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Improvement of Feeding Vaue of Low Quality Roughages to
Enhance Ruminants Production in Tropical Regions

Tsutomu Fujihara®, Toshiyoshi Ichinohe, Lili Warly’, Edgar A. Ordert’ and Shaukat A. Abdulrazak’

Abstract Four selected studies carried out to evaluate the utilization of rice straw based
diet and poor quality forages with energy and protein supplements which are applicable to
farmers in developing countries at farm level are presented. 00 Wethers fed on rice straw ad
libitum supplemented with soybean meall] SBM U at the rate of (11 and [(TT]g/d to supply (1] to
(1110 of maintenance level of the metabolizable protein. Supplementation of SBM resulted in
higher feed intake and digestibility through the effect on rumen fermentation status, although there
was no further effect on nitrogen] N retention at increased level of SBM supplement. It was
considered that high fermentable energy is required to support optimum activity of the rumen
microbes at the high protein supplementation. OO The effects of protein and energy
supplementation with straw diet on N retention and rumen microbial yieldd MBY Owere studied
using wethers. The three rations,[TT10 ammoniated rice stran’] ARSI untreated rice straw

0O URSOO MO rice brad RBOO OO SBM, and[110 ARS O [TIO RB, were formulated to
contain almost the same amount of protein and energy. RB 0 ARS improved N retention and
MBY, but RB [0 SBM supplementation with URS showed similar response on N utilization and
efficiency of MBY compared to ARS based diet. 01V oluntary intake, digestibility and live weight
gain were evaluated in yearling goats fed on Rhodes grass hay ad libitum, and supplemented dried
Gliricidia leaf medd GLM[ GLM and maize brai10000 and maize bran at the rate of [TT1g
/d. Feed intakes and the digestibility of organic mattef] OMand N were greater for supplemented
groups than for control. The live weight gains were the highest in goats supplemented with
mixture of GLM [0 maize bran. The result indicated that GLM could be used as a source of
supplement for growing ruminants fed on low quality hay. 00O To evaluate the effect of
supplementing legume tree leaf on intake, digestibility, live weight gain and MBY, two
experiments were conducted using[T] crossbred steers offered fresh napier grass ad libitum.
Gliricidia supplementation dightly decreased napier grass intake, athough Leucaena increased
the total feed intake without depressing napier grass intake. There were no clear effects of
supplementing Gliricidia and Leucaena on OM digestibility, MBY and its efficiency. Live weight
gain was obviously greater in Leucaena supplemented group than in Gliricidia group.
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based diets containing less than[1] g crude protein] CPC per
kg dry matterd DM has increased DM intake’] DMIO and
anima performance] Minson and Milford, TTTIT]

In most tropical Asian countries, rice is considered as one
of the most important crops, because it is a major staple food
for millions of peoplein these areas Likewise rice straw serves
asfeedsfor different species of animals particularly ruminants
Therefore, ruminant production systems are mainly based on
rice straw, agricultural by-products and natural low quality
forages. Under these conditions, the animal performance is
mostly below their potentia productivityd Ranjhan, (TTT10]
Matching available feed resources and the potential of the
ruminant animal is vita in tropical developing countries.

In general, roughage diets such as rice straw are low
quality because of low protein and high cell wall constituents
concentrations resulting in low intake and digestibility.
Therefore, it has been along-term aim of many researchers to
improve the nutritive value of roughage diets for feeding
animals. Physical treatmentsd grinding, pelleting and steam
pressuringd and chemical treatmentd urea, ammonia and
sodium hydroxidel[] have been used to upgrade the feeding
value of rice stran] Sundstol and Coxworth,[TTTI[] However,
this approach is expensive and involves hazardous chemicals,
which may not be economica and applicable to small holder
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farmers in developing countries. While such treatments are
suitable for improving the nutritive value of rice straw, thereal
need is for simple and cheap methods that can be used by small
holder farmers.

Although feeding rice straw to ruminants together with
energy supplement and protein supplement is commonly used
in tropical countries, little is known about the effect of
supplementation on animal performance. In this paper, we
reported four selected studie$] study. Lili Warly et al .,[TTT7;
study (0. Orden et al .,[TTT1; study 1. Ondiek et al .,[(TTT] and
study 0. Abdulrazak et al ., [TTTI0to evauate the utilization
of rice straw based ration and poor quality forages with energy
and protein supplements. The implications of the results could
be applicable to farmers in tropical developing countries at
farm level. The study O andO presented herein had been
carried out as PhD studies at United Graduated School of
Agricultural Science, Tottori University; and study] and(] had
been conducted as collaborative studies together with animal
science laboratory of Shimane University and Egerton
University. The al had been briefly summarized by Fujihara
et al 001

