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ABSTRACT  
 
 This study was conducted at Belgravia Dairy Farm, Khartoum North, Sudan, to determine and compare the 
costs, returns and profits of the optimal nutritive-value ration with the actual one under two scenarios of forage 
source (own farm's production and purchased forages). Both primary and secondary data were used although 
secondary data was the main data sources. Secondary data was collected for season 2001/02 from Belgravia 
Dairy Farm's records. Simple statistics and linear programming technique was used to attain the stated 
objectives. Results of the basic linear programming scenario, (when forages were produced within the farm) 
revealed that adoption of the optimal plan reduced farm's production cost by 19.12% and significantly improved 
the farm's profits. The difference was attributed to the fact that the actual feeding practices utilized large 
quantities of concentrates (very expensive). But, when forages were purchased from the market, the costs of the 
optimal plan exceed the actual one by 9.2%, but still the farm gained significant and motivating profits. On the 
other hand, comparing each of the optimal and the actual scenarios showed that, producing forages within the 
farm reduced production costs significantly compared with the purchased one. The study recommended 
changing of the existing feeding practices of Belgravia farm towards cultivating and utilizing Alfa Alfa 
(Berseem) rather than sorghum forage and continue producing the required forages by it self. 
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Introduction 
 
 Sudan is the leading Arab and African countries in terms of livestock resources. Its total livestock 
population, which scattered all over the country, was estimated in 2007 at 139 million heads out of which there 
are 41, 51, 43 and 4 million heads of cattle, sheep, goats and camels, respectively (Table 1). The average annual 
growth rate of this sector for the period (1973-2008) was estimated at 3.1% (Faki et. al. 2008).  
 
Table 1: Sudan's total livestock number by state in 2007 (000 heads). 

State Cattle Sheep Goats Camel Total 
Northern 428.0 1955.0 2323.0 146.0 4852.0 
Kordofan 6594.0 10049.0 6248.0 1560.0 24451.0 

Darfur 8783.0 11194.0 9296.0 1005.0 30278.0 
Eastern 1497.0 3374.0 2970.0 1086.0 8927.0 
Central 11375.0 11062.0 8626.0 435.0 31498.0 

Southern 12226.0 12587.0 12837.0 0.0 37650.0 
Khartoum 234.0 431.0 635.0 6.0 1306.0 

Total 41137.0 50651.0 42938.0 4238.0 138964.0 
Source: MARF (2007) 

 
 Livestock sector plays a significant role in the Sudanese economy, providing livelihood for large numbers 
of the population, enriching people diets with a high source of proteins, vitamins and minerals and contributing 
up to 22% to the country's gross domestic product (GDP) (HAC 2006). Within livestock, dairy sub-sector 
represents one of the major practiced activities.  Milk production and consumption, in the Sudan, is increasing 
steadily over-time with cattle-milk constitutes the lion share (Table 2).  Although, Khartoum state holds the 
lowest numbers of cattle compared with other states, but it represents the major semi-modern dairy production 
center specialized in commercial milk production and the major consumption center. Despite the huge dairy-
animals in this country, yet the potential of this sector is not fully exploited, especially in terms of the need for 
further business-oriented integration of its production and supply activities in the economy.  This implies the 
importance for directing dairy-producers towards efficient utilization of their resources with ultimate goals of 
boosting efficient functioning of this sector. Realizing the role of policy in dairy sectors development, various 
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policies measures for expanding production both vertically and horizontally and encouraging the investment in 
modernized dairy production farms were adopted (HAC 2006).  
 
Table 2: Estimated amount of milk produced in the Sudan 2002/06 (1000 Tons). 

Years Cattle Sheep Goats Camel Total 
 No. % No. % No. % No. % 

2002 5445 75 464 0.06 1347 1.8 42 0.006 7298 
2003 5494 74 464 0.06 1384 1.9 45 0.006 7387 
2004 5384 73 475 0.06 1500 2.0 46 0.006 7405 
2005 5480 73 487 0.06 1519 2.0 48 0.006 7534 
2006 5274 73 492 0.07 1437 2.0 50 0.007 7253 

Source: MARF (2007) 

 
 Belgravia is the oldest modern farm specialized in dairy production in the Sudan (total area of 230 feddan).  
It was established by the British colonial in 1907 in order to supply the British army with milk and milk 
products. In 1982, the farm was handed over to the Sudanese armed forces.  Since then the farm was supplying 
the arm forces with milk and milk products at subsidized prices.  The farm management always tries to adopt 
different strategies to improve their production.  Recently, the farm faced financial problems resulting from 
increasing cost of milk production, as inputs costs increased steadily.  In view of the fact that feeding costs 
represent the highest running cost item (55%) for most of dairy farms {Abdel Magid (1986) quoted Ensminger 
and Oltentines (1978)}, rationalization of these resources becomes the must.  Accordingly, this study was 
carried out to determine and compare the costs, returns and profits of the optimal with the actual nutritive-value 
ration under two scenarios of feed sources (own farm's production and purchased feed).  
 
