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Saponin content of lucerne fodder and its effect on rumen fermentation and
microbial population in crossbred bulls
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ABSTRACT

Among the 3 different cuts of lucerne fedder, highest saponin content (2.0% on DM basis) was recorded in second
cut. Effect of lucerne fodder (second cut) or its saponin content ie. 60 mg/kg DM was determined on DMI, rumen
fermentation and microbial population in crossbred bulls. Six male crossbred (Holstein Friesian x Sahiwal) bulls were
randomly divided into 2 groups of 3 each on the basis of their body weights. Group 1 was fed on TMR-I consisting of
wheat straw and concentrates mixture (60:40) while group 2 was fed on TMR-2 consisting of wheat straw, lucerne
fodder (second cut) and concentrate {30:30:40). DM intake, NH;-N (mg/100ml} and TVFA (m mol/l) concentration
was not affected significaptly by the dietary supplementation of lucerne fodder at 304 level (saponin content 60 mg/kg
DM). However, saponin supplementation decreased (P<0.05) molar proportion of the acetate with an increase (P<0.03)
in propicnate while butyrate remained uninfluenced. Population of total anaerabic and cellulolytic bacteria was
numericaily higher on feeding TMR-2 than on TMR—1, however, methanogenic bacteria remained unaffected by the
saponins supplementation. Protozoal population in the rumen decreased significantly following the supplementation of
Incerne fodder or saponins. Saponin content of various herbs or feed may be explored in details.
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Supplementation of crop residues based diets with green
leguminous fodders is a traditional feeding practice in India
due to their high palatability and improved notrient utilization
(Krebs et of. 1989, Das and Singh 1999). Luceme (Medicago
sativa) fodder is rich source of saponins and affected by
cultivars, soif and agronomic practices etc. Supplementation
of green forage to the wheat straw based diet increase DM
intake, digestibility, improve rumen fermentation and of
course the type of the microbes prevail in the rumen. Keeping
these facts in mind, the study was carried out to estimate the
saponin content of lucerne fodder at 3 different cuts and its
supplementation having highest saponin content on rumen
fermentation and microbial population in crossbred bulls,

MATERIALS AND METHODS

Saponin content of lucerne (Medicage sativa) fodder
grown at institute farm was estimated at its first, second and
third cuts as per Yosioka et gl. (1974). On the basis of the
highest saponin content measured in first phase of the study
in all the 3 different cuts, luceme fodder of second cut was
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selected for the supplementation of total mixed ration (TMR)
at 30% level based on wheat straw and concentrate mixture
to investigate the effect of saponins rich lucerne fodder on
rumen fermentation and rumen microbial population namely
total, cellulolytic and methanogenic bacteria as well as
protozoa. The level of supplementation at 30% was selected
because in another in vitro study this level was found more
promising and efficient to mitigate the methane production.
For this purpose 6 male crossbred (Holstein Friesian x
Sahiwal) bulls were randomly divided into 2 groups of 3
each on the basis of their body weights. Group 1 was fed on
TMR-1 consisted wheat straw and concentrate mixture
{60:40) while group 2 was fed on TMR-2 consisted wheat
straw, lucerne fodder (second cut) and concentrate mixture
(30:30:40). The roughage: concentrate ratio in both the groups
was maintained at 60:40 and both the rations were
isonitrogenous. Chemical composition of different
ingredients used for the formulation of TMR~1 and TMR-2
are presented in Table 1. Feeding of the animals was done as
per NRC (2001). After a preliminary feeding for 21 days,
rumen liguor samples were collected for 3 consecutive days
by inserting a flexible rubber pipe (about 1" diameter) into
rumen via mouth, through which a polythene tube was
introduced for sucking the rumen liquor sample with the help
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Table 1. Chemical composition of feeds
Feed DM % on DM basis
OM CP EE ADFE NDF Ash
Wheat straw 90.04 93.18 3.00 1.12 51.80 76.20 6.19
Lucerne fodder
{Second cut) 23.18 3042 16.70 3.20 35.83 43.64 10.58
Concentrate mixture*
{TMR-1} 94.90 92.30 25.7 392 14.23 39.59 7.70
Concentrate mixture®*#* 95.16 9329 1575 368 13.97 36.48 6.71
{TMR-2)

*Consisted maize grain 33%, groundnut cake 20.2%, mustard cake 12%, wheat bran 20%, deoiled rice bran 11%, urca 0.8%, mincral

mixture 2% and common salt 1%.

**(Consisted maize grain 24%, groundnut cake 15%, mustard cake 8%, wheat bran 42%, deoiled rice bran 8%, mineral mixture 2% and

common salt 1%.

of plastic syringe. Strained mmen liguor was stored into an
insulated container, to maintain the anaerobic condition. The
pH of rumen Liquor samples was checked with the help of
digital pH meter and brought to the laboratory for the analysis
of ammeonical nitrogen (Conway 1957), TVFA (Barnett and
Reid 1957) and molar proporticns of individual faity acids
(Erwin et al. 1961) using gas liquid chromatogrephy.

