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GENERAL ABSTRACT

Moringa oleifera is nutraceutical plant that possesses antimicrobial, antioxidant, and immune-
boosting bioactive compounds with potential to control the growth of pathogenic
microorganisms, bolster animal growth performance and enhance meat quality and shelf life.
However, antinutritive components including condensed tannins (CT), glycosylates, phytic
acid, and fibre restrict the amount of M. oleifera leaf meal (MOLM) that can be included in
quail (Coturnix coturnix) diets. Therefore, this thesis aimed to optimize voluntary feed intake
and utilization of MOLM in Jumbo quail (Coturnix sp.) using polyethylene glycol (PEG) and
exogeneous fibrolytic enzymes. Chapter One provides the background, problem statement,
justification, aim and objectives of the thesis. Chapter Two offers an overview of Jumbo quail’s
production as well as the nutritional profile and importance of MOLM in quail feeds. It also
examines the gaps and contradictions in the available literature on the utility of MOLM in a
variety of poultry species. Furthermore, it assesses the effectiveness of several exogenous feed
enzymes and tannin-binding agents (including PEG) in ameliorating fibre and CT in feed
resources for simple-stomached animals. In Chapter Three, a preliminary feeding trial was
conducted using four hundred and thirty-two (432), two-week-old mixed-gender quail chicks
(103.4 £ 12.62 g live-weight). The objective was to determine the amount of PEG required to
ameliorate CT in MOLM for Jumbo quail based on growth performance, physiology, and meat
quality data. Six dietary treatments were designed as follows: a standard grower diet without
MOLM (CON); a standard grower diet containing 100 g/kg untreated MOLM (MPGO0); and a
standard grower diet containing 100 g/kg MOLM pre-treated with PEG at a rate of 2.5 (MPG25),
5 (MPG50), 7.5 (MPG75), and 10 g/kg (MPG100). The chicks were randomly allocated to 36
pens (experimental units), which were replicated six times per dietary treatment. At week 4,
significant quadratic trends were recorded for weight gain and feed conversion efficiency

(FCE). However, at week 5, FCE linearly declined (P <0.05) as PEG



levels increased. Based on the quadratic response (P <0.05) for weight gain, the optimal PEG
pre-treatment level was calculated to be 54 g/kg. The purpose of Chapter Four was to
investigate the effect of dietary treatments pre-treated with viscozyme® L multi-enzyme (VME)
on growth performance, blood parameters, internal organ sizes, carcass, and meat quality
characteristics in Jumbo quail. The aim was to use the VME to break down the fibre
components of MOLM and subsequently improve its utilisation by the quail. Three hundred
and ninety-six (396), two-week-old mixed-gender quail chicks (87.8 £ 4.40 g live-weight) were
used. Six dietary treatments were formulated as follows: a standard grower diet without MOLM
(CON), a standard grower diet containing 100 g/kg untreated MOLM (VMEDQ); and a standard
grower diet containing 100 g/kg MOLM pre-treated with VME at a rate of 2.5 (VME25), 5.0
(VMESO0), 7.5 (VMET5), and 10 g/kg (VMEZ100). In response to incremental amounts of VME,
there were no linear or quadratic impacts (P >0.05) on growth performance indicators and
carcass features. This suggests that the highest VME treatment rate of 10 g/kg may not have
been sufficient to improve feed utilization and positively affect weight gain in Jumbo quail. It
was, therefore, determined that higher levels may be needed to improve the utility of MOLM
for the Jumbo quail. To simultaneously reduce the harmful effect of fibre and CT, Chapter Five
examined the effect of treating MOLM with the optimum PEG concentration (54 g/kg) that
was determined in Chapter Three and VME levels beyond the level (10 g/kg) used in Chapter
Four. Three hundred and eighty-one (381), one-week-old mix-gender quail chicks (57.5 + 3.95
g live-weight) were used. Six dietary treatments were formulated as follows: a standard grower
diet containing untreated 100 g/kg MOLM (CON); a standard grower diet containing 100 g/kg
MOLM pre-treated with 54 g/kg PEG (MPV0); and a standard grower diet containing 100 g/kg
MOLM pre-treated with 54 g/kg PEG and 12.5 g/kg (MPV125), 15 g/kg (MPV150), 17.5 g/kg
(MPV175) and 20 g/kg (MPV200) of VME. In response to increasing VME levels, there were

no linear or quadratic effects (P >0.05) observed for overall feed intake, FCE, haematological,



carcass, or meat quality parameters. In week 3, increasing dietary VME levels resulted in a
quadratic response (P <0.05) for weight gain. It can be concluded that pre-treatment of MOLM
with a combination of PEG and exogenous VME is an ineffective strategy to improve its feed

value in diets of Jumbo quail.
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1 CHAPTER ONE - GENERAL INTRODUCTION

1.1 Background

The increasing human population as well as greater health concerns around red meat
consumption have led to an increased demand for poultry meat worldwide. According to the
Department of Agriculture, Forestry and Fisheries (DAFF, 2021) broiler meat is the most
affordable dietary protein source for human consumption, amounting to over 2,924 million tons
per year. According to the South African Poultry Association (SAPA, 2020) the rapidly
growing human population has increased the need for poultry meat, with a per capita
consumption of 38.93 kg of all poultry products. To cater for this high demand of poultry
products, the poultry industry should be diversified by including a variety of bird species like
Jumbo quail (Cortunix sp.). The Jumbo quail has the potential to radically transform the poultry
market in low- and middle-income countries (Deka & Borah, 2008). Quail farming is fast
gaining popularity in many regions of the world as a source of meat and eggs (Jeke et al., 2018).
Quail birds demonstrate rapid growth, enabling them to be marketed for human consumption
at 5 — 6 weeks old. It also exhibits early sexual maturity resulting in a short generation interval,
high rate of lay, and much lower feed intake (30 — 35 g/day) and space requirements than other
poultry species (Hemid et al., 2010). Under favourable environmental conditions, a quail can
produce about 100 eggs per year (Arthur & Bejaei, 2017). Good management and feeding
techniques are crucial for sustainable and profitable poultry production. However, the rising
demand for conventional feed ingredients such as maize and soybean, which are mostly used

in the formulation of commercial animal diets, has led to high market prices on a global scale



(Shi et al., 2012). This is because poultry production, especially in the tropics, faces the
challenge of high prices of the conventional protein and energy sources. The problem has been
worsened due to the increasing competition between humans and livestock for these protein
ingredients as food (Nwekirk, 2010). Non-conventional feedstuffs, with no value as direct food
resources for humans, need to be identified for use in poultry diets so as to reduce the cost of
production. Indeed, leaf meal protein sources are amongst feed sources being investigated in
recent times and do not only serve as a source of protein, but provides some necessary vitamins
and minerals (Onu & Otuma, 2008) as well as bioactive compounds that have the potential to
boost growth performance as well as meat quality. Thus, the use of non-conventional
nutraceuticals like Moringa oleifera leaf meal (MOLM) has a potential to contribute towards
sustainable quail production.

In many tropical and subtropical areas, M. oleifera has nutritional and medicinal uses due to
the antimicrobial, anti-inflammatory and antioxidant properties of its bioactive components
(Bennett et al., 2003; Ferreira et al., 2008). The antioxidants (phenols, vitamin C, vitamin E,
alpha-carotene, zinc, selenium, and flavonoids) are known to extend the shelf life and enhance
the quality of meat products (Valeria & Williams, 2011). Additionally, MOLM has
antimicrobial properties that limit the activity of harmful bacteria and moulds, and thereby
protect the birds from subclinical diseases and subsequently improve their performance (Khan

et al., 2022).

1.2 Problem statement

The use of MOLM in Jumbo quail diets could control the growth of pathogenic
microorganisms, boost growth performance, and enhance meat quality and shelf life (Mbikay,
2012). However, the leaf meal contains antinutritive components including glycosylates, phytic

acid, condensed tannins (CT), and fibre that restrict the quantities that can be included in quail
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diets. The high fibre and CT content of MOLM could hinder nutritional digestion and
absorption (Chamorro et al., 2012). Other studies have demonstrated that tannins reduce
experimental animals’ feed intake, growth rate, feed efficiency, net metabolizable energy, and
protein digestibility (Bele et al., 2010; Addisu, 2016). Tannins form complexes with proteins
through covalent, hydrogen, and ionic bonding, and these complexes may only be broken under
high acidity or high alkalinity conditions (Ben Salem et al., 2005). The pH levels in the gut
affect microbial proliferation, which influences nutrients absorption and digestion (Mabelebele
et al., 2014). The molecular weight, tertiary structure, isoelectric point, and compatibility of
binding sites all affect how strongly tannins and proteins bond to one another (Silanikove et
al., 2001).

According to Jha et al. (2019), dietary fibre does not undergo a lot of digestion in simple non-
ruminants due to the lack of endogenous digestive enzymes that hydrolyse these insoluble non-
starch polysaccharides (NSP). According to Nikam (2016), NSP can be classified as either
soluble (B-glucose, arabinoxylan, arabinogalactose, xyloglucon, etc.) or insoluble (cellulose)
carbohydrates. Nikam et al. (2017) and Khobondo et al. (2019) reported that soluble NSPs
have the capacity to hold water in their matrix by producing a loose gel network. This increased
viscosity lowers the digestion of lipids, proteins, and carbohydrates. Insoluble NSP is also
harmful to quail digestive system. Several studies have shown that the amount of MOLM that
can be included in chicken diets should not be more than 25 g/kg due to the negative impact of
antinutritional elements (Onu & Aniebo, 2011; Hassan et al., 2015; Ufele & Ebenebe, 2017).
Given the antinutritional effects of CT and fibre in MOLM, it is imperative that the
effectiveness of tannin-binding substances like PEG and exogenous fibrolytic enzymes to

enhance the utilisation of MOLM-containing diets in quail be investigated.

1.3 Justification



Moringa oleifera leaf meal has high concentrations of CT and fibre that could impair nutrient
utilisation, growth performance, and meat quality, especially when added to quail diets in levels
more than 25 g/kg (Hassan et al., 2015; Ufele & Ebenebe, 2017; Mulaudzi et al., 2019). It has
been shown that poultry fed with diets that are high in fibre and CT experience metabolic
disorders because of inadequate nutrient uptake (Khajali & Slominski, 2012). Thus, the use of
PEG and exogenous fibrolytic enzymes could increase the inclusion levels of MOLM in quail
diets. Exogenous fibrolytic enzymes have been shown to hydrolyse the NSP, which leads to

digestion viscosity reduction, nutrient absorption improvement and better growth performance

(Khattak et al., 2006). These fibrolytic enzymes are of fungal or bacterial origin and they can
increase nutrient availability in poultry production as they can remove the antinutritional
factors in diet and speed up the degradation of substrates (Salem et al., 2013; Mendoza et al.,

2014; Bedford et al., 2022).

Furthermore, MOLM has a high concentration of polyphenolic compounds, particularly CT
that inhibit their efficient use by poultry (Khoddami et al. 2015). This warrants the investigation
on the use of tannin-binding agents to improve the nutrient utilisation of MOLM- containing
diets fed to poultry. The treatment of tannin-rich leaf meals with PEG could assist feed
compounders to formulate diets that would ensure optimum feed intake, without compromising
quail performance (Van Niekerk et al., 2020). Determining the optimal level of PEG could
enhance the efficient utilisation of MOLM in quail feeds. This is because PEG has the potential
to neutralise the negative effects of undesirable polyphenolic compounds like CT (Hlatini et al.,

2018).

The application of exogenous fibrolytic enzymes like VME and tannin-binding agents like PEG
in diets containing MOLM could enable the birds to benefit from higher concentrations of the

4



beneficial bioactive components (Castillo & Gatlin, 2015). In this respect, little is known about

the treatment of MOLM with PEG and exogenous enzymes because the response to the addition

of these additives varies with the type of foliage as well as the animal model used. Therefore,

this study sought to improve the feed value of dietary MOLM for Jumbo quail with the aid of

VME and PEG using growth performance, physiological responses, and meat quality traits as

response indicators.

1.4 Objectives

The study was designed to optimise voluntary feed intake and the utilisation of Moringa

oleifera leaf meal in Jumbo quail diets using polyethylene glycol and viscozyme multi-enzyme.

The specific objectives were designed to:

1.5

Determine the effect of PEG pre-treatment of dietary MOLM (100 g/kg) on growth
performance, haemo-biochemical parameters, carcass characteristics and meat quality

in Jumbo quail.

Establish the effect of VME pre-treatment of dietary MOLM on growth performance,

blood parameters, carcass characteristics and meat quality traits of Jumbo quail.

Determine the effect of simultaneous PEG and VME pre-treatment of dietary MOLM
on growth performance, haemo-biochemical parameters, carcass characteristics, and

meat quality traits of Jumbo quail.

Hypotheses

Pre-treatment of dietary MOLM with PEG improves growth performance, haemo-

biochemical parameters, carcass characteristics, and meat quality traits in Jumbo quail.

Pre-treatment of dietary MOLM with VME improves growth performance, haemo-

biochemical parameters, carcass characteristics, and meat quality traits in Jumbo quail.
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iii.  Simultaneous pre-treatment of MOLM with PEG and VME could improve growth
performance, haemo-biochemical parameters, carcass characteristics, and meat quality

traits in Jumbo quail.
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2 CHAPTER TWO - LITERATURE REVIEW

2.1 Introduction

The leading agricultural sector in South Africa is poultry, which significantly improves the
country's gross domestic product (GDP), creates jobs, and lowers food insecurity risks
(Mohammed et al., 2018). Additionally, poultry farming is the quickest approach to expand the
supply of high-quality protein for human consumption (Rafiullah & Sajid, 2013). The price of
poultry feeds, however, has risen (22%)over time for a variety of reasons, including low
production, insects, weeds, environmental concerns, cost-efficiency regimes, sustainability,
shrinking area under cultivation (Kshash & Oda, 2019). According to Falodi et al. (2016),
excessive feed cost has caused farmers to mix poultry feeds with less nutritional ingredients.
Chuka (2014) and Bokau et al. (2018) demonstrated that due to the high cost of feed
ingredients, farmers tend to feed poultry with low quality agro-industrial by-products such as
palm kernel cake, rice husk and papaya leaves, which lower feed utilisation efficiency due to
high tannins and fibre contents. Poultry can achieve the highest growth rates and lowest costs
per unit of output, mainly because of efficient feed conversion, an advantage they have over
other livestock species that cannot do this to the same extent.

To attain optimal poultry production to meet the high demands for animal protein, it is
important to diversify both the bird species and the feed ingredients used. The use of alternative
ingredients should seek to minimize the poultry industry's reliance on expensive ingredients
such as maize and soybean grains, which have direct human food value and environmental
repercussions (Mnisi & Mlambo, 2019). Quail diets are made up of grains that include anti-
nutritive component such as non-starch polysaccharides (NSP), tannins, glycosylates, and
phytic acid that interfere with digestive process (NRC, 2004; Khajali & Slominski, 2012).

Nduka (2006) indicated that the bulk of the starch present in cereals are not easily digested by

15



monogastric animals, and a large proportion of the contents are found as (NSP). The use of
MOLM has been limited because of low protein and energy content when compared to SBM.
It has been discovered that plant derived additives contains bioactive compounds with effects
similar to those of antibiotic growth promoters (AGP) in three major areas, namely gut micro-
flora, antioxidant properties, and liver function that do not compromise intestinal health or the
bird’s genetic potential (Hernandez et al., 2004). Additionally, AGP may alter how cholesterol
is metabolized, resulting in a food product that is significantly healthier for consumption by
humans (Wallace et al., 2010). One such plant is M. oleifera, nonetheless, the inclusion of
MOLM beyond 25 g/kg has detrimental effects on quail growth performance and health
(Hassan et al., 2015; Ufele & Ebenebe, 2017. This detrimental effect might be due to the high
tannins, fibre content, trypsin inhibitors and NSP, which reduce digestibility and nutrient
bioavailability (Hussain, 2015). The use of PEG and exogenous enzyme supplementation to
fibrous and NSP-rich diets is said to improve nutrient digestion and absorption by partially
hydrolysing NSP and reducing the viscosity of gut contents (Mnisi, 2018; Kumanda et al.,
2019).

2.2. Quail

Jumbo quail is a bigger version of the Japanese quail (Coturnix coturnix japonica) (Mbhele et
al., 2019). The Japanese quail is a species of the Old-World quail found in East Asia that
belongs to the order Galliformes and the family Phasianidae (Minvielle, 2004). The plumage
color of the wild type is predominately dark cinnamon brown. However, the adult female has
pale breast feathers that are speckled with dark colored spots as shown in figure 2.1. Adult
males have uniform dark rusted feathers on the breast and cheek (Mizutani, 2003). Jumbo quail
is fast gaining popularity as a source of meat and eggs in many parts of the world (Priti &
Satish, 2014). It is also being used as a laboratory animal (Baer et al., 2015) with distinct

characteristics such as rapid growth, enabling the bird to be marketed for human consumption
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as early as 6 weeks of age. The bird exhibits early sexual maturity resulting in a short generation
interval, high prolificacy and much lower feed intake (30 — 35 g/day) and space requirements
than other poultry species (Hemid et al., 2010). Under optimal environmental conditions, the

hens can produce about 100 eggs per year (Santos et al., 2019).

Commercial quail farming is developed for various reasons around the world; for instance,
quail are reared for egg production in Asia while they are raised for meat in Europe (Brah &
Mukhopadhyay, 2016). According to Nasr et al. (2017), when compared to other quail breeds,
the Jumbo quail have a higher body weight and the best carcass features and meat quality
attributes. Comparing the rearing of chicken, duck, fowl, goose, ostrich, guinea fowl, and
turkey, the quail is a more profitable business endeavor (Randall & Bolla, 2008). This is
explained by the quail's rapid development rate, early maturity, and small body size, which

enable the upbringing of six to seven quail birds in the same area required by one adult chicken

(Alietal., 2012).

Plate 2.1. Jumbo quail hen

2.2.1 Importance of quail as new entrants in the poultry industry
To overcome the protein deficit or malnutrition, the rapid increase in the world's human
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population has necessitated the use of additional sources of animal protein (Mohammed &

Ejiofor, 2015). Quail birds are becoming more and more popular in most emerging nations as
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a new diversification endeavour to meet the demand for human protein. Quail production has
also become a means of generating a quick return on investment from commercial farming
(Hossain et al., 2015). The South African poultry industry is dominated by conventional broiler
and layer chickens as well as indigenous chickens, ostriches, ducks, and turkey (Thorp, 2021).
To maintain a steady supply of meat and eggs for human consumption, the poultry business
must be expanded (Ayasan, 2013). Raising Jumbo quail for food can be seen as an additional
aspect of chicken husbandry, accompanied with advantages and difficulties. Quail farming has
the advantage of supporting and allowing for flexibility in the production of chickens by

supplying meat and eggs (Nguyen et al., 2022).

Quail farming requires little cash and labour (Sanka & Mbaga, 2015); therefore, one does not
need to raise a sizeable sum of money to start a quail business. Due to the increased number of
competitors in the sector and the resulting strong competition, this gives even resource-limited
farmers a chance to launch their own enterprises and expand the poultry industry. Quail meat
has less fat and is leaner, according to Dingle (1990), making it acceptable for consumers, who
are concerned about their health (Huda et al., 2011). This makes the poultry sector accessible

to practically all socioeconomic groups that eat meat (Erian & Phillips, 2017).

Quail products are abundant in micronutrients and several vitamins, such as the B complex,
folate, vitamin E, and vitamin K. Moreover, they are safe for consumption by those that want
to maintain a low cholesterol level as well as those with high cholesterol levels (Ihejirikamba,
2012). Imchen (2013) reported that quail meat has health benefits that include supporting
children's body and brain development. It is also softer, juicier, and lower in lipids than chicken
meat (Biswas et al., 2015). In addition to being vital for achieving health, good nutrition is also

crucial for achieving the sustainable development goals (SDGs). Good nutrition helps achieve
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other development goals that in turn have an influence on the SDGs by indirectly boosting local

economies and communities (Herrerro et al., 2021).

2.2.2 Nutritional requirements of quail
To synthesise non-essential amino acids, poultry birds need a diet that is well-balanced,

containing a precise amount of nitrogen and readily digestible essential amino acids. Sahin et
al. (2002) and Chinrasri (2004) define nutrient requirements as the amount of nutrients needed
to maintain animal performance, maximize growth and feed utilisation efficiency and optimize
their body fat accumulation. Water is important despite the significance of other nutrients
National Research Council (NRC, 1991). However, several factors, including temperature,
humidity, salt, dietary proteins, stage of development, and the kidney's capacity to reabsorb
water, may influence how much water is consumed (NRC, 1994). As a result, quail should
always have access to clean, fresh drinking water. Indeed, Moundry (2016) confirmed that quail

birds of all ages may die if they go without water for longer than 36 hours.

According to the (NRC, 1994), quail should be raised on diets that are high in protein, 24%
crude protein (CP) during the growing phase and 20% CP during the production phase. It is
essential to mention that quail raised in temperate climates can consume these recommended
protein levels (NRC, 1994). In South Africa, there is currently no standard diet for broiler or
layer quail (Mnisi & Mlambo, 2019), suggesting that the birds' performance may be impaired
by inadequate nutrient intake. A commercial game-bird diet comprising 250 g/kg CP, 12.6
MJ/kg metabolizable energy (ME), and 10 g/kg calcium should be fed to growing quail for the
best results (Randall & Bolla, 2008). Varkoohi et al. (2010) observed that quail consume 30 to
35 g per day and feed should always be available. For excellent performance, a game-bird diet

can be fed, although it is very expensive and hard to find (Randall & Bolla, 2008).
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2.2.3 Gastrointestinal physiology of quail
Jumbo quail consumes and stores the feed in the crop before passing it to the stomach through

to the lower gastrointestinal tract (GIT). The crop is the diverticulum of the oesophagus, which
also helps in the moistening of feed. Quail birds have no teeth; therefore, they rely on their
muscular gizzard to grind and mix their feed since they are unable to do it with their mouths
(Wings, 2000). The proventriculus, which is the proximal part of the quail's stomach, absorbs
the feed from the crop (Zaher et al., 2021). The non-glandular muscular gizzard also aids in
digestion by breaking down feed particles and enhancing access of digestive enzymes to
substrates, while the proventriculus, which is the glandular portion, secretes hydrochloric acid
and pepsin (Singh, 2018). Quail digestion is essentially similar to that of other monogastric
animals. While the pancreas secretes amylase, trypsinogen, pancreatic lipase,
chymotrypsinogen, procarboxypeptidase, etc., which are emptied in the duodenum and act on

the chyme, the liver secretes bile that aids in the emulsification of lipids (Fieker et al., 2011).

The intestine secretes several enzymes, which are involved in the final stage of digestion,
including maltase, isomaltase, sucrase, enterokinase, lipase, and peptidases (Harmon &
Swanson, 2020). A quail has a pair of caeca responsible for fermentation of feed residues
through the action of the resident microbiome (Chen et al., 2021). The capacity of quail caeca
may not be as great as those of the other hindgut fermenters, but they can certainly provide
some short-chain fatty acids that can either be used as an energy source or support mucosal
epithelial health (Gonzélez-Ortiz et al., 2020). Optimal functionality of the GIT system is
essential for sustainable and profitable quail production. Diet, mucosa, and commensal
microbiota are the three major factors that Conway (1994) determined as also being essential
to gut health (Zheng et al., 2020). All these components play a critical role in the balance of

gut physiology, quail health, growth performance, nutrient utilization, and welfare.
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The classical role of the digestive tract is the fermentation of feed utilising enzymes and
microorganisms for later nutrient absorption (Celi et al., 2017). The impact of diet on GIT can
be directed towards various functions ranging from digestive to immune system (Mowat &
Agace, 2014). Dietary fibre may have a prebiotic effect and stimulate beneficial bacteria (Jha
& Berrocoso, 2015), but the constructive effect of this fibre could be offset since high fibre
content could reduce the digestibility of nutrients (Freire et al., 2000). Therefore, feed enzymes
may improve animal performance by hydrolysing feed substrates that are not or only partially
broken down by endogenous enzymes, especially in young quail with relatively immature GIT
(Ravindran, 2013). Additionally, a healthy gut mucosa and a balanced diet are important in the
secretion of enzymes, nutrient absorption, and the harbouring of immune cells (Spencer &
Belkai, 202). Moreover, the gut microbiota interacts with diet and the GIT causing rapid uptake
and conversion of metabolic intermediates that are eliminated from the GIT through digestion

and absorption by the host and, as a result, create a highly dynamic system (Celi et al., 2017).

2.2.4 Factors affecting protein digestibility and utilisation

The utilisation of protein is affected by a variety of factors, including the site of digestion in
the GIT, age, dietary level of protein, carbohydrates, fibre, and lipid intake. Some of these

factors are briefly described in the sections that follow.

2.2.4.1 Site of digestion

Dietary protein digestion in birds begins in the proventriculus (stomach), but it occurs primarily
in the small intestine. The large intestine contains the unabsorbed peptides and undigested
proteins from either dietary or endogenous origins (Bedford & Apajalahti, 2022). These
components are subjected to fermentation by the intestinal microflora in the large intestine.
Proteins that are not digested in the small intestine enter the caecum, where they undergo

fermentation (Apajalahti & Vienola, 2016). Protein digestibility is affected by large intestine
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microflora. Unabsorbed amino acids and undigested proteins enter the colon and are excreted

through faeces, leading to environmental pollution (Juquiera et al., 2006).

2.2.4.2 Age and physiological state of the quail

Age and physiological state are known to influence the ability of birds to digest and absorb
protein (Bryden & Li, 2010). The chick’s digestive system and enzyme concentration improve
with age. Nitsan et al. (1991) reported an increase in digestive enzyme concentration in the first
14 days of age. Between 1 and 14 days of development, dietary nutrients may be poorly utilised.
In a study involving the effects of age on nutrient digestibility in chicks fed with different diets,
Bata & Pearson (2002) concluded that the digestibility of amino acid increased and improved

with age.

2.2.4.3 Dietary level of protein and amino acids

The efficiency of absorption is limited by a high dietary protein content. Protein levels less than
16% in the diets lead to higher percentages of protein being extracted by the gut (Junqueira et al.,
2006). Joseph et al. (2000) found similar results on body weight when feeding a different level
of protein (18% versus 16% crude protein) on breeder chickens. A previous study by Aletor et
al. (2000) reported a significant increase in protein efficiency ratio with a reduction in the
dietary crude protein content in broiler chicken diets. Patras et al. (2009) investigated the effects
of dietary fibre and protein level on the nitrogen excretion pattern of pigs and found that total
nitrogen excretion was higher in high protein diets (18.8 g/day) compared to low protein diets
(12 g/day). The authors concluded that a reduction of protein content in the diet was an effective
way of reducing nitrogen excretion, thereby lowering ammonia emission. Thus, the metabolic
utilisation of amino acids in the gut depends on the composition of the feed with respect to the
presence or absence of indispensable and dispensable essential amino

acids (Ten have et al., 2007). A high concentration of threonine in the ileal digesta has been
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2.3

attributed to a high production of mucin, leading to a low ileal apparent digestibility coefficient

for threonine in the diets (Ravindran et al., 2008).

Moringa oleifera

Moringa oleifera Lam (Moringaceae), as shown in plate 2.2, is a valuable plant commonly
found in many tropical and subtropical countries, has a wide range of medical benefits
including antibacterial and antioxidant activities (Bennett et al., 2003; Ferreira et al., 2008).
Data derived from nutrient characterisation of M. oleifera leaves clearly shows a rich nutritional
profile of essential minerals, a good source of protein and amino acids, vitamins, f-carotene
and various phenols with different properties as nutritional supplements (Moyo et al., 2011).
Numerous phytogenic feed additives have been shown to affect the palatability of the feed due
to its aromatic qualities, depending on the quantity of the individual constituents (Applegate et

al., 2010).

