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ABSTRACT

o experiments consisting of three dietary
treatments each were conducted on the use of
crop residues and agro-industrial wastes for
formulating complete diets for growing West
African  dwarf sheep and goats. Growth
performance and digestibility studies were
carried out with the animals. In experiment I
Crude proten (CP), ash and gross energy levels
increased from diet 1 to diet 3 while the crude
fibre contents decreased progressively. Sheep
consumed more nutrients (P <0.01) than goats,
In the sheep, the highest dry matter intake
(DMI} was on diet 2 (74.1g/kgw 0.75). However,
the intakes of CP and energy on diets 2 and 3
were similar (P0.05). Energy intake was highest
in diet 3 for goats, while DMI (47.6g/kgW *75)
was comparable (P>.05) to those on diets 1
and 2 (50.5 and 45.0g/kg wh-7s respectively.
Sheep and goats digested DM, CP and energy
similarly (P>0.05). Diet 3 was the most
digestible (P <0.01) for energy in both species.
Digestibility of DM and CP was best in diet 3 for
the sheep. The highest (P < 0.05) weight gain of
60.3g/day was for sheep on diet 3. The best feed
conversion efficiency (FCE) was also recorded
for the same diet for sheep (10.0%) and goats
(9.2%). In Experiment 2, crude protein levels
also increased from diets 1 to diet 3 while crude
fibre decreased from diets 1 to 3.
Concentrations of HCN (16.7 and 19.3mg/kg for
diets 1 and 2 respectively) were low. Sheep
consumed more (P <0.05) DM than goats (83.8
and 79.5g/kg w' 7S respectively) while CP was
consumed similarly (P> 0.05). Goats digested
DM (68.2% better (P <0.05) than sheep (59.6%).
Diets did not influence (P>0.05) the DM
digestibility within the two species. The highest
(P <0.05) weight changes were recorded on diet
3 for sheep and goats (1124 and 55.2g/dey

respectively). Diets 2 and 3 had comparable
(P>0.05) FCE in sheep while that of diet 3
(9.9%) was better (P<0.01) among the goats.
The results show that some of the diets could be
productive for commercial small ruminant
production.
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INTRODUCTION

The scavenging image of small ruminants
cannot be relied on to provide adequate
nutrients for optimal livestock production.
Thus 1t is important to ensure adequate
feeding in order to enhance the productivity of
the stock. The abundancy of crop residues and
agro-industrial by products make them cheap
sources  of  nutrients for  ruminants.
Nevertheless, they are generally low in
nutrients (Nicolson, 1984). Various strategies
have been adopted in improving their nutrients
and utilization. One of such is by treatment to
reduce the negative influence of lignin on the
utilization of complex carbohydrates (Jackson,
1977; Adebowale, 1985, 1989) while the other
is by supplementation to provide the most
limiting nutrients e.g. rumen degradable
protein, rumen by pass protein or degradable
carbohydrate (Preston, 1985; Alhassan, 1988).

Balancing of the nutrients that provide the
major building blocks for tissue synthesis and
milk production should be the primary
concern of the nutritionist (Leng, 1990). This
can be achieved by careful blending of the
crop residues to meet the nutrient
requirements of ruminant livestock. Some
studies have been conducted in which crop
residues e.g. cowpea husk, maize cob, yam
peels and plantain peels partly replace maize
in the diets of ruminants (Adebowale, 1981;
1982.
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Thus this study aims at determing the
suitability of crop residues and agro-industrial
by-products as complete diets for growing
West African dwarf sheep and goats.

about 2000 kcal ME/kgDM and protein levels
from 9 to 15%. Six of the diets were selected
for experimentation. The feeds were tested in
threes.

TABLE 1 COMPOSITION OF THE COMPLETE DIETS

EXPERIMENTS 2
DIETS 1 2 3 1 2 3
INGREDIENTS
Maize cobs 432 - 295 - 17.0
Cassava peels 10.8 8.2 - 30.0 215 -
Rice husl - 30.0 - 40.0 200 70
Plantain peels - 22 13.6 N - =
Maize oftals ; - - - - 31.0 -
Brewers dried grains 15.5 20.0 20.0 7.0 10.0 10.0
bean hulls - - - 8.0 5.0 115
Palm kernel cake 13.5 - 8.5 - 10.0 10.0
Cotton seed cake - 10.0 - s - -
Wheat offals - - - 420
Gliricidia leaves - 12.6 10.4 -
Groundnut haulms 15.0 15.0 -
Poutry litter - - 15.0 -
Urea - - 1.0
Bone meal 15 15 1.5 15 1.5 1.5
Salt 0.5 0.5 IN] 0.5 05 05
*Vitamin-mineral premix - - 0.5 05 0.5
100 100 100 100 100 100

Vit.min-Promix. Each kg contains: Vit A4 x 10° (LU); Vit D3 1x10° (LU); Vit E 4800 (LU);
Vit K 0.8g; Vit By 0.4g; Vit B2 1.8¢; Vit Be 1.2g; Mn 40g; Fe 20.0g; Zn 18.0g; C4 0.8g; 1 0.62g; Co

0.09g; Se 0.04g.

