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ABSTRACT: This study explores the viability of utilizing mushrooms (Pleurotus ostreatus) grown on diverse
organic wastes as an economical and nutrient-rich feed for poultry production. Hence, the objective of this paper
was to investigate the effect of mushroom grown on yam peel, palm chaff, sawdust, and oil palm empty bunch as
poultry feed admixture for broiler chicks’growth enhancer using appropriate standard methods with thirty (30)
broiler chicks on three diets for six weeks: Mushroom Poultry Feed (MPF); Commercial Poultry Feed (CPF), and
Mixed Feed (MPF + CPF) respectively. Data obtained show that MPF-fed chickens exhibited a lower growth rate
than chickens fed with CPF and MPF + CPF, signifying relatively less efficient weight gain. However, no significant
differences were observed among feeding treatments (p > 0.05). The digestibility of MPF, CPF, and MPF + CPF
was 81.06%, 82.93%, and 85.86% respectively, suggesting the potential of mixed feed to provide superior nutrients
for growth and energy. Regarding chicken meat composition, significant differences (p < 0.05) were found in
proximate composition, vitamins, and minerals among various feed treatments, emphasizing their interplay.
However, the feed type did not significantly impact vitamin content (p > 0.05), highlighting variations more
attributable to vitamin types than feed treatments. These findings highlight the potential of valorizing organic waste
through mushroom cultivation for sustainable and economically viable poultry feed production.
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The cultivation of mushrooms on organic waste
substrates aids in reducing environmental impact
(Vinci et al., 2023; Baptista et al., 2023; Banasik et al.,
2019). Diverting organic waste from landfills helps
mitigate greenhouse gas emissions, minimizes
pollution risks, and reduces reliance on conventional
feed sources, which often necessitate intensive use of
fertilizers and pesticides (Nordahl et al., 2023;
Adewole, 2022; Meyer et al., 2020; Sharma et al.,
2019). Various organic waste materials can be used for
mushroom cultivation (Grimm et al., 2021; Mahari et
al., 2023; Grimm and Waésten, 2018). For instance,
agricultural waste, such as wheat straw, sawdust, rice
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straw, and sugarcane bagasse, is an abundant and low-
cost source of organic waste that can be utilized for the
cultivation of different mushroom species (Ab
Rhaman et al., 2021; Mahari et al., 2020; Atila, 2019;
Sadh et al., 2018). Municipal solid waste is another
type of organic waste that can be valorized using
mushroom cultivation. Cesaro (2021) and Sharma et
al. (2020) highlighted the potential of using municipal
solid waste for mushroom cultivation, which not only
reduces the waste volume but also generates income
and provides employment opportunities. Furthermore,
industrial waste, such as brewery waste, paper mill
waste, and textile waste, can also be used as a substrate
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for mushroom cultivation (Bonato et al., 2022; Kumla
etal., 2020). The potential for valorizing organic waste
through mushroom cultivation is vast, and many other
waste materials can be utilized for this purpose. For
instance, the use of coffee waste as a substrate for
mushroom cultivation has been investigated in several
studies. Chai et al. (2021) and Carrasco-Cabrera et al.
(2019) demonstrated that coffee waste could be used
to cultivate oyster mushrooms, and the resulting
mushroom biomass had high protein content, making
it a potential source of feed for livestock. Similarly, the
utilization of urban green waste for mushroom
cultivation has been explored as a means of diverting
this waste stream from landfills. Hu et al. (2022) and
Mahari et al. (2020) investigated the use of green
waste compost as a substrate for oyster mushroom
cultivation and found that the resulting biomass had
high nutritional value, indicating its potential for use
as animal feed. The economic feasibility analysis of
using waste-grown mushroom-based feed is crucial for
poultry farmers (Hatvani et al., 2022; Umor et al.,
2021). If proven cost-effective, it could increase
profitability in poultry production. Additionally, this
approach supports a circular economy by
demonstrating the value derived from organic waste
materials, creating economic opportunities in waste
valorization (Pandey et al., 2020; Lange et al., 2020).

Hence, the objective of this paper was to investigate
the effect of mushroom grown on yam peel, palm
chaff, sawdust, and oil palm empty bunch as poultry
feed admixture for broiler chicks’ growth enhancer.

MATERIALS AND METHODS

Development of mushroom tissue culture: A solution
of 70% ethanol and 5% sodium hypochlorite in
distilled water for sterilizing the equipment and
workspace was prepared as described by Petrova et al.
(2019). After sterilizing the workspace and equipment,
the potato dextrose agar (PDA) medium used for
cultivating the Pleurotus ostreatus was prepared and
sterilized using a pressure cooker as described by Xu
etal. (2021) and Hou et al. (2019). The potato dextrose
agar (PDA) was prepared using 200 g of fresh, locally
available potato and industrially produced agar and
glucose. The potato was washed, sliced, and added to
1 liter of boiling water in a brass flask. The mixture
was boiled for 15 minutes and then filtered using a
piece of cheesecloth to obtain potato broth. To this
broth, 20 g of glucose and 20 g of agar were added,
and the volume was made up to 1 liter with water. The
mixture was then sterilized in a pressure cooker for 30
minutes, and 25 ml of the resulting PDA was poured
aseptically into petri dishes. The PDA was then
allowed to cool before inoculation and incubation. A
small piece of fresh tissue from a healthy fruiting body
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of Pleurotus ostreatus obtained from the University of
Port Harcourt Demonstration Farm was collected
using sterile forceps and inoculated on the PDA
medium. Afterward, the inoculated culture medium
was incubated in a sterile environment at a temperature
range of between 20 and 25°C for a period of 10 to 14
days or until the mycelium had grown over the surface
of the medium.

