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Abstract

This study was carried out to investigate the effect of dietary replacement of maize with yam-
cassava peel composite meal on apparent nutrient digestibility and carcass characteristics and
primal cuts of growing rabbits in 84-days (12 weeks) feeding trial. Thirty six weaner rabbits of
mixed sex, strain and average initial weight of 500.89 g were randomly allotted to six dietary
treatments according to live weight in a Completely Randomized Design (CRD). The six dietary
treatments were formulated such that, Diet 1 (T1) contained maize and the proportion of maize in
diet 1 (T1) was replaced with soaked and sundried yam-cassava peel composite meal (YCPCM)
in a ratio of 6:1 at 20, 40, 60, 80 and 100% in diets 2(T2), 3(13), 4(T4), 5(T5) and 6(T6,
respectively. Weighed amounts of feed were served every morning while fresh, cool and clean
drinking water was provided ad-libitum throughout the experimental feeding period. Routine
management practices were strictly carried out. Analyzed proximate composition of the
experimental diets revealed that, the diets were formulated in according with the ranges of
recommendation for growing rabbits with metabolizable energy (ME) and dry matter (DM), crude
protein (CP), crude fibre (CF), ether extract (EE), total ash (TA) and nitrogen-free extract (NFE)
ranged of 2561.02 — 2842.38 kcal/kg and 92.41 — 92.98, 18.38 — 18.68, 12-15, 1.49 — 3.30, 11.00
— 15.08 and 42.08 47.09 % respectively. Results on apparent nutrient digestibility, carcass and
primal cuts characteristics of growing rabbits indicated no significant (P>0.05) difference in all
the parameters measured. This suggests that, replacement of maize with 100%YCPCM in diets of
growing rabbits has no deleterious effect on nutrient digestibility and carcass characteristics of
the rabbits.
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Introduction

Rabbit production in the tropics has not
received the desired attention to satisfy the
required protein needs of Nigerians which has
been attributed to high cost of production
arising from the escalating cost of feed
especially the energy sources (Akinmutimi,
2001; Ekpo et al, 2015; Garba and
Mohammed, 2015; Mohammed et al., 2015).
Maize has remained the premium energy
source in compounding rations for rabbits and
other non-ruminant animals, accounting for
over 40% of rabbit diets (Bamgbose et al.,
2004; Gbenge and Ikurior, 2019).

In view of the need for waste management and
upsurge in prices of livestock feeds coupled
with their increasing demand, several studies
have been conducted to harness the potentials
of unconventional such AS peels from either
yam or cassava which can be used as
ingredient for animal feeding thus; readily
available with little cost and non-competitive
compared with the conventional feeds
(Ekenyem et al., 2006; Omole et al., 2008;
Ogbuewu et al., 2010; Ayoola and Akinbani,
2011; Oladiran, 2014). However, the peels are
still largely discarded thereby constituting
environmental nuisance (Oluremi and Nwosu,
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2002; Uchewa et al., 2014; Ekpo et al., 2015
Garba and Mohammed, 2015).

This study was aimed at investigating the
effect of dietary replacement of maize with
soaked and sun-dried yam and cassava peel
meal composite ((YCPCM)) on apparent
nutrient digestibility, carcass characteristics
and meat yield of growing rabbits.

Materials and Methods

Experimental Site and Location

The experiment was conducted at the Rabbit
Unit of the Livestock Teaching and Research
Farm, College of Animal Science, Joseph
Sarwuan Tarka University Makurdi, Benue
State, Nigeria. Makurdi is located between
latitude 7°44°01”N and longitude 8°31°’17” E
0f the equator. It has a tropical climate with
distinctive wet and dry season (TAC, 2011).
The area has an annual rainfall of 6-8 months
(March — October) with rainfall ranging from
508 to 1016 mm with a minimum temperature
range of 2420 + 14°C and maximum
temperature range of 36.33 + 3.70°C. The
relative humidity ranges between 39.50 =+
2.20% and 64.00 + 4.80% and altitudes
elevation above sea level of 92m [301ft]
(TAC, 2011).

