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ABSTRACT

In Experinent 1 sixty (60) male Ethiopian Menz sheep of
average live weight of 19.00kg (SE 1.42) nmaintained on
mai ze stover ad libitum were supplenented with either
| abl ab (250g) (LL); cowpea (250g) (CW; blood neal (509)
(BM; lablab (125g)+ cowpea (125g) (LC); Ilablab (125qg)+

bl ood neal (25g) (LB) or cowpea (125g)+ blood nmeal (259)
(CB) for a period of 75 days. Voluntary intake, weight gain
and changes in runmen environnent were studied. Sheep fed
bl ood nmeal, and blood neal in conbination with forages
| eqgune consuned significantly nore stover (P<0.001) than

sheep fed the other suppl enents.

Sheep on blood neal and blood neal in conbination with
forage |legunes had significantly higher (P<0.001) weight
gains than those fed the other supplenments. Treatnents did
not differ significantly in the rumen degradation
paraneters for organic mtter and nitrogen, mcrobial

protein yield and rumen digestion kinetics paraneters.

In Experinment 2, 36 nale Ethiopian Menz sheep of average
[iveweight 19.2 (SE 0.042)kg) fed nmize stover were
suppl enented with urea-nolasses block containing one of
the foll ow ng suppl enments: wheat bran (WB), cottonseed cake
(CC, blood neal (BM or CC + BM (CB) over a period of 75

days. Voluntary intake and changes in the runen environnment



wer e measured.

Differences in the stover DM intake were not significant
but the supplenent intake differed significantly (P<0.05)
anmong treatments. There were significant differences
(P<0.01) in the weight gains between treatnents. There
were no significant differences in purine derivatives and
m crobial protein yield. Runen degradation paraneters did
not differ significantly anong the various urea nolasses

bl ocks.

The use of blood neal increased stover DM intake, weight
gains and inproved the runmen environnent for m crobial
protein synthesis. It was concluded that bl ood neal could

be used as supplenent to poor quality roughages.

Vi
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1.1.0 Introduction

.Small ruminants play a significant role in the production of meat, milk, hide and skin
which contribute in monetary terms 1o the economy of most third world countries. A
greater number of these animals are in the hands of rural small hoider farmers and
the traditional systems of management exposc these animals to erratic feed supplies.
The feed resources are gencrally ol low quality and quaatity. These combinc to cause -
poor growth rate, low production, delayed puberty, long parturition intervals and

high nconatal mortality.

Crop residucs  are very uscful in amcliorating the problem of inadequacy of feeds
during the dry season. Most small holders use residues of cercals ( maize , sorghum,
millet, wheat, barley and oats) and legume (cowpea, groundnut and soya bean
haulms). Although useful as dry season feeds, crop residues particularly those of
cereal origin are low in protein and energy (Chenost and Mayer 1976; Sibanda and

Said 1991; and Adu et al., 1992). Therefore they have low voluntary intake and poor

digestibility (Umunna and Tji, 1993). In order to improve the ulilization of crop
residucs by livestock, several methods have been employed to alter both the physical
and chemical propertics of these crop residues, Such methods include hydration
{Ndiovu and Manyeme, [989), and ammoniation (Tuah and Orskov [989). For
example, the addition of urea and supplementation using browse plants, molasscs and
leguminous crop residues have appreciably improved the utilization of basal dicts of

cereal crop residues.

Nitrogen supplementation is considered essential for crop residuc intake and

utilization. This has been demonstrated through supplementation with oilseed cakes,



legume hay and animal by-products. Oil seed cakes such as groundnut cake (GNQC),
-cottonseed cake (CSC), soya bean meal (SBM) arc standard pmtcin' supplenients
known to have elicited good animal response. But their prohibitive cost limit their
use by resource poor farmers in Sub-Saharan Africa (Kandylis gt al., 1992), Animal
by-product supplements especially fish meal which offces higher proportion of
undegraded protein are morc coslly and rare, thus precluding their inclusion in
livestock fceds by small holders gven at low levels, usually recommended by

extensionists and rescarchers.

Legume hays which are moderate in rumen degradability have been used to improve
the utilization of poor quality roughage. Notably among these are lablab , leucacna,
cowpea and groundnut haulms. The use of these legume hay has gained tremendous
recognition or acceplance among livestock farmers. While it is recognised that other
factors involved in livestock production are important in determining the success or
otherwise of livestock enterprises, feed cost which accounts for 70% of the total cost
of livestock production is a relevant faclor in determining the success of almost all
livestock enterprises. Attempts to reduce cost of production to maximize profit have
been the concern of several workers. This has involved the scarch for cheaper feed

supplements that can be used in low to medium quality rations.

The objective of the current study is to study the effect of supplementation of forage
legumes and blood meal on cereal residuc based-dicts to determine thelr interactive
cffects, Blood meal is a cheap protein source but its acceptability is fow. Therefore
it was presented and also included with molasses in urca-molasses block and fed to

sheep.



CHAPTER TWO
2.1.0 Literature review
2.1.1 Limitation to productivity of tropical breeds of livestock
It is estimated that the sheep, goats and cattle population in Nigeria numbers 22.1,
34.5 and 13.9 million, respectively (ILCA _et al., 1993). While these population
figures appear to be numerous in terms of annual protein supply to the populace,
the quantity of livestock products meat, milk, and eggs produced in the country
is yet to meet the level of animal protein intake of 35g/head/day recommended by
FAQO. The poor performance of the indigenous livestock breeds in this regard is
attributable to many factors including genotype, poor management, poor health and
inadequate feed quality and supply.
A detailed review of the genotype, management and health factors have been
presented in earlier reports (Oyedipe et al. , 1982; Umunna and Iji, 1993 ; ).

Therefore this review will focus attention on feed supply and quality.

2.1.3 Feeds and feeding

Feed problems have been identified as a major limiting factor affecting livestock
productivity in most parts of Africa. In characterising the productivity of livestock in
Nigeria in terms of weight gains and milk production, Lakpini et al., (1992) showed
fluctuating pattern which closely followed the pattern of rainfall as it affected quality
and availability of feeds. Lufadeju et al., (1987) found that most indigenous grasses
in Nigeria rapidly declined in crude protein (CP) and soluble carbohydrate but
increased in lignin with maturity. In an earlier study, de Lecuw (1979) observed
tropical pastures to have between 2-3% CP during the dry season and this low level

of CP affected the voluntary intake and digestibility of feed by the animals. Voluntary



intake of tropical grasses by animals have been increased by supplementation with oil
seed cakes and other industrial by-product during the dry secason and has been

reported to have caused improved animal performance (Kandylis et al,, 1992).

Due to pressure on the available land as a result of crop production, available grazing
area has been reduced, thus necessitating the need to make better use of crop residues
as viable alternative livestock feed. Despite the estimated fifty miflion tones of crop
residue produced annually in Nigeria (Olayiwole and Olorunju, 1987), Lakpini et al.,
(1992) observed that crop residue are yet to be fully evaluated and maximally utilized.
A more recent estimate put production of sorghum stover alone at about 23.6 million

tones annually in Nigeria (Lakpini ¢t al., 1992).

The utilization of cereal crop residues such as maize and sorghum stovers have been
enhanced in several ways. Supplementation with agro-industrial by-products either
as energy or prolein source to increase annual performance has been extensively

documented (Alhassan, 1985; Kumwenda and Msiska, 1990; Givens ¢t al.,1992).

Molasses and wheatbran are agro-industrial by-products which serve as energy
source. Apart from the primary role as energy source, molasses is used as a binder
in pelleted feeds and a carrier of urea and unpalatable feeds (Alhassan, 1985). A
survey by Adu et al., (unpublished data) showed that kitchen wastes such as cassava
and yam peels form good source of energy supplement for small ruminant in
Southwest Nigeria.

In most African countries brewers dried grains (BDG), a by-product of brewery

industries has been shown to be suitable supplement for fattening animals. Work in



Nigeria (Adu, 1985) showed that 25% replacement of maize with BDG was
'appropriate to support gains of about 112g/day in sheep. In the recent past however,
the nature of BDG in Nigeria has changed from barley-based to sorghum and
maize-based as a result of change in government policy that requires sourcing of
industrial raw matcrials locally. The quality of sorghum and maize BDG in use now
are yet to be fully evaluated. One major limitation of the use of these as supplement

is its bulk due to wetness.

Other products of nutritional significance in livestock industry arc animal waste which
include blood meal, meat and bone mcal and poultry litter. Although various studies
have shown blood meal to be good source of rumen undegradable protein
(Mosimanyana _and Mowat, 1992), it is known to support high livestock productivity
(Harvey and Specars, 1989). Their unpalatability and thercfore low voluntary intake
especially blood meal and pouliry litler arc problems to contend with (Iwanyanwu ¢t

al., 1990a).

2.2.0 Poor quality roughagé

2.2.1 Description

Roughage are plant materials usually fed to ruminant animals as sources of energy.
They do not normally meet the cnergy requircment of the animal because of low
levels of fermentable carbohydrate and nitrogen. Their high fibre content also
advérscly affect voluntary intake and digestibility. Orskov (1986) described roughage
as feeds ingested and digested by animalls' with an energy cost that exceeds the epergy
benefit the animals obtain from feeding such roughage. Tropical grasses and cereal

rice, wheat, oat and teff are all classified as roughage.



2.2.2 Factors affecting feeding quality of roughage

‘Factors such as stage of maturity, method of harvest, storage and fecding system all
affcct the nutritive value of crop residues (Sibanda & Said, 1991). Fleischer et
al,,(1989) observed that while different varieties of maize gave stovers of different
CP conlents, time of harvest also affected CI* content, as residue of maize harvested
earlicr had a higher CI* of 7.61 % comparcd with thosc that were harvested late in

the scason which averaged only 2.6Q%.

2.2.3 Nutritive value of crop residues

The chemical composition of some crop residues showed them to have low CP. Rice
straw was reported to have CP of 3.5% (Preston, 1982; Roxas et al., 1985) while
maize stover had CP of 4.05% (Wegad and Ndumbe, 1987). For most cereal stovers
and straws Sibanda and Said (1991) gavc 6% as the mean CP conlent, This level of
protein is too low to supply nitrogen required by the rumen microbes for their
multiplication and efficient break down of roughage. Apart from Jow fermentable
cncrgy and nitrogen contents, the highly Nibrous naturc of crop residucs makes them

slowly degraded by the rumen microbes.