Production of mushroom spawn: The grain-based
medium used for sub-culturing the Pleurotus ostreatus
in larger amounts was prepared and sterilized as
described by Xu et al. (2021) and Hou et al. (2019).
Sorghum, maize, and rice grains were manually
cleaned to remove debris. The cleaned grains were
soaked in tap water overnight and then boiled in a
stainless-steel pot. After soaking and boiling the grains
were drained to remove the excess water. Next, wheat
bran was added at a rate of 10% and chalk (CaCOs) at
a rate of 2% on a dry weight basis of the grains. The
additives were mixed evenly and thoroughly with the
grains. The grain-based medium was then filled into
heat-resistant glass bottles, which were plugged with
cotton wool and sterilized using a pressure cooker for
30 minutes. After sterilization, the bottles were
allowed to cool for approximately six hours and
inoculated with the mycelial culture of Pleurotus
ostreatus that was maintained on potato dextrose agar
(PDA). The inoculated bottles were then incubated at
room temperature (25-28°C) and humidity levels
between 70-80% for about 14-21 days, or until the
mycelium fully colonized the grains inside the bottles.
The bottles containing the spawns were stored in a
cool, dry place until they were ready to be used for
cultivating the mushroom on the organic waste
materials. When the spawns were ready, they were
transferred onto the organic wastes so that mushrooms
could shoot out.

Experimental design for cultivating the mushroom on
waste substrates: To determine the effect of organic
waste substrates including yam peel, palm chaff,
sawdust and oil palm empty bunch on the growth of
Pleurotus ostreatus, the mushroom was cultured on
different amounts and combinations of the substrates
using the completely randomized block design
(CRBD) shown in Table 1 (Wachira et al., 2022;
Prasad et al.,, 2021). The independent variables
included the type and amount of the organic waste,
while the dependent variables included growth
parameters such as the number of primordial
formations, number of fruiting, cap diameter, height,
girth, and biological efficiency of the mushroom. The
cap diameter, girth, and height of the mushroom were
monitored and determined using a caliper with a meter
rule (Rakib et al., 2020).
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Table 1: Experimental design for cultivation of Pleurotus ostreatus on waste substrates

Treatment Label Replications

Treatment 1 A Al A2 A3
Treatment 2 B B1 B2 B3
Treatment 3 C C1 C2 C3
Treatment 4 D D1 D2 D3
Treatment 5 A+B A+B1 A+B2 A+B3
Treatment 6 A+C A+Cl A+C2 A+C3
Treatment 7 A+D A+D1 A+D2 A+D3
Treatment 8 C+B C+B1 C+B2 C+B3
Treatment 9 C+D C+D1 C+D2 C+D3
Treatment 10 A+B+C A+B+C1 A+B+C2 A+B+C3
Treatment 11 B+C+D B+C+D1 B+C+D2 B+C+D3
Treatment 12 A+B+C+D A+B+C+D1 A+B+C+D2 A+B+C+D3

A = Saw Dust; B = Yam Peel; C = Oil palm empty bunch; D = Palm chaff

Processing of mushroom into powder: To process the
oyster mushroom (Pleurotus ostreatus) from the
different set-ups into powder form, several steps were
taken as described by Aditya and Jarial (2022) and
Akter et al. (2022). First, the fresh mushrooms were
meticulously cleaned to remove any dirt or damaged
areas. Next, they were blanched in hot water at 32°C
for three minutes, which contained 3% salt and 0.01%
citric acid. The mushrooms were then drained and
dried in an oven at a temperature of 105°C for 3 hours.
Once fully dried, the mushrooms were milled in the
laboratory using an industrial electric blender and
passed through a 60-inch mesh sieve (British Standard
Screen). Finally, the resulting composite mushroom

powder was packaged in a low-density polyethylene
bag, labeled, and stored in a refrigerator at 4°C until
needed.

Experimental design for feeding broiler chicks: A total
of 30 one-day-old broiler chicks were randomly
allocated into three (3) treatment groups, with 30
chicks per group. Each group was fed one of the three
(3) experimental diets 75kg of MPF, 75kg of CPF and
75kg of the admixture (37.5kg MPF and 37.5kg CPF)
as shown in Table 2 for 6 weeks, with feeding
treatment 3 (FT3), a conventional commercial poultry
feed, serving as the control as shown in Table 2.

