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Saponins have the potential to favorably modulate
rumen fermentation, but there is generally a lack of
the chemical structures associated with the
described effects. The activity of extracts from
Calendula ofﬁcinalis and Saponaria ofﬁcinalis in the
rumen was evaluated in vitro. The S. ofﬁcinalis root
extract, reduced CH4 production by 8.5% and
increased total VFA concentration by 25.2%. C. ofﬁcinalis and S. ofﬁcinalis root extracts and the S. ofﬁcinalis aerial part extract decreased the acetate to
propionate ratio from 8.6 to 17.4%, according to
the extract. An HPLC-ELSD analysis indicated that
the saponin content ranged from 43.6 to 57.6 mg/g
of dry matter (DM) in the C. ofﬁcinalis extracts and
from 224.0 to 693.8 mg/g of DM in the S. ofﬁcinalis
extracts, expressed as the hederacoside C equivalent.
Identiﬁcation of the saponin compounds present in
the extracts by HPLC–MSn suggested that the saponin proﬁle modulated the biological activities, showing the importance of determining the structure of
saponins when evaluating extracts.
Key words: saponin; rumen; methane; volatile fatty
acid; HPLC

Due to the complex symbiosis between micro-organisms and ruminants, carbohydrates are fermented in the
rumen into volatile fatty acids (VFAs) and gases,
including methane (CH4). VFAs represent up to 75%
of ruminant energy requirements. The production of
CH4 is responsible for 10–15% metabolizable energy
loss,1) and contributes signiﬁcantly to anthropogenic
greenhouse gas emissions worldwide.2) Several feeding
strategies have been described to mitigate CH4 emissions from ruminants. Plant secondary metabolites,
including saponins, have shown promising results when
incorporated into the diet.3) Saponins are composed of
a polar sugar moiety glycosidically linked to a nonpolar aglycone (terpenoid or steroid) generally exhibit-

ing antifungal, antibacterial, or antiprotozoal properties.4) As most carbohydrates are metabolized by
micro-organisms in the rumen, the inclusion of such
compounds as saponins that are able to modulate the
microbial population have the ability to modify VFA
and CH4 production.
The effects of such commercially available saponincontaining plants, such as Yucca schidigera and Quillaja saponaria on CH4 and VFA production have been
well documented.3) In most of the studies, the saponin
content is globally quantiﬁed, using non-speciﬁc methods, such as butanol extraction followed by gravimetric
evaluation. The chemical structures of the saponins
present in the resulting extracts are almost never
known. Published data about saponin sources other
than Y. schidigera and Q. saponaria are few, although
saponins are widely distributed in plants.
The objective of this present study was to determine
the effect of extracts from Calendula ofﬁcinalis and
Saponaria ofﬁcinalis on rumen fermentation in respect
of the VFA concentration, CH4 production, and protozoa population. These plants were selected because
they are cultivable worldwide, they contain saponins,
and they are not toxic when used as feed additives for
ruminants.5,6) The observed biological activities were
compared with the chemical proﬁles of the extracts
which were obtained through individual saponin quantiﬁcation.

