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ABSTRACT

Three? trials were conducted to evaluate the potential of

cassava (Mani hot esculenta) foliage (leaves and petioles) as

a protein supplement for rum nants. In the first trial

duplicated nyl on-bags containing wei ghed sanmples of sundried

cassava foliage were incubated in the rumen of two rumen

fistulated ewes for 0, 8, 16, 24, 48, 72 and 96 hours to

det erm ne degradabi lity. Proxi mate anal ysis of cassava foliage

was conducted before and after the incubation. Rumen ammoni a

concentration (RAG and pH were determ ned at 0, 4 and 8 hours

after feeding a 307. cassava foliage diet.

Proxi mate conposition of sundried cassava foliage was
found to be (%9 Dry Matter, 91.25; Crude Protein, 18.55;
Neutral Detergent Fiber, 31.41; Acid Detergent Fiber, 29.2;

Et her Extract 6.6 and ash 12.95. Nyl on-bag dry matter

di sappearance (DVMD 7.) in the rumen from O - 96 hrs increased

from15.76 to 75.5. The DMD % in the rumen significantly (P <

0.05) increased from O to 48 hours but. further increases

became non-significant between 48 - 96 hours.. RAC increased

significantly <P<0.05) from8.20 ng NH»/ 100 m at zero hour to

17.52 my NH3 /100 m at 4 hours post feeding and decreased to

11.41 my NH3/100 m at 8 hours. Runen fluid pH was not

significantly (P > 0.05) changed by the 30% cassava foliage
di et .

In the second trial lasting 56 days, twenty eight

Yankasa/ West African dwarf yearling ranms with an initial



wei ght of 18 kg were randomy allocated to seven treatnments
and were bal anced for weight- Each treatment consisted of four

rams and were all stall-fed Gamba hay (Adropogon gayanus) as

a basal diet supplenmented with cassava foliage or groundnut
haul ms or a conbi nation of both at 1.0% or 1.5%of body wei ght
(BW. Ranms in the control group were fed only Ganba hay and no

suppl ement .

Feedi ng Ganmba hay al one (control) resulted in weight |oss
(-30.5g/d) but with cassava foliage or groundnut haulnms
suppl ementation at 1.0% BW significantly better (P < 0.05)
wei ght gains of 39.2 and 44.6 g/day were achieved. At 1.5% BW
| evel of supplenmentation, with cassava foliage or groundnut
haul ms, hi gher weight gains of 45.2 and 51.7 g/day were
achi eved respectively. Feeding the conbined supplements of
cassava foliage and groundnut haulms at 1-0% and 1.5% BW
| evel s of supplenentation resulted in daily live-weight gains

of 65.1 and 69.3 g/day-

The third trial consisted of a four week grazing trial
followed by a metabolic study. Twenty-one Yankasal/West Africa
Dwar f yearling rams were randomly allocated to seven
treatments and were balanced for 1live-weight. Al ranms were
allowed to graze standing digitaria hay as a basal diet. Wth
exception of rams in the control group, all the rams diet were
suppl enented with cassava foliage or groundnut haulms or a
combi nation of both at 0.5% and 1.0% BW The metabolic study
consisted of a 7 day adjustment period and a 7 day total

coll ection period.



Rams in the control group, the group fed groundnut haul ns
at 0.5 BWand the groups fed cassava foliage at 0.5% and 1.0%
BWhad simlar |ive-weight gains, and these were significantly
(P < 0.05) Ilower than the weight gains of other groups. But
rams in the group fed a conbination of cassava foliage and
groundnut haulms at 1.0% had significantly (P<0.03) higher
i ve-wei ght gains compared to other groups. Feed intake was
not significantly (P>0.03) changed by feeding either
suppl ement. Supplenmenting digitaria hay with cassava foliage
at both 0.5% and 1.0% BW did not significantly increase the
nitrogen retention values, but groundnut haul ms suppl enmented
at 1.0% BW and the conmbined supplenments at 0.5% and 1.0% BW
significantly (P<0.09) increased the nitrogen retention

val ues.
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1
EVALUATION OF CASSAVA FOLIAGE AS A
PROTEIN SUPPLEMENT TO RUMINANTS

GENERAL INTRODUCTION

According to FAO (1994) figures, Nigerians intake of
animal protein 1is 6g per day which 1is far below the
recommended minimum level of 38g per day. The main reason for
thie poor intake of animal protein is poor livestock
productivity which is as a result of poor nutrition, breeding,
management and disease control. O0f these factors,nutrition
appears to be the most important, because the gains of
selective breeding, management and disease control can only be
realised with an adequate plane of nutrition. Hence the
search not only for feedstuff but also for methods of
improving their efficiency of utilization.

Recently, most work has concentrated on utilization of
crop residue and pasture species because of their availability
during the long dry season. The major problem with crop
residues as a feedstuff is that of poor efficiency of
utilization probably as a result of its generally high fibre
and low soluble carbohydrate contente. Yarious methods of
improving their efficiency of utilization focus on enhancing
rumen microbial fermentation either by physical treatment or
chemical treatment. Unfortunately, these methods are not
popular because of high cost or unavailability of inputs. A

more practical approach to increasing the efficiency of
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ufilization éf crmﬁ rééidﬁéélié fhe addition of protein or non
protein nitrogen to the diete consisting of crop residues or
poor guality hay.. The case for cassava foliage as a protein
supplement rests not only on the relatively high crude protein
. content but alse on its availability in most partse of the
count;y fhrbughuut the vear. |

These studieps were therefore conducted to evaluate
cepsava foliage as & protein supplement for small ruminanta.
The évaluatinn consisted of three edperiments. The first
prperiment consicted of assesing the degradability of cassava
. foliage using the nylon-—-bag technigue. The second euperiment
TELS é feédihé trial in which either cassava Toliazge or
groundnut bhaulms were fed alonge aor a (50:150) combination of
both as supplement to & poor quality hay {(Andropogon gayarniids)
The third experiment was & metabolic trial in which cassava
foliage or groundnut havlms or & combination of bath were used
ag & protein supplement to an improved pasture {(Digitaria

SmurtsiL),
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CHAPTER I

LITERATURE REVIEW

Cassava (Manihot esculenta Crantr) is an important staple
food grown in the tropices. It has year round availability
tolerance to extreme ecological stress and high photosynthetic
potential. It plays an important role in efforts to alleviate
the African food crises (Hahn 1992). It grows well in sandy
spils and warm tropical climate ranging in annual rainfall of
700 = 1000mm with & temperature of 15°C and above (Choleva
1968). The plant is tall with thin stems attaining a height
varying between &6 — 8ft when fully grown. The stem is marked
along ite entire lenght by numerous leaf scars which indicate
the position from where the palmate leaves consisting of 5-6
leaflets had dropped off. The plant produces many elongated
irregularly arranged tubers. The sweet variety of cassava
tubere are cshorter and smaller than those of the bitter
variety.

The cultivation of cassava is confined to the tropics.
It does not tolerate very cold temperatures as this causes
leaf shedding and consequently smaller tubers. It is usually
cultivated from stem cutting and requires very little weeding.
It yields 4 - 12 tonnes per hectare. #According to FAD (198%)
total world production of cassava in 1968 was 85.6 million
tannese grown on 9.8million hectares. By 1979 the cultivated
land area was 13.5million hectare with a total production of

1272.02million tonnes. The area cultivated in 1985 increased to



;
14.2@illianhE§taFé5 with a total production of 1345.9million
tunnes.

Fhajarern et al (1279} compared the p(uduction potential
and energy yvield of some tropical feood crop and indicated that
cassava gives the second highest energy vield per unit area
after sugar cane. Data from low rainfall regions such asim
Nigeria indicate that cassava vields 13 timee hnre energy per
hectare than maize or sorghum (Ovenuga 1951). It is also
cotimated that cassava plant vields 1 tnnne _nf valuahle
protein  and 2.9 tonnes of  carbohydrate pér hectare.
{Khajarern &t a1 197%) and Montaldo {(1977) estimated that
foliage of cassava presently planted around the world bad a
potential of supplying approdimstely 4B million tonnes of

crude protein per vear.

1.1 Chemical Composition of Cassava leaves and roots
Table 1.1. FProyimate Analysis
Component %4 . Leaves®r Foota®
Crude protein 'ﬂ___ T 23.2 - 2.2
Crude fibre B z1.9 2.7
Ether Extract : 4.8 o 0.6
Mitrogen Free Esxtract _ 422.2 : ' F2.2
AsH - 7.8 2.2
ea S o.97  0.17
e . o.s8 0,16
Inscluble Azh . ._ Tha & . S Q.08
ADF o x f.a ' . 5.0

Sourece: trom Bevendra (1977} 2From Khajarern (1978)



Tahle 1.2 Yitamin Contents

Yitamin - R teaf Content o Tuber Content
Vitamin A (TUY :_ - 1-% » 109 250
Riboflavin (mg) ' © 2,84 3 0.3-0.8
Thiamin (mg) '5_.- o 0.3-2.7 0.4-1.6
Niacin (mg) =~ © Bs-zs.3 R 0.6-1.6
Vitamin C (IV) . . 4820 - 1800 5-360

- Source: Defrochard et al (1937}, Jones (195?), Chadha

(1961}, Muller et al (1973}, Hutagalung (1977) and
Montaldo (1977) as cited and compilled by Smith
(1988).

Table 1.1 shows cassava ropt contains very high amount of
carbohydrate and low crude protein, fat and minerals. The
peels contain greater amounts of crude protein than the fleshy
part but total crude protein is generally congidered low. The
root carbohydrate is mainly nitrogen free extract 80% of which
ie starch whi;e the remaining 20% iz sugars and amides (Vogt
12646 ms cited by Khajereyn, 1980). This makes cassava root
readily digestible tp all clageses of livestock. The leaves
are good sowees of high guality protein which compares
favourahkly with soyabean meal protein (Khajarern, 19B0). 1t
ie low in sulphuwr awino acids but high in.iysine and also
crude fibre which makes it a zuitable roughage.

B Ae shown in table 1.2 cas=zava generally has low vitamin
content with the exception of ascaorbic acid. Ovenuga (1961)

reports that cassava contains 2 times the ascorbic acid of



vellow maize,

Table 1.3 Amino acid levels (grlégN) of cassava foliage and other

foedotulf _ _ _
CABEAVA  ELEPHANT GUINEA  SDYBEAN
LEAVES FOLIABE  GRASS CORN

Crude prateiﬁ. AT .0 20,3 12.46 _ . 1.9 45,7
Arginine %21 x.89 &.10 S.44 7.41
Cystine 1.18 0.98 So.s1 | - 1.97
Glycine : 4.92 5.10° s.8s ‘®.0 5,23
. Histidine = 2.47  2.32 . a2.s4 .82 2.9
Iscleucine 4.12  4.40  4.32 - 3.45  8.3%
Leucine  © 10.0 a.7s 8.6 7.5  6.97
Lysine | 7.11 s.89 &.02 4.62  6.32
Methionine = 1.4% 1.83 1.8 1-36 1.52
Phenylalanine .87 4.37 ::' %.42 .'~“  5.82 4,79
Threonine 4.7 5.70 B 473 a.1a
Tryptophan_;l 1,09 1.29 .”” - T -'-“' - 1,30
Tyrosine Co X.97 4,12 - E=.7E 3.18 I.27
valire 6.18  8.43 - 6.27  © - 5.18  5.23

Source: Muller gt al (19?4} a8 cited by Khajerern et a1{13790)
Ae can be observed from tab..lre' i.?‘S fminc acid profile of
cagsava foliage or leaves is comparaghle to that of zsoyabean.
However the aminp acid_cpntent depends an age of plant and

s0il cvondition.



Table 1.4: Mineral

7

content of cassava Plant Components.

Mineral (mg/kg) LEAVES FEEL TUBERS
Calcium 1.2 = 3.4 0.31 0.02 - 0.33
Phosphorus 0.25% - 0,30 0.13 Q.07 - 0,46
Magnesium nd 0.22 1.10

Copper 8.0 nd nd
Iron 450 904 8 - 65
Manganese 46.0 nd 18.0

Zinc 28.0 nd nd

Source: Chadha (1961),

Barrips and Bressani:

(1967), Devendra

(1977) and Hutagalung (1977) as cited by Smith (1992).

The mineral content of cassava root is relatively low and
it may contain excessive amounts of calcium depending on the
availability in the =soil. Oke (1966) reported that the roots
contain 0.1 - 0.32% oxalic acid which along with phytic acid
in fibre could easily upset the balance of dietary calcium
phosphorus and zinc.

Hudson and Ogunsa (1974) ocbserved that cassava root is
deficient in essential fatty acid, containing only 14.6%
linoleic acid compared with 60.8% maize oil.

1.2 Hydrocyanic acid toxicity in cassava

The greatest constraint to feeding cassava to livestock
ie hydrocyanic acid (HCN) toxicity. The HCM content of
cassava varies with variety growing conditions, age of plant
and the part of plant (Smith, 1992) cassava contains the
cyanocgenic glucosides linamarin and lotaustralin which after

tissue damage are hydrolysed by the endogenous enzyme



e

linamarase to the carrespuﬁhiﬁg cyanohydrin and eventually
HEN . The level of HCON ranged from 400 - &00ppm in fresh
leéves (Bodndwe, 19743} and 1% — 400ppm in the fresh root
{(Foger=s, 1943). Maner (1973) ob=erved that processing methods
Egch as sundrying, shredding and ensiling substancially
reﬁuced the amount of HCN contained in cassava products. HCN
has high affinity for metal ions such a= copper and iron thus
rendering them unavailable for setabolic proceszses. HCN also
cahbines with haemoglobin to form cyanohaemaglobin which is
not an oxygen carrvier. It forms a reversible combination with
copper lon of the coyitochrome oxidise svstem which might
imhibit the enzyme function and energy metsbolism. Prolonged
consumption of cassava resulte in metabplic disorders reported
toy be associated with human staxic neuwropathy (Dsuntokun,
1273} cretinism in  rates (Ekpechi, 1973} and depressed
voeluntary fTeed intake, diarrhoea and growth retardation in
pigs {Maner, 1273).0ke {(1977) =suggested that vitamin Bax
thydrosocabalamin} plays & part in cyanide detoxification. it
raacte with cyandde to form cyanocobalamin the active form n*
vitamin Ha=. l.eng (1933 cited by COhe 1973} poztulated that
thiocyanate Tormation is another pathway far cvanide
detoxification in animals. Thiocyvanate ianfnrmed.by reaction
of enzvme rhodanaee under serobilc conditions in the presence
of thicsulfate.