Tropical insular weather is optimal for the plant to flourish. It thrives in hot, arid climates and
less rich soils, and it is not greatly affected by drought. It may even grow well in wet tropics
(Anwar et al., 2007). Although nearly every part of the M. oleifera tree can be utilised for food,
medicine, or industrial processes, it is regarded as one of the most useful trees in the world
(Khalafalla et al., 2010). People consume its fresh pods, flowers, and leaves as vegetables, and
some people feed it to their animals (Anjorin et al., 2010). The possible benefits of this tree
include better nutrition, increased food security, and enhanced support for rural development
(Hsu, 2006). Recently, in most countries where it was not a native plant, there has been a
significant renewed interest in the nutritional benefits of moringa (Reyes et al., 2006; Oduro et
al., 2008). Its reported nutritional, medicinal, and prophylactic benefits were shown to improve
animal productivity, conferring logic to the growing interest in the tree (Fahey, 2005). The

leaves are rich in vitamins, minerals, and amino acids (Isitua et al., 2015). Due to this, the
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leaves have been used to treat malnutrition, particularly in young children and nursing women.
As a short-term substitute for chemoprophylaxis, nutrition is also vital for both humans and
livestock (Mushtaq et al., 2021). An animal’s ability to fight the negative effects of parasitism
and diseases is strongly influenced by nutrition (Anwar et al., 2007). A well-fed animal, when
exposed to an infection, will resist diseases better than an animal already weakened by
malnutrition. When an animal is exposed to a pathogen, its immune system responds to fight
off infection (Malafaia & Talvani, 2011). This includes the formation of antibodies to fight
infection and the use of white blood cells to attack pathogens (Busani et al., 2011). For an
animal to gain immunity, it needs energy, proteins for the manufacture of antibodies and cells,
minerals (zinc, copper, iron), and vitamins (A and E) in sending signals to various parts of its

body to fight infections (Moyo et al., 2011).
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Plate 2.2. Moringa oleifera leaves and powder.

2.3.1 Nutritional composition of Moringa oleifera
The moringa tree is particularly promising as a feed source in the tropics since it is fully leafed
out at the end of the dry season, when other feeds are typically scarce (Kushwaha et al., 2015).
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It is a tree characterised by rapid growth, drought-resistance, and its morphological components
are a great source of nutrients. They contain cytokinins in the form of zeatin as well as other
beneficial phytochemicals such as vanillin, beta-sitosterol, caffeoylquinic acids, kaempferol,
quercetin and carotenes (Kushwaha et al., 2012). The leaves of the M. oleifera tree are a rich
source of micronutrients and they are a natural source of many essential minerals (Kushwaha
& Chawla, 2015). Important trace elements such as calcium, iron, magnesium, zinc, and copper
are present in the leaves of the M. oleifera plant (Kasolo et al., 2010). Moringa oleifera also
contains folic acid, pyridoxine, and nicotinic acid, and vitamins A, B, C, D, and E (Mbikay,
2012).

The presence of phytochemicals, including tannins and alkaloids, as well as anti-cancerous
substances such glycosylates, isothiocyanates, glycoside compounds, and 24 glycerol 1-9-
ocdecanoate, makes the leaves a viable alternative to animal feed (Berkovich et al., 2013).
According to Bennett et al. (2003), Ferreira et al. (2008), and Moyo et al. (2011), MOLM
contains 275 g/kg of CP, 193 g/kg of crude fibre, and 223 g/kg of crude fat. Mbikay (2012)
reports that the leaves have demonstrated an ability to regulate glucose metabolism in both
humans and rats, controlling complications like lipoedema and hyperglycaemia that make cells
vulnerable to oxidation. According to Singh (2018), MOLM promotes increased breast milk

production in young mothers of premature infants.

2.3.2  Growth promoting efficacy
In general, feed additives promote growth by lowering the host animal's immune defence stress

during critical situations and increasing the intestinal capacity of essential nutrients for
absorption, thus assisting animals in growing better within the framework of their genetic
potential (Wendish et al., 2008). Previously, the use of plants in monogastric diets like Ananas

comosus and MOLM wereprohibited due to various deleterious effects attributable to their
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phytochemical composition, which varies widely due to the environment and climate (Steiner
& Wegleitner, 2007; Xiao et al., 2012). However, according to Hernandez et al., 2006), it is
important for researchers to establish the maximum tolerance level of each phytogenic. The
addition of phytochemicals into animal feeds increases the secretion of digestive juices (Jamroz
et al., 2005; Steiner & Wegleitner, 2007) and lowers intestinal pH (Huyghebaert et al., 2011),
thereby improving the efficiency of nutrient utilisation, reducing the incidence of digestive
disorders, and increasing the performance of broiler chickens while enhancing their health
(Botlhoko, 2009). It has been demonstrated that a particular class of steroids found in MOLM

boosts protein synthesis, promoting the growth of muscles and bones (Bamishaiye, 2011).

Processing of broiler feeds has been confirmed to strongly influence physiological functions of
the digestive tract and improve feed conversion (Engberg et al., 2000). In contrast, the same
bioactive phytochemicals can have a strong odour or pungent taste, thereby limiting feed intake
and utilisation (Windisch et al., 2008). Chicks that are fed with diets containing more than 5%
MOLM were found to have poor feed conversion efficiency (FCE) and growth performance
(Olugbemi et al., 2010). Ogbe & Affiku (2012) found no significant differences in carcass and
organ weight in birds fed with MOLM-containing diets. Polyphenol concentrations as low as
0.05 mg/ml can exert an inhibitory effect on a-amylase, pepsin, trypsin, and lipase, reducing
enzyme- mediated hydrolytic reactions and the digestibility of carbohydrates, proteins, and
lipids (He et al., 2006). From a nutritional point of view, birds cannot reach their genetic
potential if dietary nitrogen is supplied exclusively in the form of essential amino acids. In this

respect, dietary composition of non-essential amino acids in the diet is also critical.

Study by Joshi & Mehta (2010) found that the protein content of MOLM is higher than that of
many commonly consumed leafy green vegetables such as spinach (2%) and mint (4.8%) and

is equivalent to the protein content of many legumes such as moth beans and cowpeas, which
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contain 22 to 24% CP. The leaves of the M. oleifera plant are rich in sulphur

containing amino acids (Bennett et al., 2003; Ferreira et al., 2008; Moyo et al., 2011). A study
by Makkar & Becker (1997) suggested that high milk producing cows could benefit from
consuming MOLM as a protein supplement. They reported high levels of true protein (230
g/kg), 33% of which remains available in the intestine, adequate levels of all essential amino
acids, and low levels of antinutritional factors. However, the fat content in MOLM is
considerably low, while the carbohydrate content after dehydration is comparable to that of
many carbohydrate-rich cereals and vegetables (Joshi & Mehta, 2010). The results of
Bamishaiye (2011) show that MOLM has a very high carbohydrate content, with no significant
difference between the early and middle stages, but the values decrease in the late stage,
indicating a decrease and an increase, respectively, in carbohydrate and protein content as the

plant ages.

2.3.3 Anti-nutrients in Moringa oleifera leaf meal

According to Gemede & Ratta (2014), anti-nutritional factors are compounds that reduce the
availability of one or more nutrients when present in animal feed. The result is a reduction
of feed utilisation and/or feed intake. Moringa oleifera contains anti-nutritional components
such as Condensed tannins (CT) and fibre that may cause a decrease to its feed value (Stevens
et al., 2015). Anti- nutritional factors may occur as natural constituents of plant and animal
feeds, as artificial factors added during processing or as contaminants from the ecosystem
(Jithender et al., 2019). Anti-nutrients are substances which interfere with the metabolism
and utilisation of nutrients by the body; examples are phytates, oxalates, tannins, fibre and
saponins (Thakur et al., 2019). Globally, Moringa oleifera is a popular plant species due to
its usefulness as a food, medicinal, and aesthetic plant (Berushka & Himansu, 2012).

However, like any other plant species, this species also contains anti-nutritional factors,
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which can reduce the bioavailability of nutrients in the various parts of the plant. Moringa
oleifera leaves have been found to contain anti-nutrients such as tannins, lectins, cyanogenic,
oxalates, phytates saponins, glucoside and glucosinolate (Moyo et al., 2011; Lo et al., 2018).
Moringa oleifera has been reported as a good source of vitamins and amino acids (Olugbemi
etal., 2010), however the presence of these antinutrients could restrict their utilisation (Sallau
et al., 2012). Although anti-nutritional factors play harmful functions by chelating nutrients
and forming a binding factor with food values, making the nutrients non-bioavailable in the
system, it is significant to mention that they can also have positive effects at certain levels

(Soetan & Oyewole, 2009).

2.3.3.1 Tannins

Tannins are natural compounds found in plants and they are made up of an aromatic benzene
ring substituted with hydroxyl groups (Kim et al., 2003; Rubanza et al., 2005). Moringa
oleifera leaves have 12 g/kg tannins in a DM basis and phytates at 21 g/kg (Makkar & Becker,
1997). Tannins are naturally occurring plant polyphenols with a molecular weight greater than
500 and can bind and precipitate protein (Makkar, 2003). The amount and type of tannins
synthesized by plants vary with stage of growth and environmental conditions. Tannins form
complexes with proteins through covalent, hydrogen and ionic bonding (Figure 2.1), and these
complexes are broken under high acidity or high alkalinity conditions (Salem et al., 2005). The
isoelectric point, molecular weight, tertiary structure, and compatibility of the binding sites all
affect how strongly tannins bind to proteins in complexes (Silanikove et al., 2001). Tannins
can be found in almost all parts of a plant as well as in various plant tissues (Scogings et al.,
2004). They are found in the seed, roots, stem, leaf, and bud, and they play a defensive role
against predation, microbial infestation, and disease (Dutta et al., 2014). Tannins are divided

into hydrolysable and condensed forms (Figure 2.1). Hydrolysable tannins are characterised by
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a central carbohydrate core containing various phenolic carboxylic acids such as gallic acid,

ellagic acid and hexahydroxydiohenic acid (Ashok & Upadhayaya, 2012; Figure

2.1).
O OH
HO OH
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Gallic acid Flavone
hydrolysable tannins condensed tannins

Figure 2.1. Structure of condensed and hydrolysable tannins (Source: Ashok and Upadhayaya,
2012).

These tannins are easily hydrolysed by acids, alkali, or some enzymes. Hydrolysable tannins
are not present in cereals and/or legumes. As a result, they are associated with a positive impact
on animal nutrition (Mueller-Harvey, 2006). When these tannins are hydrolysed, gallic or
epigallic and sugar are formed on the other hand, condensed tannins are dimers or oligomers
of catechin, epicatechin or similar units (Behrens et al., 2003). The structure of these units is
joined by carbon-carbon bonds, which can be broken by hydrolysis (Halimani et al., 2007).
Condensed tannins have been identified as a major factor affecting productivity of birds fed
with leaf meals from legume trees and shrubs. The reactivity of proanthocyanidins with
molecules of biological significance has important nutritional and physiological consequences
(Kawabata et al., 2019). Their multiple phenolic hydroxyl groups lead to the formation of
complexes with proteins (Ozdal et al., 2013). They have a negative effect on protein
metabolism and decrease palatability of feeds at high levels (Pratoomyot et al., 2010), but can

be beneficial at very low levels.
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2.3.3.2 Glucosinolates

The M. oleifera plant is high in compounds that contain the simple sugar rhamnose and a
specific class of compounds known as glucosinolates and isothiocyanates (Fahey et al., 2001;
Bennett et al., 2003). Glucosinolates are classified as a volatile anti-nutritive chemical with
antimicrobial, antifungal, and antibacterial effects (Leeson & Summers, 2005). Four
glucosinolates, two of which are found in huge concentrations (65.5 umol) in M. oleifera leaf
tissues have been identified as 4-(a-I-rhamnopyranosyloxy)-benzylglucosinolate and three of
its monoacetyl isomers (Bennett et al., 2003). The Structural motifs and backbones of major
phytochemicals found in M. oleifera is shown in figure 2.2. In lipopolysaccharide stimulated
RAW264.7 mouse macrophage cells, numerous novel isothiocyanates have been found to
inhibit inducible nitric oxide synthase expression and nitric oxide formation (Cheenpracha et
al., 2011). Additionally, it is reported to have anti-inflammatory and chemo-defensive
properties against most of cancers (Park et al., 2011). The impact of glucosinolate absorption is
harmful in non-ruminants compared to ruminants, and higher in laying hens and turkeys

compared to broilers, likely due to their short life expectancy (Tripathi & Mishra, 2007).

e

Figure 2.2. Structural motifs and backbones of major phytochemicals found in M. oleifera

leaves. A = Glucosinolates; B = Phenols; C = Flavonols (Source: Mbikay, 2012).
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2.3.3.3 Phenolics and flavonoids

Phenolic compounds are commonly found in both palatable and non-palatable plants, and they
are known to have many organic effects, consisting of antioxidant properties (Kahkonen et al.,
1999). There are two types of phenolic acids that can be distinguished: hydroxybenzoic acids
(gallic and ellagic acids) and hydroxycinnamic acids (p-coumaric, caffeic, ferulic, chlorogenic,
and sinapic acids). Hydroxycinnamic acids are more prevalent in plants than the
hydroxybenzoic acids (Kasetti et al., 2012) and many of these have been eliminated in the
leaves of M. oleifera (Mbikay, 2012). The phenolic content is lowest in young M. oleifera
leaves and it slowly increases as the leaves mature (Igbal & Bhanger, 2006), hence they should
be fed in a limited amount when leaves are matured. In contrast to flavonoids, which are
hydroxylated phenolic compounds that occur as a C6-C3 unit linked to an aromatic ring,
flavones are phenolic molecules with one carboxyl group that produce flavonol on the addition

of a three-hydroxyl organization (Cowan, 1999).

The leaf extracts from M. oleifera contain a variety of bioactive substances, including flavonols
and phenolic compounds (Kahkonen et al., 1999; Lemmen, 2007). Flavonols are a category of
flavonoids that have the three-hydroxyflavone spine (IUPAC name: three-hydroxy-2-
phenylchromen-4-1). Among the classes of phytochemicals determined inside the M. oleifera
plant, flavonoids hold the maximum of antioxidant capacity (Mbikay, 2012). The predominant
flavonols in M. oleifera leaves are quercetin and kaemferol, of their 3’-O-glycoside forms
(Kahkonen et al., 1999; Joshi & Methta, 2010; Mbikay, 2012). Together with kaempferol
rhanoside, kaempferol and quercetin-glucoside; other flavonol glycosides, namely, benzoic
acid glycosides and benzaldehy de-glucoside, syringric acid, gallic acid and rutin have been
isolated from the defatted aqueous methanolic extract of M. oleifera leaves (Manguro &
Lemmen, 2007). According to Xiao et al. (2011), phenolics and flavonoids play a pivotal role
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with regards to their health benefits to animals as they have anti-inflammatory, antioxidant, and

anticancer properties.

2.3.3.4 Non-starch polysaccharides

In most countries, the primary cereal grains used in diet formations are corn and soybeans
(Owen et al., 2015). However, the least costly diet formulation commonly requires utilising
other grains or agricultural by-products, which could contain less variable levels of anti-
nutritive components (Ravindran, 2012). The cell wall of cereals is composed of complex
carbohydrates, which are loosely termed non-starch polysaccharides (NSP) (Chotinsky, 2015).
Corn derived distillers’ dried grains with soluble is a by-product of ethanol and contains higher
amounts of NSP relative to corn (Swiatkiewicz & Koreleski, 2008). Other cereal grains such
as wheat also contain higher levels of NSPs. Lee et al. (2017) found that arabinoxylans found
in wheat, severely affected broilers’ growth and FCE. In addition, carbohydrate, lipid, and
protein digestion were generally inhibited by wheat pentosans (Wang et al., 2015). Non-starch
polysaccharides increase the viscosity of the digesta, decreasing the rate at which digestive
enzymes pass through, and inhibit the mixing of gut contents (Yaghobfar & Kalantar, 2017).
Several other researchers have noted that the presence of NSPs can affect a bird's performance
by increasing intestinal viscosity, reducing nutrient digestibility, and increasing feed

conversion ratio (Khattak et al., 2006; Shakouri, 2009; Arczewska-WIlosek, 2019).

2.4 Tannin de-activation strategies

Several methods have been used to deactivate detrimental and toxic effects of tannins to
improve the nutritive value of feeds. These methods include the use of binding agent
(polyethylene glycol, polyvinylpyrrolidone, polyvinyl polypyrrolidone, acetic acid and

sodium hydroxide), heating, soaking in water and drying, wood ash, chopping and storage,
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urea, solid state fermentation and exogenous enzymes (Silanikove et al., 2001; Makkar, 2003;
Ben Salem et al., 2005a). The methods are commonly grouped into physical and chemical

methods.

2.4.1 Physical methods

Ben Salem et al. (2000) and Makkar (2003) observed that drying reduces levels of condensed
tannins in Acacia foliage. For example, drying cassava and Leucaena leaves at 90°C for 24
hours decreased tannin content by 56.7% . The tannin content can be reduced also by storing
fresh (40% moisture leaves) chopped leaves at 37°C prior feeding (Bhat et al., 2013). Grinding
and chopping also decrease the negative effects of tannins in leaf meals (Abd El Tawab et al.,
2018). Soaking is amongst the recommended methods in reducing the detrimental effects of
tannins (Medungu et al., 2012). Some methods of physical treatment do not seem to be
economically viable and are less effective due to intensive labour requirements and time
consuming. However, chopping of fresh leaves, water soaking and then storage can be of
practical use to resource-limited farmers as these require only minor changes in normal farm
practices (Bhat et al., 2013). Moreover, these methods can reduce the negative effects of

tannins in leaves (Ben Salem et al., 2005b).

2.4.2 Chemical methods

Several chemical methods from urea to tannin-binding agents for deactivating tannins have
been tested (Kyarisiima et al., 2004; Alipour & Rouzbehan, 2007). Kyraissima et al. (2004)
reported that pre-treatment of sorghum with wood ash reduces the level of tannins in tannin-
rich feed resources. The use of urea to neutralise tannin-rich leaf meals is recommended and
gives extra nitrogen to the animals (Hlatini et al., 2018). Moreover, the addition of urea is
effective due to the higher pH caused by urea-ammoniation. Tannin-binding agents and

enzymes are also used to neutralise anti-nutritive factors (Schons et al., 2012; Tshabalala et al.,
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2013). Polyethylene glycol, polyvinylpyrrolidone, polyvinyl polypyrrolidone, charcoal and

sodium hydroxide are common examples of tannin-binding agents (Kumanda, 2019).

Challenges of chemical methods include the loss of soluble nutrients, analyses in laboratory
work and to the cost of these for resource-poor farmers. There is little information on the use
of tannin-binding agents such PEG to overcome problems associated with reduced feed value,
toxic effect and utilization in quail fed with MOLM-containing diets. Therefore, there is a need
to explore the influence of PEG in growing quail fed with diets containing M. oleifera leaf
meal. Animal performance is expected to increase linearly as PEG levels increase, until a point
when the performance starts to decrease. The linear increase at low to moderate inclusion levels
need to be investigated such that farmers could determine cost-effective and sustainable levels

to optimize growth in quail.

2.4.3 Polyethylene glycol

Polyethylene glycol is a non-nutritive synthetic polymer, an oligomer or polymer of ethylene
oxide with a molecular mass below 20 000 g/mol (Makkar, 2003). Polyethylene glycols of
different molecular weights are available commercially, and their molecular weight ranges
from as little as 200 upwards. The chemical formula for PEG is (C2H40) n+1 H20 (Henning,
2002) where “n” represents the average number of oxethylene groups, and below 55°C it is a
free-flowing white powder freely soluble in water. Molecular weight of PEG from 200 to 600
occurs as a slight vapour, colourless, slightly hygroscopic liquid with a slight characteristic
odour (Pandey et al., 2012). The PEG with higher molecular weight is available as free-flowing
white powder (1500 and 4000 molecular weights) and creamy with flakes for the range 4000
to 8000 (Gao, 1993). Bhat et al. (2013) reported that PEG 4000 and 6000 molecular weights
have more capacity to bind with tannins than PEG of various other molecular weights.

Therefore, it might be preferred to others because of its ability to bind tannins at near neutral
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pH and make plant proteins to be more available for digestion and absorption by binding to
tannins. Ferraz de Oliveira et al. (2008) used PEG 6000 to determine its effect on protein output
of free-range pigs. Crude protein concentration from faeces was low, indicating availability of
dietary protein (Ferraz de Oliveira et al., 2008). The most important property of PEG is its
solubility in water, making it ideal for inclusion in leaf meals (Henning, 2002; Ben Salem et
al., 2005b). The PEG has numerous properties such as a viscosity, melting range,
hygroscopicity, solubility in organic solvents, PEG solvency, additional property and blended
PEG compounds (Turner et al., 2011). He et al. (2007) reported that PEG has been used for
fractional precipitation of properties. It is usually used as a substance to make proteins from

ingested tannin containing feed available for utilization by livestock (Akande et al., 2010).

Polyethylene glycol blocks the formation of tannin-protein complex. According to Besharati &
Taghizadeh (2011), PEG breaks already formed tannin-protein complexes due to its high
affinity (together with larger number of atoms). It deactivates tannins over a wide pH range of
2 to 8.5. Adequate oxygen molecules from water-soluble PEG form hydrogen bonds together
with phenolic and hydroxyl group in tannins (Silanikove et al., 2001). This phenomenon makes
protein and other nutrients available for utilisation and increases the voluntary intake of leaf
meals (Mantz, 2008). A minimum of 1.8 g PEG can completely reverse the binding effect of
tannins (Min & Hart, 2003). Therefore, the addition of PEG in diets containing high levels of

tannins improves the feed value of such diets.

2.4.4 Nutritive value of polyethylene glycol-treated leaf meals

In poultry, the effect of PEG treated MOLM on the performance of broiler chickens has been
studied (Kumanda et al., 2019; Van Niekerk et al., 2020), leading to famers be able to utilize
PEG in enhancing the production efficiency of poultry and this might result in the improvement

of economic status of famers and also accelerating reduction in food scarcity.
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. Oduguwa et al. (2007) reported that PEG (1 g and 10 g/kg DM + 30 g of malted sorghum with
140 g/kg tannin) had no improvement on the apparent amino acid digestibility “and true
amino acid digestibility. This could be associated with tannin bound by other components
such as fibre. Mansoori & Acamovic (2009) determined that PEG improved protein
digestibility, utilisation and reduced negative effect of tannins in the GIT of birds fed with high
tannins feeds. The PEG also increases the palatability of high tannin forages, thereby increasing
their intake (Nsahlai et al., 2011). Detrimental effects in nutrition caused by tannins may not be
completely reversed by application of PEG. However, the presence of PEG may increase
astringency and appetite when low-tannin alternatives offer fewer nutrients than the high-tannin
forage (Egeacetal., 2016). Unfortunately, the information on the effect of PEG supplementation
on the performance of quail fed with MOLM diet has not been verified and studies in this area
are generally limited. The adaptation of birds to different types of diet and levels of nutrition
is important in quail production. Hence, blood metabolites concentrations are commonly used
in monitoring health (functioning of liver, heart, and kidney) and nutritional problems of the
birds.

Blood metabolites are undoubtedly the best practical predictor, and it could be useful in
preventing metabolic complications together with damages in animal (Khanyile et al., 2014).
Changes in the constituent compounds of blood when compared to normal values could be used
to determine metabolic state, together with feed quality. Moreover, blood indicators alongside
body weight conditions of quail could detect the status of energy, protein, glucose, and early
signs of metabolic disorders (Lim et al., 2013). Serum protein, iron, and cholesterol are vital in
identifying the nutrient profile of animals (Ndlovu et al., 2009). Activities of aspartate
aminotransferase, alkaline phosphatase and alanine aminotransferase, which are slightly
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dependent on cholesterol indicate liver damage and could be used to describe the quality of
feed given to the quail (Rashidi et al., 2020). The effect of PEG pre-treatment of MOLM diets
on blood parameters of growing quail birds has not been studied. Therefore, an evaluation of
the nutritional status of the quail is vital because such data is fundamental in the formulation

of their quality diets.

2.4.5 Constraints to utilization of polyethylene glycol
The PEG has many oxygen atoms and contains sufficient oxygen molecules in a chain to form

strong bonds with phenolics and hydroxyl groups of tannins (Ren et al., 2013). It has the
disadvantage, however, of requiring tissue samples. Turner et al. (2011) discovered that the
potentially unfavorable effects that might be caused by PEG can be divided into several groups.
Adverse side effects in the body can be triggered by the polymer itself or by side products
formed during the synthesis that led to hypersensitivity. When an excess amount is given,
unexpected changes in the body of the animal can occur with PEG-based carriers. The PEG
requires some skills and knowledge to use without compromising the health of quail. The PEG
might be administered to animals in different ways such as spraying leaves, oral dosage and

mixed with diet (Ben Salem et al., 2000).

Application of PEG by spraying the standing plants prior utilisation requires a lot of labour and
it is time consuming, while mixing with diets is preferred. Oral dosage may include a slower
onset of action, irritating and stressing to animals (Turner et al., 2011). Otherwise, spraying
and oral dosage both require a moderate technical skill accompanied with confidence. The use
of PEG needs to be performed accurately, rapidly, and humanely in animals (Hlatini et al.,
2018). Application of PEG has been recommended even though the methods are either
uneconomical and/or impractical under farmer management. There is little in the literature

regarding the supplementation of PEG on leaf meal diets for the Jumbo quail.
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2.5 Fibre utilisation in quail

According to McDonald & Whitesides (2002), the term fibre refers to cell walls of plant tissue,
which are mostly composed of lignin, cellulose as well as hemicelluloses. Varasthegani &
Dahlan (2014) have identified two terms that are used interchangeably in animal nutrition,
namely crude fiber and roughage, where crude fiber refers to the structural carbohydrates of
cellulose, hemicellulose and lignin in the plant cell wall, however, the composition of crude
fiber in each individual plant differs from other plant species. Dietary fiber intake ranges from
3 to 4% but should not exceed 7% for optimal poultry growth performance (Varastegani &
Dahlan, 2014). A lower than recommended fiber content in quail feed increases the risk of

cannibalism and gastrointestinal infections.

A balanced diet is necessary for the maintenance of the health and productivity of the poultry
(Aliet al., 2021). Some reports suggest that several factors such as the amount of fiber, species,
age of the birds, the type and quantity of feed consumed, the nutritional composition of the
diet, the level of anti-nutritive ingredients, management, and environmental conditions all
factors affect how well quail can digest fiber (Khattak et al., 2006; Mateos et al., 2013; Bokau
et al., 2018). Although simple non-ruminants do not digest dietary fiber as much because they
lack the digestive enzymes needed to hydrolyze the insoluble NSP, it plays a significant

function in the animal’s digestive system (Jha et al., 2019).

Exogenous enzymes are added to the diet or feed by-products to enhance fiber digestion and,
ultimately, improve animal performance, hence minimizing their detrimental impact on animal
performance (Tufarelli et al., 2007; Alefzadeh et al., 2016). According to Nikam (2016), NSP
can be classified as either soluble (B-glucose, arabinoxylan, arabinogalactose, xyloglucon, etc.)
or insoluble (cellulose). Nikam et al. (2017) and Khobondo et al. (2019) indicated that soluble

NSPs have the capacity to hold water in their matrix by producing a loose gel network. This
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2.6

increased viscosity lowers the digestion of lipids, proteins, and carbohydrates. Additionally,
dietary fiber increases the size duodenum (Oliaei et al., 2016), which significantly enhances

nutrient digestion and levels of healthy gut microbes (Scheideler et al, 2005).

Poultry gut enzymes

Digestion in poultry relies on endogenous digestive enzymes. Bokau (2018) have attributed
possible changes on endogenous enzymes production to the chicken birds’ age, health status,
consumed feed type, environmental factors including the dose of exogenous enzyme.
According to Khattak et al. (2006), the enzymes that hydrolyse NSP in cell wall of grains are
not produced by poultry. Buchanan et al. (2007) argues that poultry depend on acid digestion
within proventriculus and microbial digestion in the caeca and large intestine. In Jumbo quail,
the basal diet is composed of various feedstuffs that includes maize, soya, wheat, barley, and
rice. Additionally, these feedstuffs are not readily digested by poultry hence they are not
desirable for usage in metabolic process because of high NSP content (Buchanan et al., 2007).
Kamran et al. (2002) attributed the lack of suitable enzymes in the GIT and anti-nutritional

factors availability to impair digestion.

