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OPEN ACCESS ABSTRACT

Mixed fungal fermentation was carried out to upgrade the nutritive value of the maize
cobs for use as inclusion in developing a balanced feed for animal production. Grounded
maize cobs were alkaline pretreated, and fermented with mixed and single
lignocellulolytic fungi of Lachnocladium flavidum and Aspergillus niger. A feeding
experiment assessed the growth performance and toxicological implications of graded
levels (10%, 30%, and 50%) of fungal fermented maize cobs following their inclusion in
the diet. Feed substituted with 10% L. flavidum. was found to have the most positive effect
on animal weight and the growth rate, while for the feed consumption and the efficiency
of feed conversion, statistical difference was not observed among the various substituted
feeds. Toxicity studies reveal absolute and relative organ weights were stable with slight
differences among substituted fermented-fed groups relative to the control. Liver and
kidney weight appeared normal in various fermented substituted groups. Most markers of
liver function analyzed appeared normal, glucose levels however increased significantly
(P<0.05) in most of the fermented-fed groups. Serum electrolytes as markers of kidney
function also showed a stable condition while urea and creatine levels increased
significantly (P<0.05) but within the normal range. Hematological parameters did not
show compromised values as all appeared within acceptable ranges. This research has
shown that 10% L. flavidum and A. niger fermented maize cobs have been demonstrated
to be efficacious and safe as a substitute for inclusion in animal feed production.
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INTRODUCTION

With the growing population, livestock feeding using
grains-based diets is becoming increasingly challenging
thus the need to source and re-focus attention on providing
energy in feeding livestock and monogastric animals. Feed
has been reported to contribute up to 80% of the total costs
in livestock production (Kim et al., 2021). The increasing
demand for grains as raw materials in the production of
high-value commodities is partly responsible for driving
food and feed prices higher than ever recorded in history
(Yafetto et al, 2020). The major constraint to livestock
production in Nigeria is the non-availability of sufficient
feed throughout the year (Biaosheng et al., 2020).

Copyright © 2024 Olagunju et al. This is an open access article distributed
under the Creative Commons Attribution License CC BY 4.0, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

One of several alternatives considered in this direction,
which has proved successful over the years, is the utilization
of agro-industrial by-products in the production of
monogastric feed (Atuahene et al., 2000). The
lignocellulosic residue is the cheapest and readily available
form of carbohydrates for value addition (Bharathiraja et
al., 2017). However, the current level of use of agricultural
agro-residues in animal feed is very low, and high
utilization has been reported to produce poor performance
(afetto et al., 2020).

Maize is one of the most important cereal crops in sub-
Saharan Africa and a major staple food crop in many parts
of the world including Nigeria (USDA 2021). Nigeria is the
twelfth-largest producer of maize in the world and the
second-largest producer in Africa (USDA 2021). Maize
production in Nigeria increased from 1.4 million tons in
1969 to 8 million tons in 2015 which further increased to 20
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million in 2019, growing at an average annual rate of 6.72%
(Oge, 2019). Maize cobs are a by-product of the maize crop,
about 180-200 kg of cobs are obtained from each ton of
maize shelled (Heuze et al., 2017). The major components
of corn cob include cellulose (45%), hemicellulose (35%)
and lignin (15%) (Zhao et al, 2022). However, the high
amount of lignin content and level of crystallization of the
residues limits optimal utilization as Lignin interferes by
acting as a physical barrier that prevents the contact of
cellulase with cellulose and other nutrients (Ravindra and
Jaiswal, 2016).

The wider utilization of agricultural residues by
livestock is affected by their compositions which necessitate
different physical, chemical, and biological pretreatment
processes (Xu et al, 2022). Biological treatment using
microorganisms has several advantages when compared
with physical and chemical methods (Ma et al, 2015).
Several microorganisms such as Aspergillus niger,
Trichoderma reesei, Lachnocladium sp., and Lenzites
betulina are good lignocellulolytic fungi (Andlar et al,
2018). Solid-state fermentation (SSF) has been considered
to be the most effective in producing value-added products
from agricultural residues. However, optimization of the
process parameters is necessary to achieve optimal results
(Leite et al., 2021).

