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9.ABSTRACT

The increase in human population and the effects of climate change have resulted in food
insecurity, and this makes communities living in poor environments have no access to
nutritious food. These communities suffer from protein and mineral deficiencies. The study
was therefore undertaken to investigate the effect of biofortification of substrate with broiler
litter and phyto-mediated-nano-ZnO on the yield and growth of Pleurotus ostreatus as a
means of addressing these challenges. The other objective was to investigate the safety of
Pleurotus ostreatus fruiting bodies for human consumption, and the safety of spent
mushroom substrate for livestock feed by analysing for presence of heavy metals. The
experiment was laid out in 5 X 6 factorial treatment combinations. The experimental
factors were as follows: Urochloa panicoides (1 kg) was used as substrate with five (5)
broiler litter levels- 0%, 1.25%, 2,5%, 5% and 10% BL and six (6) nanoparticle
concentration- 0 mg/kg, bulk-ZnO 2 mg/kg, conventional ZnO 8 mg/kg, green-nano-ZnO 2

4



mg/kg, green-nano-ZnO 10 mg/kg and green-nano-ZnO 50 mg/kg. The treatments were
replicated four times making a total of 30 treatment combinations and 120 experimental
units. The treatments were arranged in a completely randomized design (CRD). The
mycelial growth, fruiting body initiation, and total biomass of Pleurotus ostreatus on
Urochloa panicoides substrate with varied broiler litter and nanoparticle concentrations
were assessed. At each harvest, the fruit cap diameter and style length of mushrooms
were measured using a tape measure, and the conversion efficiency ratio of substrate to
fruiting bodies/biomass was calculated. Macro- and micro-nutrient content on various
substrates were analyzed using the dry-ashing macro- and micro-nutrient procedure
provided by AgriLASA. The analysis of variance indicated a significant difference in the
impact of nanoparticle concentration and broiler litter on total biomass (P<0.05), but there
was no significant difference in the interaction. Broiler litter had a statistically significant
effect on fruit cap size and style length (P<0.05), but there was no significant effect of the
different nanoparticle concentrations. AgriLASA's dry-ashing macro- and micronutrient
approach was utilised to evaluate the transfer efficiency of macro- and micronutrients,
protein and heavy metals. Mushrooms and wasted mushroom substrate recovered from 5
BL green-nano-ZnO 50 mg/kg, 10 BL control, and 10 BL green-nano-ZnO 50 mg/kg had
increased levels of Fe and Zn micronutrients compared to other treatments.The transfer
macro- nutrient and heavy metal efficiency ratio of Pleurotus ostreatus was unaffected by
any nanoparticle concentration. The accumulation coefficient of macronutrient (N, P, Ca,
Mg) and micronutrient content (Fe, Zn, Mn) were significantly different in Pleurotus
ostreatus fruiting bodies harvested from different broiler litter treatments. Finally, the study
established that treatment; ‘5 BL green-nano-ZnO 2 mg/kg’ had the highest conversion
ratio of 51.61%, followed by ‘5 BL green-nano-ZnO 50 mg/kg’ with 33.59% and O BL
control at 25.35%. The lowest biological efficiency was obtained from 2.5 BL green-nano-
ZnO 10 mg/kg at 0.58 %. The results therefore indicate that it is possible to boost oyster
mushroom yield by substrate biofortification with appropriate broiler litter and nanoparticle
concentrations. The study also established that the heavy metals Cr, Cd, and Se that were
found in oyster mushrooms were within the acceptable human food safety level.
Biofortifying liverseed grass with broiler litter and nanoparticle concentrations in oyster

mushroom cultivation can contribute to the boosting of fruiting body crude protein content.

Keywords: Mycelial, Pinning, biomass, substrates, broiler litter, nanoparticle concentration

and heavy metals.



10. CHAPTER ONE

1.General Introduction

1.1 Background

Despite there being enough food to feed the world’s population, 815 million people still
suffer from hunger, the majority of whom live in developing countries, particularly in sub-
Saharan Africa (SSA) (FAO et al., 2017). There is therefore an urgent need to improve the
production of food particularly of high nutritional value to feed the rapidly growing human
population and protect the masses from malnutrition. One of the best food resources of
high nutritional value is the mushrooms. Mushrooms contain 19-35% protein on a dry
weight basis as compared to 7.3% in rice, 13.2% in wheat and 25.2% in milk (Chang &
Miles, 1989) and are rich in essential minerals and trace elements (Chandha & Sharma,
1995). The mushroom is the most well-known and documented edible forest product
(Chamberlain et al., 1998) highly valuable as a source of multiple nutrients, fibre, and
phytochemicals that provide both nutritional and health benefits (Cheung, 2010) and as a
source of medicine (Lakhanpal & Rana, 2005; Mshandete, 2011). Their medicinal values
include wound-healing, immunity-enhancement, anticancer, antibiotic, anti-inflammatory
and antiviral activities, and blood lipid-lowering effects (Chang, 1999; Dai et al., 2009; Lavi
et al., 2010). They have also shown extraordinary positive results in trials for HIV/AIDS
patients in Africa (Chang, 2006).

Oyster mushrooms (Pleurotus ostreatus) which were originally harvested from the wild are
now widely cultivated in large quantities. These large quantities are grown in a short period
and provide more protein per unit area than any other crop (Gupta, 1986). They are
organoleptic fast-growing macro fungi with distinctive fruiting bodies. They are a unique
biota which assembles its food by secreting degradative mycelial enzymes that
decompose the complex organic materials including fibre and toxins to generate simpler
compounds in the substrate that serve as a source of nutrition to the mushroom (Chang &
Miles, 1991). Their attractive feature is that they can utilize a wide variety of agricultural
waste products and transform the lignocellulosic biomass into high-quality food (Bano &
Rajarathanam, 1982). One of the most important aspects of a good mushroom mycelial
growth is the substrate source, which directly affects the bio-conversion ability of raw
material and consequently the productivity. For good growth of P. ostreatus, it is necessary

to find sources of carbon and nitrogen as well as macro-minerals (S, Ca, Mg, P and K) and

1



to some extent lower concentrations of micro-minerals; Fe, Zn, Mn, Cu and Mo [Chang &
Miles, 2009; Romero et al., 2010], with an ash content of between 2.5 to 15.7% (Sanchez
& Royse, 2002). Mushroom mycelia produce a series of enzymes (Saavedra, 2007,
Gutiérrez-Rojas et al., 2014) which drive the biochemical processes that convert the
organic matter into edible fruiting bodies. Pleurotus spp. degrade complex lignin-cellulose-
hemicellulose structures from which they absorb nutrients for their development (Guzman
et al., 2008; Grilli et al., 2015; Saucedo Castillo et al., 2015). They also require nitrogen,
and many studies have shown the need to supplement nitrogen-poor substrates with richer
sources of this element (e.g. soya beans, lucerne, sunflower, etc.) (Chegwin et al., 2013).
Whilst enrichment of substrates with too much nitrogen can lead to negative effects, in
addition to increasing production costs (Silva et al., 2007; Zied et al., 2011; Siqueira et al.,
2012), biofortification of substrates with nitrogen is, however also important to increase the

protein content in the mushrooms (Curvetto et al., 2002).

Biofortification of mushroom substrates with animal protein-rich biowastes such as chicken
manure, and dung manure has the potential to increase mushroom yield and productivity
(Morimoto et al., 1981; Royse et al., 2004). Mwita et al. (2011) showed that chicken
manure enhanced cap lengths and diameters, stipe lengths and diameters and dry weights
of Coprinus cinereus mushrooms grown on substrates of sisal dust, sisal fibres and sisal
decortication leaf wastes (Mwita et al., 2011). Also, the biofortification of straw substrates
with poultry manure increased the yields of Agaricus bisporus mushrooms (Noble et al.,
2002). Further, Hasan et al. (2010) obtained the highest P. ostreatus mushroom yield and
economic return from rice straw treated with 10% poultry litter with 1% lime. Furthermore,
it was found by Carter (2017) that the addition of 25% broiler litter into wheat straw
substrate increased P. ostreatus mushroom yields compared to 100% wheat straw. This is
not unexpected as broiler litter, a mixture of bird excrement, spilled feed, and feathers
(Nunes et al., 2016), is a rich source of nitrogen (26% crude protein) as well as macro (Ca,
P, K, Mg and S) and micro (Cu, Mn and Zn) minerals (Bolan et al., 2010).

Notwithstanding, the utilization of broiler litter as mushroom substrate biofortificant can be
a potential threat to the health of people who consume mushrooms that sequestrate
antibiotic residues and toxic substances from substrates that are biofortified with chicken
manure containing antibiotic residues. In this situation, most antimicrobials orally
administered to chickens are not fully absorbed in the chicken gut and up to 90% of them
can be excreted in the faeces (Kumar et al., 2005b) and ultimately be found in the litter

(Boxall et al., 2003; Rooklidge, 2004). Since plants bioaccumulate some antimicrobial
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agents and can be sources of exposure to such compounds (Kumar et al., 2005a), it is
also very likely that mushrooms can pose a potential risk to human health through similar
mechanisms of antibiotic bioaccumulation. Indeed, feed additives such as bacitracin,
chlortetracycline, monensin, narasin, nicarbazin, penicillin, salinomycin, and virginiamycin
that are often added to poultry feed in commercial farms, and controlled trials have been
found in poultry litter which can pose harmful effects (Furtula et al., 2010). Kyakuwaire et
al. (2019) have further reported the presence of not only antibiotics such as
fluoroquinolones, sulfonamides and tetracyclines and pathogenic microbes with antibiotic-
resistant genes but also pathogenic microorganisms, bacteria, fungi, viruses, parasitic
protozoa and helminths, heavy metals, growth and sex hormones, estrogens: 17f3-
estradiol and testosterone, and pesticides dioxins, furans, polychlorinated biphenyls, and
polycyclic aromatic hydrocarbons. Only 5-15% of heavy metals ingested with chicken
feeds are absorbed by the birds and the bulk is excreted through faeces and urine into
chicken litter (Bolan et al., 2010). High concentrations of Cd, Pb, As, and Hg would pose
serious health risks to human beings if poultry litter is used as a mushroom substrate. In
addition, mycotoxins, especially aflatoxin B1, have been detected in excess levels in
poultry litter (Westiake, 1985; Manafi et al.,, 2011; Viegas et al., 2012). Also, traces of
aflatoxins and their metabolites (AFM1, AFM2, AFP1, and aflatoxicol) have been found in
the litter from layer hens fed diets contaminated with 30 and 500 pg per kg of AFB1
(Cortés et al., 2010).

Against this background, there is a need for technology to enhance the bioremediation
capacity of mushrooms cultivated on poultry litter-biofortified substrates in order to ensure
mushroom safety for human consumers. In this regard, mushroom-forming fungi can
secrete biodegradative enzymes such as laccase, lignin peroxidase, cellulase and
xylanase (Phan & Sabaratnam, 2012; Wan & Li, 2012) that can biodegrade not only
lignocellulosic materials but environmental toxins including mycotoxins as well. White rot
fungi including P. ostreatus exhibit high activity of laccase and manganese-peroxidase
enzymes that have the potential to biodegrade AFB1 and other combined mycotoxins
(Alberts et al., 2009; Yehia, 2014; Loi et al., 2018). It is therefore hypothesized herein that
enhancement of the mushroom mycelial capacity to secrete more of these bioremediation
enzymes will further improve the capacity of mushrooms to remediate a combination of
antibiotic residues, mycotoxins, and other toxic substances in poultry litter-biofortified

mushroom substrates.



Recently, the application of nanotechnology in mushroom production has demonstrated
phenomenal improvements in mushroom vyields (Guo et al., 2015; Prasad et al., 2017;
Owaid, 2019). In this regard, the application of small doses of nano-urea (3 and 5 mg/kg
substrate) induced the highest number of P. ostreatus mushroom flushes at a faster rate
(15 days) as well as the highest biological and economic yields (Naim et al., 2020a). This
Is, however, contrary to early findings where high doses of nitrogen caused inhibition of
mushroom growth and production. Nanoparticles have also been reported to improve
mushroom protein, fibre, total carbohydrates, fructose, essential and non-essential amino
acids, and nickel and lead whilst decreasing the sucrose, glucose, Ca, K, Na, Cu, Fe and
Zn contents (Sassine et al., 2021). Furthermore, Naim et al. (2020b) found a nano-fertilizer
(Lithovit®-Amino25) with a mixture of 25% L-amino acids when applied at 3 or 5 g/kg to
improve the biological and economic yield, proteins, and essential amino acids ( threonine,
valine, isoleucine, leucine, and histidine) of P. ostreatus mushrooms. In this study nano-
fertilizer application also enhanced substrate lignin degradation, which suggested the
capacity of nanotechnology to improve the biodegradative capacity of oyster mushrooms.
It was therefore hypothesized that substrate biofortification with broiler litter and phyto-
mediated zinc oxide nanoparticles would improve the growth, productivity, nutritional
composition, and heavy metal degradation capacity of oyster mushrooms and the

chemical composition of the spent mushroom substrate.

1.2 Problem statement

Sub-Saharan Africa is generally known to have a large population that experiences
hunger, poverty, and malnutrition (Clover, 2003; Bain et al., 2013; Adeyeye et al., 2017;
Giller et al., 2020). A similar situation exists in South Africa (Nwani et al., 2020). This is
projected to worsen due to population increase and a decline in rainfall as a result of

climate change, worsening food insecurity.

Oyster mushroom has been identified as a malnutrition alleviator of deficiency of protein,
and trace elements such as Zn, K, and Mg which the World Health Organization has
referred to as silent hunger (Chang & Miles, 2004). This is because these trace elements
are given in modest quantities by regularly cultivated crops, and these crops take longer to
mature. The conventional cropping season where there is a food gap in between the food

growing season leaves most of the rural communities experiencing food deficiencies.

However, mushrooms cannot grow well on substrates that are only nutritionally carbon-

based, they also require a source of nitrogen. Broiler litter is one of the commonly used
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cheap and abundantly available sources of nitrogen that can be used to biofortify
mushroom substrates. Unfortunately, very often this broiler litter contain antibiotic residues
and heavy metals. Broiler litter poses a risk to both human and animal health if it gets into
the food chain [Boxall et al., 2003; Rooklidge, 2004; Kumar et al., 2005b; Bolan et al.,
2010; Furtula et al., 2010; Kyakuwaire et al., 2019]. Similarly, this risk also includes the
production of mycotoxins (Westiake, 1985; Cortés et al., 2010; Manafi et al., 2011; Viegas
et al., 2012).

1.3 Justification

Oyster mushrooms have been recognized to be rich in protein and trace elements such as
Zn, Fe, K and Mg which are important for the human diet (Atikpo et al., 2008; Ashraf et al.,
2013). Furthermore, oyster mushroom has also been noted to play an important role in
climate change agriculture adaptation initiatives in that it does not utilize large volumes of
water, and it does not require large land (Gupta, 1986; Maniruzzaman, 2004). They are
produced in between the traditional cropping seasons. The yield of oysters can be
improved by the biofortification of substrates with several organic and inorganic materials
(Zieba et al.,2020; Leong et al., 2022; Souza et al., 2023). Organic material would include
chicken manure and inorganic material will use different trace elements including

nanotechnology.

Recently, the use of nanotechnology has been reported to enhance the growth and yield of
crops. Furthermore, food treated with nanotechnology improves the biochemical
processes that aid in scavenging free radicals from the human body and inhibiting the
growth of cancer cells. It is on this basis that it is hypothesised that nanoparticle-treated
oyster mushrooms would contain similar properties (Chellaram et al., 2014; Hafeez et al.,
2015; Mali et al., 2020; Zahedi et al.,, 2020; Salama et al., 2021). This study was
undertaken to investigate the effects of biofortification with broiler litter and nano-ZnO NPs
on mushroom establishment, growth and bioremediation. Broiler litter management and
disposal is a major problem for farmers, businesses, and the public, due to rising
environmental pollution concerns (Garces, 2013). Hence, its use as a mushroom

biofortificant should contribute to addressing this problem.

The capacity of oyster mushrooms to secrete biodegradative enzymes (Gaitan-Hernandez
et al., 2005) is a characteristic that can be exploited to curtail the transmission of
antibiotics and mycotoxins to humans who consume mushrooms produced from the broiler

litter biofortified substrate. The use of oyster mushrooms is intended to diminish antibiotic
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resistance among microorganisms that infect humans, as well as diseases linked with

mycotoxicosis.

1.4 Aim and objectives.

1.4.1 Main objective

To investigate biofortification effects of broiler litter and phyto-mediated-nano-ZnO on

Pleurotus ostreatus production and spent substrate remediation.
1.4.2 Specific objectives

a) To synthesize and characterize Vachellia erioloba seed-based ZnO nanopatrticles

b) To determine the effects of substrate biofortification with broiler litter and phyto-
mediated-Nano-ZnO on oyster mushroom establishment, growth and yield.

c) To examine the effects of substrate biofortification with broiler litter and phyto-
mediated-nano-ZnO on mushroom and spent substrate heavy metal composition.

d) To analyze the effects of substrate biofortification with broiler litter and phyto-

mediated-Nano-ZnO on the chemical composition of spent mushroom substrate.