TABLE 2: CHEMICAL'COMPOSITION OF DIETS (DRY MATTER BAS!S)_S‘V‘

~

EXPERIMENTS 2 )
DIETS 1 2 3 1 2 3

NUTRIENTS

Dry matter (%) 87.7 89.1 %0.8 91.4 90.8 88.6

Crude protein (%) 8.4 14.9 15.6 8.9 12.5 15.9

Crude Tibre (% 34.0 29.1 20.6 32.5 30.2 24

Ether extract (%) 1.4 34 33 08 25 . 12 B,

Ash (%) 4.8 16.2 194 19.3 235 9 ?

Nitrogen free extract (Zo& 514 364 41.1 385 313 510

Total cyanide (mg HCN/kg - 16.7 19.3 -

- Not determined.

MATERIALS AND METHODS
About 44 different types of crop residues

which could be sources of nutrients were -

composited. They were selected based on such
criteria as: cost/unit, availability, ease of
harvesting/collection, nuiritional limitations,
and toxicological consideration.

The by-products were analysed for their
proximate composition. Nutrient requirement
were specified for different classes of sheep
and goats. Linear programming by computer
analysis was used to formulate about 50

different least cost diets for growing small
ruminants. The diets had energy density of .
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‘alloted . to

Table 1 shows the composition of the diets
used in experiments 1 and 2. Some of the.
ingredients were dried and ground in a
hammer mill before mixing with the others in.
the feeds. The diet formed the sole feeds
offered the animals without any other
supplement. Four male West African dwarf
(WAD) goats and four male WAD sheep 12 -
15 months of age with average initial body

.weights of about 8.1kg and 15.3kg (Experiment

1) and 11.0kg and 15.4kg (Experiment 2)
respectively were randomly assigned to each
diet for the feeding trials. During the
digestibility studies, 2 goats and 2 sheep were
each - diet.  Prior to the
commencement of the experiments, * the
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nimais were dewormed with an antibelmithic
arug, "systamex” and dipped:in an acaricide”
soiution; asuntol against ecioparasites. The

wiamais were offered the diet ad Zbinom in

:ed troughs provided in individual pens.

Vater was also made available ad #bitum.
“Vood shavings was used as litter ior the floor

"1 the pens. This was changed reguiariy.

The animals were let out in an eaclosed
arg, without access to any feed, to exercise
“heir body and received direct rays of sun for a
‘zw hours once a week. Data collected were
saalysed using a 2 x 3 factorial arrangement.
The two species of livestock; sheep and goats
vere the two groups while the three diets
‘ormed the sub-groups. Analysis of data was
carmied  out  using  amalysis  f  variance
‘3cnnique (Steel and Torrie, 1980,

e »eding trials comprised the -2TOWin
tvisi and the digestibility study. The growth
whase lasted for twelve weeks with 2 weeks for
L siment. The animals were weighed at the
sning of the cxperiment and thereafter
vuce weekly n order to estimate weight
changed. Known amounts of the feeds were

offercd. daily in the morning to cach animai.
morning:to cstimate feed intake. '

Digestibility - study comprised a 2 week
preliminary period and a week of collection.
The animais were housed in individual
metabolism cages with facilities for separate
collection of iacces and urine. The animsls
were weighed at the beginning and at the end
of the digestibility study. The diets were
offered in feed troughs and water was
provided. The daily feacal output of cach
animal was separately weighed during the
collection period. Samples of the feed and
feaces were taken daily for dry matter analysis
and bulked for the collection period prior o
other chemical analysis,

Froximate analysis of feed and facces was
carried oui by the A.O.A.C. (1980) methods.
Iiry matter of samples was determined in an
oven  ai 105% for 48 hours. Nitrogen
determination was by the micro kjeldahl
masthod, while the soxhlet extraction procedure
was used for ether extraction. Crude fibre was
determined by aiternate refluxing with weak