Buchanan et al. (2007) reported that the digestion of NSP can range from 13% in lupin diets to
21.9% in wheat diets excluding supplementation of enzyme, whereas maize and rice contains
9% and 25% of NSP, respectively. According to Ravindran (2013) and Nikam et al. (2017),
the addition of enzyme in poultry diets is likely to ameliorate the negative effects of NSP by
improving the efficiency of feed. Additionally, Alagawany et al. (2018) states that exogenous
enzymes are generated from various sources such as microorganisms and plants. Enzymes over
the past years have been utilised in feed industry, this includes enzymes such as cellulase (13-
glucanases), xylanases and associated enzymes, phytases, proteases, lipases, and galactosidases

(Khattak et al., 2006).
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2.6.1 Exogenous enzyme supplementation in poultry diets
The use of exogenous enzymes in poultry production has been propelled by the existence of

anti-nutritional factors in poultry feeds (Lee et al., 2014). Several studies have shown the use
of exogenous enzymes in poultry diets as the effective approach to maximize the digestibility
of complex molecules, particularly in young animals without a well-developed intestinal
enzyme profile (Oliaei et al., 2016). According to Khattak et al. (2006), NSP is hydrolysed by
exogenous enzymes, leading to a digesta viscosity, improvement of nutrient absorption, and
improved growth performance. This is further supported by Lee et al. (2014), who attributed
the benefits of using exogenous enzymes to lower anti-nutritional factors and improve the use

of dietary energy and proteins, therefore resulting in an improved poultry performance.

Additionally, Bedford & Partridge (2001) and Ismail et al. (2011) indicates that utilisation of
exogenous enzymes is beneficial due to the ability to eliminate anti-nutritional factors, which
impair normal digestive processes. This is made possible through the digestion of fibre
components of the diet or creating an environment that promotes limited bacterial in the caeca
(Ismail et al., 2011). Furthermore, Alam et al. (2003) reports that incorporation of enzymes in
chicken diets is directly linked to reduced feed intake because they reach the required nutrient
requirements through improved feed conversion ratio. The emission of nitrogen (N) in birds
that are fed with enzyme-based diets has reduced while CP digestibility has increased by 1.9%
(Zanella et al., 1999). This is contrary to a study by Buchanan (2007) who did not observe any
important effect on performance or digestibility variables when an exogenous enzyme was

added in a variety of poultry feeds.

2.6.2 Enzymes used in the poultry industry
Panda et al. (2014) defines enzymes as a biological catalyst that brings about biochemical

reactions without themselves undergoing any change. In their nature, enzymes are proteins and

4



are made of amino acids arranged in a sequence. They speed up the chemical reactions of the
living cells on specific nutrients from feedstuffs to support organs and tissues. Furthermore,
enzymes are categorised based on substrates upon which they react together with their
specificity (Alagawany et al., 2018). According to Bedford (2000), there are three types of
enzymes that are currently in use within the poultry industry, such as viscous grain enzymes
targeting rye, wheat, oats, and barley; non-viscous grain enzymes targeting corn and sorghum;
and lastly phytase targeting phytate-rich substrates. Bedford & Partridge (2001) reported that
the use of enzyme technology is the principal strategy to improve the nutritive value of
feedstuffs. Low-nutrient feed cannot be used in poultry diets due to high fiber content. Enzymes
may be a practical solution to the problem in poultry diets (Tavernari et al., 2008). The use of
enzymes, according to Ravindran (2013), results in a breakdown of the integrity of the plant

cell wall and the subsequent release of nutrients that were encapsulated by the cell wall.

2.6.3 Viscozyme® L supplementation in quail feeds
Poultry do not naturally acquire sufficient enzymes for the hydrolysis of NSP found in cereal

grain cell walls. These NSP often remain unhydrolysed and could result in low reduced feed
efficiency (Ayres, 2019). Carbohydrases can be added as a supplement to reduce the harmful
effects of NSPs by decreasing intestinal viscosity, and an improving nutrient digestibility (Raza
et al., 2012; Alagawany et al., 2018). Further, NSP-degrading enzymes can be synthesized by

genetic modification or from microbial sources (Bedford & Cowieson, 2012).

Viscozyme® L is a multi-enzyme complex that contains a variety of carbohydrases, such as
arabanase, cellulase, glucanase, hemicellulase, and xylanase (Gama et al., 2015). The enzyme
preparation is produced from a selected strain of Aspergillus aculeatus (Nakazawa et al., 2012).
Viscozyme® L was shown to be an effective enzyme for the extraction of polyphenols (Zheng
etal., 2009). It also acts on branched pectin-like substances found in plant cell walls.
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Viscozyme® L is a clear brown liquid with a density of approximately 1.2 g/ml. It is a special
enzyme preparation used in the breakdown of cell walls for the extraction of useful components
from plant tissues (Perussello et al., 2017). The optimal conditions for Viscozyme® L with its
several and complex activities are a pH range of 3.3 - 5.5 and a temperature of 25 - 55 °C (de
Figueiredo et al., 2018). Viscozyme® L is non-flammable, completely miscible with water and

safe when used according to the manufacturer’s directions (Kumanda, 2019).

In addition, the Viscozyme® L multi-enzyme (VME) is reported to improve the digestibility
of amino acids (AA) (Romero et al., 2013). However, there is no supporting evidence on the
positive and/or negative alteration caused by exogenous VME on endogenous secretions
(Romero et al., 2013). Hussein et al. (2020) reported on the growth, carcass traits, and meat
quality of broilers and found no difference in weight gain or feed conversion ratio in birds fed
with a low-energy diet supplemented with a multi-enzyme. Likewise, Kumanda (2019)
reported no effect on weight gain when VME was added to broilers reared on red grape (Vitis
vinifera L.) pomace-based diet. This is not surprising as Lee et al. (2014) also reported similar
results in broilers. Nevertheless, other scholars have reached a common understanding on the
ability of VME to enhance nutrient bioavailability and thus improve weight gain and gain-to-
feed ratio (G:F) in simple non-ruminant diets (Cowieson & Bedford, 2009; Hajati et al., 2009;
Hana et al., 2010). Differences on the observations and findings reported by different scholars
can be attributed to different study designs and environments, various types of experimental
animals and different dietary treatments. It is, therefore, important to determine the effect of

the VME in Jumbo quail reared on MOLM-containing diets.

2.6.4 Phytase
The MOLM contain significant amounts of phytic acid, which may inhibit nutrient absorption

(Dai etal., 2020). According to Cowieson etal. (2017), phytase is currently a standard
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additive in poultry diets. Considerable amounts of phytic acid in the MOLM may hinder
nutrient utilisation. Therefore, having a thorough understanding of the action of the phytase
and how it interacts with other enzymes is necessary for accurate interpretation of results.
Myoinositol is released when phytic acid is hydrolysed by the phosphatase enzyme (phytase)
to create inorganic orthophosphate (Gupta et al., 2015). Additionally, it functions with

monoesters (phosphomonoesterase) (O’Brie & Herschlag et al., 2001).

A series of myoinositol phosphate intermediates, according to Vohra (2003) and Singh et al.
(2011), helps phytases speed up the hydrolytic breakdown of phytate. There are different
sources of phytases, including plants, animals, and microbes (bacteria, yeasts, and fungi).
However, the most reliable source is the microbes (Ebune et al., 1995; Rao et al., 2009; Singh
et al., 2011). The form and amount of phytase, the method of pre-treatment and inclusion
(application), other feed ingredients, and the concentrations of nutrients, particularly protein
and minerals, all have an influence on the efficiency and utility of phytase (Selle & Ravindran,

2007).

Since beneficial effect of exogenous phytases is attributable to the hydrolysis of phytate and
the subsequent improvement of nutrient (minerals, amino acids, and energy) availability, Selle
& Ravindran (2007) noted that there is still a gap in the understanding of the phytate-phytase
matrix in poultry nutrition. Phytases increase the nutritional value of feeds and decrease
phosphorus excretion, which is essential for the reduction of eutrophication. The use of protein
and energy is enhanced by phytate-degrading enzymes (Selle & Ravindran, 2007; Oduguwa et
al., 2007), and the digestive tract's health is enhanced due to decreased secretions (Pirgozliev
et al., 2008). Additionally, they improve nutritional quality and lower levels of phosphorus
contamination in the environment (Jain & Singh, 2016). Selle & Ravindran (2007) and Xu et

al. (2011) reported that phytases degrade phytate-bound phosphorus by reducing phytic acid
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2.7

complexes in plant ingredients, thereby increasing the bioavailability of phosphorus and

calcium.

2.6.5 Protease
Exogenous protease has previously been included in commercial enzyme admixtures, but it is

now only available as a mono-component enzyme (Cowieson & Adeola, 2005; Cowieson &
Roos, 2016). Although there is little information on how individual proteases affect Jumbo
quail reared on MOLM-containing diets, their use as single enzymes has grown. According to
the theory, the protease enzyme acts in the plant cell wall by eliminating the structural proteins
to promote faster digestion. According to Blazek (2008), the ability of protease to coagulate
protein meals is influenced by both the type of dietary protein and the enzyme's nature.
Proteases improve intestinal integrity by emulsifying fats and enhancing endogenously
produced mucin by liberating fat and starch and equally reducing the antinutritional effects in
the basal diet (Cowieson & Roos, 2016). Feed protease is also reported to increase the digestion

of AA (Romero et al., 2013).

Factors affecting dietary exogenous enzyme supplementation in poultry

Digestion, absorption, animal health, and overall growth performance should all exhibit
positive responses to animal production output (Khattak et al., 2006). According to Khattak et
al. (2006) and Cowieson et al. (2006), the response to exogenous enzyme supplementation
varies depending on the animal's type (poultry tended to respond effectively to dietary enzyme
supplementation than pigs), age (younger animals tended to effectively respond to enzymes
than older animals), species of intestinal microflora present in the GIT, the physiological state
of the bird, quality or type of feed used, and levels of enzymatic. The study conducted by
Zamini et al. (2014) established that the response is affected by concentration (relative to body

weight) and whether an animal responds positively or negatively to supplementation.
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2.9

Mode of action of exogenous enzymes

Different modes of action for exogenous enzymes have been reported by various researchers
(Slominski, 2011; Ravindran 2013; Swiatkiewicz et al., 2015; Dida, 2016). Jzefiak (2007)
suggested that exogenous enzymes might work by lowering the viscosity of the digesta in the
GIT, since broiler feed contains mainly high fiber/starch grains in the form of NSP. These
cereals include antinutritional, soluble indigestible polysaccharides like arabinoxylan, which
has anti-nutritional effects in poultry. These arabinoxylans are present in cereals like wheat,
rye, and triticale, according to Salami (2015) and Panda et al. (2014). However, NSP adversely
affect the function of the GIT because they bind lots of water, increase viscosity in the gut,
decrease digestion rate, growth rate, feed intake and nutrient availability (Khattak et al., 2006;
Kalantar et al., 2015). Exogenous enzyme supplementation in poultry feed enhances
performance of the bird by boosting the efficiency of host (endogenous) enzymes, breaking
down soluble fibres, which allows the birds’ digestive enzymes to utilise the substrates (Singh
Kim, 2021). This increases the efficiency of digestibility of starch, protein, fat, amino acids,
and energy (Bokau et al., 2018), changes the feed passage rate, which reduces the capacity of
the intestinal contents to hold water and stimulates feed intake. It also increases the digestibility
of phosphorus by 20 — 50%, which results in a significant reduction in phosphorus excretion

(Woyengo & Nyachoti, 2011; Tang et al., 2014).

Effects of dietary protein on growth, health, and meat quality in quail.

2.9.1 Effect on growth performance
El-Katcha et al. (2015) conducted an experiment to investigate the effects of protein intake on

growing quail and concluded that a protein supplementation of 3.2 g/bird/day is mandatory for
optimum growth. Similarly, Ribeiro et al. (2014) observed that an improved quality of dietary

protein improves body weight gain or growth rates. In an experiment conducted by Salahuddin
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et al. (2012), the effects of protein on growth performance of broilers were investigated and
they established that including 20% crude protein in the diets of the broilers boosted body
weight gain. According to Mehaisen et al. (2017), feeding quail diets high in CP (25 vs. 20%)
while maintaining the ambient temperature high (32°C) during the growing period enhanced
weight gain. However, Khan et al. (2016) found no significant differences on the growth rate
and feed intake of quail due to high protein and energy diet. Junqueira et al. (2006) supported
this conclusion by observing that the performance of the birds was not affected by a higher

protein content.

Additionally, the researchers reported that feeding protein in excess (more than 16%) did not
affect performance but rather increased faecal nitrogen losses through faeces and contributed
to environmental contamination (Kirwan et al., 2021; Arriaga et al., 2009). It was shown by
Sahin & Kucuk (2001) that quail increase to a high final body weight when given a 20% protein
diet with high digestibility. Kermanshashi et al. (2011) investigated the effects of dietary crude
protein fluctuation on performance and nutrient retention in broiler chicken during a starting
period and concluded that reducing crude protein essentially decreased body weight gain.
According to Tarasewich et al. (2006), the protein content of the feed had an influence on the

growth of quail and broilers, mostly in the early stages of life.

2.9.2 Effect on immunological responses and blood parameters
The defense mechanisms of poultry are severely influenced by proteins. The quantitative and

qualitative aspects of the immune response to pathogens can be modified by adding enough
protein in the diet (Povey et al., 2009). It has been demonstrated in poultry that an insufficient
or excessive intake of dietary protein or amino acids alters immunological responses (Zhang et

al., 2017). A deficiency of a dietary protein or amino acids has long been known to impair the
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immune function and increase the susceptibility of animals to infectious diseases (Li et al.,

2007).

The animal's blood parameters are essential measures for identifying any disorders (Ogunbajo
et al.,, 2009; Etim et al., 2014). They provide information about the animal’s health and
nutritional status (Orawan & Aengwanich, 2007; Khawaja et al., 2012). The efficacy of an
animal's metabolic processes and dietary intake affect its nutritional status (Etim et al., 2014).
A lower-than-normal white blood cell count is an indication that a bird's immune system is
under stress. An increase in the neutrophils:lymphocytes ratio is a good indicator of nutritional
stress (Etim et al., 2014). According to Nwambe & Elechi (2009), packed cell volume (PCV)
and haemoglobin values below the normal range indicate excessive levels of blood dilution and
inefficient cellular oxygen transportation. There is a direct relationship between quality of feed
and the composition of quail blood (El-Tarabany, 2016). Quail fed high protein diets had
significantly higher red blood cell (RBC), haemoglobin (Hb), and PCV values than those fed
low protein diets (Reda et al., 2020). According to Onu & Aniebo (2011), higher red blood cell
counts are associated with healthy birds and high-quality protein diets. Kavitha et al. (2010)
observed that as protein levels increase, mean corpuscular haemoglobin concentration (MCHC)
values decrease. The protein intake consumed by birds has a significant effect on the levels of
Hb, PCV and MCHC (Egbunike et al., 2009). However, little is known about the serum
metabolites and haematological indices of Jumbo quail fed with various protein sources.
However, the utility of MOLM as a protein source is restricted by the presence of CT, hence

the utilisation of PEG is important to improve protein bioavailability and digestibility.

2.9.3 Effect on carcass characteristics
In their study, Siyadati et al. (2011) observed that quail fed a diet with less crude protein (18

versus of 20% CP) had lower carcass yields. Malik et al. (2013) examined the effects of dietary
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protein levels (21% v/s 23% CP for starter diets and 19% v/s 21% CP for finisher diets) on the
carcass traits of heat-stressed broiler chicks and discovered that a high dietary protein level
(23% CP) resulted in higher carcass traits (drumstick, thigh, chest, back, and wing weight) as
compared to broilers fed with a low dietary CP. According to Murawska (2012), breast muscles
composition accounted for up to 40% of the edible meat and 50% of the edible protein in the
carcass. As a result, the quality and quantity of the protein affect the traits of the carcass.
According to Hickling et al. (1990), increasing the dietary methionine or lysine by 12%
over the National Research Council recommendation could make extra I5 — 20 g of breast meat
per bird to be obtained.

2.9.4 Effect on meat quality parameters
Meat quality is a set of characteristics that gives meat the ability to satisfy the needs of its

consumer. It refers to the overall meat characteristics including its physical, chemical,
morphological, biochemical, microbial, sensory, technological, hygiene, nutritional and
culinary properties (Toughan et al., 2013). Colour is one of the most dominant factors in
a consumer’s initial decision of buying the meat (Zeng & Durif, 2019). The colour of meat
samples including poultry are judged by the L*, a*, b* values. The L* is the measure of
the lightness or darkness of the meat colour, while a* is the measure of redness and b* is
the measure of yellowness (Petracci & Fletcher, 2002). Green plants such as MOLM are

currently the main sources of S-carotene (Castafieda et al., 2005).

Like other meat products, poultry meat colour is influenced by the myoglobin content, chemical
nature of the heme and the pH (Fletcher., 2002). Carotenoids are compounds responsible for
the pigmentation of skin, shanks, and other non-feather tissues. The rest of the body colour is

influenced by the presence of the muscle pigments myoglobin and haemoglobin
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(Fletcher et al., 2000). The myoglobin content depends on the type of species, and age of the
animal (Listrat et al., 2016). When myoglobin is exposed to oxygen the meat tends to become
bright red and the meat may appear brown if myoglobin is exposed to less oxygen or when the
meat colour life is exhausted late in display when the iron in the pigment becomes oxidised

(Listrat et al., 2016).

Pre-slaughter conditions and the handling practices that the bird is subjected to also
influence the colour of the breast meat (Ali et al., 2008). Reduced carcass fat can also affect
colour and lead to lighter breast meat colour (Mir et al., 2017). Several studies have shown that
pH has a significant negative correlation to breast meat lightness values and breast meat pH

(Qiao et al., 2001; Fletcher, 2000; Fletcher, 2002).

Meat pH ranges from pH 5.2 to 7.0 with the highest quality meat product falling between a pH
range of 5.2 and 6.0 (Glamoclija et al., 2015). The pH of meat may be influenced by other
internal factors such as muscle type, chicken strain (Santos et al., 2005) and external factors
including feed, fasting, electrical stimulation and chilling. The changes that occur in the muscle
post-mortem can be measured by the level of pH and temperature (Deiss et al., 2009). Meat pH
is primarily related to the biochemical state of the muscle at time of slaughter, following the
development of rigor mortis (Wattanachant, 2008). Fletcher (2002) observed that muscle pH
and meat colour is highly correlated. Higher muscle pH is associated with darker meat, whereas
lower muscle pH values are associated with lighter meat (Fletcher, 2002). High meat pH is
often characterised as being dark, firm, and dry meat and the lighter meat as being pale, soft
and exudative (Wattanachant, 2008). The ultimate pH of meat is exceptionally structured upon
the quantity of glycogen present inside the muscle, with the implications that pre- slaughter

strain is related to muscle pH (Mir et al., 2017). Consequently, the pre-slaughter feed
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withdrawal length has a capacity to influence glycogen levels inside the muscle resulting in pH

adjustments following rigor mortis (Lesiow & Kijowski, 2003).

Drip loss is caused by myofiber leakage and loss of water, iron, and proteins from the onset of
rigor mortis when muscle is being converted into meat (Ponsuksili et al., 2008). From the point
at which a bird is slaughtered during the meat production process, it is inevitable that water
will be lost (drip loss) from the carcass. Water represents between 70% and 80% of the weight
of raw poultry meat. The loss of water (drip loss) is a key concern for meat producers as this
water content contributes to the sensorial, organoleptic (juiciness, tenderness texture, smell,
and colour) and technological quality traits of the meat products (Mir et al., 2017). However,
this exerts an impact on consumer opinion, thus affecting demand and the saleable value
(Prevolnik et al., 2010; Maison et al., 2016). According to Gil et al. (2008), drip loss is related
to sensory qualities, such as hardness and juiciness. Muscles with a high drip loss have a high
Warner-Bratzler shear force. The results of a study by Mikulski et al. (2012) showed that
substituting soybeans with a rapeseed meal at 120 g/kg increased the drip loss as compared to

the control diet.

The term water holding capacity (WHC) refers to a meat's capacity to retain moisture
during production, processing, and storage. The WHC isan important meat quality attribute
(Woelfel et al., 2002) and is influenced by several factors such as pH, muscle type, rigor mortis,
processing conditions, and ingredients added to the meat. Poor WHC in raw poultry meat leads
in lower visual appeal and palatability characteristics for customers, as well as lower ingredient
retention, protein functionality, and product output for processors (Sarke et al., 2021).
Pectoralis major muscles from broilers are almost 100% of fast-twitch glycolytic muscle fibers,
making them particularly exposed to a rapid pH decrease after slaughter and having lower

WHC characteristics (Bowker & Zhuang, 2016). Main factors effecting quail breast
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muscle WHC are post-mortem pH and protein denaturation. One method used to determine
WHC is expressible moisture and the other is drip loss (Woelfel et al., 2002). Rapid

denaturation of myosin increases the likelihood of reduction in WHC (Offer, 1991).

Meat tenderness is an important trait in Jumbo quail. It is rated as the most important
attribute by the average consumer (Petracci et al., 2011). The tenderness of meat is influenced
by several factors including the type of muscle, sex of the animal, the grain of the meat,
the amount of connective tissue, and the amount of fat (Listrat et al., 2016). Historically,
meat tenderness was associated with live bird quality factors such as breed, sex, orage. The
two major contributing factors to poultry meat tenderness are maturity of the connective
tissues involved and the contractile state of the myofibrillar proteins (Fletcher, 2002).
Collagen cross linking increases with age, consequently meat from older birds tend tobe
tougher (Wattanachant et al., 2004). The contractile state of the myofibrillar proteins is
primarily a function of the rate and severity of rigor mortis development (Huang et al.,
2012). Factors such as feed withdrawal, environment, and struggle before slaughter have
been shown to affect muscle glycogen stores at the time of slaughter (Ali et al., 2008).
Birds with higher muscle glycogen content at slaughter have lower shear values than birds
with lower muscle glycogen (Abdulla et al., 2017). Increasing feed withdrawal times has
been shown to decrease breast muscle glycogen stores, making the meat tough (Petracci et
al., 2010). Processing conditions such as stunning and slaughtering also affect meat tenderness.
Using gas stunning such as argon and carbon dioxide, have been shown to decrease carcass
damage and improve meat quality (Raj et al., 1990). Birds slaughtered in a gas
environment appeared to have accelerated rigor mortis in breast muscle without adverse
toughening (Mohan et al., 1990; 1991). According to the research of these authors, gas

slaughtering resulted in a lower initial muscle pH, and more tender meat compared to
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electrically stunned birds. Rapid pH decline at high temperature reduces post-mortem

tenderisation and can lead to toughening of meat (Dransfield, 1994).

2.10 Summary

In South Africa, the largest agricultural farming enterprise is the chicken sector, which creates
employment throughout the entire value chain. The cheapest source of high-quality animal
protein is also poultry, which is also more affordable than red meat. A new bird species called
quail has recently been introduced to the poultry industry. Quail birds are the smallest avian
species noted for their fast growth rates, early sexual maturity and market age, short generation
intervals, prolific laying, and resistance to several avian diseases. Due to its tender taste, the
meat products from quail are currently dominating luxury markets. To profitably improve quail
production to meet anticipated growth in demand, it is essential to find alternative feed
ingredients. Finding alternative feed ingredients that are not used directly by humans and can
only be consumed by domestic animals is a major priority for researchers. Moringa oleifera is
a fast-growing drought-resistant tree whose leaves are an outstanding source of nutrients. They
contain cytokinin in the form of zeatin as well as other beneficial phytochemicals such as

vanillin, beta-sitosterol, caffeoylquinic acids, kaempferol, quercetin and carotenes.

The leaves are also rich in minerals like calcium, potassium, zinc, magnesium, iron, and copper.
In addition, M. oleifera has high levels of crude protein, crude fibre, crude fat, and beta-
carotene. However, antinutritive elements including glycosylates, phytic acid, condensed
tannins (CT), and fibre restrict the quantity of MOLM that can be included in quail diets. The
high fibre and CT content of MOLM may hinder nutritional absorption and digestion. If the
MOLM is to be included at higher levels, there is a need to find alternative strategies that could
be employed to improve its feed value and reduce its antinutritive effects. The use of feed

additives such as PEG and exogenous fibrolytic enzymes in animal nutrition has been adopted
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to complement endogenous digestive enzymes. These could enhance the digestibility of feed
substrates, improve gut morphology, and increase growth performance of farm animals. The

addition of PEG can prevent the binding of tannins to proteins and thus increase their utilisation.

Polyethylene glycol forms complexes with tannins, preventing them from being absorbed or
interacting with other feed constituents and thus allowing them to be excreted in the faecal
matter. The addition of MOLM treated with PEG into the diet of Jumbo quail could lead to
meat with a longer shelf life and is better protected against deterioration. The response and

optimum inclusion level of PEG-treated MOLM on Jumbo quail is, however, unknown.

Exogenous VME are known to cleave the viscous fibre components in carbohydrate-rich
feedstuffs such as xylenes and glucans and thereby increasing their digestibility. There is also
limited information on supplementing feed enzymes to M. oleifera leaf meal diets to improve
Jumbo quail performance, haematological and serum biochemical parameters, and carcass and
meat quality traits. It is, therefore, important to investigate the effects of PEG and VME on the

utilisation of MOLM diets in Jumbo quail.
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3 CHAPTER THREE - EFFECT OF PRE-TREATING DIETARY
MORINGA OLEIFERA LEAF MEAL WITH POLYETHYLENE
GLYCOL ON GROWTH PERFORMANCE, CARCASS TRAITS AND
MEAT QUALITY PARAMETERS IN JUMBO QUAIL

Abstract

The inclusion of dietary M. oleifera leaf meal (MOLM) beyond 25 g/kg was reported to
compromise growth performance in Japanese quail due to the antinutritional effects of
condensed tannins. Thus, in this study, a higher level (100 g/kg) of MOLM inclusion was pre-
treated with graded levels of PEG to determine quail responses. The objective of this study was
to determine the amount of PEG required to ameliorate MOLM condensed tannins for Jumbo
quail based on growth performance and meat quality data. Four hundred and thirty-two (432),
two-week-old mixed gender quail chicks (103.4 + 12.62 g live-weight) were randomly
allocated to 36 pens (experimental unit), which were replicated six times per dietary treatment.
Six dietary treatments were formulated as follows: a standard grower diet without MOLM
(CON); a standard grower diet containing 100 g/kg untreated MOLM (MPGO0); and a standard
grower diet containing 100 g/kg MOLM pre-treated with PEG at 25 (MPG25), 50 (MPG50),
75 (MPGT75), and 100 g/kg (MPG100). Experimental diets and fresh water were offered ad
libitum. Average weekly feed intake (AWFI) and average weekly body weight gain (ABWG)
were used to calculate feed conversion efficiency (FCE). All quail were slaughtered at a local
abattoir at the end of 4-week feeding trial. During slaughter, blood was collected from two
random quail per experimental unit for determination of haematological and serum biochemical

parameters. Repeated measures analysis showed significant week x diet interaction effects on
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ABWG and FCE but not AWFI. Overall feed intake linearly increased (P <0.05) with PEG
levels. At week 4, significant quadratic trends were recorded for weight gain and feed
conversion efficiency (FCE) but, at week 5, FCE linearly declined as PEG levels increased.
Haemoglobin, phosphorus, and albumin showed quadratic trends (P <0.05), while calcium and
chroma (1 h post-mortem) linearly declined (P <0.05) in response to PEG levels. Diet MPG50
promoted a higher (P <0.05) shear force value (2.41) than diets MPGO and MPG25. The
MPG50 diet promoted a similar (P >0.05) shear force as diet CON. Based on the quadratic
response for weight gain, the optimal PEG pre-treatment level was calculated to be 54 g/kg. It
was concluded that ameliorating MOLM condensed tannins increased feed intake but reduced

feed utilization efficiency in Jumbo quail.

