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EFFECT OF ALFALFA FODDER SUPPLEMENTATION ON ENTERIC METHANE
EMISSION MEASURED BY SULFUR HEXAFLUORIDE TECHNIQUE
IN MURRAH BUFFALOES
P.K. Malik1,* and K.K. Singhal2

ABSTRACT

pH, ammonia nitrogen and total volatile fatty
acid production did not differ (p>0.05) among the
groups. A significant (p<0.05) decrease in acetate
production was also with concomitant increase
in propionate production. Results revealed a nonsignificant change in archaeal population, while
protozoal population were adversely affected and
about 20% less numbers were observed in test
group. From the study it may be concluded that
saponin from natural feed resources like alfalfa
fodder at a level of 6.0 g/kg DM can be used for
the significant enteric methane reduction.

Phyto-sources
possessing
different
secondary metabolites are under investigation for
the mitigation of enteric methane emission from
livestock. Alfalfa (Medicago sativa) contains
considerable saponin which is known for methane
reduction through anti-protozoal action. Therefore,
this study was undertaken to ascertain the effect of
saponin containing alfalfa fodder (Medicago sativa;
second cut) on enteric methane emission in Murrah
buffaloes quantified using sulfur hexafluoride
(SF6) technique. Twelve male Murrah buffalo
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calves were randomly divided into two groups of
six animals each. Buffalo calves in control group
were fed on wheat straw and concentrate based
diet (R: C, 60:40), while animals in test group
were supplemented with saponin containing alfalfa
fodder (second cut, 30%) replacing wheat straw on
w/w basis. Effect of alfalfa fodder supplementation
on rumen fermentation characteristics, archaeal
and protozoal population were also studied.
Enteric methane emission in control and test group
buffaloes was reported as 78.09 and 61.39 g/d,
respectively. In this study, about 21% reduction
in enteric methane emission was achieved on the
feeding of saponin containing alfalfa fodder at
30% level of the diet. However, dry matter intake,

INTRODUCTION
Current
atmospheric
methane
concentration is 155% higher than the preindustrial concentration (IPCC 2007). Livestock
are the major contributor to anthropogenic methane
wherein Indian livestock contributes substantially
to global enteric methane emission. Due to the huge
dispension of methane, United Nation’s Food and
Agriculture Organization recently stated livestock
are the major threat for environment. As per one
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estimate, approximately 37% of anthropogenic
methane and 12-13% of the total atmospheric
methane is emitted from livestock. Asia is the
harbor for 179.5 million buffaloes and India alone
is possessing approximately 56.7 percent of the
total (FAO, 2008). During last 10 years, the world
buffalo population increased at a rate of 1.49% per
year, wherein, in India and Asia, the increase was
1.53% and 1.45% per annum, respectively. Various
agencies have promulgated the enteric methane
emission from Indian livestock in the tune of 7.212.9 Tg/y (Malik et al., 2012). Buffaloes are the
noteworthy emitters to this and contribute about
2.8 Tg/y (Singh, 1998). The need for curtailing the
methane emission from ruminants is mandatory
from global warming and dietary energy loss point
of view (Malik et al., 2013).
Worldwide attempts have been made
for the mitigation of livestock methane using
halogenated methane analogues, antibiotics, fat
and oils, organic acids, but the response from
majority of these was highly variable and adoption
rate due to high cost, reduced feed intake, toxicity
to inhabiting rumen microbes/host animal and
transitory effect was very low (Malik et al., 2012).
Plant secondary metabolites such as saponin may
be a potent agent in achieving the significant
reduction in methane emission from livestock. So
far in vitro studies have been conducted to evaluate
the effect of saponin on methane production (Malik
and Singhal, 2008; Wang et al., 2011), and reports
for methane reduction in buffaloes on using saponin
from natural sources is very limited. Keeping these
facts in view, the study was under taken to assess
the effect of saponin containing alfalfa fodder
supplementation on enteric methane emission in
buffaloes.

Animals and feeding
Twelve male Murrah buffalo calves
(BW 172.62±0.36 Kg) were selected from the
herd of institute and divided into two groups of
six animals each. Necessary permission from
the Animal Ethical Committee was obtained for
conducting the experiment. Buffalo calves were
kept in a well ventilated shed having a provision
for individual feeding. To keep the animals free
from external and internal parasites, butox 0.5%
(v/v) and albandazole (0.5 mg/kg BW) were given,
respectively. Buffalo calves were fed as per the
Kearl (1982) to meet the nutritional requirement.
Animals in group I (control) was fed on wheat straw
and concentrate based ration (60:40). Concentrate
mixture comprising maize grain (33%), groundnut
cake (20.2%), mustard cake (12%), wheat bran
(20%), deoiled rice bran (11%), urea (0.8%),
mineral mixture (2%) and common salt (1%) was
offered to the animals of control group. Animals
under group II received the total mixed ration
consisting wheat straw, concentrate and second
cut alfalfa fodder (Medicago sativa) in the ratio
of 30:40:40. Concentrate mixture for the group II
animals was prepared by mixing of maize grain
(24%), groundnut cake (15%), mustard cake (8%),
wheat bran (42%), deoiled rice bran (8%), mineral
mixture (2%) and common salt (1%). Second cut
alfalfa (Medicago sativa) fodder was selected for
the supplementation to buffalo calves on the basis
of comparatively higher saponin content among
first three cuts. The saponin content of alfalfa fodder
was determined as per the method of Yosioka et al.
(1974). The CP was maintained about 12.0% of the
diet for both control and test group.
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Measuring methane emission using Sulfur
Hexafluoride (SF6) tracer technique

