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Inadequate supply of quality feed remains one of the major challenges facing 
ruminant production in the tropics. Critical evaluation of the available forages 
will perhaps help in ameliorating this challenge. Therefore, this study aimed at 
determining the nutrients and microbial evaluation of varied mixtures of Clitoria 
ternatea and Panicum maximum. Five treatments: 100% Panicum maximum 
(100% Pm), 70% Clitoria ternatea + 30% Panicum maximum (70% Ct + 30% 
Pm), 50% Clitoria ternatea + 50% Panicum maximum (50% Ct + 50% Pm), 30% 
Clitoria ternatea + 70% Panicum maximum (30% Ct + 70% Pm) and 100% 
Clitoria ternatea (100% Ct), each replicated thrice were formulated using 
completely randomized design. Dry matter (DM), Crude protein (CP), Crude 
fibre (CF), tannin, oxalates, microbial and Ca were determined and subjected to 
ANOVA at 5% probability. The highest CP (18.87%) and DM (53.90%) were 
recorded for 100% Ct while the lowest CF content obtained was similar for 100% 
Ct and 50% Ct + 50% Pm at 14.35 and 16.04%, respectively. Tannin, oxalate and 
Ca were not affected (P>0.05). Bacterial count was similar up to 50% inclusion of 

5C. ternatea while the least concentrations (2.67 x 10 CFU/g) was observed in 
100% Pm. Therefore, mixture at 50% Ct + 50% Pm lowered fiber fraction and 
anti-nutritional contents and thus has tendency of enhancing feed intake, 
digestibility and nutrient utilization for better ruminant production.

Abstract

Original Article

INTRODUCTION
Feeding of quality forage remains the bed 
rock of meeting the nutritional demand of 
ruminants in the tropics. Aderinola et al. 
(2007) reported that ruminants rely majorly 
on quality forages for their nutrition 
compare to any other feed materials. The 

core challenge of ruminants faced by herd 
farmers in the tropics is how to sustain 
quality forage supply to their animals all 
year round (Akinlade et al., 2005; 
Babayemi, 2009). The low nutritive feeds 
are identified as a major factor responsible 
for significant decrease in voluntary dry 
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matter intake, low rumen microbial activity 
and digestibility of feed by the animals 
which thus adversely affect growth 
performance (Yusuf et al., 2013). Careful 
blend of available grasses and legumes 
seems to potentially mitigate challenge of 
quality feed facing ruminant production. 
Oyewole and Aderinola (2019) reported 
that mixture of 70% P. maximum and 30% 
Stylosanthes hamata in a complete diet had 
a better chemical composition and 
influenced the performance of West African 
Dwarf goat.

Panicum maximum is a wide spread forage 
in the tropics, especially in Nigeria. It is a 
sustainable forage grass with history of long 
support for ruminant feeding system 
(Bamikole et al., 2001). It has potential 
nutrient enhancement if interplanted or 
mixed with legumes (Alalade et al., 2013; 
Oyewole, 2021). P. maximum mixed with 
Stylosanthes verano enhanced dry matter 
intake, crude protein and organic matter 
digestibility (Bamikole and Babayemi, 
2004). Clitoria ternatea (Butterfly pea) 
belongs to the Fabaceae family. Some 
authors attribute the origin of this legume to 
tropical America (Upadhyaya and Pachauri, 
1983), but it is more likely that its origin is 
the Ternate Island in the Molluca 
archipelago, Indonesia (Gupta et al., 2010). 
It is palatable and highly nutritive 
(AraújoFilho et al., 1994). C. ternatea 

utrients 
and microbial evaluation of varied mixtures 
of C. ternatea and P. maximum. 

MATERIALS AND METHODS
Experimental Site
The experiment was carried out at the 

has 
high proximate and mineral constituent 
profiles that are pertinent in feed 
formulations (Neda et al., 2013). Hence, 
this study aimed at evaluating the n

Teaching and Research Farm of Oyo State 
College of Agriculture and Technology, 
Igboora, Oyo State, Nigeria, located within 

o ' o7 15 North and 3 30'East of the equator 
with an average rainfall of 1278mm and 

oaverage annual temperature of 27 C 
(Alalade et al., 2021).

