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Effect of Low Levels of Leucaena Foliage Supplementation on Intake, Nutrient
Digestibility and Microblal N Yield in Cattle Fed Rice Straw Alone
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IFS Research Agrcement NO. B/2220-1, Bangladesh

ABSTRACT: The minimum amounts of . leucaena
(Leucaena leucocephala) required to improve the
performance of cattle on a straw diet has been studied.
Four levels of leucaena, namely 0 (0%), 2 kg (10%), 4 kg
(18%) and 6 kg (27% of dietary dry matter intake) were
supplied to 4 adult indigenous bulls (355£21.5 kg weight)
fed rice straw alone, in a 4X4 latin square design.
Measurements were made on intake, digestibility, N
balance and microbial N yield Up to 10% level of
leucaena supplementation, there were no significant
improvement on intake, digestibility, microbial N yeild
and N balance. Both straw and total dry matter intake

showed diminishing return to increasing levels of
leucaena supplementation and the maximum intake was
observed at around 20% level. However, dietary N and
digestible organic matter intake, the microbial N yield and
the N balance increased linearly to the increasing levels
of leucaena supplementation. On a rice straw based diet,
the minimum level of leucaena required to improve the
animal performance would probably be at around 20% of
the dietary intake.
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INTRODUCTION

Rice straw as such is deficient in readily fermentable
energy, N, minerals and vitamins. So, it can not provide
necessary ATP, ammonia, amino acids, minerals and
vitamins for optimum microbial growth in the rumen or
tissue development of the host. As a result, growth rates
or milk production of the animal consuming rice straw
alone are generally low and often only about 10% of the
genetic potentiality of the animal (Leng, 1995).

However research has shown that large increase in
animal productivity and efficiency of feed utilization from
such low quality forages can be brought about by
appropriate  supplementation which bring essential
changes in the balance of nutrients in the basal feed
(preston and Leng, 1987; Leng, 1990). On a straw dief,
supplementation of small amount of green grasses is often
recommended for optimization of rumen environment
(Preston and Leng, 1987) or even to meet the
maintenance requirement of animal (Ranjhan and Singh,
1993). However, work in this laboratory has shown that
on a rice straw diet, native unimproved green grasses
(having 40-46% ADF, 14-34% N and 48 h DM
degradability in the rumen of 42%) supplemented from 0
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up to 26% of the diet had no positive effect on straw
intake, ruminal fermentation, whole gut digestibilities of
nutrients, microbial N yield and growth rate of cattle
(Chowdhury and Huque, unpublished). It was concluded
that such supplementation was unable to meet the critical
nutrient deficiencies of the basal diet. In the context of
ever decreasing land availability for forage production and
the large supply of low quality basal feed resources,
leguminous plants (which can be tree, small tree, shrubs
or undershrubs) can be effective supplement for ruminants.
Generally, legumes are rich in N, digestible energy and
elements such as S (Minson, 1982) and sometimes P, Na,
Ca, Zn, Cu and Co (Elliott and McMeniman, 1987) and
can be grown as homestead forestry, or in wood or fellow
land (Leng, 1995) without using the cultivable land. Of
different legumes, [leucaena grows most extensively
throughout the tropics including Bangladesh (FAO, 1995)
and yields highest edible biomass (36 Ton/hac) and
protein (2.11 Ton/hac) annually (Huque et al,, 1995).
Leucaena foliage supplemented at the level of 40 to 50%
of ration DM to rice straw (Devendra, 1983), or 50 to
60% of DM to maize stover (Banda and Ayoade, 1986)
diet was found to increase the voluntary intake in goat
and sheep respectively. Similarly, on a sorghum straw diet,
supplementation of leucaena foliage between 0 to 34% of
dietary DM, increased dietary digestible organic matter
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intake and rumen NH;-N level {(Goodchild and
McMeniman, 1994). The present trial describes the
response of cattle consuming rice straw supplemented
with different levels of Leucaena leucocephala (leucaena)
foliage. It was hypothesized that leucaena foliage would
increase the intake, digestibility, N balance and microbial
N yield.