With the increasing demand for livestock products in the
world, the economy, and shrinking land area, the future
hope of feeding the nations and safeguarding their food
security will depend on better utilization of non-
conventional feed resources, which are not used as food for
humans or are not in high demand for human consumption
(UNEP, 2021). There is a need to develop cheap, easy, and
environmentally  friendly = methods of treating
lignocellulosic agricultural residues like maize cob to
improve nutritional quality for possible utilization in
animal feed formulation (Zhao et a/., 2022). Mixed fungal
fermentation using a consortium of degrading fungi was
carried out to upgrade the nutritive value of the maize cobs
for use as inclusion in developing a balanced feed for animal
production and ascertain the efficacy of its usage.

MATERIALS AND METHODS

Animals feeding trials

Wistar albino rats, obtained from the laboratory animal
units of the Faculty of Veterinary Medicine, Ahmadu Bello
University, Zaria, Nigeria were used for the experiment. The
animals were kept in a well-ventilated stainless-steel cage
at room temperature and were acclimatized for 14 days,
normal feed and clean drinking water were provided to
them. Forty-two (42) well-fed fresh weaner’s male rats of
average age (5-6 weeks) and weight (80-90g) were used for
this feeding trial. They were divided into seven groups of six
rats each. Diets were formulated as isonitrogenous (appx.
19% crude protein) and isocaloric (appx. 4 kcal/g). Control
diets were substituted with untreated maize cobs at 50% and
treated maize cobs, at 10%, 30%, and 50%. Group 1- 10% L.
flavidum & A. niger, Group 2 - 30% L. flavidum & A. niger,

Group 3 - 50% L. flavidum & A. niger, Group 4 - 50%
Lachnocladium flavidum, Group 5 - 50% Aspergillus niger,
Group 7-control (commercial feed).

Spilt feed left over in the morning was collected, dried,
and weighed. The level of feed intake or acceptability in
g/day was determined by monitoring the decrease in the
quantity of weighed feed served. Clean water was also
provided in calibrated containers for four weeks. The rats
were then weighed after the feeding trial to see changes in
live weight before they were sacrificed and their blood
collected for analysis. The feed consumption index and
conversion ratio were calculated as shown below (Yi et a/
2018);

feed consumed

Feed Consumption index = X duration of feeding

average weight

. . weight gain
Feed Conversion ratio = m
Blood collection and sample preparation
At the end of 28 days of feeding trials for growth and
performance, the animals were anesthetized by using
chloroform after fasting for 12 hours. They were bled by
cardiac puncture and a lateral section was cut through each.
The kidney, liver, and heart were removed, blotted dry with
filter paper, and weighed. Part of the whole blood was
placed in test tubes containing EDTA and used for packed
cell volume, hemoglobin (Hb), white blood cell (WBC) and
red blood cell (RBC) counts determination. The remaining
blood was allowed to clot and the serum was separated using
a Pasteur pipette into cleaned labeled serum sample bottles.
Serum was used for biochemical analysis.

Determination of hematological
experimental rats

Red blood cell count (RBC), Packed Cell Volume (PCV),
White blood cell count (WBC), and the hemoglobin (Hb)
content of blood, were determined by methods as described
by Dacie and Lewis, 1984.

parameters in

Determination of biochemical parameters

Markers of liver function were determined using standard
methods. Serum albumin was determined by the dye-
binding method (Doumas et al, 1971), Serum protein
concentration was estimated by the method of Plummer
(1978), serum glucose was determined by the glucose
oxidase method (Bauminger, 1974), serum total bilirubin,
glutamine oxaloacetic transaminase (SGOT) and glutamine
pyruvate transaminase (SGPT) were determined by the
colorimetric methods of Reitmans and Frenkel (1957).
Cholesterol was determined after enzymatic hydrolysis and
oxidation (Abell et al, 1952). Markers of kidney function
were determined using standard methods. Urea was
determined using the Diacetyl monoxamine method as
described by Bhavadasan (1982), and creatinine was
determined using the Jaffe method of Joris and Marijin
(2011). Serum sodium and chloride electrolyte were
determined using the colorimetric method (Tietz et al.,
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1974). Bicarbonate (PEPC Method) by phosphoenolpyruvate
carboxylase (Punzalan, 1990).

