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SUMMARY 
 
The chemical composition and rumen degradation 
characteristics of six Calliandra calothyrsus 
provenances were determined. The six provenances 
were selected on the basis of their good browse and 
seed production attributes under Zimbabwean 
conditions. The six provenances were: Oxford Forestry 
Institute (OFI) 9/89, OFI 10/91, OFI 11/91, OFI 12/91, 
OFI 23/91 and OFI 62/91. The nitrogen content of the 
provenances ranged from 27.15 to 32.51 g/kg DM 
with provenance 62/91 having the highest value while 
provenance 9/89 had the lowest value. The 
provenances differed in nitrogen content with 9/89, 
10/91 and 23/91 being significantly different (P<0.05) 
from 12/91 and 62/91, while the acid detergent fibre 
and the neutral detergent fibre content showed 
significant differences between provenances 9/89, 
62/91 and 11/91.The proanthocyanidins content of the 
provenances ranged from 29.3 g/kg DM to 56.0 g/kg 
DM with provenance 9/89 being significantly (P<0.05) 
different from the other provenances. The rumen dry 
matter degradability of the six C. calothyrsus 
provenances differed significantly (P< 0.05) with 
provenances 9/89, 10/91, 12/91 and 62/91 having 
different quickly degradable fractions from 
provenances 11/91 and 23/91. The potential 
degradability ranged from 790.4 g/kg DM to 890.9 
g/kg DM, with the rate of degradation varying from 
0.002h-1 in provenance 10/91 to 0.012h-1 in 
provenance 12/91 while the effective degradability 
ranged from 250 to 411.1 g/kg (2% passage rate) and 
203.3 to 308.4 g/kg (5% passage rate) and differed 
significantly. The nitrogen degradability of the six C. 
calothyrsus provenances also differed significantly (P< 

0.05). The quickly degradable fraction ranged from 
195.8 g/kg N in provenance 62/91 to 235.0 g/kg N in 
provenance 23/91, while the potential degradability 
was between 782.2 g/kg N and 888.2 g/kg N. The rate 
of degradation varied from 0.005h-1 in provenance 
62/91 to 0.012h-1 in provenance 10/91 with the 
effective degradability ranging from 195.6 to 399.3 
g/kg (2% passage rate) and  from 179.2 to 361.3 g/kg 
(5% passage rate). The six provenances had adequate 
nitrogen contents and were moderately degradable in 
the rumen suggesting that they were suitable for 
incorporation into ruminant diets as supplements to 
low quality forage. However, the high 
proanthocyanidin levels could affect their use by 
ruminants.  
 
Key words: Calliandra calothyrsus, provenances, 
chemical composition, degradation 
 

RESUMEN 
 
Se estudió la composición química y degradación 
ruminal de seis accesiones de Calliandra calothyrsus 
que fueron seleccionada con base a sus atributos como 
forraje y producción de semilla en las condiciones de 
Zimbabwe. Las seis accesiones fueron: Oxford 
Forestry Institute (OFI) 9/89, OFI 10/91, OFI 11/91, 
OFI 12/91, OFI 23/91 y OFI 62/91. El contenido de N 
fluctuó de 27.2 a 32.5 g/Kg MS siendo la accesión 
62/91 la de mayor contenido y la 9/89 la de menor 
valor. La fibra detergente ácida y neutra mostraron 
diferencias entre las accesiones 9/89, 62/91 y 11/91. El 
contenido de proantocianidina fluctuó de 29.3 a 56.0 
g/kg MS siendo OFI 9/89 diferente (P<0.05). La 
degradación ruminal de 9/89, 10/91, 12/91 y 62/91 fue 
diferente en su fracción rápidamente degradable de 
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aquella obtenida con 11/91 y 23/91. La degradabilidad 
potencial fluctuó de 790.4 a 890.9 g/kg MS, con una 
tasa de degración de 0.002h-1 (OFI 10/91) a 0.012h-1 
(OFI 12/91), mientras que la degradabilidad efectiva 
fluctuó de 250 a 411.1 g/kg (2% tasa de pasaje) y de 
203.3 a 308.4 g/kg (5% tasa de pasaje). La fracción 
rápidamente degradable del nitrógeno fluctuó de 195.8 
g/kg N (OFI 62/91) a 235.0 g/kg N (OFI 23/91), 
mientras que la degradabilidad potencial varió de 
782.2 g/kg N a 888.2 g/kg N. La tasa de degradación 
fluctuó de 0.005h-1 (OFI 62/91) a 0.012h-1 (OFI 10/91) 
con una degradabilidad efectiva de195.6 a 399.3 (2% 
tasa de pasaje) y de 179.2 a 361.3 g/kg (5% tasa de 
pasaje). Las seis accesiones tuvieron contenidos 
adecuados de N y fueron moderadamente degradables 
en el rumen sugiriendo que son adecuadas para su 
incorporación como suplementos en la alimentación de 
rumiantes. Su alto contenido de poroantocianidina 
podría limitar su uso.  
 
