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Abstract 
 
Fifty four Menz rams were fed tef straw ad libitum and supplemented with 
sole or mixtures of MPTs at a daily rate of 0.9 % of live weight  on dry 
matter (DM) basis, in a feeding trial that lasted for 124 days. Treatments 
consisted of supplementation with Sesbania sesban 1198; Sesbania 
sesban 15019; Leucaena pallida 14203; Acacia angustissima 15132;  S. 
sesban 1198 + L. pallida 14203 (2:1); S. sesban 15019 + L. pallida 
14203 (2:1); S. sesban 1198 + A. angustissima 15132 (2:1); S. sesban 
15019 + A. angustissima 15132 (2:1) and  wheat bran (control). 
  
Rams supplemented with sole and mixtures of MPTs had significantly 
higher daily intakes of basal feed DM, total DM, ADF (P< 0.01), OM 
(P<0.05), and N (P<0.001) than those supplemented with wheat bran. 
However, the significant differences in intake were reflected in 
significantly higher (P< 0.05) final live weight, daily live weight and 
scrotal circumference gains only in those supplemented with mixtures of 
MPTs than the control feed. Mixtures of MPTs also promoted 
significantly higher daily intakes of supplement and total DM, ADF (P< 
0.05), OM (P<0.01), and N (P<0.001) than sole MPTs and this 
subsequently resulted  in significantly higher daily live weight (P<0.001) 
and scrotal circumference (P<0.05) gains as well as final live weight 
(P<0.01). It was concluded that supplementation with MPTs than with a 
conventional by-product supplement such as wheat bran significantly 
improved intake of tef straw, and moreover, supplementation with 
mixtures than sole MPTs enhanced feed intake and animal performance, 
and the mixture strategy was particularly important for wider utilization of 
A. angustissima 15132 as secondary plant metabolites contained in it 
reduced palatability and were also detrimental to the survival of sheep.  
 
Keywords: MPT, tef straw, feed intake, live weight, scrotum 
circumference. 
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Introduction 
 
Inadequacy and inconsistency of feed supply is a major bottleneck to 
efficient animal production in tropical farming systems. Tropical feeds are 
usually fibrous in nature and deficient in nitrogen, sulfur and phosphorus 
(Goodchild and McMeniman, 1994; Abdulrazak et al., 1997), and 
therefore, low levels of animal production and reproductive performance 
are attainable by exclusively feeding animals on tropical fibrous feeds. 
To this end, there is a strong need to identify and use renewable 
resources that can correct nutrient deficiencies in animals in a 
sustainable manner. In this regard, multipurpose trees (MPTs) offer an 
attractive alternative in animal feeding by virtue of their high nitrogen 
content as well as integration in tropical farming systems (Siaw et al., 
1993).  
 
However, secondary plant metabolites, which are widely spread in the 
MPTs  may have adverse effects on feed intake, digestibility and animal 
metabolism (Kumar and Singh, 1984) and recently, mortality was 
reported in sheep supplemented with A. angustissima 15132 without 
gradual adaptation (Odenyo et al.,1997). In range areas, browsing 
animals dilute deleterious effects of secondary plant metabolites by 
feeding on mixtures of plant species (Le Houerou, 1981; Dicko and 
Sikena, 1992). Such a strategy may also improve the efficiency of 
nutrients utilization. Therefore, this experiment was conducted with the 
objective of evaluating the effects of supplementation with sole or 
mixtures of selected MPTs on feed intake, daily live weight and scrotal 
circumference gains in Menz rams offered a basal feed of tef straw.  
 
Materials and methods 
 
Study site, animals and management  
 
The research was conducted at the International Livestock Research 
Institute‘s (ILRI) Debre Zeit Research Station in the central highlands of 
Ethiopia. Fifty four yearling Menz rams were used in a feeding trial 
designed to last 126 days. Initial and final live weights of experimental 
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animals were determined as a mean of weights taken on two 
consecutive days. Fortnightly live weights were taken to determine daily 
live weight gain. All body weight measurements were made after 
withholding of feed and water for 14 - 15 hours. Monthly scrotal 
circumference measurements were made by using a metal scrotum 
measuring tape, at the point of greatest paired testicular diameter, with 
the testes hanging loosely in the scrotum.  
 