Keywords: Avian birds, Blood indices, Feed additives, Growth traits, Meat quality,

Phytogenics

3.1 Introduction

Quail production can provide an opportunity to diversify the poultry industry and thereby
increase the supply of animal protein (Deka & Borah, 2008). Indeed, the use of quail birds as
a source of protein has increased worldwide (Genchev et al., 2005). This has been attributed to
their low maintenance, early sexual maturity, high prolificacy, short generation intervals, fast
growth rates, and resistance to numerous avian diseases (Huss et al., 2008; Mnisi & Mlambo,
2018). However, sustainable intensification of quail birds could be restricted by high feed costs,
disease outbreaks, and poor performance. Indeed, the cost of poultry feeds has remained high,
especially in the tropics, due to rising prices of soybeans and maize grain, which are
conventional nutrient sources in poultry diets (Marareni & Mnisi, 2020). The competition

between humans and livestock for these conventional nutrient sources (Newkirk, 2010)
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contributes to rising demand that fuels price increases on the world market. It is, therefore,
imperative that non-conventional feedstuffs that have nutraceutical properties be identified for

use in quail diets to allow for sustainable intensification and reduce production cost.

One such potential feedstuff is Moringa oleifera leaf meal (MOLM), which contains a variety
of nutrients and bioactive compounds that could be beneficial to the Jumbo quail. Moringa
oleifera Lam is a nutrient-rich plant that is widely distributed in tropical and subtropical
countries. It is widely used in the animal, food, and pharmaceutical sectors (Bennett et al, 2003;
Ferreira et al., 2008). Moringa oleifera by-products have bioactive agents (flavonoids and other
phenolics compounds such as caffeic, ferulic, and coumaric acids) with antimicrobial,
antioxidant properties, and hypocholesterolaemia effects that can enhance growth performance,
health status, the shelf life of the meat, and product quality (Melesse et al., 2013; Nduku et al.,
2020). Moringa oleifera leaves have been used as a source of nutrients in poultry (Makkar et
al., 2007; Mahajan et al., 2007) because they contain high concentrations of protein, vitamins
(C, K, and B complex), beta-carotene, and manganese (Leon et al., 2015). Moreover, the leaf
meal has detergent and anti-septic properties due to the presence of different phytochemicals

(Torondel et al., 2014).

The use of MOLM as a dietary supplement in broilers and layers has been shown to improve
growth performance and egg quality (Briones et al., 2017). However, the amount of MOLM
that can be added into Jumbo quail diets is limited by the presence of condensed tannins (CT)
(12 g/kg tannins in a dry matter basis) and fibre (19.3% crude fibre) (Moyo et al., 2018). Indeed,
other scholars have reported that the inclusion of MOLM in poultry diets should not exceed 25
g/kg due to the presence of antinutritional factors (Hassan et al., 2016; Ufele & Ebenebe, 2017).

Further reports have shown that high levels of CT reduce feed utilisation efficiency, growth
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3.2

rate, and protein digestibility in chickens (Falowo et al., 2018). Moreover, high levels of
tannins are harmful to the lining of the small intestines because they disturb the normal
absorptive function of the gut, resulting in poor performance. Therefore, there is a need to
ameliorate the negative effect of CT to allow the birds to fully benefit from the bioactive
components of MOLM. One potential strategy is the use of polyethylene glycol (PEG), a
tannin-inactivating compound, which has been reported to have high affinity for CT

(Silanikove et al., 2001).

Pre-treatment of tannin-rich feeds with PEG has the potential of reducing the negative effects
of CT in the GIT of birds and improving protein digestibility (Manssori & Acamovic, 2009).
Several studies have investigated the effect of PEG treatment in poultry (Kumanda et al., 2019;
Zulkifli et al., 2019; Van Niekerk et al., 2020) and ruminant feeds (Henkin et al., 2009; Brown
& Ngambi, 2017). However, the effectiveness of PEG in improving the feed value of MOLM
in Jumbo quail diets has not been investigated, possibly because this bird is relatively new to
the South African poultry industry. Moreover, the application of PEG to ameliorate the negative
effects of CT may enable the inclusion of MOLM at high levels (e.g., 100 g/kg) in Jumbo quail
diets without compromising their productivity and meat quality. Therefore, this feeding trial
evaluated the effect of pre-treating MOLM with different levels of PEG on growth performance,
physiology, and meat quality responses of Jumbo quail. The study tested the hypothesis that
PEG treatment of MOLM would improve the growth performance, blood parameters, and meat

quality attributes in Jumbo quail.

Material and methods

3.2.1 Ingredient sources

Moringa oleifera leaf meal (MOLM) was purchased from Origin Organics Investments (PTY)
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LTD (Gauteng, South Africa). Polyethylene glycol (PEG) was bought from Sigma-Aldrich
(Modderfontein, Gauteng, South Africa). The other feed ingredients were procured from

Nutroteq (PTY) LTD in Centurion, South Africa.

3.2.2 Chemical analysis of MOLM

Prior to the formulation of the diet, the MOLM was subjected to an initial analysis for
proximate composition using the Official Analytical Chemists International Methods (AOAC,
2005). To determine the laboratory dry matter (DM) (AOAC, 2005: method no. 930.15), 1 g
of MOLM sample was weighed into pre-weighed crucibles and oven-dried at 105°C for 12 h
and re-weighed. The DM was determined by subtracting the moisture content weight from the
initial sample weight. The organic matter (OM) content was determined (AOAC, 2005: method
n0.924.05) by ashing the dried samples for 12 hours at 600°C in a muffle furnace. The weight
loss was calculated as OM content while the residue was calculated as ash content. The total
nitrogen (N) content was determined using the conventional macro-Kjeldahl (AOAC, 2005,
method no. 984.1 3). Afterwards was converted into crude protein (CP) by multiplying N content
with a factor of 6.25.

According to Van Soest et al. (1991), neutral detergent fibre (NDF) and acid detergent fibre (ADF)
were determined using an ANKOM?® Fibre Analyzer (ANKOM Technology, New York,
USA). Total soluble phenolics (TSPh) were determined following the Folin—Ciocalteau method
(Makkar, 2003). Absorbance was recorded at 725 nm wavelength using a spectrophotometer
(T60 UV-Visible spectrophotometer, PG Instruments Limited, Lutterworth, UK) and expressed
as tannic acid equivalent (g TAE/kg DM). Soluble condensed tannins (SCT) were determined
using the Butanol-HCI method (Porter et al., 1986) and absorbance was measured at 550 nm
wavelength using the spectrophotometer described above. Minerals (calcium, phosphorus,
sodium, potassium, magnesium, and sulphur) were analysed using Agri-Laboratory
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Association of Southern Africa guidelines (AgriLASA, 1998). The equation developed by

Khalil et al. (1986) was used to determine the amount of metabolizable energy (ME).

3.2.3 Polyethylene glycol treatment of MOLM

The PEG (Mr 4000) was purchased from Agro-Enviro Solutions (Gauteng, South Africa). Four
PEG solutions were made by dissolving 150, 300, 450, and 600 g of PEG in 6 L of
distilled water. Subsequently, each PEG solution was sprayed onto 6 kg of MOLM, thus
producing PEG treatment rates of 25, 50, 75, and 100 g/kg (w/w) before inclusion into the
experimental diets. Untreated MOLM was sprayed with 6 L of distilled water without PEG.
The mixing process was conducted as described by Van Niekerk et al. (2020). The untreated
and treated MOLM samples were kept at an average room temperature of 25°C for aduration of
12 hso that the PEG would react with MOLM tannins. The untreated and treated MOLMs were
thereafter air-dried to a constant weight, 1 mm milled (Polymix PX-MFC 90 D, Kinematica
AG, Malters, Switzerland), and incorporated into a standard grower diet.

3.2.4 Formulation of experimental diets and analyses

As indicated in Table 3.1, six isonitrogenous and isocaloric experimental diets were formulated
by incorporating 100 g/kg of untreated MOLM (MPGO) or MOLM pre-treated with PEG at 25,
50, 75, and 100 g/kg to a standard grower diet (CON). The nutrient composition of experimental

diets are shown in Table 3.2.
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Table 3.1. Ingredient composition (g/kg as-fed basis, unless stated otherwise) of the dietary treatments.

Diets

Ingredients CON MPGO MPG25 MPG50 MPG75 MPG100
Polyethylene glycol 0.0 0.0 25 50 75 100
Moringa oleifera leaf meal 0.0 100.0 100.0 100.0 100.0 100.0
Yellow maize-fine 698.6 6269  626.9 6269  626.9 626.9
Choline powder 0.8 0.8 0.8 0.8 0.8 0.8
Full fat soya meal 50.7 148.6  148.6 148.6 148.6 148.6
Grower-phytase 1.7 1.7 1.7 1.7 1.7 1.7
Limestone powder 145 145 145 145 145 145
L-Threonine 0.4 0.4 0.4 0.4 0.4 0.4
Lysine 2.8 2.8 2.8 2.8 2.8 2.8
Methionine 1.9 1.9 19 19 1.9 1.9
Monocalcium phosphate 7.2 7.2 7.2 7.2 7.2 7.2
Olaquindox 0.4 0.4 0.4 0.4 0.4 0.4
Prime gluten 60 180 180 18.0 18.0 18.0 18.0
Salt-fine 3.2 3.2 3.2 3.2 3.2 3.2
Sodium bicarbonate 1.7 1.7 1.7 1.7 1.7 1.7
Soybean meal 96.7 705 705 70.5 70.5 70.5
Vitamin and mineral premix 0.5 0.5 0.5 0.5 0.5 0.5

!Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100

g/kg M. oleifera; MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 25

g/kg polyethylene glycol; MPG50 = control diet containing 100 g/kg M. oleifera pre-treated

with 50 g/kg polyethylene glycol; MPG75 = control diet containing 100 g/kg M. oleifera pre-

treated with 75 g/kg polyethylene glycol; MPG100 = control diet containing 100 g/kg M.

oleifera pre-treated with 100 g/kg polyethylene glycol.
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Table 3.2. Nutritional composition (g/ kg DM, unless stated otherwise) of the dietary treatments.

Diets

MOLM CON MPGO MPG25 MPG50 MPG75 MPG100

Dry matter (g/kg) 9237 9161 9065 9146 9137 9208 9212
Ash 7.6 4.93 521 481 4.85 5.15 4.49
Organic matter 8472 9112 901.2 909.8 908.9 915.7 916.7
Metabolizable energy (MJ/kg) 120 12.07 1207 1207 1207  12.07 12.07
Calculated crude protein 1775 1825 1822 182.2 182.3 182.4 182.3
Calcium 7.01 7.00 7.03 7.03 7.03 7.03 7.03
Phosphorus 5.05 5.34 4.77 477 4.77 4.77 4.77
Potassium 3.19 3.74 2.66 2.66 2.66 2.66 2.66
Magnesium 1.05 121 088 0.88 0.88 0.88 0.88
Sulphur 0.60 0.74 0.48 0.48 0.48 0.48 0.48
Sodium 1.68 169 168 1.68 1.68 1.68 1.68
Neutral detergent fibre 2111 150.0 142.6 142.4 139.2 105.6 140.5
Acid detergent fibre 1515 1139 11138 92.17 92.2 102.2 111.0
Total phenolics (g/TAE kg DM) 41.8 922 19.90 20.90 20.39 18.23 18.83

Condensed tannins (AU550nm/200 0.80 0.04 045 0.23 0.20 0.18 0.13
mg)

MOLM = Moringa oleifera leaf meal; *Diets: CON = control diet (a standard grower diet); MPGO = control diet

containing 100 g/kg M. oleifera; MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 25 g/kg
polyethylene glycol; MPG50 = control diet containing 100 g/kg M. oleifera pre-treated with 50 g/kg polyethylene
glycol; MPG75 = control diet containing 100 g/kg M. oleifera pre-treated with 75 g/kg polyethylene glycol;

MPG100 = control diet containing 100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol.

3.2.5 Ethics statement and feeding trial
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The North-West University's Animal Production Research Ethics Committee granted the
approval (NWU-01884-19-S5) for the feeding trial, handling, and slaughter of the birds. The
feeding experiment took place at the North-West University's Farm in Molelwane, South
Africa, between December 2019 and January 2020. During this period, ambient temperatures
ranged from 27°C to 37°C. Mixed-gender Jumbo quail chicks (n = 432; one-week old) were
purchased from Golden Quail Farm (Randfontein, South Africa). The chicks were randomly
and evenly allotted to 36 pens deemed as the experimental units. The experimental diets were
replicated six times per experimental unit. The pens, each holding 12 chicks (60 cm Width x
100 cm Length x 30 cm Height) were built using wire mesh, and the floor was covered with
removable polythene plastics used as bedding. The birds were adapted to the six experimental
diets until two weeks of age while a stress pack containing water-soluble vitamins and
electrolytes was given in the first three days. The experiment was conducted under natural
lighting (12 h of daylight) with house temperatures ranging between 25°C and 30°C and an
average indoor humidity of 60%. For the 4-week feeding period, the birds had unrestricted
access to clean water and experimental diets. Average weekly feed intake (AWFI) was
measured by subtracting the weight of the feed refusals (which were measured daily from
beginning of week 1 to the end of week 6). Initial live weights were measured at 2 weeks of
age and thereafter measured weekly until 6 weeks of age to determine average weekly body
weight gain (ABWG). Feed conversion efficiency (FCE) was calculated by dividing body

weight gain by feed consumed.
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3.2.6 Slaughter and haemo-biochemical analyses

At six-weeks of age, all the birds were starved for 12 hours and weighed to determine their
final body weights (FBW) and then transported using bakkie to a local poultry abattoir, where
they were stunned and then slaughtered by cutting the jugular vein. At the time of slaughter,
blood samples (4 mL) were collected into two sets of sterile whole blood and serum tubes.
Purple-top tubes containing ethylene diamante tetra acetic acid as an anti- coagulant were
used for haematology, whereas red-top tubes without anticoagulant was used for serum
biochemical analysis. Haematological (erythrocytes, haemoglobin, haematocrits, leucocytes,
lymphocytes, reticulocytes, monocytes, basophils, eosinophils, neutrophils, mean corpuscular
haemoglobin (MCH), mean corpuscular volume (MCV), red blood cell distribution width
(RDW), white blood cells (WBC) were determined using a Haematology Analyser (IDEXX
Laboratories S.A. PTY, Gauteng, South Africa). Serum biochemical parameters (albumin,
alkaline phosphatase (ALP), alanine transaminase (ALT), amylase, serum cholesterol, blood
glucose, lipase, phosphorus, globulin, creatinine and total protein) were determined using a

Vet Test Chemistry Analysers (IDEXX Laboratories S.A. PTY, Gauteng, South Africa).

3.2.7 Carcass traits and internal organs
After slaughter, the carcasses were manually eviscerated and individually measured to

determine the hot carcass weights (HCW). The carcasses were then chilled in a cold room for
24 hours and reweighed to determine cold carcass weight (CCW). Carcass yield was calculated
as the proportion of HCW on final body weight (FBW). Weights of internal organs (gizzard,
liver, proventriculus, colon, caecum, small and large intestine including their lengths) and
carcass cuts (breast, wing, thigh, and drumstick) were measured using a digital balance
(Explorer EX224, 0.01 g readability (2 decimal places), supplied by OHAUS Corp, Parsippany,

NJ, USA).
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3.2.8 Meat pH and temperature measurements

Meat pH and temperature were recorded 1 h and 24 h post-slaughter on the breast muscle
(central area of the breast) using a Corning Model 4 pH-temperature meter (Corning Glass
Works, Medfield, MA) fitted with an Ingold spear-type electrode (Ingold Messtechnik AG,
Udorf, Switzerland). For shelf life, meat pH and temperature were recorded for five days post-
slaughter on the breast muscle. After every 10 measurements, the pH meter was calibrated with
pH 4, pH 7, and pH 10 standard solutions (Ingold Messtechnik AG, Udorf, Switzerland) meant
for this purpose.

3.2.9 Meat colour attributes
Meat colour coordinates: L* (lightness), a* (redness) and b* (yellowness) were measured from

the breast meat samples 1 h and 24 h post-slaughter using a Minolta colour-guide 45/0 BYK-
Gardener GmbH machine, with a 20 mm diameter measurement area and illuminant D65-

daylight, 10° observation angle after 30 minutes blooming time. For shelf life, meat colour

coordinates: L* (lightness), a* (redness) and b* (yellowness) were measured for five days post-

slaughter on the breast muscle. Hue angle was calculated as

arc Tan (6) z_*and chroma was calculated as Va2 + b*2 in Priolo et al. (2002).

3.2.10 Cooking loss and meat tenderness
Raw breast meat samples were individually weighed to obtain initial weight, and followed by

cooking the samples in an oven set at 75°C for 20 min (Honikel, 1998). The samples were
allowed to cool before measuring final weight. The following formula was employed to

measure the cooking loss:

initial v've.lg'ht—f'mal weight % 100
initial weight

Cooking loss (%) =

After the evaluation of cooking losses, breast samples were sheared using a Meullenet-Owens
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razor shear blade set on a Universal Instron device (crosshead speed = 200 mm/minute, one
shear in the centre of each core). The reported value was the average shear force expressed in

Newtons for each sample.

3.2.11 Water holding capacity
Water holding capacity (WHC) was determined by pre-weighing (~ 10 g) of freshly cut breast

samples which were placed in-between a pre-weighed 18 Whatman filter-paper and pressed
under a pressure of 60 kg for 5 min using dumbbell weights (Grau & Hamm, 1957). The water
expressed from fresh meat was absorbed by filter bags and thereby used to calculate water
holding capacity expressed in proportion of the initial weight as shown in the formula below:

initial weight — weight after pressing ]

WHC (%) = [100 — x 100

initial weight
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3.3

3.2.12 Drip loss
Drip loss was determined using a method adapted from Honikel (1998), whereby duplicate

samples from each pen weighing approximately 2 g (wl) each were left hanging inside an
airtight container. The suspended samples were stored in a cold room that was pre-set at 4°C
for 72 hours. The meat samples were then reweighed to obtain weight after drip (w2). The
weight of each sample before and after drip was conveyed as percentage drip loss and

calculated as follows:

Drip loss (%) =wl=w2 x 100
wl

Statistical analysis

Average weekly feed intake, average weekly body weight gain and average weekly FCE data
were analysed using the repeated measures analysis (SAS, 2010). The following statistical

linear model was utilised:
Yijk = u + Di + Wj + (D x W)jj + Eij,

Where Yijx = dependent variable, x = population mean, D; = effect of diets, W; = effect of week,
(D x W);; = effect of interaction between diets and week, Eix = random error associated with

observation ijk, assumed to be normally and independently distributed.

Feed intake, growth performance, haemo-biochemistry, and meat quality data (excluding CON
diet) were evaluated for linear and quadratic effects using response surface regression analysis

(SAS, 2010) using the following quadratic equation:

y=ax’+bx+c
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3.4

Where: y = dependent variable, a and b are the coefficients of the quadratic equation; and c is

the intercept; x is PEG pre-treatment levels (%) and ;_bis the x value for optimal response
a

Overall feed intake, body weight gain, FCE, serum biochemical parameters and meat quality
data were analysed using the general linear model (GLM) procedure of SAS (2010), with diet

as the only main factor. The linear statistical model employed was as follows:

Yij = u + Di + Eij
Where Yij = dependent variable, « = population mean, Di = effect of diets, and Eij = random
error associated with observation ij, assumed to be normally and independently distributed. For

all statistical tests, significance was set at P <0.05 and least squares means were compared

using the probability of difference.
Results

3.4.1 Growth performance and blood indices
Repeated measures analysis showed significant week x diet interaction effects on ABWG (P =

0.031) and FCE (P = 0.017), but not on AWFI (P = 0.341). Table 3.3 shows that PEG pre-

treatment levels resulted in a linear increase in overall feed intake (y = 676.2 (+15.95) + 0.198

(+0.763) x; R? = 0.329, P = 0.004). Pre-treatment of dietary MOLM with PEG resulted in
quadratic trends for weight gain (y = 37.22 (+3.17) + 0.471 (+0.152) x — 0.004 (+0.001) x*; R?
=0.305; P = 0.007) and FCE (y = 0.223 (+0.016) + 0.002 (+0.0008) x — 0.00002 (+0.000007)
x%; R? = 0.374; P = 0.002) in four-week-old quail birds, from which the optimal PEG pre-
treatment level was calculated to be 54 g/kg for weight gain. A linear decrease in FCE was
observed in five-week-old quail birds when PEG levels increased (y = 0.132 (£0.017) 0.001

(+0.0008) x; R? =0.172; P = 0.046). Birds reared on MPG75 and MPG100 diets had higher (P
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<0.05) overall FI than those reared on CON, MPGO, and MPG25, for which the overall FI did
not differ (P >0.05). In week 4, diet MPG50 (57.02 g/bird) promoted the highest (P >0.05)
ABWG compared with diets CON, MPGO, MPG75, and MPG100, which were statistically
similar (P >0.05). The MPG50 diet promoted a similar (P >0.05) ABWG as diet MPG25. There
were dietary influences (P <0.05) observed for FCE in weeks 4 and 5. In week 4, birds on diet
MPG50 (0.325) had the highest FCE when compared with those on diets MPGO and MPG100.
Diet MPG50 promoted the same (P >0.05) FCE as diets CON, MPG25, and MPG75. In week
5, diets MPGO (0.135) promoted higher FCE than diets MPG50, MPG75, and MPG100, which

did not differ (P >0.05). The MPGO diet had similar (P >0.05) FCE as diets CON and MPG25.
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Table 3.3. Effect of pre-treating dietary Moringa oleifera leaf meal with different levels of polyethylene
glycol on growth performance in Jumbo quail.

Diets P values

CON MPGO MPG25 MPG50 MPG75 MPG100 ?SEM Linear Quadratic

Overall FI (g/bird) 644.5° 679.8" 666.9° 710.6% 71152 7451* 146 0.004 0.538

Average weekly weight gain (g/bird)

Week 3 47.6 39.3 37.1 37.1 46.7 483 427 0139 0.179
Week 4 40.8° 39.5°  48.8° 57.0°  44.1° 415" 438 0449 0.007
Week 5 20.2 26.4 19.5 17.9 17.9 175 393 0119 0.220
Week 6 255 289 32.5 25.5 244 2107 409 0.368 0.238

Average weekly feed conversion efficiency

Week 3 0371 0289 0287 0269 0.004 0330 0.031 0.771 0.450
Week 4 0.253%c (0.232 0.317% 0.325* 0.256%° 0.231° 0.029 0.872 0.002
Week 5 0.110%® 0.135* 0.096® 0.087° 0.087° 0.080" 0.018 0.046 0.198
Week 6 0.147 0143 0179 0134 0124 0.107 0.021 0.182 0.277

abc Means in the same row with different superscripts are significantly different (P <0.05).

Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M.
oleifera; MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 25 g/kg polyethylene
glycol; MPG50 = control diet containing 100 g/kg M. oleifera pre-treated with 50 g/kg polyethylene
glycol; MPG75 = control diet containing 100 g/kg M. oleifera pre-treated with 75 g/kg polyethylene
glycol; MPG100 = control diet containing 100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene

glycol.

2SEM = standard error of the mean.
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3.4.2 Haematological parameters
Table 3.4 shows that there was a significant quadratic trend for haemoglobin (y = 6.99 (x1.08)

+0.126 (+0.049) x — 0.001 (+0.0004) x%; R? = 0.151; P = 0.036). No significant dietary effects
were observed on all haematological parameters of Jumbo quail, except for haemoglobin. Birds
reared on diet MPGO had the least (P <0.05) amount of haemoglobin (6.84 g/dL) compared

with those on diets MPG50 and MPG75, which did not differ (P >0.05).
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Table 3.4. Effect of pre-treating dietary Moringa oleifera leaf meal with different levels of polyethylene
glycol on haematological parameters in Jumbo quail.

Diets P values

2Parameters CON MPGO MPG25 MPG50 MPG75 MPG100 °3SEM Linear Quadratic

Basophils (x 10° /L) 0.102 0.196 0309 0194 0328 0.136 0.067 0.633 0.188

Eosinophils (x 10%/L) 0.182 0801 0811 0432 0582 0.395 0.196 0.115 0.825

Erythrocytes (x 10%L)  4.76 3.85 3.75 4.96 4.97 4.75 059 0.091 0.462
Haematocrits (L/L) 4.1 26.6 25.2 34.6 34.6 316 470 0.212 0.410
Haemoglobin (g/dL) 9.39® 6.84b 9.76° 10.9° 1028 9572 112 0.122 0.036
Lymphocytes (x 10%L) 37.75 57.27 8224 7924 66.8 83.3 16.6 0514 0.720
MCH (pg) 18.8 14.8 22.0 235 211 20.2 343 0.395 0.116
MCV (fL) 65.9 55.6 58.3 68.08 704 66.1 747 0.156 0.388
Monocytes (x 10° /L) 0.660 131 1.86 131 121 1.45 0.326 0.751 0.978
Neutrophils (x 10%L) 348 10.2 9.03 5.31 9.77 5.25 246 0.259 0.868
RDW (x 10°/L) 18.4 17.7 215 231 22.3 22.9 231 0172 0.351
Reticulocytes (K/pL) 3.32 5.25 1.85 2.37 3.10 341 161 0.659 0.203
WBC (x 10°%/L) 42.1 69.9 94.2 85.6 78.7 90.5 176 0.663 0.771

abMeans in the same row with different superscripts are significantly different (P <0.05).

!Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M. oleifera;
MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 25 g/kg polyethylene glycol; MPG50 =
control diet containing 100 g/kg M. oleifera pre-treated with 50 g/kg polyethylene glycol; MPG75 = control diet
containing 100 g/kg M. oleifera pre-treated with 75 g/kg polyethylene glycol; MPG100 = control diet containing
100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol.

2Parameters: MCV = mean corpuscular volume; MBH = mean corpuscular haemoglobin; RDW = red blood cell
distribution width; WBC = white blood cells.

3SEM = standard error of the mean.
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3.4.3 Serum biochemical parameters
Serum calcium linearly declined (y = 3.94 (+0.346) — 0.018 (+0.015) x; R?=0.158, P = 0.035)

as PEG levels increased (Table 3.5). However, serum phosphorus (y = 3.31 (x0.613) + 0.076
(+0.028) x — 0.0006 (+0.0002) % R2 = 0.189, P = 0.018) and albumin (y = 27.6 (+4.14) — 0.379
(+0.189) x + 0.004 (+0.001) x%; R? = 0.165, P = 0.030) quadratically responded to incremental
levels of PEG by first decreasing and then increasing. The diets had no (P >0.05) effect on
serum biochemical parameters, except on phosphorus and albumin. However, diet CON
promoted statistically similar (P >0.05) albumin and phosphorus levels as the other treatment

groups.
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Table 3.5. Effect of pre-treating dietary Moringa oleifera leaf meal with different levels of polyethylene
glycol on serum biochemical parameters in Jumbo quail.

Diets P values
2Parameters CON MPGO MPG25 MPG50 MPG75 MPG100 3SEM  Linear Quadratic
Albumin (g/L) 25.9%  26.6% 2278  17.6b 21.6% 31.0% 464 0492 0.030
ALKP (U/L) 2443 828 2121 1505 1805 1226 5485 0.864 0.143
ALT (U/L) 65.5 318 437 50.6 56.1 55.2 12.38 0.089 0.487
Amylase (U/L) 2841 2748 3842 3305 4414 3639 99.79 0462 0.559

Calcium (mmol/L) 3.71 3.87 3.69 3.09 3.05 2.94 0.361 0.035 0.584

Creatinine (mmol/L) 26.6 314 174 39.5 18.0 29.5 9.77 0.954  0.854

Globulin (g/L) 42.9 49.8 56.5 445 45.08 39.9 8.61 0232 0.742
Glucose (mmol/L) 0.885 175 1.57 1.38 1.06 1.00 0450 0.154 0.941
Lipase (U/L) 264.4 1250 1687 1868 1729 1489 54.89 0.767 0.328

Phosphorus (mmol/L) 4.68® 3.12b 520* 520° 520° 4.33ab 0599 0307 0.018

Total protein (g/L) 63.2 41.6 79.3 63.5 62.9 60.9 1141 0.661 0.167

ab Means in the same row with different superscripts are significantly different (P <0.05).

!Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M. oleifera; MPG25
= control diet containing 100 g/kg MOLM pre-treated with 25 g/kg polyethylene glycol; MPG50 = control diet
containing 100 g/kg MOLM pre-treated with 50 g/kg polyethylene glycol; MPG75 = control diet containing 100
g/kg MOLM pre-treated with 75 g/kg polyethylene glycol; MPG100 = control diet containing 100 g/kg MOLM
pre-treated with 100 g/kg polyethylene glycol.

2Parameters: ALP = alkaline phosphatase; ALT = alanine transaminase.

3SEM = standard error of the mean.

3.4.4 Internal organs
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Pre-treatment of dietary MOLM with PEG had no (P >0.05) linear or quadratic trends for

internal organ sizes in Jumbo quail (Table 3.6). Similarly, no significant dietary effects were

observed on internal organ sizes of the birds.

Table 3.6. Effect of pre-treating dietary Moringa oleifera leaf meal with different levels of polyethylene
glycol on internal organ sizes in Jumbo quail.

Diets P values
ZParameter CON MPGO MPG25 MPG50 MPG75 MPG100 3ggp; Linear  Quadratic
Weights (%HCW)
Caecum 10.2 10.5 118 9.73 13.8 9.13 112 00911 0.429
Colon 2.76 323 3.90 3.67 3.24 334 0.326  0.609 0.300
Small intestine 60.7 55.0 65.4 60.8 66.4 66.4 621 0.619 0.753
Lengths (cm)
Caecum 0.979 1.36 1.33 150 0.824 118 0.153 0.136 0.911
Colon 0.620 0.255 0.224 0.395 0.564 0.322 0.160 0.258 0.352
Gizzard 2.25 2.09 2.37 2.14 2.06 233 0.102 0.532 0.661
Liver 293 2.89 2.90 3.05 3.01 3.13 0.204 0.310 0.973
Proventriculus 0.541 0.571 0.582 0.647 0.585 0.719 0.063 0.175 0.645
Small intestine 3.90 3.630 3.70 3.62 3.94 3.68 0.253 0.291 0.238

!Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M. oleifera; MPG25
= control diet containing 100 g/kg M. oleifera pre-treated with 25 g/kg polyethylene glycol; MPG50 = control
diet containing 100 g/kg M. oleifera pre-treated with 50 g/kg polyethylene glycol; MPG75 = control diet containing
100 g/kg M. oleifera pre-treated with 75 g/kg polyethylene glycol; MPG100 = control diet containing 100

g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol.

2Parameters: HCW = hot carcass weight.

3SEM = standard error of the mean.

3.4.5 Carcass traits
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Pre-treatment of dietary MOLM with PEG had no (P >0.05) linear or quadratic trends for

carcass characteristics sizes in Jumbo quail (Table 3.7). Similarly, no significant dietary effects
were observed on carcass traits of the birds, except on thigh weights with birds reared on diet
CON having lighter (P <0.05) thigh weights (6.03 %HCW) than those reared on diet MPGO

(6.90 %HCW).
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Table 3.7. Effect of pre-treating dietary Moringa oleifera leaf meal with different levels of polyethylene
glycol on carcass characteristics sizes (% HCW, unless stated otherwise) in Jumbo quail.

'Diets P values

“Parameters CON  MPGO MPG25 MPG50 MPG75 MPGI100 s3gg\, Linear  Quadratic
Carcass yield (%) 67.3 66.2 60.5 64.0 65.3 63.9 203 0794 0391
FBW () 2343 2324 233.1  239.6 235.9 231.3 648 0.766  0.366
HCW (g) 1578  153.7 1424 1522 153.6 1475 420 0741 0.957
CCW (g) 1545 1496 1425 1491 1226 166.9 149 0866  0.951
Breast 21.2 212 19.9 20.8 21.6 18.94 157  0.537 0.569
Wing 7.46 7.27 7.72 7.51 7.55 741 0.259 0.839 0.721
Thigh 6.03*  6.90° 6.52%  6.34%® 6.20®  6.21® 0.280 0.050  0.404
Drumstick 4.26 4.05 417 427 3.90 4.82 0319 0.223  0.345
Lengths (cm)

Wing (cm) 416 446 450 454 461 4.48 0.244 0.882  0.209
Thigh (cm) 3.38 351 3.45 345 3.36 3.24 0.175 0108  0.641
Drumstick (cm) 4.01 3.76 4.07 3.87 3.90 3.80 0.183 0.712 0.291

abMeans in the same row with different superscripts are significantly different (P <0.05).

Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M. oleifera;
MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 25 g/kg polyethylene glycol;
MPG50 = control diet containing 100 g/kg M. oleifera pre-treated with 50 g/kg polyethylene glycol;
MPG75 = control diet containing 100 g/kg M. oleifera pre-treated with 75 g/kg polyethylene glycol;
MPG100 = control diet containing 100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol.
2Parameters: FBW = final body weight; HCW = hot carcass weight; CCW = cold carcass weight.

3SEM = standard error of the mean.
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3.4.6 Meat quality traits
Chroma values measured 1 h post-mortem showed a linear decrease (y = 22.4 (x1.64) — 0.207

(+0.077) x; R? = 0.436; P = 0.049) in response to PEG pre-treatment levels (Table 3.8). The
dietary treatments had significant effects on chroma of the meat. Birds reared on MPGO,
MPG25, MPG50, and MPG100 diets had higher (P <0.05) meat chroma; than those reared on
CON and MPG75.

Table 3.8. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol on meat
quality parameters measured 1 h post-mortem of Jumbo quail.

Diets P values
2Parameters CON MPGO MPG25 MPG50 MPG75 MPG100 3SEM  Linear  Quadratic
Meat pH: 5.9 6.00 6.02 5.97 5.96 6.03 0.033  0.862 0.621
Temperatures (°C) 231 20.9 21.2 24.0 224 20.8 1.45 0.643 0.482
L*1 53.4 52.9 515 52.9 53.6 51.9 1.05 0.375 0.499
a* 3.73 3.93 4.05 4.18 3.80 4.15 0226 0.974 0.843
b*1 9.66 11.6 115 118 10.8 117 0.603  0.330 0.432
Chromay 103> 1222 12.28 12.52 11.4% 12.42 0.564  0.049 0.055
Hue anglex 119 1.23 1.23 1.22 1.22 1.23 0.027 0514 0.743

ab Means in the same row with different superscripts are significantly different (P <0.05).

!Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M. oleifera;
MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 25 g/kg polyethylene glycol; MPG50 =
control diet containing 100 g/kg M. oleifera pre-treated with 50 g/kg polyethylene glycol; MPG75 = control diet
containing 100 g/kg M. oleifera pre-treated with 75 g/kg polyethylene glycol; MPG100 = control diet containing
100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol.

2Parameters: L* = lightness; a* = redness; b* = yellowness.

SSEM = standard error of the mean.
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Table 3.9 shows that there were significant linear and quadratic trends for breast meat hue

anglez4 (R?=1.00; P = 0.0001) as PEG levels increases. The dietary treatments had significant

effects on chromaos and hue anglezs of the meat. Diet MPG100 promoted the highest chromazs

value (17.87) compared with diets CON, MPGO, MPG25, MPG50, and MPG75, which did

not differ (P >0.05). Meat from birds reared on diet MPG100 had a lower (P <0.05) hue

anglez4 than meat from those in MPGO and MPG75, whose hue anglezs did not differ.

Table 3.9. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol on meat
quality parameters measured 24 h post-mortem in Jumbo quail.

Diets P values
Parameters CON MPGO MPG25 MPG50 MPG75 MPG100 °3SEM  Linear  Quadratic
Meat pHa4 5.92 5.99 5.95 5.93 5.95 5.90 0.897 0.225 0.161
Temperaturex (°C) 18.0 195 20.8 16.1 16.1 16.1 291 0.752 0.763
L*24 48.77  49.37 47.45 4722 40.21 34.91 3.91 0.816 0.099
a* 5.50 5.43 6.11 6.16 5.40 9.03 0.786  0.3470 0.7755
b*2 118 14.7 145 134 13.06 15.03 0.611  0.645 0.076
Chromay, 13.06° 15.7° 15.7° 14.8°  14.1b¢ 17.82 0.629 0.051 0.223
Hue anglezs 1130  1.212 1.16% 1.13% 1172 1.04b 0.046  0.000 0.000

abc Means in the same row with different superscripts are significantly different (P <0.05).

!Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M. oleifera;

MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 2.5 g/kg polyethylene glycol; MPG50 =

control diet containing 100 g/kg M. oleifera pre-treated with 5 g/kg polyethylene glycol; MPG75 = control diet

containing 100 g/kg M. oleifera pre-treated with 7.5 g/kg polyethylene glycol; MPG100 = control diet

containing 100 g/kg M. oleifera pre-treated with 10 g/kg polyethylene glycol.

2Parameters: L* = lightness; a* = redness; b* = yellowness.

3SEM = standard error of the mean.
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Neither linear nor quadratic trends (P >0.05) in response to the PEG levels were observed for
meat quality traits of the quail except for the shear force (Table 3.10). Dietary treatments had
no significant effect on the cooking loss, water holding capacity, and drip loss. Shear force
showed quadratic response (y = 2.19 (£0.049) + 0.004 (+0.002) x — 0.00004 (+0.00002) x?;
R? = 0.130; P = 0.053) in response to PEG pre-treatment levels. Diet MPG50 promoted a
higher shear force value (2.41 N) than MPGO and MPG25 diets, which did not differ (P
>0.05). The CON diet promoted similar (P >0.05) shear force values as all the other treatment
groups.

Table 3.10. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol on meat
quality parameters of Jumbo quail.

'Diets P values
Parameters CON MPGO  MPG25 MPG50 MPG75 MPG100 2SEM Linear Quadratic
Cooking loss (%) 239 19.6 214 24.6 21.7 24.6 1.88 0.103 0.599
Drip loss (%) 339 30.7 30.8 31.6 313 314 148 0.654 0.974
Shear force (N) 230 221 2210 2412 2.25° 2.23° 0.049 0.627 0.053
Water holding capacity (%) 87.9 86.9 87.5 87.0 87.3 874 0.978 0.076 0.220

abMeans in the same row with different superscripts are significantly different (P <0.05).

!Diets: CON = control diet (a standard grower diet); MPGO = control diet containing 100 g/kg M. oleifera;
MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with 2.5 g/kg polyethylene glycol; MPG50 =
control diet containing 100 g/kg M. oleifera pre-treated with 5 g/kg polyethylene glycol; MPG75 = control diet
containing 100 g/kg M. oleifera pre-treated with 7.5 g/kg polyethylene glycol; MPG100 = control diet
containing 100 g/kg M. oleifera pre-treated with 10 g/kg polyethylene glycol.

2SEM = standard error of the mean.
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The data measured at room temperature over 5 days showed no significant (P >0.05) effect of
dietary treatment on meat shelf life (Figures 3.1-3.4). The breast meat pH for Jumbo on MPGO,
MPG25, MPG50, MPG75, and MPG100 diets increased over 5 days. For all treatments, the
lightness (L*) of the breast meat decreased over 5 days. The redness (a*) of the breast meat
decreased over 5 days among the treatments. The yellowness (b*) of the breast meat decreased

for MPGO, MPG25, MPG50 and MPG 100 while MPG75 increased over 5 days.
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Figure 3.1. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat pH
upon storage at room temperature for 5 days [Diets: MPGO = control diet containing 100
g/kg M. oleifera; MPG25 = control diet containing 100 g/kg M. oleifera pre-treated with
25 g/kg polyethylene glycol; MPG50 = control diet containing 100 g/kg M. oleifera pre-
treated with 50 g/kg polyethylene glycol; MPG75 = control diet containing 100 g/kg M.
oleifera pre- treated with 75 g/kg polyethylene glycol; MPG100 = control diet containing
100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol].
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Figure 3.2. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
lightness upon storage at room temperature for 5 days [Diets: MPGO = control diet
containing 100 g/kg M. oleifera; MPG25 = control diet containing 100 g/kg M. oleifera
pre-treated with 25 g/kg polyethylene glycol; MPG50 = control diet containing 100 g/kg
M. oleifera pre-treated with 50 g/kg polyethylene glycol; MPG75 = control diet containing
100 g/kg M. oleifera pre- treated with 75 g/kg polyethylene glycol; MPG100 = control diet
containing 100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol].
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Figure 3.3. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
redness upon storage at room temperature for 5 days [Diets: MPGO = control diet
containing 100 g/kg M. oleifera; MPG25 = control diet containing 100 g/kg M. oleifera
pre-treated with 25 g/kg polyethylene glycol; MPG50 = control diet containing 100 g/kg M.
oleifera pre-treated with 50 g/kg polyethylene glycol; MPG75 = control diet containing
100 g/kg M. oleifera pre- treated with 75 g/kg polyethylene glycol; MPG100 = control diet
containing 100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol].
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Figure 3.4. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
yellowness upon storage at room temperature for 5 days [Diets: MPGO = control diet
containing 100 g/kg M. oleifera; MPG25 = control diet containing 100 g/kg M. oleifera
pre-treated with 25 g/kg polyethylene glycol; MPG50 = control diet containing 100 g/kg M.
oleifera pre-treated with 50 g/kg polyethylene glycol; MPG75 = control diet containing
100 g/kg M. oleifera pre- treated with 75 g/kg polyethylene glycol; MPG100 = control diet
containing 100 g/kg M. oleifera pre-treated with 100 g/kg polyethylene glycol].
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3.5

Discussion

3.5.1 Growth performance and haemo-biochemistry
Moringa oleifera leaf meal has nutraceutical properties that can be used in poultry diets to

enhance performance, antioxidant capacity, and product quality (Ufele & Ebenebe, 2017;
Falowo et al., 2018). However, high levels of CT in MOLM could restrict its utilisation at
higher inclusion levels in Jumbo quail diets. Consequently, PEG, a tannin-binding agent, can
be applied to negate the antinutritional effects of MOLM CT on quail performance (Silanikove
et al., 2001). The PEG does not interfere with digestion processes but binds all the polyphenolic
compounds including flavones, lignin, and tannins, although it has a higher affinity for CT
(Hoste, 2006). However, the use of PEG to improve the feed value of MOLM at higher
inclusion levels in Jumbo quail diets has not been conclusively investigated. Pre-treatment of
dietary MOLM with incremental levels of PEG had no effect on the concentrations of total
soluble phenolics, suggesting that most phenolics in MOLM are not CT. However, pre-
treatment with PEG tended to reduce the concentrations of CT in MOLM. This is because PEG
binds to CT, forming strong PEG-tannin complexes that do not react with the butanol-HCI
mixture during CT assay (Makkar, 2003). Importantly, the CT in these complexes become
inactive and do not reduce crude protein digestibility. In this study, repeated Repeated
measures analysis showed a significant diet x week interaction effect for weight gain and FCE,
indicating that the efficacy of the birds in converting the dietary treatments into body mass

varied with the age of birds.

The quadratic responses observed for weight gain and FCE in week 4 only were surprising and
the reasons are unknown. The significant linear increase in overall Fl as PEG levels increased
could indicate that the anti-nutritional effects of CT were successfully ameliorated, resulting in

improved feed utilization. The untreated MOLM promoted the lowest weight gain compared
121



with the standard control diet and the PEG pre-treated MOLM diets, further confirming that
the antinutritional effects of CT were ameliorated. These findings corroborate a report by Bhat
et al. (2013), which indicated that PEG enhanced nitrogen digestibility in broilers reared on
high-tannin sorghum diets. In contrast, pre-treating tannin-containing rapeseed meal with PEG
at a rate of 1.5% had no influence on male broiler performance (Karunajeewa et al., 1990). The
response of the quail reared on MOLM treated with less than 54 g/kg PEG may indicate that
the amount of PEG administered to them was insufficient to inactivate the harmful effects of

CT.

Blood parameters offer a clearer diagnosis of toxicosis and clinical surveillance of disorders as
well as indicators of pathogenic and nutritional state of animals (Karesh et al., 1997). No diet-
induced changes were observed for all haematological parameters except haemoglobin, which
exhibited a positive quadratic trend as PEG levels increased. However, all the haematological
parameters fell within the normal ranges reported for a healthy quail (Genchev et al., 2005;
Huss et al., 2008; Mahlake et al., 2021). The fact that the albumin initially increased and then
declined confirms that PEG treatment must be capped at 54 g/kg. Moreover, no differences
were observed particularly on serum total protein as well as the liver enzymes (ALT and
ALKP), further verifying that the pre-treating of MOLM with PEG did not compromise the

health status of the birds.

3.5.2 Carcass and meat quality traits
Pre-treating MOLM with PEG had no influence on the size of internal organs, carcass, or meat

quality attributes except chroma, hue anglezs, and shear force. These findings corroborate with
those of Kumanda et al. (2019), who observed a lack of dietary effect on meat lightness (L*),
redness (a*), and yellowness (b*) in broilers fed with diets containing red grape pomace.
Nonetheless, as the PEG levels increased, the redness of the meat decreased, indicating that the
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highest PEG treatment of MOLM may have interfered with anthocyanin and lowered the

myoglobin content of the meat.

Tenderness is an important factor that consumers evaluate when making a purchase (Siddhuraju
& Becker, 2003). Because of the degradation of myofibrillar proteins, meat softness improves
substantially as muscles age. The shear force value reveals how delicate the meat is, with a
lower value indicating tenderness and a higher value showing toughness. As such, meat from
birds reared on the diet pre-treated with 50 g/kg PEG had a higher shear force value than the
meat from the birds reared on the other treatments (MPGO and MPG25) indicating tougher
meat in the former group. In comparison with the control diet, the chroma values increased
considerably with the addition of PEG, which could be attributable to an increase in a* values.

As a result, PEG treatment of MOLM increased the colour intensity of Jumbo quail meat.

The ability of meat to hold water is referred to as its water holding capacity (WHC) (Pearce et
al., 2011). It is a critical quality metric that impacts the amount of water lost during transit,
storage, processing, and cooking as well as the visual attractiveness of meat (Bertram et al.,
2003). Juices are released during cooking because of protein denaturation and muscle atrophy
(Purslow et al., 2016). In this investigation, there was no change in WHC, cooking loss, or drip
loss, indicating that utilising untreated or treated MOLM did not impact meat quality in Jumbo
quail birds. For meat stability (shelf life), all meat quality parameters measured at room
temperature over 5 days were not significantly affected by dietary treatments. However, the pH
of the meat increased over time. In general, increasing the pH of meat is associated with
improved meat quality, however, increasing pH over time also indicates microbial
proliferation. These results agree with Ali et al. (2021), who evaluated the effect of MOLM

extract on the 6-day shelf life of crustaceans.
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3.6 Conclusion

Inactivating condensed tannins with polyethylene glycol in Moringa oleifera leaf meal
boosted overall feed intake. In week 4, the average weekly weight gain and feed conversion
efficiency of quail initially increased in response to polyethylene glycol pre-treatment levels
before decreasing. However, blood parameters, internal organs, carcass characteristics, and
meat quality attributes were not influenced by PEG treatment. We concluded that pre-treating

Moringa oleifera leaf meal with PEG at 54 g/kg maximizes weight gain in Jumbo quail.
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4 CHAPTER FOUR - EFFECT OF PRE-TREATING DIETARY
MORINGA OLEIFERA LEAF MEAL WITH FIBROLYTIC
ENZYMES ON GROWTH PERFORMANCE, PHYSIOLOGICAL
AND MEAT QUALITY PARAMETERS IN JUMBO QUAIL

Abstract

Due to the presence of non-starch polysaccharides (NSPs), Moringa oleifera leaf meal
(MOLM) tends to be of relatively lower digestibility and promote lower feed intake. Therefore,
animals fed with MOLM-containing diets could benefit from pre-treatment of the leaf meal
with a viscozyme® L multi-enzyme (VME). Three hundred and ninety-six (396), two-week-
old mixed gender quail chicks (87.8 £ 4.40 g live-weight) were randomly allocated to 36 pens
(experimental unit), which were replicated six times per dietary treatment. Six dietary
treatments were as follows: a standard grower diet without MOLM, control diet (CON), 156.5
g neutral detergent fibre/kg), a standard grower diet containing 100 g/kg untreated MOLM
(VMEDOQ); and a standard grower diet containing 100 g/kg MOLM pre-treated with VME at a
rate of 2.5 (VME25), 5 (VMES50), 7.5 (VMET5), and 10 g/kg (VMEL100). Experimental diets
and fresh water were offered ad libitum. Average weekly feed intake (AWFI) and average
weekly weight gain (ABWG) were used to calculate feed conversion efficiency (FCE). There
were no significant linear or quadratic effects on growth performance parameters and carcass
characteristics in response to incremental levels of fibrolytic enzymes. However, neutrophils
linearly increased (P <0.05), while breast meat lightness and 24 h hue angle linearly declined

(P <0.05) with VME levels. All the haemato-biochemical values fell within the normal ranges

131



for healthy quail. Quadratic effects (P <0.05) were observed on gizzard weights and 1 h hue
angle in response to enzyme levels. It was concluded that the maximum fibrolytic multi-enzyme
application rate of 10 g/kg may not have been adequate to enhance feed utilisation and
positively affect weight gain in Jumbo quail, thus higher levels may need to be investigated

further.

Keywords: Carcass characteristics, Coturnix coturnix, Feed additives, Growth performance,

phytogenics

4.1 Introduction

Moringa foliage has been used as an organic additive in animal and human diets to supply
biologically active substances such as carotenoids, ascorbic acid, and phenolic compounds
(Tesfaye et al., 2012). In addition, Moringa oleifera leaf meal (MOLM) is a rich source of
antioxidants (Bamishaiye et al., 2011), which can be used to enhance Jumbo quail meat quality
and treat inflammatory conditions (Pari & Kumar, 2002). Jumbo quail is the largest and fastest-
growing meat-type breed of quail, which has been recently developed from the traditional
Japanese quail genealogy. The birds are noted for early attainment of sexual maturity (six
weeks of age), high reproductive rates (£100 eggs per year), disease resistance and low feed

requirements (35-45 g/day/bird) (Marareni & Mnisi, 2020).

The extract of MOLM contains tannins, flavonoids, and glycosides that have medicinal
properties (Bamishaiye et al., 2011). In south Asia and some parts of Africa, MOLM is used to
treat a variety of diseases (Verma et al., 2002), while their consumption has been reported to
improve nutrient absorption, increase immunological response, strengthen immune functions,
and promote health in broiler chickens. This could be attributed to the high concentrations of

micronutrients and polyphenols (Nkukwana et al., 2014). In addition, the
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MOLM have been shown to improve quality and oxidative stability of broiler meat due to their
high antioxidant activity (Verma et al., 2002; Cui et al., 2018). However, the presence of
antinutritional factors (ANF) such as tannins, saponins, phytate, lectins, and cyanogenic
glucosides, in MOLM (Stevens et al., 2019) can compromise utilisation of nutrient and
bioactive compounds and, consequently, quail performance. Indeed, other scholars have
reported that the inclusion of MOLM in quail diets should not exceed 25 g/kg due to the
presence of ANF (Hassan et al., 2016; Mulaudzi et al., 2019).

Moreover, high fibre content (300 g/kg DM) in MOLM negatively affects nutrient availability
(Afuang et al., 2003; Richter et al., 2003) and limits their level of inclusion in simple non-
ruminant diets (Sul & Chen, 2020). High intake of dietary fibre has been reported to reduce
nutrient digestibility and cause acute toxicosis and hepatocellular damage to birds (Kim &
Lillehoj, 2019), suggesting a need to ameliorate the negative effect of fibre to allow the birds
to fully benefit from the bioactive components of MOLM. Indeed, poultry birds, such as the
quail, have no capacity to produce the enzymes, such as beta-glucanase, hemicellulase, and
cellulase, which is needed to digest B-glycosidic linkages in MOLM non-starch
polysaccharides (Vooren, 2012). Fibre reduces nutrient intake and growth rate and may
compromise biochemical parameters when included at high levels in animal diets (Khanyile,
2007). Indeed, dietary fibre is known to increase intestinal transit time and intestinal viscosity,
which reduces diffusion and assimilation rates of nutrients and beneficial bioactive compounds
in birds (Jha & Mishra, 2021). One potential solution to this problem is the use of exogenous
fibrolytic enzymes to break down the cell wall components in MOLM prior to their inclusion
in quail diets.

Exogenous fibrolytic enzyme supplementation reduces the intestinal viscosity and the nutrient

encapsulating effect of cell walls, and it subsequently increases protein and energy utilisation
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4.2

(Slominski, 2011). The use of fibrolytic enzymes could enhance the utility of MOLM as a
source of nutrients and bioactive compounds in quail diets by reducing the antinutritional
activities of its fibre content and thus promote similar or improved blood parameters as the
control diet. Feed enzymes have become an important tool to increase the nutritional value of
feed ingredients, reduce feed costs, and ensure environmental stewardship while maintaining
or improving animal performance

Furthermore, using fibrolytic enzymes could allow MOLM to be included at higher amounts
in Jumbo quail diets without negatively affecting their productivity and meat quality.
Therefore, this study evaluated the effect of pre-treating MOLM with graded levels of
viscozyme® L multi-enzyme (VME), a fibrolytic enzyme admixture, on feed utilisation and
physiological and meat quality responses in Jumbo quail. The study tested the hypothesis that
pre-treatment of MOLM with fibrolytic enzymes would improve growth performance, blood

parameters, and meat quality attributes in Jumbo quail.

Material and methods

4.2.1 Study site and ingredient sources
The experiment was carried out from March to April 2021 during summer whereby ambient

temperatures around the area ranges from 17°C to 37°C. The M. oleifera leaf meal was from the
same batch as the one described in Chapter 3, Section 3.2.1. The study area was described in
Chapter 3, Section 3.2.5. Viscozyme® L is a multi-enzyme complex containing a wide range
of carbohydrases, including arabanase, cellulase, B-glucanase, hemicellulase, and xylanase. It
has an enzyme activity of 100 fungal p-glucanase per gram and a density of 1.2 g/mL and was
supplied by Sigma-Aldrich (Modderfontein, Gauteng, South Africa). The other feed
ingredients were bought from Simplegrow Agric Services (Pty) Ltd and Nutroteq (PTY) LTD

in Centurion, South Africa.
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4.2.2 Chemical analysis of Moringa oleifera leaf meal
The MOLM was chemically analysed in Chapter 3, Section 3.2.2.

4.2.3 Enzyme treatment of moringa and analyses

The MOLM was pre-treated with Viscozyme® L at the rate of 0, 2.5, 5.0, 7.5, and 10 g/kg
before being incorporated into a standard quail diet. Exactly 6 kg of milled (2 mm; Polymix

PX-MFC 90D, Kinematica AG, Switzerland) MOLM per treatment was sprayed and hand

mixed with 6000 mL of distilled water in which 12.5, 25, 37.5, and 50 mL of Viscozyme® L
(density: 1.2 g/mL) was dissolved (Kumanda et al., 2019). The untreated MOLM (6 kg) was
sprayed with 6000 mL of distilled water only. During this mixing process, efforts were made
to avoid the leaching of MOLM chemical components by ensuring that no excess liquid ran

off the samples in partially opened containers (Matshogo et al., 2021). Treated and untreated

MOLM were then stored at room temperature (average 30°C) for 24 h to allow time for the
VVME to predigest fibre (Matshogo et al., 2021) in MOLM. Thereafter, the untreated and treated
MOLM were sun-dried until constant weight and then crushed (2 mm) before being used in
diet formulation. The nutrient composition (Table 4.2) of untreated and enzyme pre-treated
MOLM was determined using the methods by the Association of Official Analytical Chemists
(AOAC, 2005) for dry matter (DM), ash, organic matter (OM), and crude protein (CP). The
fibre detergent method (Van Soest et al., 1991) was used to determine the neutral detergent
fibre (NDF) and acid detergent fibre (ADF). Metabolisable energy (ME) was calculated using

the equation by Khalil et al. (1986).
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Table 4.1. Nutritional composition (g/kg DM, unless stated otherwise) of untreated and Viscozyme® L
enzyme pre-treated Moringa oleifera leaf meal

1Substrates
MVO MV1 MV2 MV3 MV4
Dry matter (g/kg) 9184 921.4 925.8 913.9 910.1
Ash 9.51 9.55 9.43 8.68 8.08
Organic matter 827.3 825.8 823.3 820.5 892.2
Metabolizable energy (MJ/Kg) 11.9 11.9 11.9 11.8 11.9
Crude protein 217.0 213.0 213.2 212.8 206.0
Neutral detergent fibre 165.4 161.3 160.4 155.5 159.6
Acid detergent fibre 147.2 148.2 146.6 145.7 141.9
Acid detergent lignin 134.7 132.5 131.9 130.1 133.2

!Diets: MVO = MOLM without enzyme pre-treatment; MV1 = MOLM pre-treated with
2.5 g/kg fibrolytic enzyme; MV2 = MOLM pre-treated with 5 g/kg fibrolytic enzyme; MV3 =
MOLM pre-treated with 7.5 g/kg fibrolytic enzyme; MVV4 = MOLM pre-treated with 10 g/kg

fibrolytic enzyme.

