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Introduction 
 

It is well documented that global atmospheric 

abundance of methane is increasing. Methane 

is one of the most important greenhouse gases 

in the atmosphere. Methane affects not only 

the energy balance on earth because of its 

radiative forcing properties but also ozone,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

hydroxyl radicals, carbon monoxide 

concentrations, stratospheric chlorine, ozone 

chemistry and climate change (Harper et al., 

1999). Methane is released into the 

atmosphere both by natural for example 

wetlands and anthropogenic sources which 
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The effect of environment and work conditions on oxygen consumption, methane and 

carbon dioxide emission from he-buffalo have been studied under a controlled 

environment using animal treadmill. The environment temperature of the he buffalo was 

varied in two temperatures (17 and 37°C) inside environment controlled chamber. In each 

temperature he-buffalo was made to exercise with two speeds (1.5 and 2.5 km/h), two 

treadmill inclinations (0 and 5° with the horizontal) and three draughts (no load, 10 and 

12% of bodyweight) for three effective hours. The oxygen consumption of the he-buffalo 

was observed to be increasing with the increase in temperature, speed, inclination of 

treadmill and duration of exercise. The typical minimum percent increase in oxygen 

consumption during the study was found to be 11.09% at 17°C temperature and 45% 

humidity, 0° inclination of treadmill, speed of 1.5 km/h and no load condition whereas the 

maximum percent increase was recorded as 639.86% at 37°C temperature and 45% 

humidity, 5° inclination of treadmill, speed of 2.5 km/h and 12% draught. The methane 

concentration in exiled of he-buffalo also showed an increasing trend with the increase in 

temperature, speed, inclination, draught and duration of exercise. The typical minimum 

increase in percentage of methane concentration was found to be 9.66% at 17°C 

temperature and 45% humidity, 1.5 km/h speed, and 5° inclination of treadmill, no load 

condition. The maximum percent increase of methane concentration was 67.51% in and 

17°C temperature and 45% humidity, 2.5 km/h speed, 5° inclination of treadmill, 12% 

draught. Carbon dioxide concentration in the exiled gas decreased with the increase in 

temperature, speed, draught and duration of exercise. The maximum percent change in 

carbon dioxide concentration was found to be 5.48% at 17°C temperature and 45% 

humidity, 2.5 km/h speed, 5° inclination of treadmill, 12% draught and minimum percent 

change in carbon dioxide concentration was found to be 0.77%, at 17°C temperature and 

45% humidity, 1.5 km/h speed, 5° inclination of treadmill, no load condition. 
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include rice fields, biomass, ruminants, etc. 

Agriculture is one of the activities that has the 

highest anthropogenic emissions of 

greenhouse gases. It is estimated that 

agriculture contributes to the anthropogenic 

emissions of carbon dioxide (C02), methane 

(CH4) and nitrous oxide (N2O) with about 21-

25, 60 and 65-80% respectively (Moss et al., 

2000). At the same time, agriculture is the 

basis for human survival and cannot be 

replaced. Worldwide initiatives such as Kyoto 

protocol demand that these emissions be 

reduced or at least prevented from further 

increase (Howden and Reyenga, 1999).Sixty-

one per cent of the emissions come from 

fossil-fuel combustion and 28% from 

agricultural activities such as livestock 

rearing, manure, management, rice 

cultivation, burning of crop residues, etc. 

 

In the agriculture sector, livestock rearing is 

the major cause of emission and accounts for 

78% of total methane emission from the 

agriculture sector and about 50% of methane 

emission from all sectors (NATCOM report, 

Ministry of Environment and Forests, 2004). 

Methane emissions from livestock makes up 

18 per cent of total world greenhouse gas 

emissions and the net contribution of enteric 

fermentation to greenhouse gas is 5% (IPCC, 

2006). The main source of methane emission 

from livestock 

 

Enteric fermentation 
 

This is responsible for high emission of 

methane from ruminants. These animals 

possess rumen or fore stomach, which allows 

them to digest large quantities of cellulose 

and other roughages found in plant material.  

