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Abstract

The aim of this study was to determine the
nutritional characteristics of Zapoteca tetrago-
na (Willd.) H. Hern to assess the suitability of
this plant for ruminant nutrition. The nutri-
tional evaluation consisted of in vitro and in
vivo trials. Secondary compounds including
total phenols, condensed tannin and non-pro-
tein amino acids (NPAA) were determined.
Two stage in vitro digestibility was conducted
using substrates with increasing levels of Z.
tetragona replacing elephant grass (Pennise -
tum purpureum) as control feed. The inclusion
of 30% Z. tetragona was compared to 100% ele-
phant grass by in vitro gas production tech-
nique and in vivo digestibility trial using
sheep. Forage from Z. tetragona was apprecia-
bly high in crude protein (CP) and lower in
neutral detergent fibre. Moreover, it was rich
in Ca and P. Total phenols, condensed tannin
and NPAA contents were very low. In vitro gas
production technique showed that after 48 h
incubation, the gas produced from Z. tetragona
was higher than elephant grass (P<0.05).
Increasing level of Z. tetragona led to better dry
matter (DM) and CP digestibility compared to
elephant grass. In vivo trial showed no differ-
ence in DM intake between the two tested
feed, however higher CP intake was reported
when sheep fed Z. tetragona as well as for CP
digestibility and N retention (P<0.05). It can
be concluded that Z. tetragona has a strong
potential as forage crop with valuable nutri-
tional quality. Moreover, Z. tetragona could rep-
resent an alternative feedstuff to conventional
forage and a promising substitute fodder in
tropical ecosystem.

Introduction

There is currently an increasing interest in
the production of alternative forage crops for
ruminant feeding. This reflects both the poten-
tially lower production costs per unit of energy
associated with some alternative forage crops
and the ability of some of these crops to
increase total dry matter (DM) intake and
improve animal productions (Khan and Habib,
2012; Tufarelli et al., 2012). Leaves of browse
species are potential source of nutrients that
could be used to improve the production of
ruminants consuming tropical pastures of low
nutritive value (Barakat et al., 2013). Tree
leaves are richer in crude protein (CP), miner-
als and digestible nutrients than grasses
(Olafadehan, 2013). 

Zapoteca tetragona (Willd.) H. Hern. is a
tropical leguminous shrub widely cultivated in
the forest buffers area of Indonesia. This shrub
originally came from Latin or Central America
and brought to Indonesia by the forestry peo-
ple. Previously, Z. tetragona was called white
Calliandra since the flower has white colour, if
compared to the red Calliandra (Calliandra
calothyrsus) having red flower. Z. tetragona is a
fast growing species and regrows well after
several cuttings. Compared to other tropical
shrub species, such as Acacia angustisima,
Calliandra callothysus and Leucaena diversifo-
lia, the DM biomass production of Z. tetragona
is higher (Sajimin and Purwantari, 2006). The
protein content of Z. tetragona is quite high
and it represents a valuable protein source
compared to other tropical shrubs (Laudadio et
al., 2009; Cazzato et al. 2013). However, to date
the information of Z. tetragona forage as alter-
native feed for ruminants are limited, and little
attention has been given to the nutritional
evaluation of Z. tetragona in ruminant feeding.
Moreover, since the Z. tetragona leaves contain
several secondary compounds which may
influence the animal production, it is neces-
sary to assess the nutritional value of Z. tetrag-
ona through not only chemical analyses but
also by in vitro techniques and in vivo trials.

Materials and methods
Study area and sampling

Z. tetragona and elephant grass (Pennisetum
purpureum) were locally produced from
mature crops after harvesting of plants in the
research facility of the Indonesian Research
Institute for Animal Production, Bogor,
Indonesia (7°5’S latitude, 107°40’E longitude).

The crops were harvested, wilted, and trans-
ported to the research facility. The feeding trail
was conducted at the animal research facilities
of Indonesian Research Institute for Animal
Production, Bogor, Indonesia.