Total anaerobic bacteria, cellulolytic and methanogenic
bacteria (log cfu/ml) as well as protozoal population {log
cfu/ml) were counted in rumen liquor samples collected from
both the groups. Total and cellutolytic bacteriz in rumen
liquor samples were enumerated as per Hungate (1937);
methanogenic bacteria in the samples were enumerated as
per Ranade and Gadre (1988) using roll tube technique. Roll
tube was incubated in an upright position at 39°+0,5°C for 2
weeks for the enumeration of total and celiulolytic bacteria
counts, 3 weeks for the enumeration of the methanogenic
bacteria, and colonies developed on the agar film of the tube
were enumerated at the end of the incubation peried.
Protozoal counts in the rumen liquor samples were
enumerated with the help of microscope. The data thus
obtained were subjected for the statistical analysis as per the
method of Snedecor and Cochran (1986).

RESULTS AND DISCUSSION

Sapenin content

Saponin content {on DM basis) varied between 0.92:+0.05
to 2.0x0.05% at 3 different cuts with an average of
1.36x0.43% (Table 2) in lucerne fodder. Saponin content was
lower at the first cut and increased at second cut, however,
at third cut, it decreased (lowest) dramatically almost to the
level of first cut. The variation in saponin content among the
3 cuts was significant (P<(.05) however, the variation
between first and third cut in terms of saponins content was
not significant. Lower saponin content of lucerne fodder in
the present study as compared to the values reported by
Applebaum et al. (1969}, Fenwick and Oakenfull (1983) may
be attributed to the difference in cultivar and the agronomic

Table 2. Total saponin content of berseem and lucerne fodders
{on% DM basis}) at different cuttings

Cutting Saponin (%) Range

First cut 1178 £ 0.04 1.16-1.19
Second cut 2.00° +0.05 1.95-2.01
Third cut 0.92% £0.05 0.92-0.93

Average 1.36:043

Values bearing different superscripts in a column differ
significantly (P<0.05).

practices, followed for the production of lucerne fodder
(Livingston et al. 1979).

DM intake

Dry matter intake in crossbred bulls did not vary (Table
3} significantly on the feeding TMR—2 (5.63x0.16 kg/d) and
TMR~1 (5.45+0.10 kg/d}. Higher DMI through TMR~2 may
be attributed to the higher palatability and nutritional value
of lucerne fodder than wheat straw. DMI on feeding TMR-1
and TMR~2 was 2.64x0.09 and 2.79+0.12 kg/100 kg BW/d,
respectively. These values indicated that the dry matter intake
on uniform body weight basis was similar and saponin
content of lucerne fodder did not affect the intake. Saponin
content of TMR-2 was calculated on the basis of its level in
lucerne fodder (second cut, Table 2) and value was 0.60% of
DM. Therefore, saponins intake in crossbred bulls fed TMR—
2 was 33.78 g/day and this level did not affect feed intake.

Rumen fermentation

The pH value of the rumen fluid was higher on feeding
TMR-1 {6.55+0.14} than on TMR-2 (6.28+0.15), however,
the difference between the dietary treatments was not
significant, showing that luceine fodder or its saponin content
did not affect rumen pH. Similar cbservations were recorded
following the dietary incorporation of saponin through
Sapindus saponaria (Abreu et gl. 2004) or green alfalfa
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fodder (Ngwa et al. 2001} in sheep. However, contrary to
present observations Klita ez al. (1996) reported a significant
decrease {P<0.01) in rumen pH after intra ruminal
adminisiration of saponins of alfalfa root in sheep. Lower
rumen ammonia N concentration was observed on
incorporation of lucerne in the total mixed ration than the
values reported by Grobner er al. (1982) and Hristov ef al.
(1999) following the dietary supplementation of Yucca
saponins or sarsaponin in heifers, It may be atiributed to the
glyco component of the saponins, which bind ammonia N in
rumen. Nonsignificant reduction of ammonia N concentration
in present study, contrary to the above reports, may be
attributed to the lower level of dietary saponins i.e. 0.60%.
Nonsignificant variation between the dietary treatments for
average TVFA concentration indicated that TVFA
concentration in rumen fluid was not influenced by the dietary
lucerne or its saponin content, Our results were corrcborated
with the findings of Abreu et al. (2004) and Lila et al. (2005).
However, acetate proportion was decreased significantly
(P<0.05) by 5-7 units with a simultaneous and significant
increase (P<0.03) in propionate proportion by 2-3 units in
the rumen fluid following the incorporation of lucerne fodder
at 30% level in the total mixed ration, while proportion of
butyrate remained unaffected by the supplementation. This
change in rumen fermentation may be attributed to the
saponin content of lucerne fodder as its saponins favour the
propionic acid production. A/P ratio was also decreased by
the supplementation of saponins rich lucerne fodder. Similar
observations were recorded following the dietary
incorporation of Sapindus saponaria (Diaz et. al. 1993) and
Yucca schdigera powder (Hristov ef al. 1999) in the ration
of ruminants. Wang er al. (2000) also reported a decrease in
acetate with an increase in propionate production following
the dietary incorporation of leguminous fodder or pure
8aponins.

