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ABSTRACT

In this study, an attempt was made to substitute maize (Zea mays L.) content of broiler starter feed
with ground cassava (Manihot esculenta Crantz) peels enzymatically improved with amylase-
producing fungi with a view to having a cost-effective yet nutritious and health-friendly feed. The
biochemical components of the formulated feeds were determined as well as the effect of the feeds
on some biochemical parameters in the broiler chicks. Six starter feeds tagged Control Feed,
20%CPFG, 40%CPFG, 60%CPFG, 80%CPFG and 100%CPFG were formulated with respect to
variations in maize and cassava peel contents. The results showed a significant (p<0.05) increase in
total polysaccharide contents of Feeds 20%CPFG, 60%CPFG, 80%CPFG and 100%CPFG
compared to the Control Feed (191.4+14.5 mg/g of feed). Total soluble protein and reducing sugar
contents were statistically different in most of the feeds (p<0.05). All the feeds contain relatively high
amounts of total phenol (>70 mgCE/g of feed) and most of them comparatively high in anthocyanin
relative to the control feed anthocyanin content (225.4+12.2 mg/g of feed). The highest weight gain
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(108.0+£3.0 g) was observed in broiler chicks fed the feed ration containing 60% cassava peels
improved with amylase-producing fungi and 40% maize (60%CPFG). Broiler chicks fed the
formulated feeds, including the control, exhibited over 40% inhibition against 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) radical. The serum activities of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in birds fed the compounded feeds and control slightly differed except in
group 60%CPFG. It was concluded that the maize content in broiler feed can be replaced with
cassava peels improved with fungal amylase upto a maximum of 60%. This would significantly
decrease the overall cost of broiler feed production without compromising the nutritional, antioxidant

and health-friendly potentials of the feed.

Keywords: Broiler starter; maize; cassava peels; fungal amylase; feed formulation.

1. INTRODUCTION

Maize (Zea mays L.) plays a very important role
in human and animal nutrition in a number of
developed and developing countries, worldwide
[1]. Plenitudes of feeds used in feeding poultry
birds are usually composed of maize as a major
constituent amidst many others [2]. The use of
maize in feed formulation is believed to have
stemmed from a simple and common
observation among native birds (fowls) which
naturally display a great interest or affinity for
maize (corn) while in search for food.
Researchers have long confirmed that maize has
a rich content of carbohydrates, fats, proteins,
important vitamins and minerals [1]. The energy-
rich nature of maize makes it a choice for poultry
feeds. Aside its use in the poultry, maize and its
starch have also gained application over the
years in other chemical industries where maize
starch is used in production of synthetic polymers
and also in some hotels where the cooked,
relatively non-jelly starch is consumed as palp,
commonly referred to as ‘Akamu’ in the Niger-
Delta region of Nigeria. Presently, the cost of
maize in Nigeria has vehemently increased due
to its high demand both in homes, hotels,
poultries, feed producing industries and other
chemical industries. This, in turn, has led to the
high cost of rearing poultry birds either for
subsistence or commercial purposes.

The search for cost-efficient, nutritious and
health friendly substitutes for maize in poultry
feed production has, for the past two decades,
been on-going since the cost of maize
constitutes about 70% of the over-all cost of feed
production. A cursory consideration of the
nutrient composition of cassava (Manihot
esculenta) peels, epicarps of cassava tubers
removed by grating or manual peeling, points to
the fact that cassava peels may be good
substitutes for maize in poultry feed formulation
due to the rich content of starch, protein and

some minerals in cassava peels [3]. Also, due to
the ready availability of cassava peels in rural
communities in which the peels are usually
considered as waste from cassava, with no
industrial uses, the cost of obtaining cassava
peels would be significantly lower than that of
equal quantity of maize. However, precautionary
steps would need to be taken to enable poultry
birds fed with a feed containing cassava peels to
efficiently digest or metabolize the starch and
other glycosides present in the peels so as to
prevent malnutrition resulting from feed
indigestion [4,5].

Most saprophytic fungi growing on organic food
substances derive nutrient materials from such
complex foods by secreting digestive enzymes
such as alpha amylases, cellulases, pectinases
etc, which aid the fungi in breaking down the
food to simpler biomolecules. According to
Nouadri et al. [6] and Metin et al. [7], amylases
generally cleave glycosidic linkages in starch or
cellulose molecules thereby breaking these
complex carbohydrates to disaccharides like
maltose and or glucose.