Materials and methods
Plants and reagents.
The plants were harvested
between June 2009 and August 2010 in the experimental ﬁelds of the Iteipmai Technical Institute in Chemillé,
France, to produce aqueous extracts from the aerial part
of S. ofﬁcinalis L. and ﬂoral head and root of C. ofﬁcinalis L. Commercial powder of the S. ofﬁcinalis L. root
provided by Nor-Feed Sud (Beaucouzé, France) was
used to produce a hydro-ethanolic extract. All solvents
used for the saponin analysis were of HPLC grade, and
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distilled water was puriﬁed with a Milli-Q water
puriﬁcation system. Hederacoside C was purchased
from Extrasynthèse (Lyon, France).
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Preparation of the extracts. A 5 g amount of each
powdered sample was extracted while stirring in 100
mL of either Milli-Q water or 50% ethanol for 1 h at
room temperature. The solution was then centrifuged
for 10 min at 3000 rpm and the supernatant was collected. When appropriate, ethanol was evaporated under
vacuum with a rotary evaporator and a water bath at
40 °C to obtain an aqueous liquid extract, the aqueous
extract was freeze-dried to obtain the dried extract that
was used for the in vitro rumen fermentation. Each
dried extract was dry-stored in the dark at room temperature in a vacuum-desiccator.
Identiﬁcation of the saponin compounds by liquid
chromatography–mass spectrometry.
A freeze-dried
sample was diluted in a solution of 50% acetonitrile
and ﬁltered through 0.2-μm nylon syringe membrane
prior to HPLC injection. Each sample was analyzed
with a Bruker Esquire 3000 Plus electrospray ionization-ion trap mass spectrometer coupled with a Waters
2790 separation module (HPLC–ESI–MSn). A Waters
2996 UV detector, recording the absorbance at 254 nm,
was used to detect non-saponin compounds. A 10-μL
amount of an extract diluted at 7.5 mg/mL was
injected. Separation was conducted in a C18 Luna column (150 mm × 4.6 mm, 5-μm particle size, Phenomenex). The mobile phase was composed of water (A),
acetonitrile (B), and acetic acid in acetonitrile 10% (C).
Gradient elution of 90A/00B/10C to 43A/47B/10C in
47 min, then 00A/90B/10C to 60 min for C. ofﬁcinalis,
and 90A/00B/10C to 80A/10B/10C in 5 min, then 55A/
35B/10C to 75 min, and ﬁnally 00A/90B/10C to 90
min for S. ofﬁcinalis was conducted.
The MS conditions were as follows: collision gas,
He; collision energy amplitude, 1.3 V; nebulizer and
drying gas, N2 at 7 L/min; pressure of nebulizer gas,
30 psi; dry temperature, 340 °C; ﬂow rate, 1.0 mL/min;
solvent split ratio, 1:9; scan range, m/z 400–2000; and
ionization in the negative mode. The elution order,
mass-to-charge ratio, and fragmentation patterns (MS2,
MS3, and MS4) of the detected compounds were compared with the data available in the literature in order
to formulate structural assumptions, as described by
Kowalczyk et al.7) The product ions obtained by collision-induced dissociation allowed identifying of the
carbohydrate units, prosapogenins, and sapogenins.
Quantiﬁcation of the saponin compounds by liquid
chromatography-evaporative light scattering detection. The method was modiﬁed from European pharmacopoeia and Kakigi et al.8,9) An Agilent Series 1200
liquid chromatography coupled to an evaporative light
scattering detector (ELSD) (Agilent Technologies,
USA) was used for this analysis. The conditions for
separation were similar to those described for the
HPLC–MS analysis. The ﬂow rate of the carrier gas,
temperature of the drift tube, and gain of the detector

were, respectively, were set at 2.5L/min, 60 °C, and 9.
Each extract was dissolved in 50% acetonitrile, at 20
mg/mL for C. ofﬁcinalis, 10 mg/mL for the S. ofﬁcinalis aerial part, and 5 mg/mL for the S. ofﬁcinalis root.
The injection volume was 20 μL. Those saponins identiﬁed by HPLC–MS were quantiﬁed by HPLC-ELSD,
using the hederacoside C as an external standard. The
total saponin content was calculated as the sum of individual quantiﬁed saponins.
HPLC-ELSD method validation. A standard stock
solution was prepared by dissolving 15 mg of hederacoside C (Fig. 1) in 10 mL of methanol to prepare calibration solutions (0.75, 0.38, 0.25, and 0.04 mg/mL) by
appropriate dilution. The calibration curves were plotted after linear regression of the peak areas vs. concentrations in log base 10 units. The matrix effect was
brieﬂy investigated by comparing the estimated concentrations for compounds 25, 27, 29, 31, and 33 when
injecting the extract of the S. ofﬁcinalis root at 5 and
10 mg/mL.
The limit of detection (LOD) and the limit of quantiﬁcation (LOQ) were determined on the basis of
respective signal-to-noise ratios of 3:1 and 10:1. The
intra-day precision was validated with 12 saponin
compounds found at the beginning, the middle, and
the end of chromatograms from the ﬂoral head (3, 10,
and 12) and roots (5, 11, and 15) of C. ofﬁcinalis,
and from the aerial part (20, 28, and 41) and roots
(23, 46, and 57) of S. ofﬁcinalis. Inter-day precision
was validated with six measurements on two consecutive days for the extraction of the aerial part from
S. ofﬁcinalis. The variation was calculated to evaluate
repeatability.
In vitro rumen fermentation. The Hohenheim syringe-based in vitro gas method was used for rumen fermentation.10,11) Brieﬂy, rumen ﬂuid was collected
before the morning feeding from two rumen-ﬁstulated
dry Holstein cows. The animals were housed according
to European guidelines for animal welfare and fed
twice daily at maintenance on a roughage-concentrated
diet (70–30 w/w) of 7 kg of dry matter (DM) per day
(98 g/kg of crude protein DM). The rumen ﬂuid was
ﬁltered through a 1-mm sieve prior to being transferred
to preheated thermos bottles. All sampling were
quickly performed under vacuum. The rumen ﬂuid was
then added at a 1:2 ratio to a buffer medium kept at a
temperature of 39 °C to obtain the incubation medium.
This buffer medium was composed of a bicarbonate
buffer, macromineral, micromineral, resazurin, and
reducing solutions.11) All handling were performed
while continuously ﬂushing with CO2.
Dry ray grass roughage and wheat seeds were
ground in a Wiley mill to pass through a 1-mm screen
and then blended (70–30, w/w DM) to prepare the
basal feedstuff (960 g/kg of DM content). The respective dietary concentrations of crude proteins, crude fat,
acid detergent ﬁber, neutral detergent ﬁber, starch, total
sugars, and minerals were 89, 21, 250, 492, 172, 102,
and 56 g/kg DM. The fermentation substrates were
prepared by homogeneously blending the extracts

