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GENERAL ABSTRACT
Ecklonia maxima is a type of brown seaweed, commonly known as sea bamboo or Osbeck,
which is found in agquatic ecosystems. Sea bamboo meal (SBM) could be used in chicken diets
as a natural source of nutrients and phytochemicals such as polyphenols and terpenoids.
However, its high fibre and secondary metabolites such as lectins, trypsin and alpha-amylase
inhibitors, alginate, and phlorotannins content restricts the amount that can be incorporated into
Boschveld cockerels’ diets. Thus, this thesis aimed to enhance the feed value of SBM in the
diets of Boschveld cockerels using oyster mushroom (Pleurotus ostreatus) spawn (OMS). A
total of 225, four-week-old Boschveld cockerels (316.4 + 23.01 g live-weight) were randomly
assigned to 25 pens (experimental units), with 9 birds per pen replicated five times per dietary
treatment (SBM: 0, 20, 40, 60 and 80) in a completely randomised design (CRD). The objective
was to determine the effect of including varying levels of dietary SBM in a diet of Boschveld
cockerels on growth performance, apparent retention (AR) of feed components, physiological
(blood and viscera morphometry) responses, carcass characteristics, and meat quality . Five
dietary treatments were formulated as follows: a standard grower diet containing 0 (SBMO), 20
(SBM20), 40 (SBM40), 60 (SBM60), and 80 g/kg (SBM80). The cockerel’s initial body
weights were measured at 5 weeks of age, and then subsequently weighed weekly to calculate
average weekly body weight gain (BWG). Feed intake was measured daily and used to
determine average weekly feed intake (FI). The gain-to-feed ratio (G:F) was calculated using
the weekly BWG and FI data measured during the 11-week feeding trial. At 15 weeks and 6
days of age, blood collected from wing vein of two randomly selected birds per pen was used
to determine the haematology and clinical biochemistry. At 11 weeks of age, two cockerels per
pen were randomly selected for measurements of AR, while the remaining birds were
slaughtered, visceral morphometry and meat quality were determined. The results showed

neither linear nor quadratic effects (P >0.05) for overall BWG, G:F, AR of dry matter, organic



matter, crude protein, neutral detergent fibre and acid detergent fibre, haematology and clinical
biochemistry and meat quality in Boschveld cockerels as SBM levels increased. However,
linear increases were recorded for overall FI [R?=0.397; P = 0.021], relative ceca weight [R?
=0.417; P = 0.013], duodenum length [R? = 0.537; P = 0.04] and small intestine length [R? =
0.305; P = 0.04]. Birds reared on the SBMO diet had higher blood calcium levels (2.675
mmol/L) than those reared on diet SBM60 (1.834 mmol/L). In conclusion, dietary inclusion of
SBM in Boschveld cockerels’ diets increased overall FI, masses and lengths of proventriculus,
caeca, duodenum, ileum and small intestines but did not have an effect on growth metrices,
blood profiles, AR of proximate components, carcass characteristics, meat quality and stability
attributes. From the previous experiments, the optimum inclusion level of dietary SBM could
not be generated, thus, the inclusion level of 150 g SBM /kg diet was evaluated further in the
next experiment. To counteract the anticipated negative effects of fibre, the SBM was
inoculated with different levels of OMS. This experiment evaluated the proximate composition
of SBM spent mushroon substrate and its potential impact when included in a diet of Boschveld
cockerels using growth performance, physiological responses, and meat quality. A total of 324,
four-week-old Boschveld cockerels (310.8 £ 13.98 g live-weight) were used. The cockerels
were randomly assigned to 36 pens (experimental units), with 9 birds per pen to give six
replicates per dietary treatment in a CRD. Six experimental diets were formulated as follows:
a standard grower diet (CON); and CON containing 150 g/kg of SBM after inoculating with 0
(SMS0), 20 (SMS20), 30 (SMS30), 40 (SMS40) and 50% OMS/kg SBM (SMS50). Body
weight gain increased linearly (P <0.05) in weeks 8, 11, 14 and 15 in response to SMS inclusion
in the diet. Furthermore, the inclusion of SMS in the diet induced linear increases for final body
weight [R? = 0.197; P = 0.017] and breast weight [R? = 0.197; P = 0.020]. However, a linear
decline was noted for relative caecal weight [R? = 0.176; P = 0.035]. Quadratic responses (P

