.05) weight gain than 

those reared on CON, MBMA and MBMC.  No significant dietary effects (P>0.05) were 

recorded on weight gain in five-week-old Jumbo quail. 

Two-week-old quail birds reared on diet CON had the highest G:F (P <0.05) followed by 

those fed with MBMC and MBMA ,MBMR and MBMT groups had lower G:F which did not 

differ (P>0.05). In week 3, quail birds fed with diet MBMT showed the highest (P <0.05) 

G:F followed by the MBMC and CON groups, and the lowest G:F was from the MBMR and 

MBMA groups. There was no significant dietary treatment effects recorded on G:F for four-

week-old quail. Five- week-old quail fed MBMT and MBMA diets had the highest (P <0.05) 

G:F followed by MBMR and the lowest G:F was from quail birds reared on diets CON and 

MBMC, which did not differ (P >0.05). 
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Table 3.5. Growth performance (g/bird) in Jumbo quail (n = 221) fed with diets containing 

raw or heat-treated Marama bean meal. 

   

1Diets 

    2Parameters CON MBMR MBMC MBMA MBMT 2SEM P value 

Overall FI (g/bird) 504.0
a
 425.0

c
 461.5

b
 458.

9b
 409.9

c
 11.32 <0.0001 

Overall mortality (%) 3.17 10.18 1.59 3.17 6.35 2.830 0.238 

Overall BWG(g/bird) 181.3
a
 138.5

b
 170.8

a
 168.9

a
 148.0

b
 3.912 <0.0001 

Overall G:F 0.360
a
 0.327

b
 0.370

a
 0.368

a
 0.365

a
 0.005 <0.0001 

Initial BW (g/bird) 31.26 30.88 30.57 31.26 30.97 0.730 0.956 

Final BW (g/bird) 215.1
a
 174.8

b
 203.2

a
 202.3

a
 183.7

b
 4.271 <0.001 

        

  

Average body weight gain (g/bird) 

   Week 2 39.72
a
 19.63

d
 34.73

b
 31.89

b
 26.54

c
 1.058 0.0001 

Week 3 48.20
a
 32.63

c
 44.12

a
 44.41

a
 38.94

b
 1.156 0.0001 

Week 4 52.21
a
 40.22

b
 48.22

a
 47.65

a
 42.62

b
 1.452 0.0001 

Week 5 41.17 40.26 43.68 44.91 44.09 2.134 0.443 

        

  

Average gain-to-feed ratio (G:F) 

   Week 2 0.529
a
 0.349

c
 0.506

b
 0.476

c
 0.446

c
 0.010 0.0001 

Week 3 0.468
b
 0.368

c
 0.478

b
 0.457

c
 0.485

a
 0.016 0.0001 

Week 4 0.368 0.346 0.375 0.362 0.363 0.012 0.363 

Week 5 0.224
c
 0.263

b
 0.254

c
 0.276

a
 0.289

a
 0.012 0.003 

a,b,c, 
Means, in a row, with similar superscripts are not statistically different (P > 0.05). 

1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Maramabean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal. 
2
Parameters: FI = feed intake; BW = body weight. 

3
SEM: standard error of the mean. 

 

3.3.3 Blood parameters  

There were no significant dietary treatment effects (P>0.05) on haematological parameters of 

Jumbo quail apart from haematocrits (Table 3.6). However, birds fed with diet CON had 

higher (P <0.05) haematocrits compared to those fed with the other dietary treatments, whose 

haematocrits did not differ (P >0.05).  
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Table 3.6. Haematological parameters in Jumbo quail fed with diets containing raw or heat-

treated Marama bean meal. 

 

1
Diets 

  3
Parameters CON MBMR MBMC MBMA MBMT 

2
SEM P value 

Haematocrits (%)  48.08
a
 42.64

b
 44.07

b
 44.86

b
 42.43

b
 1.160 0.019 

WBC (×10
9
/L) 14.74 15.18 13.76 16.11 12.84 1.119 0.298 

Platelets (×10
9
/L)  25.30 26.78 29.42 26.94 25.44 1.727 0.479 

Heterophils (%) 8.45 9.83 7.42 9.42 8.22 0.772 0.211 

Lymphocytes (%) 5.55 4.68 5.62 5.83 3.97 0.702 0.320 

Monocytes (%) 0.90 0.70 0.69 0.86 1.07 0.227 0.754 

a,b,c, 
Means, in a row, with similar superscripts are not statistically different (P > 0.05)

 

1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Marama bean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal. 
2
SEM: standard error of the mean. 

3
Parameters: WCC = white cell count. 

  

The effect of dietary treatments on serum biochemical parameters in Jumbo quail shows that 

diet had no influence (P>0.05) on all serum biochemical parameters except on lipase (P 

<0.001) (Table 3.7). Diet MBMR promoted the highest (P <0.05) lipase levels followed by 

MBMA and MBMT diets and the lowest lipase levels were on diets CON and MBMC. 
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Table 3.7. Serum biochemical parameters in Jumbo quail fed with diets containing raw or 

heat-treated Marama bean meal. 

   

1
Diets 

    2
Parameters    CON  MBMR MBMC MBMA MBMT 

       3
SEM        P value 

Glucose (mmol/L)   11.09   11.84  11.47 11.66 10.59     15.43            0.766 

SDMA (µg/dL)   27.71    27.64  23.93 27.71    30.10      3.871            0.869 

Creatinine (μmol/L)  18.56 8.84  8.84 8.84 44.2 0.161 0.410 

Phosphorus (mmol/L) 0.74  12.54  11.29 11.19 10.95 0.737 0.163 

Calcium (mmol/L) 0.59 0.54  0.59 0.54 0.49 0.782 0.499 

Total protein (g/L)  6.06    7.06  4.07 4.22 3.96 1.091 0.197 

Albumin (g/dL)  2.05  1.81  1.53 1.57 1.91 0.229 0.460 

Globulin (g/dL) 3.01  3.26  2.54 2.79 2.01 0.338 0.142 

ALB/GLOB 0.64  0.58  0.66 0.59 0.62 2.619 0.331 

ALT (U/L) 77.29   63.79  49.43 48.00 90.08 23.13 0.685 

ALKP (U/L)  298.9   215.4  306.7 272.2 283.9 38.36 0.486 

TBIL (mmol/L) 0.22     0.07  0.08 1.49 1.66 10.24 0.301 

Cholesterol (mmol/L) 9.80     7.50  9.29 9.03  9.57 18.34 0.540 

Amylase (U/L)  325.9    452.4  416.3 497.1 487.9 46.91 0.102 

Lipase (U/L)  211.4
c
    775.6

a
  298.1

c
 581.5

b
 551.8

b
 71.49 <0.001 

a,b,c
 Means, in a row, with similar superscripts are not statistically different (P > 0.05). 

1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Marama bean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal
 

2
Parameters: SDMA = serum symmetric dimethyl arginine, ALB/GLOB = albumin/globulin ratio, ALT = 

alanine transaminase, ALKP = alkaline phosphatase, TBIL = total bilirubin. 
3
SEM: standard error of the mean. 
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3.4 Discussion 

3.4.1 Growth performance 

Repeated measures analysis showed that there was no significant time (quail age in weeks) 

and diet interaction effect on feed intake, which indicates that the ability of Jumbo quail birds 

to utilise the dietary treatments were not influenced by their age. However, significant diet 

and week interaction effects were observed on weight gain and G:F, which suggests that the 

ability to efficiently convert the dietary treatments into body mass depended on the bird‟s 

age. Although no dietary influences were observed on overall mortality, the MBMR 

treatment tended to have the highest mortalities of 10.18%, indicating the need for pre-

processing of MB prior to feeding Jumbo quail. Results from the current study showed that 

inclusion of MBMC and MBMA in quail diet does not compromise overall feed intake and it 

yielded a better performance. Indeed, the MBMC and MBMA treatments boosted overall 

feed intake than MBMR and MBMT, further indicating the efficacy of these treatment 

methods (cooking and autoclaving) to improve the utility of MB (Alabi et al., 2022). The 

increase in feed consumption could also be attributed to the enticing nutty odour, improved 

flavour and palatability of cooked or autoclaved Marama beans (Kayitesi et al., 2010). In 

agreement, El Boushy & Van der Poel (2012), noticed that feed consumption in poultry is 

greatly influenced by the sensory quality of feed ingredients and concluded that in order to 

improve performance, producers need to improve feed palatability and acceptability to 

increase the feed intake in birds. The poor FI in the MBMR group was expected due to the 

presence of ANF (phenolic and saponin), which contributes to the beans‟ bitterness (Wang et 

al., 2022). Likewise, toasted Marama bean has been reported to have more intense burnt, 

bitter taste due to increased level of phenolics (Nyembwe et al., 2015) resulting in poor feed 

utilization. Weight gain at two weeks of age in MBMC and MBMA fed quail birds were 

higher than birds fed with MBMR diet but were comparable to the soybean-based control 
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diet. At three and four weeks of age, similar weight gain was observed in MBMC, MBMA 

and the soybean-based control diet, suggesting that cooking and autoclaving improved feed 

utilization. This showed that the negative effect of ANFs in MB has been successfully 

ameliorated, which promoted better performance in birds fed MBMC and MBMA diets than 

MBMR. This is attributable to the presence of TI in raw MB (Alabi et al., 2022). It can also 

be attributed to the fact that heat processing has been indicated to improve protein quality in 

MB, which improved the birds‟ performance. Likewise, MBM has been shown to improve 

caecal microbiota that in turn resulted in the improvement of poultry nutrition and growth 

performance (Maruatona et al., 2010; Montso et al., 2022). However, at week 5, there was no 

significant dietary effect on weight gain for Jumbo quail indicating that feed utilization had 

improved as the birds advanced in age due to the development of a better digestive system. 

