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Abstract 

Nutritional evaluation using preference and short — time intake study as criteria for 

investigating ratio combinations of diets and performance in Yankasa rams. Five (5) 

Yankasa rams, aged 8-12 months with an average body weight of 14.69+0.02kg were 

used for the preference study, the study lasted 24 days. Animals were housed in pens, with 

concrete floors, de-wormed; given prophylactic treatment and access to clean water. The 

animals were offered 2000g of air-dried leaves of G. sepium and M. oleifera 

combinations in a cafeteria method of feeding. The animals were set free to make their 

choices within an hour (1hr) in a confined environment, the amount of feed consumed and 

refused were measured and recorded daily. The most and least preferred combinations 

were determined, using two indices: Relative preference index (RPI) and Coeffecient of 

preference (CoP). The short-time intake shows preference for 100GS:0MO combination. 

Yankasa rams showed higher intake (1363g/d) and preference (194.72) for the diet with 

combination (100GS:0MO). 
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Description of Problem 

Most 'hooved' animals are considered 

ruminants amongst which includes Cattle, 

Sheep and goats. About 20% of the world's 

population is considered smallholders 

with livestock, and they have a great 

opportunity to improve income and raise 

their sustenance through the development 

of the livestock chain (1). Africa's total 

livestock population in 2018 was 

estimated at 2 billion poultry birds (1.9 

billion chickens, 26 million guinea fowl, 

27 million turkeys, 22 million ducks, and 

11.5 million pigeons), 438 million goats, 

384 million sheep, just under 356 million 

cattle, 40.5 million pigs, almost 31 million 

camels, and 38 million equines (including 

30 million donkeys, 6.5 million horses, 

and 885,000 mules (2). 

Sasu (3) reported that by 2050 in Nigeria, 

the estimated number of cattle, goats, 

sheep, and poultry in millions are 53.6, 

207.8, 78.2, and 284.3 respectively, 

indicating a significant increase in 

livestock production, making sheep the 

third most populated species in the country 

after goats and cattle, and the estimated 

annual growth rate for the demand of 

livestock products is more than three 

percent. In Nigeria it has been estimated 
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that sheep and goats provide over 35% of 

the whole animal protein consumed (4). 

Small ruminants are mainly kept under 

extensive systems of production including 

free ranging, semi—intensive, and pastoral 

system where they feed on natural 

pastures, crop residues, and shrubs (5). 

Animal protein consumption in Nigeria 

and developing countries has been 

reported to be comparatively low (6). 

Protein — energy malnutrition (PEM) 

remains a major issue in Nigeria due to 

poverty and low animal source food (ASF) 

consumption (7). High costs of ASF like 

meat, fish, eggs and dairy make them 

unaffordable for low-income households, 

particularly in rural areas. In Nigeria, 

poverty affects over 70% of the 

population, limiting purchasing power for 

nutrient-dense foods. (8). 

In developing countries, only 3% of 

dietary energy comes from ASF due to 

cost, compared to cereal-based diets. Low 

ASF supply in Nigeria stems from 

inadequate finance, high feed costs, 

diseases, and poor infrastructure (9). 

Household income positively impacts 

protein adequacy, while large family size 

reduces it (7). Current ASF intake in 

Nigeria is 15g/capita/day, far below the 

recommended 35g. Indigenous vegetables 

complement ASF, but food insecurity 

persists due to low dietary diversity and 

economic constraints (10). One of the 

ways of solving this problem (PEM) is by 

supplementary feeding (11), directing 

efforts at promoting and ensuring 

smallholder farmers have access to 

affordable, quality, quantity, improved 

animal feeds and welfare. 

Sheep can tolerate higher percentage of 

Gliricidia sepium and Moringa oleifera 

leaf meal in their diet without 

complications arising from tannin and 

saponin toxicity. This will goa long way to 

alleviating inadequate feed supply in the 

dry season when problem of feeding 

becomes critical since G. sepium is 

available throughout the year. The 

importance of sheep in the livelihood of 

the rural Nigerian populace cannot be over 

emphasized. 

The global demand for sustainable and 

cost-effective livestock feed solutions has 

intensified, particularly in tropical regions 

like Sub-Saharan Africa, where 

smallholder farmers face significant 

challenges. Sheep (Ovis aries), valued for 

their contributions to meat, milk, manure, 

and cultural practices, are a vital 

component of smallholder livestock 

systems due to their low initial investment, 

ease of management, and widespread 

acceptability (12). However, the scarcity 

of high-quality forages and the high cost of 

concentrate feeds during the dry season 

limit small ruminant production, driving 

the need for affordable, nutrient-rich 

alternatives (13). 

