
1542

Nutrient Utilisation and Rumen Fermentation Pattern in Murrah Buffaloes 
(Bubalus bubalis) Fed Urea and Urea Plus Hydrochloric Acid 

Treated Wheat Straw

R. S. Dass*,  A. K. Verma, U. R. Mehra and D. S. Sahu

* Corresponding Author: R. S. Dass. Tel: +91-581-442313, Fax: 
+91-581-457284, E-mail: ivri@x 400.nicgw.nic. in 
Received Februaiy 20, 2001; Accepted June 8, 2001

Nuclear Research Laboratory, Indian Veterinary Research Institute, Izatnagar-243 122 (UP), India

ABSTRACT : Wheat straw was treated on laboratory scale with 4% urea at a moisture level of 50% along with different amount of 
HC1 to fix various levels of ammonia (30, 40, 50 and 60%) and stored for 4 weeks. Result. revealed a significant (p<0.01) increase in CP 
content of the samples where HC1 was added. The CP content of the straw was only 7.8%, which increased to 14.1, 16.0, 15.0 and 
15.2% with the addition of acid. Similarly the concentrations of NDF, ADF and hemicellulose was significantly different due to HC1 
addition. The level of HC1 recommended was to trap 30% ammonia as there was not significant difFerence in CP content of straw due to 
addition of 4 levels of acids. Results of in vivo experiment conducted on nine buffaloes divided randomly into three groups of three 
animals in each revealed no significant difference in the intake of DM, OM, NDF, ADF, cellulose and hemicellulose in group I 
(ammoniated straw), group II (HC1 treated ammoniated straw) and group III (HC1 treated ammoniated straw + 1 kg barley grain), but the 
intake of CP was significantly (p<0.01) more in group III as compared to other 2 groups. The digestibility of DM, OM and CP was 
significantly (p<0.01) more in groups where HC1 treated straw was fed as compared to only ammoniated straw fed group, whereas there 
was no significant difFerence in the digestibility of NDF, ADF and cellulose in 3 groups. Intake was significantly higher of nitrogen 
(p<0.05), calcium (p<0.01) and phosphorus (p<0.01) in group III as compared to other two groups. Animals in all the 3 groups showed 
positive nitrogen, calcium and phosphorus balance, though the balances of all the 3 nutrients were significantly higher in group III as 
compared to other 2 groups. Rumen fermentation study conducted in 3 rumen fistulated buffaloes in 3x3 latin square design offering the 
same 3 diets as in group I to III revealed that rumen pH was alike statistically in 3 groups and at various time intervals. The mean 
ammonia-N concentration was significantly (p<0.01) more in group II and III as compared to group I. The mean TVFA concentration 
(mM/100 ml SRL) were 6.46, 7.84 and 8.47 in 3 groups respectively and different statistically (p<0.01). Results revealed no significant 
difference in the activities of carboxy methyl cellulase, urease or protease at both the time of sampling (0 h and 4 h) in all the 3 groups of 
animals. (Asian-Aust J. Anim. Sci. 2001, Vol 14, No. 11:1542-1548)

Key Words : Wheat Straw, Urea, Hydrochloric Acid, Nitrogen, Murrah Buffaloes, Rumen Fermentation, Rumen Enzyme

INTRODUCTION

Poor quality roughages such as wheat straw, paddy 
straw, maize straw, Jowar straw, and sugarcane bagasse 
nearly constitute 75% of the total diet of ruminants. 
However, the availability of energy and other nutrients from 
these feeds as such, is not sufficient to the animals for 
expression of their full genetic potential. Moreover, the 
availability of energy from these roughages is limited due to 
their excessive lignification, poor digestibility and 
palatability. Ammonia treatment of low quality roughages is 
simple, improves the nutritive value and acts as a 
preservative of high moisture material, but gaseous 
ammonia is not only expensive but also corrosive in nature.

