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ABSTRACT

Polyethylene glycol (PEG), a phenol binding
agent has been used extensively to measure the
biological activity of tannins in forage species.
The optimum inclusion rate of PEG, per unit
weight of sample varies from species to species.
Determining optimum inclusion levels can pre-
vent wastage and reduce the cost of diagnosing
the biological activity of tannins, especially in
developing countries. This study was designed
to determine the optimum PEG inclusion levels
required to completely ameliorate in vitro ru-
minal bioactivity of tannins in leaves from Leu-
caena leucocephala, Gliricidia sepium and Tri-
chanthera gigantea using the Reading Pressure
Technique. Fermentation parameters were gen-
erated by fitting gas production data to the Or-
skov and McDonald (1979) non-linear equation:
y=a+b (1—e'°("“)) . An asymptotic response
to incremental levels of PEG was observed with
cumulative gas production at 48 h post inocula-
tion. The minimum level of PEG required to
maximize in vitro ruminal fermentation of tree
leaves was found to be 200 mg PEG/g DM for all
tree species. Gas production rate constant for
the insoluble fraction (c) showed an increase (P
< 0.05) upon PEG addition for all species. In vitro
organic matter degradability (iOMD) declined (P
< 0.05) in the leaves of G. sepium (565 - 540 g/kg
DM) whereas, there was an increase (P < 0.05) in
the iOMD of T. gigantea leaves (328 - 340 g/kg
DM) upon PEG addition. Partitioning factor (PF)
declined (P < 0.05) upon PEG addition for all
species. Predicted metabolizable energy was
highest (P < 0.05) in the leaves of G. sepium (8.7
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MJ/kg DM) and lowest in T. gigantea leaves (5.4
MJ/kg DM) upon PEG addition. It is concluded
that a PEG inclusion level of 200 mg/g DM sam-
ple is sufficient for the diagnosis of in vitro ru-
minal tannin biological activity in leaves of the
three tree species.

Keywords: Tannin-Binding Agents; In Vitro Ruminal
Gas Production; Organic Matter Digestibility; Tannin
Bioactivity; Optimum Inclusion Rate

1. INTRODUCTION

Phenol binding agents, such as polyvinyl polypyrroli-
done (PVPP), polyethylene glycol (PEG) and polyvinyl
pyrrolidone (PVP) have been used extensively to inves-
tigate the in vitro ruminal biological activity of tanninsin
browse species [1,2]. These compounds usualy form
stable complexes with tannins hence preventing the
binding between tannins and proteins. Incubating plant
samples in the presence or absence of a phenol binding
agent constitutes the in vitro tannin bioassay. The differ-
ence in fermentation characteristics between treated and
untreated substrates gives an idea of the biological ef-
fects of tannins in rumen fermentation [2]. Polyethylene
glycoal isthe more widely used binding agent owing to its
greater affinity to bind tannins [3]. As a synthetic poly-
mer, PEG inactivates tannins by forming tannin-PEG
complexes [3]. In addition, PEG treatment can reverse
already formed tannin-substrates complexes, thus mak-
ing substrates available for fermentation [4].

Although severa authors have reported positive ef-
fects of PEG inclusion on in vitro rumina fermentation
of tanniniferous forages [5,6], its use in vivo by small
holder farmers may be limited by cost and availability. It
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is therefore prudent to ensure that only the optimum in-
clusion rates are used to prevent oversupply in diets.
Recommendations on inclusion rates of PEG for com-
plete tannin neutralization vary widely. According to [3],
PEG supplementation levels of 1 g PEG per gram of
sample for in vitro studies while, [5] indicated that 15 mg
PEG would be sufficient to neutralize 75 g CT/g sample
in the diets of animals. It was suggested by [7] that 2 g of
PEG to 5 g dried and ground foliage can completely an-
nul the suppressive effects of tannins in vitro. These in-
clusion rates may not be universally applicable since the
efficiency of PEG hinding to tannins can vary across
forage species owing to the different chemical structure
and molecular weight of tannins [3]. As such, an investi-
gation of the optimum inclusion rate of PEG should be
conducted for forages that vary sufficiently from those
used in previous studies, especialy if their growth envi-
ronment differs significantly.