Gliricidia sepium, a leguminous tree 

native to Central America and widely 

distributed across West Africa, the West 

Indies, and Southern Asia, emerges as a 

promising browse plant (12). Its leaves, 

containing 17-25% crude protein, offer 

high nutritional value and digestibility, 

making them a viable substitute for costly 

conventional feeds like soybean meal and 

cottonseed cake (12). Similarly, Moringa 

oleifera, another multipurpose tree, 

provides up to 25% crude protein, along 

with essential minerals like phosphorus 

and sodium, enhancing its suitability as a 

ruminant feed supplement (14). Both 
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species are drought-resistant, thrive in 

tropical climates, and produce substantial 

biomass, making them ideal for resource- 

constrained smallholder systems. 

Despite their nutritional benefits, the 

presence of anti-nutritional factors, such as 

tannins and saponins, can affect 

palatability and intake, necessitating 

research into optimal feed combinations 

and preparation methods (shade drying, 

sun drying or wilting G. sepium leaves for 

12-24 hours to enhance intake, as noted by 

(15). Previous studies have demonstrated 

the efficacy of browse plants like G. 

sepium in improving feed intake, 

digestibility, and weight gain in ruminants, 

including Bali cattle and West African 

Dwarf goat (16, 17). Moreover, G. 

sepium's condensed tannins have shown 

potential in controlling gastrointestinal 

parasites, offering an additional benefit for 

sustainable livestock management (18). Its 

insecticidal and antimicrobial properties 

further enhance its value as a 

multifunctional feed resource (19). 

Given the rising costs of concentrate feeds 

and their inaccessibility to smallholder 

farmers (16), integrating locally available 

forages like G. sepium into ruminant diets 

is critical. Previous research has also 

highlighted the positive effects of 

leguminous leaf supplementation on 

intake, digestibility, and growth in sheep 

fed low-quality grasses (20). In view of the 

potential found in G.sepium and 

M.oleifera, it was considered interesting to 

determine the preference and short — time 

voluntary intake by Yankasa rams to be fed 

different combination ratio of Gliricidia 

sepiun:Moringa oleifera leaf meal. This 

study aims to provide practical insights 

into optimizing G. sepium: M. oleifere use 

in smallholder systems, contributing to 

sustainable livestock production and 

resource conservation in tropical regions. 

The main objective of this study was to 

determine the short — time intake and 

preference of ratio of Gliricidia 

sepium:M.oleifera leaf meal by Yankasa 

rams. 

Materials and Methods 

Experimental site 

The experiment was conducted at the 

Department of Animal Science Teaching 

and Research Farm. Ahmadu Bello 

University, Zaria. The farm is located at an 

elevation of 671 m above sea level, latitude 

11.10" North and longitude 07.38" East 
(21). The climate is characterised by a 

defined wet and dry season. Wet season 

starts from April to early May and ends in 

late September to early October while the 

dry season last from October to April. The 

total rainfall ranges from 748.6 - 

1156.7mm with a long term average of 

1058.6mm. Maximum air temperature of 

37'Care recorded in May and minimum air 

temperature of 11.5°C recorded in 
December / January and relative humidity 

of approximately 70% during raining 

season. (22). 

Sources of experimental materials 

G. sepium leaves and twigs of between 0.5- 

0.8cm diameters were harvested at 

National Animal Production Research 

Institute Farm (NAPRI), Shika, and its 

environment at the beginning of rainy 

season from April and air dried at NAPRI 

Forage Production Unit open stall for three 

(3) daysto 90% DM. 

D. smutsii hay was obtained from National 

Animal Production Research Institute 
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(NAPRI), Forage Production Unit, Shika, 

Zaria, Kaduna State. Dried Moringa 

oleifera leaves was obtained from 

neighbouring villages in Zaria, Kaduna 

State and air dried. 

Preference study 

The cafeteria method was adopted in the 

preference study and was carried out on G. 

sepium and M. oleifera combinations to 

determine their level of intake and 

preference by Yankasarams. 

