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Abstract 
this study examined the potential effects of Saponaria officinalis (so) or Panax ginseng (pG) 
saponins supplemented to diets differing in the proportion of forage to concentrate on rumen 
microbial fermentation and methane production in vitro. two experiments were carried out using 
the rumen simulation technique (RUSITEC). In the first experiment the substrate was comprised 
of a mixture of meadow hay and corn meal in a ratio of 60:40 dry matter (dM; high forage diet; 
Hf). in the second experiment low forage diet (Lf) consisting of meadow hay and corn meal in 
the ratio of 40:60 dM was used. diets were supplemented with dried roots of so or pG to provide 
1% of triterpenoid saponins in dietary dry matter. All triterpenoid sources significantly (P≤0.05) 
decreased number of protozoa, by 50% and 72% respectively when HF diet was analysed (first 
experiment). there were no changes in methane production. in the second experiment (Lf), the 
potential to mitigate methane production was reported for both so and pG addition, however 
only in pG a decrease in the protozoal population was detected. supplementation of plants rich in 
triterpenoid saponins has been identified as a diet dependent potential factor which has an impor-
tant role in modulation of rumen fermentation processes. However, further studies are needed to 
evaluate their effect in animal production.
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Thanks to the microbial colonization of the digestive tract, primarily the rumen, 
ruminants may utilize low quality forages as the source of nutrients. However, oc-
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casionally even high quality forages in combination with concentrates cannot cover 
high nutrient requirements of high-producing animals. Many researchers are exam-
ining feed additives, which would facilitate enhanced utilization of nutrients sup-
plied in the feed ration and thus reduce the adverse environmental impact of animal 
production. In recent years, e.g. in view of the ban on the application of antibiotic 
growth promoters in animal nutrition (Regulation (EC) No 1831/2003), bioactive 
phytofactors started to be intensively investigated as the potential antibiotic growth 
promoter substitutes. Highly diverse bioactive components contained in many plant 
species have been identified as potential agents capable of modulating rumen fer-
mentation processes. In animal nutrition phytofactors may be supplied as the plant 
dietary ingredients (e.g. dried leaves) or extracts containing pure forms of phytofac-
tors. Triterpenoid saponins are examples of bioactive phytochemicals, whose action 
is closely related with their structure. These high molecular glycosides are composed 
of hydrophobic sapogenin and a hydrophilic saccharide radical glycone, which in the 
case of triterpenoid saponins is a triterpene (Sparg et al., 2004). Saponins are com-
monly found in many plants and plant origin products and because of their antimicro-
bial potential may play important roles in animal and human nutrition (Makkar et al., 
2007; Nasri et al., 2011). Triterpenoid saponins may affect cell membrane permeabil-
ity and thus exhibit antimicrobial action (Francis et al., 2002). In the digestive tract 
of ruminants, primarily in the rumen, they may have antibacterial, antiprotozoan, an-
tifungal and antimethanogenic effects (Hu et al., 2005 a; Agarwal et al., 2006; Goel 
et al., 2008). Thanks to the multifaceted action of bioactive phytochemicals they 
may affect rumen processes, including protein metabolism or methanogenesis, thus 
reducing environmental pollution by ammonia and methane (Szumacher-Strabel and 
Cieślak, 2012; Cieślak et al., 2012). Due to the abundance of bioactive phytochemi-
cals found in nature, continuous research is being conducted in order to optimize 
the concentration and form, in which a given bioactive phytochemical should be  
introduced to feed rations for ruminants (Zmora et al., 2012). Despite many stud-
ies conducted so far on the use of saponins, in terms of the selective modulation  
of rumen microbial population for limitations of methanogenesis or proteolysis  
in the rumen ecosystem, the plant source of saponins that would fully meet the  
expectations has not been found yet (Szumacher-Strabel and Cieślak, 2010). In  
the case of saponin application most literature sources report the use of Yucca  
schidigera as a source of steroid saponin, while a limited number of studies were 
conducted with triterpenoid saponins. Moreover, a previous study demonstrated  
that effects of supplemented feed additives on quantitative as well as qualitative 
variability of microorganisms in the rumen depends on many factors, such as type  
of feed ration with particular reference to the composition and proportions of indi-
vidual nutrients (Cieślak et al., 2006; Szumacher-Strabel and Cieślak, 2010). There-
fore the objective of this study was to assess the effects of Saponaria officinalis L. 
(SO) or Panax ginseng C.A Meyer (PG) saponins supplemented to high forage (HF) 
or low forage (LF) diets on rumen microbial fermentation and methane production 
in vitro. 
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Material and methods 

Materials
As the sources of triterpenoid saponins dried roots of Saponaria officinalis L. 

