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This study was conducted in Nsukka, Nigeria to evaluate the effect of season of harvest (rain and dry) 
on the anti-nutrient and mineral components of four herbaceous legumes (Calapogonium mucunoides, 
Centrosema pubescens, Stylosanthes guyanensis and Pueraria phaseoloides) and four forage grasses 
(Panicum maximum, Pennisetum purpureum, Cynodon nlemfuensis and Andropogon gayanus). The 
grasses were analyzed separately from the legumes. A 2 × 4 factorial arrangement laid out in completely 
randomized design (CRD) was used. Species, season and their interaction significantly (P < 0.05) 
influenced the anti-nutrient and mineral concentrations in the forage grasses and legumes. The 
alkaloid, hydrogen cyanide (HCN), oxalate, phytate, saponin, tannin, nitrogen (N), phosphorus (P) and 
potassium (K) contents of the grasses and legumes were significantly (P < 0.05) higher during the rainy 
than in the dry season. The concentrations of N, P and K varied significantly (P<0.05) among the 
legumes and between the grass species. C. mucunoides harvested during the rainy season significantly 
yielded higher percentage N compared with other legumes while P. phaseoloides harvested during the 
rainy season which had higher concentration of K than other legumes in any season. P. maximum 
harvested during the rainy season significantly produced higher N content compared with other 
grasses in any season while P. purpureum harvested in the rainy season significantly gave higher 
percentage of K and P compared with other grass species in any season. 
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INTRODUCTION 
 
Livestock production in Nigeria depends on natural 
pastures with low yield and poor quality forage materials 
(Onwuka et al., 1989; Abubakar and Mohamed, 1992; 
Osagie, 1998; Tian et al., 1998). The supply of nutrients 
to animals can be improved by cultivation of promising 
tropical forage species (Bayble et al., 2007). The quality 
of any forage material depends to some extent on the 
presence or absence of anti-nutritional factors. The anti-
nutrient components of forage materials limit the 
availability and utilization of nutrient in the animal body 
(Gohl, 1981; Tecon and Jackson, 1985; Adesogan et al., 
2006). Anti-nutrient factors are those substances 
generated in the natural feedstuffs by the normal 
metabolism of  species,  which  exert  effects  contrary to  
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optimum nutrition (Aganga and Tshwenyane, 2003; Allen 
and Segarra, 2001). 

The concentrations of anti-nutrient factors in forage 
species depend not only on the prevailing seasonal and 
environmental conditions but also on the individual plant 
species (Love et al., 1994; Pandey et al., 2011; 
Onyeonagu and Ukwueze 2012). The performance of any 
livestock depends on feed availability, nutrient content, 
feed intake, digestibility and metabolism of the feed 
digested (Collins et al., 1988). Anti-nutrients have been 
found to be antagonistic to all these factors mentioned 
above (Kumar and Vaitiyanathan, 1990). Seasonal 
variations affect forage nutrient composition and this 
affect the feed intake, digestibility and energy released to 
farm animals after its consumption (Aganga and 
Tshwenyane, 2004; Adesogan et al., 2006). The 
constraints posed by dry season on continual availability 
of pasture to livestock in the tropics, has been a matter of  



 
 
 
 
concern in animal production. Dry season is a key factor 
that predisposes ruminants fed with standing hay and low 
protein roughages to consistent weight loss (Babayemi 
and Bamikole, 2006). Blakely and Blade (1994) asserts 
that the climate of an area affects the nutrient 
composition of the forage species growing in that area.  

Some studies have been carried out to test the effects 
of cutting frequency and nitrogen fertilizer application on 
anti-nutrient components of grass species (Onyeonagu 
and Ukwueze, 2012) and the effect of source (location) of 
collection on the anti-nutrient components of some 
browse plants found in Nsukka, derived savanna of 
Nigeria (Agbo, 2008). There is scanty information on the 
effect of season of harvest on the concentrations of anti-
nutrient and mineral components of forage grasses and 
legumes commonly found in Nigeria. This research was 
therefore, undertaken to determine the effect of season 
on the concentrations of anti-nutrient and mineral 
components of forage grasses and legumes found in 
Nsukka, derived savanna zone of Nigeria. 

