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Abstract: The aim of the study was to evaluate the effects of season on the chemical composition of Aspilia 

africana leaf over a 12-month period. Biomass yield, proximate and mineral compositions were analyzed. Data 

collected were subjected to ANOVA in a completely randomized design using SAS software package. Post hoc 

analysis was conducted at 5% significance using the Duncan multiple range test. Five seasons (late dry, early rainy, 

peak rainy, late rainy and early dry) and three stages of plant maturity (growing, blooming and aging) were 

identified. Results showed no effect (p>0.05) of season on the proximate composition (except for moisture and 

crude ash) and fibre fractions of Aspilia africana leaf but mineral concentrations were influenced (p<0.05) by 

season. Crude protein and ash contents were higher during the rainy season but declined with the inception of the 

dry season while, crude fibre and its fractions were higher during the dry season. Calcium, zinc and phosphorus 

concentrations were highest during the peak rainy season then decline gradually as dry season progressed. 

Correlation result showed that an increased biomass yield led to increased (p<0.05) crude protein content with 

decreased crude fat, moisture and ash contents. Though biomass yield was higher between the late rainy and early 

dry seasons, results showed that there was no temporal variations in the nutrient composition of Aspilia africana leaf 

during the 12-month study. Therefore, Aspilia africana plant could be a valuable feed resource for all year fodder 

production. 
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INTRODUCTION 

 

According to the Food and Agriculture 

Organization (FAO, 2010a; FAO et al., 2015), the 

increasing demand for animal products in developing 

countries, is largely driven by urbanization, increasing 

population and income growth. This is an enormous 

challenge to national food security policy and planning 

(Coughenour and Makkar, 2012) of the countries as 

they strategize to boost economic growth and to reduce 

poverty. The desire to significantly enhance overall 

livestock output is constrained by the trade-off between 

competing demands for traditional livestock feed 

resources. 

To surmount this constraint, relatively new 

inventories of forage legumes are being compiled based 

on scientific assessment of their potentials as livestock 

feed (Norton and Poppi, 1995; FAO, 2010b; 

Coughenour and Makkar, 2012). 

In Africa besides grasses, browse plants including 

some weed species are the most available and cheapest 

feeds of ruminants (Ammar et al., 2005; Ikhimioya and 

Imasuen, 2007; Shamat et al., 2010). Browse plants 

provide digestible crude protein (35-60%) and serve as 

rich sources of vitamins and minerals, which are 

lacking in most grassland pastures (Yusuf et al., 2013). 

Abusuwar and Ahmed (2010) noted that the year-round 

evergreen foliage, vegetative cover and abundant 

nutrients in browse plants encourage their utilization for 

sustainable fodder production. Their biomass yields 

also influences the number of animals that can be 

reared in a pasture land. 

In monogastric production, browses are suitable 

raw materials for leaf protein supplementation (Oko, 

2011; Oko et al., 2012; Oko et al., 2013), yolk and meat 

pigmenting agents (Oko et al., 2011) as well as 

alternative to antibiotics (Hernandez et al., 2004; 

Cetingul et al., 2007; Oko et al., 2012). These feed 

resources are however neglected or underexploited 

probably due to insufficient information on their 

potential values as feeds. 

According to Coughenour and Makkar (2012), 

forage quality represents an important factor for 

determining the total fraction of plant biomass that 
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constitute feed in livestock production. Temporal 

variation is considered a significant factor of forage 

quality compared to annual forage yield since the 

periods of scarcity determines the number of livestock 

that can be sustained. Papachristou et al. (1999) 

reported that moisture and protein contents of forage 

determine its quality and exhibit the greatest variation 

between sites and stages of maturity. Therefore, the 

relationship between moisture and protein contents as 

well as plant age needs to be established for optimum 

forage utilization. 

Aspilia africana plant is a semi-woody herb that 

occurs in farmlands and wastelands throughout the 

savannah and tropical regions of Africa. Aspilia 

africana commonly known as bush marigold is heavily 

browsed by cattle, sheep, goat, hare and rabbits 

(Ahamefule et al., 2006). The plant is gaining interest 

as potential raw material for the pharmaceutical, 

cosmetic and agricultural industries (Okoli et al., 2007; 

Oko et al., 2014). Studies have been conducted on the 

nutrient composition of Aspilia africana plant, leaf and 

its extracts; however there is dearth of information on 

its nutritive contents at different seasons. 