Ammoniation of cereal straw using fertilizer grade urea 
has been found to be cheap and best method fbr their 
improvement (Hart and Wanapat, 1992; Badrudeen et al., 
1994; Rath et al., 2001). It has been established that 4kg 
urea dissolved in 50-65 L of water and sprayed over 100 kg 
straw and kept covered for 3-4 weeks, doubles the protein 

content of the straw i.e. 6-7 percent. However, when 4 kg 
urea is added to straw the crude protein (CP) content of the 
straw theoretically should be 14-15% but practically it is 
not so, as about 60-66% of free ammonia released form 
urea goes to the atmosphere (Mandal et al., 1995; Taiwo et 
al., 1995; Dass et al., 2000) which is not o미y a significant 
economic loss but may also pollute the environment. 
Attention was paid to this problem by Borhami et al. (1982) 
who sprayed the ammoniated straw with some organic acids 
to fix the excess free ammonia. Later on some inorganic 
acids like hydrochloric, sulphuric and boric acid were used 
fbr the same job with various degree of success (Cloette and 
Kritzinger, 1984; Yadav and Virk, 1994이); Dass et aL, 
2000). Earlier workers have sprayed the organic/inorganic 
acids after the urea ammoniation of straw and again the 
straw samples were stored for 8 weeks (Borhami et al., 
1982) and 2 weeks (Yadav and Virk, 1994a,b). Thus 
spraying of acids on the ammoniated straw not only involve 
extra labour but also enhance the treatment period of the 
straw.

Keeping this thing in mind experiments were conducted 
to find the effect of simultaneous treatment of wheat straw 
with urea and hydrochloric acid on the trapping of excess 
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ammonia nitrogen and to compare the effect of feeding 
ammoniated straw and hydrochloric acid treated 
ammoniated straw on nutrient intake, their digestibility and 
rumen fermentation pattern in buffaloes.

MATERIALS AND METHODS

Experiment 1
Wheat straw was treated on laboratory scale with 

fertilizer grade urea (4 per cent) at a moisture level of 50 
percent. Hydrochloric acid (0, 3.-5, 4.7, 5.8 and 7.0 mL) was 
added to trap, 30, 40, 50, and 60% of ammonia evolved 
from urea in treatment TrT5 as given in table 1. Treated 
samples (TrT5) were kept in polythene bags, which were 
sealed to maintain the anaerobic conditions. These bags 
were opened after 4 weeks. All the treated samples were air 
dried and milled to pass through 1 nun sieve before 
determining their chemical composition using methods 
recommended by AOAC (1985) and cell wall constituents 
(Van Soest et aL, 1991). Hemicellulose (HC) and cellulose 
were calculated as NDF-ADF and ADF-ADL, respectively. 
Samples were also analysed for ammonia-N (Markham, 
1942).

Experiment 2
On the basis of results of experiment 1, wheat straw was 

treated on large scale with 4 per cent urea at a 50 percent 
moisture level. Commercial grade hydrochloric acid was 
added simultaneously to trap 30 percent of the ammonia 
released from 4% urea during urea-ammoniation of wheat 
straw. The straw was covered with a polythene sheet as 
described earlier (Dass et al., 1984). After 4 weeks the 
polythene sheet was removed and straw was aerated for 4-5 
days before feeding to the animals.

In vivo experiment was conducted on 9 adult male 
Murrah buffaloes divided into three groups of 3 animals in 
each group following completely randomised design. 
Animal were fed ammoniated wheat straw (group I), HC1 
treated ammoniated straw (group II) and HC1 treated 
ammoniated straw+1 kg barley grain (group III). In addition 
to above 9 adult male buffaloes, 3 rumen fistulated male 
adult buffaloes were taken to study the rumen fermentation 
pattern of the animals on the 3 diets as given to animals in 
group I-III in a 3x3 latin square design. After adopting the 
animals on the above 3 feeding regimen for a period of 21

Table 1. Detail of treatment of wheat straw with urea and HC1 
Treatment Wheat straw Urea (g) Water (mL) HC1 (mL)

(g)
100 4 100 -
100 4 100 3.5
100 4 100 4.7
100 4 100 5.8
100 4 100 7.0

days, a metabolic trial was conducted to know the 
digestibility of nutrients and their balance. Feed and faeces 
were analysed for proximate principles and fibre 
constituents by the methods described in experiment 1. 
Calcium was estimated as per the method of Talapatra et al. 
(1940), while phosphorus was determined colorimetrically 
using molybdovanadate reagent as per AOAC (1985) in 
feed, faeces and urine samples.