4.2.4 Diet formulation
Six experimental diets, in mash form, were formulated (Table 4.2) by hand to meet the

nutritional requirements for grower quail, as guided by the National Research Council (NRC,
2004). This was accomplished by incorporating treated and untreated MOLM into a standard
grower diet as follows: a standard grower diet without MOLM (CON); a standard grower diet
containing 100 g/kg MOLM without VME pre-treatment (VMEQ); and a standard grower diet
containing 100 g/kg MOLM pre-treated with 2.5 (VME25), 5.0 (VME50), 7.5 (VME75), and
10 g/kg VME (VMEL00). The nutritional composition (Table 4.3) of the dietary treatments

was analyzed as described above for the untreated and VME-treated MOLM samples.
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Table 4.2. Gross ingredient (g/kg as fed basis) of the dietary treatments.

Diets

Ingredients CON VMEO VME25 VMES50 VME75 VME100
Viscozyme® L 0.0 0.0 2.5 5 7.5 10
Moringa oleifera leaf meal 0.0 100.0  100.0 100.0 100.0 100.0
Yellow maize fine 698.6 6269 626.9 626.9 626.9 626.9
Prime gluten 60 18.0 18.0 18.0 18.0 18.0 18.0
Full-fat soya meal 50.7 148.6 148.6 148.6 148.6 148.6
Soybean meal 196.7 705 70.5 70.5 70.5 70.5
Limestone powder 14.5 14.5 14.5 14.5 14.5 14.5
Monocalcium phosphate 7.2 7.2 7.2 7.2 7.2 7.2
Salt fine 3.2 3.2 3.2 3.2 3.2 3.2
Sodium bicarbonate 1.7 1.7 1.7 1.7 1.7 1.7
Choline powder 0.8 0.8 0.8 0.8 0.8 0.8
Lysine 2.8 2.8 2.8 2.8 2.8 2.8
L-Threonine 0.4 0.4 0.4 0.4 0.4 0.4
Methionine 1.9 1.9 1.9 1.9 1.9 1.9
Grower phytase 1.7 1.7 1.7 1.7 1.7 1.7
Vitamin and mineral premix? 0.5 0.5 0.5 0.5 0.5 0.5
Olaquindox antibiotic 0.4 0.4 0.4 0.4 0.4 0.4

1Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet containing
100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control diet containing
100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme; VMES0 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme® L multi-enzyme;
VMET5 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5 g/kg viscozyme®
L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 10
g/kg viscozyme® L multi-enzyme.

2Premix: vitamin A (11000 1U), vitamin B1 (2.5 mg), vitamin E (25 1U), vitamin D3 (2500 IU), vitamin
K3 (2.0 mg), vitamin B6 (5.1 mg), vitamin B2 (4.5 mg), niacin (30 mg), folic acid (0.7 mg), pantothenic
acid (10 mg), biotin (0.12 g), magnesium sulphate (100 mg), copper sulphate (8.0 mg), zinc sulphate
(79 mg), ferrous sulphate (80 mg), potassium iodide (0.34 mg), and sodium selenite (0.25 mg).
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Table 4.3. Nutrient composition (g/kg DM, unless stated otherwise) of the dietary treatments.

Diets

CON VMEO VME25 VMES50 VME75 VME1L00

Dry matter (g/kg) 9136 9179 9199 9222  926.7 929.0
Ash 4.66 4.34 4.58 4.53 4.63 4.16
Organic matter 8649 8616 8679 872.8 873.8 877.5

Metabolizable energy (MJ/kg)  11.9 11.8 11.8 11.8 11.8 11.8

Crude protein 187.2 187.7 188.6 188.4 187.7 188.8
Neutral detergent fibre 156.5  155.3  148.3 152.2 154.1 154.3
Acid detergent fibre 1411 1441 142.3 149.2 144.1 148.7
Acid detergent lignin 131.3 1386  134.2 134.4 134.4 136.2

!Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEQ = control diet
containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 =
control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme®
L multi-enzyme; VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated
with 5 g/kg viscozyme® L multi-enzyme; VME75 = control diet containing 100 g/kg M.
oleifera leaf meal pre-treated with 7.5 g/kg viscozyme® L multi-enzyme; VME100 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 10 g/kg viscozyme® L multi-

enzyme.

4.2.5 Feeding trial, slaughter, blood, and meat quality

The North-West University's Animal Production Research Ethics Committee granted approval

(NWU-0 1884-19-S5) for the feeding trial, handling, and slaughter of the birds. The feeding trial
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was conducted as described in Chapter 3, Section 3.2.5. The hematological and serum

biochemical parameters were analyzed according to the description in Chapter 3, Section 3.2.6.

The carcass traits and internal organs were analyzed as described in Chapter 3, Section 3.2.7.
Meat pH and temperature were recorded as described in Chapter 3, Section 3.2.8. Meat color
coordinates: L* (lightness), a* (redness) and b* (yellowness) were measured as described in
Chapter 3, Section 3.2.9. Cooking loss and meat tenderness were conducted according to
Chapter 3, Section 3.2.10. Water holding capacity was determined as described in Chapter 3,
Section 3.2.11. Drip loss was determined using a method described in Chapter 3, Section

3.2.12.

4.2.6 Statistical analysis

Average weekly feed intake, BWG and FCE data were analyzed using the repeated measures
analysis (SAS, 2010) described in Chapter 3, Section 3.3. Feed intake, growth performance,
haemo-biochemistry, and meat quality data (excluding CON diet) were evaluated for linear and
quadratic effects using response surface regression analysis (SAS, 2010) using the following

quadratic equation:
y=ax?+bx+c
Where: y = dependent variable, a and b are the coefficients of the quadratic equation; and c is

the intercept; x is VME pre-treatment levels (%) and ;his the x value for optimal response
a

Overall feed intake, BWG, FCE, serum biochemical parameters and meat quality data were
analysed using the general linear model (GLM) procedure of SAS (2010), with diet as the only

main factor. The linear statistical model was described in Chapter 3, Section 3.3.
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4.3

Results

4.3.1 Growth performance

Repeated measures analysis did not show significant week x diet interaction effects on average
weekly BWG (P = 0.184) and FCE (P = 0.417) but on FI (P = 0.011). Table 4.3 shows that there were
neither linear nor quadratic responses (P >0.05) for average weekly FI, overall weight gain, and overall
FCE to incremental levels of VME. Similarly, no enzymatic effects (P >0.05) were observed on overall

weight gain, overall FCE, and FI in weeks 3, 4, 5, and 6.

Table 4.4. Effect of pre-treating dietary Moringa oleifera leaf meal with incremental levels of

viscozyme® L multi-enzyme on growth performance (g/bird) in Jumbo quail.

Diets P values
2Parameters CON VMEO VME25 VMES0 VME75 VME100 3SEM Linear Quadratic
Average weekly feed intake
Week 3 139.5 139.2 143.1 140.5 143.8 140.0 3.564 0.082 0.443
Week 4 150.7 157.6 151.3 151.5 154.2 160.2 3.750 0.492 0.054
Week 5 232.2 229.1 2235 231.8 230.0 2234 3.781 0.712 0.447
Week 6 209.2 205.8 202.6 214.0 206.7 195.5 5.043 0.337 0.093
OverallBWG  148.8 137.6 146.3 145.9 138.9 1445 4.625 0.651 0.452
Overall FCE 0.203 0.187 0.203 0.197 0.189 0.200 0.005 0.525 0.587

Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet

containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control

diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;

VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®

L multi-enzyme; VME75 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5

g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal

pre-treated with 10 g/kg viscozyme® L multi-enzyme.

2Parameters: BWG = body weight gain; FCE = feed conversion efficiency.

3SEM = standard error of the mean.
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4.3.2 Haematological parameters

Table 4.5 indicates that all the haematological measures parameters showed neither linear nor
quadratic effects (P >0.05), except for neutrophils, which linearly increased with VME levels
(y = 1.18 (+0.875) + 0.037 (+0.039) x; R? = 0.206; P = 0.017). Similarly, only neutrophils
showed a significant dietary effect, with birds on diet VME100 having higher (P <0.05)
neutrophil levels (4.47 109/L) than those on diets VMEO and VME75. However, the CON diet
promoted similar (P >0.05) neutrophil levels as all the other dietary treatments.

Table 4.5. Effect of pre-treating dietary Moringa oleifera leaf meal with incremental levels of
viscozyme® L multi-enzyme on haematological parameters in Jumbo quail.

Diets P values
Parameters CON VMEO VME25 VMES0 VME75 VME100 2SEM Linear Quadratic
Haemoglobin (g/dL) 625  9.20 8.66 12.0 7.60 9.05 117 0211 0.779
Neutrophils (x10%L) 3.36®  0.980° 2.69% 3.26% 1.39b 4478 1.153 0.017 0.827
Monocytes (x10%/L) 0.558 0.243 1.23 1.15 0.301 0.825 0.505 0.675 0.340
Eosinophils (x10%L) 0.826  1.002 0.773 0.282 0.407 0.669 0.340 0.237 0.862
Basophils (x10%/L) 0.040  0.147 0.110 0.063 0.043 0.101 0.068  0.554 0.259

abMeans in the same row with different superscripts are significantly different (P <0.05).

Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet
containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;
VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®
L multi-enzyme; VME75 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5
g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal
pre-treated with 10 g/kg viscozyme® L multi-enzyme.

2SEM = standard error of the mean.
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4.3.3 Serum biochemical parameters

For the serum biochemical parameters of Jumbo quail, pre-treatment of dietary MOLM with
incremental levels of viscozyme® L multi-enzyme did not show any (P >0.05) linear or
quadratic effects (Table 4.6). Similarly, no significant dietary effects on the birds' serum
biochemistry were observed.

Table 4.6. Effect of pre-treating dietary Moringa oleifera leaf powder meal with incremental levels of
viscozyme® L multi-enzyme on serum biochemical parameters in Jumbo quail.

Diets P values
Parameters CON VMEO VME25 VME50 VME75 VMEL00 3SEM Linear Quadratic
Glucose (mmol/L) 6.74 7.87 116 12.1 6.70 6.56 2775 0.285 0.105
Phosphorus (mmol/L) 474 500 4.93 4.20 471 455 0.306 0.158  0.246
Total protein (g/L) 545 575 74.1 65.0 66.6 54.5 1056 0530  0.074
Albumin (g/L) 29.0 184 22.7 194 19.0 17.3 3.272 0.289 0.172
Globulin (g/L) 35.0 38.9 51.4 479 475 40.6 8.747 0.984 0.076
2ALKP (U/L) 1235 2329 197.7 141.6 149.5 201.3 44.46 0.329 0.084
Amylase (U/L) 2247 282.0 336.7 263.8 292.6 460.3 86.20 0.167 0.220
Lipase (U/L) 3323 2387 244.1 220.8 201.0 198.7 31.13 0.068 0.878

!Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet
containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;
VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®
L multi-enzyme; VME75 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5
g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal
pre-treated with 10 g/kg viscozyme® L multi-enzyme.

2ALKP = Alkaline phosphatase.

3SEM = standard error of the mean.
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4.3.4 Internal organs
As the VME pre-treatment levels increased, Table 4.7 shows that neither linear nor quadratic

effects were observed for the weights of the internal organs in Jumbo quail. However, a

quadratic effect was observed for gizzard weight [y = 2.02 (x0.075) + 0.009 (+0.003) x -
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0.00008 (+0.00003) x?; R? = 0.181, P = 0.023]. The weights of the birds’ internal organs and

carcass characteristics were also unaltered by the dietary treatments (P >0.05).

Table 4.7. Effect of pre-treating dietary Moringa oleifera leaf meal with incremental levels of
viscozyme® L multi-enzyme on internal organ sizes in Jumbo quail.

Diets P values
Parameters CON VMEO VME25 VME50 VME75 VME100 Z2SEM Linear Quadratic
Weights (% HCW)
Caecum 0820 162 0.852 0.909 1.00 0.722 0.222 0.016 0.172
Colon 0.174 0375 0.195 0.197 0.166 0.192 0.089 0.111 0.183
Small intestine 4.28 3.45 4.16 3.52 3.47 4.60 0.564 0.684 0.379
Lengths (cm)
Gizzards 2.20 1.99 2.22 2.24 2.18 2.13 0.104 0.598 0.023
Liver 2.89 2.69 2.84 2.90 2.85 2.64 0.385 0.501 0.532
Proventriculus 0.614 0.610  0.598 0.609 0.696 0.534 0.064 0.501 0.533
Caecum 16.2 8.86 17.0 12.6 14.3 13.0 0.791 0.104 0.562
Colon 2.26 3.17 2.32 3.99 2.50 2.46 0.399 0.271 0.576
Small intestine 64.0 54.7 61.3 60.7 60.0 59.0 1.701 0.081 0.10

IDiets: CON = standard quail grower diet without M. oleifera leaf meal; VMEQ = control diet
containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 =
control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme®
L multi-enzyme; VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated
with 5 g/kg viscozyme® L multi-enzyme; VME75 = control diet containing 100 g/kg M.
oleifera leaf meal pre-treated with 7.5 g/kg viscozyme® L multi-enzyme; VME100 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 10 g/kg viscozyme® L multi-
enzyme.

2SEM = standard error of the mean.
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4.3.5 Carcass traits
There were no (P >0.05) linear or quadratic effects for Jumbo quail carcass characteristics in

response to pre-treatment of dietary MOLM with incremental levels of viscozyme® L multi-
enzyme (Table 4.8). Similarly, no significant dietary effects were observed on carcass traits of
the birds.

Table 4.8. Effect of pre-treating dietary Moringa oleifera leaf meal with incremental levels of
viscozyme® L multi-enzyme on carcass sizes (%HCW, unless stated otherwise) in Jumbo quail.

1Diets P values

2Parameters CON VMEO VME25 VME50 VME75 VMEL00 3SEM  Linear  Quadratic

Hot carcass weight 1501 1438 146.5 138.6 146.9 139.2 2968  0.359 0.682

Cold carcassweight ~ 146.3  139.5 141.3 137.1 142.1 134.4 2970  0.305 0.365

Carcass yield (%) 62.8 62.6 63.0 60.1 64.9 60.5 1493 0.648 0.751
Breast 17.0 16.4 17.0 17.6 15.0 16.4 0.701  0.400 0.577
Wing 4.37 4.70 491 4.79 4.73 4.80 0.137  0.988 0.676
Thigh 6.19 6.22 7.60 6.57 6.30 6.23 0.484  0.455 0.298
Drumstick 4.28 4.76 4.63 4.48 4.20 4.50 0.157  0.086 0.259

Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet
containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;
VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®
L multi-enzyme; VME75 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5
g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal
pre-treated with 10 g/kg viscozyme® L multi-enzyme.

2SEM = standard error of the mean.
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4.3.6 Meat quality traits

Table 4.9 shows that there was a significant quadratic response for breast meat hue angle
measured 1 h post-mortem [y = 1.17 (£0.025) — 0.002 (£0.001) x + 0.00002 (+0.00001) x?; R?
= 0.166, P = 0.027] in response to incremental levels of viscozyme® L multi-enzyme. Diet
CON promoted a lower 1-hour hue angle value (1.02) than all the other diets, whose 1-hour

hue angle value did differ (P >0.05).

Table 4.9. Effect of pre-treating dietary Moringa oleifera leaf meal with incremental levels of
viscozyme® L multi-enzyme on breast meat quality parameters measured 1 h post-mortem in Jumbo
quail.

Diets P values

Parameters CON VMEO VME25 VME50 VME75 VME100 °3SEM Linear Quadratic

pH:1 5.83 5.83 5.87 5.81 5.97 5.94 0.056  0.055 0.648
L* 46.4 513 48.4 48.1 47.3 48.9 1270 0.164 0.084
a* 5.41 5.37 5.64 5.98 5.83 5.27 0.346  0.989 0.092
b* 8.89 125 12.0 11.8 11.0 12.4 0.507 0.484 0.127
Chroma; 104 13.6 133 133 12.4 135 0.500 0.466 0.313
Hue angle; 1.02>  1.16° 1.122 1.10° 1.08? 1.16° 0.027  0.702 0.027

ab Means in the same row with different superscripts are significantly different (P <0.05).

!Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet
containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;
VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®
L multi-enzyme; VME75 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5
g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal
pre-treated with 10 g/kg viscozyme® L multi-enzyme.

ZParameters; L* = lightness; a* = redness; b* = Yellowness.

3SEM = standard error of the mean.
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Table 4.10 shows significant linear decreases for breast meat lightness (L*) [y = 50.6 (x0.873)
—0.125 (20.041) x; R? = 0.340, P = 0.0001] and for breast meat hue angle measured 24 h post-
mortem [y = 1.06 (+0.033) — 0.001 (+0.001) x; R? = 0.187; P = 0.019] were observed as VME
levels increased. Birds on diet CON had a higher 24-hour hue angle (P <0.05) than birds on
diets VMEO, VME50, VME75 and VME7Y5, which had statistically similar (P >0.05) hue
anglez4 values.

Table 4.10. Effect of treating dietary Moringa oleifera leaf meal with incremental levels of viscozyme® L
multi-enzyme on meat quality parameters measured 24 h post-mortem in Jumbo quail.

Diets P values

2Parameters CON  VMEO VME25 VME50 VME75 VME100 S3SEM Linear Quadratic

pH24 5.69 5.84 5.86 5.85 5.83 5.84 0.026 0.534 0.738
L*24 54.0 50.7 47.7 46.5 45.7 45.9 5.125 0.000 0.057
a*x 8.10 8.21 7.48 9.07 9.19 10.19 0.868  0.057 0.561
b*24 10.1 14.8 13.0 13.7 14.2 135 0.495  0.437 0.264
Chromags 13.0 16.9 15.0 16.4 17.0 17.2 0.783  0.338 0.255

Hue angle;s  0.895°  1.06° 1.04% 0.988% 0.998% 0.950% 0.034 0.019 0.947

ab Means in the same row with different superscripts are significantly different (P <0.05).

Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet
containing 100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;
VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®
L multi-enzyme; VME75 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5
g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal
pre-treated with 10 g/kg viscozyme® L multi-enzyme.

ZParameters: L* = lightness; a* = redness; b* = yellowness.

3SEM = standard error of the mean.
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Pre-treatment of dietary MOLM with VME had no (P >0.05) linear or quadratic trends for meat
quality parameters of Jumbo quail (Table 4.11). Similarly, no significant dietary effects were
observed on meat quality traits of the birds.

Table 4.11. Effect of pre-treating dietary Moringa oleifera leaf meal with incremental levels of
viscozyme® L multi-enzyme on meat quality traits in Jumbo quail.

Diets P values
2Parameters CON VMEO VME25 VMES0 VME75 VMEL00 °3SEM  Linear  Quadratic
Cooking loss (%)  19.7  17.8 12.9 16.3 202 183 2410 0211  0.403
Drip loss (%) 509 448 427 40.0 426 295 5645 0102  0.441
Shear force (N) 3.26 2.85 251 2.69 3.10 3.53 0.468  0.197 0.319
WHC (%) 87.3 88.2 87.9 87.1 83.5 85.8 1631 0.102 0.734

Diets: CON = standard quail grower diet without M. oleifera leaf meal; VMEO = control diet containing
100 g/kg M. oleifera leaf meal without viscozyme® L multi-enzyme; VMEZ25 = control diet containing
100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme; VMES0 = control
diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme® L multi-enzyme;
VMET5 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 7.5 g/kg viscozyme®
L multi-enzyme; VME100 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 10

g/kg viscozyme® L multi-enzyme.2parameters: WHC = water holding capacity.

3SEM = standard error of the mean.

The data measured at room temperature over 5 days showed no significant effect of dietary
treatment (Figures 4.1 — 4.4). The breast meat pH for Jumbo on VMEO, VME25, VMES0,
VMET5, and VME100 diets increased over 5 days. For all treatments, the lightness (L*) of the
breast meat decreased over 5 days. The redness (a*) of the breast meat decreased for VMEQO,
VMEZ25, VME75 and VME100 while VMES0 increased over 5 days. The yellowness (b*) of
the breast meat decreased for MVE25 and VME100 while VMEO, VMES50 and VME100

slightly increased over 5 days.
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Figure 4.1. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat pH
upon storage at room temperature for 5 days [Diets: CON = standard quail grower diet
without M. oleifera leaf meal; VMEOQ = control diet containing 100 g/kg M. oleifera leaf
meal without viscozyme® L multi-enzyme; VME25 = control diet containing 100 g/kg M.
oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme; VMES0 =
control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®
L multi-enzyme; VMET75 = control diet containing 100 g/kg M. oleifera leaf meal pre-
treated with 7.5 g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100
g/kg M. oleifera leaf meal pre-treated with 10 g/kg viscozyme® L multi-enzyme].
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Figure 4.2 Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
lightness upon storage at room temperature for 5 days [Diets: CON = standard quail
grower diet without M. oleifera leaf meal; VMEO = control diet containing 100 g/kg M.
oleifera leaf meal without viscozyme® L multi-enzyme; VMEZ25 = control diet containing
100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;
VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg
viscozyme® L multi- enzyme; VMET75 = control diet containing 100 g/kg M. oleifera leaf
meal pre-treated with 7.5 g/kg viscozyme® L multi-enzyme; VME100 = control diet
containing 100 g/kg M. oleifera leaf meal pre-treated with 10 g/kg viscozyme® L multi-
enzyme].
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Figure 4.3. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
redness upon storage at room temperature for 5 days [Diets: CON = standard quail grower
diet without M. oleifera leaf meal; VMEO = control diet containing 100 g/kg M. oleifera
leaf meal without viscozyme® L multi-enzyme; VME25 = control diet containing 100
g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme; VMES0
= control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg viscozyme®
L multi-enzyme; VMET75 = control diet containing 100 g/kg M. oleifera leaf meal pre-
treated with 7.5 g/kg viscozyme® L multi-enzyme; VME100 = control diet containing 100
g/kg M. oleifera leaf meal pre-treated with 10 g/kg viscozyme® L multi-enzyme].
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Figure 4.4. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
yellowness upon storage at room temperature for 5 days [Diets: CON = standard quail
grower diet without M. oleifera leaf meal; VMEOQ = control diet containing 100 g/kg M.
oleifera leaf meal without viscozyme® L multi-enzyme; VME25 = control diet containing
100 g/kg M. oleifera leaf meal pre-treated with 2.5 g/kg viscozyme® L multi-enzyme;
VMES50 = control diet containing 100 g/kg M. oleifera leaf meal pre-treated with 5 g/kg
viscozyme® L multi- enzyme; VMET5 = control diet containing 100 g/kg M. oleifera leaf
meal pre-treated with 7.5 g/kg viscozyme® L multi-enzyme; VME100 = control diet
containing 100 g/kg M. oleifera leaf meal pre-treated with 10 g/kg viscozyme® L multi-
enzyme].

4.4 Discussion

4.4.1 Growth performance and haemo-biochemistry
Moringa foliage has the potential to be used as a source of bioactive compounds and nutrients

in quail diets. However, the amount of the leaf meal that could be added to quail diets is limited
by its high fibre content, among other factors (Mulaudzi et al., 2019). High levels of dietary
fibre have detrimental effects on digestion, absorption, and utilisation of nutrients and bioactive
compounds in birds (Jha & Mishra, 2021; Tejeda & Kim, 2021). Thus, this study used a

fibrolytic multi-enzyme to alleviate the negative effects of fibre in dietary MOLM. Repeated
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measures analysis revealed a significant week x diet interaction effect only on FI, indicating

that the dietary effect on feed consistent varied as the birds grew older.

It was expected that birds fed the enzyme-pretreated diets would have higher overall FI. This
is due to the ability of fibrolytic enzymes to improve the digestibility of fibre-rich diets,
allowing the birds to ingest more feed (Cowieson & Bedford, 2009). The results, however, did
not support this hypothesis as there were no variations in FI across the experimental diets.
Similarly, enzyme pre-treatment of MOLM had no effect on weight gain and FCE. These
findings are in line with those of Hussein et al. (2020), who studied growth, carcass
characteristics, and meat quality of broilers and recorded no effect on weight gain and FCR in
birds fed a low-energy diet supplemented with a multi-enzyme. Contrary to these results, Hana
et al. (2010) and Hajati et al. (2009) reported that adding multi-enzymes to standard poultry

diets significantly improved BWG, FCR and ileal digestibility of crude protein in broilers.

Blood parameters are crucial in determining the pathophysiological status and the quality and
safety of feed ingredients for farm animals (Ali et al., 2012; Mnisi & Mlambo, 2018). Due to
the presence of antinutritional components, such as CT and fibre, it was hypothesised that
MOLM would have deleterious impact on haematological and biochemical parameters.
However, no diet-induced changes were observed for all haematological parameters, except
neutrophils, which linearly increased in response to enzyme pre-treatment levels. Nonetheless,
the CON diet promoted similar neutrophils levels as all the other dietary treatments, indicating
that the increase in neutrophil levels was not induced by the MOLM. Indeed, the concentration
of blood parameters found in this study were within normal ranges for healthy quail birds
(Mnisi & Mlambo, 2018). Similarly, no variations in serum total protein or liver enzyme

(alkaline phosphatase) were observed, with all reported values falling within the normal ranges

153



for adult Japanese quail (Scholtz et al., 2009; Ali et al., 2012), indicating that the diets had no

negative effect on bird health.

4.4.2 Carcass and meat quality traits
In this study, the size of the gizzards showed a quadratic response by first increasing and then

decreasing with enzyme levels. Theoretically, the consumption of high fibrous diets induces
changes in the size of intestines and gizzards in birds as an adaptation mechanism (Kumanda
et al., 2019). According to Musa et al. (2006), consuming high-fibre feed causes gizzard
enlargement, which leads to improved muscular grinding of feed particles and higher nutrient
digestibility. These findings also demonstrate that fibrolytic enzymes have no influence on
carcass yields and any of the carcass parts, which is consistent with the results established by
Saleh et al. (2005), who found a similar lack of fibrolytic enzyme effect on broiler carcass
yields. Carcass yield is affected by genetics, feed, slaughtering conditions, body weight, and
gender of birds (Brickett et al., 2001; Havenstein et al., 2003). The effects of fibrolytic enzymes
on breast, wing, thigh, and drumstick weights are consistent with those reported by Hajati et

al. (2009) in broilers given untreated and multi-enzyme-treated diets.

The growth of the liver, breast, and proventricular was not affected by the enzyme-treated
MOLM diets. When injured, the liver produces enzymes, such as alanine aminotransferase
(ALT) and alkaline phosphatase (ALKP), which are released into the blood (Sherwin, 2003).
Elevated levels of these liver enzymes are associated with altered hepatic membrane
permeability, which can arise from circulatory hypoxia, exposure to toxins and toxaemia,
inflammation, metabolic abnormalities, or hepatocyte growth (Sherwin, 2003). As a result,
normal levels of these enzymes in quail fed MOLM-containing diets reflect normal quail liver
and intestinal processes, implying that the MOLM is a safe feed ingredient. Enzyme pre-
treatment of dietary MOLM resulted in a linear decrease in breast meat lightness and hue angle
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measured 24 h post-slaughter and a quadratic response for breast meat hue angle measured 1 h
post-slaughter. The increased oxidative stability of breast meat seen after pre-treatment with
dietary MOLM could be attributed to its antioxidant capabilities (Makkar & Becker, 1996).
Moringa oleifera is high in metals, including selenium, manganese, copper, and zinc, all of
which are important in the action of antioxidant enzymes. In addition, tocopherol, ascorbic
acid, carotenoids, polysaccharide, flavonoids, saponins, phenolics, tannins, and
proanthocyanins are among the natural antioxidant compounds found in MOLM (Makkar &
Becker, 1996; Abuye et al., 2003). In contrast to the findings of this study, Kumanda et al.
(2019) found no differences in meat lightness between broilers given red grape pomace pre-

treated with a similar fibrolytic multi-enzyme and those fed an untreated control diet.

