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Abstract: The poultry industry in Sudan relies heavily on locally available alternatives 

such as sorghum and peanut meal, which offer potential cost advantages but are 

constrained by variability in nutrient composition, anti-nutritional factors and amino acid 

imbalances. This study aimed to conduct a comparative nutritional and economic 

evaluation of corn-soybean and sorghum-peanut-soybean base mixes for broiler diets 

under Sudanese conditions. Six broiler base mix scenarios were formulated using 

combinations of imported corn, local and imported sorghum, soybean meal, and peanut 

meal. All base mixes were standardized to contain 3200 kcal/kg metabolizable energy, 

22% crude protein, and 1.00% digestible lysine through appropriate adjustment of 

ingredient inclusion rates, sunflower oil, and synthetic lysine. Local market prices and 

CIF import prices were used to estimate base mix costs, excluding fixed-cost additives to 

allow unbiased comparison. The results indicated that base mixes containing local 

sorghum partially or fully replacing imported corn significantly reduced base mix cost 

compared with the corn-soybean benchmark. Diets relying exclusively on sorghum and 

peanut meal required higher levels of lysine supplementation and energy correction, 

reducing their economic advantage. The lowest base mix cost was achieved when local 

sorghum was combined with moderate inclusion levels of both peanut meal and soybean 

meal, providing a balance between cost efficiency and nutritional adequacy. Importantly, 

the use of soybean meal may eliminate the need for imported protein concentrates 

commonly included at approximately 5% in Sudanese poultry feeds, thereby simplifying 

formulations and reducing overall import dependency. The study demonstrates that 

strategic partial substitution of imported ingredients with local sorghum, supported by 

limited soybean meal inclusion and amino acid correction, offer the most balanced 

approach in terms of nutritional adequacy, economic efficiency, and feed system 

sustainability in Sudan. These findings support policies that encourage both the rational 

importation of soybean meal and the long-term development of local soybean production 

and proper processing capacity to enhance feed security and sustainability. 
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1. INTRODUCTION 
The poultry sector plays a critical role in food 

security and income generation in many developing 

countries, including Sudan. However, feed cost remains 

the dominant constraint to profitable broiler production, 

often accounting for more than 65-70% of total 

production expenses. 

 

Globally, corn and soybean meal have long 

been regarded as the benchmark energy and protein 

sources in broiler diets due to their high nutritional 

consistency, favorable amino acid profile, and 

predictable animal performance. Soybean meal, in 

particular, is considered the standard protein source 

against which alternative plant proteins are evaluated 

because of its high digestibility and balanced essential 

amino acid composition, especially lysine (Willis, 2002). 

Consequently, the international trade of soybean meal 

has become strategically important for the livestock feed 

industry worldwide. Johansson (2025) reported that 

soybean meal and corn have traditionally formed the 

nutritional foundation of poultry feeds worldwide due to 

their predictability in availability, nutrient composition, 

and animal performance. 
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In contrast, many African countries, including 

Sudan, possess substantial quantities of locally produced 

feed resources such as sorghum and oilseed by-products. 

Sorghum is widely cultivated in Sudan and represents a 

major cereal grain with potential to partially or fully 

replace imported corn in poultry diets. Similarly, peanut 

meal is produced in large quantities as a by-product of 

the local oil industry and serves as an important protein 

source in animal feeding systems (Babiker, 2009:2012). 

Together with cereals, oilseed meals are estimated to 

constitute approximately 80-85% of formulated poultry 

diets in Sudan (Sayed Abdalgalil. F, 2022). 

 

Despite their availability and cost advantages, 

the nutritional limitations of sorghum and peanut meal 

restrict their efficient use in broiler diets, feed 

formulation in African countries is increasingly shifting 

toward locally available raw materials such as sorghum 

and groundnut cake to reduce dependency on imported 

feed ingredients and minimize supply-chain disruptions. 