Palabras clave: Calliandra calothyrsus, accesiones, 
composición química, degradación. 
 
 

INTRODUCTION 

Calliandra calothyrsus (Meissn) is a shrub native to an 
extensive area of Central America, between 8-16ºN in 
areas around Guatemala, Honduras, El Salvador, 
Nicaragua, Costa Rica and Panama (Palmer and 
Schlink, 1992). In its native Central American habitat, 
it grows at altitudes from sea level to 1,860 m in areas 
where the annual precipitation ranges from 700 to 
3,000 mm (Lowry and Macklin, 1989). The plant is 
not very drought tolerant although it is able to 
withstand dry periods (Palmer, Macqueen and 
Gutteridge, 1994). In humid climates, the tree is 
evergreen, whereas in areas with a long dry season it is 
semi-deciduous. Under severe drought conditions, the 
tree will die back but will generally recover after the 
onset of the rainy season. The common uses of C. 
calothyrsus include as firewood, animal fodder, for 
reforestation, soil stabilisation, soil improvement and 
minor secondary production (pulp and paper, honey 
and shellac, leaf meal) (Palmer, et al., 1994). A 
number of provenances of C. calothyrsus have been 
evaluated and the Oxford Forestry Institute has made 
collections at over 40 sites from seven countries in 
Central America covering a large range of edaphic and 
climatic regimes (Macqueen, 1992).  

C. calothyrsus (Meissn) is also currently being 
promoted by the Southern Africa Development 
Community- International Centre for Research in 
Agroforestry (SADC-ICRAF) as a fodder plant for 
livestock. In Zimbabwe fodder yields of between 2.3 
and 4.3 tonnes of dry matter per hectare have been 
obtained with an average crude protein content of 176 

g/kg DM (Dzowela, Hove, Topps and Mafongoya, 
1995). In several experiments in Australia, C. 
calothyrsus has been shown to be highly palatable for 
both grazing and pen-fed animals (Palmer, et al., 
1994). Wiersum and Rika (1992) reported 22% crude 
protein, 30-70% fibre, 4-5% ash and 2-3% fat in dried 
leaves of C. calothyrsus. No toxic substances have 
been found but high concentrations of condensed 
tannins (up to 11%) have been reported (Ahn, 
Robertson, Elliott, Gutteridge and Ford, 1989). These 
levels may be responsible for the rather low (around 
40%) in sacco degradabilities measured on oven-dried 
material in a number of experiments (Baggio and 
Hueveldop, 1984; Robertson, 1988). An advantage of 
the tannin is that it ensures protected (bypass) protein 
but high levels of tannin may reduce the digestibility 
of protein for livestock (Palmer, et al., 1994). In 
feeding trials conducted in Indonesia with both goats 
and sheep, the in vivo estimates of digestibility were in 
the order of 60% (Mahyuddin, Little and Lowry, 
1988). These data suggest that the nutritive value of C. 
calothyrsus is not yet fully understood, but the high 
digestibility of fresh material (60-80%) shows the 
potential of C. calothyrsus as a feed for browsing 
animals (Palmer and Schlink, 1992).  

