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Abstract:  The effect of tea saponins (TS) on rumen fermentation and methane emission was examined using an in vitro gas
production technique named Reading Pressure Technique. Three levels of TS addition (0, 0.2, 0.4 mg/ml) were evaluated in the
faunated and defaunated rumen fluid. Compared to the control, TS addition decreased the 24 h gas production in the faunated
rumen fluid, but had a minor effect on gas yield in the defaunated rumen fluid. The TS significantly reduced methane production in
vitro. In the faunated rumen fluid, 0.2 or 0.4 mg/ml TS decreased the 24 h methane emission by 12.7% or 14.0%, respectively.
Rumen fluid pH value was affected neither by TS addition nor by defaunation. The TS addition had only minor effects on volatile
fatty acids, but the yield and pattern of volatile fatty acids were greatly affected by defaunation. While the molar proportion of
acetate was not affected by defaunation, the propionate was significantly increased and the butyrate significantly decreased.
Ammonia-N concentration and microbial protein yield were influenced by TS inclusion and defaunation. Inclusion of 0.4 mg/ml
TS increased the microbial protein mass by 18.4% and 13.8% and decreased the ammonia-N concentration by 8.3% and 19.6% in
the faunated and defaunated rumen fluid, respectively. Protozoa counts were significantly reduced by TS inclusion. The current
study demonstrated the beneficial effect of TS on methane production and rumen fermentation, and indicated that this may be due
to the effect of the associated depression on protozoa counts.
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INTRODUCTION

Livestock is one of the largest sources of meth-
ane emission with 80~115 million tons produced per
year, equivalent to 15%~20% of total anthropogenic
methane (IPCC, 2001). The global cattle population is
responsible for 73% of methane emissions of all
livestock, and methane produced during ruminal
fermentation represents a loss of 2%~15% of gross
energy intake and may contribute to global warming
(Johnson and Johnson, 1995). Many researches had
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been carried out to find ways to lower the methane
production in ruminant animals. The symbiosis of
protozoa with methanogenic Archaea was described
by Finlay et al.(1994), and selective suppression of
the rumen protozoa had been suggested to be a
promising approach to reduce methane release
(Whitelaw et al., 1984; Dohme et al., 1999; Moss et
al., 2000).

It was reported that saponins or saponin-like
substances had the potential to suppress the methane
emission, reduce rumen protozoa counts, and change
fermentation patterns (Wang et al., 1997; Makkar and
Becker, 1997; Hristov et al., 1999). In a preliminary
study, Liu et al.(2003) observed that saponins from tea
seed could modify the rumen fermentation and reduce
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rumen protozoa counts. However, results of Dohme et
al.(1999) showed that the methane-suppressing effects
of the active feed components from coconut oil were
not necessarily mediated through the decline in pro-
tozoa counts, even when a simultaneous suppression
of protozoa took place. The objective of this study
was to investigate the effects of tea saponins on
methane release, rumen fermentation and protozoa
counts in the rumen. In order to be able to distinguish
between direct and protozoa-mediated effects, fau-
nated and defaunated rumen fluid were used.

MATERIALS AND METHODS

Materials
Saponins extracted from tea seed (TS) were

purchased from Zhejiang Orient Tea Development Co.

Ltd., affiliated to Tea Research Institute, Chinese
Academy of Agricultural Sciences. It was in powder
form, light-yellow, and contained above 60% triter-
penoid saponin and foamility score of 160~190 mm
and pH of 5.0~6.5.

Equipment and technique

A gas test was conducted using a semi-auto
mated Reading Pressure Technical (RPT, Mauricio et
al., 1999). Incubations were conducted in 180 ml
flasks. About 750 mg of substrates (50% corn meal
and 50% grass meal, m/m) were accurately weighed
into the flasks, and then 90 ml reduced buffer medium
(Theodorou et al., 1994) was added to each flask
which were then sealed with a butyl rubber stopper
and stored overnight at 4 °C. The rumen fluid inocu-
lum was obtained from two donor sheep that were fed
on a mixed diet (60% wild ryegrass hay plus 40%
concentrate) at 1.3 times maintenance before morning
feeding. The rumen fluid was strained through four
layer of cheesecloth and held under CO, in a wa-
ter-bath at 39 °C until used. Each flask (pre-warmed
to 39 °C) was then injected with 10 ml prepared in-
oculum through the stopper using a needle. The dis-
placed gas was allowed to escape before the needle
was removed. The flasks were then swirled to mix the
contents and placed in an incubator at 39 °C. At the
time for measuring the gas production, a pressure
transducer, interfaced with a computer allowed the
accumulated head-space gas pressure values to be

directly entered into the computer. These pressure
measurements were then used to estimate the gener-
ated gas volumes (Theodorou et al., 1994, Mauricio et
al., 1999). The organic matter digestibility (OMD)
was calculated from the gas production at 24 h incu-
bation according to the formula by Menke and Ste-
ingass (1988).

