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Abstract

Purpose Nigeria produces large quantities of wastes per year, which are underutilised and constitute environmental nuisance.
The effect of dietary mycomeat produced from ogi production wastes based on yellow maize using wild and mutant strains
of Pleurotus sajor-caju was assessed based on chickens’ growth, haematology and histology.

Methods The wastes were air-dried for 72 h. The inoculum was developed by transferring loopful of inoculum into the
prepared inoculum medium. Incubation was carried out at 37 + 1 °C. 144 1-day-old chicks were used. The trial lasted for
21 days. The chicks were grouped into 4, each containing 36 1-day-old chicks. The animals were provided with fresh feed
and water ad libitum. Feed intake and body weight were measured weekly, while the calculation of feed conversion ratio
(FCR) and weight gain was based on the data obtained.

Results Feed intake was lower for birds fed diets containing ogi production wastes and mycomeat produced from ogi produc-
tion wastes using a mutant strain of P. sajor-caju. No significant differences were observed for body weight gain amongst the
treatments. Mycomeat produced from ogi production wastes using a mutant strain of P. sajor-caju and ogi production wastes

enhanced FCR, while those on wild strain of P. sajor-caju did not differ significantly from other treatments.
Conclusion Inclusion of mycomeat in the diet of broiler chicks is considered safe and could promote growth.

Keywords Agricultural waste - Food biotechnology - Feed conversion ratio - Mycomeat - Pleurotus sajor-caju

Introduction

Nigeria, being an agricultural country, produces large quan-
tities of wastes per year. These wastes are underutilised
and constitute environmental nuisance as well as a poten-
tial challenge to human health (Belewu and Banjo 1999).
Agricultural wastes hold significant potentials. Kuppusamy
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et al. (2017) observed the need to find effective industrial
use for agricultural wastes, being rich in nutrients. Also,
the application of compost made from date palm waste has
been reported to increase growth rate and yield of Medicago
sativa plants (Benabderrahim et al. 2017).

Solid-state fermentation has been identified as a useful
technique in food biotechnology, which has gained a lot of
interest because of its cost effectiveness. This convenient
technology has been employed for the mass production of
microorganisms on solid substrates, especially filamentous
fungus in a low moisture conditions as well as the easy pen-
etrating nature of the fungal mycelium through the solid
substrates (Adetunji and Adejumo 2017; Emilio et al. 2018;
Luiz et al. 2018). Solid-state fermentation is an important
approach for preventing environmental problems arising
from the disposal of agricultural wastes (Devesa-Rey et al.
2011; Oliveira and Duarte 2014). This technology has sup-
ported the utilisation of the lignocellulosic wastes as a car-
bon source for the microorganisms, which are used for the
production of various microbial bioproducts, such as feed
variety for animals, mycomeat (José et al. 2015; Adejumo
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et al. 2017). Solid-state fermentation has been documented
to enhance the nutritional status of the agro-industrial
wastes, the biodegradability of agro-industrial wastes and
reduction in the concentration of antinutritional factors when
used as animal feed (Ajila et al. 2012).

Fermented products made in homes or small-scale indus-
tries are consumed as food by family members or used to
feed many during social functions. These fermented foods
may be produced using cereals, oilseeds, nuts, palm tree sap,
legumes, milk, fish, meat, or tubers (Oguntunde 1989; Uzog-
ara et al. 1990). Ogi, a fermented porridge is an important
traditional fermented food in Nigeria, which is usually made
from Zea mays, Sorghum vulgare or Pennisetum typoideum.
Banigo and Muller (1972) described ogi as having sour taste
with smooth texture. The uncooked ogi can be made into
liquid pap or a solid gel (eko). Ogi is a common popular
weaning food as well as food for recuperating patients in
Nigeria, which most mothers introduce to their babies at
about 6 months of age (Ajanaku et al. 2012).