One of the most critical factors influencing meat quality indicators, such as cooking loss,
tenderness, drip loss, and WHC, is the pH value of the meat (Dyubele et al., 2010). The pH
drop after slaughter is measured as the ultimate pH. The range is influenced by the amount of
glycogen in breast muscle prior to slaughter and the rate at which the remaining glycogen is
converted to lactic acid after slaughter (Lonergan et al., 2003). Diets had no effect on meat pH,
shear force, cooking loss, drip loss, or WHC. The lack of dietary effects suggests that enzyme-
treated MOLM has the potential to promote normal oxidative stability for meat quality
characteristics during storage. The shear force is a measure of meat toughness, with a lower
shear force value suggesting tenderer meat (Pearce et al., 2011). However, there were no

dietary effect on shear force values in this investigation.

The ability of meat to retain water is referred to as its water-holding capacity. It is a critical
quality parameter that influences the amount of water lost during transit, storage, processing,
and cooking (Bertram et al., 2003). Juices are released during cooking because of protein

denaturation and muscle shrinkage (Purslow et al., 2016). In this investigation, there was no
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difference in WHC, cooking loss, or drip loss, indicating that the untreated or pre-treated
MOLM does not have any impact on meat quality. All shelf-life parameters tested over 5 days
at room temperature were not significantly affected by dietary treatments. Although an increase
in meat pH is linked to enhanced meat quality, an increase in pH over time may also indicate
microbial growth. These results agree with Falowo et al. (2016), who evaluated the effect of

MOLM extract on the 6-day shelf life of ground beef quality.

45 Conclusion

Pre-treatment of Moringa oleifera leaf meal with fibrolytic multi-enzymes influenced
neutrophils, gizzard weights, and meat colour indicators but not growth performance and
carcass parameters in Jumbo quail. The fibrolytic multi-enzyme application rate of 10 g/kg may
not have been adequate to enhance feed utilisation and positively affect weight gain in Jumbo

quail; thus, higher levels may need to be investigated further.
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5 CHAPTER FIVE - EFFECT OF POLYETHYLENE GLYCOL AND
FIBROLYTIC ENZYMES PRE-TREATMENT OF MORINGA
OLEIFERA LEAF MEAL ON GROWTH PERFORMANCE,
PHYSIOLOGICAL INDICES AND MEAT QUALITY PARAMETERS
IN JUMBO QUAIL

Abstract

The previous chapters showed that the utility of Moringa oleifera leaf meal (MOLM) as a
nutraceutical source for Jumbo quail is limited by high levels of fibre and condensed tannins
(CT). The treatment of Moringa oleifera leaf meal with polyethylene glycol (PEG) and
viscozyme® L multi-enzyme (VME) alone was an ineffective strategy to increase its utilisation
in Jumbo quail. The current study, therefore, evaluated the effect of simultaneous pre-
treatment of MOLM with PEG and VME on growth performance, haemato-biochemical,
carcass characteristics and meat quality parameters in Jumbo quail. The purpose of treating
MOLM with PEG and VME was to simultaneously reduce fibre content and inactivate CT in
MOLM to exploit the synergistic effects of the two. Therefore, this Chapter examined the effect
of pre-treating MOLM with the optimum PEG concentration (54 g/kg) that was determined in
Chapter Three and VME levels beyond the level (10 g/kg) used in Chapter Four. A total of 381,
one-week-old quail chicks (57.5 + 3.95 g live-weight), were randomly allocated to 36 pens

(experimental unit), which were replicated six times per dietary treatment. Six dietary

163


https://www.frontiersin.org/articles/10.3389/fanim.2022.960233/full

treatments were as follows: a standard grower diet containing untreated 100 g/kg MOLM
(CON); a standard grower diet containing 100 g/kg MOLM pre-treated with 54 g/kg PEG only
(MPV0); and a standard grower diet containing 100 g/kg MOLM pre-treated with 54 g/kg PEG
and 12.5 g/kg (MPV125), 15 g/kg (MPV150), 17.5 g/kg (MPV175) or 20 g/kg (MPV200) of
VME. Experimental diets and fresh water were offered ad libitum. Repeated measures analysis
showed a significant week x diet interaction effect on average weekly body weight gain
(ABWG; P = 0.001), but not on average weekly feed intake (AWFI; P = 0.356) and feed
conversion efficiency (FCE; P = 0.321). Graded levels of VME did not (P >0.05) induce linear
or quadratic effects for overall FI, FCE, haematological, carcass, and meat quality parameters
in Jumbo quail. However, weight gain in week 2 quadratically responded [R? = 0.117, P =
0.043]. Two-week old birds reared on MPV125 had lower (P <0.05) weight gains (40.9 g/bird)
than those reared on the other treatment groups. Birds reared on MPV200 diet had longer
caecum (14.1 cm) than those reared on MPV0, MPV125, MPV150 and MPV175, whose caeca
lengths did not differ (P >0.05). Birds reared on diet MPV175 had shorter small intestines (59.5
cm) than those reared on CON and MPVO diets. It can be concluded that simultaneous pre-
treatment of dietary MOLM with PEG and viscozyme® L fibrolytic enzymes did not improve
growth performance, blood parameters, and carcass and meat quality traits, but affected some

visceral organ sizes in Jumbo quail.

Keywords: Blood parameters, Fibre, Fibrolytic enzymes, Growth, Meat quality, Polyethylene

glycol, Quail
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5.1 Introduction

Sustainable Jumbo quail (Coturnix sp.) production has the potential to economically transform
the poultry industry and contribute towards food and nutrition security for the rapidly growing
human population. Thus, the use of phytogenic products in their diets could enhance feed
utilisation efficiency, thereby facilitating sustainable large-scale intensification for safe,
healthy, and high-quality quail products (Mahlake et al., 2021). Phytogenic products such as
Moringa oleifera leaf meal (MOLM) can be incorporated in Jumbo quail diets as a source of
nutrients and bioactive substances (Ahmed & El-Rayes, 2019). Unfortunately, the high levels
of CT (0.070 absorbance unit (AU) 550 nm/200 mg) and fibre (157.5 g/kg DM) in MOLM
reduces nutrient utilisation, growth performance, and meat quality (Mahfuz & Piao, 2019),
especially when included beyond 25 g/kg in quail diets (Hassan et al., 2016; Ufele & Ebenebe,
2017; Mulaudzi et al., 2019). Indeed, poultry birds reared on diets that have high concentrations
of fibre and CT have been reported to suffer from metabolic disorders due to poor nutrient

uptake (Khajali & Slominski, 2012).

Undigested non-starch polysaccharides (NSP) constitute a large proportion of digesta in high
fibre diets, which causes digestive upsets that result in sticky droppings and poor development
in young birds (Desbruslais et al., 2021; Jha & Mishra, 2021). High levels of cellulose, pectin,
and xylene in MOLM (David et al., 2012), cause the formation of high molecular weight sticky
clumps in the gastrointestinal tract of the birds, which delays digesta flow and ultimately affects
growth performance (Wallace et al., 2010). High concentrations of CT have been linked to
poor FCE, low growth rates, and reduced protein digestibility in poultry birds (Redondo et al.,
2014; Choi & Kim, 2020). Thus, the combined use of PEG, a tannin-binding agent, and
viscozyme® L multi-enzyme (VME), a fibrolytic enzyme admixture, could be an efficient

strategy to ameliorate the antinutritional effects of CT and fibre for improved MOLM
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5.2

utilisation, growth performance, blood parameters, visceral organs, and carcass and meat
quality traits in Jumbo quail. Pre-treatment of MOLM with VME could facilitate the
breakdown of the cell wall matrix of NSP in MOLM that cannot be hydrolysed by endogenous

digestive enzymes, thus reducing their antinutritive effects (Mousa et al., 2022).

On the other hand, the PEG could deactivate CT in MOLM by forming PEG-tannin complexes,
and as such increase nutrient bioavailability and digestibility (Hlatini et al., 2018). The phenolic
and hydroxyl groups in CT form hydrogen bonds with oxygen molecules from water- soluble
PEG, which could explain the increase in nutrient digestibility of PEG-treated tannin- rich feeds

(Abd EI Tawab & Khattab, 2018)

. No known studies have investigated the simultaneous application of PEG and exogenous
fibrolytic multi-enzymes as a strategy to improve the utilisation of MOLM in Jumbo quail diets.
Furthermore, pre-treatment with both PEG and VME could facilitate the use of higher dietary
inclusion levels of MOLM (e.g., 100 g/kg), allowing the birds to benefit from higher doses of
the bioactive compounds in MOLM. This study, therefore, evaluated the effect of pre-treating
MOLM with PEG (54 g/kg) and different levels of fibrolytic enzymes on growth performance,
blood parameters, visceral organs, and carcass and meat quality traits in Jumbo quail. The study
tested the hypothesis that pre-treating MOLM with PEG and fibrolytic enzymes would improve

feed intake, physiological, and meat quality parameters of the birds.

Material and methods

5.2.1 Study site and ingredient sources

The experiment was carried out from September to October 2021 during summer, whereby
ambient temperatures around the area ranged from 17°C to 37°C. The study area was described

in Chapter 3, Section 3.2.1. The MOLM was from the same batch as the one described in Chapter
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3, Section 3.2.1. The PEG, VME and other ingredients were purchased as specified in Chapter 3,

Section 3.2.1.

5.2.2 Chemical analysis of MOLM
The MOLM was chemically analysed following the method described in Chapter 3, Section

3.2.2.

5.2.3 Polyethylene glycol and enzyme treatments
In this study, MOLM pre-treated with 54 g/kg PEG was further treated with 0, 12.5, 15.0, 17.5,

or 20 g/kg of VME before being incorporated (100 g/kg) into a standard quail diet. Briefly,
PEG solution was made by dissolving 324 g of PEG in 6 L of distilled water (5.4%). For the
fibrolytic enzyme pre-treatment, 62.5, 75, 87.5, and 100 ml of viscozyme® L were dissolved in
the PEG solution as described above and then sprayed on MOLM (6 kg per treatment). The
untreated MOLM (6 kg) was sprayed with 6 L of distilled water only, and mixing was done by
hand for all the samples. The untreated and treated MOLM samples were kept at an average
room temperature of 25°C for 12 h to allow PEG and the enzymes time to react with MOLM
CT and fibre, respectively. Thereafter, the untreated and treated MOLM samples were air-dried
to constant weight and then milled (Polymix PX-MFC 90 D, Kinematica AG, Switzerland)
before diet formulation. The proximate composition (Table 5.1) of untreated and PEG and
viscozyme enzyme pre-treated MOLM was determined as described in Chapter 3, Section

3.2.2.
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Table 5.1. Proximate composition (g/kg DM, unless stated otherwise) of untreated and polyethylene
glycol and viscozyme® L multi-enzyme pre-treated Moringa oleifera leaf meal.

Diets
CON PEGH54 MPV125 MPV150 MPV175 MPV200
Dry matter (g/kg) 922.5 933.0 915.3 912.3 908.9 915.6
Ash 9.24 9.21 8.01 7.99 7.18 7.69
Organic matter 846.4 850.2 832.3 828.0 840.5 829.9
Calculated ME? (MJ/kg) 119 11.9 119 119 11.9 11.9
Crude protein 243.5 231.5 223.8 223.4 213.1 211.7
Neutral detergent fibre 1575 156.6 155.3 154.6 151.3 147.7
Acid detergent fibre 138.9 138.7 136.3 135.2 130.2 125.5
3CT (AU) 0.070 0.058 0.057 0.055 0.022 0.021

1Substrates: CON= untreated M. oleifera; PEG54 = M. oleifera pre-treated with 54 g/kg polyethylene
glycol; MPV125 = M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg fibrolytic
enzymes; MPV150= M. oleifera pre-treated with 54 g/kg polyethylene glycol and 15 g/kg fibrolytic
enzymes; MPV175 = M. oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic
enzymes; MPV200 = M. oleifera pre- treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic
enzymes.

2Calculated ME = calculated metabolizable energy.

3sCT = soluble condensed tannins.

5.2.4 Diet formulation
Six isonitrogenous and isoenergetic mash dietary treatments were formulated by hand to meet

the National Research Council's (NRC, 2004) requirements for grower quail as follows: CON
= a standard grower diet that contains 100 g/kg untreated MOLM; MPVO = a standard grower
diet that contains 100 g/kg MOLM pre-treated with 54 g/kg PEG; and a standard grower diet
that contains 100 g/kg MOLM pre-treated with 54 g/kg PEG and 12.5 (MPV125), 15.0

(MPV150), 17.5 (MPV175), and 20 g/kg (MPV200) of VME, as shown in Table 5.2. The
nutritional composition of the dietary treatments was determined as described in Chapter 3,

Section 3.2.2.
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Table 5.2. Gross ingredient composition (g/kg as fed basis, unless stated otherwise) of the dietary

treatments.
Diets

Ingredients CON MPVO MPV125  MPV150 MPV175  MPV200
Polyethylene glycol 0.0 54 54 54 54 54
Viscozyme® L 0.0 0.0 12.5 15.0 175 20
Moringa oleifera leaf meal 100.0 100.0 100.0 100.0 100.0 100.0
Fine yellow maize 698.6 626.9 626.9 626.9 626.9 626.9
Prime gluten 60 18.0 18.0 18.0 18.0 18.0 18.0
Full fat soya meal 50.7 148.6 148.6 148.6 148.6 148.6
Soybean meal 196.7 70.5 70.5 70.5 70.5 70.5
Limestone powder 145 145 145 145 145 145
Mono calcium phosphate 7.2 7.2 7.2 7.2 7.2 72
Salt-fine 3.2 3.2 3.2 3.2 3.2 3.2
Sodium bicarbonate 1.7 1.7 1.7 1.7 1.7 17
Choline meal 0.8 0.8 0.8 0.8 0.8 0.8
Lysine 2.8 2.8 2.8 2.8 2.8 2.8
L-Threonine 0.4 0.4 0.4 0.4 0.4 0.4
Methionine 1.9 1.9 1.9 1.9 1.9 1.9
Grower-phytase 1.7 1.7 1.7 1.7 1.7 17
Vitamin and mineral premix? 05 05 0.5 0.5 0.5 05

!Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO = standard grower diet
containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard grower diet
containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg fibrolytic enzymes; MPV150 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 15 g/kg fibrolytic
enzymes; MPV175 = standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and

17.5 g/kg fibrolytic enzymes; MPV200 = standard grower diet containing M. oleifera pre-treated with 54 g/kg
polyethylene glycol and 20 g/kg fibrolytic enzymes.

2Premix: vitamin A (11000 IU), vitamin B1 (2.5 mg), vitamin B2 (4.5 mg), vitamin B6 (5.1 mg), vitamin D3 (2500
IU), vitamin E (25 IU), vitamin K3 (2.0 mg), biotin (0.12 g), pantothenic acid (10 mg), niacin (30 mg), folic acid
(0.7 mg), sodium selenite (0.25 mg), copper sulphate (8.0 mg), zinc sulphate (79 mg), potassium iodide (0.34 mg),
magnesium sulphate (100 mg), and ferrous sulphate (80 mg).

Calculated ME? = calculated metabolizable energy.

4sCT = soluble condensed tannins.
Table 5.3. Nutritional composition (g/kg DM, unless stated otherwise) of the dietary treatments.

Diets

CON MPVO MPV125 MPV150 MPV175 MPV200
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Dry matter (g/kg) 920.0 9199 916.9 910.6 910.3 907.3

Ash 5.82 5.42 5.46 5.35 5.11 5.05
Organic matter 868.0  858.9 862.2 872.2 878.4 855.1
Calculated ME® (MJ/kg) 11.9 11.9 11.9 11.9 11.9 11.9
Crude protein 184.5 184.0 184.2 184.8 184.6 184.2
Neutral detergent fibre 166.8  156.4 155.7 154.6 146.4 147.7
Acid detergent fibre 158.3 155.5 140.9 145.8 143.2 137.8
*SCT (AU ss0nm/200mg) 0.029  0.020 0.018 0.016 0.015 0.011

!Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO = standard grower
diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg fibrolytic
enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene
glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 = standard grower

diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes.
5.2.5 Feeding trial, slaughter, blood analyses, and meat quality

The North-West University's Animal Production Research Ethics Committee granted approval
(NWU-01884-19-S5) for the feeding trial, handling, and slaughter of the birds. The feeding trials
conducted as described in Chapter 3, Section 3.2.5. The hematological and serum
biochemical parameters were analyzed according to the method specified in Chapter 3, Section
3.2.6. The carcass traits and internal organs were analyzed as described in Chapter 3, Section
3.2.7. Meat pH and temperature were recorded as specified in Chapter 3, Section 3.2.8. Meat
colour coordinates: L* (lightness), a* (redness) and b* (yellowness) were measured as outlined
in Chapter 3, Section 3.2.9. Cooking loss and meat tenderness were conducted according to

Chapter 3, Section 3.2.10. Water holding capacity was determined as described in Chapter 3,
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Section 3.2.11. Drip loss was determined using the method described in Chapter 3, Section

3.2.12.

5.2.6 Statistical analysis

Average weekly Fl, average weekly BWG and average weekly FCE data were analyzed using

repeated measures analysis in PROC GLM (SAS, 2010) as described in Chapter 3, Section 3.3.

Feed intake, growth performance, haemato-biochemistry, and meat quality data (excluding
CON diet) were evaluated for linear and quadratic effects using response surface regression

analysis (SAS, 2010) using the following quadratic equation:
y=ax’+bx+c
Where: y = dependent variable, a and b are the coefficients of the quadratic equation; and c is

the intercept; x is VME pre-treatment levels (%) and ;his the x value for optimal response.
a

Overall feed intake, BWG, FCE, blood parameters and meat quality data were analyzed using
PROC GLM in SAS (2010), with diet as the only main factor. The linear statistical model was

as described in Chapter 3, Section 3.3.
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5.3

Results

5.3.1 Growth performance
Repeated measures analysis showed a significant week x diet interaction effect on ABWG (P

= 0.001), but not on AWFI (P = 0.356) and FCE (P = 0.321). Table 5.4 shows that neither
linear or quadratic effects (P >0.05) were recorded for overall FI and FCE as VME levels
increased. However, weight gain in two-week-old quail quadratically responded [y = 53.18
(+4.63) — 0.198 (+0.081) x + 0.000848 (+0.000324) x?; R? = 0.248; P = 0.016] to increasing
VME pre-treatment levels. Similarly, dietary influences (P <0.05) were only observed on
weight gain in week 2. T-week-old birds reared on diet MPV125 had lower (P <0.05) weight
gain compared to birds reared on the other treatment groups, whose weight gain did not differ

(P >0.05).
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Table 5.4. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and
incremental levels of viscozyme® L multi-enzyme on growth performance in Jumbo quail.

Diets P values
2Parameters CON MPVO MPV125 MPV150 MPV175 MPV200 3SEM  Linear  Quadratic
Overall FI (g/bird) 155.1 155.3 161.7 154.6 156.8 152.0 5.551 0.350 0.661
Overall FCE 0.268 0.268 0.281 0.259 0.263 0.269 0.007  0.536 0.712

Average weekly weight gain (g/bird)

Week 2 46.72 45.62 40.9° 45.02 48.22 45.42 1357 0.383 0.016
Week 3 44.8 46.5 49.6 48.6 46.5 45.6 2334  0.994 0.269
Week 4 415 46.2 42.8 39.0 42.2 40.2 2736  0.070 0.181
Week 5 22.0 16.8 28.3 218 19.7 20.6 4159 0.877 0.139

ab Means in the same row with different superscripts indicate statistical differences (P <0.05).

!Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO0 = standard
grower diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg
fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg
polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M.
oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg
fibrolytic enzymes.

2Parameters: Overall Fl = feed intake for the entire duration of the study; Overall FCE = feed conversion
efficiency for the entire duration of the study.

3SEM = standard error of the mean.
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5.3.2 Haematological parameters
For all the haematological parameters, Table 5.5 shows that there were no linear or quadratic

effects (P >0.05) in response to VME levels. Similarly, no significant dietary effects were
observed on haematological parameters.

Table 5.5. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and
incremental levels of viscozyme® L multi-enzyme on haematological parameters in Jumbo quail.

Diets P values
Parameters CON MPVO0 MPV125 MPV150 MPV175 MPV200 ©SSEM Linear Quadratic
Erythrocytes (x10%L) 4.00 3.93 4.49 6.03 3.60 5.50 0.902 0.088 0.585
Haematocrits (L/L) 253 28.7 36.6 46.3 18.6 43.0 9312 0.210 0.529
Haemoglobin (g/dL) 1 9.25 111 10.8 117 116 1913 0.178 0.331
MCH (pg) 265 231 24.9 17.9 327 215 2836 0655 0776
MCYV (fL) 60.8 70.4 815 76.8 52.1 785 8.167 0.827 0.546

Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO = standard
grower diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg
fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg
polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M.
oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg
fibrolytic enzymes.

2Parameters: MCH = mean corpuscular haemoglobin; MCV = mean corpuscular volume.

3SEM = standard error of the mean.
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5.3.3 Serum biochemical parameters
Table 5.6 shows that for all the serum parameters, there were no linear or quadratic effects (P

>0.05) in response to VME levels. The serum parameters of the Jumbo quail did not show any
dietary effects (P >0.05).

Table 5.6. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and
incremental levels of viscozyme® L multi-enzyme on serum biochemistry parameters in Jumbo qual.

'Diets P values
2Parameters CON MPVO MPV125 MPV150 MPV175 MPV200 3SEM Linear  Quadratic
Glucose (mmol/L) 0.785 2.95 3.26 2.57 157 475 2.155 0.204 0.822
Creatinine (umol/L) 9.00 9.00 104 9.00 9.08 9.00 1410  0.792 0.234
Phosphorus (mmol/L) 5.20 5.19 5.18 4.98 491 4.70 0.203 0.137 0.923
Calcium (mmol/L) 2.09 2.49 2.67 2.18 2.44 2.65 0.621 0.606 0.848
Total protein (g/L) 365 40.0 35.8 34.6 319 32,6 2.663  0.230 0.807
Albumin (g/L) 125 15.0 12.2 124 12.3 153 2910 0.133 0.093
Globulin (g/L) 24.0 25.0 235 22.2 19.7 215 4.178 0.330 0.858
ALT (U/L) 28.0 50.8 416 38.1 29.8 21.2 4290  0.096 0.887
ALKP (U/L) 230.0 153.0 179.1 177.9 216.5 280.4 4948  0.067 0.210
Amylase (U/L) 2245  275.6 367.7 277.8 2835 213.6 59.21  0.515 0.162
Lipase (U/L) 2145 330.6 235.1 220.2 224.7 243.3 37.59 0.508 0.236

!Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO0 = standard grower diet
containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard grower diet
containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg fibrolytic enzymes; MPV150
= standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 15 g/kg fibrolytic
enzymes; MPV175 = standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol
and 17.5 g/kg fibrolytic enzymes; MPV200 = standard grower diet containing M. oleifera pre-treated with 54 g/kg
polyethylene glycol and 20 g/kg fibrolytic enzymes.

2Parameters: MCH = mean corpuscular haemoglobin; MCV = mean corpuscular volume; ALT = alanine

transaminase; ALKP = alkaline phosphatase.

3SEM = standard error of the mean.
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5.3.4 Internal organs

Table 5.7 shows a linear decrease for small intestine length [y = 64.75 (+4.390) — 0.004
(+0.077) x; R? =0.215; P = 0.028] and a quadratic effect for caecum length [y = 15.37 (+3.281)
—0.112 (+0.058) x — 0.0005 (+0.0002) x*; R? = 0.182; P = 0.039] in response to incremental
levels of VME. Birds reared on MPV200 diet had longer caeca (14.1 cm) than those reared on
MPV0, MPV125, MPV150 and MPV175, whose caeca lengths did not differ (P >0.05). The
control diet (CON) promoted similar caeca length (P >0.05) as the MPV200 diet. Birds reared
on diet MPV175 had shorter small intestines (59.5 cm) than those reared on CON and MPV0
diets. The MPVO diet promoted similar small intestine lengths (P >0.05) as the CON, MPV125,

MPV150 and MPV200 diets.
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Table 5.7. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and
incremental levels of viscozyme® L multi-enzyme on size of internal organs (%HCW, unless stated
otherwise) in Jumbo quail.

Diets P values
Parameters CON MPVO MPV125 MPV150 MPV175 MPV200 2SEM  Linear  Quadratic
Weights (%6HCW)
Gizzards 2.55 261 247 2.52 2.49 253 0.093 0.825 0.615
Liver 292 2.88 3.85 2.59 2.68 2.82 0.304 0.721 0.307
Proventriculus 0.63 0.61 0.61 0.60 0.60 0.63 0.022 0.493  0.457
Caecum 1.09 1.39 117 1.25 1.24 1.19 0.112 0.319 0.510
Small intestine 484 484 4.98 4.38 4.29 4.82 0.243 0.779 0759
Lengths (cm)
Caecum 11.8%  10.4° 9.74b 9.56P 10.7° 14.12 1122 0195 0.039
Small intestine 64.68  65.1° 64.3% 61.9% 59.5P 61.3% 1763 0.028  0.639

&b Means in the same row with different superscripts indicate statistical difference (P <0.05).

!Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO0 = standard
grower diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg
fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg
polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M.
oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg
fibrolytic enzymes.

2SEM = standard error of the mean.
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5.3.5 Carcass traits
Table 5.8 shows that pre-treatment of dietary MOLM with incremental levels of fibrolytic

enzymes showed no significant linear or quadratic effects for carcass characteristics in Jumbo
quail. Similarly, no significant dietary effects were observed on all carcass traits.
Table 5.8. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and

incremental levels of viscozyme® L multi-enzyme on carcass characteristics (%HCW, unless stated
otherwise) in Jumbo quail.

'Diets P values
2Parameters CON MPVO MPV125 MPV150 MPV175 MPV200 3SEM  Linear  Quadratic
FBW (g) 211.8 206.7 218.2 2115 210.8 208.7 7.688  0.342 0.753
HCW (g) 137.9 131.6 135.7 139.8 138.5 139.6 2.548  0.407 0.424
CCW (9) 135.2 129.2 134.1 136.0 136.6 138.1 3164  0.055 0.091
Carcass yield (%) 65.2 68.9 62.2 66.1 64.6 63.3 2524  0.931 0.991
Breast 18.9 185 18.6 18.7 18.3 18.1 0.433 0.761 0.181
Wing 477 497 487 475 4.96 4.86 0.118 0.750 0.957
Thigh 6.56 6.58 6.54 6.45 6.71 6.66 0.109  0.526 0.161
Drumstick 4.02 4.39 441 4.35 4.49 4.35 0.122 0.335 0.256
Lengths (cm)

Back 9.92 103 10.0 9.61 9.93 9.56 0270  0.222 0.950
Wing 10.64 10.62 10.62 10.60 10.58 10.58 0.108  0.972 0.688
Thigh 4.46 455 452 4.39 452 4.36 0.082 0.215 0.773
Drumstick 5.24 5.40 5.33 5.24 5.24 5.19 0.088  0.163 0.760

!Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO = standard grower
diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg fibrolytic
enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene
glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 = standard grower
diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes.
2Parameters: FBW = final body weight; HCW = hot carcass weight; CCW = cold carcass weight.

3SEM = standard error of the mean.
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5.3.6 Meat quality traits
According to Table 5.9, Table 5.10 and 5.11, neither of the meat quality parameters showed

any linear or quadratic trends (P >0.05) in response to incremental levels of viscozyme® L
multi-enzyme. Similarly, no significant dietary effects were recorded on meat quality
parameters.

