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ABSTRACT
Background: In India, there are a variety of unconventional feed resources that can be used in ration of ruminant animals. Among all,
the most promising are castor bean, mahua, neem and karanj oil cakes which contains quality nutrients like that of conventional
cakes. These unconventional oilcakes (UOC) are rich source of phytochemicals such as glycosides, saponins, tannins, essential oils
and other which will help in methane reduction. This study was planned to investigate the effect of feeding unconventional oil cakes
combination (Karanj: mahua: 75:25) on methane production through respiration chamber.
Methods: Nine cattle calves aged one and half year old were distributed into three groups (Control, T1 and T2), three in each as
per completely randomized block design where one group acted as control and two groups (T1 and T2) were experimental. The
control animals were fed with basal diet (concentrate+roughage) and T1 and T2 were fed with basal diet and UOC combination at
the rate of 7.5% and 10% of concentrate mixture, respectively. The calves were fed for 120 days and methane was estimated
through respiration chamber.
Result: Methane production was significantly (P<0.01) reduced in experimental group, compared to control. Methane production (L/
day) measured in control, T1 and T2 was 75.24±2.02, 65.90±0.97 and 59.85±1.55, respectively. Based on the result we concluded
that feeding of UOC combination significantly reduced the methane production.
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INTRODUCTION
It was estimated that 0.63% of methane (CH4) produced at
global level was from India and form that 75% of total
methane production was from domesticated cattle (Crutzen
et al., 1996). The methane emission in ruminant animals
due to anaerobic fermentation is a serious concern, having
23 times more global warming potential than that of carbon
dioxide. Apart from that, 2 to 12% of gross energy loss was
measured in high-fibre, lignocelluloses compounds in
ruminant animals due to anaerobic fermentation (Johnson
et al., 1991; Moss et al., 2000). Rumen microbes viz.,
protozoa, fungi, bacteria and archea play a pivotal role in
fiber digestion. The phylum Euryarcheota contains a type
of Archaea known as methanogens, which are primarily
responsible for the generation of methane in the rumen and
hindgut of mammals.

A previous report by Kurihara et al. (1999) indicated
that the loss energy through methane in cattle fed tropical
forage which having a relatively high level of fibre and lignin
and low level of non-fibre carbohydrate was higher as
compared to cattle fed temperate forages. Furthermore, in
developing countries the livestock animals are primarily fed
a high-roughage diet with little or no concentrate, which
results in increased ruminal methanogenesis. All these
aspects of enteric CH4 production have encouraged the
scientific community to find alternatives to mitigate GHG
emissions. Although a variety of chemical additives and
antibiotics have been studied and utilized to reduce enteric
methane emission, but today’s customer expectations orient

toward the use of “natural source” to alter rumen
fermentation pattern.

Plant bioactive compound with antimicrobial properties
such as essential oils, saponin and tannin (Wallace et al.,
2002), could be used to reduce methane emissions. These
compounds, called ‘phytochemicals’ or plant secondary
metabolites (PSM), describe non-nutritive plant metabolites
which are essential for plant survival (i.e., protection against
herbivores, pests, microorganisms) and proper growth and
reproduction (Patra and Saxena, 2009). Some
phytochemicals have a direct toxic effect on methanogens
(e.g., condensed tannins) or protozoa (e.g., saponins).
These effects, in combination with lower voluntary DM intake
and decreased nutrient digestibility from high doses of
condensed tannin, have led to their classification as “anti-
nutritional factors”.
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There are many unconventional feed resources
available in India which can be included in the ration of
ruminant animals (Gowda et al., 2019). Among all, the most
promising are castor bean, mahua, neem and karanj oil
cakes which contains quality nutrients like that of
conventional cakes. Karanj is a medium sized glabrous
tree and the seeds are reported to contain on an average
about 28-34% oil with high percentage of PUFAs. The
Karanj cake contains 30-35% crude protein (CP), total
digestible nutrients (TDN) present is 60-65% and 4-7%
crude fib re. Karanj  cake also contain karanj in and
pongamol are the most important toxic factors and
responsible for bitter taste (Rao et al., 2013). Mahua is an
important economic plant g rowing throughout the
subtropical region of the Indo-Pakistan subcontinent. The
mahua seed cake contains CP content of 19-26% and TDN
content of 50-55%. Mahua cake contains toxic and bitter
mowrin compound. These unconventional oil cakes (UOC)
are rich sources of phytochemicals such as glycoside,
saponins, tannins, essential oils and others which will help
in methane reduction (Rao et al., 2013). Also, it has been
reported that these cakes having various functions and
beneficial effects for livestock production other than feed
value. In addition to feed value, it has been indicated that
these cakes have a variety of functions and favorable
impacts for animal production. These unconventional oil
cakes in lower level would be useful for the preparation of
concentrate mixture of the ruminant animal as it is having
high protein content and nutrients with a cheaper price
(Salem et al., 2004). It is reported that inclusion of this
type of feed ingredients with very low level is effective to
manipulate the rumen fermentation towards the beneficial
mode. With this brief background the present study was
undertaken.