Test Ingredients (Yam and Cassava Peel)
Collection and Preparation

The test ingredients, fresh yam (Dioscorea
spp) and cassava (Manihot spp) peels were
collected from fast food and garri processing
joints within Makurdi Metropolis and it
environ. The freshly collected yam and
cassava peels were thoroughly wash to
removed sand and other unwanted materials
and soaked for twelve hours (12 hrs) in cool
and clean as recommended by the workers
(Olurotimi et al., 2012; Oloruntola et al., 2016;
Gbenge et al., 2021).

The soaked yam and cassava peels were
immediately removed after twelve hours of
soaking, drained with a Dbasket and
subsequently sun-dried on concrete platforms
to attain less than 10% moisture. The soaked
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and sun-dried yam and cassava peel were
turned two-to-three (2-3) times per day to
ensure uniformity of dryness and the dried
peels were pack and store in polythene bags.
The peels were then milled to obtain yam peel
meal and cassava peel meal which was later
mixed with other feed ingredients to produce
the experimental diets.

Experimental Design and Management of
Animals

A total of thirty six weaner rabbits of mixed
sex and strain and aged 4-7 weeks were
obtained from local farms within Makurdi
town and used for the study. The initial live
weights of the rabbits ranged from 336 - 701g.
They were randomly allotted to six dietary
treatments according to live weights with six
rabbits per treatment in a completely
randomized design (CRD). Each treatment
was replicated six times with one rabbit per
replicate. The animals were individually
housed in cages (60x60x45cm). Each cage was
supplied with a drinker and plastic feeder, both
of which were firmly fixed to prevent being
tipped over during feeding and watering. Prior
to commencement of the experiment, the cages
were well cleaned and disinfected with
saponated creso (Izal) and allowed to dry for
seven (7) days before the rabbits were
introduced therein. The rabbits were
conditioned for seven days (7) to facilitate
adaptation of the rabbits to the new
environment before commencement of the
experiment. During this period, they were fed
commercial ration (grower’s mash) and water
given ad-libitum. The rabbits were treated
against external and internal parasites by
subcutaneous injection of ivomectin® at 0.2ml
per rabbit prior to commencement of the
experiment. A broad spectrum antibiotic
(water soluble powder) and protective,
absorbent anti-diarrthoea (dry suspension)
were used in drinking water against bacterial
infection.
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Experimental Feed Ingredients, Diets
Preparation and Feeding

Ingredients and nutrient composition of each
dietary treatment is shown in Table 1. Six
dietary treatments were designated as Ti, To,
T3, T4, Ts and Te. The six dietary treatments
were formulated such that, diet 1 (T1) served
as control with maize as the major energy
source. The proportion of maize in diet 1 (T1)
was replaced with soaked and sun-dried yam
and cassava peel meal mix in a ratio of 6:1 in
diet 2 (T2), 3 (T3), 4 (T4), 5 (Ts) and 6 (Ts) at
20, 40, 60, 80 and 100%, respectively.
Weighed feeds (100g) were served to the

experimental animals every morning with
fresh, cool and clean drinking water ad-
libitum.

Data Collection and Analysis

Proximate composition of the experimental
diets

The samples of experimental diets were
analyzed for their proximate composition
using the standard methods (AOAC, 2006) at
the Animal Nutrition Laboratory, Department
of Animal Nutrition, Federal University of
Agriculture, Makurdi, Benue State, Nigeria.

Table 1: Percentage Ingredients and Calculated Nutrient Composition of the Dietary Treatments

