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In 4 x 4 LSD, four rumen fistulated Murrah bulls (6 yrs; 353 ± 8.26 kg) were 
fed four iso-nitrogenous complete rations comprising of jowar stover (T1), 
maize stover (T2), red gram straw (T3) and black gram straw (T4) and 
concentrate mixture in 60:40 proportion, to study the effect on rumen 
fermentation pattern. The mean pH values were lower (P<0.01) in T1 and T2 
when compared to T3 and T4 while mean TVFA concentration was significantly 
(p<0.01) higher in T2 and T4 compared to T1 and T3. The ammonia N 
concentration was significantly (P<0.01) higher in T3 while residual N 
concentration was significantly (P<0.01) higher in T1 compared to other 
treatments. Time of sampling had a significant (P<0.01) effect on rumen 
fermentation. Peak concentration of TVFA was recorded 4 h post feeding while 
for N fractions it is 2 h post feeding irrespective of the treatments. Thus, it was 
concluded that feeding of crop residue based complete rations provided an 
optimum rumen environment in graded Murrah bulls for effective nitrogen 
utilization and total volatile fatty acid production  
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INTRODUCTION 

 
In India, crop residues form a major portion of 

roughages and thus play an important role in feeding 
ruminants. High levels of structural carbohydrates and 
low nitrogen content of these roughages result in low 
palatability and poor nutrient utilization. The palatability 
and nutrient utilization of these crop residues can be 
improved by incorporation in complete diets. Rumen 
fermentation pattern is the key to the productive 
performance of dairy animals (Wadhwa and Bakshi, 
2006). Complete feed provides a stable environment for 
rumen fermentation and enhancement in utilization of low 
grade roughages (Venkanna et al., 1997). The level and 
type of roughage in the diet changes the pattern of 
microbial population in the rumen which in turn may 
affect their capacity to colonize feed particles and 
influences the supply of nutrients (Bakshi et al., 2004).  
Hence, an attempt was made to study the effect of feeding 
different crop residue based complete rations on rumen 
fermentation pattern in graded Murrah bulls. 

MATERIALS AND METHODS 
 

The experiment was carried out at the Department of 
Animal Nutrition, NTR College of Veterinary Science, 
Gannavaram, Andhra Pradesh, India, to study the effect of 
feeding crop residue based complete rations on rumen 
fermentation pattern in graded Murrah bulls. 

In 4 x 4 LSD, four graded Murrah bulls (6 yrs; 353 ± 
8.26 kg) each fitted with a permanent rumen fistula were 
fed four iso-nitrogenous complete rations comprising of 
roughage viz. Jowar stover (T1), Maize stover (T2), Red 
gram straw (T3) and Black gram straw (T4) and 
concentrate in 60:40 ration. All the bulls were offered 6.5 
kg each of respective complete ration to meet the nutrient 
requirements as per ICAR, 1998. The ingredient 
composition of these complete rations is furnished in 
Table1.  

The bulls were housed in well ventilated conventional 
stalls maintained in good hygienic condition, and were fed 
individually for 112 days. All the animals were provided 
with ad libitum clean, fresh drinking water. After 26 days 
of feeding, rumen liquor was collected from the fistulated 
buffaloes at 0, 1, 2, 4, 6 and 8 h post-feeding. The animals 
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were offered water 1 h before first collection, and after 
last collection, to eliminate dilution with water on 
nitrogen concentration. The collected rumen liquor was 
strained through four layers of muslin cloth, and the 
resultant liquid was designated as strained rumen liquor 
(SRL). On the 29th day, animals were switched over to the 
other group and feeding continued for another 28 days.  

About 100 ml of the SRL was drawn at each 
collection into a clean sterile polythene bottle. The pH of 
rumen liquor was measured immediately after the 
collection of rumen liquor using digital pH meter. 
Ammonia nitrogen was estimated by micro-diffusion 
method (Conway, 1957) using mixed indicator 
(Livingston et al., 1964). The TVFA concentration was 
estimated using the procedure of Barnett and Reid (1957). 
The total nitrogen (Micro-Kjeldahl), TCA-insoluble 
protein nitrogen (Cline et al., 1958), residual nitrogen, and 
food and protozoal nitrogen were ascertained (Singh et 
al., 1968).  

