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Effect of Different Feed Additives on In Vitro Total Gas and
Methane Production of Maize Hay and Bajra Straw based
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ABSTRACT

The present study was conducted to investigate the efficacy of different feed additives in TMR on in vitro total gas production and
methane production. Total mixed ration was prepared by mixing of bajra straw, maize hay and concentrate in the ratio of 30:30:40.
Feed additives included in TMR on DM basis were Monensin 30 mg/kg (T;), cellulase (10,00,000 [U/g) 0.5% (T,), xylanase (1,50,000 [U/g)
0.5% (T5), chitosan 1% (T,), sodium bicarbonate 1% (Ts), magnesium oxide 1% (T,), combination of sodium bicarbonate + magnesium
oxide 0.5% each (T,) and combination of cellulase + xylanase 0.5% each (Tg). Rumen liquor was collected from two adult Surti goats
each 2 h post-feeding of TMR with above additives. Result revealed that in vitro total gas production (mL/200 mg) was significantly
(p<0.01) increased in TMRs supplemented with cellulase (28.39+0.51), xylanase (27.33+0.54) and its combination (32.92+0.62) as well
as chitosan (26.82+0.99) as compared to control (22.08+0.56). In vitro methane production (%) was significantly (p<0.01) increased in
TMRs supplemented with magnesium oxide (18.15+£1.02) and its combination with sodium bicarbonate (17.91+0.15) as compared to
control (16.59+0.19). Whereas, in vitro methane production (mL/200 mg & mL/100 mg) was significantly (p<0.05) increased in TMR
supplemented with combination of cellulase and xylanase (5.13£0.13 & 2.56+0.06) as compared to control (3.66+0.05 & 1.83+0.02).
While, ratios of in vitro methane production to fermentation parameters were significantly (p<0.01) improved in combination of cellulase

and xylanase as compared to control.
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INTRODUCTION

n current circumstances, ruminants are fed mainly with

roughages and concentrates in which roughages like crop
residue, pasture grass are the primary source of nourishment
for ruminants. Agricultural and agro-industrial activities
produce thousands of tonnes by-products per year in which
crop residues are major by-products (Graminha et al., 2008).
Population of ruminants is increasing day by day which
lead to feed shortage, so that farmers feed agro-industrial
by-products which interfere with feed utilization, reduce feed
intake and digestibility of feed. For better utilization of feed,
different feed additives are used by farmers. Feed additives
in ruminant diet may increase the digestibility of low-quality
fibrous feed and ultimately enhance the productivity of
ruminant (Naidu and Reddy, 2003).

The cellulose and hemicellulose are typically the targets
of the fibrolytic enzymes, which hydrolyse the structural
polysaccharides of the plant cell wall. Supplementations
of exogenous fibrolytic enzymes (EFEs) once enhance the
fibre degradation, ultimately increases the total gas and
methane production (Selzer et al., 2021). Monensin exhibits
selective antimicrobial activity and improves feed efficiency
by inhibiting most lactate-producing ruminal bacteria.
Monensin is frequently employed as a growth promoter
to inhibit ruminal methanogenesis (Duffield et al., 2008).
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Chitosan is a natural biopolymer generated from chitin
deacetylation which decreases methanogenic bacterial
growth and leads to increase propionate and decrease
acetate as well as CH, emissions (Haryati et al., 2019).
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Buffering agents (sodium bicarbonate and magnesium
oxide) increase the ruminal pH that effectively neutralizes
the rumen acidity to improve the efficiency of fibre
digestion (Rogers et al., 1982). Thus, this study was planned
to explore the efficacy of different feed additives on in vitro
total gas and methane production of maize hay and bajra
straw based total mixed ration.

MATERIALS AND METHODS

Preparation of TMR

Maize hay, bajra straw and concentrate were ground to pass
through 1 mm screen using a willey mill. TMR was prepared
by taking maize hay, bajra straw and concentrate in the
ratio of 30: 30: 40 and was used as substrate for experiment.
Monensin 30 mg/kg, cellulase (10,00,000 1U/g) 0.5%, xylanase
(1,50,000 1U/g) 0.5%, chitosan 1%, sodium bicarbonate 1%,
magnesium oxide 1%, combination of sodium bicarbonate +
magnesium oxide 0.5% each and combination of cellulase +
xylanase 0.5% each was added on DM basis in TMR and were
designated as T, T,, T3, Ty, Ty, Tg, T, Ty, respectively.