Animals and procedure 

Five (5) Yankasa rams, aged 8-12 months 

with an average body weight of 

14.69+0.02kg were used. Animals were 

housed in pens, with concrete floors, de- 

wormed; given prophylactic treatment and 

access to clean water. The animals were 

offered 2000g of air dried leaves of G. 

sepium and M. oleifera combinations in a 

cafeteria method of feeding. The animals 

were set free to make their choices within 

an hour (1hr) in a confined environment. 

The most and least preferred combinations 

were determined. The experiment lasted 

for twenty-four (24) days, consisting of 

fourteen (14) day adjustment and ten (10) 

day collection period. 

Diets for the preference study 

The diets for the preference study 

comprised of different combinations ratios 

of G.sepium and M. oleiferaas follows: 

1-100% G. sepium + 0% M. oleifera, DM 

basis 

2-75% G. sepium +25% M. oleifera, DM 

basis 

3-50% G. sepium +50% M. oleifera, DM 

basis 

4-25% G. sepium +75% M. oleifera, DM 

basis 

Preference study procedure 

The order of strategic placement of the test 

materials in the plastic feeding troughs 

was randomised daily to avoid the 'habit 

reflex'(23). 

The preferred feed was assessed using two 

indices, relative preference index (RPI) 

and Coefficient of preference (CoP). 

Intake of the leaves was recorded by 

deduction of remnants from the amount of 

feed offered and animals were allowed 

access to Digitaria smutsii for the rest of 

the day. Relative Preference index (RPI) 

was calculated per combination in air dried 

leaves forms by dividing proportion of 

each combination in the diet (its intake 

values) with that of the proportion of 

combination offered for each day and 

multiplied by 100 as described by (24). 

The relative preference index (RPI) values 

indicate the relative preference of each 

combination, with higher values 

indicating greater preference. 

The coefficient of preference (CoP) was 

determined according to (24) as theratio of 

the proportion of diet consumed divided 

by the proportion of diet offered on dry 

matter basis (DM). A fodder type was said 

to be preferred by animals to others when 

calculated CoP was greater than unity. 

Chemical Analysis 

The milled samples of (G. sepium, M. 

oleifera leaves; and G. sepium:M.oleifera 

mixture), samples were analysed for 

proximate using (25) procedures in 

triplicates on the samples, and the Acid 

Detergent Fibre (ADF) and Neutral 

Detergent Fibre (NDF) of feed samples 

were analysed according to the procedure 
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of (26). Anti — nutritional factors (tannins, 

saponins, phytates and oxalates) were 

quantified using standard procedures in the 

biochemical laboratory of department of 

Animal Science, Ahmadu Bello 

University, Zaria. 

Data analysis 

The data obtained were analysed using two 

indices, relative preference index (RPI) 

and Coefficient of preference (CoP) 

Results and Discussion 

Chemical composition of Gliricidia 

sepium (GS) and Moringa oleifera (MO) 

Leaves 

The results in Table 1 shows the chemical 

composition of Gliricidia sepium (GS) and 

Moringa oleifera (MO leaves). Chemical 

composition significantly affects the 

palatability and intake of Yankasa rams. 

Dry matter content of Gliricidia sepium 

leaf meal (91.70%) was higher than the 

67.03% and 79.44% reported by (27) and 

(28), respectively. The CPvalue of 17.26% 

obtained for Gliricidia sepium leaf meal 

was lower than the value (28.31%CP) 

reported by (27), but higher (15.30%CP) 

than value reported by (28). The crude 

protein content of Gliricidia sepium leaf is 

high, indicating a good source of protein. 

Moringa oleifera has higher crude protein 

(27.16% vs. 17.26%) while the crude fiber 

(8.17%CF) is lower than the value 

(17%CF) reported by (29). 

Table 1: Chemical Composition of G. sepium and Moringa oleifera (%) 
Test ingredients 

Parameters (%) 
Gliricidia sepium Moringa oleifera 

Dry Matter 91.70 

Crude Protein 17.26 

Ether Extract 2.96 

Crude fibre 17.14 

Ash 15.96 

NDF 45.11 

ADF 31.21 

Hemicellulose 13.21 

Lignin 11.04 

90.99 
27.16 
1.77 

8.17 
7.25 

13.86 
12.64 
1.22 
1.07 

NDF=Neutral Detergent Fibre, ADF=Acid Detergent Fibre 

Anti — nutritional factors in individual 

ingredients - Gliricidia sepium (GS) and 

Moringaoleifera(MO) leaves 

Table 2 shows Anti — Nutritional Factors 

(ANFs) in individual ingredients. ANFs 

can bind nutrients, reduce digestibility, or 

cause toxicity, but levels in individual 

ingredients are relatively low for both 

plants - Gliricidia sepium (GS) and 

Moringa oleifera (MO) leaves. Gliricidia 

sepium contains phytate (1.71 mg/100g), 

oxalate (0.33 mg/100g), tannins (0.38 
mg/100g), and saponin (2.00 mg/100g). 
Moringa oleifera has higher phytate (3.42 

