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Abstract 

Prosopis juliflora is a good alternative protein source and fodder for all livestock at any time of the year. 

However, it is high in polyphenolic compounds which hinder its palatability and digestibility. This study 

aimed at investigating the effect its leaves and pods combined at different ratios and on treatment have on 

their nutritive value and chemical composition. As a result, proximate analysis, and determination of 

polyphenols was carried out. The analyses were carried out on leaves and pods at ratios of 0:100, 27:75, 

50:50, 75:25, and 100:0 to determine the effect of ratio and treatment. Results showed that ratio and 

treatment affected chemical and nutritive composition of P. juliflora leaves and pods (LP). The crude 

protein (CP) availability and ash contents were significantly increased while the crude fibre (CF), ether 

extracts (EE), and polyphenols were significantly decreased in leaves while performance differed in pods 

when the two were mixed at the different ratios. Treatment with wood ash and bentonite significantly 

increased availability of CP in P. juliflora LP and decreased CF, EE, and polyphenols of both of them 

significantly. Total extractable phenolics (TEPH) were significantly reduced in all the ratios while the 

performance differed with the other factors and depending on the binder used. 

 

Keywords: Condensed tannins, metabolizable energy, organic matter digestibility, polyphenols, total 

extractable phenolics, total extractable tannins 
 

1. Introduction  

Leguminous tree forages are good alternative protein sources for ruminants to replace the poor 

quality and seasonal crop residues and grasses [18]. They are not affected by the ever changing 

climatic conditions and are evergreen throughout the year. Moreover, they are nutritionally 

rich with high crude protein content, metabolizable energy, minerals and organic matter [17].  

Prosopis juliflora, which is deemed by many a bane due to its invasiveness has been found to 

have all these qualities. It is of high nutritional value, suppling protein of high quality, and a 

good source of fodder palatable to all livestock [9]. However, it contains polyphenolic 

compounds which bind to its protein component making it unavailable. These compounds also 

affect its nutritive value, palatability, digestibility and intake [22]. 

Treatment with various types of tannin binders has been shown to reduce the effect of these 

compounds and enhance its digestibility and nutritive value. Most researchers have focused on 

the use of synthetic binders like polyphenol glycol (PEG) which are expensive, difficult to 

access and their effect on the environment, for example, PEG-tannin complex, is vaguely 

known. Due to these limitations, some researchers have proposed that further research be done 

to explore on the use of natural and locally available binders such as wood ash and bentonite 

which have been proven to be good binders [4, 8]. However, their effect on the nutritional 

composition of P. juliflora is still unknown. 

Bentonite and wood ash were used in this research due to their availability and effectiveness. 

More than 90% of Kenyans use either wood or charcoal for cooking and almost 10% of this is 

converted to wood ash [1]. Wood ash is rich in calcium and is mostly used as a calcium 

supplement for livestock. 
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However, its extensive used is discouraged due to variations 
in its minerals depending on the source hence, there might be 
need for supplementation, especially of phosphorus that 
becomes deficient with high calcium in the diet [23]. Wood ash 
is a non-corrosive alkaline that has long been used in 
roughages for digestibility improvement and tannin reduction 
in place of hazardous ones such as Sodium hydroxide. Its use 
is highly applicable in farms with limited resources. 
On the other hand, bentonite occur naturally as a result of 
siltation in many riverbeds. It is also as a result of volcanic 
eruptions with United States being the leading producer in the 
world. This clay is of high cohesiveness and a strong binder 
that is used in softening vegetables, as a face mask, for wine 
refining, among others [11], It is also as good as PEG in tannin 
binding, yet PEG is harmful to the environment, and the effect 
of PEG-tannin complex on animals is still unknown. 
According to [5], use of bentonite in ruminant diets does not 
result in any adverse effects on rumen fermentation but can 
slightly alter the rumen’s metabolome and concentration of 
some minerals. 
Chemical analyses were therefore carried out on P. juliflora 
leaves and pods at different ratios to determine the effect of 
ratio on its nutritive composition and the effect of wood ash 
and bentonite on its nutritive composition. 
 