The objective of this study was to carry out a 
quantitative assessment of usable nutrients as well as 
to estimate the levels of condensed tannins 
(proanthocyanidins) in six provenances of C. 
calothyrsus selected on the basis of their good browse 
and seed production attributes under Zimbabwean 
conditions. The dry matter and nitrogen degradability 
was also estimated using the nylon bag technique.  

MATERIALS AND METHODS 
 
Chemical composition of six Calliandra calothyrsus 
provenances 
 
Source of C. calothyrsus provenances 
 
The leaf material of the six provenances was obtained 
from SADC-ICRAF research trial plots at 
Domboshava in Zimbabwe. The site is located 30 km 
north-east of Harare (17° 90′ S, 31° 10′ E) in 
Ecological Region 2b with an altitude of 1500m above 
sea level, a mean annual rainfall of 895 mm and mean 
annual temperature range of 15-20ºC. 
The six provenances were selected on the basis of their 
good browse and seed production  under Zimbabwean 
conditions and these were Oxford Forestry Institute 
(OFI) 9/89 and OFI 10/91 (both originated in 
Guatemala), OFI 11/91(originated in Nicaragua), OFI 
12/91 and OFI 23/91(both originated in Honduras) and 
OFI 62/91(originated in Mexico). Leaves were 
harvested from three year old plants.  
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Chemical analysis 
 
Air-dried leaves were milled using a Willey mill 
through a 1 mm screen. Dry matter (DM) and organic 
matter (OM) were determined using the standard 
procedures (AOAC, 1990). The crude protein (CP) 
content was determined using the Kjeldahl procedure 
(AOAC, 1990) while the neutral detergent fibre (NDF) 
and acid detergent fibre (ADF) were determined 
according to the procedures of Goering and Van Soest 
(1970). Proanthocyanidins were estimated 
colorimetrically by the butanol-HCl method (Reed, 
Horvath, Allen and Van Soest, 1985). 
 
Statistical analysis 
 
Analysis of variance was carried out to 
determine the differences among the 
provenances using the Proc GLM procedure 
of SAS (SAS, 1998). The model was, Yijk = µ 
+ Pi + eijk, where Yijk is the independent 
variable (e.g. nitrogen content),µ is the 
overall mean, Pi is the fixed effect of the 
provenance and  eijk is the random residual. A 
comparison of means was done using 
Tukey’s studentized range test of SAS 
(1998). 
 
 
Rumen degradability of six C. calothyrsus 
provenances 
 
Animals and Management 
 
Three steers (Holstein x Mashona) weighing 600 ± 23 
kg each fitted with a rubber  rumen cannula of 8.5 cm 
diameter, were used to determine the degradability 
profiles of the six C. calothyrsus provenances using 
the nylon bag technique (Mehrez and Ørskov, 1977; 
Bhargava and Ørskov, 1987). The steers were housed 
in individual pens and each given a basal diet of 
Chloris gayana cv. Katambora Rhodes grass hay 
supplemented with 2 kg of dry C. calothyrsus. The 
trial was carried out at Grasslands Research Station in 
Marondera which is 75 km east of Harare. The steers 
were fed for 14 days prior to the ruminal incubation of 
the nylon bags, to allow animal adaptation.  Fresh 
water was always available from drinking troughs.  
 
Incubation procedure 
 
Air dried leaf material of the six provenances were 
milled through a 2mm screen and samples weighing 
approximately 3g placed in pre-weighed nylon bags of 
9 x 13cm and pore size of 49µm (Polymon, 
Switzerland). The bags were incubated in the rumen of 
the three steers for periods of 0, 6, 12, 24, 48, 72, 96 

and 120 hours. The incubation was carried out in two 
runs with 42 bags per steer per run. Six sample bags 
suspended on string were sequentially introduced into 
the rumen. All the sample bags were then removed at 
the same time at the end of the incubation period. 
After incubation the bags were washed under running 
cold tap water until the water was clear. The sample 
bags were then machine washed for 15 minutes. 
Microbes strongly attached to the residues were 
removed using a stomacher. The 0 hour measurement 
was obtained by soaking the bags in cold water for one 
hour. The bags were dried in an oven for 48 hours at 
60 °C to constant weight to determine the dry matter 
content. 
 
