Proximate Composition and Aflatoxin Safety of Six Major Fresh Fodder Crops in Somaliland
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ABSTRACT
	Livestock production in Somaliland is a key economic sector, but its performance depends heavily on the availability of safe, nutritious fodder in the face of increasing rangeland degradation and drought stress.

This study evaluated the proximate composition and aflatoxin contamination of six major fodder crops cultivated under Somaliland conditions. The experiment was conducted at the SIAR–ACRET Research Station from 2024 to 2025, with laboratory analyses at the Somaliland Quality Control Commission. Six species—Cenchrus ciliaris, Panicum antidotale, Urochloa hybrid cv. Mulato II, Sorghum halepense, Cenchrus purpureus (Napier grass), and Lablab purpureus (lablab)—were grown under uniform conditions and harvested at 60 days. Samples were analyzed using ISO methods for proximate components; total aflatoxins were determined by HPLC (ISO 16050). 

Substantial variation in proximate composition was observed. Napier grass recorded the highest crude protein (29.90% fresh weight) and metabolizable energy (165.96 kcal/kg DM), followed by lablab (28.73% CP; 163.53 kcal/kg DM). Buffel and Johnson grasses exhibited higher fiber (>5.3%) and lower protein. 

Aflatoxin concentrations were below detection (<1.00 µg/kg) in five species; only Johnson grass showed a low level (1.63 µg/kg), within international safety thresholds. Contrary to the expectation that legumes surpass grasses in protein, Napier grass outperformed lablab at 60 days, attributed to differential phenology: lablab reached reproductive maturity earlier, causing protein dilution, while Napier grass maintained vegetative growth. Napier grass is identified as a high-quality protein and energy source for livestock finishing, while lablab remains valuable as a supplement. Further research should evaluate seasonal variability 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].
Understanding the nutritional potential of locally adapted forages is a prerequisite for designing effective feeding strategies. Several recent studies across sub–Saharan Africa and South Asia have provided valuable comparative data on the proximate composition of grasses and legumes under semi-arid conditions. While these studies confirm wide variability in crude protein (CP), fiber, and metabolizable energy (ME) among species, they also underscore the influence of harvest stage, season, and management practices on nutritive value. In addition to nutritional quality, feed safety has become a major concern. Mycotoxins, particularly aflatoxins produced by Aspergillus species, are among the most important contaminants affecting feed and food safety globally [3,4]. These toxins can impair animal health, reduce productivity, and pose serious risks to international trade due to strict regulatory limits [5]. Unlike stored grains and hays, fresh fodder systems combined with rapid handling and minimal storage significantly reduce mycotoxin risks. However, regular screening remains essential to ensure compliance with export market standards.
Table 1. Summary of recent studies on proximate composition of fodder crops in semi‑arid regions
	Study (Year)
	Location
	Species Evaluated
	Key Findings (Crude Protein Range, % DM)
	Reference

	Dahiru et al. (2025)
	Semi‑arid Nigeria
	Sugargraze grass, Columbus grass
	CP: 4.4–7.6%; Sugargraze superior in CP and NFE, lower fiber
	[6]

	Muftau & Malami (2024)
	Kebbi State, Nigeria
	Native grasses, forbs, legume
	CP: up to 11.9% (Euphorbia); grasses: narrow range (8.4–10.7%)
	[7]

	Terefe et al. (2021)
	Southern Ethiopia
	Mixed grassland forages
	Grasses CP: 8.4–10.7%; Legumes CP: 15.6–20.3%; Browses CP: 15.4–27.2%
	[8]

	Bah et al. (2022)
	Maiduguri, Nigeria
	Lablab, Mucuna, Centrosema, Cajanus
	All legumes: CP >20% at early harvest; CP declines with maturity
	[9]

	Bashir et al. (2021)
	Punjab, Pakistan
	Wild forages (multiple species)
	Strong seasonal effect: CP highest in wet season, fiber in dry season
	[10]

	Meena & Nagar (2019)
	Rajasthan, India
	Cenchrus ciliaris, C. setigerus
	CP: 5.6–8.0%; fodder yield highest in monsoon, CP highest in spring
	[11]

	Mutimura et al. (2017)
	Semi‑arid Rwanda
	Brachiaria cultivars vs. Napier grass
	CP declined from 60 to 120 DAP; optimal harvest at 90 DAP for energy
	[12]