TABLE 3 mmx& OF NUTRIENTS BY WAD SHEEP AND GOATS FROM THE
DIETS (g/kg ‘W°75) ‘ |
EXPERIMENT 1

SPECIES SHEEP

‘GOATS

LEVEL OF

DIETS SIGNIFICANCE
i 2 3 1 2 3
- Diy maiterintake  609° 7400 690° 5050 4500 476% 0.05*
X > 68.0 477 0.01*
Crude protein 5 3 R ‘c ,
intake s.1 110.9 10.8 4.2 670 7.5 0.01*
X 9, 61 . " 0.01°
gncw in 262.3°  4095° 3953 2172°  486® 279 0.01**
ca
B x 155.7° 459" 0.01**
EXPERIMENT 2
SPECIES SHEEP GOATS
_ DIETS 1o* 2 3 B L0 o 3
“Dry matter intake  57.0°  £2.2°  §5.3° 99, 8 Ms o0r*
X 838 7.5 _ 0.05*
Crude protein ” b % b 5
intake 4.9 10.2 135 3.6 108 114 0.01*
X 11.9° 11.1 NS

(a,b,c)* Means within the same subelass with different superscripts differ (P <0.05 or < 0.01)

NS: Not Significant (P> 0.05),

bt Data collected uptill the end of the 6th week (not included in the specie mean) when the diet was
discontinued because of the sudden death of some of the animals on it.
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solutions of H2504 and XOH. The
determination of cyanide in some of the feeds
was by the enzymatic method (Cooke, 1978

RESULTS

Experiment 1

. All the diets had high dry matter conteats
with a mean value of about 89% (Table 2).
Crude protein levels increased from diet 1
(8.4%).to dict 3 (15.6%). Crude fibre levels
decreased progressively from diet 1 (34.0%) to
diet 3 (20.6%). Ether extract (EE) value in
diet 1 (1.4%) was less than those in diets 2 and
3. There was an increase in the ash contents of
the diets from diet 1 to 3. The highest
concentration of nitrogen free extract (NFE)
was contained in diet 1 (51.4%). Energy values
of the diets were 4.3, 5.5 and 5.7 kcal/g in diets
1, 2 and 3 respectively.

Intake" of nutrienis by sheep was lughcr
(P<0.01) than the goats (Tabie 3). Likewise
there were significant differences in nutrients
among the diets. In the sheep, dry matter
intake (DMI) was highest (P <0.05) for diet 2.
Crude protein and energy intakes were similar
(P>0.05) for diets 2 and 3 but different
(P<005) from diet 1. Among the goats
differences (P <0.05) exist in DMI only with
respect to diets 1 and 2. Protein and energy

intakes were higher (P<0.05) on diet 3 and
ieast on diet 1. '
“There were differences (P >0.05) between
siheep and goats in thg, digestibility of dry
matter, crude protein and energy (Table 4).
Diet 3 was highly digestible for CP, energy
(P<001) and DM (P<0.05) than the other
two diets among the sheep. In the goats, there
were no significant differences (P>0.05) in the
Ary matter digestibility (DMD) of diets 1 and
3. However, the DMD values for diets 1 and 2
were also similar (P>0.05). Crude protein
ility of diet 1 and the energy
digestibility of diet 3 were different (P <0.01)
from the other two diets.

Sheep on diet 3 had the highest (P <0.05)
weight gain (60.3g/day) (Table 5). Those on
diets 1 and 2 had similar (P >0.05) weight gain
of 43,9 and 43.1g/day respectively. Weight gain
by the goats increased (P<0.05) from diet 1
(15.4g/dat) to diet 3 (28.4g/day). Sheep and
goats on dict 3 had the best feed conversion
efficiency (FCE} (10.0 and 9.2% respectively).
The FCE of goats on diet 2 was similar

~(P>0.05) to those on diet 3.

Experiment 2
The diets had a mean DM of about 90%
(Table 2). Crude protein contents increased

TABLE 4: DIGESTIBILITY OF NUTRIENTS BY SHEEP AND GOATS ON THE DIETS

(%)
EXPERIMENT 1
SPECIES SHEEP GOATS LEVEL OF
DIETS 1 2 3 1 2 3 SIGNIFICANCE
DM Digestibility  55.7°  494°  619° 607" 5270 664 0.05"
X 571 599 0.05NS
CP digestibility ~ 448° 669" 768" 528" 660" 692 0.01°
X 628 62.7 0.05N.,
GE digestibili 41.1° 89 633°
gestbiily 501° 492  663° 0.01*
X 51.1 552 0.05NS
EXPERIMENT 2
SPECIES SHEEP - GOATS LEVEL OF
DIETS 1oe 2 3 1%® 2 SIGNIFICANCE
DM digestibili 2 60.5 588 - 67.0 693 ‘ 0.05NS
X i 59.6° 682" 0.05*