Table 2: Experimental set-up for feeding broiler chicks for meat production

Feeding Treatment (FT) Code Amount of Feed (kg) No. of Broiler Chicks
Mushroom-based poultry feed (MPF) FT1 75.0 10
MPF: CPF (50:50) FT2 75.0 (=37.5 + 37.5) 10
Commercial poultry feed (CPF) FT3 75.0 10

Preparation of mushroom-based poultry feed: The
chicken feed for each feeding treatment was prepared
according to the recipe and ratio of ingredients. 75kg
of MPF, 75kg of CPF and 75kg of the admixture
(37.5kg MPF and 37.5kg CPF) as shown in Table 2
were used. To create the mushroom-based poultry
feed, the powdered mushroom was used to formulate
the poultry feed as shown in Table 3.

Table 3: Composition of the formulated mushroom-based poultry

feed (MPF)
SIN Feed composition Proportion (%)
1. Yam peel 36.0
2. Palm chaff 30.0
3. Dried mushroom 30.0
4. Broiler eggshell 3.0
5. Salt (NaCl) 1.0

Formulation of the poultry feeds was carefully crafted
to ensure optimal nutrition for the birds. Fresh yam
peel and palm chaff were collected within and around
the University of Port Harcourt main campus in
Choba. After collecting the wastes, they were sun-
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dried, cleaned to remove debris, and powered using an
electric blender. After blending, the wastes were
mixed in a large container. Next, the powdered
mushroom, dried powdered broiler eggshell, and salt
were combined with the powdered wastes and
thoroughly mixed to produce a homogeneous mixture
of the mushroom-based poultry feed free of clumps or
lumps. Next, samples of the prepared mushroom-
based feed were collected to determine its proximate
composition and bio-safety profile. Afterward, the
feed was stored in a dry, cool location to prevent
spoilage.

Pasteurization of the formulated mushroom-based
poultry feed: Sterilization of the mushroom-based
poultry feed was conducted using the method
described by Coe et al. (2022) and Steghdfer et al.
(2021). The formulated feed was sterilized through
pasteurization using plantain leaves to encase the
mushroom-based poultry feed in spherical forms.
These plantain-wrapped feed units were subsequently
enveloped in foil paper to shield against moisture and
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prevent any contact between the aluminium foil and
the mushroom-based poultry feed. To eradicate any
potentially existing bacteria and fungi organisms
within the feed, they underwent a heat treatment
process in an autoclave at 60°C for 30 minutes,
performed twice over two days.

RESULTS AND DISCUSSIONS

Growth Patterns and Feed Efficiency in Broiler
Chickens: The result in Fig. 1 shows the average
weight (in kilograms) of broiler chickens over six
weeks across three different feeding treatments
including  Mushroom  Poultry Feed (MPF),
Commercial Poultry Feed (CPF), and a combination of
both (MPF + CPF). Initially, at week 0, all treatment
groups had an identical average weight of 0.05 Kkg.
However, as the weeks progressed, we observed
distinct weight patterns. Notably, the broilers fed with
MPF exhibited slightly slower increase in average
weight compared to those on CPF, with the MPF +
CPF group displaying the highest weight. This trend
was consistent throughout the six weeks. At the end of
the trial, the MPF broilers weighed 2.68 kg, while the
CPF broilers and MPF + CPF broilers weighed 2.82 kg
and 3.58 kg respectively. The ANOVA provided a
statistical analysis of the average weights of broiler
chickens across different feeding treatments (MPF,
CPF, and MPF + CPF) over six weeks. For the "Rows"
source of variation, the p-value was very small
(1.56542E-08), which was much less than the
conventional alpha level of 0.05. This indicated that
there were significant differences in average weights
across the different weeks. For the "Columns™ source
of variation, the p-value was also very small
(0.000790577), which was less than 0.05. This
suggested that there were significant differences in
average weights among the different feeding
treatments (MPF, CPF, MPF + CPF). Overall, the
ANOVA indicated that both time (weeks) and feeding
treatment significantly influenced the average weights
of broiler chickens. The observed differences were
unlikely to be due to random chance and were
therefore considered statistically significant.

The result in Fig. 2 shows the growth rate (in
kilograms per day) of broiler chickens under the three
feeding treatments. The growth rate was an important
metric for assessing the rate at which the chickens
were gaining weight. Across the six weeks, we
observed a progressive increase in growth rate for all
groups. Interestingly, the MPF broilers displayed a
consistently lower growth rate compared to the CPF
broilers and MPF + CPF broilers. This implied that
while the MPF may have offered nutritional benefits,
it might not have been as efficient in promoting rapid
weight gain in broiler chickens compared to
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commercial feed. Notably, the growth rates tended to
converge as the birds aged, indicating that the initial
differences in growth rates may have diminished over
time. The ANOVA provided a statistical analysis of
the growth rates (in kg/day) of broiler chickens across
different feeding treatments (MPF, CPF, and MPF +
CPF) over six weeks. For the "Rows" source of
variation, the p-value was 0.010988747, which was
less than the conventional alpha level of 0.05. This
indicated that there were significant differences in
growth rates across the different weeks. For the
"Columns" source of variation, the p-value was
0.379241168, which was greater than 0.05. This
suggested that there were no significant differences in
growth rates among the different feeding treatments
(MPF, CPF, MPF + CPF). Overall, the ANOVA
indicated that the growth rates of broiler chickens
significantly varied across different weeks, but there
were no significant differences in growth rates among
the different feeding treatments. This implied that the
growth rates were more influenced by time (weeks)
rather than the specific feeding treatment.