1.5 Hypotheses

For specific objective 1

Null Hypothesis: Vachellia erioloba seeds will not improve the physico-chemical properties
of ZnO nanoparticles.

Alternative Hypothesis: Vachellia erioloba seeds will improve the physico-chemical

properties of ZnO nanoparticles.
For specific objective 2

Null hypothesis: application of phyto-mediated-nano-ZnO and broiler litter will not increase
the establishment and yield of oyster mushrooms.

Alternative hypothesis: The application of phyto-mediated-nano-ZnO and broiler litter will

increase the establishment and yield of oyster mushrooms.
For specific objective 3

Null hypothesis: application of phyto-mediate-nano-ZnO will not assist in degrading heavy

metals.



Alternative hypothesis: The application of phyto-mediate-nano-ZnO will assist in degrading

heavy metals.
For specific objective 4

Null hypothesis: application of phyto-mediated-nano-ZnO and broiler litter will not improve
spent mushroom substrates.

Alternative hypothesis: application of phyto-mediated-nano-ZnO and broiler litter will

improve spent mushroom substrate chemical composition.



11. CHAPTER TWO: LITERATURE REVIEW

2.1 The Value of Oyster Mushrooms as a Source of Nutritious Food in

South Africa’s Rapidly Growing Human Population Era.

South Africa is diverse in population, and it is a relatively industrialized country in Africa.
With an ever-growing population, it is estimated that the food demand might outpace the
domestic food supply in developing countries (Cook, 2020). Furthermore, low-income
members of the community are living below the poverty level. Moreover, these community
members come across obstacles such as diet-related health concerns such as the
increased prevalence of non-communicable diseases (NCDs) such as obesity, nutrient
deficiencies, stunting and the persistence of hunger. Mushrooms are one of the foods that
can be used for the provision of protein and essential micronutrients such as Zn, P and K.
Mushrooms are fruiting bodies of fungi mainly of the Class Ascomycetes. Furthermore, it is
also recognized that mushrooms are a household necessity in the combat against poverty
and malnutrition (Chang, 2007). In various communities, oyster mushrooms are not only of
popular culinary value but also have the potential to enrich human diets, particularly in
underdeveloped nations where meat is rare and costly (Dube, 2019).

A report by FAO (1995), recommended the use of edible mushrooms as a possible cost-
effective source of protein for developing countries which are very often heavily cereal-diet
dependent (Boa, 2010). The nutritional composition of edible mushrooms demonstrates
that they are abundant in essential oils, protein, vitamins, minerals, lectins, fibre and
bioactive substances (including all essential amino acids) (Rezaeian et al., 2016). In
addition, edible mushrooms provide varying quantities of a strong antioxidant selenium
that helps to maintain the immune system and prevent cell and tissue damage (Khatua et
al., 2013). There is also folic acid in the oyster mushroom which can be used to treat
anaemia. People with hypertension, obesity and diabetes can safely eat oyster mushroom
because it is low in sodium: potassium ratio, carbohydrates, fat, and calorific value, and
alkaline ash and high fibre content make them good for consumption with hyperacidity and
cholesterol-inhibiting constipation mushrooms (Randive, 2012). Furthermore, the delicious
taste of Pleurotus mushrooms may improve meal quality (Lavelli et al., 2018). Pleurotus
osreatus includes all of the necessary amino acids, except for sulfur-containing amino

acids, cysteine and methionine (Dabbour & Takruri, 2002).

Dried oyster mushrooms and goods containing them are an excellent source of iron, zinc,
and copper for those who avoid animal products (Dwyer 1999; Kala & Svoboda 2000;
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Isiloglu et al., 2001). The problem of a perpetually rising population can be solved by
providing food for the world's constantly rising population, as well as waste management,
which are two of the world's key problematic issues. The growing of oyster mushrooms on
agro-industrial waste is a key aspect in converting low-value non-edible wastes into
higher-value products that can be used as food. Mushroom growing is a suitable bio-
conversion strategy for the management of agricultural and agro-industrial waste. Because
of its simplicity and low-cost growing methods, oyster mushrooms have grown in

popularity.

2.2 Nutritional and Substrate Requirements for Efficient Oyster Mushroom

and Mycelial Growth.

As mushrooms do not photosynthesize, they acquire their nutritional requirement through
the saprophytic process where organic material supplies their needs such as carbon and
various macro and micronutrients. Oyster mushrooms can be grown on a wide range of
substrates (Ngezimana et al., 2007). The substrate quality is the major determining factor
for producing mushrooms as it supplies all the energy and nutrients that mushrooms
demand during their development process (Tavarwisa et al., 2021). Agro-industrial waste
materials with low nitrogen content have generally been viewed as a limiting factor in
oyster mushroom cultivation. Different substrates can be selected for use for mushroom
production in whichever region depending on whatever is available in the respective areas
(Cohen et al., 2002). Oyster mushrooms have the potential to produce high yields with
optimum conversion efficiency substrates under variable environmental conditions. Oyster
mushrooms also have a potential bioremediation effect on agricultural wastes and crop

residues.

The survival and growth of mushrooms are linked to a variety of specific elements that can
interact with each other. The chemical, physical and biological factors that are important
for oyster mushroom production include processes that involve water activity, carbon and
nitrogen cycles, mineralization, pH, moisture, antimicrobial agents and the interactions
between microorganisms (Eira, 2003). Appropriate substrates’ optimum pH for oyster
mushroom production is in the range of 6 to 8, depending on the species of oyster

mushroom (James, 2009).



2.3 Broiler litter as biofortificant in Oyster mushroom production:
Nutritional composition and effects on mushroom production and

nutritional composition.

Broiler litter has for decades been used as a source of nutrients for plant growth.
Satisfactory crop vyields are produced by applying poultry waste at an acceptable
agricultural rate (Wood et al., 1993). Bedding material, feathers, manure, and spilt feed are
the big components of broiler litter (Tasistro et al., 2004). This litter contains plant nutrients
such as N, P and K, and trace elements such as Cu, and Zn. The nutrients available in
broiler litter are required for oyster mushroom nutrient growth. Adding broiler litter to soils
also enhances their physical, chemical and organic fertility (McGrath et al., 2009). In
addition to helping solve disposal challenges, adding boiler litter to soils can also increase
the physical, chemical, and biological fertility of soils (Friend et al., 2006), urthermore, it
can be used as a substrate for growing mushrooms in order to reduce pollution. Alternative
to the use of these inorganic fertilizers, various animal manures have also been used.
More specifically, broiler litter has been noted to contain the correct nutrients for the
cultivation of various crops. It could also be considered a valuable source of carbon and

nitrogen in oyster mushroom production.

2.4 Heavy Metals in Broiler Litter: Health Implications of heavy metals and

their toxicity

Broiler litter, which is an important source of nutrients for crop production, may also be
contaminated with a variety of pathogenic bacteria such as Salmonella and
Campylobacter, posing a risk to humans who may consume contaminated mushrooms
produced from broiler litter-fortified substrates (Nunes et al., 2016). Antibiotics are
generally utilized as preventative or curative treatments in biosecurity treatments in poultry
feed, aquaculture, animal feed, and human or veterinary medicinal products (Ramirez,
2018). Extensive use of antibiotics in chicken production systems has been reported to
cause microbial selection pressure which results in the development of antibiotic-resistant
microorganisms. This gets scientists concerned about the harm to the health of both

human beings and animals.

Furthermore, the widespread distribution of antibiotic-resistant foodborne bacteria in
chicken litter or chicken litter-based organic fertilizers poses a severe environmental risk
(Ghorbani et al., 2016). Under some circumstances, horizontal transfer of mobile antibiotic

resistance genes from one bacterium to another may occur (Rensing et al., 2002).
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Antibiotic-resistant bacteria can be traced in high concentrations in chicken litter or chicken
litter-based organic fertilizers, with some species, such as E. coli, Enterococcus and

Providence, being multi-resistant to multiple antibiotics (Kyakuwaire et al., 2019).

Other than microbial contamination, chicken manure has been reported to contain heavy
metals (Verma et al., 2019). Heavy metals are non-biodegradable and in the food chain
are usually biomagnified (Singh et al., 2008). When translocated through the food chain,

they pose a risk to human health.

2.5 Mushroom Mycelial Enzyme Biodegradation of Heavy Metals

Some of the possibilities for employing fungi, namely white-rot fungi, to clean up polluted
soil were explored by several workers (Jebapriya et al., 2013; Varjani et al., 2017; Tirsit,
2020). The ability of white-rot fungi to be effective in degrading a wide variety of organic
compounds is due to the inherent characteristics that release extracellular lignin-modifying
enzymes. They generally can biodegrade a wide range of molecules that are found in plant
materials. The enzymes used in the lignin degradation system include lignin-peroxidase

(LiP), manganese peroxidase (MnP), different H2O2-generating enzymes, and laccase.

Mushrooms and other fungi have enzymatic machinery for waste/pollutant biodegradation
because they can be used to treat a wide range of contaminants (Purnomo et al., 2013;
Kulshreshtha et al., 2013). What separates mushroom species from vegetable crops is
their ability to synthesize dietary protein in the form of fruiting bodies formed from diverse
wastes through a variety of hydrolyzing and oxidizing enzymes (Kuforiji & Fasidi, 2008;
Zhu et al., 2013). With their large biomass and strong texture, these mycelia act as
biological filters and effective sorbents (Volesky & Holan 1995). The extracellular enzymes
and acids released by fungal biomass aid in the degradation of lignin and cellulose while
also aiding in solubilization and metal complexing (Sesli et al., 2008; Singh & Sharma
2013; Damodaran et al. 2014; Mani & Kumar 2014). They are great candidates for
pollution remediation because their cell wall is composed of polysaccharides and proteins
with important functional groups that aid in the binding of organic and inorganic
contaminants (Igir et al., 2018). They are also recognised as good degraders because of
characteristics like aggressive growth, a large hyphal network, resistance to changing
environmental circumstances, the presence of metal-binding proteins, and extracellular

enzyme systems (Khan et al., 2019).

The action of enzymes capable of breaking down the refractory heavy metals may result in

heavy metal degradation. White-rot fungi are known to have highly effective enzyme
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systems for the breakdown of polycyclic aromatic hydrocarbons (Pickard et al., 1999).
Specific enzymes isolated from Pleurotus spp., a genus that contains numerous edible and
cultivable mushroom species, produced encouraging results in heavy metals breakdown
(Dhanker et al., 2021; Gupta et al., 2021; Deshpande et al., 2022).

2.6 Therole of Zinc in enzymatic activities in the bioremediation process.

This micronutrient is required by most organisms and is involved in many bio-metabolic
activities. For the action of more than 300 enzymes, Zinc has been reported to be
necessary for their various biochemical processes (McCall et al., 2000; Frassinetti et al.,
2006). In addition to its catalytic, structural, and regulatory functions, (Stefanidou et al.,
2006), Zinc was shown to be an essential cofactor in many enzymes (Maret, 2013). Zinc is
known to enhance the structure and function of biological membranes and antioxidant
enzymes (Ambali et al., 2010). According to Cordova and Alvarez-mona (1995), the role of
Zinc as a component can be divided into three categories: catalytic — Zinc is required to
stimulate the enzymatic activity of various enzymes such as carbonate anhydrase,
carboxypeptidase, thermolysin, and aldolase; structural — Zinc stabilizes protein structure;

and regulatory — Zinc can be an activator or inhibitor of enzymatic activity.

The most important enzymatic activity in the soil environment is played by
oxidoreductases: dehydrogenases, nitrate reductase, polyphenol oxidases, catalase,
peroxidases, hydrolases: esterases, alkaline phosphatase and acid phosphatase,
phosphodiesterase, aryl phosphatase, cellulase, -glucosidase, invertase and protease
[Kucharski, 1997; Moreno et al., 2001]. Their activity as evaluated using 2,3,5 triphenyl
tetrazolium chloride (TTC) as an oxidant reflects that of the total microbial community
(Kucharski, 1997), Zinc, as a protein component, serves as a functional, structural, or
regulatory cofactor for a wide range of enzymes. Many of the physiological changes
caused by Zn deficit are connected with disruptions in normal enzyme activity;
consequently, Zn deficiency-induced photosynthesis suppression coincides with a drop-in
activity of important photosynthetic enzymes. It should be emphasized, however, that Zn,
as a component of metalloenzymes, may both hinder and promote enzymatic activity. This
element is required for the normal operation of enzymes such as carbonate anhydrase,
carboxypeptidase, thermolysine and aldolase. Zinc metalloenzymes have a role in plant
growth regulation by acting indirectly on auxin metabolism, membrane integrity, protein
synthesis, glucose metabolism, and photosynthesis regulation (Gondal et al., 2021 &

Solanki, 2021). On the other hand, it has indirect effects on stomatal opening and shutting
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as well as reduction of oxidative species detoxification. Zinc deficiency may influence the
catalytic activity of a variety of enzymes and hence the metabolic pathways in which they

are engaged as a result of these.

2.7 Application of Green (phyto-mediated) Nanotechnology in mushroom

production: Nano-ZnO

Algae, microorganisms, plants, heterotrophic human cell lines and numerous
biocompatible agents are portrayed as efficient and ecologically benign green nano-
factories, which have been specifically created for the generation of various inorganic
Nanoparticles (NPs) NPs because they are easily accessible (Sharama et al., 2015;
Heuer-Jungemann et al., 2019; Huang et al., 2020). Highly stable organisms such as
phototrophic eukaryotes may convert metal ions to metal NPs. So, by using these
phototrophic eukaryotes, bacteria, plants, and biomolecules because they are harmless
and ecologically friendly, green-produced metal NPs have been employed in a variety of
applications such as medicine, agriculture, and allied industrial sectors. Rahaiee et al.
(2020) and Satpathy et al. (2018) investigated the use of green-generated NPs in
applications such as anticancer activity, antioxidant activity, and agriculture. The huge
financial expenditures associated with manufacturing and processing nanoproducts are a
limitation of the widespread use of modern nanotechnology. The majority of the described
nanoparticle synthesis processes are not cost-effective. An innovative way to improve
agriculture is to employ nanotechnology to increase productivity (Fraceto et al., 2016; Kim
et al., 2018). They have been found to improve crop growth, yield, and quality indices in
some studies (Duhan et al., 2017; Sassine, 2019). The use of chemically synthesized
nanomaterials is increasingly regarded to be harmful to the environment. However,
nanomaterials may be synthesized from plant systems, which is referred to as green
nanotechnology (Prasad, 2014). Green nanotechnology, in addition to being ecologically
friendly, reduces greenhouse gas emissions and is a safe method since it employs less
material and renewable inputs whenever feasible (Aithal & Aithal, 2021; Fulekar et al.,
2014; Nasrollahzed et al., 2019). Because these items are made from renewable

resources, they have little negative impact on the environment (Prasad et al., 2014, 2016).

Securing a high-tech agricultural system with nanotools might be a great way to
revolutionize agricultural methods, decrease or even eliminate the environmental impacts
of modern agriculture as well and improve yields (Sekhon, 2014; Liu & Lal, 2015). While
nanomaterials catalyse waste and hazardous material degradation, they also help
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microorganisms degrade waste and harmful materials more effectively. The use of nano-
ZnO improves mushroom protein, fibre, total carbohydrates, fructose, essential and non-
essential amino acids whilst it decreases the sucrose, glucose, Ca, K, Na, Cu, Fe and Zn

contents (Sassine et al., 2021).
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‘ 12.CHAPTER THREE: SYNTHESIS OF NANOPARTICLES

To synthesize and characterize Vachellia erioloba seed-based ZnO nanoparticles

3.1 Introduction

The study of materials whose sizes are in the nanometric dimension has gained increased
attention in different fields (Mbenga et al., 2022). These materials have the potential to
bridge the gap between bulk materials and atomic structures. They are referred to as
nanoparticles when the size of their dimensions is between 1 — 100 nm. Nanoparticles
could be applied in different areas such as electronics, cosmetics, coatings, packaging,
and biotechnology (Anand et al., 2019). Therefore, the synthesis of NPs is an important
and active area of study. Different methods have been used for their synthesis and are
broadly divided into bottom-up and top-down approaches. In the bottom-up approach,
structures are constructed atom by atom, molecule by molecule, and cluster by cluster.
Biological and chemical procedures could be used to synthesize nanoparticles in this
approach. Its advantage is that it can obtain NPs with comparatively fewer defects and
homogenous chemical composition. The top-down approach uses physical and chemical
means. Due to its high ratio, it impacts the chemistry and physical properties of the NPs
(Kulkarni & Feng, 2013). Physical and chemical approaches are expensive and consume a
lot of energy (Parveen et al., 2016), while the green approach to NPs is often low in cost
and does not require lots of energy. In addition, the chemical approach has the
disadvantage of contamination from precursors and possible hazardous by-products
(Sagadevan et al., 2022).