Methodology: 
 
 This study was conducted at Belgravia Dairy Farm, Khartoum North, Sudan. Total farm's herd which were 
entirely hybrid of Kenana and/or Butana Friesian mix, were calculated at 260 heads, in season 2001/02. These 
herds composed of (40%) milking cow, (42%) dry cow, (10%) heifers, (7%) calves and (1%) reproductive bulls 
(Birima, 2005). The feeding behavior adopted at Belgravia farm, when this study was conducted (season 
2001/02), were feeding lactating cows twice/a day with concentrates (6 kg), sorghum forage (Sorghum bicolor L 
Moench cv. Abu-70) (18 kg) and Alfa alfa (Medicago sativa) or (Berseem) (2 kg). The remaining herds are fed 
once a day per concentrates and twice with sorghum forage. The concentrates composed of wheat bran (43%), 
sorghum grain (16%), groundnuts cake (27%), molasses (5%), groundnuts hull (7%) and salt (2%).  The farm 
devoted almost all of its land (230 feddan or 96.6 hectare) for the cultivation of sorghum forage. The average 
annual farm's produced quantity of sorghum forage was found to be 1115 tons, that is, the average yield is 5.5 
tons/feddan (2.3 tons/ha).  But, nevertheless, these locally produced forages did not satisfy the farm's total 
requirements (3234 tons/annum), hence resorting on purchasing the rest from both sorghum forage and Alfa alfa 
from the market.  
 This study was based on both primary and secondary data, although secondary data represented the main 
data source. Data on average cost/feddan and total amount produced for each of Sorghum (forage) (sorghum 
bicolor L Moench cv. Abu-70) and Alfa alfa (Medicago sativa) for season 2001/02 were collected from the 
farm's records. Primary data was collected through interviewing the farm's authority.    
 Linear programming technique was employed in this study to reach to the stated objectives. Linear 
programming is the most suited techniques used in the ration formulation, because it helps decision-makers in 
minimizing their farms' cost.  The objective function of the model was to find the optimal nutritive-value ration 
for dairy cattle in Belgravia farm. The standard mathematical form of the general minimization function model 
according to Dent et al. (1986) and Hazel and Norton (1986) is as follows:  

Minimize 
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And non-negativity constraints 
X j ≥ 0, j= 1, 2, …,n 
Where: 
Z= Objective function value (minimum cost value), 
Xj = quantity of milk produced by each cow. 
Cj = cost of jth activity or decision variable, 
m = number of activities in the model, 
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n= number of restrictions in the model. 
aIj= input-output coefficient of the ith constraint used by the jth  activity.  
 One and only one of the symbols ≥, =, ≤ holds for each b i constraint in the equation. Both the objective 
function and constraints were linear in form depending on the feed source. 
 
Technical coefficients of the model: 
 
 The activity set used in our model were feed sources actually used in Belgravia Farm; Alfa alfa (Berseem) 
(Medicago sativa), sorghum forage (Abu-70) (sorghum bicolor), and concentrates. The current average ration 
adopted by Belgravia Farm was composed of Alfa alfa (2 Kg), sorghum forage (18 kg) and concentrates (6 kg), 
that is, 26 kg/cow/day.  
 
The constraints:  
 
 The constraints set used in the model were the metabolized energy (ME), crude protein (CP), and stomach 
capacity (CAP). Also, there are other constrains with minor role although are very important factors in feed 
composition. These constrain are; calcium (CA), phosphorus (P), sodium chloride (Na Cl) and vitamin A (Vit. 
A).  
 Metabolized energy is represented by the required amount of grams/kg energy in feed mix. Metabolized 
energy is restricted to at least 1558 gm/kg.  Crude protein represents the grams or digestible crude protein in the 
feed mix. Crude protein is restricted to at least 29.4 gm/kg. For the capacity, the ration costs should be equal to 
the stomach capacity of the dairy cow. The stomach capacity is restricted to at least 26 kg/day/cow. The 
nutrients composition of Sudanese animal feeds is presented in Table 3.   
 
Table 3: Optimal nutrients requirements of lactating cows and the amount of nutrients provided by different sources. 

Nutrients Sign Requirements Alternative nutrients source and amount of nutrients provided by each 
source 

   Alfa alfa Sorghum Concentrates 
ME ≥ 1558.00 8.50 1.90 233.00 
CP ≥ 29.40 0.65 0.59 9.50 

CAP ≥ 26.00 1.00 1.00 1.00 
Source: Kuko Research Center (1999)  

 
Results and Discussion 
 
Results of the basic LP model: 
 Comparison of the results of the cost of the optimal model (optimal nutritive-value) with the actual 
nutritive-value ration when forages are produced in the farm is presented in Table 4  
 
Table 4: Comparison of the results of the optimal basic model with actual when forages were produced in the farm. 