The Feed Conversion Ratio (FCR) depicted in Fig. 3
quantified the feed's efficiency in converting into body
weight gained by the broilers. A lower FCR indicated
a more efficient conversion. Across the six weeks, we
observed that the FCR tended to increase, which was
expected as the birds grew and required more feed for
maintenance and growth. Interestingly, the FCR
values for the MPF broilers were consistently higher
compared to the CPF broilers and MPF + CPF broilers.
This suggested that the MPF may not have been as
efficient in terms of feed conversion, potentially
indicating that more feed was required to achieve the
same level of weight gain compared to the commercial
feed. The ANOVA provided a statistical analysis of
the feed conversion ratios (FCR) of broiler chickens
across different feeding treatments (MPF, CPF, and
MPF + CPF) over six weeks. For the "Rows" source of
variation, the p-value was very small (8.04632E-08),
which was much less than the conventional alpha level
of 0.05. This indicated that there were significant
differences in FCR across the different weeks. For the
"Columns" source of variation, the p-value was also
very small (5.34716E-05), which was less than 0.05.
This suggested that there were significant differences
in FCR among the different feeding treatments (MPF,
CPF, MPF + CPF). Overall, the ANOVA indicated
that both time (weeks) and feeding treatment
significantly influenced the feed conversion ratios of
broiler chickens.

The observed differences were unlikely to be due to
random chance and were therefore considered
statistically significant.
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Fig. 2: Temporal dynamics of chicken growth rates in the feeding
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The findings above, concerning the growth patterns
and feed efficiency of broiler chickens, yielded
valuable insights. The analysis of average weights
over six weeks revealed distinct growth patterns across
feeding treatments. Broilers fed with Mushroom
Poultry Feed (MPF) exhibited slightly slower growth
compared to those on the mixed feed (MPF + CPF
group), while the Commercial Poultry Feed (CPF)
group, showed intermediate growth. Furthermore,
examining growth rates, we observed a progressive
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increase for all groups over six weeks. Notably, MPF-
fed broilers displayed a consistently lower growth rate
compared to CPF-fed broilers and those on a combined
diet.

® MPF + CPF
m Commercial Poutry Feed (CPF)
™ Mushroom Poultry Feed (MPF)

Feed conversion ration (FCR) by the chickens
N w R~ (] [e)} ~ 00

JEny

wk0 wk1l wk2 wk3 wk4 wk5 wk6
Time
Fig. 3: Temporal dynamics of FCR by chickens in the feeding
treatments

This suggested that while MPF offered nutritional
benefits, it may not have been as efficient in promoting
rapid weight gain in broiler chickens compared to the
commercial feed and the mixed feed. This consistent
trend indicated that feeding treatment significantly
influenced broiler growth in terms of weight gain over
time. Moreover, analysis of the Feed Conversion Ratio
(FCR) revealed important information about feed
efficiency. The consistently higher FCR values for
MPF-fed broilers compared to CPF-fed broilers and
the combined group implied that more feed may have
been required to achieve the same level of weight gain
with MPF. This indicated a potential difference in feed
conversion efficiency. Overall, these results
emphasize the significance of both feeding treatment
and time in influencing broiler growth dynamics and
feed efficiency. The observed differences were
statistically significant and not likely due to random
chance. These findings are crucial for making
informed decisions regarding broiler feeding
strategies.

Some studies including Berger et al. (2021), Kumar et
al. (2021), and Aftab et al. (2018) support our findings
regarding the significantly positive influence of
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feeding treatment and time on broiler growth patterns
and feed efficiency, emphasizing the importance of
considering both factors in poultry farming. However,
other studies provide alternative perspectives on the
relationship between feeding treatment and broiler
growth, suggesting potential areas for further
investigation. For example, a study by Fesseha et al.
(2021) demonstrated significant positive effects of
probiotics on the growth patterns and feed efficiency
of broiler chickens. In addition, the findings of Atela
et al. (2019) showed that a multi-strain probiotic
administered via drinking water enhances feed
conversion efficiency in indigenous chickens.
Moreover, Cardinal et al. (2019) showed that an
antibiotic  growth-promoting diet  significantly
enhanced the rate of feed intake, weight gain, and feed
conversion of broiler chickens. While our study
identified distinct growth patterns in broiler chickens
fed with different treatments, it's important to consider
potential interactions between feed composition,
genetic factors, and environmental conditions that may
have contributed to these patterns.

N
|

0.4925

=
n
'

Correlation coefficient ®
=

0.5 +
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Nexus between Growth Patterns and Feed Efficiency
in the Chickens: The correlation coefficients between
the growth parameters provided valuable insights into
the relationships among these key indicators in broiler
chickens fed with different treatments (Figure 4). For
the broiler chickens fed with the mushroom poultry
feed (MPF Broiler Chickens), there was a very strong
positive correlation (0.9443) between average weight
and growth rate. This implied that as the average
weight of the broiler chicks increased, their growth
rate also increased. This was an expected and positive
relationship, indicating that heavier chicks tended to
grow faster. Similarly, there was a strong positive
correlation (0.8034) between average weight and feed
conversion ratio (FCR). This suggested that as the
average weight of the broiler chicks increased, their
feed conversion ratio also increased. While this may
have seemed counterintuitive, it implied that heavier
birds may have required more feed to achieve the same
level of growth. Furthermore, there was a very strong
positive correlation (0.8605) between growth rate and
feed conversion ratio.