This study was initiated to assess the impact of 

seasons on the proximate and mineral compositions of 

Aspilia africana leaf grown in the South-south region of 

Nigeria. Results obtained shall be used to ascertain the 

time and stage of harvest of the leaves for optimal 

fodder production in the tropics. 

 

MATERIALS AND METHODS 
 

Study area: The experiment was conducted in Calabar, 

Calabar, with a GPS reading of Longitudes 8.0°-8.3°E 

and Latitudes 4.4°-5.2°N is located in the South- 

southern part of Nigeria. It has a tropical humid climate 

with mean temperature of 26.10C. The average annual 

rainfall is 3050 mm, falling all through the year 

especially between March-October (Inyang, 1980). 

The leaves of Aspilia africana plants were 

harvested from within the vicinity of the Research 

Farm, University of Calabar, Nigeria. A sample of the 

plant was identified using the macroscopic features 

described by Etukudo (2003). It was confirmed, 

authenticated and deposited at the Department of 

Botany’s herbarium unit, University of Calabar, 

Nigeria.  

Leaves were harvested on a monthly basis over a 

12-month period (January 2015-December, 2015) to 

assess the seasonal effects on the biological properties 

of A. africana. Five different seasons and three stages 

of maturity were identified. Proximate and 

phytochemical analyses were carried out monthly from 

pooled samples collected.  

Leaf samples were taken from January-December, 
2015 and Leaf biomass was determined using quadrate 
and transects method. Simultaneously, organic matter, 

crude protein and fibre fractions of the leaves were 
analyzed. In each month, leaf samples were collected 
weekly along transect in the selected pasture area (2 ha) 
in triplicates of nine quadrates. Leaf yield was 
estimated from monthly pooled sample across 
quadrates.  

Following leaf yield estimation, the leaves were 
processed by shredding and sun-drying for 3-days post 
harvesting. The leaves were ground using a 1-mm 
Wiley Mill screen (Marconi, Piracicaba, Brazil), packed 
in air-tight containers and stored in a well ventilated 
room until needed for analysis. All chemical analyses 
were conducted at the Animal Science Nutrition 
Laboratory, University of Calabar, Calabar. 

On a monthly basis, leaf samples were analyzed for 
dry matter, nitrogen, ash and crude protein using 
AOAC methods as described by Li et al. (2016) while 
techniques described by Van Soest et al. (1991) were 
used for fibre fractions (neutral detergent fibre, acid 
detergent fibre and acid detergent lignin) determination.  
 
Determination of Proximate composition: The leaf 
samples were oven dried at 103°C for 8 h to determine 
dry matter content (DM; method 934.01; AOAC, 2000) 
while moisture content was determined by the 
difference method. Ash was determined by incinerating 
leaf samples in a muffle furnace at 550°C for 4 h (Ash; 
method 942.05; AOAC, 1990). Total nitrogen (N) 
concentration was determined using a Total Nitrogen 
Analyzer (LECO®Corporation, St. Joseph, MI, USA; 
N: method 968.06; AOAC, 1990) then converted to 
crude protein (Nitrogen content x 6.25). Crude lipid 
was determined by Soxhlet extraction procedure using a 
Fat Analyzer (LECO®Corporation, St. Joseph, MI, 
USA; EE: method 991.36; AOAC, 2005). Crude fibre 
was determined using enzymatic gravimetric method 
(CF; method 962.09 AOAC, 2005). Nitrogen free 
extract was estimated by the subtracting sum value of 
protein, fats, fibre and ash from 100. 

Neutral detergent fiber was determined using heat-
stable alpha-amylase and sodium sulfite (NDF; Van 
Soest et al., 1991) and Ankom 2000 Fiber Analyzer 
(Ankom Tech. Corp., Fairport, NY, USA) was used for 
acid detergent fiber (ADF; method 954.01; AOAC, 
1990). 

Calcium (Ca; method 984.01; AOAC, 1995), total 
phosphorus (P; method 965.17; AOAC, 1995), zinc 
(Zn; method 999.11 AOAC, 2000), potassium, 
magnesium and sodium were determined by atomic 
absorption spectrometry (method 985.01, AOAC, 
1986).  
 