Chemical analysis 
 
The sample residues were analyzed for Kjeldahl- N 
according to standard procedures (AOAC, 1990). 
 
Statistical analysis 
 
The non- linear model (P = a + b (1- e-ct) (Ørskov and 
McDonald, 1979), where P is the dry matter or 
nitrogen degradation at time t, a is the quickly 
degradable and soluble fraction (represented by the 0 
hour samples), b is the slowly degradable fraction, c is 
the rate of degradation, t is the incubation time (hour) 
and e is the exponential constant, was used to describe 
the pattern of degradation of nitrogen and dry matter. 
The constants were fitted by an iterative least squares 
procedure (SAS, 1998). The effective degradability 
(ED) was calculated according to the model of Ørskov 
and McDonald (1979): ED = a + (bc / (c + k)), where k 
is the rumen fractional outflow rate: values of 0.02/hr 
and 0.05/hr for rumen outflow rate (k) of supplement 
were assumed as they generally correspond to the 
passage rate of low and high producing ruminant 
animals.  
 
Analysis of variance was carried out on the 
degradability and effective degradability data in a 
completely randomized block design using the General 
Linear Model Procedure (SAS 1998). The model was, 
Yijk = µ + Pi + Sj + eijk, where Yijk is the observed 
dependent variable (DM or N degradation),µ is the 
overall mean, Pi is the provenance effect, Sj is the steer 
effect and eijk is the random residual. A comparison of 
means was done using Tukey’s studentized range test 
of SAS (1998). 
 

RESULTS 
 
The chemical composition of six C. calothyrsus 
provenances are given in Table 1. The nitrogen content 
of the provenances ranged from 27.15 to 32.51 g/kg 
DM with provenance 62/91 having the highest value 
while provenance 9/89 had the lowest value. The 
provenances differed in nitrogen content with 9/89, 
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10/91 and 23/91 being significantly different (P<0.05) 
from 12/91 and 62/91, while the acid detergent fibre 
and the neutral detergent fibre content showed 
significant differences between provenances 9/89, 
62/91 and 11/91.The proanthocyanidins content of the 
provenances ranged from 29.3 g/kg DM to 56.0 g/kg 
DM with provenance 9/89 being significantly (P<0.05) 
different from the other provenances.  
 
Dry matter degradability 
 
The in situ dry matter degradability constants of six C. 
calothyrsus provenances are given in Table 2. The 
rumen dry matter degradability of the six C. 
calothyrsus provenances differed significantly (P< 
0.05) with provenances 9/89, 10/91, 12/91 and 62/91 
having different quickly degradable fractions from 
provenances 11/91 and 23/91. The quickly degradable 
fraction ranged from 171 g/kg DM in provenance 
11/91 to 238.3 g/kg DM in provenance 12/91. The 
potential degradability ranged from 790.4 g/kg DM to 
890.9 g/kg DM. The rate of degradation varied from 

0.002h-1 in provenance 10/91 to 0.012h-1 in 
provenance 12/91 while the effective degradability 
ranged from 250 to 411.1 g/kg (2% passage rate) and 
203.3 to 308.4 g/kg (5% passage rate) and differed 
significantly (P<0.05). 
 
