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Abstract: A study was conducted to evaluate the chemical composition of Senna obtusifolia and Senna occidentalis leaves. Freshly harvested Senna obtusifolia and Senna occidentalis leaves were properly air-dried under shade in triplicates. They were milled into powder, properly sieved and taken into the laboratory for analysis. The samples were analysed in triplicates for their proximate composition, amino acid profile and levels of anti-nutritional factors using standard laboratory procedures. The results revealed that Senna obtusifolia and Senna occidentalis leaves had dry matter and crude protein content of 90.50 and 91.30% and 19.55 and 17.55%, crude fibre 14.16 and 15.02%, ether extract 3.15 and 3.45% and nitrogen three extract of 38.06 and 39.60%, respectively. The leaves were also observed to have good array of amino acid. The lysine and methionine content of the leaves which are the major limiting amino acid in most plant feeds are quantitatively observed to be 3.59 and 4.13% and 1.55 and 1.37g/100g. The Senna obtusifolia and Senna occidentalis leaves also contained some anti-nutritional factors such as tannins (1.85 and 3.32g/100g), phytates (3.70 and 3.85g/100g), oxalates (1.38 and 2.87g/100g), saponins (3.40 and 3.81g/100g) and phenols (8.15 and 15.03g/100g), respectively. It can be concluded that Senna obtusifolia and Senna occidentalis have good nutritional properties but Senna obtusifolia leaves appeared to possess superior nutritional values than Senna occidentalis leaves. It was also observed that the leaves contain some toxic factors that may adversely affect nutrient utilization and overall animal performance. The leaves should therefore be processed before incorporation into the diets of domestic animals and aquaculture species. 
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Introduction 
The scarcity and high cost of conventional feed materials have been the major problem confronting livestock production in Nigeria. Nsa et al. (2011) further stressed that conventional feedstuffs especially protein ingredients are becoming scarce and expensive. This has placed limitation on the growth of the Nigerian livestock industry. Therefore, the use of under-utilized unconventional feed resources will go a long way in addressing the feed crises in Nigeria. 
Senna obtusifolia and Senna occidentalis are wild legumes that belong to the family leguminosae caesalpinioideae. Senna obtusifolia commonly called sickle pod or African foetid cassia, is an annual or perennial herb or shrub that grows to about 20.25 cm tall. Coffee Senna (Senna occidentalis) is also an erect, hairless shrub growing up to about 100 cm high. The leaves are compound pinnate, alternate and about 10-15 cm long (Akobundu and Agyakwa, 1998; Wikipedia, 2017). 
Before the leaves of Senna obtusifolia and Senna occidentalis can be recommended as feed resource, it is important to thoroughly investigate the chemical properties to forestall any nutritional problems that may arise after consumption. Furthermore, environmental and genetic factors can influence the chemical properties of plants (Santosh and et al., n.d) and therefore it is important for animal nutritionists to analyze the chemical composition of feed materials in their localities before recommending them for livestock feeding. At the moment, there appears to be scanty information on the chemical composition of Senna obtusifolia and Senna occidentalis leaves hence the need to conduct more studies and provide more relevant information on their chemical properties. It was in view of the above that this study was conducted to investigate the chemical properties of Senna obtusifolia and Senna occidentalis indigenous to Mubi Area of Adamawa State, Nigeria. 