Fhodanese
HCN + '32':?—;,. “““““““““ ::" HECN + Sc}‘
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Maner and Gomez (1973) confirmed that sulfur amino acids
have cyanide detoxifying effect. Job et al (197%)
demonstrated that sulfur is as good as sulfur amino acid in
HCN detoxification.

Frocessing techniques like cooking, sun drying, soaking
pulping, ensiling and fermenting are effective in eliminating
most of the HCN content. Devendra (1977) showed (table 1.5)
that sun drying cassava leaves substantially reduces the HCN
content. Gomez et al (1984) also reported a reduction in HCN
content by 86% after sun—drying. It has been suggested that
the heating process during rapid drying may degrade the
hydrolytic enzymes of glycosides and thereby prevent release
of free HCM (Omole, 1977).

More studies are needed to determine the safest form of

processing to detoxify cassava products.

S ffec r
No. of houre in sun _HCHN content (mg/100kg)
O 23235
2 /470
q 47%
& 470
8 445
10 224
24 (Oven 3&=C) 120

Source Devendra (1977)
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1.7 Cassava products in monogastric diets
1.3.1: Poultrys Incorporation of cassava products in

monogastric animals diets particularly poultry is limited by
the cyanide, high fibre, low essential fatty acid and
sulphur aminc acids contents. Tejada de Hermandez et al
(1967) stated that diets of 50%L cassava root meal for broiler
chicks resulted in lower feed efficiency. Growth problems
were also reported by Montilla et al (1976) when they
incorporated cassava root meal in poultry diets at 0, 15, 30%
levele., Feed consumption and feed efficiency also decreased
as cassava root meal levels increased. However, once the
diete were supplimented with 5% animal fat and %% molasse=s the
trend was reversed. Researchers are of the opinion that the
deterioration was probably caused by the powdery
characteristic of cassava root meal rations which was overcome
by addition of fat. Hutagalung et al (1974) also confirmed
that fat acts as a better dust control and increases
palatability and absorption.

Enriquez and Ross (1972) obtained satisfactory egg
production for layers on a S0 - 60% cassava flour replacement
of maize diets. Hamid and Jalaludin (1972) carried out a
€imilar trial and obtained satisfactory egg production.
Khajarern et al (1978) reported findings from 12 experiments
that successful substitution levels were 58 - 60% for broilers
(in X trials using 3000 birds) and 60% for replacement layers

(2 trials using 1600 birds). Substitution of cassava root
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oroducts for maize at SO% of the ration for laying birds
caused a significantly lower egg production on hen day basis
(64.6% Vi 38.9%) over 10, 28 day production but did not affect
egqg interior guality or shell thicknees. Q11 cassava based
diete in these triale were pelletized. They finally concluded
that: |
.a} Total Eubatitutiﬁn of céssavé .for cerealsp could be
possible if the diets were:
i) duely bhalamced for all micronutrients
ii} Fibre ash and Ca were kept as low as pmmsibia'
iil) diete were fed in a form to einimize dustiness and
support optimal feedintake ”
 'b} Pelletization of CASSAVA baied diéts enhance
digestibility but alsc destroyved scome wvitamins
c} Livestock increased their ability to utilize nutrients
from cassava with age and that there is no carry over
effect in rationg of replacement pullets on their laving
perfarmance. o |
Tewe (1983) reported fhét CASSaVA peelc when fed to

broilers and lavers increased feed intake, reduced body weight

1
aE well as nutrient utilization when Ted to starter and
finisher broilers ét levels of 0 - FO¥ replacement of mailze.
Everi wherr the finisher broiler ration were supplemented with
palm il and groundnut cake to enswe rations were isocaloric

and jiscnitrogenous the performance of the broilers did not

appreciably improve. In another trial inclusion levels of 27%
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cassava peels at the expense of maize gave satisfactory feed
intake, egg preduction and feed per unit egg produced. They
also noted that the economy of conversion was consistently
more efficient with rationse based on cassava peel than maize.

Ross and Enriquez (1949) fed cassava leaf meal at 0, 3,
S, 10, 15, or 20% levels to one day old male leghorn chicks.
They reported that incorporation of the meal at levels higher
than 3% would decrease chick weight gain and feed efficiency.
Supplementation of 0.15% methionine and 3% maize oil overcame

the adverse effect at all levels.

Montilla et al (1976) incorporated 10, 20, 30% of cassava
leaf meal into broiler diets. Each 10% of cassava leaf meal
replaced 7.5% of sesame - cottenseed meal mixture (3:1) and
2.9% maize. The diets were fed as mash or pellet. With mash
diets, body weight gain and feed efficiency of chicks was
depreesed with incorporation of any level of cassava leaf meal
in diets during 0 - & weeks of age. PRody weight gain of all
chicks was similar during 6 - 10 weeks of age, whereas the
feed efficiency of the Z0X group was significantly poorer than
the rest. The pelleted diets containing up to 20% cassava
leaf meal supported a similar body weight gain to the control.
It was concluded that cassava leaf meal could successfully be
incorporated into pelleted broiler diets at 16 - 20%.

The European Economic Commission (EEC) has fixed a

marimum of 20% inclusion of cassava in poultry rations to
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mbf#in desireﬁ carcéés traits;.

1.3.2 SGwine: Lee and Hutagalung {(1972) fed 0O, 10 or 207
cassava leaf meal to piglets averaging 13.6kg body weight for
4 weékﬁ. It was ohserved that az the czxmsava leaf meal
content of the diet increased feed intake, daily gain and feed
efficiency was significantly decreased. They obtained
improved performance when the 204 cazgzava leaf meal was
supplemented with 0.2% methionine. In a subseguent & wesk
gxperiment with larger pigs (30.9kq) supplementation with palm
oil, molasses and methionine to the 207 cassava leaf meal,
gignificantly improved performance compared to pigs
supplemented with mmlaéaes or palm ail alﬁﬁé or ﬁalm 0il and
methionine. They reported that pigs o the basal diets
performed significantly better than the rest. It iz obvious
from the foregoing that more research evidence (s regquired
regarding the appropriate level of incilusion of cassava leaf
meal in monocgastric diets.

Several recesarchers on the other hand confirmed the
potential of cassava root meal as & substitute for maize meal
for @1l classes of pigs {(Maner, 1972, Tewe, 1975, 1982
Adeghola, 17277, and Gomwez, 19745,). Ivayi et a&al (1988)
repta-ted that & 407 level of cassava peel! in place of maize
was adequate for growing pigs. Performance in terms of feed
intake and growth rate was enhanced when the diets were

supplenented with plant and animal pretein. A dietary protein
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level of at least 15% wéé AEEEEEary for satisfactory growth.
[azzava root meal or cassava peel based diets because of its
low energy content, low protein content and dust)ness must be
supplemepnted with a protein source and il to isprove their
palatability and digestibility.

The EEC countyies @maxisun level of incorporation of
casgava root in pigs is 40X, Tewe (1982, 1994) demonstrated
that coyanide levels greater  than 190ppm HON . reduced
performance and prevented haematological changes of growing

pige fed sundried cassave based rations.

1.4 Cassava products in ruminant diets

The potentiale of cassava root praducts as an  epergy
zource has been widely acknowledged by ruminant nutritionists
(Qlatvkun et al, 1971, Muller, 1973). Cassava peel is an
important source of energy'ialruﬁinant feed either as basal
diete npr as 5upplem9nt~'$ﬁlthnugh the peel has higher HCON
ievels than the fleahﬁ tuber, sundrying ensiling and
fermentation significantly reduceé the concentration of the
giveoosides to tolerable levels (Smith 1988). Asacluw (1988)
reportz dry matier lasees‘nf JO% (dried peel) and 734 (enslled
perl) after 24 hours in ;fﬁe rumen.:nf sheep. In a study
comparing rumen degradability of several ¢rop residues in
rattle mheep and goats, hkigh dry matter degradability of
caseava Toligs was reported in &1l three rumihant specieg with

a mean valuwe of 83X in 48 houwrs (Smith et al, 1988). Thie
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Euggegts.caséﬁﬁa peel might be a8 useful =mouwrce of energy for
ruminants. Fomunven et al (1987) fed zheep on three levels of
dried caszava pesl 0, I3, 70X of diet in combination with
Fenpisetum purparewn at 70, 340, and 0L of diets respectively
with rcotton seed cake supplied as protein souwrce. They
repor-ted that as dietary leve;ﬁ of cassava peels increaszed the
dry  matter intake, digestibility and growth rate also
increased. Ifut (1992) fed West African Dward goats mix
ratione (Te ~ Tg) Guatsklﬂox caszava peals digested the
highest dry matter intake and organic matter (F,0.00) but had
the lowest nitrogen consumption and alsc had negative nitrogen
digestibility and consequently lost weight (-54.8g/sd) Diet Ta

(coneicting of 38Y each of Glicidia sepium and £ maximum while

cagpavia peel made up IO of diet) significantly (P,0.05)
promsted pogitive body weight gain (&66.3g/day ).

Asanlu (1988) ocbserved that”sheep fed ensiled cagsava
perzle performed betier than thoge fed dried cassava peel and
suggested that this might be dug to the lower cysnide content
in the ensiled ceassava peéié. He fed two groups of West
Africarn Duward sheep diete made up of 80% dried or ensiled
casnava pael ﬁupplementad in each case with 20% Gliricidia
leaves. 6 third group of sheep were fed solely on Gliricidia
leaves. Fesults shoawed that sheep on control diet (100%
Bliricidia leaves gaingd 104.0g/day, sheep on 20% Oliricidia
lepaves plus BOY cassava ueéls {ensiled) gained 81.00/day while

sheep on 20X Gliricidia plus 80X dried casgava peels gained
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SQJOQIday. Larsen and.AmaHinngwartEng (1974} also reported
eimilar results using corossbred cattle. Asanlu (1988}
indicated that good guality ensiled cassava peel could be made
bty chopping to 2om and aire dryving for 2 dave before ensiling.

It can be concluded that cessava peel diets have great
potential sz dry ssason feamstuff for ruminants., DOkeke and
0ji (1988) recommended that in anticipation of dry smeazon
feeding cassaveae peel shonld be used as an gnergy supplement in
ari ensiled mixture of grass legume foliage and poultry
engreta. They fed graaé legume Toliage caszava peel and
poultry excreta in the ration 602120320 on wet basiz to West
Afrivan Dwarf goats,

Utilization of casaaQa leaves.nr foliage in raminant
diets is rnot vet & poputlar practice and thue a limited ampunt
of studies has been reported. Muller (1974} indicated that
the amino acid pattern of casﬁ%va leaf is comparable to that
of sovbearn and superior to that of cereals, Put  the
methionine content is considered to be defTicient when compared
o FAD reference figures; Acecording to Eggum (1970) only 504
of camsava leat wmethionine is available thus making the
biclogical value trange from 49 - 574, therefore cassava leaf
iz not a gmnd.anurce 6? protein for methionine limiting diets.
Supplepsentation with protein sources like sesame seed or
animal protein adequately makez up for  this deficiency.

Moor (1974} fed steers (weighing 250kg} foragez composed

of elephant grase or either one or two mirtures of 75.25%% or
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S0380% of E}&phént graés and.casaava foliage. Results showed
steere recieving 7%% grass plus 254 foliage gave the bheat
performance (0. %4kg average daily gain) Seeres {1969) reported
finishing Zebu cattle with caesava leat, rice and sweet-potato
ration successfully. The finished animales became very Tat
vielding over &45% carcass. In another experiment (Moore 1975)
fed steers & basal diet of chopped sugar cane supplemented
with either cottenseed cake caseava Toliage or Desmodium
dictortion foliage. Results showed O.46, 0.62, and 0.38kg/day
gains respectively.

CMuriile (1232) compzred the vélue of ;assava leaf meal
with that of alfalfa meal and observed that milt production of
dairy cows Ted cassava leaf meal was F0-96% of those fed on
alfalfa meal. He concluded that cassava leaf meal is an
economic replacement for alfalfa meal. Fernandez &t ai (1977)
fed growing cattle & basal diet of molasis and urea
supplemepted with 3% fresh cageava leaves., He reported & live
weight daily gain of 0%38 — O.66kg- Frlouke=s and Preston
(1978) fed growing Catﬁla a bazsal diet of molasses ures and
sovbean meal combination zupplemented with 4.8% fresh cassava
leaves. They reported high intake &,1kg/day and high growth
rate 9.%kg/day on céssava fmligge tdipte. Hulmarn and Preston
{1981) fed cassava tops and leuwcaena forage as a supplement to
cattle fed ad libitum chopped sugar cane plus urea. They
obeerved iﬁcreaged vmluﬁtary intake of the total diet but

decreased intake of sugar cane; improvement in gQrowth rate
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g
.ﬁeré 1ow ¥4§.£o +.1409fday ﬁith.caasava stpplenents and &0 to
C 200g/day when leucasna was fed. -

The foliages of cassava or sweet potato was used as the
roughage supplement in a molasses - ureas diet for fattening
tiixlle in the pressnce or absence of a supplesment of soyabean
meal. With cassava aupplementation there was no henefit from
adding protein indicating that it may be a better.énur:e of
bypasa prpotein than sweet potato foliage (Table 1.6).

Table 1.1& Effect of Sovabean Supplementation on basal

diets of ures—~ solasses biogks with Ccassava or
owest potato folisge

Forage Sweet potato Cagesva

Boyvabean meal g/day _ 0 J00 : : O 4G
Molazees kg/day . - -] . I | ) &
Forags hg/day 13 1z 10 10
Livewsight kasday gt B 250 870

Source: FFloukes and Preston (x97a)

Bmith =t al (1788) comﬁairing t b }Qmén degradability of some
faoliages in cattle and goats reports a similarly high 48 hours
degradation of 84,34 for cvassava Ieaveg-RanJham (1980) Ted
2.3kg of partially dried cagsava leaves to grnwiné calves and
ohserved that it can replace .7kg of groundnut cake. It also
gave good results when fed to lactating animals. SO%
groundnut cake can be replaced Qith CREZaVa 1%3?95 in the
ration of mulch animals. At an intake of 0.5 - Q. 8% of the

hady wwight, it doesn’'t bring about any adverse effect.
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In general, from the nutritive composition of cassava
leaves or foliage and the high rate of rumen degradation, it
can be concluded that cassava foliage is an important protein
supplement as long as ite processed to reduce the cyanide
content to minimal levels.

Foemunyan and Maffeja (1984) reported feeding sundried
cassava leaves to rabbits at S0, 62.5 and 75% levels in test
diets. Intake was &5.8, 73.5 and 71.8qg/day and liveweight
gain was 17.4, 19.4 and 18.2g/day respectively. Cassava leaf
compares favourably with alfalfa meal which has proved
palatable to rabbits and is the largest single component of
commercial rabbit feed in USA (Cheek 1987).

