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ABSTRACT

This experiment was carried out with an aim for increasing fermentability and digestibility of Acacia
angustissima and A, villosa by using polyethylene glycol {PEG) at different levels, The levels of PEG
supplemented to each legume were (0, 5 and [0% of dry weight sample. An increase in PEG level improved
protein degradation of Acacia spp. without affecting VFA production and microbial population. However, the
addition of PEG decreased DM and OM digestibilities although the effect on OM digestibility was not
significant. The present result has not yet been able to demonstrate an optimum level of PEG as a supplement
for reducing tannin effects in both Acacia spp. This study also indicated that protein of A. angustissima was
more degraded in the rumen than that of 4. vilfosa. but nutrients of this species of Acacia was more digested
in the post-ruminal digestive tract than those of A. angustissima.
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INTRODUCTION

Legumes and grasses are important feed
sources in tropical and dry areas (Topps, 1992). The
legumes are used as protein supplements to improve
nuirient quality supplied by grass as a main feed in
increasing animal production {Kaitho et ui., 1998";
Kaitho et al., 1998"; Saarisalo er af., 1999).

Acacia spp. can be used as pretein
supplements due to its high protein content (22-
32%) and quality, its faster growth, its ability to
adapt to the environment, and its ability to grow in
poor quality of soil and its high leaf production
(Praptiwi, 1985; Gutteridge, 1994, Wina and
Tangendjaja, 2000; Soebroto and Priyosukmana,
1985). However, Acacia spp. varied in their protein
sclubilities and degradabilities in the rumen, as well
as their digestibilities in the post-ruminal digestive
tract (Kaitho ef al., 1998°). These variations were
influenced by the presence of tannins and other
antinutrients and their effects were detérmined by
their concentrations {Ahn ¢t al., 1989: Provenza,
1995; Kaitho et af., 1998°; Evans ¢t af., 1993, Wina

and Tangendjaja, 2000; Praptiwi, 1985). High
concentrations of tannin decreased feed palatability,
reducing feed intake, reduced protein degradation in
the rumen and decreasing protein availability in the
lower digestive tract (Barry and Blaney, 1987,
Butler and Rogler, 1992).

Supplementation with polyethylene glycol
{PEG) is an alternative method for overcoming
tannin problems due to its ability to exchange with
protein  from protein-tannin complex releasing
protein (Jones and Mangan, 1977). The use of PEG
was determined by factors such as tannin
concentration in plant species and solubility or
molecular weight of PEG, etc. {Makkar, 2000;
Silanikove ef af., 1996"; Silanikove et af., 1997)
causing differences in the levels of PEG
supplemented for a particular plant species.
Therefore, this experiment was conducted with an
aimn for increasing fermentability and digestibility of
Acacia angustissima and Acacia villosa with PEG
supplementation at different levels.
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MATERIALS AND METHODS

Materials

Leaf samples of A. viliosu were collectled
from the field laboratory of Faculty of Animal
Science — Bogor Agricultural University — Dramaga
— Begor  Those of A, angustissima were obtained
from the farm station of Research Institute for
Animal Production -- Ciawi — Bogor. PEGA000 was
used at a level of 0.5 and 10% of dry weight of
Acacia spp. Rumen fluid of naturally adapted sheep
was originally obtained from Kupang that has been
stored at —80 °C. That of gradually adapted sheep
was obtained from Research [nstitute for Animal
Production  Ciawi — Bogor: this rumen fluid was
also stored at -80 °C. Rumen fluid of nen-adapted
sheep was collected using a stonmach tube from the
rumen of sheep kept in field laboratory of Faculty of
Animal Science — Bogor Agricultural University —
Dramaga — Bogor.
Variables

Ammonia (NH;} and VFA concentrations,
total bacterial population and protozeal number, as
well as dry matter (DM) and organic matter (OM)
digestibilitics were measured as variables in this
experiment

Inoculum preparation

Stored rumen fluids were thawed and sub
cultured in BHT medium.  BHI medium alse
contained 5 g of A villosa per 100 ml. The cultures
were incubated anaercbically at 39 °C for 24 h. The
cultures were then used as inocula in in vitro
fermentability and digestibility studies.

