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ABSTRACT 

 
Sixteen growing Angora male kids weighed average 14.5 kg live body weight 

and aged about seven months were divided into four similar groups (4 kids each) to 
carry out of feeding trial. The kids were assigned randomly to fed one of the following 
four experimental rations: 
Group 1 : Concentrate feed mixture (CFM) + rice straw (control ration, G1). 
Group 2 : G1 + 1.3% urea of the CFM (without bentonite, G2). 
Group 3 : G2 + 2.5% bentonite of the CFM  (G3). 
Group 4 : G3 + 5% bentonite of the CFM  (G4). 

Four digestibility trials were carried out by using three animals from each group 
at the end of the feeding trial to evaluate the experimental rations. 

Results indicated that digestibility of the dry matter (DM), crude protein (CP), 
crude fiber (CF), ether extract (EE) and nitrogen free extract (NFE) and nutritive 
values as total digestible nutrients (TDN) and digestible crude protein (DCP) improved 
by adding bentonite clay to the concentrate mixtures. Values of pH were unaffected, 
while ruminal ammonia nitrogen (NH3-N) concentration increased significantly 
(P<0.05) in all groups that fed diets containing urea comparing with the control group, 
but the groups fed the diets containing bentonite (G3 and G4) had a lower (P<005) 
NH3-N concentration comparing with those fed ration containing urea without 
bentonite (G2). However, total ruminal volatile fatty acids (VFA’s) concentrations 
indicated a contrarily trend with that of NH3-N for G3 and G4 compared to G2. 

Blood urea and globulin concentrations decreased (P<0.05) by addition of 
bentonite, while most of blood constituents slightly fluctuated by adding bentonite to 
concentrate ration. 

Average daily gain, dry matter intake and nitrogen retention, were improved by 
adding bentonite compared to the ration containing urea-only. 

Feed conversion efficiency (kg DM/kg gain) increased by 15.96 and 23.48%, 
also economical efficiency increased by 18.62 and 33.51%, however, feed cost 
decreased by 15.76 and 25.14% for groups 3 and 4 (fed rations containing bentonite), 
respectively compared to group 2 (fed ration containing urea without bentonite). 
Keywords: Bentonite angora kids, digestible nutrients; N-balance, rumen and blood 

parameters, live weight gain; feed conversion and feed cost.  
 

INTRODUCTION 
 
Several studies were conducted to improve urea utilization in 

ruminant’s rations by adding clay to the feeds containing non-protein nitrogen 
(NPN). Since clays which act as a regulator of ammonia concentration in the 
rumen, prevent urea toxicity, correct rumen acidity and basically and improve 
urea utilization (Pond and Yen, 1985; Hassona, 1997 and Abd El-Baki et 
al.,1998). Bentonite is an inorganic material, which has great ability for 
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swelling, adsorption and base exchange. Addition of bentonite to high 
concentrate diets containing urea can maintain a more constant rumen 
ammonia level by holding it in a readily exchangeable form, thus nitrogen 
utilization efficiency could be increased even though there is a depression of 
nitrogen digestibility (Rindsig and Schultz, 1970). 

Bentonite has the ability to adsorb ammonia from solution when the 
concentration is high and release it back when the concentration is low. 
Therefore, addition of bentonite to the diet can partially equalize the supply of 
nitrogen to the rumen microorganisms; so, bentonite could be considered as 
useful component in the rations containing high soluble nitrogen such as urea 
to improve its nutritive value (Bartos et al., 1982). It also can adsorb toxic 
products of digestion and decrease the accumulation of toxic substances in 
tissues, thus it decreased the occurrence of internal disorders (Huntington et 
al., 1977). They also found that, feeding lambs on high concentrate diets 
containing bentonite improved daily gain and feed efficiency. Bentonite is one 
of the common natural clay used in animal diets to improve the nutrient 
digestibility (Kirilov and Burikhonov, 1993). However, addition of bentonite to 
high grain diets of lambs did not affect on neither total VFA’s nor individual 
VFA’s concentrations (Ha et al., 1985). The objective of this work was to 
study the influence of bentonite addition at different levels to concentrate 
rations containing urea on the performance and some rumen liquor parameters 
and blood constituents of growing Angora kids. 