<0.05) were also recorded for white cell counts, platelets, lymphocytes, heterophils,



monocytes, relative spleen weight, and large intestine lengths. Birds reared on SMS40 diet had
a longer (P <0.05) caeca (21.12 cm) than those reared on CON and the other SMS treatment
groups. For breast meat stability, there were significant dietary effects on meat pH on day 3,
where all the SMS treatments promoted the least (P <0.05) pH values than CON. In conclusion,
growth performance, slaughter and breast weights were improved by feeding Boschveld
cockerels with a diet containing SBM-spent oyster mushroom substrate. Furthermore, the
inclusion of SBM spent oyster mushroom substrates altered haematological parameters and
relative caeca weights without affecting the cockerel’s overall health, serum biocheemistry and
meat quality. The results of this study showed that the use of oyster mushroom spawn is an
effective strategy to improve the feed value of sea bamboo meal for use in the diets of

Boschveld cockerels.
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1 CHAPTER ONE - GENERAL INTRODUCTION

1.1 Background

The poultry industry is a crucial source of high-quality animal protein for human consumption,
contributing significantly to national food security and zero-hunger goals (Bureau for Food
Agricultural Policy & National Agricultural Marketing Council, 2016). Many African
communities are keeping a small flock of indigenous chickens in their backyards as a source
of meat, eggs, and income. Indigenous chickens have valuable traits, including resistance to
various poultry diseases, thermo-tolerance, good meat flavour, high egg quality, and elevated
fertility rates (Atela et al., 2019). However, modern-day poultry production has primarily
focused on conventional broiler and layer birds, neglecting indigenous chickens (Nhlane et al.,
2021). This is due to their inherent slow growth rates, low feed utilisation efficiency, delayed
sexual maturity, and late attainment of market weight compared to their conventional
counterparts (Atela et al., 2019). Additionally, the cost of rearing indigenous chickens
intensively has become a significant hurdle in utilising them as a commercial source of animal

protein (Nhlane et al., 2021).

Matshogo et al. (2020) reported that feed costs, which constitute over 70% of total production
costs, pose a significant challenge, which is driven by global increases in feed prices within
high-input poultry production systems. Nkukwana (2018) highlighted that the reliance on
highly demanded feed ingredients like maize and soybean, as well as antibiotic growth
promoters (AGPs) during feed formulations has negative impacts on the economic
sustainability of poultry production. This has necessitated the urgency to explore alternative
feed ingredients, such as seaweeds, specifically sea bamboo (Ecklonia maxima) meal (SBM),
to contribute to sustainable intensification of indigenous chicken production.

Sea bamboo, a type of brown seaweed belonging to the Lessoniaceae family and commonly

known as kelp, is the largest among seaweeds, dominating coastal inshore areas of the south-
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west coast regions of the Southern Hemisphere, including South Africa, Australia, and New
Zealand (Anderson et al., 2006; Rothman et al., 2015). Sharma et al. (2014) noted that sea
bamboo is naturally rich in the macro-elements, calcium, magnesium, potassium, sodium,
phosphorus and sulphur as well as other trace elements, iron, manganese, copper and zinc.
Generally, brown seaweeds are abundant sources of minerals, soluble fibres and bioactive
phytochemicals (O’Sullivan et al., 2010). Sea bamboo contains more phytochemicals,
including phlorotannins, alginates, fucoidans, terpenoids, mannitol and laminarin, with the
potential to produce value-added compounds like organic fertilizers (Bordoloi & Goosen,
2020). These bioactive phytochemicals can be exploited to reduce over-reliance on antibiotic
growth promoters, and subsequently help reduce the development of antibiotic resistance and
environmental pollution. Seaweeds have been utilised in poultry at dietary inclusion rates of
10 - 50 g/kg to enhance bird immune status, reduce microbial load in the digestive tract, and

improve the quality of poultry meat and eggs (Abudabos et al., 2013; Wang et al., 2013).

1.2 Problem Statement

Rural communities in tropical regions often rely on small free-range chicken flocks for
essential dietary amino acids, fatty acids, and micronutrients to meet nutritional requirements
and to alleviate poverty (Riise et al., 2004; Manyeula et al., 2019). However, Manyelo et al.
(2020) noted that these birds face exclusion from high-input production systems due to their
perceived genetic inferiorities typified by slow growth rates and poor productivity compared
to conventional breeds. Nonetheless, Padhi (2016) stated that indigenous breeds are preferred
based on their tropical adaptability, succulent taste and disease resistance. For sustainable
large-scale production of indigenous chickens, Nhlane et al. (2021) highlighted that there is
currently a global interest in the use of non-conventional and readily available feed ingredients
with health-promoting and growth-stimulating attributes. Sea bamboo, being one such

ingredient, holds the potential for incorporation into indigenous chicken diets to provide



nutritional and pharmaceutical benefits. However, a literature gap exists regarding the use of
SBM as a source of bioactive compounds to enhance growth performance, blood parameters,

and carcass and meat quality characteristics of indigenous chickens.