(SO) or Panax ginseng C.A Meyer (PG) were used. Plant material was purchased 
from Herbapol (Kraków, Poland). The voucher samples have been deposited at the 
Department of Animal Nutrition and Feed Management, Poznan University of Life 
Sciences. For each saponin source total triterpenoid saponins content was deter-
mined. 

Experimental design 
Two in vitro experiments were conducted. In the first experiment high forage diet 

(HF) consisted of meadow hay and corn meal in a ratio of 60:40 DM, whereas in the 
second experiment low forage diet (LF) consisting of meadow hay and corn meal in 
a ratio of 40:60 was used (Table 1). Both experimental diets (HF and LF) were sup-
plemented with dried roots of SO or PG to provide 1% of triterpenoid saponins of 
dietary dry matter, 3.8 g/day or 2.6 g/day, respectively. 

diet preparation
Samples of feeds were analysed according to AOAC (2007, Table 1) for dry mat-

ter (method no. 934.01) and ash (method no. 942.05). Crude protein was determined 
by Kjel-Foss Automatic 16210 analyser (method no. 976.05), crude fat by Soxtec 
System HT analyser (method no. 2003.05), and neutral detergent fibre (NDF) (with 
amylase treatment) was determined according to the methods of Van Soest et al. 
(1991). 

Table 1. Chemical composition of feeds used in the study, n = 3 

Items Dry matter 
(g/kg)

Crude protein 
(g/kg DM)

Ash
(g/kg DM)

Crude fat  
(g/kg DM)

 NDF1

(g/kg DM)
NFC2

(g/kg DM)

Meadow hay 917.57 118.23 49.87 15.33 565.70 250.87

SEM3 6.64 9.42 7.38 1.90 1.10 3.28

Corn meal 870.73 107.23 14.10 40.63 86.20 751.83

SEM 17.98 2.92 0.23 2.11 0.35 4.20 
1NDF – neutral detergent fibre.
2NFC – non-fibrous carbohydrates.
3SEM – standard error of the mean.

Extraction and isolation of saponin fraction from Saponaria officinalis and 
Panax ginseng 

Extraction and isolation of saponin fraction from Saponaria officinalis and 
Panax ginseng were performed according to the procedure described by Hamed et 
al. (2012). Briefly, samples of plant material (100 mg) were mixed with diatoma-
ceous earth and extracted with 80% methanol in stainless steel extraction cells of 
an accelerated solvent extraction system (ASE 200, Dionex, Sunnyvale, USA). Ex-
tractions were carried out at 10 MPa operating pressure and temperature of 40°C. 
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After evaporation to dryness under reduced pressure, extracts were redissolved 
in 2 mL of distilled water and applied at the top of a Waters Sep-Pak Classic 360 
mg SPE column (Waters, Milford, USA) activated with 2.5 mL of methanol and  
2.5 mL of distilled water. After a 5 mL wash with 40% methanol (to remove sugars 
and phenolic compounds), the compounds of interest were eluted with 3 mL of 100% 
methanol. Samples were then dried in vacuo (vacuum 28 mbar, rotation 100 rpm, 
temperature 40ºC), redissolved in 50% methanol and analysed by LC-MS (Liquid 
Chromatography–Mass Spectrometry).

determination of saponins in the root of Panax ginseng
Quantitative analyses were performed on an Acquity Ultra Performance Liquid 

Chromatography (UPLC) system equipped with a triple quadruple mass spectrome-
ter (Waters, Milford, USA). Ginsenosides were separated on a Waters BEH (Bridged 
Ethylene Hybrid) C18 column (100 × 1 mm, 1.7 µm) with a linear (12 min) gradient 
from 25 to 45% of acetonitrile containing 0.1% (v/v) formic acid (solvent B) in 0.1% 
formic acid (solvent A) and flow rate of 140 µl/min. The separation was carried out at 
column temperature of 50°C. One µl sample was injected in the “partial loop needle 
overfill” mode of a Waters Acquity autosampler.