Collection of Samples and Experimental 
Design
Forage samples of C. ternatea and P. 
maximum were harvested from an already 
established experimental plot at 8 weeks 
post planting. The samples comprise of five 
different varied mixtures of P. maximum 
and C. ternatea: 100% P. maximum (100% 
Pm), 70% C. ternatea + 30% P. maximum 
(70% Ct + 30% Pm), 50% C. ternatea + 
50% P. maximum (50% Ct + 50% Pm), 30% 
C. ternatea + 70% P. maximum (30% Ct + 
70% Pm) and 100% C. ternatea (100% Ct). 
The experiment was laid using a 
Completely Randomized Design (CRD).

Chemical Analysis and Microbial Load 
Determination

o The forage samples were oven dried at 60 C 
until constant weights were achieved and 
ground. The finely ground samples were 
analyzed for proximate composition as 
described by AOAC (1995). Neutral 
detergent fibre (NDF), acid detergent fibre 
(ADF) and acid detergent lignin (ADL) 
were determined by the procedure of Van 
Soest et al. (1991). The mineral elements 
were analyzed according to the method of 
Walinga et al. (1989). The mineral contents 
(K, Ca, Mg, Fe, Zn and Cu) were 
determined using atomic absorption 
spectrophotometer while phosphorus was 
also determined with Vonadomehydrate 
spectrometer at 490mph (Fritz and Schenk, 
1979). The standard procedure of Taylor et 
al. (1997) was employed in determining the 
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microbial load of the formulated diets. 

Oxalic acid was estimated quantitatively by 
redox titration with standard potassium 
permanganate according to the procedure 
of Day and Underwood (1986). Saponin 
was determined using the method similar to 
that of Hudson and Ei-Difrawi (1979). 
Tannic acid was determined in accordance 
with the procedure of AOAC (1990).

Statistical Analysis
Data obtained were subjected to one-way 
Analysis of Variance (ANOVA) procedure 
and the treatments significant means were 
separated using Duncan's multiple range 
test (DMRT) of SAS (2000).

RESULTS
Proximate compositions and fibre fractions 
of varied inclusion of C. ternatea and P. 
maximum (Table 1) were significantly 
(P<0.05) different across the treatments. 
The highest CP value (18.87%) was 
recorded for 100% Ct, followed by 70% Ct 
+ 30% Pm (16.66%) while 50% Ct + 50% 

Pm and 30% Ct + 70% Pm had lower but 
similar values (14.50 and 14.10%, 
respectively). However, the least CP value 
(10.36%) was recorded for 100% Pm. 
Conversely, 100% Pm had the highest ash 
content (9.75%) while ash contents were 
decreasing with increasing C. ternatea 
inclusion except for 70% Ct + 30% Pm 
which was similar to 30% Ct + 70% Pm 
(9.10% and 8.75%, respectively). The least 
ash content was observed to be similar for 
100% Ct and 50% Ct + 50% Pm (8.79 and 
8.50%, respectively). Ether extract (EE) 
had no particular order of trend. The 30% Ct 
+ 70% Pm recorded the highest EE (2.0%), 
followed by 50% Ct + 50% Pm (1.86%) that 
was similar to 100% Ct (1.50%) while the 
least value (1.10%) was recorded for 100% 
Pm which was also similar to 1.36% ash 
recorded for 70% Ct + 30% Pm. The 30% Ct 
+ 70% Pm had lower CF compared to 100% 
Pm but however higher than 20.17% CF 
recorded for 70% Ct + 30% Pm. The lowest 
CF contents were similar for 100% Ct and 
50% Ct + 50% Pm (14.35% and 16.04%, 
respectively). Dry matter ranged between 
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1: Proximate compositions and fibre fractions of varying inclusion of Clitoria ternatea and 
Panicum maximum 
Parameters 
(%) 

100% Ct 70% Ct + 
30% Pm 

50% Ct + 
50% Pm 

30% Ct + 
70% Pm 

100% 
Pm 

SEM P-value 

Crude protein 18.87a 16.66b 14.50c 14.10c 10.36d 0.76 0.01 
 

Ash 8.79bc 9.10b 8.50c 8.75b 9.77a 0.12 0.01 
 

Ether extract 1.50bc 1.36cd 1.86ab 2.00a 1.10d 0.09 0.01 
 

Crude fibre 14.35d 20.17c 16.04d 22.59b 28.75a 1.46 0.01 
 

DM 53.90a 40.10d 39.03e 45.19c 45.89b 1.41 0.01 
 

NDF 57.49c 55.70d 53.10e 59.60b 67.53a 1.31 0.01 
 

ADF 31.63c 30.40d 27.90e 34.10b 43.15a 1.40 0.01 
 

ADL 12.69c 11.10d 10.30e 16.10b 17.21a 0.73 0.01 
abcd = Means on the same row with the same letters are not significantly different (p>0.05). 
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39.03 and 53.90%. The highest value was 
recorded for 100% Ct, followed by 100% 
Pm while the least value was obtained for 
50% Ct + 50% Pm. Fibre fractions (NDF, 
ADF and ADL) had similar trend. The 
recorded values were in the order of 100% 
Pm > 30% Ct + 70% Pm > 100% Ct > 70% 
Ct + 30% Pm > 50% Ct + 50% Pm, 
(p=0.01).