[ MPF + CPF Broiler Chicks m CFP Broiler Chicks ® MPF Broiler Chicks

0.856 0.6458

Avg. Weight vs Growth
Rate

Avg. Weight vs FCR

Growth Rate vs FCR

Relationship between growth parameters of the broiler chickens

Fig. 4: Nexus between growth parameters of chickens in the feeding treatments

This indicated that broiler chickens with higher growth
rates tended to have higher feed conversion ratios. It
implied that birds with rapid growth rates may have
required more feed to sustain that growth (Fig. 4.). For
the broiler chickens fed with the mushroom poultry
feed and the commercial poultry feed (CPF Broiler
Chickens), there was a strong positive correlation
(0.7921) between average weight and growth rate.

Similar to the MPF group, this suggested that as the
average weight of the broiler chicks increased, their
growth rate also increased. Similarly, there was a
strong positive correlation (0.8147) between average
weight and feed conversion ratio (FCR). Again, this
indicated that as the average weight of the broiler
chicks increased, their feed conversion ratio also
increased. Furthermore, there was a very strong
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positive correlation (0.8334) between growth rate and
feed conversion ratio. Similar to the MPF group, this
implied that broiler chickens with higher growth rates
tended to have higher feed conversion ratios (Fig. 4).

For the broiler chickens fed with the mushroom
poultry feed and the mixed poultry feed (MPF + CPF
Broiler Chickens), there was a moderate positive
correlation (0.4925) between average weight and
growth rate. This suggested that the relationship
between average weight and growth rate was not as
strong in the MPF + CPF group compared to the other
two groups. However, there was a very strong positive
correlation (0.856) between average weight and feed
conversion ratio (FCR). This implied that as the
average weight of the broiler chicks increased, their
feed conversion ratio also increased. This correlation
was even stronger in this group compared to the other
two. Moreover, there was a moderate positive
correlation (0.6458) between growth rate and feed
conversion ratio. This implied that broiler chickens
with higher growth rates tended to have higher feed
conversion ratios, but the relationship was not as
strong as in the other two groups (Fig. 4.).

Overall, these correlations (Fig. 4.) highlighted the
complex interplay between growth parameters and
feed efficiency in broiler chickens. They emphasized
the need for a balanced approach when formulating
diets, considering factors like feed type and bird
weight to optimize growth dynamics and feed
utilization in poultry production. Our observations on
the correlations between growth parameters in broiler
chickens fed with different treatments are consistent
with the findings of Li et al. (2020), Prakash et al.
(2020), and Yi et al. (2018), indicating strong
associations between average weight, growth rate, and
feed conversion ratio. However, the findings from the
study of Chen et al. (2021), Marchesi et al. (2021), and
Shah et al. (2019) introduce additional considerations
for understanding the genetic architecture and host-
microbiome interaction of these relationships,
potentially complementing our findings.

Conclusions: Cultivating Pleurotus ostreatus on
different primary waste substrates resulted in
mushrooms with varying nutritional profiles. These
findings hold paramount importance for leveraging
waste-grown mushrooms as a potent dietary
component, particularly in poultry farming, where
specific nutrient content is pivotal for broiler chick
development. The MPF demonstrated a favorable
nutritional profile for poultry farming, but adjustments
are recommended to align it with established
standards. The biosafety results provide confidence in
the suitability of the pasteurized MPF for poultry
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consumption. The study demonstrated that the mixed
feed (MPF + CPF) provided enhanced growth
dynamics and feed efficiency in broiler chickens,
potentially leading to higher profitability for poultry
farmers. These findings hold practical implications for
both producers and consumers, providing a basis for
informed feed selection to enhance the nutritional
quality of poultry products.

Declaration of Conflict of Interest: The authors
declare no conflict of interest.

Data Availability Statement: Data are available upon
request from the first author or corresponding author.

REFERENCES

Adewole, AM. (2022, August). Performance and
Nutrient Values of Clarias Gariepinus Fed with
Powdered Mushroom (Ganoderma Lucidum) and
Tetracycline as Additives. In Appl. Research Conf.
in Afri. 539-556. Springer, Cham.

Aditya, JR.; Jarial, K. (2022). Evaluation of spawning
quality and doses on yield and biological efficiency
of blue oyster mushroom [Hypsizygus ulmarius
(Bull.: Fr.) Redhead]. J. Eco-frien. Agri., 17(02),
393-98.

Aftab, U; Bedford, MR; Creswell, D. (2018).
Prospects of improving the efficiency of feed
utilization in the broiler. World's Poul. Sci. J.,
74(3), 427-442.

Akomabh, C.; Sogunle, OM; Adeyemi, OA; Bamgbose,
AM. (2021). Growth  performance and
hematological characteristics of pullet chickens fed
different feed forms supplemented with or without
Oyster mushroom (Pleurotus ostreatus). Nigerian
J. Animal Production, 48(5), 203-212.