Column’s effluent was introduced into the ion source of the mass spectrometer, 
which operated in the negative ion mode with the following parameters of the ion 
source: cone voltage 130 V, capillary voltage 3.2 kV, extractor 3 V, RF lens 100 mV, 
source temperature 130°C, desolvation temperature 350°C, desolvation gas flow  
700 l/h, cone gas flow 50 l/h. Collision cell entrance and exit were set to 50, collision 
energy was set to 5. Parameters of quadruples 1 and 3 were set to achieve unit-mass 
resolution: both LM and HM resolutions were set to 15, and ion energies were set 
to 0.9.

It was found that the dried root of PG contained 42.54 mg/g saponins as equiva-
lent of ginsenoside Re {2-O-(6-deoxy-α-L-mannopyranosyl)-(3β,6α,12β)-20-(β-D-
glucopyranosyloxy)-3,12-dihydroxydammar-24-en-6-yl-β-D-glucopyranoside}.

determination of saponins in the root of Saponaria officinalis
Quantitative analyses of extracts were done using a Thermo LCQ Advantage 

Max ion-trap mass spectrometer coupled with a Surveyor high-performance liquid 
chromatography (HPLC) system composed of a Surveyor PDA, an autosampler 
and a quaternary pump (Thermo, Waltham, USA). Separation was performed on  
a 150 × 2.1 mm i.d., 3.5 μm Symmetry C18 column (Waters, Milford, USA) using 
a linear, 90 min gradient from 5 to 60% of solvent B (acetonitrile containing 0.03% 
formic acid) in solvent A (doubly distilled water containing 0.03% formic acid) with 
a flow of 0.4 mL/min. The column was held at 50°C during separations and re-
equilibration. The mass spectrometer was operated in the negative electrospray mode 
with the following ion source parameters: spray voltage 3.5 kV, capillary voltage 
–47 V, tube lens offset –60 V, transfer capillary temperature 230°C. Nitrogen sheath 
and auxiliary gas flows were, respectively, 65 and 10 arbitrary units. The acquisition 
mode was data-dependent. Following a general scan from 150 to 2000 mass units  
(3 microscans, max. inject time of 150 ms), peaks with signals higher than 2.5 × 105 
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counts were subjected to MS/MS analysis. In each scan, the peak with the highest in-
tensity was fragmented using collision-induced dissociation (CID, 35% normalized 
collision energy) and product ions in the range from the “cutoff” to the parent mass 
were detected. MS/MS fragmentation data were used only to tentatively identify the 
compounds having saponin nature. Quantitations were based on UV absorbance at 
210 nm wavelength.

It was shown that dried root of SO contained 30 individual saponins in a total 
amount of 28.76 mg/g of dry matter as equivalent of saponarioside I {3-O-β-D- 
-xylopyranosyl-16α-hydroxygypsogenic acid 28-O-α-D-galactopyranosyl-(1→6)-  
β-D- glucopyranosyl-(1→3)[- β -D-glucopyranoside}.

Equipment and technique 
The study was carried out using RUSITEC apparatus (Czerkawski and Breck-