In vivo digestibility trial
A metabolism trial was conducted lasted for

21 d in metabolism cages using eight healthy
sheep of 24±2.2 kg live body weight (BW) with
facility of quantitative collection of faeces and
urine separately. Each animal received the two
diets in different periods, following a Latin
square design. Each period consisted of 14
days of adaptation to diet in individual stalls
with a concrete floor, two days of adaptation to
faecal collection bags applied on bucks, and
five days of faeces collection (Givens et al.,
2000). Daily feed intake was also recorded. The
diets consisted of a mixture of elephant grass
and Z. tetragona in the ratio of 70:30 w/w and a
control diet of 100% of elephant grass, both
diets at a level of 4% BW per day. The proxi-
mate composition of elephant grass and Z.
tetragona was reported in Table 1. Samples of
feed offered, orts, faeces and urine voided
were collected every morning. A 0.1 portion of
faeces and urine, respectively, were pooled
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over the 5-day collection period and finally sub-
sampled to obtain representative samples for
analysis. Rumen liquor (50 mL) was taken
from each sheep in the morning before feed-
ing, using an oesophageal tube under mild vac-
uum from the reticulum near the reticulo-
omasal orifice, and filtered through two layers
of cheesecloth. An aliquot of the filtered rumen
liquor was collected for protozoal and bacterial
counts (Ogimoto and Imai, 1981), and another
aliquot of filtered rumen liquor was collected
for the determination of the ammonia concen-
tration (Conway and Byrne, 1933).

Two-stage in vitro digestibility
In order to determine the best level of Z.

tetragona, different percentages (15, 30, 45
and 100%, respectively) were tested by in vitro
fermentation assay. The Tilley and Terry
(1963) rumen fluid/pepsin two-stage in vitro
technique was used to estimate the in vitro
DM digestibility and CP digestibility. Results
were compared with control incubations (i.e.
samples without Z. tetragona) using elephant
grass. Rumen fluid was collected from sheep
via rumen cannulae before the morning meal
was pooled, placed in a prewarmed (39°C) vac-
uum flask and transported immediately to the
laboratory. The rumen fluid was diluted (1:2
v/v) with a culture medium containing macro-
and micromineral solutions, resazurin and
bicarbonate buffer solution prepared as
described by Menke and Steingass (1988). The
medium was kept at 39°C and saturated with
CO2. Samples (0.5 g) of each forage (control or
with one of the Z. tetragona levels) were
weighed in triplicate and placed in bottles, to
which were added 40 mL of rumen fluid/artifi-
cial saliva solution. The bottles were kept for
48 h in a 39° C water bath. The in vitro test
bottles from the same ingredient were split in
two groups to measure rumen degradation and
to perform the gastric digestion.

In vitro gas production technique
The estimates of gas production were

obtained through the method described by
Menke and Steingass (1988). The gas produc-
tion effects were evaluated using Z. tetragona
(30%) and elephant grass (100%). The rumen
fluid was obtained as described in the previous
section. Incubations were conducted in 100 mL
syringes, which were rinsed (distilled water)
and dried before each study, then flushed with
CO2 prior to the addition of substrate contain-
ing 200 mg DM of each sample and 30 mL of
buffered rumen fluid. The treatments were ele-
phant grass (control) and Z. tetragona added in
syringe, with four syringes per treatment. The
syringes were plugged with the pistons

smeared by vaseline  and kept in a 39°C water
bath. Gas production was recorded after 2, 4, 6,
8, 10, 12, 16, 24, 30 and 48 h of incubation by
pressure readings. The results were corrected
to blank samples (flasks containing buffered
rumen fluid without the forages) and standard
samples to 24 h of incubation and jointly with
the levels of forage chemical components. 

Chemical analysis
Samples of Z. tetragona, elephant grass and

dry faeces were ground in a hammer mill with
a 1 mm screen and analysed in triplicate for
DM, ash (967.05), CP (Kjeldahl N×6.25;
990.03), ether extract (945.16), Ca and P
according to AOAC (2000). The neutral deter-
gent fibre (NDF), acid detergent fibre (ADF)
and lignin were analysed according to Mertens
(2002), AOAC (2000; 973.187), and Van Soest
et al. (1991), respectively, using the sequential
procedure and the filter bag system (Ankom
Technology, Macedon, NY, USA). The NDF and
ADF fractions include residual ash. Total phe-
nols and condensed tannin analysis were car-
ried out following the methods described by
FAO/IAEA (2000) and non-protein amino acids
(NPAA) according to the AOAC (2000). Rumen
ammonia was analysed by the Kjeldahl method
(990.03; AOAC, 2000). 