With the ncw method of fiber analysis developed by Goering and Van Soest (1970},
the unreliability of rcported fiber contents of feed stuffs was higl'nlighlcd.l With the
new mcthod the ccll wall constituents of the feed stuff are measured by the levels of
neutral detergent fiber (NDF) and acid detergent fiber (ADF). Tixpressing the fiber

contents in terms of NDIF, Lakpini ¢t al,, (1992) reportled 82.4% for sorghum stover.,

Urio and Kategile 1987 reported NDF value of 80.7% for maize stover. Lufadeju ct

al,, (1987) reporied NDIF value of 76.4% for Gamba hay (Andropogon gayanus),

6



2.2.4 Rumen conditions necessary for optimum intake

i’rcston and Leng (1987) cited by Sibanda and Said (1991) have observed that feeding
straws and stovers alone cause low propionate fermentalion as well as reducing
microbial population or growth in the rumen. Several workers have reported long
retention time of these residue i the rumen, which resulls in low intake, Intake as
low as 10 1o 15g DM/kg of body weight have been reported (Sibanda and Said,
1991). For optimum degradation and increasc intake of roughage with low CP, rumen
ammonia concentration exceeding 150mg/litre has been recommended ( Sibanda and
Said, 1991). A rumcn pH of 6.5-6.8 has been reported optimum for rumen aclivity

(Ndlovu, 1992).

2.3.0 Mecthods of improving poor quality roughage

2.3.1 Physical treatiment

To improve utilization of roughage as dry scason feeds treatment is necessary before
being fed to animals. Various methods have been used to physically treat roughage;
these include chbpping or grinding, ball milling, irradiation and steaming. In sheep
chopping or grinding of roughage have been shown to increase voluntary intake and
digestibility (Doncfer, 1976). Ef Hag, (1992) found that chopping of silage increased
digestible CP from 54.66 to 59.37%. The physical method of treatment improves

intake by increasing the surface area for microbial activity.

2.3.2 Chemical treatmient
Chemical treatment of roughage is known to enhance intake, digestibility and
utilization. One way of achieving this is by the use of sodium hydroxide which

destroys the ligno-cellulose bond thereby releasing cellulose to be allacked by



microbes (Homb et al,, 1976). Urea has also been used lo treat roughage which acls
by dissolving the ligno-cellulose bond releasing cellulose for microbial breakdown.

Lufadeju et al.,.(1987), Iwanyanwu gt al., (1990b) and Nuwanyakpa and Butterworth

(1987) reported that urea improved voluntary intake and digestibility and  also
supplied additional rumen degradable mirogen to the microbes. Ammonia solution has
been used to improve the nutritive value of poor quality roughage, by improving
intake and apparent organic matter digestibility (Tuah and Orskov, [989;
Avalos-Martinez ct al,, [985; Jimenez and Shimanda, 1984). Soaking of chopped
maize stover and teff straw in water for 24 hours has been reported to  increasc DM

intake (Ndlovu and Manyemc, 1989; Gitachew and Tadesse, 1992).

2.4.0 Supplementation
Supplementation of poor quality roughage with oil seed cakes , (Little gt al., 1987),

forage legumes (Ahuja et al., 1991), and browse plants (Bamualin et al., 1986) all

have been found to improve their utilization significantly. Supplementing crop residuc

diets with legume hay improves rumen activity in form of available cellulose and
I

hemi-cellulose that stimulate fiber digestion (Silva and Orskov, 1988).

Browse legumes offer a considerable potential for enbancing animal productivity (vans

Eys ct al,, 1986). Among lhese are leucaena, (Kimambo ¢t al., 1992), tagasaste,

(Varvikko ¢t al., 1992), gliricidia and acacia (D’mcllo, 1992) have been found to

increase liveweight gains in catile and sheep.

Agro-industrial by-products such as brewers dried grains, (Umoh, 1982) wheat oftal,
(Alhassan, 1985; Alctor, 1986) maize offal (Ogundola, 1989 ; Kumwenda and

Msiska, 1990;) have been used to improve livestock productivity.



2.4.1 Browse plants

Browse legumes offer a considerable potential for enhancing animal productivity (van
Eys ¢t al,, l986j., Topps, (1992) reviewed experiment involving supplementation of
a napicr grass diet with Gliricidia, Leucaena sp and Sesbania and noted that they in-

creased dry matter intake and weight gains, Banmulin et al., (1986) also noticed an

increase in digestible CP and OM when sheep were fed tropical pasture supplemented
with Leucaena. Kimambo etal,, ( 199}) reported an increase in total dry matter intake
of maize stover by increasing the level of supplemented Leucacna in sheep. Varvikko
et al., (1992) found that supplementation of a basal natural grass hay with lcticacna,
cowpea and tagasaste resulted in increased weight gains. Good as the browse plants
are in‘ solving problems of weight losscs, some however, have been found to have

anti - nutritional factors that limit their use as feed stuff. Condenscd tannins have

been reported as being present in Gliricidia, Leucacna, Acacia Sp and Albizia

falcateria (D mello, 1992), but they are however found to protect the proteins {rom
microbial degradation in the rumen. Tannins arc being used to  protect degradation
of some soluble proteins to make them available for digestion in the small intestine
(Ehoche ¢t al,, 1983). A toxin known as mimosine is reported present in Leucacna

(Banmualin et al., 1986) and this has timited the level of inclusion in ruminant animal

diets.

2.4.2 Legume hay

Legume hays have bDeen used to supplement livestock feeds especially in the dry
season. Groundhut tops (Munthalis, 1987; Mahabile, ¢t al,, 1990), cowpca hay
(Ahuja ct_al., 1991 ; Varvikko ¢t al,, 1992;), lablab hay (Kiflewalid and
Mosimanyana, 1989; Adu et al., 1992) are a few of the legume hays that have been

uscd as supplement to roughage dicts.



Dolichos lablab_ (Lablab) is a dual purpose legume that remains green into the dry

seasons and is casy (o cultivate (Adu et al., 1993). It has been reported (o have a mean
DM, CP and CF composition of 91,5%, 16.4% and 27.7%, respectively, while the
DM and OM digestibility was 60.8% and 55.1%, respectively (Kiflewalid and
Mosimanyana, 1989). Adu et al,, (1993) showed that lablab significantly improved
nutrient disappearance in the rumen, They reported a DM disappearance of 33 and
41g/100g at 48 and 72 hr of inculml.itm, whereas Smith et al., (1990) obtained 61 and
84 % for DM and N disappearance respectively at 48 and 72 hr. Lablab as supplement
to sorghum stover increased both total DM intake and liveweight gain in sheep. Sheep
fed lablab gained up to 67g/day compared to those fed stover alone. At 20%
inclusion rate the lablab supplemented diet did not allow substitution and sheep
consumed 35% more DM. Similarly Mafwere and Mtenga (1992) using lablab seed
meal reported increased liveweight gain and total DM intake with increasing levels
of dietary lablab seed meal in the diet of lambs. Smith et al., (1990) reported  that
lablab ;yllhuugh reduced intake of stover, increased total DM intake. In cross-bred
cows, milk yield improved when sorghum stover was supplemented with lablab

(Kiflewalid and Mosimanyana, 1989),

Vigna ungiuculata (Cowpea) is usually produced as grains for humans and the residue

as feed for ruminant livestock. In Nigeria cowpea hay is used by small scale farmers
to feed livestock. Average OM, CP and digestible crude protein (DCP) of 92.3%,
23.7%, 9.2% respectively have been reported (Smith et al,, 1990; Ngwa and Tawah,
1992}, with DM and N disappearance values of 77 and 87% respectively. These
workers obtained a DM and OM digestibility of 55 and 57% in sheep. Ahuja et al.,

(1991) compared the nutritive value of maize fodder grown with or without cowpea

10



and obtained CP of 11.6% with a mixture of maize and cowpea. With maize alone
CP was 7.6% while cowpea alone had a CP of 16.9%. In a feeding trial with the
fodder involving calves, the average liveweight gain were 650, 590 and 700g/day for
maize and cbwpea mixturc, maize alone and cowpeca alonc, respectively. In their
work Ngwa and Tawah (1992) found that rice straw supplemented with cowpea hay
resulted in higher total daily DM intake of 877g as compared with 736g for the basal
dict alonc. There was also more than 100% increase in average daily gain - above
that of the Dbasal dict feed alone. Similarly Smith gt al., (1990) reported increascd

stover intake with a supplement of cowpea vines in sheep.

2.5.0 Agricultural by-products

Agro-industrial by-products are residues of food manufacturing industries. Umoh,
(1982) and Alhassan, (1985) documented different agro-industrial by-products in use
in Nigeria. On the basis of their nutritive value, these by-products can be classified
into high energy, high protein a1d energy-protein concentrates and these have been

used as supplements to roughage diets to improve livestock productivity.

2.5.1 Molasses and urca

Molasscs is a by-product of the sugar manufacturing industry, In Nigeria, during the
1980/81 period, the total production capacity was reported to be sixteen thousand
tonnes (Alhassan, 1985). Several workers have used molasses as Ian animal feed

(Givens ¢t al_, 1992; Sibanda et al., 1987; Mwenda and Khasatsili, 1990). Molasscs

is known to be a rich source of fermentable carbohydrate but with low nitrogen

content. Wilh these characteristizs, molasses is usually used to improve palatability
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of poorly accepted feeds and to serve as binder in pelleted feeds. It is also used to

carry the rather volatile urea in semi-solid or solid blocks.

Using graded levels of cane molasses in sheep, Givens et al., (1992) reported
significant increase in DM and OM digestibility (about 82 and 84% respectively).
Similarly Sibanda et al., (1987) also observed increased total food intake, weight gain
and significant difference between treatment and  control diets in feed conversion
efficiency in sheep. Molasses is almost always used along with urea, so that while
molasses supplies the readily fermentable carbohydrate, urca provides the ruminally
degradable  protein, jointly enhancing microbial synthesis and multiplication.
Although use of urca alone has been reported to increase DM intake (Iwanyanwu et
al., 1990b), toxicity associated with feeding urea alone tends to encourage it's
combination with molasses. Molasses and urea are usually presented in semi-solid and
solid forms. The block encourages chewing which prevents toxicity associated with

licking of urea (Sahoo et al,, 1992).

