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Abstract  
The study was conducted to evaluate the growth performance, nutrient digestibility 

and nitrogen balance of growing Red Sokoto bucks fed diets containing two 

sorghum varieties (bush head and sweet sorghum varieties) hay at the National 

Animal Production Research Institute Shika, Zaria. Twelve (12) growing Red 

Sokoto bucks with an average weight of 9.50 kg were used. The animals were 

allotted to three dietary treatments with four animals per treatment and one animal 

standing as a replicate in a Completely Randomized Design experiment (CRD). 

Three dietary treatments containing concentrate + Digitaria smutsii hay, 

concentrate + bush head sorghum hay + Digitaria smutsii hay and concentrate + 

sweet sorghum hay + Digitaria smutsii hay as T1, T2 and T3, respectively were fed 

at 4.5% of their body weight for a period of ninety (90) days. The average daily 

weight gain (31.81 g/d) was significantly (P<0.05) higher in bucks fed T1 and the 

feed conversion ratio (14.53 kg DMI/kg gain) was significantly (P<0.05) higher in 

bucks fed T2. The digestibility coefficient of crude protein (55.73 %) was 

significantly higher in bucks fed T3 as compared to bucks fed T1 (49.89 %) and T2 

(37.56 %). The digestibility coefficient of dry matter (61.69 %), organic matter 

(66.19 %) crude fibre (75.28 %), ether extract (62.37 %), acid detergent fibre 

(52.55 %) and neutral detergent fibre (63.00 %) were significantly (P<0.05) higher 

in bucks fed T1. The nitrogen free extract digestibility was numerically higher 

(58.05 %) in T1 as compared to 44.08 % and 40.85 % for T2 and T3, respectively. 

The nitrogen retained as % intake was significantly higher (92.06 %) in bucks fed 

African Scholar 
Publications & 

Research  
International  

VOL. 15 NO. 1 
ISSN: 2877-1990 
SEPTEMBER, 2019 
 

African Scholar Journal of Agriculture and Agricultural Tech. (JAAT-1) 



2  africascholarpublications@gmail.com                                                                               

 2019 

 

 

Introduction 
Sorghum is unique in its ability to 

produce under a wide array of harsh 

environmental conditions. Thus, it is 

undoubtedly the crop for providing cheap 

sources for food and feed especially in 

Sub-Saharan Africa and India (Dendy, 

1995). In view of the pressing demand for 

fodder coupled with the fact that grain 

sorghum is a stable diet for millions of 

poor people, it is imperative to reconsider 

other sorghum varieties for forage. 

Hassan et al. (2015) questioned the 

strategy of strictly adopting grain-yield 

criteria in evaluating sorghum genotypes 

arguing that fodder’s contribution to the 

total value of sorghum production has 

increased considerably.  

Residues of sorghum are becoming 

important feed sources for livestock 

raised by resource-poor small holders in 

southern Asia and Sub-Saharan Africa 

(Mohanraj et al., 2011). Forage sorghum 

plays a vital role in the agricultural 

economy of developing countries by 

providing production systems with cheap 

sources of feed for livestock due to its 

drought and disease resistance (Reed et 

al., 2002; Rich et al, 2004). It is an 

important source of nourishment for 

ruminant in many countries due their high 

forage characteristics (Kallah et al., 

1999).  Forage shortage during the 

scarcity period can be reduced by the 

introduction of high yielding sorghum 

cultivars (Chohan et al., 2006). Different 

sorghum cultivars vary in fodder yield as 

well as quality of fodder (Bilal et al., 

2001; Chohan et al., 2006; Sarfraz et al., 

2012). The introduction of high yielding 

crop varieties is the most suitable option 

to fulfill forage shortage (Bilal et al., 

2001). Despite the general information on 

the feeding management of goats, there is 

little information on the effective 

T3. The result of the economic benefit analysis showed significant difference 

(P<0.05) in Digitaria smutsii intake (kg), cost of Digitaria smutsii consumed (N), 

cost of concentrate/kg, net benefit (N) and return to investment on feed (RIF) and 

were all significantly higher in bucks fed T1. Diet containing sweet sorghum hay 

improved growth performance of Red Sokoto bucks by 20% and nutrient 

digestibility by 33%  in Shika, Northern guinea Savannah of Nigeria. Diet and the 

treatment containing sweet sorghum hay improved the net economic benefit by 

67% than in bush head sorghum. Sorghum bicolor bush head and sweet sorghum 

varieties hay can be used with Digitaria smutsii hay in feeding Red Sokoto bucks 

for better performance, nutrient digestibility and nitrogen retention. 