MATERIALS AND METHODS

Experimental design, animals and diet : The experi -
ment was conducted from August, 1995 to November,
1995, with 4 adult indigenous bulls of 42 months old and
3554215 kg liveweight. They were allocated to 4
treatments in 4 different periods in a 4x 4 latin square
design. The four treatments were ad libitum chopped (15
cm) rice straw supplemented with 0, 2, 4 or 6 kg fresh
leucaena foliage. Besides fresh clean water was available
throughout the day. Leucaena foliage was collected from
a well-established stand at the Bangladesh Livestock
Research Institute, Savar, Dhaka, Bangladesh. The diets
were offered in equal portion twice daily (08:00 and 17:00
h) and straw was given 15% in excess of intake. Each
period consists of 28 days, having 21 days adjustment and
7 days collection of faeces and urine. Animals were
housed individually in a face-out-stanchion bam during
the first 21 days and in the metabolic stall (having
facilities for separate collection of faeces and urine)
during the collection of faeces and urine.
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Chemical analysis : Samples of feeds, faeces, urine and
leftover were analyzed for dry matter, organic matter and
N accoring to ACGAC (1984). Acid detergent fibre (ADF)
was determined according to Goering and Van Soest
(1970). Microbial N yield were quantified by measuring
the purine derivatives (allontoin + 15% cormrection for uric
acid contained in urinary excretion) according to Chen
and Gomes (1992).

Energy estimation : Dietary energy contribution was

~estimated from the digestible organic matter intake as

DOMI x 15.8 = MJ ME (Kearl, 1982).

Statistical amalysis: The data were analyzed by an
ANOVA of 4x4 latin square design with appropriate
standard error of mean differences. Simple linear
regression of the from y = a + bx was used where
appropriate. Statistical method of Snedecor and Cochran
(1967) was used for the analysis.

RESULTS

Chemical composition : The chemical composition of
straw and leucaena are shown in table 1. Over duration of
the experimental periods (90 d), there were little changes
in the chemical composition of straw or leucaena. The
mean OM, N and ADF content of straw were 80, 0.75
and 43%, respectively and the comesponding values for
leucaena were 93, 3.95 and 26%, respectively.

Table 1. Chemical composition of feed ingredients used in four different periods of the trial

g DM’ per 100 g

g per 100 g of DM

fresh sample
X SD oM SD N SD ADF SD
Period |
Straw 88.8 323 79.7 0.31 0.68 0.059 437 0.69
Leucaena 299 0.36 91.2 1.03 398 0.631 25.12 3.21
Period I
Straw 958 0.58 81.00 0.13 0.71 0.021 53.0 0.57
Leucaena 249 1.57 912 0.62 422 0.567 28.0 0.75
Period M
Straw 88.1 0.71 79.9 1.79 0.80 0.011 394 345
Leucaena 2489 0.85 98.0 0.59 4,07 0.507 249 2.14
Period IV :
Straw 893 0.19 79.9 0.02 0.80 0.071 37.08 0.68
Leucaena 353 0.37 91.3 0.48 3.51 0.862 273 0.74
Mean ’
Straw 90.5 3.57 80.2 0.57 0.75 0.062 43.31 7.04
Leucaena 28.7 4.96 92.9 3.67 3.95 0.306 2634 1.546

