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Nutritional Quality and Aflatoxin Safety of Six Major Fresh Fodder Crops in Somaliland
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ABSTRACT
	This study evaluated the proximate composition and aflatoxin contamination of six major fodder crops cultivated under Somaliland conditions to inform livestock feeding strategies and improve production outcomes. The experiment was conducted at the SIAR–ACRET Research Station, Aburin Faraweyne District, from 2024 to 2025, with laboratory analyses performed at the Somaliland Quality Control Commission (SQCC). Six species—Cenchrus ciliaris (buffel grass), Panicum antidotale (blue panic), Urochloa hybrid cv. Mulato II, Sorghum halepense (Johnson grass), Cenchrus purpureus (Napier grass), and Lablab purpureus (lablab)—were grown under uniform agronomic conditions and harvested at 60 days.
Samples were analyzed using ISO-standard methods for moisture, ash, crude protein, crude fiber, and crude fat, while metabolizable energy (ME) was estimated on a dry matter (DM) basis. Total aflatoxins (B₁, B₂, G₁, G₂) were determined using immunoaffinity column cleanup followed by HPLC (ISO 16050).
Significant variation in nutritional composition was observed among species. Napier grass and lablab recorded the highest crude protein (29.90% and 28.73%, respectively) and metabolizable energy (165.96 and 163.53 kcal/kg DM), whereas buffel and Johnson grasses exhibited higher fiber (>5.3%) and comparatively lower protein levels. Aflatoxin concentrations were below the detection limit (<1 µg/kg) in five species, with only Johnson grass showing a low level (1.63 µg/kg), well within international safety thresholds.
These findings identify Napier grass and lablab as high-quality, protein- and energy-rich fodders suitable for livestock finishing, while confirming minimal mycotoxin risk across all tested forages. Further research should evaluate seasonal variability, storage effects, and on-farm performance.
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1. INTRODUCTION 

Livestock production remains the dominant economic sector in Somaliland, contributing substantially to national income, food security, and rural livelihoods. Recent government statistics indicate that over 2.56 million live animals were exported within the first half of 2025 alone [1]. The productivity, health status, and market value of these animals are strongly influenced by the availability of nutritionally adequate and safe feed resources.
In semi-arid regions such as Somaliland, natural rangelands are increasingly unreliable due to recurrent droughts, land degradation, and seasonal variability in biomass production. Consequently, the cultivation of improved fodder crops has gained attention as a sustainable strategy to enhance feed availability, stabilize livestock production systems, and improve export quality [2,3].
The nutritional value of fodder is primarily determined by its proximate composition, particularly crude protein, fiber fractions, and metabolizable energy, which collectively influence intake, digestibility, and animal performance [4]. High-protein forages are especially critical for supporting rumen microbial activity and improving growth rates in small ruminants destined for export markets.
In addition to nutritional quality, feed safety has become a major concern in livestock production systems. Mycotoxins, particularly aflatoxins produced by Aspergillus species, are among the most important contaminants affecting feed and food safety globally [5,6]. These toxins can impair animal health, reduce productivity, and pose serious risks to international trade due to strict regulatory limits [7].
A range of fodder species with varying agronomic and nutritional characteristics are currently promoted in semi-arid production systems. These include drought-tolerant grasses such as Cenchrus ciliaris and Panicum antidotale, improved hybrids like Urochloa cv. Mulato II, high-biomass species such as Cenchrus purpureus, and protein-rich legumes like Lablab purpureus. Their key agronomic traits, nutritional benchmarks, and relevance to semi-arid systems are summarized in Table 1.
Despite their potential, there is limited locally generated data on the comparative nutritional quality and safety of these fodder crops under Somaliland conditions. Most available information is derived from other agro-ecological zones, which may not accurately reflect local performance.
This study aimed to comprehensively evaluate the nutritional quality and safety of six major fodder crops cultivated under Somaliland conditions by determining their proximate composition (moisture, ash, crude protein, crude fiber, and crude fat), estimating metabolizable energy on a dry matter basis, and assessing total aflatoxin contamination, in order to generate evidence-based recommendations for improving livestock feeding strategies and supporting export-oriented production systems. The findings aim to support improved fodder utilization, enhance livestock productivity, and strengthen Somaliland’s livestock export sector.
Table 1. Agronomic characteristics, nutritional benchmarks, and documented relevance of selected fodder species for semi-arid livestock systems
	Species
	Functional group
	Key agronomic traits
	Typical crude protein (%)
	Production relevance in semi-arid systems
	Supporting references