In vitro fermentability study

The study was carried out following a two
stage fermentations of Tilley and Terry method
{1963}, Cultures contained 1 g of Acacia sp.-PEG
mixture. 12 ml of artificial saliva (McDougall)
solution. 6 ml of autoclaved rumen fluid of sheep
and 2 ml of fresh inoculum of each type of rumen
fluid. These mixtures were incubated anaercbically
in a shaker-bath at 39 °C for 4 h. After 4 h. sample
{0.05 ml) was taken from each fermentation tube
and used for tota! bacterial counting: { ml of sample
was also collected and utilized for protozoal
counting. The mixtures were then mived with 0.2

ml saturated HgCl. to stop fermentation and the
mixtures were then centrituged at 10,000 rpm for 10
min, Tiltrates were not used, but supernatants were
used for analyzing Nilyand VFA concentrations, A
micro-diffusion  Conway method was used to
analyse WH- concentration; VFA concentration was
determined Tollowing a steam-distillation method
{CGeneral Laboratory Procedure, Department of
Dairy Science  Universily of Wisconsin, 1966).

Counting bacterial and protozoal populations
Bacterial population was counted using serial
dilution method described by Ogimoto and Imai
(1981). Lach sample was diluted serially with
dilution solution, the diluted sample was then
inpculated into solid BHI medium.  Inoculated
media were incubated anacrobically at 39 °C for 24c
48 h. Colonies that grew on solid medium were
counted, and bacterial population was calculated
after correcting with dilution factor.  Protozoal
numbers were counted using a counting chamber
under a microscope: this procedure was carried out
alter mixing sample with formal saline solution (4%
formaline in .99 NaCl solution) at a ratio 1:1.

£ vitro digestibility study

The above fermentation procedure was also
applied to determine in vitro DM and OM
digestibilities  (Tilley and  Terry, 1963}, but
incubation was carriec! out for 24 h. After stopping
microbial lermentation with 0.2 ml of saturated-
HuCly, the mixtures were centrifuged at 10,000 rpm
for 10 min. Supernatants were discarded, filtrates
were nixed with 20 ml pepsin-HCl (0.2% wiv),
These niistures were then incubated acrobically in a
shaker bath at 39 °C for 24 h which were then
filtered through a Whatman filter paper No. 41 using
a vacuum pump and hot water. The residues were
dricd in an oven at 105 °C for 24 h to determine
moisturc-content, After weighing dried residues, the
residucs were then dried in an oven at 600 °C for 19
h to analyse ash content. DM digestibility (%) was
calculated using this formula : [{DM sample weight
— {3 residue weight - DM blank weight)}/ DM
sample weight] x 100%. 'This same formula was
also used to calculate OM digestibility (%) after
replacing DM weight with OM weight,
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Table 1. Ammonia Cancentrations ot Acaciy Specics as Allected by PEG Supplementation

Acacia species  PEG  level

Source of inoculum

(o) Naturally adapted  Gradually Non-adapted Means + SE*
sheep adapted shecp sheep
mM/g BK
A.angustissima () 833+ 1.20 5.66 + 0.08 7.89+1.93 7.20+1.07°
5 9.76+1.28 1577+ 1.23 901 +3.09 E1.51 +1.87%
10 16.20 4: 0.73 1213+ 2.04 1544 42,40 14.59 +1.72°
Means+SE 11.43 +1.07 .19+ 112 10.78 + 2.47 11.13+1.55%
Aviflosa 0 351 LI 415+ 1.0Y 443 +1.16 4.03+1.12¢
5 7.1+ 1.17 4.35+0.27 8.54 £ 0.66 6.67 +0,70%
10 12.91+1.69 9.88 + 2.8l 11.36 £ 1.08 11.38 + 1.86°
Means+SE 7.84 +132 6.13+1.39 8.11+0.97 7.36 + 1,23
Means + SE 9.64 +1.20 8.66 + 1.25 944+ L.72 9.25+1.35

* Means within column with different supcrseripts difTer stgnificantly at (P<0.01)

Table 2. Effect of PEG Addition to Acacia Species on VFA Concentration

Acacia specics

PEG level (%)

Source of inoculum

Naturally adapted

Gradually

Non-adapied

Means + SE

sheep adapted sheep sheep
mM/e BK
A.angustissima 0 60.23+12.38 42.78 + 0.33 55.88 + 12.59 5296+ 10.44
5 8164 £ 17.16 5245 +41.53 5842+ 838 64.17+22.36
10 5788+ 1094 60.89 + 1041 56.41+16.36 58.39+12.57
Means+SE 66.58 + 1349 52.04 +19.52 56.90 +12.44 5851+15.12
A.villosa 0 59.47 +22.47 63.56+ 2316 5851+ 1454 60.51 +20.16
5 62.55+13.48 6333 + 2031 4973+ 991 58.54 + 14.57
{1 8220 + 34.47 54,90+ 12.42 71.48 + 33.69 69.53 + 26.80
MeanstSE 68.007 1 23,47 H0.60 £ 18.63 5991 4 1938 62.86 + 20.53
Means + SE 67.33 + 18.53 5632 + 19.03 58.40 + 1591 60.68 + 17.83