Mushrooms are traditional foods in Nigeria. They are
attractive crop to cultivate in developing countries for many
reasons, among which is that they are grown on agricul-
tural wastes, providing substrate materials at low prices or
even for free and to conserve our environment by recycling
wastes. Not a significant proportion of these wastes have
been adequately processed or recycled for use (Barshteyn
and Krupodorova 2016). Attempts have been made to con-
vert these wastes to animal feed using mushroom biotech-
nology. However, previous works on mycomeat focused
mainly on the assessment of its nutrient composition (Ade-
jumo et al. 2017; Adetunji and Adejumo 2017). The role of
livestock sector in global economy and in combating food
insecurity cannot be overemphasised. Poultry, particularly
broiler production, has been observed as the fastest grow-
ing meat sector in Africa (Meissner et al. 2013; Taha and
Hahn 2015). Arbor acre is a class of broiler chickens com-
monly raised in Nigeria. However, its production is limited
by high cost of feed ingredients. Broiler chicks are used in
experiments because of the fast growth rate among other
factors. The use of agro-wastes to feed poultry, particularly
in developing nations could help to reduce cost of produc-
tion, and thereby, make the animal products more affordable
at cheaper cost. This study investigated the effect of die-
tary mycomeat produced from ogi production wastes based
on yellow maize using strains of Pleurotus sajor-caju on
growth rate, histology and haematological profile of chicks.

Materials and methods
The wastes from ogi produced from yellow maize grains

used for this study were collected from a seller, being the
wastes generated after the extraction of ogi, which is the
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main product. The wastes were air-dried for 72 h and their
proximate composition was carried out according to the
procedure of AOAC (2000). Each treatment was done in
triplicates. The P. sajor-caju (Fr.) Singer strain LM06 was
sourced from NIHORT, southwestern Nigeria.

Inoculum development and UV light-induced
mutation

A sizeable quantity of inoculum was put into a prepared
medium and 25 mL of the isolate was incubated at 37 +1 °C
(Adejumo et al. 2017; Adetunji and Adejumo 2017). The
organisms were grown in a freshly prepared potato dextrose
agar plate. After the growth of the organisms, mycelia plugs
were obtained with cork borer under ultraviolet lamp under
the wavelength of 300 nm at about 0.3 m. Five mycelia
plugs were withdrawn during a 30-min interval (Adetunji
and Oloke 2013).

Substrate treatments and experimental set-up

The moisture content of the ogi wastes was maintained at
60%. The waste was divided into three parts, corked and
sterilised. Thereafter, the substrates were inoculated with
wild and mutant fungi according to the treatments. Treat-
ment 1 contained the agricultural ogi production wastes
alone. Treatment 2 contained the wastes and a mutant strain
of mushroom. The third treatment contained the wastes and
a wild strain of the mushroom (Akintunde and Akintunde
2002; Adetunji and Adejumo 2017; Adejumo et al. 2017).

The substrates having been sterilised were inoculated
with P. sajor-caju mycelia. A slant was washed per jar
and the set-up was incubated at 37 °C in the dark, which
was observed daily until full ramification was noted. The
fungi and the substrates were referred to as the mycomeat.
Mycomeat refers to the ogi production wastes used as the
substrate and the fungi grown on it.

Management of experimental animals and data
collection

The Committee on Animal Ethics, Department of Animal
Science, Federal University Gashua, Nigeria approved
the feeding trial as well as the experimental protocol. The
effect of mycomeat obtained from ogi production wastes
using wild and mutant strains of Pleurotus sajor-caju was
investigated based on the growth response, ratio of organ
to body weight, haematology and liver histology of broiler
chicks. Wheat bran was selected as the control because it
is commonly used as a feed ingredient in Nigeria while the
availability of ogi production wastes informed its choice for
the study. One-day-old chicks of Arbor acre strain (n=144)
were purchased from a hatchery in Ibadan, Nigeria, and the
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chicks were fed for 21 days. The chicks were grouped into
four, each containing 36 1-day-old chicks. Each group repre-
sented each treatment, and each treatment was replicated six
times. Each replicate had six birds each. The animals were
provided with fresh feed and water ad libitum all through
the experimental period. Table 1 shows the experimental
diet composition. The body weight gain of the experimental
animals was calculated by deducting the initial body weight
of the birds from the final weight, while the feed conversion
ratio was calculated as the ratio of quantity of feed consumed
to the body weight gain.

The birds in each group were killed and the livers were
excised separately according to the group for histological
study. The livers were preserved in universal bottles and
fixed in 10% buffered formalin solution until they were
needed for the histological analysis. The tissues were
observed and cut into small pieces of about 4 mm. The tis-
sues were processed with tissue processor (Leica TP 1020)
and dehydrated by passing them through different reagents.
The tissues were eventually placed in wax baths. Having
sectioned the tissue appropriately, and the section floated
on water bath, the slides through which the sections were
picked were labelled, dried and stained accordingly with

Table 1 Gross nutrient composition of experimental diet

haematoxylin and eosin (Galighor and Koziff 1976; Avwioro
2010).