Sorghum generally contains lower metabolizable energy 

than corn and may vary in nutrient availability depending 

on variety and processing. Peanut meal, although high in 

crude protein, is deficient in key essential amino acids, 

particularly lysine, methionine, and threonine (El-

Boushy et al., 1989), and may contain anti-nutritional 

factors and mycotoxin risks if improperly processed (Ali 

et al., 2011). Several studies have shown that diets based 

predominantly on peanut meal result in inferior broiler 

performance unless amino acid balance is carefully 

corrected or peanut meal is combined with other protein 

sources (Diaw et al., 2010: Daghir, 2008). 

 

Recent global and regional trends in poultry 

nutrition emphasize diversification of feed raw materials 

to reduce risk, enhance sustainability, and improve 

economic resilience. The partial substitution of corn and 

soybean meal with alternative ingredients such as 

sorghum, sunflower meal, and peanut meal has been 

widely investigated, with mixed results depending on 

diet formulation strategy and amino acid balance. 

Importantly, maintaining standardized dietary energy 

and amino acid levels is essential to allow meaningful 

comparison between alternative feed formulations and 

conventional corn-soybean diets. 

 

Under Sudanese conditions, there is limited 

published information integrating nutritional 

standardization and economic evaluation of alternative 

broiler base mixes using locally available sorghum and 

peanut meal in combination with imported soybean meal. 

Most available studies focus either on nutritional 

performance or on ingredient substitution without fully 

accounting for cost implications under realistic market 

prices. Therefore, a systematic approach that combines 

standardized diet formulation with base mix cost 

comparison is required to support evidence-based feed 

formulation and policy decisions. 

 

Accordingly, this study was designed to 

compare corn-soybean and sorghum-peanut-soybean 

base mixes for broiler diets under Sudanese conditions, 

using standardized metabolizable energy, crude protein, 

and digestible lysine levels. By integrating ingredient 

chemical composition, local and CIF import prices, and 

formulation adjustments, the study aims to identify 

nutritionally sound and economically efficient base mix 

strategies suitable for sustainable poultry production in 

Sudan. 

 

2. Objectives 

The objectives of this study were to: 

1. Formulate standardized broiler base mixes 

using imported corn-soybean meal and 

alternative combinations of local and imported 

sorghum, peanut meal, and soybean meal, while 

maintaining constant metabolizable energy 

(3200 kcal/kg), crude protein (22%), and 

digestible lysine (1.00%). 

2. Compare the economic implications of the 

formulated base mixes under Sudanese market 

conditions using local ingredient prices and CIF 

import prices, with emphasis on base mix cost 

rather than complete feed cost. 

3. Evaluate nutritionally justified inclusion 

strategies for sorghum and peanut meal through 

appropriate energy adjustment and amino acid 

correction, particularly lysine supplementation, 

to ensure fair comparison with soybean meal-

based formulations. 

4. Identify the most economically efficient and 

nutritionally balanced base mix suitable for 

broiler production in Sudan. 

5. Provide evidence-based recommendations to 

support feed formulation practices and policy 

decisions related to feed ingredient importation, 

local resource utilization, and long-term 

development of soybean production and 

processing in Sudan. 

 

3. MATERIALS AND METHODS 
3.1 Study Design 

This study was conducted as a comparative 

formulation and economic evaluation of broiler base 

mixes using conventional imported ingredients and 

alternative locally available raw materials under 

Sudanese conditions. The study was based on theoretical 

diet formulation supported by published nutrient 

composition data and prevailing market prices. No live 

animal experiment was conducted; instead, the focus was 

on nutritional standardization and base mix cost 

comparison to allow objective assessment of alternative 

feed strategies. 

 

Six broiler base mix scenarios were formulated 

and compared. The corn-soybean meal base mix was 

used as the benchmark against which alternative 
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sorghum- and peanut-based formulations were 

evaluated. 

 

The formulation strategy adopted in this study 

aligns with the approach described by Johansson (2025), 

who recommended partial substitution of conventional 

feed ingredients with locally available alternatives while 

maintaining standardized nutrient density. 

 

3.2 Ingredient Chemical Composition and Prices 

Ingredient nutrient composition values were 

obtained from published sources, including standard feed 

composition tables and relevant literature. Local 

ingredient prices were based on prevailing Sudanese 

market values, while prices for imported ingredients 

were expressed as cost, insurance, and freight (CIF) at 

Port Sudan. 