Leucaena leucocephala, G. sepium and T. gigantea can
be used to supplement the poor quality diets of ruminant
animals in Trinidad and Tobago. Crude protein (CP)
content of leaves from these species range from 185 to
318 g/kg DM, making them potential protein supple-
ments [8]. It was reported that the supplementary effect
of legumes on the in vivo digestibility of grassesis due to
the legume overcoming a Nitrogen deficiency [9]. Their
use, however, may be limited by anti nutritional com-
pounds such as tannins. It was indicated by [10] that
condensed tannins interrupt microbial attachment to feed
particles and inhibit ruminal fermentation. Fermentation
can be further affected as tannins exert deleterious effects
on microbial and enzymatic activities [1]. According to
[11] the toxic effects of tannins can be due to tannins
inhibiting enzyme activity and causing substrates and
metal ions to be unavailable to microbes. If microbial
activity is hindered, the extent of degradation in the ru-
men would decline dramatically. As a result, the utiliza-
tion of crude protein (CP) in forage species by ruminants
could be limited by elevated levels of biologically active
condensed tannins [5].

There is a lack of information about the optimum in-
clusion level of PEG for tannin amelioration in L. leuco-
cephala, G sepium and T. gigantea foliage being grown
for ruminants in Trinidad and Tobago. This paper there-
fore seeks to determine the optimum inclusion level of
PEG for in vitro-based diagnosis of tannin bioactivity in
G sepium, L. leucocephala and T. gigantea leaves using
the Reading Pressure Technique [12].

2. MATERIALS AND METHODS
2.1. Study Site

Leaf samples were obtained from established tree spe-
cies at the University of the West Indies Field Station
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(UFS). The UFS (Lat 10°38'N Long 61°23'W) has arela-
tively flat topography with an atitude of 15.2 meters
above mean sea level. Average annua rainfall is 1782.9
mm with an average monthly temperature of 27°C. The
soil type is river estate loam. The soil is free draining
with apH range of 5.0 - 6.2.

2.2. Sample Preparations

Fresh leaf materias (leaves with petioles) were har-
vested from forage tree species (L. leucocephala, G. se-
pium, and T. gigantea) that were trimmed to a height of 1
meter at UFS. Harvesting was done in the morning
manually by cutting branches at a distance of 1 m from
the growing tip for (G sepium) and 0.5 m for (T. gigan-
tea and L. leucocephala), 8 weeks after the trees had
been trimmed to a 1 meter height. Leaves from six indi-
vidual trees of each species were harvested, weighed and
stored in brown paper bags separately. Leaf samples
were immediately transported to the laboratory and oven
dried to a constant weight at 65°C. The dried samples
were then milled to pass through a 1 mm sieve using a
Wiley Mill (GLEN CRESTON LTD, MIDDLESEX, UK)
and kept in separate brown paper bags pending chemical
analysis and in vitro ruminal fermentation.

2.3. Chemical Analyses

Chemical analyses were carried out as part of an ear-
lier study [8]. Dry matter, organic matter, crude protein,
neutral detergent fibre, acid detergent fibre, acid deter-
gent lignin, soluble and insoluble condensed tannin con-
tent of leaves were determined. The chemical composi-
tion of the leavesis presented in Table 1 below to further
describe the substrates used in this study.

