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Abstract 
A seventy (70) day feeding trial was conducted to determine the economic benefit of including 
indigenous browses and tannin binders in growing small east African (SEA) goat diets. To test the 
economic benefit of inclusion of indigenous browses, thirty (30) growing goats weighing 10.5 kg ± 1.3 
(mean ± SD) were randomly assigned to the ten (10) experimental diets in a completely randomized 
design in a factorial arrangement with three replications. The browse leaves were supplemented at 0, 15, 
30, and 45% of the Acacia brevispica, Balanites aegyptiaca, and Berchemia discolor, respectively. For 
economic benefit determination of inclusion of tannin binders in indigenous browses, twenty-four (24) 
growing goats with bodyweight 10.5 kg ±1.3 (mean± SD) were randomly assigned to the Acacia 
brevispica, and Berchemia discolor diets with various levels of polyethylene glycol (PEG) and bentonite 
clay in a completely randomized design in a factorial arrangement. Feed cost per kilogram of gain (192.2 
KES/kg) was significantly (P<0.05) lower in the inclusion level of 45% A. brevispica (T4) leaf meal in 
comparison to the other inclusion levels. An increase in supplementation led to a lower feed cost per 
kilogram of gain (KES/kg). The feed cost per kg weight gain revealed that the addition of 45% A. 
brevispica leaf meal as a supplement was the most cost-effective than other inclusion levels. Feed cost 
per kilogram of gain (KES/kg) was significantly (P<0.05) lower and better in D3 (406.2) and D6 (392.3) 
compared to other dietary treatments where tannin binders were incorporated. Incorporating the bentonite 
clay as a tannin binder was better than PEG in terms of the cost of feed per kg gain. It was concluded that 
increasing levels of tree browse and use of bentonite was not only cheaper but also resulted in a higher 
weight gain. 
 
Keywords: bentonite clay, feed cost, PEG 6000, weight gain 
 
Introduction  
The rearing of livestock, especially goats in the pastoral areas, contributes to smallholder 
farmers’ resilience and reduction of poverty and food insecurity [5]. Local browse species can 
form alternative feed resources to uphold good performance in goats without expensive 
concentrate diets [15]. Utilization of multipurpose trees and shrubs browse in the diet of 
ruminant animals will reduce the cost of production with an increase in weight gain of the 
animals [18]. Natural pastures and crop residues are low in crude protein (CP) content (< 8%), 
metabolizable energy (ME) (< 8 MJ/kg DM), in-vitro dry matter digestibility (< 50%), vitamin 
and mineral contents, lower than the requirement for microbial function in the rumen [19] in 
ruminant livestock. Native browses are rich in crude protein content, organic matter, and 
minerals that can be used as supplements to relieve the effects of low-quality feeds [14] Despite 
the high nutritional content of native browses, their use in livestock feeding is hindered by a 
high content of polyphenolics, such as tannins [8]. Condensed tannins (CTs) lead to poor 
acceptability of forage, hence decreased feed intake of the browse forage [7] Condensed tannins 
in the feed are known to affect the digestibility and availability of nutrients [19]. The quantity of 
tannins in native browses varies widely, and their effects on animals can be beneficial or toxic 
[10]. Inactivation of tannins by polyethylene glycol (PEG) may enhance the accessibility of 
nutrients by the animal and decrease microbial suppression leading to better animal 
performance [11]. Bentonite clay in animal nutrition is mainly used as a feed pelleting agent, 
adsorbing agents to mycotoxins, pesticides, heavy metals, phenols, and tannins [1, 9].  
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Mixing indigenous browses with grass hay-based diets can be 

an effective method of reducing the adverse effects of anti-

nutritive factors such as tannins [2].  

Growing SEA goats were offered a basal diet of Rhodes grass 

hay, maize germ, tannin binders (PEG and bentonite), and 

varying levels of indigenous browses (Acacia brevispica, 

Balanites aegyptiaca, and Berchemia discolor). The nutritive 

value, feed intake, weight gain, feed conversion ratio (FCR), 

and apparent digestibility coefficients of the diets were used 

to determine the economic benefit of including the indigenous 

browses and tannin binders in the diets. 