Experimental design and diet preparation

Half of the flasks were injected with defaunated
rumen fluids. Defaunation was achieved by nonyl
phenol ethoxylate (Synperonic NPI® ICI, Middles-
brough, UK) administered at a concentration of 2.5
ml/L rumen fluid (Dohme et al., 1999). Then the TS
were added at levels of 0, 0.2 and 0.4 mg/ml fluids on
the faunated and defaunated rumen fluid, and four
bottles (replicates) were used for each adding level of
TS. At 3, 6, 9, 12 and 24 h incubation, gas pressure
was recorded and methane concentration, pH, am-
monia-N, volatile fatty acids (VFA), protozoa counts
and microbial protein (MCP) yield were determined.

Measurement of in vitro fermentation parameters

The pH of in vitro rumen liquor was determined
immediately after removal using a pH meter (Model
PB-20, Sartorius). Ammonia-N concentration was
determined by a spectrometer (Model 721) using
colorimetry with the NH4CI solution as a standard
(Feng and Gao, 1993). For determination of VFA
concentration, 1 ml of the fermentation medium
sample was placed in centrifugal tubes, mixed uni-
formly with 0.25 ml of 25% ortho-phosphoric acid,
and then centrifuged at 10000 r/min for 10 min. The
supernatant was decanted into another test tube,
capped and stored in a refrigerator at —20 °C until
analyzed. The VFA was analyzed by gas chromato-
graph (GC-2100, Shimadzu) equipped with a Flame
Tonization detector  (FID). The column
(HP-INNOWAX, 19091IN-133) was 30 mx0.25
mmx0.25 pm in size. Two pl of fluid samples were
injected with a syringe, and the temperature of the
injector/detector and the column was 260 °C and 220
°C, respectively. Nitrogen was used as a carrier.
Methane concentration was analyzed using the same
gas chromatograph with the same column, and the
temperatures of the injector/detector and the column
were 130 °C and 80 °C, respectively.

Ciliate protozoa were counted by the method of
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Ogimoto and Imai (1981). In which, 0.5 ml of fer-
mentation fluid was mixed with 0.5 ml methyl-
green-formaldehyde-saline solution and shaken gen-
tly. The mixture was held for 5 min and then pipetted
into a refitted counting haemocytometer of 0.3 mm
depth. The protozoa were then counted under micro-
scope. Concentrations of the MCP were determined
based on purines using the method of Zinn and Owens
(1986), modified by Makkar and Becker (1999), and
estimated from the ratio of purines to N of isolated
bacteria with yeast RNA as standard.

Statistical Analysis

Data were analysed using the general linear
model (GLM) procedure of SAS (1997, SAS Inst.,
Inc., Cary, NC). All multiple comparisons among
means were performed using Duncan’s new multiple
range test.

RESULTS

Influence of TS and protozoa status on the in vitro
gas production and methane release

The gas production (GP) decreased with the
adding levels of TS in the faunated rumen fluid, but
the TS had no effect on the GP in the defaunated
rumen fluid (Fig.1). Addition of 0.2 and 0.4 mg/ml TS
decreased the 24 h GP by 4.0% and 10.1% respec-
tively in the faunated rumen fluid (Table 1). The 24 h
GP in the defaunated rumen fluid was significantly
lower compared to the control. The OMD was in-
dicative index of the GP value. While addition of TS
had minor effect on the OMD, the defaunation
significantly reduced the OMD.
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Fig.1 Effect of tea saponin (TS) additon and protozoa
status on gas production