DM = Dry matter; OM = Organic matter, N = Nitrogen, ADF = Acid detergent fibre, SD = Standard deviation.
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Intake : Intake from straw and leucaena is shown in
table 2. Both straw and total dry matter intake showed
diminishing. retum to increasing levels of leucaena
supplementation and the maximum intake was observed at
around 18% level (figures 1 a,b). The straw DM intake
were 62, 62, 63 and 55 glkg W°™ /d and the total DM
intake were 62, 69, 77 and 75 g/kg W°™/d respectively
for 0, 2 (10% of total DMI), 4 (18% of total DMI) and 6
- (27% of total DMI) kg leucaena foliage supplementation.
Increasing levels of leucaena supplementation linearly
increased (p < 0.05) the total organic matter intake (OMI,
Eqn. 1), but linearly reduced (not significant) the OMI
from straw (Eqn. 2} as follows (also see figure 1c):
Y =49+0.65 £ X (rF = 0.986; p < 0.05)... Eqn. |
Y =50 — 0299+X; (* = 0.83; p < 0.10)..Eqn. 2

Here, X = levels (% of total DM intake) of leucaena
supplementation and Y is the OMI grkg W*™/d from total
diet (Eqn. 1) or from straw (Eqn. 2). The substitution rate,
which is the reduction (%) in straw DMI due to
supplementation, were very negligible at 10 (—0.2%) or
18 (—0.2%) percent level, but largely increased (9.94%)
at 27% level of leucaena (table 3).

Table 2. Dry matter intake (DMI) from straw and/or
leucaena by the indigenous bulls fed either straw alone
(T1), or with 2 kg (T2), 4 kg (T3) or 6 kg (T4) leucaena
foliage daily

level of leucaena foliage, kg/d

Parameters 0 > 2 6 SEM

Straw DMI (kg/d) 5.03 504 504 453 0.404

Leucaena DMI 0 056 1.11 1.67 -
(kg/d)

Total DMI (kg/d) 503 560 6.15 620 0.463

Total DMI 62 6 77 75 -
(gkg WO/d)

Total OMI 49 55 62® 66 5.82
(erkg W*"/d)

Straw DMI % of 148 143 145 136 0.057
Lwt (kg/d)

Straw DMI 62 62 63 55 4.76
(g/kg Wms/d)

Straw OMI 49° 49" 46° 41° 3.5
(e/kg W*™/d) |

Leuaena as % of 0 10 18 27 -
total DMI

Substitution Rate 0 —02 —02 994 -
(%)

®Means with different superscripts differ significantly (p < 0.05).
SEM = Standard error of mean differences.
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Table 3. Nutrient digestibilities (%) of diets based on rice
straw supplemented with either 0, 2, 4 or 6 kg leucacna
foliage

Level of leucaena foliage(kg/d)

Nufrients 0 > 2 : SEM
Dry matter 44 39 41 49 4.3
Organic Matter 47  42° 44 54 40
Nitrogen 160 13 35% 52 123
ADF 42 42 35 42 54

PMeans with different superscripts differ significantly (p < 0.05).
SEM = Standard error of mean differences.
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Figure 1. Response of different levels of leucaena foliage
supplementation of a straw diet on straw DM intake
(figure a) and organic matter intake (figure b) in native
adult bulls. Each point represents mean of four
observations.
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Digestibilities of nutrients : Digestibilites of different
nutrients are shown in table 3. Compared to that of the 0,
10 or 18 percent levels of leucaena inclusion, DM
digestibility was nonsignificantly higher at the 27% level
of leucaena supplementation. Also, OM and N
digestibilities were significantly (p < 0.05) higher at 27%
level of leucaena supplementation, ADF digestibilities, on
the other hand, were not effected by the level of
supplementation, Except for the ADF, the diet with 10%
leucaena had the lowest digestibilities of DM, OM and N
(table 3).