 

MATERIALS AND METHODS 
 
The present study was conducted at the Experimental Farm of the 

Animal Production Department, Faculty of Agriculture Kafr El-Sheikh, Tanta 
University. Sixteen growing Angora male Kids with an average body weight of 
14.5 Kg and aged about seven months were used in a feeding trial. Animals 
were divided into four similar groups (four Kids each) and kept in semi-open 
pens. Animals were fed concentrate feed mixtures twice daily in almost two 
equal portions at 8.0 a.m and 4.0 p.m. Components of the experimental 
concentrate feed mixture fed in the different trials are presented in Table 1. 
Careful and uniform mixing of bentonite (produced by sinai manganese 
company), urea (agricultural urea, 46% N), sulfur, minerals and vitamins 
mixture with other ingredients of the concentrate mixture and yellow corn 
were carried out to ensure homogeneity. Rice straw was fed as a sole source 
of roughage (1% from animal body weight) during the feeding trial, which 
terminated at 75 days. Fresh water was available to the animals all the day 
round time. Daily feed allowances were given to the animals according to 
NRC (1988). The kids were weighed at biweekly intervals before the morning 
feeding. The daily rations were adjusted biweekly according to the changes of 
animals body weight.  

Four digestibility trials using three animals from each treatment were 
carried out at the end of the feeding trial. Each trial lasted for 21 days, the 
first 14 days for animal adjustments with the metabolic crates and the 
following 7 days to collect the feces and urine. Chemical composition of feeds 
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(Table 2), feces and urine were determined according to AOAC (1990). 
Rumen samples were collected from each animal 3 hours after the morning 
feeding at the last day of collection period by stomach tube. Ruminal pH was 
determined directly by Beckman pH meter. Ruminal total VFA’s 
concentrations were determined by steam distillation as described by Warner 
(1964). Ammonia nitrogen (NH3-N) was determined using magnesium oxide 
(MgO) distillation (AOAC, 1990). 

 
Table (1) : Components of the experimental concentrate feed mixture 

used in the kids feeding. 
Ingredients Concentrate mixture 

G1 G2 G3 G4 

Bentonite* 0.00. 0.00 2.50 5.00 
Yellow corn 2.10 25.25 22.75 20.25 
Concentrate mixture** 97.20 72.65 72.65 72.65 
Urea (46% N) 0.00 1.30 1.30 1.30 
Sulfur 0.00 0.10 0.10 0.10 
Minerals mixture 0.50 0.50 0.50 0.50 
Vitamin mixture A, D3 and  E 0.20 0.20 0.20 0.20 
Total 100 100 100 100 

*  Bentonite contained: Ca 17.00, Mg 0.10 g/kg DM and Pb 18.30, Mn 90.50, Co 8.90, Fe 
29189.30, Cu 15.90, Ni 23.50, Cd 63.70 and Hg 156.5 ppm (Saleh, 1994). 
** Concentrate mixture composed of 25% undecorticated cotton seed cake, 20% yellow 

corn, 33% wheat bran, 16% rice bran, 3% molasses, 2% limestone and 1% common 
salt. 

 
Table (2) : The chemical composition of the different concentrate feed 

mixtures (CFM) and rice straw used in the kids feeding. 

CM 
DM 
% 

DM composition, % 

OM CP CF EE NFE Ash 

CFM1 90.70 90.12 15.15 12.12 3.92 58.93 9.88 
CFM2 89.24 92.14 17.31 9.53 3.99 61.31 7.86 
CFM3 88.58 89.62 17.07 9.48 3.88 59.19 10.38 
CFM4 89.10 87.24 16.49 9.36 3.61 57.78 12.76 
Rice straw 92.40 84.54 2.69 35.20 1.89 44.76 15.46 

 
Blood samples were taken from the jugular vein of each animal three 

hours after the morning feeding. Haemoglobin was determined according to 
the method of  Drabkin, (1932) in the whole blood.  Blood serum was 
separated within one hour and stored frozen at-20oC till analysis for glucose 
(Siest et al., 1981), total protein (Gornall et. al., 1949), urea-N (Patton and 
Crouch, 1977), albumin (Doumas, et al., 1971), and Cholesterol (Watson, 
1960). Globulin concentration was calculated by difference between the total 
protein and the albumin concentration.. 