Blood was collected into well-labelled specimen tubes
(Aiello 1998), and were used for haematological analyses.
Packed cell volume (PCV), white blood cell counts (WBC),
haemoglobin, neutrophils, lymphocytes and monocytes were
determined using standard procedures (Schalm et al. 1975;
Campbell 1988).

Experimental design and statistical analysis

The design of the experiment was a completely randomised
design and the data obtained for growth rate, ratio of the
weight of organ to the weight of body and haematology indi-
ces of the experimental animals were subjected to one-way
analysis of variance using SPSS (version 21). Significant
means were analysed according to Duncan’s multiple range
test (Duncan 1955).

Control diet (wheat
bran-based)

Feed ingredients (g/kg) Ogi production

wastes-based diet

Mycomeat with a mutant strain of ~ Mycomeat with a wild strain
P. sajor-caju-based diet of P. sajor-caju-based diet

Yellow maize 52.00 52.00
Soybean meal 37.00 37.00
Palm oil 1.00 1.00
Wheat bran 6.00 0.00
ogi production wastes 0.00 6.00
Mycomeat 0.00 0.00
Premix?® 0.25 0.25
DI-methionine 0.20 0.20
Limestone 1.50 1.50
Di-calcium phosphate 1.85 1.85
Sodium chloride 0.20 0.20
Analysed nutrients
Protein 20.08 19.89
ME (kcal/kg) 2857.25 2856.30
Fibre 4.45 4.62
Fat 4.01 4.04
Lysine 0.75 0.76
Methionine 0.51 0.51
Calcium 1.02 1.02
Phosphorus 0.61 0.61

52.00 52.00
37.00 37.00
1.00 1.00
0.00 6.00
0.00 0.00
6.00 6.00
0.25 0.25
0.20 0.20
1.50 1.50
1.85 1.85
0.20 0.20
20.13 20.10
2856.30 2856.30
4.40 442
4.05 4.04
0.77 0.76
0.51 0.51
1.02 1.02
0.61 0.61

2.5 kg contains 8,000,000 i.u. vitamin A, 1,600,000 i.u. vitamin D3, 15,000 i.u. vitamin E, 2000 mg vitamin K, 3000 mg vitamin B2, 20 g
vitamin C, 20,000 mg niacin, 6000 mg pantothenic acid, 1500 mg vitamin B6, 10,000 mg vitamin B12, 500 mg folic acid, 400 mg biotin,
150,000 mg choline chloride, 100 mg cobalt, 600 mg copper, 10,000 mg iodine, 20,000 mg iron, 90,000 mg manganese, 100 mg selenium,

20,000 mg zinc, 1300 mg antioxidant
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Table2 Growth performance
parameters of broiler chicks fed
with control diets and mycomeat

Parameters Control diet

Ogi production wastes  Ogi production

wastes mutant

Ogi production P value
wastes wild

produced .from .ogi production Feed intake (kg) 0.51+0.01%
wastes using wild and mutant Initial weight (kg)  0.15+0.06™
strain of Pleurotus sajor-caju
Final weight (kg)  0.40+0.02°
Weight gain (kg) 0.25+0.05™
FCR 2.11+0.38%

0.38+0.01° 0.36+0.04° 0.52+0.02*  0.004
0.14+0.04™ 0.14+0.03™ 0.15+0.02"  0.897
0.43+0.03% 0.41+0.01%® 0.45+0.03*  0.124
0.29+0.03"™ 0.26+0.01™ 0.30+0.02"  0.236
1.34+0.42° 1.38+0.10° 1.75+0.06®  0.038

Values are mean +standard deviation, mean with different superscripts within the same row are signifi-

cantly (P <0.05) different

ns non-significant, FCR feed conversion ratio

Results and discussion

The growth performance parameters of broiler chicks fed
with mycomeat produced from ogi production wastes using
strains of Pleurotus sajor-caju are presented in Table 2. Feed
intake was lower for birds fed with diets containing ogi pro-
duction wastes and mycomeat produced from ogi production
wastes using a mutant strain of P. s@jor-caju. There were no
significant differences observed for the body weight gain
across the treatments. Mycomeat produced from ogi pro-
duction wastes using a mutant strain of P. sajor-caju and
ogi production wastes enhanced FCR of the experimental
animals, while those on the wild strain of P. sajor-caju did
not differ significantly from other treatments.