Statistical analyses: The analysis of variance in a 
completely randomized design according to the general 
linear model procedure of SAS (2007) was employed in 
assessing the influence of season on leaf yield and 
chemical composition of Aspilia africana. Post hoc 
analyses were conducted at 5% significance using the 
Duncan multiple range test (Duncan, 1955). 
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Table 1: Effects of season (months) on herbage chemical composition (%) 

Month Moisture Crude protein Crude fat Crude fibre Ash 

January 13.20a 20.90 2.39a 14.74 13.26 

February 12.40b 21.30 2.24a 13.23 13.59 
March 13.50a 21.73 1.52b 12.69 14.38 

April 11.90b 20.92 1.77ab 13.84 14.52 

May 13.20a 21.61 1.21b 13.91 15.79 
June 13.40a 20.04 1.40b 12.87 17.01 

July 12.70ab 23.50 1.59b 13.29 13.44 

August 13.00a 18.53 1.41b 14.00 18.91 
September 12.60ab 24.30 1.77ab 14.21 11.67 

October 11.90b 20.54 1.58b 13.53 14.27 

November 12.30b 27.17 1.36b 12.54 14.44 
December 12.60b 24.78 1.87a 12.37 12.03 

Mean ±  SEM *12.73±0.11 22.10±0.39 *1.68±0.08 13.43±0.13 14.44±0.33 

Month NFE NDF ADF ADL  

January 35.51 27.33 23.05 9.08  
February 37.51 25.82 21.54 7.57  

March 36.18 25.28 21.00 7.03  

April 37.05 26.43 22.15 8.18  
May 34.28 26.47 22.22 8.25  

June 35.28 25.46 21.53 7.21  
July 35.48 25.88 21.60 7.63  

August 34.15 26.59 22.31 8.34  

September 35.45 26.80 22.56 8.55  
October 38.18 26.12 21.84 7.87  

November 32.19 25.13 20.85 6.88  

December 36.35 24.96 20.68 6.71  
Mean ±  SEM 35.63±0.27 26.02±0.11 21.78±0.13 7.78±0.20  

a,b Means with different superscripts along column indicate significant (p<0.05) differences 

 

 
 
Fig. 1: Biomass yield production of Aspilia africana plant 

 

RESULTS 

 

Proximate and phytochemical compositions: 

General observations: In the humid tropical 

environment, Aspilia africana plant grows throughout 

the year. For the purpose of this study, the seasons were 

divided as follows; 

 

Late dry season;  January-February 

Early rainy season; March-May 

Peak rainy season;  June-August 

Late rainy season;  September-October 

Early dry season;  November-December 

  
Three stages of maturity were observed in Aspilia 

africana plant; the growing (April-August), blooming 

(September-November) and aging (December-March) 
stages.  
 
Biomass yield production: Graphical presentation of 
the herbage yield of Aspilia africana plant studied over 
a 12 month period (January-December, 2010) is shown 
in Fig. 1. Herbage yield ranging from 10, 105-22, 468 
kg/ha was observed to be influenced by season. Peak 
yield production was in the late rain which coincides 
with the blooming stage of the plant while, the least 
yield was recorded during the late dry to early rainy 
season (January-March).  
 

Nutrient composition: Table 1 and Fig. 2 show the 
proximate and mineral compositions of Aspilia africana 
leaves. It was observed that season had no effect on the 
proximate composition of Aspilia africana plant but 
significantly (p<0.05) affected its mineral composition. 
Moisture and fat contents however differed (p<0.05) 
between months. Mean moisture content of about 
12.73% was recorded which rose to 13.50% during the 
early rains (March) but dropped to 11.90% during the 
late rainy season (October).  

Crude protein content ranging from 18.53 to 
27.17% was not different between seasons. The least 
(18.53%) and highest (27.17%) values were observed in 
the month of August and November, respectively.  

Crude fat content as low as 2.39% was obtained in 
the month of January but later dropped (p<0.05) to 
1.21% in the month of May. Mean crude fibre content 
of 13.43% was obtained in this study and tended to 
increase as the plant matured. The least value was 
obtained  in  the  month  of December (12.37%) and the  
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Table 2: Correlations between biomass yield and chemical nutrients in Aspilia africana leaves 