Further, high fibre levels, primarily non-starch polysaccharides (NSPs), in SBM could limit its
use in chicken diets (Gullén et al., 2020). For instance, Ascophyllum nodosum contains 88 g/kg
DM crude fibre, 152 g/kg DM neutral detergent fibre (NDF), 298 g/kg DM acid detergent fibre
(ADF) and 48 g/kg DM acid detergent lignin (ADL) (Bikker et al., 2020). Ecklonia maxima
contains 392 g NDF /kg DM, 232 g ADF /kg DM, and 93 g ADL /kg DM (Ahmed et al., 2022),
while Saccharina latissima contains 323 g NDF /kg DM, 241 g ADF /kg DM, and 6 g ADL
/kg DM (Muizelaar et al., 2023). Ventura et al. (1994) observed a reduced feed intake and
growth rate in three-week-old broiler chickens with the inclusion of Ulva rigida seaweed above
100 g/kg. The reduced feed intake and growth rate could be attributed to the presence of NSPs
such as agar, alginic acid, soluble sulphated galactan, cellulose, laminarin and xylans (Gullén
et al., 2020). Moreover, the presence of secondary metabolites such alginate, lectins,
phlorotannins, trypsin and alpha-amylase inhibitors may have a negative effect on poultry
performance (Oliveira et al., 2009). Indeed, Kim et al. (2021) reported that NSPs are the least
digestible components of poultry feeds due to the absence of endogenous NSP-hydrolases in
birds. Therefore, to fully exploit the bioactive compounds of SBM at higher inclusion levels
without compromising the bird’s performance, it is imperative to first determine its maximum
inclusion level in indigenous chicken diets followed by its pre-treatment with oyster mushroom

spawn (OMS) to mitigate the antinutritional effects of fibre.

1.3 Justification

Seaweeds have historically served as livestock feed during feed scarcity in coastal regions

(Makkar et al., 2016). Recent interest has surfaced in utilising seaweeds as rich sources of



proteins, lipids, vitamins, minerals, low-molecular-weight nitrogenous compounds, volatile
compounds (hydrocarbons, ketones and aldehydes), polysaccharides, pigments (chlorophylls,
carotenoids and xanthophylls) and bioactive substances with various organic applications
(Makkar et al., 2016). Seaweed polysaccharides have been utilised as prebiotic promoters in
broiler and layer chicken diets (Ramnani et al., 2012). Additionally, seaweeds are a rich source
of polyphenols, acknowledged for their antioxidant and antimicrobial properties, making them
potential nutraceutical additives in poultry production (Stengel et al., 2011; Van Hal et al.,
2014). Positive outcomes, including improved feed intake, feed conversion efficiency, body
weight gain and breast meat quality, have been reported when incorporating Enteromorpha
prolifera green seaweed in broiler diets (Burgin, 2016). Notably, Yan et al. (2011) observed
inhibition of Salmonella enterica colonization resulting in reduced body weight loss and
mortality in broiler chickens fed a diet containing 2 g/kg of sodium alginate oligosaccharides,

which is abrown seaweed carbohydrate extracts.

However, challenges arose with the inclusion of green seaweeds (Ulva sp.) up to 35 g/kg in
broiler chicken diets, as it interferes with the utilisation of beneficial bioactive phytochemicals,
leading to reduced feed conversion efficiency (Matshogo et al., 2020). Moreover, Marareni et
al. (2023) noted lower weight gain and a linear decrease in gain-to-feed ratio in Jumbo quail
fed with diets containing 60 g/kg of green seaweeds (Ulva sp.), which could be attributed to
the presence of long-chain B-glucans, cellulose, arabinoxylans and pectins in seaweeds (Gullén
et al., 2020). These findings underscore the need to optimize sea bamboo's feed value by using

OMS as a strategy to reduce fibre and allow for higher inclusion levels.