Table 2 reveals the anti-nutritional factors 
and microbial loads of varied inclusion of 
C. ternatea and P. maximum. The anti-
nutritional factors were insignificant 
(P>0.05) across the treatments except for 
saponin. Saponin content was observed 

decrease with increase in P. maximum 
inclusion. The least saponin content 
(0.08%) was obtained for 100% Pm while 
the highest value (0.93%) was recorded for 
100% Ct although similar (P>0.05) to 70% 
Ct + 30% Pm (0.91%). Microbial loads 
were significant (p<0.05) across the 
parameters except for fungi. Bacterial and 
protozoa had higher values on all the 
treatments compared to 30% Ct + 70% Pm 
and 100% Pm.

Mineral concentrations were not affected 
(P>0.05) by varied inclusion of C. ternatea 
and P. maximum (Table 3) except for 
macro-mineral contents (P<0.05). The 
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Table 2: Anti-nutritional factors and microbial loads of varying inclusion of Clitoria ternatea and 
Panicum maximum 
Parameters 100%C

t 
70%Ct+ 
30%Pm 

50%Ct+ 
50%Pm 

30%Ct+ 
70%Pm 

100%P
m 

SEM P-value 

Saponin (%) 0.93a 
 

0.91a 0.17b 0.14b 0.08b 0.10 0.01 

Tannin (%) 0.27 
 

0.28 0.31 0.32 0.75 0.05 0.12 

Oxalate (%) 0.20 
 

0.19 0.20 0.20 0.19 0.02 1.00 

Fungi (x103cfu/g) 2.36 
 

2.27 2.30 2.11 2.11 0.04 0.15 

Bacterial(x105cfu/g) 3.58a 3.43a 

 
3.50a 3.10b 2.67c 0.09 0.01 

Protozoa(x103cfu/g) 2.08ab 2.10a 2.02ab 1.90c 1.97bc 0.02 0.01 
abc = Means on the same row with the same letters are not significantly different (p>0.05). 
 

 

 

Table 3: Mineral concentrations of varying inclusion of  Clitoria ternatea and Panicum maximum 
Parameters 100% 

Ct 
70% Ct + 
30% Pm 

50% Ct + 
50% Pm 

30% Ct + 
70% Pm 

100% Pm SEM P-value 

P (%) 0.33 0.31 0.30 0.28 0.27 
 

0.01 1.87 

K (%) 0.64 0.63 0.50 0.57 0.48 
 

0.03 0.44 

M (%)g 0.29 0.28 0.27 0.24 0.24 
 

0.01 0.15 

Ca (%) 0.33 0.25 0.24 0.22 0.21 
 

0.01 0.08 

Fe (mg/kg) 118.79a 111.03b 102.89c 95.30d 91.85d 

 
2.71 0.01 

Zn (mg/kg) 37.81a 36.10a 30.24b 22.30c 24.83c 1.65 0.01 
 

Cu (mg/kg) 5.64a 5.55a 3.76b 4.20b 3.76b 0.21 0.01 
abcd = Means on the same column with the same letters are not significantly different (p>0.05). 
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100% Ct and 70% Ct + 30% Pm had similar 
higher (P=0.01) Zn values (37.81 and 36.10 
mg/kg and Cu (5.64 and 5.55 mg/kg), 
respectively while highest Fe value (118.79 
mg/kg) was obtained for 100%Ct. The least 
values for Fe and Zn were similar for 30% 
Ct + 70% Pm and 100% Pm while value for 
Cu was recorded to be similar for 50% Ct + 
50% Pm, 30% Ct + 70% Pm and 100% Pm.
  