Plans Concentrates Sorghum 
forage 

Alfa alfa Total Costs/cow/day (SDG) 

Optimal (Kg/cow) 3.4 0.0 22.6 26.00 2.96 
Actual (Kg/cow) 6.0 18.0 2.0 26.00 3.66 

Differences - - -  -0.70 

 
 It can be seen from Table 4 that, the costs of the optimal nutritive-value ration of Belgravia farm used in its 
dairy production lessened the actual one by SDG 0.70/cow/day (19.12%), when forages were produced in the 
farm. The difference was attributed to the fact that the actual feeding practices used large quantities of 
concentrates, compared with the optimal one, which was very expensive. The reduction of concentrate in the 
optimal plan can be compensated by the high nutritive-value of Alfa alfa. On the other hand, actual feeding 
practices depended mainly on sorghum forages because Alfa alfa needs big cultivating capital and the farm has 
limited resources.  The situation calls for enlightening the farm authority about the lower long-run production 
costs and higher nutritive-value of Alfa alfa compared with sorghum forages. Likewise, cheap credit should be 
channeled towards the dairy industry.  
 However, its worth to be mentioning that, using the optimal nutritive-vale ration will remarkably be 
reflected in increasing dairy production and returns (Table 5).  
 
Table 5: Total returns, costs and profits for the optimal and actual models when forages are produced within the farm. 

Plans Milk produced 
(Kg/cow/day) 

Price 
(SDG/kg) 

Total returns (SDG) Total costs (SDG) Profits (SDG) 

Optimal 16 0.8 12.80 2.96 9.84 
Actual 11.5 0.8 9.20 3.66 5.54 

Difference    -0.70 4.3 
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 It is very clear that, using the optimal plan will increase the farm income in two ways, reducing the farm's 
production cost by (SDG 0.7) at the same time improving the farm's profits by (SDG 4.30/cow/day). That is, the 
profits of using the optimal plan instead of the actual one was calculated at (SDG 5.0/cow/day), when forages 
are produced within the farm.  
 
Optimum ration combinations under the scenario of purchasing forages from the market: 
 
 The costs of the optimal ration combination in terms of nutritive-value as well as their deviations from 
actual feeding mix under the scenario of purchasing forages from the market is depicted in Table 6. It can be 
observed that the cost of the optimal nutritive-value of Belgravia farm for its dairy production exceeded the 
actual one by SDG 0.51/cow (9.2%). The difference was attributed to the fact that the actual feeding practices 
utilized large quantities of sorghum forage (low nutritive-value compared with Alfa alfa) and concentrates, 
although at the time of conducting this study, sorghum had higher demand and higher purchasing costs 
compared with Alfa alfa. 
 
Table 6: Comparison of results of the optimal basic model with actual when forages are purchased from the market. 

Plans Concentrates  Sorghum forage Alfa alfa Costs SDG/cow/day 
Optimal (Kg/cow) 3.4 0.0 22.6 6.05 
Actual (Kg/cow) 6.0 18.0 2.0 5.54 
Differences - - - +0.51 

 
 But when comparing the additional costs incurred due to adoption of the optimal plan SDG 0.51 with the 
additional returns, results revealed that, the farm authority can gain a remarkable motivating profit in using the 
optimal plan (SDG 2.58/cow/day) (Table 7).  That is, the difference in profits between the optimal and actual 
plans (SDG 3.09/cow/day) exceeded the additional costs for using the optimal plan instead of the actual one by 
(SDG 2.58/cow/day), when forages are purchased from the market. 
 
Table 7: Total returns, costs and profits of the optimal and actual models when forages are purchased from the market. 

Plans Milk produced 
(Kg/cow/day) 

Price 
(SDG/kg) 

Total returns (SDG) Total costs (SDG) Profits (SDG) 

Optimal 16 0.8 12.80 6.05 6.75 
Actual 11.5 0.8 9.20 5.54 3.66 

Difference    +0.51 3.09 

 
 Results of the two optimal scenarios revealed that, producing forages within the farm reduced production 
costs significantly compared with the purchased one. The costs of the optimal plans decreased from SDG 
6.05/day/cow, when forages were purchased from the market, to SDG 2.96/ day/cow, when forages were 
produced in the farm, that is, 51% reduction.  The same applied for the existing feeding practices where the cost 
decreased from SDG 5.54/cow/day, when forages were purchased from the market, to SDG 3.66/day/cow, when 
forages were produced by the farm, that is, 40% reduction. The findings call for adjusting the existing feeding-
practices of Belgravia farm towards cultivating and utilizing Alfa alfa rather than sorghum forage. Further, the 
farm management should utilize its resources efficiently with ultimate goal of additional reduction in the costs 
of forages production. 
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