(a,5,c)* Means within the same subclass with different superscripts differ (P <0.05 or P <0.01)

NS: Not Significant (P >0.05)

o Experimentation with diet 1 (Expt. 2) was discontinued because of the sudden death of

some of the animals.
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from 89% in- diet 1 to 15.9% in diet 3. The
crude fibre value was highest in diet 1 (32.5%)
ond least in diet 3 (22.4%). Diet 2 had the
‘highest values of ether extract (2.5%) and ash
(23.5%) and the least value of NFE (31.3%).
The hydrogen cyanide (HCN) contents of diets
1 and 2 weére 16.7 and 193 mg HCN/kg DM
respectively. Dry matter intake (DMI)

higher (P<0.05) in sheep (83 8g/kg w0 7) than
in goats (79.5g/kg w ©7) (Table 3). Goats and
sheep on diets 2 and 3 respectnvcl; had the
highest DMI (87.1 and 85.3g/kg w™"). There
were no significant differences (P> 0.05) in the
crude protein 1ntakc of sheep and goats (11.9
and 11.1g/kg w s respectively). The highest
amount of protein was consumed on diet 3
while the least intake was on diet 1 in both
species. Goats on diet 2 and 3 consumed crude
protein almost to the same (P>0.05) extent.
Goats digested dry matter better (P <0.05)
than the sheep (Tabie 4). Diet 3 was slighly
more digestible than diet 2 in goats (693

versus 67.0%) while diet 2 was betier digested
than diet 3 among the sheep (605 versus
58.6%). However, the differences observed
within the diets were not significant (P>0.05).
The dietary cffect on liveweight changes was
highly significant (P<0.01) (Table 5). The
highest weight gain was recorded by sheep on
diet 3 (112.4g/day). Dict 2 and 3 in sheep had
comparable - (P>005) feed conversion
efficiency while that of diet 3 was the best
among the goats.

DISCUSSION

The quantity and type of ingredients used in
formulating the feeds influenced their
chemical composition. In experiment 1, the
levels of gliricidia leaves, brewers’ dried grains
(BDG) and poultry litter aided the relatively
high concentration of protein in diet 3,
whereas diet 1 contained low levels of protein
rich ingredjents. Likewise in experiment 2,
concentrations of wheat offals, BDG, soyabean

TABLE &: L!VEWEIGHT CHANGES AND FEED EFFIClENCY OF SHEEP AND
GOATS ON THE DIETS

EXPERIMENT 1

SPECIES SHEEP COATS LEVEL OF
DIETS i 2 3 i 2z SIGNIFICANCE

Average liveweight

553) e 17.1 17.1 179 9. 8.6 98
Liveweight chan ' ; a

(g/da%‘ + B g o a3 s8¢ 012 »e 0.05*
D1y matter intake
(w/day) 5121 6231 6005 2646 2250 2636
Feed cfficien ‘
(Fecd/gam) 116° M4 0 wet 1710 9P 9.2" 0.05° -
EXPERIMENT 2
SPECIES SHEEP ; © GOATS LEVEL OF
DIETS 1% 2 3 10 2 SIGNIFICANCE

Average liveweight

fkg eh 13.6 194 198 91 128 148
Liveweight changes

g/day) + = -3'1.1"' 1089°  1124° .27 429 s 0.01*
D1y matter intake

(g/day) 40} 7 759.8 800.7 209.1 589.4 5418
Feed efficien 5
(Feed/gain) + %%) -133 70° 7.1° 167 13.7° 9.9 0.0'1‘

+: Subjected to statistical analysis.

(ab,c,)*: Means within the same subclass with different superscripts dsffer (P <005 or P<0.01).

b Data collected uptill the end of she 6th week when
cd because of the sudden duth

diet was discontinu
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hull and palm kernel cake boested the protein
level of diet 3. The preponderance of
ligno-cellulose containing ingredients ¢.g.maize
cob and rice husk in diet 1 of both
experiments was responsible for their high
crude fibre levels. The large volume of the
digestive tract of the sheep, especially the
reticulorumen, has the capacity to retaifi more
feed than that of goats. This could bu
respoasible for its relatively higher intake of
feed and nutrients recorded.