For rumen fermentation studies, rumen liquor was 
drawn from the fistulated animals for 3 consecutive days at 
different time intervals upto 8 hours. Nitrogen and its 
fractions in rumen liquor were estimated by using 
Kjeldahl's techniques (AOAC, 1985). Total volatile fatty 
acids were estimated as per the method of Barnett and Reid 
(1957). Ammonia-N concentration was estimated (Conway, 
1957) and pH of the rumen liquor samples was taken using 
a digital pH meter.

For enzyme estimation strained rumen liquor (SRL) was 
sonicated in a sonicator at 10 g for 10 min in an ice bath 
followed by centrifugation at 27,000 x g fbr 30 min at 4°C. 
The clear supernatant was used as a source of the enzyme. 
Carboxymethyl cellulase (EC 3.2.1.4) activity was 
measured by incubating the assay mixture (2 mL) fbr 60 
min, at 39°C. 2 mL assay mixture contained 1 mL 0.1 M 
phosphate buffer pH 7.0, 0.5 mL enzyme and 0.5 mL 1% 
carboxymethyl cellulose as substrate. The reducing sugars 
thus released were estimated by the method of Miller 
(1959). For protease estimation the assay mixture consisted 
of 1 mL 0.1 M phosphate buffer pH 7.0, 0.25 mL of 1% 
casein, 0.25 mL enzyme and 0.5 mL distilled water. The 
mixture was incubated for 2 h at 39°C. The reaction was 
stopped by adding 2 mL of 10% trichloroacetic acid. The 
supernatant was collected by centrifugation and the 
hydrolysed proteins were estimated by the method of 
Lowry et al. (1951). For urease estimation the assay mixture 
consisted of 0.5 mL 0.1 M phosphate buffer, pH 6.8 and 
0.25 mL urea solution. The mixture was incubated fbr 15 
min at 39°C. The ammonia thus produced was estimated as 
per the method of Weatherbum (1967). Enzyme activity 
was defined as mg product released mrl*h -1.

The data were analysed statistically as per the method of 
Snedecor and Cochran (1967).

RESULTS

Experiment 1
Impact of adding HC1 along with urea-ammoniation of 

wheat straw on crude protein (CP), fibre constituents and 
concentration of free ammonia-N (mg/100 g feed) at the 
time of opening of bags is presented in table 2. Results 
revealed a significant (p<0.01) increase in CP content of 
wheat straw as a result of hydrochloric acid addition during 
urea-ammoniation of wheat straw. The CP content of wheat
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Table 2. Effect of urea treatment with different levels of hydrochloric acid on the CP content, fibre constituents and free
NH3 in treated wheat straw

Treatment NH3-N Fixation level CP NDF NHwN
ADF Hemicellulose Cellulose 球心 gkcal)

0 7.8아* ±0.30 80.5a**+0.20 58.2a**±0.78 22.3a±0.98 43.3±0.47 295a**
30 14.1 건±1.43 81.7a±0.42 54.7b±0.58 27.0b±0.19 44.110.29 251b
40 16.0a±0.35 79.2a±0.13 52.0b+0.16 27.2b+0.24 42.7+0.28 235b
50 15.0a±0.27 62.8b±0.18b 55.2b±0.44 7.5c±0.52 42.1+0.40 40c
60 15.2a±0.10 62.3b±0.05 56.8b±0.47 5.5d±0.40 42.4±0.29 46c

T.
T2
T3
T4
T5

버' (pvO.Ol), 히坷巴 Figures bearing diff&ent superscripts in diff&ent cohimms significantly.

straw after urea-ammoniation was 7.8%, which increased to 
14.1, 16.0, 15.0 and 15.2% with the addition of HC1 to trap 
30, 40, 50 and 60% of the ammonia evolved from urea. 
Statistically the CP content of the samples was alike in all 
the treatments (T2-T5), where hydrochloric acid was added. 
The concentration of NDF, ADF and hemicellulose were 
significantly (p<0.01) different in various treatments. The 
concentration of ammonia-N (mg/100 g feed sample) was 
significantly (p<0.01) more in wheat straw sample (TJ 
where no HC1 was added. There was a continuous decrease 
in the ammonia-N concentration in wheat straw samples 
with the increase in the level of HCL As there was no 
significant difference in CP content of straws added with 
different levels of HC1, so HC1 to trap 30% ammonia was 
found to be optimum.