Study 1. The effect of soybean meal supplementation
on utilization of rice straw

Table 1. Effect of soybean meal supplementation on the voluntary intake of rice straw, weight
gain, digestibility and nitrogen balance in sheep fed rice straw as a basal diet

Level of soybean meall g/day(]

Item SEM
O mn| oo
Rice straw intake
0 g DM/dayO] ome om® omP mn]in|
TDN intake] g/day e oo oo [
Weight gairl] g/dayC ooome omme mm* mm
Digestibilityd O O
OM mm mm mm om
CP mme mm* mm* om
NDF mom mm mm om
ADF mom mom mm om
Nitrogeri] g/dayO
Intake mlinnk omo® mme am
Feces 0omo omo omo om
Urine omo® om® omoe om
Retention oomo® om® omoe om

24 Means in the same row with different superscripts differ significantlyd ab: POOMOO c,d:

POOMIOMI
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The effect of supplementation levels of soybean meal
0 SBMOon the utilization of rice straw was investigated using
three rumen cannulated wethers, weighing(T1+ O kg. Dietary
treatments were as follows:. untreated rice straw’] URS] URS
with(T]g of SBM and URS with (1T0g of SBM. URSwas
offered to the animals ad libitum for each treatment. SBM was
supplemented to provide[1] and[(TT10] of maintenance level
of metabolizable protein] AFRCITTIO The experiment was
carried out in al0x [0 Latin square design.
The rice straw used in this study contained I [0 DM
of CP, which was far below the critical level of CP required
0O0m O DMOfor norma forage consumption by sheep
0 Minson, (111100 The supplement with(1] and[1T1g SBM
increased the dietary CP content toJID and[TJMO DM,
respectively. As shown in Tablel], the voluntary intake of rice
straw was significantly increased O POOIDO by SBM
supplementation, and the increment was approximately (17
O inboth(TD and[11] g of SBM. It was probably due to
enhancing cellulolysis and increasing the rate of breakdown
of cell wallsin the rumen, and partly due to an effect on
metabolic rate in the body tissued] Weston, (11110 The
increasing of SBM from[TJ to[TT1 g did not further increase
the rice straw intake, and was in agreement with the results
obtained by other workerd] Church and Santos, [(TT11; Liu et
al .,[1T110 Sheep lost their body weights in the treatments of
control and[1] g of SBM supplementation, however the
inclusion of 1T1g SBM significantly increased] POOMTIO
the daily gain. This result was consistent with the report of
Devendral[(TTT1[] who showed the rice straw was insufficient
to maintain the live weight of sheep due to a low voluntary
intake and a low digestible energy content, when it was given
asolediet. Thisfinding suggeststhat the improvement on daily
gain of sheep fed SBM supplemented diets was dueto the

additiona digestible energy and protein, and other essentia
nutrients supplied by the supplement, and through theincreased
intake of the straw.

The N retention was negative for sheep fed control diet
increased 00 POOMOO by
supplementation of (1] and [(TT1g of SBM. The increasing N

and it was dSignificantly
retention due to protein supplement with low quality foragein
sheep has also been reported by Caton et al OITTI0 The
low content and low digestibility of N of rice straw

mirrored directly the negative N baance in sheep fed control
diet. When expressed as percent of N intake, urinary N
excretion was[111,[1] and[1100 for sheep fed O,[1] and
[(TT1g of SBM supplemented diets respectively. Increased SBM
level to11] g/d, however, had no further effect on the N
retention. Church and FontenotJ[(TTTJJalso pointed out that

N excreted into urine was greatly dependent on the level
of N intake, and was higher on low and high level of N

intake but minimum at medium intake. Asindicated in Table
O, TDN intakes, which reflects metabolizable energy intakes,
did not differ between the SBM treatments. If more energy
source is supplied at higher SBM treatment, then greater N
retention can be obtained.

The results have clearly shown that the utilization of rice
straw as a ruminant feed will be improved by SBM
supplementation, and at the higher supplementing level,
it was considered that more fermentable energy is required to
support optimum activity of the rumen microbes.

Study 2. The effectsof protein and ener gy supplemen-
tation on utilization of rice straw

The effects of protein and energy supplementation with
rice straw diet on N retention and rumen microbial proteinyield

Table 2. Chemical composition of feedstuffs and experimenta diets]1 0 DMO

RB SBM URS Dy Dy D
oM mm mm mm m mm mm
N 0m 0m 0m 0m 0m 0m
NDF m m m m m m
ADF gm am mm m mm m
Lignin om am om om om om
Silica Om am mm m gm m
ME"0 MJkg DMO m mm om Om om Om

" Calculated based on Standard Tables of Feed Composition in Japari] (ITT1(1]
D000 ARS; D:OMO URSOMMIO RBOOO SBM; D-OMO ARSOIO RB.
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O MBY O were studied using three rumen cannulated wethers
with mean body weight of (1] kg. The following rations were
fed to the animals in a Ox [ Latin square design: 1110
ammoniated rice straw] ARS, D00 110 URS O M0 rice
brarl] RBOO OO SBMI Dy andIO ARS O [0 RB1 DO
Therations were formulated to contain almost the same amount
of N and metabolizable energy.