Statistical analysis

To address the biological variability of the samples, the
experiment was repeated three times, and the results were
expressed as mean * standard deviation. Differences
between the groups were analyzed by one-way analysis of
variance (ANOVA) with the aid of the Statistical Package
SPSS Version 26. P<0.05 were considered statistically
significant for differences in mean using the least
significant difference (LSD).

RESULTS

Effects of graded levels of fermented maize cobs on growth
performance of experimental rats are shown in Table 1. The
most significant effect on weight gain was observed in the
group fed with 10% L. flavidum/A. nigerincluded fermented

cobs (29.00+2.00g). This was seen to decrease as the
percentage of included fermented feed was increasing. The
effects on growth rate followed similar pattern as the weight
gain; group fed with 10% L. flavidum /A. niger included
fermented cobs was seen to have the most significant effect
on growth rate 1.77+0.50g/week when compared to the
effect in rats fed with unfermented included feed
(0.40£0.30g/week). The commercial feed/ control however
gave a much higher weight gain and growth rate as
compared to all fermented substituted fed groups. With the
consumption index, statistical difference was not observed
with 10%, 30% and 50% fermented cobs substituted groups.
The unfermented substituted fed groups however showed a
slightly positive increase in the consumption index as well
as the groups fed commercial feed groups. In the feed
conversion ratio, statistical difference (P>0.05) was not
observed among all fermented substituted groups as well as
the commercially fed groups.

Table 1. Effects of Feeding Graded Levels of Fermented Maize Cobs on the Growth of Experimental Rats

Weight gain (g) Growth Rate (g/wk) Consumption Index Feed Conversion
(4wks) Ratio

50% Unfermented cobs 4.00£1.00? 0.40+0.30* 10.24+1.00¢ 8.51%0.78?

10% Lach. flavidum & A. niger 29.00+2.00° 1.77+0.50¢ 6.50%0.40° 12.96+0.65¢

30% Lach. flavidum & A. niger 21.00+2.00¢ 1.470.564 6.80%0.35° 11.71+0.61°

50% Lach. flavidum & A. niger 10.00+1.00° 0.73+0.40°¢ 7.50+0.50> 11.81£0.95"

50% Lachnocladium flavidum 12.67%2.31°¢ 0.73+0.30° 9.05+0.57¢ 11.23£0.90°

50% A. niger 11.51% 1.00° 0.71+0.22¢ 7.99%0.45 11.33+0.43°

Control (commercial feed) 32.67+3.06° 1.85+0.70¢° 10.0.49+0.25% 11.50+0.80"

Values are Mean * SD, Values with different superscript letters down the column are significantly different at p <0.05

The pattern of the effects of graded levels of fermented
maize cobs on weekly Feed Consumption Index of
experimental rats shown in Figure 1, did not show
statistically significant difference in the various groups on a
weekly basis. The fourth week of consumption however
showed slight positive increase in the consumption. With
the feed conversion ratio (Figure 2), a progressive increase
was observed in all fermented substituted groups as the
weeks progressed.

Table 2 shows the effects of graded levels of fungal
fermented maize cobs on absolute and relative organ weight

1
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of experimental rats. The percentage weight of the liver,
kidney and heart were determined after the period of
experimental trials. Statistical difference was not observed
in the liver and kidney of experimental rats fed with
fermented substituted maize cob feed. However statistically
significant reduction (P<0.05) was observed in the group fed
with unfermented substituted maize cobs. Significant
reduction was also observed with the heart of rats fed with
30% L. flavidum /A. niger fermented maize cob substituted
feed.

H week 2 week 3 H week 4

50% Unfermented 10% L. flavidum & 30% L. flavidum & 50% L. flavidum & 50% 50% Aspergillus Control
cobs A. niger A. niger A. niger Lachnocladium niger (commercial feed)
flavidum

Graded levels of fermented Maize cob feed

Figure 1. Effects of Graded Levels of Fermented Maize Cobs on Feed Consumption Index of Experimental Rats
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M conversion ratio week 3