1.3 P ssin

The reoot, stem and leaves of cassava plant are good
sources of carbehydrate fibre and protein. Due to its
relative cheapnese 1t could be used economically as animal
feed after appropriate proces=ing which is necessary to reduce
the cyanide content and preserve it for storage.

Ropts: The rocots are popularly used as source of carbohydrate
for animal feeds and since it doesn’t store for long it is
usually processed into chips and pellets. After harvesting
the cassava roots are washed and peeled as dirt and peel
reduce the quality of the final product. The roots are then
dipped in I% lime (Ca (OH)) solution to neutralize the acid
juice and prevent deterioration. Chipping can be done

manually or mechanically with chippers which has a power
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Qriwen disc ﬁith radi&l.chipping glots fitted with cutting
bladees.
In Migeria manually operated chippers designed by rural agro-
industrial develeopment service and [ITA Fost Harvest Unit is
available but the chodce of & chipper depends on the scale of
cperation. |

wing de the ;é#t atage; Drying methods depends on the
rast and level of technology avaitlable. Matural sundrying on
blackened concrete floors ig & common practice in developing
countrips, However drying time depends on chip factors and
environmental conditions. Chip factore intlude shape and size
mf chip, chip loading per unit area and dry matter content of
the chip. &lr speed tempefﬁtur&, humidity antd radiation are
determining environmental factors. Artificial dryving methods
sre more effective as all factore By controlled to eptimize
theying time. There are I types ﬁf értificial dryvers the
static bed dryer the moving bed dryer and rotatory bed dryer.

Big sized chips are hammer milled then preconditioned.
Freconditioning invelves intreasing the sioisture content to 16
~ 18% either by zpraying water or by adding steam. The chips
are then forced through small holes in dig causing a rise in
temperature which gives the peilété ﬁ&ﬁeszinn but also causes
considerabkle wear on the dis making pelletizing energy
intensive (60 - 140kwh per hour). Pelleting decreases the
volume bty 25 - 40% antd this eases transportation cost and

gliminates dustiness of the product. It also increases
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dur':—xbility and guality of the product and increases intake by
the animal. Small chips with 13 - 14% moisture content which
are then heated to 6590 and then moistened to 13 ~-17% moisture
jusgt before pressing give best results., Fetuga and YTewe
(198%5) =uggest that the heat generated by steam treatment and
high pressure during pelletization :i.nc.-reaae_»s the cellulose
from  ligrnin - cellulose bnnds. théreby. increasing the
digestibilitly of starch and fibre.

Cassava leaves and stems: Cassava leaves are a good
Eﬁurua af protein and the amount of pr6£éin contained depends
on the stage of growth., Extraction of cassava leaves protein
ztarte (as cshown in fig 1} with mixing the stem and leaves in
& «whtzpper or grindes snd thé juive pressed out. The juice so
abtained is coagulated with injection of stean and then passed
toe the hydrator. A separator separates the soluble fraction
from the green curd which is théh evépnrated and concentrated
to 204 by volume. The curd is then dried to produce caszava
protein concentrate which contains 0% crude.pratein (Muller,

19771,
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Figure 1.0 Flow chart for processing cassava leaves and stems
Cassava leaveese and stem

Fressed cake

Chopper /grinder/press ————————————= rDehydrator
Cnagula{or Hammer mill
Separator cCassava green

meal (24%CF)
Dryer Evaporator Fellet mill

Cassava protein

Xantophyll Cassava leaf
(SO0% CP) solubles Cassava green
(S0% solids pellets (24%CF)

Adpted from Oguntimein (1992).

Fasture grasses form the major part of ruminant diet
constituting more than 75% of all animal rations in Nigeria
(Fitzhugh et al 1978). The tribes Andropogoneae and Paniceae
constitute approximately 43% of total classified forage
grasses (Agishi 8%). Andropogon gayanus (gamba grass) when
fresh is very palatable to ruminant and is high yielding
reaching 4 tonnes per ha in the wet season (August) (Haggar,
1970). As tropical grasses mature, they undergo chemical and
setructural changes resulting from translocation of soluble
carbohydrates from the stem and leaves to the inflorescence
thus increasing the relative proportions of lignified cell

walle in the leaves and stem. Comparatively the digestibility
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~of tropical pae.tur'e. species declines much wore rapidly than
that of temperate species hereby pasture intake for tropical
forages i3 less than that of temperate forages (Minson, 1980,
1982). He obhserved that at a digestibility of 60% which is
high for tropical pastures, forage intake of sheep is greater
on tropical pasture than on _temperate pasture of the same
digestibility. A= growth advances palatability and
consequently intake decreases due to lignification (Muller
19461). Lignin encrusts the fibre reducing the digestibility
and alsa inhibite the dige&tidn uf.carbmhydrate thus intake of
poor guality herbage is low because of rumen - fill up and
distension (Campling et al 1961).

- With intake lowered and diéeétibility impaired animals
fed poor quality roughsges without supplementation starve,
loee condition and suffer decreased reproductive activity and
prolomged maturity (fimmerlink, 1973). Adu  and Adama (1982)
showed that tropical animals cannot consume enough poor
guality pasture to mest  body maintenance reguirements.
Conseguently methods of 1mprnviﬁg.dig.'esatib:l.lity of poor
guality roughage involving physical or chemical treatments can
enly have limited effectiveness unlesse other nutrients are
provided in the rumen aﬁd:halanced to support efficient rumen
ecpsyeten (Prestorm and Leng, 1984).

Improvement in the voluntary intake of poor guality hay
due to zupplemgntation with urea has been reported by several

investigatore (Manapat, 198%, Ibrahin and Schiere, 1985). The
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mmét promiaiﬁg tréétment prn&Edura ie the addition of
fertilizer grade uwrea and water, storage for sufficient time
for urea to hydrolyse into ammpbnia for roughage treatment
(Diven et al 1987). Ferdok et al (1982) Using Hahiwal
heifers reported that urea treasted straws gave total DM intake
{% of liveweight) liveweight gain and feed efficlency of 2.4&%,
Fd4g/7d, and 13 compared to Z2.3%, ?SQKd.and S respectively for
untreated straws. Most esperiements where urea spraved over
the straw has been compared with urea treated straw suggeste
that the action of the weas igdp;inCipally by the alkali
effect on the Tibre (Ferdok et al 1982, Dryden and Xempion
1284),. Warambwa e al (19?2) qsing amail East African goats
fed maize stover and grmundnuf hatulms with either urea or
sunflower reported that sunflower supplemented diets contained
move readily degradable fractinh than urea supplemented diets
(11.45% Ye 4565 but had a lower DN degradation (43.08 Vs
BLH.6EX ). In the subsequent Teeding trial they reported no
cignificant differences between the 2 diets in terms of
livewsight gain and that both weré adequate to maintain
weight.

Compared with nonnprntein nitrogen, protein — Nitrogen
has better potentials for 9lici£ing better voluntary intake
ard growth rates because
1. Some microbes reguire pre-formed peptides or amino acids

for metabolism {(Cotta & Rusgel 17982, Czerkawski 1984)

2. Protein— N alzo serves ag o souwroe for others mineral 1.e.
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éulphur which is .uéually lacking in poor guality

roughage. Supplementation of poor quality roughage with

sulphur increased digestion of cellulose (Gulati 1983).
3. Slower relesse of Mz due to complex peptide bonds

therefore more likely to coincide with release of energy

thus enhancing micrabial protein synthegis {(Yilala,

1989). "

The erhancement by supplementary protein source on poor
roughage diets has been demonstrated by Preston and Willis
(1974) with their work in Cuba. Adéitinn of small guantities
of by pass protein {(fishk mesal) to poor roughage dietz produced
dramatic improvements in terms of intake, digestibility and
liveweight gains. Chureh and Santos (179813 reported increased
valuntary intake of wheat straw in lambs when 1 - 4g/kg we-7%
of sovbean meal wae fed., Digestibility reached maximam with
I -~ dg crude protein supplement regardless of nitrogen source.
Similar increased voluntary intake was reported (Farero et al
1980) when 40 and 15X soybean meal protein was supplemented to
dormant range forage. Coombe (19853' reported that
supplenentation of oat straw with protein seal {rape and
sunflovwer meal) isproved straw digestibility when compared
with wrea alone. Improvement iﬁﬁvnluntary intake of low
guality forage is usually attributed to increased rate of
forage digestion and passage (Ellis, 1978). This may be due
to enhancement of ruminal E-scap;a of amino acid of supplemental

protein and subsequent effect on voluntary intake (Lufadeju
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1988). Ndlovu et al (1989) also reports similar results from
feeding hydrated maize stover to steers. The diets were
supplemented with three protein supplements (i.e. soybean
meal, urea or bloodmeal). They concluded that protein type
had no effect on voluntary intake. Mccollum and Galyean
(198%5) reported lower proportions of acetate higher propionate
and butyrate as a result of supplementation with cottenseed
meal. Provision of required concentration of rumen NHs at 150
- 2%50mg/l1 of rumen liquid (Krebse et al 1983) and
adminicstration of small guantities of readily fermentable
carbohydrate have greatly improved fibre digestion.
1ubnd PROT MET

Major aim of protein supplementation is to increase the
availability of amino acid at the tissue level for the animal
and consequently obtain better productivity. Two possible
methods of achiving this is by either increasing the rumen
microbial population which leads to greater amounts of
microbial protein being washed into the small intestine, or by
feeding proteins that can partly escape rumen degradation and
=till be available for intestinal digestion. Proteins are
degraded by hydrolysis to peptides and animo acids by
bacterial and protozoal proteases peptideses and deaminases.
Factors determing rate and extent of degradation include rate
of sclubility and time while important chemical factors are
cross—1linkages, number of accessible hydrolysable sites in the

protein, molecule, enzyme concentration and pH. (Preston and



Leng, 1987).

Amino acides are raplidly deamina.ted in.the rumen giaving
rise to branched chan wiolatile fatty acids (VFA} aummonia and
- £ox (Chalupa 1976). The microbial population derive ZO-30L of
their nitrogen from sowtes other than ammonia. These are
presumabkly from intact amino acide or peptides which originate
from food proteine, recycled. prdtains {lairgely =salivarvy
Cmucoproteins) or from twrn-over of bacterial and protozoal
protein in the rumen (Oldham, 1981). Satter and Roffer (1981}
obsarved that the amount of NHz that .can be wviilized in
micreobial protein synthesis by bacteria will depend on the
rumber of bacteria and how rapidly they are growing. In other
mords 1t wiould depend con the amm.tﬁt of energy available for
the bkacteria or the amount of fermentable feed consumed.
Fations bigh in grain or digestible dry matter are more
fermentable than high forage rations consequently more NHa can
be utilized. Hagemeister et al (1781) reported that the enerqgy
zaurce for microbial protein synthesis in the rumen is derived
mairly  from dietary aarbmghydratéé e neither lipids or
proteine play any major role in energy supply for protein
synthesis. Preston and Leng (1987} reported the critical level
of NHe that supports fhé maximam digestibility in the runen
and therefore the largest microbisal population would vary
between S50-2300mg MHa~MNslitre rumen liguor.

Conversion of dietar-y”'pr'cxtein to microbial protein is

wastfull since if deamination ie rapid NMy released is not
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completely trapped by microbes for synthezis of amino acids.
Some NHy is absorbed, passez into portal circulation to liver
and is converted te urea {(through the krebs-Henseleit pathway)
which can be partly excreted in urine or recycled back to the
rumen via saliva {(Hibbites, 1984). The extent to which urea is
returned to the rumen via =zaliva is proportional to the blood
uress concentratipn and rate of zaliva zecretion (Nolan et al,
1973) Secretion of BSaliva reaches &-14 litressday in sheep and
up to 100190 litressday in cattle (kay, 1960) Rumen ammonia
cancentration influences and regulates wrea sntry into the
rumen Trom blood and zaliva., When concentration of NHx in
rumen it high the transfer of urea from blpod to rumen is
reduced. {(Kennedy and Milligan 1980} Fumen epithelial bacteria
ureasze has been implicated in facilitating this transport of
plasma wrea into the rumen {Cheng and Wallace, 1979} kKeneddy
and Milligan (1978} showed that the relationship between rumen
MHx level and transefer of plasma urea to the rumen is
inversely correlated.

Various methodz are beern uvspd to aseist protein ezcape
ruminal degradation by reduring its solubility. Methods using
this principle are hest treatment (Beever et &lj 1974),
grinding and pelleting {(Oeburn Bt al 192786), or use of
chemical treatment such as fomaldehyde (Feguson et al 19567),
all have been shown to increase the percentage of dietary
protein escaping degradation in the rumen. However a balanced

supply of amino acids to the rumen micro—-organism in addition
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to a non-protein nitfogén {NFM) source may be essential and
the substitution of NEN for protected protein in the nutrition
of rumen micro-organisme may lead to a depression in micraobial
growth and structural cartonhbydrate degradation when a major
part of the distary protein has been protected. (Beever et al
1981}, More recently sttention hase ehifted toc the use of
chemicals such as ionophores or halogen containing compounds
which inhibit methanogenesis  and  also  reduce acetate
proguction, while increasing that of butyrate. The primary
mechanism aof these carboxylic pnlyéther jonophores ie to alter
the flow of cations acrosse the ¢ell membrame . Avoparcin
(antibiotic) decreasee acetate: propionate ratioc while
chemicals like diarvliodonium suppress degradation of protein
and alsno adiust proportions of VEA favourably (Chalupa,
1984}, In the present Migerian circumstances the use of these
chemicale might not be practical but beat treatment, grinding
and pelleting might have their bhenefits.