Parameter Moisture Crude protein Crude fat Crude fibre Ash 

Yield -0.425 0.467* -0.182 0.020 -0.271 

ADL 0.027 -0.446 -0.060 0.999*** 0.201 
ADF 0.081 -0.497* -0.098 0.986*** 0.261 

***NDF 0.023 -0.445 -0.054 0.999 0.201 

NFE -0.350 -0.400     0.656** 0.089 -0.350 
Ash 0.332 -0.680** -0.588* 0.201 - 

Crude fibre -0.160 -0.445 -0.060 -  

Crude fat -0.451 0.068 -   
Crude protein -0.229 -    

Moisture -     

Parameter NFE NDF ADF ADL Yield 

Yield -0.208 0.022 0.011 0.020 - 
ADL 0.089 0.999*** 0.986*** -  

ADF 0.077 0.991*** -   

***NDF 0.093 -    
NFE -     

Ash      

Crude fibre      
Crude fat      

Crude protein      
Moisture      

Significant correlation at; *p<0.05; ** p<0.01; *** p<0.001; ADL: Acid Detergent Lignin; ADF: Acid Detergent Fibre; NDF: Neutral Detergent 

Fibre; NFE: Nitrogen Free Extract 

 

 
 

Fig. 2: Effects of season on mineral composition in Aspilia africana leaves 

 
highest value in the month of January (14.74%). The 
period with the highest concentration of fibre was the 
late dry season and aging stage of the plant. All fibre 
fractions had higher values during the late dry season-
January and tended to decrease as the wet season 
ensued.  

High ash content ranging from 11.67 to 18.97% 

was observed in the leaves of Aspilia africana plant 

throughout the season. At the onset of bloom (August), 

ash content of about 18.97% was obtained but it 

dropped to 11.67% as flowering commenced 

(September).  

Figure 2 illustrates that calcium had the highest 

value followed by zinc, phosphorus, potassium, 

magnesium and sodium. Significant (p<0.05) influences 

of season were observed between months on the 

different elements analyzed. The concentrations of 

calcium and phosphorus peaked in the month of 

August, while those of zinc and potassium peaked in 

the month of June.  

Correlation result (Table 2) indicated that herbage 
yield correlated positively (p<0.05) with crude protein 
(r = 0.467) but negatively with moisture, crude fat, ash 
and nitrogen free extracts. Significant relationships 
were observed between crude fat and NFE (r = 0.656; 
p<0.01), yield and fibre (r = 0.020; p>0.05) as well as 
between ash and crude fat (r = -0.588; p<0.05) in 
Aspilia africana leaves. Crude protein had negative 
relationships with ash (r = -0.680; p<0.01) and ADF (r 
= -0.497; p<0.05) while moisture content had positive 
(p>0.05) relationships with ash (r = 0.332) and fibre 
fractions (r = 0.023-0.081). These results indicated that 
increase in herbage yield led to significant increase in 
the crude protein but non-significant increase in fibre 
contents in the leaves of Aspilia africana plant. A 
resultant increase in crude protein content could lead to 
a substantial decrease in the concentrations of ash and 
ADF in the leaves. When moisture increases in the 
leaves, the amount of ash and fibre fractions increase, 
whereas, an increase in ash content leads to significant 
reduction in crude fat content.  



 

 

Asian J. Agric. Sci., 8(4): 18-24, 2016 

 

22 

DISCUSSION 
 

In the month of January (late dry season), it was 
observed that while other plants dried up, Aspilia 
africana continuously produced green leaves though the 
stem became more fibrous during the late dry season. 
At the start of the wet season (April), high amount of 
the fresh plants were still seen sprouting around the 
experimental site. In the month of May, greener fresh 
stands had developed. Blooming and flowering 
commenced in the month of September and peaked in 
November. Haddi et al. (2003) had also identified three 
stages of maturity in some halophyte shrubs. This 
implies that the quantity and stage of vegetation is 
dependent on the season and amount of rainfall. It was 
also observed that yield production was significantly 
(p<0.05) correlated with the stage of maturity as earlier 
observed by Mountousis et al. (2006), Abusuwar and 
Ahmed (2010) and Oko et al. (2012). Mean biomass 
yield obtained (15,635 kg/ha) indicated that Aspilia 
africana plant has a large vegetative cover throughout 
the year and could be a valuable feed resource for all 
year round ruminant and feed productions. Yield 
recorded were comparable to values reported for 
common  tropical  browses (Kallah et al., 2000; Mako 
et al., 2012). Mountousis et al. (2006) had also reported 
a significant effect of season on biomass production in 
forages grown in Greece. Generally, the quantity of 
nutrients in the leaves of Aspilia africana plant did not 
follow any pattern over the 12-month study period. The 
decrease in the quantity of moisture in the foliage from 
the rainy to the dry season may be attributed to the 
reduction in rainfall as well as the increase in the age of 
the forage as the season progressed. Low moisture 
content is desired in forages since it will enhance rapid 
drying, reduce spoilage and prolong forage utilization, 
including for use, as silage or hay materials (Bamikole 
et al., 2006; Akinwande et al., 2011). This implies that 
Aspilia africana has potential as a feed resource for 
year-round fodder production. 