Experiment 2
The chemical composition of various feeds offered to 

the experimental animals in different groups is given in 
table 3. Though the CP content of HC1 treated ammoniated 
wheat straw was higher than the ammoniated straw, but the 
increase was not as much as obtained in experiment 1, 
where HC1 was added in the same proportion to trap 30% of 
free ammonia.

Digestibility of nutrients and their intake is presented in 
table 4. Intake of dry matter (DMI), organic matter (OMI), 
crude protein (CPI), neutral detergent fibre (NDFI), acid 
detergent fibre (ADFI), cellulose and hemicellulose (HCI) 
were statistically alike in 3 groups. The digestibility 
coefficient of DM, OM and CP was significantly (p<0.01) 
more in group II and III as compared to group I. Similarly 
the digestibility of hemicellulose was significantly (p<0.01) 
more in group III as compared to group I, while the 
dige아ibility of hemicellulose was statistically alike in group 
I and II; and group II and III. There was no significant 
differece in the digestibility of NDF, ADF and cellulose in 3 
groups.

Intake of nitrogen (N), calcium (Ca) and phosphorus (P), 
their excretion through faeces and urine and their balance in 
3 groups of animals is presented in table 5. Intake was 
significantly higher of N (p<0.05), Ca (p<0.01) and P 
(p<0.01) in group III as compared to group I and II, which 
have statistically alike intake of all the three nutrients. 
Excretion of N through faeces was significantly (p<0.05) 
more in group I (33.0 g/d) as compared to group II (24.5 
g/d) and group III (30.6 g/d) while the group II and III had 
statistically alike excretion of N through faeces. Contrary to 
this the excretion of N through urine was significantly 
(p<0.01) more in group II and III as compared to group I. 
Total-N excretion through faeces and urine was statistically 
non-significantly different in 3 groups. Animal in all the 
three groups were in positive N balance. Excretion of 
calcium through faeces was significantly (p<0.05) more in 
group I and III as compared to group II, while the excretion 
of calcium through urine was alike in 3 groups. Total 
excretion of calcium through faeces and urine was 
significantly (p<0.05) less in group II (12.01 g/d) than 
group I (18.39 g/d) and III (18.09 g/d). Animals were in 
positive calcium balance in all the three groups though 
statistically higher (p<0.01) in group III as compared to 
other 2 groups. The excretion of phosphorus through faeces 
as well as total phosphorus excretion (g/d) was significantly 
(p<0.01) more in group III as compared to group I and II, 
which were alike statistically. Excretion of phosphorus 
through urine was similar statistically in all the three groups. 
Animals in all the three groups were in positive phosphorus 
balance though it was significantly (p<0.05) more in group 
III as compared to group I and II, which had alike balance 
statistically.

Data on rumen fermentation pattern in 3 groups at 
various time intervals is presented in table 6. The mean 
rumen pH in 3 groups of animals was 6.66, 6.93 and 6.71, 
respectively, which was statistically alike. Similarly the 
time interval had no significant effect on rumen pH. The 

Table 3. Chemical composition of experimental diets (%)
Feed DM CP NDF ADF HC Cellulose Ca P
Urea treated wheat straw 88.2 8.2 83.4 61.4 22.0 45.3 0.44 0.14
Urea+ HCI treated wheat straw 88.8 10.2 81.3 54.6 26.7 42.5 0.46 0.16
Barley grain 89.7 13.7 38.9 13.4 25.5 9.9 1.15 0.70
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ammonia nitrogen and to compare the effect of feeding 
ammoniated straw and hydrochloric acid treated 
ammoniated straw on nutrient intake, their digestibility and 
rumen fermentation pattern in buffaloes.

