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ABSTRACT 

Effect of total digestible nutrients (TDN) and feeding level on methane emission factor was 
discussed. Methane which is a trace gas that formed from feed fermentation process in the rumen 
and is influenced by many factors such as feed quality and feed intake levels. Forty four individual 
data of methane emission and feed intake level and TDN of rams were used in this study. The TDN 
was determined by total collection method, and was separated into low (TDN less than 55%) and 
high (TDN higher than 55%), while the feeding level was calculated as the percentage of dry 
matter intake (DMI) to the body weight and was grouped into low (DMI less than 4%body weight; 
BW) and high (DMI higher than 4%BW). Methane production was measured by Facemask 
method. The result showed that level of TDN did not affect (P>0.05) methane production per unit 
dry matter intake (DMI) with an average of30.92 g/kgDMI, but significantly affected (P<0.05) 
methane production per unit TDN (low TDN = 0.06 vs. high TDN = 0.04 gCH4/gTDN; P = 0.019) 
and total methane production (low TDN = 28.82 vs. high TDN = 27.04 g/d; P = 0.043). In the other 
hand, the high feeding level significantly affected (P<0.01) methane production per unit DMI (low 
feeding level = 32.89 vs. high feeding level: 26.96 g/kg; P = 0.001) and methane production per 
unit average daily gain (ADG) (low feeding level = 0.98 vs. high feeding level = 0.35 g; P = 0.007), 
but did not affect (P>0.05) total methane production (average 27.37 g/d). It can be concluded that 
methane emission factor for rams must be calculated based on their TDN and DMI levels. 

Key Words: Methane emission factor, total digestible nutrient, dry matter intake 

INTRODUCTION 

Methane is one of the greenhouse gases as well as N2O, CO2 and CFC (Gerber et al. 
2013; Young 2002). The largest sector contributing to methane emission in the atmosphere 
is livestock (89%) (Steinfeld et al. 2006; Shibata 1994). Methane has a destructive power 

greater than the other greenhouse gases due to its long life in the atmosphere for 9-15 years 
and takes more than four years to repair the damage. (McCourt 2006; Jiao et al. 2014). The 

increasing concentration of methane will cause changes in the atmosphere and affect on 
the climate (Wang et al. 1994). IPCC has demonstrated that global temperature has risen 
by 0.85°C and warming is predicted will continuously increase to 0.3-0.7°C in 2016 to 

2035 (IPCC 2014). The surface temperature of the earth that continuously rising will 
threaten the survival of living beings (Gerber et al. 2013; Moss 2000; Liang 2011; 

Andersson 2005). Therefore, the factors that cause methane emissions need to be studied. 
In livestock, methane is a trace gas that formed from feed fermentation process in the 

rumen (ZhongRong-Zhen et al. 2016). The rumen fermentation of ruminants is influenced 

by many factors such as feed quality and diet intake levels (Beauchemin & McGinn 2006; 
Hammond et al. 2013). Generally, feed quality is reflected by TDN value of feeding. 

Increase in feed intake as well as nutrient intake may affect on rumen environmental and 
nutrient digestibility, and therefore methane emissions (Gregorini et al. 2010; Dijkstra et 
al. 2011; Gerber et al. 2013). 
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Since, methane emission in atmosphere is globally causing negative impacts, thus 
further action is needed to mitigate methane emission. The first step to mitigate methane 

emission is by building the bench mark of methane emission, which is required methane 
emission factor. In this stage, based on the reasons above the methane emission factors 

based on total digestible nutrient (TDN) and feeding level was studied. Data in this paper 
is expected to support and could be used as national inventory data on methane emission 
factors. 

MATERIAL AND METHODS 

Data characteristics used in this study 

This study was used methane emission, total digestible nutrients (TDN) and dry 
matter intake obtained from 44 individual rams raised at various feeding treatments. The 
rams were mature aged 1-2 years old with bodyweight (BW) ranged at 15-25 kg. The feed 

given to rams were formulated to fulfill the nutrients requirements for maintenance and for 
production (daily gain).The data of methane emission factors were then grouped by TDN 

level (low = less than 55%; high = higher than 55%) and dry matter intake (DMI) level 
(low = less than 4% BW and high = higher than 4% BW). 

Table 1. Nutritional content of the experimental diet 

Variables Low TDN (<55%) High TDN (>55%) 

Crude protein (CP) (%) 8.65-14.25 8.65-16.15 

Crude fiber (CF) (%) 16.75-31.16 16.75-31.16 

TDN (%) 39.19-54.55 55.01-72.48 

N (%) 17 27 

 Low DMI (<4%) High DMI (>4%) 

DMI (%) 2.4-3.9 4.0-5.4 

N (%) 29 15 

Methane emission was measured using facemask method for two days (2×24 h) using 

a mask which is connected to a methane analyzer (Horiba Ltd. Japan) and air flow meter. 
Methane emissions were recorded automatically by IBM PC for 10 minute at 3 hours 

intervals. The results obtained are converted into energy units (1 liter CH4 = 9.45 kcal). 
The data were analyzed with t-test using SPSS program. 