The treatment of rice straw with ammonia increased the
total N content by almost O times from O toOIIO DM

O TableOO However, only a small portion of N was attached
to the cell walld10MO of neutral detergent fiberCas a result
of the treatment, then most of the N incorporated is probably
present as soluble NH:-N. There was a dlight decrease in the
NDF fraction due to partia solubilization of hemicellulose,
while the acid detergent fiberD ADFC remained almost same
concentration. The increase in N content and the reduction in
cell wall fractions, are consistent with the earlier findings

O Pradhen et al .,[TTT1 As indicated in Tabled, animals fed
with Dy had highef] POOMOIDMI than those fed with Ds and
D.. No significant difference was observed in DMI between
D, and D.. Results indicated that the increased consumption
in D;isaresult of RB inclusion and the use of ARS. The
addition of RB to ARS improved DM digestibility of the diet
and feed intake. Higher digestion coefficients of DM and OM

in Dy resulted in higher daily intake of digestible DM and OM
compared with D;. The marked improvement in the overall
digestibility of D could be attributed to the extremely high
detergent fiber digestibility of ARS in combination with RB.
DM digestibility of D, was significantly] POOMOgreater than
D; and Ds, but the OM digestibilityd[110 Ois almost the same
as the corresponding mean values for ammoniated barley straw
0 ABSO 0O OTg rolled barley graind] Catillo et al ., 111101
However, DM digestibility in the present study was lower than
those earlier reported; ARS supplemented with SBM
0 Pradhen et al .,[T1T10J and ARS supplemented by either SBM
or dfalfa hayll Han et al ., [TTT]; Maeng and Chung, (ITT10
Result tends to emphasize the differential effects of protein
supplementation on nutrient digestibility of ammoniated straw
diet. Conversely, the CP digestibility in D; was significantly
loweld POOMOOthan D, but not significantly different from
D.. The CP digestibility of Ds and Ds supported the conclusion
of Maes][TTT10that only about[T100 of N from ammoniated
or urea treated straw is available for digestion. There was no
significant effect of the RB inclusion on N digestibility of ARS
based diets. The low CP digestibility of D and D, emphasizes
the importance of true protein supplementation in straw-based
diets to correct nutrient deficiencies in order to increase
nutrient availabilityd Silva et al .,[(111]; Leng, (T117; Oosting

Table 3. Dry matter intake, digestibility, nitrogen balance, rumen NH:-N, purine derivatives] PDO
excretions and microbial N yield in sheep fed with URS and ARS diet supplemented with rice bran

ltem D, D, D, SEM Si;?;i;fce
DM intakel g DM/kg BW™ 1 Mmoo ;o 0m :
Nutrient digestibility 0 O
DM 01 O 1 O w11 0m &
oM Mmoo ;o 0m o0
cp 01 O 11 O 1 0m 0
NDF 01 O o 11 O w1 0m o0
ADF 01 O 11 O 1 0m :
Nitrogen Balance] g/d0]
Intake 1S i O 1 0m :
Feces mliig mliig mliig Om 0
Urine Om 0m 0m 0m :
Retention mliig om® om® 0m 0
Total PO mmol/dD] mliig om om® 0m 0
Microbial N yield] g/d0] mliig om om® 0m :

¢ Means with common letter superscript within rows are not significant.
D000 ARS; DOMIO URSOMMO RBO OO SBM; DOMIO ARSOMIO RB.
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et al .,[TTT10 Results also indicate that the inclusion of small
amount of SBM in RB supplemented URS diefl] D[]
provided a better N source, which eventualy yielded

higher CP digestibility.