 

The chemical composition parameters 

considered included metabolizable energy (ME), crude 

protein (CP), digestible lysine. Ingredient prices and 

chemical composition were integrated into a single 

database to ensure consistent formulation and cost 

calculations across all base mixes. 

 

3.3 Diet Formulation and Nutritional 

Standardization 

Six broiler base mixes were formulated using 

different combinations of imported corn, local and 

imported sorghum, soybean meal, and peanut meal. All 

base mixes were standardized to contain: 

• Metabolizable energy: 3200 kcal/kg 

• Crude protein: 22% 

• Digestible lysine: 1.00% 

 

Sunflower oil was included when necessary to 

correct for energy deficits, particularly in sorghum-based 

formulations. Synthetic lysine was added to diets 

containing peanut meal or reduced soybean meal 

inclusion to correct for lysine deficiency and ensure 

uniform amino acid supply across all treatments. 

 

Vitamin-mineral premixes and other fixed-cost 

additives were excluded from the formulations to avoid 

confounding effects and to focus solely on the economic 

impact of the major raw materials. 

 

3.4 Base Mix Cost Calculation 

Base mix cost was calculated on a per-metric-

ton basis by multiplying the inclusion rate of each 

ingredient by its corresponding market price and 

summing the total cost for each formulation. Costs 

associated with sunflower oil and synthetic lysine were 

included where applicable. 

 

To facilitate comparison, the base mix cost of 

each alternative formulation was expressed relative to 

the corn-soybean meal benchmark base mix. The relative 

economic impact was presented as a percentage increase 

or decrease compared with the benchmark. 

 

3.5 Data Sources and Assumptions 

Nutrient composition values were derived from 

recognized feed composition tables and peer-reviewed 

publications. Ingredient prices reflect typical market 

conditions at the time of analysis and are intended to 

represent realistic commercial scenarios rather than exact 

transaction values. 

 

It was assumed that all ingredients met 

acceptable quality standards and that proper processing 

conditions were applied, particularly for soybean meal 

and peanut meal, to minimize the effects of anti-

nutritional factors. Differences in expected broiler 

performance among base mixes were interpreted based 

on published literature rather than direct experimental 

measurements. 

 

4. RESULTS 
4.1 Ingredient Chemical Composition and Prices 

The chemical composition and market prices of 

the major feed ingredients used in the formulation of 

broiler base mixes are presented in Table 1. Imported 

corn exhibited higher metabolizable energy but lower 

crude protein and lysine content compared with local 

sorghum. Local sorghum contained higher crude protein 

but slightly lower metabolizable energy than imported 

corn. Imported sorghum showed intermediate 

characteristics between corn and local sorghum. 

 

Soybean meal had the highest lysine 

concentration among protein sources, whereas peanut 

meal, despite its high crude protein content, showed 

substantially lower lysine concentration. Ingredient 

prices varied considerably, with local sorghum 

representing the lowest-cost cereal grain and imported 

soybean meal representing the highest-cost protein 

source among the major ingredients evaluated. 
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Table 1: Chemical Composition and Prices of Feed Ingredients Used in Base Mix Formulation 

Ingredient Origin Price (USD/t) ME (kcal/kg) Crude Protein (%) Lysine (%) 

Corn Imported (CIF) 330 3350 8.5 0.26 

Sorghum Local 245 3250 14.0 0.23 

Sorghum Imported (CIF) 300 3300 10.5 0.24 

Soybean meal (48%) Imported (CIF) 520 2450 48.0 2.80 

Peanut meal (50%) Local 495 2500 50.0 1.40 

Sunflower oil Local 1,200 8800 0.0 0.0 

Synthetic lysine (HCl) Imported (CIF) 3,500 — — 78.0 

Prices for imported ingredients expressed as CIF Port Sudan 
 

4.2 Base Mix Formulations 

The ingredient inclusion rates of the six 

formulated broiler base mixes are summarized in Table 

2. All base mixes were successfully standardized to 

contain 3200 kcal/kg metabolizable energy, 22% crude 

protein, and 1.00% digestible lysine through adjustment 

of ingredient inclusion levels, sunflower oil, and 

synthetic lysine. 