 
 
MATERIALS AND METHODS 

 
The experiment was conducted on a pasture ground established in 
2006 at the Teaching and Research Farm of the Department of 
Crop Science, Faculty of Agriculture, University of Nigeria, Nsukka 
(latitude 06° 52′ N and longitude 07° 24′ E and on altitude of 447.2 
m above sea level). Nsukka is characterized by low land humid 
tropical conditions and the soil is classified as an ultisol (Asiegbu, 
1989). The pasture ground was used for cutting experiment in 2006 
and 2007 and was allowed to fallow before sample collections in 
2008 (that is, from September to December, 2008). 

 
 
Sample collection 

 
Eight forage species comprising four grasses namely: Guinea grass 
(Panicum maximum), elephant grass (Pennisetum purpureum), 
giant star grass (Cynodon nlemfuensis) and Northern Gamba grass 
(Andropogon gayanus) and four legume plants namely: Calapo 
(Calapogonium mucunoides), Centro (Centrosema pubescens), 
Cook stylo (Stylosanthes guyanensis) and tropical kudzu (Pueraria 
phaseoloides) were collected on the 25th of every month from the 
pasture land and its surroundings. Sampling lasted for four months 
from September to December 2008. Samples collected in 
September and October were bulked together according to species 
and considered for rainy season collection, while November and 
December collections represented dry season collection. Samples 
were dried to constant weights in a forced air oven at 80°C and 
grinded using Thomas Wiley lab. Mill (Mode 4) and stored in air- 
tight nylon papers. 

 
 
Chemical evaluation 

 
Alkaloid content was determined using the gravimetric method as 
described by Harbone (1973). Hydrogen cyanide was determined 
using the method as described by Onwuka (2005). The oxalate, 
saponin, tannin, P and K were determined using the methods 
described by Pearson (1976). Phytate content determination was 
done using the method as described by  Oberleas (1973).  Determi- 
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nation of nitrogen (N %) was according to the Micro Kjeldahl 
distillation method as described by Pearson (1976).  
 
 
Meteorological data 

 
Meteorological data of rainfall, rain days, ambient temperature and 
relative humidity were collected from Meteorological Station 
Department of Crop Science, University of Nigeria, Nsukka. 
 
 

Statistical analysis  
 

A 4 × 2 factorial arrangement laid out in completely randomized 
design (CRD) with two replications was used. The grasses were 
analyzed separately from the legumes. All data collected were 
statistically analyzed using the procedure outlined by Steel and 
Torrie (1980) for factorial experiment in a completely randomized 
design (CRD) using GenStat (2009) statistical package. Separation 
of treatment for statistical significance was done using the Fishers’ 
least significant difference (F-LSD) according to Obi (1986). 

 
 

RESULTS 
 

Species, season and their interaction show no significant 
effect on grass alkaloid content (Table 1). The hydrogen 
cyanide (HCN), oxalate and phytate contents of the grass 
species were significantly (P < 0.05) higher in rainy than 
in dry season. The concentrations of all the anti-nutrient 
factors varied significantly (P < 0.05) among the grass 
species. The highest HCN content was obtained in 
Andropogon gayanus followed by Cynodon nlemfuensis, 
Panicum maximum and Pennisetum purpureum. The 
oxalate content of Pennisetum purpureum was 
significantly (P < 0.05) higher than those of other 
grasses. Andropogon gayanus had the lowest oxalate 
content, which was statistically (P < 0.05) similar with that 
from Cynodon nlemfuensis. The phytate concentration 
obtained from Andropogon gayanus was significantly (P < 
0.05) higher than the values of other grass species, 
followed by Cynodon nlemfuensis, Panicum maximum 
and then Pennisetum purpureum. Pennisetum purpureum 
yielded significantly higher saponin content than other 
grasses followed by Cynodon nlemfuensis, Panicum 
maximum and Andropogon gayanus. There were 
significant (P < 0.05) season x species interaction effects 
on all the grass anti-nutrient factors studied. Andropogon 
gayanus harvested in the rainy season significantly 
produced the highest HCN, phytate and tannin contents 
compared with other grasses irrespective of the season. 
Panicum maximum harvested in the rains significantly 
gave higher oxalate content than other grasses but had 
similar effect with Pennisetum purpureum harvested at 
any season. The lowest concentration of saponin was 
obtained in Andropogon gayanus harvested in the rains 
while Pennisetum purpureum harvested during dry 
season significantly yield the highest concentration of 
saponin compared with other grasses irrespective of the 
season.  