Body weight has been associated with improved feed intake and growth rate (Metwally et al., 

2020). Therefore, MBM could be included in quail diets without any adverse effects on 

weight gain at week 5. The inclusion of MBMC and MBMA showed higher G:F and heavier 

final body weights indicating that cooking and autoclaving treatment of MB promotes similar 

performance as the soybean control diet without any compromise on  performance. These 

findings agree with previous authors who noted that replacing SBM with other legumes does 

not have any hazardous effect on growth performance of quail birds (El-Hack et al., 2016). 

Low final body weight of birds in the MBMR and MBMT could be attributed to low feed 

intake due to the presence of TI, which corroborates the findings of Erdaw et al. (2017) that 

feeding diets with high levels of TI had negative effects on growth and feed efficiency of 

broiler chickens. This further confirms that cooking and autoclaving were more effective in 

ameliorating the negative activities of ANF in MBM than the toasting method.  
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3.4.2 Apparent amino acid retention  

Apparent retention of nutrients does not account for any nutrients that are lost in the urine or 

gases produced during digestion (Nhlane et al., 2020; Zhang et al., 2023). This measurement 

is important for understanding the nutritional value of feed and it is commonly used to 

evaluate the quality and nutrient utilisation of feed ingredients (Kil et al., 2013; Rojas & 

Stein, 2015). In this research, focus was on AR of AA because there is a scarcity of data in 

quail birds (Ghazaghi et al., 2023). This study showed that MB contains all the essential AA 

(arginine, methionine, lysine, threonine histidine, isoleucine, leucine, phenylalanine, and 

valine), which meets the minimum biological requirements needed for growing quail (Gulzar 

& Minnaar, 2017). The results of this study revealed that heat treatment of MBM tended to 

reduce the AA contents of MB. However, diet MBMR resulted in poor AR for the reported 

essential AA. Relative to CON diet, the cooking treatment enhanced the AR of threonine, 

lysine, methionine, isoleucine, and leucine, which explains the positive effect on growth 

performance, since methionine, lysine and threonine are major limiting AA in poultry diets 

(Mehri et al., 2012; Ghazaghi et al., 2023). The high retention of these AA could be due to 

the solubilisation of crude protein (CP) and fibre during cooking. Autoclaving treatment also 

improved the AR of arginine, valine and phenylalanine indicating that this method could be 

important in increasing the bioavailability of these essential AA, which are required for 

energy and protein synthesis, metabolism, and efficient neurotransmission (NRC, 1994) in 

Jumbo quail. The toasting treatment increased AR of histidine only, which is important for 

the stimulation of thyrotropin-releasing hormone, immune responses, renal function (NRC, 

1994), among others. The poor AR of AA in the MBMR group was anticipated due to the 

presence of ANF such as trypsin inhibitor (TI) and condensed tannins (CT) in MB (Alabi et 

al., 2022) that have been reported to reduce AA utilization (Gilani et al., 2012). Overall, the 
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cooking followed by autoclaving treatments of MB enhanced AR of AA, indicating the 

potential of these methods to ameliorate the adverse effects of TI and CT in MB.  

3.4.3 Haematological parameters 

In poultry production, blood analysis is a valuable tool used to assess nutritional and health 

status, diagnose diseases and identify breeding problems of birds (Obese et al., 2018). Since 

the blood serves as transport system that conveys nutrients to different parts of an animal 

body, factors affecting blood, either in terms of nutrition or medication would certainly have 

overall effect on the entire body regarding health, growth, maintenance and reproduction 

(Etim et al., 2014). The fundamental information on animal blood helps to measure the level 

of nutrients in feed, trace physiological changes that can indicate the presence of various 

infections, hence detect subclinical diseases, and measure hormonal levels which can indicate 

fertility of poultry birds (Matabane, 2023). All of these can help producers to make informed 

management decisions about their flock and ensure their health and productivity (Zaitsev, 

2016). The general trend in quail production is to ensure diets are safe, effective for optimum 

growth performance, and do not compromise the blood profile of the birds (Mnisi & Mlambo, 

2018; Elnesr et al., 2019). Blood analysis has been recommended as a fast, safe and readily 

available means of evaluating nutritional health status of animals during feeding trials 

because consumption of dietary feed treatments have measurable effects on their blood 

parameters. Haematological indices are one of the critical pointers to the physiological or 

pathophysiological state of the animal body (Onasanya et al., 2015). There are indications 

from several studies conducted by various researchers that diets have different effects on 

haematological parameters of different poultry species. Thus, proper considerations should be 

given to the types of diets and their effects on blood parameters, as well as the physiology of 

birds (Etim et al, 2014; Alagawany et al., 2020). The results of this study showed that 

haematological parameters did not differ significantly among birds fed with the different 
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dietary treatments in Jumbo quail apart from haematocrits. Haematocrit count denotes the 

percentage of blood that is composed of red blood cells which is usually affected by the 

number and size of these red blood cells (Alagawany et al., 2020). Moreover, it is a measure 

of oxygen-carrying capacity of the blood; hence, it is considered a key determinant of aerobic 

performance related to movement in birds (Kobayashi et al., 2022; Soulsbury et al., 2022). 

Observed hematocrits of quail birds fed with diet CON were higher than other dietary 

treatments, which were statistically similar. This means that the percentage of red blood cells 

in the CON-based quail birds was high. Higher haematocrit percentage could be attributed to 

higher growth rate, increased metabolic activities and production of gonadotropins and 

metabolic hormones because all of these require more blood supply to the muscle tissues 

(Sujata et al., 2014; Alagawany et al., 2020; Gharaoghlan et al., 2022). However, the birds 

fed diets containing MBM could have experienced insufficient iron absorption due to the 

presence of tannins leading to reduced production of red blood cells (Gupta, 2014). 

According to Shubham et al. (2020), excessive levels of phytates and tannin in the diet inhibit 

iron absorption which can lead to iron deficiency. Nonetheless, it was expected that thermal 

treatment of MBM would greatly improve iron utilization due to amelioration of tannins, but 

haematocrits value across the treatments were not different.   

3.4.4 Serum biochemical parameters 

Diet is one of the many factors that affect serum biochemical parameters in animals. Serum 

biochemical parameters in this study did not differ significantly except for lipase. Quail fed 

the MBMR diet had higher lipase levels compared to those fed with other dietary treatments, 

which were beyond the reported values for healthy quail (Mulaudzi et al., 2022).  Lipase is an 

enzyme that is involved in the breakdown of water-insoluble fats molecules and is important 

for the digestion, hydrolysis of fat and absorption of fat-soluble vitamins (Pirahanchi & 

Sharma, 2019; Lim et al., 2022). Several digestive enzymes, including lipase are produced 
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and secreted in the pancreas (Erdaw & Beyene, 2018). The presence of TI negatively affects 

this function whereby extreme lipase level causes damage to the pancreas or acute 

pancreatitis, which was expected given the high concentration of TI in MB. Lower levels of 

lipase observed in quail fed MBMC implies that cooking successfully ameliorated the 

negative effect of TI. The diets had no effect on creatinine which is the functional biomarker 

of the kidney (Kashani et al., 2020); neither on liver enzymes like ALKP and ALT, meaning 

that inclusion of MBM in quail feed did not affect kidney and liver function which was quite 

surprising given the high concentrations of CT and fibre in the diet containing raw MBM. 

Total protein and albumin were also not influenced by the treatments; this is because the diets 

were isonitrogenous. However, the blood parameters fell within the normal range reported for 

healthy quail birds (Mnisi & Mlambo 2018). 