Statistical analysis of the data was carried out as per 
the procedures suggested (Snedecor and Cochran, 1989) 
using SPSS version 17.0.  
 
Table 1: Ingredient composition of complete rations fed to 
graded Murrah bulls  

Complete rations  
Ingredient T1 T2 T3 T4 
Jowar stover 60 -- -- -- 
Maize stover -- 60 -- -- 
Red gram straw -- -- 60 -- 
Black gram straw -- -- -- 60 
Maize grain 6.0 7.2 8.0 9.6 
DORB 7.7 8.1 10.5 12.5 
Cotton seed cake 15.6 12.4 11.6 8.8 
Gingelly cake 9.2 10.8 8.4 7.6 
Mineral mixture 1.0 1.0 1.0 1.0 
Salt 0.5 0.5 0.5 0.5 
Total 100 100 100 100 

 
RESULTS AND DISCUSSION 

 
The particulars of rumen pH, TVFA (meq/ litre of 

SRL), Ammonia nitrogen, Total N, TCA-Insoluble protein 
nitrogen, Residual Nitrogen, and Food and Protozoal 
Nitrogen (mg/ 100 ml of SRL) in graded Murrah bulls as 
affected by feeding complete rations containing different 
crop residues at 0, 1, 2, 4, 6 and 8 hours post-feeding are 
given in Table-2 
 
Rumen pH 

The data on rumen pH (Table 2) of buffalo bulls fed 
complete rations containing different crop residues 
indicated that the mean pH of SRL was higher (P<0.01) in 
animals fed red gram (T3) or black gram straw (T4) based 
complete rations  than those fed jowar (T1) and maize 
stover (T2) based complete rations. However, no 
significant difference was observed between T1 and T2 or 
T3 and T4. Further in the present study, the pH values 
observed for different treatments were within the normal 
physiological range (6.2 to 7.2) as reported by Radostitis 
et al. (2003). Time of sampling had significant (P<0.01) 
effect on rumen pH. The pH of rumen liquor showed a 
decreasing trend up to 4 h post feeding in all the buffalo 
bulls irrespective of the treatment prior to attaining 

normal levels. This post prandial decline in pH values 
might be due to increased microbial fermentation and 
accumulation of organic acids in the rumen. These results 
are in agreement with the findings of earlier workers 
(Dahiya et al., 2011; Raja Kishore, 2012). 
 
Total volatile fatty acids 

The total volatile fatty acids (TVFA) concentration 
(meq/L) in SRL (Table 2) was higher (P<0.01) in buffalo 
bulls fed maize stover (T2) and black gram straw (T4) 
based complete rations compared to those fed either jowar 
stover (T1) or red gram straw (T3) based complete rations. 
No significant difference was observed between T2 and 
T4. The higher TVFA concentration in T2 or T4 compared 
to other treatments may be attributed to availability of 
synchronized energy (Satter and Slyter, 1974). Time after 
feeding linearly increased (P<0.01) the TVFA 
concentration up to 4 h post feeding beyond which there 
was a decline in its concentration and a similar trend was 
observed in all the treatments. The significant effect of 
time of sampling on the concentration of TVFA was in 
agreement with the earlier reports (Dahiya et al., 2011 and 
Raja Kishore, 2012).  
 
Ammonia Nitrogen 

The concentration of ammonia nitrogen (mg / 100 ml 
SRL) was higher (P<0.01) in red gram straw (T3) based 
complete ration compared to jowar stover (T1), maize 
stover (T2) or black gram straw (T3) based complete 
rations (Table 2). This is in agreement with the findings of 
Raja Kishore (2012), who reported higher concentration 
of ammonia nitrogen in red gram straw based complete 
ration compared to either maize stover or black gram 
straw based complete rations. The increase in the 
concentration of ammonia nitrogen in buffalo bulls fed T3 
may be attributed to higher pH values in T3 as uptake of 
ammonia by bacteria is reduced for microbial protein 
synthesis at higher pH (Chen and Jan, 1992). Lower 
ammonia nitrogen concentration reported in T1 and T2 
indicates better utilization of ammonia nitrogen (Bakshi et 
al., 2004). Time of sampling had a significant (P<0.01) 
effect on ammonia nitrogen concentration, which peaked 
at 2 h post feeding. The increased ammonia nitrogen 
concentration at 2 h post feeding could be due to 
deamination of amino acids and flow of ingesta from 
reticulo- rumen to rumen. Similar results were reported by 
Reddy et al. (2000) in buffalo bulls, Datt et al. (2011) in 
Nellore rams and Dahiya et al. (2011) in adult buffaloes. 
 