The alkaloid, phytate, saponin  and  tannin  contents  of  
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Table 1.  Effect of species and season on anti-nutrient components (mg/100 g) of forage grasses. 
 

Species 

Season 

Rain Dry Mean 
 

Rain Dry Mean 
 

Rain Dry Mean 
 

Rain Dry Mean 
 

Rain Dry Mean 
 

Rain Dry Mean 

Alkaloid Hydrogen cyanide Oxalate Phytate Saponin Tannin 

Andropogon gayanus  3.20 2.91 3.06  2.81 1.99 2.40  3.28 3.29 3.28  22.74 8.23 15.49  0.70 0.91 0.81  0.52 0.27 0.40 

Cynodon nlemfuensis 3.10 1.11 2.10  2.48 1.85 2.16  3.29 3.29 3.29  14.74 10.75 12.75  1.20 0.80 1.00  0.32 0.23 0.28 

Panicum maximum  3.20 0.90 2.05  2.25 1.75 2.00  4.38 3.28 3.83  10.73 9.74 10.24  0.85 0.96 0.90  0.12 0.21 0.16 

Pennisetum purpureum  2.40 2.99 2.70  1.78 1.38 1.58  4.37 4.37 4.37  9.75 8.49 9.12  0.75 1.51 1.13  0.21 0.20 0.21 

Mean 2.98 1.98 2.48  2.33 1.74 2.04  3.83 3.56 3.69  14.49 9.30 11.90  0.88 1.04 0.96  0.29 0.23 0.2 

 

 Alkaloid  Hydrogen cyanide  Oxalate Phytate Saponin Tannin 

F-LSD 0.05 for comparing 2 species means (S) -  0.16  0.018 0.013 0.017 0.012 

F-LSD 0.05 for comparing 2 season means (W)   -  0.011  0.013 0.009 0.012 0.008 

F-LSD 0.05 for comparing 2 S x W means -  0.022  0.025 0.018 0.024 0.017 
 

-, Not significant at 0.05 probability level. 
 
 
 

legumes harvested in the rains were significantly 
(P < 0.05) higher than those harvested in the dry 
season (Table 2). The concentrations of HCN and 
oxalate were significantly higher among the 
legumes  harvested  in  the dry than in the rainy 
season. C. mucunoides and C. pubescens had 
statistically (P < 0.05) similar alkaloid content that 
was significantly (P < 0.05) higher than the value 
from Pueraria phaseoloides or Stylosanthes 
guyanensis which did not differ with each other. 
Pueraria phaseoloides significantly produced 
higher HCN content than Centrosema pubescens 
or Stylosanthes guyanensis, but was similar to 
Calapogonium mucunoids. Stylosanthes 
guyanensis and C. mucunoides were statistically 
(P < 0.05) similar in their oxalate concentrations, 
which were significantly higher than those of the 
other legumes. Pueraria phaseoloides yielded 
significantly the lowest oxalate content compared 
with other legumes. The highest phytate content 
was obtained in Centrosema pubescens followed 
by Pueraria phaseoloides, C. mucunoides and 
then Stylosanthes guyanensis. The saponin 

concentration in Stylosanthes guyanensis was 
significantly (P < 0.05) higher than the values 
recorded for other legumes followed by 
Calapogonum mucunoides, Centrosema 
pubescens and Pueraria phaseoloides. Pueraria 
phaseoloides significantly yielded the highest 
tannin content compared with other legumes 
followed by Stylosanthes guyanensis, 
Calapogonium mucunoides and then Centrosema 
pubescens.  