As shown in Tabled, all animas showed positive N-
balance in response to the dietary N intake from the
experimental diets. The Dy and D; had significantly higher N
-balance than D due to the improvement in protein and energy
source used in the treatments. The Dy had the highest retained
N among treatments indicating that the addition of SBM and
RB to a URS diet has a positive effect on N retention. The
D- had the lowest retained N because of high fecal and urinary
excretion relative to the N intake Thelesser amount of N added
by ammoniation was made available to the animal as a protein
source, but supplementation of RB provided a better N source.
The significantly highed POOMOON retention and OM
digestibility of RB supplemented groups resulted in higher
urinary excretions of purine derivatives] PDOin animals fed
with D, and Dy, and greater microbial N yields when compared
with the control group. Although both supplemented diet$] Dy
and D-0had better MBY than the control diet, microbial
efficiencyl] g N/kg RDOMO was not differ between D, and
Ds. There was a higher digestibility of OM in D, this did not
result in better MBY compared with D.. This result is contrary
to the findings of Moller and Hvelplund]TTT]O0who showed
that cows receiving ABS supplementing urea or SBM had no
positive effect on the MBY.. In spite of the significantly higher
OM digestibility of rice straw brought about by ammoniation,
e al.0O0Orma
supplemental energy in the form of RB is needed for

Herrera-Saldana recommended  that
maximum utilization of added N.

Results of this experiment indicated that minimal
supplementation with RB can improve N utilization of either
URS or ARS based diets when fed to sheep. Furthermore, it
proved that energy supplementation could be more beneficial
than protein supplementation in improving MBY feeding

ammoniated rice straw.

Study 3. The effectsof protein and ener gy supplemen-

tation on utilization of Rhodes grass hay diet

A wide varieties of legume tree grow in the tropics and
their protein-rich leaf parts can improve the production

of ruminants consuming low quality grasse§] Devendra[TT1110]
One of the most widely used legumes is Leucaena leuco-
cephala, and recently, Gliricidia sepium has also been
recognized as another legume tree producing high quality
fodder] Bennison and Paterson, (TTT1[0 The objective of this
study was to evaluate the effect of supplementing Rhodes grass
hay with Gliricidia sepium leaf meal and maize bran alone or
in combination on voluntary feed intake, digestibility and live
weight gain in growing goats.

Sixteen crossbred] Toggenburgx Saanen, 0 males and
O femalesOdairy goaf10-months-old; [T+ OO0 kg BWOwere
used and Rhodes grass hay was offered ad libitum aone or
supplemented with (1T0g/d of dried Gliricidia leaf medl,
Gliricidia mea plus maize braild00 asaDM basigJor maze
brar] TableOOin a completely randomized design]C heads
per treatment[] All goatswerekept inindividua well-ventilated
pens, and were weighed weekly for[J weeks.

Low acceptability of Gliricidia mea was observed
during the first week of the experiment, however, during the
subsequent weeks al the Gliricidia offered was consumed.
Asindicated in Tabled, supplementation did not have a
significant effect on hay intake. However, animas
supplemented with Gliricidia meal alonetended to have ahigh
intake of hay. Thetotal DMI was significantly lowef] POO MO
in the control group than in the supplemented groups, whereas
there was no differences among the supplemented groups.
These results are in agreement with those of AT TTIOwhere
Gliricidia was offered as a supplement to Guinea grass diets
and the DMI of the basal diet was not depressed, therefore,
leading to a significant increase in total intake. In contrast,
Van Eys et al. OOT0 supplemented napier grass with
Gliricidia and found no effect on total DM, although weight
gains were improved in growing goats. However, napier grass
in their study contained more CRIIT] v.s.[T] g/kg DMOthan
in Rhodes grass hay used in the present study. Egan1[T1110]
reported that legume supplements are usualy most effective

Table 4. Chemical composition of the ingredient used in the
experimental diets

Hay Gliricidia Maize bran
DMO g/kgO HEN EEN D
CH g/lkg DMO 0 EEN nE|
OMO g/lkg DMO HEN EEN mnE|
NDHJ g/kg DMO oo o oo
ADHI glkg DMO oD o M
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Table 5. Dry matter intaké] DMI[J average daily gairi] ADGand digestibility in goats offered either
Rhodes grass hay ad libitum alond] HJ Rhodes grass hay with Gliricidia meald HGO or
Gliricidia meal and maize brarl] HGB or maize brari] HBO

Treatment H HG HGB HB SEM
DMIO g/day]
Hay EEN o EEN o mn]in]
Supplement O 1 (RN 1
Tota o a° P a® m
ADQG] g/dayd e P e e g
Digestibilityd O O
DM mm? mm* mm* mm® i
oM mm* mm® mm® mom® gm
NDF mm* mm? mm* o am
ADF m o [m o g
CP e mm® M’ mm® oo