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.
Despite their potential, limited locally generated data exist on the comparative proximate composition and safety of these fodder crops under Somaliland conditions. This study aimed to comprehensively evaluate the proximate composition, metabolizable energy, and aflatoxin contamination of six major fodder crops to generate evidence‑based recommendations for improving livestock feeding strategies and supporting export‑oriented production systems.
2. Materials 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 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 for grasses; however, lablab had already reached reproductive maturity by this time, with two seed harvests completed during the evaluation period). 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, 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 (%).
Metabolizable energy (ME) was estimated on a DM basis (kcal/kg DM) using the standard equation outlined in KS EAS 75:2019. Total aflatoxin concentration (sum of B₁, B₂, G₁, G₂) was quantified using immunoaffinity column cleanup followed by HPLC with fluorescence detection (ISO 16050), detection limit 1.00 µg/kg. Due to the composite sampling approach, results are presented descriptively as mean values per species.

3. Results

Substantial variation in proximate composition was observed among fodder species (Table 2). Moisture content ranged from 31.97% (Johnson grass) to 36.67% (Napier grass). Ash content was highest in buffel grass (12.37%) and lowest in Napier grass (9.63%).
Crude protein (CP) was highest in Napier grass (29.90%) and lablab (28.73%), more than double that of buffel grass (16.87%). On a dry matter basis, this corresponds to approximately 47.2% and 44.5% CP for Napier and lablab, respectively. Crude fiber was lowest in Napier grass (0.13%) and highest in buffel grass (5.37%) and Johnson grass (5.45%). Crude fat was negligible (<0.01%) in buffel and blue panic but higher in lablab (3.13%) and Napier grass (2.42%).
Metabolizable energy (ME) followed a similar trend, 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). Total aflatoxin levels were below the detection limit (<1.00 µg/kg) in five species; only Johnson grass contained a detectable level (1.63 µg/kg), well below international safety thresholds.

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
	<1.00

	Panicum antidotale (Blue panic)
	34.89
	12.14
	19.54
	2.47
	<0.01
	144.92
	<1.00

	Urochloa hybrid cv. Mulato II
	34.80
	11.94
	23.28
	1.16
	0.72
	153.03
	<1.00

	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
	<1.00

	Lablab purpureus (Lablab)
	35.46
	9.78
	28.73
	1.72
	3.13
	163.53
	<1.00


Detection limit for aflatoxin = 1.00 µg/kg. Values <1.00 indicate below detection limit.
4. Discussion

The findings reveal substantial interspecific variation in fodder quality with direct implications for livestock productivity. The superior protein content observed in Napier grass and lablab aligns with studies reporting that improved tropical forages and legumes can exceed 20–25% CP under optimal management [3,4].
Empirical justification for Napier grass outperforming lablab: It is well established that legumes generally have higher crude protein than grasses due to biological nitrogen fixation [9,15]. However, in this study, Napier grass (29.90% CP) marginally exceeded lablab (28.73% CP). This apparent anomaly is explained by differential phenology at the time of harvest (60 days). Lablab purpureus, a determinate annual legume with a short lifecycle (90–120 days to maturity), had already reached reproductive phase, with two seed harvests completed during the evaluation period. At this stage, protein concentration declines as carbohydrates accumulate in stems and seeds [9,15]. In contrast, Cenchrus purpureus (Napier grass) is an improved, high quality perennial grass that maintains vegetative growth and retains high crude protein content even at later harvest stages when managed with adequate nitrogen and irrigation [4]. This demonstrates that under synchronized harvest regimes (same chronological age), improved grasses can equal or exceed the crude protein content of legumes, challenging the conventional assumption of universal legume superiority. However, for practical feeding, lablab remains highly valuable as a concentrated protein supplement, especially when intercropped or rotated with grasses [15].
The elevated metabolizable energy in these species further supports their suitability for finishing diets, as energy dense feeds are critical for achieving desirable body condition scores prior to export, particularly in systems targeting Gulf markets [5]. The higher fiber content in buffel and Johnson grasses suggests lower digestibility, similar to findings in semi-arid forage systems where structural carbohydrates increase under water stress [7,9]. Nevertheless, these species remain valuable for maintenance feeding due to their drought resilience [16].
The near absence of aflatoxin contamination confirms that fresh fodder systems, combined with rapid handling and minimal storage, significantly reduce mycotoxin risks, aligning with findings that aflatoxin contamination is primarily associated with poor storage rather than fresh forage [13,14]. The low level detected in Johnson grass (1.63 µg/kg) is negligible and poses no risk to animal health or trade compliance [14].
Comparison with the broader literature underscores both the consistency and uniqueness of our findings. Across semi-arid Africa, crude protein values for grasses typically range from 8–12% DM, while legumes range from 15–25% DM. Our values for Napier grass (47.2% CP DM) and lablab (44.5% CP DM) are substantially higher, reflecting optimal management, irrigation, and harvest at 60 days—a stage that maximizes protein content before fiber accumulation accelerates. Studies from Nigeria [6], Ethiopia [8], and Rwanda [12] confirm that forage quality declines sharply after 90 days, reinforcing our choice of a 60 day harvest interval. Breeding advances in Brachiaria and related grasses have also contributed to improved nutritive values [17]. The seasonal variability noted in Pakistan [10] and India [11] further highlights the importance of controlled irrigation in maintaining high protein levels throughout the year, a critical advantage for Somaliland's export-oriented feedlots. For accurate routine assessment, standardized analytical techniques such as those described by Khan & Khan [18] should be employed.
5. CONCLUSION
Contrary to the conventional expectation that legumes universally surpass grasses in crude protein content, this empirical study demonstrated that under a synchronized 60-day harvest regime, Napier grass (Cenchrus purpureus) achieved higher crude protein (29.90% vs. 28.73%) and metabolizable energy (165.96 vs. 163.53 kcal/kg DM) than lablab (Lablab purpureus). This outcome is explained by divergent phenological trajectories: lablab, a short cycle annual legume, had already reached reproductive maturity with two seed harvests completed, leading to protein dilution through stem lignification and seed filling. Conversely, Napier grass, an improved perennial forage selected for high leaf to stem ratio and delayed senescence, maintained active vegetative growth and sustained protein synthesis. This finding challenges the dogmatic legume superiority paradigm and provides practical guidance: under cut and carry systems with frequent harvesting (≤60 days), improved grasses can serve as primary protein sources. Lablab remains strategically valuable as a complementary protein supplement, particularly in silage mixtures or deferred grazing systems where grasses may senesce. All six species tested were free from aflatoxin risk (<1.63 µg/kg), confirming the safety of fresh fodder systems in Somaliland.
6. Recommendations