Statistical analysis

The experiment was conducted following a
factorial randomised block design (2x3). Rumen
fluids of naturally adapted, gradually adapted and
non-adapted sheep were used as blocks (three
blocks} with three sub samples within each block.
Factor A was species of Acacia spp. (A
angustissima and A4, villosa), and factor B was levels
of PEG supptemented to each Acacia spp. (0, 5 and
10% of dry weight of sample). Analysis of
variance {ANOVA) was used to analyse all data,
and contrast and polynomial orthogonals were used

.

to examine differences among treatments (Steel and
Torrie, 1981},

RESULT AND DISCUSSION

Ammonia concentration (Table 1) differed
among Acacia species (P<0.01) with 4. villosa
produced a lesser ammonia concentration than A.
angustissima {P<0.01). PEG supplementation
increased ammonia concentration from 5.66 t 0.61
mM/g DM at 0% to 9,09 + 0.99 and 12.99 + 0.85
mM/g DM, respectively, at 5 and 10% (P<0.01).
This effect of PEG supplementation followed a
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Table 3. Effect of PEG Supplementation 1o Acacie Species on Bacterial Numbers

Acacia species PEG Jevel Source of inoculum
(%a) Naturally adapted  Ciradually Non-adapted Means + SE
_sheep adapted sheep sheep
N 16T efwiml
A.angustigsima ) 401~ 0.0 ne + 0.1 n 0.1 + 0.04
5 200 + 190 56.0 —55.0 09+ 0.6 260 ~25.0
i0 2400 + 1200 38000 - 2100 1600.0 - 930 1900.0 + L100
Means+SE 870 - 463 12854 - 7184 5342 102 642.0 + 375.0
Avifosa 0 4900 +200.0 itn - 70 1700 - 960 22005 £ 1200
s 170 - 1.0 0.02 - 0ot 1900 - 290.0 1340 1 1003
10 MO0 £ 3000 Tt + 3354 TG00 - 490 0 4033 1 2817
Meaus+SE 2707 41903 M3 - 207 150.0 + 292.0 2525 ¢ 167.0
Means + SE 1800 - 1200 Bl ~ 380.0 4900+ 310 450,00 1 270.0

linear pattern : Y=-7,60+1.36X (R"=0.997). There
were no significant effects of interaction between
Acacia spp. and PEG levels, and inoculum sources.
In this study, PLG supplementation at
different levels increased aimmonia concentration in
both specics of Acacia meaning that tannin could be
one of major antinutrients affecting  protein
degradation of Acaciu spp. An increase in ammonia
concentration with PEG supplementation showed
that PEG was able to bind tannins from tannin-
protcin complexes (Jones and Mangan, 1977,
Silanikove er al., 1996%).  This resulted in an
increase in protein availability in the rumen which
was subsequently degraded by rumen microbes
(Odenyo e of., 1997, Saarisalo ef af., 1999). This
study demonstrates that protein of 4. angustissima
was more degraded by rumen microbes than that of

A vilfosa as indicated by a greater ammonia
concentration of A. angustissima than that of 4
wiffosae. This result also confirms other studics that
indicate differences in protein degradation ocour
among species of Acacia. ‘The difterent could be
related to their protein guantity and quality, and
their tannin concentrations {Kaitho et af.. 1908";
Saarisalo er af., 1999) consequently  affecting
differences in the level of PEG used as a supplement
and in the effeet of PEG.

Differences in Acacia species did not cause
differences in VFA  concentrations (Table 2)
demonstrating that nutrients other than protein may
be fermented at a  similar  extent. VFA
concentrations were slightly increased with PEG
supplementations from 56.74 + 5.86 mM/g DM at
0% to 6135 + 7.80 and 63.96 = §8.00 mM/g DM,