Treatments, feeding management and laboratory analysis 
 
The MPT supplements were harvested from the trees grown at the 
Debre Zeit Research Station. The fresh leaves were dried under shade, 
packed in sacks and stored for later use. The daily quantity of chopped 
tef straw required was taken from stacks and thoroughly mixed before 
weighing.    
 
Treatments (Table 1) consisted of either supplementation with single or 
mixtures of MPTs at the level of 0. 9 % of LW on DM basis.  
 
Table  1. Treatment feeds used in the experiment 
Treatment  Basal feed Supplement Form of Supplement 

1 Tef straw Sesbania sesban  1198∗  Sole 

2 Tef straw Sesbania sesban 15019 Sole 

3 Tef straw Leucaena pallida 14203 Sole 

4 Tef straw Acacia angustissima 15132 Sole 

5 Tef straw Sesbania sesban  1198  + 

Leucaena pallida 14203, (2 : 1 ) 

Mixture 

6 Tef straw Sesbania sesban 15019  +  

Leucaena pallida  14203, (2: 1 ) 

Mixture 

7 Tef straw Sesbania sesban 1198 +  

Acacia angustissima 15132, (2 : 1 ) 

Mixture 

8 Tef straw Sesbania sesban  15019 +   

Acacia angustissima 15132, (2 : 1 ) 

Mixture 

9 Tef straw Wheat bran  Control 
  
∗ Numbers after the MPTs are  ILRI (International Livestock Research Institute ) MPT accession numbers. 

Experimental animals were gradually adapted to A. angustissima 15132 
as a sole supplement by feeding 50 g DM for the first week, and this was 
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raised by 25 g DM per week for two subsequent weeks, and by 50 g DM 
per week thereafter until the maximum DM offer of 0.9 % of live weight 
was achieved. Tef straw, water and mineral licks were offered ad libitum. 
Daily weights of feed offered and refused were recorded for each animal. 
Refusals from previous day's offer were removed every morning before 
offering supplement and basal feeds at 08:00 h and 10:00 h respectively.  
 
Samples of batches of feed offered and refusals per animal were taken 
for analysis of chemical composition. Feed DM, OM, N were determined 
according to AOAC, (1986) procedures. NDF and ADF were determined 
by the method of Goering and Van Soest, (1970). Soluble phenolics and 
condensed tannins were assayed according to Reed et al., (1985). 
 
Experimental design and statistical analysis 
 
A randomized block design was used, and the sheep were blocked by 
initial weight (15.66 ± 0.32 kg) into 6 blocks of nine animals and 
randomly assigned within each block to one of the nine treatments giving 
six animals per treatment. Data on daily feed intake,  daily live weight 
and scrotal circumference gain were analyzed by the general linear 
models (GLM) procedure in SAS version 6.12 (1996). Daily live weight 
and scrotal circumference gains were calculated by regressing live 
weight and scrotal circumference on time. Treatment means were 
separated by the Duncan's Multiple Range Test.  
 
Results and discussion 
 
Chemical composition of treatment feeds 
 
The chemical composition of the treatment feeds is given in Table 2. The 
CP in all the MPTs and their mixtures ranged between 21.6 - 27.8 %, and 
this was higher than in wheat bran. The OM and fiber in the MPTs ranged 
between 88.4 - 93.1 % and 20.4 - 33.8 % respectively. The chemical 
composition of the MPTs compares well with a good quality alfalfa that has   
to contain 20 % CP, less than 40% and 20 % NDF and ADF respectively. 
However, higher content of cell wall constituents and NDF -N may make A. 
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angustissima 15132 and L. pallida 14203 less desirable supplements to 
low quality feeds than both accessions of S. sesban. 
 
OM and fiber were relatively higher in wheat bran than in the MPTs. 
Despite high NDF content, the ADF and ADL content in wheat bran were 
relatively lower than in sole or mixtures of MPTs. Thus, wheat bran 
appears to supply more digestible nutrients than the MPTs, as feed 
digestibility and ADF content are inversely related (McDonald et al., 1995).  
 