From the foregeing its shvious that protein
supplementation of low qﬁaiity roughage alter  ruminal
fermentation by providing higher rumen ammonia concentration,
onwer molar proportions of aeptate and bigh propionate
{Fempton £t al 1977} higher rate of rumen fluid dilution and

passage rate (Mo collum and Galyean 198%).
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CHAPTER 11 EXPERIMENTS
2.1.1 EXPERIMENT I EVALUATION OF CASSAVA FOILIABE

DEGRADATION USING NYLON BAG TECHNIOUE

2.1.2 INTRODUCTION

In the tropics livestock diete are primarily composed of
crop residues and fibrous feed of low quality particularly
during the long dry season. Degradation of specialized plant
material by rumen microbes varies from tissue to tissue
decreasing in the order, mesophyll and phlocem to epidermis and
parenchyma sheath to sclerenchyma and lignified vascular
tissue (Akins, 1982). Tropical grassee have few mesophyll
cells between vascular bundles (as a consequence of adaptation
to C-4 photosynthesis pathway) and have high proportion of
lignified vascular tissues. Both factors combine to lower the
degradability of tropical forages generally. As plants mature
their cell walls thicken and deposition of hemicellulose and
lignin increases, further reducing degradability (Ndlovu,
1992). Factors determining plant and protein degradation are
the physical nature of the proteins and their release from
plant cells, the concentration of proteclytic enzyme=s and the
time available for proteolysis. Feed resources with less than
40% dry matter disappearance in 48 hours has little or no
potential for supporting growth and lactation but may have

application in diets of working animals (Preston and Leng,

1987).
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Methods of evaluating the degradability of a feedstuff
includes the in-vitro method (Tilley and Terry, 1963) and the
nylon—-bag technique (rekov and McDonald, 1979}). The
advantage of the nylon-bag technigue is not only in the ease
of application btuwt alsc it is more precise as microbial
fermentation occurs in the microbes own environment. 1t
involves incubating samples of feed saterial in the rumen of
figtulated animale for pericds of &0-120 hour=z and the
subhseguent determination of the disappearance of different
feed ccmpmnenia (Osﬁji et al 1997).

With knowledge of the degradation charaétériat1C$ ot
protein spurpes it iz now possible to combine them with a
saurce O0f energy having similar degradation tharacteristics.
Thiz synohronized release of nitrogen and energy ensures
cptimal microbial utilization in the rumen and it ise mont
l1ikely tn translate into better liveweight gains. | |

Cassava foliage has long been recognised as available
protein source (Muller 1974, Montaldo 1977). Tt has been fed
as a protein supplement oot only to ruminantz (Seres, 1969,
Moore 1972) but &lso to pigs {(Lee and Hutagalung 1972} and
penltry {Ross and Enrigues 19267, In Nigeria very little or
o work has bheen reported on the nutritive value and dry
matter disappearance of local varieties of cazsszava foliage, as
mbwet works concentrate on the tuber.

Therefore, the primg objiective of thig study is to

i, determine the nutritive value of cassava foliage {leaves
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and petiocles) by proximate analysis.
ii. determine the rate of dry matter disappearance using the

nylon-bag technique.

2:3.% MATERIALS AND METHODS
Lelel3 ANIMALS PREPARATION AND MANAGEMENT

Two Yankasa rumen fistulated ewes average weight 20kg
and age of 1.5 years respectively were used in this study.
The technigque of rumen fistulation used was a modification of
the single abdominal wall incission method as described by
Lufadeju (1988). After the operation the ewes were housed and
fed for a month in individual pens measuring 1.0 x 2.0m) with
concrete floor and open sides.

o S R s INCUBATION PROCEDURE AND TREATMENT

Three weeks before commencement of the experiment the
ewes were given a supplement containing J0% cassava foliage
A2% maize bran 25% maize, 1.5% salt, and 1.9% bone meal daily
after which the ewes were allowed to graze Brachiaria
pastures.

Sundried cassava foliage (leaves and petioles) was ground
using a laboratory hammer mill fitted with a 2.%mm screen
mesh. Approximately 2.5-2.5g of cassava foliage samples were
weighed into 10 » B8cm nylon—-bags with 20-40 micro mesh size.
The nylon-bagse were sealed and attached by means of elastic
rubber bands to a 40cm flexible rubber tube which was attached

to the cannular cover with a nylon string. Ny lon—bags
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containing samples of cassavae foliage were inserted in
duplicates in the rumen of the ewes for O, &, 14, 24, 48, 72
and 9% hours. Uppn withdrawal the bags were washed under
Funning water until the water was Clear. They were then dried
at 70=C for 24 bours and weighed according to procedure
described by Mehrez and Orskov (1977). Dry matter losses were
calvuliated se estimates of dry matier degradation.

Sundriegd =amples of cassava Toliage were subjefted to
prodimal analvyvsise using AAC (1784) procedure, the sample
residues after incubation in the rumen were also siubjected tao
CEF, MDF and ADF analvysis. Bamples of rumen fluid were taken
into & 30om pipette using a hand pump to provide suction. To
prevent blockage of the pipette a Muglin cloth was tied around
the asperture to strain ocut rumen particles. Rumen fluid
collected was mixed with an equal volums af 001N HaBEOL, and
immediately stored in a Treeser, Tovr subsecuent rumen NHj
determinstion ~Fumen fluid was centrifuged at 300 r.pom for 10
minutes and a Sml portion was mixed with 2ml of 40X MaOH and
distilled u=zing a markbham cdistillistion apparatus, The
gigtillate was collected in Gml of 2% boric acid was titrated
against N/T7O HiB0, (Whitehead 19867). Fumen Tluid was alap
collected at O, 4, and 8 hours prst ferding 30X cassava
foliage diet to determine the pH using & Phillip digital pH

meter (model FPro 2409).



Z.1.4 _Results

Thehﬁrmximate analyais Q%hcéégava foliage ialshbwn in
Table 2.1. It has 18.85% crude protein. ADF and NDF values
ware 29.2% and 21.41% respectively, while dry satter and ash
were 91.268% and 12.793% reaﬁactively.f: |

Dry amatter disappearsnce (DMDL} of cassave foliage is
shown in table 2.2. Values ranged from_;ﬁ.?41 at zeroc bours
to 7R.87% at 9246 houre, The dry mattéf diaaphearanﬁe rate in
the rumen of the ewes significantly increased (P{O.058) between
0 to 48 hours but further increases became non-significant
between 48 to 94 howrs. Resuwlte of DMDY were fitted into an
exponential equation of the form F = a+bh (i-e~=%) (Oreskov and
McDonald 1979) where

f = degradation taking place at time t = 0.226809. o

A o= Proportion of feed rapidly degraded (intercept) = 195,72
B = Praportion of feed gradually degraded = 52.83
C = Rate constant for dagradatidn of "h" = O.098909
{(m + b)) = azsvmptote

DMDY, wae plotted against time (fig.i) to obtain the
characteristic degradation curve. : The.‘ruﬁén ammonia

goncentration (RAC) after feeding 304 cassava diet was B.1973mg
M=/ 100ml at zero hours, (table.2.3) which was significantly
{(PC0.05)Y lower than values obtéined &t 4 and 8 hourse (17.510
and 11.406mg MNHx/100m]l respectively). pH valuee of rumen
fluid at O, 4 and 8 houre post feeding were 7,37, &6.425 and

6. 385 respectively . NDF and ADF content of the sample residue
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after incubation {table 2.4) waﬁszice ihe initial value of
the originsl sample. There was np cprrelation between
guration of incubation and the NDF, ADF content of the
incubated samples. Analveis for crude protein content of the
sample residue showed increased orude protein levels.
.15 DISCUSSION _ _

The high dry matier cnntent.(Qi.Eﬂii and relatively high
crude protein content 18.585% make cassava Tolliage a valuable
protein source. Preston (1983) reported that ainimum crade
protein level in feedstuif (dry matter) for efficient rumen
Termentation ig 7.3% coupled with high neutral deterqent fibre
(MBF) and acid detergent fibre (ADF) values, casgava foliage
cowld be clasmsiftled as a proteipaceogus roughage.

Smith et =1 {1988) reported the rate of dry matter
disappearance of cassava leaves withip_4a hicurs incubation in
the rumen of cattle antd goakts RS being.sﬁ.ﬁz. This is higher
than the rate obtaimed (70.59%4) in this study using cassava
faliage (leaves and peticles) within the same perioad. The
difference betweer the twe values could be due to the presence
of peticoles which bave high fibre content resulting from the
presence of structural vascular bundle=., Ahate (1992}
obheserved that fibrous materials are lesse soluble becauvse of
the dominance of atructu?a] aver saluble carbohydrates in the
cell wall. Also differences might be due to different stage
of maturity of cassava foliage., Significant differences

(FL0.08) ware observed in the dry matter disappearance for @,
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16, 24 and 48 howrs incubations while no significant
difference {(FrO.00) were obzerved between the MDY values to
48, 72, %94 hours when the MDY zepemed to bhave stabilized.
Thie suggests that most of the potentially degradsble fraction
had been removed by 48 howrs in the rumen. With the knowledge
of cassava foliage degradation characteristics it is possible
to estimate supplementation levels and evolve strategies to
elicit masimum wtilization and production. R

High rate of DIMDE suggests that cassava foliasge
comstitutes low rumen load thus optimizing voluntary intake
and probably enhancee its hypass qualities. FFrloukes and
Freston (1987) reported that cassava foliage has high rumen
bypass qualities much more than sweet potato feliage, which is
also bighly degradable (Santana and Howell 1979), Thie bypase
protein might result from the water scluble fraction escaping
intact to the intestine and being available for enzymatic
digestion., _ = . _ B

Leng and Molan (1984) reported optimum rumen ammonia
concentration {RAC) ranging between 15-20mgM/100m] depending
on the diet, higher levels of RAL being reqguired for roughage
degradation. On a JZ0¥ cassava foliage diet mean RAC values at
4 hour piost feeding was 17.3%1mg NH/100ml. This is well
within range suggested although Lutadeiu (1788 ) cited lower
figures (12mghHz/100ml) as being the optimum rusmen ammonia
concentration that elicits maximum degradation of roughage

(Andrapagaon gayanus) for cattle. At B hours post feeding the



8

FAl walue was 11.,406mgMH/100m)} which shows a reduction
compared to the 4 howr value. The reduction in RAC at 8 hours
post feeding iz probably due to rumen microbes utilizing the
MH~ to produce asicrohial protein or the NHz simply diffuses
through the rumen walls inta the bklood stream. Some of MNHx
absorped passes into the portal circulation to liver and is
converted to ures {(through Krebs—Henseleit pathway ) which can
be partly excreted out as wrine or recycled back to the rumen
via zaliva (Hibbit, 1984). Hibbit (1984) also obeserved that
the efficiency of M capture within the rumen depends upon the
degradability of the digtary protein and also en the provision
of readily available energy in  the form of dietary
carbontydrates for microbial protein synthezis. Thus for
optinum uwtilirzation of cassava foliage there is need to
incorporate it with grainsg or any souree of veadily available
BriE gy . ARlternatively cassava Toliage can be fed several
times & day to maintain continuously high RAC levels with
poorly degradable roughages as basal diete es described by
Freston and Leng (1987) for urea.". |

The pH of rumen fluid at zero hour of feeding 3I0% caséa?a
foliage diet was 7.37, This is slightly higher than the
optimum range (4.5 —~ &,8) as reported by Mdlova (1992) but at
4 houwre post feeding pH was H.42. Thise shows a reduction
althouwgh it is still close to range suggested as optimal for
maximum cellulalysis., The lower pH at 4 houres post feeding

was dug to the presence of grains (malze) in the diet also
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production of YF&'s tend to lower the rumen pH (Ndlovu, 1992).
At 8 howre post feeding the pH was slightly lower 6,383, this
is most likely due to the combined effect of the grains in the
diet and VFA prnduced.. |

Fesults also showed that tﬁé soluble portion of cassava
foliage had been degraded leaving the fibrous reziduae which
had higher NDF and ADF values. It was expected that as period
of ipcubation increased the NDF and ADF values would also
increase but in this regard resulte from this study were
inconclusive. The increassed level of crude protein content in
the zample residue between 8 hrs to 24 hre after incubation is
probably due to the presence of rumen microbes in the residue.
Aleo there was no apparent correlation between the level of
crude protein in the residue and the lenght of incubation
time. o |
2.1.46 Conclusion and Recommendation I ' N

From literature cited and results from this study it ﬁan
be concluded that tassava foliage has relatively high levels
of crude protein, also with its relatively high DMDX it wonld
likely constitute low rumen load thus optimizing voluntary
intate. It dis most likely best livewsight gaine would be
obtained if cassava foliage is fed with a readily available
souwrce of energy. This zynchronized release of protein and

energy wowld promote maximum microbizl synthesis in the rumen.
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Tabhle 2.1: Provimate Composition of Cassava foliage

Dry Matter Crude fish MNBF ADF Ether
FProtein Extract
v 91,28 18.495 12.9% %1.41 29,2 6.67

Table 2.2. MEAN DRY MATYER DIGAFPPEARANCE OF CASSAYA FOLIABGE

TIME (HRS) DMD2 + SE
¢ ' | 15.74% + 0.17625
e ' P6.87% G.925
16 ' _ 6O Q= & x.532
24 58, 35" % 1.387%
ag S 70,89~ 0.8a6L
72 ' . 74,20 % 0.4878
+ 1.0881

G4 : TR a7~

*Mean within the same column bearing different superscripts

are significantly different.
*tEach value is a mean of 4 observations.

Table 2.3 Rumen Ammonis Concentration (RAC) and pH of rumen

fluid.
Hours RAC(mg NHz/100m1) St FH
0 8.19315« 0. 2409 - 7.37
4 | 17.5108%= 0.48016 . 5.42%

8 C11.40615 + ¢ . 8032 6.38% .



MEAN DRY MATTER DISAPPEARANCE
OF CASSAVA FOLIAGE

DMD
80r
i. B e . —
60+
i
i
40
':
l
| A
20} _
+,
|
0 8 10 24 48 72 26

TIME (HRS)



41

Table 2.4 Crude Frotein, NDF & ADF Composition of Cassava
Foliage Sample residue

Incubation Crude
Hours NDF ADF protein

0 J1.41 29.2 18,55

8 74.82 53.43 24.84

16 74.15 &65.47 26.42

24 74,087 b66.36 21.70

48 70.63X 61.92 17.583

72 70.13 61.36 18.51

6 72.33 b2 T2 18.83

e T s . s o e e T, . o T S — S . ——— —— . T — . St o
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EXPERIMENT 1IX

EVALUATION OF CASS5AYA FOLIAGE AMND BROUMDNUT HAULMS
AS FROTEIN BUPFLEMENTS TO GAMBAR HAY

2.2.2 INTRODUCTION

Enhanced utilization of poor quality roughage can be
.'échiaved through chemical or physical treatments but low
nitrugen content of the roughage limits protein synthesis of
rumen microbes and thus reduces owtflow of microbial protein
from the rumen. It 155. genarally accepted that protein
cupplementation of low quality rouwghage is one of the best
wavs of increasing veluntary intake and nutritive value, It
alesc smaximizes feraentation and increases outflow of microbial
protein from the rumen (Adu 2% al 17841}).

| Moore (i974) demonstrated the feed valusr of cassava
foliage for ruminants in & trial in which steers weighing
280kg were feed FPFouwrieselum purpuream with varving levels of
caszsava foliage. Feed intake growth rate and feed efficiency
were improved in diefs-containing casgava Toliage supplements.