In this experiment, an attempt was made to
wholly or partly replace maize (Zea mays) flour in
broiler starter feed with ground cassava peels
enzymatically improved with amylase-producing
fungi (Aspergillus sp.CSA35) with a view to
having a cost-effective yet nutritious and health-
friendly broiler starter feed. The biochemical
components of the formulated feeds were
determined as well as the effect of the feeds on
some biochemical parameters in the broiler
chicks.

2. MATERIALS AND METHODS
2.1 Preparation of YPD Agar

YPD (yeast extract-peptone dextrose) agar was
prepared by measuring 2.0 g of glucose




monohydrate, 1.0 g yeast extract, 2.0 g peptone
and 1.5 g agar-agar powder into a 250 ml conical
flask. Little volume of distilled water was added
to dissolve the flask contents and thereafter, the
solution was made up to 100 ml with distilled
water. The solution was sterilized by autoclaving
for 15 min at 121<C.

2.2 Growth of Aspergillus sp.CSA35

Aspergillus sp.CSA35, a fungus associated with
cassava (Manihot esculenta Crantz) spoilage in
Nigeria, previously identified by [8] and reported
to secrete amylase [9], was cultured using YPD
agar for 5 days and thereafter sub-cultured for
another 7 days in sterilized Cassava Starch Agar
(CSA) containing 2% cassava flour as the sole
source of carbon, 1% NaNO, and 1.5% agar
powder to ensure that only cassava starch-
degrading fungi grew. 5 pl of a 20% antibiotic
(ampicillin) was added to each subculture to
prevent growth of bacteria.

2.3 Digestion of Cassava Peels with
Fungal Amylase

Fresh cassava (M. esculenta) peels were
collected from farmers within Otorho-Agbon
community in Ethiope East Local Government of
Delta State, Nigeria. The cassava peels were
mixed with biomass of the amylase-secreting
fungi (Aspergillus sp.CSA35) grown as described
above, to orchestrate the process of enzymatic
hydrolysis of the cassava peel starch by the
fungal amylase. The cassava peel-fungi mixture
was enriched with urea as nitrogen source and
moistened with little water to facilitate the growth
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allowed to grow on the cassava peels at room
temperature for two weeks and thereafter, the
peels were grinded for broiler starter feed
formulation. Other broiler starter feed ingredients
used in the experiment (Table 1) were purchased
from HarmonyPath Farm, Otorho-Agbon, Delta
State.

2.4 Experimental Feed Formulation/
Experimental Design

Six broiler starter feed diets were formulated for
broiler starters (0-4 weeks old chick) by varying
the amount of maize in their feed via substitution
of the maize (Zea mays L.) with cassava peels
improved with amylase-producing fungi. All other
feed ingredients were kept constant. The feeds
were fed to a total of thirty-six, newly hatched
(day-old) broiler chicks, divided in six groups of
six birds each, for seven days as follow:

Control Feed: 100% Maize (control);
20%CPFG: 20% Cassava peels improved
with fungal amylase and 80%maize;
40%CPFG: 40% Cassava peels improved
with fungal amylase and 60%maize;
60%CPFG: 60% Cassava peels improved
with fungal amylase and 40%maize;
80%CPFG: 80% Cassava peels improved
with fungal amylase and 20%maize;
100%CPFG: 100% Cassava peels improved
with fungal amylase and 0%maize.

The combinations above were used, alongside
other poultry feed ingredients not varied, to form
the gross six (6) different diets for the broiler
chicks (Table 1). The rations were formulated

of the fungi. The amylase-secreting fungi were according to Pfizer Nutrient Master Plan
Table 1. Gross composition of diets for the broiler chicks

Ingredients Formulated diets

Control  20% CPFG 40% CPFG 60% CPFG 80% 100%

CPFG CPFG

PKC (Kg) 1.302 1.302 1.302 1.302 1.302 1.302
BSG or wheat offal (Kg) 2.1 2.1 2.1 2.1 2.1 2.1
Soyabean meal (Kg) 2.52 2.52 2.52 2.52 2.52 2.52
Oil (Litre) 0.021 0.021 0.021 0.021 0.021 0.021
Bone meal (Kg) 0.168 0.168 0.168 0.168 0.168 0.168
Limestone (Kg) 0.126 0.126 0.126 0.126 0.126 0.126
Starter supermix (Kg)  0.063 0.063 0.063 0.063 0.063 0.063
Maize (Kg) 21 1.68 1.26 0.84 0.42 -
CPFG (Kg) - 0.42 0.84 1.26 1.68 2.1

Where PKC = Palm kernel cake; BSG = Brewers spent grain; and, CPFG = Cassava peels improved with fungal

amylase.