mg/100g) and tannins (0.42 mg/100g), but 

lower oxalate (0.26 mg/100g) and saponin 

(1.50 mg/100g). These concentrations are 

below thresholds that typically impair 

ruminant performance (e.g., tannins >5% 

DM can reduce protein utilization), (17) 
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and rumen microbes can degrade many 

ANFs. The low concentrations of the 

ANFs could be attributed to the method of 

processing (shade — dried) that Gliricidia 

sepium was subjected to before the 

commencement of the experiment. Drying 

Acacia cyanophylla foliage under shade or 

in the sun reduced the condensed tannin 

content, but sun drying was more efficient 

than drying in the shade (33). However, 

voluntary intake of dried Acacia 

cyanophylla foliage by growing or adult 

sheep did not differ from fresh Acacia 

foliage. Wilting Acacia foliage increased 

total DMI and DMI of Acacia foliage by 

goats compared to feeding fresh or dried 

Acacia foliages, but did not increase 

growth rate (17), they also reported in 

another study that cows fed wilted 

Gliricidia sepium up to 50% inclusion 

level had a better live weight gains, better 

feed utilization and/or efficiency. GS 

tannins in the study are less than 1% with 

saponins around 1-2%, while MO's 

phytate (3.42mg/100g) and tannins 

(0.42mg/100g) are higher but mitigated by 

processing like shade - drying. GS's higher 

saponins may confer antimicrobial 

benefits in the rumen but could affect 

palatability ifbitter. 

Table 2: Levels of Anti -nutritional factors in Gliricidia sepium and Moringa oleifera 
(mg/100g) leaf meal 

Anti — nutrients (mg/100g) Gliricidia sepium Moringa oleifera 
Dry sample Dry sample 

Phytate 1.71 3.42 
Oxalate 0.33 0.26 
Tannins 0.38 0.42 
Saponin 2.00 1.50 
Mg-Milligram, g-gram, 

Reference values — 
Tannins-2-3% ( 30), Saponins - < 2% (31), Phytate - 1.5-2% and 

oxalate — 0.04-1.50% (32) 

Chemical composition of G. sepium: 

M.oleifera combinations and anti- 

nutritional factors (ANFs) in the 

combinations 

Table 3 shows the chemical composition 

and Anti- nutritional factors in different 

ratio combinations of Gliricidia 

sepium:Moringa oleifera leaf meals. 

Mixing GS and MO at ratios of 100:0, 

75:25, 50:50, and 25:75, shows 

progressive improvements in nutritive 

value as MO proportion increases. CP 

increases from 17.26% (100:0) to 21.81% 

(25:75), while CF decreases from 17.14% 

t0 9.01%. Fiber fractions vary: NDF and 

ADF decrease overall (45.11% to 29.79% 

for NDF), but show fluctuations (ADF 

increases at 34.32% in 50:50). 

Hemicellulose and lignin decrease steadily 

(13.21% to 4.56% and 11.04% to 4.49%, 

respectively). ANFs also decrease: oxalate 

(0.33 to 0.25 mg/100g), tannins (0.38 to 
0.23 mg/100g), phytate (1.71 to 1.14 

mg/100g, with a decrease at 50:50), and 

saponin (2.00 to 0.90 mg/100g). This 

synergistic effect supports using 

combinations to balance protein and fiber 
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Table 3: Chemical Composition of G. sepium, M.oleifera Combinations (%) 
GS: MO GS: MO GS: MO GS: MO 

Parameters 100: 0 75: 25 50: 50 25:75 
Dry Matter 91.70 91.25 90.38 90.17 
Crude Protein 17.26 20.38 20.81 21.81 
Crude fibre 17.14 14.27 11.92 9.01 
ADF 3121 28.82 34.32 2523 
NDF 45.11 40.09 40.06 29.79 
Hemicellulose 13.21 1127 5.74 4.56 
Lignin 11.04 7.85 6.96 4.49 
ANFs (Mg/100g) 
Oxalate 0.33 0.27 0.24 0.25 
Tannin 0.38 032 0.21 0.23 
Phytate 171 0.95 0.38 1.14 
Saponin 2.00 1.60 1.40 0.90 
WDF =Acid Detergent Fibre, NDF = Neutral Detergent Fibre, ANFs = Anti -nutritional 

Factors, GS = Gliricidia sepium, MO= Moringa oleifera. 
Reference values — 
Tannins-2-3% (30), Saponins - < 2% (31), Phytate- 1.5-2% and oxalate — 0.04-1.50% (32) 

Short — time intake and preference of 

Yankasa Ram fed different ration of G. 

sepium:M. oleiferaleaf meal. 