Donor Animals and Collection of Rumen Liquor

Rumen liquor was collected from two adult Surti goats each of
same age and uniform confirmation. Nutrient requirements
of donor animals were met by feeding as per ICAR (2013)
feeding standard. Nutrient Requirements of Sheep, Goatand
Rabbit. 3rd edition Indian council of Agricultural Research,
New Delhi. Rumen liquor was collected at 2 h post-feeding
and strained through four-layered muslin cloth which was
referred as Strained Rumen Liquor (SRL). The experiment
was approved by IAEC (Protocol no.: KU-JVC-IAEC-LA-103-23).

Estimation of In Vitro Total Gas Production (IVTGP)

The in vitro gas production was estimated as per the
method of Menke and Steingass (1988). About 0.2 g of
the substrates were taken in calibrated glass syringes and
incubated in the syringes at 39°C for overnight. In vitro
medium was prepared by mixing 400 mL distilled water,
200 mL macro-mineral solution, 200 mL buffer solution,
1 mL micro-mineral solution, 1 mL resazurin solution and
2.40 mL reduction solution which was prepared fresh prior
to incubation. The medium was pre-warmed to 39°C and
saturated with CO, through the solution until the blue
color of the medium became pink or clear. The rumen
liquor buffer medium was prepared by mixing of SRL
(Strained rumen liquor) and medium mixture at the ratio of
1:2. Again CO, was passed through the solution for about
15 min. About 30 mL of rumen liquor buffer medium was
injected to each calibrated glass syringe. The syringes were
shaken gently, residual air or air bubbles were removed
and then outlet was closed. Then initial level of piston was
recorded and the syringes were placed in an incubator at
39°C and periodically shaken for 24 h. Syringes containing
rumen liquor buffer solution without samples were also
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run as blank. The gas production was measured after
24 h of incubation.

Estimation of In Vitro Methane Production (IVMP)

The in vitro methane production was estimated as per
the method of Johnson and Johnson (1995). After 24 h of
incubation of calibrated glass syringes, gas samples were
collected in vacuumed glass vials and were analysed for CH,
using Gas Chromatography by injecting sample from each
vial and methane concentration was determined against
standard. Column temperature was maintained at 50°C, in
which nitrogen was used as a carrier gas, with flow rate of
30 mL/min. Calibration was completed using standard. Peak
area was integrated using Thermo Fisher integrator.

Statistical Analysis

The data were collected and statistically analyzed by
one-way analysis of variance (Snedecor and Cochran, 1994).
Significance of mean differences was tested by Duncan’s New
Multiple Range Test.

ResuLts AND Discussion

Proximate composition of TMR contained 89.18, 90.68, 11.26,
1.64, 26.98, 50.80 and 9.32% of DM, OM, CP, EE, CF, NFE and
TA, respectively. Fibre fractions of TMR contained 58.30, 32.70,
22.53, 25.60 and 7.26% of NDF, ADF, cellulose, hemicellulose
and lignin, respectively.

Efficacy of different feed additives on IVTGP and IVMP
are presented in Table 1. Results revealed that IVTGP (mL/200
mg) was significantly (p<0.01) increased in Tg (32.92+0.62)
as compared to other treatments and control (22.08+0.56).
This was followed by T, (28.39+0.51), T, (27.33+0.54) and
T, (26.82+0.99), which also showed significantly (p<0.01)
higher values than the control, whereas T,, T, T;and T, had
no significant effect as compared to control. In the present
study cellulase, xylanase and its combination significantly
increased IVTGP (mL/200 mg). This might have occurred due
to EFEs which enhance the degradation of lignocellulose
bond of the feed particles. Because of higher degradability
it increases the total gas production. These results were
consistent with earlier research by Lopez et al. (2016), Vallejo
et al. (2016), Lunagariya et al. (2018) and Selzer et al. (2021).
Chitosan also significantly increased IVTGP (mL/200 mg). This
might be due to increment of microbial population in rumen,
which ultimately increases the degradation of feed particles
and thereby the total gas production. These results were
however in contrast with earlier researchers (Li et al., 2013;
Wencelova et al., 2014), who stated that chitosan significantly
decreased IVTGP. The IVMP (%) was significantly (p<0.01)
increased in T, (18.15£1.02) and T, (17.91+0.15) as compared
to other treatments and control (16.59+0.19).