Nitrogen utilization : Nitrogen utilization in different
groups of animals are shown in table 4. The obvious
effect of increasing levels of leucaena supplementation
was to linearly increase (p < 0.05) the N intake, which
were 426, 731, 889 and 1,044 mg/kg W°™/d for 0, 10, 18
and 27% level of leucaena supplementation, respectively.
The fitted regression between the level of leucaena (X, %

of total DMI) and the N intake (Y, mg/kg We7/d) shows

(see figure 2a) that for 1% increase in dietary leucaena
level, N intake increased by 22.72 (+2.337) mg/kg W™/
d. However, except the initial rise at 10% leucaena
supplementation, neither the faccal N nor the urinary N
excretion increased with the subsequent levels of leucaena.
Consequently, starting from negative N balances at 0
(—94 mgkg W*™/d) and 10 (—171 mgkg W°™/d)
percent level, animals attained positive N balances at 18
(96 mg/kg W*%/d) and 27 (314 mg/kg W°™/d) percent of
leucaena supplementation. The fitted regression (Eqn. 3
and figure 2b) between the N intake (X, mgkg W*/d)
and the N balance (Y, mgkg W°7/d) shows that the
minimum N loss of indigenous bulls at zero N intake
would be 467 mgkg W°™/d and the efficiency of N
utilization was about 65 (335.3)%.

Y =0.65(+0.353) X =467 (r* = 0.63; p = 0.206)......Eqn. 3.

Microbial N yield : Microbial N (MN) yield are shown
in table 4. Compared to that of the control (9.19 g/d), the
microbial N yield increased significantly (p < 0.05) with
10 (16.93 g/d), 18 (20.29 g/d) and 27 (24.48 g/d) percent
of leucaena inclusion. The fitted regression between the
levels of leucaena (X, % of total DMI) and MN yield (Y,
g/d) was as follows (see figure 3a):
Y = 10.07 + 0.556(%) X (* = 0.98, p = 0.011)... Eqn. 4.
However, the efficiency of MN yield, i.e., g MN/kg
digestible OM apparently fermented in the rumen (0.65
DOMR, ARC, 1980), showed curvilinear response which
were 7.95, 13.76, 14.16 and 13.51 g/kg DOMR for 0, 10,
18 and 27 percent leucaena supplementation respectively
(see figure 3b).
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Figure 2. Response of different levels of leucaena foliage
supplementation of a straw diet on dietary N intake
(figure a) and N balance (figure b) in native adult bulls.
Each point represents mean of four observations.

Estimated energy utilization: Dietary energy
contribution estimated from the digestible organic matter
intake (DOMI % 15.8 = MJ ME; Kearl, 1982) are
presented in table 5. Although increasing levels of
leucaena supplementation curvilinearly increase the DOMI
(see figure 4a) and total ME intake (MEI), but the
response was significant (p < 0.05) only at 27% level of
leucaena. The energy intake expressed as ME/kg W*™/d
showed almost similar responses as DOMI, which were
360, 371, 430 and 536 (kJ’kg W°%/d) respectively for 0,
10, 18 and 27% level of leucaena supplementation (figure
4b).
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Tabie 4, Nitrogen status of animals fed diets based on rice straw supplemented with either 0, 2, 4 or 6 kg leucaena foli-
age

Level of leucaena foliage (kg/d)

Parameters o 3 2 3 SEM
Feed N intake (g/d) 34 63° 59.66° 78.59% 85.19 3.114
N intake (mgkg W°”/d) 426" 731% 889%° 1,044* 1332
Faecal N excretion (g/d) 31.11° 50.77" 52.83" 47.75% 7.091
Urinary N excretion (g/d) 13.67 21.58 19.97 26.82 5.55
N balance (g/d) ~763% —13.61° 7.90% 2541 7.62
N balance (mgkg W°*”/d) —~94° —-171° 96" 314 82.1
Microbial N yield (g/d) 9.19° 16.93° 20.29% 24.48° 2.915
Microbial N g/kg DOMR 795 1376 14.16° 13.51° 1.443

**Values with different superscripts differ significantly (p < 0.05).
DOMI X 0.65 (Fermentability of DOM in the rumen, ARC, 1980).
SEM = Standard emor of mean differences.