Season × species interaction show significant 
(P < 0.05) effect on all the legume anti-nutrient 
contents studied. C. mucunoides and Centrosema 
pubescens collected during the rainy season had 
alkaloid contents that were significantly higher 
than those of other legume species collected at 
any season. Pueraria phaseoloides harvested in 
rainy season gave significantly the lowest HCN 
contents compared with other legumes at any 
section but had the highest HCN value when 
harvested in the dry season. Centrosema 
pubenscens harvested in the rains significantly 
produced the lowest oxalate content compared 

with other legumes harvested at any season. 
Centrosema pubescens obtained during the rainy 
season significantly produced the highest phytate 
content among the legumes while Stylosanthes 
guyanensis harvested during the same season 
had the lowest phytate content. The saponin 
content of Stylosanthes guyanensis collected 
during the rainy season was significantly (P < 
0.05) higher than those of other legumes 
irrespective of the season. Pueraria phaseoloides 
harvested during the rainy season had saponin 
content that was significantly lower than those of 
other legumes harvested at any season. The 
tannin content of Pueraria phaseolides was 
significantly (P < 0.05) higher in the rainy season 
harvests than the values obtained in other 
legumes irrespective of the season except 
Stylosanthes guyanensis harvested in the rainy 
season. 

The legumes harvested during the rainy season 
significantly (P < 0.05) had higher concentrations 
of potassium and nitrogen compared with the dry 
season  harvests  (Table 3).   The   % K   obtained  
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Table 2. Effect of species and season on anti-nutrient components (mg/100 g) of forage legumes. 
 

Species 

Season 

Rain Dry Mean 

 

Rain Dry Mean 

 

Rain Dry Mean 

 

Rain Dry Mean 

 

Rain Dry Mean 

 

Rain Dry Mean 

Alkaloid 
Hydrogen 
cyanide 

Oxalate Phytate  Saponin Tannin 

Calapogonium mucunoides  3.40 3.10 3.25  2.85 2.57 2.71  3.28 4.37 3.82  10.74 12.25 11.49  1.41 1.29 1.35  0.30 0.28 0.29 

Centrosema pubenscence  3.40 3.10 3.25  2.26 2.27 2.26  2.19 5.01 3.60  20.75 17.75 17.50  1.75 0.84 1.30  0.12 0.13 0.13 

Pueraria phaseoloides 2.60 2.41 2.50  1.97 3.74 2.85  3.29 3.28 3.29  19.25 15.75 17.50  0.70 0.81 0.75  0.55 0.46 0.50 

Stylosanthes guyanensis  2.20 2.40 2.30  253 1.98 2.26  3.28 4.38 3.83  9.75 9.99 9.87  10.51 0.84 5.68  0.45 0.27 0.36 

Mean 2.90 2.75 2.83  2.40 2.64 2.52  3.01 4.26 3.63  15.12 13.93 14.53  3.59 0.94 2.27  0.36 0.28 0.32 

 

 Alkaloid Hydrogen cyanide Oxalate Phytate Saponin Tannin 

F-LSD 0.05 for comparing 2 species means (S) 0.018 0.015 0.012 0.015 0.013 0.012 

F-LSD 0.05 for comparing 2 season means (W) 0.013 0.011 0.009 0.011 0.009 0.008 

F-LSD 0.05 for comparing 2 S x W means 0.026 0.021 0.018 0.021 0.018 0.017 
 
 
 

Table 3. Effect of species and season of harvest on the mineral contents (%) of four forage legumes. 
 

Species 

Season 

Rain Dry Mean  Rain Dry Mean  Rain Dry Mean 

% Potassium % Nitrogen % Phosphorus 

Calapogonium mucunoides 0.99 0.78 0.88  3.78 2.52 3.15  0.53 0.31 0.42 

Centrosema pubescens 1.09 0.85 0.97  3.61 3.51 3.56  0.31 0.69 0.50 

Stylosanthes guyanensis 1.06 0.74 0.90  3.77 2.94 3.35  0.42 0.95 0.68 

Pueraria phaseoloides 1.31 0.99 1.15  2.13 2.40 2.26  0.47 0.21 0.34 

Mean 1.07 0.88 0.97  3.33 2.81 3.07  0.40 0.46 0.43 

 

