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Abstract: Four bull calves (120±10 kg, 12±2 months of age) were fed four rations: rice straw ad libitum (S),
S+0.225 kg DM/head/day low cost concentrate (Gava Thriposha) supplement (S+GT), S+0.216 kg DM/head/day
Gliricidia  sepium  tree  fodder  (S+TF)  and  S+GT+TF,  using a  4x4  Latin  square  design.  Compared with
un-supplemented straw, dry matter digestibility (DMD) and organic matter digestibility (OMD) increased with
all supplemented treatments and significantly (P<0.05) so with TF or GT+TF. Although dry matter intake did
not increase (P>0.05) due to any of the supplements, digestible organic matter intake (DOMI) increased (P<0.05)
with   GT   or   TF   alone   with no   difference   (P<0.05)   between   them   and   with   GT+TF,   it   was   the
highest (1.47 kg/head/day). Digestibility’s (DMD and OMD) compared to un-supplemented straw were higher
(P<0.05) with TF or GT+TF with no difference (P>0.05) between them while GT alone was not effective (P>0.05).
Compared to straw only diet, neither the water intake nor urine output was significantly affected (P>0.05) due
to any of the supplementary treatments. Straw only diet had the lowest N balance (4.50 g/animal.day) while
straw with a combination  of  both  supplements  had  the  highest  (26.42g/head/day) and GT alone had a better
effect (16.52 g/head/day) than TF alone (14.10 g/head/day). Regression analyses for relationship of the
treatment effect on water intake and urine output indicated that there was no close relationship with R  varying2

from  0.50 to   0.63.   Excretion   (mmol/head/day)   of   allantoin   (14.11-30.44),   uric   acid   (2.50-5.38), creatinine
(18.85-26.76), total purine derivatives (15.61-35.82), PDC index (25.3-40.1), DOMI (0.90-1.47 kg/head/day and
estimated microbial N production (4.78-28.55 g/head/day) increased (P<0.05) almost linearly from S through
S+GT, S+TF to S+GT+TF. PD excretion (Y, mmol.day) was highly correlated to digestible organic matter intake
(X, kg.day) according to the following equation. Y=35.448-15.574 (R =0.9735, n=16, P<0.001). Results suggest2

that supplementation of straw based diets with higher levels of TF in combination with low levels of GT seems
to offer a feasible method to increase ruminant production under small farmer conditions.
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INTRODUCTION Fiber rich low protein forages and crop residues are

Low intake, particularly during the dry season when the tropics. Since the utilization of fiber from these
feed availability is low is one of the major factors limiting roughages depends primarily on microbial fermentation,
animal production from native pastures in developing supplementation of critical nutrients for microbial activity
countries like Sri Lanka. Consumed feed undergoes rumen is the most important basic strategy towards reaching an
fermentation, which is coupled, to varying degrees, with optimum production. Other strategies would include “high
the synthesis of microbial protein [1,2]. Also the energy offer” for selective feeding and various treatments to
value of ruminant feeds generally affected by their fiber improve fiber digestibility, among which urea/ammonia
content because this is often inversely related to treatment is widely accepted as the most appropriate
digestibility. Conversely, concentrates are lower in fiber under developing country conditions. However, available
and  higher  in more digestible constituents such as feed resources for these animals are determined by the
starch. way land is utilized [3].

the most abundant and appropriate feeds for ruminants in
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In Sri-Lanka, the up grading of straw quality for Experimental  Procedure,  Feeding, Sample Collection
ruminants is still a central issue as a strategy for and  Measurements:  The  experimental  design  was a
improving ruminant production. Rice straw is poor in 4×4 Latin square. The four dietary treatments used are
protein, energy, minerals and vitamins. Addition of foliage shown in Table 2.
from tree leaves or supplementation with urea and Each of the four periods consisted of 3 days of
molasses can also improve the utilization of low quality grazing, 16 days of adaptation to the new feeding regime
roughages through the supply of nitrogen to rumen followed  by  a  total dung and urine collection period of
microbes. Therefore, the objective of this study was to 7 days. During the adaptation period straw was offered at
determine the effect of supplementation of straw based 2.0% of live weight on a DM basis on day one and 10% of
diets on the digestibility, dry matter intake and daily the previous days intake was added thereafter to ensure
microbial nitrogen supply of cross bred cattle. an ad libitum intake. Samples of feed offered and refused