The case for cassava foliage as a protein supplement is
meinly rooted in its relatively high crude proteln content
{(14.7-F6.4%) {(Emith, 1788}, high rate of degradability and its
availability particularly during the dry seaszan. Furthermore
the only procegssing required to reduce the cvanide content is
chnpping and or sundrying for 7 dave (Devendra 1977).

Sroundrnut haulms is popularly used to fatten animals
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particularly .{n .the nrorthern pall.'ts. of M:I.ger:lal.l
Supplementation with leguminous residues has been shown to
increaze the digestibility and intake of poor quality
rovghages o cereal crop residues (Mosi and Butterworth, 198%,
Lane, 1982, Moran et =], 198933 MocMeniman et al 1983). Ngwa
et al (1992 fed a} 3Fg of groundnut haulms L) 4% of
cottenseed cake and ) 210g of chopped cowpea vinea dailly as
supplements to a basal diets of rice straw fed ad Jibitum.
The voentrol animals had no supplements. They reported
significant differgneces (40.05) in liveweight gain between the
supplemented groups and the control group but the liveweight
changes of the suppl emen ted groups did not differ
sigrificantly. They concluded that cottenseed cake was the
most effective supplement in terms of liveweight gains and
intake of rice steaw. Hopwevelr berause crop residuaes are
readily available to farme its worthwhile to pay sopoe
attention to them.
The objectives of thizn study are: »
i. to compare the optimum level of casséva foliage and

groundnut haulms supplementation to Gamba hay that gives

test perfornance of rams.
il. To compare the optimal level of the combination df

cagsava foliage and groundnut haulms to either of the

supplements that gives the best periormance,
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2.2.%. MATERIALS AND METHDD
2.2.5.% Experimental animals ;nd Management

Twenty-pight Yankasasldest African Dwart rame of various
crosses were used in this study. They had an initial average
live weight of 18kg and were aged 1.9 -~ 2 vears. They were
alloted into 7 groups of 4 rams, each group balanced for body
wmeight and were randomly aseigned to different treatment
groups.

Arnimals were housed in individual pens with concrete
floors measwring J.0m » L.50m with open sided walls., The rams
were allowed cut inte holding pens twice weekly while the
individual pens were washed and digsinfected. All animals were
gewormned and deticked before commencement of the trial. 411

animals were zluseo placed on a 20 day quarantine period.
2.2.0.2 Feed preparation amyi feeding

Casgava Toliage uwbtilized in thie trial was harveéted
fresh and then sundried Tor 7 davs. Foliage was fed as
brittle small particles. The groundnut haulms were purchased
from the local market but care was taken to ensure they had
high proportion of greesn leaves and were thoroughly dried.
The Gamba hay fed was cut late in November at the oncet of the
diry season of the previouws yedr. j
Al rams except those o the control diet were fed

cassava Toaliage or groundnut haulms or & (30:50) combination

ot both, as supplements gt 1.0 and 1,34 of the body weight to
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a basal diet of Gamba hay. Al animals were stall fed. The
supplements were given first in the mornings {7.303@}.§nd
atter consumption gamba hay was offered ad libitus in a manner
to allow 18% r@jectien. Ay =hown in table 3.1 two levels of
supplementation were given to determine the optimum level of
supplementation. Bone meal and saltlicks were provided.
Animale were weighbed weskly for liveweight gaing and the
feeding trial lasted 56 days. Body condition scoring was
conthicted by 2 individoual scorers using visual assessment.
Data wae analysed statistically using miseing data technigue
(Bnedecor gt al, 1947) az zmome rams were Jost in the course of
the e:xperiment.

Table 3.2 =zhows the chemical composition of wvarious

ferdetutf used in the feeding trial,

L%
b
-

RESULTS

Z2.2.0.1 LIVEWEIGHT BGAINS

Table 3.3, shows the daily liveweight Qaing,. Feeding of
Gamba hay alone (control) to rams resulted in weight loss (-
XO.5g/d) but  with  1.04  body  weight cassava  foliage
supplementation there was & positive and significantly
(FC0.00) better daily liveweight gain (39.2q9). Daily
Fivewsight gaine of rams on Cascsava foliage supplementation at
1.9% and 1.3% body weight and groundnut haules at 1.0%4 bhady

weight were not eignificantly different(FP3>0.05) although 1.5%
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Endy weight of groundnut  hauwlms  supplementation  was
significantly (F{0.05} hetter than 1.9% body weight cassava
foliage supplementation, but not different from cassava
foliage &t 1.5% supplementation. A combination of castsava
leaves and groundnut baulms at 1.0% and ({.5% aof body weight
supplementation resplted in a significantly (<0.05) higher
daily liveweight gaine than either of the supplements alone at
both levels, Supplementation of gither of the combination at
1.58% body weight parformed better than at 1.0% level, although

thie difference was nnot statistically significant (FXO.0%).

2.2.4.2 BGDY CONDITION SCORE AND MORTALITY

Average body weight condition score before commencement
the trizl are shown on table 2.5, Cummulative body condition
score at the end of the feeding trial showesd treatment group
1 hatt the lowest body condition score (1) and mortality was
Righ (SO0}, Trestment group 2 had moderate body candition
srore (2.0}, mortality was &lso high (30%X). Treatment groups
T oand 4 had similar body condition score of 3.0 whilaﬂ
treatment group % had slightly better body condition sCore
(3.3) however they had mortality of (2.5%). Treatment group
A and 7 had 2imilar body condition score of 4.0 wach, while
growup & had 25% mortality, treatment group 7 had O mortality
four rame (1 from group &, 1 Trowm group %, 1 from group 2 and

1 from group 4) died from suspgected snake hites,..
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2.2.3 DISCUSSION

The weight loss and high mortality of rams in the control
group was most likely due to inabhility aof Gamba hay to provide
adequate levels of nitrogen and energy for microbial
utilization. This resulte from poor degradation of Gamba hay
az evidenced from 1its 48 hourse nylon-bag dry matter
dicssapearance (DMD) of 45.8% (Lufadeju 1988). Microbial
outflow from the rumen would be low and glucogenic compounds
to provide energy would be lacking. This cummulates in
animals utilizing body tissues to provide energy and protein
for maintenance, thus the consequent weight loss observed in
ramz of the control group. It was noticed that rams with body
weighte below 17kg were unable to withstand this nutritional
stress and eventually died, while rams with heavier body
weights survived but had drastic weight loss.

Fame on 1.0% level of cassava foliage supplement did not
lose weight but made very poor weight gains. Within the first
2 weeks of the trial the rame lost weight but later were able
to maintain their weight and even showed minimum weight gains
towards the end of the trial. Cassava foliage from the nylon-
bag experiment (Experiment I) showed very high rumen
degradation. It is= euggested that most of the nitrogen
released from cassava foliage was absorbed across the rumen
wall inte the blood stream and consequently passed out with
urine. The absence of readily available carbohydrate source

impeded incorporation of nitrogen from cassava foliage into
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micirohial protein and the two rams lost in this treatment
group showed symptome of emanciation and exhaustion, surviving
rams eventually gained weight althoughb weight gains were low.

fame on 1.0% level of groundnut haulms cupplementation
{group T) bad better liveweight gains but not significantly
{(PrO.06) different from that of 1.0% cassava foliage
supplementation, This might be dus to the slower
degradability of groundnut haulms, resulting from the higher
crude fire content of groundnut haulms 32.8% (Ade and Lakpini
1983) cvompared to crude fibre content of cassava foliage 4.8~
15.8% (Smith L1992). Ganer @& al (1979) reported that
gifferrences in the degradation of protein supplements may be
due to their varying fibre contents=. In a study by lLutfadedu
et al (1988} he concluded that by-prodoucts with low acid
detergent Tibre were more highly degraded. Liveweight gains
were however laow in this group mast likely due toe absence of
Feadily available glucogenic compounds. Thomas and Ronk (1981)
confirmed that fermentation of poor guality roughbage such as
cereal residues narmally  leads  to  production of high
proportion of acetic acid which are non—glvcoogenic,

The amount of cassava fTelizge supplementation fed in
treatment groap 4 (1.8% of body weight) is higher{than group
Z) and thiz might result in greater availability of nitrogen
in the rumen. Thise could lead tn & eore prolonged peak of NHo
in the rumen coinciding with the availability of glycogenic

compounds Trom degradation of Gamba hay. It is alzo posesible
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some  amount of protein passzed the rumen intact and was
avatlable fTor intestinal digestion. This might account for
bétter livewsights pbhtaiped here. However, the low gains in
liveweight are most likely due to the slow release of
glveogenic compounds which would hinder incorporation of
nitreogen from cassava foliage idinto microbial protein.
Effipiency of utiliration of rapidily degradable proteins is
low whern used with cellulosic diets which vield energy too
slowly for efficient capture of MH: by rumen micro-organisms
(Meggicseon gt al 1979). This might alsc account for the
gimillar weight gainsg of rams on 1.5% groundnut  haolms
gupplemented group.

Rame fed both groundnut haulms and cassava Toliage
performed better than animals fed gither of the supplements at
arty level. HMigher fibre content of the combined supplements
might have prolonged the degradation and thus the release of
mitregen. It ie suggested thest a prolonged peak availability
af  nitrogen allowed synchronized relpase of glycogenic
compownds from Gamba hay and fitrogen from the supplements.
Higher liveweight gains are most likely doe to a higher degree
of conversion of nitrogen into smicrobial protein in treatment
group & and 7. Rame on 1.5% level of comnbined supplements had
better liveweight gains but were not significantly (>0.05)
higher than liveweight gains of rams on 1.0% level of combined
supplements. Betteyr gains in the 1.5% level of combined

stpplements might be due to the higher availability of
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nutrients as compared to to 1.0% level of combined
supplements. Post-mortem of the dead rams suggested death from

enake bite in four rams but did not indicate conclusively the

cause of the death of the other four rams.

2.2.6 CONCLUSION

fams on groundnut haulms supplementation at either level
had higher liveweight gains than rams on cassava foliage but
the differences were not statistically significant (P>0.05).
Therefore caseava foliage with adequate sundrying could
completely replace groundnut haulm supplementation. Also a
combination of groundnut haulm and cassava foliage as
supplements gave s=significantly better (F<0.05) performance
than rams on either of the supplements at both levels of
supplementation.

Major limitation of cassava foliage as a protein
supplement to poor quality roughage i its high rate of
degradation since most of the nitrogen would be released
before optimal fermentation of the basal roughage. It is
enpected that with readily available carbohydrate sources
greater levels of nitrogen would be converted to microbial
protein and subsequently translate into better liveweight

gains.
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Table 3.1. EXPERIMENTAL DESIGN
Control Cassava Groundnut Cassava faliage

foliage haulms plus
Groundnut haulms

Treatment Ts Ta Ta T Ts Te T>
% of BODY
WEIGHT FED Q% 1.0% 1.9%% $2.0% 1.3% 1.0% 1.3%

DM EP% NDF% ADFYL CFZ%Z ASHYZ 48 hours
degradation

CASSAYVA
FOL IAGE 21.25 18.55% 3I1.841 29.30 - 12.93 70.59
GROUNDNUT
HAULMS 87.5 12.87 35.89 31.49 32.8 11.41 ”
GAMBA*
HAY .8 IS 3.42 76.4 856.2 - 5.4 45.8

1 Lufadeju (1988)

Table 5.7 AVERAGE DAILY GAINS

TREATMENTS
PARAMETERS 1 2 3 49 3 & 7 §
MEAN INITIAL
WEIGHT kg 18.25 17.6 17.3 18.37 17.7% 18.13 17.87
MEAN FINAL
WEIGHT ¥Kg 16 .57 19.79 19.79 20.90 20.64 21.77 21.73
MEAN WEIGHT
GAINS g/day ~30.39* 39.2% A4.46%= A3.2%= [1.7%9% £5.31% 4L£9.3%
Mortality % S0 S0 25 25 25 23 -

*Mean within the same row bearing different superscript are
significantly different (FP<0.0%)
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Table 3.4 BODY CONDITION SCORE
TREATMENTS
Ta T= T Ta Te Te T»

INITIAL BODY
CONDITION
SCORE 3.0 3.0 3.0 3.0 3.0 3.0 3.0
FINAL BODY
CONDITION
SCORE 1.0 2.0 3.4 I.4 .8 4.0 4.0

*Subjective scoring on a scale of 1 = Poor, 2 = Moderate

3 = good, 4

(Honhold et

= very good S= Excellent.

al (1989).
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2.53.1 EXEPERIMENT 111 METABOLIC TRIAL

2.3.2 Introduction

An estimated 0% of Nigerié's cattle ﬁﬁbulation are
reared by the Fulani agropastoralist. These animals mainly
graze natural pasture=sz consisting of grasees, legqumes and
browses. During the ket sesson these forages grow rapidly
becoming fibrous and cooarse and are largely undergrazed
because of the large amounts that become rapidly available.
Their quality declines further during the dry season when they
hecome standing hay and are subject to overgrazing (Atta-¥erah
and Reynolds, 1989). Thus tropical livestocok have an intake ot
digeztible energy and protein far below their reguirement for
maintenance and producticon (Umunnae, 1990). With the expected
increased pressure on lamd due to growing population, grazing
lands wouwld be fewer and livestoock productivity is likely to
fall.

& long-term strategy in sclving this problem would be to
establish grazing reserves that wutilize dimproved sown
pasturegs,. This requires capital investment, planning and a
sustained effort based on a background of coordinated and well
rezgarchetd information on adaptation, establishment, nutritive
gqualities, management, seed productieon and distribotion
fAdegbola, 1982). The Latin American countries have ochtained
some =striking results in animal production by developing
productive and nutritive pasturee as  animal feeds and

utilizing rapidly growing crops that are rich in fermentable
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carbohydrate, e.g. sugar cane, casséva, sweef'pnta{n,.hénana,
gte. in combination with various proteing as animal feeds
{Mahadevan, 1981).

An immediate =solution lies inp ihcreasing.théhefficiency
of utilization of pasture and crop reeidues through
sipplementation with a protein sOurce. Muinga {1??2), showed
that supplementation with leu:aené tended to increase Napier
foddeyr intake and @ilk yileld significantly and reduce
livewelght loss. Also Lesma etlai, {1991) using_yaung Horro
cheep reported lamb growth rates were significantly increased
{FL0.08) by daily supplementation with 278g drv leucaena per
Yamlb offered alone or with dry or wetted teff straw (79,69 and
7Bg/dav). | |

Traditionally under the exteneive system of rearing
livestock efforts are made by the herdseman to supplement the
intake of grazing animals. This involves provision of maize or
maize bran with potazgh to supplement whatever the animals
graze in the field. However supplementation with a protein
s CEe iw rFare or non-exristent particulariy in big herds. This
iz primarily due to the high cost or unavailability of common
protein sources i.e. cotton-— _seed cake, groundnut cake,
legumes etretera. This proﬁlem cixald be solved try
supplementing the ruminante digt with cassava fpliage, It is
rich in crude protein (2853 8mith, 1988)] and has an amino
acid profile comparable with smyabeans.tkhajarern .et”al.,

1977). 1t also grows practically all over NMigeria throughout
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the vear. Thus it is available in the rural areas where the
bulk of livestock farmers are situated. The only procegsing
reguired of cassava foliage is sun—drying to reduce the
cyanide content and facilitate storage.