Table 4. 2. Chemical composition of treatment feeds 

                                      Chemical composition   

 DM OM ASH CP NDF NDF-N ADF ADL SP CT  

S. sesban 1198 91.78 884.7 115.3 231.2 204.4 5.3 134.1 27.2 14.9 31.4 

S. sesban 15019 911.4 886.2 113.8 220.6 200.3 5.4 139.7 28.2 17.6 63.3 

L. pallida 14203 918.8 911.2 88.8 216.2 298.2 13.8 158.1 60.5 23.6 86.4 

A.angustissima15132 913.6 931.3 68.7 278.7 338.2 17.9 161.3 56.0 32.3 27.5 

SS 1198 + LP 14203 918.4 896.6 103.4 230.0 244.9 8.6 140.9 34.5 19.5 58.2 

SS 15019 + LP 14203 914.8 897.8 102.2 218.1 236.8 7.8 145.9 46.9 22.1 58.4 

SS 1198  + AA 15132 916.6 894.0 106.0 233.1 246.2 8.0 141.6 37.5 22.1 40.9 

SS 15019 + AA 15132 912.6 898.0 102.0 222.5 237.5 7.5 146.5 44.1 23.6 56.6 

WHEAT BRAN 873.1 940.1 59.9 165.0 469.0 6.6 127.0 25.7 10.7 5.6 

TEFF STRAW 909.3 910.5 89.5 45.0 728.9 2.8 412.4 41.0 9.6 5.5 

 
DM = dry matter ( g kg -1); OM = organic matter ( g kg –1DM);  CP = crude protein (g kg–1 DM); NDF = neutral 
detergent fiber (g kg–1 DM); NDF-N = neutral detergent fiber bound nitrogen (% NDF); ADF = acid detergent fiber 
(g kg–1DM); ADL = acid detergent lignin (g kg –1DM) ; SP = soluble phenolics ( % DM); CT = condensed tannins 
(Abs g -1 NDF);  IVDMD = In vitro dry matter digestibility (%) 
 

A. angustissima 15132 contained the highest level of soluble phenolics. 
Soluble phenolics are easily hydrolysed in the rumen and may cause 
toxicity in animals (Lowry et al., 1996). Therefore,  the soluble phenolics in 
A. angustissima 15132 could have caused the aversive reactions observed 
in animals supplemented with it. Indeed, the mortality observed in one ram 
that consistently consumed the total offer of A. angustissima 15132 for 3 - 
4 days could be attributed to an acute lethal toxicity of its soluble 
phenolics. The highest level of condensed tannins was assayed in L. 
pallida 14203. Condensed tannins complex with feed, microbial and 
endogenous proteins  and make them indigestible at normal rumen pH 
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(Kumar and Vaithiyanathan,1990). Tannin - protein complexes are liable 
to break at lower pH in the intestine (Kumar and Singh, 1984) and 
therefore, at reasonable levels, condensed tannins may protect feed 
protein from ruminal fermentation and make them available as by pass 
protein in the intestine (Kumar and Vaithiyanathan,1990). However, higher 
levels such as that assayed in L. pallida 14203 may reduce feed intake 
and digestibility, and therefore, lessen the MPT's role as a supplement 
compared to S. sesban 1198 and S. sesban 15019, which contain low and 
medium levels of condensed tannins respectively.  
 
Feed and nutrients intake  
 
Feed and nutrients intake are given in Table 4. 3. Sole MPTs promoted 
significantly higher (P< 0.05) intake of the basal feed DM than wheat bran, 
but supplement DM intake was significantly higher (P < 0.01) in wheat bran 
than in sole MPTs supplemented animals, and this evened out differences 
in the total feed DM intake between treatments supplemented with the sole 
MPTs or wheat bran.   
 
Supplementation with mixtures of MPTs than wheat bran resulted in 
significantly higher basal, total feed DM (P < 0.001), and OM (P < 0.01) 
intakes. Supplementation with mixtures than sole MPTs also resulted in 
significantly higher supplement, total DM (P < 0.001), OM (P < 0.01) and 
ADF (P < 0.05) intakes. The difference in the intake of basal DM was 
higher in animals supplemented with mixtures than sole MPTs, although 
statistically not significant (P < 0.09). Animals supplemented with sole and 
/ or mixtures of MPTs had significantly higher (P < 0.01) N intakes than  
those supplemented with wheat bran.  
 