 % K % N % P 

LSD(0.05)  for comparing 2 season means (S) 0.003 0.036 0.003 

LSD(0.05)  for comparing 2 species means (P) 0.004 0.056 0.005 

LSD(0.05)  for comparing 2 S × P means 0.006 0.080 0.008 
 
 
 

from Pueraria phaseoloides   was   significantly   

higher   than   the   values from other legumes. 
Calapogonium mucunoides had the lowest % K 
compared with other legumes. Pueraria 
phaseoloides harvested during the rainy season 

gave the highest concentration of potassium 
compared with other legumes in any season. 
Among the legumes, Centrosema pubescens 
significantly gave the highest nitrogen content 
followed by Stylosanthes guyanensis, 

Calapogonuim mucunoides and Pueraria 
phaseoloides. The highest % N was obtained in 
Calapogonium mucunoides harvested during the 
rainy season while Pueraria phaseoloides harves 
ted during the rainy season gave  the  lowest %  N  
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Table 4. Effect of species and season of harvest on the mineral contents (%) of four forage grasses. 
 

Species 

Season 

Rain Dry Mean 
 

Rain Dry Mean 
 

Rain Dry Mean 

% Potassium % Nitrogen % Phosphorus 

Andropogon gayanus 0.89 0.53 0.71  2.80 1.11 1.96  0.05 0.53 0.29 

Cynodon nlemfuensis 0.89 0.46 0.67  2.52 1.26 1.89  0.37 0.25 0.31 

Panicum maximum 0.85 0.42 0.63  3.07 2.66 2.86  0.27 0.53 0.40 

Pennisetum purpureum 1.49 0.92 1.21  2.67 1.54 2.10  1.38 0.81 1.09 

Mean 1.05 0.66 0.85  2.52 1.46 2.00  0.56 0.50 0.53 

 

 % K % N  % P 

LSD(0.05)  for comparing 2 season means (S) 0.003 0.007  0.009 

LSD(0.05)  for comparing 2 species means (P) 0.005 0.011  0.015 

LSD(0.05)  for comparing 2 S × P means 0.007 0.015  0.021 

 
 
 

Table 5. Meteorological data for Nsukka in 2008. 
 

Month September October November December 

Total annual rainfall (mm) 218.72 198.63 8.38 10.93 

Rain days 19 11 2 2 

Max. Air temp. (°C) 31.02 29.87 31.10 31.52 

Min. Air temp. (°C) 25.12 20.87 22.00 21.58 

Relative humidity (%) 78.21 76.35 74.80 72.94 

 
 
 
value compared with other legume species. Stylosanthes 
guyanensis harvested during the dry season significantly 
produced the highest phosphorus concentration 
compared with other legumes.  

Among the grasses, the rainy season harvests 
significantly (P < 0.05) had higher concentrations of 
potassium, nitrogen and phosphorus than dry season 
harvests (Table 4). Pennisetum purpureum significantly 
had the highest % K compared with other grasses. 
Cynodon nlemfuensis produced similar % K with 
Panicum maximum or Andropogon gayanus. Pennisetum 
purpureum harvested during the rainy season 
significantly (P < 0.05) gave the highest % K compared 
with other grasses in any season. Panicum maximum 
had significantly the highest % N compared with other 
grasses. Panicum maximum harvested during the rainy 
season significantly gave the highest concentration of N 
compared with other grasses in any season. Pennisetum 
purpureum significantly gave the highest percentage of 
phosphorus compared with other grasses.  

Rainfall was more frequent and highest in September 
compared with October, November and December (Table 
5). The maximum air temperature was high in the months 
of September, November and December. The relative 
humidity was relatively higher in September and October 
followed by November and December. 

DISCUSSION  
 
The significant effect of season on the anti-nutrient 
concentrations of the forage grasses and legumes 
observed in this study is in conformity with the report by 
Frutos et al. (2004). Earlier reports also illustrate the 
effects of environmental and seasonal factors as well as 
of phenological development on the concentration of anti-
nutrients in forage species (Jones et al., 2010; Pandey et 
al., 2011; and Onyeonagu and Ukwueze, 2012). 
According to Frutos et al. (2004), seasonal variation 
clearly correlates with phenological stages of plants. 
Dung (2012) reported that alkaloid content of plant 
species was higher in the young-growing leaf material but 
decreased in concentration in the more mature leaf. 
Pandey et al. (2011) also reported a decreasing trend in 
the hydrogen cyanide (HCN) content of green sorghum 
fodder with advancement in age of the plant. The results 
of the present study agreed with those reports. The 
concentrations of alkaloid, HCN and most other anti-
nutrients in this study were shown to be higher during the 
rainy season than in the dry season in both grass and 
legume species. 