Specification [10,11]. The broiler chicks were of
the traditional white Cornish breed (Cornish
White x White Plymouth Rock) and were
purchased from a local commercial hatchery
(Aromatik Konsult Ent.) in Otorho-Agbon, Delta
State.

2.5 Data Collection and Analyses

2.5.1 Weight gain measurement

The weights of the chicks were taken on day 1 of
the experiment and also at the end of the seven-
day experiment. The difference in weight (g) was
recorded as weight gained since all chicks
measured weighed higher than the first day.

2.5.2 Estimation of nutrients and
phytochemicals in the formulated feeds

2.5.2.1 Total reducing sugar content

This was determined according to the method of
[12]. 3 ml of DNS reagent was added to 3 ml of
the ethanolic extract of each feed (5%w/v) and
then, test tubes were tightly caped to avoid loss
of liquid due to evaporation. Test tubes contents
were heated at 90C for 5 -15 min to develop a
red/brown colour and 1 ml of a 40% potassium
sodium tartrate (Rochelle salt) was added to
stabilize the colour. After cooling to room
temperature in a cold water bath, absorbance
was read in a spectrophotometer at a
wavelength of 575 nm against reagent blank.

2.5.2.2 Total soluble protein content

The Biuret method described by [13] was
followed. 1.5 ml of Biuret reagent was added to
0.5 ml of ethanolic extract of each feed (5%w/v)
and thoroughly mixed. Thereafter, the test tubes
were left to stand for 30 min at room
temperature and then the absorbances of
sample and serum bovine albumin (standard
protein) were read in a spectrophotometer at a
wavelength of 540 nm against reagent blank.

2.5.2.3 Total phenol content of feed

This was carried out according to the method
described by [14]. 1 ml of Folin C reagent was
added to 1 ml of the ethanolic extract of each
feed (5%wl/v). After 3 min, 1 ml of saturated
Na,COj; solution was added and the solution was
made up to 10 ml with distilled water. The
reaction mixture was kept in the dark for 90 min.
The absorbance was read at 725 nm. Catechin
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was used as standard, following the assay
conditions described.

2.5.2.4 Total soluble polysaccharide content

The amount of total soluble polysaccharides was
estimated by phenol sulphuric acid reagent
method [15]. 500 mg each of feed was
homogenized with 10 ml of 80% ethanol. Then
each homogenate was centrifuged at 2000 rpm
for 15-20 min to obtain a supernatant. 1 ml of the
supernatant (alcoholic extract) and 1 ml of 5%
phenol solution were added together and mixed.
Then 5 ml of 96% sulphuric acid was added.
Each tube was gently agitated during the addition
of the acid and then allowed to stand in a water
bath at 25-30°C for 20 min. The optical density of
the characteristic yellow orange color thus
developed was measured at 490 nm in a
spectrophotometer. Simultaneously a standard
curve was prepared by using known
concentrations of glucose. The amount of sugar
was expressed as mg/g feed sample.

2.5.2.5 Estimation of total anthocyanin content

The monomeric anthocyanin content of the feeds
was measured using a modified pH differential
method [16]. The methanol extract of feed
(5%w/v) was mixed thoroughly with 0.025 M
potassium chloride buffer (pH 1) in 1:2 ratio of
extract to buffer. Likewise, the methanol extract
of feed was also mixed with a 50 mM sodium
acetate buffer pH 4.5 in a separate test tube. A
spectrophotometer was used to measure
absorbance at 510 and 700 nm against a buffer
blank at pH 1.0 and 4.5, respectively.
Absorbance readings were converted to total
milligrams of cyanidin-3-glucoside (C3G). The
anthocyanin content was calculated as follows:

Total monomeric anthocyanins (mg/100 g) =
AA x MW x 1000/(e x C)

AA = (A510 - A700) pH 1.0 — (A510 —
A700) pH 4.5.