	Cenchrus ciliaris L.
	Perennial grass
	Highly drought-tolerant; deep-rooted; persistent under grazing
	8–16
	Widely used in rangeland improvement and low-input systems
	[8]

	Panicum antidotale Retz.
	Perennial grass
	Tolerant to salinity and drought; moderate biomass production
	10–18
	Suitable for marginal soils and saline environments
	[9]

	Urochloa hybrid (cv. Mulato II)
	Improved grass hybrid
	High digestibility; improved leaf:stem ratio; responsive to management
	12–20
	Developed for enhanced productivity and forage quality
	[10]

	Sorghum halepense L.
	Perennial grass
	Fast-growing; high biomass; adaptable but invasive
	8–14
	Common in disturbed lands; used for emergency forage
	[11]

	Cenchrus purpureus Schumach.
	Perennial grass
	Very high biomass yield; responds well to fertilization and irrigation
	12–25
	प्रमुख forage in intensive and cut-and-carry systems
	[12]

	Lablab purpureus L.
	Legume
	Nitrogen-fixing; drought-tolerant; high nutritive value
	18–28
	Used for protein supplementation and soil fertility improvement
	[13]


Values represent typical crude protein ranges reported in tropical and semi-arid production systems. Nutritional composition varies depending on growth stage, environmental conditions, and management practices. References correspond to peer-reviewed and institutional sources cited in this study.

2. material and methods 

2.1 Site and Forage Trials 
Six fodder species—buffel grass (Cenchrus ciliaris L.; local names “Guddoomaad”/“Ciir-dhuuq”), Blue panic (Panicum antidotale Retz.), Urochloa hybrid cv. Mulato II, Johnson grass (Sorghum halepense L.), Napier grass (Cenchrus purpureus Schumach.), and lablab Bean (Lablab purpureus L.)—were evaluated under field conditions at the SIAR–ACRET Research Station in Aburin Faraweyne District, Marodi Jeh, Somaliland (9.509121, 43.800260). The species were established in a randomized design with three replicated plots per species as part of ongoing fodder evaluation trials. All plots were managed uniformly in terms of land preparation, planting density, and irrigation under semi-arid conditions (mean annual rainfall ≈500 mm).
2.2 Harvesting, Sampling, and Sample Preparation 
Above-ground biomass was harvested at 60 days after planting (uniform vegetative stage; pre-booting for grasses). From each replicate plot, three sub-samples were randomly collected and pooled to form a single composite sample per species. Composite samples were initially homogenized in Sanlaawe village, Gebiley (9.692456, 43.576493), to ensure representativeness. Sub-samples were then sealed in airtight bags to prevent moisture loss and contamination, labeled appropriately, and stored under refrigerated conditions. All samples were transported and submitted to the Somaliland Quality Control Commission (SQCC) Central Laboratory on 24 December 2025 for analysis.
2.3 Laboratory Analysis and Calculations 
All analyses were conducted at the SQCC Laboratory using International Organization for Standardization (ISO) methods. Moisture content (ISO 6496), ash (ISO 5985), crude protein (Kjeldahl method; ISO 5983-1), crude fiber (ISO 6865), and crude fat/ether extract (ISO 6492) were determined. Proximate components were reported on a fresh-weight basis unless otherwise stated.
Dry matter (DM) content (%) was calculated as:
DM (%) = 100 − moisture (%).
Dry matter–based nutrient values were derived by adjusting fresh-weight values using the DM fraction. Metabolizable energy (ME) was estimated on a DM basis (kcal/kg DM) using the standard equation outlined in KS EAS 75:2019, incorporating crude protein, fiber, fat, and ash components.
Total aflatoxin concentration (sum of B₁, B₂, G₁, G₂) was quantified using immunoaffinity column cleanup followed by HPLC with fluorescence detection (ISO 16050), with a detection limit of 1 µg/kg. All analyses included appropriate calibration standards and quality control procedures.
Due to the composite sampling approach (pooled samples per species), results are presented descriptively as mean values per species, and no inferential statistical analyses (e.g., ANOVA) were performed.