Rumen microbes

Average total bacterial counts (log cfu/ml SRL}Y were
8.82+0.10 and 9.78+0.12 (Tabie 3} in crossbred bulls fed on
TMR-1 and TMR-2, which showed that the population of
total bacteria was increased 10.88% on the feeding of TMR~
2 as compared to TMR-1, however, variation between the
treatments was not significant. Similar to these observations,
Lilaeral (2005) and Makkar and Becker (1597) also reported
increase in bacterial population following the dietary
incorporation of saponins or saponins rich feed to the control
diet, The increase in the bacterial population could be
attributed to the decreased protozoal counts in the study, which
is predatory on bacteria, Rejil (2005) reported slightly
increased bacterial counts from 25,33 to 27.83 (x 10°/ml)
following the incorporation of raw and roasted fenugreek
seeds powder (source of saponins) to control diet. Cellulolytic
bacteria counts (log cfu/ml SRL) on feeding TMR-1 and
TMR-2 was4,92:+).17 and 5.18+0.10 (Table 3), respectively,
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Table 3. Effect of saponins rich lucerne fodder supplementation
onh rumen fermentation and microbial populaticn in crassbred bulls

TMR-1 TMR-2 Level of
significance

(at 5%)

Attributes

Body Wt. (kg) 206.80x4.4  202.00+34 NS

DMI kg/d 5.4520.10  5.63+0.16 NS
DMI kg/100 kg BW 264009  2.79x0.12 NS
DMI g/kgWe BW 100.1£0.49  105.0x0.56 NS
pH 6.55x0.14  6.3820.15 NS
NH;-N (mg/100 ml) 30.84+1.49 28.96x1.18 NS
TVFA (m mol/l) 106.56x1.02 107.25£0.89 NS

74.900+0.49  69.54%+0.68 1.03
Propionate {%) 15.93%0.40 17.67°+0.26  0.97
AJP ratio 4.70:1° 3.93:12 0.42
Total bacteria (log cfu/ml) 8.82+0.10  9.78+0.12 NS
Cellulolytic bacteria 4.9240.17  5.18+0.10 NS§
(log cfu/ml}
Methanogens (log cfu/ml} 1.72+£0.14  1.71z0.15 NS
Protozoa {log cfu/ml) 5282025 4.298+0.20 0.74

Acetate (%)

Values bearing different superscripis in a row differ significantly
(P<0.05).

Though, the cellulolytic bacteria counts were numerically
higher on feeding TMR-2 but data revealed a nonsignificant

_effect of supplementation of 60 mg saponins/ kg DM intake

through lucerne fodder. Contrary to these observations, Lila
et al. (2005) reported a nonsignificant decrease in cellulolytic
bacteria counts ir vitre. Ningrant et qi. (2002) and Wina et al.
(20035) reported from their in vitro studies that the fibrolyiic
microbes responded differently, with no effect on Fibrobacter
species up to a level of 4 mg saponin/ml and a negative effect
on Ruminococus albus and Ruminococus flavifacens at levels
higher than 1 mg/ mi. In the present study, possibly the level
of saponins in rumen fluid was far lower than the value
reported by Ningrant er al. (2002} and Wina et ol. {2005).
Average methanogenic bacterial counts (log efu/m1 SRL) was
1.7220.14 and 1.71£0.15 (Table 3) on feeding TMR-1 and
TMR-2, respectively, which revealed that the
supplementation of saponins through lucemne fodder @ 60 mg/
kg DM did not affect the methanogenic bacteria significantly.
Results of the study indicated that the supplementation of
luceme fodder at 30% level or its saponins content 60mg/ kg
DM did not affect methanogens significantly because
saponins did not have any direct effect on methanogens and
it caused reduction in protozoal numbers and thereby
reduction in methane emission similar results were reported
by Ningrant et ai. (2002} and Wina er al. (2005).

The reduction in protozoal population following the
feeding of TMR-2 was 18,75% as compared to the control
treatment and the variation between treatments was
significant {(P<0.05). Significant reduction in protozoal
population in ramen may be attributed to the saponin content
of lucerne fodder as Lu and Jorgenson (1987) and Lila er al.
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(2005} reported a similar reduction in protozoal population
due to the dietary saponins. Less reduction in protozoal
population in present study as compared to the others was
possibly due to the low level of saponins intake. The reduction
in protozoal populaticn in present study was manifested in
the increased proportion of propionic acid in the rumen fluid
fed on TMR-2.

It can be inferred that the saponins content of lucerne
fodder was higher at second cut as compared to other cuts
and supplementation of total mixed ration (R:C 60:40) with
second cut lucerne fodder at 30% level or its saponin content
did not affect feed intake, NH;—N and TVFA concentration
and bacterial population including that of methanogens in
rumen. However, protozoal population was reduced
significantly and propionate proportion in the rumen was
increased significantly following the supplementation of
lucerne or its saponins content.
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