Statistical analysis 
Data on the intake, digestibility, N retention

and ruminal parameters in sheep were analysed
for the fixed effect of diet and random effects of
feeding period and sheep, using PROC MIXED
procedure of the SAS (SAS, 2004). The DM and
CP digestibility data were compared using t-test
(Steel et al., 1997). Similar design was used
also for the two-stage in vitro digestibility and
in vitro gas production. 

Results and discussion

The effects of dietary Z. tetragona in rumi-
nant diets have not been previously reported,
and the cross referencing in the discussion of
findings in this report will be based on find-
ings from other tropical leguminous shrubs.
Therefore, this subject should be considered in
new investigations.

Z. tetragona forage had a higher content of
CP (23.5 vs 17.5% DM) and lower one of NDF
(27.6 vs 56.2% DM) compared with elephant
grass (Table 1). Moreover, Z. tetragona was
rich in Ca (1.7% DM) and P (0.33% DM), and
it also contained an adequate amount of phe-
nols (3.31%) and low levels of condensed tan-
nin and NPAA (0.73 and 0.6%, respectively).
The total condensed tannin in Z. tetragona
could result insufficient to bind protein caus-
ing less degradation (Waghorn, 2008).
Secondary compounds in Z. tetragona did not
seem to affect the activity of rumen microbes
and rumen fermentation in degrading forage.
Moreover, the CP may be soluble or easily
degradable by rumen microbes.

The replacement of elephant grass with Z.
tetragona in the sheep ration resulted in a sig-
nificant increase of CP intake (P<0.001),
whereas DM intake resulted similar between
the two treatments (Table 2). However, all in
all, the intake of all nutrients increased consis-
tently with the inclusion of Z. tetragona in the
ration, indicating that Z. tetragona is palatable
for sheep. The amount (g/day) of N retained in
the body increased significantly (P<00.01)
from 2.34 to 14.45 g/day with the substitution
of elephant grass with Z. tetragona (Table 2).
This findings suggest that the additional N
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Table 1. Proximate chemical composition of forage from Z. tetragona and elephant grass.

Item                                                                       Z. tetragona                                      Elephant grass

Chemical analysis,%                                                                                                                    
    DM                                                                           28.67                                                      14.34
    CP                                                                             23.49                                                      17.46
    NDF                                                                         27.60                                                      56.20
    ADF                                                                          17.62                                                      30.28
    Lignin                                                                       3.47                                                        3.34
    Ash                                                                            8.44                                                       15.80
    Ca                                                                              1.71                                                        0.52
    P                                                                                0.33                                                        0.25
Secondary compounds,%                                                                                                           
    Total phenols                                                          3.31                                                         nd
    Condensed tannin                                                 0.73                                                         nd
    NPAA                                                                         0.60                                                         nd

DM, dry matter; CP, crude protein; NDF, neutral detergent fibre; ADF, acid detergent fibre; Na, sodium; P, phosphorus; NPAA, non-pro-
tein amino acids; nd, not detected.
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supplied by Z. tetragona forage was efficiently
utilised and resulted in a greater N retention
as also recently found by Khan and Habib
(2012) using peanut (Arachis hypogaea) for-
age.

Apparent in vivo digestibility of DM and CP
showed that in sheep fed Z. tetragona the CP
digestibility was improved (P=0.003), whereas
DM digestibility was unaffected by dietary
treatment. Our results are in line with previ-
ous findings of Khamseekhiew et al. (1991) in
another tropical leguminous species Gliricidia
sepium, as protein source replacing elephant
grass, indicated that total DM and CP
digestibility using 40% Gliricidia in ruminant
ration were higher compared to control ration.
Further, the CP digestibility of Z. tetragona was
also higher than another tropical leguminous
forage as red calliandra (Calliandra calothyr-
sus) (Palmer and Jones, 2000). Therefore, we
can state that Z. tetragona resulted a species
highly degradable in the rumen.

Ruminal ammonia concentration, and total
bacteria and protozoa counts were unaffected
by dietary treatments, resulting similar in
sheep fed elephant grass or Z. tetragona. These
positive findings could be relate to the second-
ary compounds in Z.tetragona that not showed
any negative effect on total bacteria or proto-
zoa in the sheep rumen. This also explains
that the high total bacteria and protozoa will
provide an high degradation rate in the rumen.