IVMP (mL/200 mg & mL/100 mg) was significantly (p<0.05)
increased in Tg as compared to control and it was at par with
T,, T; and T,. Results revealed that combination of cellulase
and xylanase significantly increased IVMP (mL/200 mg &
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Table 1: In vitro gas production (IVTGP) and in vitro methane production (IVMP) of different treatments

Treatments Parameters
IVTGP** (mL/200 mg) IVMP** (%) IVMP* (mL/200 mg) IVMP* (mL/100 mg)
T, (Control) 22.08+0.56 16.59° £0.19 3.66° + 0.05 1.83° +0.02
T, 23.87°+1.38 15.25° +0.01 3.64° +0.21 1.82°+0.10
T, 28.39° +0.51 15.68°+0.50 4.46% + 034 223%+0.17
T, 27.33°+0.54 16.04°+0.15 439%+0.29 2.19°+0.14
T, 26.82°+0.99 15.69°+0.12 421%+0.14 2.10°°+0.07
Ts 21.69%+0.93 16.45°+0.29 3.56°+0.41 1.78°+0.20
T, 20.66% +0.58 18.15%+1.02 3.77° £ 0.49 1.89° +0.24
T, 2245 +1.45 17.91°+0.15 4.02° +0.25 2.01°+0.12
Ty 32.92°+0.62 15.59° +0.21 5.137+0.13 2.56° + 0.06
p value <0.01 <0.01 0.0244 0.0244
abed Means with different superscripts within column differ significantly (*p<0.05) (**p<0.01).
Table 2: Ratios of methane production to fermentation parameters of different treatments
Parameters

Treatments

IVMP: IVTGP** IVMP: TVFAs** IVMP: ME** IVMP: IVNDFD**
T, (Control) 0.75° +0.02 2.51°°+0.06 3.63°+0.10 0.40° +0.011
T 0.64 £ 0.03 2.17°+0.10 3.16°+£0.12 0.34°+0.011
T, 0.55+0.01 1.60°+0.13 2.85%+0.09 0.29% + 0.008
T, 0.58°+ 0.06 1.75% £ 0.04 3.00°+0.02 0.34°+0.003
T, 0.58°+0.02 1.67¢+0.10 2.98°+0.09 0.31°¢+0.003
Ts 0.76° + 0.04 2274022 3.65°+0.16 0.42°+0.017
Te 0.87%+0.03 3.00+0.18 4152+0.16 0472 +0.014
T, 0.80%° + 0.05 2.75% +0.22 3.88°°+0.18 0.43°+0.011
Ty 0.47%£0.01 1.34°£0.03 2.539+0.05 0.27° + 0.003
p value <0.01 <0.01 <0.01 <0.01

abede \eans with different superscripts within column differ significantly from each other (**p<0.01).

IVMP- in vitro methane production, IVTGP- in vitro total gas production

TVFAs- total volatile fatty acids, ME- metabolizable energy, IVNDFD - in vitro neutral detergent fibre degradability.

mL/100 mg). This might have occurred due to enhanced
degradation of lignocellulose bond of the feed particles
by EFEs, and thereby increase in the methane production.
These results were consistent with earlier research by Giraldo
et al. (2007), Chung et al. (2012) and Selzer et al. (2021), who
reported significantly increased IVMP with a combination of
cellulase and xylanase in the diet.

Ratios of methane production to fermentation
parameters are presented in Table 2. Ratios of IVMP to
IVTGP, ME and IVNDFD were significantly (p<0.01) improved
in Tg as compared to other treatments and control. This
was followed by T,, T; and T, which also showed significant
(p<0.01) improvement as compared to control. IVMP: TVFAs
was significantly (p<0.01) improved in Tg as compared to
control. Ratio of methane production to fermentation
parameters described the rate of methane production.
Low ratio of IVMP to IVTGP and TVFAs indicated less
methane production from total gas production & total
volatile fatty acids. Low ratio of IVMP to ME indicated
lesser loss of energy due to methane production, hence
more ME was capable for transformation into body. Also,

low ratio of IVMP to IVNDFD indicated that the digestibility
of poor-quality fibre increased but simultaneously
methane production decreased. Result revealed that Tg
has low ratio of methane production to fermentation
parameters. This might be due effect of EFEs that alter
the microbial population which ultimately reduce the
methane production.

CoNcCLUSION

The results of the present in vitro study indicated that
supplementation of cellulase, xylanase alone and in
combination at the level of 0.5% each, and chitosan at the
level of 1% in TMR significantly improved in vitro total gas
production as compared to control. The results indicated
that supplementation of TMR in combination of cellulase
and xylanase at the level of 0.5% each significantly increased
in vitro methane production also. Cellulase, xylanase and
combination of cellulase and xylanase at the level of 0.5%
each and chitosan at the level of 1% significantly decreased
ratios of methane production to fermentation parameters.
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