2> Means within a row with different superscripts are significantly different] POOMO

when offered with roughage containing more than (11 g/kg
digestible OM, because they increase the rumen degradable N.
The control group had the lowest digestion coefficients
for DM, OM and CP, but the highest value for ADF. The
Gliricidia and maize bran supplemented group had the
highest CP digestibility] Table[J[] These results are consistent
with those of McMeniman et al .10 who supplemented
rice straw with legumes comprising (110 of the diet. By
contrast, some reports showed no significant increase in
digestibility of
supplemented with legume foraged] Van Eys et al ., [(1117;
Abdulrazak et al ., (TTT100 The improvement in digestibility
could have resulted from reduced levels of indigestible ADF
and lignind Van Soest,[TTT10 Liveweight gains were higher
0 POOMOOfor goats offered the Gliricidia plus bran mixture
0O g/dd and lowest O g/dd for the control  group.
Supplementation with legume forage increased total N supply

forage diets, when napier grass was

and together with anincrease in digestibility would have
contributed to better performance in supplemented groups. In
this study, microbia N supply was not measured but is likely
that it contributed to the increase in livell weight gains. It is
possible that the Gliricidia-bran mixed diet created a more
suitable rumen environment by supplying a ready source
of energy for the microbes, which, in turn, may led to a higher
microbial activity and NH:-N turnover. Better performance
in Gliricidia-bran supplemented group may be explained
by the phenomenon of synchronization of energy and N
supply to rumen microbes. Richards et al . OTTT10 reported
a high N solubility of Gliricidia, which when fed together

with napier grass, which had a slower energy release, lead to
asynchronous supply of N and energy in the rumen of goats.

In conclusion, these results indicate that Gliricidia meal
is a potential source of protein supplement for growing goats
fed with low quality hay, which is better utilized when offered

with an energy source, like maize bran.

Study 4. Theeffects of supplementation of legumetree
leaves on utilization of napier grass

Estimates are required for animal performance and rumen
characteristics when these legumes are given as supplement to
low-N basal diets. Then recommendations can be developed
for feeding systems that utilize optimal levels of the forages
for growing ruminants. To contribute to those objectives, two
experiments were carried out to determine voluntary food
intake, digestibility and live-weight changes in steers given
napier grass as abasal diet supplemented with incremental
levels of Leucaena and Gliricidia forages.

The samel] crossbred Bos taurusx Bos indicusCsteers
were used in both experiments. At the start of experiment [
and], mean age and live weight of steers were[T] months and
I+ M kg, andX months andI T+ [T10T kg, respectively.
All the steerswere confined in individual, well-ventilated stalls,
and each week were weighed and sprayed with an acaricide.
Napier grass was harvested daily, and chopped to pieces of ca.
(10 mm. Gliricidia and Leucaena were aso harvested daily in
the morning for feeding the same afternoon, with some allowed
to wilt overnight for the feed offered the next morning. Stems
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thicker than[TJ mm were removed from the legume forages
to ensure the fodder composition was uniform. Gliricidia or
Leucaena were offered to the animals at five levels: O, O,
(O, (O and I g DM per kg metabolic body size
O BW™0 respectively.

As shown in Tablel, the legume forages had higher DM
and CP but lower NDF contents than Napier grass. Gliricidia
contained relatively more NDF than Leucaena foragel111]
vs.[TT] gkgDMO Low acceptability of Gliricidia was observed
duringOst week of the experiment, and during the subsequent
weeks al Gliricidia offered was consumed. While napier grass
DMI decreased linearly with increased level of Gliricidiall P
00, Tabledd the total DMI
significantly. The incremental supplementation with Leucaena
increased total DMI of theld steers linearlydd POOITTIO
without affecting the intake of the napier grass] TableO
Supplementation with either of the legumes had no significant

was increased but not

Table 6. Chemical composition of food used in experiments

effect on the OM digestibility of the diet. In both experiments,
incremental levels of legumes increased the mean live-weight
linearly POOMOO Live-weight gains were relatively higher
with Leucaena than Gliricidia supplementation. Gliricidia
supplementation increased the daily excretion of PO PO,
TabledO The estimated purine absorption and calculated
microbial N supply was the lowest in the control group, but
not significantly increased with Gliricidia supplementation.
The average intakes of napier grass in control groups of both
experiments were above the intake of standard tropical forages
O containing ca. [(1JO of digestible DMO as suggested by
Crampton et al OOT00 i.e.[10 g DM/kg BW'™day. The
supplementation with Leucaena did not depress the intake of
napier grass diet; it led to a significant linear increasd] PO
O 0in total DMI. The increase in total DMI is consistent
with theresultsof Bons et al OTTT]0and Muingaet al 011110

with Leucaena supplementation. On the other hand,

DMO g/kgO Asi] g/lkgDMO CHJ g/lkgDMO NDHI g/kgbMO
Mean SD Mean SD Mean SD Mean SD
Experiment O
Napier grass NN mm NN Om M Om oo mm
Gliricidia NN mm NN Om NN Om NN mm
Experiment O
Napier grass (NN m (NN Omm M Omm 1 mm
Leucaena 1 o [N (i 1 g 1 Om

