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ABSTRACT 
 
 A total of 12 male sheep with an average BW of 19±2 kg were used in this experiment to assess the effects 
of frequency of supplementary concentrate on digestion, rumen fermentation and voluntary feed intake of 
groundnut haulms. The supplementary concentrate (100 g/day) was offered once (1×), divided into two equal 
portion offered twice (2×) or divided into three equal portion offered three times daily (3×). The dry matter 
intake (DMI), digestible dry matter intake and crude protein intake (CPI) of groundnut haulms showed no 
significant difference if concentrated  supplement were offered once (1×), twice (2×) or three times (3×) a day. 
The digestibility values for DM, CP and NDF were not responding to the feeding frequencies of concentrated 
supplement. The total nitrogen intake, urinary nitrogen and nitrogen retention were similar among the 
frequencies, however, fecal nitrogen was significantly (P< 0.05) different when the concentrated supplement 
offered 1× than 2× or 3× a day. The ruminal NH3-N was significantly (P<0.05) higher when the concentrated 
supplement offered 1× than 2× or 3× a day.  As a conclusion, sheep maintained on groundnut haulms (10.3% 
CP) were not responding to a concentrated supplement if offered once (1×), twice (2×) or three times (3×) a day 
due to a sufficient amount of crude protein in the basal diet. 
 
Key words: Supplement, Feeding Frequency, Groundnut Halums, fermentation. 
 
Introduction 
 
 Livestock in tropical regions form an important 
component of agricultural sector and national 
income. In Sudan livestock production is based 
mainly on traditional pastoral and agro-pastoral 
systems. The nutritional inadequacy of the dry 
season grazing imposes a major constriction 
sustainable livestock production under traditional 
systems where grazing constituents the only source 
of feed for livestock [11].  
 Crop residues are strategic source of feed for 
livestock during dry season with apart grazed in situ 
and part transported and stored for subsequent use 
[6]. Tropical forage are often coarse and poor in 
quality and both grazed and stall-fed animals select 
leaves over  stems and terminal parts of stems over 
basal part to achieve high digestible dry matter intake 
[16,21]. Utilization of these low quality roughages 
and crop residue is limited by low nutrient levels and 
poor digestibility. Several techniques have been used 
to increase utilization of low quality forages by 
ruminants including manipulation of rumen 
fermentation [7]. Furthermore, adequate 
supplementary nitrogen to the rumen microbes is 

very important to obtain maximal rate of digestion of 
carbohydrate diet as well as high microbial protein 
synthesis (Madsen and Hvelplund, 1988). Efficiency 
of microbial growth and microbial protein production 
may be improved by synchronization between rumen 
NH3 and energy availability in the rumen [13,8]. 
 Therefore, the present study was conducted to 
assess the effects of frequency of supplementary 
concentrate mixture on digestion, rumen 
fermentation and voluntary feed intake of groundnut 
haulms.  
 
Material and Methods 
 
Experimental animal: 
   
 A total of 12 male sheep with an average BW of 
19±2 kg were used in this experiment. The animals 
were treated against external and internal parasites 
and ear tagged, housed in individual pens (1m × 2 m) 
and offered groundnut haulm once daily for ad 
libitium intake, with free access to water and mineral 
block.  
 
Treatments and experimental design: 
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 Animals were assigned randomly to one of three 
different treatments with four animals per treatment 
following the completely randomized design. The 
animals on the different treatments received the same 
basal diet of groundnut haulm and supplemented 
with 100 g/day of concentrate offered once a day at 
08:00 h (1×), divided into two equal portion offered 
twice at 08:00 and 18:00 h (2×) or divided into three 
equal portion offered three times daily at 08:00, 
13:00 and 18:00 h (3×). The chemical composition of 
the groundnut haulms and concentrate supplement is 
given in Table 1. 
 
Feeding trial:  
 
 The Feed intake was recorded daily throughout 
the 90-day experimental period. First 30 days were 
for adaptation. From day 73 the animals were placed 
in metabolic cages, the first seven days for adaptation 
to cages followed by eight days for total fecal 
collection. Orts and feces produced during the 8-day 
period were recorded every morning and were pooled 
for each animal with a fixed proportion of the total 
and then dried prior to analysis. The body weight of 
the animals was recorded at the beginning and the 
end of the experimental period.  
 
 

Rumen environment study: 
 
 For determination of ruminal ammonia–N (NH3-
N) and volatile fatty acid (VFA) concentration, 
ruminal fluid samples were delivered through 
esophageal stomach tube at 2-h interval for 6 hrs 
after morning meal on the last 2 days of the 
experimental period. Rumen fluid samples were 
strained through double layer cheesecloth and pH 
was immediately measured with a portable pH meter 
then the samples were acidified using concentrated 
H2SO4 to pH <3.0 and kept frozen prior to analysis. 
 