M conversion ratio week 4

50% 10% lach. Sp & 30% Lach. Sp & 50% Lach. Sp & 50% 50% Aspergillus 50% Control
Unfermented A. niger A. niger A. niger Lachnocladium niger Trichoderma  (commercial
cobs sp reseei feed)
Fermented maize cob feed
Figure 2. Effects of Graded Levels of Fermented Maize Cobs on Feed Conversion Ratio of Experimental Rats
Table 2. Effects of Graded Levels of Fungal Fermented Maize Cobs on Organ Weight of Experimental Rats
Absolute organ weight Relative organ weight
Body wt (g) Liver (g) Kidney (g) Heart (g) Liver (%) Kidney (%) Heart (%)
Control (commercial 120.00£5.00e 5.96%0.80¢ 0.86%0.17° 0.81%+0.12¢ 4.97£0.16*  0.72%0.06" 0.68+0.03"
feed)
10% Lach. flavidum 115.00£4.50° 5.11+0.65° 0.73+0.20° 0.80%0.10¢ 4.44%0.1° 0.63%0.04% 0.70%0.07b®
& A. niger
30% Lach. flavidum 100.00£4.00¢ 5.19+0.45% 0.70+0.30° 0.78+0.14 5.19%0.13*  0.70+0.10° 0.78+0.04°
& A. niger
50% Lach. flavidum 96.00+3.00 4.86%0.40% 0.65%0.20° 0.70£0.20° 5.06%0.08*  0.68+0.03" 0.73%0.03"
& A. niger
50% Lachnocladium 105.00£2.00¢ 4.98+0.50% 0.69+0.10% 0.82+0.06¢ 4.7420.07°  0.660.06" 0.78+0.04°
flavidum
50% Aspergillus niger  97.00£3.00" 4.39+0.35% 0.61%0.24° 0.72+0.10> 4.53£0.04%®  0.63+0.04 0.74%0.04°
50% Unfermented 87.00+1.00° 4.44%0.30% 0.51+0.09° 0.50+0.05° 5.10+0.05*  0.59+0.03* 0.59+0.02?
cobs

Values are Mean + SD, Values with different superscript letters down the column are significantly different at p <0.0

Table 3 shows the effects of diets containing graded levels of
fungal fermented maize cobs on some serum biochemical
liver function parameters. Significant differences at P<0.05
observed among some parameters in the experimental
groups. Significant increases were observed in total protein,
AST, total bilirubin and glucose in most fed groups as
compared to unfermented groups. The commercially fed
group however had similar increment in these parameters,
while reduction were seen to be significant (P<0.05) in
cholesterol concentrations especially with 10% fed Lach.
flavidum. Statistical differences where not observed in
albumin levels (P>0.05). Table 4 shows the effects of diets
containing graded levels of fungal fermented maize cobs on
some serum Biochemical parameters of kidney function.
Chloride, sodium, bicarbonate, urea and creatinine analyzed
in the serum group of all experimental rats show significant
difference (P<0.05) among the various substituted fermented
groups in comparison with the control and unfermented

groups. The differences observed where however within the
normal acceptable ranges.

The effects of graded levels of fungal fermented maize cobs
on hematological parameters in experimental rats is shown in
Table 5. The packed cell volume (PCV), the red blood cells
count (RBC), the hemoglobin (Hb), the Platelets and white
blood cell (WBC) count were all found within the normal
range. However statistical difference (P<0.05) in the WBC was
observed among the groups fed with graded levels of
fermented maize cobs as compared to the mono-unfermented
groups. The differential count on the white blood cells shown
in Table 6 also followed similar pattern as other
hematological parameters, as no statistical difference was
observed (P>0.05) in the lymphocytes, basophils, mesophils,
eosinophils and neutrophils among all maize cob fermented,
unfermented and control groups.
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Table 3: Effects of Diets Containing Graded Levels of Fungal Fermented Maize Cobs on Some Serum Biochemical Indices of Liver Function