S. ofﬁcinalis and C. ofﬁcinalis as rumen modiﬁers
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Saponins from C. officinalis
(oleanolic acid genin)

Saponins from S. officinalis
(gypsogenin, gypsogenic acid,
and quillaic acid genins)

3

Hederacoside C

R 1 =osidic chain

R 3 =COOH for gypsogenic acid

R 2 =H or osidic chain

R 4 =H for gypsogen in a nd gyp soge nic ac id

R 3 =CHO for quillaic acid and gypsogenin

R 4 =OH for quillaic acid

Fig. 1. Structures of hederacoside C, saponins of C. ofﬁcinalis, and saponins of S. ofﬁcinalis.
Note: Glc, Glucose; Ara, arabinose; Rha, rhamnose.

(50 g/kg DM) and the basal feedstuff (950 g/kg DM)
for six hours before the fermentation. Two hundred and
ﬁfty mg of each substrate was weighed and loaded into
100-mL glass syringes (Fortuna, Poulten & Graf,
Wertheim, Germany) equipped with a Luer-lock valve.
The control was composed only of the basal feedstuff.
Two syringes without the substrate (blanks) were also
prepared. The concentration in each plant extract was
set at 0.4 mg/mL of the incubation medium (equivalent
to 70 g/d/cow).
The incubation medium (30 mL) was dispensed
through the valve of the preheated (39 °C) syringes
using a peristaltic pump. After all the gas had been
expelled, the syringes were placed for 24 h at 39 °C in
a KS 4000i control-incubator shaker (IKA Werke,
Staufen, Germany) at 50 rpm in triplicate. Aliquots of
the incubated medium were then sampled and preserved with 1 mL of mercury chloride (II) at -20 °C for
quantiﬁcation of VFA. The fermentation gases were
sampled in evacuated glass vials equipped with an Exetainer® gas-tight septum (Labco, Buckinghamshire,
England) for quantiﬁcation of the gases.

Aliquots
VFA, CH4, and total gas production.
were analyzed for their VFA content by gas chromatography according to Lecerf et al.12) The total gas volume
produced in the syringes was recorded after incubation.
The CH4 proportion was determined by micro gas
chromatography coupled with a CP-4900 thermal conductivity detector (Varian, Palo Alto, CA, USA). Separation was performed on a 5A molecular sieve with a
detection threshold of 10 ppm. The gas was directly
pumped from the vials, using helium as the carrier gas.
The production of each gas was calculated as:
CH4 production ðmLÞ ¼ CH4 proportion ð%Þ
 total gas production ðmLÞ

Enumeration of rumen protozoa. Samples from the
incubation media were homogenized and mixed with a
methyl green–formalin solution (50–50, v/v). The generic protozoa proﬁle was microscopically determined
using a 10-μL Agasse Lafont counting chamber (Preciss, France). Entodinium spp., large entodiniomorphids
(e.g. Diplodinium spp., Eudiplodinium spp., Epidinium
spp., and Polyplastron spp.), Dasytricha spp. and
Isotricha spp. were identiﬁed according to Ogimoto
and Imai.13) The total rumen protozoa number was
summed from the generic proﬁle.

Statistical analysis. In vitro incubation was carried
out on three replicates. Two analytical replicates from
each technical replicate were used for measuring the
biological activity (VFA, CH4, and protozoa). Means
were compared by an unbalanced two-way analysis of
variance with subsequent Duncan’s post-hoc multiple
comparison test, using XLSTAT version 2011.2.04
(Addinsoft, USA). The following model was used:
Yij = μ + Pi + εij, with Yij being the dependant variable, μ
the least squares mean, and Pi the effect of the plant
extract. Differences were considered signiﬁcant at
p < 0.05.