 

The benchmark corn-soybean meal base mix 

(Diet 1) relied exclusively on imported ingredients. 

Partial replacement of corn with local sorghum (Diet 2) 

reduced cereal dependency on imports but required 

higher oil inclusion to maintain energy levels. Base 

mixes based entirely on sorghum and soybean meal (Diet 

3 and Diet 5) differed in oil requirement depending on 

whether sorghum was locally sourced or imported. 

 

Base mixes containing peanut meal (Diet 4 and 

Diet 6) required higher levels of lysine supplementation 

compared with soybean meal-based formulations. The 

combined use of peanut meal and soybean meal in Diet 

6 reduced the requirement for synthetic lysine compared 

with the peanut-only protein base mix. 
 

Table 2: Ingredient Inclusion Rates (%) of the Formulated Broiler Base Mixes 

Ingredient (%) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 Diet 6 

Corn (Imported) 58.0 35.0 0.0 0.0 0.0 0.0 

Sorghum (Local) 0.0 25.0 60.0 62.0 0.0 58.0 

Sorghum (Imported) 0.0 0.0 0.0 0.0 60.0 0.0 

Soybean meal 34.0 30.0 32.0 0.0 33.0 15.0 

Peanut meal 0.0 0.0 0.0 28.0 0.0 15.0 

Sunflower oil 3.0 4.0 4.5 5.5 3.5 5.0 

Synthetic lysine 0.00 0.05 0.10 0.25 0.05 0.18 

Others 5.0 5.95 3.4 4.25 3.45 6.82 

Total 100 100 100 100 100 100 

All base mixes standardized to 3200 kcal/kg ME, 22% CP, and 1.00% digestible lysine 

 

4.3 Base Mix Cost Comparison 

Base mix costs per metric ton and their relative 

impact compared with the corn-soybean meal benchmark 

are presented in Table 3. Substantial differences in base 

mix cost were observed among the formulated diets. 

 

The corn-soybean meal base mix represented 

the highest-cost benchmark. Partial or full replacement 

of imported corn with local sorghum resulted in a 

reduction in base mix cost, particularly in formulations 

combining sorghum with soybean meal or a combination 

of soybean meal and peanut meal. Base mixes relying 

exclusively on sorghum and peanut meal showed lower 

base mix cost than the benchmark but required additional 

expenditure on oil and lysine to meet nutritional 

specifications. 

 

The lowest base mix cost was observed in the 

formulation combining local sorghum with moderate 

inclusion levels of both peanut meal and soybean meal 

(Diet 6). Base mixes incorporating imported sorghum 

achieved cost reductions compared with the benchmark, 

although these reductions were smaller than those 

achieved using local sorghum. 
 

Table 3: Base Mix Cost per Metric Ton and Relative Economic Impact Compared with the Corn-Soybean Benchmark 

Diet Base Mix Description Base Mix Cost (USD/t) Relative Impact (%) 

Diet 1 Corn + Soybean meal (Benchmark) 387 0 

Diet 2 35% Corn + 25% Local Sorghum + SBM 419 +8 

Diet 3 Local Sorghum + SBM 328 −15 

Diet 4 Local Sorghum + Peanut meal 355 −8 

Diet 5 Imported Sorghum + SBM 366 −5 

Diet 6 Local Sorghum + 15% Peanut + 15% SBM 324 −16 

Base mix cost excludes vitamin-mineral premix and other fixed-cost additives 
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5. DISCUSSION 
5.1 Nutritional Implications of Ingredient 

Substitution 

The present study demonstrates that broiler base 

mixes based on local and imported sorghum, peanut 

meal, and soybean meal can be nutritionally standardized 

to match conventional corn-soybean meal formulations 

when appropriate adjustments are applied. By fixing 

metabolizable energy, crude protein, and digestible 

lysine across all base mixes, the comparison focused on 

ingredient quality and formulation strategy rather than 

nutrient inadequacy. 