3.5 Conclusion 

Cooking and autoclaving treatments enhanced apparent amino acid retention, overall growth 

performance, and carcass weights of Jumbo quail compared to raw diet.  Although Jumbo 

quail reared on soybean-based control diet showed best performance, cooking followed by 

autoclaving treatments of Marama bean was more effective than toasting. 
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4 CHAPTER FOUR – CARCASS CHARACTERISTICS, VISCERAL 

MORPHORMETRY AND BREAST MEAT QUALITY OF JUMBO 

QUAIL REARED ON DIETS CONTAINING RAW OR HEAT-

TREATED MARAMA BEAN MEAL  

Abstract  

This study investigated the effect of including raw or heat-treated Marama bean meal (MBM) 

inclusion in grower Jumbo quail diets on carcass characteristics, visceral organs, and meat 

quality attributes. Five isonitrogenous and isoenergetic experimental diets were formulated as 

follows: CON (a standard grower diet without MBM; MBMR (a standard grower diet with 

only 99.98 g/kg of raw MBM); MBMC (a standard grower diet with only 99.98 g/kg of 

cooked MBM); MBMA (a standard grower diet with only 99.98 g/kg of autoclaved MBM); 

and MBMT (a standard grower diet with only 99.98 g/kg of toasted MBM). Jumbo quail 

chicks (n = 306) were randomly and evenly distributed to five dietary treatments which were 

replicated 7 times. At the end of the 35-day experiment, all the quail birds were removed 

from the cages with the exception of 2 birds per cage and the rest (221) birds were 

slaughtered at an abattoir to examine carcass characteristics, internal organs, and breast meat 

quality. Dietary treatments influenced (P <0.05) final body weight (FBW), hot carcass weight 

(HCW) and cold carcass weight (CCW). Quail birds fed diets MBMC and MBMA had higher 

(P <0.05) FBW and CCW than those fed diet MBMR and MBMT. Diet MBMC promoted 

higher (P <0.05) HCW in quail when compared to diets MBMR, MBMA and MBMT.  

Quails fed diet MBMR had the heaviest (P <0.05) relative gizzard weight (2.81 g /100 g 

CCW) than those fed diets CON, MBMC, MBMA and MBMT. . Birds fed diet MBMT had 

the heaviest (P <0.05) relative proventriculus weight followed by MBMR and MBMC 

groups, while the CON and MBMA groups had the lightest proventriculus weights. Jumbo 

quail fed diets MBMT and MBMR had higher relative spleen weights (P <0.05) than CON, 
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MBMC and MBMA treatments. Breast meat from quail fed the CON, MBMC, and MBMA 

diets had similar 24-hour redness, which was higher (P < 0.05) than that of the MBMR and 

MBMT groups. The CON and MBMC diets promoted higher (P < 0.05) 24-hour chroma 

values compared to all other treatments. Additionally, the MBMR and MBMT diets resulted 

in higher (P < 0.05) hue angle values than all other dietary treatments.It is worth noting that 

the inclusion of heat-treated MBM in Jumbo quail diets improved the carcass characteristics, 

and meat quality traits, however, slight alteration was observed on some internal organ sizes. 

Keywords: Carcass, Marama bean meal, Meat colour, Quail meat, Visceral organs  
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4.1 Introduction 

The Jumbo quail is of economic importance in the poultry industry as it has been identified 

for its high prolificacy and fast growth rate that could increase the supply of animal protein 

(Mulaudzi, 2019). Quail production is gaining ground in the South African poultry industry 

because of the nutritional benefits and the possibility to alleviate food insecurity risks, 

especially in rural areas (Mnisi et al., 2021). The quail meat is a desirable alternative poultry 

meat among consumers because it is tasty, low in fat and rich in essential nutrients such as 

protein, vitamins, and minerals (Santhi & Kalaikannan, 2017; Mnisi et al., 2021). To produce 

high quality meat and meat products that are acceptable by consumers, it is needful to 

incorporate alternative feed ingredients with antioxidants, antimicrobial and meat-enhancing 

properties into quail diets (Marareni, 2021). Furthermore, the use of locally available non-

conventional alternative protein sources such as Marama bean meal (MBM) would reduce 

feed costs and competition with humans (Mnisi et al., 2022; Montso et al., 2022).  

MB is a local drought-tolerant leguminous plant that grows naturally, with a superior 

nutritional value similar to soybean plant (Cullis et al., 2019; Omotayo & Aremu, 2021). It is 

rich in protein with good essential amino acids profile, polyunsaturated fatty acids and 

bioactive compounds such as antioxidants. However, these phytochemicals are in the form of 

ANFs, which interfere with nutrient digestibility and limit the use of MB in quail diets 

(Maphosa & Jideani, 2017; Soetan, 2018). Processing techniques such as cooking and steam-

autoclaving have been found to be an effective method to reduce some antinutritional factors 

(ANFs) in MB, thus enhancing its nutritional value (Alabi et al., 2022).  

Therefore, including heat-treated MBM in quail diet could be a viable approach to improve 

the quality of quail meat and acceptability. Thus, this study aimed to improve the feed value 

of MBM using different thermal procedures. Therefore, this research represents the first 
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attempt to evaluate the effect of raw or heat-treated (cooked, toasted and autoclaved) MBM 

in diets of Jumbo quail on internal organs, carcass yield, meat quality parameters and shelf-

life indicators. It was hypothesized that the inclusion of heat-treated MBM would not affect 

internal organs, carcass and meat quality parameters as the soybean-based control diet. 

4.2  Materials and methods 

4.2.1 Study area, diet formulation and bird management 

The study was carried out in Molelwane farm as described in Chapter 3, Section 3.2.1. Diet 

formulation and experimental design were also as mentioned in Chapter 3, Sections 3.2.5 and 

3.2.6. 

4.2.2 Feeding trial and slaughter procedure 

The feeding trial, bird management and slaughter procedure were as detailed in Chapter 3, 

Sections 3.2.6 and 3.2.9. 

4.2.3 Carcass performance and internal organs 

After slaughter, the carcasses were plucked and plucking manually eviscerated by hand. The 

carcasses were packed and placed inside plastic bags that were labelled according to each 

experimental unit. The carcasses were weighed immediately to determine hot carcass weight 

(HCW). After which, they were stored in the cold room for 24 hours at 4°C, then reweighed 

to determine cold carcass weight (CCW). A digital weighing scale (Explorer
®
 EX224, 

OHAUS Corporation, Parsippany, NJ, USA) was used to weigh HCW, CCW, carcass cuts 

(wing, drumstick, breast, and thigh) as well as internal organs (liver, gizzard, proventriculus, 

spleen, pancreas, small intestine and large intestine) and expressed as a proportion of CCW (g 

/100 g CCW). Dressing percentage was calculated as the proportion of CCW on slaughter 

weight (final body weight). 
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4.2.4 Breast meat colour, pH and temperature 

Measurements for meat colour coordinates – luminosity (L*), redness (a*) and yellowness 

(b*) were taken with the use of spectrometer (BYK-Gardener GmbH, Geretsried, Germany) 

with 20 mm diameter D65-day light illuminant and 10° observation angle 1 hour and 24 

hours after slaughter. The colour meter was calibrated before measurements were taken. Hue 

angle and chroma  was calculated using the formula tan
-1

(b*/a*) and √        as guided 

by Priolo et al. (2002). Breast meat pH and temperature were taken 1 hour and 24 hours post-

mortem using a Corning Model 4 pH-temperature meter (Corning Glass Works, Medfield, 

MA) fitted with an Ingold spear-type electrode. The pH meter was calibrated with pH of 4, 7, 

and 10 standard solutions before data collection and recalibrated after every 10 

measurements. 

4.2.5 Cooking loss 

Raw breast meat samples were weighed individually, and oven broiled in a foil plate at a 

temperature of      for 20 minutes using the methods by Honikel (1998). These samples 

were cooled and reweighed after cooking. Cooking loss was calculated as follows: 

            ( )  
     

  
     

Where,    = initial weight before cooking,     = final weight after cooking. 

4.2.6  Meat tenderness 

Measurement of meat tenderness was taken by shearing raw breast samples perpendicular to 

the direction of muscle fibres with the aid of a Meullenet-Owens razor shear blade which was 

mounted on a Texture Analyser (TA-XT plus, Stable Micro Systems, Surrey, UK) and 

obtained values which signify average peak shear force per sample were measured in Newton 

(N). 
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4.2.7 Water holding capacity and Drip loss 

Water holding capacity (WHC) was determined using the methods by Grau & Hamm (1957), 

where    of breast meat samples was taken from each cage and thereafter placed in-between 

two filter papers and subjected to pressure (60 kg pressure) from dumbbell weights for five 

minutes. The    of the meat samples were also measured after applying pressure. The WHC 

was measured as follows: 

    ( )       
     

  
      

Where:     = initial weight before pressure;    = final weight after pressure. 

Drip loss (DL) was determined using the method adapted from Zhang et al. (2009) in which 

breast meat samples were cut into pieces of 2 - 3 g of weight from each cage and used as   . 