The highlighted shortcomings of the physical and chemical methods encouraged the need
to introduce a low-cost, non-toxic and environmentally friendly method for NP synthesis
(Shaik et al., 2018). The biological method for synthesizing NPs has been applauded due
to the availability of natural resources, which could be plants, algae, fungi, yeast, bacteria,
and or viruses that are used as reducing and/or stabilizing agents. Metal oxide NPs have
been widely explored in materials chemistry (Roopan et al., 2014), and ZnO-NP is one of
the semiconducting metal oxides that have a wide area of applications and antimicrobial
activities (Maryanti et al., 2014; Thema et al., 2015). It is non-toxic, naturally abundant and
has good photocatalytic properties (Mallika et al., 2014). Zinc oxide nanoparticles are
commonly employed in agriculture, gas sensors, catalysts, batteries, high-temperature
superconductors, solar energy conversion, surfactants, antimicrobials, antioxidants,

antibacterial, and anticancer agents (Rajeshkumar et al., 2018; Gao et al., 2019; Shobha
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et al., 2019; Abdelhakim et al., 2020; Abdelghany et al., 2022; Al-Ghamdi et al., 2022;). A
variety of ways are available for the synthesis of ZnO nanoparticles, but the use of plant
materials as a mediating agent is a very good alternative and environmentally beneficial

method.

Different studies have reported the use of a variety of plants in the synthesis of ZnO
nanoparticles (Mutukwa et al., 2022; Sahin et al., 2022; Zeghoud et al., 2022). Suresh et
al. 2018 described a green solution combustion route to ZnO nanoparticles using aqueous
Cassia fistula plant extract as fuel. The photodegradative, antibacterial, and antioxidant
properties of the NPs were investigated and they were found to contain reducing
components such as polyphenols (11%), flavonoids, and phenolic acids. A ZnO NP of
hexagonal wurtzite structure has been produced by using extracts of Euphorbia hirta
leaves (Ahmad & Kalra, 2020). Vanathi et al. 2014 adopted a green chemistry technique
using Eichhornia crassipes leaf extract to synthesize ZnO NPs, thereby reporting a low-
cost approach to ZnO NPs rather than a more expensive and environmentally unfriendly
method. During the synthesis of nanopatrticles, the aqueous leaf extract acts as either a
reducing or/and capping agent to afford an eco-friendly alternative to the chemical
synthesis of ZnO NPs.

As yet, only a few initiatives have exploited Vachellia erioloba seed extracts in the green
production of nanoparticles. Vachellia erioloba is a native plant found throughout Southern
Africa. Vachellia erioloba is a legume that belongs to the Fabaceae family of plants. It
thrives in tough, arid environments and it is frost and heat-resilient in the summer (Barnes
et al., 1997). It has a deep root system that extends about 6 meters down, allowing it to
seek underground water for survival (Schulze et al., 1998). It is very beneficial for different
purposes. Their pods may be used as fodder for cattle and consumed by wild animals, and
their timber is sturdy enough to be used as firewood (Coe, 1998; Materechera &
Materechera, 2001; Timberlak et al., 1999). The powder from their pods can be used to
treat ear infections, and the roots can be used to treat toothaches (Coe, 1998; Palgrave,
2015). In addition, this plant contains phytochemicals that have biological importance such
as antioxidants (Semenya & Maroyi, 2018) and have antibacterial potency (Du Preez &
Mumbengegwi, 2014). For example, the stem bark extract of Vachellia erioloba contains
tannins, saponins and sterols. The ethanol and methanol extracts of the stem bark have
antibacterial efficacy against Klebsiella pneumoniae and Pseudomonas aeruginosa strains
(Okoro et al., 2012).
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Apart from the biological relevance, the phytocomponents of plants could be utilized in the
synthesis of nanopatrticles, since they contain some functional groups that are capable of
acting as mediators or capping agents in the synthesis of nanoparticles (Dauthal &
Mukhopadhyay, 2016; Regulacio et al., 2020; Vaid et al., 2020). In this study, the aqueous

extracts of Vachellia erioloba have been used for the synthesis of ZnO nanoparticles.
3.2 Objectives

3.2.1 Main objective
To synthesize ZnO nanoparticles using Vachellia erioloba seed extract..
3.2.2 Specific objective

I.  To characterize ZnO NP formation using XRD,TEM SEM and UV-vis.
li. To investigate anticancer and antioxidant medical properties of ZnO-Nps.

3.3 Materials and Methods

3.3.1 Plant collection and chemicals

Vachellia erioloba pods were collected from the North-West University's Molelwane farm
and shredded (scatter) to obtain the seeds. Zinc acetate dihydrate (Zn(CH3sCOOQO)2:2H20)

and sodium hydroxide (NaOH) were purchased from Merck, Germany.

3.3.2 Preparation of seed extract

In order to obtain the extracts, Vachellia erioloba pods were pounded inside a bag and the
seeds were removed from the pods. The seeds were placed in a milling machine to grind
them into a moderately fine powder. Thereafter, 800 g of the powder was placed in a
beaker and 1000 mL of de-ionized water was mixed with it in a blender. The mixture of
seeds and de-ionized water was blended to a fine texture. Finally, the mixtures were
filtered, and the resulting extracts were stored in a refrigerator for later use. Figure 3.1

presents the process of seed extraction.
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Figure 3.1: Preparation of agueous extract of Vachellia erioloba seeds

3.3.3 Synthesis of ZnO nanoparticles

The ZnO NPs were synthesized by mixing 4.4 g of zinc acetate with 30 mLdistilled water
which acted as a precursor for Zn. This was carried out with different volumes of the
Vachellia erioloba aqueous extracts, 20 and 30 mL. The NaOH solution was used to adjust
the pH to 7. These suspensions were then stirred using a magnetic stir for 2 hours at 85
°C. After the reaction, the product obtained was centrifuged at 5000 rpm for 15 min and
washed with distilled water and ethanol. Following that, the product was dried overnight
before being calcined at 400 °C for 2 hours (Figure 3.2) to obtain zinc oxide nanoparticles
designated as ZnO (20) and ZnO (30) for nanoparticles using 20 and 30 mL extracts,

respectively.
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Figure 3.2: Green synthesis of Nano-ZnO using extracts of Vachellia erioloba seeds

3.3.4 Characterization of nanoparticles

A Bruker D8 advanced X-ray diffraction (XRD) with Cu Ka radiation (k = 1.5405; nickel
filter), fitted with a proportional counter and recorded in the range 26 = 20 to 80° was
utilized to confirm the crystalline phase of the nanoparticles. A FTIR measurement of
Vachellia erioloba seed powder was obtained using a Cary 670 FTIR spectrometer in the
wavelength range of 400-4000 cm (Agilent Technologies) (Ravichandrika et al., 2012). A
Quanta FEG 250 scanning electron microscope (SEM) with a 30 kV acceleration voltage
was used to analyze the external morphology of the ZnO nanoparticles. A TECNAI G2
(ACI) transmission electron microscope (TEM) with a 200 kV accelerating voltage was
used to examine the nanoparticles' internal shape and sizes. Absorbance properties of the
synthesized ZnO nanoparticles were measured from 200 to 800 nm (Agilent Technologies)

using a Cary 30 UV-vis spectrophotometer.

3.3.5 Anticancer assay

The ability of V. erioloba mediated ZnO nanoparticles to suppress cancer cells was
performed on two cell lines: immortal human embryonic kidney (HEK 293) and carcinoma
cervical cancer (HeLa) cell. The cells were sourced from ATCC, Manassas, VA, USA.
They were cultured in a 25 cm? tissue flask using Dulbecco's Modified Eagle's Medium
(DMEM) (Lonza BioWhittaker, Walkersville, MD, USA) with 10% fetal bovine serum, 100
pug/mL streptomycin, and 100 U/mL penicillin. The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
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diphenyltetrazolium bromide (MTT) assay was used to analyze the cells in a 96 well plate
that contained 2.5x102 cells/well in 100 uL DMEM and the cells were cultured for 24 hours
as described by Adeyemi et al. (2020). Prior to incubation, the cells were incubated for 4
hours at 37 °C. After incubation, the cells were treated with different concentrations of
ZnO NPs (10, 25, 50, and 100 pg mL™Y). The treated cells were cultured at 37 °C for 48
hours before the MTT assay. Fluorouracil (5-FU) was used as the standard. The assay
medium was replaced with a fresh solution containing 10% MTT reagent and incubated for
another 4 hours at 37 °C. The insoluble formazan crystals were dissolved in 100 pL of
DMSO, and the absorbance was measured at 570 nm using DMSO as a blank. These
tests were performed three times to obtain the average value of absorbance. These tests
were done because NPs have numerous advantageous properties, such as simultaneous
delivery of antigens and adjuvants to the same antigen-presenting cells (APCs); protection
of bioactive cargo molecules from enzymes-induced ZnO which can be transferred to
oyster mushrooms that will enhance anticancer properties, NPs have immunotherapy
(Gomes, 2021; Thakur et al., 2020).

3.3.6 Antioxidant assay

The radical scavenging activity of the ZnO-NPs was carried out using DPPH assay
following methods adopted from Dousti et al. (2021), however, with minor modification.
DPPH solution was prepared by dissolving 6.4 mg of DPPH in 25 mL of ethanol to obtain a
0.016 mM concentration of DPPH. The solution was placed in the dark for 30 min. After
incubation, 1 mL of DPPH solution was added to the ZnO solutions, which were prepared
by dissolving different concentrations of ZnO-NPs (3.13, 6.25, 12.5, 25, and 50 pug/mL) in
ethanol. The blank solution contained only ethanol and DPPH. The study was carried out
three times and the absorbance was recorded at 540 nm. Thereafter, the % inhibition of
ZnO-NPs against free radicals was estimated using the following equation:

% Inhibition = [(Ac — AS)/AC] X 100% .......evvvvmrmmmrririrnnnnnnnns (3.1)

(Ac) represents the absorbance of the control, while (As) is the absorbance of the test

sample.

The antioxidant assay was done because NPs reduce the risk of heart disease, fight
degenerative illnesses, and extend the life of the product by obstructing or delaying

oxidation processes, which oyster mushrooms also have.
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3.4 Results

3.4.1 FTIR of Vachellia erioloba seed powder

The FTIR spectrum showed (Figure 3.3) transmittance peaks at 3277, 2921, 2093, 1739,
1632, 1533, 1338, 1243, 1035, and 522 cm™.

Vachellia efioroba seed powder

Transmittance (%)

1632,6

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Figure 3.3: The FTIR analysis of the Vachellia erioloba seed powder showing transmittance peaks

3.4.2 X-ray diffraction studies of Vachellia erioloba ZnO nanoparticles

Figure 3.4a and 3.4b shows the diffraction pattern of the ZnO nanoparticles. The diffracted

beam’s intensity was plotted as a function of diffraction angles in the diffractogram.

The Debye-Scherer equation (Equation 3.2) was used to estimate the average crystallite
size of both ZnO(20)-NPs and ZnO(30)-NPs seed extract, and the nanopatrticle sizes were
found to be 9.45 and 12.00 nm, respectively.

Where, D= crystalline size (nm)
K= 0.9 (Scherrer constant)

A= 0,15406 (wavelength of the X-ray)
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Figure 3.4: ZnO NPs synthesized using (a) 20 and b (30) mL extracts of Vachellia erioloba seed

3.4.3 SEM, TEM and particle size distribution histogram of Vachellia erioloba
mediated ZnO nanoparticles

The size of nanoparticles has a significant impact on the overall characteristics of the
material. As a result, studying the size of semiconducting nanoparticles is critical for
understanding the material’'s characteristics (Talam et al., 2012). The SEM micrographs
show the external morphology of ZnO(20) and ZnO(30)-NPs in Figure 3.3a and Figure

3.3b, respectively. The particles showed a spherical form and were closely packed. The
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TEM analysis was conducted in order to better understand the nanoparticles' shape and
size (Arvizo et al., 2011; Suthar et al., 2023).
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Figure 3.5:(a, (b) SEM, (c), (d) TEM, and (e), (f) particle size distribution histogram for ZnO
nanopatrticles prepared using 20 and 30 mL seed extract of Vachellia erioloba, respectively.

3.4.4 UV-visible spectroscopic studies of ZnO nanoparticles prepared using
Vachellia erioloba seed extract

UV-visible spectroscopy is commonly utilized to investigate the optical characteristics of
nanoscale particles. The (Figure 3.6a) and (Figure 3.6b) spectra of the nanoparticles
showed the absorption peaks at 207 and 220 nm for the ZnO (20) and ZnO (30)-NPs,

respectively.

The band gap energies of the ZnO from both routes were determined from the Tauc plot

using equation 3.
ONVEA(N-Eg)™ oot (3.3)

where a is the absorption coefficient, A is a constant, h is Plank’s constant, Eg is the
optical band gap energy and n is ¥ for direct band gap and 2 for indirect band gap

semiconductor.
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Figure 3.6: (a) UV-vis absorption peak and (b) its corresponding Tauc plot for the band gap
estimation

3.4.5 Anticancer activity

The HEK 293 and HelLa cell lines were used to test the anticancer efficacy of Vachellia
erioloba-mediated ZnO NPs as well as the seed extract. Table 1 illustrates the activity of
the ZnO NPs obtained using various concentrations of the plant extract as well as the
calculation of minimum inhibitory concentration (ICso) values for the cell lines which can be

used to enhance the anticancer activities on oyster mushrooms.

Both the HEK 293 and HelLa have ICso values of 5.27 pg/mL for ZnO (20) and 11.4 pg/mL
for ZnO (30), respectively, which are higher than most values reported in the literature
(Ray, 2021). Apart from the established potency of ZnO, the particles exist in nano form

which enhances the activity of the material.

Table 1: Cytotoxic activity if the green ZnO NPs and Vachellia erioloba seed powder

Cell Test ZnO Concentration (ug/mL) ICs0

lines samples (ug/mL)
10 25 50 100
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HEK 293 5-FU 77.36 + 51.92 + 3534 + 11.33+0.016 6.05
0.047 0.003 0.010
ZnO (20) 45.15 + 30.91 + 23.99 + 20.73+0.004 5.27
0.055 0.041 0.023
ZnO (30) 64.74 + 27.12 + 18.68 + 11.15+0.011 14.19
0.031 0.036 0.038
Seed 69.35 + 49.78 + 25.65 + 12.40+0.016 22
powder 0.033 0.028 0.061
HelLa 5-FU 78.40 + 58.89 + 5047 + 37.99+0.02 17.48
0.03 0.04 0.02
ZnO (20) 58.61 + 38.28 + 24.06 + 17.41+0.043 144
0.045 0.039 0.011
ZnO (30) 54.76 + 31.84 + 15.84 + 10.51 +0.027 11.14
0.041 0.032 0.047
Seed 73.56 + 59.27 + 42.28 + 12.69 +0.023 29.72
powder 0.032 0.072 0.093

Values are expressed as mean cell viability (%) + standard deviation (n=3). Fluorouracil is a

standard.

3.4.6 Antioxidants activities

The radical scavenging ability of ZnO-NPs was determined using a DPPH assay. It was
observed that the free radical scavenging ability of ZnO-NPs and ascorbic acid increased
in a concentration-dependent manner. The percentage of DPPH activity increased with
increasing concentration of the samples (Table 2). A similar observation was reported by
Mthana et al. (2022), whereby increasing ZnO-NPs, which were synthesized using plant
extract of Capsicum chinense, increased the radical scavenging activity. The deep violet
colour of the DPPH solution gradually changed to pale yellow in the presence of ZnO-NPs
and ascorbic acid used as reference/standard, which indicates the antioxidant capacity of
ZnO-NPs.