Table 5. Estimated energy status of animals fed diets based on rice siraw supplemented with either 0, 2, 4 or 6 kg
leucaena foliage

Level of leucaena foliage kg/d

P t SEM
arameters 0 > 4 3
Dig. OM intake(kg/d) 1.870° 1.896° 2.232% 2772 0.2885
Est. total ME intake (MJ/d) 29.55 29.96° 35.27* 43.80" 3.598
Est. ME intake(kJ/kg W'"/d) 360° 371° 430° 536° 36.1
MJ ME/kg DM 5.87 535 5.73 7.07 -
® Means with different superscﬁpts differ sigrliﬁéantly @ < 0.05). '
ME = Metabolizable energy, estimated as DOMI x 15.8 = MJ ME (Kearl, 1982).
SEM = Standard error of mean differences.
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Figure 3. Response of different levels of leucaena foliage supplementation of a straw diet on the total microbial N yield
(figure a) and the efficiency of microbial N production (figure b) in native adult bulls. Each point represents mean of
four observations.
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DISCUSSION

Inclusion of tree foliage in the diets for ruminants
given low quality forages generally improves production
by increasing the intake, digestibility and N balance. In
this trial, the minimum amount of foliage necessary to
improve the productivity of cattle on a straw diet has
been studied at levels between 0 to 27% of total DMI,
although it is less than the suggested 38% level for
optimum balancing of poor quality forages (Leng, 1995).

Effect on intake : Voluntary intake of total OM did not
show diminishing retwrn, rather, increased linearly to
increasing levels of leucaena inclusion. Similar linear
increase in OM intake to increasing levels (0 to 34% of
total DMI) of leucaena on a sorghum straw diet has been
observed in sheep (Goodchild and McMeniman, 1994).
The increase in total OM intake due to leucaena
supplemention may be caused by an upturn in host energy
demand (Goodchild and McMeniman, 1994) resulting
from an improved supply of rumen undegraded protein
(Egan and Moir, 1965; Bamualim et al., 1984), which, for
fresh foliage can be up to 30-40% of the total N
(Bamualim, 1986). Another possibility is that leucaena
increased the OM intake by acting on rumen kinetics
(Leng, 1984) or by increasing the packing density of the
digesta (Thomton and Minson, 1973). However, high
level (27%) of leucaena resulted in the depression of total
DM and the straw DM, probably due to the availability of

more palatable forage than the straw. Similar reduction in
DM intake from sorghum straw (Goodchild and
McMeniman, 1994) or rice straw (Moran et al., 1983) has
also been observed when leucaena constituted > 20% of
total DM intake. So, when increase in the straw intake is
the main concern, the supplementation level should be at
or below 20%. Similar conclusion was also drawn by
Bamualim (1986).

Effect on digestibility : As the ratio of dietary straw:
leucaena N increased, N digestibility increased linearly.
This can be expected because 52% of the straw N are
present as neutral detergent insoluble N with a true
digestibility of 54% (Walli et al, 1993), while 65% of
leucaena N is degraded in the rumen and the rest is being
digested and absorbed in the lower tract (Bamualim,
1986). However, the initial decrease of DM and OM
digestibilities at 10% and 18% level and subsequent
increase at the 27% level or no change in ADF
digestibility at any level of leucaena supplementation, is
quite different from the expected linear response. In this
laboratory, a similar response has also been observed
when straw diet was supplemented with green grass at 0
to 18% level (Chowdhury and Huque, unpublished). One
possibility is that increasing levels leucaena increased the
DMI (table 2) which in turn increased the fractional
outflow rate (Leng, 1984; Faichney, 1986; Osuji et al,
1995) of rumen digesta. On such a straw diet with low
levels of supplementation, increase outflow rate may
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decrease the digestibility of the diet. However, as the ratio
of straw: leucaena OM increases, the digestibility will rise
due to the inherent higher digestibility of the later. This
condition will probably be achieved at leucaena level of
> 20% of the total DMI. Therefore, on a straw diet,
when " higher digestibility is the main concern, the
leucaena level should be > 20%.