QCH4 = QSF6 x [{CH4}Y-{CH4}b]
[SF6]

In vivo methane emission from Murrah
buffalo calves fed on control and test diet was
measured using sulfur hexafluoride (SF6) trace
technique of Johnson et al. (1994). Four successful
methane gas collections from each individual
buffalo were made to quantify the daily emission
under control and test group. Before actual gas
collection from the calves, PVC canisters were
fixed around the neck of each animal for 2 days to
acclimatize them. The gas was collected into PVC
canister through halters tied around the head and in
front of nostrils. The initial and final pressure of the
PVC canisters weres measured at the time of tying
and removal. Brass Permeation tubes (brass, 1.25”
length, 3x 16” ID) with central window were filled
with SF6 gas fitted with Teflon cap and 2µ brass frit
using standard protocol. Frit was fixed to facilitate
the release of SF6 from brass permeation tube kept
at room temperature. Daily weight of permeation
tube was recorded until the release rate of SF6
became constant, thereafter; the permeation tubes
were placed into rumen. The SF6 and CH4 emitted
from each animal were collected into an evacuated
yoke like PVC canister through a capillary tube
ending just above the nostrils of the animal (Figure
1). A similar canister was hanged in animal shed
to record background concentration of CH4.
Concentration of CH4 and SF6 gases in collected gas
samples was determined using gas chromatograph
fitted with Flame Ionization Detector (FID) and
Electron Capture Detector (ECD) for methane and
SF6, respectively. The methane emission rate was

QCH4 is methane emission rate; QSF6 is
the release rate of SF6; CH4b is the concentration
of methane in background sample and CH4 Y is the
methane concentration in PVC canister.

Rumen fermentation, archaeal and protozoal
population
At the end of gas collection, rumen liquor
samples were collected from buffalo calves for
three consecutive days through stomach tube
(Figure 2). Rumen liquor was stained through
four layers of muslin cloth and stored into an
insulated anaerobic container. Rumen liquor pH
was recorded using digital pH meter just after the
collection of liquor. However, ammonical nitrogen,
total volatile fatty acids (TVFA) and volatile fatty
acids (VFA) fractionation were determined using
standard protocol of Conway (1950), Barnett and
Reid (1957) and Erwin et al. (1961), respectively.
Methanogenic archaea as well as protozoal
population were also enumerated in rumen liquor
samples collected from buffalo calves fed on
control and test diet. Anaerobic media described
by Ranade and Gadre (1988) for methanogens was
used for enumerating the numbers while protozoal
numbers was enumerated through haemocytometry
microscopic
counting
method.
Data
were analyzed in SPSS 16 using one way Anova
and means were compared for statistical difference.

determined from CH4 to SF6 ratio using release rate
of SF6 as given in formula. Background methane
was subtracted from methane concentration in the
PVC canister.

RESULTS AND DISCUSSION
In vivo methane emission
Saponin content (DM basis) of alfalfa
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Figure 1. in vivo enteric methane emission measurement in Murrah buffalo calves using SF6 technique.

Figure 2. Rumen liquor collection from buffaloes using stomach tube.
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fodder at three different cuts varied between
0.92±0.05 to 2.0±0.05 per cent with highest level at
second cut (2.0%). Due to higher saponin level and
results from in vitro studies (data not presented),
second cut alfalfa fodder was selected for the
supplementation at 30% level in wheat straw and
concentrate based diet to ascertain the effect on
enteric methane emission in Murrah buffalo calves.
Similar to the findings of this study, Cheeke and
Shull (1985) also reported highest saponin level in
alfalfa fodder at second cut.
Dry matter intake (DMI) and in
vivo methane emission as affected by the
supplementation of saponin containing alfalfa
fodder in Murrah buffaloes is depicted in Table 1
and Figure 3, respectively. Data did not reveal any
significant change in dry matter intake between
control and test group (Table 1). In vivo enteric
methane emission in buffaloes in control and test
groups is presented in Figure 3. Enteric methane

emission in control and test group was 78.09 and
61.39 g/d, respectively. Enteric methane emission
(g/d) in control group was significantly higher
(P<0.05) than the test group. About 21% reduction
in methane emission was reported in test group on
the inclusion of saponin containing alfalfa fodder
at 30% level replacing wheat straw in the diet
(Figure 3). Similarly, in vivo methane emission on
g/kg DMI was also significantly (P<0.05) lower in
test group than control (18.1 vs. 12.4 g). Enteric
methane emission on g/kg digestible dry matter
intake basis was also significantly (p<0.05) lower
in test group. Lower enteric methane emission
from the test group buffaloes may be attributed
to the saponin of alfalfa fodder. Average saponin
intake in test group was 47 g/d or 6.03 g/kg of
dry matter. Srivastava and Garg (2002) reported
19.26 g methane emission per kg of DMI in
crossbred calves fed on paddy straw and fodder
based diet. Mohini and Singh (2001) recorded the