Although, Olayiwole and Olorunju, (1987), Nuwanyakpa and Butterworth, (1987) and
Munthalis et _al., (1992) observed increased roughage and total DM intake in
association with the use of urea molasses in sheep, this increase was not significant
over diets without molasses. However Mehra et al., (1991) reported a significantly
higher DM intake in calves fed molasses and urca. Nuwanyakpa and Butterworth,
(1987) fed urea molasses blocks to sheep and reported daily intake of 68gDM/head
and straw intake of 359gDM. Level of molasses intake differ widely among species
of livestock, Whereas Mehra et al., (1991) reported 690 - 1220g/day intake in calves,

Lakpini et al., (1992) reported a block intake of 67g/head per day in Yakassa sheep.

12



As expected the animal response to these differential intakes have varicd. Growth

fate of 170.6g in steers (Munthalis et al., 1992) and (13.6-28.6g) in shecp { Lakpini

et al., 1992) has been reported for different urea molasses block.

2.5.2 Ol seed cakes

Oil sced cakes, by-products of vegetable oil producing factories have been used
extensively as livestock feeds especially in monogastrics. These include groundnut
cake (GNQC), soya bean meal (SBM) or cake (SBC), sun flower sced cake (SSC) and
cotton seed cake (CSC). These by-products have the advantage of providing protein

as well as concentrated energy.

Cotton seed cake (CSC) a by-product of textile and vegetable oil industry has been
used extensively in livestock production. Sllpl)lcﬁenting straw with CSC in sheep and
goats, Fomunyam and Mbomi, (1989) obscrved a higher leed indake in sheep and
goats when straw was supplemented with CSC. Yilala, (1990) also reported
significant diffcrences in the liveweight changes when CSC was used as a supplement

to low quality straw diets.

Ngwa and Tawah, (1992) observed increased ADG by over 100% when CSC was
supplemented to basal diet in sheep, whereas Kandylis et al., (1992) could
successfully replace soya bean meal with CSC in a lamb fattening ration. The latter
workers  obtained ADG of between 0.!8-0.25kg/day with different levels of CSC |
replacement, but the 15% inclusion gave the maximum response. Yilala, (1990)
suggested 60g/kp DM of dict as the possible economic and efficicnt level of inclusion

of CSC. With its high phosphorus (P) level it could be used to correct the P
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deficiency in tropical pasture hay. The piesence of a toxic substance (Gossypol) in

CSC could however hinder its use as livestock feed if not well processed.

2.6.0 Animal by-products
These are obtained from meat and fish p ocessing industries as well as recyclable
manure of tivestock. These include meat : 1d bone mcal, blood meal, fish meal and

poultry litter, In more developed countrics t may include inedible offal of ruminants,

Fish meal is known to be a supcrior sourn e of protein in livestock cspecially when
" used in feeding poultry. Although its cos and availability in developing countries
prohibits its use for ruminants as suppleme tary feed. Fish meal has also been found

. to significantly increase fibre digestibility ..s well as liveweight gains (Steen, 1989).

Blood meal an abbatoir by-product has becn used as protein source for livestock
including poultry. In Nigeria an estimated blood meal production for the ycar 1975
was put at about 14,194 tonnes (Adewoye, 1982). The chemical composition of blood
meﬁl was reported by Umoh, (1982) to be 89.5, 88.5, 0.5,5.0, 0.12, and 0.47% for
DM, CP, CF, ash, Ca (calcium) and P, respectively. With its high CP content, blood
meal has been reported to be degraded rather slowly in the rumen (Mosimanyana and
Mowat, 1991) lcading to minimum ammonia losses, thercby tncreasing nitrogen

utilization in the rumen. .

Comparing blood meal and soya bean meal , Harvey and Spears, (1989) did not obtain
any significant difference in feed intake. But when they comparcd vat dricd and ring

dricd blood meal, they reported a significant difference in average daily gain of 0,81
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and 0.88kg respectively. Sibanda et al., (1992) reported 18% increased dry matter
intake of veld hay offered to steers supplemented with a combination of blood meal,

meat and bone meal. They however noted little effect on the rumen pH(7.2)

ammonia (300mg/1) and degradation.
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3.0 CIIAPTER 3
Experiment 1 : Respouse of growing sheep to chopped maize stover supplemented
with forage proteins, blood meal or a combination of forage legumes and blood

meal

3.1.1 Introduction

Maize stover has been known to have low crude protein conlent and high NDF both
of which combine to cause low digestibility (Sibanda and Said, 1991; Urio and
Kategile, 1987), To use maize stover as livestock feed, it will have to be improved
to increase intake and digestibilily. Various methods have been used to achicve this
improvement. Such methods rely mostly on physical and/or chemical processing to
change the physical or chemical nature of these roughages as well as supplementation
with deficient nutrients notably nitrogen. Towever the cacrgy cost of modifying the
physical and ch&nical characteristics of maize slover or other low quality roughages
may make the usc of such processed roughages uncconomic, cspecially in Africa.
Even if physically or chemically processed, the inhierent nitrogen deficicney suggests
ti}c need for supplementation. Supplementation with feeds of nitrogenous origin in
itself encourages more roughage intake and digestion, Notable amongst these are
forage legumes and animat by-products which degrade to varying extents in the romen

with conscquent differing effects on nutritive value of the total dict.
In this experiment the effect of supplementing maize stover diets with various forage

legumes and/or blood meal was investigated to determine how these various forms of

protein in diet affect the performance of sheep.
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| 3.1.2 Materials and Methods
3.1.3 Location
The study which consisted of separate growth and digestibility trials was carried out
at the International Livestock Centre for Africa (ILCA) Dcbre Zeit Research Station
which is 50 km south of Addis Ababa,the capital city of Ethiopia. The station is on
an altitude of 1800m above sea level with a total rainfall of about 770mm per year.
The rainfall is bimodal, with the short rain between February and May while the long
rain is between July and October. The mean monthly temperature is about 25°C. The

soil is largely vertisol and water logging is a problem during the rainy scason.

3.1.4 Growth trial

Sixty Ethiopian highland sheep of the Menz breed were used. The liveweight of the
experimental animals ranged between 18.2 and 22.6kg. The animals were about 12
months of age. The 60 animals were divided into six groups of 10 each based on
liveweight and age. Animals in cach group were randomly assigned to onc of the

six experimental treatments shown in Table 1.
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Table 1: Dietary composition (g) of different
supplements fed to shecp

Treatments
Composition LL CW BM LC LB CB
Lablab 250 -, - 125 125 -
Cowpea - 250 - 125 - 125
Blood meal - - 50 - 25 25
Stover : 1000 1000 1000 1000 1000 1000

I Maize stover

Symbol: LL. = Lablab, CW = Cowpea, BM = Blood mcal,
LC = Lablab + cowpea,LB = Lablab + blood meal,
CB = Cowpea + blood meal.



The supplements were fed with maize stover as a basal diet. The animals were housed

in individual pens. Water and salt lick were provided ad libitum.

The cowpea (CW) and lablab (LL) hay were harvested from the research farms and
they were kept in a store until when required for fecding. Blood meal (BM) in the
processed form was bought from_an abbatoir. The blood meal contained small
quantities of plant material, The diets were formulated o provide cqual amounts of

nitrogen to sheep.

The maize stover was chopped to about 6 cm pieces before feeding. The suppleinents
and basal diet were fed separately. The supplements were offered to the animals at
approximately 07.00 h. Animals weré required to consume all the supplements before
the basal dict was offered ad libitum. Duec to poor acceplability of the blood mcal,
molasses was added at. the rate of SO gm to all treatment groups to enhance the taste
of the lormer. Feed offered and feed refused were recorded daily for each animal.
The refusals were bulked for cach animal over 14 days. Subsamples were taken
fortnightly for the determination of rumen degradation characteristics. Animals were
weighed at the beginning of the trial, and at 14-day intervals after 14 h without food
and waler. The cxperiment lasted 75 days. Average daily gain (ADG) was

catculated by regression of Jiveweight on time.

3.1.5 Digestibility Trial
Twenty four Menz sheep with average liveweight of 22 kg (range 19.5- 24.2 kg) and

about 9 months old were blocked and divided into six groups of four animals based
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on age and liveweight. Each group was randomly assigned to one of the six
treatments (Table 1). Animals were housed individually in mctabolic crates. Feeding
management was similar to the growth trial. The trial lasted 21 days with a 14-day

adjustment period and a 7-day collection period.

The facces was collected using harness bags.  Faeces collected from individual
animals were wcighed daily, About a 100 g was immediately dried at 105°C for 24
h for DM determination. About 10 % of the originally weighed faeces was
sui;sampled and bulked. At the end of the collection period, the bulked faeces was
oven dried at 60°C for determination of nitrogen and neutral detergent fibre (NDF)

(Goering and Van Soest, 1970).

Urine was collected daily over 10 ml of 25% sulphuric acid and weighed. The urine
was then diluted with 2 litres of water and 10% subsampied. The daily samples were
bulked for 7 days and then subsampled {for determination of purine derivatives (PD)
and microbial protein yicld (MI'Y) according to methods described by (Chen gt al.,

1992).

3.1.6 Rumen digestion kinetics

Chromium mordanted maize stover was prepared by thoroughly washing 1000 g of
maize stover to reduce contamination. About 330 g of potassium dichromate crystals
were added to the stover in a bowl and sufficient water added 10 submerge the stover.
The bowl was covered properly by appljriﬁg a wcight on top to prevent drying out
and placed in the oven at 100°C for 24 h. After baking the liquid was pourced out and

500 g of ascorbic acid was added to reduce the excoas unbound chromium, This was
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soaked for about an hour. The stover was thoroughly washed until water was clear,

then oven dried at 65°C for 24 h, as described by Uden et al., (1980).

After the collection period in the digestibility trial, cach animal was offered 10g of
chromium mordanted maize stover, followed by the experimental diets. Faccal
samples were collected for a total period of 144 h. The first 48 h, faccal samples
were collected at intervals of 4 h, while for the next 48 h samples were collected at
every 8 h. During the last 48 h, samples were collected al 12 hrs interval. The
samples were stored in a freezer until when required for analysis. Faccal chromium

concentration and rate of passage in the alimentary tract of animals were determined.

The data on rate of passage were also fitted to the equation used by Grovum and
Williams (1973): Y = Ae-kI(t-TT) Ae-k2(t-TT), where Y and A = adjusted marker
concentration in faccal DM: k7 and k2 = rates constants; 77 = calculated time for
first appearance of marker in the facces; ¢ = sampling time after dosing. The mean
retention time in the tract (MRT) was calculated as MRT = 17kl +1/k2+TT (Moore
et _al,, 1992). The retention in rumen (RTR) was calculated as, RTR = I/KI.
Retention in the hind gut (R711) was calculated as, RTH = 17k2. Time available for

digestion in cach pool 1(0.5) was estimated as follows: £, = 0.693/kl = Tkl in

rumen; f,,, =0.693/k2 = Tk2 in hind gut (Osuji et al., 1993a).