Results
Saponin content in the extracts
Fifty-four different saponins were detected in the
four extracts by HPLC–MSn (Fig. 2). The product ions
obtained by collision-induced dissociation allowed
identifying carbohydrate units, prosapogenins, and
sapogenins. It was, thus, possible to formulate a structural hypothesis from the detected saponins and ﬂavonoids by a comparison with literature data (Tables 1
and 2).
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Fig. 2. HPLC-MS total ion chromatograms of the ﬂoral head (A) and root (B) extracts of C. ofﬁcinalis and the aerial part (C), and root (D)
extracts of S. ofﬁcinalis.

Table 1.
extracts.

Chromatographic, mass spectral data and general structures for the 17 major compounds detected by HPLC–MSn in the C. ofﬁcinalis

tR (min)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

13.1
16.6
29.1
29.6
30.7
30.8
31.0
33.1
35.5
39.1
42.6
42.8
45.2
47.7
49.9
50.9
51.7

[M − H]−m/z
769.2
623.2
1117.6
1163.6
647.5
955.5
941.5
793.5*
835.4
955.5
779.6
793.5
821.5
631.6
673.5
673.2
673.2

Main ions of MSn data

Identiﬁcation

References

622.8dh

Isorhamnetin-3-O-2G rhamnosyl rutinoside
Isorhamnetin rutinoside
Oleanolic acid glucuronide A
Unknown acetyl saponin
Unknown compound
Oleanolic acid glucuronide C*
Unknown saponin
Oleanolic acid glucuronide*
Unknown acetyl saponin
Oleanolic acid glucuronide B*
Oleanolic acid glucoside II
Oleanolic acid glucuronide D*
Unknown acetyl oleanolic acid glucoside
Oleanolic acid glucuronide F
Unknown acetyl saponin*
Unknown acetyl saponin*
Unknown acetyl saponin *

14,15)

955.6h, 793.62h, 455.53h + ua
1103.6Ac, 941.5h + Ac
793.5h, 455.52h + ua
779.2h, 617.22h
631.4h, 613.4h, 455.2h + ua
775.2Ac, 613.2h + Ac, 569.2h + Ac + c
793.5h, 455.52h + ua
617.2h, 455.22h
455.5h + ua
779.5Ac, 617.2h + Ac, 455.22h + Ac
613.4H2O, 455.2ua
613.4Ac, 455.2ua + Ac
613.4Ac, 569.4Ac + c
613.4Ac, 569.4Ac + c, 455.2ua + Ac

Notes: [M−H]−, value of deprotonated molecule; fragments: ppentose (m/z 132); hhexose (m/z 162/180);
unit (m/z 42/60); ccarboxyl unit (m/z 44); H2Owater (m/z 18); and (ag)aglycone.
*Compounds having isomers with similar mass spectral data but different retention times.

Structural identiﬁcation could be attributed to 6 out
of 14 saponins (3, 6, 10, 11, 12, and 14) detected in
C. ofﬁcinalis. These compounds were derived from oleanolic acid and possessed from 1 to 4 osidic units
(Fig. 1). Compounds 4, 9, 13, 15, 16, and 17 were
unknown and probably acetylated saponins. Structural
identiﬁcation could be attributed to 4 out of 40 saponins (20, 26, 35, and 40) detected in S. ofﬁcinalis. All

ua

uronic acid (m/z 176);

dh

14,15)
14,15)

15,16)

15,16)
16,17)
15,16)

16,17)

desoxyhexose (m/z 146);

Ac

acetyl

the saponins were derived from either gypsogenic acid,
quillaic acid, or gypsogenin, and most of them were
possessed from 6 to 8 osidic units and acetyl groups
(Fig. 1).
The chemical footprints from the root and aerial
parts differed qualitatively. Saponins from the root had
a higher retention time than saponins from the aerial
parts. Saponins from the C. ofﬁcinalis ﬂoral head were

S. ofﬁcinalis and C. ofﬁcinalis as rumen modiﬁers
Table 2.
extracts.

Chromatographic, mass spectral data and general structures for the 41 major compounds detected by HPLC–MS in the S. ofﬁcinalis
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tR (min)
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

5
n

7.9
36.0
38.4
42.1
42.7
44.0
44.8
45.8
56.9
47.7
49.0
49.4
49.7
51.2
52.4
53.0
54.2
56.1
56.5
57.2
57.8
58.9
59.7
60.3
61.0
62.6
64.8
67.2
69.6
71.7
73.2
74.0
75.6
76.2
77.7
78.3
79.8
80.3
81.0
81.7
82.4

[M−H]− m/z
593.4
1035.2
1265.6
1541.7
1409.62−
1555.7
1687.72−
1525.4
1699.52−
1657.42−
1729.72−
1699.52−
1671.52−
1567.4
1567.4
1641.82−
1683.72−
1699.52−
1605.42−
1771.82−
1567.4
1831.62−
1699.52−
921.421771.72−
1683.6
1683.6
1609.5
1741.6
1447.7
1651.4
1755.8
1685.5
1725.8
1611.7
1685.7
1757.8
1727.5
1727.8
1565.7
1565.7