The ratio of the weight of organs and the body weight of
chicks fed with mycomeat produced from ogi production
wastes using strains of Pleurotus sajor-caju are shown in
Table 3. The ratio of dressed weight to body ratio was less
for birds fed with diet containing mycomeat produced from
ogi production wastes using a mutant strain of P. sajor-caju.
The ratio head +legs to body weight was, however, higher
for birds fed with the diet containing mycomeat produced
from ogi production wastes using a mutant strain of P.
sajor-caju than those on control diet, while those containing

mycomeat using a wild strain of P. sajor-caju and those on
ogi production wastes compared well with the control. The
ratio of visceral weight to body weight was lower for birds
fed the diet containing mycomeat produced from ogi produc-
tion wastes using a mutant strain of P. sajor-caju than those
on control diet, but compared well with other experimental
treatments. The values obtained for liver to body weight by
the birds on the experimental treatments were statistically
similar to the control treatment. The ratio of intestine to
body weight did not differ across the treatments. The value
obtained for wing weight to body weight for birds fed diet
containing mycomeat produced from ogi production wastes
using a mutant strain of P. sajor-caju was statistically similar
to the other treatments. Diets containing mycomeat obtained
lower gizzard weight to body weight ratio.

The haematological indices of the chicks fed with
mycomeat produced from ogi production wastes strains of
Pleurotus sajor-caju are presented in Table 4. Mycomeat-
based diets compared with the control diet for packed cell
volume and red blood cell counts. The values obtained for
white blood cell counts for the experimental diets did not
differ significantly from the control group. However, birds
on mycomeat with the mutant strain of P. sajor-caju obtained
a lesser value than the diet with the wild strain of P. sajor-
caju. The mycomeat produced with a mutant strain of P.

Table 3 Organ weights to body

. . > . Parameters Control diet Ogi production wastes ~ Ogi production  Ogi production P value
;vzlghtt;atlost Ofl l()jr.oiler c(ljncks wastes mutant wastes wild
ed with control diets an

mycomeat produced from ogi Dressed weight ~ 0.67+0.02°  0.70+0.05" 0.56+0.05° 0.60+0.04*  0.012

production wastes using wild Head + legs 0174007  0.200.01° 0.33+0.03° 0.13+£0.03"  0.002

and mutant strains of Pleurotus ) ) )

sajor-caju Visceral 0.27+0.01° 0.25+0.05" 0.17£0.04° 0.18+£0.08®  0.079
Liver 0.07 £0.02* 0.06+0.01% 0.06+0.02% 0.03+£0.01°  0.086
Intestine 0.13+0.03"  0.13+0.02" 0.07+£0.01™ 0.10+0.01™  0.006
Wings 0.13+0.03*  0.128+0.03" 0.11+0.01% 0.081+0.01>  0.086
Gizzard 0.13+0.02? 0.13+0.02° 0.06+0.03° 0.07+0.01°  0.005

Values are mean =+ standard deviation, mean with different superscripts within the same row are signifi-

cantly (P <0.05) different

ns non-significant
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Table 4 Haerfnato}ogica% f Parameters Control diet Ogi production  Ogi production ~ Ogi production P value
pa.rameters 0 })roﬂer chicks fed wastes mutant wastes control wastes wild
with control diets and mycomeat
produced from ogi production PCV (%) 31.1£201°  30.8+0.2° 272+191° 320+ 1.1° 0.001
wastes using wild and mutant WBC (x 10°mm?) 290+£020°  2.5+0.5° 2.74£03% 324050 0.102
strains of Pleurotus sajor-caju
RBC (x 10°mm?) 3.27+0.30* 3.27+0.3% 1.72+0.22° 3.61+0.19° 0.001
Neutrophils (%) 30.0+2.05* 35.0+2.16 18.0+0.9° 14.0+£2.0° 0.001
Lymphocytes (%) 70.0+3.02° 65.0+3.1° 80.0+4.1% 80.0+3.1% 0.001
Monocytes (%) 0.00+0.00° 0.0+0.0° 2.0+0.1° 6.0+0.4" 0.001
Haemoglobin (mg/dl) ~ 10.3+0.03®  10.21+0.73° 9.01+0.2° 11.0+0.3 0.001

Values are mean =+ standard deviation, mean with different superscripts within the same row are signifi-

cantly (P <0.05) different

ns non-significant, PCV packed cell volume, WBC white blood cell counts, RBC red blood cell counts

X100 X400

Photomicrograph of a liver showing normal central venules and normal portal
tracts (white arrow), the morphology of the hepatocytes appear normal (blue
arrow), the sinusoids appear normal and not infiltrated (slender arrow). No
pathological lesion was observed.