Table 7. Dry matter intakes] DMI[J digestibility of organic mattef] OMDOand live-weight gain§] ADGLin steers given napier grass
ad libitum aone or withOI, (O, (0 and (T gDM per kg BW'™ of Gliricidia and Leucaena

Level of supplement] g DM per kg BW™0

Significance of

SED .
0 Om om om om linear response

Experiment O

DMIO kg/dayd

Napier Om Om Om Om Om Om ao

Gliricidia O Om Om Om Om

Total Om Om Om Om Om Om

oMbpO OO om om om om om Om

ADQ] g/day[] NN NN NN NN NN om o
Experiment

DMIO kg/dayDd

Napier om Om Om Om Om Om

Leucaena O Om Om Om Om

Total Om Om Om Om Om Om

oMbO OO om om om om om Om

ADQ] g/day[] NN NN NN NN NN om o
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Table 8. Urinary purine derivatived] PDexcretion and microbial N supply in steers given napier grass ad libitum alone and with O, (O,

(DI or[(JI0 g DM per kg BW'™ of Gliricidia forage

Level of Gliricidiad g DM per kg BW'™0 SED Significance
O aan m m m Linear Quadratic
PDexcreted] mM/dayd (mm mm mm m (m am f
DOMI'0 g/dayC] manN manN manN mnEn o mom g
Microbial N supply
gN/day O O O Om Om mjn
gN/kg DOMI m o o Om om mjn

"DOMI O digestible organic matter intake.

supplementation of Gliricidia depressesthe napier grassintake
linearlyd) POOMOO but tended to increase total DMI. This
finding is similar to that reported using napier grass as basal
diet by Van Eys et al OT11100 who reported no depression
of guinea grass intake when it was supplemented with
Gliricidia.

In this study, the lack of response in the increase of intake
and digestibility in basal diet would suggest that the CP
content of basal diet did not limit the intake, and that when the
rumen microbia requirements for N had been met, additional
Leucaena or Gliricidia did not have any upgrading effect on
the basal diet, the response of additional high quality forages
could be mostly dependent on the CP content of basal diet

0 Egan, 011110 The difference in the response of basa diet
intake between Gliricidia and Leucaena supplements on DMI
of napier grass is very difficult to explain. Possibility the
relative higher total DMI with Leucaena was associated with
faster outflow rate of particulate matter. Retention time of
particulate matter has been reduced following supplementation
with Leucaena] Bamualin et al .,[(TTT10 Live weight gains
increased  linearly 0O POOMOO  with
supplementation in both experiments. Improved live weight

incremental

performance when legumes supplemented with low-N
roughage had been reported] Van Eyset al .,[TT11; Ash,[TTT1(]
The relatively faster gains in this experiment supplemented
with Gliricidia could be attributed to higher ruminal turnover
raté] Thornton and Minson, (ITT10] more N supply(l as
undegradable N to the lower tract and an increase in tota
DMI.

Conclusion

Aforementioned results indicate that, ruminants perform-
ance can be improved by adequate quality and quantity of

protein and energy supplements even though animals are
offered poor quality basal diet such as rice straw and low N
natural pasture forage. A wide variety of legume trees grow
in tropics and such protein-rich foliage can be used as a
protein supplement to low quality forages. Recommendation
needs to be developed for various feeding systems that utilize
optimum levels of legume tree leaves and bran as supplements

with straw and tropical grasses for ruminant feed.

References

The effect of supplementation with Gliricidia sepium or
Leucaena leucocephala forage on intake, digestibility, and
live weight gains of Bos taurus x Bos indicus steers
offered napier grass. Abdulrazak, S. A. et al ., Anim. Sci,
(O: OO, 0110

Energy and Protein Requirements of Ruminants. AFRC. An
Advisory Manual prepared by the AFRC Technica
Committee on Responsesto Nutrients CAB International.
Wallingford. (ITT10

The effect of supplementing with leaves from the leguminous
trees Seshbania grandiflora, Albizia chinesis and Gliricidia
sepium on intake and digestibility of guinea hay by goats
Ash, A. J, Anim. Feed Sci. Technol., (DO O, 1T10

The contribution of Leucaena leucocephala to post-ruminal
digestible protein for sheep fed tropical pasture hay
supplemented with urea and minerals. Bamualim, A. et
al ., In Proc. Aus. Soc. Anim. Prod.,[[J: TOITH, 0110

Use of trees by livestock. Gliricidia. Bennison, J. J. and R.
T. Peterson, Natural Resources Institute. Chatham, UK.
g

Graded levels of Sesbania sesban and Leucaena leucocephala
as supplements to teff straw given to Ethiopian Menz
sheep. Bonsi, M. L. K. et al ., Anim. Prod.,[1J: (TTJITT],