MATERIALS AND METHODS period from all four animals for analysis. Water was

Site Description: The experiment was conducted in the was measured during the last three days of each of the
low country wet zone of Sri Lanka at an elevation of 58 m four experimental periods.
above sea level (latitude 6.2°N; longitude 80.46), with a Dung was collected to buckets separately for four
mean temperature of 28°C and a relative humidity of 78% animals and after recording fresh weight of total faeces of
[4]. each animal daily during the collection period. It was

Pre-experimental Procedure: Four weaned bull calves sample of approximately 1 kg/animal, which was sealed in
(120±10 kg and 12± 2 months of age) were dewormed plastic bag for laboratory analyses [5]
using “Rind-worm” while “Bayticol” was used against Urine of each animal was collected 24 hours a day for
external parasites three days after introducing to crates. seven  days  in  to  50 0ml  of  10%  H SO   in collecting
From day one to three they were fed approximately 1.5% buckets to maintain pH below 3. On each day, the
live weight (LW) of straw on a dry matter (DM) basis with collected  urine volume was measured and a
water available ad libitum. Thereafter from day four to representative 10% sample was diluted using tap water in
ten, straw was fed ad libitum to an assumed intake of 2% the ratio of 1:5 until a constant weight was reached, so
LW together with approximately one kg (fresh that the final volume of diluted urine was the same for
matter)/head/day gliricidia (Gliricidia sepium) and each animal every day. Once diluted, the sample was
250g/head/day   of   low   cost   concentrate   mixture filtered through surgical gauze and a sub sample of about
(Gava-Thriposha (GT)) at morning and evening at the 150 ml was obtained from each animal and stored at -20°C
same time each day (Table 1). The purpose of this period in labeled bottles for nitrogen and purine derivatives
was mainly to adapt the animals for the experimental analyses.
conditions and to get them used to the new feeding At the beginning and end of each feeding period,
regime based on straw. weights of all animals were recorded.

were obtained during the total collection (experimental)

offered ad libitum and the water intake of the four animals

mixed thoroughly before and obtaining a representative

2 4

Table 1: Composition of feed ingredients and mixed low cost concentrate supplelement (“Gava Triposha” -GT)

Proximate composition Ingredients composition1

---------------------------------------------------------------------------------------------------- -----------------------------------------------------

Item DM% Ash% CP% CF% EE% NFE % g/250g

Straw 87.3 19.2 5.6 58.6 1.0 15.62

Gliricidia 21.6 7.6 23.2 23.1 4.2 41.9

Rice Bran 89.5 6.4 11.3 7.9 9.7 64.8 34.16 85.4

Min. mix 96.0  9.04 22.6

Molasses 75.0 8.1 3.2 5.0 0.1 83.6 54.44 113.63

Urea 100.0 287.0 11.36 28.43 3

GT 90.0 37.6 100.0 250.03

Ingredient composition of mixed low cost supplement (“Gava-Triposha”-GT) Minimum amount of water was used only to dissolve urea1

1.86% g ashes was Silica, National Research Council (1985) table values 2 3
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Table 2: The four treatments used in the experiment ** Table 4: Effect of supplementation of straw on water intake, urine output

Treatment Straw Gliricidia Gava –Thriposha 

Straw Only ad libitum - -

S + GT ad libitum - 0.2251

S + TF ad libitum 0.216 -2

S + TF + GT ad libitum 0.216 0.2253

**All feed ingredients are in kg on a dry matter basis

Straw + Low cost concentrate supplement (Gava Thriposha)1

Straw + Tree Fodder2

Straw + Low cost concentrate supplement (Gava Thriposha) + Tree Fodder3

Table 3: Effect of supplementation of straw on DMI, DMD, OMD and

DOMI

Treatment DMI (kg/head/day) DMD (%)  OMD (%)

Straw Only 2.17 39.66 41.65ab b b

S + GT 2.52 44.29 46.281 a b b

S + TF 2.11 54.10 55.97 Allantoin Uric acid Creatinine Total Pd2 b a a

S + TF + GT 2.36 60.18 62.153 ab a a

Straw + Low cost concentrate supplement (Gava Thriposha)1

Straw + Tree Fodder2

Straw + Low cost concentrate supplement (Gava Thriposha) + Tree fodder3

Proximate composition of all feed ingredients and
nitrogen content of urine and faeces were determined [5]
Creatinine and purine derivatives (allantoin and uric acid)
were determined following the procedures of IAEA
–TECDOC-945 (1997) [6] 

Calculations Involved in Microbial Protein Production 
PD: Creatinine ratio (PDC INDEX) was calculated
according to the following formulae [7].

        [PD] 
PDC Index    =   ---------------  × W (1)0.75

     [Creatinine]

Where W is the body weight (kg). PD and Creatinine are
their concentrations in mmol/l.