Then, the samples were placed on a hook and suspended with wire steel inside a plastic bottle 

which was appropriately sealed so that samples do not touch the sides of the bottle. The 

bottles were chilled at 2  for 72 hours; afterwards, samples were weighed again. The 

following equation was used to determine DL: 

   ( )  
     

  
     

Where:     = initial weight before suspension,    = final weight after suspension.  

4.2.8 Shelf life 

Breast meat samples were selected randomly from each experimental unit and used to 

determine shelf life of the breast meat. These meat samples were placed individually in foil 

plates, labelled accordingly and stored in a cool dry place inside the Meat Science laboratory 

of the North-West University at room temperature (20 - 27°C). Records of meat temperature, 

pH and colour (L*, a*and b*) were taken daily for 3 consecutive days only because the breast 
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meat samples had rotten by day 4. Hue angle and chroma values were calculated for 1h and 

24 h postmortem as described by Priolo et al. (2002). 

4.2.9 Statistical analysis  

Data for carcass characteristics, internal organs and meat quality parameters were analysed 

using one-way ANOVA in the procedure of General Linear Model (PROC GLM) of the 

Statistical Analysis System (SAS), version 9.4 of 2010 to determine the effects of the diets. 

The following model was employed for the analysis. 

Yij = μ + Di + Eij 

Where, Yij = the dependant variable, μ = overall population mean, Di = effect of diets, and Eij 

= random error term associated with observation ij which is assumed to be normally and 

independently distributed. Separation of means was done using the probability of difference 

option in SAS. Significance for all statistical tests was declared at P <0.05. 

4.4 Results 

4.4.1 Carcass characteristics, internal organs and meat quality 

 Diet had significant impacts (P <0.05) on final body weight (FBW), HCW and CCW (Table 

4.1). The CON, MBMC and MBMA groups had significantly higher (P <0.05) FBW and 

CCW compared to MBMR and MBMT groups. Jumbo quail fed the CON and MBMC diets 

had higher (P <0.05) HCW than those fed the MBMR, MBMA and MBMT diets.  
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Table 4.1. Carcass characteristics (g /100 g CCW, unless stated otherwise) in Jumbo quail 

fed with diets containing raw or heat-treated Marama bean meal. 

   

1
Diets 

    3
Parameters CON MBMR MBMC MBMA MBMT 

2
SEM P value 

FBW 215.1
a
 174.8

b
 203.2

a
 202.3

a
 183.7

b
 4.271 <0.001 

HCW 145.8
a
 121.2

b
 137.2

a
 135.7

b
 127.4

b
 3.771 0.001 

CCW 144.3
a
 117.6

b
 136.4

a
 134.6

a
 125.5

b
 3.798 0.003 

Dressing (%) 67.14 67.57 67.12 67.00 68.49 1.780 0.980 

Breast 19.77 18.49 18.14 18.92 17.36 1.064 0.620 

Drum (cm) 5.730 5.473 5.626 5.712 5.457 0.097 0.182 

Drum 4.637 4.598 4.586 4.603 4.798 0.116 0.728 

Thigh (cm) 4.531 4.395 4.520 4.701 4.863 0.156 0.310 

Thigh 6.634 6.538 6.711 6.749 7.590 0.334 0.249 

Wing (cm) 11.33 10.59 11.22 11.54 10.22 0..523 0.407 

Wing 4.644 4.969 4.752 4.812 5.652 0.258 0.098 

Back (cm) 10.26 9.139 9.676 9.628 10.39 0.365 0.144 

a,b
 Means, in a row, with similar superscripts are not statistically different (P > 0.05) 

1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Marama bean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal. 
2
SEM: standard error of the mean. 

3
Parameters: FBW = final body weight; HCW = hot carcass weight; CCW = cold carcass weight.  

 

The different organ weights measured were not influenced (P >0.05) by the dietary 

treatments except gizzard, proventriculus and spleen (Table 4.2). Diet MBMR promoted the 

heaviest (P <0.05) relative gizzard weight (2.808 g /100 g CCW) and diet CON promoted the 

lightest relative gizzard weight (2.179 g /100 g CCW). Jumbo quail fed diets MBMT and 

MBMR had higher relative spleen weights than those fed diet the CON, MBMA and MBMC 
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treatments, which were statistically similar to other diets (P >0.05). Birds fed diet MBMT 

had the heaviest (P <0.05) relative proventriculus weight followed by MBMR and MBMC 

treatment groups and the lightest relative proventriculus weights were from the CON and 

MBMA treatment groups. 

 

Table 4.2. Effect of diets containing raw or heat-treated Marama bean meal on internal organ 

sizes (g /100 g CCW, unless stated otherwise) in Jumbo quail. 

   

1
Diets 

    3
Parameters CON MBMR MBMC MBMA MBMT 

2
SEM P value 

Liver 2.591 2.633 2.606 2.697 2.500 0.124 0.872 

Gizzard 2.179
e
 2.808

a
 2.506

c
 2.453

d
 2.654

b
 0.074 <0.001 

Spleen 0.094
b
 0.115

a
 0.097

b
 0.106

b
 0.134

a
 0.007 0.005 

Proventriculus 0.541
c
 0.624

b
 0.590

b
 0.563

c
 0.639

a
 0.021 0.009 

Pancreas 0.164 0.288 0.289 0.301 0.335 0.040 0.056 

SI (cm) 50.63 57.41 55.12 57.57 45.93 4.479 0.360 

SI 2.561 3.262 2.951 2.907 3.964 0.387 0.178 

LI (cm) 9.620 10.36 9.709 10.19 8.736 0.713 0.582 

LI 0.744 1.200 0.823 0.897 3.869 1.083 0.279 

a,b,c,d,e
 Means, in a row, with similar superscripts are not statistically different (P > 0.05) 

1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Marama bean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal. 
2
SEM: standard error of the mean. 

3
Parameters: SI = small intestine, LI = large intestine. 

 

There were significant dietary treatment effects on a*1, a*24, chroma24, hue angle1, and hue 

angle24 (Table 4.3). The CON diet promoted higher 1-h redness (8.427) when compared to all 

the other dietary treatments, which did not differ (P >0.05). Breast meat from the CON, 
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MBMC and MBMA groups had higher (P <0.05) 24-h redness than meat from the MBMR 

and MBMT groups. Breast meat from birds fed with diets CON and MBMC had higher (P 

<0.05) 24-h chroma values than meat from the MBMR, MBMA and MBMT groups, which 

did not differ (P >0.05). The MBMR and MBMT diets resulted in higher (P <0.05) 1-h and 

24-h hue angle values when compared to the CON, MBMC and MBMA diets, which did not 

differ statistically (P >0.05). 
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Table 4.3. Effect of diets containing raw or heat-treated Marama bean meal on meat quality 

parameters of Jumbo quail. 

   

1
Diets 

    3
Parameters CON MBMR MBMC MBMA MBMT 

2
SEM P value 

Temp1 27.31 27.0 27.78 27.88 27.75 0.422 0.537 

Temp24 15.02 16.37 13.94 19.72 14.41 2.585 0.528 

pH1 5.991 6.089 5.983 6.037 6.027 0.086 0.911 

pH24 5.829 5.860 5.876 5.810 5.832 0.035 0.695 

L*1 46.03 47.65 46.81 47.95 47.73 0.503 0.061 

L*24 46.11 48.22 47.81 47.23 48.32 0.657 0.137 

a*1 8.427
a
 7.156

b
 8.195

b
 7.997

b
 7.745

b
 0.300 0.052 

a*24 9.950
a
 8.643

b
 9.911

a
 9.580

a
 9.074

b
 0.228 0.001 

b*1 0.953 1.474 1.325 1.276 1.530 0.143 0.063 

b*24 2.236 3.153 2.762 2.799 3.268 0.264 0.077 

Chroma1 8.485 7.329 8.311 8.105 7.902 0.290 0.074 

Chroma24 10.21
a
 9.22

b
 10.32

a
 10.00

 b
 9.656

b
 0.243 0.021 

Hue angle1 0.114
b
 0.205

a
 0.160

b
 0.160

b
 0.200

a
 0.021 0.030 

Hue angle24 0.220
b
 0.350

a
 0.271

b
 0.284

b
 0.344

a
 0.025 0.005 

Drip loss (%) 16.30 15.73 18.64 16.89 19.76 1.485 0.332 

CL (%) 25.10 26.67 24.31 26.07 35.66 3.756 0.279 

WHC (%) 86.18 91.81 87.15 83.19 83.19 2.497 0.129 

Shear force (N) 5.168 5.111 3.573 5.091 4.037 0.639 0.277 

a,b
 Means, in a row, with similar superscripts are not statistically different (P > 0.05) 

1
Diets: CON = a standard grower diet without Marama bean meal; MBMR = a standard grower diet containing 

99.98 g/kg of raw Marama bean meal; MBMC = a standard grower diet containing 99.98 g/kg of cooked 

Marama bean meal; MBMA = a standard grower diet containing 99.98 g/kg of autoclaved Marama bean meal; 

MBMT = a standard grower diet containing 99.98 g/kg of toasted Marama bean meal. 
2
SEM: standard error of the mean. 