Main ions of MSn data
h

431.0
549.13h
1085.6h, 617.14h, 423.0p + 4h (ag − c − H2O)
955.4p + 2dh + h (ps), 823.52p + 2dh + h, 775.3 p + 2dh + 2h
1265.3h, 1085.52h, 617.15h, 423.0p + 5h (ag − c − H2O)
969.42p + dh + h(ps)
955.4p + 3dh + h (ps), 823.23p + dh + h, 775.22p + dh + 2h
939.2p + 2dh + h (ps), 807.12p + 2dh + h, 469.12p + 2dh + 2h + ua (ag)
955.42p + 3dh + Ac (ps), 823.23p + 3dh + Ac, 643.23p + 3dh + h + Ac
955.42p + 3dh (ps), 485.02p + 3dh + h + ua (ag)
955.5p + 3dh + h + Ac (ps), 485.0 2p + 3dh + 2h + ua + Ac (ag)
955.42p + 3dh + Ac (ps), 823.23p + 3dh + Ac, 643.23p + 3dh + h + Ac
1201.4dh + 2h, 939.2p + 3dh + h, 469.12p + 3dh + 2h + ua (ag)
1435.4p, 939.2p + 2dh + h + Ac, 469.12p + 2dh + 2h + ua + Ac (ag)
1435.4p, 939.2p + 2dh + h + Ac, 469.12p + 2dh + 2h + ua + Ac (ag)
939.5 2p + 3dh (ps), 807.2 3p + 3dh, 469.2 3p + 3dh + h + ua (ag)
1642.5 Ac, 939.52p + 3dh + Ac, 807.33p + 3dh + Ac
955.42p + 3dh + Ac (ps), 823.23p + 3dh + Ac, 643.23p + 3dh + h + Ac
1135.3dh + 2h, 664.92dh + 4h, 502.62dh + 5h
864.1Ac (2-), 955.3 p + 3dh + h + Ac
939.4p + 2dh + h + Ac (ps), 469.12p + 2dh + 2h + ua + Ac (ag)
1407.3p + 2dh, 1389.3p + 2dh + H2O, 955.43p + 3dh + Ac (ps)
955.42p + 3dh + Ac (ps), 823.23p + 3dh + Ac, 643.23p + 3dh + h + Ac
849.1dh, 840.1h, 955.42dh + 3h + 3Ac (ps)
864.1Ac (2−), 955.3 p + 3dh + h + Ac (ps)
1551.4p, 939.42p + 3dh + Ac (ps), 469.13p + 3dh + h + ua + Ac (ag)
1551.4p, 939.42p + 3dh + Ac (ps), 469.13p + 3dh + h + ua + Ac (ag)
1567.5Ac, 1477.5p, 939.42p + dh + ua + 2Ac (ps)
1699.5Ac, 955.22p + 3dh + Ac (ps), 485.03p + 3dh + h + ua + Ac (ag)
1315.4p, 939.2p + 2dh + 2Ac, 469.22p + 2dh + h + ua + 2Ac (ag)
1519.5p, 939.2p + 2dh + h + 3Ac (ps)
969.22p + 3dh + Ac, 469.12p + 3dh + 2h + ua + Ac (ag)
1553.3p, 939.33p + ua + Ac (ps), 469.24p + h + 2ua + Ac (ag)
939.2 2p + 3dh + Ac, 807.13p + 3dh + Ac, 469.03p + 3dh + h + ua + Ac (ag)
1479.4p, 955.22p + dh + h + 2Ac (ps)
939.23p + ua + Ac (ps), 807.24p + ua + Ac, 469.14p + h + 2ua + Ac (ag)
1595.7h, 969.24dh + h + Ac (ps)
939.44dh + h + Ac (ps)
939.44dh + h + Ac (ps), 469.1p + 4dh + 2h + ua + Ac (ag)
1403.4h
1433.5p, 939.2 2p + dh + 2Ac, 807.23p + dh + 2Ac