Where A is absorbance, MW (449.2) is molecular
weight for C3G, ¢ (26,900) is the molar
absorptivity C3G and C is the concentration of
the feed methanolic extract in mg/ml. The
anthocyanin  content was expressed as
milligrams of C3G equivalents per 100 g of feed
in triplicate.

2.5.3 Collection of blood sample

Venous blood was collected using sterile syringe
and needle from pronounced veins in the wings
and/ or legs of the chicks and transferred into a



test tube. The blood was allowed to clot for some
time and thereafter, dislodged and centrifuged at
2000 g for 10 min to obtain the serum as
supernatant. The supernatants (sera) were safely
stored at 4C while being used for some
biochemical analyses.

2.5.4 Biochemical
bird’s serum

parameters _analyzed in

2.5.4.1 Serum ALT and AST activities

In order to assess the impact of the compounded
feeds on the delicate organs such as the liver,
two liver function tests - alanine
aminotransferase activity (ALT) and aspartate
aminotransferase activity (AST) - were carried on
the sera of birds fed with the different feed
rations including control. ALT and AST activities
assay were carried out using Randox kits. The
assay procedures were diligently followed as
described in the manufacturer's manuals.

2.5.4.2 Inhibition of 2,2-diphenyl-1-picrylhydrazyl
(DPPH") radical

This was estimated according to the method
described by [17]. To 100 pl of bird serum, 2.7 ml
methanolic solution of DPPH radical (6 x 10°
mol/l) was added. The mixture was shaken
vigorously and left to stand for 60 min in the dark
until stable absorption values could be obtained.
The reduction of the DPPH radical was
determined by measuring the absorption at
517 nm. The standard used was ascorbic acid.
The radical scavenging activity was calculated by
the formula:

%RSA = [(Apppr— As)/ Apppr] X 100.

Where %RSA = % DPPH discolouration; Apppy =
absorbance of DPPH solution, and As -
absorbance of the solution when the sample was
added at a particular level.

2.5.5 Statistical analysis

The results were expressed as Means =+
Standard Deviation. A one-way analysis of
variance was used to analyze result data and a
p-value of < 0.05 was considered as statistically
significant. Where a significant difference was
observed, data were further analysed using a
Post-Hoc analysis, Tukey’s significant difference
(TSD) test, to know the groups that caused the
significant differences. The analyses were
computed using GraphPad Prism software
(version 5.0.1).
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3. RESULTS

3.1 Enzymatic Improvement of Cassava
Peels with Amylase- producing Fungi

After mixing the cassava peels with amylase-
producing fungi and allowing the fungi to grow for
2 weeks, the presence of many white and dark-
brown patches of fungal hyphae/biomass was
observed in the cassava peels as well as green
and brown spores (Fig. 1), indicating that the
amylase-producing fungi were able to hydrolyze
the starch contents of the cassava peels for
growth. The pre-digestion or enzymatic
hydrolysis of the cassava peels by the fungi
could increase the digestibility of the nutrients
and phytochemical contents of the peels by
poultry birds.

Fig. 1. Enzymatic improvement of cassava
peels with amylase- producing fungi
Cassava peels were mixed with amylase-secreting
fungi and left for 2 weeks. Fungal growth was
enhanced with urea and little moisture

3.2 Biochemical Constituents of Feeds

3.2.1 Total polysaccharide, reducing sugar
and soluble protein _contents of the
feeds

Some nutritional components of the experimental
feeds including the control were determined and
the results showed a non significant (p>0.05)
increase in total soluble polysaccharide contents
in Feeds 40%CPFG compared to the control
commercial feed (191.4+14.5 mg/g of feed) (Fig.
2). However, a significant (p<0.05) increase in
total polysaccharide contents was observed in
Feeds 20%CPFG, 60%CPFG, 80%CPFG and
100%CPFG when compared to the control. The
reducing sugar contents were statistically



different (p<0.05) in most of the feeds. Total
soluble protein contents of all the formulated
feeds significantly (p<0.05) higher than that of
the control feed, except in Feed 60%CPFG in
which the protein content did not differ
statistically from that of the control feed (p>0.05).