Figure a: Liver photomicrographs of chicken fed with control diet

X100 X400

Photomicrograph of a liver showing normal architecture and as well as normal
central venules and normal portal tracts with no congestion (white arrows), The
morphology of the hepatocytes appeared normal (blue arrows) and the sinusoids
appeared normal without infiltration (slender arrow). No pathological lesion was

observed,

Figure ¢: Liver photomicrographs of chicken fed with diet containing mycomeat from

vellow maize wastes using wild strain of P. sajor caju

Fig. 1 a Liver photomicrographs of chicken fed with control diet. b
Liver photomicrographs of chicken fed with diet containing yellow
maize wastes. ¢ Liver photomicrographs of chicken fed with diet con-
taining mycomeat from yellow maize wastes using wild strain of P.

Photomicrograph of a liver showing normal central venules and
normal portal tracts (white arrows). The morphology of the
hepatoeytes showed severe fat infiltration into the hepatocytes
cytoplasm (blue arrow). The sinusoids appeared normal and not
infiltrated (slender arrows).

Figure b: Liver photomicrographs of chicken fed with diet
containing yellow maize wastes

P
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X400

Photomicrograph of a liver showing very mild congestion of the
portal vein (white arrow) and mildly increased connective
tissues around the portal tract (black arrow). A focal area of very
mild lymphocytes aggregate was observed (black arrow). The
morphology of the hepatocytes showed moderate to severe fat
infiltration mto the hepatocytes cytoplasm with vesicular nucler
(red arrow). The sinusoids appeared normal and not infiltrated
{(slender arrow).

Figure d: Liver photomicrographs of chicken fed with diet
containing mycomeat from yellow maize wastes using mutant
strain of P. sajor caju

sajor-caju. d Liver photomicrographs of chicken fed with diet con-
taining mycomeat from yellow maize wastes using mutant strain of P.
sajor-caju
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sajor-caju compared well with the control diet for packed
cell volume, white blood cell counts, red blood cell counts,
neutrophils, lymphocytes, monocytes and haemoglobin.

Figure 1a—d shows the liver photomicrographs of broiler
chicks fed with the control diet, and diets containing ogi pro-
duction wastes and mycomeat produced from ogi production
wastes using strains of P. sajor-caju. The photomicrograph
of liver section excised from the broiler chicks fed with the
control diet showed a normal architecture. The photomicro-
graph of a liver section from broiler chicks fed with the diet
containing ogi production wastes showed normal central
venules and normal portal tracts. The architecture was poor,
and the morphology of the hepatocytes showed severe fat
infiltration into the hepatocytes’ cytoplasms. However, the
sinusoids appeared normal without infiltration.

Those birds fed with mycomeat from a wild strain of P.
sajor-caju showed normal architecture as well as normal
central venules and normal portal tracts, which showed no
congestion. The morphology of the hepatocytes and the
sinusoids appeared normal without any infiltration. No path-
ological lesion was observed. The photomicrographs of the
livers from broiler chicks fed with mycomeat produced with
a mutant strain of P. sajor-caju reflected that the portal tracts
showed very mild congestion of the portal vein as well as
mildly increased connective tissues around the portal tract.
The morphology of the hepatocytes showed moderate to
severe fat infiltration into the hepatocytes’ cytoplasms with
vesicular nuclei. However, the sinusoids appeared normal
and not infiltrated.

Mycomeat from ogi production wastes with a wild strain
of P. sajor-caju seems to enhance the liver architecture of
the experimental chicks. The sinusoids of all the livers from
the experimental chicks observed appeared normal and not
infiltrated. Hence, it could be said that they pose no serious
threat to the livers’ function. However, it is recommended
that further studies should be carried out to ensure the safety
of mycomeat produced from ogi production wastes on liver’s
functions and architecture of broiler chicks.