 

A small fraction of symbiotic microorganisms 

(3–10%) is methanogenic bacteria, which 

produce methane while removing hydrogen 

from the rumen. Methane is released mainly 

through eructation and normal respiration and 

a small quantity as flatus (Swamy et al., 

2006). Ruminant livestock can produce 250 to 

500 L of methane per day (Johnson and 

Johnson 1995) 

 

Manure management 
 

Livestock manure is principally composed of 

organic material. When this organic material 

decomposes in anaerobic environment, 

methanogenic bacteria produce methane. 

When manure is stored or treated as a liquid 

(e.g. in lagoons, ponds, tanks or pits), it tends 

to decompose anaerobically and produce a 

significant quantity of methane. When 

manure is handled as a solid (e.g. in stacks or 

pits) or deposited on pastures and rangelands, 

it tends to decompose aerobically and little or 

no methane is produced.  

 

Materials and Methods 

 

Description of environmental controlled 

chamber in which investigation was carried 

out and the instruments used with the 

chamber, Specifications of the treadmill, 

methods of adaptation and parameters. 

 

A room in which the temperature and 

humidity are controlled independent of each 

other and kept constant within minimum 

differences at any particular level for a certain 

period of time is called an Environment 

controlled chamber or a Psychometric 

chamber such that the effect of temperature 

and various other factors on physiological 

functions of the animals could be studied. 

 

The psychometric chamber was developed in 

the Department of Farm Machinery and 

Power Engineering, College of Technology, 

G.B. Pant University of Agriculture and 

Technology, Pantnagar. It mainly consists of 

split type air conditioners, heat convectors, 

controller for temperature and humidity and 

humidifiers etc. which are described as under. 
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The overall dimensions of the chamber such 

as length, width and height were 8.18 m × 

4.20 m × 3.65 m respectively. The controlled 

chamber was developed with the use of 

aluminum frame of different sections, 12 mm 

thick nova pan, 5 mm thick plain glass. The 

roof of the chamber was fabricated with 12 

mm thick gypsum tiles. The chamber 

consisted of two sliding doors (one bigger 

size 2580 × 950 mm and another smaller size 

2210 × 850 mm). The bigger door was used to 

let animal inside the chamber and the smaller 

door was used for the monitoring of the 

experiments (Figs. 1 and 2). The other 

appliances used are animal treadmill, six 

electric fan of 58 watt each, spirometer, three 

air conditions, digital temperature indicator, 

twelve fluorescent tube light of 48 watt each, 

two person inside for handling animal and one 

Buffalo in controlled chamber for experiment. 

The experiments were carried out in the 

psychometric chamber on animal treadmill on 

he-buffalo to study various responses of 

different working conditions on the factors 

like methane emission, carbon dioxide 

emission and the oxygen consumption by the 

he-buffalo. 

 

Experimental methodology  

 

The temperature and humidity of the 

environmental controlled chamber was 

maintained prior to start of the experiment 

with the help of instruments mentioned above. 

The treadmill was calibrated before the start 

of the experiment. The he-buffalo was 

allowed to climb up on the animal treadmill 

followed by harnessing with the help of Pant 

adjustable single animal collar harness and 

another harness was connected to the hanging 

weight type loading arrangement with U-

shaped pipe frame where loads could be 

placed (Fig. 2). The experiments were carried 

out in two room temperatures (22°C and 40°C 

and 45% humidity) and at three inclinations, 

with three draughts as mentioned above. The 

two he-buffalo were exercised on treadmill in 

the morning 9:00 am and evening 2:30 pm 

alternatively, for a period of three hours or up 

to the he-buffalo reached a stage of fatigue 

(fatigues score card was referred to diagnose). 

The oxygen consumption was noted at the end 

of every hour of exercise, for the analysis of 

methane and carbon dioxide production the 

exhaled gas samples were also taken on 

hourly basis. At the time of experiment the 

temperature and humidity were kept constant 

inside the chamber. 

 

Methane and carbon dioxide emission 

 

To analyze the methane and carbon dioxide 

produced from the rumen of the he-buffalo 

the exhaled air by the he-buffalo were 

collected in a leak proof bag also known as 

Douglas bag. The exhaled air was collected 

by putting an air tight face mask on the mouth 

of he-buffalo which was connected with the 

Douglas bag with 22 mm diameter anti-static 

corrugated rubber tube and a three way non 

return valve, whose one end was connected to 

the face mask and the other end was 

connected to the Douglas bag to collect the 

exhaled air. The third end of the three way 

valve was open to fresh air to be inspired by 

the he-buffalo. The isometric view of three 

way air valve was developed using Pro-E 

2014 computer software and is shown in 

Figure 2 with the help of 20 mL disposable 

syringes samples were taken for analysis. The 

syringe was made leak proof with the rubber 

tube of the same size of syringe opening with 

tying knot in it. The collected samples were 

analyzed with the help of Gas 

Chromatograph- Flame Ionization Detector in 

CMERI, Ludhiana. 