3.2.2 Phenolic contents of formulated feeds

Assessment of the compounded feeds for
presence of a phytochemical that possesses
antioxidant property showed that all the tested
feeds including the control contain relatively high
amounts of total phenol (>70 mgCE/g of feed)
(Fig. 3). The phenol contents of all the formulated
feeds appeared to be significantly (p<0.05)
higher than that of the control feed (62.5+0.5
mgCE/g of feed). The highest content of phenol
was observed in Feed 80%CPFG (140.0+2.4 mg
CE/g of feed). The phenol contents of Feeds
40%CPFG and 60%CPFG are almost equivalent
(92.5+2.2 and 92.5+1.9 mgCE/g of feed,
respectively), not significantly different (p>0.05).

3.2.3 Anthocyanin __content _of formulated

feeds

Apart from Feeds 40%CPFG and 60%CPFG
which had significantly (p<0.05) low anthocyanin
contents (198.7+7.6 and 71.8+5.4 mg/g of feed,
respectively) compared to the control commercial

Avwioroko et al.; BBJ, 10(1): 1-12, 2016; Article no.BBJ.20614

feed (225.4+12.2 mg/g of feed) (Fig. 4), the other
feed rations are comparatively high in
anthocyanin relative to the control. The highest
anthocyanin content was found in Feed
100%CPFG (577.8+£10.4 mg/g of feed).

3.2.4 Weight gain (g) by broiler chicks

A corresponding increase in weight gain was
observed in birds fed 20 - 60%CPFG compared
to the control group; this was later followed by a
corresponding decrease in weight gain as
concentration of CPFG increased further from
80-100%. The highest weight gain (108.0+3.0 g)
was, however, observed in broiler chicks fed with
feed ration supplemented with 60% cassava
peels degraded with amylase-producing fungi
(60%CPFG) and was significantly higher
(p<0.05) than weight gain by chicks fed the
control feed (60.7+1.0 g) (Fig. 5). The weight
gain by birds fed with 100%CPFG feed ration
was not statistically different (p>0.05) from those
of the control feed (60.7+1.0 g).

3.2.5 Inhibition of DPPH free radical-induced
oxidative stress

Analysis of serum of birds fed with the different
feed rations including the control feed indicate
that the broiler chicks in each group exhibit
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inhibition of 2,2-diphenyl-1-picrylhydrazyl (DPPH) fed 60%CPFG and 80%CPFG was
free radical by over 40% (Fig. 6). Whereas the significantly decreased (p<0.05). However,

DPPH radical scavenging activities exhibited
by birds from 20%CPFG and 40%CPFG
experimental feed groups were not significantly
different (p>0.05) from that of birds from the
control feed group (62.00+1.97%), that of birds

birds fed with Feed 100%CPFG showed a
DPPH radical scavenging activity  of
74.0046.33%, significantly higher (p<0.05) than
that of the control group birds (62.00+1.97%).



Avwioroko et al.; BBJ, 10(1): 1-12, 2016; Article no.BBJ.20614

120

100

80

Weight gain by birds (g)

60
40
20

CONTROL FEED 20%CPFG

40%CPFG

Experimental groups

60%CPFG 80%CPFG 100%CPFG

Fig. 5. Weight gains (g) by the chicks

90

80

70

%DPPH radical scavening activity

60 -
50 1
40 -+
30 1
20 A
10 A

CONTROL FEED  20%CPFG

40%CPFG

Experimental groups

60%CPFG 80%CPFG 100%CPFG

Fig. 6. %DPPH radical scavenging activity in serum

3.2.6 Activities of serum ALT and AST in the
broiler chicks

The results shown in Fig. 7 indicate slight
differences in the respective serum activities of
both alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) in birds fed
with the control feed and those fed the
compounded experimental feeds in which maize
was partly or wholly substituted with ground
cassava peels enzymatically degraded with
amylase-producing fungi. Apart from birds fed

of birds

Feed 40%CPFG in which AST activity was
not significantly different (p>0.05) from that of
the control group, AST activities in other
experimental groups were slightly increased.
Whereas the activity of ALT was significantly
decreased (p<0.05) in serum of broiler chicks fed
Feed 20%CPFG, 40%CPFG and 100% CPFG
compared to the control group, the difference in
ALT levels between broiler chicks fed Feed
60%CPFG and the control was, however, not
significant (p > 0.05).
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4. DISCUSSION