2.4. Reading Pressure Technique Procedure

The response of in vitro ruminal microbial fermenta
tion to incremental levels of PEG was assessed using the
Reading Pressure Technique (RPT) [12]. Milled leaf
substrates (1 g) were weighed into 125 ml serum bottles.
Using a measuring cylinder, 90 ml reduced buffer (RPT
mix) was added to each serum bottle. Serum bottles
without samples (blanks) were also included to allow
correction for gas produced from rumen liquor. After
addition of the buffer, the flasks were sealed and stored
at room temperature (20°C) before being transferred into
the incubators, set at 39°C, 8 hours (h) before inoculation
with rumen fluid. Ruminal fluid was collected at 8:00 am.
The donor was a crossbred Holstein heifer that was of-
fered tanner grass, G. sepium, L. leucocephala, T. gigan-
tea leaves and dairy concentrate (MASTER MIX FEEDS
LTD, TRINIDAD). Rumen digesta from multiple sites
within the rumen was collected by hand and the rumen
fluid squeezed into a prewarmed insulated flask. It was
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then transported to the laboratory and strained through
two layers of warm cheese cloth. The strained rumen
fluid was held under carbon dioxide at 39°C. A total of
126 serum bottles were inoculated within an hour of ob-
taining rumen fluid and incubated at 39°C.

2.5. Polyethylene Glycol Inclusion

Polyethylene glycol treatment levels of 0, 50, 100, 150,
200, 250, 300, 500, 1000 mg/g DM leaf substrate, were
prepared by dissolving PEG (Molecular weight 6000,
FISHER SCIENTIFIC COMPANY, UK), in eight sets of
buffer while, no PEG was added to the ninth set to create
a zero PEG level. Buffers (90 ml) were then dispensed
into serum bottles according to assigned PEG treatments.

2.6. Gas Measurements

Headspace gas pressure was measured at 2, 4, 6, 8, 10,
12, 15, 19, 24, 30, 36, 48, 72 and 96 h post-inoculation
using a pressure transducer. Gas pressure readings pres-
sure per square inch (psi) was converted to gas volume
(ml) using the following relationship between gas pres-
sure and gas volume that was predetermined for the site:

Gp = 0.0022 psi? + 2.1244 psi +1.7675

where Gp = is the predicted gas volume (ml) and psi is
the pressure transducer reading at timet.

2.7. Estimation of Degraded Substrate,
Partitioning Factors and Metabolizable
Energy

In vitro organic matter degradability (iOMD) at 48 h was
determined by recovering the fermentation residues by
filtration through sintered-glass crucibles (100 - 160 um
porosity, PYREX, STONE, UK) under vacuum. Fer-
mentation residues were dried at 105°C overnight and
incinerated in a muffle furnace at 550°C for 12 h. Loss in
weight after incineration was used as a measure of unde-
gradable OM. The iOMD was calculated as the differ-
ence between OM content of the substrate and its unde-

gradable OM. Partitioning factors (PF), a measure of
fermentation efficiency, were calculated as a ratio of
iOMD (mg) and cumulative gas production (ml/g OM) at
96 h post-inoculation. Metabolizable energy (ME)
(MJkg DM) content of leaf substrates was predicted
from 96 h organic matter degradability using the follow-
ing equation [13] for organic matter, as follows:

ME (MJ/kg DM) = 0.016iOMD

where iOMD = g digestible organic matter per kg dry
matter (DM).

3. STATISTICAL ANALYSIS

The optimum PEG inclusion rate was determined from
predicted responses by identifying the point where fer-
mentation response begins to increase at a decreasing
rate. A non-linear regression model was fitted to 48-h
cumulative gas rel ease data using the Curve Fitter [14] to
describe the process underlying the response to incre-
mental levels of PEG The non-linear regression model
used was of the form:

Y=a+b(1—e’°x)

where: Y = 48 h cumulative gas produced at PEG inclu-
sion level x; a = cumulative gas release of untreated |eaf
substrate (x = 0); b = cumulative gas release in response
to incremental levels of PEG; ¢ = rate at which cumula-
tive gas production respond to increase in rate of PEG
treatment; x = level of PEG treatment.