DISCUSSION
Chemical composition of a forage-based 
diet is an important factor determining the 
productivity index of ruminant animal 
production (Minson, 1990) and also 
suggests the output if consumed and 
utilized by animals. The significant higher 
crude protein value for 100% Ct compared 
to the mixtures and the sole P. maximum diet 
(100% Pm) agreed with the observation of 
Amole et al. (2015) who reported reduction 
in CP in mixed grass-legume due to dilution 
of grass incorporation. The CP recorded for 
100% Ct in this study favourably fell within 
the range of 18.50 – 21.50% reported by 
Gomez and Kalamani (2003). However, the 
CP reported for 100%Pm was slightly 
higher than 7.07 to 9.77% reported by 
Jimoh et al. (2015) but fell within 8.51 to 
12.52% reported by Muhammad (2014). 
The variation observed could be averred to 
age at harvest and location. Ajayi and 
Babayemi (2008) reported that age of 
forage at harvest has influence on their 
nutrient profile. Meanwhile, except for 
100% Pm, the range of CP reported for this 
study fell within the range of 11 – 14% DM 
recommended by NRC (1995) for sufficient 
and modest livestock productivity. It is 
apparent from this study that grass-legume 
mixtures can considerably increase forage 
quality, thus augment the nutrient 
requirement of ruminant animals. 

The CF value of 100% Ct was below the 
range of 20.4 and 21.5% reported for C. 
ternatea (Kalamani and Gomez, 2001) 
while significant reduction in CF contents 
of varied mixtures could be averred to lower 
fibre content in C. ternatea. The fibre 
fraction content in a diet is an important 
factor affecting forage utilization (Van 
Soest et al., 1994). The NDF has prominent 
role in the diet formulation as it affects the 
amount of forage that can be consumed by 
animals (Bingol et al., 2007). It was 
reported by Van Soest et al. (1994) that an 
increase in NDF reduces the dry matter 
intake of the animals. The highest NDF, 
ADF and ADL in the 100% Pm could be as a 
result of higher CF content, lower CP 
content and higher structural cell wall 
contents. However, the range of the NDF 
values recorded for this study, except for 
100% Pm, was within 24 – 61% reported as 
normal values for tropical forages by Topps 
(1992). Therefore, all the grass-legume 
mixtures in this study are within the range 
that will encourage dry matter intake by 
ruminants. The reduction in ADF and ADL 
contents in the grass-legume mixtures was 
in consonance with the observation of 
Oyewole (2021) that mixture of grass and 
legumes lower the concentration of fibre 
fractions. Therefore, feeding mixtures of P. 
maximum and C. ternatea to ruminants will 
not likely have negative effect on their 
digestibility and utilization.

The significant differences in saponnin 
constituents could be associated with 
higher ANFs in legumes (Kumar, 2011). 
The range of saponnin recorded in this 
study was higher than 0.025 – 0.041 
reported by Oyewole (2021) for varied 
mixtures of P. maximum and S. hamata,0.81 
– 1.13 mg/100g (P. maximum) and 0.75 7 – 
5.68 mg/100g (legume/mixtures) by 
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Onyeonagu et al. (2013) except for 100% 
Pm. The variation observed could be 
associated to plant species and sapogenic 
fraction structures (Kumar, 2011). Since 
there is paucity of information validating 
the tolerable level of saponinin ruminants, 
there is need for further studies (intake, 
digestibility and utilization) and other 
animal factors to check the effect of these 
levels on the performance of the ruminants. 
However, feeding 50% Ct + 50% Pm, 30% 
Ct + 70% Pm and 100% Pm may not 
adversely affect the palatability and thus the 
intake of the animals. The oxalate contents 
in the present study were low in 
concentration compared to the range of 0.54 
to 0.82% for forage legumes in Nigeria 
(Ologhobo, 2012). The recommended safe 
limit in ruminants is less than 2% (Sidhu et 
al., 2014). Therefore, feeding these diets to 
ruminants will not likely impair feed intake 
or pose health challenge on ruminant 
animals. McMahon et al. (2000) reported 
that tannin in ruminant diets prevents 
bloating and suppress internal parasites 
(Hoste et al., 2006). However, the tannin 
concentration should not exceed 5% for 
goats (Cooper and Owen-Smith, 1985) and 
2% and 5% for sheep and cattle, 
respectively (Diagayete and Hugg, 1981). 
Since the observed range in this study was 
far below the critical tolerable level, 
therefore, feeding these diets to ruminants 
will not decrease digestibility and growth 
rate.