The data were analyzed using General Linear Models Procedure 
adapted by SPSS (1997) for one way ANOVA model and means were 
differentiated using Duncan’s multiple range tests. 

 

RESULTS AND DISCUSSION 
 

Results presented in Table 3 show that there were no significant 
differences between all the experimental rations for DM digestibility. These 



Mohsen, M.K. et al. 

 7562 

results were in accordance with those reported by Erwin et al. (1957), who 
found that DM digestibility unaffected when steers fed rations containing 3% 
bentonite. Likewise, NFE digestibility was insignificantly affected, but the 
rations containing bentonite (G3 and R4) were higher than the other rations 
concerning NFE digestibility. These results were in agreement with the 
findings of Huntington et al. (1977) and Saleh et al. (1999) when they fed 
lambs on rations containing from 2 to 10% bentonite. However, CF 
digestibility was significantly (P<0.05) higher for G3 or G4 containing 
bentonite than the other rations. This may be due to the higher ammonia-N in 
rumen liquor of kids fed on these rations which increased the amount of 
substrate available for rumen microorganisms to build microbial protein, 
consequently it became more efficiency on fiber digestion. These results 
were in harmony with those observed by Huntington et al. (1977), Ha et al. 
(1985) and Saleh et al. (1999) when the lambs fed on the rations containing 
bentonite at different levels. Furthermore, CP digestibility was higher 
(P<0.05) for bentonite group 3 than for the other groups. These results 
reported herein confirm those obtained by Britton et al. (1978) and Kirilov & 
Burikhonov (1993). However, Huntington et al. (1977) found that using 
bentonite had no effect on CP digestibility.  

Digestibility of EE fluctuated between the different treatments, while it 
was the lowest for G4 and the highest for G3 than for the other rations.  

 
Table (3): Average of the digestion coefficients and nutritive value for 

different experimental rations consumed by kids. 

Items 
Feeding groups 

G1 G2 G3 G4 

Digestion coefficients %    
DM 56.33±4.10 54.16±3.52 54.80±2.19 56.91±3.35 
CP 64.83±3.67b 64.45±3.74b 72.45±0.81a 65.98±2.70b 
CF 32.55±6.28b 32.64±7.50b 50.59±2.34a 49.37±6.28a 
EE 81.46±1.20a 79.48±2.97ab 82.91±0.76a 72.11±3.43b 

NFE 66.88±3.56 65.85±4.04 69.56±1.04 72.07±2.01 
Nutritive value (%)    
TDN 61.58±3.20b 60.32±5.61b 77.60±1.67a 64.33±3.35ab 
DCP 9.22±0.74c 9.21±0.73bc 13.95±0.04a 10.66±0.53bc 
NR ratio 1 : 5.68±0.05a 1 : 5.54±0.01a 1 : 4.56±0.01b 1 : 5.04±0.02c 
a,b,c Means within the same row with different superscripts are significantly different at 

(P<0.05). 

 
Data concerning nutritive values (Table 3) indicated that, TDN & DCP 

values for bentonite rations (G3 and G4) were higher than the other rations. 
Generally, nutritive values improved for rations containing bentonite 
especially 2.5% bentonite ration, this might be due to increasing digestibility 
of most nutrients by addition of bentonite clay and improving the rumen 
microorganism’s activity. These results were in accordance with those 
reported by Huntington et al. (1977), Britton et al. (1978) and El-Hakim et al. 
(1994). 

Data concerning rumen liquor parameters are shown in Table 4. No 
significant differences were observed between the different animals groups 
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for pH values. These results were in agreement with findings of both Moate et 
al. (1985) and Saleh et al. (1999). Total VFA’s concentration unchanged by 
different levels of bentonite supplementation compared to control group (G1), 
whereas it was higher significantly (P<0.05) for G2 than the other groups. 
These results were nearly similar with those reported by both Ivan et al. 
(1992) and Saleh et al. (1999), who demonstrated that addition of bentonite 
to sheep rations at different levels had no significantly effect on total VFA’s. 
 