 

Materials and Methods 

Experimental and Forage Collection Site 

The experiment was conducted in Marigat Sub-County, 

Baringo County, Kenya, which is 1080 m above sea level. It 

receives 700 – 950 mm rainfall per year with peaks in 

April/May and July/August, but it is generally very erratic. 

The annual mean temperature is 23 ºC [20]. The forage was 

collected from indigenous browse trees and shrubs in Marigat  

 

Preparation of experimental diets 

Leaf samples of the Acacia brevispica, Balanites aegyptiaca, 

and Berchemia discolor were harvested by hand stripping 

from the trees on communal grazing ranges in Marigat Sub-

County during the dry season (Dec. to Jan). After harvesting, 

the forage was spread on a sheet and air-dried under shade for 

seven days. The dried forages were put in sacks and stored in 

a well-ventilated room. The basal diet (control) was Rhodes 

grass (Chloris gayana) hay, and maize germ was formulated 

according to the animal requirements [13]. Rhodes grass was 

purchased and chopped through a 4 mm screen hammer mill. 

Forages for the experimental diets were ground to pass 

through a 4mm sieve hammer mill. 

 

Experimental Animals, Design, Feeding, and Management 

To test the economic benefit of inclusion of indigenous 

browses, thirty (30) growing goats weighing 10.5 Kg ± 1.3 

(mean ± SD) were randomly assigned to the experimental 

diets at different inclusion levels in a completely randomized 

design in a factorial arrangement with three replications. The 

browse leaves were supplemented at 0, 15, 30, and 45% of 

Acacia brevispica, Balanites aegyptiaca, and Berchemia 

discolor, respectively. The goats were allocated to individual 

pens (1.5 x 2.5 m). Feed, water, and mineral salt were offered 

ad-libitum. All the animals were in good health from the 

beginning up to the end of the feeding trial. 

The basal diet and supplements were offered individually in a 

separate feeding trough. The supplements were offered daily 

at different levels per head on DM basis at 08:00 hr to let the 

goats eat the supplements before offering the basal diet. The 

refusals from supplements were collected before offering the 

basal diet, weighed, and recorded. The mixture of Rhode 

grass hay and maize (Zea mays) germ was introduced at 09:00 

hr after goats had consumed the supplement. The mixture of 

hay and maize germ were offered at 450 g/head on a DM 

basis to ensure it is ad-libitum. Feed refusals were collected, 

weighed, and recorded every day in the morning before 

offering fresh hay. The data were collected for eight weeks.  

 

The experimental treatment diets were 

T1. Rhodes grass hay ad libitum plus 100g maize germ 

(control). 

T2. Control plus 15%  A. brevispica. 

T3. Control plus 30%  A.brevispica 

T4. Control plus 45%  A. brevispica. 

T5. Control plus 15%  B. aegyptiaca. 

T6. Control plus 30%  B. aegyptiaca 

T7. Control plus 45%  B. aegyptiaca.  

T8. Control plus 15%  B. discolor. 

T9. Control plus 30%  B. discolor 

T10. Control plus 45% B. discolor  

 

For determination of economic benefit of inclusion of tannin 

binders in indigenous browses- based diets, twenty-four (24) 

growing goats weighing 10.5 Kg ±1.3 (mean±SD) were 

randomly assigned to the Acacia brevispica and Berchemia 

discolor based diets with various levels of PEG and bentonite 

in a factorial completely randomized design. The goats were 

allocated to individual pens, with each treatment having three 

replicates. The experiment lasted 70 days, consisting of a 14-

day adaptation period. The selected local browses leaf meal 

was treated with PEG at 25 g/Kg and bentonite clay at 20 

g/Kg. Tannin binding agent, PEG 6000 molecular weight 

(MW), was purchased from Kobian (Kenya) Ltd. The local 

test browse was offered in a separate trough at 200 g DM at 

07:30hr before the provision of basal diet up to 09:00 hr. The 

PEG was administered to animals by spraying it on the leaves 

of indigenous browses [21]. The goats were given free access 

to clean drinking water and salt licks. The weighing was done 

every week from 0700hr to 0830 hr throughout the trial 

period. The treatments diets were:  