MATERIALS AND METHODS
Nine cattle calves aged one and half years old were
randomly distributed into three groups, with three calves
in each group following completely randomized block
design, where one group was control and other two groups
were experimental (T1 and T2).  All the experimental diets
were prepared to  meet the NRC (2001) nutr ient
recommendations. The physical composition  of
concentrate mixture for different groups were presented in
Table 1. The calves in control group were fed concentrate
mixture and wheat straw at 50:50 ratio. The animals in T1
group was fed concentrate mixture containing 7.5% of UOC
(Karanj+mahua at 75:25 ratio) and wheat straw at 50:50
ratio. The animals in T2 group was fed concentrate mixture
containing 10% of UOC (Karanj+Mahua at 75:25 ratio) and
wheat straw at 50:50 ratio. One kg green fodder was
provided twice in a week to the experimental calves to meet
the vitamin A requirement The experimental period was
for 120 days and standard housing management were
followed in all group animals.

Estimation of methane emission by open circuit
respiration chamber
The open circuit respiration calorimeter study involved the
measurement of methane concentration in the air going in
and coming out from the respiration chamber. Measuring
flow rate, temperature of dry and wet bulb and atmospheric
pressure were recorded. Methane measured by an infrared
gas analyzer, while flow rate and the total volume of air
coming out to the chamber were measured by using a flow
meter attached with the respiration calorimeter. The dry and
wet bulb temperature of air coming out of chamber recorded
by dry and wet bulb thermometer, atmospheric pressure was
recorded by barometer.

Adaptation of animals in respiration chamber
Calves were weighed in the morning prior to feeding and
watering and kept in respiration chamber for 2-3 days for
acclimatization and then recording of the respiration data
were done at hourly interval for two consecutive days. Calves
were provided sufficient amount of clean drinking water,
feeding manger was attached to metabolic crate, kept inside
the respiration chamber, feeding of the calves was as per
protocol given above.

Measurement of respiratory exchange
After offering the feed, the chamber was air tighten by closing
the door. Blower was run along with ventilation system of
chamber. Recording of temperature of dry and wet bulb,
flow rate, air volume, atmospheric pressure was done
manually at hourly interval. Methane content of sample of
the outgoing and incoming air from the respiratory chamber
was determined by the Infrared analyzer attached with the
chamber. The chamber was opened after 24 hours. The feed
residues were collected and measured and daily dry matter
intake (kg/d) were estimated. As the collection of urine and
faeces separately was not possible (because of mixing), the
calculated digestibility of the animal in the consecutive
metabolism trial was used for the calculations.

Calibration of respiration apparatus
The calibration of respiration calorimeter was done following
standard procedure describe below:

Calibration of flow meter
The flow meter was frequently calibrated against a standard
gas meter. The standard dry gas meter was attached
between animal chamber and flow meter to be calibrated.
The respiration chamber was run for four hours and volume
of outgoing air was measured in both the equipment’s and
the factor was derived with four such observations for
difference in the readings of both the equipment’s which is
being used for necessary correction in total volume of gas
passed from respiration chamber.