Table 5.9. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and

incremental levels of viscozyme® L multi-enzyme on breast meat quality parameters measured 1 hour
post-mortem in Jumbo quail.

Diets P values
Parameters CON MPVO  MPV125 MPV150 MPV175 MPV200 3SEM  Linear  Quadratic
pH1 6.09 6.20 6.23 5.95 6.16 6.21 0.066  0.707 0.405
Temperature (°C) 18.80 19.9 19.8 16.8 18.7 18.7 1963 0.871 0.970
L*; 459 46.1 458 45.0 453 46.4 1.063  0.392 0.280
a*1 8.57 8.37 8.23 9.80 8.562 8.63 0.634  0.917 0.750
b*1 5.00 461 5.32 4.89 5.02 4.78 0.380  0.396 0.381
Chromay 10.00 9.61 9.88 10.9 9.96 9.91 0541 0.867 0.496
Hue anglex 0.54 0.50 0.58 0.46 0.53 0.50 0.052  0.464 0.693

Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO = standard grower
diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg fibrolytic
enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene
glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 = standard grower
diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes.
ZParameters: L* = lightness; a* = redness; b* = yellowness.

3SEM = standard error of the mean.
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Table 5.10. Effect of treating dietary Moringa oleifera leaf meal with polyethylene glycol and incremental
levels of viscozyme® L multi-enzyme on meat quality parameters measured 24 hour post-mortem in
Jumbo quail.

Diets P values
2Parameters CON MPVO MPV125 MPV150 MPV175 MPV200 3SEM  Linear  Quadratic
pH24 6.48 6.34 6.19 6.33 6.23 6.28 0.085  0.516 0.663
Temperaturez4 (°C) 125 13.2 12.2 117 119 114 0.947 0.064 0.666
L*24 426 427 42.6 42.7 421 429 0.789 0.677 0.669
a*xs 10.3 9.43 10.1 10.6 114 10.8 0.554  0.053 0.780
b*24 6.98 6.28 6.30 6.57 6.42 6.26 0311  0.484 0.994
Chromazs 12.2 118 118 125 131 125 0.516 0.113 0.784
Hue anglezs 0.59 0.58 0.55 0.55 0.51 0.52 0.032  0.406 0.824

!Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPVO = standard grower
diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg fibrolytic
enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene
glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 = standard grower
diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes.
ZParameters: L* = lightness; a* = redness; b* = yellowness.

3SEM = standard error of the mean.
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Table 5.11. Effect of pre-treating dietary Moringa oleifera leaf meal with polyethylene glycol and
incremental levels of viscozyme® L multi-enzyme on meat quality traits in Jumbo quail.

Diets P values
2Parameters CON MPVO MPV125 MPV150 MPV175 MPV200 3SEM  Linear  Quadratic
Cooking loss (%) 385 32.2 41.8 345 39.8 411 4992 0.107 0.224
Drip loss (%) 455 451 46.9 46.2 447 486 2.245  0.353 0.621
WHC (%) 91.8 90.3 90.7 89.4 90.4 90.0 1.306  0.861 0.512

Diets: CON = standard grower diet containing untreated M. oleifera leaf meal; MPV0 = standard
grower diet containing M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5 g/kg
fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated with 54 g/kg
polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard grower diet containing M.
oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5 g/kg fibrolytic enzymes; MPV200 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 20 g/kg
fibrolytic enzymes.

2Parameters: WHC = water holding capacity.

3SEM = standard error of the mean.

The data measured at room temperature over 5 days established no (P >0.05) effect of dietary
treatment (Figures 5.1 —5.4). The breast meat pH for Jumbo quail on MPV0, MPV25, MPV50,
MPV75, and MPV100 diets slightly increased over 5 days. For all treatments, the lightness

(L*) of the breast meat decreased over the 5-day period. For all treatments, the redness (a*) of

the breast meat decreased over 5 days.
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Figure 5.1. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat pH
upon storage at room temperature for 5 days [Diets: CON = standard grower diet
containing untreated M. oleifera leaf meal; MPVO = standard grower diet containing M.
oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5
g/kg fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 =
standard grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol
and 17.5 g/kg fibrolytic enzymes; MPV200 = standard grower diet containing M. oleifera
pre-treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes].
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Figure 5.2. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
lightness upon storage at room temperature for 5 days [Diets: CON = standard grower diet
containing untreated M. oleifera leaf meal; MPVO = standard grower diet containing M.
oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5
g/kg fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated
with 54 g/kg polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5
g/kg fibrolytic enzymes; MPV200 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes].
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Figure 5.3. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
redness upon storage at room temperature for 5 days [Diets: CON = standard grower diet
containing untreated M. oleifera leaf meal; MPVO = standard grower diet containing M.
oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5
g/kg fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated
with 54 g/kg polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5
g/kg fibrolytic enzymes; MPV200 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes].
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Figure 5.4. Effect of pre-treated Moringa oleifera leaf meal on the stability of breast meat
yellowness upon storage at room temperature for 5 days [Diets: CON = standard grower
diet containing untreated M. oleifera leaf meal; MPVO0 = standard grower diet containing
M. oleifera leaf meal pre-treated with 54 g/kg polyethylene glycol; MPV125 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 12.5
g/kg fibrolytic enzymes; MPV150 = standard grower diet containing M. oleifera pre-treated
with 54 g/kg polyethylene glycol and 15 g/kg fibrolytic enzymes; MPV175 = standard
grower diet containing M. oleifera pre-treated with 54 g/kg polyethylene glycol and 17.5
g/kg fibrolytic enzymes; MPV200 = standard grower diet containing M. oleifera pre-
treated with 54 g/kg polyethylene glycol and 20 g/kg fibrolytic enzymes].

5.4 Discussion

5.4.1 Growth performance and haemo-biochemistry
Moringa oleifera leaf meal (MOLM) can supplement Jumbo quail diets with bioactive

substances and nutrients required for optimum production. However, the utility of the leaf meal
is limited by the high levels of fibre and CT. In my Masters’ work, the inclusion of dietary
MOLM beyond 25 g/kg in quail diets had adverse effects on feed utilisation efficiency and
growth performance of Japanese quail (Mulaudzi et al., 2019). Higher dietary MOLM inclusion
levels in Jumbo quail diets could promote sustainable intensification of the birds but requires

pre-treatment to ameliorate the antinutritional activities of fibre and CT. In the current study,
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repeated measures analysis showed a significant diet x week interaction effect on weight gain
only, indicating that as the birds grew older, the ranking of dietary treatments in terms of weight
gain changed. It is not clear why the birds fed with diet MPV125 had lower weight in week 2.
Indeed, no dietary differences were observed in weeks 3, 4, and 5. Thus, the reasons for the
reduced weight gain in the MPV125 group are unknown. In addition, pre-treatment of MOLM
with PEG and VME had no effect on overall Fl and FCE, signifying that both additives did not

improve the feed value of MOLM.

This further suggests that there is no benefit in pre-treating high dietary MOLM (100 g/kg)
levels with PEG and enzymes as it does not enhance growth performance traits in Jumbo quail.
Similar findings were reported by Kumanda et al. (2019), who established a lack of
improvement on growth performance of broiler chickens upon pre-treatment of red grape
pomace waste with PEG and fibrolytic enzymes. Similarly, Lee et al. (2014) and Abolade
(2016) did not observe any significant improvement on growth performance parameters of
broiler chickens reared on enzyme-supplemented diets. Although these feed additives have
been proven to individually improve nutrient utilisation and growth performance (Kaczmarek
et al., 2015; Aziz ur Rahman et al., 2021), it should be noted that different methods of
application could account for variation in their modes of action and ameliorative activities. This
could be the reason why there are inconsistent results reported in literature regarding their

effectiveness in improving poultry performance.

The evaluation of blood parameters is critical in determining the impact of untreated and PEG
and VME pre-treated MOLM on the pathophysiological and health status of the birds (Saki et
al., 2017). Because dietary MOLM contains antinutritional components such as CT and
insoluble fibre, it was expected that their inclusion at a rate of 100 g/kg would have a negative

impact on haematological and serum biochemical parameters. However, the selected blood
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indices measured in this study confirmed that untreated and PEG- and enzyme-treated MOLM
had no effect on the birds’ pathophysiology and health status, with all the blood values falling
within the values reported for healthy quail (Mbhele et al., 2019; Mahlake et al., 2021). The
lack of negative effects suggests that higher dietary inclusion levels of MOLM do not

compromise the well-being of Jumbo quail.

Cafedo-Castro et al. (2019) reported that serum biochemical indices provide useful
information on the health and nutritional status of animals fed non-conventional feed
ingredients. This further indicates that the Jumbo quail did not suffer from nutritional
deficiencies. Moreover, liver enzymes such as ALKP and ALT were unaffected, signifying that

the birds did not suffer from diet induced toxicosis (Bona et al., 2018).

5.4.2 Carcass and meat quality traits

Changes in gastrointestinal morphology associated with variation in the concentration of
dietary fibre have been reported (Jha et al., 2019). The negative quadratic response observed
for caecum length could also point to the ineffectiveness of the enzyme to improve fibre
utilisation by the birds. No dietary influences were observed on the sizes of liver, gizzard, and
proventriculus, which was also surprising given that the diet containing untreated MOLM
supposedly contained high levels of fibre and CT. The profitability of poultry production has
been strongly related to the improvements in carcass yield and composition. Thus,
understanding factors that affect carcass characteristics is critically important for the success
of any poultry enterprise. Unfortunately, knowledge of such factors in quail birds is limited
(Dyubele et al., 2010). The supplementation with PEG and enzymes had no effect on carcass
parameters, which is consistent with the findings of Alefzadeh et al. (2016) and Taheri &
Shirzadegan (2017), who reported no significant differences in carcass traits of broilers reared

on diets supplemented with exogenous enzymes.
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The appearance, texture, and sensory characteristics of poultry and other meat products all
contribute to their overall consumer acceptability (Muchenje et al., 2009; Yu et al., 2017). The
colour of the meat is the most important indicator when consumers purchase meat products and
is the major factor that affects consumer acceptance of the meat (Muchenje et al., 2009).
Consumers tend to reject the products based on colour variations from the expected norm.
However, no colour variations were observed in all the treatment groups, suggesting that PEG
and fibrolytic enzymes do not affect the appearance of the meat. Meat pH is primarily related
to the biochemical state of the muscle at the time of slaughter, resulting in the onset of rigor
mortis (Ding et al., 2022). Chan et al. (2011) confirmed a correlation between the pH of the
meat and its colour, with lighter meat indicating low pH, while dark meat indicating a high pH
value. Kralik et al. (2018) reported that low pH in broiler meat stimulates the oxidation of
myoglobin (pink colour) and oxyhaemoglobin (red colour) to meta myoglobin (brown meat
colour). However, the dietary treatments in this study had no effect on meat pH, which further

confirm that the addition of PEG and enzymes does not alter post-mortem pH.

Water holding capacity refers to the ability of the meat to retain water when external forces
such as cutting, grinding, and pressing are applied (Bowker & Zhuang, 2015). The degree of
water lost or retained depends mainly on the pH of the tissue for example a higher pH will
result in less water loss, while a lower pH value would determine the amount of water retained
by the meat (Warner, 2017). When there is low pH in meat products, it leads to protein
denaturation, which further reduces the WHC of the meat (Singh & Deshpande, 2018). Thus,
the lack of dietary differences on meat pH could explain why the meat had similar water-
binding potential. Indeed, no differences were observed on cooking loss and drip loss, which
further indicate that PEG and enzyme supplementation do not alter the organoleptic (juiciness,

tenderness, texture, smell, and colour) and sensorial qualities (Maison et al., 2016; Choi et al.,
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2019) of quail meat. Pre-treating MOLM with PEG and VME did not affect the meat stability
(shelf life) tested over 5 days at room temperature. Although an increase in meat pH is linked
to enhanced meat quality, an increase in pH over time may also indicate meat spoilage due to

microbial contamination.

55 Conclusion
Pre-treatment of dietary Moringa oleifera leaf meal with 54 g/kg PEG and up to 20 g/kg
exogenous fibrolytic enzymes did not improve growth performance, blood, carcass, and meat
quality parameters, but affected some visceral organ sizes in Jumbo quail. In addition, an
optimum could not be determined using the growth performance data, indicating that there is
no benefit in pre-treating high dietary MOLM (100 g/kg) levels with PEG and enzymes as it

does not enhance growth performance traits in Jumbo quail.
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6 CHAPTER SIX - GENERAL DISCUSSION, CONCLUSIONS AND
RECOMMENDATIONS

6.1 General discussion

The broiler industry is rapidly developing worldwide to provide much needed animal protein
to the growing human population (Nkukwana, 2018). This is because it is generally believed
that white meat costs less and is healthier than red meat (Muchenje et al., 2009). However,
given that the human population has recently breached the 8 billion marks, there is a need to
ensure sustainable intensification of poultry using low-cost novel feed sources with
nutraceutical properties such as Moringa oleifera leaf meal (MOLM). The M. oleifera plant
has a significant amount of bioactive chemicals with antibacterial, antioxidant, and immune-
stimulating activities that can be utilised to prevent the growth of harmful pathogens, improve

animal performance, and prolong the shelf life and quality of meat (Mbikay, 2012).

However, antinutritional factors such as glycosylates, phytic acid, condensed tannins, and fibre
limit the amount of MOLM that can be included in quail diets. Intake of nutrients and digestion
may be hindered by MOLM's high fibre and CT content (Chamorro et al., 2012). In line with
additional reports, tannins too are responsible for the reduction in feed consumption, growth
rate, feed efficiency, net metabolisable energy, and protein digestibility observed in
experimental animals (Bele et al., 2010; Addisu, 2016). According to several reports, M.
oleifera should only make up 2.5% of a bird's diet since the plant contains antinutritional

components (Onu & Aniebo, 2011; Hassan et al., 2015; Ufele & Ebenebe, 2017).

The inclusion of higher levels of MOLM in quail diets may compromise productivity and meat
quality. In quail, there has been no known research on the effectiveness of tannin-binding
compounds such as polyethylene glycol (PEG) and fibrolytic enzymes to increase voluntary

feed intake and utilisation of MOLM-containing diets. Therefore, the first experiment of this
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study investigated the growth performance, haematology, serum biochemistry, internal organs
and carcass and meat quality parameters in Jumbo quail fed with diets containing MOLM pre-
treated with incremental levels of PEG. This experiment explored the hypothesis that growth
performance, and physiological and meat quality parameters in Jumbo quail would respond to
incremental levels of dietary MOLM pre-treated with PEG, thereby allowing the determination
of an optimum inclusion level of PEG. Two-week-old quail chicks were randomly allocated to
six diets formulated by incorporating (100 g/kg) untreated MOLM (MPGO) or MOLM pre-
treated with PEG at 25 g/kg (MPG25), 50 g/kg (PEG50), 75 g/kg (MPGT75), and 100 g/kg

(MPG100) into a standard grower diet (CON).

The first experiment demonstrated that pre-treating dietary MOLM with PEG beyond 54 g/kg
decreases weight gain and thus may impair the performance of Jumbo quail. However, blood
parameters, internal organs, carcass characteristics, and meat quality attributes were not
influenced by PEG treatment. Pre-treatment of MOLM with PEG improved weight gain only,
this indicated the efficacy of PEG to valorize the feed value of MOLM as a potential feed
ingredient. However, precautions need to be taken when high amounts of M. oleifera and PEG

are included in quail diets.

The second experiment tested the hypothesis that pre-treatment of MOLM with an exogenous
fibrolytic enzyme could improve growth performance, blood parameters, internal organs,
carcass characteristics, and meat quality traits in Jumbo quail. A total of 396 Jumbo quail were
randomly distributed to 6 experimental diets: CON = a standard grower diet without MOLM,;
VMEOQ = CON + 100 g/kg MOLM; and CON + MOLM pre-treated with 2.5 g/kg (VMEZ25), 5
g/kg (VMESO0), 7.5 g/kg (VMET75) and 10 g/kg (VMEZ100). The results showed that pre-treating

MOLM with fibrolytic enzymes influenced neutrophils, gizzard weights, and meat colour
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indicators but not growth performance and carcass parameters in Jumbo quail. The hypothesis
in this second experiment was rejected because results from this study showed that pre-treated
MOLM with viscozyme® L multi-enzyme (VME) did not affect growth performance, blood

parameters, internal organs, carcass characteristics and meat quality traits in Jumbo quail.

Pre-treatment of Moringa oleifera leaf meal with PEG and VME alone was an ineffective
strategy to increase the utilisation in Jumbo quail. It was, therefore, hypothesised that poor
protein digestibility and the incalcitrant fibre fraction, could be the reason MOLM utilisation
is poor in quail. To test this hypothesis, a combination of PEG and VME was evaluated as a
strategy to enhance the feed value of MOLM for Jumbo quail in chapter five. A total of 381
Jumbo quail were randomly distributed to 6 experimental diets: CON = standard grower diet
containing 100 g/kg MOLM untreated; MPVO = standard grower diet containing 100 g/kg
MOLM pre-treated with 54 g/kg PEG; and a standard grower diet containing 100 g/kg MOLM
pre-treated with 54 g/kg PEG (MPV0) and 12.5 g/kg (MPV125), 15 g/kg (MPV150), 17.5 g/kg

(MPV175), and 20 g/kg (MPV200) fibrolytic enzymes.

The results showed that pre-treatment of dietary M. oleifera leaf meal with 54 g/kg PEG and
up to 20 g/kg fibrolytic enzymes do not improve growth performance, blood, carcass, and meat
quality parameters, but affects some visceral organ sizes in Jumbo quail, which is a true
reflection that MOLM can be a potential alternative although precautions prior and during
feeding should be put in place to ensure excellent quail performance, health status and desirable
meat quality attributes. The hypothesis in this third experiment was rejected because results
from this study showed that pre-treated MOLM with PEG and VME did not improve growth

performance, blood parameters, internal organs, carcass characteristics, and meat quality traits.

As an effort to improve the utilisation of MOLM at 100 g/kg inclusion level (which was shown

to reduce voluntary feed intake in Chapter 3), Chapters 4 and 5 revealed that using exogenous
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enzymes alone and a combination of PEG and VME does not improve the utilisation of MOLM
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by quail, suggesting that other strategies are perhaps required if moringa is to be included at

higher levels.

6.2 Conclusions

Pre-treating MOLM with PEG up to 54 g/kg did not have a negative impact on growth
performance, blood parameters, or meat quality characteristics in the initial trial. The maximum
MOLM inclusion level (100 g/kg) significantly reduced feed intake, hence inclusion levels
beyond 54 g/kg could not be appropriate. Furthermore, to increase the usage of MOLM in
Jumbo quail and enable its inclusion at higher levels, subsequent research was carried out using
fibrolytic enzymes. The results showed that the application of fibrolytic enzyme (viscozyme®
L) did not increase the utilisation of a MOLM-based quail diet and that fibrolytic enzyme-
treated diets promoted similar performance in terms of growth, health, and meat quality traits
as the untreated M. oleifera-containing diet. The results indicated that the untreated and PEG-
and enzyme-treated diets promoted similar performance in terms of growth response, health
status, and meat quality traits. This suggests that simultaneous pre-treatment of dietary M.
oleifera leaf meal with polyethylene glycol and exogenous fibrolytic enzymes does not improve

its utilisation in Jumbo quail.
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6.3 Recommendations and prospects

The inclusion of MOLM in diets of Jumbo quail promoted similar performance, according to
the study's findings, in terms of growth performance, haematology, serum biochemistry,
carcass characteristics, and meat quality traits. However, PEG inclusion levels higher than 54

g/kg apparently compromised growth performance. The following further research activities

are thus needed:

e To assess the oxidative stability of lipid components in quail breast meat supplemented

with Moringa oleifera leaf meal pre-treated with PEG and VME.

e To characterize tocopherol derivatives of vitamin E in M. oleifera leaves and

determining the extent of their involvement in oxidative stability.

e To assess the cost-effectiveness of using exogenous feed additives such as PEG and

enzymes in Jumbo quail diet.
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Abstrack The effect of pre-treating Moringn dafra kaf powder (MOLF) with different levels of
pobyethykene gheeol (PEG) on the growth performance, sérum biochemistry, hematology, and meat
quality parameters of Jumbo quail was evahated. Twoweek-old quail chicks (n= 432; 2396 + 648 g
Live-weight) wer mndomly allocated o six diets formulated by incorporating (10% w/w) untreated
MOLF (FEGD) or MOLP pre-tmeated with PEG at 25% (PEGIS), 5% (PEGSD), 7.5% (PEG7S), and
1 (PEGIO) {w/w) into a standard grower diet (CON). Overall feed intake linearly increased
with FEG levels. At week 4, significant quadratic trends wen meorded for weight gain and feed
comversion efficiency (BCE) but, atweek 5, FCE linearly declined as FEG kvels increased. Hemoglobin,
phosphorus, and albumin showed quadratic trends, while calcium and chroma (1 b post-moriem)
lineardy declined in msponse to PEG levels. Diet PEGS) promoked a higher shear force vahee (241)
than diets PEG) and PEG25. The PEGS) diet promoted a similar (p> 0.05) shear foree as diet COM.
Based on the quadratic response for weight gain, the optimal PEG pre-treatment level was caloalaged
to be 59%. Hwas comcluded that MOLP condensed tanning negatively aflect grow th performance
and should be ameliorated toenhancs the utility of this nutreceatical source for fJumbo quail.

Keywords: avian birds; blood indices; feed additives; growth traits; meat quality; phytogenics

L Introduction

The use of phytochemicals could be a long-term strategy for achieving sustainable
Jumbo quail {Cofurnix sp.) intensification for enhanced food and nutrition security. The
Jumibo quail is a subspecies of the Japanese quail (Cofurnix cofurnix japonica) that was
recently introduced in South Africa for meat production [1]. Itis a fast-growing, large-
framed (weighing up to 300 g} brownish bird [1,Z]. Moreower, quail farming has the capacity
to revolutionize the South African poultry industry, which relies heavily on imports to
the poultry indusiry to increase the supply of animal protein [3]. Curmently, quail birds ame
steadily evolving around the world as anexcellent source of protein [4]. Their evolution
could be attributed to their low maintenance, early sexual maturity, high prolificacy, short
generation intervals, fast growth rates, and resistance o numerous avian diseases [5,6]).
Howewver, sustainable intensification of quail birds could be restricted by high feed costs,
disease outbreaks, and poor performance. Indeed, the cost of poultty feeds has remained
high, especially in the tropics, due to rising prices of soybeans and maize grain, which
are conventional nutrient sources in poultry diets [7]. The competition between humans
and livestock for these comventional nutrient soures [5] contributes to rising demand that
fuels price increases on the world market. It is, themefome, imperative that non-corwventional
feedstuffs that have nutraceutical properties be identified for use in quail diets to allow
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Abstrack High fiber kevels (165 g neutral defengent fiboe (NDF)/ kg DM) in Moringa oleifera leaf
powder (MOLF) could Emit its utilization a8 a nutrageutical sounce in Jumbo quail diets. Pe-treating
MOLF with exogenous fibrolytic mu].h-enqurﬁ.i could mducs the nutrient-encapsulating effect of
norestarch poly saccharides and subseq by incoease and bicactive compound utilization.
Thus, this study investigated the effect of pre-treating dietary MOLFP with an exogenous fibroby tic
enzyme mixture on some phy siclogical parameters and meat quality characteristics in Jumbo quail
A total of 396 Jumbo quail wene mndomly distributed to 6 expermental diets, with 6 replicate
pens each and 11 birds per eplicate. The éx perimental diets wens C0ON = a standard grosver diet
(156.5 g NDF /kg) without MOLF; ENZD = 00N + 10% MOLP; and CON + MOLP pre-treated with
0.25% (ENZ25), 0.50% (ENZS0), (75% (ENZTS) and 1% (ENZ100) fibroly fic emeymes. Thens wes no
significant linear or quadratic effects on grow th perfformance parameters and carcass charackeristics
in msponse o nceemental kvels of fibrolytic encmymes. However, neutrophils linearly increased,
while breast meat lightness and 24 h hue angle linearly declined with enzyme levels Quadratic
effects wepe observed on gizzard weights and 1 h huee angle in msponse b ereyme levels. All the
hemato-biochemical values fell within the normal ranges for healthy quail ltwas conchaded that the
maximum fibrolytic mult-eneyme application rate of 19% may not have been adequate to enhance
feed utilization and poesitively affect weight gain in Jumbo quail, thus higher levels may need to be
investigated further.

Keywords: carcass characteristics; Cofwrmix cofurnix; feed additives; growth performance;
phytogenic plants

1L Introduction

In the South African poultry sector, Jumbo quail (Cofwrnix cofwrnix) farming is a new
wenture [1] that can substantially contribute to food and nurition security, as well as eco-
nomic growth, if sustainably developed. Jumbo quail is the largest and fastest-growing
meat-type breed of quail, which has been recently developed from the traditional Japanese
quaallnn The birds are noted for early attainment of sexual maturity (six weeks of age),

uctive rates (L300 eggs per year), disease resistance and low feed mquirements
(35-45 g/ day/bird) [2Z]. However, the growith of the poultry sector has generated addi-
tiomal pressure on feed ingredients and increased the competition between humans and
birds for conwentional nutrient sources, such as maize and soybean. Theme fore, ermerging
quail farmers struggle to profitably meet the birds” nuirient requirements for masdmum
production [2]. Moringa olafera leaves have been found to contain substantial amounts

Poultry 2022, 1, 5465, hitpa// / doi orgy 10,3390, poultry HI20006
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Simultaneous pre-treatment
of dietary Moringa oleifera leaf
meal with polyethylene glycol
and fibrolytic enzymes: Effect
on growth performance,
physiological indices, and
meat quality parameters

in jumbo quail

Arzal Mulaudzi™, Caven Mguvane Mnisi*™ and Victor Mlambo®

Daspaet rrent o Anirmal Soisnoe, Faculty of Maaral and Agriouls eral Sciences, Blord- Wt
Urirsiny, Mofleng, SoUtn AFcD, TFo0d TSROty and Ssety Roous A, Faouly of Maaral and
Aopiculneral Scisnces, Ko - et Unbeersly, Maflosng, South Mo, Sokhool of Agriculeral
Scberces, Faoulty of Agrhculaee and Maaral Sciencoes, Universizy of Moomalanga

Malgpeuin, Soanh A

The utility of Movinga alelfera leaf meal (MOLM) as a source of biclogically
active substances and nutrents for Jumbo quaill & Emited by high
concentrations of condensed tannins and fiber. Simultaneowus application of
polyethylens glycol (PEGL a tannin-binding compound. and exogencus
fibrolytic multi-enzymes could ameliorate antinutritional effects of
condensed tannins and fiber thus inproving MO LM utilization in guail diets.
This study investigated the effedt of pre-treating dietary MO LM with PEG and
fibrolytic enzymes on lve perfomance, blood parameters, vsceral organs, and
carcass and meat quality characteristics in Jumbo quail. A total of 381, two-
weesk-old quail chicks (575 + 3.95 g lve-weight) were rand amily distributed to
sy cietany treatmen tsrepicated six tirmes. The treatments were: T1 = astandand
growwer diet containing untreated MOLM (10%); T2 = a standand grower diet
containing MOLM [10%) pre-treated with 5.4% PEG; and a standard grower diet
containing MOLM [10%) pre-treated with 5.4% PEG and 1.25% (T3], 1.50% (T4]
1755 (T5) and 2.0% (T6) fibrobytic nu ltl-ernzymes. Graded levels of ereymes did
not induce linear o quadratic effeds for overall feed intake, feed corversion
effidency, hematological, carcass, and meat quality parameters in response to
increasing fibrolytic enzyme levels. However, welght gain in week 3
gquadratically responded [RF = 0117 P = 0.04%. Three-week old birds reared
an T3 had kower fp < 0.05) weight gains (40.9 g fbird) than those reared on the
other treatrent groups. Birds reared on Te diet had longer caecum (14 1 o)
than those reared on T2, T3, T4 and TS whose caeca lengths did not differ (P>
0.05). Birds rear ed on diet TS had shorter small intestines (59 5 om) than those
reared an T1and T2 diets. it can be concluded that sinnultaneou s pre-treatrent
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