3
Parameters: Temp = temperature; L* = lightness; a* = redness; b* = yellowness; CL = cooking loss; WHC = 

water holding capacity. 



 
 

101 

 

4.4.2 Breast meat shelf-life measurement 

The results on the effects of dietary treatment on breast meat shelf-life of Jumbo quail birds 

are presented. In Figure 4.1, the meat pH values (6.300 and  7.565) were higher (P <0.05) in 

birds fed diet MBMA on days 1 and 2 of storage respectively than those fed diets CON, 

MBMR, MBMC and MBMT which did not differ (P >0.05). The meat pH value (7.838) were 

higher (P <0.05) in birds fed diet MBMR on day 3 of storage than all other dietary treatments, 

which did not differ (P >0.05). On the other hand, Figure 4.2 shows there were no significant 

dietary effects (P <0.05) on the breast meat temperature of Jumbo quail birds. Figure 4.3 

shows the effect of dietary treatment on breast meat redness (a*) of Jumbo quail birds. Breast 

meat sample of Jumbo quail reared on diet CON promoted lesser lightness (45.9) on day 1 of 

storage compared to those reared on MBMR, MBMC, MBMA and MBMT diets, which did 

not differ (P <0.05). Likewise, dietary treatment had no significant effects (P <0.05) on breast 

meat redness (a*) of Jumbo quail birds (Figure 4.4). 

 

 

 

 

 

Figure 4.1. The effect of diets containing raw or heat-treated Marama bean meal on the stability of breast 

meat pH stored at room temperature for 3 days [CON = a standard grower diet without Marama bean meal; 

MBMR = a standard grower diet containing 99.98 g/kg of raw Marama bean meal; MBMC = a standard 

grower diet containing 99.98 g/kg of cooked Marama bean meal; MBMA = a standard grower diet 

containing 99.98 g/kg of autoclaved Marama bean meal; MBMT = a standard grower diet containing 99.98 

g/kg of toasted Marama bean meal]. 
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Figure 4.2. The effect of diets containing raw or heat-treated Marama bean meal on the stability of breast 

meat temperature stored at room temperature for 3 days [CON = a standard grower diet without Marama 

bean meal; MBMR = a standard grower diet containing 99.98 g/kg of raw Marama bean meal; MBMC = a 

standard grower diet containing 99.98 g/kg of cooked Marama bean meal; MBMA = a standard grower 

diet containing 99.98 g/kg of autoclaved Marama bean meal; MBMT = a standard grower diet containing 

99.98 g/kg of toasted Marama bean meal]. 

 

 

 

Figure 4.3. The effect of diets containing raw or heat-treated Marama bean meal on the stability of breast 

meat lightness stored at room temperature for 3 days [CON = a standard grower diet without Marama bean 

meal; MBMR = a standard grower diet containing 99.98 g/kg of raw Marama bean meal; MBMC = a 

standard grower diet containing 99.98 g/kg of cooked Marama bean meal; MBMA = a standard grower 

diet containing 99.98 g/kg of autoclaved Marama bean meal; MBMT = a standard grower diet containing 

99.98 g/kg of toasted Marama bean meal]. 
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Figure 4.4. The effect of diets containing raw or heat-treated marama bean meal on the stability of breast meat 

redness stored at room temperature for 3 days [CON = a standard grower diet without Marama bean meal; 

MBMR = a standard grower diet containing 99.98 g/kg of raw Marama bean meal; MBMC = a standard grower 

diet containing 99.98 g/kg of cooked Marama bean meal; MBMA = a standard grower diet containing 99.98 

g/kg of autoclaved Marama bean meal; MBMT = a standard grower diet containing 99.98 g/kg of toasted 

Marama bean meal]. 

 

 

Figure 4.5 shows the effect of dietary treatment on breast meat yellowness (b*) of Jumbo 

quail birds. Diets MBMR, MBMA and MBMT promoted more (P <0.05) yellowness on day 1 

of storage than other dietary treatments, which did not differ (P >0.05). However, on day 3 of 

storage, diet MBMA promoted (P <0.05) more yellowness (8.25) than all other diets, which 

did not differ (P >0.05). 
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Figure 4.5. The effect of diets containing raw or heat-treated marama bean meal on the stability of breast 

meat yellowness stored at room temperature for 3 days [CON = a standard grower diet without Marama 

bean meal; MBMR = a standard grower diet containing 99.98 g/kg of raw Marama bean meal; MBMC = a 

standard grower diet containing 99.98 g/kg of cooked Marama bean meal; MBMA = a standard grower 

diet containing 99.98 g/kg of autoclaved Marama bean meal; MBMT = a standard grower diet containing 

99.98 g/kg of toasted Marama bean meal]. 

 

 

4.5 Discussion 

4.5.1 Carcass characteristics and internal organs  

Carcass characteristics including live weight and dressed weight are spontaneous sensory 

indicators that influence the choice of consumers (Wu et al., 2021; Yuan et al., 2022). In 

livestock production, carcass weight and yield are important traits used in the grading system 

and has direct effect on consumers‟ acceptability (Holland & Loveday, 2013; Bown et al., 

2016).  

In the current study, inclusion of MBMC and MBMA increased HCW and CCW of jumbo 

quail. This could be attributed to the increased overall FI and AA utilisation observed in 

Chapter 3. This is in accordance with by Ballitoc & Sun (2013) and Schiavon et al. (2018) 

who reported that an increase in feed consumption increase body weight, dressed percentage 

yield and weight of internal organs in broilers. Another possible explanation could be due to 

reduced ANF which was achieved by heat processing techniques. This agrees with the 
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findings by Lilly et al. (2011) and Kopmels et al. (2020) that feeding diets containing high 

amino acids and low tannin enhanced performance, carcass properties, and meat yield in 

broiler production. Hence, this result indicates that cooking and autoclaving are effective heat 

treatment methods that can be used to ameliorate the negative effect of ANFs in MBM, thus 

quail birds can efficiently utilize diet ultimately improving their muscle tissue.  

Generally, the gut of an animal determines its feed efficiency and overall health (Tejeda & 

Kim, 2021). In this study, dietary treatment had an impact on the size of internal organs of 

quail. The birds fed with diet MBMR had the heaviest gizzards while the lightest was from 

those on diet CON. The increase in gizzard weight could be due to higher fibre content of the 

diet as determined in Chapter 3. The gizzard is the organ that orchestrates digestion process 

in poultry, and it has an incredible ability to grind feed particles, which improves the gizzard 

musculature and can lead to rapid and conspicuous enlargement of the gizzard (Svihus, 2011; 

Abdollahi et al., 2019). Hence, a higher fibre intake means enhanced activity of the gizzard 

which increases the rate at which the muscles contract to cope with the extra grinding 

demand from feed (Kheravii et al., 2017). Likewise, quail birds reared in the MBMT group 

had the heaviest relative proventriculus weights and the lightest were from the CON and 

MBMA groups. The proventriculus, located anterior to the gizzard, is a distinctive part of the 

digestive tract responsible for secreting digestive enzymes such as pepsinogen and 

hydrochloric acid. Most of the hydrolysis of ingested feed occurs in the gizzard due to the 

proventriculus's short retention time and small capacity. The roles of these two organs in 

digestion and nutrient absorption are crucial and are greatly influenced by diet (Svihus, 

2014). Moreover, the proventriculus/gizzard area depends on structural components to 

develop (Svihus, 2011).   Since the structures of the digestive tract in birds vary as a result of 

several factors which include diet, health, physiological status, body size, species, sex and 

age among others, the type and amount of feed ingested is one of the most important factors 
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that mainly concerns changes in weight, length and width of the different sections of the 

digestive tract (Kokoszynski et al., 2017). Therefore, an increase in gizzard and 

proventriculus weight observed in this research could be attributed to its anatomical response 

to higher fibre component of the dietary treatments (MBMR and MBMT) as a coping 

mechanism to degrade the fibre. This is in line with findings from De Verdel et al. (2012) 

who highlighted that the gizzard functions to aid digestion by causing a reduction of particle 

size and chemical degradation of nutrients. This means that heat-treated MBM did not 

compromise digestive function of the proventriculus and gizzard in Jumbo quail birds and it 

is supported by previous findings that the gizzard mass and musculature are mostly 

influenced by the nature of the structural components of diet such as coarse fibres which 

stimulate gizzard development.  Thus, a high feed intake of diets that contains fibre with 

coarse particles leads to enlarged gizzard (Svihus, 2011, Singh et al., 2014; Abdollahi et al., 

2019; Tejeda & Kim, 2021). 