Chemical analysis: 
 
 Feed and feces samples were analyzed for DM, 
OM, and N according to AOAC., [3]. NDF and ADF 
were determined according to Robertson and Van 
Soest [20]. Total NH3 -N and VFA were analyzed 
following Abdulrazak and  Fujihara [1]. 
 
Statistical analysis: 
 
 Data were subjected to analysis of variance 
according to Steel and Torrie [18]. The comparison 
among means was analyzed by the least significant 
difference using LSD procedure of the Statisticx 
[2000].

 
Table 1: Chemical composition (%) of experimental diet. 

 CP Ash EE             NDF 

Concentrate 24.45 8.17 5.28 42.77 

Groundnut haulms 10.28 3.96 1.53 52.28 

 

Results and Discussion 
 
 As shown in Table (2) the dry matter intake 
(DMI), digestible dry matter intake and crude protein 
intake (CPI) of groundnut haulms showed no 
significant difference if concentrated supplement 
offered once (1×), twice (2×) or three times (3×) a 
day. Similar results were reported for sheep [8] and 
dairy cows [17]. The sheep had mean values of DMI 
at 74.20, 72.60 and 67.65 g/kg BW0.75 for 
concentrated supplement  1×, 2× and 3× diets, 
respectively, compared to 50 g/kg BW0.75 suggested 
by NRC [14] for adult, non-productive sheep.  
 The digestibility values for DM, CP and NDF, as 
shown in Table 3, were not responding to the feeding 
frequencies of concentrated supplement. Similarly, 
Ortega et al., [15] and Grummer et al. [9] observed 
no enhancement in NDF degradation when elevating 
ruminal NH3N concentration of cereal-grain-based 
diets. In contrast, increment in DM, CP and NDF 
digestibility values was achieved when CSM 
supplement was offered twice than once daily [8]. 
Hunt et al. [10] suggested that the time interval of 
protein supplementation is not critical when 

supplemented to animals offered grass hay 
containing CP of 6.6% however, the groundnut 
haulms used in this study contained higher CP 
content (10.3%). 
 The total nitrogen intake, urinary nitrogen and 
nitrogen retention were similar among the 
frequencies. However, fecal nitrogen was 
significantly (P< 0.05) lower when the concentrated 
supplement offered 1× than 2× or 3× a day (Table 4).  
 As shown in Table 5, the ruminal NH3-N was 
significantly (P<0.05) higher when the concentrated 
supplement offered 1× than 2× or 3× a day. 
However, the high fiber diet resulted in high ruminal 
pH but the average of pH was 6.7 that is nearly 
similar to 6.8, the optimal pH for activity of 
cellulolytic bacteria in the rumen [19]. 
 In conclusion, sheep maintained on groundnut 
haulms were not responded to a concentrated 
supplement if offered once (1×), twice (2×) or three 
times (3×) a day due to a sufficient amount of crude 
protein in the basal diet. Therefore, it is 
recommended that more research with a basal diet of 
low crude protein content should be done. 
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Table 2: Dry matter intake (DMI), digestible dry matter intake (DDMI) and crude protein intake (CPI) of groundnut haulms supplemented 

with concentrate once (1×), twice (2×) or three times (3×) a day in sheep. 
 1× 2× 3× SEM 
DMI (g/kg BW0.75) 74.20 72.60 67.56 2.42 
CPI (g/day) 95.81 94.81 95.13 5.140 
DDMI (g/kg BW0.75) 43.54 38.35 39.05 1.74 

SEM: standard error of a mean. 
 
Table 3: Digestibility (%) of groundnut haulms supplemented with concentrate once (1×) twice (2×) or three times (3×) a day 

 1× 2× 3× SEM 
DMD 58.73 57.80 55.76 1.41 
CPD 67.59 60.80 61.66 1.60 
NDFD 46.07 43.22 47.75 1.69 

SEM: standard error of a mean. 
 
Table 4: N-intake, N-excretion and N-retention in sheep offered groundnut haulms supplemented with concentrate once (1×) twice (2×) or 

three times (3×) a day. 
 1× 2× 3× SEM 
N-intake (g/kg BW0.75)     
Total 15.27 15.39 15.44 0. 31 
Groundnut haulms 11.55 11.67 11.72 0.31 
N-excretion (g/kg BW0.75)     
Fecal 4.95b 6.03a 5.92a 0.18 
Urinary 4.97 3.37 3.47 1.27 
N-retention (g/kg BW0.75) 5.35 5.99 6.05 1.50 

SEM: standard error of a mean  a-b: Means with different superscript in the same row differ significantly (P<0.05). 
 
Table 5: Ruminal pH, NH3-N (mg/dl) and VFA (mmol/dl) in sheep offered groundnut haulms supplemented with concentrate once (1×) 

twice (2×) or three times (3×) a day. 
 1× 2× 3× SEM 
pH 6.25 6.73 6.68 0.20 
NH3-N 13.00a 7.95b 8.96b 0.97 
VFA 9.56 9.89 9.87 0.34 

SEM: standard error of a mean.  a-b: Means with different superscript in the same row differ significantly (P<0.05). 
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