Rearing of poultry birds has now turned into one
of the most important divisions of agriculture
throughout the world and broiler chicks today are
the most widely grown birds in the world as the
fastest source of animal protein [18]. However,
successful broiler development is dependent on
optimal feed intake throughout the growing
period. According to Addass et al. [19], a number
of factors such as environmental temperature,
diet nutrient composition, feed aroma and
physical quality/appearance etc, has been
considered to have a very significant impact on
optimal feed intake and general broiler growth.
Hence, a formulated broiler starter feed should,
generally, be able to meet the basic
carbohydrate, protein, vitamin and mineral
requirements of the birds in order to facilitate
healthy growth/ meat production.

In the present study, maize (Zea mays) flour in a
commercial broiler starter feed was wholly or
partly replaced with ground cassava peels
enzymatically degraded with amylase-producing
fungi. The biochemical components of the
formulated feeds were determined as well as the
effect of the feeds on some biochemical
parameters in the broiler chicks.

The results of the analysis showed a non-
significant (p>0.05) increase in total soluble
polysaccharide contents in feeds whose maize

contents were replaced with 40% ground fungi-
degraded cassava peels (40%CPFG) compared
to the control commercial feed (191.4+14.5 mg/g
of feed) (Fig. 2). However, a significant (p<0.05)
increase in total polysaccharide contents was
observed in Feeds 20%CPFG, 60%CPFG,
80%CPFG and 100%CPFG when compared to
the control feed. Similarly, the total soluble
protein contents of all the formulated feeds are
significantly (p<0.05) higher than that of the
control feed, except in Feed 60%CPFG in which
the protein content did not differ statistically from
that of the control feed (p>0.05). These findings
indicate that the nutritional components of the
formulated feeds are not lower than those of the
control commercial feed wused, hence
consumption of the formulated feeds by the birds
would be able to provide the utmost cellular
needs of energy and protein thereby preventing
malnutrition and protein  deficiency-related
diseases. Acording to [20], malnutrition results
when animals are subjected to feed rations
deficient in some key nutrient requirements like
proteins, vitamins, carbohydrate etc or when
some major nutrient materials appear to be non-
digestible.

Assessment of the compounded feeds for
presence of a phytochemical that exhibits
antioxidant property showed that all the tested
feeds including the control contain relatively high
amounts of total phenol [>70 mg catechin
equivalent (CE)/g of feed] (Fig. 3). The phenol



contents of all the formulated feeds appeared to
be significantly (p<0.05) higher than that of the
control feed (62.5+0.5 mgCE/g of feed). Phenols
have been severally reported to possess
antioxidant and antimicrobial properties [21-23].
Hence, the presence of appreciable amounts of
phenol in the compounded feeds (20
100%CPFG) suggests that these feeds will
exhibit a good level of antioxidant protection
against oxidative stress in birds fed with them
[24].

Anthocyanin is a special form of flavonoid which
possesses anti-cancer properties [25,26]. It
inhibits tumour formation in vivo. Hence, the
presence of anthocyanin in a diet feed would
make the feed more of a nutraceutical than just a
source of nutrients or energy. In the present
study, apart from Feeds 40%CPFG and
60%CPFG which had significantly (p<0.05) low
anthocyanin contents (198.7+7.6 and 71.815.4
mg/g of feed, respectively) compared to the
control commercial feed (225.4+12.2 mgl/g of
feed) (Fig. 4), the other feed rations are
comparatively high in anthocyanin relative to the
control. Feed supplemented with 80 - 100% of
cassava peels degraded with amylase-producing
fungi (1L00%CPFG), however, appeared to have
a significantly (p<0.05) higher anthocyanin than
the control feed (Fig. 4). This implies that, apart
from providing the basic nutrient requirements of
the birds, these anthocyanin-containing Feed
rations, especially Feed 100%CPFG, possess a
high potential to prevent induction of tumor
formation in cells of birds fed with them than
those of birds fed the control feed in which
anthocyanin level is relatively low [25,26].