The bodyweight gain and feed efficiency have been
linked, as being genetically correlated (Mendonca and
Michelan 2001). Broiler chicks are usually selected for
improved feed conversion ratio and rapid growth rate. It was
reported that the growth of Pekin ducks was affected by feed
consumption (Wen et al. 2015). Choct (2009) opined that
broiler chickens fed with 3 kg of feed within 5 weeks can
reach 2 kg body weight. Feed consumption has been identi-
fied to influence the rapid growth rate of broiler chickens
rather than increased nutrient digestibility (Klasing 2007).
Feed quality is suggested to have a very significant impact
on broiler growth (Jafarnejad et al. 2010) amongst others,
such as nutrient density and environmental temperature.
However, it has been noted that excessive feed intake may
not enhance the growth rate, but could depress digestibility

* @ Springer

of the nutrient (Wen et al. 2015). Puvanendran et al. (2003)
noted that a high-feed intake could reduce digestibility,
absorption of nutrients as well increase the rate at which
food materials pass through the gastro-intestinal tract.

Feedstuffs, labour, equipment, environment, production
methods and measurement accuracy have been observed as
factors that may improve feed conversion ratio as well as
depress weight gain (Patricio 2007). Patricio et al. (2012)
reported the following values for average daily body weight
gain, FCR and FCR adjusted for 1.7 x 10 and 2.0 x 10°
of broiler as 2326.77+ 110, 51.16 +2.48, 1.968 +0.06,
1.789+0.08 and 1.875 +0.08, respectively. The FCR for
broilers raised in Sudan for 42 days with different feed forms
has been reported to be 2.12, 2.22 and 2.27 for broiler chick-
ens fed with mash, mash + pellet and pellet feed, respectively
(Ahmed and Abbas 2013). Patricio et al. (2012) noted that
the highest FCR was observed in 1992 where 2.116 kg feed
was needed to raise the body weight of broiler by 1 kg, but
an annual decline was observed, thereafter, resulting in the
need of 1.84 kg of feed to raise body weight by 1 kg in
2009. Decline in FCR implies that less quantities of feed
will be required, which is an important indicator towards
cost effectiveness, since feed accounts for a larger proportion
of the total cost of producing live broilers. The inclusion of
mycomeat in broiler ration is recommended as a positive and
cost-effective way of managing agricultural wastes, which
are allowed to decay or are burnt indiscriminately in public
places in some developing countries, thereby resulting in
environmental pollution.

Analysis of blood parameters is regarded as an impor-
tant tool for investigating the health status, physiological,
pathological and nutritional status of animals (Afolabi et al.
2010). The values obtained for haematological parameters
in the present study were within the range reported in the
literature. Therefore, it suggests that dietary inclusion of
mycomeat in the diet of broiler chicks is safe for consump-
tion. The following values had been reported for RBC
(x10/uL), PCV (%) and Hb (g/dl): 2.35+0.12,29.4+0.15,
13.06 +0.32; 2.39+0.09, 30.7+0.86, 13.19+0.25;
2.85+0.12, 32.71+0.94, 13.95+0.22 and 2.59 +0.05,
31.28+0.16, 13.62 +0.16 for Arbor acre broilers for days
14, 21, 42 and mean values, respectively (Talebi et al. 2005).
Similar values for PCV and haemoglobin concentrations
were also reported for finisher broiler chickens fed with
acidified blood meal-based diets by Ogunwole et al. (2017).
Also, the values observed in the present study were within
the range reported (Tehrani et al. 2012; Ologhobo and Ade-
jumo 2015; Ologhobo et al. 2017) for broiler chickens. It has
been suggested that the blood composition and performance
are related (Isaac et al. 2013).

No inflammation of liver or other organ was observed
in the present study. Also, none of the organs experienced
colour change. However, the hepatocytes of the livers from
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ogi production wastes and a mutant strain of P. sajor-caju
were fat infiltrated. The infiltration is referred to as steatosis.
There could be alcohol-induced steatosis and non-alcohol-
related steatosis. It is not unlikely that the grains from which
the wastes were collected were partially aflatoxin infested.
This could not be ascertained because we did not have access
to the grains before they were processed and the wastes were
not subjected to aflatoxin test.