3.1.7 In sacco rumen degradation
Thirteen rumen-fistulated Menz sheep were used to determine the rumen degradability
of the feed samples according to procedures described by Orskov et al,, (1980).

Animals were fed on teff straw (Eragrostis teff) and cotton sced cake as supplement.
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Samples of feed offered and refused in the growth and digestibility trials were oven-
(IIriecl at 60°C for 24 h and ground through a 2 mm scrcen. About 5 g air-dried
sample were wcilghcd and place in polyamide bags (Polymon Switzerland) of pore size
4] microns and dimension 6 cm x 12 em. The bags were incubated in the rumen for
3,6,9, 12,24, 48, 72, 96, and 120 h. Alter thesc incubation periods, bags were
wilhdrawn, and machine washed with tap water until waler was clear. The bags were
then oven-dried Lo a constant weight at 60°C and weighed. The residual samples were
ground through a 1 mm screen for nitrogen determination, Degradation constants
were estimated from the non-lincar equation suggested by Orskov and McDonald,
(1979): P = a-+b(1-¢*"), where ¢ = soluble fraction of DM, OM of N; & = rumen
degradable fraction, ¢ =rate of degradation of b at time ¢, and P = potential

degradation.

3.4.8 Rumen pH and armmonia

Rumen fluid was collccted from intact animals using a compressor and stomach tube
to determine pH of the rumen fluid on the last day of faccal collection. The rumen
fluid samples were collected at 3, 6, 12 and 24 h afler feeding. About 100 ml of
rumen fluid was collected over 10 ml of sulphuric acid for determination of ammonia
concentration.

3.1.9 Botanical composition of maize stover

Maize stover refusals were separated into sheath, stem and leaf to study the selec-
.tivity of the .she‘ep. About 250 g subsample of maize stover offered and a similar
amount of the subsamplc of maize stover refused for each animal werc hand scparated
into leaf sheath, stem, leaf blade and minute particle referred to as dust in this work.

Each component was then weighed and recorded,
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3.1.10 Statistical analyses
a) Data on feed intake, feed digestibility, average daily gain and maize stover
fragmentation were subjected to analysis of variance using the General Lincar Model
(SAS/STAT, 1987).
b) Estimatcs of degradability of the feced malerials were obtained by fitting the
equation: P = a‘+b(l-c Y,
where P= actual degradation aftcr. time {t);
a= the intcrcept of degradation curve at time zcro. This represents Lhe relatively
more rapiily degradable component of the material.
b= the potential degradability of fraction which will be degraded with time.
c= the rate constant for degradation of b.
1= time.
The potential degradability (P) of a sample is given by a+b which should not exceed
100 (Orskov_et al.,1980)
The data on rate of passage were also fitted to the equation used by Grovum and
Williams (1973)
Y= Ae -kl@-TD A c -K20-T1)
where Y and A are adjusted marker concentration in faccal DM;
k!l and k2 are rates constants
TT= calculatcd time¢ for first appecarance of marker in facces;
t= sampling (1} after dosing;
The mcan retention time in the tract (MRT) was calculated as -
MRT= I/kl+1/k2+TT (Moore_gt al., 1992)
The retention in the rumen (RTR) was calculated as RTR = t/kl while relention in

the in hindgut RTH = 1/k2

23



Time available for digestion in each pool t(0.5) was estimated as follows
t1/2 = 0.693/kl = TK1 in rumen

t1/2 = 0.693/k2 =TK2 in hindgut (Osuji_et al.,1993a)
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3.2.0 RESULTS

3.2.1  Voluntary intake

The mean daily voluntary stover intake differed significantly among treatments (Table
2). Average stover intake expressed on the basis ol melabolic weight were similar
for treatments BM, LB and CB which were significantly (I’ <0.05) higher than LL,

CW and LC .

Mean daily supplement intake diffcred among treatmcnts (Table 2)). Daily intakes
of LC, CW and LL (range 21.3 - 21.7 g/kg W) were significanlly (P <0.05)
higher than LB and CB. The average supplement intake of LB and CB were

significantly (P<0.0{) higher than BM.
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Table 2: Least squares means of livewceight changes, daily voluntary
intake, average daily gain and feed conversion of sheep fed  basal
diet of maize stover diet supplemented with forage legumes and blood

meal

Treatments'?
Variables LL CW BM LC LB  CB  SE
Itake
Stover (g/head) 353.00  356.00 418.2% 3457 411.9* 389.5% 14.27
Stover (g/kgW*™) 3/t 3520 412 339 4058 385 L9
Supple, (glhcad) 214.3% 2193 441 2205 132.5° 131.9"  0.05
Supple.(g/kg W*™) 21.3* 2177 4.4 215 131 13.00  0.17
Total (g/head) 567.2° 575.3° 462.8° 566.2° 5445 521.4% 14.39
Total (g/kg W*™) 57.4°  57.8° 457  55.6° 536" 515" 121
Weight
Initial (kg) 20.4 204 207 203 202 209  0.60
Final (kg) V4 U4 238 242> 242 242 029
ADG (g) 344 529 663 473 659° 611 499
Feed conversion® 175 1.3 7.4 14.0 9.4 By 1.39

'LL = Lablab ; CW = Cowpea ; BM = Blood meal ; LC = Lablab and cowpea ; LB =
Lablab and blood meal ; CB = Cowpea and blood meal .

Means in a row with the same superseript leler(s) are not
significantly different (P> 0,05).

'Feed eonversion expressed in kg feed consumed/kg gain,
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The mean daily total intake differed significantly among treatments (Table 2). Total
intake of CW, LL and LC (range 55.6 - 57.8 g/kg W*P), was significantly (I’ <0.05)
higher than LB and CB. Total consumption of BM diet was significantly (P <0.05)

lower than LB and CB.

3.2.2 Changes in liveweight "

The initial and f{inal weights did not differ significantly among trcatments (Table 2).
The average daily gain of sheep fed maize stover supplemented with CB, BM, and
LB were signilicantly (P <0.05) higher than LL, CW, and LC, whilst thc average

daily gain of CW and LC were significantly (P <0.05) higher than LL.

3.2.3 Feed conversion efficiency

There were significant differences between treatments in feed conversion cfficiency
(Table 2). Treatment LL used significantly (P <0.01) more {ced to gain weight than
the rest of the treatments. The feed conversion efficiency of treatments LC and CW
were also significantly (P <0.05) higher than BM and CB.

3.3.0 Digestibility Trial

3.3.1 Voluniary intake

Table 3 shows summaries of the results of the digestibility trial. Stover DM intake
on metabolic weight basis did not differ significantly (P> 0.05) among trcatments,
The DM intake of supplements differed significantly (P<0.01) among treatments,
ranging from 3.5 g/kg W for treatment BM (o 18.5 g/kg W® in LB. Mean total
DM and OM intake on a metabolic livewceight basis did not differ significantly among

treatmoents,
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Table 3: Mean daily intake and apparent digestibility of dry matter {DM),
organic matter (OM), neulral detergent fibre (NDF) and nitrogen by sheep
fed forage legumes and blood meal

Treatmenty™? .

Variablcs LL CwW EM LC LB CB SE

:::t:- (eDM/hcad) 491.3"  497.9% 547.6° 461.6* 486.3° S541.2° (3.14
Stover (gDM/kg W) 45.5 46.1 507 427 450 501 4.55
Suppic. (gDM/head) 193.4°  1889° 382 191.2¢ 195.6¢" 13T 123
Supple. (EDM/kg W) 179 175 35 1777 185 1050 077
"Tatal (gDM/hcad) 684.9¢ 686.8' 585.8° 652.8° 609.9" 654.9° 13.02
Total (gDM/kg Wo™) 6314 636 542 604 565 606  4.52
Total (gOM/hcad) 609.6* 608.2) S§25.6 5793 5392 5857 11.66
Total (gOM/kg WO™) 544 563 487 536 499 542 4.6
Nitrogen (gfhead) 710 76 83 12 (LT 1200 0.09
NDF (g/hcad) 452.4° 441.4° 4099 4228 400.5* 4355 946

Digestibility {(g/kg)

DM G83.0 6790 685.0 6890 G910 0620 0.30
oM 7120 7100 7120 TI13.0 7120 698.0 0.10
Nitrogen 521.00 5300 630.0' 552,00 739.6°  708.0° 0.40
NDF M40 7220 7390 TOR.0 7320 ORB.C 0.20

'LL = Lablab ; CW = Cowpea ; BM = Blood meal ; LC = Lablab
and cowpes ; LB = Lablab and blood meal ; CB = Cowpca and blood
meal.

2Means in a row with (he same superscript letter(s) are not significantly
different (I” >0.05).
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There were significant (I’ < 0.01) differences among treatiments in the mcan N intake
(Table 3). The mean daily values ranged from 7.1 to 12.0 g. Trcatment CB had the
highest nitrogen intake followed in descending order by treatments LB, BM, CW, LC
and LL. Sheep fed LL and L.C consumed similar (P> 0.05) amounts of nitrogen,
which were significantly (I'<<0.05) lower than the rest of the trcatments. Daily
consumplion of NDI? varied significantly among treatments (Table 3). The highest
NDF intake was recorded for treatments LL and CW, which had similar (P >0.05)

intakes.

3.3.2 Digestibility of nutrients
There were no significant differences in DM, OM and NDF digestiblities among
treatments (Table 3). The digestibility of nitrogen differed sipnificantly (P<0.01)

among treatments, order of ranking being: LB > CB > BM > LC > CW > LL.

3.3.3 Rumen pH and ammionia nitrogen

Therc were significant differences in rumen pH among the treatments (Table 4).
The pH of LB was below 7.0, and was significantly (P <0.05) lowcer than the rest of
the treatments.