0 000 O Improvement of Feeding Value of Low Quality Roughages |

NEEEIN
Effect of
supplementation on the intake and digestibility of
barley straw diets in sheep. Cadtillo, C. M. et al ., Anim.
Feed Sci. Technol., (OO0, (1110
The influence of protein supplementation on forage intake, in

ammonia  treatment and carbohydrate

situ forage disappearance, ruminal fermentation and
digesta passage rates in steers grazing dormant blue grama
rangelands. Caton, JO -S. et al ., J. Anim. Sci.,[1J: 1111
1, g

Nitrogen metabolism and requirements. Church, D. C. and
Fontenot J. P. ; Digestive physiology and nutrition of
ruminants, Church, D. C. ed., Vol.(O Ed. O & B Books,
Inc., pp. (DI, ITT0O

Effects of graded levels of soybean mea and non-protein
nitrogen-molasses  supplement on consumption and
digestibility of wheat straw. Church, D. C. and A. Santos,
J. Anim. Sci., [: OO0 1 T, 0100

Nutritive value index for forage. Crampton, E. W. et al ., J.
Anim. Sci., [ OO0, 0100

Studies on the utilization of rice straw by sheep. V. The effects
of different protein sources on voluntary feed intake.
Devendra, C., Malaya. Agric. J.,,[1J: TOITO, 0100

Trees and Shrubs as sustainable feed resources. Devendra, C.,
In: Proc. VII WCAP. Edmonton, Alberta, Canada. Vol.
O: o, ard

Principles of poor quality roughage with nitrogen. Egan, A.
R.; Ruminant feeding system utilization of fibrous
agricultural residues, R. M. Dixon ed., Canberra, ACT;
Austradia. pp.[DI. 0100

Improvement of Nutritive Value of Low Quality Roughages
to Enhance Ruminants production in Tropical Region.
Fujihara, T. et al ., In: Proc. Xth Int. Congr. AAAP. New
Ddhi, India;: (D001, 1100

The energy value of rice straw for ruminants as influenced by
the treatment with anhydrous ammonia or mixing with
dfalfa Han, |. K. et al ., AA J. Anim. Sci.,0: (IO,
1o

The effect of ammonia treatment on intake and nutritive value
of whesat straw. Herrera-Saldana, R. et al ., J. Anim. Sci.,
M: 0001, 0100

Factors affecting the utilization of "poor quality” forages by
ruminants particularly under tropical conditions. Leng,
R. A., Nutr. Res. Rev.,: (ITIITT], (1110

Study on the utilization of rice straw by sheep.[. The effect
of soybean meal supplementation on the voluntary intake
of rice straw and ruminal fermentation. Lili W. et al .,
AA J. Anim. Sci.,O: TO00 T, 01100

Effects of soybean meal supplementation on fiber digestionin
the rumen and voluntary intake of rice straw by sheep.
Liu, J. X. et al ., Jpn. J. Zootech. Sci.,[J: (T T, IT110

Nutritive values and growth response of cattle fed ammonia
treated rice straw. Maeng, W. J. and T. Y. Chung, AA
J. Anim. Sci.,0: 00,0100

Optimizing the utilization of cereal crop residues for beef
cattle. Males, J. R., J. Anim. Sci.,[DOOTOITTH, 0T

Supplementation of rice straw with crop by product. I. Legume
straw supplementation. McMeniman, N. P. et al ., Anim.
Feed Sci. Technol., [: (OO, 1100

The voluntary intake and digestibility in sheep fed chopped
and pelleted Digitaria Decumbents O Pangola grass]
following a late application of fertilizer nitrogen. Minson,
D. J, Br. J. Nutr.,[0: D0, 0100

The voluntary intake and digestibility of diets containing
different proportion of legumes and mature Pnagolagrass

0 Digitaria decumbens] Minson, D. J. and Milford, R.,
Aust. J. Expt. Agric. Anim. Husb., O: TOI T, (IT10

Nitrogen metabolism in the forestomach of cows fed
ammonia treated barley straw supplemented with
increasing amount of urea or soybean meal. Maller, D.
and Hvelplund M.; Straw and Other
Fibrous By-products as Feed, Sundstol, F. and Owen E.
eds, Elsevier, Amsterdam, The Netherlands. Pp.[(TTI1 111,
oo

The effect of supplementation with Leucaena leucocephala
and maize bran on voluntary food intake digestibility, live
weight and milk yield of Bos taurusx Bos indicus dairy
cows and rumen fermentation in steers offered pennistum
perpureum ad libitum in the semi-humid tropics. Muinga,
R. W. et al., Anim. Sci.,[J: [0, 0100

The effect of Gliricidia sepium and maize bran as
supplementary feed to Rhodes grass hay on intake,
digestion and live weight of dairy goats. Ondiek, J. O.
et al ., Livest. Prod. Sci.,[1: (MO0, 00100