This study attempits to investigate the effect of feediﬁg
cassava Toliage az a protein supplement to a basal diet of
gigitaria hay in comparison with groundnut haulm
supplementation. Farameters studied included liveweight gain

dry matter intake and nitrogen metaboliss.

2.3.3 Materials and Methods
2.3.3.1 Feeding trial

Twenty—one Yanhasa /West African dwarf rams of varioums
crosses were used in this z2tudy. They had an initial average
welight of 20 kg and age of 1.3%-¢ vyvears. They were alloptted
into 7 grﬁupa cf 2 rams esach group balanced for body weight
and were randomly assidgned into different treatment groups {(as
shown in Table 4.2). The animalszs were housed in individual
pEns with cdncrete floor measurding 1.3%m » 2.%m with open—sided
walle, The rams had been dewormed and deticked before the
ﬁummencament ot the trial.

Eassava follage fed was harvested fresh and sun—dried for
7 dayse until the leaves and peticles were brittle. The
groundnut hawlms fed were puarchased from the local market but
care was taken to ensure they had high proportion of dry green

lpaves and devoid of signs of fungael infection. The animals
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were Ted dried cassava foliage, groundnut haulme or a 50:%0
combination of both as protein supplement at 0.8 and 1.0% of
their body weight to a basal diet of standing digitaria hay.
Ardimale on control diet (no supplement) grazed digitaria
alone. These supplements were fed 7.30 a.m. in the mornings
and after complete consumption the animals were released to
graze standing ditaria bay until the evening=s (3.00 p.m.) when
they were then returned to their pens. Water and salt lick
were provided in the pens. Rass were weighed weekly for

Jivewsight gain. The trial lasted 4 weeks.

2.3.3.2 Metabolic trial

THe rams were initially weighed and houeed in individual
pens measuring 1.0m ¢ 1.5m in a room measwing 2%9m 2 Sm. The
floor of the pens consisted of raised slatted wooden platform
which allowed the fTaecal droppings to paste into a container
below it. The container also had x fine wire mesh covering
whickth allowed separation of collected wrine from faeces
dropped by the rams. The rams were stall fed digitaria hay as
a baszal diet and all except the control group were fed cassava
folimge, groundnut haulme or combinations of both as
supplements. The supplements were given in the moernings (7.30
a.m.} and afiter complete consumption, digitaria hay was
offered in a manner to &llow 1% rejection. Left-over feed of
the previous day was removed and weighed before new ones were

offered. Water and salt lick was also provided. The rame were
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allowed a 7 day adjustment period before the 7 day total
fapces and wrine collection. Collection of faeces, urine and
lefit~over feed was done every morning (7.00 a.m.). The
procedure for the collection and sampling of fapces and urine
a5 well ags their chemical analysis were as outlined by Adu and
Adamu (1982). Data analysis was as described by Steel and

Torrig (12460).

2.3.4 Results
2.3.4.1 Liveweight gain

Az shown in Table 4.2 there was no significant difference
(Fro, 00y in liveweight gains between rams on control diet and
rams fed cassava foliage at 0.5%, 1.0% BWY and groundout haulwms
fed at 0.54X BW. There wae significant difference (P<0.03) in
the livewelight gsins of rams fed groundnut haulms at 1.0% BU
and rams Teid cassava Toliage at 1.0% R, But there waz no
signifivant difference {PbD.Gﬁ) between the liveweight gains
of ramz fed groundnut hawlms at 1.0X B and rams fed the
combined supplemsnts at Q.3% and 1.0% B, Cosparatively there
waz no significant difference (FrO.053) in liveweight gaing
between cassava Toliage and groundnut haulms at 0.3% BY there
wae significant (PC0.05) difference &t 1.0% BN, With either
supplement higher liveweight gains were achieved with 1.0% BW

lepvel of supplementation compared to 0,8% BW level.
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2.3.4.2 Feed intake

fs shown in Table 4.2 dry matter intake was not
significantly (P{0,03) changed by addition of cassava foliage
or groundnut hawlms supplement at either 0.94 or 1.0% BW.
Though there was an increamg in DM feed intake due to feeding

both supplements, it was not eignificant (P<0.035).

2.3.4.% HNitrogen mptabolism

Hz shown in Table 4.2 there wag no zigniticant (P>0,089)
difference in the daily nitrogen retention (PNR) values for
rams in the control group, the group fed groundnut Mawlms at
G.5% BW and the grouwps Ted cassava foliage at O.5% and L.0%
B, These grouvps also bad significently lower (P<0.03) DNR
valups compared to the other groups., | |

Hame in the control group, the group fed O.8%  BW
groungrttt baulms, the group Ted cassava feliage supplementas at
C.8% and 1.0% BW showed no significant difference (PX0.008) in
nitrogen retention percentage (MRZ). Rams in the group fed
combined supplements at 1.0% BW had significantly higher

(F<0.0%) NRY valuss,

2.3.4.4 Approximate digestion coefficient (DM)

Ramsz in the control group, the group fed cassava folilage
at 0.3% and 1.0% BW had similar dry matter digestion

toefficient wvalues and was ﬁignificantly (FLO.Q%)  lower,



29

compared to values for other groups.

2:3.D Discussion
2.2.3.1 {iveweight gain

Similar livewelight gains exhibited by rams on control
giet and ramg Tfed either of the supplements at O.5¥Y, BW
suggests that 0.3% B level of zupplementation with either
caseava Toliage or groundnut bhaonlms is too emall  to
effectively stimulate additional microbial protein synthesis.
It iz possible that most of the supplesents would have been
degraded before digitaria starts been degraded. Ikhatua and
Adu (1984) reported digitaria bay having J0.46% crude fibre,
this might result in ite slower rate of degradation compared
to cassava foliage which has 11.4% crude fibre (S8mith, 1988)
and groundnut haulms which has 19.4% crude fibre {(Ikhatua and
Adu, 17284). The absence of a synthronized release of protedn
and energy might have resulted in the poor response.

Ramzs on groundnut haulme  supplessnt at 1.0%  gave
gignificantly higher gains (P{Q.08) than rams on cazsava
foliage supplement at 1,04 BM, deepite the higher corude
protein content of cassava foliage (iB8.55%) compared to
groundrnut haulms (12.87%). Two possible reasons for lower
gaine from caszgava foliage supplemented group is either the
absence of glucogenic compounds or the presence of cyanide.,

Rams on cassava foliage diet did not show any syvmptom of
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evanide todxicity so it is less likely. Despite the absence of
laboratory analyeis, low responze to cassava foliage sugueste
low availability of fermentable energy in casszava foliage.
Silver and Qrskov (1983) reported legume Crop residues ability
to provide fermentable snergy to the rumen in the fors of
available celluloes and hemicellulese which stimulate fibre
digestion. This might explain why groundnut haulms achisved
better liveweight gains than caszava foliage.

The combined supplenents at either level of
mupplementation performed hetier than any of the supplements
alone, This is most likely due to the presence nf additional
crude protein from cassavea foliage and fermentable energy from
the groundrnut haulme. Thie is most likely to facilitate ruamen
micrabixl protein synthesis, thuse the host animal achieves

better weight gainm.

2.3.3.2 Drv matter intake

Addition of cassava Toliage or groundnut haulms or both
as supplements: to a basal diet of digitaria hay did not
significantly (P:3.05%) change the dry matter intake. This
might result from the fact that cassava foliage iz rapidly
degradable {referring Lo experiement 1) in the rumen. Also
groundrut havlms has a high digestion coefficient 724 (Ikhatua
and Adue, 1984). Higher dry matter intakes {although not
zignificant [FX>0.001) were observed for rams fed 1.0% BW

groundnut haulms and 1,.0% B cassava foliage. This could be
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due tp the ability pf the supplements to provide a better
rumen ehvironment regquired for fibre degradation i.e. protein
and energy levels. A more rapid degradation mostly results in
greater dry matter intake. Moran ef al. (1984) described an
ideal supplement az one which maintains or increases the
intake of the basal diet rather than one which substitutes for
it hence cazsava Tfoliage or groundnut haulms could be

described asz ideal supplements in terms of dry matter intake.

2.3.5.3 HNitrogen metabolizm |

The control group, the group féd 0. 3% B groondnuot haulmé
and the group fed cassava foliage at 0.5% BW showed no
significant difference (P>Q,08) in their average nritrogen
retention valups. This is indicative that the ., additiconal
nitrogen from cassava Toliage was poorly utilired as evidenced
by the high levelz of fastal arnd urinary nitroagen.

The retension and wvtilization of dietary nitrogen are
influenced to & large extent by the type and gquantity of
carbonhydrate present. (Karue, 1973) Most likely, in the
absence of readily fermentable energy source which enablés
romen microbes to trap nitrogen, most of the additional
nitrogen simply diffused throvgh the wallse of the rumen into
the bBlood system fTrom where it was sventually passed out of
the body with urine and fasces. Kennedy and Milligan (19288)
chaerved that NHzx not captured in the rumen is absorped and

converted into wea partly to be transfered to the rumen and
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influence the digestion rate of cellulose or be lost in urine
depending on the concentration of MHa in the rumen.

Rame  fed groundnut bhaulms a3t 1,04 B and those fed the
combined supplements at O0.3% and 1.07%7 BW  exhibited
gignificantly (P<G.03)Y higher daily nitrogen retention values.
This might be due to the presence of readily ferasntable
enerygy sources from groundnut haualass which enable the microbes
to wtilizre additional nitrogen for protein synthesis. Diets
involving vassava foliage without readily fermentable energy

sourte would most likely be poorly utilized.

2.3.5.4 Approximate digestion coefficient

Ramz in the control group, and the group Ted caasava.
foliage at 0.8% and 1.0% Bl had similar dry matter digestion
 coefficient walues which was significantly (F<0.03) lower
compared to octher groups. Thiz is most likely due to the fact
that ether groups i.e. combined supplements at 0.5% and 1.0%
or 1.0 BEW groundnut haolms had a better fermentable energy
profile. This facrilitated microbial degradation or digestion

sctivities better comparatively.

2.3.6 CONCLUSION
The =imilar weight gains of rams in the control group and
rams in the groups fed cassave foliage at 0.9%% and 1.0% B
indicates that the rams on casesve foliage supplementation did
rnot benefit from the additiconal nitrogen derived from cassava

foaliage. The fact that rams on the combined supplements of
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cazzava foliage and groundnut haulms gave significantly higher
(F<0.05) weight gains and the fact that rams on cassava
foliage recorded higher urinary and faecal nitrogen levels
strongly suggests inadequate levels of fermentable energy in
cazs=zava foliage.

It is expected that with sources of fermentable energy
cassava foliage supplementation would elicit a better response

in terms of live-weight gains.



Table 2.9

o4

Mutritive Value of Feedstuff.

Digitaria Hay

0¥ intake g/day

Iry matter
Digestibility %

N intzte g/day

Faecal N g/day

Urinary K g/day

K Retained g/day

Dry Matter crude KOF ABF  Eiber Ash Lignin  Ca Ny
Protein extract vpa ppa
facsava Foliage 91.2% 18, 58§ .41 29.2  4.47 12.93 14,14 452,91 18312
Sroundnut Haules 87.0% 12.87 35.89 3149 - 115§ 5.38 484,46 330,52
8?1& ,QT ?6-?? 52-32 = 8-3 - - -
Table 3.6: Live-Weight gain DM intake and Nitrogen Balance.
£F GNH EF i) Crubng CFEGHY
tevel of Supplesent  Control 0.3 ¢.5% £.00 1.0 $.32 1.02
as ¥ of body Neight L} 12 3 T4 T8 T4 7
Weight pain g/day §3.578 43.57a $2.8%ab  59.57z  95.2%b 83.32ab 95.23b
786.4 789,86 894,91  883.93 512,98 807.3 792.55
§7.82 88,638 77.64b  49.83a  78.3b 78.6k 8i.06b
Kitrogen Hetabolisa
1.47 9.04 8.98 1L, 16,44 8.7% 4.5
8 £.M 4.3 372 Ly 2.83 2.4%
0.8 0.93 0.42 0.85 0,63 0.7% 0,62
Total ¥ Excreted ofday  4.84 5.37 4.93 5.58 .74 3.3 .27
2.3% LoTab  4.00bk 4,63bcd &.70d S.41bcd $.30cd
¥ N Retained of N intake 32,30z 40,62 45.10ab  4i.3a  &4.17hC &1 .54bc 85,83

Meznc on the sase row bearing different superscripts are significantly different {P¢0.05)

LF - Cazeava Fpliage
£XH - Broundnut Haulas
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CHAPTER 3

GENERAL CONCLUSION AND RECOMMENDATIONS

Data from nylon bag experiment indicates that cassava
fwliage is rapidly degraded. Thiz suggeste & rapid generation
pf nitrogen in the ramen. To enahance wtilization of this
nitrogen there is herd to include i the diet & sowrce of
rapidly fermentable erergy. This would enpable the rumen
microbes utilize the nitrogen for microbial protein synthesis
which 4e the largest source of protein avallable to the
ruminant. Cassava foliage generated nitrogen peaks
approvisately four hours post feeding, consegquently with
adeguate fermentable energy . It is evpected that the increzaed
microbial population would facilitate increased degradation of
the poor gquality roughage.,

Feeding cassava fpliage to a baszl diet of gamba hay
prevented weight loss bul weight dains were low compared with
welght gain from groundnut hauwlms. But when both cassava
foliage and groundnut hawlms were fed as supplement to gamba
hay . the rams showed significantly higher weight gains than
geither of the supplemente fed alone. Thic suggests inadequate
fTermantable snergy content in cassava foliage.

Similar weight gains of rams fed digitaria hay alone and
rams fed D.0M and 1.0% BY casgsava foliage supplement shows the
poor wtilization of supplemental cassave Toliage. This is

confirmed by the high levels of urinary and faecal nitrogen



Table 2.9 Hutritive ¥alue of Feedstuff, _ o

Dry Matter truge NBF ADF Ether Ash Lignir  La Hy

Protein extract ppk PR

. Eassava Foliage 7,25 iB. 35 3141 29.2  b.47 12,93 14,14 862,91 381.72
§roundnat Naplss 87.05 12,87 3589 11,49 - 1,41 5.39 488,45 350,52
Digitaria Hay §1.6 5.7 7h.99 52,31 -~ .3 - - -

Table 3.0: Live-Weight gain DM intake and Mitrogen Balance.