Table (4): Average of pH, NH3 - N and total VFA’s concentrations in 

rumen fluid of Angora kids fed the different tested rations. 

Items 
Feeding groups 

G1 G2 G3 G4 

PH 6.18±0.07 6.13±0.04 6.18±0.05 6.24±0.04 
NH3 – N, (Mg / 100 ml) 12.34±0.46c 41.47±0.89a 18.51±0.51b 21.67±1.41b 
VFA’s , (Meq/100 ml) 13.94±0.29b 15.95±0.33a 13.83±0.20b 13.05±0.83b 
a,b,c Means within the same row with different superscripts are significantly different at 

(p<0.05). 
 

Ruminal ammonia-N (NH3-N) concentrations decreased significantly 
(P<0.05) when bentonite was added at both levels (2.5  and 5%) comparing 
with G2 containing urea only. These results were nearly similar with findings 
of Wallac and Newbold (1991) and El-Hakim et al. (1994), who found that the 
addition of bentonite at different levels in ruminants rations led to decrease 
ruminal NH3-N concentrations in comparison with the diets containing urea 
without bentonite. Lower ruminal NH3-N concentrations in groups fed rations 
containing bentonite may be due to the ability of bentonite to adsorb ruminal 
ammonia when the concentration is high and release it back when the 
concentration is low (Bartos et al., 1982). 

Both nitrogen balance (NB) as g/head/day and N retention as % of total 
N intake (Table 5) were significantly higher (P<0.05) for bentonite groups 
than G2 fed ration containing urea without bentonite. The improvement of N 
retention in bentonite groups in comparison with the ration containing urea 
without bentonite (G2), may be due to a role of bentonite for increasing N-
efficiency and retention by stabilization the ammonia release in the rumen 
when diets containing urea. The present results were in accordance with 
those reported by Britton et al. (1978), El-Gendy (1985) and El-Hakim et al. 
(1994). 

Results of blood constituents (Table 6) demonstrated that, no 
significant differences were observed between the different groups 
concerning red blood cells (RBCs), white blood cells (WBCs), Haemoglobin 
(Hb), glucose and cholesterol concentrations. However, blood urea 
concentration decreased by adding bentonite compared to the groups fed 
ration-containing urea without bentonite (G2). These results were in 
agreement with the findings of Pond (1984), who found that the bentonite was 
affective in reduction of plasma ammonia. On the other hand, serum protein, 
globulin and albumin concentrations were fluctuated between the different 
groups. Generally, blood constituents were within the  normal range reported 
by Reece (1991) and Wiliam et al.(1991), being 8.1 to 12x106/ml for RBCs, 
6.50 to 11.50x103/ml for WBCs and 8-12 g/100 ml for hemoglobin. Moreover, 
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Mohsen et al. (1993) reported that plasma protein value ranged from 6 to 9% 
in blood of sheep. 

 
Table (5) : Effect of dietary treatments on nitrogen utilization by Angora 

kids. 

Items 
Feeding groups 

G1 G2 G3 G4 

N intake, (g/h/d) 26.46±0.78 26.08±0.68 26.07±0.33 29.71±0.29 
N in feces  (g/h/d) 9.25±0.80 9.23±0.82 9.94±0.36 10.09±0.71 
N in urine (g/h/d) 6.23±0.51b 9.77±0.79a 10.64±0.32a 10.34±0.61a 
N balance (g/h/d) 10.98±1.04a 7.08±0.66b 9.49±0.55a 9.27±0.63a 
N retention (% of total N intake) 41.39±3.12a 27.18±2.05b 36.40±0.50c 31.18±1.87c 
a,b,c Means within the same row with different superscripts are significantly different at 

(P<0.05). 
 