Tréatmcnt BM had the highest rumen ammonia concentration ([8.62 mg/100 ml)
which differed significantly (P <0.05) from the other treatments (range 7.90 - 10,73

mg/ 100 ml).
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Table 4: Mean rumen pH and ammonia-nitrogen concentration
in rumen fluid of sheep fed basal diet of maize stover
supplemented with forage legumes and blood meal

' pH Ammonia

Treatments’+’ (mg/100ml)

LL 7.12° 7.90°
Cw 7.11° 0.14*
BM 7.07° 18.62"
LC 7.04" . 10.22
LB 6.08" 10.73*
CB 7.11* 9.08"
SE 0.065 1.301

'LL = Lablab ; CW = Cowpea ; BM = Blood meal ; LC =
Lablab and cowpea ; LB = Lablab and blood meal ;
CB = Cowpca and blood meal .

’Means in a column with the same superscript letter(s)
are not significantly different (P> 0.05).
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3.3.4 In sacco‘ rumen degradation

There were wide variations in rumen degradation characteristics of DM (Table 5},.
OM (Table 6) and nitrogen (Table 7). The ranking order of trcaimenis for DM
dcgradation characleristics were: a (soluble or rapidly degraded fraction) , LB > LL
> CB > LC > CW > BM; » (amount which in time will degrade) , BM > CB
> LC > CW > LB > LL; ¢ (rate of degradation of b at time ¢), CW > LC > LL
> LB = CB > BM; and P (potensial degradation), BM > CB > LC > LB > LL
> CW (Table 5). Ranges for @, b, ¢ and P were respeclively 270.3 - 380.2 g/kg,

359.1 - 723.2 g/kg, 0.013 - 0.031 /h, and 728.2 - 993.6 g/kg.
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Table 5: Rumen degradation characteristics of dry matter in forage

legumes and blood-meal incubated in rumen of fistulated sheep

Degradation constants'

a b C P
Treatments’ (g/kg) (g/kg) (/h) (g/kg)
Ll 380.0 359.1 0.023 739.1
CwW 324.0 404.1 0.031 728.2
BM 270.3 = 723.3 0.013 993.6
LC 345.5 419.1 0.025 770.7
LB 380.2 362.8 0.020 743.1
CB 373.7 419.3 0.020 797.1

'Degradation constants estimated from the equation: P = a + b(l - ¢*),

where a =

’LL = Lablab ; CW = Cowpeca ; BM = Blood mecal ; LC = Lablab and cowpea

soluble fraction; » = rumen degradable fraction, ¢ = rate of
degradation of b at time £, and P = potential degradation.

; LB = Lablab and blood meal ; CB = Cowpea and blood meal .

32



Table 6: Rumen degradation characteristics of organic malter in
. forage legumes and blood-meal incubated in rumen of fistulated
sheep

Degradation constants'

a b v p
Treatments? (g/kg) (g/kg) /h) (e/kg)
LL 329.9 381.9 0.023 711.8
CcwW . 2559 440.6 0.031 696.5
BM | 257.9 "752.8 0.013 1010.7
L 2967 447.2 0.025 743.8
LB 342.5 390.9 0.019 733.4
B | 3024 447.8 0.019 790.2

'Degradation constants estimated from the equation: * = a + (1 - €7},
where a = soluble [raction; # = rumen degradable fraction, ¢ = rate of
degradation of & at time ¢, and P = polential degradation.

’LL = Lablab ; CW = Cowpca ; BM = Blood meal ; LC = Lablab and cowpca

» LB
= Lablab and blood meal ; CB = Cowpea and blood mcal .
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Table 7: Rumen degradation characteristics of nitrogen in
forage legumes and blood-meal incubated in rumen of fistulated
sheep

Degradation constants’

a b c P
Treatments’ (g/kg) (2/kg) (/h) (2/kg)
L1 600.7 279.9 0.039 880.7
CwW 605.3 283.1 0.039 888.4
BM 365.1 .690.4 0.015 1055.5
LC 468.3 674.4 0.106 1142.6
LB 679.5 214.1 0.031 893.9
CB 646.1 181.7 0.061 827.8

'Degradation constants estimated from the equation: P = a + b(l - ¢*),
where @ = soluble fraction; b = rumen degradable fraction, ¢ = rate of
degradation of & at time £, and P = potential degradation.

’LL = Lablab ; CW = Cowpea ; BM = Blood meal ; LC = Lablab and cowpea
; LB = Lablab and blood meal ; CB = Cowpea and blood meal .

34



The ranking order for treatments for OM degradation characteristics were: a (soluble
or rapidly degraded fraction), LB > CB > LL > LC > BM > CW,; # (amount
degraded which in time will degrade) , BM > CB > LC > CW > LB > LL; ¢
(rate of degradation of b at time t), CW > LC > LL > LB = CB > BM; and P
{potential degradation}, BM > CB > LC > LB > LL > CW (Table 6). The
ranges for @, &, ¢ and P were: @, 255.9 - 342.5 gikg; b, 381.9 - 752.8; ¢, 0.013 -

0.031 /h; and P, 696.5 - 1010.7 p/kg.

The ranking order of treatments for nitrogen degradation characteristics were: a
(soluble or rapidly degraded fraction), LB > CB > CW > LL > LC > BM; &
(amount which in time will degrade), BM > LC > CW > LL > LB > CB; ¢ (rate
of degradation of b at time t), L.C > CB > LL = CW > LB > BM; and P
{potential degradation), LC > BM > LB > CW > LL > CB. The ranges were:
a, 365.1 - 679.5 g/kg; b, 181.7 - 690.4 g/kg; ¢, 0.015 - 0.106 /h; and P, 827.8 -

1142.6 g/kg.
3.3.5 Digestion Kinetics

There were no significant differences between treatments for all paramcters refated

to the rate of passage (Table §).
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Table 8: Rate of passage (h) of chromium mordanted maize stover supplemented with
forage legumes and blood meal

Treatmentsh?

Variable® LL- CW  BM LC LB CB SE

Al 7.93 7.8 838 791" B.16* 878 043
A2 850 8400 881" 8400 852  9.01' 038
K1 0.03  0.03° 003 003 003 004 0.01
K2 0.09° 009 008 008 007 007 0.0
TKI 223 256 200 242 21T 206 3.8
TK2 7.9 84 97 89 101" 0.° 142
RTR 322 369" 318 349 313 297 473
RTH 14 12.1° 139 128 146" 146" 2.05
MRT A6 4900 45T 4760 4S8 443 358

'LL = Lablab ; CW = Cowpea ; BM = Blood meal ; LC = Lablab and cowpea | LB
= Lablab and blood meal ; CB = Cowpea and blood meal (CB).

Means in a row with the same superseript letter(s) are not significantly different (P> 0.05).

*Variables estimated from the equation: Y = Ae-k1“"™ Ae-k2"""; where Y and A are
adjusted

marker concentration in faccal DM; £/, A2 = rates constants; 77 = calculated time
for first

appearance of marker in the facces; 1 = sampling time after dosing; MRT = mean
retention time

calculated as MRT = /&1 +1/&24TT; RTR = retention time in rumen; R7TH =
retention time in the

hind gut; 7K1 = digestion time in the rumen; 7K2 = digestion time in the hind gut.
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Table 9: Weight of morphological components and proportion
of orts and maize stover offered to sheep fed maize stover
supplemented with forage legumes and blood meal

Treatments'?

LL CwW BM LC LB CB SE

Weight (g)

Stem 82.9 181.2 188.6 183.5 192.5 190.3 5.96
Sheath 32.8 35.6 309 8I1.1 30.7 31.8 3.82
Leaf 255 270 233 228 251 229 3.88
Dust 8.8 6.3 7.2' 123 L7 50" 4.13

Total Leal® 67.1 68.8 61.4 66.1 57.5 59.7 5.96

Percentage
Stem 73.2 725 754 73.7 77.0 76.1 238
Leaf 269 275 246 264 23.0 239 238

'LL = Lablab ; CW = Cowpea ; BM = Blood meal ; LC
= Lablab and cowpea ; LB = Lablab and blood meal ;
CB = Cowpea and blood meal .

’Means in a row with the same superscript letter(s)
are not significantly different (P >0.05).

YTotal leaf = Sheath + leaf + dust.
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Table 10: Least squares mean for purine
derivatives (PD) and microbial protein
yield (MPY) of sheep fed forage legumes

and blood meal

PD MPY
Treatments'? (mmol) (g/d)
LL 2.53 1.84
CW 2.15 1.56
BM 22 1.69
LC 2.44 1.77
LB 1.38 1.00
CB 2.96 2.15

'LL: = Lablab; CW = Cowpea ; BM = Blood meal ;
LC = Lablab and cowpea ; LB = Lablab and blood-
meal (LB); CB = Cowpea and blood meal .
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3.2.6 Botanical fractions

The weight of dust differed significantly between treatments (Table 9). The
percentage of stem in the maize stover refused ranged from 72.5 in treatment CW o
77.0 in LB. The percentage of leaf ranged from 23.0 in treatment LB to 27.5 in

CW.

3.2.7 * Microbial nitrogen yield

Mean purine derivative (PD) did not differ signiticantly among treatments (Table
10). Least squares means ranged from 1.38 mmol in treatment LB (o 2.96 mmol in
treatment CB. These values correspond to daily microbial protein yicld one gram for

treatment LB and 2.15 g for treatment CB respectively.



3.4.0  DISCUSSION

There were significant (P <0.05) differences in voluntary intake of maize stover,
supplement, total DM, nitrogen and NDF, and digestibility of nitrogen among
treatments. Organic matter and nitrogen degradation characteristics also varied widely
among treatments. These variations in determinants of forage quality resulted in
significant differences in average daily gain and feed conversion efficiency among
treatments. Treatments CB, BM and LB had the highest ADG which was above 60
g, treatments LC and CW were intermediate with ADG of above 45 g, and treatments
LL had the lowest ADG of less than 40 g, The much higher ADG of CB compared
with LL may be due to higher intake of stover and nitrogen digestibility as well as
higher rumen ammonia concentrations of sheep on treatment CB than LL. Weight
gains obtained for the treatment involving forage legumes alone were similar to those
obtained by Adu ct al., (1992), Mafwere and Mienga, (1992) and Smith et al.,

(1990).