Nitrogen degradability 
 
The in situ nitrogen degradability constants of the six 
C. calothyrsus provenances are given in Table 3. The 
nitrogen degradability of the six C. calothyrsus 
provenances differed significantly (P< 0.05). The 
quickly degradable fraction ranged from 195.8 g/kg N 
in provenance 62/91 to 235.0 g/kg N in provenance 
23/91, while the potential degradability was between 
782.2 g/kg N for provenance 23/91 and 888.2 g/kg N 
for provenance 62/91. The rate of degradation varied 
from 0.005h-1 in provenance 62/91 to 0.012h-1 in 
provenance 10/91 with the effective degradability 
ranging from 195.6 to 399.3 g/kg (2% passage rate) 
and  from 179.2 to 361.3 g/kg (5% passage rate). 
 

 
 
Table1. Chemical composition of six provenances of Calliandra calothyrsus 
 

                                          g/kg DM  
Provenance 

 
DM (g) OM N ADF NDF ADIN NDIN PA 

9/89 882.80 943.60 27.15a 205a 400a 0.026a 0.027a 29.3a 

10/91 895.00 955.58 28.50a 235ab 410a 0.024a 0.032b 46.2b 
11/91 878.55 940.18 29.64ab 280b 470b 0.018b 0.025a 56.0b 
12/91 882.50 943.23 31.63b 260b 405a 0.024a 0.032b 46.2b 
23/91 890.00 949.35 28.21a 240ab 465b 0.021b 0.025a 54.1b 
62/91 883.60 944.45 32.51b 200a 405a 0.026a 0.028a 50.7b 
s.e. 4.05 5.78 1.24 25.33 3.53 0.001 0.001 0.01 
abMeans in the same column with different superscripts differed significantly (P< 0.05) 
s.e. = standard error of the means, DM = dry matter, OM = organic matter, N = nitrogen, ADF = acid detergent fibre, 
NDF = neutral detergent fibre, ADIN = acid detergent insoluble nitrogen, NDIN = neutral detergent insoluble 
nitrogen, PA = proanthocyanidins 
 
 
Table 2. Dry matter and effective rumen degradability (% of DM) of six C. calothyrsus provenances. 
 

                                               Provenances  
Constants 9/89 10/91       11/91 12/91 23/91 62/91 

s.e. 

    a      21.83a 22.46a 17.10b          23.83a 18.95b 21.68a      1.38 
    b   62.22a 66.63b 62.33a        62.66a 60.08c 60.21c 13.70 
PD (a+b)     84.05 89.09 79.43 86.49 79.04 81.89  
    c 0.003a 0.002a 0.010b 0.012b 0.010b 0.003a 0.0014 
ED at 
k =0.02 
k =0.05 

 
41.11a 

30.84a 

 
37.88a        
30.70a          

 
nd 
nd   

 
25.00b 

20.33b          

 
32.96c 

28.87c 

 
32.27c 

26.29c 

 
3.52 
2.21 

abMeans in the same row with different superscripts differed significantly (P< 0.05) 
nd = not determined, a = quickly degradable fraction (0 hr samples), b = slowly degradable fraction, c = rate of 
degradation, DM = dry matter, PD (a+b) = potential degradability, ED = effective degradability, k = rumen fractional 
outflow rate,  s.e. = standard error of the means 
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Table 3. Nitrogen and effective degradability (% of N) of six C. calothyrsus provenances. 
 

                                              Provenances        
Constants 9/89        10/91        11/91           12/91 23/91 62/91 

 
s.e. 

a   22.59a 20.16b        23.42a 22.19ab 23.50a 19.58b 1.13 
b   61.41a        64.35a nd 56.94b 74.72c          69.24c 14.50 
PD (a+b) 84.00 84.51 nd 79.13 78.22           88.82  
c 0.007a      0.012a 0.001b 0.009a 0.002b          0.005b 0.004 
ED at 
k =0.02 
k =0.05 

 
39.93a        
29.33a 

 
30.85b 

26.83a 

 
nd 
nd 

 
19.56c          
36.13b 

 
34.60b 

17.92c    

 
nd 
nd 

 
7.81 
6.13 

abMeans in the same row with different superscripts differed significantly (P< 0.05) 
nd = not determined, a = quickly degradable fraction (0 hour samples), b = slowly degradable fraction, c = rate of 
degradation, N = nitrogen, PD (a+b) = potential degradability, ED = effective degradability, k = rumen fractional 
outflow rate,  s.e. = standard error of the means 
 