Table 1. Effect of saponin containing alfalfa fodder supplementation on dry matter intake (DMI) and
fermentation pattern in buffaloes.
Parameter
DMI
Kg/d
Kg/100kg BW
g/kgW0.75 BW
Fermentation
pH
NH3-N (mg/100ml)
TVFA (mM/l)
Acetate
Propionate
Butyrate
A:P

Control diet

Test diet

7.40±0.28
2.77±0.16
111.8±0.46

7.79±0.19
2.94±0.08
118.6±0.40

6.40±0.18
30.92±1.37
108.94±0.68
74.13a±0.34
15.99b±0.74
9.86±0.42
4.6:1

6.30±0.18
28.62±1.33
108.87±0.97
67.07b±0.35
17.70a±0.37
10.22±0.64
3.7:1

Values bearing a, b superscripts in a row differ significantly (p<0.05).
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methane emission in the range of 15.97 - 18.35 g/
kg DMI from buffalo calves fed on maize fodder
and straw based diet. Mao et al. (2010) also found
a reduction of 27.2% in methane emission from
lamb on the inclusion of saponin at 4.1 g/kg level
from Camellia scinensis. However, administration
of 5 g/kg of S. saponaria fruits to sheep for 21 days
reduced CH4 emission by 7.8% only in a study of

fraction at the cost of acetate significantly (P<0.05)
increased, while butyrate remain unaffected by the
supplementation. Data showed a shift in individual
fatty acid production from acetate to propionate on
the inclusion of alfalfa fodder. These results are in
consonance of the findings of Diaz et al. (1993);
Hristov et al. (1999) who also reported similar trend
on the dietary incorporation of Sapindus saponaria
and Yucca schdigera , respectively. Hu et al. (2006)
also recorded same trend without affecting TVFA
concentration on the incorporation of Yucca and
Quillaja saponin in corn meal and grass based diet.
From these results, it may be concluded that the
saponin from alfalfa fodder to a level of 47 g/d or
6 g/kg DM did not affect the feed fermentability or
dry matter intake.

Hess et al. (2004).
Data from the study revealed that enteric
methane emission in buffaloes is influenced by
the saponin from alfalfa fodder. Lower methane
emission in test group was attributed to the antiprotozoal action of saponin of alfalfa, which
in turn puts a restriction on hydrogen transfer
to methanogens (Krumholz et al., 1983).
Mechanistically, saponin forms an irreversible
complex with cholesterol which is an integral
component of protozoal cell membrane and
therefore leads to cell lysis and death.

Effect on methanogen archaea and protozoa
Results of the study revealed a nonsignificant effect of alfalfa fodder as such or
its saponin (47g/d or 6.03g/kg DM) on rumen
methanogen archaea. On the feeding of control
as well as test diet, their population remained
constant ~ 1.73 log CFU/ml (Figure 4), which
shows that the saponin did not have any direct
action on methanogen archaea and directly not
accountable for methane reduction from buffalo
calves. Results is in congruence of the findings of
Wina et al. (2005) who did not find any decrease
in methanogens number on the addition of saponin
from Sapindus rarak. On the contrary the protozoal
population was adversely affected due to alfalfa
fodder supplementation (Figure 4). Protozoal
population badly affected (P<0.05) in group II on
the addition of saponin containing alfalfa fodder and
the decrease was almost 20 per cent as compared to
control group (Figure 4). Entodinimorphs are the
most vulnerable to dietary changes in cattle and
buffaloes (Bhatia et al., 1998) and most susceptible

Effect on feed fermentability
Dry matter intake (DMI) and fermentation
characteristics as affected by the supplementation
of saponin containing alfalfa fodder in Murrah
buffaloes are presented in Table 1. Dry matter
intake (DMI) did not show any significant change
due to the supplementation (Table 1). Similarly,
pH, ammonia nitrogen and total volatile fatty
acid also did not affect with saponin containing
alfalfa fodder supplementation. Data from the
study envisaged that saponin from alfalfa fodder
at 6.03 g/kg DM (total intake 47g) did not have
any adverse effect on dry matter intake, and total
volatile fatty acid production.
Acetate production (P<0.05) in alfalfa
fodder supplemented buffaloes decreased
significantly (p<0.05) by 7 units (9.5%) as compared
to control (Table 1). On the other hand, propionate
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Figure 3. Effect of lucerne fodder supplementation on methane emission in Murrah buffaloes.

Figure 4. Effect of supplementation on rumen methanogens and protozoa.
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