Data concerning growth performance of kids fed the different tested 

rations are present in Table (7). Average daily gain increased significantly 
(P<0.05) by adding bentonite at levels 2.5% (104 g/d) and 5% (119.5 g/d) 
compared to the kids fed ration containing urea without bentonite (85.3 g/d). 
But the control group (G1) did not significantly affected compared to all the 
other groups (96 g/d). These results indicated that, the growth rate increased 
with increasing level of bentonite in the experimental rations. These results 
were in agreement with those reported by both Ha et al. (1985) and Murray et 
al. (1992), who found that the addition of bentonite at levels of 2, 2.5 and 4% 
improved growth rate of the ruminants. Moreover, DM intake (g/h/d) was 
higher for kids fed rations containing bentonite than those fed ration 
containing urea without bentonite.  
 
Table (6) : Blood constituents of Angora kids fed on the different tested 

rations  

Items 
Feeding groups 

G1 G2 G3 G4 

RBCs , x 106/mm 11.97± 0.13 11.66±0.28 11.46± 0.42 12.45±0.29 
RBCs,  x 103/mm 6.07±0.09 6.08±0.16 6.45±0.28 6.26±0.26 
Hb,  g% 11.04±0.09 11.55±0.27 11.67±0.42 11.58±0.23 
Glucose,   mg % 55.96±1.61 53.84±0.90 52.31±1.27 52.77±1.99 
Urea,  mg% 19.65±0.87c 34.78±0.76a 27.95±0.10b 27.30±0.41b 
Cholesterol,  mg% 177.41±2.25 180.43±1.43 184.27±3.67 180.61±1.31 
Total protein,  g% 7.81±0.09a 7.57±0.22ab 7.51±0.16ab 7.23±0.17b 
Globulin (G), g%  3.07±0.17b 3.44±0.07a 3.03±0.05b 3.19±0.07ab 
Albumin (A), g%  4.74±0.08a 4.13±0.29ab 4.48±0.14ab 4.04±0.19b 
A / G ratio 1.54 1.20 1.48 1.27 
a,b,c Means within the same row with different superscripts are significantly different at 

(P<0.05). 

 
 
 
 
 
 
 
 



J. Agric. Sci. Mansoura Univ., 25 (12), December, 2000. 

 7565 

Table (7) : Growth performance of kids fed the different tested rations. 

Items 

Feeding groups 

G1 G2 G3 G4 

No. of kids 4 4 4 4 
Exp. Period (days) 75 75 75 75 
Av. initial weight, kg 14.25 14.27 14.50 15.00 
Av.  final weight, kg 21.45 20.67 22.30 23.96 
Av. Total gain, kg 7.20 6.40 7.80 8.96 
Av. Daily gain, g  96.00ab 85.33b 104.00a 119.47a 
Av. Daily DM intake, kg     
Concentrate mix. 0.68 0.70 0.73 0.76 
Rice straw  0.13 0.14 0.13 0.14 
Total dry matter intake (DMI) 0.81 0.84 0.86 0.90 
Feed conversion efficiency     
Kg DM/kg gain 8.44 9.84 8.27 7.53 
Feed cost/kg gain, LE*   4.47 5.33 4.49 3.99 
Economic efficiency  **       2.24      1.88       2.23               2.51 
a,b Means within the same column with different superscripts are significantly different at 

(P<0.05). 
*  based on the assumption that prices of one ton from concentrate mixture,    rice straw, 

yellow corn, bentonite and agricultural urea were 550, 50, 500, 80 and 500 Egyptian 
pounds (LE), respectively. Also, price one kg from  sulfur, minerals mixture and 
vitamin mixture were 7, 3, and 2.5 LE, respectively and price of one kg from live body 
weight on selling was 10 LE in year 2000. 

 ** Economic efficiency = money output (price of weight gain) / money input (price of feed 
consumed). 

 
These results  agreed with those of Muller et al. (1983) who found that 
addition of 2% Na-bentonite increased feed intake of steers. Conversely, 
Abdelmawlla et al. (1998) and Saleh et al. (1999) found that DMI unchanged 
by addition of bentonite at different levels to rations of both goats and sheep. 
However, feed conversion efficiency, as kg DM/kg gain increased with 
increasing bentonite levels, but kids fed ration containing urea without 
bentonite was lowest value comparing with the  other  groups. Feed 
conversion efficiency (kg DM/kg gain) increased by 15.96 and 23.48%, also 
economical efficiency increased by 18.62 and 33.51%, however, feed cost/kg 
gain decreased by 15.76and 25.14% for groups 3 and 4, respectively 
compared to group 2. It noticed that the feed cost decreased, while both feed 
and economical efficiency increased with increasing bentonite levels in the 
kid’s ration. Improving feed intake and economical efficiency and reducing 
feed cost for kids by using bentonite were supported with other data obtained 
by Marrero et al. (1987), Ivan et al. (1992) and Abdel-Raouf et al. (1994). 