In poultry birds, the spleen is the largest secondary immune organ, and it helps to regulate the 

immune system (Xu et al., 2018). The immune status of the spleen can be impaired by 

restraint stress or heat stress, and this could result in changes in the immune cells of the 

spleen consequently reducing its relative weight (Xu et al., 2018; Jiang et al., 2020). 

Likewise, previous reports showed that higher activities of serum enzymes affect weight of 

internal organs such as the spleen, which might indicate immune system response (Barszcz et 

al., 2018; Yang et al., 2019). In this study, higher relative spleen weights were recorded in 

the birds fed diets MBMT and MBMR which could have prevented proper protein utilization 

and increased serum lipase levels compromising the immune status of quail. This could be 

attributed to the presence of TI and CT. Lighter relative spleen weights in quail fed MBMC 

and MBMA diets means cooking and autoclaving did not induce any negative effects nor 

changed the immune status of the birds. Likewise, the increased serum lipase explains the 
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heavier pancreas weights in birds fed diet MBMR although not statistically significant; it 

could have been an anatomical response to secrete more lipase. This is in line with findings 

by Erdaw and Beyene (2018) that high levels of raw soybean meal in poultry diets, increases 

the volume of pancreas and other internal organs, including the duodenum, gizzard, and 

proventriculus; which is a coping mechanism to synthesize and secrete sufficient digestive 

enzymes (Erdaw et al., 2017). This corroborates the report of Rocha et al. (2014) that 

pancreatic hypertrophy and hyperplasia were observed in broilers fed diets containing raw 

soybean due to the presence of TI. Thus, inclusion of heat-treated MBM (cooked and 

autoclaved) to quail diet did not have any negative effect nor compromised the overall health 

of the Jumbo quail birds.  

4.5.2 Meat quality  

Globally, consumers‟ attitude towards meat consumption is changing rapidly due to increased 

awareness on meat superiority in terms of healthiness and flavour (Wideman et al., 2016; 

Purslow, 2022). Meat quality is a complex concept and most direct indicator of poultry meat 

consumption that encompasses a variety of aspects including sensory attributes (colour, 

texture, juiciness, and flavour), functional properties (shear force, water holding capacity, 

cooking loss, and shelf life), and microbiological safety (Berri et al.,2019; Matabane, 2023). 

It is usually influenced by factors such as diet, breed, and age of animal as well as slaughter 

procedure (Mir, et al., 2017; Yuan et al., 2022). Meat freshness is paramount to its 

acceptance by end-consumers (Bekhit et al., 2021). 

In spite of the high nutritive value of MBM, inclusion of either raw or processed MBM did 

not affect meat quality (lightness and yellowness) in Jumbo quail. However, inclusion of 

heat-treated MBM had a significant effect on 1-hour and 24-hour redness, 24-hour chroma, 1-

hour and 24-hour hue angle. The CON group had highest 1-h redness, comparable to others 
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and 24-h redness increased in quail birds fed with CON, MBMC and MBMA than meat from 

MBMR and MBMT. The effect of dietary treatment observed on colour of quail‟ breast meat 

could be due to myoglobin content of the meat which has a direct effect on meat color (Mir et 

al., 2017). According to Bhekit et al. (2017), myoglobin is the primary pigment associated 

with meat; likewise, myoglobin content of the meat has a direct effect on meat colour (Mir et 

al., 2017).Colour is the most important quality attribute of poultry meat because consumers 

associate it with the product‟s wholesomeness, and the decision to purchase the meat product 

is usually grounded on their opinion of its attractiveness. Lipid soluble pigments like 

carotenoids in the feedstuff and antioxidants determine concentration of pigment. Although 

MB is rich in carotenoids, and exhibits high antioxidant activity (Kuvare et al., 2015; 

Popoola et al., 2023), the colour of meat ultimately depends on the amount and state of 

pigments in meat, namely, myoglobin, haemoglobin and cytochromes. Thus, the increase in 

meat redness observed in this study could be attributed to increased oxygenation of the 

myoglobin. 

This is supported by report from Ribeiro et al. (2021) that high pH is an implication of 

decreased oxygenation of myoglobin leading to dark meat while low pH stimulates the 

oxidation of myoglobin and oxyhaemoglobin. However, the pH (5.82 – 6.08) values observed 

from this study were within the normal range for fresh quail meat (Mulaudzi et al., 2022). 

The dietary treatments had no effect on meat pH, drip loss, water holding capacity, shear 

force, and cooking loss which is similar to previous findings by Mbhele et al. (2019) and 

Marareni & Mnisi (2020) who made similar observations when Jumbo quail were fed insect 

meals. This means feeding raw or heat-treated MBM does not compromise meat quality in 

Jumbo quail. 
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4.5.3 Meat shelf-life  

Shelf life can be defined as a time period in which the food under pre-defined storage 

conditions follows safety, nutritional, regulatory, and sensorial standards previously 

established by producers, governments, public and private agencies, and consumers 

(Corradini, 2018). Marama beans has a high profile of bioactive compounds such as 

polyphenols, alkaloids, saponins, carotenoids, omega-3 fatty acids, flavonoids, oleic, stearic 

and palmitic acids (Popoola et al., 2023). This could improve meat stability by preserving its 

quality and extending shelf life (Awad et al., 2022)). The results of the study indicated that 

there was significant effect of dietary treatments on pH and colour of breast meat samples 

during the 3-day storage period, which are indicators of shelf life. The higher pH values from 

quail meat fed with MBMA on days 1 and 2 of storage could be due to putrefaction, which 

increases with the length of storage time (Lee & Shin, 2019). During shelf life, a set of 

chemicals, physical, and biological reactions can occur in food products decreasing their 

safety and quality until the product is considered unacceptable. This phenomenon is known 

as food spoilage and is caused mainly by microorganisms, enzymes, and physical and 

chemical degradation, which are critically associated with pH and temperature (Abdel-Aziz 

et al., 2016; Soro et al., 2021). Meats have physico-chemical characteristics that promote 

microbial activity, these includes pH, protein concentration and fats (Comi, 2017). Meat 

quality is generally reflected by traits like meat colour and pH which is the determinant for 

acid accumulation in meats; hence, variation in muscle pH can alter meat colour (Pieterse et 

al., 2014; Bahadori et al., 2017; Yuan et al., 2022). However, on day 3, higher pH value was 

observed on the MBMR group, which could indicate low glycogen levels in the quail before 

slaughter. The meat pH increased over the3-day storage period in all dietary treatments which 

could be associated with meat deterioration. Indeed, changes in pH are associated with meat 

spoilage, which comes as a result of microbial deterioration, lipid oxidation, and autolytic 
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enzymatic spoilage (Alessandroni et al., 2022), meaning the increased pH could indicate 

microbial proliferation. This affected lightness an indicator of meat freshness on day 1 of 

storage only. Even though, the L* value for the control diet was lower than recorded value for 

all other dietary treatments, there was no significant effect of dietary treatments on lightness 

for the remaining days of storage. Storage temperature, pH, water availability, presence of 

spoilage microorganisms influences the rate of meat spoilage which is characterized by 

changes in colour, texture, and flavour (Dirpan & Hidayat, 2023).  

Yellowness another indicator of meat freshness was influenced by the dietary treatments; 

whereby MBMR, MBMA and MBMT increased b* on day 1. However, on day 3 of storage, 

increased b* value was recorded in diet MBMA than other dietary treatments. This can be 

explained by the concentration of pigments in MBM. Marama bean is rich in carotenoids and 

exhibits high antioxidant activity (Kuvare et al., 2015; Popoola et al., 2023). Hence, the 

effect of dietary treatment observed on yellowness of quail meat could be due to high level of 

carotenoids.  

Meat is a perishable product and during storage, the actions of microorganisms and 

endogenous enzymes (proteases and lipases) result in chemical compositional changes 

(Bekhit et al., 2021). This causes deterioration in meat structures and promotes oxidation. 

Lipid and protein oxidation are the major cause of deterioration of meat quality and shelf life 

leading to negative changes in nutritive value, sensory and physicochemical properties of 

meat (Horbanczuk et al., 2019). Several factors affect meat shelf-life, such as the presence of 

oxygen, storage temperature, endogenous enzymes, exposure to light, and microorganisms, 

leading to deterioration and reduction of meat shelf life (Stopforth, 2017). The fact that 

dietary treatments had no significant effect on meat redness indicates that antioxidant 

compounds in MBM preserved the meat during storage, by delaying oxidation. This is 
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supported by Horbanczuk et al. (2019), who stated that plant materials are rich in bioactive 

compounds that have the potential to inhibit or delay oxidation thereby play antioxidant, 

antimicrobial and preservative role in meat products during processing and storage. These 

findings revealed that MBM contains bioactive compounds which may act as natural 

antioxidants in quail feeding. However, these antioxidants may not be enough to prevent 

spoilage beyond three days of storage.  

