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ABSTRACT: The present experiment aimed to investigate the effects of replacing groundnut cake 

with Balanites aegyptiaca kernel cake up to 15% on rumen environment in local kenana cattle. The 

study was conducted at the experimental unit of Veterinary Medicine and Animal Production College, 

Sudan University of Science and technology at Hillat Kuku. Traits studied were rumen pH ammonia 

concentration (NH3), volatile fatty acids concentration (VFAs) and bacterial count (BC). No 

significance difference was observed for pH, NH3, VFAs and BC between treatments. Generally, NH3 

and VFAs was increased with time post feeding. But, BC decreased with time post feeding. It was 

concluded that incorporation of B. Aegyptiacua kernel cake at 5, 10, 15% to replace equal 

percentages of groundnut cake did not significantly (P<0.05) affected rumen environment. 
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INTRODUCTION 
 

Balanites aegyptiaca is used for firewood, charcoal, poles, timber, utensils, tool handle, food, medicine, 

fodder, mulch, shade, windbreak and gum (Guinand and Lemessa, 2001). This plant contributes up to 30% of the 

dry matter intake of goats in the dry season in Burkina Faso (Hall and Walker, 1991). Kernel meal, the residue 

remains after oil extraction was used for fattening of sheep in Sudan (Elkhidir et al., 1983) and in other animals in 

Senegal (Vogt, 1995) and as stock feed in Uganda (Katende et al., 1995). In Sudan it is more likely the species with 

widest natural range (Badi et al., 1989). It makes up to one third of the total tree population in central region of 

Sudan (NRC, 2008). The rumen is essentially a fermentation chamber in which the resident microbial population 

helps to digest the diet. Hungate (1975) reported that, in order to sustain constant microbial population, the rumen 

environment must fulfil certain conditions. Among these conditions are that the rumen must be warm (39-42oC) 

and anaerobic.  He also mentioned that the rumen must have chemical reducing environment and it must be rich in 

organic matter. Types of microorganisms (Bacteria, protozoa, and fungi) that populate the rumen are severely 

affected by temperature, reduction potential and PH (Smith and Oldham, 1983). The microbial ecosystem in the 

rumen varies within animals, with time after feeding and between days in the same animal (Preston and Leng, 

1987). They also mentioned that rumen environment is largely affected by type and quality of food eaten. The 

optimal pH for rumen proteolytic enzyme, range from 5.5 to 7.0 (Kopency and Wallace, 1982). Ruminal acidosis, 

which is a common digestive disorder reflect imbalance between microbial production, microbial utilization and 

ruminal absorption of organic acids (Nagaraja and Titgemeyer, 2007). It was observed that when ruminal pH 

decreases beyond 5.6 volatile fatty acids absorption was enhanced because they became more protonated or 

undissociated (Bergman, 1990). But this rapid absorption of VFAs is accompanied by shift in rumen microbes in 

producing more lactic acid which is more readily absorbed and will impair VFAs absorption (Giesecke and Stan-

gassinger, 1980). Microbes in the rumen are plant material fermenters, and to digest straw carbohydrates they 

need to be supplied quantitatively with many nutrients one of them is ammonia (Hegarty et al., 1996). Rumen NH3 

level varies widely throughout the day and its level depends largely on the feeding regime and feed quality (Ciszuk, 

1973). Ruminal NH3 concentration is inversely related to carbohydrate availability in the rumen (Russel et al., 

1983; Hristov et al., 1997; Heldat et al., 1999). This is so because decreased energy lead microbes to degrade food 

protein into NH3 and ammonia uptake by microbes will be impaired (Nocek and Russel, 1988; Hristov et al., 1997). 

Taragi et al. (1964) stated that the highest level of urea in the blood was reached five hours after the rumen 
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attained its highest NH3 concentration. Ammonia is combined with hydrogen ions in the rumen fluid to form 

ammonia ions. This process depends on ruminal pH (Kajanapruthipong and Leng, 1998). Ruminal microbacteria 

form the key link between the ruminant and its diet because VFA and microbial protein from feed degradation 

account for the majority of nutrients utilized by the host (Sutton, 1985). The objectives of the present study were to 

investigate the effects of feeding steers kernel cake of Balanites aegyptiaca on rumen cattle ecology. 