Forage legumes are usually degraded very well in the rumen to provide ammonia and
coupled with the molasses supplied, they could increase microbial protein synthesis.
The LB and CB provided better stover DM intake than LL and CW. This could be
due to the availability of both ruminally degraded protein (RDP) as well as the rumen
undegraded protein (RUP). It is recognised that intake is a function of many factors,
including genotype, physiological status, environmental conditions as well as nutritive
qualitics of feeds (Ketelars and Tolkamp, 1992). For example feeds of poor nutritive
value restrict intake. As most crop residues are known to be of poor quality, intake
is usually poor (Alhassan et al., 1986). This may result from several factors including

the physical properties of the feed. For most crop residues the cell content is

40



relatively small but with high cell wall content including lignin (Orskoy gt al., 1988).
Several ways of improving the nutritive value of crop-residues and straws have been
employed (Tuah ¢t al., 1986: Guitierrez-Ornelas and Klopfenstein, 1991). It has been
reported from several developing countries that supplementation  trials cspecially
those involving forage legumes, have provided encouraging results (Adu et al,, 1992).
Supplementation with nitrogen has been known o increase roughage intake (Sibanda
et al., 1993; Alhassan et al., 1986). In this experiment all the supplements supplied
nitrogen, some supplied rumen degradable nitrogen others were of rumen  low

degradable nitrogen. Osuji et al., (1993a) suggested that protein of low degradability

usually increase intake by increasing digestibility.

In this study BM usually known to be characterized by low degradation in the rumen
was associated with high stover DM intake. This was equally the case for CB and
LB. There was an increase of 16.7% and 9.4% in the stover intake when BM was
combined with LL and CW, respectively in the growth trial. In this experiment rumen
readily available energy was provided in the form of molasses as well as to improve

acceptability  of blood meal.

The differences observed in intake for the various treatment groups could be
attributed to the different amounts of supplements offered in order to obtain

isonitrogenous diets.

In this experiment all supplements had similar rapidly degraded components a for
DM and OM except BM | These results of low degradation of blood meal agree with

the works of Harvey and Spears, (1989) and confirm that blood meal is usually
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slowly degraded. These differences in the degradation of forage legumes could be
attributed to variation in reporting of the time of harvest and maturity of the legumes.
The P was high for CB, BM and CW, This observation contradicts the work of
Schloesser et al,, (1993) where about 82% of BM was not degraded as compared to
80% degradation in the current study. The BM in this study appeared to exhibit
stower but more potential degradation which again contradicts the works of Schloesser

ct al.,(1993), and Anderson_ct al, f (1988). Similarly, Lardy et al., (1993) suggested

that most of the component of the BM is usually passed to the duodenum. For BM,
CW and CB over 80% of the diet was degraded by time 120 h. This suggests that all
these supplements would potentially be completely degraded in the rumen.
Lignification adversely affects degradation, consequently supplements with high NDF

content like LL may have lower degradation (Adu ¢t al., 1992). But those with

lower NDF (BM and CW) may be more highly degraded.

There were no significant differences among treatments in variables relating to the
rate of passage. The time range for rumen and hind gut (RTR and RTH) were
29.6-36.0 h and 11.4-14.5 hours respectively and agrees with results obtained by

Moore et al., (1992) (25-28 h for RTR and 10-15 h for RTH) . The mean retention

time (MRT) for the total tract was less by 10 h from that obtained by Moore et al. |
(1992). Although not statistically significant results from this study show that BM
encouraged less retention of feed in the rumen and more in the hind gut than the other
supplements, and indicate that BM encouraged more of intestinal activity (Lardy et
al,, 1993). Results from this study also agree with that of Luginbuhf et al., (1994)
where it was suggested that feeding of low quality feed greatly increases the time that
digesta is retained in the gastrointestinal tract (GIT). However, BM which improved

the quality of the feed reduced the retention time in the GIT,
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Ranges of PD (1.38 - 2.99 mmol) and MPY (1 - 2.15 g/day) obtained in this

experiment were similar to the lower limits of those oblained by Chen ¢t al., (1992)

(2 -17.5mmo! and 1.8 -15.2g/day), but was lower than those of Osuji et al., (1993b)
(2 - 5S.4mmol and 3.2 - 7.3g/day). The differences may be partly duc {o variation in
chemical composition and rumen degradation characteristics of diels used in he

different studies.

Feed conversion efficiency was affected by treatment in this experiment, Blood-meal
was most efficient in feed conversion and LL was least efficient. Consequently, BM
improved the fced conversion efficiency for the LB and CB. This observation may
be explained on the basis that only 50 gm of BM was enough to supply the same
amount of nitrogen when compared with LL or CW which required about 250 gm.
Il is also possibie that complimentarily of rumen degraded nitrogen obtained from the
forage lcgumes and rumen undegraded/bypass protein from the blood mcal may have
caused the feed conversion superiority of the blood meal containing dicts. Cowpea

had a better feed conversion cfficiency than LL because of the higher nitrogen intake,
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CHAPTER FOUR

Experiment 2: Response of growing sheep to chopped maize stover supplemented
with urea-molasses block

4.1.1 Introduction

Agro-industrial by-products have been used as supplements to roughage dicts fed to
livestock in order to improve productivity. These include molasses, and oilsced cakes
which have been fed with urca as supplements to roughage (Umoh, 1982). In a
prcviuﬁs study molasses and urca were combined in a semi-solid block and fed to
cattle where it was found to improve total intake and digestibility of roughage

(Sahoo, 1992). Blood meal is unpalatable and thcrcforc of low acceplability when fed
alone to animals, even though it is quite high in crude protein. This experiment was
therefore undertaken with the aim of including blood meal in a urea-molasses semi-
solid block and fed fo sheep oflered maize stover, to cvaluate its cffect on the
nutritive value of maizc stover and the performance of sheep. Comparisons were
made with semi solid urca-molasses blocks developed with the inclusion  of
wheatbran, cottonseed cake, blood meal and a combination of cottosced cake and

blood meal.

4.1.0 Material and Methods
4.1.1 Location
The experiment was conducted at the samie site as Experiment {, 1t consisted of two

scparate growth and digestibility trials.
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4.1.2 Growth Trial

Thirty six Ethiopian Menz sheep were divided into four groups of nine based on
weight taken for two consecutive days before the start of the experiment. Animals
in cach group were then randomly assigned to one of the four treatments in Table 11,
The animals were fed a basal dict of maize stover supplemented with four types of
urea-molasses blocks: 1) wheatbran (WB, control); 2) cottonsced cake (CC); 3) blood
meal (BM); and 4) cottonseed cake and blood meal (CB). The compositions of the

different treatment blocks are shown in Table 11,
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Table 11: Dietary composition of urea molasses semi solid block.

Treatment

WB cC BM CB
Ingredients (kg)
Molasses 42 42 42 42
Wheat bran 25 11.5 12.5 14
Urea 10 '8 6 8
Blood meal - - 16.5 7
Caotton seed cake 15.5 - 6
Cement 15 15 15 15
Diammonium 3 3 3 3
phosphate(DAP)
Salt 5 5 5 5
Total 100 100 100 100
Symbol’

'Symbol: WB = Wheat bran, CC = Cottonsced cake, BM = Blood

meal, CB = Cottonseed cake + blood meal.
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Maizc stover was similar to the one used in Experiment L. The urea-molasses blocks
were made at (he research station using concrcte mixing machine. The ingredients
used arc shown in Table 1. During mixing, molasses was first pourcd inlo the
mixer followed by wrea, diammonuim phosphate and salt in that order. Each
ingredient was added slowly, after which the mixer was rolated 1o allow proper
mixing before adding another ingredient. Blood meal and cotton seed cake were added
aller  the initial mixing. This was followed by addition ol ccment to bind the
ingredients together, thercafter wheat bran was  added and allowed to run for 10
mi.nutes. The nﬁxlure was Fhen poured into wooden mortars, and compressed until

compact, and air-dried. Each block weighed approximately 3 kg.

The animals were housed in individual pens and water was provided ad libirum.
Maize stover was offered at 07.00 h. The urca molasscs blocks were offered in
plastic buckets ad libinwm. Relusals of the block  were weighed  weckly, Maize
stover refused was recorded daily for cach animal, bulked [ortnightly and subsiampled.

Animals were weighed fortnightly to monitor weight changes.
)

4.1.3 Digestibility Trial

The procedurcs used are similar to those described in Experiment 1.

4.1.4 In sacco rumen degradation
Procedures used in sections 4.1.4, 4.1.5 and 4.1.6 indicated below were similar to

those described in Experiment 1,
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4.1.5 Rumen pH and ammonia
4.1.6 Botanical fractions
4.1.7 Statistical analysis

Data were analysed using the General Linear Models procedure (SAS, 1987).
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4.2.0 RESULTS

4.2.1 Voluntary intake

Dry matter intake of maize stover did not differ significantly among treatments (Table
12). There were significant differences (P <0.01) in DM intake of supplement among
treatments (Table 12). The average supplement intake ranged from 16.8 g/kg W™
for WB to 25.2 g/kg W*” for BM. The order of supplement DM intake for the

treatments were;: BM > CC > CHR > WB.

Total intake differed significantly (P < 0.05) among treatments (Table 12). Expressed
on the basis of metabolic weight, animals fed diets supplemented with BM consumed
significantly more DM than their counterparts fed WB, CC and CB. Total intake
for WB, CC and CB on metabolic liveweight basis did not differ significantly

(P>0.05).

4.2.2 Changes in liveweight

Initial weights of sheep did not differ significantly among treatments (Table 12).
Final weight was significantly higher for sheep on treatment BM than for those fed
CC (P<0.05), WB (P<0.01) and CB (P<0.05). Average daily gain of sheep also
differed significantly (P <0.01) among treatments. The ADG of sheep fed BM was
significantly higher (P <0,05) than those fed treatments WB, CC and CB., The ADG
of sheep on treatment CC was significantly higher than WB (P <0.05), whilst ADG

of sheep on WB was higher than CB (P <0.05).

4.2.3 Feed conversion efficiency

Treatments BM .and CB had similar (P>0.05) feed conversion efficiency of 14.4,
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showing that significantly more feed was consumed per kg gain than those fed CC
and WB (P <0.05); (Table 12). Animals fed CC consumed significantly more feed

(P <0.05) per kg gain than those fed WB.
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- Table 12: Least squares means of liveweight changes, mecan daily
voluntary dry matter intake, average daily gain (ADG) and feed
conversion of sheep fed maize stover supplemented with urea-molasses block

Treatmenls'?*

Variables _ wB CC BM CB SE
Intake

Stover (g/hcad) 517 . 535" 513° 519 005
Stover (g/kg W*™) M P 54.7" 51.6" 53.3* 0O
Suppl. (2/hcad) 158 196" 251° 196°  0.08
Suppl. (z/kg W*™) 16.8° 20.3" 25.2° 20.1° 1.07
Total (g/hcad) 675" 732° 7649 715" 6.04
Total (g/kg W) 71.40 75.0° 76.9° T3 18
Weight

Initial (kg) 17.8" 18.5° 18.0° 19.1* 0.04
Final (kg) _ 22.6° 23.8¢ 24.61 23.0° 006
Daily gain (g) - 56.00 58.0° 69.0¢ 53.0° 005
Feed conversion® 12.6* 13.7% 14.4¢ 14.4° 0.19

'"WB = Wheatbran ; CC = Cottonsced cake ; BM = Blood meal; CB = Cottonseed
cake and Blood meal. :

*Means in a row with same superscript letter(s) are not significantly diffcrent
(P>0.05).