The superior daily feed intake observed with the supplementation of 
mixtures of MPTs is in agreement with the hypotheses of this study and 
confirmed the remarks of Madsen et al., (1997), which states that mixtures 
of feeds maximize benefits drawn from each component. Therefore, the 
higher daily feed intake in animals supplemented with mixtures of MPTs 
could be due to balanced nutrients supply at ruminal and intestinal levels. 
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Table 4. 3. Least squares means of daily feed and nutrients intake of Menz rams 
      
        DM intake (g/day) 

 
OM, nitrogen, NDF and ADF intake  
( g kg-1 DM day -1) 

 
Treatment 
(n = 6) 

Basal Sup.  Total OM N NDF ADF 

 
F: G 
(g DM 
g-1  wt 
gain) 

1 S. sesban 1198  444.2 abc 160.0 ab 604.2 ab 546.0 bc 9.1  b 356.5 b 204.6 abc 23.8 b 
2 S. sesban 15019 451.2 abc 161.8 ab 613.0 ab 554.2 abc 9.0 b 361.3  ab 208.7 abc 22.7 b 
3 L. pallida 14203 461.0 ab 161.6 ab 622.5 a 567.0 abc 8.9 b 384.2 ab 215.6 a 29.6 b 
4 A. angustissima 15132  436.5 bc 102.1 c 538.6 c 492.5 d 7.7 c 352.7 b 196.5 bc 46.1 a 
5 SS 1198 + LP 14203 483.7 a 169.8 a 653.5 a 592.7 a 9.7 a 394.2 a 223.4 a 20.1 b 
6 SS 15019 + LP 14203 459.3 ab 161.2 ab 620.5 a 562.9 abc 8.9 b 373.0 ab 212.9 ab 22.2 b 
7 SS 1198 + AA 15132  453.6 abc 162.0 ab 615.5 ab 557.8 abc 9.3 ab 370.5 ab 210.0 ab 23.9 b 
8 SS 15019 + AA 15132 465.8 ab 163.7 ab 629.5   a 571.1 ab 9.2 ab 378.4 ab 216.1 a 21.2 b 
9 Wheat bran (control ) 414.2 c 156.3 b 570.5 bc 524.0  cd 7.1 d 375.3 ab 190.7 c 29.2 b 
 SEM† 13.6  3.5   15.1   13.8    0.18   10.2   5.8    3.6    
 Significance level         
 Treatment * *** *** *** *** ns ** *** 
 Sole  vs. control * ** ns ns ***  * ns 
 Mixtures vs. control *** * *** ** ***  *** ns 
 Sole vs. mixtures ns *** *** ** ***  * *** 
 Rest vs. control ** ns ** * ***  ** ns 

 

abc  = means with different superscripts in a column are significantly different , (P < 0.05); ns  = not significant; * = 
P < 0.05; ** = P < 0.01; *** = P < 0.001; DM = dry matter; OM = organic matter; NDF = neutral detergent fiber; 
ADF = acid detergent fiber; N = number; Sup. = supplement; SEM = standard error of mean;F : G = feed gain 
ratio; † SEM is calculated for  n = 6; n = number.  
 
The daily supplement DM intake of sole and mixture of  MPTs was 26 % of 
daily total DM intake except for A. angustissima 15132. The level of 
supplement intake was in line with the objective of the experiment and the 
recommendations made by Preston (1995).  However, voluntary intake  of 
A. angustissima 15132 was 18.95 % of daily total DM intake in rams 
supplemented with A. angustissima 15132, and a quarter of the daily offer 
was refused. Refusals were observed after daily offer exceeded 100 gram. 
Therefore, limitation in voluntary intake of the MPT may be an adaptive 
mechanism through which sheep avoided toxicity, by relating  post - 
ingestive experiences (Baumont et al., 2000) with toxic secondary plant 
metabolites contained in the MPT.   
 
The significantly higher daily intake of basal DM in animals supplemented 
with sole or mixtures of MPTs than wheat bran is concurrent with higher 
nitrogen intake. Higher nitrogen intake usually improves concentration of 
rumen ammonia nitrogen and this creates conducive ruminal environment 
for cellulolytic microorganisms to effectively ferment plant fiber (Ørskov, 
1982) 
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Live weight and scrotum circumference gain  
 
Data on live weight and scrotal circumference are given in Table 4. 4. 
Mixtures of MPTs promoted significantly higher live weight gain than 
wheat bran (P < 0.05) or sole MPTs (P< 0.001), and significantly higher 
final live weight than wheat bran (P < 0.05) or sole MPTs (P < 0.01).  
 