48 h cumulative gas production data at zero and the
optimum PEG inclusion rates were fitted to the model of
[15]:

Y=a+b (1— e‘c(""))

where: y = gas produced at time t; a = gas production
from the immediately soluble fraction (ml); b = gas pro-
duction from the insoluble fraction (ml); ¢ = gas produc-
tion rate constant for the insoluble fraction (ml/h); t =
incubation time (h); tl = lag time.

Table 1. The effect of species and cutting interval (weeks) on the chemical composition (g/kg DM) of G. sepium, L. leucocephala and

T. gigantea leaves [8].

Species DM oM cP ADIN ADF NDF ADL SCT ICT
G sepium 880° 914° 265° 30° 418 577° 24° 0 0
L. leucocephala 911° 915* 302° 38 470° 656° 31° 0.1° 0
T. gigantea 875% 744° 212° 36 563° 655° 27° (0 0
Species - - - - . - - - NS

b\ eans within a column with different superscripts differ significantly (P< 0.05). ‘P< 0.05; " P< 0.01; ™" P< 0.001; NS = not significant; DM = dry matter,
OM = Organic matter, CP = Crude protein, ADIN = Acid detergent insoluble nitrogen, ADF = Acid detergent fibre, NDF = Neutral detergent fibre, ADL = Acid
detergent lignin, SCT = Soluble condensed tannins, ICT = Insoluble condensed tannins.
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General linear models (GLM) procedures of Minitab
(Minitab 2000) were used for the analysis of variance of
data for 48 h cumulative gas production, rate of gas pro-
duction, iOMD, partitioning factors, predicted metabo-
lizable energy (ME) and fitted parameters (a, b and c) at
0 and at the optimum inclusion level of PEG A 3 x 2
factorial treatment (3 species and 2 PEG levels) ar-
rangement in a completely randomised design (CRD)
was employed using the following model:

Fermentation parameters = 1 + Species + PEG
+ Species x PEG
+ Error.

4. RESULTS

Response of Fermentation Parameters to
PEG Treatment of Leaves

Figure 1 shows the 48 h cumulative gas response to
the rate of PEG inclusion for G. sepium, L. leucocephala,
and T. gigantea leaves. Increasing the level of PEG
caused an exponential rise to a maximum (asymptotic)
response for all of the tree species.

The optimum level of PEG inclusion to maximize in
vitro fermentation was 200 mg for all of the tree species.
Trichanthera gigantea gave the highest percentage in-
crease in 48 h gas production upon PEG addition (41%)
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whereas G. sepium gave the lowest percentage increase
in gas production upon PEG addition (7%).

Table 2 shows the effect of optimum PEG treatment
(200 mg) on the gas produced from the immediately
soluble fraction (a), the insoluble fraction (b), gas pro-
duction rate constant for the insoluble fraction (c), poten-
tial gas production (a + b) and organic matter digestibil-
ity (OMD) 48 hours post-incubation. Cumulative gas
production upon PEG addition were: 736 ml/g OM (G
sepium), 557 ml/g OM (L. leucocephala), and 368 ml/g
OM (T. gigantea). Gas production without PEG inclusion
was highest in the leaves of G sepium (687 ml/g OM)
and lowest in T. gigantea (262 ml/g OM) leaves. Gas
production from the immediately soluble fraction (a)
showed a decrease (P < 0.05) from 28.2 to 17.6 ml/g OM
upon PEG addition for T. gigantea. There was no differ-
ence (P < 0.05) in gas production from the immediately
soluble fraction (a) upon PEG addition for G. sepium and
L. leucocephala. Gas production from the immediately
soluble fraction (a) was highest (P < 0.05) for T. gigantea
(17.6 ml/g OM) and lowest for G. sepium (8.0 ml/g OM)
upon PEG addition. There was no difference (P < 0.05)
in gas production from the insoluble fraction (b) upon
PEG addition for all species. Gas production from the
insoluble fraction (b) upon PEG addition was highest (P
< 0.05) for G sepium (822 ml/g OM) and lowest for T.
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Figure 1. Cumulative gas production (48 h) in response to incremental levels of PEG from (a) G sepium, (b) L. leucocephala

and (c) T. gigantea leaves.
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Table 2. The effect of optimum inclusion rate (mg) of polyethylene glycol on 48 h gas production kinetics partitioning factor (PF)
(mg/l), predicted metabolizable energy (ME) (MJkg DM) and organic matter degradability (iOMD) of G sepium, L. leucocephala

and T. gigantea leaves.