MATERIALS AND METHODS

Experiment 1
Wheat straw was treated on laboratory scale with 

fertilizer grade urea (4 per cent) at a moisture level of 50 
percent. Hydrochloric acid (0, 3:5, 4.7, 5.8 and 7.0 mL) was 
added to trap, 30, 40, 50, and 60% of ammonia evolved 
from urea in treatment TrT5 as given in table 1. Treated 
samples (TrT5) were kept in polythene bags, which were 
sealed to maintain the anaerobic conditions. These bags 
were opened after 4 weeks. All the treated samples were air 
dried and milled to pass through 1 mm sieve before 
determining their chemical composition using methods 
recommended by AOAC (1985) and cell wall constituents 
(Van Soest et al., 1991). Hemicellulose (HC) and cellulose 
were calculated as NDF-ADF and ADF-ADL, respectively. 
Samples were also analysed for ammonia-N (Markham, 
1942).

Experiment 2
On the basis of results of experiment 1, wheat straw was 

treated on large scale with 4 per cent urea at a 50 percent 
moisture level. Commercial grade hydrochloric acid was 
added simultaneously to trap 30 percent of the ammonia 
released from 4% urea during urea-ammoniation of wheat 
straw. The straw was covered with a polythene sheet as 
described earlier (Dass et al., 1984). After 4 weeks the 
polythene sheet was removed and straw was aerated for 4-5 
days before feeding to the animals.

In vivo experiment was conducted on 9 adult male 
Murrah buffaloes divided into three groups of 3 animals in 
each group following completely randomised design. 
Animal were fed ammoniated wheat straw (group I), HC1 
treated ammoniated straw (group II) and HC1 treated 
ammoniated straw+1 kg barley grain (group III). In addition 
to above 9 adult male buffaloes, 3 rumen fistulated male 
adult buffaloes were taken to study the rumen fermentation 
pattern of the animals on the 3 diets as given to animals in 
group I-III in a 3x3 latin square design. After adopting the 
animals on the above 3 feeding regimen for a period of 21

Ta미e 1. Detail of treatment of wheat straw with urea and HC1
Treatment Wheat straw Urea (g) Water (mL) HC1 (mL)

(g)
Ti 100 4 100
t2 100 4 100 3.5
t3 100 4 100 4.7
t4 100 4 100 5.8
t5 100 4 100 7.0

days, a metabolic trial was conducted to know the 
digestibility of nutrients and their balance. Feed and faeces 
were analysed for proximate principles and fibre 
constituents by the methods described in experiment 1. 
Calcium was estimated as per the method of Talapatra et al. 
(1940), while phosphorus was determined colorimetrically 
using molybdovanadate reagent as per AOAC (1985) in 
feed, faeces and urine samples.

For rumen fermentation studies, rumen liquor was 
drawn from the fistulated animals for 3 consecutive days at 
different time intervals upto 8 hours. Nitrogen and its 
fractions in rumen liquor were estimated by using 
Kjeldahl's techniques (AOAC, 1985). Total volatile fatty 
acids were estimated as per the method of Barnett and Reid 
(1957). Ammonia；N concentration was estimated (Conway, 
1957) and pH of the rumen liquor samples was taken using 
a digital pH meter.