2. Materials and Methods 
2.1 Study site: The study was conducted were carried out in 
Egerton University main campus, Njoro sub-county, Nakuru 
county, Kenya in the Animal Science laboratory. The 
University situated at 0° 23 S, 35° 55 N with an altitude of 
2,238 m above sea level, and latitudes and longitudes of 
0.369734°S and 35.932779°E respectively. The area receives 
an average annual rainfall of 900-1,200 mm and the average 
daily temperatures ranges from 17 °C-22 °C [7].  
 
2.2 Source of materials: Mature leaves and pods that were 
used in this study were sourced from Marigat Sub-County, 
Baringo county, which is 0° 20’N and 35° 37’E. The 
collection was carried out during the dry months of December 
and January. Marigat is approximately 20 Km from both Lake 
Baringo and Bogoria Kenya, and lies 1,080 m above sea level. 
It receives rainfall of 700-950 mm per year with peaks in the 
April/May and July/August but usually erratic in nature [3].  
 
2.3 Preparation of samples for analysis: The collected 
leaves and pods for this study were transported to Egerton 
University where they were assorted by removing green pods 
and spoilt and mouldy leaves and pods. They were spread out 
for efficient drying then kept in the oven set at 60 °C for 6 hr 
for complete drying. Later, they were ground to pass through 
1mm sieve before they were placed in airtight containers after 
weighing and mixing at ratios of 0:100, 25:75, 50:50, 75:25 
and 100:0. Bentonite was used at the rate of 20 g/kg and wood 
ash collected was mixed thoroughly, sieved to remove foreign 
particles and used at 400g/kg in the analysis. Wood ash 
tainted with kerosene was not used. The animal handling 
procedures were approved and certified by the Ethical 
Clearance Committee, Egerton University, and permitted by 
the National Commission for Science and Innovation 
(NACOSTI), Kenya. 
 
2.4 Proximate analysis: Moisture content, Ether extract, 
Crude fibre and ash contents were determined according to 
the procedures outlined in (AOAC, 2006) methods 934.01, 
920.39, 962.09 and 942.05 respectively. Nitrogen content was 
determined using Kjeldahl method stipulated in AOAC 
method 984.13 and crude protein calculated using the 

formula; N×6.25. 
 
2.5 Determination of Total Phenolics, Total Tannins and 
Condensed Tannins: Total Phenolics were extracted using 
70% aqueous whereas total extractable tannins were 
determined through Folin-ciocalteu procedures acetone as 
described by [13]. In this procedure, regression equation of 
tannic acid standard is used the calculation. Condensed 
tannins were determined as per the method described by [19]. 
Polyvinypolypyrrolidone (PVPP) was bound to determine 
tannin content by initially determining total phenolics content 
then precipitating the tannins together with PVPP after which 
the results were subtracted from the phenols to determine the 
condensed tannins in dry matter as a percentage of tannic acid 
equivalent. 
 

3. Results 
Chemical composition of P. juliflora leaves and pods was 
significantly affected by ratio (Table 1). The leaves were 
more affected than the pods. Ash content of the leaves was 
significantly increased while the availability of CP, and 
presence of EE, CF, TEPH, TET and CT were significantly 
decreased. The effects on pods varied as shown in Table 1.  

 
Table 1: Effects of ratio on chemical composition of P. juliflora 

leaves and pods 
 

Parameter ASH EE CP CF TEPH TET CT 

PL100 8.55d 2.97a 23.04a 26.92a 7.69a 6.05a 0.86d 

PP100 10.38c 2.22bc 13.09d 16.85c 5.51c 3.30cd 2.43a 

PPL50:50 10.70b 1.93cd 14.141c 18.50c 5.35c 3.80c 1.34c 

PPL75:25 7.09e 2.45b 13.99c 23.17b 5.21c 3.04d 1.55b 

PPL25:75 12.85a 1.80d 20.22b 22.18b 6.72b 4.89b 0.912d 

SEM 0.06 0.08 0.19 0.38 0.09 0.13 0.02 

EE = Ether Extracts (%), CP = Crude Protein (%), CF = Crude Fibre 
(%), TEPH=Total Extractable Phenolics (g/kg DM), TET=Total 
Extractable Tannins (Tannin Acid Equivalent in g/kg DM,), CT = 
Condensed Tannins (g/kg DM), abcd Means with different 
superscripts in the same column are significantly different at p<0.05; 
SEM=Standard error of the mean.  