The decline in crude protein observed in the month 
of August could have been due to the setting in of 
phenological development in the plant transiting from 
the vegetative state to its flowering stage in the month 
of September. Earlier studies have shown similar crude 
protein  patterns  due  to  seasonal  variations  (Kallah 
et al., 2000; Chemman et al., 2009; Jimoh et al., 2011). 
Soni et al. (2015) showed that seasonal variations 
occurring in some metabolites of medicinal plants could 
affect their efficacies. The mean crude protein value 
(22.10%) was comparable to the ranges (14.26-26.88%) 
earlier reported by Oko and Agiang (2011) and Yusuf 
et al. (2013) for Aspilia africana leaves but higher than 
the 14-18.4%, 14.70%, 15.57% reports of Kallah et al. 
(2000), Ahamefule et al. (2006) and Ikhimioya and 
Imasuen (2007), respectively; for some leguminous 
fodder plants. Contrary to the observation of Minson 
(1990), there was no tremendous drop in the protein 

contents in the leaves of Aspilia africana plant all 
through the year. This could suggest that the plant can 
sustain animal performance all through the year. Plant 
materials that contain above 12% crude protein have 
been considered to be valuable sources of protein 
(Minson, 1990). Aspilia africana may thus be 
considered a valuable feed ingredient for animals 
feeding on low quality materials. 

Previous studies had reported fat content of over 
7% in the leaves of Aspilia africana plant (Oko and 
Agiang, 2011; Yusuf et al., 2013) though  Mountousis 
et al. (2006) reported fat content (1.72-2.21%) 
comparable to values in the present studies for forages 
grown in Greece. Irrespective of season, the NDF had 
the highest values than ADF and ADL since it was most 
efficient in extracting microbial matters. As the plant 
matured, the lignin became higher in January (late 
maturity phase >2%). Van Soest et al. (1991) earlier 
purported that a good forage quality is determined by 
the lower fibre fractions and higher protein content. The 
fibre fraction contents were lower than the values of 
49.9-54.2% (Sophal et al., 2010), 55.60% (Mako et al., 
2012) and 35.59-60% (Yusuf et al., 2013) reported for 
some browses. Above 55% fibre fractions have been 
reported (Meissener et al., 1991) to have depressing 
effect on forage intake by animals. The low fibre 
content in the leaves of Aspilia africana makes it highly 
digestible and appropriate feedstuff for all classes of 
animal as earlier observed by Oko et al. (2012). The 
high ash content is attributed to the extensive absorbing 
ability of the plant while, the drop in ash content could 
be an impact of flowering. There were noticeable 
reductions in the concentrations of minerals in the 
month of July. This could be attributed to the change in 
rainfall pattern or stage of maturity of the plant. The 
amount of sodium in the leaves was not influenced by 
season, though a slight increase was observed during 
the late dry season. Values comparable to those 
obtained have been reported (Oko and Agiang, 2011; 
Yusuf et al., 2013). Results were in line with the report 
of Backlund and Belskog (1991) that high calcium and 
potassium contents were found in herbs. 

Some correlation relationships exhibited are 
consistent with the observations of Ammar et al. (2004, 
2005) and Mountousis et al. (2006) that crude protein is 
positively correlated with biomass production but 
correlates negatively with fibre fractions. From the 
results, it is obvious that, irrespective of season or stage 
of maturity, Aspilia africana leaves maintain their 
nutritive contents similar to findings by Haddi et al. 
(2009) that season had no effect on the chemical 
compositions of six Algerian forages. 
 

CONCLUSION 

  

The present study revealed no significant variations 

in the chemical composition of Aspilia africana leaves 

between seasons. The foliage of Aspilia africana 
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showed high yield, crude protein and ash contents, 

sufficient to be considered a suitable supplementary 

fodder in low quality roughage feeding programmes.  
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