Lable 4. bitect of PFG addition to fegenr specios o protosoil numbers

Acacta specics  PlGilevel (%ol

Sourge ol inoculum

Natural h adapted

Gradually

Non-adupted Means o« St*

sheep adapied sheep shegp
x 10 celbiml
A angustissima 4 47 + 1.3 0707 201412 24+ 000
5 0.7 + 0.6 80+ 1.2 0.7£0.6 3.1 2087
10 67+ 13 BOo+1.2 47-13 6.4 - 1.3
Means+SE 4.0 = 11 56+ L0 2418 40+ 10
Avillosa 4 33 107 4.0 -0 13+07 29+ 0.4°
§ 4.0 1 1.1 87 - 27 47+2.4 SR+ 2™
10 80 + 0 80+ 0 6.0+ 1.2 7.3+ 0.4
Means+SE 5001 06 6.9 09 t0- 14 33110
Means + SE 45 108 62+ 0.9 33012 474 1.0
« Means within column with different superscoipts ditlier sapnificantly w (P 4.05}
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Table 5. Average in vitro DM Digestibility of dcacio Species Supplemented with PEG

Acacia species  PEG level

Seurce of inoculum

(%) Naturally adapted  Gradualty Non-adapled Means + SE*
sheep adapled sheep sheep
% DM
A.angustissima Q 2717 + 136 2530+ 1.75 2701 +1.94 2649 + 1.68°
5 2710 + 298 247415 2123+£1.47 23.50 + 1.87%
10 29.63 + 5.39 W67+ 110 20534+ 1.14 23.61 1 2.57°
MeanstSE 2797 + 323 22714135 2293 + L.52 2453+ 2.04
Avillosa 0 31.44 + 761 26.08 + 2.85 2641 +2.53 27.98 + 4.33°
5 2458 + 163 2432+ 1358 2490+ 451 24.60 +3.12°
10 1458 + 296 18.48 + 2.59 21.46+3.19 18.17+2.93°
Means+SE 2353 + 474 2296+2.34 24261341 23.58 + 3.46
Means + SE 2575 +3.99 2284 +1.85 23.59+2.46 24,06 +2.75

* Means within column with different superscripts dilfur significantly at (I*<0.05)

respectively, at 5 and 10%, but this increase was not
statistically significant. This may indicate that PEG
has a greater effect on protein degradation than on
fermentation of other nutrients such as carbohydrate.
Interaction between Acacia species and PEG levels
did not produce significant effects on VFA
concentrations. Differences among rumen fluids as
inocula did not show any significant effects on VFA
concentrations.

Although there were differences in bacterial
numbers among Acacia species, the different was
not statistically significant (Table 3). PEG
supplementations and its  interaction with Acacia
species, as well sources of inocula did not produce

significant effects on bacterial numbers (Table 3).
Bacleriai numbers were 112.52 + 58.12, 80.42 +
65.31 and 1144.84 + 462.43 {(x10" cfu/m!) when
PEG was supplemented at 0, 5 and 10%.

On the other hand, protozoal numbers were
influenced by level of PEG (P<0.05) with the
numbers were 2.67 + 0.46, 4,44 + 0.95 and 6.89 +
0.46 (xl(}'1 celt/ml), respectively at 0, 5 and 10% of
PEG. Protozoal numbers were not affected by other
factors (Table 4).

Although PEG supplementation increased
ammonia concentration, the increase in ammonia
concentration produced a small effect on bacterial
pepulation.  Population of these rumen microbes

Table 6. Average in vitro OM Digestibility of Acacia Species Supplemented with PEG

Acacia species  PEG level (%)

Saource af inoculum

Naturally adapted  Cradually Non-adapted Means + SE*
sheep adapted sheep sheep
% DM
A.angustissima 0 1513+ 1.46 12,80+ 1.33 i4.54 +1.31 14.16 +1.37
3 1980+ 4.14 1253+1.17 11.85 + 1.23 1473 +2.18
10 23.06+7.10 10.63 +0.95 11.07 + 1.60 14.92 +3.22
Means+SE 19.33 +£4.23 11,99+ 1,15 12.49 + 1,38 14.60 + 226"
Avifiasa 0 31374645 2907 + 2.59 L5719 30.87 +3.61
5 2444 +2.47 2047 242 29,89 + 2,89 27.93+£2.5%
10 22.89 + 1.4¢ 2175+ 243 2672+ 1.90 2412+ 1.94
Means+SE 26,23 +3.47 2730+ 248 20394219 27.64 +2.71*
Means + SE 2278 +3.85 19.64+ 1.82 2094 +1.79 21.12+2.49

s Means within column with ditferent superscripts dilter signilicantly at (p<0.01}
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may be increased, but used by protozoa as protein
SOUICES increasing  protozoal population.
Differences in species of Acacia did not cause
differences in bacterial population, or differences in
protozoal population. Although  Acacit spp.
contained saponin {Wina and Tangendjaja, 2000),
differences in species of Acacia did not caused
diffecrences  in protoroal  population;  saponin
concentration of 4. angostissima may be similar to
that of 4. viffosa.