enridge, 1977) consisting of four vessels with an effective volume of 1 l each, im-
mersed in a water bath maintained at 39°C. Fermentation inoculum (rumen fluid and 
solid digesta) for starting in vitro experiments were collected from three rumen can-
nulated Polish Holstein-Friesian dairy cows (body weight 600±25 kg) fed 20 kg/day 
of DM. The dairy cow’s diet was composed of alfalfa silage (10.4 kg DM), meadow 
hay (1.6 kg DM), wet brewers’ grains (0.5 kg DM), soybean meal (1.4 kg DM) and 
commercial concentrate containing 19% of crude protein (6.1 kg DM). Drinking wa-
ter was available ad libitum. The solids rumen digesta and rumen fluid were collected 
before morning feeding. Fermentation inoculums from each cow were combined and 
thoroughly mixed, then transported to the laboratory within an hour in pre-heated 
vacuum flasks and transferred to a water bath with continual CO2 purging. On the 
first day of each experimental run, each of the 1 l fermenters from Rusitec system, 
was initially filled with pre-warmed 100 ml of McDougall buffer (McDougall, 1948) 
and 820 ml of ruminal fluid, that was earlier strained through 4 layers of cheesecloth. 
Moreover, two nylon bags (70×140 mm, 100-µm pore size) for one fermenter were 
used: one containing ca. 11 g DM of rumen digesta solids and the second containing 
an experimental diet (10.9 g of DM). After 24 h of incubation, the system was opened 
and the bag containing rumen digesta solids was replaced by another bag containing 
the experimental diet. Anaerobic conditions were re-established in the fermenters by 
rinsing the system with gaseous N2 for 3 min (3 litres/min) after the daily supply of 
substrate was completed. Artificial saliva was supplied to each fermenter at a flow 
rate of 500 ml/day using a peristaltic pump. Displaced effluent and fermentation 
gases were collected in an effluent vessel and gas-tight collection bag (TECOBAG 
81; Tesseraux Container GmbH, Bürstadt, Germany), respectively. To stop fermenta-
tion in the effluent vessels, 10 ml of 6N HCl was added to each of them. 

Measurements and chemical analysis 
Three experimental runs of 10 days each were carried out; the first 5 days served 

as an adaptation period followed by 5-day measurements. The samples of rumen 
fluid fermentation parameters were collected 3 h before the addition of the new bag 
with feed. The pH was measured immediately after collection, using a pH meter 
type CP-104. The ammonia concentration was analysed by the colorimetric Nessler 
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method as modified by Szumacher-Strabel et al. (2002). The protozoa counts were 
determined according to Michalowski et al. (1986) using a drop of buffered rumen 
fluid with defined volume (100 µl) under a light microscope (Zeiss, type Primo Star 
no. 5, Jena, Germany). The total bacteria population was obtained with a Thoma 
counting chamber (Blau Brand®, Wertheim, Germany) (Ericsson et al., 2000). For 
the determination of volatile fatty acids (VFA), 3.6 ml of the buffered fluid sample 
was stabilized with 0.4 ml of a 46 mM HgCl2 solution and frozen (−20ºC) until 
analysis by GC (GC Varian CP 3380, Sugarland, TX, USA), in accordance with 
the guidelines, described by Tangerman and Nagengast (1996). The content of non-
fibre carbohydrates (NFC) was calculated according to the following equation:  
1000 – (crude protein + crude fat + ash + NDF, and expressed as g/kg DM (Cozzi 
et al., 2002). 

In vitro organic matter digestibility (IVOMD, %) was estimated according to 
Menke et al. (1979) as follows: 

IVOMD (%) = 14.88 + 0.889 GP + 0.45 CP + 0.0651 XA
where:

CP – crude protein expressed in percent of DM, 
XA – ash expressed in percent of DM,
GP – the net gas production expressed in ml from 200 mg of DM after 24 h of 

incubation. 

The volume of net gas production was obtained by pressing the gas into a closed 
tube filled with water and measuring the amount of displaced water. 

Methane production was calculated based on the theoretical fermentation balance 
for the measured molar proportion of VFA and OM fermented in the rumen accord-
ing to Wolin (1960) as follows: 57.5 mol glucose = 65 mol acetate + 20 mol propion-
ate + 15 mol butyrate + 60 mol CO2 + 35 mol CH4 + 25 mol H2O.

statistical analysis
Differences between diets composition were tested with t-test, and due to statisti-

cal differences between HF and LF diets, effects of SO and PG diet supplementation 
were analysed separately for each experiment (HF and LF). General linear model 
(GLM) procedure of SAS (2006) was used for data analysis, assuming the following 
model: 

Yijk = µ + Ci + Pj + Tk +Eijk
where:

Yijk – value of the observation, 
µ – mean, 
Ci – effect of the sample, 
Pj – effect of the day, 
Tk – effect of the diet supplementation (SO, PG and control), 
Eijk – random error.
P<0.05 was considered as being statistically significant. Differences between 

means were tested using Duncan test.
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results