Identiﬁcation

References

Saponarin
Unknown saponin
Saponarioside C or D
QA saccharide
GA hexasaccharide
Unknown saponin
QA saccharide
G heptasaccahride
Saponarioside A*
QA heptasaccahride
QA octosaccahride
QA saccharide
G octosaccharide
G heptasaccahride
G heptasaccharide
G octosaccharide
G or GA saccharide
Saponarioside A*
Unidentiﬁed saponin
QA saccharide
G heptasaccharide
QA enneasaccharide
Saponarioside A*
QA octasaccharide
QA saccharide
G octasaccharide
G octasaccharide
G or GA saccharide
QA octasaccharide
G hexasaccharide
G saccharide
G octasaccharide
G heptasaccharide
G octasaccharide
QA saccharide
G heptasaccharide
G or GA saccharide
G or GA saccharide
G octosaccharide
Unknown saponin
G or GA saccharide

18)

19)

20)

20)

20)

Notes: [M−H]−, value of deprotonated molecule; fragments : ppentose (m/z 132); hhexose (m/z 162/180); uauronic acid (m/z 176); dhdesoxyhexose (m/z 146); AcAcetyl
unit (m/z 42/60); ccarboxyl unit (m/z 44); H2Owater (m/z 18); remarkable values: (ps)prosapogenin; (ag)aglycone; QA, quillaic acid; GA, gypsogenic acid; and G, gypsogenin.
*Compounds having isomers with identical mass spectral data but different retention times; 2− m/2z ion detected (e.g. m/z 1409.6 and m/2z 704.1 detected for compound 22).

only oleanolic acid glucuronides, while those from
C. ofﬁcinalis roots were oleanolic acid glucuronides
and oleanolic acid glucosides. Saponins from the
S. ofﬁcinalis aerial part were mostly based on quillaic
acid, while the majority of the saponins from S. ofﬁcinalis root were based on gypsogenin. Only two saponins were found in the extracts of both the aerial part
and root: compound 10 for C. ofﬁcinalis and compound
40 for S. ofﬁcinalis. Besides the saponins, three phenolic compounds were identiﬁed in the aerial parts. Two
isorhamnetin derivatives were found in C. ofﬁcinalis,
and saponarin, a vitexin derivative, was detected in
S. ofﬁcinalis.

HPLC-ELSD quantiﬁcation of saponins
The quantiﬁcation method for saponins was developed by HPLC-ELSD. The linearity, limits of detection

(LOD) and quantiﬁcation (LOQ), and the intra-day and
inter-day precision were evaluated. A linear dependence
between the hederacoside C concentration and peak
area on a log–log plot was apparent (y = 1700x + 4203;
R = 0.997). LOD and LOQ were 12 and 33 μg/mL,
respectively. The coefﬁcients of variation of the retention times and of the peak areas were taken as measurements of precision for the intra- and inter-day
variations. The results showed that the intra-day coefﬁcient of variation was less than 0.56% for the retention
times. The intra-day coefﬁcient of variation for the
peak areas of the major compounds (3, 10, 12, 15, 20,
23, 28, 41, 46, and 57) was less than 2.89%, the intraday coefﬁcient of variation for the ultra-minor compounds (5 and 11) was less than 7.85% (peak area),
and the overall intra-day coefﬁcient of variation of the
total saponin content in the extracts was less than
2.15%. The average inter-day coefﬁcient of variation
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for compounds 20, 28, and 41 was 0.17% for the
retention times and 5.90% for the peak areas. These
results were considered satisfactory for subsequent
quantitative determination of the saponins as the
hederacoside C equivalent in the extracts of
C. ofﬁcinalis and S. ofﬁcinalis.
The saponin content ranged from 43.6 mg/g in the
root extract to 57.6 mg/g in the ﬂoral head extract of C.
ofﬁcinalis, and from 224.0 mg/g in the aerial part
extract to 693.8 mg/g in the root extract of S. ofﬁcinalis
(Table 3, Fig. 3).
In vitro effect of the C. ofﬁcinalis and S. ofﬁcinalis
extracts
The gas production, VFA concentration, and protozoa population were evaluated after 24 h of in vitro
rumen incubation. No signiﬁcant effect was apparent
on total gas production and rumen protozoa when compared to the control with 0.4 mg of the plant extract/
mL of the incubation medium (Table 3). The total gas
production ranged from 69.1 to 71.9 mL/250 mg of
substrate, and the total rumen protozoa number from
3.12 to 3.55 × 105/mL.
CH4 production with the S. ofﬁcinalis root extract
was reduced from 10.7 to 9.7 mL/250 mg of the substrate, and the CH4 to total gas ratio was reduced from
146.5 to 139.8 mL/L ( p < 0.05). The CH4 to VFA ratio
differed signiﬁcantly ( p < 0.05) between the control
(0.64 mmol/mmol) and incubation with the root extracts
of both C. ofﬁcinalis (0.50 mmol/mmol) and S. ofﬁcinalis (0.46 mmol/mmol).
Signiﬁcant differences ( p < 0.05) in the VFA proﬁle
were noted. The acetate to propionate ratio was
decreased with the aerial part extract of S. ofﬁcinalis
(2.59), root extracts of C. ofﬁcinalis (2.58) and S. ofﬁcinalis (2.33) when compared to the control (2.82).