Total protein ALT(U/N) AST (U/]) T Bilirubin ~ Glucose Albumin Cholesterol
(g/dD) (mg/dl) (mgy/dl) (g7dD)
Control (commercial ~ 5.12%+0.24% 14.00£2.00®  66.00£9.00®®  0.43+0.09* 107.51£12.50¢  3.80+0.30% (mgydl)
feed)
10% Lach. flavidum  6.33+0.75¢ 13.40+0.70®®  64.00£5.20  0.49+0.11? 105.34£7.80¢ 4.50+0.50° 45.06£8.10a
& A. niger
30% Lach. flavidum ~ 5.19+0.56% 14.90+0.74>  67.30£4.90°  0.54*0.13®®  115.58+6.20% 3.90+0.70% 42.00£5.00a
& A. niger
50% Lach. flavidum ~ 5.46%0.46® 16.20+0.50¢  77.50+5.00° 0.60+0.10°  120.22%7.30¢ 3.850.55%® 54.00+4.00b
& A. niger
50% Lach. flavidum ~ 6.15+0.60° 15.60+0.65°  73.90+3.50°  0.49+0.19°  89.55+5.50° 4.43%0.31° 59.00+6.00b
50% Aspergillus 4.98+0.40* 14.30£0.60®®  72.10+5.20°  0.53+0.08®  74.67+4.60° 4.11£0.61® 44.00+4.00a
niger
50% Unfermented 6.88+0.65¢ 17.10+0.90°  56.40+3.80* 0.39+0.210*  69.22£3.90° 3.26%0.43° 60.00£6.00c
cobs

Values are Mean * SD, Values with different superscript letters down the column are significantly different at p <0.05

Table 4. Effects of Diets Containing Graded Levels of Fungal Fermented Maize Cobs on Some Serum Biochemical Parameters (Kidney

Function)
Chloride (CI") Sodium (Na®) Bicarbonate Urea Creatinine (mg/dl)
(mmol/L) (mmol/L) (HCO3) (mg/dl)
(mmol/L)

Control (commercial feed) 95.4%2.64% 132.5+2.60° 16.80%0.30* 14.00%1.20* 0.49%0.022
10% Lach. flavidum & A. niger 94.3+1.22%® 145.3+1.80° 17.5%0.50% 16.00+1.80% 0.52+0.05%
30% Lach. flavidum & A. niger 98.5%0.56% 135.5+1.20° 19.9+1.70° 17.00%2.00% 0.64%0.20%
50% Lach. flavidum & A. niger 95.4+0.46% 140.2£2.30¢ 16.5+0.552 15.00+1.50% 0.71%0.30%
50% Lach. flavidum 88.05+1.70" 136.5%1.50" 20.3%1.31° 18.00+2.00° 0.79+0.20%
50% Aspergillus niger 89.2+0.40 141.7£0.90 15.1+0.912 18.50+1.80¢ 0.70+0.10%
50% Trichoderma reseei 90.4%1.50 133.4%1.102 14.3%0.722 20.00%1.00¢ 0.72+0.08%
50% Unfermented cobs 84.8+3.65¢ 98.2£3.90¢ 13.6%0.43° 19.80+1.45¢ 0.83%0.21°

Values are Mean * SD, Values with different superscript letters down the column are significantly different at p <0.05

Table 5. Effects of Graded Levels of Fungal Fermented Maize Cobs on Hematological Parameters of Experimental Rats

RBC (x10'/L) Hb (g/dl) Plat (x10%/L) WBC (x10%/1)
Control (commercial feed) 5.94+0.60° 14.50%1.20° 161.40%9.00° 9.76+0.80°
10% Lach. flavidum & A. niger 5.02%0.89 13.70+2.30* 157.20£10.00? 10.30+2.70°
30% Lach. flavidum & A. niger 4.98%0.80% 13.90£1.60* 155.90+10.00* 9.12%2.00°
50% Lach. flavidum & A. niger 4.99+0.90% 14.40%1.60* 149.40+15.002 8.92+2.40°
50% Lachnocladium flavidum 4.53%0.70% 14.10£3.80* 153.80+17.00* 5.35+0.802
50% Aspergillus niger 4.62+0.90% 13.50+1.50° 152.90+16.00% 5.22+0.80?
50% Trichoderma reseei 4.49%1.20® 13.90£2.302 154.70+12.402 5.99+0.60%
50% Unfermented cobs 4.27+0.50° 13.10£1.702 150.10+10.402 5.01+0.152

Values are Mean * SD, Values with different superscript letters down the column are significantly different at p <0.05
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Table 6. Effects of Graded Levels of Fungal Fermented Maize Cobs on Differential Count of Experimental Rats