The results of DM digestibility study (Table
3} indicate that DM-of both legumes were digested
at a similar extent. DM digestibility was affected by
PLG level (P<0.05); DM digestibility decreased
from 27.23 + 1.35% at 0% to 24.05 1 1.05 and
2230 + 1.33 %, respectively at S and 10% of PEG.
However, interaction between Acacia species and
PEG level did not influence DM digestibility. This
DM digestibility did not differ among source of
inocula used in this study.

PLEG supplementation did nof cause an
increase in DM digestibility indicating that PEG
supplementation did not improved digestibility of
nutrients  other than protein such as structural
carbohydrate (Saarisalo et @f., 1999, Qdenyo et al.,
1999%; Silanikove ef al., 1996"). This study also
indicates that DM of A. angustissima was digested
at a similar extent to that of 4. villosu although hoth
species differed in protein degradation in the rumen.
However, the result in DM digestibility is still
influenced by the result in OM digestibility of both
species to indicate their utilization in the lower
alimentary tract.

On the other hand, OM of A willosa was
greater than that of A, angustissime (P<0.01). OM
digestibility was reduced by PEG supplementation
From 2051 4 2,74 9% ar 0% to 17.22 - 2.85 and
P340 4 2.62% respectively at 3 and 10% PEG.
However, this- reduction was not  statistically
significant.  Other factors did not affect OM
digestibility (Table 6).

An increase in PEG levels did not increased
OM digestibilities.  Although the effect was not
significant, the decrease in OM digestibilities was in
accordance with that in DM digestbility.  This
result was in agreement with other tindings that
PEG did not improve fibrous digestibility although

it increased protein digestibility (Saarisalo ef al.,
1999, Odenyo ef al., 1999°, Silanikove ¢t al,
1996%). An optimum level of PEG supplemented Lo
both species of Acacia could not be determined in
this study since the effects on variables measured
were linear. Therefore, there is still a possibility of
increasing PEG levels as supplements in future
studies.

Although protein of 4. angustissima was
more degraded by rumen microbes than that of A
viflosa, their VA concentrations could not show
differences in fermentation of nutrients other than
proteins, However, OM of A. angustissima was less
digested than that of A. villosa although there were
no signiticant differences in DM digestibiiities of
Acucia spp. used in this experiment. The protein
and other nutrient compounds such as non-structiral
carbohydrate  or  fibrous  compounds of A
angnstissima might be available in smaller amounts
than the other species, and they might not be
digested in the lower gastro-intestinal tract as good
as that of A. villosa. ‘These results also indicate
differences among species or varieties/accessions of
plant in their fermentability and digestibility
(Kaitho ¢t al., 1998”, Saarisalo ef af., £999; Odenyo
et al,, 1999°, Abdulrazak et al., 2001).

This study did not demonstrate differences in
all variables measured among rumen fluids of
naturaily adapted, gradually adapted and non-
adapted sheep. These results indicatc that microbes
in the rumen fluids of both gradually adapted and
non-adapted sheep have similar ability to degrade
Acacia species to those of naturally adapted sheep.
In the case of non-adapted sheep in this study, these
sheep also consumed feeds containing native grass
mixed with browse tegumes containing tannins; sa
that natural adaptation may alse occur to non-
adapted sheep used in this experiment. Therefore.
adaptation to Acacia feeding became an Important
factor for the microbes 1o tolerate  Acacia’s
antinutrients/toxins and to digest Acacfea spp.: these
results were in agreements with those found by
Qdenyo e af. (1997), and Wina and Tangendjaja
{2000).

CONCLUSION

PEC  supplementation  in  this  study
demonstrates the reduction of the negative effects of
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tannins from A. angustissima and A. villosa on
protein  degradation, This supplementation
improved protein degradation, but did not increase
VFA concentration, and DM and OM digestibilities.
Optimum level of PEG supplement for each Acacia
species could not be determined exactly; however,
10% PEG can be used as a supplement for A.
angustissima. Therc is a possibility of increasing
PEG levels from those used in this experiment for
further studies.

Protein of A. angustissima was more
degraded than that of A. villosa, but nutrients of
A vilosa was more digested in the post-ruminal
digestive tract than those of A, angustissima.
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