Based on the empirical findings, the following actionable recommendations are made:
1: Prioritize Napier grass for intensive finishing systems
Justification: Napier grass recorded the highest crude protein (29.90%) and metabolizable energy (165.96 kcal/kg DM) with the lowest fiber (0.13%). This makes it ideal for feedlot operations targeting rapid weight gain and pre export body conditioning. Farmers should harvest Napier grass at ≤60 days to maintain vegetative stage and maximum protein content.
2: Use lablab as a strategic protein supplement, not a sole forage
Justification: Although lablab had lower CP than Napier at 60 days (28.73% vs. 29.90%), this was due to its earlier reproductive maturity (two seed harvests completed). In mixed cropping systems, lablab should be intercropped with grasses (e.g., buffel or Urochloa) to provide protein supplementation when grass protein declines. For pure stands, lablab should be harvested before flowering (≤45 days) to maximize CP [15].
3: Integrate legumes with grasses for balanced nutrition
Justification: The conventional belief that legumes always exceed grasses in CP is not absolute. Under frequent cutting, improved grasses like Napier can match or exceed legume protein. However, lablab fixes atmospheric nitrogen and improves soil fertility. A mixed system—e.g., Napier grass with lablab as a border crop or in rotation—provides both high protein forage and long term soil health benefits.
4: Deploy drought tolerant grasses (buffel, blue panic, Johnson grass) for maintenance feeding
Justification: These species had higher fiber (>5%) and lower protein (16–19%), making them unsuitable for finishing but excellent for maintaining body weight during dry seasons. Their deep roots and salinity tolerance (Panicum antidotale) make them resilient under marginal conditions [16]. Supplement with lablab or concentrates 4–6 weeks before marketing.
5: Maintain rapid post-harvest handling to preserve aflatoxin safety
Justification: All fresh fodders had aflatoxin levels <1.63 µg/kg, well below international limits (e.g., EU: 20 µg/kg for feed). However, Johnson grass showed detectable levels (1.63 µg/kg). Avoid storing wet forage >48 hours; dry to <12% moisture if hay is made [14].
6: Establish routine feed safety monitoring through SQCC
Justification: Regular screening ensures compliance with export market standards (Saudi Arabia, UAE, Oman). The Somaliland Quality Control Commission has validated HPLC capability for aflatoxin detection at 1 µg/kg sensitivity.
7: Conduct on farm validation and seasonal studies
Justification: This station-based trial used uniform irrigation and management. Future research should evaluate these fodders under rain fed conditions, different soil types, and farmer managed systems to assess variability in protein and fiber content across wet and dry seasons.
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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