Researches have also shown that successful
broiler growth is dependent on optimal feed
intake throughout the growing period, which in
turn leads to significant weight gain by the birds
[19,27]. The highest weight gain (108.0+3.0 g)
was observed in broiler chicks fed with feed
ration supplemented with 60% cassava peels
degraded  with  amylase-producing  fungi
(60%CPFG) and was significantly higher
(p<0.05) than weight gain by chicks fed the
control feed (60.7+1.0 g) (Fig. 5). However, the
weight gain by birds fed 100%CPFG feed ration
was not statistically different (p>0.05) from that of
birds fed with the control feed (60.7+1.0 g).
These findings indicate that the broiler chicks
were able to consume and efficiently metabolize
the feed ration whose maize content was
significantly (60%) replaced with blends of
cassava peels degraded with amylase-producing
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fungi (60%CPFG), much better than the control
commercial feed within the duration of the
experiment hence, the higher weight gain [4,5].
From an economic point of view, the 60%
replacement of maize with cassava peels
degraded with amylase-producing fungi in the
broiler feed will likewise result to a 60% reduction
in the quantity and cost of maize used in feed
production thereby decreasing significantly the
overall cost of broiler feed production since
maize accounts for about 70% total cost of
poultry feed production.

Assessment of the potential physiological effect
of the consumed formulated feeds on broiler
chicks fed with them showed that the broiler
chicks in each group, including the control,
exhibit over 40% inhibition against 2,2-diphenyl-
1-picrylhydrazyl (DPPH) free radical-induced
oxidative stress in vitro (Fig. 6). According to
Deng et al. [28], the ability of a cell to inhibit or
scavenge DPPH free radical can be used as a
measure of its antioxidant capacity. This
indicates that the formulated feeds, to a good
extent, possess relatively high antioxidant
capacity (>40%RSA). Hence, maize replacement
in poultry broiler starter feed (either partly or
wholly) with cassava peels degraded with
amylase-producing fungi may not pose treat to
the ability of the birds to resist oxidative stress or
to maintain a healthy status. This finding is also
supported by the fact that the compounded feed
rations are rich in phytochemicals like phenol and
anthocyanin (Figs. 3 and 4) that can boost the
antioxidant status of the birds upon consumption
of the feeds [29].

In order to assess the impact of the compounded
feeds on liver as a delicate organ, the serum
activities of alanine aminotransferase activity
(ALT) and aspartate aminotransferase (AST)
were analyzed in birds fed the different feed
rations including control. The results shown in
Fig. 7 indicate that there was no drastic change
in the respective serum activities of both alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST) in birds fed with the
control feed and those fed with the compounded
experimental feeds in which maize was partly or
wholly substituted with ground cassava peels
enzymatically degraded with amylase-producing
fungi, especially the group fed 60%CPFG.
According to [30], intense elevation in activities of
serum AST and ALT reflects hepatic injury, some
inflammatory disease or hepatic cellular damage.
Both aminotransferases (ALT and AST) function
as links between carbohydrate and protein



metabolism by the interconversion of strategic
compounds like a - ketoglutarate and alanine to
pyruvic acid and glutamic acid respectively, a
process known as transamination [31,32]. Since
there is no significant difference (p>0.05) in the
serum activity of ALT in birds fed with the
compounded feed 60%CPFG and the control, it
could be inferred that the compounded feed
ration would be as safe to the liver as the control
feed.

5. CONCLUSION

The findings of the present study established the
possibility of partly substituting maize (Zea mays
L.) flour in poultry broiler starter feed with ground
cassava peels enzymatically degraded with
amylase-producing fungi (Aspergillus sp.CSA35).
Like the control feed, the formulated feeds
containing enzyme-degraded cassava peels are
rich in energy-yielding compounds, protein,
phytochemicals and do not appear to pose threat
to liver and general health of broiler chicks. The
highest weight gain (108.0£3.0 g) was observed
in  broiler chicks fed with feed ration
supplemented with 60% cassava peels degraded
with amylase-producing fungi (60%CPFG) and
was significantly higher (p<0.05) than weight
gain by chicks fed the control feed (60.7+£1.0 g).
From an economic point of view, the 60%
replacement of maize with cassava peels
degraded with amylase-producing fungi in the
broiler feed would likewise result to a 60%
reduction in the quantity and cost of maize used
in feed production thereby decreasing
significantly the overall cost of broiler feed
production.
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