For enzyme estimation strained rumen liquor (SRL) was 
sonicated in a sonicator at 10 |i for 10 min in an ice bath 
followed by centrifugation at 27,000 x g for 30 min at 4°C. 
The clear supernatant was used as a source of the enzyme. 
Carboxymethyl cellulase (EC 3.2.1.4) activity was 
measured by incubating the assay mixture (2 mL) for 60 
min, at 39°C. 2 mL assay mixture contained 1 mL 0.1 M 
phosphate buffer pH 7.0, 0.5 mL enzyme and 0.5 mL 1% 
carboxymethyl cellulose as substrate. The reducing sugars 
thus released were estimated by the method of Miller 
(1959). For protease estimation the assay mixture consisted 
of 1 mL 0.1 M phosphate buffer pH 7.0, 0.25 mL of 1% 
casein, 0.25 mL enzyme and 0.5 mL distilled water. The 
mixture was incubated for 2 h at 39°C. The reaction was 
stopped by adding 2 mL of 10% trichloroacetic acid. The 
supernatant was collected by centrifugation and the 
hydrolysed proteins were estimated by the method of 
Lowry et al. (1951). For urease estimation the assay mixture 
consisted of 0.5 mL 0.1 M phosphate buffer, pH 6.8 and 
0.25 mL urea solution. The mixture was incubated for 15 
min at 39°C. The ammonia thus produced was estimated as 
per the method of Weatherbum (1967). Enzyme activity 
was defined as mg product released m「나!".

The data were analysed statistically as per the method of 
Snedecor and Cochran (1967).

RESULTS

Experiment 1
Impact of adding HC1 along with urea-ammoniation of 

wheat straw on crude protein (CP), fibre constituents and 
concentration of free ammonia-N (mg/100 g feed) at the 
time of opening of bags is presented in table 2. Results 
revealed a significant (p<0.01) increase in CP content of 
wheat straw as a result of hydrochloric acid addition during 
urea-ammoniation of wheat straw. The CP content of wheat
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Table 6. Rumen fermentation pattern in buffaloes fed on ammoniated and HC1 treated ammoniated wheat straw

Item Group
0 2

Time (h) 
4 6 8

-Mean±S.E.

PH I 6.63±0.23 6.76±0.25 6.75±0.33 6.64±0.41 6.55±0.41 6.66±0.13
II 6.84±0.18 7.03±0.07 6.99±0.05 6.90±0.02 6.88±0.06 6.93±0.04
III 6.62±0.20 6.81±0.30 6.76±0.24 6.67±0.22 6.68±0.20 6.71±0.09
Mean±S.E. 6.70±0.11 6.87±0.12 6.83±0.12 6.73±0.14 6.70±0.14

Ammonia-N**
(mg/100 ml SRL) I 18.90±0.39 19.63+2.07 23.27±2.59 21.33±2.60 18.95±0.99 20.41±0.86

II 16.20±1.66 18.27±0.59 19.83±0.84 19.17±1.35 17.7±1.01 18.15±1.40
III 16.10±L23 18.13±0.24 20.30±0.24 18.12±1.20 15.10±1.04 17.55±2.02
Mean±S.E. 17.06±1.58 18.67±0.82 21.13±1.86 19.54±1.63 17.24±1.95

Total N ** I 75.3±1.64 20.0±1.2 83.7±1.2 69.6±5.3 66.9±2.6 75.2+2.20
(mg/100 ml SRL) II 57.6+2.27 64.1±2.68 67.3±7.4 60.9±2.5 55.8±3.2 61.1+4.68

III 57.2±2.7 59.0±1.85 66.5±3.3 ,64.3+2.5 62.3±2, 61.8±3.78
Mean±S.E. 63.4±10.3 67.8±11.12 72.5±9.7 68.7±7.9 61.6±5.56

TCA precipitable I 31.3±3.1 32.6±3.1 35.7±1.2 34.4±0.8 34.7±0.1 33.7±1.76
Nitrogen** II 31.5±4.7 34.8+2.1 36,7+22 36.5±2.0 36.1+2.5 35.112.15
(mg/100 ml SRL) III 36.9±2.7 38.8±1.9 42.5±2.3 40.9±1.9 38.8±1.9 39.0+2.03

Mean±S.E. 33.2±3.17 35.4±3.14 38.3±3.67 37.3±3.31 36.5+2.08
TVFA** I 6.05±0.3 6.62±0.29 6.85±0.88 6.62±0.21 6.14±0.76 6.46±0.34
(mM/100 ml II 7.29±0.64 7.72±1.0 8.78±0.56 8.04±0.56 7.37±0.11 7.84±0.60

SRL)
III 7.96±0.22 8.65±0・68 9.03±0.37 8.67±0.24 8.04±0.26 8.47±0.45
Mean±S.E. 7.10±0.96 7.66±1.01 8.22±1.19 7.77±1.05 7.18±0.96

** (p<0.01)

Table 7. Rumen enzyme activity (mg ml-1 h-1) in buffaloes 
fed ammoniated and hydrochloric acid treated ammoniated 
wheat straw

Hours 
0 4

Mean 
±S.E.