Total Nitrogen 

The total nitrogen concentration (mg / 100 ml SRL) 
was lower (P<0.01) in maize stover (T2) based complete 
ration as compared to jowar stover (T1) or black gram 
straw (T4) based complete rations (Table 2). In the present 
study, higher total N concentration recorded in SRL of 
graded Murrah bulls fed T2 may be attributed to higher 
intakes and better degradation of protein. Time of 
sampling had a significant (P<0.01) effect on total 
nitrogen concentration. The total N concentration was 
highest (P<0.01) at 2 h post feeding irrespective of the 
diet which may be attributed to active degradation of 
proteins and hydrolysis of NPN substances in rumen. The
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Table 2: Effect of feeding crop residue based complete rations rumen fermentation in graded Murrah bulls. 
Time of rumen liquor sampling (h) Treatment/ Parameter 

0 1 2 4 6 8 
Treatment Mean** 

pH 
T1 6.86  6.82  6.71  6.57  6.76  6.82  6.76A ± 0.05 
T2 6.84  6.82  6.68  6.54  6.72  6.79  6.73A ± 0.05 
T3 7.01  6.98  6.85  6.77  6.87  6.93  6.90B ± 0.04 
T4 6.96  6.87  6.81  6.71  6.83  6.88  6.84B ± 0.04 

Overall** 6.92d  6.87d  6.76b  6.65a  6.80bc  6.88cd  
TVFA (meq/l of SRL) 

T1 62.47 69.63 82.25 102.5 81.13 75.25 78.88B±6.14 
T2 60.5 71.25 86.75 115.63 85.19 76.88 82.70C ± 8.40 
T3 61.69 67.5 76.63 93.88 79.5 70.5 74.95A ± 5.03 
T4 66.63 71.75 87.75 102.25 86.25 74.25 81.48C ± 5.87 

Overall ** 62.83a 70.03b 83.35d 103.5e 83.02d 74.22c  
NH3-N (mg/100ml SRL) 

T1 6.23  6.69  10.78 10.57  9.34 6.93   8.42A ± 0.92 
T2 7.92  9.08  13.38  12.46  11.73  6.79  10.23B ±1.19 
T3 10.26  12.25  15.68  18.17  11.83  8.89  12.85D±1.55 
T4 9.52  11.87  15.12  12.92  10.47  8.47  11.40C ±1.08 

Overall ** 8.48b  9.97c  13.74e  13.53e  10.84d 7.77a   
Total N (mg/100ml SRL) 

T1 64.00 77.00  100.75  89.50  77.75  69.00  79.67B±6.04 
T2 60.25  71.63  97.50  86.75  73.75  66.50 76.06A±6.13 
T3 61.25  76.25  101.25  85.75  75.50  68.75  78.13AB±6.25 
T4 64.5  74.25  99.00  92.25  77.00  69.00  79.33B±6.04 

Overall ** 62.50a  74.78c  99.63e  88.56d  76.00c  68.31b   
TCA precipitable N (mg/100ml SRL) 

T1 18.70  22.18  28.11  25.84 21.47  19.20  22.58A±1.66 
T2 18.84  22.93  28.63  24.58  22.12  20.55  22.94AB±1.53 
T3 19.66  23.25  29.24  24.10  21.88  19.75  22.98AB±1.59 
T4 19.97  23.71  28.41  25.69  23.25  20.00  23.51B±1.47 

Overall ** 19.29a  23.02b  28.60d  25.05c  22.18b  19.88a   
Residual nitrogen (mg/100ml SRL) 

T1 25.04  28.47 33.79 28.76  23.67  21.74  26.91C ± 1.94 
T2 22.89  25.39  29.12  26.47  21.12  21.38 24.40B ± 1.41 
T3 20.51  22.83 26.11  19.82  19.51 18.04 21.40A ± 1.41 
T4 23.04  24.66  27.61  27.08 23.09 20.76 24.37B ± 1.17 