48 h >

Species PEG Rate Gp* a b® c* a+hb® PF ME Lag® iOMD
G sepium 0 687 9.4 801 0.04* 811 0.7 g 16" 565%
200 736" 8.0" 822% 0.05" 830™ 0.6 8.7 15" 540P
L. leucocephala 0 463® 11.6* 558 0.03*® 570°® 0.8% 7 1.4 436%®
200 549" 11.4% 626% 0.04® 637% 0.7%® 7.2% 1.2 448
T. gigantea 0 262 28.2% 477%® 0.01% 505% 0.8® 5.3% —0.4% 328
200 369" 17.6™ 564% 0.02" 643 0.7%® 5.4% 1.9 340"
Species - - - - - NS - - -
PEG - - - - - X - - NS
Species* PEG ek Kk NS ok NS NS NS ik *

In a column where species* PEG is significant, lowercase superscripts compare PEG levels means within species, while uppercase superscripts compare species
for each PEG level. # "®Means within a row/column with different superscripts differ (P < 0.05). 48h GP = gas production at 48 hours; 2a = gas production
from the immediately soluble fraction (ml); *b = gas production from the insoluble fraction (ml); “c = gas production rate constant for the insoluble fraction

(mi/h); ®a+ b = potential gas production; ®Lag = Lag time (ml/g OM).

gigantea (564 ml/g OM). Gas production rate constant
for the insoluble fraction (c) showed an increase (P <
0.05) upon PEG addition for all species.

The percentage increase in gas production rate con-
stant for the insoluble fraction (c) upon PEG addition
was highest (P < 0.05) for T. gigantea (100%) and lowest
for G sepium (25%). Potential gas production (a + b)
showed an increase (P < 0.05) when PEG was added to T.
gigantea leaves (505 - 643 ml/g OM). However, there
was no difference (P < 0.05) in potential gas production
(a + b) in the leaves of G sepium and L. leucocephala
when PEG was added. Potential gas production (a + b)
was highest (P < 0.05) for G. sepium (830 ml/g OM) and
lowest for L. leucocephala (637 ml/g OM) upon PEG
addition. There was an increase (P < 0.05) in the lag
phase upon PEG addition for T. gigantea (-0.4 - 1.9 ml/g
OM). However, there was no difference (P < 0.05) in the
lag phase upon PEG addition for G. sepium and L. leu-
caocephala. Trichanthera gigantea recorded the highest (P
< 0.05) lag phase value (1.9 ml/g OM) upon PEG addi-
tion. The partitioning factor (PF) showed a decline (P <
0.05) upon PEG addition for al species. There was a
decrease (P < 0.05) in the predicted metabolizable energy
(ME) for G. sepium (from 9 to 8.7 MJkg DM), whereas,
there was no difference (P < 0.05) in predicted ME in the
leaves of L. leucocephala and T. gigantea upon PEG
addition. Predicted metabolizable energy was highest (P
< 0.05) in the leaves of G. sepium (8.7 MJkg DM) and
lowest in T. gigantea leaves (5.4 MJkg DM) upon PEG
addition. For PEG-treated substrates, iOMD was highest
(P < 0.05) in the leaves of G. sepium (540 g/lkg DM) and
lowest in the leaves of T. gigantea (340 g/kg DM). There
was a decline (P < 0.05) in iOMD of G sepium (565 -
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540 g/kg DM) upon PEG addition. In contrast, there was
an increase (P < 0.05) in the iOMD of T. gigantea leaves
(328 - 340 g/lkg DM) upon PEG addition.