: CF a8H crF BRK CFUENH CF&GNH
Level of Supplesent  Controf 0,51 Q.3 .07 1.9% 8.5t i.6%
as ¥ of body Reight n 12 [ T4 [k Th 7
Keight gain g/day 3,97 53.57a 62.4%a8 §9.523 §L.2%b f1,32ah 4%.23b
M intake g/day 86,4 789,68 B94.91  B43.9% 912.98 801,31 792,33
Bry patter §7.8: 48.43a 77.646 8983 18.3b 78.65 81.04b
Digectibility ¥
Nitrogen Matabolisa
N intake g/day 7.17 9.0 B9 1Ll 1.4 B.79 9.51
Faecal N g/day 3.98 1.4 £.51 572 LU 2.43 2,08
Urinary Y o/day 0,85 0.93 0.42 0.86 .83 0.7% S ¥
Total N Excreted gfday  4.84 .37 5.93 £.50 114 3.38 .27
N Retained g/day 2,35 J.6Tab  4.05Rc 4.636cd  6.70d 5. 41bod 5, 30cd
¥ ¥ Retained of ¥ intake 32.30a 44,62 43,1080 4132 H4.0THC A1, b 4383

Means on the sape row bearing different superscriptz are significantly differeat (P<0.0%)
CF - Taesava Foliage
BKH - Groendput Haules



&b

exhibited by rams fed cassava foliage supplements. Dellow et
al, (1988) cbserved high concentration of plant nitrogen > 30g
N/kg DM associated with alfa alfa resulting in production of
excessive ruminant NHs-N which is absorbed into the blood
stream and excreted as urinary urea-nitrogen. He showed that
rumen infusionse of Tfermentable carbohydrate increased the
efficiency aof alfa alfa utiliration by sheep.

Thue the need to include readily fermentable sources of
carbohydrate in cassava foliage diets can not be
overemphasised., FPractical sources of readily fermentable
carbohydrate in the present Nigerian situation would include
cassava peels, waste bananas, o0il sludge, brans from
processing cereals, residues from processing fruit crops i.e.
citrus, pineapple, etc.

However, further investigation is required to determine
adequate levels of energy required for optimal utilization of

cassava foliage.



57
REFERENCES

Abate, A and Kiflewahid, B (19291) Use of nylon~bag technigue
in determining the complementarity of feedstuff for dairy
cattle ratiocne. In the complementarity of feed resources
for animal production in Africa Proceedings of the Jjoint
feed resources networks, workshop held in Garborone
Botzwana AFRN, sth —Bth March 1991 £, 225 -~ 2X1.

Adegbola, A A {(1977) Methionine as an additive to cassava
baced dieta. In proceedinges Cassava a&s Animal feed
workshop Ed by B Nestel and Graham M held at Univerasity
of Quelph 13th 20th. April 1977 Ontario Canada. IDRC. P
9—-17.

Adegbola, A. A& (1982) Forage resocurces antd beef production in
Migeria. In bheef production in Nigeria Proceedings of the
MNationpal Conference on beef production, Kaduna Nigerix.
SMuly 27-70 1982 Published by MAPRI/ZABUY Zaria. £, 137 -
16%.

Adu, Y.F., Adamu AWM. (1982) The notritive value and
utilization of three tropical grasshays by sheep TRDPICAL
GRaszlandzs 1432933, -

Adu, I.F., Ikhatva U.3. (1984} A comparative evaluation of the
utilization of groundnut haulme and digiteria smutsii hay
by red Sokoto goates in Journal of animal production
Fesgarch Published by NAPRI/QBU Taria an. 4 Neo. 2 July
1984, P, 145 - 1852 :

fgishi, E.C (1985%) Forage rescurces of Nigerian grass lands.
Proceedings national conference on small ruminants Zaria
MNigeria. F. 115140

Akin, D.E {1982) Forage cell wall degradation and P-Coumaric
aric fierulic and sinapic acide. Agronomy Journal 74:4248—
428

&.0.48.C (1973} Mficial methode of analysice. Assocation of
afficial analytical chemist 13th edition.

Asanlu, V.0, (1988z) Wtilizetion of Cassava pesls and
Gliricidia Sepium in diet of West African dwarf sheep M,
FPhil Thesis, Cbafemi Awolown University Nigeria. :

Attab-Krah, A.N and Reynolds, L (198%) Utilization of pasture
and fodder shorubs in nutrition of sheep and goats in the
humid tropics of West Africa. In Timon V.M and Baker R.P
ed Bhesp snd goat meat production in the humid tropics of
West Africa Animal Production and heaxlth paper 70 FAQ
Rome Itzly 22~113.



&

Reerver, £.E, Thomson, D.J., and Cammell, S.R. (1976) Journal
of Agric Science Camb 85.443. (Abstract)

Campling, R.C and Halch, C.C (1942) Factors affecting
Voluntary intake of food by Cows I FPrelimary observation
on effect of voeluntary intake af hay and change in
amount of the reticulorumen contents. British Journal of
nutrition VYol. 1&6:115-124,

Chalupa, W (1974) Jouwrnal Animal Science 43,828-834

Chalupa, W. (1984). Manupulation of rumen fermentation in
rerent Advances in animal nutrition 1984 Ed Haresign W &
Cole D.J.W Butterworths London P 143 — 1460,

Cheet, F.R, Patton, N.M; Lukefahr, S.D and McNitt, J.T.
(1987) Rabbit FProduction. The interstate printers and
publishers Illinois U.E.A.

Cheng, K.J. and Wallance, R.J (1979). The sechanism of passage
of endogenious urea through the rumen wall and the role
of ureclvtic epithelial bacteria in the urea {flux.
British Journal of Nutrition 42y S33-557.

Church, D.C and Sentus, A. {1981) Effect of graded levels of
Soyabean Meal and a non-protein nitrogen molazsses
supplement on consumption and digestibility of wheat
straw. Jownal of animal science 535:186809-14615

Coogmbe, J.B.(1285}) Rape and Sunflower Seedmeal as supplements
for sheep fed on oat =straw. Australian Journal of
agricultural resesrch 3463717728,

Cotte, M.A and Russel, J.B {(1982) Effect of peptides and amino
acids o efficiency of rumen bacterial protein synthesis

in continous culture. Journal of diary science 583226~
274
e e -

Czerkawski, J.W (12858). Ap introduction to rumen studies
pargomon Press Oxfoard. : -

Pellow, . Bbhara, D.Y., Kelly, K.E and Sindair R.R. (1988)
Improving the efficiency of Utilirzation of pasture by
sheep. Proceedings MNew Iealand SOCIETY OF Annual
Production Yol 48 283,

Deventdra, L {1277} Cassava as a feed source for ruminants.
In Cassava as animal feed. Froceeding of warkshop €d by
Nestel B and Graham M. Unidiversity of Guelph IDRC Qttawa
Canada 18th-20th April, 1277 p 107 - 119,



69

Dixon, R.M and Egan, AR (1987) Strategies for Optimizing use
of fibrofle crop residues as animal feed in ruminant
feeding systems utilizing fibrous agricultural residues.
International development programme of Australian
Univer=sities and colleges.

Eggum, B.0O (1970). The protein quality of Cassava leaves
British Journal of nutrition. Vol. 24. 761.

Ekpechi, 0.L. (1977) Endemic goitre and high cassava diets
in Fastern Nigeria. In chronic cassava toxicity Ed Nestel
B and Mcintyre R. Proceedings of Interdisplinary workshop
(IDRC-n10e) 15X Ottawa Candada P 65-73.

Ellie, W.S (1978) Determinants of grazed forage intake and
digestibility Journal dairy Science 61:1828. (Abstract)

Enriguez, F.Q and Ross, E. (1972) Cassava root meal in
grower and layer diets Poultry Science 51:223-234

F.h.0., (19886) Production year book (FAO Rome)

Fegquson, F.A. Hemsley, J.A and Reis, P.J. (19467). Australian
Jouwrnal of Agric Science 30:215

Fereror, 0., Duens, F.N and Lusby KS (1980) Evaluation of
slow release urea for Winter Supplementation of lactating
range cows Journal of animal Science S50:532-538.

Fernandez, A. Macleod, N.A and Preston TR (1977) Cassava
forage as a combined Source of Protein and roughage for

cattle fed on molasses/urea. Tropical animal production
2:193-199.

FFloukes D and Preston TR (1978) Cassava or Sweet potato for
ageas combined sourcese. Effect of Supplementation with
soyabean meal. Tropical animal production 3:1846-192.

Fomunyan RT and Meffeija (1987b) Cassava by products in
rabbite and sheep diets. In proceedings workshop on
utilization of agricultural by products as livestock feed
in Africa. Ed. by little D.A and Said AN. African
research network for agricultural by products ARNAER SEPT
16 Blantyre Malawi ILCA Addis Ababa Ethiopia. P 103-107

Ganer, G. Orskov, E.R., Smart R. (1979) The effect of
roughage or concentrate feeding and rumen retention time
on total degradation of protein in the rumen. Journal of
Agric Sci (Camb) 93 651-6%56.



70

Gomez, GM, Yaldiviesco, D., Dela Avesta and Salcedo 75
{1984} £Effect of variety and plant age on cyanide content
af whole root cazssava chips antdt its reduction by sun
drying. Animal feed science and Technology 11:143-1082,

Gondwe, A.T.D (1974) Studies on the hydrocyanic acid content
of some varieties of cassava (Manihot esculenta ) and
some tiraditional cassava food products. East African
Agric antd forestry Journal Vel., 940 161 - 170, :

Gulati, Sk, Ashes, J.R, Gordon, B.L.R and Phillips MW (19845)

: posaible contribution of rumen fungi to Fibre digestion
in sheep. Proceedings nutrition Society Australian 1G: 96~
1046,

Hagemeister, H., Lupping, W., Kaufean, W. (1981) Microbial
protein synthesizs and digestion in the high vielding
dairy cow In recent advances in ruaminsnt nutrition 1981
Ed by Haresign W and Cole DJIA P. Z1-48 Hotterworthe
London.

Hagger, R.J (1970) Seasonal production of Andropogon Qavanus
I seasonal cohanges in yield components on chemical
composition J. Agric Sci (Camb) 74:48B7-494.

Hahn, S.K. (198R) Cassava as Livestock feed in Africa
Proceedings of the ITITA/ILCA/University of Ibadan
Morkshop on the potential Utilization of Cassava as
livestock feed in Africa 14-18th Novembetr 1988 p. 1& -~
e, : ) .

Hamid, ¥ and Jalaludih, 8§ (1972) Responce of laving hens to
Iow and high levels of tapioca meal making Agricultural
research 2:47-44.

Honhold M., Petit: H and Halliwell R.W. {1989) bBody condition
Scoring Svstem for goats Tropical Animal Health and
Production., 231:121-127.

Hibbit, .G, (1784) Effect of protein orn health of dairy
ttows recent advances An Andimal nuturition 19684 Ed by

Haresign W. and Cole D.J.A. Butterworths London P. 189 -
2{)0 -

Hulman, B and Preston TR (17281) Leucaena Leucocephala as a
Source of protein for growing animale fed whole suwgarcane
and Urea. Tropical Animal Production &6:318-32%.,



e

LLETLVErrs

71

Hutagalung, R.I. {1977) Additives other than methonine in
Cacgava diets in Caszava as animal feed Ed Mestel B and
Graham M. FProceedingzs of workshop Univeraity of Guelph.
IDRT - O9%e 8 Ottawa Canada. P 1822

Ibrahim, M.M.M and Schieve, J.B (1983) Factors affecting
' Uresa —ammonia treatment. In relevance of crop residues as
animal feed in developing countries P. 178-183 ed ™

Wanapat and C Devendra Funny Fress Bangkok Thailand.

ITut, 0.J. (1988) The potential of Cazsava peel for feeding
goats in Migeria. In Cazsava as Livestock feed in Africa.
Proceedings of the UITA/ILCA/University of Ihadan
Morkehop on the potential Wtilization of cassava as
livestook feed in Africa P. 72 - 81.

Iyayi, E.5 and Tewse, 0.0. {1988) Effect of protein
deficiency on Utilization of caszava peel by growing pigs
in Cessava as livestotk feed in Africa. Froceedings of
the IITA/ILCAY Universilty of Ihadan Workshop on the
potential uwtilization of cossava as livestochk feed in
Africa P. 34 - 457, ' '

Job, T.A {(1978) Utilization and protein supplementatian of
cassava Torr animal feeding and the esffect of sulphur
SOUrCESs ON Ccyanide detoxification Ph.D thesis University
of Ihadan Ibadan. . .

Karue, C.N. (1973) Metabelism of dietary urea with cassava
when wsed to supplement dry seasen roughege in Kenya JII
ed World Conference Animal production, Yal., 13 3C 44-4%,

Kay, R.B.N. (1940 The rate of flow and compsition of
various salivary scretation in sheep and calves Journal
of Physioclogy 150:21%-537.

Kempton, T.J., Nolan, J.V., Leng R.A (1977) Principles for
the use of non protein nitrogen and by-pass protein in
digts for ruminants. WNorld Animal review 22:2.-5

Kenmedy, P.M. and Milligan, L.P. (1978). Transfer af urea
Trom Blood to tha rumen Biritsh Jowrnal of Nutrition 40:
149154

Kenneddy , F.M. and Milligan, L.P, (1980). The deqgradation and
utilization of endogenious wrea in the gestro intestinal
tract of ruminantzs. A review Can JdJournal of Animal
Seiente &0 205-201



fennedy, P.M. and Milligan L.P 1988, The degradation and
utilization of endogenous urea in the gastrointestinal
tract of ruminants. A review Can Journal of Animal
Science &0: 205221,

Khajarern, 8., Hutanumater, N. Khajarern, J. Kitpanit, M.
Fhalarakeh, K and Terapuntuwat, 8 (1278). The improvement
of the nutritive and economic value of cassava root
products Ann. Rep Cassava nutrition project (Khon Kean
University Thailand}.

Khajarern, S. Khajerern, J.M., Phalaraksh, K., Kitpanit N.
and Terapuntuwt, o, {1980) Cassava: A potential
concentrate for animal nutrition in the tropice
Australian developnent assistance bureau. P 133 - 156,

Krebs, 8§ and Heng R.A (1984) The effect of supplementation
with malasses/urea bBlocks on ruminant digestion
procesdings  of the Australian scciety of Animal
production 15:704,

Larsen, R.E and fAmaning—fwarteng K. (1974) Cassava peels
with urea and moleszes as dry season supplementary feed
for cattle. Ghana Jowrnal of Agric Sci. 43-47.