The content of triterpenoid saponin was 28.76 mg/g of dry matter (DM) in SO 
roots and 42.54 mg/g DM in PG roots. The applied in vitro doses (HF or LF) dif-
fered significantly in the level of neutral detergent fibre and non-fibrous carbohy-
drates (Table 2). In the first experiment, where HF was used, pH value was decreased 
(P≤0.05) in experimental groups compared with the control (Table 3). Addition of 
SO increased (P≤0.05) the IVOMD, whereas the PG had no effect on the measured 
parameter. The particular and total VFA have been altered in the presence of trit-
erpenoid saponin. The PG and SO saponins significantly changed the VFA profile 
by increasing the acetate and propionate contents in comparison with the control  
(Table 3). Thus, the ratio of acetate to propionate has been decreased: by 18% when 
the saponins derived from SO and by 51% when saponins from PG were supple-
mented. Addition of PG increased (P≤0.05) butyrate, iso-butyrate and iso-valerate 
concentrations. The dietary supplementation of SO and PG decreased (P≤0.05) the 
number of protozoa by 50% and 72%, respectively (Table 3).

Table 2. The chemical composition of HF or LF doses

Items HF1 SEM5 LF2 SEM
Dry matter (g/kg) 10.80 0.120 10.69 0.145
Crude protein (g/kg DM) 1.24 0.051 1.22 0.027
Organic matter (g/kg DM) 10.41 0.163 10.39 0.172
Crude fat (g/kg DM) 0.28 0.007 0.33 0.008
NDF3 (g/kg DM) 4.08 A 0.006 3.03 B 0.003
NFC4 (g/kg DM) 4.92 B 0.003 6.01 A 0.013

1HF – high forage diet.
2LF – low forage diet.
3NDF – neutral detergent fibre.
4NFC – non-fibrous carbohydrates.
5SEM – standard error of the mean.
A, B – means with different superscripts in each row are significantly different (P<0.05).

In the second experiment, where LF was used, PG supplementation significant-
ly decreased (P≤0.05) the pH value (Table 4). The dietary supplementation of SO 
significantly decreased (P≤0.05) ammonia concentration in comparison to LF diet 
supplemented with PG (Table 4). Similarly, as in the first experiment, SO addition 
increased (P≤0.05) the IVOMD, whereas PG had no effect on this parameter. Dietary 
supplementation of PG and SO resulted in 8% lower CH4 concentrations than in the 
control group. Total VFA concentration was significantly higher (P≤0.05) when PG 
was supplied compared to the control or SO diets. Supplementation with PG also in-
creased the molar concentrations of propionate, butyrate, iso-butyrate and iso-valer-
ate. VFA profile of rumen fluid incubated with PG lowered the acetate and valerate 
contents and the acetate to propionate ratio, by 22%, 57% and 45% respectively, 
when compared to the controls (Table 4). Only triterpenoid saponin from PG sig-
nificantly decreased (P≤0.05) total protozoa population in comparison to the control, 
whereas SO had no effect on the analysed population (Table 4).
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Table 3. Effects of triterpenoid saponins of Saponaria officinalis (SO) or Panax ginseng (PG)  
supplementation to HF diet on fermentation parameters and microbial populations, n = 15 

Control SO PG
Mean SEM1 Mean SEM Mean SEM

Fermentation parameters
ruminal pH 7.06 A 0.01 6.99 B 0.01 6.80 C 0.01
ammonia (mmol/l) 7.92 1.08 7.34 0.29 10.53 0.39
IVOMD2 (%) 54.08 B 1.58 59.01A 2.99 53.38 B 2.05
methane (mM) 0.28 0.02 0.29 0.01 0.27 0.02
total VFA3 (mmol/l) 52.09 C 0.55 59.3 B 0.64 80.51 A 1.90
VFA concentration (mmol/l)
acetate 28.34 B 0.22 31.29 A 0.32 30.09 A 0.41
propionate 8.94 C 0.12 12.09 B 0.23 19.50 A 0.80
butyrate 1.95 B 0.07 2.48 B 0.18 3.31 A 0.15
iso-butyrate 8.19 B 0.22 8.10 B 0.25 19.19 A 0.34
valerate 2.36 AB 0.06 3.00 A 0.18 1.22 B 0.13
iso-valerate 2.31 B 0.19 2.34 B 0.15 7.20 A 0.32
ratio of acetate to propionate 3.18 A 0.06 2.60 B 0.06 1.56 C 0.05