3Feed conversion expressed in kg feed consumed/kg gain,

’/’
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4.3.0 Digestibility Trial

4,3.1 Voluntary intake

The results are presented in Table 13, Stover DM intakes were highest for sheep fed
WB than for others. The difference between WB and CC was significant (P <0.05)
while that between CC on the one hand and BM and CB on the other was also
significant, Stover infakes on a mgetabolic livewcight basis werc not significant
(P>0.03) among trcatments. Daily intake of nitrogen did not differ significantly
among treatments and ranged from 13.0 - 14.2 g/hcad. Daily intake of NDF for

treatment WB was significantly higher than CC, BM and CB.

4.3.2 Digestibility of nutrients
There were no significant diffcrence between treatments in DM, OM, nitragen and
NDF digestibilitics (Table 13), although absolute values for N digestibility were

higher for the two blood meal-containing dicts (BM and CB}).
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- Table {3: Least squares means of daily voluntary intake and digestibility of dry
matter (DM), organic matter (OM), ncutral detergent fibre (NDJF) and nitrogen of
sheep fed a basal dicl of maize stover supplemented with urca-molasses block

Treatments'?

Variables WEB cC BM CB SE
Intake
Stover (g/head) 563.1° 521.3 508.0" 498.7* 1367
Stover (g/kg W*™) 517 47.8" 47,0 457" 47
Suppl (g/head) 188.4° 179.3* 203.6° 183.5" 1011
Suppl. (g/kg W™ 17.3 16.4° 18,9 16.8* 341
Total (gDM/hcad) 751.4° 700.6" 711.7° 682.1* 169
Total (gDM/kgW"7) 68.9° 64.3° 65.9° 62.60 532
Total (gOM/head) 634.,5¢ 594.5" 600,7" 571.4* 511
Total (2OM/kgW"™) 58.2° 54.5° 55.6° 52.4" 46l
Nitrogen (g/head) 13.7° 13.0° 14.2* 13.4" (S8
NDF (g/hcad) 432.3% 401.2 393.2» 385.6* 102
Digestibility (g/kg)

DM 581.0° 588.0° 580.07 591.0" 160

oM 640.0° 643.0* 653.0° 648.0" 1460

Nitrogen 677.00 673.0° 707.0° 704.0" 1.9

NDF 641.0° 644.0" 652.0° 646.0° UP

IWB = Wheatbran ; CC = Cottonseed cake ; BM = Blood mecal ; CB =
Cottonsced
cake and Blood meal.

*Mcans in a row with same supcrscript'lcllcr(s) are not
significantly different (P> 0.05).
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in time will degrade), CC > CB > BM > WB; ¢ (rate of degradation of b at time
0, CC > WB > CB > BM; and P (potential degradation), WB > CB > BM >
CC. The ranges of a, b, ¢ and P were: 546.7 to 860.8 g/kg, 122.8 to 346.5 g/kg,

0.031 to 0.200 /h and 846.9 to 983.6 g/kg respectively (Table 17).

4.3.5 Microbial nitrogen vield

The purine derivative (PD) and thesmicrobial protein yield (MPY) did not differ
significantly among treatments (Table 18). The PD ranged from 5.32 mmol in CB to
6.43 mmol in CC. The calculated microbial protein yield corresponding to these

values were 3.87 and 4.67 g/day respectively.

4.3.6 Proportion of leaf and stem

The increasing order of percentage stem in the maize stover refused were 71.4, 72.5,
78.9 and 79.1 for CB, WB, CC and BM respectively (Table 19). Corresponding
values for percentage leaf in the maize stover refused were: 20.9, 21.2, 27.5 and

28.6 for BM, CC, WB and CB respectively.

AXPREI
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Table 14: Mean pH and ammonia of rumen fluid
for sheep fed basal diet of maize stover supplemented
with urea molasses block

pH Ammonia
Treatments'’ (mg/100ml)
WB 7.100 35.38*
3 & 7.07* 3213
BM R AT ) 35.15°
CB 7.100 28.55°
SE 0.048 5.471

'WB = Wheatbran ; CC = Cottonseed cake ; BM = Blood meal ;
CB = Cottonseed cake and Blood meal,

’Means in a column with the same superscript letter(s)
are not significantly different (P> 0.05).
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Table 15: Rumen degradation characteristics of dry matter in urea
molasses block incubated in rumen of fistulated sheep

Degradation constants

a b c P
Treatments’ (g/kg) (g/kg) (/h) (g/kg)
wB 642.2 171.4 0.055 813.6
cC 569.7 214.4 0.168 784. 1
BM 590.3 « 117.7 0.034 708.0
CB 570.0 128.4 0.053 698.4

'Degradation constants estimated from the equation: P = a + b(l - ¢"),

where @ = soluble fraction; b = rumen degradable fraction, ¢
degradation of b at time r, and P = potential degradation.

= rate of

’WB = Wheatbran ; CC = Cottonsced cake ; BM = Blood meal ;

CB = Cottonsced cake and Blood meal.
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Table 16: Rumen degradation characteristics of organic matter
in urea molasses block incubated in rumen of fistulated sheep

Degradation constants'

a b c P
Treatments’ (g/kg) (g/kg) (/h) (g/kg)
WB 620.6 256.9 0.083 877.6
cL 554.5 300.0 0.091 854.5
BM 564.5 229.2 0.049 793.7
CB 542.4 264.3 0.036 806.7

'Degradation constants estimated from the equation: P = a + b(l - ¢*),
where @ = soluble fraction; » = rumen degradable fraction, ¢ = rate of
degradation of b at time ¢, and P = potential degradation.

*'WB = Wheatbran ; CC = Cottonseed cake ; BM = Blood meal :
CB = Cottonseed cake and Blood meal.
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Table 17: Rumen degradation characteristics of nitrogen in urea
molasses block incubated in rumen of fistulated sheep

Degradation constants'

a b c B
Treatments’ (g/kg) (g/kg) (/h) (g/kg)
WB 860.8 122.8 0.096 983.6
cC 600.4 346.5 0.200 846.9
BM 546.7 . 308.9 0.031 855.6
CB 597.4 3129 0.081 910.3

'Degradation constants estimated from the equation: P = a + b(l - '),
where @ = soluble fraction; b = rumen degradable fraction, ¢ = rate of
degradation of b at time ¢, and P = potential degradation,

’WB = Wheatbran ; CC = Cottonseced cake ;BM = Blood meal ;
CB = Cotlonseed cake and Blood meal.
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Table 18: Least squares means for purine
derivatives (PD) and microbial protein
yield (MPY) of sheep fed urea molasses

block

PD MPY
Treatments' (mmol) (g/d)
WB 5.52 4.01
CC 6.43 4.67
BM 5.66 T4
CB 5.32 3.87

'WB = thatb;an ; CC = Coltonseed cake ; BM = Blood meal ;
CB = Cottonseed cake and Blood meal.



Table 19: Weight of morphological components and proportion of
maize stover refused by sheep fed maize stover supplemented with
urea-molasses block

Treatments'?
wB ccC BM CB SE

Weight (g)

Stem 181.2 197.1 197.8 178.5 6.96
Sheath 26.5 21.1° 22.9 29.7 2.92
Leaf 17.1 11.3 12.8 17.3 1.98
Dust 25.1 20.5 16.7 24.5 5.04
Total Leaf”  68.8 52.9 52.2 71.5 6.96
Percentage

Stem T2 78.9 79.1 71.4 2.78
Leaf 27.5 21.2 20.9 28.6 2.78

'WB = Wheatbran ; CC = Cottonseed cake ; BM = Blood meal ;
CB = Cottonseed cake and Blood meal.

*Total Leaf = Sheath + leaf+ dust,
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4.4.0 DISCUSSION

The ADG of sheep on treatments BM and CC was more than 16% higher than WB,
the control. This observation may be partly due to relatively higher total DM and
lower NDF intake by sheep on treatment BM than WB. The ADG observed in this
trial were higher than those obtained by Lakpini et al., (1992), where urea molasses

block containing maize bran gave gains of between 13-28g/day.

Total DM intake for sheep on treatment WB was significantly lower than CB, CC and
BM in that order. Animals on treatments BM consumed more of the supplement,
followed by treatments CC, CB, WB in that order. This pattern is in agreement with
Osuji et al,, (1993a), where they suggested that the presence of a slowly degraded
protein encourages more intake of roughage. Similarly, treatments CB seemed to have

relatively reduced the supplement intake as compared to BM and CC,

The average rumen pH level for all treatments was above 6.2, Levels below this are
suggested to decrease microbial activity (Orskov, 1994). It is reported that pH of 7.0

provides for an optimum microbial protein synthesis.

The lowest ammonia level obtained in this study (7.9 mg/100 ml) was higher than the
limiting level of 2mg/100ml suggested by Hafley et al., (1993). The rumen
ammonia concentration of sheep on treatments BM was higher than those fed CB. The
high rumen ammonia concentration associated with BM in this study could be due to
the processing method used. Heating blood meal protects against activity in the rumen

(Harvey and Spears, 1989) resulting consequently in very low degradation
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characteristics. In the present study the blood meal showed moderate rumen ammonia
.concentration and high degradation characteristics. In the presence of molasses in all
trcatments the moderate ammonia nitrogen produced could have encouraged better
rumen microbial multiplication and subsequent protein synthesis (Osuji gt al,, 19930;

Orskov, 1994).

The a fraction for OM for all treatments was above 500 g/kg. This observation may
be partly attributed to the presence of molasses in the treatments.  Molasses is known
to be readily soluble. In agreement with other workers, BM was degraded at a
slower rate as judged from its lower ¢ values than CC .(Osuji et al., 1993b, Lardy et

al., 1993).

The range for daily PD (5.3-6.43 mmol) and MPY (3.87-4.67 g) were similar to

those reported(3.4-4.9g) by other workers (Chen et al., 1992; Osuji ct al., 1993D).