 

Oxygen consumption 

 

Oxygen consumption is the volume of oxygen 

consumed per minute by the organism. The 

spirometer is an instrument used to measure 
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the respired volumes and oxygen 

consumption with closed circuitry (Fig. A). A 

Benedict Roth Spirometer was used to 

determine the oxygen consumption of he-

buffalo. A Benedict Roth mainly consists of a 

bell for collection of pure oxygen (provided 

separately through the oxygen cylinder to the 

spirometer), a counter weight attached with 

the bell to balance oxygen level, base, 

recording drum on which recording graph is 

fixed, with four speeds viz. 0. 2, 0.4 and 20 

mm/sec and a pointer attached with counter 

weight which marks on the chart paper. For 

the measurement of oxygen consumption of 

he-buffalo the face mask was put on the 

mouth of the he-buffalo and was connected to 

the spirometer which was kept under working 

condition i.e. the bell of the spirometer was 

filled with oxygen. As the he-buffalo respired 

through the face mask and consumed the 

oxygen filled inside the bell, the level of the 

bell lowered down and the pointer attached to 

the bell recorded the volume of oxygen 

fetched from the bell on the graph on the 

rotating drum. The graph obtained with the 

experiment is known as kymograph and was 

analyzed for oxygen consumption (l/min).  

 

Results and Discussion 

 

The responses of he-buffalo were observed in 

order to estimate the methane and carbon 

dioxide concentration in exiled air and total 

oxygen consumed during the exercise on 

treadmill. The he-buffalo weighing 600 kg 

was exercised on treadmill at two levels of 

speeds, temperatures and inclination and three 

levels of draughts for a period of three hours 

or the time till the buffalo reached a stage of 

fatigue under different test conditions. 

 

Effect of influencing factors i.e. temperature, 

speed, inclination of treadmill, draught and 

duration of exercise on the responses i.e. 

oxygen consumption, methane and carbon 

dioxide concentration in the exiled air of he-

buffalo was determined and statistically 

analysed. 

 

Effect of influencing factors on oxygen 

consumption of he-buffalo 

 

Table 1 represents the average oxygen 

consumption recorded during the 

investigation. The variation in oxygen 

consumption of he-buffalo during exercise on 

the animal treadmill under various controlled 

environments and treadmill settings. It can be 

contemplated from Table 1 that the oxygen 

consumption of the test draught he-buffalo at 

17°C and 45% humidity with 0° inclination of 

the animal treadmill at 1.5 km/h speed of 

treadmill, increased with the duration of 

exercise from initial value to 12.21, 32.21 and 

60.71% for 0 (no load), 10 and 12% draught 

respectively after 3 hours of treadmill 

exercise. 

 

It is shown from the Table 1 the buffalo’s rate 

of oxygen consumption increases with 

increase in draught at all combinations of 

temperature, speeds, inclination of treadmill 

and duration of exercise. It was also perceived 

that the requirement of oxygen in higher 

environment temperature &humidity was 

found to be higher as compared to lower 

temperature &humidity. The maximum 

increment in oxygen consumption observed in 

the present study was found to be 432% 

(17°C temperature and 45% humidity, 

5°inclination of treadmill, 2.5 km/h and 12% 

draught. The rise in oxygen consumption 

paralleled the increase in speed, inclination, 

draught, temperature and duration of exercise, 

which was in agreement with Upadhyay and 

Agarwal (1997), who reported the increase of 

39.72% in oxygen consumption with increase 

in temperature, inclination, speed and 

draughts during treadmill exercises in 

bullocks and Das et al., (1999) also reported 

that there was an increase in various gaseous 

parameters with exposure of the cattle to heat. 
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The relation between oxygen consumption, 

duration of exercise at different level of 

draughts with various levels of speed, 

treadmill inclination from the horizontal and 

temperature is depicted by Figures 3 to 4. The 

figures show that there is an increasing trend 

in oxygen consumption from the initial phase 

(0 h) till the end of exercise. Figure 4 presents 

the average relation between various 

parameters and oxygen consumption. 