Methane production was reduced by the TS in-
clusion in the faunated rumen fluid and by defauna-
tion (Fig.2). Inclusion of 0.2 and 0.4 mg/ml TS de-
creased the methane emission by 12.7% and 14.0%
respectively in the faunated rumen fluid. Defaunation
was a much more efficient way to inhibit the methane
production. After 24 h incubation, methane produc-
tion was 57.4% reduced on average by defaunation
(Table 1).
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Fig.2 Effect of tea saponin (TS) additon and protozoa
status on methane production

Influence of TS and protozoa status on rumen
fermentation characteristics

Rumen fermentation characteristics influenced
by TS addition and defaunation at 24 h are summa-
rized in Table 1. The mean rumen fluid pH in all
treatments was 6.81, and the effects of TS and de-
faunation were minor. Total VFAs were significantly
reduced by defaunation (P<0.05), but were not af-
fected by the TS inclusion in faunated or defaunated
rumen fluid (P>0.05). Molar proportion of acetate
was similar among all treatments. Compared to the
control, inclusion of TS showed no effect on the
molar proportion of proprinate, but propionate was
significantly higher in defaunated rumen fluid than in
the faunated fluid. Thus, the A/P (acetate/propionate)
was significantly decreased in defaunated rumen fluid.
Molar proportion of butyrate was not influenced by
TS, but was siginificantly reduced by the defaunation.

Ammonia-N concentration was siginificantly
reduced by TS addition in both faunated and defau-
nated rumen fluid, and defaunation significantly re-
duced the ammonia-N concentration compared to the
control faunated rumen fluid. Inclusion of 0.2 or 0.4
mg/ml TS reduced protozoa number by 13.1% or
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Table 1 Effect of tea saponin and defaunation on in vitro gas production, estimated organic matter digestibility (OMD),
methane emission and rumen fluid characteristic in the faunated and defaunated rumen fluid at 24 h

Faunated Defaunated P value
Items 0 SEM
mg(;ml m(g);./%nl m(;/‘r‘nl mg/m m(g);'/%nl m(:g/‘rtnl Protozoa TS  TSxProtozoa

Gas production (ml) ~ 118.5* 113.8*® 106.52 93.0° 90.5¢ 92.0° 220  0.0001 0.0370  0.0651
OMD (%) 63.9% 624"  60.1° 556 547 552° 073 0.0001 0.0425  0.0754
Methane (mmol) 1.05* 0918  090% 042 039° 041¢ 0.023 0.0001 0.0049  0.0347
(Mnfi“;’;ge OMD) 217%  1.94®  198% 101 095 097 0039 0.0001 0.0078  0.0764
pH 680  6.78 682 6.8l 680 682  0.025 05630 0.5056  0.9140
Ammonia-N (mg/L)  14.0* 13.6"® 129*® 124%¢ 113 100° 026  0.0001 0.0001  0.0912
VFA (mmol/L) 41.97% 4336  4425% 3559% 3436% 3546% 1.112 0.0001 05799  0.4505
Molar proportions (%)

Acetate 7092 7078  70.88 7197 7178 7122 1486 0.5256 0.9648  0.9646
Propionate 15718 16.52®  16.35% 25.01% 24.93* 2592*% 1472 0.0001 0.8729 09184
Butyrate 13.374 1270 12.77% 3.02®  329% 286 0.385 0.0001 0.6207  0.4833
AIP 454%  428%  437% 291®  288% 285 0269 0.0001 0.8501 0.9133
Protozoa (10°ml ™) 0.61* 053% 051 003 001 0.01° 0.008 0.0001 0.0001 0.0045
(Mn:;%a] POeIn g 71CD 7650 0,845 0.87°C  0.93°® 099 0024 0.0001 0.0007  0.9145

A B.C.D Means with different superscripts within the same row differ at P<0.01

16.4% in the faunated rumen fluid. Defaunation re-
duced the protozoa number by 97.0% on average. The
MCP synthesis was significantly increased by TS
addition in faunated and defaunated rumen fluid.
Defaunation significantly increased MCP synthesis
compared to the control faunated rumen fluid.

DISCUSSION

TS treatment

Saponins extracted from many plants have been
reported to have effects on rumen protozoa counts,
ammonia-N, MCP yield and fermentation patterns
(Wang et al., 1997; Hess et al., 2003; Hristov et al.,
1999). In this study, inclusion of TS significantly
reduced protozoa counts (Table 1). One possible
mechanism explaining the effect of saponins on pro-
tozoa is the changes in cell membrane permeability
(Klita et al., 1996). Of all rumen microbes, protozoa
are particularly susceptible to saponin-induced
changes in cell membrane properties (Moss et al.,
2000).