It could be concluded that addition of bentonite at levels of 2.5 or 5% in 
concentrate ration of kids was beneficial and improved growth rate, feed 
efficiency and economical efficiency.  
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ى ل ى مت توع اتأثير إضافة البنتونيت إلى مخلوط العلف المركز المحتوى على اليوري 

 الماعز النامية. أداء
 التيد محمد عبد الرءوفكامل محتن، محمد ابراهيم بتيونى، محمد تعيد صالح،  محمد

 قتم اإلنتاج الحيواني كلية الزراعة بكفر الشيخ جامعة طنطا.
 

مت كجام ، اسسا 14.5 ا جهاامتاسا  ، من جديان مااز  انججاارا الجامياة  16هذه الدراسة  فياستخدم 
إ ىلااب ةرمجااة مجاااميم مكاار مجمازااة ةرمجااة جااديان اذلاا، وجاارا  تجرمااة جمااا ، ا ااذيت يااجااات الح ر كاازشااااايا

 مجمازة زلب ىحدى الجالاق اآلتية:
 مخلا  الجلف المرك  + سش ةر  )مجمازة المقارجة(.مجمازة ةالب : 
 ياريا من الجليقة المرك ة. %1.3زليقة مجمازة المقارجة + مجمازة ثاجية : 

 % مجتاجيت من الجليقة المرك ة. 2.5زليقة المجمازة الثاجية + زة ثالثة : مجما
 مجتاجيت من الجليقة المرك ة. %5زليقة المجمازة الثاجية + مجمازة رامجة : 

، ثالثاة جاديان مان كار مجمازاة اذلا ماساتخدامافب جهاية تجرمة الجماا تام ىجارا  ةرمجاة تجاار  ه ام 
 لتقييم الجالاق السامقة.

 ظهرت الدراتة النتائج اآلتية:وقد أ
،  يار انثاالمساتخل  ، تحسجت مجامالت ه م كار مان الماادة الجافاة، الماراتين الخاام ، انليااف الخاام  -1

 ة.كما تحسجت القيمة الغذااية مإ افة المجتاجيت ىلب الجليقة المرك ، االكرماهيدرات الذاامة 

اكااذل، تركياا  انحمااان الدهجيااة   (pH)ةظهاارت جتااااد تقااديرات ساااار الكاارش ةن  حما ااة الكاارش  -2

حتاياة زلاب مالمجاميم المغذاة زلب زالاق في انماجيا   الكن اجخفن تركي  جيتراجينال يارة لم تتأثر ، 
 المجتاجيت مقارجة مالجليقة المحتاية زلب الياريا فق .

إ  اجخفن -3 مقياة  فاي ، تذمذ  مساي الكن كان هجا، سيرم الدم  فيتركي  كر من الياريا االجلاميالين مججايا
إ كاجت كر التقدير ر ات تقام داخاتقديرات الدم اذل، مإ افة المجتاجيت مقارجة لمجمازة الياريا فق  ازماما

 .ال ميجيالمدى 
 ازتيمجماا فااياكاذل، مجاادر الجماا  ، اآل ات المحتجاا  المااادة الجافاة المأكالااة ، كاار مان مججاياا  ا دادت -4

 فق . المجتاجيت مقارجة ممجمازة الياريا

لا  مان  فاب زالااق جاديان المااز  لماا %5ةا  2.5المجتاجيات مجسامة  ماستخداممن الجتااد السامقة يجصح 
إ زجد مساتاى  ةدا تأثير ىيجامب زلب مستاى  ا  مان تكااليف الغاذخفان مجتاجيات حياأ ةجا   %5الماز  خصاصا

  .االستصادية الكفا ةكذل، ا  لغذاالتحايلية لالكفا ة اةدى ىلب  يادة 