 
Chemical composition of P. juliflora leaves was significantly 
affected by treatment (Table 2). The availability of CP was 
significantly increased by both binders while ash content was 
significantly increased by wood ash. EE, CF, TEPH, TET and 
CT content were significantly reduced by the binders. Pods 
were also affected, with EE, CF, TEPH, TET and CT being 
significantly reduced, while CP availability and ash content 
were only significantly increased by bentonite.  

 
Table 2: Effects of treatment with bentonite and wood ash on the 

chemical composition of P. juliflora leaves and pods 
 

Parameter ASH EE CP CF TEPH TET CT 

100% P. juliflora leaves 

Untreated 8.55b 2.97a 23.04b 26.92a 7.69a 6.05a 1.06a 

Wood ash treated 11.98a 1.32c 23.93a 23.08b 5.60b 4.51b 0.86c 

Bentonite treated 8.29c 1.89b 23.67ab 23.08b 5.39b 4.05c 0.92b 

SEM 0.05 0.11 0.15 0.5 0.08 0.1 0.01 

100% P. juliflora pods 

Untreated 10.38b 2.22a 13.09b 16.85b 5.51a 3.30a 2.43a 

Wood ash treated 8.72c 1.51b 12.51c 17.92a 2.83c 1.55b 2.10c 

Bentonite treated 13.81a 2.12a 13.90a 17.92a 3.56b 2.31ab 2.18b 

SEM 0.07 0.07 0.1 0.08 0.11 0.23 0.01 

EE=Ether Extracts (%), CP=Crude Protein (%), CF=Crude Fibre 
(%), TEPH=Total Extractable Phenolics (g/kg DM), TET=Total 
Extractable Tannins (Tannin Acid Equivalent in g/kg DM,), 
CT=Condensed Tannins (g/kg DM), abc Means in the same column 
with different superscripts differ significantly at P<0.05; 
SEM=Standard error of the mean  

https://www.veterinarypaper.com/


 

~ 273 ~ 

International Journal of Veterinary Sciences and Animal Husbandry https://www.veterinarypaper.com 
At PPL50:50, ash, EE, TEPH and CT were significantly 

decreased, CP availability and CF were significantly 

increased while TET was not significantly affected (Table 3). 

With the remaining two ratios (PPL75:25 and PPL25:75), CF, 

TEPH, and CT were significantly reduced while availability 

of CP was significantly increased. TET was insignificantly 

affected at PPL75:25 and significantly affected with wood ash 

at PPL25:75. Ash and EE were significantly increased at 

PPL75:25 and significantly decreased at PPL25:75. 