 

Statistical analysis of oxygen consumption 

 

Table 1 Shows the effect of influencing 

factors at linear and interaction levels. It is 

revealed from the table that the effects on 

oxygen consumption of all influencing factor 

at both linear and interactive were highly 

significant at 1% level of significance 

(p<0.01), as their Fcal was greater than Ftab. 

 

The effect of individual influencing factors 

(temperature, speed, inclination of treadmill, 

draught and duration of exercise) on oxygen 

consumption was computed using sequential 

sum of square and was shown on Table B. It 

can be seen from the table that all the 

influencing factors were highly significantly 

at 1% level of significance (p<0.01). 

 

Effect of influencing factors on methane 

concentration in exiled gas of he-buffalo 

 

The exiled gas samples were collected for two 

levels of temperatures, speeds, inclinations of 

treadmill and three levels of draughts and four 

levels of duration of exercise were analyzed 

with flame ionization detector of gas 

chromatograph. The hourly estimates of 

methane concentration in the exiled gas with 

replications for 3 hour treadmill exercises 

have been showed in table 2 and 3. Table 2 

and 3 shows Methane concentration in the 

exiled gas of he-buffaloes during exercise on 

treadmill under controlled environmental 

conditions. 

 

Table.1 Average oxygen consumption (l/min) of draught buffalo on treadmill exercise under 

controlled condition at 17°C and 45% humidity 

 

Speed, 

km/h 

Inclination, ° 

from 

Horizontal 

Draught, 

% BW 

Duration of exercise, h % increase 

0 1h 2h 3h 

1.5 0 No load 8.90 9.00 9.60 9.99 12.21 

10% 8.42 9.90 10.75 11.13 32.21 

12% 8.70 10.62 12.79 13.98 60.71 

5 No load 8.57 9.57 13.62 18.60 116.99 

10% 8.69 13.67 21.10 25.62 194.83 

12% 8.44 18.78 29.97 40.91 384.72 

 0 No load 8.85 10.06 11.55 12.02 35.76 

2.5 10% 8.46 14.97 16.72 18.69 120.91 

12% 8.97 17.59 21.34 26.96 200.54 

5 No load 9.00 17.02 26.69 32.98 266.47 

10% 8.79 20.99 21.50 36.00 309.57 

12% 8.39 27.66 30.50 44.72 432.96 
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Table.2 Methane concentration (%) in the exiled gas of draught buffalo on treadmill exercise 

under controlled condition at 17°C and 45% humidity 

 

Speed, 

km/h 

Inclination, ° 

from 

Horizontal 

Draught, 

% BW 

Duration of exercise, h % increase 

0 1h 2h 3h 

1.5 0 No load 6.017 6.09 6.85 6.99 16.16 

10% 7.26 8.09 8.96 9.29 27.96 

12% 7.32 7.98 9.79 10.88 48.63 

5 No load 7.35 7.39 7.9 8.06 9.66 

10% 7.29 8.53 10.01 10.51 44.17 

12% 7.66 8.77 10.77 10.98 43.34 

2.5 0 No load 7.72 7.93 9.03 9.87 27.85 

10% 7.19 8.99 10.75 11.58 61.06 

12% 7.66 9.27 11.97 12.41 62.01 

5 No load 7.79 8.53 10.52 10.63 36.46 

10% 7.75 9.87 11.21 11.97 54.45 

12% 7.51 10.75 12.09 12.58 67.51 

 

Table.3 Methane concentration (%) in the exiled gas of draught buffalo on treadmill exercise 

under controlled condition at 37°C and 45% humidity 

 