5. DISCUSSION

This study was designed to test the hypothesis that
tannin inactivation in tree leaves responds to incremental
PEG levels in an asymptotic fashion. Data generated
support this hypothesis for all species (Figure 1). These
cumul ative gas production response profiles illustrate the
asymptotic nature of the response of in vitro gas produc-
tion to incremental levels of PEG treatments. Cumulative
gas production after 48 hours of incubation increased
with the level of PEG treatment with the response tend-
ing to curvilinear as the maximum effect is approached.
The increase in cumulative gas production in response to
PEG inclusion is supported by [3,5,10,16-18]. Further
increases beyond 200 mg PEG/g leaf substrate did not
result in significant increases in cumulative gas produc-
tion. This corroborates findings reported by [19] in phe-
nolic-rich tree fruits. The optimum level of PEG required
to maximize in vitro gas production was estimated using
the curve fitter programme [14] that illustrated the as-
ymptotic response (Figure 1). For asymptotic curves, the
point where the curve ceases to climb is difficult to iden-
tify, as a conseguence, it is difficult to accurately deter-
mine the optimum PEG level for al species. Work done
by [19], suggest that the minimum PEG level can be es-
timated from the fitted equations using the predicted re-
sponses and identifying where fermentation response
begins to increase at a decreasing rate. Following this
approach, optimum PEG inclusion levels were found to
be 200 mg/g OM for al species. This was not expected
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as tannin activity tends to differ with species. Our previ-
ous work [8] demonstrated that colorimetrically assayed
extractable condensed tannin levelsin al species, except
L. leucocephala, were negligible, however, chemical
composition alone may not be a good indicator of tannin
bioactivity [20]. There is also the possihility that PEG
can bind to solvent-insoluble tannins [21] but these were
not quantified in our earlier study.

Gas production without PEG inclusion was highest in
the leaves of G sepium (687 ml/g OM) and lowest in T.
gigantea (262 ml/g OM) leaves (Table 2). The lower
extent of in vitro fermentation of T. gigantea leaves
could be attributed to their elevated fibre components
(NDF, ADF) and lignin (ADL) contents compared to G
sepium leaves (Table 1). Fibre and lignin components
have the ability to limit in vitro rumina fermentation. It
was reported by [22,23] that negative correlations exists
between NDF, ADF, ADL and rate and extent of gas
production (GP) in tannin containing browse species.
The reduction in microbial activity could be in response
to the lower proportions of cell contents and hence a
lower concentration of readily available nutrients.

When fermentation parameters of substrates incubated
with optimum PEG inclusion rate were compared to
those of substrates incubated without PEG, T. gigantea
recorded the highest percentage increase in gas produc-
tion (41%) whereas G. sepium gave the lowest percent-
age increase in gas production (7%) upon PEG addition.
This indicates that tannins in the leaves of T. gigantea are
more biologically active in comparison to G sepium.
Though no tannins were detected in the leaves of G se-
pium and T. gigantea, their response to PEG can be due
to the fact that PEG can bind to tannins that may not be
extracted by solvents [21]. The gas production rate con-
stant for the insoluble fraction (c) showed a significant
increase upon PEG addition for all species. Thisincrease
could be attributed to PEG liberating substrates from
tannin complexes hence releasing a greater volume of
nutrients for ruminal microorganisms [10,24]. It was
noted by [10] that condensed tannins disrupt microbial
attachment to feed particles and as a conseguence, inhibit
ruminal fermentation. This effect was most pronounced
in T. gigantea leaves as there was a 100% increase in the
rate of degradation upon PEG addition (Table 2). This
observation was in contrast to [17] who reported that
PEG 8000 did not influence the in vitro gas production
rate constant for the insoluble fraction (¢) of Quercus
cerrisleaves. This may be due to plant species difference
and the difference in the molecular weight of PEG used
as this can influence the affinity of binding to tannins.
There was a significant increase in the lag phase (L) of T.

gigantea leaves (0.4 - 1.9 ml/g OM) upon PEG addition.