 

MATERIAL AND METHODS 

 

Experimental animals  

Three castrated local Kenana bulls at 3-3.5 years old were used in this experiment. Animals were fitted with 

rumen cannulae as described by Brown et al. (1968). Animals were fed twice daily and had free access to clean 

water and salt licks during the study. 

 

Experimental feeds 

Four rations based on sorghum, molasses and wheat bran were formulated in such a way to provide 

experimental levels of Balanites aegyptiaca oil cake (0, 5, 10, and 15 %) as ground nut cake was replaced (Table 

1). 

 

Table 1 - Ingredients of experimental rations and chemical composition (DM basis) as % 

Ingredients                            Balanites aegyptiaca kernel cake (%) 

Time 0 5 10 15 

Sorghum (feterita) 30.00 30.00 30.00 30.00 

Wheat bran 19.00 19.00 19.00 19.00 

Molasses    30.00 30.00 30.00 30.00 

Groundnut cake 20.00 15.00 10.00 5.00 

Salt (NaCl) 01.00 01.00 01.00 01.00 

Total    100 100 100 100 

Chemical analysis 

DM 87.30 86.90 86.60 86.30 

CP 18.20 18.30 18.30 18.40 

Crude fiber 5.50 5.40 5.30 5.20 

Crude fat 3.10 2.90 1.30 1.10 

NFE 60.50 60.30 61.70 61.60 

MEMJ/Kg 11.89 11.81 11.51 11.43 
*DM: Dry matter, CP: crude protein, NFE: Nitrogen free extract, MEMJ/kg; Metabolizable energy 

 

Experimental design  

The trial design was according to Latin square design with four treatments and four experimental periods. 

Each period lasted seven days. The adaptation period was six days to allow bulls to adapt the experimental diet; 

this was followed by ten days of sample taking. 

 

Traits Studied  

Rumen pH: A sample of about 60 cc of rumen liquor was taken using a 20 cc syringe. Electronic pH meter 

was used to read the rumen pH 

Ammonia determination: Ammonia concentration was determined as described by Conway method (1967) 

using Conway unit and then NH3 in rumen liquor=T×N×100 (mg/100 ml of sample volume). 

T= Titration, N= Normality of acid. 

Volatile fatty acids: Volatile fatty acids were determined as described by Kroman et al. (1967). 

Bacterial count: Rumen fluid was obtained from the three fistulated calves rumen in calibrated glass syringes 

following the procedures of menke and Steingass (1988). 10 ml of the collected rumen liquor were shaken to 

precipitate rumen content and protozoa at the base of the syringe. 1 ml of the upper part of the syringe was taken 

for bacterial count. One ml of this solution after mixed in formal solution was used for culture in nutrient agar at 

room temperature. Then after growth the colonies were counted according to Hungate (1969). 

 

Statistical Methods  

Data was analyzed by SPSS computer program version 17 (univariate analysis of variance and multiple 

comparisons) to obtain means, standard deviations and to compare means.      
 

RESULTS AND DISCUSION 

 

Table 2 shows that there was no significant difference (P<0.05) in pH value for different rations studied. This 

is in agreement with Sehgal and Makkar (1994), Narasa et al. (1986) and Tiwari (2001) who stated that there was 

no difference in rumen pH due to feeding different isonitrogenous diets based on different natural protein sources. 



211 
To cite this paper: Morkaz, M.G., Elamin, K.M., Ahmed, S.H. and Omer, S.A. 2011. Effects of feeding different levels of Balanites aegyptiaca 

(HEGLIG) kernel cake on cattle rumen environment. Online J. Anim. Feed Res., 1(5): 209-213. 

Journal homepage: http://www.ojafr.ir 

On the other hand, Kopency and Wallance (1982) reported that the optimum rumen pH for its proteolytic enzymes 

to be active fall in the range of 5.5 to 7.0. Generally animals fed control diet showed numerically lower values at all 

post-feeding time. 