Effect on N economy : Linear increase in N balance
with increased level of leucaena supplementation agrees
with other observations (Bonsi et al., 1994; Topps, 1995).
Obvious effect of increased N balance would be to
increase circulating plasma amino acid concentration,
with the consequent increase in growth hormone (Pell and
Bates, 1990), insulin like growth factor (IGF) and insulin
(Istasse <t al., 1987) concentration which in turn increases
growth rate or milk production. In the present trial, at 27%
level of leucaena inclusion, the N balance was 314 mg/kg
W°%/d. For a 350 kg cattle, the lean tissue equivalent of
314 g N balance is 667 g (assuming, lean tissue contain
20% protein, ARC, 1984) or at least 476 g (considering
the fact that N balance over estimate the body N status by
up to 40%, Riis, 1983). Worked carred out in Kenya
showed that up to 24% levels supplementation leucaena
foliage linearly (p < 0.0l) increases the milk yield and
some curtailment in liveweight loss in Jersey cows fed
low quality Napier grass (Toops, 1995). In the present
trial the levels of supplementation used, N balance was
still increasing linearly. This means that levels of
supplementation that would optimize N balance (> 20%)
may be different from those that maximizes intake (<
20%). '

Effect on microbial N yield: With the levels of
supplementation used in the trial, microbial N yield
showed linear response. Similarly, supplementation of teff
straw with graded levels of cowpea or lablab linearly
increased the microbial N yield in calves (Osuji et al,
1995). Enhanced microbial yield due to the
supplementation of legume foliages is probably due to the
increased supply of N (Goodchild and McMeniman, 1994;
Leng, 1995), readily fermentable energy (Osuji et al.,
1995), branched chain fatty acids (Ndlovu and Buchanan-
Smith, 1987), readily fermentable beta glucans (Silva
and @rskov, 1985), peptides (Cotta and Hespell, 1986:
Hume, 1970), sulphur (Elliott and Armstrong, 1982) and
also by improving the fractional outflow rate from the
rumen {(Bonsi et al., 1994). Although extracts of Leucaena
leucocephala found to prolonged the lag phase of
cellulolytic bactera (Osuji et al, 1995), but no sign of
decrease in the microbial N yield was observed in the

27

present trial even at the highest (27%) level of leucaena
supplementation. Therefore, on a rice straw diet, for
maximum microbial N yield, the level of leucaena would
probably be greater than 27% of the dietary intake.

Effect on energy status : Leucaena supplementation at
10% of the diet had no effect on the energy intake. Any
substantial improvement in the digestible organic matter
or in the estimated metabolizable energy (ME) intake was
observed from 18% level of leucaena supplementation.
While, the corresponding value for green grass (non-
legume) supplementation on a straw diet (Chowdhury and
Huque, unpublished) was 25%. This improvement was
suggested to be due to the increased rate of passage of
digesta (Leng, 1984; Goodchild and McMeniman, 1994;
Toops, 1995) and packing density (Thronton and Minson,
1973) of the rumen resulting from leucaena
supplementation. The estimated ME intake reaches close
to the maintenance requirement (450 kl’kg W*™/d, ARC,
1980) from 18% level of leucaena supplementation.
Therefore, as far as energy intake is concern, optimum
level of leucaena supplementation would probably be at
or above 20% of the rice straw diet.

General conclusion : The inclusion of leucaena at 10%
level had no beneficiary effect on the animal performance.
However, inclusion at the rate of 18 or 27% of the diet,
consistently improved the intake of ME and N, microbial
N yield and N balance of cattle. Both leucaena production
and availability in many tropical countries including
Bangladesh is limited, therefore, feeding strategies should
be at maximizing the low quality roughage utilization. On
a rice straw based diet, the minimum level of leucaena
required to improve animal performance would probably
be at around 20% of the dietary intake.
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