4.6 Conclusion 

The inclusion of raw MBM compromised the immune status, increased the serum lipase 

levels and altered internal organs of the Jumbo quail. However, cooked and autoclaved MBM 

enhanced carcass characteristics, sizes of internal organs and meat quality and promoted 

similar meat quality as the soybean-based control diet. Therefore, quail diets can be 

supplemented with cooked or autoclaved MBM without any negative effect on carcass 

characteristics, internal organ sizes and meat quality.  
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5 CHAPTER FIVE – GENERAL DISCUSSION, CONCLUSION AND 

RECOMMENDATIONS 

5.1 Discussion 

The rapid increase in the world‟s human population has an associated effect on food security 

and demand for animal protein to meet dietary requirements. This adds a lot of pressure on 

producers, especially poultry farmers since poultry products has the highest consumption per 

capita (SAPA, 2020). Quail production could serve as a complementary source of protein that 

can be used to diversify the pool of animal protein sources (Matabane, 2023). This is because 

it requires less start-up capital compared to other poultry birds and makes quick returns due 

to the short generation interval and high prolificacy of the quail birds. Moreso, quail‟s 

resistance to most poultry diseases helps to reduce cost of medications and vaccines and 

promotes organic production (Redoy et al., 2017; Matabane, 2022). Thus, quail meat and 

eggs could serve as additional sources of poultry products to address the prevailing situation 

of protein malnutrition, especially in the sub-Saharan regions like South Africa. However, 

quail farming could be restricted by the over-reliance on conventional feed ingredients (Mnisi 

et al., 2021). Thus, the use of locally available and naturally growing feed ingredients in 

place of conventional feed ingredients is critical to the quail industry to reduce feed-food 

competition, cut down on the use of expensive conventional feed ingredients and formulate 

sustainable diets. This is a crucial aspect of production in a quest to meet the demand for 

animal protein. According to Cullis et al. (2023), marama bean (MB, Tylosema esculentum) 

has been identified as a sustainable and environmentally friendly crop that can be 

incorporated as alternative ingredients in feed formulations; though it is still in the process of 

domestication in South Africa, which is aimed at increasing its productivity. Reports from 

previous scholars revealed that MB has nutraceutical values and a high nutritional profile 

containing rich protein similar to soybean and a higher oil content (Cullis et al., 2019; 
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Omotayo & Aremu, 2021; Alabi et al., 2022). However, the use of MB in Jumbo quail diets 

is limited by the presence of anti-nutritional factors (ANFs) including condensed tannins and 

trypsin inhibitors (Alabi et al., 2022). Therefore, this study employed thermal processing 

techniques (cooking, autoclaving, and toasting) to ameliorate the negative effects of ANFs in 

Marama bean meal (MBM) to ensure safe utilisation in Jumbo quail diets.    

In Chapter 3, the objective was set out to evaluate the effect of including raw or heat-treated 

MBM in a diet on apparent amino acid retention, growth performance and haemato-

biochemical parameters of Jumbo quail. It was hypothesised that heat treatment of MBM 

would improve amino acid utilisation, growth performance, and blood parameters of the 

birds. The diets were formulated as follows: a standard grower diet without MBM (CON); = 

a standard grower diet with 99.98 g/kg of raw (MBMR), cooked (MBMC), autoclaved 

(MBMA), and toasted MBM (MBMT), which were fed to Jumbo quail birds. Apparent 

retention (AR) of amino acid (AA), feed intake, body weight gain, haematology and serum 

biochemistry were determined.  

The results showed that diets had varied effect on AR of amino acids. Inclusion of cooking 

treatment improved AR of threonine, lysine, methionine, isoleucine and leucine which 

indicates cooking increased solubilization of crude protein and fibre resulting in an 

improvement in AA digestion and absorption in quail birds. Autoclaving treatment enhanced 

AR of valine, arginine and phenylalanine, which shows the importance of this method in 

increasing bioavailability of these indispensable AAs required by quail for protein synthesis, 

molecular signalling, neurotransmission, and regulation of metabolic activities (He et al., 

2021). The toasting treatment improved AR of histidine only, a limiting factor for carnosine 

synthesis, with a strong antioxidant effect (Moro et al., 2020). The observed poor AR of AA 

in the MBMR group was expected due to the presence of ANFs (trypsin inhibitors and 



 
 

122 

 

tannins) in MB (Alabi et al., 2022) that have been reported to impair AA utilization and 

reduce growth performance (Gilani et al., 2012; Jha & Mishra, 2021). This demonstrates that 

raw MBM compromised amino acid utilization in Jumbo quail.  

Inclusion of heat-treated MBM (cooking and autoclaving) boosted gain-to-feed ratio (G:F) 

while raw MBM reduced weight gain and G:F, which is line with the report by Nalluri & 

Karri (2021) that inclusion of raw chickpeas in broiler feed had adverse effect on the body 

weight gain and feed conversion ratio. This could be due to poor feed intake and high fibre 

content of the diets since fibre has been reported to reduce growth performance in birds (Jha 

& Mishra, 2021). Moreover, the poor feed intake in MBMT group could be attributed to the 

bitter taste of toasted MB due to increased level of phenolics (Nyembwe et al., 2015).  

Blood parameters indicate the health status of the birds; hence, they are determined to ensure 

the well-being of birds (Bello et al., 2019). Dietary treatments did not affect white blood cell 

count, monocytes, and platelets, but influenced haematocrits and lipase. Birds fed diets 

containing heat-treated MBM had lower haematocrits compared to CON which could be 

induced by tannins. According to Gupta (2014) and Shubham et al. (2020), high levels of 

phytates and tannins cause poor absorption of iron which results in poor red blood cell 

synthesis. Thus, low haematocrits can be attributed to the ANFs in MB, which could have 

interfered with absorption of iron.  

Lipase levels in birds fed raw MBM were higher than all other dietary treatments which were 

anticipated given the high ANFs and fibre in MB. This suggests that inclusion of raw MBM 

in Jumbo quail diets could have increased secretion of lipase in the pancreas (Zhu et al., 

2021). Thus, the pancreas devices a coping mechanism against the negative effect of ANFs in 

MB (Erdaw et al., 2017), leading to the observed heavier pancreas weights in birds fed 

MBMR. Similarly, Rocha et al. (2014) reported pancreatic hypertrophy and hyperplasia in 
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broilers fed diets containing raw soybean due to the presence of TI.  Relative to the MBMR, 

lower levels of lipase observed in quail fed MBMA and MBMT indicates that autoclaving 

and toasting inactivated the TIs, but the lowest lipase levels were from the MBMC group, 

which implies that cooking successfully ameliorated the negative effect of TI and presented 

the best response than all other diets. Since most blood parameters fell within the normal 

range reported for healthy quail (Mnisi & Mlambo 2018), it means that MBM can be 

included in quail diets without compromising the health status of the birds, but pre-processing 

is recommended for better performance. The hypothesis tested that heat treatment of MBM 

would improve the apparent retention of amino acid, growth performance and blood 

parameters in Jumbo quail was accepted for cooking and autoclaving treatments but not for 

toasting treatment. 

In Chapter 4, the objective was to determine the effect of including raw or heat-treated MBM 

in a diet on carcass characteristics, internal organs and breast meat quality of Jumbo quail. 

Relative to the toasted and raw MBM, the inclusion of cooked and autoclaved dietary MBM 

enhanced carcass weights of the Jumbo quail which was comparable to the soybean-based 

control diet. This can be associated to the improved performance in these treatment groups, 

which was similar to the findings of Lilly et al. (2011) and Kopmels et al. (2020). These 

authors reported that diets containing high AA and low anti-nutrients fed to broilers resulted 

in enhanced meat yield and quality.  

Furthermore, the proventriculus, gizzard and spleen were negatively affected by dietary 

treatments; which was due to high fibre content of diets containing raw and toasted MBM, 

which significantly resulted in poor digestibility of protein. Similarly, Alabi (2023) recorded 

heavier visceral organs in birds fed diets containing raw MB and attributed this to poor 

nutrient digestibility. However, all the other internal organs were not influenced by the 
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dietary treatments. These findings show that raw and toasted MBM compromised the internal 

organ sizes of Jumbo quail.  

The results on breast meat quality measurements indicated a significant dietary effect on 

redness (a*1 and a*24), chroma24, and hue angle (1 and 24) but had no effect on drip loss, 

cooking loss, WHC and shear force of meat. The observed poor meat colour attribute 

(redness) in diets containing raw and toasted MBM could be attributed to the presence of 

trypsin inhibitors and phytates, which have been reported to reduce protein digestibility and 

amino acid availability thus impairing meat quality traits in birds (Amonsou et al., 2011; 

Alabi, 2023). Additionally, the significant effect on some meat quality attributes during 

storage indicates that cooked and autoclaved MBM have potential to promote normal 

oxidative stability for quail meat. However, shelf life lasted 3 days because meat samples 

started to rot indicating that MB antioxidants were not effective in delaying oxidation of 

lipids in quail meat. Thus, the hypothesis that heat treatment of MBM would enhance internal 

organs, carcass features, and meat quality and stability parameters in Jumbo quail was not 

entirely accepted due to its ineffectiveness on meat stability.  