The obtained ICso values of 64.57 and 22.91 ug/mL for green ZnO(30) and Zn(20) —NPs,
respectively, were higher than that of ascorbic acid (20.89 pg/mL). These results are in line
with previous studies, which reported lower ICso values of ascorbic acid than green-

synthesized ZnO-NPs (Arumugam et al., 2021).
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Table 2: Antioxidant activity (%) of green ZnO NPs

Test samples

Sample concentration (ug/mL)

ICs0 (Mg/mL)

3.13 6.25 12.5 25 50
Ascorbic acid 12.26 + 0.040 35.95+0.011 | 40.04+0.080 | 52.21 +0.082 65.20 + 0.064 | 20.89
Zn0O(20) NPs 9.99 + 0.067 26.91+£0.072 | 29.40+0.028 | 38.300+0.037 | 46.16 £+0.014 | 64.57
Zn0O(30) NPs 17.44 +0.031 32.27+£0.052 | 41.85+0.014 | 54.03+0.078 58.35+0.052 | 2291

Values are expressed as mean inhibition (%) * standard deviation (n=3). Ascorbic acid is a standard.
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3.5 Discussion

The FTIR showed the transmittance peak at 3277 cm-1, corresponding to the stretching
vibration of the O—H group from either phenols, polysaccharides, or proteins. The
stretching vibrations of the (C—H) group of a saturated carbon are responsible for the
peaks at 2921.4 cm-1. The peaks at 1632 and 1533 cm-1 were associated with the
hydroxyl (OH) and amine (N-H) groups respectively of proteins or enzymes found in
Vachellia erioloba seed powder. The stretching vibrations of the C-O bond in the seed
powder were responsible for the bands at 1035 cm-1. Furthermore, peaks at 532 may
correspond to the C-N stretch (Sagar Raut & Thorat, 2015) in Figure 3.3. The X-ray
diffraction peaks for ZnO nanoparticles synthesized using 20 ml seed extract Figure 4a
appeared at 26 values of 32.01°, 34.67°, 36.46°, 47.75°, 56.79°, 63.04°, 67.52°, 68.14°,
69.25°, 72,73°, 77.14° and 81.57°, which corresponded to the lattice planes of (100), (002),
(101), (102), (110), (103), (112), (200), (201), (004), (202) and (104) respectively.
Similarly, the crystalline structure of ZnO nanoparticles synthesized using 30 ml seed
extract also showed peaks at 31.93°, 34.57°, 36.38°, 47.63°, 56.67°, 62.89°, 67.51°, 68.0°,
69.12°, 72.56°, 76.98° and 82.12°(figure 4b), that are indexed as (100), (002), (101), (102),
(110), (103), (112), (200), (201), (202), (004) and (104) planes, respectively. These peaks
correspond to that of a hexagonal phase ZnO crystal structure with a space group of
P63mc and a reference code of (00-036-1451) (McMurdie et al., 1986).

The TEM images of ZnO confirmed that the particles are spherical with a small thickness
variation, which is consistent with the SEM result. The average particle size was found to
be 9.2 (ZnO(20)) and 16.3 (ZnO(30)) -NPs nm from the particle size distribution histogram
presented in Figures 3.5e and 3.5f, respectively. Generally, depending on the changes in
nanoparticle size, the absorption peak could shift to a higher or lower wavelength with
respect to the peak of absorption of the bulk (Dobrucka et al., 2019; Khatak et al., 2021).
The calculated band gap energy values of the ZnO (20) and ZnO (30) NPs were 3.25 and
3.31 eV respectively shown in Figure 3.5b and Figure 3.6b.These values are lower than
the band gap of bulk ZnO (3.38 eV), which is the consequence of the size effect similar to
earlier reports (Stan et al., 2015; Luque et al., 2018; Khan et al., 2019; Kumar et al., 2019;
Ramesh et al., 2021). A reduction in the band gap value with respect to bulk has been
reported for green synthesized ZnO NPs using leaves of Phoenix roebelenii palm and this
observation was attributed to the effect of native defects (zinc interstitials and oxygen
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vacancies). These defects could produce localized electronic states within the energy gap,

which could result in the shortening of the energy band gap (Aldeen et al., 2022).

The results reveal a concentration-dependent profile with some promising actions against
the cell lines tested. Furthermore, because of their profound reactive oxygen species -
generating potential during dark and light exposure, ZnO NPs would boost the exceptional
anticancer activity in oyster mushrooms (Bhardway et al., 2020). The ZnO samples
displayed very good toxicity (in-vitro) on both cancer cell lines (HEK 293 and HelLa). The
ZnO NPs (20) extract was able to suppress half of the HEK 293 cell lines more than the
standard, whereas samples from the ZnO-NPs (30) extract were able to suppress half of
the HeLa cell line. It could be inferred that green synthesized ZnO-NPs are more effective
in the treatment of cancer cells than the plant extract which can help in increasing the
anticancer properties in plants. The performance of ZnO NPs at high concentrations could
be due to the presence of biologically active compounds found in the Vachellia erioloba
seed extract that was used to synthesize the ZnO. The scavenging activity of ascorbic acid
(standard) was higher than that of both samples of ZnO-NPs (Table 3.2); this, indicates
that the standard was more effective in capturing the DPPH’s free radicals compared to
both ZnO-NPs. However, the ZnO(30) —NPs showed higher inhibition potency compared
to the ZnO(20)-NPs). Since ZnO(30) -NPs were shown to have a smaller particle size, they
have larger surface area to volume ratio than the ZnO(20) -NPs (Jacob, 2019). Generally,
a large surface area to volume ratio of NPs results in high material performance due to the

domination of materials’ surface by atoms.

3.6 Conclusion

ZnO-NPs were successfully produced from Vachellia erioloba pods. XRD, SEM, TEM and
UV-vis were used to characterize the nanoparticle formation. The FTIR study on Vachellia
erioloba seed powder indicated the presence of biomolecules, which may have played an
important role in the creation of ZnO NPs. TEM pictures clearly demonstrated that
Vachellia erioloba produced ZnO-NPs. It formed a spherical shape with an average
particle size of 9.2 nm for ZnO (20) NPs and 16.3 nm for ZnO (30) NPs. They have shown
band gap energy of 3.25 and 3.31 eV for ZnO (20) NPs and ZnO (30) NPs respectively.
The anticancer test was carried out to assess the biological activity of the produced ZnO
NPs, they were active against HEK 293 and HelLa cell line and the DPPH assay revealed
that ZnO (20) NPs and ZnO (30) NPs possess antioxidant activity with an ICso value of

46



64.57 and 22.91 pg/mL. Our findings show that the aqueous seed extract of V. erioloba
might be used to synthesize stable ZnO-NPs and because ZnO-NPs were shown to be
more effective on plant development, they will be used to boost the growth and production
of oyster mushrooms and enhance the anticancer and antioxidants properties on oyster
mushroom (Sebesta et al., 2021). Nanoparticles have the potential to alter the agriculture
and food industries by providing different revolutionary tools for disease control, illness

detection, and increasing plant nutrient absorption capacity (Goswami & Mathur, 2019).

Nanotechnology offers enormous promise and benefits in agronomy and biotechnology
and such understanding is required before employing nanopatrticles in future plant science
research (Avellan et al., 2019). The size of NPs influences their interaction and
accumulation within plants and ZnO NPs which were formed were within safe measures
for application in oyster mushroom production. Even though there are new techniques for
plant development, employing NPs has proven to be effective, although NPs have various
fatal consequences for plant growth and survival rate. (Mishra et al., 2014). As a result,
research on NPs is needed, specifically on their interactions with plants and their
physiological, biochemical, and molecular impacts. Hence the ZnO NPs synthesized will

be used for Pleurotus ostreatus growth and development.
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13. CHAPTER FOUR: BIOFORTIFICATION OF SUBSTRATES
WITH BROILER LITTER

Determination of effects of biofortification of substrates with broiler litter and phyto-

mediated-Nano-ZnO on oyster mushroom establishment growth and yield

4.1 Introduction

Mushroom is reported to have been cultivated dating back to the 1800s (Dinssa et al.,
2020). The need to cultivate mushrooms has been increasing as a result of population
growth, market expansion, changes in consumer behaviour, and developments in the
manufacturing industries, transportation, and retailing (Dinssa et al., 2020). Oyster
mushroom cultivation can help in managing organic waste whose disposal has been
reported to have become a problem (Das & Mukherjee, 2007). These mushroom
species are a rich source of protein (Sher et al., 2010). Pleurotus ostreatus contain
about 25-40% protein, high levels of vitamin B1, B2, B6, C, and D, and are rich in
minerals that are essential for human health (Atikpo et al., 2008). Oyster mushrooms
can be cultivated using different plant substrates (Tesfay et al., 2020). Deficiency of
micronutrients such as Zn and Fe particularly in developing countries is reported to be
widespread and affecting almost three billion people (Kumar et al., 2019). Micronutrient
deficiency which is also called ‘hidden hunger’ increases the general risk of infectious
illnesses in people living in low-income countries (Kumar et al., 2019). These have a
negative impact on health performance and productivity and are a substantial
impediment to economic progress (Manwaring et al., 2016).

The nutritional content of oyster mushrooms is known to be influenced by the nutrient
composition of the substrates they are grown in. It is therefore projected that the
biofortification of substrates with micronutrients has the potential to improve the mineral
nutritional content of oyster mushrooms. Biofortification is a technique that aims at
increasing the nutrient content of edible parts, and endosperm while increasing their
bioavailability (Shahzad et al., 2014). Zn and Fe are important nutrients in the human
diet and are known to boost the immune system and have anti-fungal properties
(Magbool & Beshir, 2019). Iron is particularly required in large amounts in the human
body (Connorton et al., 2019). The objective of this study was therefore to investigate
the effect of bio-fortification of substrates with broiler litter and phyto-mediated-nano-
ZnO on the growth and yield of oyster mushrooms.
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4.2 Study objectives
4.2.1 Major objective

To investigate the effects of different broiler litter levels and nanoparticles on the

establishment, growth, and yield of Pleurotus ostreatus.

4.2.2 Specific objectives

I. To determine the effects of broiler litter and nanoparticles on the growth
characteristics of Pleurotus ostreatus.

li. To determine the influence of broiler and phyto-mediated-nano-ZnO on the
mycelial development, pinning, total biomass and fruiting bodies of Pleurotus
ostreatus production on different substrates.

iii. To analyse the conversion efficiency ratio of broiler litter and phyto-mediated-

nano-ZnO biofortified substrate to fruiting bodies.

4.3 Materials and methods

4.3.1 Description of the study area

The study was carried out at the North-West University, Molelwane farm, North
West, South Africa with the geographical location is 25’ 47’ 54” South, 25’ 32’ 52”
East. The African hut dome structure for mushrooms covered with a fabric cloth was
used to create a growth environment for the oyster mushrooms. The study was
conducted inside an enclosed environment where temperature and relative humidity

were controlled.

4.3.2 Experimental layout

Broiler litter was mixed with 1 kg liver seed grass (Urochloa panicoides) at various
ratios: 0% (no broiler litter), 1.25%, 2.5%, 5%, and 10%. These substrates were
treated with the following concentrations of nanoparticle solutions: Control (liver
seed grass), bulk ZnO (8 mg/kg), conventional or chemically synthesized Nano-ZnO
(2 mg/kg), and green Nano-ZnO (2, 10, and 50 mg/kg). The experiment was laid
into a 5 x 6 factorial experiment in a completely randomized design with 36
treatment combinations of 4 replicates each. Each replicate was 1 kg. Distilled
water was used to wet the nano-treated substrates before inoculation with P.
ostreatus spawn. Each experimental unit was filled into 10 x 23 cm autoclave
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plastic bags. After cooling the substrates to room temperature, it was inoculated
with oyster mushroom spawn. The experimental units were watered with 2 litres per
hour which was supplied in the form of a drip by the water outlet of the scorpion
irrigation system (Figure 4.1). Depending on the temperature variations irrigation
schedule was not fixed. For temperatures less than 30 °C, irrigation took place in
the two-day interval for two hours, and for temperatures above 30 °C the irrigation

intervals and scheduling were subjected to change to a one-day interval.

Figure 4.1: Irrigation water outlet used to maintain relative humidity in the treatments.

4.3.1 Description of the experiment
4.3.1.1 Preparation of growth media

The test substrate, i.e., U. panicoides was dried at room temperature and milled.
The dry substrates were weighed before wetting and the amount of substrate
used was determined by the volume of the autoclave bags and their texture, i.e.,
U. panicoides (1 kg) and broiler litter (Siddhant et al., 2013). Liver seed grass
was sterilized using hot water in a drum at a temperature of 121 °C for 2 hours
at 100kpa. After sterilization of the respective substrates, they were allowed to
cool in sterilized containers for Four (4) hours. The following dosage of ZnO NPs
treatment was used to treat the respective substrates: Control (un-treated), bulk
ZnO (8 mg/kg), conventional or chemically synthesized Nano-ZnO (2 mg/kg),
and green-nano-ZnO (2, 10, and 50 mg/kg) (Khandakar, 2004; Sarker &
Chowdhury, 2013). Distilled water was used to wet the treated substrates before

inoculation with Pleurotus ostreatus spawn.
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4.3.1.2 Spawn preparation

Forty kilograms of spawn was purchased from Eco-Agro Enterprise (Pty) Ltd in
Nelspruit, Mpumalanga. The ratio of spawn inoculation with substrates was 1:3
and a total spawn of 40 kg was used in all 120 experimental units (Siddhant et
al., 2013). For the 120 treatment combinations, a quantity of 250 grams was

weighed and inoculated to each experimental unit.

4.3.1.3 Assessment of mycelial development, pinning, and biomass accumulation in

the different treatment combinations

Mushroom growth from different treatment combinations was evaluated by
assessing mycelial development, fruiting body initiation (pinning) and total
biomass production. The data on mycelial development was collected at seven-
day intervals. The plastic cover of mycelial growth were measured as a
centimetre cover within each of the autoclave bag designs. Data on pinning
were also recorded at an interval of seven days (1 week). The pinning was
measured by calculating the number of pinheads outside the plastic. The fruit
bodies (fresh mass) were weighed immediately after each harvest using an
electronic balance at two decimal places and recording the total biomass in

grams (g) for each harvest.

4.3.1.4 Fruit cap diameter and style length

The fruit cap diameters and style lengths of all mushrooms were measured

using a tape measure at each harvest on a 7-day interval.

4.3.1.5 Conversion efficiency ratio

Conversion Efficiency (CE) is defined as the percentage ratio of the fresh mass
of harvested mushroom over the dry mass of substrate (Pokhrel & Ohga 2007).
The spawn, substrates, and total biomass of mushrooms for the four replicates
for each treatment were calculated to determine the conversion efficiency ratio.

The following equation was used:

mushroom harvested (g) X 100 (4 1)

Conversion efficiency ratio-
substrate (g)
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4.3.1.6 Temperature and relative humidity

Temperature (°C) and relative humidity (%) in the domes were recorded at an
interval of two days from the first day of inoculation until harvesting day using a
multi metre. This was done to determine the amount of water needed to

maintain the recommended temperature and relative humidity.
4.3.1.7 Statistical analysis
The general linear model (GLM) procedure of Minitab (2000) was used to

determine the effect of the inclusion level of broiler litter and the form of ZnO on

the growth and yield of oyster mushrooms. The following GLM model was used:
Yij = n + Bi +Zj+ (B xZ)ij + Ej

Where Yj = The response variable

K = population mean

Bi = Effect of broiler litter level

Z; = Effect of form of ZnO

(B x Z)ij = Effect of interaction between broiler litter level and form of ZnO

Ej - Random error associated with observation ij.

For all statistical tests, the significance will be accepted at P < 0.05.

4.4 Results

4.4.1 Effects of Broiler Litter X Nanoparticle Concentration on Pleurotus ostreatus

mycelial development (autoclave bag cover) assessed over 5 weeks after
inoculation.

4.4.1.1 Analysis of Variance on Mycelial Development

The data analysis on the effect of different treatment combinations on mycelial
growth indicated that there was a statistically significant difference in different
broiler litter levels (P<0.001) but there was however non-significance in

mycelium grown in NanoC treated substrates (P=0.05) (Table 3).
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Table 3 : Analysis of Variance of effects of broiler litter and nanoparticle concentration on
mycelial development assessed over 5 weeks after inoculation

Source DF Mean SS Adj MS F P- value
BL 4 177.25 44 .31 4.08 0.004™
NanoC 5 62.97 12.59 1.16 0.336"
BL X NanoC 20 618.95 30.95 2.85 0.000™

P value indicates significance. ***-Significant at (P<0.001), **-Significant at (P<0.01), *-
Significant at (P <0.05) and ns-gnificant at (P>0.05). BL- Broiler litter. NanoC-
Nanoparticles concentration.

4.4.1.2 Effects of broiler litter X Nanoparticle concentration interaction on mycelial

development assessed over 5 weeks after inoculation.