Speed, 

km/h 

Inclination, ° 

from 

Horizontal 

Draught, 

% BW 

Duration of exercise, h % increase 

0 1h 2h 3h 

1.5 0 No load 8.91 9.23 9.51 9.79 9.88 

10% 9.25 10.36 11.22 11.26 21.73 

12% 9.29 10.94 11.39 11.78 26.80 

5 No load 9.22 10.06 10.27 10.24 11.06 

10% 9.81 11.63 11.78 12.69 29.36 

12% 9.62 11.77 12.28 12.93 34.41 

2.5 0 No load 9.48 10.00 10.76 10.99 15.93 

10% 9.95 11.63 12.63 12.81 28.74 

12% 9.73 12.23 12.72 12.91 32.68 

5 No load 9.26 10.68 11.34 11.69 26.24 

10% 9.87 12.27 12.31 12.38 25.43 

12% 9.82 12.33 12.59 12.72 29.53 
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Table.4 Carbon dioxide concentration (%) in the exiled gas of draught buffalo on treadmill 

exercise under controlled condition at 17°C and 45% humidity 

 

Speed, 

km/h 

Inclination, 

° from 

Horizontal 

Draught, 

% BW 

Duration of exercise, h % Decrease 

0 1h 2h 3h 

1.5 0 No load 93.98 93.41 93.45 93.11 0.93 

10% 92.74 91.91 91.04 90.71 2.19 

12% 92.68 92.02 90.21 89.12 3.84 

5 No load 92.65 92.61 92.1 91.94 0.77 

10% 92.71 91.47 89.99 89.49 3.47 

12% 92.34 91.23 89.23 89.02 3.60 

2.5 0 No load 92.28 92.07 90.97 90.13 2.33 

10% 92.81 91.01 89.25 88.42 4.73 

12% 92.34 90.73 88.03 87.59 5.14 

5 No load 92.21 91.47 89.48 89.37 3.08 

10% 92.25 90.13 88.79 88.03 4.57 

12% 92.49 89.25 87.91 87.42 5.48 

 

Table.5 Carbon dioxide concentration (%) in the exiled gas of draught buffalo on treadmill 

exercise under controlled condition at 37°C and 45% humidity 

 

Speed, 

km/h 

Inclination, 

° from 

Horizontal 

Draught, 

% BW 

Duration of exercise, h % Decrease 

0 1h 2h 3h 

1.5 0 No load 91.09 90.77 90.49 90.21 0.97 

10% 90.75 89.64 88.78 88.74 2.21 

12% 90.71 89.06 88.61 88.22 2.75 

5 No load 90.78 89.94 89.73 89.76 1.12 

10% 90.19 88.37 88.22 87.31 3.19 

12% 90.38 88.23 87.72 87.07 3.66 

2.5 0 No load 90.52 90.00 89.24 89.01 1.67 

10% 90.05 88.37 87.37 87.19 3.18 

12% 90.27 87.77 87.28 87.09 3.52 

5 No load 90.74 89.32 88.66 88.31 2.68 

10% 90.13 87.73 87.69 87.62 2.78 

12% 90.18 87.67 87.41 87.28 3.22 

 

Table.A ANOVA for oxygen consumption 

 

Source DF SS MS F cal 

Model 15 20824 1388.26 48.85*** 

Linear 5 14700.18 2940 103.46*** 

Interactive 10 3440.02 344 12.10*** 

Error 80 2273.3 28.41  

Total 95 23097.3   
***, **,* Significant at 1, 5 and 10 % level of significance respectively 

Ftab(15,80) =2.27; Ftab(5,80) =3.25; Ftab(10,80) =2.55 (1%) 

Ftab(15,80) =1.79; Ftab(5,80) =2.32; Ftab(10,80) =1.95 (5%) 

Ftab(15,80) =1.57; Ftab(5,80) =1.92; Ftab(10,80) =1.679(10%) 
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Table.B Total effect of individual parameters on oxygen consumption 

 

Source DF SS MSS Fcal 

Model 15 20824 1388.26 48.85*** 

Temperature (A) 5 5169.05 1033.81 36.38*** 

Speed (B) 5 917.39 183.47 6.45*** 

Inclination (C) 5 1925.24 385.05 13.55*** 

Draught (D) 5 3331.12 666.22 23.44*** 

Duration of exercise (E) 5 10237.42 2047.48 72.05*** 

ERROR 80 2273.3 28.41  

TOTAL 95 23097.3   

***, ** and * Significant at 1, 5 and 10% level of significance respectively 

Ftab(15,80) =2.27; Ftab(5,80) =3.25 (1%);  

Ftab(15,80) =1.79 ; Ftab(5,80) =2.32 (5%) ;  