 

Sorghum proved to be a viable alternative 

energy source to imported corn, consistent with previous 

studies reporting comparable broiler performance when 

sorghum-based diets are properly formulated (Daghir, 

2008). However, the lower metabolizable energy of local 

sorghum compared with corn necessitated higher 

inclusion of sunflower oil to achieve equivalent dietary 

energy density. This finding agrees with earlier reports 

indicating that sorghum-based diets often require energy 

correction to sustain growth performance comparable to 

corn-based diets. 

 

Peanut meal, despite its high crude protein 

content, exhibited clear limitations as a sole protein 

source due to its deficiency in essential amino acids, 

particularly lysine. Diets relying heavily on peanut meal 

required higher levels of synthetic lysine 

supplementation to meet broiler requirements. This 

observation supports earlier findings that peanut meal 

performs best when combined with other protein sources 

rather than used alone (El-Boushy et al., 1989; Diaw et 

al., 2010). The combined use of peanut meal and soybean 

meal reduced the requirement for synthetic lysine, 

highlighting the importance of amino acid 

complementarity in practical feed formulation. 

 

5.2 Economic Implications under Sudanese 

Conditions 

Substantial differences in base mix cost were 

observed among the formulated diets, driven primarily 

by ingredient price and the level of supplementation 

required to correct nutritional imbalances. The corn-

soybean meal base mix, relying entirely on imported 

ingredients, represented the highest-cost formulation. 

Replacement of imported corn with local sorghum 

consistently reduced base mix cost, confirming the 

economic advantage of utilizing locally available cereals 

under Sudanese market conditions. 

 

Base mixes incorporating peanut meal achieved 

lower costs than the benchmark corn-soybean 

formulation; however, the economic benefit was 

partially offset by the increased requirement for synthetic 

lysine and energy correction. This trade-off emphasizes 

that ingredient price alone does not determine economic 

efficiency, and that nutritional quality and 

supplementation costs must be considered 

simultaneously. 

 

The lowest base mix cost was achieved in the 

formulation combining local sorghum with moderate 

inclusion levels of both peanut meal and soybean meal. 

This strategy balanced ingredient cost, amino acid 

supply, and energy density, resulting in a nutritionally 

adequate and economically efficient base mix. These 

findings underscore the importance of partial substitution 

strategies rather than complete replacement of soybean 

meal in broiler diets. diversification of feed raw materials 

is an effective strategy to reduce risks associated with 

ingredient quality variability and supply instability. 

 

5.3 Expected Performance Implications Based on 

Published Studies 

Although the present study did not include a 

feeding trial, expected broiler performance outcomes can 

be inferred from published literature. Corn-soybean meal 

diets are generally associated with superior feed 

conversion ratio (FCR) due to their high digestibility and 

balanced amino acid profile. Several studies have 

reported that broiler diets partially replacing corn with 

sorghum, when properly balanced for energy and amino 

acids, result in comparable growth performance and FCR 

(Singh et al., 1979). 

 

In contrast, diets heavily dependent on peanut 

meal have frequently been associated with reduced 

performance unless amino acid balance is carefully 

corrected (Costa et al., 2001; Olomu et al., 1980). The 

inclusion of soybean meal in combination with peanut 

meal, as demonstrated in this study, is therefore expected 

to improve nutrient utilization and FCR compared with 

peanut-only protein formulations. Improved FCR 

associated with soybean meal inclusion may partially or 

fully offset the higher base mix cost of soybean-

containing diets, supporting the strategic use of soybean 

meal despite its higher market price. 

 

El-Boushy and Ratherink (1989) demonstrated 

that partial replacement of soybean meal with peanut 

meal in broiler diets is feasible when diets are properly 

balanced for amino acids, while Costa et al. (2001) 

reported that broiler performance on peanut-meal-based 

diets improves when amino acid deficiencies are 

corrected, although performance may remain inferior to 

soybean-based diets. 

 

5.4 Implications for Feed Formulation and Policy 

The results of this study have important 

implications for feed formulation practices and policy 

development in Sudan. From a formulation perspective, 

the findings demonstrate that locally available sorghum 

can effectively replace imported corn in broiler base 

mixes, provided that energy density is appropriately 

corrected. Peanut meal can contribute to protein supply, 
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but its use should be limited and complemented by 

soybean meal to ensure amino acid adequacy and 

maintain performance. 