Microbial population
protozoa counts (×103 cells/ml) 3.44 A 0.57 1.72 B 0.44 0.95 B 0.00
bacteria counts (×108 cells/ml) 72.00 15.15 106.00 18.70 113.00 10.17

1SEM – standard error of the mean. 
2IVOMD – in vitro organic matter digestibility.
3VFA – volatile fatty acids. 
A, B, C – means with different superscripts in each row are significantly different (P<0.05).

Table 4. Effects of triterpenoid saponins of Saponaria officinalis (SO) or Panax ginseng (PG) supple-
mentation to LF diet on fermentation parameters and microbial populations, n = 15 

Control SO PG
Mean SEM1 Mean SEM Mean SEM

Fermentation parameters
ruminal pH 6.97 A 0.01 6.98 A 0.01 6.86 B 0.01
ammonia (mmol/l) 4.58 AB 0.77 2.63 B 0.15 6.62 A 0.57
IVOMD2 (%) 45.22 B 2.04 49.65 A 1.61 42.61 B 1.15
methane (mM) 0.25 A 0.01 0.23 B 0.01 0.23 B 0.01
total VFA3 (mmol/l) 52.41 B 1.39 49.11 B 1.10 60.97 A 0.30
VFA concentration (mmol/l)
acetate 24.82 A 0.53 23.65 A 0.49 19.26 B 0.35
propionate 9.38 B 0.27 9.05 B 0.22 13.22 A 0.20
bytyrate 3.62 B 0.13 3.62 B 0.09 4.48 A 0.05
iso-butyrate 8.70 B 0.28 7.77 B 0.21 13.96 A 0.09
valerate 2.85 A 0.10 2.25 A 0.07 1.21 B 0.18
iso-valerate 3.05 B 0.11 2.77 B 0.08 8.84 A 0.10
ratio of acetate to propionate 2.66 A 0.03 2.62 A 0.02 1.46 B 0.04

Microbial population
protozoa counts (×103 cells/ml) 2.29 A 0.14 2.29 A 0.22 0.96 B 0.00
bacteria counts (×108 cells/ml) 68.00 6.27 86.80 12.52 74.80 5.91

1SEM – standard error of the mean.
2IVOMD – in vitro organic matter digestibility.
3VFA – volatile fatty acids.
A, B – means with different superscripts in each row are significantly different (P<0.05).
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discussion

The supplementation of ruminant diets with feed additives containing saponins 
can reduce the processes of protein degradation and mitigate the methanogenesis in 
the rumen ecosystem. These can improve nutrient utilization of feed by the animals. 
In the current study, addition of SO or PG to the experimental diets, only in the 
case of LF diet, decreased methane production. This suggested that not only saponin 
sources but also type of the diet fed (HF vs LF) may affect the results obtained. 

Moreover, in the present study pH value of the rumen fluid was reduced by ap-
plied additives (P≤0.05), except for SO in LF diet, but still it was maintained in 
the physiological range. Hu et al. (2005 b) in experiments conducted under in vitro 
conditions stated the effect of tea triterpenoid saponin addition on a reduction of pH 
value in incubated ruminal fluid. A decrease in pH may be caused by an increase in 
the concentration of total volatile fatty acids, which was also observed in the pre-
sented study. An addition of PG, irrespective of the applied feed ration, resulted in 
a statistically significant (P≤0.05) increase in total VFA. In turn, in the case of SO a 
statistically significant increase was found in total VFA in the feed ration with HF. As 
VFA constitute a primary source of energy for ruminants, the results recorded within 
this study are advantageous from the production practice point of view. An increased 
total VFA concentration was also reported by other researchers in their experiments 
conducted with an addition of steroid saponins (Lila et al., 2003). The direct cause 
of an increase in total VFA is connected with an increase in the concentrations of in-
dividual fatty acids, including acetate and propionate. In the conducted experiments 
the content of acetate, under the influence of applied experimental factors, increased 
in the case of the HF ration, while supplementation of LF diet with PG decreased 
acetate concentration. Hence, the decrease in acetate to propionate ratio (P≤0.05) 
was found in the case of the application of PG in both analysed diets and in HF diet 
when SO was supplemented.