Ftab(15,80) =1.57; Ftab(5,80) =1.92 (10%) 

 

Table.C ANOVA for methane concentration in exiled gas 

 

SOURCE DF SS MS F-VALUE 

Model 15 295.33 19.68 82.70*** 

Linear 5 252.45 50.49 212.08*** 

Interactive 10 22.30 2.23 9.367*** 

Residual error 80 19.045 0.24  

Total 95 314.37   

***, **,* Significant at 1, 5 and 10 % level of significance respectively 

Ftab(15,80) =2.27;Ftab(5,80) =3.25 ; Ftab(10,80) =6.719 (1%) 

Ftab(15,80) =1.79; Ftab(5,80) =2.32; Ftab(10,80) =1.92 (5%) 

Ftab(15,80) =2.55 ; Ftab(5,80) =1.95; Ftab(10,80) =1.67 (10%) 

 

Table.D Total effect of individual parameters on methane concentration in exiled gas 

 

Source DF SS MSS Fcal 

Model 15 295.33 19.68 82.70*** 

Temperature (A) 5 94.25 18.85 79.18*** 

Speed (B) 5 39.69 7.93 33.34*** 

Inclination (C) 5 9.83 1.96 8.26*** 

Draught (D) 5 57.87 11.57 48.62*** 

Duration of exercise (E) 5 95.36 19.07 80.13*** 

Error 80 19.04 0.23  

Total 95 314.37   

***, ** and * Significant at 1, 5 and 10% level of significance respectively 

Ftab(15,80) =2.27; Ftab(5,80) =3.25 (1%);  

Ftab(15,80) =1.79 ; Ftab(5,80) =2.32 (5%);  

Ftab(15,80) =1.57; Ftab(5,80) =1.92 (10%) 
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Table.E ANOVA for carbon dioxide concentration in the exiled gas 

 

SOURCE DF SS MS F-VALUE 

Model 15 294.72 19.64 75.18*** 

Linear 5 250.92 50.18 192.03*** 

Interactive 10 23.56 2.35 9.01*** 

Residual error 80 20.91 0.26  

Total 95 315.63   

***, **,* Significant at 1, 5 and 10 % level of significance respectively 

Ftab(15,80) =2.27;Ftab(5,80) =3.25 ; Ftab(10,80) =6.719 (1%) 

Ftab(15,80) =1.79; Ftab(5,80) =2.32; Ftab(10,80) =1.92 (5%) 

Ftab(15,80) =2.55 ; Ftab(5,80) =1.95; Ftab(10,80) =1.67 (10%) 

 

Table.F Total effect of individual parameters on carbon dioxide concentration in the exiled gas 

 

Source DF SS MSS Fcal 

Model 15 294.72 19.64 75.18*** 

Temperature (A) 5 96.46 19.29 73.82*** 

Speed (B) 5 41.23 8.24 31.55*** 

Inclination (C) 5 9.35 1.87 7.16*** 

Draught (D) 5 56.92 11.38 43.56*** 

Duration of exercise (E) 5 94.06 18.81 71.98*** 

Error 80 20.90 0.26  

Total 95 315.63   

***, ** and * Significant at 1, 5 and 10% level of significance respectively 

Ftab(15,80) =2.27; Ftab(5,80) =3.25 (1%);  

Ftab(15,80) =1.79 ; Ftab(5,80) =2.32 (5%);  

Ftab(15,80) =1.57; Ftab(5,80) =1.92 (10%) 

 

Experimental variables 

 

Independent variables 

Draught equivalent to % body 

weight of the he-buffalo at 

No load (0 % of body weight), 10 % of body weight (60kgf) 

& 12% of body weight (72kgf). 

Speed a) 1.5 km/h,  b) 2.5 km/h 

Inclination of treadmill a) 0° from the horizontal, b) 5° from the horizontal 

Temperature, °C a) 17°C and 45% humidity, b) 37°C and 45% humidity 

Duration of exercise a)0h,b)1h, c)2h,d)3h, 

Dependent variables 

Methane production (%), Carbon dioxide production (%), Oxygen consumption (l/min.) 