 

From a policy perspective, the results support a 

dual strategy that combines rational importation of 

soybean meal with long-term investment in domestic 

soybean production and processing. Encouraging 

soybean cultivation, supporting research on suitable 

varieties, and promoting modern processing 

technologies would enable Sudan to produce high-

quality soybean meal locally, reducing dependence on 

imports while maintaining feed quality. Such policies 

would enhance feed security, stabilize poultry 

production costs, and improve the sustainability of the 

poultry sector. 

 

5.5 Replacement of Protein Concentrates 

A key finding of this study is that the use of 

imported soybean meal can effectively eliminate the 

need for imported commercial protein concentrates, 

which are commonly included at approximately 5% in 

Sudanese poultry feeds. This substitution simplifies feed 

formulation, reduces dependency on specialized 

imported supplements, and lowers foreign currency 

expenditure while maintaining nutritional adequacy. 

 

6. Policy Implications and Recommendations 

The findings of this study highlight several 

policy-relevant issues for the development and 

sustainability of the poultry feed sector in Sudan. First, 

the demonstrated economic advantage of incorporating 

local sorghum in broiler base mixes supports policies 

aimed at strengthening domestic cereal production and 

improving post-harvest handling to enhance grain quality 

and reduce variability. Investment in storage 

infrastructure and quality control would further improve 

the reliability of sorghum as a primary energy source in 

poultry feeds. 

 

Second, although peanut meal is widely 

available and competitively priced, its nutritional 

limitations necessitate cautious use in broiler diets. 

Policies should therefore encourage the use of peanut 

meal as a complementary rather than exclusive protein 

source, alongside soybean meal or other high-quality 

protein ingredients. Extension services and feed 

formulation guidelines should emphasize amino acid 

balance and digestibility to avoid performance losses 

associated with suboptimal protein utilization. 

 

Third, the study provides strong justification for 

government support of soybean meal importation in the 

short to medium term. While soybean meal increases 

base mix cost, its superior amino acid profile and positive 

impact on feed efficiency are expected to improve broiler 

performance and offset additional formulation costs. 

Facilitating access to high-quality imported soybean 

meal through favorable trade policies, reduced tariffs, or 

streamlined import procedures would benefit the poultry 

industry. 

 

In the long term, a strategic national program to 

promote soybean cultivation and processing is 

recommended. This should include support for adaptive 

research to identify suitable soybean varieties for 

Sudanese agro-ecological conditions, investment in 

modern oil extraction and meal processing technologies, 

and capacity building for local processors. Developing a 

domestic soybean value chain would enhance feed self-

sufficiency, reduce foreign exchange pressure, and 

improve the overall resilience of the poultry sector. 

 

7. CONCLUSION 
This study provides a comparative nutritional 

and economic evaluation of broiler base mixes 

formulated using imported corn and soybean meal versus 

locally available sorghum and peanut meal under 

Sudanese conditions. The results demonstrate that 

nutritionally standardized base mixes can be formulated 

using different ingredient combinations; however, 

significant differences exist in base mix cost and 

expected performance outcomes. 

 

Local sorghum was shown to be a viable and 

cost-effective alternative to imported corn when dietary 

energy was appropriately corrected. Peanut meal 

contributed to reducing base mix cost but required 

careful limitation and supplementation due to its amino 

acid deficiencies. The inclusion of soybean meal, either 

partially or fully, improved amino acid balance or is 

expected to enhance feed conversion efficiency, 

potentially compensating for its higher market price. 

 

Overall, the most balanced and practical 

strategy for Sudanese poultry production involves partial 

substitution approaches that combine local sorghum and 

peanut meal with imported soybean meal. Such 

formulations optimize economic efficiency while 

maintaining nutritional adequacy and expected broiler 

performance. The findings support evidence-based feed 

formulation practices and policy interventions aimed at 

improving feed security, reducing production costs, and 

promoting sustainable growth of the poultry industry in 

Sudan. 
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