Calibration of gas analyzer and analysis of methane
Analysis of methane was made by gas analyzer model
attached with respiration calorimetry which was calibrated
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daily with standard gas as per standard protocol.
Concentration of methane in incoming and outgoing
respiration gas was measured on onscreen display and
recorded at hourly interval. Methane production was
calculated as per following formulas:

VSTP= V273/(273+t)  (P-VP)/760

Where,
V= Volume at room temperature and pressure.
T= Dry bulb temperature.
P= Barometric pressure in mm Hg.
VP= Vapour pressure.
VSTP= Volume at standard temperature and pressure.

Methane production
The total volume of methane (L) was calculated by using
following equation

Where,
Mf= Methane present in outgoing air from the chamber.
Mi= Methane present in incoming air into the chamber.
VSTP= Volume at standard temperature and pressure.

RESULTS AND DISCUSSION
The chemical composition of unconventional oil cakes
(Karanj and Mahua) was presented in Table 1. The organic
matter content of karanj and mahua cake was 92.05% and
85.89%, respectively. The crude protein content of Karanj
and Mahua cake was 27.71% and 30.02%, respectively. The
tannin present in Karanj and Mahua cake was 3.50% and
0.87%, respectively. The saponin content in Mahua cake
was 7.80%. The tannin content of experimental concentrate
mixture in control, T1 and T2 group was 0, 1.22 and 1.32%,
respectively, while saponin content was 0, 0 and 7.80%,

respectively.  The effect of feeding Karanj and Mahua cake
combination to the growing crossbred calves on methane
emission was presented in Table 2 and graphically
represented in Fig 1 and 2. The dry matter intake measured
during experimental period in chamber shown similar
(p>0.05) in all the three groups. The average daily DMI (kg/
day) were 2.65, 2.69 and 2.81 in the control, T1 and T2
groups of calves, respectively. The methane emission (L/
day) were 75.24, 65.90 and 59.85 in control, T1 and T2
groups, respectively. The methane emission (L/day) were
significantly (p<0.05) lower in UOC mixture fed groups as
compared to control group. Even though, DMI among the
experimental calves were similar, the methane emission L/kg
DMI was significantly lesser in T1 and T2 group calves.
However, the emission levels were similar in T1 and T2
experimental group calves.

Tannins are polyphenolic substances which bind protein
in aqueous solution. Furthermore, tannins are known to
decrease protozoal number and hence methane production
due to symbiosis protozoa with methanogen in rumen
(Makkar et al., 1995). Tavendale et al. (2005) suggested
two modes of action of tannin on methanogenesis: first,
directly affecting activity or population of methanogens,
resulting in lower methane emission and second, indirectly
by reduced hydrogen production by lowering feed
degradation. Effect of tannin on methane production was
demonstrated by Pellikaan et al. (2011) who mentioned that
in vitro methane production was reduced by addition of
condensed and hydrolysable tannins and methane
production was reduced up to 50% (Patra and Saxena, 2010;
Goel and Makkar, 2012). Similarly, addition of polyphenol
rich bamboo leaf reduced in-vitro methane production (Jafari
et al., 2020) Tannins are known for phyto-chemical
compound having a strong potential to inhibit CH4 synthesis
in the rumen (Jouany and Morgavi, 2007).

Saponins are natural detergents, chemically defined as
high molecular weight glycosides in which sugars are linked
to a triterpene or steroidal aglycone moiety. These compound
result in cell death by forming complex with sterols in
protozoal cell membrane (Cheeke, 2000). Saponins affect
methanogenesis in the rumen by limiting hydrogen
availability and induce rechanneling of metabolic hydrogen
to propionate production from CH4 (Wina et al., 2006) and
other metabolic pathways like acetogenesis (Patra and
Saxena, 2009). They modify ruminal fermentation by
suppressing ruminal protozoa and selectively inhibiting some
bacteria. Plants rich in saponin have potential for enhancing
flow of microbial protein from rumen, increasing efficiency
of feed utilization and decreasing methanogenesis.

VSTP (Mf - Mi )
100

CH4 recovery (%) =

Table 2: Effect of feeding UOC combination on methane emission in cattle calves.