 

DISCUSSION 
 
The nitrogen content of the air-dried leaves of the six 
provenances ranged from 27.2 g/kg DM to 32.8 g/kg 
DM. Values of 28 g/kg DM to 36 g/kg DM for leaves 
of C. calothyrsus provenances were reported by 
Perera, Perera and Gunesena (1996). Palmer and 
Ibrahim (1996) reported values of 49.4 g/kg DM to 
64.96 g/kg DM while, Norton and Ahn (1997) 
obtained nitrogen levels of 27.7 g/kg DM (fresh 
leaves) and 24.4 g/kg DM (oven-dried leaves). The 
average nitrogen content reported by several authors is 
36 g/kg DM (Ahn et al., 1989; Kamatali, Teller, 
Vanbelle, Collignon and Foulon, 1992; Kaitho, 
Tamminga and Bruchem, 1993; Dzowela et al., 1995; 
Perez-Maldonado and Norton, 1996; Salawu, 
Acamovic, Stewart and Maasdorp, 1997; Nherera, 
Ndlovu and Dzowela, 1998; Maasdorp, Muchenje and 
Titterton, 1999; Merkel, Pond, Burns and Fisher, 1999; 
Salawu, Acamovic, Stewart and Roothaert, 1999).  
 
The nitrogen content of the six provenances was also 
above the minimal 12.8 g/kg DM considered to limit 
the intake of tropical forages (Minson, 1990), 
suggesting that the provenances will supply the 
required nitrogen to animals grazing poor quality 
native pasture during the dry season or stall fed 
animals on low quality cereal crop residues. The 
neutral detergent fibre content ranged from 400 g/kg 
DM to 470 g/kg DM, while the acid detergent fibre 
was between 200 g/kg DM and 280 g/kg DM. Norton 
and Ahn (1997) reported neutral detergent fibre 
contents of 302 g/kg DM (fresh leaves) and 395 g/kg 
DM (oven-dried leaves) with acid detergent fibre 
contents of 229 g/kg DM and 286 g/kg DM for fresh 
and oven dried leaves respectively. Mean neutral 
detergent fibre and acid detergent fibre contents of 418 
g/kg DM and 235 g/kg DM respectively were reported 
by several authors (Ahn et al., 1989; Kamatali et al., 
1992; Kaitho et al., 1993; Dzowela et al., 1995; Perez-

Maldonado and Norton, 1996; Salawu et al., 1997; 
Nherera et al., 1998; Maasdorp et al., 1999; Merkel et 
al., 1999; Salawu et al., 1999). The proanthocyanidins 
content ranged from 29.3 g/kg DM for provenance 
9/89 to 56.0 g/kg DM for provenance 11/91. Although 
provenance 9/89 had the lowest nitrogen content of 
27.15 g/kg DM it also had a correspondingly low 
content of proanthocyanidins of 29.3 g/kg DM 
suggesting that it might be utilized by ruminants better 
than the other five provenances. Condensed tannin 
(proanthocyanidins) levels of between 15.4 and 47.1 
g/kg DM have been reported by other workers (Ahn et 
al., 1989; Perez-Maldonado and Norton, 1996). 
 
The low effective nitrogen degradabilities of between 
19.56% and 39.93% and 17.92% and 36.13% at rumen 
fractional outflow rates of 2% and 5% respectively are 
supported by the high concentrations of 
proanthocyanidins, which have been implicated in the 
low availability of nitrogen for ruminant use (Ahn et 
al.,1989).  
 

CONCLUSION 
 
It can be concluded from this study that the six 
provenances of C. calothyrsus had different nitrogen, 
neutral detergent fibre and acid detergent fibre 
contents. The high proanthocyanidins contents could 
impact negatively on availability of nitrogen for 
ruminant use. 
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