The Analysis of variance (Table 4) showed that there was a statistically significant effect of
broiler litter X nano-type interaction on mycelial development. Mycelial development in the
following treatment; 0 BL Bulk-ZnO, 0 BL Green-Nano-ZnO 2mg/kg, 0 BL Green-Nano-
ZnO 50 mg/kg, and 1.25 BL Conv-Nano-ZnO 2 mg/kg exhibited statistically significant
differences (P<0.05).
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Table 4.: Effects of different levels of broiler litter and nanoparticles on oyster mushroom mycelial development (cm)

Treatments Mycelial development recorded in cm over time (weeks)
BL NanoC week 1 week 2 week 3 week 4 week 5
0 Control 17.752 22 24.52 26.22 26.752
0 Bulk-ZnO 8 mg/kg 162 22.3% 24.52 26.002 26.25 @
0 Conv-Nano-ZnO 2 mg/kg gabe 10¢¢ 162¢ 16.00 4 22.0030¢
0 Green-Nano-ZnO 2mg/kg 3.8° 49 gde 9.00¢ 16.75¢
0 Green-Nano-ZnO 10mg/kg 8.52 14.52f 18.83bc 20.50 2 23.253b¢
0 Green-Nano-ZnO 50mg/kg 153 21.5% 23.5% 24.75 2 26.502
1.25 Control 8.8abc 11.8b9 15.32¢ 18.50 & 19.752b¢
1.25 Bulk-ZnO 8 mg/kg 173bc 1329 19.33bc 21.25 2 22.253bc¢
1.25 Conv-Nano-ZnO 2mg/kg 5be 9.8¢9 13.3b¢ 17.00 2 17.25b¢
1.25 Green-Nano-ZnO 2mg/kg 7.3abc 1429 17.3%¢ 19.002d 19.502b¢
1.25 Green-Nano-ZnO 10mg/kg 6.8abc 8.349 13.8v¢ 14.75bcd 25.002b¢
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10 Bulk-ZnO 8 mg/kg 8.5abc 9¢9 13.50¢ 15.75 &d 20.253b¢

10 Conv-Nano-ZnO 2mg/kg 6.3°° 1429 21.83bc 22.75% 25.003¢
10 Green-Nano-ZnO 2mg/kg 8.3akc 12.829 193kc 20.50 & 25.753¢
10 Green-Nano-ZnO 10mg/kg 12.83k¢ 16.82" 20.33bc 23.50 & 25.503¢
10 Green-Nano-ZnO 50mg/kg 9.3akc 1229 14.5%¢ 16.25 ad 22.253k¢
Pooled SEM 1.04 0.95 0.96 0.98 0.82
P-values Broiler litter P<0.05 P=0.001 P<0.05 P<0.05 P<0.01
NanoC P<0.05 P<0.01 P<0.05 P>0.05 P>0.05
Broiler litter X NanoC P<0.001 P<0.001 P<0.001 P<0.001 P<0.001

Mean with different letters in a row are significantly different at P<0.05 via Tukey’s means separation. NanoC- Nanoparticle
concentrations. Reported values are averages of three replications. Significance: ns-not significant at P> 0.05, * P <0.05, ** P < 0.01, or
*** P <0.001, respectively.
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4.4.2 Effect of broiler litter levels and nanoparticle concentration on pinning rate of

Pleurotus ostreatus (autoclave bag cover)
4.4.2.1 Analysis of variance on pinning rate

Nanoparticle concentration and nanoparticle and broiler litter showed a

statistical difference in pinning rate at (P=0.001) in Table 5

Table 5: Analysis of Variance of effects of broiler litter and nanoparticle concentration on
pinning rate over 5 weeks after inoculation

Source DF Seq SS Adj MS F P-value
BL 4 1.6667 0.4167 2.21 0.075"s

NanoC 5 4.0667 0.8133 4.31 0.0071***
BL X NanoC 20 9.9333 0.4967 2.63 0.0071***

P value indicates significance. ***-Significant at (P<0.001), **-Significant at (P<0.01), *-
Significant at (P <0.05) and ns-significant at (P>0.05). BL- Broiler litter. NanoC-
Nanoparticles concentration.

4.4.2 Effect of ‘broiler litter X Nano type’ interaction on pinning rate assessed over 6

weeks after inoculation.

There was a variation in the pinning rate in some of the respective treatments at 5 weeks
after inoculation, 0 BL control had the highest pinning from week 1 to week 2 and week 4
to week 5, and 10 BL had the highest pinning on week 3, and week 4. Overall, 0 BL
control had the highest pinning for 5 weeks. Treatment combination O BL control had a
statistically significantly higher pinning rate than all other treatment combinations
(P<0.05) (Table 6)

Table 6: Effects of different levels of broiler litter and nanoparticle concentration on oyster
mushroom pinning rate.

Treatments Mean of pinheads recorded over time (weeks)
BL NanoC Week1 Week2 Week Week Week5 Week
3 4 6
0 Control 2.502 2.502 0.00 1.75% 1.752 0.252
0 Bulk-ZnO 8 mg/kg 0 0.00 2.78 0.00 0.25P 0.00
0 Conv-Nano-ZnO 0.00 0.00 0.00 0.00 0.00 0.00
2mg/kg
0 Green-Nano-ZnO 0.00 0.00 0.00 0.00 0.00 0.00
2mg/kg

0 Green-Nano-ZnO 0.00 0.00 0.50*  0.00 0.00 0.00
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Mean with different letters in a row are significantly different at P<0.05. Significance:
P>0.05=not significant, * P <0.05, ** P < 0.01 or *** P <0.001, respectively using Tukey’s
means separation procedure. NanoC- Nanoparticle concentrations. Reported values are
averages of three replications.

4.4.3 Effect of different broiler litter levels and nanoparticles on total biomass of

Pleurotus ostreatus
4.4.3.1 Analysis of variance on total biomass of Pleurotus ostreatus

The Results of the analysis of variance (Table 7) showed that there was a statistically
significant difference in the effect of different substrates on the fresh weight (P<0.05).
However, there was no significant difference in the effect of the broiler litter X Nano-type

interaction.

Table 7: Analysis of Variance on Total Biomass on Pleurotus ostreatus for over 5 weeks
after inoculation

Source DF Seq SS Adj SS F P

BL 4 119.17 29.79 0.88 0.482
NanoC 5 294.19 58.84 1.73 0.136
BL X NanoC 20 691.11 34.56 1.02 0.452

P value indicates significance. ***-Significant at (P<0.001), **-Significant at (P<0.01), *-
Significant at (P <0.05) and ns-gnificant at (P>0.05). BL- Broiler litter. NanoC-
Nanoparticles concentration.

4.4.3.2 Effect of different Broiler litter X NanoC on the total biomass of Pleurotus

ostreatus fruiting bodies over a period of 5 weeks after inoculation
The fresh weight and dry weight of fruiting bodies harvested was not statistically
significantly.

Table 8 : Effect of different levels of broiler litter and nanoparticles on oyster mushroom
fruiting bodies fresh weight (g)

Treatments Time
BL NanoC FW 1 FW 2 FW3 Fw4 FW5
0 Control 28.82 0 7.12 7.12 2.12

0 Bulk-ZnO 8 mg/kg 0 7.72 0 0 0
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5 Green-Nano-ZnO 50mg/kg 0O 162 26.52  8.52 82

10 Control 0 16.12 0 26.52 3.62

10 Bulk-ZnO 8 mg/kg 0 0 0 0 0

10 Conv-Nano-ZnO 2mg/kg 0 0 0 0 0

10 Green-Nano-ZnO 2mg/kg 0 0 0 0 0

10 Green-Nano-ZnO 10mg/kg 0 0 0 0 0

10 Green-Nano-ZnO 50mg/kg 0O 0 8.22 1442 0

Pooled 19 3.7 2.9 3 1.5

SEM

P-values  Broiler litter P<0.01 P<0.05 P<0.05 P>0.05 P>0.05
NanoC P<0.01 P>0.05 P>0.05 P>0.05 P>0.05
Broiler litter X NanoC P<0.001 P>0.05 P>0.05 P>0.05 P>0.05

Mean with different letters in a row are significantly different at P<0.05. NanoC-
Nanoparticle concentrations. Reported values are averages of Four replications.
Significance: P>0.05 is not significant, * P <0.05, ** P < 0.01 or *** P <0.001, respectively.
Means followed by different letters within each column are significantly different at P <0.05
using Tukey’s means separation procedure. FW- fresh weight. FW1-FW5 (fresh weight
from first flush to last flush).

4.4.4 Effect of nanoparticles and broiler litter on the growth characteristics of

Pleurotus ostreatus

4.4.4.1 Analysis of variance on fruit style length of Pleaurotus ostreatus fruiting

bodies

There was statistical significance difference between BL and NanoC on fruit cap diameter
and style length (P>0.05) (Tables 9 and 10)



Table 9: Analysis of Variance in Fruit Style Length on Pleurotus ostreatus for over 5
weeks after inoculation

Source DF Seq SS Adj MS F P

BL 4 2.367 0.592 1.45 0.224"s
NanoC 5 3.975 0.795 1.95 0.094"s
BL X 20 14.233 0.712 1.74 0.040*
NanoC

P value indicates significance. ***-Significant at (P<0.001), **-Significant at (P<0.01), *-
Significant at (P <0.05) and ns-significant at (P>0.05). BL- Broiler litter. NanoC-
Nanoparticles concentration.

Table 10 : Analysis of Variance of the effect of broiler litter and nanoparticle concentration
on cap diameter over a period of 5 weeks

Source DF Seq SS Adj MS F P

BL 4 7.717 1.929 1.26 0.291
NanoC 5 15.842 3.168 2.07 0.076
BL X 20 48.283 2414 1.58 0.076
NanoC

P value indicates significance. ***-Significant at (P<0.001), **-Significant at (P<0.01), *-
Significant at (P <0.05) and ns-significant at (P>0.05). BL- Broiler litter. NanoC-
Nanoparticles concentration.

4.4.4.2 Fruit cap and style length

There was no statistically significant difference in fruit cap diameter for mushrooms grown
in different substrates. There was, however, a significant effect of interaction between
“pbroiler litter levels and nanoparticle” concentration (P<0.05) on week 1. In general, liver
seed grass biofortified with broiler litter produced larger fruit caps than those produced by

nanoparticle-treated substrates.

Table 11: Effect of different levels of broiler litter and nanoparticle on cap diameter of
oyster mushroom at each harvest (cm)

Treatments Cap diameter (cm)




BL NanoC Capl Cap2 Cap3 | Cap4 | Cap5
0 Control 82 0 4.92 4.92 1.32
0 Bulk-ZnO 8 mg/kg 0 4.52 0 0 0
0 Conv-Nano-ZnO 2mg/kg 0 0 0 0 0
0 Green-Nano-ZnO 2mg/kg 0 0 0 0 0
0 Green-Nano-ZnO 10mg/kg 0 1.32 0 0 0
0 Green-Nano-ZnO 50mg/kg 0 0 1.3 13 0
1.25 Control 0 0 0 0 0
1.25 Bulk-ZnO 8 mg/kg 0 0 0 0 0
1.25 Conv-Nano-ZnO 2mg/kg 0 0 0 0 0
1.25 Green-Nano-ZnO 2mg/kg 0 0 0 0 0
1.25 Green-Nano-ZnO 10mg/kg 0 0 0 0 0
1.25 Green-Nano-ZnO 50mg/kg 0 0 0 0 0
2.5 Control 0 0 0 0 0
2.5 Bulk-ZnO 8 mg/kg 0 0 0 0 0
2.5 Conv-Nano-ZnO 2mg/kg 0 0 0 0 0
2.5 Green-Nano-ZnO 2mg/kg 0 0 0 0 0
2.5 Green-Nano-ZnO 10mg/kg 0 0 0 0 0
2.5 Green-Nano-ZnO 50mg/kg 0 2.82 0 0 0
5 Control 0 2.52 2.8% 2.8% 0
5 Bulk-ZnO 8 mg/kg 0 0 0 0 0
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P<0.001 P>0.05 P<0.05 P<0.01 P>0.05
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3.82

2a

1.32

2a

0.55

2ab

2ab

1.83b

1.58b

0.42

2ab

2ab

1.83b

1.32b

1.58b

0.43

2.32

1.82

0.82

0.31

Cap- Cap diameter. NanoC- Nanoparticle concentrations. Reported values are averages
of four replications. Significance: P>0.05 is non-significant, * P <0.05, ** P < 0.01 or *** P
<0.001, respectively. Means followed by different letters within each column are
significantly different at P <0.05 via Tukey’s means separation procedure. Cap1 to Cap5 is

the cap diameter from the first flush to the last flush.

Table 12 : Effects of different levels of broiler litter and nanoparticles on pleurotus

ostreatus style length at each harvest (cm)

Treatments Style length (cm)
BL | NanoC STYL1 [STYL2 [STYL3 |STYL4 |STYLS
0 Control 4.32 0 2.52 2.58 12
0 Bulk-ZnO 8 mg/kg 0 2.32 0 0 0
0 Conv-Nano-ZnO 0 0 0 0 0
2mg/kg
0 Green-Nano-ZnO 0 0 0 0 0

2mg/kg



0 Green-Nano-ZnO 0 1.82 0 0 0

10mg/kg

0 Green-Nano-ZnO 0 0 1.32 1.32 0
50mg/kg

1.25 Control 0 0 0 0 0

1.25 Bulk-ZnO 8 mg/kg 0 0 0 0 0

1.25 Conv-Nano-ZnO 0 0 0 0 0
2mg/kg

1.25 Green-Nano-ZnO 0 0 0 0 0
2mg/kg

1.25 Green-Nano-ZnO 0 0 0 0 0
10mg/kg

1.25 Green-Nano-ZnO 0 0 0 0 0
50mg/kg

2.5 Control 0 0 0 0 0

2.5 Bulk-ZnO 8 mg/kg 0 0 0 0 0

2.5 Conv-Nano-ZnO 0 0 0 0 0
2mg/kg

2.5 Green-Nano-ZnO 0 0 0 0 0
2mg/kg

2.5 Green-Nano-ZnO 0 0 0 0 0
10mg/kg

2.5 Green-Nano-ZnO 0 2.32 0 0 0
50mg/kg

5 Control 0 2.52 1.32 1.32 0

5 Bulk-ZnO mg/kg 0 0 0 0 0

5 Conv-Nano-ZnO 0 12 0 0 0
2mg/kg

5 Green-Nano-ZnO 1.5° 2.32 12 12 1.52
2mg/kg

5 Green-Nano-ZnO 0 32 28 22 0
10mg/kg

5 Green-Nano-ZnO 1P 1.32 2.52 2.52 12
50mg/kg

10 Control 0 1.32 0.82 0.82 0.52

10 Bulk-ZnO mg/kg 0 0 0 0 0

10 Conv-Nano-ZnO 0 0 0 0 0
2mg/kg

10 Green-Nano-ZnO 0 0 0 0 0
2mg/kg

10 Green-Nano-ZnO 0 0 0 0 0
10mg/kg

10 Green-Nano-ZnO 0 1.32 12 1a 0
50mg/kg

Pooled SEM 0.17 0.43 0.36 0.36 0.16

SEM

P-values Broiler litter P<0.001 P<0.01 P<0.05 P<0.05 P>0.05
NanoC P<0.001 P>0.05 P>0.05 P>0.05 P>0.05

Broiler litter X NanoC P<0.001 P>0.05 P>0.05 P>0.05 P<0.05

STYL- Style length. The STYL1 to STYL5 is the style length from the first flush to the last
flush. Reported values are averages of four replications. Significance: P>0.05=not



significant, * P <0.05, ** P < 0.01 or *** P <0.001, respectively. Means followed by different
letters within each column are significantly different at P <0.05 via Tukey’'s means
separation procedure.

4.4.5 Conversion efficiency ratio

The treatment combination of ‘5 BL Green-Nano-ZnO 2 mg/kg’ had the highest conversion
ratio of 51.61%, followed by ‘5 BL Green-Nano-ZnO 50 mg/kg’ with 33.59% and O BL
control at 25.35%. The lowest biological efficiency was obtained from 2.5 BL Green-Nano-
ZnO 10 mg/kg at 0.58 %.

Table 13: Effect of different levels of broiler litter and nanoparticle concentration treatment
combinations on oyster mushroom conversion efficiency

Treatment combinations Spawn Substrate | Harvested Conversion

BL Nanoparticle (9) (9) mushroom (g) | efficiency (%)
concentration

0 Control 200 600 152.08 25.35

0 Bulk-ZnO 8mg/kg 200 600 30.95 5.16

0 Conv-Nano-ZnO 2mg/kg 200 600 0

0 Green-Nano-ZnO 2mg/kg 200 600 0

0 Green-Nano-ZnO 200 600 13.21 2.20
10mg/kg

0 Green-Nano-ZnO 200 600 27.68 4.61
50mg/kg

1.25  Control 200 600 0

1.25  Bulk-ZnO 8 mg/kg 200 600 0

1.25 Conv-Nano-ZnO 2mg/kg 200 600 0

1.25  Green-Nano-ZnO 2mg/kg 200 600 0

1.25 Green-Nano-ZnO 200 600 0
10mg/kg

1.25 Green-Nano-ZnO 200 600 0
50mg/kg

2.5 Control 200 600 0

2.5 Bulk-ZnO 8 mg/kg 200 600 0

2.5 Conv-Nano-ZnO 2mg/kg 200 600 0

2.5 Green-Nano-ZnO 2mg/kg 200 600 0

2.5 Green-Nano-ZnO 200 600 3.45 0.58
10mg/kg

2.5 Green-Nano-ZnO 200 600 63.11 10.52
50mg/kg

5 Control 200 600 87.86 14.64

5 Bulk-ZnO 8 mg/kg 200 600 0

5 Conv-Nano-ZnO 2mg/kg 200 600 17.99 3.0

5 Green-Nano-ZnO 2mg/kg 200 600 309.63 51.61

5 Green-Nano-ZnO 200 600 107.1 17.85
10mg/kg

5 Green-Nano-ZnO 200 600 201.55 33.59
50mg/kg

10 Control 200 600 78.83 13.14



10 Bulk-ZnO 8 mg/kg 200 600 0

10 Conv-Nano-ZnO 2mg/kg 200 600 0

10 Green-Nano-ZnO 2mg/kg 200 600 0

10 Green-Nano-ZnO 200 600 0
10mg/kg

10 Green-Nano-ZnO 200 600 32.6 5.43
50mg/kg

BL- broiler litter treatments. NanoC- nanoparticle concentrations.