 

Keywords: Digestibility, Nitrogen balance, Performance, Red Sokoto buck and 

Sorghum 
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utilization of indigenous sorghum 

varieties hay (bush head sorghum and 

sweet sorghum) in the feeding management of growing Red Sokoto bucks. Therefore, 

there is need to know the use of bush head and sweet sorghum hay so as to improve 

the growth performance of Red Sokoto bucks. The main objective of this study was to 

investigate the potentials of using bush head and sweet sorghum varieties hay as feed 

in the feeding of Red Sokoto goats in the Northern Guinea Savanna of Nigeria. 

MATERIALS AND METHODS 

Experimental site 

The experiment was conducted at Experimental Unit of Small Ruminant Research 

Programme, National Animal Production Research Institute (NAPRI) Shika, Ahmadu 

Bello University, Zaria. The weather observations at Shika during the experimental 

period in 2018 were recorded. The maximum and minimum air temperatures of 

32.84oC and 20.35oC, respectively were recorded for the months of May to October 

during the rainy days which were slightly below previous records. The total annual 

rainfall of 1395.20 mm with an average of 232.53 mm over a period of 5 months was 

recorded in 2018. The number of rain days in Shika, was 67 rainy days. A mean 

relative humidity of 66.98% and mean sunshine of 6.18 hours was observed during the 

rainy season (IAR, 2018). 

 

Experimental design and management of animals  

The experimental animals consist of twelve (12) growing Red Sokoto bucks with an 

average weight of 9.50 kg allocated to three dietary treatments containing concentrate 

+ Digitaria smutsii hay, concentrate + bush head sorghum hay + Digitaria smutsii hay 

and concentrate + sweet sorghum hay + Digitaria smutsii hay as T1, T2 and T3, 

respectively with four bucks per treatment in a Completely Randomized Design (Table 

1).  

Table 1: Composition of concentrate fed to growing Red Sokoto Bucks  

Ingredients Percentage (%) 

Maize  30.55 

Maize offal 37.35 

Cotton Seed Cake 29.10 

Bone meal 2.5 

Salt 0.5 

Total 100 

Calculated Analysis  

Crude Protein 14.00 
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Metabolizable Energy (Kcal)  2375.00 

 

The pen, feeding troughs and drinkers were thoroughly washed and disinfected before 

the arrival of the animals. The animals were dewormed with Albendazole oral 

suspension at 1 mls per kg live weight and were treated against any sign of disease 

during the adjustment period of 14 days. The animals were fed experimental diets in 

their individual pens at 4.5% of their body weight of both indigenous sorghum forages 

and Digitaria smutsii hay supplemented with concentrate. The chopped forage 

supplemented with concentrate was fed to the animals at 9:00am daily. Fresh clean 

water was offered on free choice daily. Diets were weighed before placing in the 

feeding trough and the left over feed (orts) were weighed before feeding the next day 

for a total period of 90 days. The animals were given access to water and salt lick 

daily.  Feed intake, weight gain and feed conversion ratio were measured. Feed intake 

was calculated by the difference between feed offered and left over in each pen. 

Weight gain was determined as the difference between the initial weight of the animal 

at the beginning of the experiment and subsequently at two weeks intervals, 

respectively. Feed conversion ratio was calculated as the ratio of total feed intake in 

grams and total weight grain in grams within each pen. 

 

Digestibility and nitrogen balance studies 

At the end of the feeding trial, three (3) bucks were randomly selected from each group 

and kept in individual metabolic cages following the procedure of Osuji et al. (1993). 

They were allowed for 14 days adjustment period to the feed and seven (7) days 

collection period for urine and faeces. The daily faecal output was oven dried at 700 C 

for six hours, bulked and stored in polythene bags until ready for use. The daily urine 

output was collected in plastic containers, acidified with 10mls of 0.1M H2SO4 

and10% of the urine collected was taken and kept in a refrigerator until ready for 

analysis. 