Feed intake and TDN measurement 

Feed intake was determined by subtracting the residual feed to the feed given. TDN 
was determined as described by Hartadi et al. (1997) by sum up digestible protein, 

digestible extract ether, digestible crude fiber and digestible nitrogen free extract (NFE). 
The feed digestibility was determined by total collection method, which was conducted in 
the 7th week of experiment. Feces collected were sprayed with 20% H2SO4, placed into the 

plastic bag and stored in 16°C cooled room. Feces from 7 days collection was blended 
homogenized and sampled for 20 g. The samples feces were then analyzed to determine 

the chemical composition. 
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RESULTS AND DISCUSSION 

Data distribution of the nutritional content used in this study is presented in Table 1. 

Nutritional content of each treatment in this study was grouped into two TDN levels, i.e. 
less than 55% and higher than 55%, but CP and CF were in similar range. The feed 

utilization by rams was reflected on the TDN value which is sum of digestible nutrients of 
protein, fiber and extract ether (×2.25) in the diet. TDN is a representation of the number 
of potential substrate that possible to form methane gases. 

The methane emission in rams at two levels of TDN is presented in Table 2. This table 
shows that the amount of TDN contributed to methane emission. The differences were 

found in total methane production (g/d) and methane per unit TDN (g/g) which total 
methane production and methane per unit TDN in low TDN were higher (P<0.05) than in 
high TDN.  

Table 2. Methane emission in rams consuming various TDN level on diets 

Variables Low TDN (<55%) High TDN (>55%) P 

CH4 (g/d) 28.82±12.66 27.04±9.03 0.043 

CH4 (g/kg DMI) 31.17±8.58 30.68±8.45 0.628 

CH4 (g/g TDN) 0.06±0.02 0.04±0.01 0.019 

TDN represents the feed that utilized energetically by animal because TDN was 

measured by sum of nutrients digested by animal. The nutrients absorbed by intestine 
(Wang et al. 1994; McCarthy et al. 1989) is 80% digested by rumen. When the feed 
digestibility was high, it means the feed digestion occurs in the rumen is progressing 

well.The good digestion occurs in the rumen will result in increasing ruminal outflow rate 
(Liu et al. 2005; Gabel et al. 2003), or in another words the existence of feed in the rumen 

is relatively short. The brief existence of feed in the rumen will affect the fermentation 
process to become shorter time (Chaokaur et al. 2015; Gabel et al. 2003).This condition 
led methane production and methane per unit TDN on low TDN level was higher than high 

TDN level. The feed containing high TDN has high digestibility and short feed existence 
in the rumen. 

However, the methane production per unit DMI was not different between the low and 
high TDN, being averaged 30.93 g/kg. This was caused by the fact that only a part of the 
feed consumed can be ingested by livestock. On the other hand, methane is a byproduct of 

the digestion process of feed in the rumen (Kumar et al. 2013). 

Table 3. Methane emissionin rams consuming various feeding level 

Variables 
Low DMI 
(<4%BW) 

High DMI 
(>4%BW) 

P 

CH4 (g/d) 28.51±10.33 26.23±10.96 0.345 

CH4 (g/kg DMI) 32.89±9.41 26.96±3.85 0.001 

CH4 (g/g ADG)  0.98±1.01 0.35±0.10 0.007 

The data showed an effect of feed intake level (%BW) on total methane production, 
methane production per unit DMI and methane production per ADG; those are presented 

in Table 3. The data showed that the level of feeding (DMI) did not affect total methane 
production (g/d).Increasing DMI level (%BW) will increase ruminal outflow rate (Burn et 

al. 2005; Liu et al. 2005). As discussed above, the increasing feed intake will increase the 
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movement of ingesta out of the rumen. Thus, the ruminal outflow rate becomes faster and 
less feed fermented in the rumen. This may explain an increasing DMI level in the 

percentage of BW did not affect methane production. 
The differences were found in methane production per DMI and methane production 

per ADG. Increase in DMI level in percentage of BW did not lead to the increased 
methane production. Methane production per DMI was higher on low DMI level than high 
DMI level. The observed differences in methane production per DMI were attributed to 

methane production and DMI (Chaokaur et al. 2015). Therefore, higher DMI for ram 
might lead to lower methane production per unit DMI. The similar result was found in 

methane production per ADG. Methane production per ADG at low DMI level was 
significantly higher than on high DMI level. This was due to rams that have high DMI 
level have more nutrient to increase their body weight gain (Riaz et al. 2014). 

CONCLUSION 

This study showed that higher TDN and DMI for rams led lower methane production 

per unit TDN, methane production per DMI and methane production per ADG. However, 
methane production was not affected by increasing DMI, but affected by increasing TDN. 
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