Experimental diets

Feed ingredients Ti T Ts T4 Ts Ts
(Control) 20%YCPCM  40%YCPCM  60%YCPCM  80%YCPCM  100%YCPCM
White maize 40.63 32.50 24.38 16.25 8.13 -
Yam peel meal - 6.97 13.93 20.90 27.86 34.83
Cassava peel meal - 1.16 2.32 3.48 4.64 5.80
Fullfat soya bean meal 14.37 14.37 14.37 14.37 14.37 14.37
Groundnut cake 12.00 12.00 12.00 12.00 12.00 12.00
Rice husk 25.00 25.00 25.00 25.00 25.00 25.00
Brewers dry grains 5.00 5.00 5.00 5.00 5.00 5.00
Bone meal 2.50 2.50 2.50 2.50 2.50 2.50
Premix’ 0.25 0.25 0.25 0.25 0.25 0.25
Common salt 0.25 0.25 0.25 0.25 0.25 0.25
Coccidiostat® + + + + + +
Total 100 100 100 100 100 100
Calculated analysis
Crude protein (%) 16.49 16.46 16.44 16.42 16.39 16.37
Crude fibre (%) 12.53 12.99 13.45 13.91 14.37 14.83
Lysine (%) 0.70 0.69 0.67 0.65 0.63 0.61
Methionine (%) 0.24 0.22 0.21 0.20 0.18 0.17
Calcium (%) 1.13 1.13 1.14 1.14 1.14 1.14
Available P. (%) 0.64 0.63 0.63 0.62 0.62 0.61
ME (kcal/kg) 2615.62  2581.54  2547.51  2523.63  2479.39  2445.32

*To provide the following per kg of diet; vitamin A — 15,000.001U, Vitamin D3 - 3, 000,0001U, Vitamin E- 30,0001U, Vitamin K —
3,000mgVitamin B1 3000,mg Vitamin B2-6000mg, Vitamin B- 5,000mg, Vitamin B12-40mg, Biotin 200mg, Niacin-40,000mg,
Pantothenic acid 15,000mg,Folic acid 2,000mg, choline 300,000mg,Iron 60,000mg, manganese 80,000mg, copper 25,000mg, Zinc
80,000mg cobalt 150mg, iodine 500mg,selenium 310mg, Antioxidant 20,000mg.

a") Administered in water at 0.5g/1 per rabbit (weekly) to prevent intestinal coccidiosis

YCPM=Yam-cassava Peel Meal and P.=Phosphorus
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Nutrient Digestibility

At the end of the feeding trial, three (3) rabbits
with live weight approximating their treatment
average live weight were selected from each
treatment and used for the digestibility trial.
Faecal collection lasted for five (5) days during
which, the rabbits were fed eighty percent
(80%) of their daily feed intake per day since
the level of feed intake increases the rate of
passage of digesta from the GIT and thus,
reduces digestibility of nutrients (Lang, 1981).
Total faecal collection method was used,
following the procedures of Ikyume et al.
(2019). Nylon net was tied under the
individual cage for daily faecal collection.
Before the commencement of faecal
collection, the rabbits were deprived of feed
for eighteen hours (18 hrs) to ensure that,

faecal collection correspond to the feed
offered. The faeces were weighed and oven-
dried at 80°C for twenty four hours (24 hrs).
The oven-dried faeces per replicate were also
weighed at the end of the digestibility study.
Collected faeces from each replicate were
bulked, thoroughly mixed together and
ground. Samples of ground faeces were stored
in airtight sample bottles for proximate
analysis. The faecal samples was analyzed for
dry matter (DM), crude protein (CP), crude fibre
(CF), ether extract (EE) and total ash (TA) at the
Laboratory. Nitrogen-free extract (NFE) was
also calculated as described by Association of
Official Analytical Chemists (AOAC, 2006) as
shown below;

%NFE = 100 — (%CP + %CF + %EE + %Ash)

The apparent digestibility of nutrients was calculated using the formula:

Nutrient consumed - Nutrient voided

X100

Apparent digestibility of nutrients =

Nutrient consumed

Nutrient consumed = nutrient in feed x feed intake (consumed)

Nutrient voided = nutrient in faeces x quantity of faeces voided

Carcass characteristics and primal/retail
cuts

At the end of the experiment, four (4) rabbits
per treatment were randomly selected, fasted
for twelve hours (12 hrs) to clear the gut before
slaughtering as described by Akinmutimi and
Osuagwu (2008). Each rabbit was stunned by
hand blow at the base of the neck and
slaughtered by severing the jugular veins
according Shaahu ef al. (2014) and bled under
gravity by hanging through their hind limb

Percent dressed weights (%DW)