Using the PDC index, the PD excretion (mmol.day)
was calculated using the following equation.

PD excretion (mmol.day) = (PDC index) C

Where C is the daily creatinine excretion (mmol.kg W )0.75

for specific breed of animals of Sri Lankan cross bred
cattle. The creatinine excretion averaged 0.96mmol/kg
W  .day .0.75 7

Using the above data, absorbed amounts of
exogenous purine concentration (mmol.day) was derived
as follows.

and N balance 

Water intake Urine output N balance

Treatment (litres) (litres) (g N/head/day)

Straw Only 6.43 2.01 4.50a a d

S + GT 7.48 2.20 16.541 a a b

S + TF 6.45 2.27 14.102 a a c

S + TF + GT 7.30 2.30 26.423 a a a

Straw + Low cost concentrate supplement (Gava Thriposha)1

Straw + Tree Fodder2

Straw + Low cost concentrate supplement (Gava Thriposha) + Tree fodder3

Table 5: Concentration of PD and creatinine excretion under different dietary

treatments

Parameter

-------------------------------------------------------------------------

------------------------------------------------------- PDC

Treatment mmol/head/day index

Straw Only 14.11 2.50 18.85 15.61 25.3c c b c c

S + GT 21.26 4.05 24.17 25.31 31.41 b b a b b

S + TF 24.03 4.25 25.56 28.28 33.52 b b a b b

S + TF + GT 30.44 5.38 26.76 35.82 40.13 a a a a a

Straw + Low cost concentrate supplement (Gava Thriposha)1

Straw + Tree Fodder2

Straw + Low cost concentrate supplement (Gava Thriposha) + Tree fodder3

Y= (0.385kg W ) + 0.85X0.75

Y = Urinary PD excretion (mmol/day)
X= absorbed exogenous purine as mmol/day
W = live weight (kg)

Microbial nitrogen yield was calculated according to the
following formula using above data as follows. 8

             X(mmol/d)×70
   Microbial N (g N/day) = ---------------------- = 0.727X

                            0.116×0.83×1000

Statistical Analyses: Finally all data were analyzed by
using SAS Windows version for Latin Square and
Regression models.

RESULTS

Dry matter Intake (DMI), Dry Matter and Organic
Matter Digestibility (DMD and OMD) and Digestible
Organic Matter Intake (DOMI): Results of dry matter
intake (DMI), dry matter and organic matter digestibility
(DMD  and  OMD) and  digestible  organic  matter intake
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Fig. 1: Digestible organic matter intake (DOMI), Total purine derivatives excretion (total PD) , PDC index and Microbial
nitrogen production of bull calves fed four different rations

(DOMI) are presented in Table 3. Digestibility’s (DMD Purine Derivative Excretion with Different Dietary
and OMD) increased in all supplemented treatments Treatments: Data of purine derivatives excretion are
compared to un-supplemented straw and significantly presented in Table 5.
(P<0.05) so with TF or GT + TF treatments. DMI as an The excretion of allantoin and total PD ranged from
index of intake was not as expected since the intake of 14.11 to 30.44 and from 15.61 to 35.82 (mmol/day) for straw
un-supplemented straw (S) was not different (P>0.05) from only and S+TF+GT diets, respectively. Compared to straw
any of the supplemented treatments. However, as only diet, excretion of allantoin, uric acid, creatinine, total
expected, DOMI increased (P<0.05) with all supplemented PD and the PDC index increased (P<0.05) due to each of
diets compared to un-supplemented straw diet. Although the supplementary treatments with TF + GT giving the
GT alone resulted in a higher (P<0.05) DMI compared to highest values followed by TF alone and GT alone
TF; supplementation of straw with TF alone not only treatments. As expected, the daily out put of allantoin and
significantly increased (P<0.05) DMD, OMD (Table 3) and uric acid showed a positive response to the level of
DOMI  (Table  6) compared with the straw only diet, it DOMI. The excretion of creatinine was independent from
also  resulted in significant (P<0.05) increases in DMD the diet when straw was supplemented either with GT, TF
and   OMD   over   the   straw  +  GT  diet. Compared to or both. Allantoin was found to be the principal PD in the
un-supplemented straw, DOMI increased (P<0.05) with GT urinary samples of animals fed straw based diets.
or TF alone with no difference (P>0.05) between them Following equation confirms that 
while GT + TF together resulted in the highest (P<0.05) Y=35.448-15.574 (R =0.9735, n=16, P<0.001)
DOMI. relationship between PD excretion to DOMI is highly