D1. Hay plus 100g maize + A. brevispica +PEG 

D2. Hay plus 100g maize + A. brevispica +Bentonite 

D3. Hay plus 100g maize + A. brevispica –Tannin binders  

D4. Hay plus 100g maize + B. discor +PEG 

D5. Hay plus 100g maize + B. discor +Bentonite 

D6. Hay plus 100g maize + B. discor – Tannin binders  

 

Data Collection 

Performance was measured as weight gain, and feed intake 

was recorded every week. Goats were weighed every week. 

Average daily gain (ADG), which is the rate of weight gain 

per day over a specified period, was determined. Feed 

conversion ratio (FCR) was calculated as feed intake divided 

by the live weight gain over a given period. Feed offered and 

refusals were recorded every day, and feed intake was 

calculated by the difference between feed offered and feed 

refusal.  

 

Economic analysis 

Product of total feed eaten and feed cost per kg was used to 

calculate the feed cost to ADG ratio (FC: ADG) according to 

the methodology described by [4], which compares the feed 

cost for 1 kg weight gain by the animal. Total feed cost was 

then computed as the product of total feed intake during the 

experimental period and the price per kg of each diet. 

Therefore, the total feed cost per kilogram of gain (KES/Kg) 

equals total feed cost divided by total body weight gain. The 

current price per kg of Acacia brevispica, Balanites 

aegyptiaca and Berchemia discolor, and Rhodes grass hay 

was computed based on the collection fee paid, transportation 

cost, and the cost for milling and chopping. The cost of 

inclusion of PEG (6000) and bentonite clay was calculated 

based on their current market price.  
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Statistical Analysis 

Data collected on feed intake, digestibility, FCR, average 

daily gain(ADG), and FC: ADG (KES/kg were subjected to 

the analysis of variance using the General linear model 

procedure of statistical analysis system [22] version 9.0, where 

initial live weight was fitted as a covariate in the analysis of 

feed intake and live weight changes. Significant means were 

separated using Tukey’s HSD (Tukey’s Honestly Significant 

Difference Test) at 5% significance. The model for a factorial 

used for statistical analysis was: 

 

 
 

where 

 = is the response variable 

µ = the overall mean 

 = is the effect of browse inclusion level                

= is the effect of treatment diet during feeding (T1, ...T3)  

= the effect of the interaction between the inclusion 

level and treatment diet   

 = random error term 

 

Results and Discussion 

The Dry matter intake, average daily gains, feed cost to ADG 

ratio (FC: ADG), and apparent nutrient digestibility of Small 

East African goats fed on 3 selected browses and Rhodes 

grass as control is presented in Table 1. 

 

 
Table 1: Dry matter feed intake, average daily gains, FC: ADG (KES/kg) and apparent nutrient digestibility of Small East African goats fed on 

3 selected browses and Rhodes grass as control 
 

Dietary treatments 

Parameters T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 SEM P 

DM Intake (g/day) 213.3d 316.9b 354.49a 335.42ab 246.04d 269.08d 304.73c 289.02cd 264.35d 308.42b 6.446 <.0005 

Total DMI % 43.61d 64.79b 72.48a 68.57a 49.76c 54.41c 61.62b 59.09b 54.04c 62.82b 1.312 <.0005 

ADG (gd-1) 9.97c 24.98a 29.95a 28.97a 14.97c 18.08b 20.03ab 18.98b 18.09ab 21.99ab 7.31 0.0005 

Initial weight(kg) 12.0a 11.83a 12.27a 12.13a 12.0a 10.43a 11.03a 11.87a 10.30a 11.63a 0.481 <.0001 

Final weight(kg) 12.56ab 13.23ab 13.95a 13.76a 12.84a 11.44b 12.15ab 12.93ab 11.31b 12.87ab 0.481 <.0001 