Attributes Control T1 T2

DMI (kg/d) 2.65±1.30 2.79±1.21 2.81±1.51
Methane (L/d) 75.24b±2.02 65.90a±0.97 59.85a±1.55
Methane (L/kg DMI) 28.38b±0.52 23.61a±0.25 21.29a±0.36
a, bMean bearing superscripts in rows differ significantly.

Table 1: Physical composition of concentrate mixture for different
groups of experimental calves (%).

Ingredients Control T1 T2

Maize 35 33 33
Soyabean meal 26 22 20
Wheat bran 36 34.5 34
Karnj cake 0 5.625 7.5
Mahua cake 0 1.875 2.5
Mineral mixture 2 2 2
Salt 1 1 1
Total 100 100 100
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Fig 1: Methane production (L/day).
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Fig 2: Metha production (L/kg DMI).
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It was further reported that methane production was
reduced up to 10-25% by addition saponins (Jouany and
Morgavi, 2007; Makkar et al., 2007; Patra and Saxena, 2009;
Szumacher-Strabel and Cieslak, 2011). Hess et al. (2006)
reported that  Sapindus saponaria reduced methane
production in Rusitec by 20%, without affecting the
methanogens in relation to control and there was a 54%
reduction in protozoa population.

Further, Broudiscou et al.(2000) reported that, flavonoid-
rich extracts of Equisetum arvense and Salvia officinalis were
added to a 50:50 hay+ barley grain diet showed decreased
methanogenesis and tannin-rich forages such as sainfoin,
sulla, bird’s-foot trefoil showed decrease in methane
emission in ruminants (Ramirez-Restrepoand Barry, 2005;
Waghorn, 2008).

CONCLUSION
It was concluded that, inclusion of unconventional oil cakes
like karanj, mahua in ruminant feeding decreased the
methane emission, when it was mixed at 75:25 ratio and
included at 7.5 and 10.0% of the cattle calves concentrate
mixture formulation.

REFERENCES
Broudiscou, L.P., Papon, Y. and Broudiscou, A.F. (2000). Effects

of dry plant extracts onfermentation and methanogenesis
in continuous culture of rumen microbes. Animal Feed
Science and Technology. 87: 263-277.

Cheeke, P.R. (2000). Actual and potential applications of Yucca
schidigera and Quillaja saponaria saponins in human and
animal nutrition. In: Saponins in Food, Feedstuffs and
Medicinal Plants. 45: 241-254.

Crutzen, P.J., Aselmann, I. and Seiler, W. (1996). Methane production
by domestic animals, wild ruminants, other herbivorous
fauna and humans. Tellus B: Chemical and Physical
Meteorology. 38: 271-284.

Goel, G. and Makkar, H.P. (2012). Methane mitigation from ruminants
using tannins and saponins. Tropical Animal Health and
Production. 44: 729-739.

Gowda, N.K.S., Anandan, S., Giridhar, K., Rao, S.B.N. and Prasad,
K.S. (2019). Alternate Feed Resources and Technologies
for Their Safe Usage in Livestock Feeding. Livestock
Feeds and Feeding Practices in South Asia.

Hess, H.D., Tiemann, T.T., Noto, F., Carulla, J.E. and Kreuzer, M.
(2006). Strategic use of tannins as means to limit methane
emission from ruminant livestock. In International Congress
Series. 1293: 164-167.

Jafari, S., Goh, Y.M., Rajion, M.A. and Ebrahimi, M. (2020). Effects
of polyphenol rich bamboo leaf on rumen fermentation
characteristics and methane gas production in an in vitro
condition. Indian Journal of Animal Research. 54: 322-326.

Johnson, D.E., Hill, T.M., Carmean, B.R., Lodman, D.W. and Ward,
G.M. (1991). New perspectives on ruminant methane
emissions. Energy Metabolism of Farm Animals. 376-379.
https://doi.org/10.1016/j.phytochem.2010.05.010.

Johnson, K.A. and Johnson, D.E. (1995). Methane emissions from
cattle. Journal  of Animal  Science. 73:  2483-2492.

Jouany, J.P. and Morgavi, D.P. (2007). Use of ‘natural’ products as
alternatives to antibiotic feed additives in ruminant
production. Animal. 1: 1443-1466.