Water Intake, Urine Output and Nitrogen Balance:
Water intake, urine output and the nitrogen (N) balance of Microbial Nitrogen (N) Supply: Estimated microbial N
the animals under different treatments are presented in together with DOMI, total PD excretion and PDC index are
Table 4. Compared to straw only diet, neither the water presented in Table 6 and illustrated in Fig. 1. Estimated
intake nor urine output was significantly affected (P>0.05) microbial N was higher (P< 0.05) with all supplements
due to any of the supplementary treatments. N balance compared with straw only diet; the highest (P< 0.05) being
(g/head/d) was positive with all treatments, while it was with TF + GT with no difference (P> 0.05) between GT and
different (P<0.05) from each other. Straw only diet had the TF supplemented diets. In fact, supplementation with GT
lowest N balance (4.50),while straw with a combination of or   TF   increased   the   microbial   N  by  4  to  5  fold
both supplements had the highest (26.42) while GT alone over straw only  diet  with  corresponding  microbial N
had a better effect (16.52) than TF alone (14.10). values of  16.18-19.68  N/g/day  with  DOMI  of  1.17  and
Regression analyses for relationship of the treatment 1.18 kg/head/day, respectively. Feeding of S+GT+TF
effect on water intake and urine output indicated that could enhance the microbial N production by nearly 7 fold
there  was  no close  relationship  with R  varying from (28.55 g.day) with a DOMI of 1.47 kg/head/day. Microbial2

0.50 to 0.63. N  increased almost linearly with  increasing DOMI, total

2

positive.
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PD and PDC index from straw only diet through S + GT, S
+ TF to S + TF + GT (Fig. 1).

DISCUSSION

The straw only diet used in this study had a crude
protein content of 56g/kg. That is far lower than 90g/kg
which is perceived as the minimum at which microbial
requirement of nitrogen could be met [9]. However,
supplementation with low inputs such as tree fodder and
GT could enhance the crude protein content in diets as
well as dry matter and organic matter intake and DM and
OM digestibility by significant levels as compared to
straw only diets. It is a known fact that high proportions
of concentrates, particularly above 15% of the total diet
dry matter in roughage based rations is known to depress
fiber digestibility and also the DMI as a result which was
not the case in this study. Similar to our findings
increased straw consumption was observed in growing
cattle fed 4% urea treated straw silage supplemented with
cotton seed cake and molasses [10]. Furthermore, Bui and
Lui [11] also support this contention and reported
encouraging results on growth rate and feed intake of
grazing cross-bred beef cattle fed on rice straw treated
with 2.5% urea, 5% lime and supplemented with 0.5% salt.
An increased feed intake when straw was treated with
NaOH or supplemented with Leucaena leaves were also
observed [12]. In Leucaena supplemented animals,
increases were observed in the rate of passage of digesta,
balances in dietary nutrients and levels of rumen
microbes. Above findings were confirmed also by
supplementing green forage in the routine diet of lactating
cows fed with urea treated straw [13]. However, in our
study, the higher DMI from GT compared to TF
supplementation may have been partly due to a higher
DMI from GT alone (9.21% of the total feed intake due to
complete  consumption of 0.225   kg./day   by   all
animals) while the lower amount of DM offered from TF
(0.216 kg./day) was not completely consumed either, due
to selection. When comparing S+GT with S+TF on other
intake criteria, the latter was always superior. However,
the effect on the DMI from straw offered ad libitum
considered being contributing more to DMI seems
difficult to explain considering overall results obtained.
This too emphasizes that the contribution of TF to the
diet had beneficially influenced the overall N metabolism
of the animals confirming the results of intake and
digestibility’s of the four diets. Indications are that, the
cost and other associated practical difficulties in
supplementing straw with concentrates under small farmer
conditions could be reduced with better results by
incorporating freely available green leguminous forages.

Table 6: The corresponding values for the daily PD excretion and

microbial nitrogen supply in crossbred cattle at four different

ranges of the PDC index

Parameter

------------------------------------------------------------------

Estimated

Total PD microbial

DOMI excretion PDC nitrogen

Treatment (kg/head/day) mmol/day index (g/day)

Straw Only 0.90 15.61 25.3  4.78c c c c

S + GT 1.17 25.31 31.4  16.181 b b b b

S + TF 1.18 28.28 33.5  19.682 b b b b

S + TF + GT 1.47 35.82 40.1  28.553 a a a a

Straw + Low cost concentrate supplement (Gava Thriposha)1

Straw + Tree fodder2

Straw + Low cost concentrate supplement (Gava Thriposha) + Tree fodder3

N balance with all treatments was positive indicating
retention of feed N for maintenance and/or for productive
functions. Un-supplemented straw diet had the lowest CP
content (Table 1) together with a low DMI (Table 3)
contributing to the lowest N balance. The TF alone diet
had a lower nitrogen balance (P<0.05) than the GT alone
diet. The intake of nitrogen with GT was 13.55 g
N/head/day, whereas it was 9.74 g N/head/day with the
TF alone diet.