Discussion
The objectives of this work were to evaluate the
effects of the C. ofﬁcinalis and S. ofﬁcinalis extracts on
rumen methanogenesis, and to analyze the chemical
composition of the tested extracts. CH4 is derived from

methanogenic Archaea metabolism in the rumen
between 9 and 25% of the CH4 production originated
from methanogenic Archaea interacting very closely
with different hydrogen-producing organisms, including
protozoa.21) Saponins have been reported to reduce
CH4 production in two different ways. Firstly, it is
assumed from the anti-protozoa properties of saponins
that CH4 production from methanogenic Archaea living
in symbiosis with protozoa would be decreased.4)
Another mechanism of action involves the lower activity of such acetate producers, as protozoa and some
bacteria (e.g. Ruminococcus ﬂavefaciens),22) and the
higher activity of such a propionate producer as Selenomonas ruminantium.23) Saponins might therefore, shift
a part of the hydrogen ﬂow from methanogenesis to
propionate production. The root extract of S. ofﬁcinalis
in our model had the greatest lowering effect on CH4
production (8.5%) at a dosage approximately equivalent
to 70 g/cow/day, but no statistically signiﬁcant difference was apparent in the protozoa number. The
decreased acetate-to-propionate ratio (17.4%) and CH4to-total VFA ratio (27.9%) with the root extract of S.
ofﬁcinalis matches results already reported for extracts
of Y. schidigera and Q. saponaria.3,4) Consequently,
the effect of S. ofﬁcinalis on CH4 production was certainly due to the realigned microbial fermentation
towards propionate instead of CH4 production.
In our experiment, the extraction ratio of the
C. ofﬁcinalis ﬂoral head was 277.7 mg/g DM, and the
concentration in saponins of this extract was 57.6 mg/g
DM. Therefore, the concentration in total saponins of
the C. ofﬁcinalis aerial part was around 16.0 mg/g DM.
The quantiﬁcation of saponins in the aerial part of
C. ofﬁcinalis has been reported to range from 20 to
100 mg/g DM.24) The extraction ratio of the S. ofﬁcinalis root was 118.8 mg/g DM, and the concentration
of saponins in this extract was 693.8 mg/g DM, indicating a concentration of total saponins of 82.4 mg/g DM
in the root of S. ofﬁcinalis. The quantiﬁcation of saponins in the root of S. ofﬁcinalis has been reported in
the literature to range from 25 to 80 mg/g DM.25) The
quantitative data measured for the C. ofﬁcinalis ﬂoral
head and S. ofﬁcinalis root are, therefore, consistent
with the results from the previous research. The respective saponin contents in extracts of the C. ofﬁcinalis

Table 3. Total gas and CH4 production, VFA concentration, and protozoa number from in vitro rumen fermentation, and concentration of
saponins in the C. ofﬁcinalis and S. ofﬁcinalis extracts.
C. ofﬁcinalis

S. ofﬁcinalis

Parameters

Control

Floral heads

Root

Aerial part

Root

SEM

Total gas (mL/250 mg DM)
CH4 (mL/250 mg DM)
CH4/total gas (mL/L)
CH4/total VFA (mmol/mmol)
Total VFA (mmol/L)
Molar proportion (%)
Acetate
Propionate
Butyrate
Acetate/Propionate
Rumen protozoa (105/mL)
Saponin content (mg hederacoside C eq./g)

71.3
10.6a
146.5a
0.64a
24.6b

70.7
10.1ab
143.1ab
0.51ab
29.4ab

71.0
10.2ab
143.0ab
0.50b
29.9ab

71.9
10.3ab
143.0ab
0.62ab
24.5b

69.1
9.7b
139.8b
0.46b
30.8a

0.48
0.11
0.01
0.026
0.94

59.8a
23.1b
17.1
2.59b
3.30ab
224.0

57.6b
24.8a
17.7
2.33c
3.12b
693.8

4.71
3.19
1.62
0.056
0.606

a, b, c

61.8a
21.9c
16.3
2.82a
3.19ab

Means in the same row with different superscripts differ (p < 0.05).