Kurihara, M., Magner, T., Hunter, R.A. and McCrabb, G.J. (1999).
Methane production and energy partition of cattle in the
tropics. British  Journal  of Nutrition. 81:  227-234.

Makkar, H.P., Blümmel, M. and Becker, K. (1995). In vitro effects
of and interactions between tannins and saponins and
fate of tannins in the rumen. Journal of the Science of
Food and Agriculture. 69: 481-493.

Makkar, H.P.S. and P. Vercoe. (2007). Quantification of Methane
Emission from Ruminants. FAO Publication, Springer
Science and Business Media, Inc. New York, NY.

Moss, A.R., Jouany, J.P. and Newbold, C.J. (2000). Methane
production by ruminants: Itscontribution to global warming.
In Annales de Zootechnie. 49: 231-235.

National Research Council. (2001). Nutrient Requirements of Dairy
Cattle. National Academies Press. Washington DC.

Patra, A.K. and Saxena, J. (2009). The effect and mode of action
of saponins on the microbial populations and fermentation
in the rumen and ruminant production. Nutrition Research
Reviews. 22: 204-219.



 Volume  Issue 5

Effect of Feeding of Unconventional Oil Cake Combination on Methane Emission Through Respiration Chamber Study

Patra, A.K. and Saxena, J. (2010). A new perspective on the use of
plant secondary metabolites to inhibit methanogenesis
in the rumen. Phytochemistry. 71: 1198-1222.

Pellikaan, W.F., Stringano, E., Leenaars, J., Bongers, D.J.G.M.,
van Laar-van Schuppen, S.,Plant, J. and Mueller-Harvey,
I. (2011). Evaluating effects of tannins on extent andrate
of in vitro gas and CH4 production using an automated
pressure evaluationsystem (APES). Animal Feed Science
and Technology. 166(167): 377-390.

Ramirez-Restrepo, C.A. and Barry, T.N. (2005). Alternative temperate
forages containingsecondary compounds for improving
sustainable productivity in grazing ruminants. Animal Feed
Science and Technology. 120: 179-201.

Rao, S.B.N., Prasad, K.S. and Rajendran, D. (2013). Recent Advances
in Amelioration of Anti-nutritional Factors in Livestock
Feedstuffs. Animal Nutrition  and Reproductive Physiology
(Recent Concepts), Satish Serial Publishing House publisher,
Delhi.

Salem, H.B., Makkar, H.P.S. and Nefzaoui, A. (2004). Towards better
utilisation of non-conventional feed sources by sheep and
goats in some African and Asian countries. Options
Méditerranéennes: Série A. 59: 177-187.

Szumacher-Strabel, M., Zmora, P., Roj, E., Stochmal, A., Pers-Kamczyc,
E., Urbanczyk, A., Oleszek, W., Lechniak, D. and Cieslak,
A. (2011). In vitro screening of the wild dog rose (Rosa
canina) potential to mitigate rumen methane production.
Journal Animal Feed Science. 20: 285-299.

Tavendale, M.H., Meagher, L.P., Pacheco, D., Walker, N., Attwood,
G.T. and Sivakumaran, S. (2005). Methane production
from in vitro rumen incubations with Lotus pedunculatus
and Medicago sativa and effects of extractable condensed
tannin fractions on methanogenesis. Animal Feed Science
and Technology. 123: 403-419.

Waghorn, G. (2008). Beneficial and detrimental effects of dietary
condensed tannins forsustainable sheep and goat production-
progress and challenges. Animal Feed Science Technology.
147: 116-139.

Wallace, R.J., McEwan, N.R., McIntosh, F.M., Teferedegne, B. and
Newbold, C.J. (2002). Natural products as manipulators
of rumen fermentation. Asian-Australasian Journal of
Animal Sciences. 15: 1458-1468.

Wina, E., Muetzel, S. and Becker, K. (2006). The dynamics of major
fibrolytic microbes and enzyme activity in the rumen in
response to short- and long-term feeding of Sapindusrarak
saponins. Journal of Applied Microbiology. 100: 114-120.