The concentrations of anti-nutrients varied significantly 
among the forage species as reported by Bamikole et al. 
(2004). Similarly, Baloyi et al. (2001)  reported  significant  



 
 
 
 
differences  (P < 0.05)   between   some   tropical   forage  
legumes (Vigna unguiculata L.) Walp (cowpea), 
Desmodium uncianatum (silver leaf desmondium), 
Stylosanthes guyanensis and stylosanthes scabra 
(Fitzroy) and natural pasture (veld) hay in the condensed 
tannins. Ologhobo (2012) reported significant differences 
in the tannin content of 25 forage legumes collected  from 
different locations in Nigeria, and noted that such 
differences could be genetical or due to cultural practices 
and soil composition. The mean values of alkaloids 
reported in this study for grasses (2.48 mg/100 g) and 
legumes (2.83 mg/100 g) were below the alkaloid content 
(6.32 mg/100 g) reported for Mexican sunflower (Tithonia 
diversifolia) (Ekeocha and Fakolade, 2012) and 55.65 
mg/100 g reported for Talinum Triangulare in Nigeria (Aja 
et al., 2010). The mean values of alkaloid reported for 
grasses and legumes in this study were found to be very 
low compared with the 10 g ergot/kg above which, 
lameness occurred in cattle consuming alkaloid-rich 
forage materials (Scientific Panel on contaminants in food 
chain, 2005). 

The mean HCN contents obtained in this study for 
grasses (2.52 mg/100 g) and legumes (2.04  mg/100 g) 
were found to be low compared with the values Okoli et 
al. (2003) reported for browse plants, which ranges from 
1.52 mg/g (Vernonia amygdalina) to 6.40 mg/g (palisota 
hirsute). The HCN levels reported in this study are below 
the lethal dose of HCN for cattle and sheep as reported 
(Kumar, 2011) to be 2.0 to 4.0 mg per kg body weight. 
Excess cyanide ion in forage materials were reported 
(Sulc and Barker, 2012) to inhibit hemoglobin activity and 
interfered with oxygen transfer. The ruminant animal dies 
of asphyxiation. Prussic acid (HCN) acts rapidly, 
frequently killing animals in minutes. The symptoms were 
reported (Sulc and Barker, 2012) to include; excess 
salivation, difficult breathing, staggering, convulsions and 
collapse and ruminants were also shown to be more 
susceptible than horses or swine because cud chewing 
and rumen bacteria help the release of cyanide. 

The levels of oxalate obtained in the present work for 
grasses (3.28 to 4.37 mg/100 g) and legumes (2.19 to 
3.29 mg/100 g) were low compared with the range of 
oxalate (0.54 to 0.82%) reported (Ologhobo, 2012) for 
forage legumes in Nigeria. The levels of oxalate were 
also lower compared with the range (0.23 to 0.71g/100 g 
Dm) reported for five species of ficus in Nigeria (Bamikole 
et al., 2004). Oxalates affect calcium (Ca) and 
magnesium (Mg) metabolism (Onwuka, 1983; 1996; 
Hang et al., 2011). Dietary oxalate has been known to 
complex with Ca, Mg and Fe leading to the formation of 
insoluble oxalate salts and result in oxalate stone 
(Wardlow and Kessel, 2002). The oxalate content of the 
grasses and legumes obtained in this study are unlikely 
to pose health problems to animals consuming the forage 
species as reported by Ogunka-Nnoka and Mepba 
(2008). The values of phytate in the forage grasses and 
legumes were too low  to  be  of  any  nutritional  concern  
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when  compared   with  the  range   (8.0  to  9.9 g/kg   dry 
matter) reported in cereals (Ravindran et al., 1994). 
Phytate plays a significant role in decreasing the 
bioavailability of multivalent cations such as Ca

2+
, Mg 

2+
, 

Zn
2+

,  Fe
2+

 and Fe
3+

 (Reddy and Salunkhe, 1995) by 
forming insoluble metal complexes and rendering them 
unavailable to man and animals. 