4.5 Discussion

The time it took for the liver seed grass biofortified with both broiler litter and nanoparticle
concentration to fully colonize ranged from 30 to 90 days. On the 0% BL control, the
shortest intervals (30 days) were recorded (Table 4). The longest duration to complete
colonization was found to be 80 days. However, the following treatments ‘0% BL Green-
Nano-ZnO 2 mg/kg’, ‘conv-Nano-ZnO’ and 2.5 BL ZnO 8 mg/kg’ failed to fully colonize.
Looking at the growth patterns in Table 4, there was a progressive drop in mycelial
development when the broiler litter level was increased from 0% to 5, and then 10%, since
the lowest mycelial development occurred at 10% BL and 5% BL. The proliferation of
mycelia in the substrate is an important aspect of mushroom production. In this study, 0 BL
(control) had the highest mycelial growth rate since it required the least amount of time to
complete a spawning run compared to the other substrate treatments studied. This fast
mycelial running rate might be due to liver seed grass having a greater C: N ratio, which

favoured rapid mycelial development (Gregori et al., 2007;Tisdale, 2004). .

The difference in pinning rate was statistically significant at P<0.001 for nanoparticle
concentration (Table 5). The lack of a significant difference in BL might be attributed to the
presence of bacteria in broiler litter and ZnO NPs as they also pose antifungal effects.
Almost 80% of the treatments did not result in pinning formation. The 0 BL control had the
quickest pinning rate for flush 1. All flush 1 pinning times were much longer than flushes 2,
3, 4, and 5 pinning times (Table 6). Considering the production of primordia or pinheads is
closely tied to the availability of carbon and nitrogen (C: N) from the lignocellulose
substrate (Narain et al., 2008), the decrease in pinning rate might be ascribed to a
reduction in carbon and nitrogen. For flush 2, the lowest pining was on 5 BL Conv-Nano-
ZnO 2 mg/kg and the highest was 5 Green-Nano-ZnO 2 mg/kg. In flush 3, the lowest
pining was on 2.5 BL Green-Nano-ZnO 10 mg/kg and the highest pining was on 5 BL
Green-Nano-ZnO 50 mg/kg. For the lowest pinning formation, humidity and CO: levels

might have contributed to poor pinhead development. Temperature is a key factor in



pinhead development. Pinhead evolution failed in these treatments because the
temperatures were not optimal, and the relative humidity was extremely low during
primordia development. During primordia production, relative humidity must be more than
90% (Tesfaw et al., 2015).

The ‘0 BL control’ had the largest cap diameter and style length, while the 10 BL control
had the lowest (Tables 11 and 12), the presence of nitrogen in broiler litter may have
resulted in a short cap diameter and style length. The size of cap diameter and style
length decreased as broiler litter increased respectively among other substrates, in a
comparable habitat and cultural behaviours. There was no statistical difference in cap
diameter as well as style length between BL and NanoC. The cap diameter and style
length are the growth characteristics of oyster mushrooms. The 5 Green-Nano-ZnO 50
mg/kg acquired cap diameter and style length would not match market criteria because of

their modest size.

The impact of varied broiler litter levels and nanoparticle concentrations on overall
Pleurotus ostreatus yield was low. Treatment ‘5 BL Grenn-Nano-ZnO 2 mg/kg’ resulted in
the lowest yield. This means that mushrooms grown on substrates containing 5 BL Green-
Nano-ZnO 2 mg/kg agricultural waste absorbed available nutrients more efficiently than
mushrooms cultivated in 2.5 BL Green-Nano-ZnO 10 mg/kg and 0 BL Green-Nano-ZnO 10
mg/kg. As a result, the substrate containing 5 BL Green-Nano-ZnO 2 mg/kg had a higher
percentage of biological efficiency, which may have resulted in nanoparticles and greater
litter levels. At a certain level, nanoparticles are antifungal, and broiler litter has a high
nitrogen concentration, which can reduce oyster mushroom output. The statistical analysis
reveals that broiler litter and nanoparticle concentration (Table 8) did not affect the overall
yield of mushrooms produced from the various treatments. There is a positive association
between BE and cellulose and hemicellulose degradation, whereas a negative relationship
between BE and lignin degradation was discovered. In terms of yield and BE, the
substrate treatments 0 BL control and 5 BL Green-Nano-ZnO 2 mg/kg appear to be more
favourable for mushroom production than other substrates. The term biological efficiency
refers to the efficiency with which substrates are converted into fruiting bodies. BE value
should be greater than 50% from an economic standpoint (Sardar et al., 2016; Wiafe-
Kwagyan et al., 2023). Only 5 BL Green-Nano-ZnO 2mg/kg achieved a 50% BE level in
this investigation since this substrate produced the most fruiting bodies in each packet
(Table 13). Oyster mushrooms grown on a 2.5 BL Green-Nano-ZnO 10 mg/kg substrate

have a substantially lower BE.



The size of the mushroom is determined by substrates low in cellulose, hemicelluloses,
and lignin, which act as physical barriers and are difficult to break down in the absence of
lignin-degrading enzymes. The changes in quality traits seen may be related to variances
in the pace of growth and development of the pins, where rapid growth may have limited

the mushroom caps' exposure to insects and other diseases.
4.6 Conclusion

In terms of yield, 5 BL Green-Nano-ZnO 2 mg/kg, 5 BL Green-Nano-ZnO 50 mg/kg, and 0
BL control (liver seed grass) substrates were established to be appropriate for producing
the mushroom P. ostreatus. However, it was found that cultivating Pleurotus ostreatus
using broiler litter and nanoparticle concentrations did not provide an effective technique to
boost the potential yield and growth of Pleurotus ostreatus as predicted. Further study
should be carried out to examine the effects of nanoparticle concentrations and broiler
litter substrates on the growth and development of Pleurotus ostreatus enzyme activities
present in broiler litter. Further research should be carried out to identify the appropriate
amount of ZnO nanoparticles and broiler litter for use in Pleurotus ostreatus production.
Mushroom growing is one of the most efficient methods of recycling waste. This is
important for farmers who may not have readily available mushroom substrates. Therefore
blending substrates that are in short supply might help farmers achieve their desired
yields. Substrate mixing may aid in the optimisation of substrate properties such as water
holding capacity, enhanced texture, porosity that increases water penetration and gaseous
exchange, and an optimal C: N ratio that enhances substrate efficiency. As a result, it is
critical to identify the N content of each raw agro-industrial by-product employed in the
substrate mix for mushroom cultivation and then settle on appropriate combination
proportions. These findings may aid in the long-term management of liver seed grass

waste.
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15.CHAPTER FIVE

Effects of biofortification with broiler litter and phyto-mediated-Nano-ZnO on

bioremediation of heavy metal in Pleurotus ostreatus fruiting bodies and SMS

5.1 Introduction

Due to its bulky size, broiler litter is not economically feasible to transport to places where
crop nutrients are needed (Waldrip et al., 2015). Poultry litter can be used as a partial
replacement for mineral fertilizers to supplement the nutrients available in neighbouring
croplands (Lourenco et al., 2013; Bolan et al., 2010). Repeated applications of poultry litter
can lead to nutrient buildup in the soil, which can increase the risk of leaching and runoff
which can lead to pollution of groundwater (Sharpley et al.,, 2003; Gascho & Hubbard,
2006; He et al., 2009a; Waldrip et al., 2015). It is difficult to determine the appropriate rate
of application to the soil due to the various factors that affect its chemical composition.
Some of these include the type and quantity of material used for bedding and the number
of spills. Besides these, other factors such as the length of time that the animals have
been housed and the season of the year also affect its composition (Tasistro et al., 2004;
Dao & Zhang, 2007; Avila et al., 2008).

Previously, broiler litter was used to feed cattle (Ngodigha & Owen, 2009). Farmers were
asked to stop feeding litter to livestock because it contains harmful heavy metals that can
endanger livestock (Mangalgiri et al., 2015; Pender, 2016; Hubbard et al., 2020). Heavy
metals, compared to many organic wastes, cannot be biodegraded to innocuous
compounds. Mushrooms absorb heavy metals from their substrate through their extensive
mycelium. Mushrooms, as opposed to green plants, may bio-accumulate more heavy
metals in their fruit bodies since some of these heavy metals are naturally occurring
components of the earth's crust. Because of their mycelial structure, mushrooms have
been proven to be capable of bio-accumulating a wide range of molecules (Dermibas,
2000). Heavy metal concentrations have been found in the fruiting bodies of mushrooms
collected near heavy metal smelters (Kalac et al.,, 1996) and landfills in sewage sludge
emission zones (Cibulka et al., 1996). South Africa has had a viable mushroom business
since the 1990s (Khan et al., 2013). Rice straw, wheat straw, cotton seed waste, aquatic
weeds, and sawdust from trees such as Triplochiton scleroxylon from mixed redwood of
Terminalia ivorensis and Chlorophora excela are the principal substrates utilized in
commercial mushroom cultivation in South Africa (Obodai et al. 2000; Sithole et al., 2017;
Sithole et al., 2022). However, certain mushroom species grow only on termite and ant

mounds.



There is extensive study on mushrooms' nutritional and medicinal properties, but there is
not much or no information on their heavy metals bio-accumulation in South Africa. The
goal of this study was to determine the heavy metal content of fruiting bodies of Pleurotus
ostreatus when grown in boiler litter and nanoparticle biofortified substrates, as well as

their safety for human consumption, and their use as fertilizer and animal feed.

5.2Study objectives

5.2.1 Main objectives

To analyse the biochemical physiological processes of Pleurotus ostreatus on
transfer efficiency of micro-nutrients and bio-remediation heavy metals on broiler

litter fortified substrates treated with different nanopatrticles.

5.2.2 Specific objectives

I.  Toinvestigate the accumulation coefficient of macro- and micro-nutrients and
bio-remediation of heavy metals in Pleurotus ostreatus fruiting bodies and
SMS.

li. To determine the chemical composition of Pleurotus ostreatus SMS

5.3Materials and Methods

5.3.1 Study area and resources

The research was carried out at the North-West University's animal health laboratory in
Northwest Province, South Africa. The mushroom fruiting bodies and spent mushroom
substrate were analyzed at North-West University’s Centre for Applied Radiation Science
and Technology and chemical analysis was carried out at Molelwane farm at the Animal

Science Laboratory.

5.3.2 Description of the experiment

5.3.1.1 Macro- and micro-nutrient analysis of mushrooms harvested from different

treatments.

Macro- and micro-nutrient content of fruiting bodies from the respective treatment
combinations in chapter three were analysed by use of the dry-ashing macro- and

micro-nutrient procedure provided by the Agri-Laboratory Association of Southern Africa



guidelines (AgriLASA, 1998). The mushrooms harvested from different treatments were
dried at room temperature (26 °C) for 72 hours and then milled. One gram (1g) of dried
mushroom was placed into a crucible and further dried for 24 hours, by placing the
crucibles with dry mushrooms into an ashing oven at 600 °C for 8 hours. The ICP 4:1
plant extract procedure was used, i.e., eight (8) millilitres of Nitric acid (HNO3) and two
(2) millilitres of hydrochloric acid (HCI) were used as reagents and incubated in a
Microwave Reaction System Model 3000 for 45 minutes. Placed digested samples were
cooled and transferred into respective volumetric flasks (100ml) which were topped up
to 100 ml with distilled water and left standing for 24 hours. Samples were slowly
transferred to McCartney bottles without disturbing the sediment. Thereafter, an ICP
Mass Spectrometer (Perkin-Elmer, 1982, NexION 300Q) was used to analyze for
macro- and micro-nutrients of mushrooms harvested from the different treatment
combinations. The macro- and micro-nutrients, and heavy metals that were analyzed
were as follows: Fe, Zn, Mn, N, Mg, Ca, P, Cu, Cr, Cd, Se, and Pb, and these were
expressed as mg/100g.

5.3.1.2 Heavy Metals Analysis

The samples were analyzed for heavy metals using the same procedure for macro- and
micro-nutrient analysis of the mushrooms (AGRILASA) .The method of Stihi et al. (2011)

was used to estimate the heavy metal content using the following equation:
Ka=Cm/Cs,

where Cm = Concentration of heavy metal in the mushroom and Cs= concentration of

heavy metal in the mushroom substrate.

The coefficient of accumulation of Fe, Cu, Mn, Zn, Se, Cd, Pb and Cr in mushroom

fruiting bodies was analysed and presented as mg/100g.

5.3.1.3 Chemical analysis

The SMS samples were dried in an oven at 60 °C for 48 hours before being pulverized
with a Wiley mill to pass a 1.0 mm screen. AOAC (1990) techniques 934.01, 976.05,
920.39, and 942.05, respectively, were used to analyze dry matter, crude protein, ether
extract and crude ash. The weight loss during ashing was used to determine organic
matter (OM). The acid detergent fibre (ADF) (Robertson & VanSoest 1981) and neutral
detergent fibre (NDF) with a heat-stable amylase expressed exclusive of residual ash
(Van Soest et al.,1991) were determined. Lignin (sa) was measured by dissolving
cellulose in sulphuric acid (Robertson & Van Soest 1981). Milled SMS samples (0.45-0.5



g) were refluxed with neutral detergent and acid detergent solutions for 60 and 75
minutes, respectively, using the ANKOM 2000 fibre analyzer (ANKOM Technology, New
York), according to the method described by Van Soest et al. (1991) The NDF was
calculated using a heat-stable amylase that did not include sodium sulphite. The acid
detergent lignin (ADL) concentration was evaluated by comparing ADF residues treated
in ANKOM F57 bags with 72% sulfuric acid to break down cellulose.

5.3.1.4 Statistical analysis

Data were statistically analyzed by analysis of variance (ANOVA) using the Minitab
(2000) software package and was presented as Least Square Means (LSM) with
respective pooled SEMs where significant differences (P<0.05) between treatments were
observed, LSM was compared using Tukey’s test. The general linear model (GLM)
procedure of Minitab (2000) was used to determine the effect of the inclusion level of
broiler litter and the form of ZnO on the chemical composition and minerals of oyster
mushroom fruiting bodies and spent mushroom substrate. The following GLM model was

used:
Yij =y + Bi +Zj+(B x 2)ij + Eij
Where Yij = The response variable
K = population mean
Bi = Effect of broiler litter level
Zj = Effect of form of ZnO
(B x 2)ij = Effect of interaction between broiler litter level and form of ZnO
Eij - Random error associated with observation ij.

For all statistical tests, the significance was accepted at P < 0.05.

5.4 Results

5.4.1 Macro- and micro-nutrient analysis of Pleurotus ostreatus fruiting bodies

5.4.1.1 Effect of different broiler litter levels and nanoparticle concentration on

macro- and micro-nutrient composition of Pleurotus ostreatus (mg/kg)

Data analysis results indicated that there was a statistically significant effect of different
broiler litter levels, nanoparticle concentration and interaction between broiler litter and

nanoparticle concentration on the P. ostreatus nutrient composition for both macro- and



micro-nutrients (P<0.05). The following macro-nutrient (N, P, Ca, Mg) and micro-nutrient
(Fe, and Zn) levels were statistically significantly higher in oyster mushrooms produced on
5 BL (Green-Nano-ZnO 2 mg/kg, Green-Nano-ZnO 10 mg/kg and Green-Nano-ZnO 50
mg/kg) There was, however, no significant differences in N level in interaction between
broiler litter and nanoparticle concentrations (Table 14). Heavy metals were within the
acceptable level (0.5 mg/kg )for human food safety in fruiting bodies from all the

experimental units.