Materials and Methods
Study area
The leaves were harvested with the aid of a sickle in bushes around Mubi Area of Adamawa State, Nigeria. The area is located between latitudes 9°30’ and 11° North of the equator and longitudes 13° and 13° 45 East of the Greenwich meridian. The temperature regime in Mubi region is warm to hot throughout the year. However, there is usually a slight cold period between November and February. There is a gradual increase in temperature from January to April. The minimum and maximum temperatures of the area are 18.1°C and 32.8°C and the mean annual rainfall ranges from 900 to 1050 mm (Adebayo, 2004).
Collection and preparation of Senna obtusifolia and Senna occidentalis leaf meals
Senna obtusifolia and Senna occidentalis leaves were harvested in bushes around Mubi Area of Adamawa, State Nigeria and were authenticated at the Department of Botany, Adamawa, State University, Mubi, Nigeria. The leaves were properly air-dried under shade, in triplicates, milled into powder and taken into the laboratory for analysis. 
Chemical Analysis
Proximate composition of the Senna obtusifolia leaves was determine using standard laboratory procedures of AOAC (2004). The Kjeldahl procedure was used to determine the crude protein content. The dry matter was determined first by obtaining the moisture content using the vacuum oven-dried method and the dry matter was determined by difference using the formula:
Dry matter = 100 - % moisture. 
The ashing procedure as described by Onwuka (2005) was used to determine the ash content. The defatting boiling and reflux procedure was used to determine the crude fibre. Soxhlet fat extraction method was carried out to determine the ether extract. The nitrogen-free extract (NFE) was obtained by difference using the formula shown below:
NFE=100- (%moisture + CP + CF + EE + Ash)
Where: 
CP = crude protein, 
CF = crude fibre
EE = ether extract
[bookmark: _GoBack]The energy values of the leaves were calculated using the formula of Pauzenga (1985), ME (kcal/kg) = 37 x %CP + 81 x %EE + 35.5 x %NFE
The levels of the anti-nutritional factors and amino acid profile were determined using the chromatographic methods specifically the high power liquid chromatography (HPLC) Buck Scientific BLC 10/11 model (Pearson 1991). 
Experimental Design
Each representative sample was randomly analyzed in triplicates in a completely randomized design (CRD). 
Statistical Analysis
Data obtained were analyzed using a software statistical package (Statistix, 9.0) and the values were expressed as means with their standard errors.

Results and Discussion
The proximate composition of Senna obtusifolia and Senna occidentalis leaves is presented in Table 1. The result indicated that both leaves recorded high dry matter content. The dry matter content of Senna obtusifolia leaves obtained in this study are close to the values of 87.18 and 93.51% reported by Kubmarawa et al. (2011) and Yakubu et al. (2017). The high dry matter content of both leaves is an indication that the leaves might have less storage problems. This is consistent with the report of Augustine et al. (2017) for Senna obtusifolia seeds. Adjoudji et al. (2005) further buttressed that high dry matter content of leaves is an advantage for the conservation of the dry leaves.


Table 1: Proximate composition of Senna obtusifolia and Senna occidentalis Leaves 
	Proximate composition (%)
	 SOL
	 SOCL

	Dry matter
	 90.50±2.3
	 91.30±9.51

	Crude protein
	 19.55±3.11
	 17.25±3.88

	Crude fibre
	 14.76±1.05
	 15.03±2.21

	Ether extract
	 3.15±0.18
	 3.45±0.16

	Ash 
	 8.20±2.31
	 7.80±1.11

	Nitrogen-free extract
	 38.06±4.71
	 39.60±2.99

	Energy (kcal/kg)
	 2329.03±8.33
	2323.50±1.51


 SOL = Senna obtusifolia leaves; SOCL = Senna occidentalis leaves.


The outcome of this investigation showed that Senna obtusifolia and Senna occidentalis leaves are fairly rich in protein and can be used as alternative protein sources for feeding livestock especially monogastric animals. However, Senna obtusifolia leaves appeared to contain more protein than Senna occidentalis leaves. The protein content of Senna obtusifolia leaves obtained in this study is however, lower than the value (21.40%) reported by Adjoudji et al. (2005) but higher than the value (11.63%) reported by Kubmarawa et al. (2011). The variations in some of the proximate composition might be attributed to differences caused by environmental and genetic factors as earlier reported by Santosh et al. (n.d). The crude protein content of Senna obtusifolia and Senna occidentalis leaves are close to the range of 21-30% for many leafy vegetables as reported by Lucas (1988) and Falade et al. (2004). 
The crude fibre content of Senna obtusifolia and Senna occidentalis leaves reported in this study are however, lower than the value of 27.07% reported by Kubmarawa et al. (2011), but close to the value of 13.90% reported by Adjoudji et al. (2005). This variation might be attributed to the stage at which the leaves were harvested which is consistent with the findings of Adjoudji et al. (2005) for Senna obtusifolia leaves. The fairly moderate fibre content of the leaves might be an advantage in monogastric nutrition. 
The ether extract content (Lipid content) of Senna obtusifolia and Senna occidentalis leaves observed in this study is lower than the value of 4.8% reported by Adjoudji et al. (2005) but close to the value of 2.02% for Senna obtusifolia leaves as reported by Kubmarawa et al. (2011). The ether extract content of Senna occidentalis leaves is also close to the value of 3.32% reported by MissaMohammed et al. (2015) for Senna singueana leaves a close relative of the Senna family. 
The values for the nitrogen free extract observed for Senna obtusifolia and Senna occidentalis leaves are however, similar to the value (38.19%) reported by Yakubu et al. (2017). The fairly high percentage of nitrogen free extract is an indication that the leaves might contribute to the energy content of diet when incorporated into livestock diet. 
The ash content of Senna obtusifolia and Senna occidentalis leaves recorded in this study is however, close to the values of 9.86 and 10.30% reported by Adjoudji (2005) and Kubmarawa et al. (2011), respectively. The fairly high ash content of the leaves was an indication that the leaves might be a fair source of minerals such as calcium, sodium, potassium and magnesium. Michael and David (2002) reported that percentage ash is useful in assessing a plant and gives an idea of the amount of minerals present in a sample. Leafy vegetables have been documented to be rich sources of proteins, minerals and vitamins (Adewusi and Bradbury 1998; Rangaranjan and Kelly 1998; Rangaranjan et al., 1998). The outcome of this investigation revealed that the utilization of Senna obtusifolia and Senna occidentalis leaves will, to some extent, combat mineral deficiencies in animals fed the leaf meals.
The leaves of Senna obtusifolia and Senna occidentalis were observed in this study to have good amino acid profile. This is consistent with the report of Aletor and Agbede (2005) that legumes have good nutritional profile with good array of amino acids. This therefore indicates that these leaves might be good alternative protein sources for livestock. The values for the amino acid content recorded fell within the range of values reported by Kubmarawa et al. (2011) for Senna obtusifolia leaves. However, Senna obtusifolia leaves appeared to have better amino acid profile than Senna occidentalis.