Data on the effect of substituting elephant
grass with different levels of Z. tetragona on
two-stage in vitro DM and CP digestibility are
reported in Table 3. Digestibility of DM was
higher (P<0.05) for Z. tetragona at all levels of
inclusion compared to the control elephant
grass. Similarly, the CP digestibility was high-
er (P<0.05) for Z. tetragona, in particular at
15% of inclusion when incubated using rumen
liquor and pepsin. The improved digestibility
in the Z. tetragona as compared to elephant
grass is consistent with the previous studies
involving Guinea grass with Ficus religiosa
(Bamikole, 2003) or Pterocarpus erinaceus
combined with Gamba grass (Andropogon
gayanus; Olafadehan, 2013). It seems that Z.
tetragona resulted in improved rumen ecology
and a faster degradation of the diets compared
to the elephant grass. The higher nutrient
digestibility of our alternative could be attrib-
uted to lower fibre contents of the Z. tetragona
than elephant grass. The lower fibre of Z.
tetragona could result in fast degradation.
Moreover, legumes are generally retained in
the rumen for a shorter time than grasses
(Khan et al., 2012).

The in vitro gas production technique trial
showed that starting from the first 3 h of incu-
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Figure 1. Means of volume of gas produced during 48 h of incubation of 100% elephant
grass () and 30% of Z. tetragona ().

Table 2. Dry matter and crude protein intake, in vivo digestibility, N retention and rumen
parameters in sheep fed elephant grass (100%) and Z. tetragona (30%).

Parameters                                         Elephant grass                  Z. tetragona                SEM                          P

Intake                                                                                                                                                                           
    DM, g/day                                                 682.7                                  795.2                       78.92                       0.090
    DM, g/kg BW0.75                                        64.70                                  70.36                       5.912                       0.227
    CP, g/day                                                   60.54                                 122.63                       6.03                      <0.001
Digestibility, %                                                                                                                                                           
    DM                                                            56.58                                  62.23                       1.379                       0.670
    CP                                                              56.53                                  71.45                       4.321                       0.003
N retention, g/day                                       2.34                                    4.45                        0.898                     <0.001
Ruminal parameters                                                                                                                                                
    Ammonia, mM                                        14.55                                  13.75                       2.909                       0.810
    Total bacteria, n/mL                          1.72×109                           6.90×109                   1.113                       0.051
    Total protozoa, n/mL                         2.07×104                           1.04×104                   3.825                       0.082

DM, dry matter; CP, crude protein.

Table 3. In vitro dry matter and crude protein digestibility of elephant grass and Z. tetrag-
ona at different inclusion levels.

Item                                          DM digestibility, %                                                   CP digestibility, %

                             Rumen liquor                Rumen liquor             Rumen liquor                       Rumen liquor
                                                                           + pepsin                                                                       + pepsin

Elephant grass             61.79b                              68.72b                            68.97c                                      87.61b

Z. tetragona                                                                                                         
15%                              72.08a                               73.84a                             82.92a                                      92.38a

30%                              69.93a                               72.90a                             77.38a                                      88.46b

45%                              73.01a                               75.71a                             82.84a                                      89.64b

100%                            71.55a                               73.21a                             77.86a                                      88.16b

SEM                                  2.025                                1.798                              2.841                                        1.952
P                                       0.039                                0.042                              0.027                                        0.031

Means within a column with different superscript letters differ significantly (P<0.05).
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bation that the gas produced by 30% Z. tetrago-
na was higher than 100% of elephant grass,
and after 48 h of incubation the total gas pro-
duction was 83.35 mL for 30% Z. tetragona and
72.2 mL for elephant grass, respectively
(Figure 1). The higher volume of gas produced
when Z. tetragona was included reflects the
higher ruminal degradability of this tropical
leguminous shrub. Moreover, this increase
suggests that more soluble carbohydrates and
proteins were made available to microorgan-
isms as supplementation increased (Arhab et
al. 2009). This may also explain the increase
in cumulative gas production of Z. tetragona at
48 h as previously reported by Chenost et al.
(2001).

Conclusions

Forage from Z. tetragona was significantly
high in CP and low in NDF compared with con-
ventional tropical forages. Due to the high
nutritional value, the use this tropical shrub
improved intake, digestibility and N retention
in sheep. These findings show that including
Z. tetragona in ruminant diet can sustain ani-
mal production and minimise the production
losses during the feed shortage periods in trop-
ical areas.
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