Akter, M.; Halawani, RF; Aloufi, FA; Taleb, MA;
Akter, S; Mahmood, S. (2022). Utilization of agro-
industrial wastes for the production of quality
oyster mushrooms. Sustainability, 14(2), 29-38.

Alagawany, M.; Elnesr, SS; Farag, MR.; Tiwari, R;
Yatoo, MI; Karthik, K; Dhama, K. (2021).
Nutritional significance of amino acids, vitamins
and minerals as nutraceuticals in poultry
production and health-a comprehensive review.
Veteri. Quart., 41(1), 1-29.

Atela, JA; Mlambo, V; Mnisi, CM. (2019). A multi-
strain probiotic administered via drinking water
enhances feed conversion efficiency and meat

OMOWANLE, O. G; OSU, C. I; STANLEY, H. O.



Influence of Mushroom Grown on Yam Peel, Palm chaff, Sawdust, and Qil Palm Empty...

quality traits in indigenous chickens. Ani. Nutri.,
5(2), 179-184.

Atila, F. (2019). Compositional changes in
lignocellulosic content of some agro-wastes during
the production cycle of shiitake mushroom. Scien.
Horti., 245, 263-268.

Banasik, A., Kanellopoulos, A., Bloemhof-Ruwaard,
JM., & Claassen, GDH. (2019). Accounting for
uncertainty in eco-efficient agri-food supply
chains: A case study for mushroom production
planning. J. Cleaner Prod., 216, 249-256.

Baptista, F.; Almeida, M.; Paié-Ribeiro, J; Barros,
AN.; & Rodrigues, M. (2023). Unlocking the
Potential of Spent Mushroom Substrate (SMS) for
Enhanced  Agricultural ~ Sustainability: ~ From
Environmental Benefits to Poultry Nutrition. Life,
13(10), 1948-1966.

Berger, Q; Guettier, E; Urvoix, S; Bernard, J; Ganier,
P; Chahnamian, M; Mignon-Grasteau, S. (2021).
The kinetics of growth, feed intake, and feed
efficiency reveal a good capacity of adaptation of
slow and rapid growing broilers to alternative diets.
Poul. Sci., 100(4), 101010-101014.

Bonato, SV; de Jesus Pacheco, DA; ten Caten, CS;
Caro, D. (2022). The missing link of circularity in
small breweries’ value chains: Unveiling strategies
for waste management and biomass valorization. J.
Cleaner Prod., 336, 130275-130292.

Cardinal, KM, Kipper, M, Andretta, I; Ribeiro, AM.L.
(2019). Withdrawal of antibiotic growth promoters
from broiler diets: Performance indexes and
economic impact. Poul. Sci., 98(12), 6659-6667.

Carrasco-Cabrera, CP; Bell, TL; Kertesz, MA. (2019).
Caffeine metabolism during cultivation of oyster
mushroom (Pleurotus ostreatus) with spent coffee
grounds. Appl. Microbio. Biotechnol., 103, 5831-
5841.

Cesaro, A. (2021). The valorization of the anaerobic
digestate from the organic fractions of municipal
solid waste: Challenges and perspectives. J.
Environ. Manage. 280, 111742.

Chai, WY Krishnan, UG; Sabaratnam, V; Tan, JBL.
(2021). Assessment of coffee waste in the
formulation of substrate for oyster mushrooms
Pleurotus pulmonarius and Pleurotus floridanus.
Fut. Foods, 4, 100075-100084.

2764

Chen, C; Su, Z; Li, Y; Luan, P; Wang, S; Zhang, H;
Leng, L. (2021). Estimation of the genetic
parameters of traits relevant to feed efficiency:
results from broiler lines divergent for high or low
abdominal fat content. Poul. Sci., 100(2), 461-466.

Chen, Y; Wang, Z; Yang, H. (2023). Effects of Dietary
Sodium and Chloride on Slaughter Performance,
Digestive  Tract Development and Tibia
Mineralization of Geese. Ani., 13(4), 751-762.

Chun Ng, CW; Ismail, AF; Zaini Makhtar, MM; Fikri
Jamaluddin, MN; Tajarudin, HA. (2020).
Conversion of food waste via two-stage
fermentation to controllable chicken Feed
Nutrients by locally isolated microorganisms.
Inter. J. Recyc. Org.c Waste in Agri., 9(1), 33-47.

Coe, C; Boltz, T; Stearns, R; Foster, P; Taylor Jr, RL;
Moritz, J; Shen, C. (2022). Thermal inactivation of
Salmonella ~ Typhimurium  and  surrogate
Enterococcus faecium in mash broiler feed in a
laboratory scale circulated thermal bath. Poul. Sci.,
101(8), 101976-101985.

Fesseha, H; Demlie, T; Mathewos, M; Eshetu, E.
(2021). Effect of Lactobacillus species probiotics
on growth performance of dual-purpose chicken.
Veteri. Med.: Resea. and Rep., 12, 75-83.

Goldstein, DL. (2022). Renal and extrarenal regulation
of body fluid composition. In Sturkie's avian
physiology (411-443). Academic Press.