The propionate concentration was higher (P≤0.05) for HF diets when SO and PG 
were supplemented and also in the LF diets when PG was added. A higher propionate 
concentration may be associated with reduction of protozoa population, which was 
observed in the current study. Moreover, the average concentration of butyrate, iso-
butyrate and iso-valerate was considerably higher (P≤0.05) for PG compared with 
SO, regardless of the type of diet fed. Based on the conducted experiments it may be 
stated that the effect of applied additives, triterpenoid saponin carriers, depended not 
only on the type of applied feed ration, but also on the saponin carrier, and PG sup-
plement seems to be more effective in increasing both the total amount and particular 
concentration of VFA in tested conditions. Higher IVOMD was reported for SO sup-
plements in both diets, which was the opposite of the PG supplements. These results 
are consistent with data presented by Patra and Saxena (2009), who also showed that 
the effect of phytofactors depends on their origin, the diet composition and adapta-
tion of microbiota to rumen environment.

The composition of the feed ration had a decisive effect on CH4 production. 
Forages, in which NDF is found in greater amounts, are more methanogenic than 
concentrates. Based on the results obtained it may also be concluded that the sup-
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plementation of LF diet with SO or PG caused a statistically significant reduction of 
methane production. In the case of SO, the decreased methane production with no 
limitation of the protozoa and bacteria populations suggested that saponins contained 
in this additive must have had a direct effect on the population size or activity of 
methanogens. In turn, a lack of reduction of methane production in the HF ration 
may be explained by the tendency to increase of bacterial counts, which as a result 
of their metabolism lead to the generation of considerable amounts of hydrogen,  
a substrate for the production of methane.  

According to Wallace (2004) saponins reduce the level of ammonia in the ru-
men fluid. Also investigations conducted in vivo by Mao et al. (2010) indicated that 
an addition of tea saponins reduced ammonia content in the rumen fluid. However, 
such a dependence was not confirmed in this study. Average ammonia concentration 
reported for PG was higher than for SO in both diets, however the differences were 
statistically significant only in LF diet. It is difficult to interpret our results relative 
to available literature. The application of bioactive phytochemicals (e.g. essential 
oils) typically results in the reduced amount of ammonia in the rumen as a conse-
quence of a decrease in deamination and peptidolysis. Moreover, it was found that 
the use of these compounds may result in decreased number and activity of bacteria 
specialized in ammonia production (referred to as hyper ammonia producing bac-
teria), thus leading to the limitation of the production of excess ammonia in the ru-
men (Szumacher-Strabel and Cieślak, 2010). In the case of SO and PG application, 
the recorded results might be influenced by the duration of the effect or the applied 
concentration of saponins. Moreover, in the analysis of conducted experiments we 
need to consider other bioactive substances (e.g. carbohydrate fractions or phenolic 
acids), which, when interacting with saponins or components of the feed ration, may 
yield in completely different results than in the case of pure forms being used. 

Bacteria found in the rumen are responsible for many metabolic changes, in-
cluding also those of nitrogen. However, a varied action of saponins on different 
bacterial groups was shown (Wang et al., 2000). Cellulolytic bacteria are more re-
sistant to the action of saponins than amylolytic bacteria, which was also indirectly 
observed in the conducted experiments (a higher numerical bacterial count in the HF 
ration). However, earlier studies showed that the addition of a yucca extract caused 
a reduction of population size in the case of bacteria commonly found in the diges-
tive tract of ruminants, i.e. Butyrivibrio fibrisolvens (decomposing cellulose) and 
Streptococcus bovis (decomposing urea), but they had a positive effect on the count 
of Prevotella ruminicola (decomposing starch), whereas no effect was observed on 
ammonia-producing Selenomonas ruminantium (Wallace et al., 1994). This indi-
cated that the data obtained for the bacterial populations are not always consistent. 
As regards the effect of saponin on protozoa population, this value is considered to 
be one of the most effective factors leading to a reduction of population size in this 
group of microorganisms, which was also confirmed in experiments with SO and 
PG in HF diet and PG in LF diet. However, more effective effect on the protozoa 
population (a reduction by as much as 72%) was found for the HF diet. This may 
suggest that the HF diet could have contained a lower amount of protein, which may 
not have entered into interactions with saponins contained in both SO and PG; thus, 