3. Results

Significant variation was observed among fodder species. The proximate composition (fresh-weight basis), metabolizable energy (ME; dry matter basis), and total aflatoxin content of the six fodder species are presented in Table 2.
Moisture content ranged narrowly from 31.97% in Johnson grass to 36.67% in Napier grass, indicating comparable harvest maturity across species. Ash content was highest in buffel grass (12.37%) and lowest in Napier grass (9.63%).
Substantial variation was observed in crude protein (CP), with Napier grass (29.90%) and lablab (28.73%) recording the highest values, more than double that of buffel grass (16.87%). When expressed on a dry matter basis, this corresponds to approximately 47.2% and 44.5% CP for Napier and lablab, respectively, reflecting their high nutritional quality.
Crude fiber content varied considerably, being lowest in Napier grass (0.13%) and Urochloa hybrid cv. Mulato II (1.16%), and highest in buffel grass (5.37%) and Johnson grass (5.45%). Crude fat was negligible (<0.01%) in buffel and blue panic grasses but relatively higher in lablab (3.13%) and Napier grass (2.42%).
Metabolizable energy (ME) followed a similar trend to CP, with Napier grass (165.96 kcal/kg DM) and lablab (163.53 kcal/kg DM) showing the highest values, followed by Urochloa hybrid cv. Mulato II (153.03 kcal/kg DM). Buffel and Johnson grasses exhibited lower ME values (~141–144 kcal/kg DM), likely due to their higher fiber and lower protein content.
Total aflatoxin levels were below the detection limit (<1 µg/kg) in five of the six species. Only Johnson grass contained a detectable level (1.63 µg/kg), which remains far below international safety thresholds for animal feed.
Overall, Napier grass and lablab demonstrated superior nutritional quality in terms of protein and energy, whereas buffel and Johnson grasses exhibited a comparatively higher fiber, lower-protein profile. All tested fodders showed negligible aflatoxin contamination.
Table 2. Proximate composition (fresh-weight basis), metabolizable energy (dry matter basis), and total aflatoxin content of six fodder crops grown at ACRET, Somaliland.
	Fodder species
	Moisture (%)
	Ash (%)
	Crude protein (%)
	Crude fiber (%)
	Crude fat (%)
	ME (kcal/kg DM)
	Total aflatoxin (µg/kg)

	Cenchrus ciliaris (Buffel grass; local check)
	32.21
	12.37
	16.87
	5.37
	<0.01
	141.52
	<1.0

	Panicum antidotale (Blue panic)
	34.89
	12.14
	19.54
	2.47
	<0.01
	144.92
	<1.0

	Urochloa hybrid cv. Mulato II
	34.80
	11.94
	23.28
	1.16
	0.72
	153.03
	<1.0

	Sorghum halepense (Johnson grass)
	31.97
	11.81
	19.42
	5.45
	0.80
	143.76
	1.63

	Cenchrus purpureus (Napier grass)
	36.67
	9.63
	29.90
	0.13
	2.42
	165.96
	<1.0

	Lablab purpureus (Lablab)
	35.46
	9.78
	28.73
	1.72
	3.13
	163.53
	<1.0


Notes: values for proximate composition are expressed on a fresh-weight (FW) basis unless otherwise stated. Metabolizable energy (ME) values are expressed on a dry matter (DM) basis. Dry matter (%) was calculated as 100 − moisture (%). ME was estimated using the KS EAS 75:2019 equation based on proximate composition. Total aflatoxin represents the sum of aflatoxins B₁, B₂, G₁, and G₂ determined using ISO 16050 (immunoaffinity column cleanup followed by HPLC with fluorescence detection). The detection limit for aflatoxin analysis was 1 µg/kg. Values reported as <0.01 or <1.0 indicate concentrations below the analytical detection limit. Data represent composite means of three replicated plots per species; therefore, no inferential statistical analysis was performed.
4. Discussion