Lymp (%) Baso (%) Meso (%) Eosin (%) Neut (%)
Control (commercial feed) 75.40+12.00 0.26%0.04* 0.18+0.02° 2.17#0.40° 22.60+1.80%
10% Lach. flavidum & A. niger 74.50+14.50° 0.31%0.08* 0.16+0.09° 2.11#0.90° 20.50+4.50%
30% Lach. flavidum & A. niger 75.90+15.00° 0.33%0.08* 0.15%0.03* 1.98+0.40* 26.90+5.00°
50% Lach. flavidum & A. niger 75.20+15.00° 0.29%0.10* 0.11+0.02° 1.77+0.40* 22.80+5.00%
50% Lachnocladium flavidum 74.90+15.00° 0.30+0.04* 0.15%0.01° 1.65%0.40* 23.80+5.00%°
50% Trichoderma reseei 72.40+11.402 0.26+0.022 0.13+0.03? 2.13+0.122 19.90+1.30%
50% Unfermented cobs 72.50%7.35? 0.24%0.012 0.11+0.02° 1.59+0.04* 19.20%1.922

Values are Mean * SD, Values with different superscript letters down the column are significantly different at p <0.05

DISCUSSION

Growth, diet, taste preference, and performance as key
indicators of dietary adequacy and monitoring performance
of experimental animals concerning expected patterns of
weight gain and growth are important factors that may affect
many types of experiments, especially those measuring food
intake (Benli et a/., 2021). The results of preliminary feeding
trials conducted for four weeks to study the effect of graded
levels of fermented maize cobs on the growth and growth rate
of experimental rats are in agreement with previous reports
by Clement et al. (2020). The most significant effect on weight
gain was observed in the group fed with 10% L. flavidum /A.
niger included fermented cobs. This was seen to decrease as
the percentage of included fermented feed was increasing.
The average weight of the rats indicated that all test groups
increased in weight throughout the feeding but showed a
period of stunted growth towards the end of the trials. This
could be due to a reduction in feed conversion with the
increase in the age of the animals (Nasri et al., 2017). The 10%
fermented fed group had a better weight gain compared to the
20%, 30%, and 50% fed groups probably due to a reduction in
the feed efficiency ratio as the percentage of the less
nutritional component of maize fermented cobs is increased.
The decrease could also be due to poor utilization of a diet
containing higher crude fiber (Sauvant et al, 2004). This
result agreed with that of Opara (1996) and Iyayi (2001) who
observed that additional levels of fiber in the diets of animals
depressed growth. Animals fed commercial feed and serving
as the control however gave a much higher weight gain and
growth rate as compared to all maize cob fermented
substituted fed groups.

With the consumption index and feed consumption ratio,
statistical difference was not observed with 10%, 30%, and
50% fermented corn cobs substituted groups. The
unfermented substituted fed groups however showed a
slightly positive increase in the consumption index as well as
the groups fed commercial fed. The fourth week of
consumption however showed a slight positive increase in the
consumption. This could probably be due to improved
adaptation to available feed as the feeding trials proceeded

and lasted for 28 days. The fairly high feed intake observed
could be due to the low levels of anti-nutritional factors
caused by the effects of fermentation and also due to dietary
enrichment through the development of diversity of flavor as
reported by Steinkraus (2004), and Mcfeeters (2004). With the
feed conversion ratio, a progressive increase was observed in
all fermented substituted groups as the weeks progressed.

The percentage weight determined after the period of
experimental trials did not show a statistical difference
(P<0.05) in the liver and kidney of experimental rats fed with
fermented substituted maize cob feed. However statistical
difference (P<0.05) was observed in the group fed with
unfermented substituted maize cobs. A slight difference was
also observed with the hearts of rats fed with 30% L.
flavidumy/A. niger fermented maize cob substituted feed. It
was observed that increasing the levels of the fungal-treated
agro wastes in animal diets up to 50% had no significant effect
P<0.05 on the liver, kidney, and heart relative weights when
compared with the control. This could suggest that some key
metabolic functions such as nutrients, transports, and
excretion of metabolic products were not compromised
(Elzubier and Jubarah, 1993). These findings were in
agreement with that of Nasri et al. (2017) who reported Effect
of age on feed efficiency and carcass yield characteristics of
indigenous bull. Ogbonna et al. (1997) reported a decrease in
gizzard, liver, and caecum weights of broilers fed increasing
levels of cassava leaf meal. Deaton et al. (1979) also reported
that gizzard and liver weights as a percentage of body weights
were significantly influenced by dietary energy and fiber
content of the diet. However, Elzubier and Juarah (1993),
reported an increase in liver and viscera relative weights with
an increase in the level of sorghum germ meal in broilers diet.
The present study did not establish any relationship between
the level of fungal-treated agro wastes and organ weights.
This could be due to the biological modification of the agro
wastes as a function of fungal treatment (Karunananda et al.,
1992). It can, however, be safely assumed that the fungal-
treated agro wastes had no adverse effects on the liver and
kidney of the animals.