61.0a
22.2bc
16.7
2.74a
3.55a
57.6

59.8a
23.2b
17.0
2.58b
3.33ab
43.6

S. ofﬁcinalis and C. ofﬁcinalis as rumen modiﬁers
3

Intensity (mV )

320
240
160
80
0

6
10

320
240
160
80
0

4 57

0

5

10

15

20

25

8

30

12

11 13 14

10

9

35

a

40

15
16 17

45

50

b
55

18

320
240
160
80
0

26
28
20 22

320
240
160
80
0

19

0
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16

24

32

35

39 40 41
37

32
25
33
29 30
31
34
24 27
38
36 40
23

40

48

56

c

42

55

45

64

50 51

72

56 57
58 d

80

88

Retention time (min)
Fig. 3. HPLC-ELSD chromatograms of the ﬂoral head (A), and root (B), extracts of C. ofﬁcinalis and the aerial part (C), and root (D), extracts
of S. ofﬁcinalis on a similar scale.

ﬂoral head and S. ofﬁcinalis root were estimated in a
previous study by the gravimetric method to be 112.0
and 160.7 mg/g DM.26) The value obtained by HPLCELSD was lower for the C. ofﬁcinalis ﬂoral head, probably due to the afﬁnity of ﬂavonoid compounds to
butanol, and was higher for S. ofﬁcinalis, certainly due
to the presence of highly glycosylated saponins which
remained in the aqueous phase. The gravimetric
method is not speciﬁc to saponins, as this ﬁnding is
not consequently being unexpected.
The HPLC–MSn analysis allowed us to detect and to
partially identify the saponins, while HPLC-ELSD was
used for individual saponin quantiﬁcation. As indicated
in Figs. 2 and 3, the relative intensity of saponins
differed between the HPLC–MS and HPLC-ELSD
chromatograms. For example, the analysis of the
C. ofﬁcinalis ﬂoral head extract showed higher
responses with the MS detector for saponins 10 and 12
when compared with saponins 3 and 6, while the
reverse results were apparent with the ELSD detector.
Different results between UV, MS, and ELSD quantiﬁcation have already been reported.27) Among these
detectors, ELSD is the most universal one used, because
neither the optical properties of the compounds nor their
ability to form charged species have an impact on the
ELSD response. This detector is consequently well
adapted to compounds with weak chromophores and
without available standards, such as the saponins of
S. ofﬁcinalis and C. ofﬁcinalis. Quantiﬁcation by ELSD
is almost independent of the structure of the compounds, allowing its use with a single standard. Hederacoside C was selected as the standard in this study due
to its availability and its structure being close to that of
saponins from S. ofﬁcinalis and C. ofﬁcinalis (Fig. 1).
However, quantiﬁcation by HPLC-ELSD can be
wrongly estimated due to a matrix effect.28) The
concentration of the saponins measured by the

HPLC-ELSD quantiﬁcation method in this work was on
an average 1.80 higher when the amount of the injected
extract was doubled. This difference in ratio may be
attributed to a light matrix effect (9%). The representative proﬁle for the saponin content is consequently consistent with the ELSD detector, and the matrix effect
can be considered as negligible in respect of the purpose
of this study, i.e. to quantify the saponin content of
non-standardized extracts. Consequently, the developed
HPLC-ELSD method allowed accurate quantiﬁcation of
total saponins in the extracts. This method is available
for extracts of other saponin-containing plants, as long
as the saponins can be separated by HPLC. It is also
conceivable for the HPLC–MS proﬁle to be less representative of the saponin content than the HPLC-ELSD
proﬁle, since the response factors are different for each
compound in MS due to ionization and fragmentation.
MS detection is also known to be highly sensitive to the
matrix effect.29)
The extracts from S. ofﬁcinalis had a higher saponin
concentration and biological activity than the extracts
from C. ofﬁcinalis. However, for such a parameter as
the acetate-to-propionate ratio, the extracts from the
aerial part of S. ofﬁcinalis and from the roots of C. ofﬁcinalis had a similar reducing effect (10%) despite the
concentration of total saponins being four times higher
in S. ofﬁcinalis than C. ofﬁcinalis. As the identiﬁed
saponins were not the same, oleanolic acid-based saponins with few osidic units may be more effective for
modulating rumen fermentation than quillaic acid with
long osidic chains, showing the importance of determining the structures of saponins when evaluating the
effect of extracts on the rumen fermentation pattern.
The results obtained from in vitro rumen fermentation depend on the microbial population of the rumen
ﬂuid and diet composition. When the activity of saponins is tested, variability also results from the saponin

8

A. Budan et al.

structure and total saponin content. In this study, pools
of saponin compounds were successfully gathered with
their capacity to modulate in vitro rumen fermentation
in respect of CH4 and VFA. Long-term in vivo trials
will now be necessary to conﬁrm the potential of
extracts from S. ofﬁcinalis and C. ofﬁcinalis as a
feed additive to decrease methane production by
ruminants.
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