 

Table 2 - Rumen pH (means±SD) in different incubation time (0-9 hrs.) for cattle fed different level 

of B. aegyptiaca cake 
Treatment 

Time 

Balanites aegyptiaca kernel level (%)  

0 5 10 15 Significant 

0 hrs 6.63±0.48 6.30±0.20 6.30±0.32 6.60±0.12 NS 

3 hrs 5.73±0.05 6.10±0.15 6.00±0.30 6.10±0.15 NS 

6 hrs 5.93±0.06 6.36±0.27 6.16±0.31 6.03±0.16 NS 

9 hrs 5.86±0.08 6.00±0.10 5.90±0.12 5.93±0.17 NS 
SD= standard deviation; *NS: Non significant at (P<0.05) 

 

Table 3 shows the various ammonia concentrations for rations at different B. aegyptiaca cake levels and at 

different time post-feeding. There was no significant difference (P<0.05) among treatments, this agreed with 

Sehgal and Makkar (1994) and Tiwari (2001). Generally ammonia concentration increased with time past feeding. 

It was also noticed that the control diet (0% B. aegyptiaca) showed the lowest ammonia concentration, while 

animals on diet containing 5 and 10 % B. aegyptiaca showed the highest concentrations of ammonia. 

 

Table 3 - Rumen ammonia concentration (NH3 mg/100 ml) (means±SD) in different incubation 

time (0-9 hrs.) for cattle fed different level of B. aegyptiaca cake 
Treatment 

Time 

Balanites aegyptiaca kernel level (%)  

0 5 10 15 Significant 

0 hrs 5.80±2.87 6.00±3.96 5.79±3.25 7.37±5.11 NS 

3 hrs 2.69±0.34 3.67±0.83 2.76±0.21 3.85±0.51 NS 

6 hrs 4.43±2.13 6.41±3.19 6.30±3.95 5.39±0.85 NS 

9 hrs 6.00±3.07 6.99±3.36 6.89±2.59 6.43±4.31 NS 

SD= standard deviation; *NS: Non significant at (P<0.05) 

 

Table 4 shows the various volatile fatty acid concentrations for rations at different B. aegyptiaca cake levels 

and at different time post-feeding. There was no significant difference (P<0.05) among treatments. Obtained 

results agreed with Trei et al. (1970) and Murphy et al. (1994). There was a general trend for volatile fatty acids 

concentration to increase with time post-feeding. 

 

Table 4 - Rumen volatile fatty acid  concentration (VFAs mg/100 ml) (means±SD) in different 

incubation time (0-9 hrs.) for cattle fed different level of B. aegyptiaca cake 
Treatment 

Time 

Balanites aegyptiaca kernel level (%)  

0 5 10 15 Significant 

0 hrs 0.371±0.072 0.431±0.060 0.455±0.031 0.431±0.060 NS 

3 hrs 0.352±0.093 0.364±0.010 0.431±0.010 0.457±0.120 NS 

6 hrs 0.470±0.061 0.473±0.080 0.424±0.145 0.480±0.061 NS 

9 hrs 0.492±0.061 0.476±0.114 0.411±0.175 0.401±0.021 NS 

SD= standard deviation; *NS: Non significant at (P<0.05) 

 

Table 5 shows the various Bacterial counts for rations at different B. aegyptiaca cake levels and at different 

time post-feeding. There was no significant difference (P<0.05) among treatments. In this trial bacterial count 

seemed to fluctuate (decrease or increase) with time. The bacterial count tends to decrease with time post-feeding. 

The highest count observed at zero time post- feeding. However, Leedle et al. (1982) found that bacterial numbers 

to be lowest 2 to 4 hour after feeding and to gradually increase until 16 hours post-feeding. Warner (1966) found 

that very little fluctuation in the numbers of bacteria in the rumen when sheep were fed every three hours. 

 

Table 5 - Bacterial count (means±SD) in different incubation time (0-9 hrs.) for cattle fed different 

level of B. aegyptiaca cake 
Treatment 

Time 

Balanites aegyptiaca kernel level (%)  

0 5 10 15 Significant 

0 hrs 16.77×106±282 16.14×106±190 17.93×106±371 16.93×106±141 NS 

3 hrs 13.45×106±500 13.75×106±350 13.15×106±355 13.87×106±288 NS 

6 hrs 14.02×106±183 14.90×106±322 14.57×106±252 14.67×106±131 NS 

9 hrs 14.53×106±735 15.73×106±241 15.29×106±333 15.03×106±196 NS 

SD= standard deviation; *NS: Non significant at (P<0.05) 
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CONCLUSION 

 

From the present study it was concluded that incorporation of Balanites aegyptiaca kernel cake at levels of 5, 

10 and 15% to replace equal quantities of groundnut cake had no adverse significant effects on rumen 

environment pH NH3, VFAs and bacterial count). 
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