__ Singed weight

using wire net. The carcass lengths were cut as
described by Blasco et al. (1993) and
Igwebuike et al. (2013b) into the following
carcass parts (yield); fore-limb, hind-limb,
head, neck, rack/rib back and loin to obtain
retail cuts and weighed using a meter B12001
electronic weighing balance.. All carcass
parts/relative weights were calculated as
percentage of dressed weights/live weight as
follows;

X100

Live weight

Other carcass parts/relative weights were determined using the formula:

Carcass part (%DW) =
Where DW = Dressed weight

Statistical Analysis
All data collected were subjected to one-way
analyses of variance (ANOVA) using SAS

Cut—part weight
Dressed weight

X100

(2008). Where ANOVA indicates significance
difference between treatment effects, means
were separated using Duncan’s new multiple
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range test (Steel and Torrie, 1990). All
statements of significance were based on 5%
level of probability (p<0.05).

Results

Proximate Composition of Experimental
Diets

The proximate composition of [dry matter
(DM), crude protein (CP), crude fibre (CF),
ether extract (EE), total ash (TA) and nitrogen-
free extract (NFE)] the six experimental diets
is presented in Table 2

Effect of Experimental Diets on Apparent
Nutrient Digestibility of Growing Rabbits

There were no significant (P>0.05) differences
in the means of apparent nutrient digestibility
of growing rabbits for dry matter, crude fibre,
ether extract, nitrogen free extract and crude
protein. The values of the digestibility
coefficient of dry matter, ether extract, crude
protein, crude fibre and nitrogen free extract
within the group of growing rabbits fed
Y CPCM composite ranged from 58.80 - 70.73,
82.99 - 87.91, 76.64 - 84.77,39.10 - 50.27 and

66.77 -77.79% as shown in Table 3.

Table 2: Proximate Composition of the Experimental Diets

Experimental Diets

Parameters T1 T2 Ts3 T4 Ts Te
Dry matter (%oDM) 92.41 92.92 93.93 92.99 92.80 92.98
Crude protein (%CP) 18.38 18.40 18.59 18.60 18.66 18.68
Crude fibre (%CF) 13.19 13.58 13.66 13.97 14.52 15.65
Ether extract (%EE) 3.30 2.85 2.60 2.13 1.71 1.49
Total ash (%TA) 12.03 11.00 12.60 11.53 12.51 15.08
Nitrogen-free extract (%NFE) 53.10 54.17 52.55 53.77 52.60 49.10
ME (kcal/kg) 2840.36 284238 277129  2776.65  2702.86 2561.02

Metabolizable Energy (ME) = calculated according to the formula of Pauzenga (1985) while NFE was also calculated as
described by Association of Official Analytical Chemists (AOAC, 2006), ME= 37x%CP+81.8x%EE+35.6x%NFE while
%NFE = 100 — (%CP + %CF + %EE + %Ash). ME and %NFE as referenced by Etuk et al. (2012) and Igwebuike ez al. (2013a);
Shaahu et al. (2014); Madziga et al. (2017). Ti1= Control diet containing 0%Y CPCM, T>= Diet containing 20%Y CPCM, T3= Diet
containing 40%Y CPCM, T4= Diet containing 60%Y CPCM, Ts= Diet containing 80%YCPCM, Te= Diet containing 100%YCPCM,
YCPCM = Soaked and Sundried Yam-Cassava Peel Composite Meal

Table 3: Effect of Experimental Diets on Apparent Nutrient Digestibility of Growing Rabbits

Experimental Diets

Parameters T T> T3 T4 Ts Te SEM

Dry matter (%) 65.50 70.73 70.30 62.63 61.84 58.80 2.281N8
Crude protein (%) 81.76 84.77 84.50 80.84 81.32 76.84 1.301 N8
Crude fibre (%) 41.81 47.75 50.27 45.08 39.10 39.22 3.737 N8
Ether extract (%) 83.83 85.27 &87.91 82.99 82.30 83.72 1.104 NS
Nitrogen free extract (%) 70.98 77.79 73.13 66.77 67.15 61.05 2.204 NS

