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Methane production in the rumen is metabolically
essential but nutritionally wasteful process represented 2 to
15% feed energy loss (Moss 1993, Johnson et al. 1991).
Livestock methane emission affects the atmosphere adversely
as its global warming potential is 21 times more than CO2
(IPPC 1996) and half life less than 12 years which makes
this right candidate for mitigation. Halogenated methane
analogues such as bromochloromethane (BCM) are believed
to inhibit methane production by reacting with reduced
vitamin B12 which inhibits cobamide-dependent
methanogenesis (Wood et al. 1968, Chalupa 1977).

In one study conducted in Brahman (Bos indicus)
crossbred steers, the supplementation of BCM decreased
methanogen populations by 1.72 fold and methane emission
by 30% without affecting dry matter (DM) intake and live
weight gain (Denman et al. 2007). The present experiment
has been designed to understand the effect of BCM on
methanogenesis and rumen fermentation in diet containing
wheat straw containing different level of fibre by in vitro
gas production test.

MATERIALS AND METHODS

Treatment and diets
Three diets viz. high fiber (80R: 20C), medium fiber (50R:

50C) and low fiber (20R: 80C) were prepared to evaluate

the effect of different doses of BCM (0, 4, 8 and 12 μM) on
in vitro methane production and fermentation pattern. Wheat
straw and berseem form the roughage part were mixed
together in the ratio of 70: 30 while the concentrate part
composed of maize (33%), groundnut cake (21%), mustard
cake (12%), wheat bran (20%), deoiled rice bran (11%),
mineral mixture (2%) and salt (1%) respectively. The
treatments were organized in factorial randomized block
design (FRBD) with 3 replications for each treatment
combination. Rumen fistulated adult male Murrah buffalo
fed on a standard diet (60 parts roughage: 40 parts
concentrate) was used as a donor of rumen liquor. A stock
solution (0·1: 0·9, v/v) of BCM was prepared in ethanol. The
stock solution was further diluted with distilled water to
different concentrations and fresh diluted solution was used
in the experiment; 200±10 mg substrate along with 30 ml
incubation medium (comprising buffer and rumen liquor in
2: 1 ratio) was incubated in 100 glass ml syringe at 39±0.5°C
for 24 h as per Menke and Steingass (1988).

Gas sample was collected from the syringe using gas tight
syringes and methane proportion in total gas was determined
by gas chromatograph fitted with flame ionization
detector (FID) and stainless steel column packed with
Porapak-Q. Volume of methane produced was calculated as
follows:

Methane production (ml) = Total gas produced (ml)
       × % methane in sample
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ABSTRACT

An in vitro study was conducted to investigate the effect of bromochloromethane (BCM) on methane production and
fermentation characteristics in the 12 treatment combinations prepared by using the 3 levels of fibre (HF,MF,LF) and 4
levels of BCM (0, 4, 8 and 12 μM). BCM reduced total gas and methane production (>98% of control) in a dose-
dependent manner. In vitro dry matter digestibility (IVDMD) in different treatment combinations were more or less not
adversely affected by BCM but found increased in most of the cases with total mixed diet containing wheat straw and
berseem as a roughage source. Acetate concentration was also reduced while, percentage of propionate and butyrate
was found increased. Acetate : propionate (A : P) ratio was reduced by BCM addition in all treatment combinations. On
the basis of present study 4 mM dose of BCM seems to be effective in methane reduction without affecting other rumen
fermentation parameters adversely.
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In vitro dry matter digestibility: To estimate true DM
degradability of feed sample of each syringe containing
residues after incubation was estimated as per the prescribed
method (Goering and Van Soest 1970).
Volatile fatty acids and ammonia nitrogen: The individual
volatile fatty acid was estimated in 1.0 ml of fermented
medium from each syringe using the standard protocol of
Erwin et al. (1961) Thereafter, percent IVFA was estimated
by gas chromatography (Sirohi et al. 2012).

For NH3–N estimation, 5 ml supernatant was mixed with
1 N NaOH (2 ml) and steam passed on this using KEL PLUS-
N analyzer and the NH3 evolved was collected in boric acid
solution having mixed indicator and titrated against N/100
H2SO4.
Protozoa counting: The protozoa in fermentation fluid were
counted by haemocytometer as per (Dehority 1984).
Proximate analysis and Cell wall constituents: All the
substrates were analyzed for proximate principles (AOAC
1995) and fibre fraction (Van Soest et al. 1991).
Statistical analysis: Data were analyzed in factorial
arrangement in randomized design as per procedure of
Snedecor and Cochran (1968). The effects of different diets
and different levels of BCM (treatment combinations) were
tested using OPSTAT statistical software (Sheoran 2010).

RESULTS AND DISCUSSION

The chemical composition of different diets used as
substrate is given in Table 1. Chemical composition of
different diets revealed a substantial variation particularly
for CP, EE and CF in accordance to roughage and concentrate
portion. The protein percentage increased as concentrate part
increased and fibre part decreased as concentrate part
increased or vice versa this is according to formulation of
diets. The effects of different levels of BCM inclusion on in
vitro rumen fermentation pattern and methane production of
different diets presented in Table 2. Results indicated that on
the addition of different levels of BCM, pH slightly decreased
with maximum reduction in HFD at 8 μM level. The IVDMD