Table 2: Amino Acid Profile of Senna obtusifolia and Senna occidentalis Leaves 
	Amino acid profile (g/100g)
	 SOL
	 SOCL 

	Lysine
	4.13±0.22
	 3.51±0.16

	Methionine
	1.85±0.11
	 1.37±0.89

	Threonine
	3.51±0.91
	 2.89±0.97

	Isoleucine
	3.48±1.88
	 3.45±1.07

	Leucine
	6.40±1.35
	 6.01±1.95

	Phenylalanine
	4.86±1.28
	 4.45±1.11

	Valine
	3.95±1.77
	 3.33±0.93

	Histidine
	2.45±0.19
	 1.78±0.67

	Arginine
	2.97±1.09
	 2.21±0.13

	Serine
	2.80±0.33
	 2.77±0.11

	Cysteine
	1.71±0.78
	 0.51±0.01

	Alanine
	3.97±0.67
	 3.71±0.16

	Aspartic acid
	3.60±0.99
	 2.01±0.11

	Glycine
	4.81±1.75
	 4.08±1.66

	Proline 
	3.37±0.95
	 1.81±0.08


SOL = Senna obtusifolia leaves, SOCL = Senna occidentalis leaves


Despite the nutritional potentials observed in Senna obtusifolia and Senna occidentalis leaves, the leaves contained some anti-nutritional factors (Table 3). Both leaves were observed to contain tannins, oxalates, saponins, phytates and phenols. However, the concentration of this toxic factors were higher in Senna occidentalis, an indication that the leaves might have deleterious effects when consumed by animals. Sambasivam et al. (2016) and Algadi and Yousif (2015) in a similar study revealed that Senna occidentalis and Senna obtusifolia contain these anti-nutritional factors. These therefore suggest that the leaves must be processed before they can be safely utilized as livestock feed. 

Table 3: Levels of Anti-nutritional Factors in Senna obtusifolia and Senna occidentalis Leaves 
	Anti-nutritional factors (g/100g)
	SOL
	SOCL

	Oxalates
	1.38±0.55
	2.87±0.31

	Tannins
	1.85±0.22
	3.32±0.24

	Phenols
	8.15±2.09
	15.03±4.11

	Phytates
	3.70±1.27
	3.85±1.30

	Saponins
	3.40±1.18
	3.81±0.59


SOL = Senna obtusifolia leaves, SOCL = Senna occidentalis leaves

Anti-nutritional factors have been reported to adversely affect digestibility and utilization of nutrients (Shaahu et al., 2015) and this may adversely affect the overall performance of animals when they consume this leaves. 

Conclusion
The outcome of this investigation revealed that Senna obtusifolia and Senna occidentalis leaves have good nutritional values. However, Senna obtusifolia appeared to have better nutritional values than Senna occidentalis. The leaves also contain some anti-nutritional factors which might place limitations on their utilization as alternative protein sources. Senna occidentalis seems to have more concentration of the anti-nutritional factors when compared with Senna obtusifolia. Before these leaves can be used as feed resources, it is recommended that they should be thoroughly processed. 
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