Lee, K.C and Hutagalung R.I (1272) Mutritional Value of
Tapivca Lesf (Manihot Utilissima} for swine Journal of
nutrition 4G:587. {(Abstract}

Lemma, G and Alemu, T. (1721) Effects of feeding hvdrated
Tefi{ traw and protein socurces on Teff straw voluntary
intake and growth of vyoung homo sheep grazing native
pacture during the dry season. In complementarity of feed
resources for animal production in Africa. Proceedings of
Joint feed resources networks workshops held in Gaborone
Rotswana 4th-g8th March 1991 F. 147 — 148.

Leng, R.A and Nolan, J.YV (1984} Nitrogen metiboliss in the
rumen Journal of dalry Science 31 &7:1072-1089.

Lufadeju, E.A (1798) Evaluation of methods of improving :
Utilization of mature Andropogon gavanug hay by friesian—
Bunaji Heifers Ph.D thesiz submitted to post graduate
ScHowl ABL Zaria.

Maner, J. (19273} Cassava in Swine feeding in Centro interm de
pgriculture Tropical Cali Colombia Bull. RE-1



¥
73

Maner, J.H. ang Gomez, § (1973) Implications of cycuide
toxification in animal feeding studies using high cassava
rations in chronic cassava toxicity Ed Mestel B and
Moclntyre R Froceedings of 1nter-disp11nary warkshop DRC -
0102 Ottawa P 113 - 120, ,

tMeCollen, F.T And Galyeasn. M.L. {198%) Influence of Cotton
sead meal supplementstion oan valuntary intake of rumen
fermentation and rate of passage of praire hay in beef
steere J. Animal Science &HD: 370077,

McMeniman, M.F, Ellict R and Ash, A.J. (1988) Supplementation
of rice straw with crop by products I legume straw
supplementation. Animal Feed Science Technology 19: 43—
853, : :

Meggison D.A. Momeniman W.F., drmstrong D.G (1979), Efficiency
of utilization of non protein nitrogen in cattle.
Proceedings Mutrition Society 38: 147. (Abstract)

Mehres, BR.Z., Qrekov, E.R {1977) A =tudy of the artificial
fitre bag technique for determing the digestibility of
feed in the rumern Jouwrnal of Agric Science {(Camb) 88y
LHAG-6BO,

Meyrelles, L., maclecd N,A and Preston, T.R (!977) (Caszava
foliage as protein source in Sugarcane diets for cattle.
Effect on rumen fermentation of different levels of
cassava fTollage and urea. Tropica Animal production 23
AO0-3J05,

Miller, T.E. (1941} Recent advances in studies of the
chemical composition and digestibility of herbage
Herbage abotract Jl: 1-9,

Minsan, D.J. (1980) Nutritional differences between tropical
and temperate pastures. In grazing animals (FHMW Murley
efd) Eleevier Aszmsterdam. F. 103-157.

Moor, C.F. {1974) The utilization of cassava forage in
ruminant feeding international seminar on tropical -
livestock products 8th 12th March 1976 Acapulco Mexico F.
2 - 27.

Montaldo, A (1977) Whole plant Utilization of Casgava for
animal feed. In Cassava as animal fed Ed Nestel B and
GRabham M. Froceedings of Workshop held at University of
Guelph IDRC ~ 07% Ottawa Canada F. 93 - 104,



74

Montilla, J.J (1977) Nutrition of Broilers. In Cassava as an
animal feed. Nestel B and Graham M Ed. Proceedings of a
workshop held at University of Guelph April 1977 P. 23 -
38.

Mosi, A.K and Butterworth, M.H (1983).The Voluntary intake
and digestibility of combination of cereal crop residues
and legume hay for sheep. Animal feed science and
Technolgogy 12:241-2951.

Moran, J.E., Satoto, K.EBE and Dawson J.E (1983). The
utilization of rice straw fed to Zebu cattle and swamp
Buffalo as influenced by alkali treatment and teucaena
supplementation Austrian Journal of Agricultural research
34: 73-84.

Muinga, R.W., Thorpe, W, Topps, J.H. and Mureithi, J.6G
(19921) responces to a Pennisetum Purpureum hapier grass)
basal diet harvested at 2 different heights and fed with
three levels of leucaena forge to crossbred dairy cows in
sub humid tropics. In complementarily of feed resources
for animal production in Africa. proceedings of the joint
feed resocurces networks workshop held in Gaborone
Botswana 4th-8th March 1991 Ed by John stores said AN and
Jackson A.K. P. 75-84.

Muller, Z: Chou, K.C and Nah, K.C (1974) Cassava as a total
substitute for cereals in livestock and poultry rations.
World Animal review Vol. 12:19.

Muller, Z (1977) Improving the quality of cassava root and
leaf products technology. In cassava as a animal feed Ed
Nestel B and Graham M. Proceedings of a workshop held at
University of Guelph IDRC-095e 121 Ottawa Canada P. 120 -

126.

Murillo, O.E. (1952) Valor de la harina de hojasy tallos

deshidratados de yuca en 1a production de teche Turrialba
Z2: 166-169 as cited by Smith, O.B (1988) A review of
ruminant responses to cassava based diets. In Cassava as
livestock feed in Africa a proceedings of the IITA/ILCA/
Univer=sity of Ibadan, Ibadan workshoip on potential
utilization of cassava as livestock feed in Africa Ed
Hahusk REYNOLDS L and Egbunike G.N. P, 39 - 53.

Ndlovu, L.R and Maryame 7 (1987) Hydration as a means of
improving utilization of maize stover fed to steers. In
over coming constraints to efficient utilization of
agricultural by products as animal fed. Proceedings of
4th  annual workshop held &t Animal Research Mankon
station Bimenda Cameron 20-27th Oct. 1987. P. 334-333



74

Ndlovu, L.R (1992) Complementarity of forages in ruminant
digestion. Theoretical considerations. In the
complementarity of feed resources for animal production
in Africa. Proceedings of the joint feed respources
network workshop held in Garborome Botswana. P 17-24.

Ngwa, A.T and Tawah, C.L (1992) Effect of Legume crop
residues and concentrate supplementation on voluntary
intake and performance of Kirdi sheep fed basal diet of
rice straw. In the complementarity of feed resources for
animal production in Africa. Proceedings of the joint
feed resources network workshop held in Garbon Botswana.
Ed John Es Stoves Said AN and Jackson A.K. P. 239-248.

Nolan, J.Y., Norton, B.W., and Leng, R.A. (197X) Nitrogen
recycling in sheep. Proceeding Nutrition Society 32. 93-
98.

Oguntimein, G.EB (1988) Processing Cassava for animal feed.
In Cassava as livestock feed in Africa proceedings of the
1I1TA/ILCA/University of Ibadan Workshop on potential
utilization of cassava as livestock feed in Africa. Ed
Hahn S.K. Renoldsh and Egbunike G.N. FP.103-111.

Oke, O.L. (1272) The mode of cyanide detoxification. In
chronic cassava toxicity Ed Nestel B Mclutyre R.
Proceedings interdisplinary workshop London. IDRC O10e 97
Ottawa Canada F. 40 - 47,

Okeke, G.C. and Dji, . (1988). The nutritive value of grass
ensilled with cassava peel and poultry excreta for goats.
Proceedings workshop on goat production in humid tropics
Ed smith B and Bosman H.G. 20-24th July 1988. Obafemi
Awolowo University Ile Ife Nigeria. P 101-106.

Olaloku, E.A., EGbuiwe, A.M and Oyenuga, V.A (1971). The
influence of Cassava in production ration on the vield
and composition of white fulanli cattle. Nigerian Agric.
Journal 8: 3I&6 - 43.

Oldham, J.D. (1981) Amino acid requirements for lactation in
high yvielding dairy cows. In recent advances in ruminant
nutritions (1981) Ed. Haresign, W. and Cole D.J.A. P. 49-
81 Butterworths London.

Omole, T. A (1977) Cassava in the nutrition of layers. In
Cassava a= animal fed Ed Mestel B and Graham M.
Proceedings of Worksho at University of Guelph I1DRC- 095e
81 ottawa P. 51 - 58.



76

Orskov E.R and McDaonald I. (1979). The estimation of orotein
degradation in the rumen from incubation measurements
waghed according to rate of passage Journal of Agric
Science (Camb) Vol. 22:499-503.

Osuji, P.0., Sibanda, S and Nsahlai (1993) Feed evaluation
ILCA manual 1993 P. 9

Osuntokun, B. 0. (1973X) Ataxic neuropathy assocated with
high cassava diets in West Africa. In chronic Cassava
toxicity ed Nestel B and Mclutre R. Proceedings of inter
displinary workshop London IDRC - 010e 127 Ottawa FP. 127
- 136.

Oyenuga V.A. (1961) Nutrition Value of cereal and cassava
diets for growing and fattening pigs in Nigeria. British
Journal nutrition 15:327 - 338,

Perdock, H.B., Thamotharam M., Rlom, J.J., VYan De Born. H
and Van Yelum, C. (1982) Practical experiences with urea-
encgiled straw in srihauka. In Maximum livestock
production from minimum land. FP. 123-134 Ed Freston TR
etal. 3rd Seminar Baughladesh Agric research Institute
Jogdebpur.

Preston T.R and Willis M, B (1974) Intensive Beef Production
2nd Ed Pergamon Press Oxford.

Preston, T.R and Leng, R.A (1984) Supplementation of diets
based on fibrous residues and by-products as Feed. Ed F
Sundstol and E Owen Elevier Fress.

Preston T.R. and Leng R.A (1987) Matching ruminant
production systems with available resources in the
tropics and Subtropics. Technical Center for agriculture
and rural cooperation FPublished #oay Penembol Books
Aramidale P. 126.

Rajah, S.K. (1980) Animal nutrition in the tropics P.207
=208 Vikas Publishing House PUT Ltd India. P. 207 -208.

Rogers, D.J. (1963) Studies of Mahihot esculenta and related
species Bull Terrey Botary Club 90, 143. (Abstract)

Ross, € and Enriguez F.0 (1969). The nutritive value of
Cassava leaf meal poultry Science 48B:B46. (Abstract)



77

Santana A and Havell, F.0., De B (19779) Rate of rumen
digestion of dry matter of leaf petiole and stem of
banana sweet potato and cassava foliage using invivo
nylon bag technique with cattle fed sugar cane or

molasses based diets. Tropical Animal Production P. 59 -
65.

Satter, L.D. and Roffe, R.E (1981) Infuence of nitrogen and
carbonhydrate inputs on rumen fermentation. In recent
advances in ruminant nutrition. P. 115 Ed. Haresign, W.
and Cole, D.J.A Butterworths London.

Silva, A and Orskov. F.R. (198%5) Effect of Unmolassed Sugar
beet pulp on rate of straw degradation in the rumen of
sheep given barely straw Froceeding of the nutrition
society 44:80. (Abstract)

Smith, 0.E. (1988) A review of ruminant responces to
cassava based diets. In cassava as livestock feed in
Africa. P. 39-53 Proceedings of the IITA/ILCA/University
of Ibadan Workshop on potential utilization of cassava as
livestock feed in Africa. Ed by S.K. Hohn L. Reynolds and
GN Egbunike P. 3I9-33.

Smith, 0.8, Idowu, A.D., Asaolu, V.0. Odunlamoc, M.0O (1988c)
Comparative rumen degradability of forage browes, croip
residues and by products. In African Small ruminants
research and development ed by Wilson RT and Azeb M. ILCA
Addis Ababa Ethiocpia FP. 204 - 208.

Snedecor, G.W and Cockran, W.G (19€0) Statistical uethodqﬁ‘&n
10WA State University Press Ames. 10WA U.S.A.

Steel, R.G.D and Torrie, J.H. (1980) Principles and
procedures of statistics Abiometrical approach. 2nd Ed.
McGraw Hill Press New York U.S.A.

Tejada de Hermandez L. and Brambila 8 (1969) Investigacious
acerca del valor nutritivo de la yuca parael pollito Tec
Perumex T:329 cited by Tewe 00 and Egbunike G.N
ttiliration of Cassava in non ruminant livestock feeds.
In Cassava as livestock feed in Africa proceedings of the
IITA/ILCA/University of Ibadan. Ibadan Workshop on
potential Utilization of cassava as livestock feed in

Africa. Ed Hohn S.K. Regnolds L and Egbunike G.N. P. 28 -
38.

Tewe, 0.0. (1975) Implication of the Cyanocgenic glycosides
fraction of cassava in the growth and reproduction of
rats and Pigs Fh.D thesis Dept. of Animal Science
University of Ibadan Nigeria.



78

Tewe 0.0. (1984) Cyanogenic glucoside, Protein intereaction
in Cassava peel based rations: Effect on some
hematological parameters 1in growing pigs Nutrition
reports international 30(2): 425-431.

Tilley J.M.A and Terry R.A (1926%) A two stage technique for
invitro digestion of forage crops. Journal.;British
grassland Society England 18 104-111

Thomes F.C and Rook J.A.F (1981) Manipulation of rumen
fermentation. In Recent development in ruminant nutrition
Butterworths London. Ed Heresign W and DJA Cole. P 137 -
183.

Wanapat, M. (1985) Improving rice straw guality as ruminant
feed by urea treatment in Thailand. In revelevance of
crop residues as animal feeds in developing countries P.
147-175 Ed M Wanapat and C Devendra Funny Press Bangkok
Thailand.

Warambwa, A.R and Ndlovu, R. (1992) Use of whole sunflower
seeds and urea as supplements to crop residues based
diets for animal production in Africa. Proceedings of the
Joint feed resources net work workshop held in Gaborone
Botewana 4th—-8th March 1991 Ed John E Stanes said AN and
Jackson A.K. P. 197 - 204,

Whitehead, R.G.H. Cooke E.T. Chapman. (19&67): Automation in
Analytical Chemistry Technicom. Sympossum Yol. 2 Page 377
HBassingstoke itants. Technicom Instrument Company Ltd.

Yilala, K. (1987) Overcoming the constraints to nitrogen
availability to improve crop residue utilization by
ruminants in Burkina Faso. In Overcoming the constraints
to efficient utilization of Agricultural by-products as
animal feed page 80-104.

Zimmerlink, K.G (1973) Utilization of poor quality roughages
in the Northern Suinea Savanna Zone. In animal production
in the tropics. FProceedings of the international
symposium on animal production. Page 167-176 Ed by
Loosli J.k Oyenuga V.A. and Babatunde G.M.