In accordance with the results of Sibanda gt al., (1993} the higher PD of CC

compared to WB, BM, and CB resulted in higher MPY for CC than these other diets,
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CHAPTER FIVE

5.0 General Dis.cussion

Supplementation of low quality roughage with protein sources has been known to
improve animal performance (Alhassan et al, , 1986). Provision of Rumen degradable
protein (RDP) improves animal performance by improving the rumen conditions for
microbial activitics whilc provision of cscape protcin has been known to improve

performance better than the RDP's (Hafley et al., 1993).

In the current studies protein was supplicd as RDP or escape protein, as well as a
combination of both. Lablab and cowpea known to degrade very well in the rumen

(Smith et al., 1990; Adu ct al., 1992) provided the rumen degraded protein while

blood meal provided the escape protein to sheep.
The intake of basal dict was increased by about 15% with blood meal supplementation
over the forage legumes. When it was combined with the legumes, blood meal

increased basal diet intake by about 13% over the forage legumes fed alone.

Blood meal in this experiment was found to be slowly degraded. The digestibility
of diets in the current studies was not diffcrent among the treatment groups. Blood
meal could have increased intake by increasing digestibility. (Osuji_et al., (1993b).
The basal diet intake in Expt. 2 was generally higher than the basal diet intake in
Expt. 1 by almo.st 36%. However, the intake for basai diet were similar for all the
blocks. The high intake of blocks expressed in Experiment 2 could be attributed to
the highly (about 500g/kg) soluble portion (Orskov, 1994). Calculations suggest that

in the present studies, sheep consumed DM in excess of 2.2% of body weight in
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Experiment 1 and 3.4% in Experiment 2 which was similar to values of averagely
2.3% obtained by Iwanyanwu_et al., (1990b). These amounts of DM intakes are
moderate and suggest that fairly high levels of intakes can be obtained from poor
quality roughage supplemented with blood meal, forage legumes or combination of
these. As recorded in this study, sheep are likely to gain weight on feeding regimes
based on these roughage and supplements.  Supplementation with blood meal, a
slowly degraded protein, increased weight gain by about 50% over the forage legume
groups in the current studies. The increase in weight gain noticed when it was
combined with the forage legumes was also noticed when it was combined in the
urea- molasses block Experiment 2. The improvement in weight changes could be

attributed to the improved basal diet intake and improved rumen environment.

Rumen degradation was slow but efficient for blood meal, because being slow in
degradation, blood meal was able to provide continuous ammonia to maintain the
microbial digestion (Cellulolysis) of the fibrous crop residue (Mommont et al., 1993).
When it was combined with forage legume both (RDP) and rumen undegraded
protein( RUP) were expected to have become available leading to more efficient feed
utilization. This was true for the digestion kinetics values where mean retention time
MRT observed in these studies was similar to the suggested range of 48 - 60 h by
Orskov, (1994). Even though the difference was not significant, blood meal and it’s
combination had less retention time in the rumen and more in the intestines. This may
suggest that blood meal provided most of it’s nutrients after passage through the
rumen in form of amino acids to the host. Most of the activities in the intestines relate
to digestion and absorption of microbial protein, as well as by-pass proteins. Blood

meal as well as it's combinations improved the microbial protein which was evident
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by. the increased purine detivative (not significant among treatment groups). Because
of the increased microbial protein, more time is needed in the intestines for protein
digestion as well as absorption of amino acids obtained from blood meal (Lardy_et
al., 1993; Luginbughl_et al., 1994). Blood meal contains a lot of amino acids
(Umoh, 1982) which would be expected to be available to the animal post ruminally
(Schloesser_ct al,, 1993) and this would also improve animal performance. When
urea-molasses block were fed to the sheep, the liveweight gain obtained was similar
to that obtaincd when blood meal was fed alone or with forage legumes.  Urca is
so volatile, rapidly degraded in the rumen into ammonia, which together with the
molasses were expected to be used in microbial synthesis (Mommont _gtLI,_, 1993).
The block containing blood meal alone, BM gave better liveweight which then
suggested that the post ruminal digestion characteristics of blood meal (Schlocsser
gt al., 1993} is responsible for the difference in liveweight gains,

The urea-molasses block provided very good rumen condition, about neutral pH, high
ammonia concentration which could translate into better microbial synthesis and
animal performance, but the difference in weight gains associated with blood meal
would be attributed to the higher intake of black conscquently higher total DM intake.
The combination of CC and BM in urca-molasscs block CB had negative interactive

effects, because they depressed stover intake and had lowered liveweight gains,

5.1 Practical Implications
Feeding of low quality roughage is known to result in decreased intakes and
consequently decreased animal performance, whereas improvement of the quality of

the roughage is usually found to improve livesiock performance, Improvement of

quality can be achieved by physical or chemical changes in the roughage or by
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supplementation with nitrogenous materials. Supplementation in SSA especially with
. agricultural by-products is known to be of some value. In these studies maize stover
was supplemented with blood meal and fed. It was also combined with lablab or
cowpea and fed as supplement. Blood meal on its own did better than the forage
legumes. It appeared superior when compared with its combination with
urca-molasses block.
.

The availability of blood meal and its relatively low cost makes it a good supplement
to low quality crop residues. However not accepted, sheep were initially kept together
and fed blood meal mixed with molasses and applied on to the stover before offer.,
It took the animals two wecks to adjust to blood meal before commencement of the
experiment,  Since more money and time are required for the formulation and
production of urea-molasses blocks, and given the observation that blood meal alone
did better than in combination with urea-molasses it makes economic sense to
recommend the package that consists of blood meal only. Furthermore, blood meal
does not require any technical capability and so can be used by small scale farmers
as well as farge scale farmers.

The summary results from this study, have shown that use of blood meal alone had
more value than combining it with forage legumes or putting it in a urea-molasses

block.
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7.0 APPENDICES

Appendix 1:
Analysis of variance of Weight gains of sheep fed maize stover supplemented
with forage legumes and blood-meal:

Parameter (Mean Squares)
source | df | Mean Daily | Mean daily Mean total Daily gain Feed
stover intake | supp. intake | intake conversion
ratio
Blk 9 1629.45 0.01 1631.84 242.32 21.15
Trt. 5 9404, 05%%* 46712.01* 1Q521.54%%* | |6O8.6]%** 151.07%%*
Res. 45 | 1606.13 0.02 1605.68 195.96 15.30

k% - Significant at P<0,001

* - Significant at P<0.05

Appendix 2:

Analysis of variance of feed intake and Digestibility parameters in sheep fed maize
stover Supplemented with forage legumes and blood-meal:

Parameters (Mean Squaras

source | df Stover Supp. Total DM Nit. Neutra DM oM Nitro, | NDF
Intake Intake DM intake Intake Det, Digt. | Digt. Digt. Digt
intake Intake
Trl- 5 LR aew LR LN LN e LN

31342.2 109422 | 49639 34408 145.4 10850.5 002 | .002 246 .009

Res. 32 4833.1 42.0 4745.2 3809.3 216 2510.2 024 | 021 037 019

*** = Significant at P < 0.001

** = Significant at P < 0,01
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Appendix 3:
Analysis of variance of Rumen Ammonia NH3 in sheep fed maize stover Supplemented with forage legumes

and blood-meal:

Parameters (mean squares)
Source DF NH3 3 NH3 6 NH3 9 NH3 12 NH3 24
Trt. 5 60.56 58.30 46.82 128.13 59,52
Res, 18 | 23.34 26.05 30.23 39.45 73.69
Appendix 4:

Analysis of variance of Rumen Kinetics in sheep fed Maize stover Supplemented with forage legumes
and blood-meal

I I T
Source | DF Al K1 A2 K2 TK1 TK2 RTR RTH MRT
Trt. 5 0.27 | 0.00 | 0.16 | 0.00 | 6.75 1.74 | 14.06 | 3.62 | 8.27
Res. 18 0.37 | 0.00 | 0.28 | 0.00 | 21.62 | 4.05 | 44.81 8.43 | 25.60
Appendix 5:

Analysis of variance of orts separation of maize stover fed to sheep Supplemented with forage legumes
and blood-meal:

Parameters (mean squares)

—
Source | DF | Stem Sheath | Leaf Dust Leaf1 Stem Leaf
Percent Percent
Trt. 5 204.60 | 33.96 28.91 125.00 | 204.60 32.74
Res. 18 355,20 | 145.62 | 150.27 | 170.69 | 355.24 56.84
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Appendix 6:

Analysis of variance of feed intake and Growth rates in sheep
urea-molasses semi-solid blocks:

fed

maize stover

supplemented

Parameters (mean squares)
Source | DF Total intake | Initial Final weight | Daily Feed
Kg/day weight gain conversion
ratio

Block 8 0.48*** 1696.28* 1572.52* 0.04*** | 4933.90***
Trt. 3 .88+ 184.68*** | 549.00*** | 0.04°** | 512.720***
Res. 24 18.11 1.25 2.32 0.00 25.91

*** = Significant at P<0.001

* = Significant at P<0.05

Appendix 7:

Analysis of variance of feed intake Digestibility parameters in sheep fed maize stover Supplement with

urea-molasses semi-solid blocks:

ate uar
sOUICe df Stover Supp. Totad DM Nit. Neutra om oM Nitro, | NOF
Intake Intake DM intake Intake Det. Digt. Digt. Digt. Digt
intake Intake
TH. 3 LA . . o
23038.2 3332.5 23969.8 18646 6.5 11858 001 .00 .009 .001
Res. 18 4485.6 2452.8 BO062.2 6477.6 8.1 2504.7 006 005 004 007

** = Significant at P<0.01

* = Significant at P<0.05
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Appendix 8:

Analysis of variance of maize orts separation of sheep supplemented with
urea - molasses semi-solid blocks:

Parameters {mean squares)

Source DF Stem Sheath leaf Dust Leaf2 Stem Leaf
Percent Percent
Trt. 3 239,96 131,657 86.62 138.83 939.96 150.39
-
Res. 20 435.43 76.59 35.24 229.02 435.43 69.67
Appendix 9:
Analysis of variance of Rumen Ammonia concentration of sheep fed maize stover
supplemented with urea-molasses semi-solid blocks:
P 1s_{m uares
Source DF NH3 3 NH3 6 NH3 9 NH3 12 NH3 24
Trt. 3 97.05 86.78 215.89 16.79 268.24
Res. 20 87.77 80.60 293,89 119.78 89.52
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