Overall ** 22.87b  25.34c  29.16d  27.44c  21.85b 20.48a  
Food and protozoal nitrogen(mg/100ml SRL) 

T1 14.03  19.67  28.07  24.34  23.27  21.14  21.75B ± 2.13 
T2 10.60  14.23  26.37  23.24 18.79  17.78  18.50A ± 2.57 
T3 10.83  17.92  30.23  23.66  22.29  22.07  21.17B ± 2.88 
T4 11.97  14.02  27.87  26.57  20.20  19.78  20.07AB ±2.87 

Overall ** 11.86a  16.46b  28.14e  24.45d  21.14c  20.19c   
Values bearing different superscripts in a column or in a row differ significantly (P<0.01) 
 
subsequent decline in the total N concentration might be 
due to changes in the rumen volume through inflow of 
saliva as well as out flow of digesta (Grubb and Dehority, 
1975). The differences in total N concentration due to 
time of sampling were in agreement with earlier reports 
(Reddy et al., 1993; Datt et al., 2011 and Dahiya et al., 
2011). 
 
TCA insoluble protein nitrogen 

The TCA insoluble protein nitrogen (Table 2) was 
higher (P<0.01) in black gram straw (T4) based complete 
ration compared to jowar stover (T1) based complete 
ration. However, no significant differences (P>0.05) were 
observed between T1, T2 and T3 or between T2, T3 and T4. 
These results corroborated with the findings of Raja 
Kishore (2012). Time of sampling had a significant 
(P<0.01) effect on TCA insoluble protein nitrogen 
concentration and it reached peak at 2 h post feeding. This 
was in agreement with the findings of Reddy et al. (2001), 
Dahiya et al. (2011) and Datt et al. (2011) in animals fed 

complete diets. The TCA insoluble protein nitrogen 
reached peak concentration at 2 h post feeding beyond 
which there was a decline. Peak concentration of TCA 
insoluble protein nitrogen at 2 h post feeding might be due 
to active degradation of protein, synthesis of microbial 
protein in the rumen and subsequent decline in its 
concentration due to change in the rumen volume through 
inflow of saliva. 
 
Residual nitrogen 

The concentration of residual nitrogen (Table 2) was 
higher (P<0.01) in jowar stover (T1) based complete ration  
as compared to complete rations containing either maize 
stover (T2), red gram straw (T3) or black gram straw (T4). 
Higher concentration of total nitrogen in the rumen fluid 
of buffalo bulls fed T1 might have influenced residual 
nitrogen. Time of sampling had a significant (P<0.01) 
effect on residual nitrogen. Peak concentration of residual 
nitrogen was recorded at 2 h post feeding and declined 
slowly thereafter in buffalo bulls fed complete diets 
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containing different crop residues, following the trend 
similar to total N and TCA insoluble nitrogen. The 
gradual decrease in residual nitrogen concentration in the 
present study at 4 h post feeding may probably be due to 
variation in the microbial activity and optimal utilization 
of dietary nitrogen by 4 h after feeding. Similar 
observations were reported by Reddy et al. (2001) and 
Raja Kishore (2012) in animals fed complete diets.  
 
Food and Protozoal nitrogen 

The concentration of food and protozoal nitrogen 
(Table 2) was lower (P<0.01) in maize stover (T2) based 
complete ration as compared to complete rations 
containing either jowar stover (T1) or red gram straw (T3). 
Time of sampling had a significant (P<0.01) effect on the 
concentration of food and protozoal nitrogen. The 
concentration of food and protozoal nitrogen was the 
highest at 2h post-feeding. It increased (P<0.01) from 0h 
to 2h post-feeding and then declined. Reddy et al. (2001) 
reported similar findings in buffalo bulls fed sugarcane 
bagasse based complete diets. 
 
Conclusion 

It is concluded that feeding of crop residue based 
complete rations provided an optimum rumen 
environment in graded Murrah bulls for effective nitrogen 
utilization and total volatile fatty acid production, thus 
leading to improved animal performance. 
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