 

Chemical analysis 

The feed and faecal samples were analyzed for dry matter (DM), Ash, crude fibre (CF), 

crude protein (CP), nitrogen free extract (NFE), acid detergent fibre (ADF) and neutral 

detergent fibre (NDF) according to AOAC (2005). The urinary nitrogen and crude 

protein were determined according to AOAC (2005) from the urine samples. 

Metabolizable energy was estimated by the equation of Alderman (1985) 

ME (MJ/kgDM) = 11.78 + 0.0064CP + (0.000665EE)2 - CF(0.004EE) - 0.0118A 

 

Cost benefit analysis 
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Cost benefit analysis was carried out to determine the profitability of feeding bush 

head and sorghum forages to Red Sokoto bucks. The cost of bush head and sweet 

sorghum forages per kilogram was estimated based on the total expenditure used in 

the production of the forages, including fertilizer and labour cost while other 

calculations of feed cost and outputs were based on averages per head and at prevailing 

market price. 

 

Statistical analysis and models 

The data collected were analysed using the General Linear Model Procedure of SAS 

(2005) ANOVA. Significant differences at 5% (P<0.05) between treatment means 

were determined using Dunnett’s test (Dunnett, 1955) of SAS package. 

 

RESULTS AND DISCUSSION           

Chemical composition and metabolizable energy of the experimental diet fed to 

growing Red Sokoto bucks 

 The dry matter content of the experimental diets ranged from 90.26 % to 95.44 % 

which might be due to the fibrous nature of the cotton seed cake, sorghum forage and 

Digitaria smutsii. The dry matter observed was within the range of 91.11 % to 95.20 

% reported by Munza (2017) for grain sorghum hay. The crude protein of the diets 

were 4.57 %, 4.65 %, 6.06 % and 16.88 % in sweet sorghum hay, bush head sorghum 

hay, Digitaria smutsii hay and concentrate respectively. Crude protein is one of the 

parameters used in evaluating the quality of any forage material. The crude protein of 

the diets was within the range of 4.31 % to 18.02 % as reported by (Hassan et al. 2016). 

The low crude protein obtained for bush head sorghum hay, sweet sorghum hay and 

Digitaria smutsii may be attributed to the fact that grasses are generally low in protein 

and the stage at which the forages were harvested because crude protein content 

decreases with advanced stage of harvest while the cotton seed cake and maize in the 

concentrate were responsible for high crude protein in the concentrate. The crude fibre 

(CF) and it fractions of the diets were higher than the report of Munza, (2017) which 

may be due to varietal difference. The neutral detergent fibre (NDF) values were below 

60 % reported by Blezinger (1999) as medium to good forages. The Metabolizable 

Energy (ME) obtained ranged from 10.73 – 11.60 MJ/kg which was slightly higher 

than 11.53 MJ/kg when compared with the Metabolizable Energy of grain sorghum 

reported by Munza (2017). 

 

Table 2: Chemical composition and metabolizable energy of the experimental diets 

fed to growing Red Sokoto bucks 

Parameter (%)  Concentrate BHSH SSH DSH 
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Dry Matter (DM) 90.26 95.09 95.44 90.91 

Organic Matter (OM) 80.93 88.76 91.26 80.64 

Crude Protein (CP) 16.88 4.65 4.57 6.06 

Crude Fibre (CF) 13.50 35.98 35.49 29.00 

Ether Extract (EE) 8.64 1.00 1.06 8.07 

Ash Content (A) 9.33 6.33 4.18 10.27 

Nitrogen Free Extract 

(NFE) 

41.91 47.13 50.14 37.51 

ME (MJ/kg) 11.41 11.59 11.60 10.73 

Acid Detergent Fibre 

(ADF) 

2.64 31.81 31.06 26.21 

Neutral Detergent Fibre 

(NDF) 

14.66 44.87 46.70 53.03 

BHSH = Bush head sorghum hay, SSH = Sweet sorghum hay, DSH = Digitaria 

smutsii hay, ME (MJ/kg DM) = 11.78 + 0.0064 CP + (0.00065 EE)2 – CF 

(0.00414 EE) – 0.0118 A (Alderman, 1985) 

 

Growth performance of Red Sokoto bucks fed Sorghum bicolor hay and Digitaria 

smutsii hay supplemented with concentrate 

The initial weight (kg), final weight (kg), final weight gain (kg), average concentrate 

intake (g/day/buck), average Digitaria smutsii intake (g/day/buck) and total dry matter 

intake (g/day) were not significantly (P>0.05) different across the treatments. 