Table 14: Effect of different levels of broiler litter and nanoparticle concentration on oyster
mushroom macro- and micro-nutrient (mg/kg)

Treatments Minerals

BL NanoC N P Ca Mg Fe Zn

0 Control 1559.52 23,28 37,83 g 7ab 0.42 0.12

0 Bulk-ZnO 963.92 1192 15093 32ab 0.22 0.032

0 Conv-Nano-ZnO 0 0 0 0 0 0
2mg/kg

0 Green-Nano-ZnO 0 0 0 0 0 0
2mg/kg

0 Green-Nano-ZnO 395.62 4.9a 9.6ab 1.2b 0.12 0.022
10mg/kg

0 Green-Nano-ZnO 4832 6.3 9.8ab 1.6 0.12 0.022
50mg/kg

1.25 Control 0 0 0 0 0 0

1.25 Bulk-ZnO 0 0 0 0 0 0

1.25 Conv-Nano-ZnO 0 0 0 0 0 0
2mg/kg

1.25 Green-Nano-ZnO 0 0 0 0 0 0
2mg/kg

1.25 Green-Nano-ZnO 0 0 0 0 0 0
10mg/kg

1.25 Green-Nano-ZnO 0 0 0 0 0 0
50mg/kg

2.5 Control 0 0 0 0 0 0

2.5 Bulk-ZnO 0 0 0 0 0 0

2.5 Conv-Nano-ZnO 0 0 0 0 0 0
2mg/kg

2.5 Green-Nano-ZnO 0 0 0 0 0 0
2mg/kg

2.5 Green-Nano-ZnO 0 0 0 0 0 0
10mg/kg

2.5 Green-Nano-ZnO 875.12 1213 2253 3 2@ 0.42 0.042
50mg/kg

5 Control 94552  12ab 18.23b 3 .4ab 0.22 0.042

5 Bulk-ZnO 0 0 0 0 0 0

5 Conv-Nano-ZnO 467.42 55 12.836 1.6 0.12 0

2mg/kg



5 Green-Nano-ZnO 1873.72 21.3%> 38.43% 502 0.42 0.12

2mg/kg

5 Green-Nano-ZnO 1214.42 17%b 36.63> 4. 7%b 0.42 0.12
10mg/kg

5 Green-Nano-ZnO 3362.32 5.3% 8.4ab 1.6 0.1a 0.022
50mg/kg

10 Control 3557.82 32.63b 58,98 102 0.52 0.12

10 Bulk-ZnO 0 0 0 0 0 0

10 Conv-Nano-ZnO 0 0 0 0 0 0
2mg/kg

10 Green-Nano-ZnO 0 0 0 0 0 0
2mg/kg

10 Green-Nano-ZnO 0 0 0 0 0 0
10mg/kg

10 Green-Nano-ZnO 2596.72 16.92> 19.63 4. 2ab 0.22 0.042
50mg/kg

Pooled 41153 2.81 4.69 0.79 0.05 0.01

SEM

P- Broiler litter P<0.05 P<0.01 P=0.05 P<0.01 P<0.01 P=0.001

values
NanoC P<0.05 P<0.01 P<0.01 P<0.01 P<0.05 P<0.05

Broiler litter X NanoC P>0.05 P<0.05 P<0.01 P<0.01 P<0.01 P<0.01

NanoC-nanoparticles concentration. Reported values are averages of four replications.
Significance: P>0.05-not significant, * P <0.05, ** P < 0.01 or *** P <0.001, respectively.
Means followed by different letters within each column are significantly different at P <0.05
via Tukey’s means separation procedure. N- Nitrogen, P- Phosphorus, Ca- Calcium, Mg-
Magnesium, Fe- Iron, and Zn- Zinc.

Table 15: Effect of different levels of broiler litter and nanoparticle concentration on
Pleurotus ostreatus heavy metals (mg/kg)

Treatments Minerals

BL | NanoC Mn |CI [se |cd [Pb [cu Jcr

0 Control 0.03%> 3505.32 0.382  0.192 2.673% 0.032  0.042

0 Bulk-ZnO 0.012* 1835.22 0.152  0.07? 1.923» 0.012 0.012

0 Conv-Nano- 0 0 0 0 0 0 0
ZnO 2mg/kg

0 Green-Nano- O 0 0 0 0 0 0
ZnO 2mg/kg

0 Green-Nano-  0.004> 867.12 0.08% 0.032 0.622> 0.012  0.0032
ZnO 10mg/kg

0 Green-Nano-  0.004°> 824.22 0.092 0.032 0.79%> 0.012  0.012
ZnO 50mg/kg

1.25 Control 0 0 0 0 0 0 0

1.25 Bulk-ZnO 0 0 0 0 0 0 0

1.25 Conv-Nano- 0 0 0 0 0 0 0
ZnO 2mg/kg

1.25 Green-Nano- O 0 0 0 0 0 0

ZnO 2mg/kg



1.25

1.25

2.5
2.5
2.5

2.5

2.5

2.5

o1 ol

5

10

10

10

10

10

10
Pooled
SEM

P_
values

Green-Nano-
ZnO 10mg/kg
Green-Nano-
ZnO 50mg/kg
Control
Bulk-ZnO
Conv-Nano-
ZnO 2mg/kg
Green-Nano-
ZnO 2mg/kg
Green-Nano-
ZnO 10mg/kg
Green-Nano-
ZnO 50mg/kg
Control
Bulk-ZnO
Conv-Nano-
ZnO 2mg/kg
Green-Nano-
ZnO 2mg/kg
Green-Nano-
ZnO 10mg/kg
Green-Nano-
ZnO 50mg/kg
Control
Bulk-ZnO
Conv-Nano-
ZnO 2mg/kg
Green-Nano-
ZnO 2mg/kg
Green-Nano-
ZnO 10mg/kg
Green-Nano-
ZnO 50mg/kg

Broiler litter

NanoC

Broiler litter X

NanoC

o OO

0.032
0.01
0.005P
0.023

0.023°

0.052
0
0
0
0

0.02%

0.04

o OO

0
1666.82
1846.72
0
756.8?2
3024.82
2480.82
746.62

5336.92
0
0
0
0

3528.92

488.15

P>0.05 P<0.05

P<0.05 P<0.05
P<0.05 P=0.05

o OO

0.172
0.22
0.092
0.352
0.32
0.212
0.452
0

0

0

0

0.292

0.04

P<0.01 P<0.001

P<0.01 P>0.05
P=0.05 P<0.05

o O o

0.08?2
0.172
0.072
0.182
0.212
0.032
0.162
0
0
0
0

0.062

0.022

oNoNe

1.7%
0.65%°
0.73
4.72
3.953
0.562°

1.71%

1.25%

0.4
P<0.01

P>0.05
P<0.01

oNoNe

0.022
0.022
0.012
0.032
0.032
0.012
0.042
0
0
0
0

0.022

0.004

P<0.01

P<0.01
P<0.01

oNoNe

0.052
0.012
0.012
0.012
0.032
0.0042
0.012
0

0

0

0

0.012

0.005

P>0.05

P>0.05
P<0.05

NanoC-nanoparticles concentration. The mean with different letters is significantly different
at P<0.05. Mean with different letters in a row are significantly different at P<0.05.
Reported values are averages of four replications. Significance: P>0.05-not significant, * P
<0.05, * P < 0.01 or *** P <0.001, respectively. Means followed by different letters within
each column are significantly different at P <0.05 via Tukey’s means separation procedure.
Mn- Manganese, Cl- Chlorine, Se- Selenium, Cd- Cadmium, Pb- Lead, Cu- Copper and
Cr- Chromium.



5.4.1.2 Effect of broiler litter X nanoparticle concentration interaction on
accumulation coefficient of macro- and micro-nutrient and heavy metals in

Pleurotus ostreatus spent substrates (mg/kg)

Table 16 shows data analysis results that indicate that there was a statistically significant
effect of different broiler litter levels, nanoparticle concentration, and interaction between
broiler litter and nanoparticle concentration on the P. ostreatus nutrient composition for
both macro- and micro-nutrients (P<0.05). The following macro-nutrient ( N, P, Ca, Mg
)and micro-nutrient (Fe, and Zn) levels were statistically significantly different in spent
mushroom on broiler litter levels and N, Zn, Pb, and Cr showed statistical differences in
nanoparticle concentration.

Table 16: Effects of different broiler litter levels and nanoparticle concentration on SMS
macro- and micro-nutrient (mg/kg)

Treatments Minerals

BL | NanoC N | ca Mg [Fe [ zn

0 Control 7283.22 6550¢ 25.4b 20.78b 0.2ab

0 Bulk-ZnO 6342.2abc 607.8bc 22 15.8ab 0.2b

0 Conv-Nano-ZnO 6202.3abc 514 5be 19.8P 25.9ab 0.2b
2mg/kg

0 Green-Nano-ZnO 7321.32 688.80¢ 21.7° 20.438b 0.2b
2mg/kg

0 Green-Nano-ZnO 6526.70 768.73¢  19.1b 19.2ab 0.2b
10mg/kg

0 Green-Nano-ZnO 6970.72b 617.10¢ 24b 17.320 0.43
50mg/kg

1.25 Control 5837.7akc 843.83bc 25 3b 17.720 0.2b

1.25 Bulk-ZnO 6146.320c 971.93bc 23 1b 14.520 0.32b

1.25 Conv-Nano-ZnO 5220.0bcd 794.63¢  17.42 27.82 0.43b
2mg/kg

1.25 Green-Nano-ZnO 3766.2d¢f 15152 25.80 217 0.32b
2mg/kg

1.25 Green-Nano-ZnO 3319.340 984abc 220 23.32 0.32b
10mg/kg

1.25 Green-Nano-ZnO 3069.9¢" 1212.78> 2235  19.42 0.62
50mg/kg

2.5 Control 3429.34h 9174abe 21.5P 14.13b 0.2ab

2.5 Bulk-ZnO 3637.249 782abc 21.40 14.32b 0.32b

2.5 Conv-Nano-ZnO 2644 &N 1062.33¢ 21.7b 19ab 0.32b
2mg/kg

2.5 Green-Nano-ZnO 3426.89" 855.2ac 22 9b 15 .3ab 0.2ab
2mg/kg

2.5 Green-Nano-ZnO 3307.69" 773.13¢ 25D 16.820 0.3
10mg/kg

2.5 Green-Nano-ZnO 3228.9¢h 811abe 23.2b  17.1@ 0.62



50mg/kg

5 Control 2465.18"

5 Bulk-ZnO 2825.5¢h

5 Conv-Nano-ZnO 2871.7¢N
2mg/kg

5 Green-Nano-ZnO 4391.6¢de
2mg/kg

5 Green-Nano-ZnO 3398.69"
10mg/kg

5 Green-Nano-ZnO 3306.99N
50mg/kg

10 Control 2633.4¢h

10 Bulk-ZnO 2419.8fan

10 Conv-Nano-ZnO 2024.2fh
2mg/kg

10 Green-Nano-ZnO 1924 7f9n
2mg/kg

10 Green-Nano-ZnO 1716.79"
10mg/kg

10 Green-Nano-ZnO 1483.7"
50mg/kg

Pooled 180.13

SEM

P-values Broiler litter P< 0.001
NanoC P<0.01

Broiler litter X NanoC P=0.001

840.43b¢
678.2b¢
826.530¢
741.3¢
773.83¢
674.9°¢

740.2P¢
896.43b¢
608.2°¢

365.3°
520.1bc

508.4bc

69.47

P<0.001
P>0.05
P<0.05

19.5P
17.9°
20.5°
22.4°
17.3°
22.7°
20P

18.9°
15.8°
13.4°
15.6°

22.8°

13.38

P>0.05
P>0.05
P>0.05

10.3b
20.92b
13.7ab
18ab
17.730
15ab
14.1ab
13.920
12ab
12.73b
11.5°

12ab

1.47

P<0.001
P>0.05
P>0.05

0.2°
0.2°
0.2°
0.2°
0.1°
0.4
0.2°
0.2°
0.2°
0.1°
0.1°

0.4

0.03

P<0.001
P<0.001
P>0.05

NanoC- nanopatrticles concentration. Mean with different letters in a row are significantly
different at P<0.05. Reported values are averages of four replications. Significance:
P>0.05-not significant, * P <0.05, ** P < 0.01 or *** P <0.001, respectively. Means followed
by different letters within each column are significantly different at P <0.05 via Tukey’s
means separation procedure. N- Nitrogen, Ca- Calcium, Mg- Magnesium, Fe- Iron, and

Zn- Zinc.

Table 17: Effects of different broiler litter levels and nanoparticles on SMS on micro-
nutrient and heavy metals (mg/kg)

Treatments Minerals
BL |NanoC [Mn [ i [ se [cd |Pb [ cu [ Cr
0 Control ja-d 7591.7%F  1.32d 0.12 0.0032b¢  0.02bc 0.112
0 Bulk-ZnO 0.8 6799.629 1.3bcd 0.22 0.0032¢ 0.01°¢ 0.132
0 Conv- ja-d 7031.3%9 1.52d 0.1a 0.005%¢ (0.033¢  (.242
Nano-
ZnO
2mg/kg
0 Green- ja-d 7682.927 1.32d 0.1a 0.0042b¢  0.02¢ 0.182
Nano-
Zn0O
2mg/kg
0 Green- 0.8bcd 5885.5°9 1.33¢d  (Q.1a 0.0043  (.02Pc 0.162
Nano-

Zn0O



1.25
1.25
1.25

1.25

1.25

1.25

2.5
2.5
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2.5

2.5

2.5
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10mg/kg
Green-
Nano-
Zn0O
50mg/kg
Control
Bulk-ZnO
Conv-
Nano-
Zn0O
2mg/kg
Green-
Nano-
Zn0O
2mg/kg
Green-
Nano-
Zn0O
10mg/kg
Green-
Nano-
Zn0O
50mg/kg
Control
Bulk-ZnO
Conv-
Nano-
Zn0O
2mg/kg
Green-
Nano-
Zn0O
2mg/kg
Green-
Nano-
Zn0O
10mg/kg
Green-
Nano-
Zn0O
50mg/kg
Control
Bulk-ZnO
Conv-
Nano-
Zn0O
2mg/kg
Green-
Nano-
Zn0O
2mg/kg
Green-

1a-d

1.2ad
1a-d
1.6

1.43b

1_3abc

1.2%d

1a-d
1a-d

1.2%d

0.92d

0.92d

0_9bcd

0.8¢d
0_9bcd
0_9bcd

1a—d

0.8bcd

8133.7%¢

7368.629
8057.92¢
10358.72

7021.929

7672.32f

6347.7°9

8756.124
6877.4%9
7727.92f

9696.72°

9596.130¢

7108.129

6639.5%9
7700.42f
6600.329

8115.3*¢

6606.2%9

1_3bcd

1.5%d
1.5%d
2.13

2abc

1.83d

1.83d

1.5%d
1.73d
1.9ad

2.228

1.83d

2abc

1.43d
1.63d
1.63d

1.83d

1.63d

0.2

0.1
0.22
0.2

0.2

0.1

0.2

0.3
0.32
0.2

0.2

0.1

0.2

0.2
0.2
0.2

0.228

0.1

0.0053k¢

0.0058b¢
0.0062b°
0.0043b¢

0.0043bc

0.003abc

0.003Pc

0.007abc
0.0112
0.003akc

0.003akc

0.0043bc

0.0092°

0.0043bc
0.0053b¢
0.0043bc

0.0043bc

0.0003%¢

0.02°¢

0.03akc
0.043bc
0.05aPc

0.062

0.053¢

0.043b¢

0.033c
0.043kc
0.05%

0.043b¢

0.033c

0.043b¢

0.033c
0.033¢
0.033¢

0.023bc

0.033c

0.102

0.10%
0.11a
0.222

0.192

0.212

0.192

0.122
0.142
0.152

0.152

0.222

0.172

0.082
0.172
0.132

0.1728

0.222



gl10
10
10

10

10

10

Pooled
SEM
P_
values

Nano-
Zn0O
10mg/kg
Green-
Nano-
Zn0O
50mg/kg
Control
Bulk-ZnO
Conv-
Nano-
Zn0O
2mg/kg
Green-
Nano-
Zn0O
2mg/kg
Green-
Nano-
Zn0O
10mg/kg
Green-
Nano-
Zn0O
50mg/kg

Broiler
litter
NanoC
Broiler
litter X
NanoC

0_8bcd

0.9ad
1a—d
0_8bcd

0.7d

0.6

0.7d

0.055
P<0.001

P>0.05
P>0.05

6439.7°9

5445.799
5808.8¢
4608.2¢7

4391.5¢f

3881.6

3559¢

352.28
P<0.001

P>0.05
P<0.01

1.73d

1.43d
1.63d
1.2¢d

1_3bcd

1d

1.1cd

0.08
P<0.001

P>0.05
P>0.05

0.1

0.1
0.1
0.2

0.1

0.1

0.1

0.0385

P<0.05

P>0.05
P>0.05

0.0053k¢

0.002bc
0.003akc
0.003abc

0.003Pc

0.001°

0.003Pc

0.0005
P<0.01

P<0.05
P>0.05

0.02b¢

0.03akc
0.033¢
0.02bc

0.02bc

0.02¢

0.033¢

0.003
P<0.001

P>0.05
P>0.05

0.202

0.092
0.112
0.082

0.144

0.042

0.082

0.019

P<0.01

P<0.05
P>0.05

NanoC-nanoparticles concentration. The mean with different letters is significantly different
at P<0.05. Mean with different letters in a row are significantly different at P<0.05.
Reported values are averages of four replications. Significance: P>0.05-not significant, * P
<0.05, ** P < 0.01 or *** P <0.001, respectively. Means followed by different letters within
each column are significantly different at P <0.05 via Tukey’s means separation procedure.
Mn- Manganese, CI- Chlorine, Se- Selenium, Cd- Cadmium, Pb- Lead, Cu- Copper and
Cr- Chromium.