Methane produced by enteric fermentation in
ruminants leads to a severe loss of feed energy for the

animals, and ecological problems through greenhouse
gas emissions. Therefore, reducing methane produc-
tion has significant economical and environmental
benefits. Inclusion of 0.2~0.4 mg/ml TS reduced the
24 h methane emission by 12.7%~14.0% (Table 1),
which was similar to the results reported by Wang et
al.(2000) who observed that the methane production
was 15% lower in Yucca saponin-added group com-
pared with the control. The methane suppress-
ing-effects of saponins were presumably a direct
action against the rumen microbes involved in
methane formation (including methanogens and pro-
tozoa). Apart from methanogens, rumen protozoa
were believed to be of importance in methane forma-
tion because of the association of protozoa with ecto-
and endosymbiotic methanogen (Finlay et al., 1994).
Inclusion of TS significantly reduced methane pro-
duction in faunated rumen fluid, but not in the de-
faunated rumen fluid, suggesting that inhibition of
methanogenesis by tea saponins was primarily due to
their anti-protozoal activity.

Ammonia-N concentration was decreased and
MCP yield was increased when TS were added (Table
1). Addition of 0.4 mg/ml TS led to the lowest am-
monia-N concentration and highest MCP yield. The
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VFA are considered as one of the rumen fermentation

parameters, and they represent the rumen fermenta-

tion pattern. The proportions of individual VFA were

not significantly changed with addition of TS, indi-

cating that TS had little effect on rumen fermentation

pattern, just as Hess et a/.(2003) and Wang et a/.(1998)
reported. The 24 h GP declined when TS was in-

cluded, and this reduction might have been due to the

TS-mediated inhibition of cellulolytic bacterial and

fungal growth (Wang et al., 2000).

Defaunation treatment

Effects of defaunation on rumen fermentation
had been intensively investigated and reviewed, in-
cluding its effect on methanogenesis (Jouany, 1996;
Moss et al., 2000). Jouany (1996) reported that ciliate
protozoa contributed significantly to intraruminal
cycling of microbial N and efficiency of MCP syn-
thesis, so reducing protozoa counts can improve die-
tary N utilization and increase MCP flow to the in-
testine. We found that ammonia-N concentration
decreased and MCP yield increased in defaunated
rumen fluid (Table 1). Most of defaunation-induced
changes found in the present study accorded with
those of other studies (Jouany 1996; Moss et al.,
2000). Total concentrations of VFA were reduced by
elimination of protozoa. An increased molar propor-
tion of propionate and a lowered proportion of bu-
tyrate accompanied the VFA reduction. In the de-
faunated rumen fluid, molar proportion of propionate
was increased at the apparent expense of butyrate.

Methane emission was greatly reduced by de-
faunation (0.4217 mmol vs 1.0454 mmol at 24 h in
defaunated and faunated rumen fluid, respectively),
as was found in some other studies (Whitelaw et al.,
1984; Dohme et al., 1999). Formation of acetate and
butyrate are usually accompanied by production of
hydrogen and carbon dioxide, whereas propionate
formation involves a net uptake of hydrogen, thus,
defaunation decreases the hydrogen supply for
methanogens in the rumen, leading to lower methane
emission.

Interaction between defaunation and TS treat-
ment

Interactions between TS and protozoa status
were mostly weak except for the methane emission
and protozoa number. The lack of significant inter-

actions for most variables investigated suggests that
the effects of TS were not predominantly mediated by
the simultaneously observed inhibition of the rumen
protozoa. However, since the depression of methane
release due to tea saponins addition was found only in
faunated rumen fluid, it could be assumed that this
effect was mediated through associated effects on
protozoa. Further research is necessary to confirm the
effects of TS on methanogens and other microbials.

CONCLUSION

Saponins from tea seeds have anti-protozoa ef-
fect, and have the potential to modulate the rumen
fermentation pattern and reduce methane release from
ruminal fermentation. Since the depression of meth-
ane release due to tea saponins addition was found
only in faunated rumen fluid, it could be assumed that
this effect was mediated through associated effects on
protozoa. Combinations of TS addition and defauna-
tion can be promising strategies for suppressing
methane emissions.
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