SEM = Standard error of mean, NS = No significant (p>0.05) difference, nitrogen-free extract (NFE) was also calculated as described
by Association of Official Analytical Chemists (AOAC, 2006), %NFE = 100 — (%CP + %CF + %EE + %Ash) as referenced by
Madziga et al. (2017) Ti= Control diet containing 0%YCPCM, T.= Diet containing 20%YCPCM, Ts;= Diet containing
40%YCPCM, T4= Diet containing 60%YCPCM, Ts= Diet containing 80%YCPCM, T¢= Diet containing 100%YCPCM, YCPCM
= Soaked and Sundried Yam-Cassava Peel Composite Meal

Carcass characteristics and primal/retail cuts of Growing Rabbits fed experimental diets

The results of the carcass characteristics and primal/retail cuts of growing rabbits expressed as the
percentage of dressed weight (%L W) are presented in Table 4. The results also showed that, there
were no significant (P>0.05) effect of the diet on carcass characteristics and meat yield for head,
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neck, hind limbs, forelimbs, back and loin and rack of growing rabbits across all the dietary
treatments.

Table 4: Effect of Experimental Diets on Carcass Characteristics and Meat Yield of Growing
Rabbits

Experimental Diets

Parameters T1 T2 T3 T4 Ts Te SEM

Head (%) 16.66 16.56 15.75 16.46 15.76 17.37 0.219N8
Neck (%) 4.16 448 4.65 4.84 4.12 4.54 0.055N8
Hindlimbs (%) 29.97 38.18 36.66 36.98 37.83 37.52 0.007 N8
Forelimbs (%) 16.90 15.94 16.67 15.85 16.49 16.18 0.184 NS
Back & Loin (%) 14.45 18.44 18.51 19.99 21.21 19.31 0.463 N8
Rack (%) 15.23 15.31 14.58 15.73 14.43 15.39 0.262 NS

containing 20%YCPCM, Ts= Diet containing 40%YCPCM, T4— Diet containing 60%YCPCM Ts= Diet containing 80%YCPCM
Te= Diet containing 100%YCPCM, YCPCM = Soaked and Sundried Yam-Cassava Peel Composite Meal

Discussion

Proximate Composition
Experimental Diets

The proximate composition of experimental
diets (control and YCPCM-based diets)
revealed their metabolizable energy (ME)
ranged from 2561.02 to 2842.38kcal/kg. The
ME levels of the experimental diets were
though, similar but slightly decreased with the
percentage replacement level of yam-cassava
peel meal composite increase. This similar
trend has been observed by Omole et al. (2013)
and Gbenge et al. (2021) in snails and growing
rabbits fed varying levels of yam peel meal and
yam-cassava peel meal at varying levels of
replacement for maize. A similar result has
also been reported by Akinmutimi ez al. (2006)
with replacement levels of ripe plantain and
yam peel in diets of weaner rabbits. However,
the ME in the treatment groups were within the
range of 2500 - 2700 kcal/’kg ME requirement
of growing rabbits recommended by other
workers (Omole et al.,2007; Amy, 2010; Ekpo
et al., 2015). The ME in all the treatment
groups were slightly above the ME of 2380
kcal/kg recommended by Lebas et al. (1997)
for  healthy growth and productive
performance of growing rabbits.

of the
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The crude protein content (18.38 -18.68 %) of
the experimental diets was also similar among
all the treatment groups in accordance with
Adegbola, (1991), Akande (2015) and Gbenge
et al. (2021) who reported similar protein
levels in rabbits diets. This also tallies with the
range of 17-20% reported by Lebas et al.
(1997); Omole et al. (2007); Amy (2010) and
Igwebuike et al. (2013b) but slightly above 15-
17 %CP recommended by Aduku and Olukosi
(1990).

Results of this study on CF (12-15 %) was
slightly below the 15-18 %CF recommended
by Cheeke (1983) for optimum growth of
rabbits. The later also opined that, though
rabbits digest fibre poorly, dietary fibre is
useful in preventing fur chewing and enteritis.
Fibre has been reported to be indispensable for
adequate filling of the digestive tract and
maintenance of normal peristaltic movement
(Biobaku et al., 2003).