5.2 Conclusion 

Jumbo quail fed diets containing cooked and autoclaved MBM showed significantly 

improved performance in terms of growth, carcass yield and meat quality than those fed 

toasted MBM. However, the inclusion of raw MBM suppressed performance, and had a 

negative effect on some blood parameters, and internal organs of the Jumbo quail. The poor 

performance of birds fed toasted MBM could be associated to low feed intake. This study 

also showed that the treatment of MBM did not improve the meat shelf life and its use in 

feeding birds could not maintain oxidative stability in the quail meat. It can be concluded that 
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cooking and autoclaving are the ideal heat treatments that could boost the utility of MB in 

Jumbo quail diets. 

5.3 Recommendation for future studies 

The use of alternative unconventional plant-based protein sources (like Marama beans, peas, 

faba bean, lupin, Mucuna, chickpea) in poultry production is crucial to meet the world‟s 

growing population and need for animal protein. Most of these plant-based sources including 

MB contain ANFs, which inhibit their use in poultry diets. As a result, heat treatments are 

considered one of the most effective methods to ameliorate the negative effect of these 

ANFs, thereby improve the availability of nutrients in these alternatives when fed to birds. 

However, the extent to which heat treatment inactivated the negative effect of ANFs in MB 

was not determined for this particular study. Thus, based on the findings and limitations of 

this study, the following future studies are recommended to find out the feed value of MB:  

 To evaluate the effect of heat treatment on saponins and tannins in MBM for Jumbo 

quail.  

 To determine the effect of heat treatments on mineral content and fatty acids profile 

of MBM for Jumbo quail. 

 To assess the effect of heat-treated MBM containing diets on amino acids profile, 

fatty acids profile and organoleptic properties of the meat in Jumbo quail. 

 To determine the potential effect of dietary inclusion of heat-treated MBM on 

production performance and egg quality indicators in layer Jumbo quail birds.  

 To determine a cost-benefit analysis of including Marama bean meal in Jumbo quail 

diets.  

 

 



 
 

126 

 

5.4 References  

Alabi, F., Kiarie, E.G., Mnisi, C.M. & Mlambo, V., 2022. Physical Treatment reduces trypsin 

inhibitor activity and modifies chemical composition of Marama bean (Tylosema 

esculentum). Molecules. 27(1), 4451.  

Alabi, F.A., 2023. Evaluation of Marama bean as an alternative to soybeans in broiler 

nutrition. Doctoral dissertation, North-West University, Mafikeng, South Africa.  

Amonsou, E., Taylor, J. & Minnaar, A., 2011. Microstructure of protein bodies in Marama 

bean Species. LWT - Food Sci. Technol. 44, 42-47.  

Bello, K.O., Ogunsola, O.E., Yusuf, A.O., Adeleye, O.O., Oladeji, T.E. & Famakinde, S.A., 

2019. Health status of indigenous and exotic chickens sold in live bird markets. 

Comp. Clin. Path. 28, 633-641.  

Cullis, C., Lawlor, D. W., Chimwamurombe, P., Bbebe, N., Kunert, K. & Vorster, J., 2019. 

Development of Marama bean, an orphan legume, as a crop. Food Energy Secur. 

8(3), e00164. 

Cullis, C., Chimwamurombe, P., Kunert, K. & Vorster, J., 2023. Perspective on the present 

state and future usefulness of Marama bean (Tylosema esculentum). Food Energy 

Secur. 12(2), e422.  

Erdaw, M. M., Wu, S. & Iji, A.P., 2017. Growth and physiological responses of broiler 

chickens to diets containing raw, full-fat soybean and supplemented with a high-

impact microbial protease. Asian-Australas. J. Anim. Sci. 30, 1303-1313.  

Gilani, G.S., Xiao, C.W. & Cockell, K.A., 2012. Impact of antinutritional factors in food 

proteins on the digestibility of protein and the bioavailability of amino acids and on 

protein quality. Br. J. Nutr. 108(2), 315–332 



 
 

127 

 

Gupta, C.P., 2014. Role of iron (Fe) in body. J. Appl. Chem. 7(11), 38-46. 

He, W., Li, P. & Wu, G., 2021. Amino acid nutrition and metabolism in chickens. Amino 

acids in nutrition and health: Advances in experimental medicine and biology. Vol. 

1285, Springer Cham, New York, USA. Pp.109-131. 

Jha, R. & Mishra, P., 2021. Dietary fibre in poultry nutrition and their effects on nutrient 

utilization, performance, gut health, and on the environment: a review. J. Anim. Sci. 

Biotechnol. 12, 1-16.  

Kopmels, F.C., Smit, M.N., Cho, M., He, L. & Beltranena, E., 2020. Effect of feeding 3 zero 

tannin faba bean cultivars at 3 increasing inclusion levels on growth performance, 

carcass traits, and yield of saleable cuts of broiler chickens. Poult. Sci. 99, 4958-4968. 

Lilly, R.A., Schilling, M.W., Silva, J.L., Martin, J.M. & Corzo, A., 2011. The effects of 

dietary amino acid density in broiler feed on carcass characteristics and meat quality. 

J. Appl. Poult. Res. 20(1), 56-67.  

Matabane, A.N., 2023. Feed utilization, physiological and meat quality responses in Jumbo 

quail reared on apple pomace-containing diets. Msc dissertation, North-West 

University, Mafikeng, South Africa. 

Mnisi, C. M., Marareni, M., Manyeula, F. & Madibana, M. J., 2021. A way forward for the 

South African quail sector as a potential contributor to food and nutrition security 

following the aftermath of COVID-19: a review. Agric. Food Secur. 10(1), 1-12. 

Mnisi, C.M. & Mlambo. V., 2018. Growth performance, haematology, serum biochemistry 

and meat quality characteristics of Japanese quail (Coturnix coturnix japonica) fed 

canola meal-based diets. Anim. Nutr. 4(1), 37-43. 

Moro, J., Tome, D., Schmidely, P., Demersay, T.C. & Azzout-Marniche, D., 2020. Histidine: 

A systematic review on metabolism and physiological effects in human and different 

animal species. Nutrients, 12(5), 1414. 



 
 

128 

 

Nalluri, N, & Karri, V.R., 2021. Grain legumes and their by-products: As a nutrient rich feed 

supplement in the sustainable intensification of commercial poultry industry. In: 

Sustainable Agriculture Reviews. Vol 51. Springer, Cham. Switzerland. Pp. 51-96.  

Nyembwe, P., Minnaar, A., Duodu, K.G. & Kock, H.L., 2015. Sensory and physicochemical 

analyses of roasted Marama beans [Tylosema esculentum (Burchell) A. Schreiber] 

with specific focus on compounds that may contribute to bitterness. Food Chem. 178, 

45-51.  

Omotayo, A.O. & Aremu, A.O., 2021. Marama bean (Tylosema esculentum) Burch. A. 

Schreib: an indigenous plant with potential for food, nutrition, and economic 

sustainability. Food Funct. 12(6), 2389-2403. 

Redoy, M.R.A., Shuvo, A.A.S. & Al-Mamum, M., 2017. A review on present status, 

problems and prospects of quail farming in Bangladesh. Bangl. J. Anim. Sci. 46(2), 

109-120. 

Rocha, C., Durau, J. F., Barrilli, L. N. E., Dahlke, F. & Maiorka, P., 2014. The effect of raw 

and roasted soybeans on intestinal health, diet digestibility and pancreas weight of 

broilers. J. Appl. Poult. Res. 23:71-79.  

SAPA, 2020. South African Poultry Association: Summary of poultry imports: Industry 

profile, Pretoria, South Africa. 

Shubham, K., Anukiruthika, T., Dutta, S., Kashyap, A.V., Moses, J.A. &. 

Anandharamakrishnan, C., 2020. Iron deficiency anemia: A comprehensive review on 

iron absorption, bioavailability and emerging food fortification approaches. Trends 

Food Sci. Technol. 99, 58-75.  



 
 

129 

 

Zhu, G., Fang, Q., Zhu, F., Huang, D. & Yang, C., 2021. Structure and function of pancreatic 

lipase-related protein 2 and its relationship with pathological states. Front. Genet. 12, 

693538. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

130 

 

6 LIST OF APPENDICES 

6.1 Ethics certificate 

 

 



 
 

131 

 

6.2 Language editing certificate 

 

 



 
 

132 

 

 6.3 Publication in Translational Animal Science 

 

 



 
 

133 

 

6.4 Turnitin report 

 

 