Item Group

Carboxymethyl I 
Cellulase II 
(CMC) 

III 
Mean±S.E.

Urease I 
II 
III 
Mean±S.E.

Protease I 
II 
III 
Mean±S.E.

2.44±0.51 2.48+0.28 2.46±0.26 
1.91±0.46 2.24±0.56 2.08±0.33

2,18±0.65 2.52±0.62 2.35±0.41
2.18±0.28 2.38±0.26
2.51±0,09 3.20±0.49 2.85±0.39
3.03±0.93 2.97±0.23 3.00±0.43
2.30±0.12 2.77±0.40 3.00±0.43
2.61±0.29 2.98±0.21
4.10±0.68 4.41±0.74 4.26±0.65
4.77±0.30 5.61±0.54 5.19±0.33
4.51±1.01 4.42±0.75 4.47+0.56 
4.46±0.57 4.61±0.40 

(1994a,b) in buffalo calves fed on ammoniated straw treated 
with acids. Borhami et al. (1982) reported that the apparent 
digestibility of nitrogen of the straw was increased (p<0.01) 
by ammonia treatment and even further by spraying with 
acetic or formic acid.

Balance of nitrogen, calcium and phosphorus became 
significantly (p<0.01) more when 1 kg barley grain was 
given along with HC1 treated ammoniated straw as 
compared to ammoniated straw or HC1 treated ammoniated 
straw. These results of nitrogen balance are contrary to the 
findings of Yadav and Virk (1994a,b), who have reported 
significantly (p<0.01) higher N balance in buffalo calves 
fed on ammoniated straw as compared to H2SO4 treated 
ammoniated straw.

Ammonia-N concentration was significantly (p<0.01) 
more in group II and III as compared to group I. 
Postprandial increase in ammonia-N could be due to 
microbial degradation of dietary protein. The proteolysis 
and deamination of dietary protein lead to increase 
ammonia production in the rumen. Subsequent diminution 
of ammonia in rumen liquor may be the result of either its 
incorporation for the synthesis of microbial protein or its 
absorption into portal blood through rumen wall or its 
onward passage to the abomasum along with ingesta 
(Sharma and Mudgal, 1975; Sangwan et al., 1987). The 
mean ammonia-N concentration in rumen fluid exceeded 
the minimum threshold of 5 mg /100 ml proposed by 
Roffler et al. (1975) and were ass기med to be adequate for 
optimum growth with all diets. The mean TCA - 
precipitable-N concentration was significantly more in 
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group III as compared to other two groups. This may be due 
to higher intake of nitrogen in this group (Mangat Ram and 
Kunju, 1986; Hosamani et al., 1998). The concentration of 
total volatile fatty acids was significantly (p<0.01) different 
in 3 groups. This could be due to difference in the content 
of carbohydrates and protein in the diet of 3 groups of 
animals (Pant and Roy, 1971). There was a progressive 
increase in the concentration of TVFA after feeding and 
attained a peak level at 4 h in 3 groups. The peak 
concentration of TVFA could be ascribed to maximum 
microbial fermentation of dietary carbohydrates and 
catabolism of amino acids to VFA (El - Shazly, 1952). 
There was no difference in the activities of rumen enzymes, 
which indicates the identical proliferation of rumen 
microbes in the rumen of 3 groups of animals on 3 different 
diets.

CONCLUSION AND RECOMMENDATION

The level of HC1 to trap 30% ammonia released during 
straw treatment with 4% urea was found to be optimum. 
Further, it can be concluded that HC1 treated ammoniated 
straw was better utilised by buffaloes when readymade 
source of energy in the form of barley grains was given to 
them.
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