Effect of triterpenoid saponins on rumen fermentation in vitro 825

this would not have blocked the reduction of the protozoan population size under the 
influence of the applied experimental factors. However, this hypothesis, in the case 
of the conducted experiments is not confirmed due to the fact that protein content 
in the two tested diets was similar. Makkar et al. (2007), Wallace et al. (2002) and 
Eryavuz and Dehority (2004) stated that the generally negative effect of saponins on 
protozoa cells is caused by a reduced surface tension in the cell membranes of pro-
tozoan through the action of saponins, leading to their decreased permeability. In the 
case of bacteria, a lack of the toxic effect of saponins is explained by the absence of 
sterols in the cell membrane and thus a lack of the negative effect on permeability of 
bacterial cell membranes (Williams and Coleman, 1992). This theory was indirectly 
confirmed by investigations conducted within the presented experiments with an ad-
dition of SO and PG. 

In conclusion, the addition of triterpenoid saponins, regardless of the source of 
their origin (SO or PG), resulted in changes in the rumen fluid parameters in vitro. 
Moreover, the additives, regardless of the forage to concentrate ratio (resulting in dif-
ferent content of the neutral detergent fibre and non-fibrous carbohydrates), showed 
a significant role in regulating the number of protozoa in the rumen fluid after in-
cubation, and therefore the additives may be used as effective defaunation agents. 
Based on the results obtained it may also be concluded that addition of triterpenoid 
saponins from SO or PG in combination with a low forage diet have greater poten-
tial to reduce methane production. However, further research is required to better 
understand the mechanism of ruminal fermentation and the effect of saponins on the 
process of methanogenesis.
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Wpływ saponin triterpenowych Saponaria officinalis L. lub Panax ginseng c.A. Meyer  
na przemiany zachodzące w żwaczu w warunkach in vitro

STRESZCZENIE

Celem przeprowadzonych badań było określenie wpływu ekstraktu saponin triterpenowych, Sa-
ponaria officinalis (SO) lub Panax ginseng (PG), w dawkach różniących się poziomem i rodzajem 
węglowodanów, na proces fermentacji w żwaczu i produkcję metanu w warunkach in vitro. Przepro- 
wadzono dwa doświadczenia, wykorzystując dynamiczny system symulujący pracę żwacza (RUSITEC).  
W pierwszym doświadczeniu zastosowana dawka podstawowa składała się z siana łąkowego i śruty 
kukurydzianej w stosunku 60:40 suchej masy (dawka z wysokim udziałem pasz objętościowych – HF). 
W drugim eksperymencie przeanalizowano dawkę pokarmową z niskim udziałem pasz objętościowych 
(LF; siano łąkowe i śruta kukurydziana w stosunku 40:60 suchej masy). Do dawek podstawowych 
dodano saponiny triterpenowe, które stanowiły 1% suchej masy dawki. W pierwszym doświadczeniu 
(HF), zarówno SO, jak i PG znacząco (P≤0,05) ograniczyły liczebność pierwotniaków, odpowiednio  
o 50% i 72%. Nie odnotowano natomiast zmian w poziomie koncentracji metanu. W drugim 
doświadczeniu (LF) potencjał do ograniczania produkcji metanu wykazał zarówno dodatek SO, jak 
i PG, jednak tylko w przypadku PG zaobserwowano zmniejszenie liczby pierwotniaków. Na podstawie 
przeprowadzonych badań stwierdzono, iż rośliny bogate w saponiny triterpenowe odgrywają istotną 
rolę w regulacji procesów fermentacji w żwaczu. Jednak aby ocenić ich wpływ na produkcję zwierzęcą, 
konieczne jest przeprowadzenie dalszych badań.