values shown that there was not adverse effect of BCM
addition, moreover IVDMD was found significantly higher
(P<0.05) in the treatment combinations having BCM at all
levels. The highest increase, 8.87% in IVDMD was observed
at 8 μM as compared to control in LFD. These results were
more or less contradictory with previous studies. Non-
significant affect of BCM on IVDMD were observed in
crossbred Brahman cattle (Denman et al. 2007) and rams
(Lalu et al. 2009). BCM addition significantly (P<0.05)
reduced in vitro methane production as compared to control.
A reduction of 98–99% in methane production was observed
in all the treatment combinations (Table 2). Our results
indicated decrease in methane production corresponding to
concentration of BCM. These findings are also in accordance
to the inferences made by Denman et al. (2007), Goel
et al.(2009) and Lalu et al. (2009). The methane reduction
tendency of BCM was due to the reacting with vitamin B12
and inhibiting the cobamide-dependent methyl transferase
step of methanogenesis (Wood et al. 1968 and Chalupa 1977).
A significant (P<0.05) reduction in protozoa number was
also observed with increasing levels of BCM. The IVFAs
concentration varied among the treatments. The propionic
acid concentration increased with increasing dosage in all
the 3 diets and highest (38.76%) increase was observed as
compared to control at 8 mM level in LFD. Acetate
concentration decreased in all cases and highest reduction
(14.93%) was noticed as compared to control in LFD at 8
mM level. In present study, butyrate concentration was
increased at all levels of BCM and diets. BCM treatments
decreased molar proportion of acetate and increased that of
propionate, so that the ratio of acetate and propionate (A/P)
was also found decreased and highest reduction (38.46%)
was found as compared to control in LFD at 8 mM level
(Table 2). The similar results were observed during BCM
supplementation in earlier findings (McCrabb et al. 1997,
Goel et al. 2009). Similar observations of BCM on acetate,
propionate concentration and their A/P ratio were also
reported by Denman et al. (2007), when they fed diet added

Table 1. Physical and chemical composition of diets used as a substrate

Ingredient of roughage (g/kg on DM basis)
Wheat straw: Berseem 700 : 300

Ingredient of diets (g/kg on DM basis)
Diets Roughage Concentrate
HFD 800 200
MFD 500 500
LFD 200 800

Chemical constituents of diets (g/kg on DM basis)
Diets OM CP EE NDF ADF HC TA
HFD (80R: 20C) 842.6 110.8 27.0 541.4 357.3 184.0 157.4
MFD (50R: 50C) 859.0 168.0 32.6 502.2 264.9 237.3 141.0
LFD (20R: 80C) 876.9 229.8 37.9 286.2 199.9 186.3 123.1

HFD, high fiber diet; MFD, medium fiber diet; LFD, low fiber diet; OM, organic matter; CP, crude protein; EE, ether extract; NDF,
neutral detergent fiber; ADF, acid detergent fiber; HC, hemicelluloses; TA, total ash.
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with BCM to steers, resulting in a methane reduction of 59%.
A significant (P<0.05) effect of BCM on ammonia-N
concentration was also observed in all treatment
combinations.The concentration of ammonia nitrogen
increased with increasing concentrations of BCM in HFD
and LFD while, decreased in MFD. The maximum increase
(46.68%) was found in HFD at 12 mM level. This may be
due to some effect on ammonia utilizating bacteria which
may be affected due to addition of BCM.

It may be concluded from the present results that BCM
addition in diets containing wheat straw and berseem as
roughage source significantly reduced methane production
in all HFD, MFD and LFD without affecting the
fermentability of diet. The BCM level 4 mM emerged out as
potent concentration for significant methane reduction with-
out affecting other rumen fermentation parameters adversely.
However, more detailed studies are warranted to validate the
results under in vivo conditions.
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Table 2. Effect of different levels of bromochloromethane on digestibility and methane inhibition in berseem based diets

Diets Parameters

pH IVDMD% CH4 M/TDS Protozoa Acetate Propionate Butyrate A: P NH3-N
(mM/gDM) (A) (×105/ml) (mM/100 ml) (mM/100 ml) (mM/100 ml) ratio (mg/100 ml)

HFD (0) 7.04 57.25 1.600 0.0276 2.00 68.88 25.99 5.13 2.65 6.62
HFD (4) 7.01 58.93 0.030 0.0005 1.67 63.46 28.85 7.69 2.20 9.15
HFD (8) 6.94 58.95 0.023 0.0004 1.33 66.62 25.46 7.29 2.62 9.24
HFD (12) 6.95 58.01 0.020 0.0004 1.67 65.92 26.69 7.39 2.47 9.71
MFD (0) 6.99 60.95 1.880 0.0302 1.67 68.78 25.37 5.85 2.71 12.88
MFD (4) 6.92 61.15 0.020 0.0003 1.50 61.16 30.55 8.09 1.99 9.65
MFD (8) 6.97 62.69 0.020 0.0003 1.00 60.20 30.70 9.29 1.97 10.17
MFD (12) 6.96 64.63 0.017 0.0002 1.67 62.07 28.52 9.41 2.18 10.27
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LFD (4) 6.89 71.58 0.018 0.0003 1.33 62.37 28.68 8.95 2.18 7.65
LFD (8) 6.91 73.17 0.017 0.0002 1.33 59.35 32.33 8.32 1.84 9.43
LFD (12) 6.92 71.16 0.010 0.0002 1.17 60.98 30.39 8.63 2.01 10.36

Least significant difference (LSD)
Diet 0.010 0.61 0.039 0.0007 0.11 0.92 0.80 0.33 0.10 1.09
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D*T 0.019 N.S 0.080 0.0014 0.22 1.84 1.60 0.66 0.20 2.18

IVDMD, In vitro dry matter digestibility; CH4, methane; A: P, acetate to propionate ratio; NH3-N, ammonia nitrogen.
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