However, there was significant (P<0.05) difference in average daily weight gain 

(g/day), total dry matter intake (g) and feed conversion ratio (kg DMI/kg gain). Bucks 

fed T1 diet were numerically higher in terms of final weight (kg), final weight gain 

(kg/buck), average concentrate intake (g/d/buck), average Digitaria smutsii intake 

(g/day/buck) and total dry matter intake (g/d). The average daily weight gain (g/d) and 

total dry matter intake (g) were significantly higher in bucks fed T1 when compared 

to bucks that were fed T2 and T3 that differs significantly in terms of average daily 

weight gain (g/d) but statistically similar in total dry matter intake (g).  However, feed 

conversion ratio was significantly higher in bucks fed T2 diet as compared to bucks 

fed T1 and T3 diet; though T1 and T3 were at par. This study shows that bucks fed T1 

diet performs better with final weight gain of 30.60 % compared to bucks fed T2 and 

T3 with final weight gain of 23.47 % and 28.21 %, respectively. This finding is partly 

in agreement with the report of Hassan, et al. (2016) who reported significant 

difference in the growth parameters of bucks fed varying inclusion levels of Sorghum 

almum. 

 

Table 3: Growth performance of red Sokoto bucks fed the experimental diets 

Parameters  T1 T2 T3 SEM P-value 
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Initial weight (kg) 9.38 9.50 9.50 0.52NS 0.974 

Final weight (kg) 12.25 11.73 12.18 0.81NS 0.851 

Final weight gain (kg/buck) 2.87 2.23 2.68 0.43NS 0.482 

Average daily weight gain (g/d) 31.89a 24.78c 29.78b 0.73* 0.002 

Average concentrate intake 

(g/d/buck) 

142.50 135.00 132.50 7.82NS 0.574 

Average bush head intake 

(g/d/buck) 

-  97.50 - - - 

Average sweet sorghum intake 

(g/d/buck) 

-  -  120.00 - - 

Average Digitaria intake 

(g/d/buck) 

245.00 127.50 130.00 16.07NS 0.658 

TDMI (g) 387.50a 360.00b 382.50a 5.33* 0.024 

TDMI (g/d) 34.88 32.40 34.65 2.39NS 0.003 

FCR (kg DMI/kg gain) 12.15b 14.53a 12.93b 0.41* <0.001 
abcMeans with different superscripts within rows differed significantly, * significant at P<0.05, NS 

= Not significant, SEM = Standard error of mean, T1 = Concentrate + Digitaria  smutsii hay, T2 = 

Concentrate + Bush head sorghum hay + Digitaria smutsii hay, T3 = Concentrate + Sweet sorghum 

hay + Digitaria smutsii hay, ACI = Average concentrate intake, ABHI = Average bush head hay 

intake, ASSI = Average sweet sorghum hay intake, ADI = Average digitaria smutsii hay intake, TDMI 

= Total dry matter intake, ADWG =  Average daily weight gain, FWG = Final weight gain, FCR = Feed 

conversion ratio 

 

Apparent nutrient digestibility in growing Red Sokoto bucks fed concentrate, 

Sorghum hay and Digitaria smutsii hay  

The apparent nutrient digestibility were significant (P<0.05) for all parameters except 

for nitrogen free extract that was not. Bucks fed diet in T1 were significantly higher in 

dry matter, organic matter, crude fibre, ether extract, acid detergent fibre and neutral 

detergent fibre with 38.50 %, 38.71 %, 43.71 %, 62.37 %, 49.59 % and 46.37 % 

digestibility, respectively. The dry matter, organic matter, crude fibre, acid detergent 

fibre (ADF) and neutral detergent fibre (NDF) digestibility were statistically similar 

between T2 and T3.  And the crude protein digestibility was statistically similar 

between T1 and T2. The nitrogen free extract was numerically higher (58.05 %) in T1 

compared to 44.08 % and 40.85 % in T2 and T3, respectively.   