Grimm, A, Eilertsen, L; Chen, F; Huang, R.; Atterhem,
L; Xiong, S. (2021). Cultivation of Pleurotus
ostreatus mushroom on substrates made of
cellulose fiber rejects: product quality and spent
substrate fuel properties. Was. and Bio. Valori., 12,
4331-4340.

Grimm, D; Wosten, HA. (2018). Mushroom
cultivation in the circular economy. Appl.
Microbio. and Biotechno., 102, 7795-7803.

Hatvani, N; van den Oever, MJ; Mateffy, K; Koos, A.
(2022). Bio-hased Business Models: specific and
general learnings from recent good practice cases
in different business sectors. Bio-Based and Appl.
Eco., 11(3), 185-205.

Hu, W; Di, Q; Liang, T; Liu, J; Zhang, J. (2022).
Effects of spent mushroom substrate biochar on
growth of oyster mushroom (Pleurotus ostreatus).
Enviro. Technol. Inno., 28, 102729-102740.

OMOWANLE, O. G; OSU, C. I; STANLEY, H. O.



Influence of Mushroom Grown on Yam Peel, Palm chaff, Sawdust, and Qil Palm Empty...

Jiang, SQ; Azzam, MM.; Yu, H; Fan, QL; Li, L; Gou,
ZY; Jiang, ZY. (2019). Sodium and chloride
requirements of  yellow-feathered chickens
between 22 and 42 days of age. Ani., 13(10), 2183-
2189.

Johnson, JT; Chibuike, PO; Ifeakor, OD. (2022).
Formulation and Nutrient Assessment of Poultry
Feed from Domestic Waste and Its Effect on the
Growth of Poultry Birds. Inter. J. Agri. Technol.,
2(1), 1-7.

Kumar, R; Ali, N; Siddique, RA; Sahu, DS; Fahim, A;
Singh, R; Ray, D. (2021). Effect of different levels
of mushroom powder (Agaricus bisporus) and
probiotics (Saccharomyces cerevisiae) on carcass
traits and hematological responses of broiler
chickens. J. Entomol. and Zoolo. Stu., 9, 244-248.

Kumla, J; Suwannarach, N; Sujarit, K; Penkhrue, W;
Kakumyan, P; Jatuwong, K; Lumyong, S. (2020).
Cultivation of  mushrooms  and their
lignocellulolytic enzyme production through the
utilization of agro-industrial waste. Molecules,
25(12), 2811.

Lange, L; Agger, JW; Meyer, AS. (2020). Fungal
biotechnology: unlocking the full potential of fungi
for a more sustainable world. Gran. Chall. in Fung.
Biotechno., 1, 3-32.

Lee, WD; Kothari, D; Niu, KM; Lim, JM; Park, DH;
Ko, J; Kim, SK. (2021). Superiority of coarse
eggshell as a calcium source over limestone, cockle
shell, oyster shell, and fine eggshell in old laying
hens. Sci. Rep., 11(1), 13225-13235

Li, F; Kong, Q; Zhang, Q; Wang, H; Wang, L; Luo, T.
(2020). Spent mushroom substrates affect soil
humus composition, microbial biomass, and
functional diversity in paddy fields. Appl. Soil
Ecol., 149, 103489.

Mahari, WAW; Nam, W L; Sonne, C; Peng, W;
Phang, XY; Liew, RK; Lam, SS. (2020a).
Applying microwave vacuum pyrolysis to design
moisture retention and pH-neutralizing palm kernel
shell biochar for mushroom production. Bio.
Technol., 312, 123572-123581.

Mahari, WAW; Peng, W; Nam, WL; Yang, H; Lee,
XY; Lee, YK; Lam, SS. (2020b). A review on
valorization of oyster mushroom and waste
generated in the mushroom cultivation industry. J.
Hazar. Mat., 400, 123156-123171.

2765

Marchesi, JAP; Ono, RK; Cantdo, ME; Ibelli, AMG;
Peixoto, JDO., Moreira, GCM; Ledur, MC. (2021).
Exploring the genetic architecture of feed
efficiency traits in chickens. Sci. Repor., 11(1),
4622-4634.

Meyer, V; Basenko, EY; Benz, JP; Braus, GH;
Caddick, MX; Csukai, M; Waosten, HA. (2020).
Growing a circular economy with fungal
biotechnology: a white paper. Fung. Bio. and
Biotechno., 7(1), 1-23.

Nordahl, SL; Preble, CV; Kirchstetter, TW; Scown,
CD. (2023). Greenhouse Gas and Air Pollutant
Emissions from Composting. Environ. Sci. &
Technol., 57(6), 2235-2247.

Obafemi, Al; Ajayi, MO; Fagbenro, RB; Komolafe,
PL; Olarinde, Al; Samba, BA; Babayemi, OJ.
(2022). Effect of root and tuber peels on livestock
and poultry production in Nigeria (A Review). Nig.
J. Ani. Prod., 49(4), 39-57.

Pandey, AK; Rajan, S; Sarsaiya, S; Jain, SK. (2020).
Mushroom for the national circular economy. Inter.
J. Sci. Res. in Biol. Sci., 7(6), 61-69.