Fixed variables 

Green fodder (barseem), Wheat bhusa ad lib. 
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Fig.1 View of buffallo excersise in environment controlled chamber 

 

 
 

Fig.2 Three way air valve and Pant adjustable collar harness  
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Fig.3 Relationship between oxygen consumption and different levels of draught at 17°C and 45% humidity and 1.5 km/h speed of 

treadmill with 0° and 5
o 
inclination from horizontal. 

 

 
 

Fig.4 Relationship between oxygen consumption and different levels of draught at 17°C and 45% humidity and 2.5 km/h speed of 

treadmill with 0° and 5
o
 inclination from horizontal 
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Fig.5 Variation in the average methane emission of he-buffalo during exercise in various levels 

of independent parameters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 Variation in the average carbon dioxide concentration in exiled gas from he-buffalo during 

exercise in various levels of independent parameters 

 

 
 

The methane emission was found to be 

increased from its initial value to 15.93, 28.74 

and 32.68% after 3 h of exercise for 0 (no 

load), 10 and 12% draught, respectively at 

speed of 2.5 km/h and 0° inclination of 

treadmill and 37°C temperature and 45% 

humidity. The methane emission from buffalo 

while exercising on treadmill with 5° 

inclination at 37°C temperature and 45% 

humidity with speed of 2.5 km/h were 

observed to be increased from its initial value 

to 26.24, 25.43 and 29.53% for no load 

condition, 10 and 12% draught, respectively 

at the end of 3h of exercise. The maximum 

percentage of methane in the exiled gas in the 

present study was 12.72% which was slightly 
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higher than that of dairy cattle which was 

11% according to Leng et al., (2012) (Figs. 4 

and 5). 

 

Effect of influencing factors on 

concentration of carbon dioxide in exiled 

gas of he-buffalo 

 

The collected exiled gas were analyzed for 

temperatures, speeds, inclinations of 

treadmill, draughts, duration of exercise with 

flame ionization detector of gas 

chromatograph. The hourly estimates of 

carbon dioxide concentration in the exiled gas 

with replications for 3 hour treadmill 

exercises have been shown in table 4 and 5. 

 

Statistical analysis of methane 

concentration in exiled gas 

 

Analysis of variance for effect of treatment 

variables as linear term and interactive term 

on methane emission is shown in Table C. F- 

value (82.7) indicated that the linear terms of 

independent variables significantly affected 

methane concentration (p<0.01) at 1% level 

of significance. The interactive terms also 

affected the methane emissions at 10% level 

of significance (p<0.10). 

 

F-value for individual independent variable is 

reported in Table D. It was found that the 

effect of temperature, speed, inclination, 

draught and duration of exercise was highly 

significant at 1% level of significance 

(p<0.0001). 

 

Statistical analysis of carbon dioxide in 

exiled gas 

 

Analysis of variance for effect influencing 

variables as linear terms and interactive terms 

on carbon dioxide emission is shown in Table 

E. F- value (75.18) indicated that the linear 

terms of independent variables significantly 

affected carbon dioxide concentration 

(p<0.01) at 1% level of significance. The 

interactive terms also affected the carbon 

dioxide emissions at 10% level of 

significance (p<0.10). 

 

Table F shows the F-value for individual 

independent variables. It was found that the 

effect of temperature, speed, inclination, 

draught and duration of exercise was highly 

significant at 1% level of significance 

(p<0.0001). 

 

One of the most utilized, easily available and 

efficient source of renewable energy is 

draught animal power. The viability and 

technological economic feasibility is well 

within the reach of small and marginal 

farmers. Livestock plays a key role in food 

production for the millennia. Livestock 

production also contributes to climate change, 

when the greenhouse gases like methane, 

nitrous oxide and carbon dioxide are 

produced and released into the atmosphere. 

Although, livestock are important in 

agriculture, food production and economic 

development, the emissions of methane and 

carbon dioxide to total greenhouse gas 

emissions is significant.  

 

On the basis of experiment, it is concluded 

that the oxygen consumption and methane 

concentration present in the exiled gas 

showed increasing trend with increase in 

duration of exercise, speed of treadmill, 

inclination of treadmill with horizontal and 

environment temperature. Whereas, the 

concentration of carbon dioxide present in the 

exiled gas showed decreasing trend with 

increase in duration of exercise, speed of 

treadmill, inclination of treadmill with 

horizontal and environment temperature 
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