The The findings highlight significant differences in fodder quality that have direct implications for livestock productivity and export performance. The superior protein content observed in Napier grass and lablab aligns with previous studies indicating that improved tropical forages and legumes can exceed 20–25% CP under optimal management [12,13]. High protein availability enhances rumen microbial activity, improving feed conversion efficiency and weight gain in small ruminants [4].
The elevated metabolizable energy observed in these species further supports their suitability for finishing diets. Energy-dense feeds are critical for achieving desirable body condition scores prior to export, particularly in systems targeting Gulf markets [3]. In contrast, the higher fiber content recorded in buffel and Johnson grasses suggests lower digestibility. Similar findings have been reported in semi-arid forage systems, where structural carbohydrates increase under water stress, reducing feed quality [8,11]. Nevertheless, these species remain valuable for maintenance feeding due to their resilience and biomass production under marginal conditions.
Brachiaria (Mulato II) demonstrated intermediate performance, confirming its role as a balanced forage combining moderate protein and digestibility. This is consistent with breeding objectives aimed at improving forage quality and climate resilience [10]. 
The aflatoxin results are particularly significant. The near absence of contamination suggests that fresh fodder systems, combined with rapid handling and minimal storage, significantly reduce mycotoxin risks. This aligns with findings that aflatoxin contamination is primarily associated with poor storage conditions rather than fresh forage [6,14]. The low level detected in Johnson grass may be attributed to micro-environmental factors or plant structure, which can influence fungal colonization [11]. However, the detected level remains negligible and poses no risk to animal health or trade compliance.
Importantly, these results reinforce the need to integrate nutritional quality with agronomic performance. While Napier grass and lablab offer superior quality, their adoption must consider water requirements, input costs, and farmer capacity.
5. Conclusion and Recommendations

This This study provides a robust, locally validated assessment of the nutritional quality and aflatoxin safety of six key fodder crops cultivated under semi-arid conditions in Somaliland. The findings demonstrate clear interspecific variation in proximate composition and energy value, with important implications for livestock feeding systems and export performance.
Among the evaluated species, Cenchrus purpureus (Napier grass) and Lablab purpureus (lablab) consistently exhibited superior nutritional profiles, characterized by high crude protein and metabolizable energy, coupled with low fiber content. These attributes make them particularly suitable for intensive feeding systems, including feedlot finishing and pre-export conditioning, where rapid weight gain and improved body condition are essential.
Urochloa hybrid cv. Mulato II showed intermediate performance, offering a balanced combination of protein content and digestibility, and thus represents a viable option for integrated forage systems. In contrast, Cenchrus ciliaris (buffel grass) and Sorghum halepense (Johnson grass) were characterized by higher fiber and lower protein levels, indicating their suitability primarily for maintenance feeding or extensive production systems, especially under resource-constrained conditions.
Importantly, the aflatoxin analysis revealed negligible contamination across all tested species, with only Sorghum halepense showing a detectable level (1.63 µg/kg), which remains well below internationally accepted safety thresholds. This finding underscores the relative safety of fresh fodder systems under proper handling conditions and highlights the low immediate risk of mycotoxin exposure in the studied production context.
Overall, the study establishes a critical evidence base for selecting appropriate fodder species based on nutritional quality, safety, and intended production objectives, thereby contributing to improved livestock productivity and enhanced export competitiveness.
Based on the findings, the following recommendations are proposed:
1. Promotion of High-Quality Fodders for Export Systems: Napier grass and lablab should be prioritized in feedlot and semi-intensive systems aimed at livestock finishing and export markets, due to their superior protein and energy content. 
2. Strategic Integration of Fodder Species: Farmers should adopt a mixed-fodder strategy, combining high-quality species (e.g., lablab, Napier) with drought-tolerant grasses (e.g., buffel grass) to balance nutritional requirements with resilience under variable climatic conditions. 
3. Targeted Use of Drought-Tolerant Species: In arid and low-input systems, buffel grass and similar species should be utilized for maintenance feeding, with supplementation (protein-rich forages or concentrates) provided when animals are destined for market. 
4. Strengthening Post-Harvest Handling Practices: Although aflatoxin levels were minimal, maintaining proper harvesting, handling, and storage practices is essential to prevent fungal contamination, particularly under humid or prolonged storage conditions. 
5. Establishment of Routine Feed Safety Monitoring: Regular screening of fodder, especially species like Johnson grass, should be institutionalized through collaboration with laboratories such as SQCC to ensure compliance with international feed safety standards. 
6. Integration of Nutritional and Agronomic Evaluation: Future research should link nutritional quality with biomass yield, dry matter productivity, water-use efficiency, and economic returns to identify the most sustainable and scalable fodder production systems. 
7. Seasonal and On-Farm Validation Studies: Additional studies are required to assess seasonal variability, storage effects (hay/silage), and on-farm animal performance responses to these fodders under different management conditions.
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Transporting the harvested samples to Sanlaawe Fodder Processing Hub, Gebiley, Somaliland
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Grinding, packaging and labelling of processed fodder