 

Table 4: Apparent nutrient digestibility (%) in growing Red  Sokoto bucks fed concentrate, Sorghum hay 

and Digitaria smutsii hay 
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Parameter (%)  T1 T2 T3 SEM 

Dry matter (DM) 61.69a 50.00ab 48.55b 5.86* 

Organic matter (OM) 66.19a 53.76b 51.02b 5.47* 

Crude protein (CP) 49.89a 37.56ab 55.73a 8.04* 

Crude fibre (CF) 75.28a 47.76b 49.19b 4.30* 

Ether extract (EE) 62.37a 47.51a 22.51b 8.17* 

Nitrogen free extract (NFE) 58.05 44.08 40.85 8.98NS 

Acid Detergent Fibre (ADF) 52.55a 29.37ab 24.05b 11.73* 

Neutral Detergent Fibre (NDF) 63.00a 35.20b 37.66b 7.28* 

abcMeans with different superscript within columns differed significantly, * significant 

at P<0.05, NS = Not significant, SEM = Standard error of mean, T1 = Concentrate + 

Digitaria smutsii hay, T2 = Concentrate + Bush head sorghum hay + Digitaria smutsii 

hay, T3 = Concentrate + Sweet sorghum hay + Digitaria smutsii hay 

 

Nitrogen balance in growing Red Sokoto bucks fed Sorghum hay and concentrate  

The major indicator for assessing protein nutritional status of ruminant livestock is 

nitrogen retention (Abdu et al., 2012; Hassan et al., 2016). And it is the proportion of 

nitrogen utilized by farm animals from the total nitrogen consumed for the body 

processes, hence the more nitrogen consumed and digested the more nitrogen retained 

and vice versa (Okeniyi et al., 2010). Nitrogen excreted in the faeces and urine is 

related to the digestion and absorption of nitrogen.  High excretion of urinary nitrogen 

is associated with high rumen nitrogen degradability (McDonald et al., 2002). 

The nitrogen intake, faecal nitrogen loss, urinary nitrogen loss, total nitrogen loss and 

nitrogen retained were not significantly (P>0.05) different across the treatments. 

However, nitrogen retained as % intake differed significantly (P<0.05) between the 

treatments. The value of the nitrogen retained as % intake (92.06 %) was significantly 

(P<0.05) higher in bucks fed T3 as compared with bucks T1 (89.92 %) and T2 (88.73 

%). The significant difference in the nitrogen retained as % intake is in agreement with 

the findings of Hassan, et al. (2016) who reported significant difference in nitrogen 

intake, fecal nitrogen, urinary nitrogen, total nitrogen loss, nitrogen retention, nitrogen 

retained as % intake and nitrogen absorbed in bucks fed lablab at different levels of 

inclusion. The nitrogen intake of (4.80 – 5.09 g/d) was within the range of 3.03 to 

10.96 g/d as reported by Munza, (2017) feeding Sorghum bicolor hay and concentrate 

mixtures. However, nitrogen retained as % intake (88.73 – 92.06 %) was higher than 

his reported range of 23.87 – 68.76 %.    

 

Table 5: Nitrogen balance in growing Red Sokoto bucks fed Sorghum hay and 

concentrate 

Parameter (g/day) T1 T2 T3 SEM 
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Nitrogen Intake  5.09 4.93 4.80 0.46NS 

Faecal Nitrogen Loss 0.20 0.25 0.24 0.03NS 

Urinary Nitrogen loss 0.16 0.11 0.10 0.04NS 

Total Nitrogen loss 0.52  0.55 0.39 0.08NS 

Nitrogen Retained 4.57 4.38 4.41 0.42NS 

Nitrogen Retained as % intake 89.92ab 88.73b 92.06a 1.31* 

abcMeans with different superscripts within rows differed significantly, * significant at 

P<0.05, NS = Not significant, SEM = Standard error of mean, T1 = Concentrate + 

Digitaria smutsii hay, T2 = Concentrate + Bush head sorghum hay + Digitaria smutsii 

hay, T3 = Concentrate + Sweet sorghum hay + Digitaria smutsii hay 

 