The levels of saponin obtained in this study for grasses 
(0.81 to 1.13 mg/100 g) and legumes (0.75 to 5.68 
mg/100 g) were low compared with the range (0.015 to 
0.093 g/100 g DM) reported for some species of ficus in 
Nigeria (Bamikole et al., 2004). The levels of saponin 
reported in this present work are low and pose no threat 
to ruminant nutrition as reported by Lu and Jorgensen 
(1987). Kumar (2011) reported that saponins from 
different plant species have varied biological effects 
probably due to structural differences in their sapogenin 
fractions. Saponins are characterized by a bitter taste 
and foaming properties. Erythrocytes lyse in sapoinin 
solution and so these compounds are toxic when injected 
intravenously (Kumar, 2011). Mean tannin content for 
grasses (0.26 mg/100 g) and legumes (0.32 mg/100 g) 
were low compared with the value (5.05 ± 0.75% in the 
range 0.00 to 10.72%) reported for some forage legumes 
in Nigeria (Ologhobo, 2012). The level of tannin which 
adversely affects digestibility in sheep and cattle is 
between 2 and 5% (Mcleod, 1974). Goats were shown to 
have a threshold capacity of about 9% dietary tannin 
(Nasitis and Malachek, 1981). All the forage grasses and 
legumes analyzed in this study contained tannin at levels 
tolerable to cattle, sheep and goats. 

The higher concentrations of the mineral components 
of the grasses and legumes during the rainy season 
compared with dry season may be attributed to the 
availability of the essential nutrient elements in the soil, 
ability of the forages to utilize the favorable climatic and 
edaphic growth conditions necessary for the production 
of high-quality forage as well as ideal maturity stage 
obtainable during rainy than dry season. Moisture 
required for nutrient availability and uptake was more 
available in the rainy season (September and October) 
than in dry season (October and December) as shown in 
Table 5. This finding supports the results of Buxton 
(1996) and George (2005) that shortage of nutrients or 
unavailability of most nutrients elements is encountered 
more in dry season, when forages are exposed to 
extreme climatic conditions and that mineral contents of 
forage species are influenced by climatic and soil factors 
on which plants grow. They further stated that changes in 
grass and legume herbage composition, which occur in 
dry season imposes a lot of stress on the animal as the 
chemical compositions of forages are much connected 
with and affect feed intake, digestibility and energy 
available for use by the animals.  

The observed variation in the concentrations of 
minerals among species was earlier reported by Zafar et 
al. (2007). These authors attributed the variation in mineral  
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concentrations to  differences  in  nutrient  uptake among 
forage species. They also noted that when the supply of 
nutrients is marginal, it is useful to select forages capable 
of extracting and supplying the required amount of the 
nutrients for the grazing ruminants. The significant 
species × season interaction effects on mineral 
concentrations observed in this study agreed with the 
report by Guillard and Allinson (1988). 

The ranges of phosphorus in the herbaceous legumes 
and forage grasses were 0.34 to 0.68 and 0.29 to 1.09%, 
respectively. These values were higher compared to the 
NRC recommendation of 0.15% for phosphorus (NRC, 
1985). The 0.88 to 1.15 and 0.63 to 1.21% ranges of 
potassium values in the legumes and grasses, 
respectively, were also higher than the NRC 0.80% 
recommendation for potassium (NRC, 1985). 

 
 
Conclusion 
 
Data analysis show that anti-nutrient and mineral 
concentrations varied significantly among the forage 
grass and the legume species. Seasonal variation shows 
significant effect on most of the anti-nutrients studied. 
Significant species × season interaction effect on anti-
nutrients was observed. The concentrations of most anti-
nutrients were higher in the rainy than in the dry season. 
The grass and legume species studied have anti-nutrient 
concentrations that are below the critical levels and 
therefore are not deleterious to ruminant animals. The 
concentrations of the minerals were significantly affected 
by plant species, season and species × season 
interaction effects. The forage species harvested during 
rainy season had higher concentrations of minerals than 
those harvested in dry season. 
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