FCR 21.4a 12.69e 11.83ef 11.58f 16.44b 14.88c 15.21c 15.23c 14.61cd 14.03d 0.382 <.0001 

FC:ADG (KES/kg) 420.4a 233.4ed 203.6f 192.2f 297.5b 247.4d 238.9ed 277.2c 247.4d 226.6e 6.818 <.0001 

Cost/kg feed (KES) 19.6 18.4 17.2 16.6 18.1 16.6 15.7 18.3 16.9 16.2   

FC=feed cost, ADG=average daily gain, SEM = Standard Error of Means. 
 a, b, c, d Means in the same row with different superscripts are significantly different (P<0.05). 

 

Effects of incorporation of selected browse species on 

performance of growing goats 

All animals were in good condition until the completion of the 

experiment. All the experimental diets resulted in a positive 

weight gain; however, the highest average gain was observed 

in T2, T3, T4, and lowest in T1 (basal). The results on the 

goat’s performance indicated significant (P<0.05) dietary 

treatments’ effects on growth performance among the 

growing goats. There was no significant difference between 

T2, T3, and T4 in terms of daily weight gain. Dry matter 

intake was highest in T3 and T4 and lowest in T1. Total dry 

matter intake increased with supplementation with indigenous 

browse diets, which agrees with the previous studies 

involving similar forages [5, 12]. Feed conversion ratio (FCR) 

was highest in T1 compared to the other dietary treatments. 

The goats in the study readily ate all supplements. High intake 

of T3 and T4 could be due to low levels of anti-nutritive 

factors, especially tannins [17]. Findings reported on feed 

supplementation trials with indigenous browse species 

revealed higher live weight gain compared to the basal or 

control diet [18, 14, 12]. 

Economic benefit of inclusion of indigenous browses as feed 

to growing goats  

 On the economic assessment, cost per kg of feed varied 

across all inclusion levels, with T1 recording the highest value 

while T7 was the lowest (Table 1 and fig.2). The reduction in 

the cost of feed per Kg may be due to an increase in the level 

of supplementation and lower collection fee paid on B. 

aegyptiaca compared to other indigenous browse species. 

Substitution of conventional feed ingredients with 

unconventional feed ingredients reduced the cost of feed [23]. 

Feed cost per kilogram of gain (KES/Kg) was significantly 

(P<0.05) lower in T3 and T4 as compared to other inclusion 

levels. The feed cost per kg gain in the study revealed that 

adding 30 and 45% A. brevispica (T3 and T4) leaf meal as a 

supplement was more cost-effective than other inclusion 

levels. For each browse, an increase in supplementation led to 

a decrease in feed cost per kilogram of gain (KES/Kg). This 

was similar to the results reported by [18] on cost-benefit 

analysis of inclusion levels and feeding frequency of Ficus 

sycomorus supplement in yankasa rams fed Digitaria. smutsii 

basal diet. 

On the other hand, the cost of feed per kg gain, feed intake, 

and cost/kg feed were similar (P>0.05) in T6 and T9 (Table 

1). The high feed cost per kg weight gain (KES/Kg) observed 

in T1 (0% inclusion level of indigenous browse species) may 

result from a high quantity of maize germ in the formulated 

ration, which is more expensive than locally available 

indigenous browse species. This study shows that the addition 

of indigenous browse species in the diet of growing goats 

resulted in decreased cost of feed per kg gain and increased 

live weight gain. 

 

 
 

Fig 1: Comparison of mean FC: ADG ratio between research diets 
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The growth performance of the Small East African goats is shown in Table 2.