Oyster mushroom mycelia are one of the most efficient lignin-degrading fungal among all
white-rot fungi because of their ability to produce lignin peroxidase (LiP), manganese

peroxidase (MnP) and laccases, which are crucial extracellular lignin-modifying enzymes



(Adebayo et al., 2012). According to Dashtban et al. (2010), the process of lignin
biodegradation involves LiP oxidizing non-phenolic lignin substructures by abstracting one
electron and generating cation radicals, which are subsequently decomposed chemically.
Further, MnP oxidizes Mn*? to Mn*3, which then oxidizes phenol rings to phenoxy radicals
that lead to the decomposition of phenolic and non-phenolic aromatic compounds (Dashtban
et al., 2010). Additionally, white-rot fungi possess antimicrobial, immune-modulating and
antitumor activities that are known to have various pharmacological attributes such as
anticancer, antioxidants and anti-inflammatory effects that may enhance poultry meat quality
(Elhusseiny et al., 2021). Existing literature demonstrates that pre-treating feed substrates with
mushroom spawn enhances the nutritive and feed value of the spent substrates (Niu et al., 2018;
Olagunju et al., 2023). For example, Machado et al. (2007) reported an improvement in weight
gain and feed conversion efficiency of broilers when 10 ppm of avilamycin was substituted
with 20 and 21 g/kg of spent Agaricus blazei mushroom substrate in broiler chick diets. It is,
therefore, imperative to assess the utility of OMS in enhancing the feed value of SBM in
Boschveld cockerel diets. However, to the best of our knowledge, no previous studies have

undertaken such an endeavour, particularly in Boschveld cockerels.
1.4 Aim and objectives

The study was designed to evaluate the potential of oyster mushroom spawn in enhancing the
nutritive and feeding values of sea bamboo (Ecklonia maxima) meal in a diet of Boschveld

cockerels. The following specific objectives guided the experiments:

a) Determine the effect of graded levels of sea bamboo meal on growth performance,
apparent retention (AR) of feed proximate components, haemo-biochemical
parameters, internal organs, carcass characteristics and breast meat quality traits of

Boschveld cockerels.



b) Determine the effect of graded levels of oyster mushroom spawn on proximate
composition, amino acid profile, and mineral contents of the sea bamboo spent
substrates.

c) Evaluate the effect of including sea bamboo spent oyster mushroom substrates in a diet
on growth performance, physiological responses and carcass and meat quality attributes

of Boschveld cockerels.

1.5 Overall hypothesis

a. Ha: The inclusion of graded levels of sea bamboo meal in a diet of Boschveld cockerels
would improve growth performance, AR of feed proximate components, physiological
responses, and meat quality parameters of the birds.

b. Ha: Pre-treatment of sea bamboo meal with different levels of oyster mushroom spawn
would enhance the proximate components, amino acid profile, and mineral contents of
the spent substrates.

c. Ha: The incorporation of sea bamboo meal spent oyster mushroom substrate in a diet
of Boschveld cockerels would improve growth performance, blood parameters and

carcass and meat quality attributes of the birds.
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2 CHAPTER TWO - LITERATURE REVIEW

2.1 Introduction

The evolution of the South African poultry industry over the last fifty years has seen a
transformative shift from small-scale backyard farming to a highly integrated and efficient
high-input system (Bolton, 2015). Presently, South Africa stands as the leading commercial
poultry producer on the African continent, surpassing nations such as Egypt, Morocco, Nigeria,
and Algeria (Nkukwana, 2018). Notably, in 2019, poultry production contributed significantly,
constituting 20% of the total agricultural gross value and 41% of the gross value of animal
products (SAPA, 2019). The South African Poultry Association (SAPA, 2016) underscores the
pivotal role of poultry products as the most consumed and affordable animal protein,
highlighting its profound impact on the nation's dietary landscape. Beyond its nutritional
significance, the poultry industry serves as a vital source of direct and indirect employment,
sustaining over 113 547 individuals across various peripheral businesses and the downstream

value chain, including the feed industry (SAPA, 2019).

The poultry industry stands as a dominant force in the animal agricultural sector, contributing
approximately 65% of locally produced animal protein consumption (excluding milk) in the
country (SAPA, 2021). As noted by Rodic et al. (2011), this industry not only ensures the
provision of affordable, high-quality protein for consumers but also creates valuable
investment opportunities for both subsistence and commercial producers. While the large-scale
commercial sector constitutes the primary source of chicken production in South Africa,
challenges persist on a global scale, with countries grappling to maintain competitiveness due
to narrow profit margins and soaring feed costs, which often exceed 70% of total production

costs (Wickramasuriya et al., 2015).
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Nkukwana (2018) stated that despite increasing demand for poultry meat, South Africa's
poultry supply falls short, leading to the reliance on net imports of broiler meat from Brazil,
the United States and the European Union. These imports are often priced lower than the cost
of production per bird in South Africa with substandard quality. To increase local production,
there is a dire need to identify and evaluate locally available feedstuffs with functional
properties such as sea bamboo (Ecklonia maxima). This has the potential to enhance both
growth performance metrices and product quality. However, Kraan (2012) reported that the
use of seaweed in chicken diets faces limitations due to high fibre content, potentially hindering
nutrient digestion and absorption in chickens.