It appears that the PD excretion and microbial N
synthesis of animals fed on the non-supplemented straw
was limited by feed N content and/or supplementation of
GT, TF or both did not only improve this attributes but
resulted in improved efficiency of microbial protein
synthesis. It is a well known fact that the quality of diets
may influence the microbial nitrogen supply [14,15]. As
indicated in other studies [8,16,17]. total urinary PD
responded strongly to increased digestible OM intake.
Therefore, findings of our study suggest that feeding of
tree fodder and GT could enhance the nitrogen content of
the straw based diet resulted higher DOMI which boosted
the level of microbial N to considerable levels. It also
proved that endogenous PD excretion can change as a
result of alternations in the protein supply [14,15].
Similarly the daily excretion of PD linearly correlated with
the digestible organic matter intake [18]. Previous work
done with local cross-bred cattle confirmed that digestible
organic matter intake of 0.85 kg/head/day with 8-15 g
N/day was banded as insufficient level of feeding [7].
Therefore, it can be suggested that, straw only diet used
in this study was very inferior in terms of microbial
nitrogen production and not even sufficient to meet the
maintenance requirements of the animal (Table 6).
Microbial nitrogen synthesis of animals fed on non
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supplemented straw diets were limited by feed nitrogen 3. FAO, 1993. Livestock and improvement of pasture,
content and supplementation with modest amounts of feed   and   forage.   Document   COAG/93/7.
green forage (alfalfa) resulted in improved efficiency of Committee on Agriculture, Rome 26 April-4 May
microbial protein synthesis [9]. Similarly, supplementation 1993, pp: 19. 
of GT, TF or GT+TF in our study increased the microbial 4. Seresinhe, T.and K.K. Pathirana, 2000. Associative
N by at least 4 to 5 fold over straw only diet and could be effects of tree legumes and cutting height on the
considered as satisfactory levels of feeding. Therefore, yield and nutritive value of Panicum maximum (cv
the findings of this study suggest that feeding of tree VRI 435) Tropical Grasslands, 34(2): 103-109.
fodder and GT could enhance the nitrogen content of 5. Association of Official Agricultural Chemists, Official
straw based diets thereby improving the microbial N methods for analyses (13  Edn.) 1985 Association of
production which is an indication of increased post the official analytical chemists, Washington, DC. 
ruminal microbial protein available to the animal. 6. IAEA TECHDOC-945, 1997. International atomic

In conclusion, utilization of agricultural residues energy agency, Vienna, Austria.
could be improved by supplementation. Tree fodder 7. Seresinhe, T., K.K. Pathirana and M.C.N. Jayasuriya,
compared to concentrate type feed ingredients have 2004. Urinary Excretions of Purine Derivatives (PD) as
greater potential in that regard particularly under resource a Predictor of the Nutritional Status of Local Zebu-
limited small farmer conditions in tropical developing cattle and Cross- Bred Milking Cows. In Estimation of
countries. However, the contribution of both was the microbial  protein  supply  in  ruminants using urinary
best. There is potential to increase the level of both types purine derivatives, Harindra P.S.. Makkar and X.B.
of supplements for higher level of microbial nitrogen Chen (Eds.). Kluwer Academic Publishers, pp: 95-102.
production. To improve the animal performance, the 8. Chen, X.B., A.T. Mejia, D.J. Kyle and E.R. Ørskov,
rations can be formulated according to their actual 1995b. Evaluation of the use of purine derivative;
nutrient requirements. However, by promoting farmers to creatinine ratio in spot urine and plasma samples as
grow more TF, the amount of GT and therefore the cost of an index of microbial protein supply in ruminants: in
production could be reduced under tropical developing sheep. J. Agric. Sci., 125: 137-143.
country situations for optimal rather than maximum levels 9. Nsahlai, I.V., P.O. Oosuji and N.N. Umunna, 2000.
of production under such conditions. There is scope for Effect of form and quality of feed on the
further research to determine appropriate levels and concentrations of purine derivatives in urinary spot
proportions of different supplements. samples, daily microbial N supply and predictability
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