 
Table 2: Dry matter feed intake, average daily gain, FC: ADG (KES/kg) and apparent nutrient digestibility of Small East   African goats fed on 

two selected browses treated with tannin binders 
 

Parameters D1 D2 D3 D4 D5 D6 SEM P 

DM Intake (g/day) 

Total DMI % 

ADG (gd-1) 

Initial weight(kg) 

Final weight(kg) 

FCR 

431.8a 431.8a 435.6a 386.2c 423.7a 408.1b 3.461 <.00001 

88.26a 88.28a 89.05a 78.96d 86.62b 83.43c 0.708 <.0005 

28.2a 31.1a 17.80c 25.39b 25.3b 16.8c 7.31 0.0006 

11.37a 11.83a 11.07a 8.83a 10.43a 10.23a 1.043 <.0001 

12.94a 13.57a 12.06a 10.26a 11.85a 11.17a 1.042 <.0001 

15.4c 13.9d 24.5a 15.2c 16.7b 24.3a 0.155 <.0001 

FC:ADG (KES/kg) 7060.6a 1110.4c 406.2d 6957.4a 1327.9b 

79.3 

392.3d 40.76 <.0001 

Cost/kg feed (KES) 457.8 79.72 16.6 457.4 16.2   

FC=feed cost, ADG=average daily gain, SEM = Standard Error of Means. 
 a, b, c, d Means with different superscripts in the same row are significantly different (P<0.05). 

 

Effects of Tannin binders’ inclusion on growth 

performance of growing goats fed on selected browse 

species 

All goats were in good condition until the completion of the 

experiment. Diets treated with binders had higher DM Intake, 

daily weight gains, and total dry matter intake. Polyethylene 

glycol 6000 and bentonite addition did not affect (P>0.05) the 

digestibility coefficients. This was similar to the results 

reported by [3] on the effect of PEG 4000 supplementation on 

the performance of yearling male Pedi goats fed a dietary 

mixture of Acacia karroo leaf meal and Setaria verticillata 

grass hay.  

All animals had a positive performance, especially weight 

gains.  Acacia brevispica treated with binders resulted in 

better performance than treated Bechemia discor due to more 

tannin binding in A. brevispica leading to high dry matter 

intake.  

This was similar to the results reported by [6] on increased 

performance of sheep fed Acacia saligna treated using PEG 

or sodium bentonite. There was a significant difference 

(P<0.05) in the average daily gain and feed conversion ratio 

and weight gain of the experimental goats. The diet with 

Acacia brevispica and Berchemia discolor can be suitable as 

protein sources since they are rich in protein, locally 

available, and affordable.  

 

Economic benefit of including PEG 6000 and bentonite 

clay on growth performance of growing goats fed on 

selected browse species 

Feed cost per kilogram of gain (KES/kg) was lowest (P<0.05) 

in D3 and D6 compared to other dietary treatments where 

tannin binders were incorporated. This is due to the high cost 

of PEG and bentonite clay. The PEG and bentonite clay were 

very effective in the reduction of tannins which led to an 

increase in daily body weight gains in growing goats 

compared to diets without binders (Table 2 and figure 2). Cost 

per kg of feed varied across all inclusion levels, with D1 

recording the highest value while D6 was the lowest. The cost 

of feed per kg gain was similar (P>0.05) in D3 and D6; D1 

and D4.  

The addition of tannin binders led to a higher feed cost per 

kilogram of gain (KES/kg). Incorporating the bentonite clay 

as a tannin binder was better than PEG in terms of cost of 

feed per kg gain (Table 2). This is because of the low price of 

bentonite clay compared to PEG. Polyethylene glycol is 

extensively used to reduce the undesirable effects of tannins 

in animal rations, but due to high cost, especially in 

developing countries, it is, therefore, economical to use 

alternative binders such as bentonite that is cheap and 

available [6]. 

 

 
 

Fig 2: Comparison of mean FC: ADG ratio between research diets 

treated with binders 

 

 Conclusions 

 An increase in supplementation led to a better feed cost 

per kilogram of gain (KES/kg). The addition of 30 and 

45% A. brevispica leaf meal as a supplement was more 

cost-effective than other inclusion levels.  

 The addition of indigenous browse species in the diet of 

growing goats led to decreased cost of feed per kg gain 

and increased live weight gain. 

 Incorporating the bentonite clay as a tannin binder was 

better than PEG in terms of the cost of feed per kg gain. 
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