Prakash, A; Saxena, VK; Singh, MK. (2020). Genetic
analysis of residual feed intake, feed conversion
ratio and related growth parameters in broiler
chicken: A review. World's Poul. Sci. J., 76(2),
304-317.

Prasad, R; Lisiecka, J; Antala, M; Rastogi, A. (2021).
Influence of different spent mushroom substrates
on vyield, morphological and photosynthetic
parameters of strawberry (Fragariax ananassa
Duch.). Agron., 11(10), 2086-2105.

Rakib, MRM; Lee, AML; Tan, SY. (2020). Corn husk
as lignocellulosic agricultural waste for the
cultivation of Pleurotus florida mushroom.
BioRes., 15(4), 7980.

Rezvani, MR; Moradi, A; lzadi, M. (2019). lleal
digestibility and bone retention of calcium in diets
containing eggshell, oyster shell, or inorganic
calcium carbonate in broiler chickens. Poul. Sci. J.,
7(1), 7-13.

Rhaman, SMSA,; Naher, L. (2022, June). Evaluating
carbon, nitrogen, and heavy metal content in
different agriculture biomass for mushroom
substrate. In AIP Conf. Proceed. (Vol. 2454, No.
1). AIP Publishing.

OMOWANLE, O. G; OSU, C. I; STANLEY, H. O.



Influence of Mushroom Grown on Yam Peel, Palm chaff, Sawdust, and Qil Palm Empty...

Romero-Arenas, O; Martinez Carrera, M; Landeta-
Cortés, G; Rodriguez-Hernandez, V; Villa-Ruano,
N; Rivera, A. (2023). Pilot Study of Diet
Supplemented with Sold-Out Substrate of
Pleurotus ostreatus in the Feeding of Backyard
Broilers. Appl. Sci., 13(13), 7428-7442.

Shah, TM; Patel, JG; Gohil, TP; Blake, DP; Joshi, CG.
(2019). Host transcriptome and microbiome
interaction modulates physiology of full-sibs
broilers with divergent feed conversion ratio. MBI
Bio. and Microbio., 5(1), 24-36.

Sharma, B; Vaish, B; Monika, A; Singh, UK; Singh,
P; Singh, RP. (2019). Recycling of organic wastes
in agriculture: an environmental perspective. Inter.
J. Environ. Resear., 13, 409-429.

Sharma, HB; Panigrahi, S; Sarmah, AK; Dubey, BK.
(2020a). Downstream augmentation of
hydrothermal  carbonization ~with  anaerobic
digestion for integrated biogas and hydrochar
production from the organic fraction of municipal
solid waste: A circular economy concept. Sci. The
Total Environ., 706, 135907-135918.

Sharma, HB; Vanapalli, KR; Cheela, VS; Ranjan, VP;
Jaglan, AK; Dubey, B; Bhattacharya, J. (2020b).
Challenges, opportunities, and innovations for
effective solid waste management during and post
COVID-19 pandemic. Res., Conserv. and Recycl.,
162, 105052-105063.

Steghéfer, S; Limburn, R; Margas, E. (2021).
Microbiological assessment of heat treatment of
broiler mash at laboratory scale to evaluate
Salmonella reduction during feed conditioning. J.
Appl.Poul. Res., 30(1), 100122-100137.

Umor, NA; Ismail, S; Abdullah, S; Huzaifah, MHR;
Huzir, NM; Mahmood, NAN; Zahrim, AY. (2021).
Zero waste management of spent mushroom
compost. J. Mat. Cyc. and Was. Manage., 23(5),
1726-1736.

2766

Valable, AS; Narcy, A; Duclos, MJ; Pomar, C; Page,
G; Nasir, Z; Létourneau-Montminy, MP. (2018).
Effects of dietary calcium and phosphorus
deficiency and subsequent recovery on broiler
chicken  growth  performance and bone
characteristics. Animal, 12(8), 1555-1563.

Vargas-Sanchez, RD; Torrescano-Urrutia, GR; Ibarra-
Arias, FJ; Portillo-Loera, JJ; Rios-Rincén, FG;
Sanchez-Escalante, A. (2018). Effect of dietary
supplementation with Pleurotus ostreatus on
growth performance and meat quality of Japanese
quail. Lives. Sci., 207, 117-125.

Vinci, G; Prencipe, SA; Pucinischi, L; Perrotta, F;
Ruggeri, M. (2023). Sustainability assessment of
waste and wastewater recovery for edible
mushroom production through an integrated nexus.
A case study in Lazio. Sci. The Tot. Environ., 903,
166044-166056.

Wachira, JW; Nguluu, S; Kimatu, J. (2022).
Differential growth and productivity of oyster
mushroom (Pleurotus pulmonarius) on agro-waste
substrates in semi-arid regions of Kenya. Inter. J.
Recycl. Org. Was. Agri., 11(3), 375-383.

Yi, Z; Li, X; Luo, W; Xu, Z; Ji, C; Zhang, Y; Zhang,
X. (2018). Feed conversion ratio, residual feed
intake and cholecystokinin type A receptor gene
polymorphisms are associated with feed intake and
average daily gain in a Chinese local chicken
population. J. Ani. Sci. and Biotechno., 9, 1-9.

OMOWANLE, O. G; OSU, C. I; STANLEY, H. O.