Hematological parameters have commonly been used as
indicators of physiological conditions and nutritional
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deficiency in animal dietary trials. The changes in
hemoglobin concentration, erythrocyte count, hematocrit
level, and differential leukocytes may indicate stress (Borges
et al ., 2004), while the changes in erythrocyte, hemoglobin,
and packed cell volume may reflect an alteration of energy
status (Karadeniz et al., 2008). Aside from the physiological
and nutritional aspects, hematological variables can also be
used as an indicator of health status and better disease
resistance and immune response (Hrabcikova et al., 2014).
Indeed, several factors have been shown to influence the
hematological variables including species, age, sex,
environment, nutrition, infection, and physiological
conditions (Borges et al, 2004). In this present work, the
effect of graded levels of fungal fermented maize cobs on
hematological parameters in experimental rats shows the
packed cell volume (PCV), the red blood cells (RBC), the
hemoglobin (Hb), the platelets and white blood cell (WBC)
count were all found within the normal range and no
statistical difference was observed among the groups fed with
graded levels of fermented maize cobs. No statistical
difference was also seen when the fermented groups were
compared with the control. The results of differential count
on the white blood cells also followed a similar pattern as
other hematological parameters, as no statistical difference
was observed at P>0.05 on the lymphocytes, basophils,
mesophiles, eosinophils, and neutrophils among all maize
cob fermented, unfermented and control groups. The trend of
results obtained indicates the non-toxic and unharmful
nature of the fermented maize cobs to blood components.

Serum enzymes such as aspartate transaminase (AST),
alanine transaminase (ALT), and alkaline phosphatase (ALP)
are useful biomarkers of liver function (Diana, 2007). The
levels of AST and ALT in serum are used in the diagnosis of
the health status of the liver (Kasarala and Tillmann, 2016),
while levels in the blood are directly related to the level of
tissue damage (Botros and Sikaris, 2013). In this study, there
was no correlation between fungal-treated agro wastes and
the serum biomarkers alanine aminotransferase and aspartate
aminotransferase. This normal level suggests that fermented
residue inclusion in the diets had no noticeable adverse
effects on the liver of the animals at the level of the inclusion
studied.

Serum biochemical parameters of liver function; total
protein, total bilirubin, glucose, albumin, and cholesterol
were all assayed for following experimental feeding trial with
a fermented, unfermented, and commercially prepared diet. A
significant difference at P<0.05 was not observed among all
experimental groups. However slight decreases were observed
in the albumin, protein, and glucose with the levels of the
fungal-treated residues. Increasing the levels of these
residues could probably have resulted in reduced mobilization
of glucose and amino acids from the diets, thereby leading to
low serum levels of these biomolecules and reduced protein
synthesis and growth (Cantalapiedra-Hijar et a/., 2014). High
crude fiber has been reported to reduce the intestinal
absorption of glucose, amino acids, and some mineral
elements (McDonald et al., 1994).

A healthy kidney removes creatinine and urea nitrogen from
the blood, the higher the creatinine and urea value the less
effective the kidney function (Rusul and Haider, 2014). Thus,
the urea and creatinine concentration obtained in the
samples of rats fed fermented diets implies no negative effect
on kidney function. The chloride, sodium, and bicarbonate
electrolytes analyzed in the serum of all groups of
experimental rats followed a similar trend with no significant
difference among the various substituted fermented groups as
well as in comparison with the control.

CONCLUSION

Following a 28day feeding trials and toxicity studies, this
research work established feed substituted with 10% L.
flavidumy A. niger mixed fermented residues among varying
percentage of substituted feed was found to be safe and have
an improved performance on growth rate.
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