Steatosis is used to describe the abnormal accumulation
of fatty acids or monoglycerides, diglycerides or triglycer-
ides in hepatocytes (Mavrelis et al. 1983). Plasma-free fatty
acids attached to lipoprotein particles in the normal lipid
metabolism are transported to the liver where they are either
stored or oxidised. Abnormal storage of lipids may lead to
hepatocellular damage. Abnormal accumulation of fatty
acids concentration has been linked with pathologic liver fat
accumulation (Bradbury 2006). Also, it has been noted that
steatosis (alcohol-induced) may trigger a series of patho-
physiologic disorders. It has, however, been reported that
most patients with simple steatosis do not progress to cir-
rhosis and its complications, such as liver failure and hepa-
tocellular carcinoma (Younossi 2008). Yip and Burt (2006)
also noted that the presence of steatosis is not essential for
the diagnosis of liver disease. It may even be reversed after
the predisposing lifestyle (alcohol consumption) has stopped
(Yip and Burt 2006).

The presence of microvesicular liver steatosis has been
associated with feed restriction for 35 days in broiler chicks
and it was not accompanied with the development of fibrosis
of the liver tissue (Makovicky et al. 2011). It was reported in
another study that the livers of active chickens raised with no
clinical signs of disease revealed many lesions, ranging from
parenchymatous, vacuolar and fatty degeneration. The vari-
ations were more pronounced from day 10, which included
bile ductule proliferation, hypertrophy of endothelium cells
in arteries and hypertrophy of the smooth muscle in arteries.

Aflatoxin-fed quails have been reported to show liver fatty
changes, necrosis, bile duct hyperplasia and aggregation of
lymphocyte (Ibrahim 2013). The intensity of the changes
was a function of the aflatoxin level in the diet. Also, Kumar
and Balachandran (2009) in another study observed mac-
rovesicular fatty degeneration, vacuolar degeneration and
ballooning degeneration of the hepatocytes of the livers of
chickens fed with aflatoxin, which completely altered the
architecture of the liver, and the regenerating hepatocytes
were arranged in acinar or ductular patterns.

Also, the body condition of animals has been observed to
play important roles in liver metabolism. The body condi-
tion of dairy cows was reported to affect liver metabolism
(Reid and Collins 1980). Depression of feed intake and
energy deficiency have been reported to cause a rapid loss
of body mass and the accumulation of intracellular fat in the
liver (Pivko et al. 2016). Pivko et al. (2016) also observed

an accumulation of lipoproteins and lipid droplets in the
hepatocytes of cows and attributed the observation to mod-
erate severe steatosis. In the present study, the histological
observations of the livers were not accompanied with change
in organ colour or size. Hence, the observations may not be
linked with the feeding of the experimental diet.

When considering the vulnerability of poultry birds to
hepatic steatosis, it is worth noting that liver plays impor-
tant roles in the fatty acid synthesis (Leveille et al. 1975)
unlike in mammals where major synthesis takes place in
the adipose tissue. Dietary carbohydrates, fats and adipose
tissue depots contribute significantly to the lipids found in
the liver. Dietary defects, toxic substances and physiologi-
cal disturbances are some of the factors that may cause the
hepatic accumulation of fat (Butler 1976). A high carbohy-
drate consumption may also be responsible for an increase in
the lipid content of the liver, which may result from feeding
a high-energy diet by force-feeding or ad libitum (Wolford
and Polin 1974). It is noted that hepatic steatosis may also
occur as a result of inadequate production of phospholipids
(Butler 1976).

The utilisation of random mutagenesis for the improve-
ment of strain has been discovered leading to increase in
yield and hyper production of biological important bioprod-
ucts. During this study, UV light was employed for strain
improvement of the wild strain of P. sajor-caju (Krisztina
et al. 2008; Adetunji and Adejumo 2017). During this study,
it may be said that the mutant strain exhibited a high level of
colonisation and increased in yield, which might be attrib-
uted to the fact that mutation might have enhanced the spor-
ulation rates and increased the rapid release of hydrolytic
enzymes involved in the biodegradation of lignocellulosic
materials in ogi production wastes (Brunner et al. 2005;
Juhasz et al. 2005; Fowler et al. 2002). It may be inferred
from the findings of this study that the strains used in this
study can be improved for the large-scale production of the
mycomeat, especially at industrial level using ogi production
wastes. It could also help in selection of starting biological
agents and in mutation programme, particularly for indus-
trial production (Zaldivar et al. 2001; Krisztina et al. 2008).

Conclusion

The findings from this study revealed that ogi production
wastes based on yellow maize have the potential of being
used as animal feed ingredient that could help reduce the
cost of production of animal products as well as the cost
expended on the disposal of agricultural wastes, thereby
minimising various health and environmental hazards. Stud-
ies with longer duration may shed more light on this.
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