Intake and utilization of energy from ammonia-treated and
untreated wheat straw by steers and wether sheep given
a basal diet of grass pelleted and hay. Oosting, S. J. et
al., Anim. Prod.,[d: OO0, 01100



Feeding value of ammoniated rice straw with rice bran in sheep.
|. Effects on digestibility, nitrogen retention and
microbial protein yield. Orden, E. A. et al ., AA J. Anim.
Sci., [: OO, 01100

The effect of urea and ammonia treatments of rice straw on the
voluntary intake, digestibility and nitrogen retention in
sheep. Pradhan, R. H. et al ., Grassld. Sci., [1]: [T,
oo

Animal nutrition in tropics. Ranjhan, S. K., Vikas Publishing
House PVT, Ltd.(IT1T110

Replacement vaue of tree legumes for concentrates in forage
-based diets Il. Replacement value of Leucaena
leucocephala and Gliricidia sepium for lactating goats.
Richards, D. E. et al., Anim. Feed Sci. Technal., [1J:
(o, g

Influence of ammonia treatment and supplementation on
intake, digestibility and weight gain of sheep and cattle
on barley straw diets. Silva, A. T. et al., Anim. Prod.,

gbobooooooobooobob obooo

O: 01, 11100

Ammonia treatment. Sundstol, F. and Coxworth E. M.; Straw
and Other Fibrous By-products as Feed. Sundstol, F. and
Owen E. eds, Elsevier, Amsterdam, The Netherlands. pp.
OO, 00mn

The relationship between apparent retention in the rumen,
voluntary intake and apparent digestibility of legumesand
grass diet in sheep. Thornton, R. F. and Minson D. J,,
Aust. J. Agric. Res.,[T1: TO0 T, 0100

Foliage of the tree legumes gliricidia, leucaena and sesbania
as supplement on napier grassdiet for growing goats. Van
Eys, J E. et a ., J Agric. Sci., Camb., (TTJ: (T,
(1o

Nutrition Ecology of the Ruminant. Van Soest, P. J., Durhan
and Woney, Oregon, USA.[1TT1100

Limiting the intake of feed by sheep. Il. Studies with wheaten
hay. Weston, R. H., Aust. J. Agric. Res,, [TJ: (TTIITTT],
o

gbbooggbbboooobbbuogbbbuooobbbuooobon

000000000 Lily WarlyO Edgar A. Ordend Shaukat A. Abdulrazak

oo ooboobooobooobOooooOooooOooboOooooobooboooooooOoooOoooooOooooOoo
goboboooobobobooooboboobobobooooboboobobobooboobobooboo
oobooooboooooobOooobOoobOo0oobOooobOOoooooooooooooooOoOoooooommoOoa
oobo0obOo0ooOoooOoooO0ommmo oooooooooooossMOoooooooooooosBM
gboboooboboboooobobooobooboboobobooooooooboossMobogooooooOog
gboboobdobobooodboboobobobobobooboboobobOoboboboboboooboo
oboobooobOobobooooboooboooooooOooooooboOooooooooOobooOoooooDoobooOog
oo0bD0o0oD0o0ooDO0o0ooDOoO0O00ooDOOD0 oooooboobo0ooooobooARSDODOO0OoOooDoOOOOd
ooboo0ooOo0ooOoobO0ooDOOombD booboobouRsSOMO ODOOoORBMOOSBMOOOOOMMO
ARSIMORBOOUOOOOOOARSSRBOODDOONOODDOOOODODOOOOOOODDODODOMBYOO URS
tRB+SBM 000 000000000000 0D0000000000000000000M 00000 dliricidia
cooeMmeLMOOOOOOOOOOMBOODOO MBOOOOODOgdODOODOOOOOODODODOD
gobooboooobobobobooobobooboobobooooboboobobobooboobobooboo
ooboooboooeuiMO MBOOOOOODODOOODODOOOOOOOOOOOOODOOOOOOODOOOOO
oobo0obOoobOoobOo0oOo0oO0o0oOOo0onOo@moOooooOOoobOOo0oO0o0ooOo0o0ooOoOoooOoOooonoo
OOO0O0O0O0OOdGlricidaDO0 LeuwcaenaD 0000000000000 OOOODOODOOOOOOOOOO MBY
O00000oDoOoOoO0O000OdGlrcdabDOO0O0ODOO0OO0O0O0O0O00CCOODOODOOOLeucaenaO0O
gboboooboooboobooooboo MMy OO OobooboooobooOobOooboobooOoDbog
O Gliricida 0000 Lewcaena OO0 00000000 OO00O0ODOOCOOOO