Cost benefit analysis of the experimental diets 

The result of this study showed that concentrate feed cost in Naira per kg was higher 

33.98 % in T1 compared to 32.70 % and 33.31 % in T2 and T3, respectively. The Cost/ 

Kg gain was higher 39.11 % in T2 and lowest 29.59 % in T1 control which signifies 

that T1 was economically cheaper than T2 and T3 with 39.11 % and 31.30 %, 

respectively. The net benefits were ₦447.70, ₦106.00 and ₦319.90 for T1, T2 and 

T3, respectively. Net benefit was higher in the diets with T1 compared with the diets 

containing T2 and T3. The results indicated that treatment diets with concentrate + 

Digitaria smutsii hay were more economically superior and cost effective than T2 and 

T3 due to feed cost reduction, feed utilization efficiency and weight gain observed in 

the study. The study showed a positive return to investment with T1 having the highest 

return to investment (0.29) and T2 was having the lowest (0.07). This however, is in 

agreement with previous studies of Hassan, et al. (2016) who reported a positive 

economic return to investment and the highest net benefit for lablab compared to other 

crops.  

   

Table 6: Economics evaluation of growing Red Sokoto bucks raised on diets 

containing concentrate, bush head sorghum hay, sweet sorghum hay and Digitaria 

smutsii hay 

Parameter  T1 T2 T3 SEM 

Total weight gain(kg) 2.87 2.23 2.68 0.43 

Daily weight gain(g) 31.89 24.78 29.78 4.51 

Value of gain (N)  2009.00 1561.00 1876.00 258.14NS 

Concentrate intake(kg) 12.67 12.21 12.44 0.81NS 

BHSI (kg) - 8.70 - - 

SSI (kg) - - 10.68 - 

DSHI (kg) 22.00a 11.17b 11.58b 1.39* 



10  africascholarpublications@gmail.com                                                                               

 2019 

 

Total feed intake(kg) 34.87 32.40 34.65 2.38NS 

Cost of concentrate 

consumed(N) 

754.45 725.98 739.51 48.04NS 

Cost of BHS consumed (N) - 319.21 - - 

Cost of SS consumed (N) - - 391.82 - 

Cost of DSH consumed (N) 806.83a 409.79b 424.73b 51.17* 

Total cost of feed consumed 

(N) 

1561.30 1455.00 1556.10 106.39NS 

Cost of concentrate/Kg 59.53a 59.45b 59.42b 0.03* 

Cost/Kg feed 44.78 44.93 44.89 0.33NS 

Cost/ Kg gain (N/Kg gain) 559.70 739.90 592.10 121.07NS 

Net Benefit (N) 447.70a 106.00b 319.90a 198.53* 

Return to investment on 

feed (RIF) 

0.29a 0.07b 0.21a 0.12* 

 

abc Means within the same row with different superscripts are significantly different 

(P<0.05) SEM = Standard Error of mean, Price of growing buck/liveweight= N 

700/kg,Digitaria smutsii hay =  N 36.66/kg, value of gain= total weight gain × N 700, 

Net benefit=value of gain-total cost of feed, RIF=net benefit/cost of feed, BHSI = Bush 

head sorghum intake, SSI = Sweet sorghum intake, DSH = Digitaria smutsii intake, 

T1 = Concentrate + Digitaria smutsii hay, T2 = Concentrate + Bush head sorghum hay 

+ Digitaria smutsii hay, T3 = Concentrate + Sweet sorghum hay + Digitaria smutsii 

hay. 

 

CONCLUSION AND RECOMMENDATIONS 

Diet containing sweet sorghum hay improved growth performance of Red Sokoto 

bucks by 20% and nutrient digestibility by 33%  in Shika, Northern guinea savannah 

of Nigeria. Diet and the treatment containing sweet sorghum hay improved the net 

economic benefit by 67% than in bush head sorghum. Sorghum bicolor bush head and 

sweet sorghum varieties hay can be used with Digitaria smutsii hay in feeding Red 

Sokoto bucks for better performance, nutrient digestibility and nitrogen retention. 
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