5.4.2 Chemical analysis

Table 18 shows the chemical composition of the effects of broiler litter and phyto-

mediated-nano-ZnO on spent oyster mushroom substrate where broiler litter did not



showed statistical differences in DM, CP, EE, ASH, NDF, ADF, and ADL. Nanoparticle
concentration did not show any statistical difference and interaction between Broiler litter

and Nanoparticle concentration showed a statistical difference in EE and CP.

Table 18: Effects of different broiler litter levels and nanoparticles on SMS chemical
composition (%)

Treatments Chemical composition (%)

BL NanoC DM CP EE Ash NDF ADF ADL

0 Control 98.072 4552 1,192 1.932 88.832 81.22a 67.032
Bulk-ZnO 97.972 39.63¢  1.0423b 2a 01.982 83.282 63.12

0 Conv-Nano-ZnO 982 0.6° 2.032 87.942 70.592 68.592
2mg/kg 38.83c

0 Green-Nano- 97.962 0.32° 2.042 93.062 83.692 73.972
ZnO 2mg/kg 45.82

0 Green-Nano- 97.92 0.32° 2.12 01.732 86.472 74.322
ZnO 10mg/kg 40.820

0 Green-Nano- 97.912 0.872 2.092 90.952 81.82 71.72
ZnO 50mg/kg 43.6%°

1.25 Control 97.72 36.5abc 1 jab 2.32 88.122 80.842 67.692

1.25 Bulk-ZnO 97.612 38.5abc 1 52ab 2.132 92.862 83.572 71.712

1.25 Conv-Nano-ZnO 97.872 1.292b 2.42 03.132 78.752 67.32
2mg/kg 32.7bcd

1.25 Green-Nano- 98.42 1.273 1.62 03.082 79.642 69.722
ZnO 2mg/kg 23.6df

1.25 Green-Nano- 98.112 1.952b 1.892 90.052 80.28% 68.952
ZnO 10mg/kg 20.8dn

1.25 Green-Nano- 97.922 1.54ab 2.082 94.142 792 66.542
ZnO 50mg/kg 19.2¢0

2.5 Control 96.42 21.5%h 1072 3.62 95.642 85.032 72.582

2.5 Bulk-ZnO 96.92 22.8%9 1,292 2.272 88.262 78.562 67.922

25 Conv-Nano-ZnO 97.732 0.62° 3.12 90.052 82.032 71.942
2mg/kg 16.6¢"

25 Green-Nano- 97.612 1.843b 2.392 89.432 81.822 67.282
ZnO 2mg/kg 21.4d9h

2.5 Green-Nano- 96.222 0.892b 3.782 93.542 82.562 67.212
ZnO 10mg/kg 20.74h

2.5 Green-Nano- 96.742 1.84ab 3.262 94.042 85.64% 69.542
ZnO 50mg/kg 20.2¢h

5 Control 96.362 15.48"  (0.49° 3.642 88.76a 82.672 71.582

5 Bulk-ZnO 96.482 17.7¢h 0.52° 3.662 88.322 8452 69.352




5 Conv-Nano-ZnO
2mg/kg

5 Green-Nano-
Zn0O 2mg/kg

5 Green-Nano-
ZnO 10mg/kg

5 Green-Nano-
ZnO 50mg/kg

10 Control

10 Bulk-ZnO

10 Conv-Nano-ZnO
2mg/kg

10 Green-Nano-
ZnO 2mg/kg

10 Green-Nano-
ZnO 10mg/kg

10 Green-Nano-
ZnO 50mg/kg

Pooled

SEM

P- Broiler litter

values
NanoC

Broiler litter X
NanoC

96.712

96.592

96.892

96.252

96.192
98.752
96.472

96.62

96.422

96.362

0.26

P<0.001

P>0.05
P>0.05

17.9¢h

27 .4t

21.2¢h

20.790
16.5eh
15.2fn

12.7%n

12.0%"

10.79"

9.3"

1.13

P<0.0001

P<0.01
P<0.0001

0.62°

0.72°

0.77°

1.07%

0.8
1.19%
0.7°

0.5°

0.62°

0.75°

0.16

P<0.001

P>0.05
P<0.05

3.522

3.292

3.112

3.752

3.812
3.532
1.252

3.42

3.572

3.642

0.26

P<0.001

P>0.05
P>0.05

94.232

92.052

90.012

90.682

88.142
90.792
88.522

87.232

87.542

85.732

0.97

P=0.05

P>0.05
P>0.05

84.562

81.312

81.612

82.922

80.992
83.372
83.72

85.232

85.872

84.62

1.07

P=0.05

P>0.05
P>0.05

69.812

68.472

70.112

76.442

74.692
74.842
70.092

75.482

75.512

73.332

1.32

P<0.01

P>0.05
P>0.05

Mean with different letters in a row are significantly different at P<0.05 via Tukey’s test.
DM: dry matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fibre; ADF:
acid detergent fibre; ADL: acid detergent lignin. NanoC- nanoparticles concentration.
Reported values are averages of four replications. Significance: P>0.05=not significant, * P

<0.05, ** P <£0.01 or *** P <0.001, respectively.

5.5 Discussion

In general, the mineral components required for mushroom fruiting are the same as

those required by any other cultivated plant, including macro and micronutrients

(Molena, 1986). N, P, K and Mg are macronutrients required for the development of

certain fungi (Miles & Chang, 1997). Ca was named as one of these elements by

Molena (1986). Minerals such as Mg, Cl, and Ca, according to Kurtzman and Zadrazil

(1984), encourage mycelium development and the creation of fruiting bodies.

Macro



minerals found in fruiting bodies on various treatments were as follows: N was the
highest ranging from 397.6- 3557.8 mg/kg, followed by Ca (8.4- 37.8 mg/kg), P (5.3-
23.2) and Mg (1.6- 6.7 mg/kg). Among the micro minerals found in the mushrooms
growing on the various treatments studied, Cl had the greatest amount, ranging from
746.6 to 3505 mg/kg, followed by Fe (0.1- 0.5 mg/kg), Zn (0.02-0.1) and Mn (16.00-
23.00). According to Sturion and Ranzani (2000), although having the highest value
among macro minerals found in mushrooms, P has been reported to be low in most
other human diets. This characteristic, along with the fact that it is also high in Ca,
makes this mushroom of interest in the treatment of hypertension sufferers. The heavy
metals found ranged from Pb (0.56- 2.67 mg/kg), Se (0.08- 0.38 mg/kg), Cr (0.003-
0.04) and Cd (0.03- 0.19) which are considered to fall within the acceptable human

food safety level.

The mean zinc concentration in the analysed mushroom sample is less than the
recommended limit of 0.3-1.0 mg/kg in diet (FAO/WHO,2004). The mean content of
0.03 mg/kg is less than the FAO/WHO (2004) permitted threshold of 0.05-0.5 mg/kg in
meals. The average zinc content of 0.03 mg/kg is recommended since zinc is one of
the most critical elements required by our body systems owing to its association with

protein and carbohydrate-rich diets.

Among the heavy metals that are of concern in food safety, Pb has been reported to
cause health problems such as insomnia, fatigue, hearing loss, and weight loss.
Unfortunately, the Pb contents in all of the treatments were significantly greater than
the allowable limits in food. The FAO/WHO (2004) acceptable weekly lead
consumption is 0.025 mg/kg body weight. This result might be due to Pb in the air from
automotive and industrial pollutants. Pb from the air is frequently deposited on natural

vegetation.

However, the findings for several metals from the oyster mushroom species studied in
this study varied substantially. This variation in metal content could be attributed to
differences in the composition of the substrate from which the mushrooms derived their
nutrients, the location where the broiler litter was collected, the age of the fruiting
bodies and mycelium, and the distance from the source of pollution. Furthermore,
metal concentrations in mushroom samples may have been influenced primarily by the
pH or organic matter content of the substrates. Although minerals were not analysed in
the different development phases of the fungus in the current study, a significant

increase in their concentration was noted in the substrate degraded by the fungus.



Mushroom SMS has the potential to be beneficial to the animal feed and fertilizer
industries. There is a widespread interest in the use of mushroom SMS as fertiliser for
vegetable cultivation (Maher, 1991) and as a component in animal feeding (Alborés et
al., 2006).

The lowest N concentration was detected at 0 BL Green-Nano-ZnO 10 mg/kg, whereas
the maximum was reported at ‘10 BL Control’ on fruiting bodies. This might have come
from the fruiting body bioaccumulating the minerals. The 10 BL have a high nitrogen
concentration because as ammonia is produced in broiler litter, it returns to its native
chemical form of nitrogen and hydrogen. On fruiting bodies, 0 BL Green-Nano-ZnO 10
mg/kg had the lowest phosphorus concentration, whereas 10 BL Control had the
greatest. The high value may have contributed to the high concentration reported in
broiler litter. Fruiting bodies from 5 BL Green-Nano-ZnO 10 mg/kg had the lowest
calcium concentration, whereas those from 5 BL Green-Nano-ZnO 2 mg/kg had the
greatest. Fruiting bodies harvested from Both 10 BL control and 0 Green-Nano-ZnO

had statistically significantly higher magnesium content than other treatments.

The dry matter composition of SMS differed significantly due to the use of various
broiler litter levels and nanoparticle concentrations. The 10 BL Bulk-ZnO had the
greatest dry matter content (98.75%), whereas the 10 BL Control had the lowest
(96.19%). The addition of broiler litter as an organic material source might have had a
statistically significant impact on the dry matter composition of the spent mushroom
substrate. Pleurotus spp. is regarded as a high-quality protein source with evenly
distributed essential amino acids (Patil et al., 2010). Protein levels were strongly
impacted by broiler litter and nanopatrticle concentrations of 1.25 BL Conv-Nano-ZnO 2
mg/kg and 5 BL Green-Nano-ZnO 2 mg/kg. There was a significant variation between
10 BL Control, 10 BL Green-Nano-ZnO 10 mg/kg, and 10 BL Green-Nano-ZnO 50
mg/k. The largest quantity of protein (45.8%) was discovered in 0 Green-Nano-ZnO 2
mg/kg, while the lowest amount of protein (9.3%) was found in 10 BL Green-Nano-ZnO
50 mg/kg. The high values of protein might have been caused by the high levels of
protein that Pleurotus ostreatus contains. These increases in the nutritional
composition of the substrates point to an alternative biotransformation of agro-waste for
the generation of aggregate products as a source of animal protein, particularly since
the use of agro-waste for animal feed is limited by low digestibility and nutrient

availability (Sanchez & Royse, 2001).



Different broiler litter and nanoparticle concentrations substantially altered the quantity
of ether extract, although all treatments were inconsequential. The maximum quantity
of ether extract (3.81%) and the lowest amount of ether extract (0.32%) were detected
in the 10 BL control. The percentage fat content of spent mushrooms generated by
broiler litter levels and nanoparticle concentrations demonstrates that mushrooms are
low in fat and cholesterol. The ash content varied significantly due to the use of
different broiler litter levels, however, there was no significant change in nanoparticle
concentrations. The highest ash level was obtained at 10 BL control (3.81%), while the
lowest ash content was reported at 10 BL Conv-Nano-ZnO 2 mg/kg (1.25%). Because
broiler litter is organic, it affects the ash concentration. The ash level of this spent
mushroom substrate was quite low which may be utilised as a substitute for animal

manure and feedstuff.

The use of various broiler litter resulted in a highly significant change in neutral
detergent fibre and acid detergent fibre concentration. The greatest neutral detergent
fibre content was established to be from the diet of 5 BL Conv-Nano-ZnO (94.23%),
while the lowest was found to be 10 BL Green-Nano-ZnO (85.73%). The highest acidic
detergent fibre concentration was obtained in 10 BL Green-Nano-ZnO 10 mg/kg
(85.87%) and the lowest in 0 BL Conv-Nano-ZnO 2 mg/kg (70.59%). The findings in
their fibre content are equally noteworthy and exciting, as fibre content aids digestion in

animals.
5.6 Conclusion

The findings of this study revealed that samples of Pleurotus ostreatus fruiting bodies
and SMS produced using substrate inorganic and organic culture techniques such as
broiler litter and nanoparticle concentration methods were high in macro- and
micronutrients such as N, P, Mg, and Ca. They were also rich in trace minerals
including Fe, Zn, Cu, and Mn. The heavy metals that were found were in levels falling
within the acceptable human food safety levels. From the results, the various
substrates utilised in this study generated mushrooms high in K, P, Mg, and Fe, all of

which are vital for human nutrition and health.

There are various advantages to using agricultural waste as a feed element. It is a cost-
effective utilization of local resources. This application will aid in the resolution of
environmental issues that may arise as a consequence of the accumulation of agricultural

waste. It may provide economic incentives for agribusiness to investigate these leftovers



as important resources and build new businesses to exploit them to make nutritional
mushroom products. As a result, mushroom growing might become one of the most
successful agribusinesses, producing food items from various substrates and assisting in

their disposal in an environmentally beneficial manner.
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17. CHAPTER SIX

6.1 General Discussion

The study on the effect of biofortification of liver seed grass with different broiler litter levels
and nanoparticle concentration on the development and yield of Pleurotus ostreatus
revealed that liver seed grass biofortified by broiler litter and nanoparticle concentration (5
Green-Nano-ZnO 2mg/kg) generally had higher mushroom yield than other biofortified
substrates with broiler litter and nanoparticle concentration recording the highest total yield
after 90 days producing a mean yield of 309.63 (51.61%). Biofortifying liver seed grass

with sufficient broiler litter and nanoparticle concentration has a significant impact on



mushroom biomass accumulation. The non-biofortified treatments had an overall
conversion efficiency ratio of 25.35% at liver seed grass. The decrease in biomass
accumulation in other biofortified treatments could be explained by the fact that most of the
broiler litter and nanoparticle concentrations, which are known to have high nitrogen
content, and nanopatrticles have an antifungal effect, could have had a similar effect on the
oyster mushroom. Oyster mushroom production is hindered by excessive nitrogen levels in
the substrate. The high nitrogen levels may have resulted in higher mycelial growth and a
greater number of pinnings, resulting in intra-competition between the various mushroom
growth components, namely pinnings and aggressively developing mycelia. The biomass
produced by these nanoparticle concentrations and broiler litter treatments was most likely
partitioned and sequestered in a large number of tiny mushroom fruit caps, resulting in a
poor overall yield.

This low yield was also quite evident in that 80% of the experimental units did not produce
fruiting bodies. Furthermore, SMS from these treatments were found to have accumulated
high levels of both macro and micro-nutrients. The accumulation coefficient values of
macro- and micronutrients, as well as heavy metals, are shown in Table 4.8 for the various
treatment combinations. The accumulation coefficient values for micronutrients such as
Fe, Zn, and Mg, which are crucial for human nutrition, were considerably higher in the
biofortified treatments 0 BL Control and 5 Green-Nano-ZnO 2mg/kg. It is worth noting that
the treatment combinations 0 Green-Nano-ZnO 10mg/kg, 0 Green-Nano-ZnO 50mg/kg, 5
Green-Nano-ZnO 50mg/kg, and 5 Conv-Nano-ZnO 2mg/kg had the lowest heavy metal
accumulation coefficient values. These values are within the acceptable food safety
standards (Stihi et al.,, 2011). Biofortified treatments with broiler litter and nanoparticle
concentration were also found to have increased transfer efficiency of chemical
composition such as neutral detergent fibre (5 Conv-Nano-ZnO 2 mg/kg), acid detergent
fiore (10 Green-Nano-ZnO 10 mg/kg), acid detergent lignin (5 Green-Nano-ZnO 50
mg/kg), ash (10 BL Control), ether (10 BL Control), dry matter (10 BL Bulk-ZnO). The
study established that oyster SMS has the potential for use as livestock feed for both

poultry and other farm animals.

The overall conclusion of this study is that the type of substrate utilised to produce oyster
mushrooms has a significant impact on production. In this study, the conversion ratio of
liver seed grass biofortified with 5% broiler litter and conventional-Nano-ZnO in the study
region was 51.61%. It is critical to study several alternative widely accessible organic

materials for their possible usage as oyster mushroom substrates. Although the use of



broiler litter and nanoparticles did not influence mushroom yield, more research is needed
to determine the appropriate combination rates of the relevant broiler litter and

nanoparticles produced from various plant parts.
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