The higher bacterial and protozoa counts 
observed for 100% legume to 50% 
inclusion in this study could be as a result of 
high nutrients profile. Jeffrey et al. (1998) 
reported that protein ingredients served as 
vehicle for microbial contamination. 
Omojasola and Kayode (2015) reported 
that the presence of microbes in the feed 

suggests sufficient nutrients to support 
proliferation of bacterial, protozoa and 
fungi.  However, half a million microbial 
load is recommended as safe level for 
ruminants' consumption (Wilson and 
Sperber, 1981) while 300,000 cfu/g for 
older animals and 500,000CFU/g for 
younger animals were recommended 
according to International Microbiological 
Standard (Omojasola and Kayode, 2015). 
All the feeds in this study aligned with the 
microbial counts recommended safe levels 
for animals except on the account of 
bacterial counts recorded for 100%Ct and 
all the varied legume/grass mixtures in this 
study. This suggests that legume and 
legume inclusive diets are contaminated 
with bacteria. This could be averred to 
storage during processing and protein level 
as reported by Jeffrey et al. (1998). Only 
100% Pm is below 300,000 cfu/g, thus 
makes it  safe for older animals'  
consumption. However, all these diets will 
be adequate in feeding young animal since 
they were below 500,000 cfu/g of fungi, 
bacteria and protozoa recommended for 
younger animals.

The Ca concentration recorded in this study 
fell within 0.20 and 0.54g/100gDM 
reported for legume and mixtures by 
Bamikole and Babayemi (2009). All the Ca 
contents observed in this study could 
furnish required Ca (0.20 – 0.82 mg/kg) 
recommended for goats and sheep without 
s u p p l e m e n t a t i o n  ( N R C ,  1 9 8 5 ) .  
Phosphorous is vital for differentiation as a 
component of RNA and formation of bone 
matrix in farm animals (NRC, 2000); hence, 
its contents recorded in the present study 
were higher than 0.15%P recommended for 
ruminants (NRC, 1985). The Mg 
requirement of ruminant animals will likely 
be adequately met considering the values 
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(1-2 and 2-2.5 g/kg) required by beef and 
dairy cattle, respectively and 1.2 g/kg 
recommended for gestation cow (NRC, 
1996). Adequate Mg in diets helps in 
enhancing metabolic activities and 
controlling of muscle cells (Kubkomawa et 
al., 2015). 

Potassium is the third most abundant 
mineral in the body of ruminant animals 
(NRC, 2000). However, the recorded 
amount in this present study is far below the 
range (1.8 – 2.5 g/kg) recommended for 
goat and sheep (NRC, 1981). Therefore, K 
supplementation is required when these 
diets are fed to the ruminants. Zinc is 
essential for some biological processes and 
hormonal activities (Alves et al., 2012). 
About 30 mg/kg has been reported by NRC 
(2000) as a critical dietary level for 
ruminants while 12 – 20 mg/kg was 
reported adequate for growing ruminants 
(Anonymous, 1980). The range observed in 
this study will likely furnish ruminants with 
sufficient Zn without adverse effect on 
biological and hormonal processes. Iron 
(Fe) value was higher than 30 – 50 mg/kg 
but Cu was lower to 7 – 11 mg/kg 
recommended by NRC (1985) for sheep. 

Dietary supplementation of Cu is required 
when feeding these diets to the ruminants. 
Copper deficiency can reduce growth rate 
and cause fatal disease in lamb. The 
observed significant differences within the 
treatments for Fe, Zn and Cu could be 
averred to differences in mineral 
concentrations in grass and legume, and as 
well the mixture ratio effect. Minson (1988) 
reported that legume contains higher 
mineral concentrations than grass.  

CONCLUSION AND 
RECOMMENDATION

1. 100% Ct had highest CP, DM and Fe 
while 50%Ct+50%Pm had least 
NDF, ADF and ADL.

2. Clitoria ternatea at 100% and 70% 
inclusion had similar Zn and Cu 
contents.

3. Inclusion of P. maximum up to 50% 
d e c r e a s e s  t h e  s a p o n i n  
concentrations while 100% Pm had 
least count of bacteria. The least 
protozoa counts were recorded for 
30% Ct + 70 Pm.

4. Mixture of C. ternatea and P. 
maximum at 1:1 (50% Ct + 50% Pm) 
will lower the fibre fraction and 
anti-nutritional contents thus 
enhanced feed intake, digestibility 
and nutrient util ization for 
improved productivity.

5. Further study is recommended on 
growth performance, digestibility 
and blood assay of ruminants fed 
these formulated diets.
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