High crude protein content of a feer
stimulates appetite and feed intake (Tolkamp,
1988). Thus it can be deduced that more of a
diet with high crude protein (CP) content
would be consumed compared with another
diet low in CP content. This works by
providing rumen degradable nitrogen for
micro-organisms to build their body protein.
The low feed intake of diets with low CP
contents would be accentuated by high crude
fibre diet to be digested. This increases its
retention time in the reticulorumen (Orskov
and Ryle, 1990) thereby depressing the intake
of more feed. The higher digestibility of DM in
goats relative to the sheep can be attributed to
the higher feed intake in sheep. Higher feed
intake results in a [faster rate of passage of
digesta, from the reticulo-rumen. This reduces
the rate of passage of feed via the
reticulo-rumen to allow for degradation, hence
lowering its digestibility (McDonald et al,
1988). The improvement in the DM
digestibility of goats over sheep is supported
by another study (Adcbowale, 1989) where
NaOH-treated maize cobs at levels belween 0
to 40% in their diet. However, when
Echinochloa stagnina was fed as the sole feed,
goats and sheep exhibited similar patterns in
their ability to digest the various nutrients,
except for ADF in the forage (Adebowale,
1988).

High protein contents of diets 2 and 3 play
significant role in improving the digestibility of
nutrients over those of diet 1. This is
supported by McDonald e al (1988) that the
concentration of CP in a feed affects it
digestibility. High fibre content inhibits
digestibility. Thus diet 1 with high fibre could

Nigerian Journal of Animal Production 23(2) 1996

have contributed to its low digestibility. The
rate of microbial cologisation of a feed with
high fibre content is lower (Silva and Orskov,
1988) compared to another with low fibre.
Thus this reduced its degradation.

The better weight gain of sheep reflected
the higher potentials of WAD sheep over
WAD goats in body weight gain. The
liveweight gains for sheep and goats were quite
low compared with those reported elsewhere
(Adebowale, 1989). However, the inclusion of
+0% untreated maize cobs in the diets of the
_oats (Adebowale, 1989) resulted in 24.9 g/day
weight gain, which is similar to those for goats
on diet 2 and 3 (Experiment 1) in this report.
The performance recorded for sheep on diets
2 and 3 (Experiment 2} outstripped the weight
gain obtained by Adebowale (1989); Adeleye
(1980) and Adegbola et a! (1990).

Availability of digestible protein and energy
reflected by the relatively lower fibre levels,
provided ready nutrients for the synthesis of
body tissues in the lower gut. This could be
responsible for the higher weight gains” and
efficiency of feed utilization of animals on
diets 2 and 3 over those on diet 1. The wide
discrepancies in the liveweight gains of the
animals between Experiments 1 and 2, despite
the similarity in the protein levels of the
respective diets, could, among other factors,
be due to the simplistic approach of using
crude protein contents to determine grotein
requirement. It would be better to adopt the
method of apportioning dietary pfotein
requirements in  the forms of ramen
degradable protein and rumen bypass protein
1 it is done in United Kingdom (ARC, 1984)
and United States of America (N.R.C,, 1985).
This would involve the determination of the
degradability of local feeding stuffs.

The weight loss by animals on diet 1
(Experiment 2) could be attributed to the
probable presence of some anti-nutritional
factors in the diet. In the course of the
experiment, 2 goats and 1 sheep on diet 1
(Experiment 2) died. The death occurred
between the 4th and 6th weeks of the study.
Since all the dead animals were on a particular
diet, dietary effect was suspected as the
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causative agent of death. Thiis experiment witi
diet 1 was discontinucd and the remaining
animals on it were released from the pens. The
Characteristic patterns preceding death among
the animals were bloated stomack and
reduction in feed intake, Hydrogen cyanide
(HCN) poison from cassava peels was at first
suspected. Cyanide analysis of diets 1 and 2
containing cassava peels revealed that they had
values Iess than 20 mg HCN kg sample (Table
2). This is within the limit of 50mg HCN/kg
classified as non-toxic (Bolhuis, 1954). The
dried nature of the feeds also implied that the
HCN contents would have been reduced
during the drying process. The likely cause of
the death of the animals could then be
mycotoxins,

In conclusion small ruminants were able to
subsist and make appreciable weight gains on
some  crop  residue-based diets. The
combination of feed ingredients in the second
cxperiment gave better weight gain than on the
irst experiment. The performance of animals
on diets 2 and 3 (Experiment 2) were
comparable for most of the parameters
recorded. More studies should be executed to
know the optimal utilization of other different
combinations of crop’ residues as livestock
feed. Formulation of diets with crop residues
reduces competition for conventional feed
ingredients and provides needed nutrients
especially during the dry season when available
green forage is low in quality and quantity.
Transportation and availability of the feed in
mash form would be of tremendous advantage
to live stock farmers,
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