The % CF and CP increased while ME
(kcal/kg) and ether extract (EE) decreased with
increase in the levels of YCPCM in the diets.
This agreed with work of Uchewa et al. (2014)
who reported increased in CP, CF, EE and Ash
but decrease in ME and NFE in rabbit diets
with increased level of yam peel meal. This
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was attributed to the higher fibre levels of the
YCPCM-based diets.

Apparent Nutrient Digestibility by Growing
Rabbits Fed the Experimental Diets

The apparent nutrient digestibility of dry
matter, crude protein, crude fibre, ether extract
and nitrogen-free extract of the growing
rabbits fed control diet and YCPCM-based diet
showed no significant (p>0.05) difference
among all the treatment groups. This was
similar to the report of Ozung et al. (2017) who
observed no significant (p>0.05) difference in
apparent nutrient digestibility of dry matter,
crude protein, crude fibre and ether extract
among rabbits fed raw, fermented and hot —
water treated cocoa pod husk meal based-
diets. lkyume et al. (2019) also reported
similar findings in grower rabbits fed a
combination of concentrate with grass and/or
legume forage. On the other hand, Osakwe and
Nwose (2008) reported decreased digestibility
when weaner rabbits were fed cassava peels as
replacement for maize, and Onifade et al.
(1998) in growing rabbits fed maize, cassava
and their by-products in the tropics. The
assertion that, increased dietary fibre levels
lower digestibility of all nutrient (Dominguez,
1992; Close, 1993; Madziga et al. 2017) did
not apply in the present study.

The nutrient digestibility of growing rabbits
fed experimental diets in this study showed
that, diet 2 and 3 had higher values for crude
protein, dry matter, nitrogen free extract, ether
extract and crude fibre digestibility indicating
that, growing rabbits fed diet 2 (20% YCPCM)
and 3 (40% YCPCM) utilized the nutrients
than others fed YCPCM-based diets and
control diet. This result also showed that,
growing rabbits fed 20% YCPCM-based diets
recorded least values of the entire nutrients
digestibility. The no significant (p>0.05)
difference in all parameters of nutrient
digestibility may indicates that, the crude fibre
levels of the experimental diets did not have
negative effect on the overall digestibility and

thus, adequate nutrients were made available
to the rabbits for maintenance and growth.

Carcass characteristics and prima/retail
cuts of Growing Rabbits Fed Yam-Cassava
Peel Composite Meal

Results of this study on the retail parts/primal
cut of the rabbit showed that, dietary treatment
did not significantly (P>0.05) influence weight
of the retail cuts. These results were similar to
observations by Ngodigha and Mepba (1992);
Ayoola and Akinbani (2011) and Uchewa et
al. (2014) for rabbits fed graded levels of
cassava peel meal and yam peel meal. Result
of this study is also supported by the work of
Akinmutimi and Anakebe (2008); Ogunsipe
and Agbede (2012); Igwebuike et al. (2013b);
Sogunle et al. (2014) and Orayaga et al. (2017)
but in disagreement with Akinmutimi et al.
(2006); Akinmutimi and Osuagwu (2008) and
Makinde et al. (2017).This implied that, the
experimental diets had no adverse effect on
rabbit carcass traits of primal cuts. This
therefore implied that, the utilization of
YCPCM as a replacement for maize did not
adversely affect the physiological
development of these prime carcass cuts (head,
neck, forelimbs, hind limbs, back and loin and
rack) of growing.

Conclusion
From the results obtained, it can be concluded
that;

i. The YCPCM 1is a good alternate
feedstuff in replacing maize as energy
source in diets of growing rabbits

ii.  100% replacement of maize with
YCPCM in the diets of growing rabbits
had no deleterious effects on apparent
nutrient digestibility and carcass
characteristics of the growing rabbits

Recommendations
Based on the conclusion drawn from the
study;

i.  100%YCPCM
recommended to

inclusion is
farmers for
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efficient nutrients utilization and

meat yield by rabbits
ii.  Further research is required to
determine  other  appropriate

processing methods of YCPCM
that will enhance its potentials as
feed resource in growing rabbits
production.
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