Table 4. 4.  Least squares means for live weight and scrotal circumference of Menz rams 
                   
            Treatments  
 
          (n = 6) 
 

 
Initial live 
weight  
(kg) 

     
  LWG  
   (g day –1) 

 
Final live 
weight 
(kg) 

 
ISC 
(cm) 

 
SCG 
(mm  
day –1) 

 
FSC  
(cm) 

1 S. sesban 1198 15.6 a 33.4  ab 19.7  ab 19.7 a 0.36 abc 24.1 ab 

2 S. sesban 15019 15.6  a 35.7  ab 20.2  ab 19.7 a 0.41  abc 25.2  a 

3 L. pallida 14203 15.9  a 27.8  b 19.5  b 20.5  a 0.28 cd 24.3 ab 

4 A. angustissima 15132 15.6  a 13.0  c 17.6 c 19.7  a 0.21  d 22.4  b 

5 SS 1198 + LP 14203 15.8 a 40.7  a 21.2 a 19.2  a 0.46  a 25.1  a 

6 SS 15019 + LP 14203 15.5 a 34.7  ab 20.2  ab 20.2  a 0.40 abc 25.8 a 

7 SS 1198 + AA 15132  15.7 a 33.7  ab 20.2  ab 19.4  a 0.39  abc 24.3 ab 

8 SS 15019 + AA 15132 15.6 a 38.4  ab 20.5  ab 18.6  a 0.43   ab 24.2 ab 

9 Wheat bran (control) 15.6 a 29.2  b 19.3  b 19.8  a 0.29  bcd 23.9 ab 

 SEM†  0.13 3.3 0.50  0.63 0.04  0.67 

 Significance level       

 Treatment ns *** ** ns ** ns 

 1& 2 vs. 3 & 4  *** **  **  

 Sole vs. control  ns ns  ns  

 Mixtures vs. control  * *  **  

 Sole vs. mixtures  *** **  **  

 Rest vs. control  ns ns  ns  
 
abc  = means with different superscripts in a column are significantly different, (P < 0.05); ns  = not significant; * = P 
< 0.05; ** = P < 0.01; *** = P < 0.001; SEM† = standard error of mean; LWG = live weight gain; SCG = scrotum 
circumference gain; ISC = initial scrotum circumference; FSC = final scrotum circumference; n = number; SEM† 
calculated for n = 6. 
 

Rams on mixtures than sole MPTs required significantly lower (P< 0.001) 
feed DM per unit of daily live weight gain. Similarly, daily scrotal 
circumference gain was significantly higher (P < 0.01) in rams on 
mixtures of MPTs than those on sole MPTs or wheat bran. Significantly 
higher daily live weight and scrotal circumference gain (P < 0.05) was 
observed in rams supplemented with the mixture of S. sesban 1198 and 
L. pallida 14203 than those supplemented with sole L. pallida 14203. 
Supplementation with the mixture of both accessions of S. sesban and A. 
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angustissima 15132 than sole A. angustissima 15132  also resulted in 
significantly higher (P < 0.05) daily live weight and scrotal circumference 
gains. 
 
The correlation between scrotal circumference and live weight was 
significant (R2 = 0.57, P < 0.001) and in agreement with similar studies 
(Kaitho, 1997; Rege et al., 2000). 
 
The rate of daily live weight and scrotal circumference gain were similar 
with the results of other studies (Bonsi et al., 1994; Kaitho,1997). The 
differences between treatments were direct reflections of differences in 
feed intake. Improved live weight and scrotal circumference gain with 
mixtures than sole MPTs or wheat bran may be a result of balanced 
supply and efficient utilization of nutrients for live weight and scrotal 
circumference gain. Moreover, mixtures of MPTs may improve ram 
reproductive performance as strong correlations were reported between 
scrotal circumference, volume, concentration and motility of semen in 
Menz rams (Rege et al., 2000).   
 
Conclusion 
 
The results indicated that MPTs improved basal feed and nutrient intakes 
better than conventional by- product supplements like wheat bran. 
Supplementation with mixtures of MPTs proved to be superior than sole 
MPTs in daily feed intake, live weight and scrotal circumference gains, 
which suggests that mixing the MPTs might have diluted the different 
secondary plant metabolites contained in sole MPTs, and thus reduced 
their negative effects on feed intake and animal performance.  
 
Moreover, supplementation of A. angustissima 15132 in a mixture with  
S. sesban 1198 and S. sesban 15019 has the potential to alleviate 
limitations set by secondary plant metabolites for extensive utilization of 
A. angustissima 15132 as a sole supplement.  
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