 
Table 3: Effects of treatment with bentonite and wood ash on the 

chemical composition of Prosopis juliflora leaves and pods at 50:50, 

25:75 and 75:75 ratios 
 

Parameter ASH EE CP CF TEPH TET CT 

50% leaves and 50% pods of Prosopis juliflora 

Untreated 10.70a 1.94a 14.14c 18.50b 5.35a 3.80a 1.44a 

Wood ash treated 1.52c 1.58b 23.17a 20.78a 4.17c 3.05b 1.27b 

Bentonite treated 6.62b 1.29c 18.72b 20.78a 4.96b 3.66a 1.34b 

SEM 0.05 0.06 0.2 0.04 0.03 0.11 0.02 

25% leaves and 75% pods of Prosopis juliflora 

Untreated 7.09c 2.45a 13.99c 23.17a 5.21a 3.04a 1.91a 

Wood ash treated 9.60b 1.65b 15.82a 21.51b 3.38c 2.25a 1.62b 

Bentonite treated 12.43a 2.32a 14.98b 21.51b 4.03b 2.72a 1.55b 

SEM 0.05 0.04 0.15 0.06 0.03 0.31 0.02 

75% leaves and 25% pods of Prosopis juliflora 

Untreated 12.84a 1.80a 20.22b 22.18a 6.72a 4.89a 1.14a 

Wood ash treated 11.01b 1.49b 22.19a 21.32b 4.65c 3.41b 0.97b 

Bentonite treated 9.69c 1.80a 21.61ab 21.32b 6.02b 4.66a 0.91b 

SEM 0.03 0.03 0.33 0.08 0.08 0.07 0.01 

EE=Ether Extracts (%), CP=Crude Protein (%), CF=Crude Fibre 

(%), TEPH=Total Extractable Phenolics (g/kg DM), TET=Total 

Extractable Tannins (Tannin Acid Equivalent in g/kg DM), 

CT=Condensed Tannins (g/kg DM), a, b, c Means in the same column 

with different superscripts differ significantly at p<0.05.; 

SEM=Standard error of the mean.  

 

4. Discussion 

The nutritive value of P. juliflora leaves and pods was 

significantly affected by both ratio and binders. The leaves 

were more affected by ratio compared to pods. Leaves have 

lower ash content (8.55%) but when combined with pods 

(10.38%), this is significantly increased at all other ratios 

except PPL75:25 (7.05%). The same applies to EE, CF, 

TEPH, TET, and availability of CP which were significantly 

reduced at all the ratios.  

This shows that when pods are combined with leaves at 

different ratios, the effect of polyphenolics present in leaves is 

significantly reduced and CT in pods is significantly reduced. 

This is in line with the findings of [20] who investigated the 

composition and degradability of different fractions of 

Calliandra leaves, pods and seeds and found out that when 

leaves are mixed with either seeds or pods, its degradability 

and composition was affected. It is also in line with the 

findings and conclusions of [2]. Wood ash was found to be 

more effective with leaves compared to bentonite. It 

significantly increased the availability of CP and ash content, 

and reduced its EE, CF, TEPH, TET, and CT. Wood ash was 

also more effective in reducing the polyphenols in pods 

compared to bentonite which was more effective with ash and 

CP significantly increasing their availability. This confirm the 

findings of [4] that wood ash solution has a potential of 

minimizing the concentration of tannins by up to 70%.  
[16], when investigating the effect of wood ash in tannin 

reduction found out that wood ash reduced 75% and 96% of 

tannins in A. nilotica and D. cineraria fruits respectively. [6], 

after carrying out a research on the effect of bentonite on 

alfalfa hay found out that it was very effective in increasing or 

maintaining the concentration of crude protein and ash 

content. At 50:50 ratios, the effects of wood ash and bentonite 

varied with wood ash more significantly increasing ash 

content and CP availability while reducing TEPH content 

compared to bentonite which only significantly reduced EE 

than wood ash. In the remaining parameters, the effect of 

wood ash and bentonite were not significantly different.  

At 25% leaves and 75% pods, bentonite performed better in 

increasing ash content, wood ash was however, better in EE 

and TEPH reduction and CP availability increment. Their 

performances were not significantly different in the other 

parameters. Wood ash was the most effective binder at 75% 

leaves and 25% pods significantly increasing ash and protein 

content while decreasing EE, TEPH and TET content. The 

ratios depict the effect of ratios on the binders with wood ash 

being more effective than bentonite in these ratios.  

Polyphenols that are a hindrance to effective usage of P. 

juliflora leaves were found to be significantly decreased on 

treatment with wood ash and bentonite. This confirms the 

findings of [10] that bentonite is as effective as PEG in tannin 

binding. This is also in agreement with the study done by [21] 

that wood ash improves digestibility and performance of 

Bonga lambs in Ethiopia when it was included in a high 

tannin diet. However, it is worth noting that wood ash varies 

in strength and effectiveness depending on the tree of origin 
[12, 15]. 

 

5. Conclusion 

It was concluded that ratio affects the nutritive value and 

chemical composition of P. juliflora leaves and pods ration. 

Treatment with wood ash and bentonite also significantly 

affected the nutritive value of P. juliflora leaves and pods. 

Therefore, it is safe to use ratio and treatment using wood ash 

and bentonite as methods of enhancing nutritive value and 

chemical composition of P. juliflora leaves and pods. 
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