A substantive explanation cannot be given thus far for
this phenomenon. Potential gas production (a + b)

Copyright © 2012 SciRes.

showed an increase of 27% when PEG was added to T.
gigantea leaves. This is supported by [5] in a study util-
izing (PEG 8000) to evaluate its effect on in vitro gas
production kinetics of tannin containing tree leaves.
There was no difference (P < 0.05) in potentia gas pro-
duction (a + b) in the leaves of G sepium and L. leuco-
cephala when PEG was added (Table 2). This may be
due to the differences in CP concentrations (Table 1) as
response to PEG treatment is dependent on the level of
protein in the substrates. Also, PEG binding to tannins
can vary across forage species owing to the different
chemical structure and molecular weight of tannins [3,5].
There was no difference in gas production from the in-
soluble fraction (b) upon PEG addition for all of the tree
species in this study (Table 2). This is probably due to
the inability of PEG to liberate the nutrients that are
bound to the structural components of leaf substrates. A
significant decline in the partitioning factor was observed
for al species upon PEG addition. This indicates that
PEG inclusion reduced fermentation efficiency; a result
of high gas production and lower OMD values. [10] in-
dicated that reduced partitioning values can result from a
lower partitioning of nutrients to microbial protein syn-
thesis. Astannins bind to substrates nutrients are rel eased
at a much slower rate to the microbes [25]. There was a
(0.4%) decrease in predicted metabolizable energy (ME)
for G. sepium upon PEG addition. This might partly be
explained by the decrease in fermentation efficiency
upon PEG addition. There was 4% increase in the iOMD
of T. gigantea leaves upon PEG addition (Table 2). This
is in agreement with [5,6,18] who reported significant
increases in OMD with PEG inclusion on tanniniferous
tree species. Thisincrease in degradability may be due to
increases in both the rate and extent of digestion by mi-
crobes when PEG was added to the leaf substrates [26].
In vitro organic matter degradability gives an idea of the
bioavailability of the soluble cell contents of forages. It
can aso be used to predict the ME concentration of the
feed being analyzed. Thisiscritical as provides the nutri-
tionist with valuable information that can help in making
inform decisions. In contrast, there was a significant de-
cline in iOMD of G. sepium (from 565 to 540 g/kg DM)
upon PEG addition. PEG-tannin complexes in the resi-
dues may have lead to an underestimation of fermenta-
tion values [4,3,27]. It is dso possible that the anti nutri-
tional activity of non-tannin phenolics that do not bind to
PEG may reduce fermentation values as they may have a
deleterious effect on microbes [19,27]. It is therefore
possible, that G. sepium leaves may contain these non-
tannin phenolics. Nitrogen degradability is less affected
by PEG-tannin complexes and can be used as an appro-
priate tool to measure degradability responses to PEG
inclusion in tanniniferous forages. Additionaly, the ef-
fect of PEG is limited by the level of protein in the leaf
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substrates. According to [28] the higher the protein level
in the substrate, the lower is the PEG effect since protein
does not be limit fermentation. The effect of tannins on
fermentation is also reduced since microbes have access
to the extra proteins. Indeed, the CP value of G. sepium
was higher than that of T. gigantea (Table 1).

6. CONCLUSION

The optimum level of PEG required to maximize in
vitro ruminal fermentation of leaves from G sepium, L.
leucocephala and T. gigantea was found to be 200 mg/g
DM of sample. This optimum level may be limited to
these three species as tannin biological activity varies
from species to species. The increase in in vitro gas pro-
duction kinetics and OMD of some species with PEG
addition emphasizes the negative effects of tannins on
degradability. Determining optimum PEG inclusion lev-
elsis critical as it makes it more cost effective to evalu-
ate tanniniferous forages in developing countries.
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