Table 4 shows the difference in preference 

and acceptability by Yankasa rams in the 

dry matter intake. Multiple factors could 

explain these findings from both fodder 

and animal perspectives. The consumption 

of green fodders is influenced by plant 

species, presentation form, maturity stage, 

processing methods, and the chemical 

composition of the fodder (34). They also 

suggested that the presence of 

phytochemicals or other anti-nutritional 

factors may impact palatability and 

preference. 

The result from this study shows that 

Yankasa rams prefer GS-heavy 

combinations, 100GS: OMO, intake 1,363 

g/d, CoP 1.94. The relative preference and 

acceptability by Yankasa rams were in the 

order of 

100GS:0MO>50GS:50MO>75GS:25MO 
>25GS:75MO, the order of feed intake 

was similar to the relative preference, 

while the coefficient of preference are in 

the order of 

100GS:0MO>50GS:50M0>75GS:25M0 
>25GS:75MO. This could probably be due 

to the nutrive value of Gliricidia with 

Crude Protein content of its leaves at 

17.14%. This agrees with the report of (35, 

36) that legumes such as gliricidia and 

Leucaena (Leucaena leucocephala L) 

often have better nutritive value than shrub 

because only leaves comprise the allowed 

forage. In addendum, legume often have 

faster passage rate in the rumen due to 

lower fiber content, quick fermentation 

and particle disintegration (37). (38) also 

corroborated this study that sheep showed 

preference for fresh leaves because of the 

nutritive value of the plant especially 

tropical legumes like gliricidia. Other 

factors that influenced the choice of 

Yankasa rams in this study include sensory 

attributes—GS's higher fiber may provide 

bulk satisfaction, while MO's bitter 
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Table 4: Relative Preference Index (RPI) and Coefficient of Preference (CoP) of G. 
sepium, M. oleifera Combination offered to Yankasa rams 

GS:MO GS:MO GS:MO GS:MO 

p. 100:0 75:25 50:50 25:75 
arameters 

Intake (g/d) 1363 578 945 379 

RPI (%) 194.72 58.40 105.36 40.60 

CoP 1.94 0.58 1.05 0.40 

g = grame, GS = Gliricidia sepium, MO = Moringa oleifera, RPI= Relative Preference 
Index, CoP= Coefficient of Preference, 

RPI= (Proportion of feed consumed/proportion of feed offered X 100), RPI >100% 
indicating preferred feed, RPI<100% indicating a less preferred feed, RPI=100% 
indicating no preference, with higher values indicating greater preference in the diet. 
CoP= Ratio of the proportion of feed consumed to the proportion of feed offered, 
If the coefficient of preference is: 
. Greater than 1, the animals prefer the feed. 

. Less thanl, the animals avoid the feed 

. Equal to I, the animals have no preference 

tannins or unfamiliar taste reduced appeal 

(39). This suggests sheep tolerate 

moderate fiber feeds and legume with 

better nutritive value. 

ConclusionAnd Recommendations 

Yankasa rams shows preference for high 

fibre - dense feed with the combination, 

100GS:0MO, intake 1363g/d, RPI 

194.72% and CoP of 1.94. In conclusion, 

Gliricidia sepium leaf meal can be a 

valuable protein source for sheep, its 

inclusion in diets should be carefully 

managed to mitigate the adverse effects of 

anti - nutritional factors on feed intake, 

growth performance, methane emission 

and economies of production. 

From the results of this study, the 

following recommendations were made: 

G. sepium leaf meal can be used by 

livestock farmers as a good source of feed 

supplement during the peak of dry season 

to maintain live weight of ruminant 

animals. For sheep production it can be 

recommended in the diets of Yankasa rams 

to use 75-100% GS to maximize intake, 

with MO limited to 25-50% to avoid 

rejection. Planting of more G.sepium trees 

should be encouraged. 
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