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The aim of this experiment was to determine CH4 production and energy partition for a range of
diets fed toBos indicuscattle. Six Brahman cattle were fed on three different diets in a replicated
Latin square experiment over three periods. The diets were (1) long-chopped Angleton grass
(Dicanthium aristatum) hayad libitum(DM digestibility (DMD) 41 (SE 2) %; 4 g N/kg), (2) long-
chopped Rhodes grass (Chloris gayana) hayad libitum(DMD 60 (SE 1) %; 14 g N/kg) or (3) 2 kg
long-chopped lucerne (Medicago sativa) hay/d plus a high-grain diet (ad libitum) (DMD 70 (SE

1) %; 31 g N/kg). CH4 production was measured using confinement-type respiration chambers.
Metabolizable energy intake (MJ/d) of cattle fed on Angleton grass (18⋅4 (SE 2⋅0)) was lower (P
, 0⋅01) than that for Rhodes grass (54⋅9 (SE 2⋅1)), which was lower (P, 0⋅01) than that for the
high-grain diet (76⋅7 (SE 5⋅8)). CH4 production (g/d) for cattle fed on Rhodes grass (257 (SE 14))
was higher (P, 0⋅01) than that for cattle fed on both the high-grain diet (160 (SE 24)) and
Angleton grass (113 (SE 16)). CH4 conversion rate (MJ CH4 produced per 100 MJ gross energy
intake) was not significantly different between cattle fed on Angleton (10⋅4 (SE 1⋅1)) and Rhodes
(11⋅4 (SE 0⋅3)) grass, but was higher (P, 0⋅01) than for cattle fed on the high-grain diet (6⋅7 (SE

0⋅7)). CH4 production (g/kg live-weight gain) was associated (P, 0⋅001) with both live-weight
gain and feed : gain ratio. We conclude that the relationships between CH4 production, energy
utilization and live-weight change of cattle fed on tropical forages differ from those of cattle fed
on diets based on temperate forages.

Ruminant: Methane production: Tropical forage diet

CH4 is produced by micro-organisms in the rumen of
ruminant livestock (cattle, buffalo, sheep, goats) during
anaerobic fermentation of the soluble and structural carbo-
hydrates contained in forage-based diets. CH4 is considered
a ‘greenhouse gas’ and emissions of the global cattle
population of 1⋅3 billion are estimated to be 58 million
tonnes/year, or 73 % of the emissions from all livestock
species (US Environmental Protection Agency, 1994). Esti-
mates of CH4 production by cattle used in both international
publications (Crutzenet al. 1986; US Environmental Pro-
tection Agency, 1994; Intergovernmental Panel on Climate
Change, 1990) and the Australian greenhouse gas inventory
(National Greenhouse Gas Inventory Committee, 1996) for
live-stock are based on data collected from British breeds of
cattle (Bos taurus) and sheep fed on temperate forage-based
diets (Blaxter & Clapperton, 1965), and Holstein cows fed
on concentrate diets (Moe & Tyrrell, 1979). The inventory
of CH4 emissions from cattle in Japan is based on data from
B. taurus(Japanese Black and Holstein) cattle, sheep and
goats fed on diets based on temperate forages and cereal
grains (Shibataet al. 1993). CH4 production by cattle

typically accounts for 5⋅5–6⋅5 % of gross energy (GE)
intake (Johnson & Ward, 1996), however values of 2–
12 % (Czerkawski, 1969) have been reported on some diets.

At least 50 % of the global cattle population is located in
developing countries, many of which are in tropical regions of
the world (US Environmental Protection Agency, 1994).
Reviews of the literature by the US Environmental Protection
Agency (1994) and National Greenhouse Gas Inventory Com-
mittee (1996) have drawn attention to the lack of data
describing CH4 production and energy utilization of tropical
breeds of cattle fed on tropical forage diets. Therefore, the
objective of the present experiment was to determine CH4

production and energy partition for a range of diets that
represent those fed to cattle (B. indicus) in the tropical regions
of the world.

Materials and methods

Animals and their management

Six Brahman (B. indicus) heifers, aged 3⋅5 years and
initially weighing 300–350 kg, were housed in individual
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pens in a roofed animal house. Before the experiment began
heifers underwent a training programme which involved
restraining them with halters and yokes, and housing them
in respiration chambers and metabolism cages. This training
programme ensured that the heifers maintained uniform
patterns of feed intake during the subsequent experimental
measurements. After this training period the animals were
weighed and allocated to three pairs which were used in a
replicated Latin square experiment conducted over three
periods. During each period two heifers were fed on each of
three different diets; the diets were selected to represent
some of those fed to cattle in tropical regions of the world
including northern Australia. The experimental diets were
(1) mature Angleton grass (Dicanthium aristatum) hay
provided ad libitum, (2) immature Rhodes grass (Chloris
gayana) hay providedad libitum and (3) 2 kg lucerne
(Medicago sativa) hay/d plus a high-grain diet provided
ad libitum. All hay diets were long-chopped before being
offered to cattle. The high-grain diet was a commercially
prepared diet based on sorghum (570 g/kg), barley
(100 g/kg) and wheat (100 g/kg). Table 1 presents the
chemical composition of the diets used in this experiment.
Feed was offered daily at 08.00 hours, andad libitum intake
was ensured by providing sufficient feed such that 0⋅5–
1⋅5 kg of the feed remained uneaten 24 h later. Fresh drink-
ing water was available at all times. Live weight was
measured immediately before feeding, at weekly intervals
throughout the experiment.

Each period of the experiment was 42 d in duration.
Initially, heifers were fed on the allocated diet for 28 d
before measurements of CH4 production and energy parti-
tion. During days 22–28, pattern of feed intake was mea-
sured by manual weighing at 12.00 and 16.00 hours on 2 d in
pens and 1 d in the respiration chambers in order to confirm
that intake pattern of cattle in the respiration chambers was
similar to intake pattern in the pens. On days 29, 31 and 33
CH4 production, O2 consumption and CO2 production were
measured, as described later, over a 24 h period using two
confinement-type respiration chambers (two cattle/d). These
respiration chamber measurements were randomized for
experimental diet. On day 35 all heifers were transferred
to metabolic cages for 8 d. Faeces and urine output were
measured over 7 d (i.e. days 36–42). Faeces were collected
in bins placed at the rear of the metabolic cage. Urine was

collected into acid (HCl), in order to maintain urine pH
between 3 and 4 units, using vinyl bags fixed over the
heifer’s vulva (Magneret al. 1988).

Respiration chamber

Two confinement-type respiration chambers, similar to
those described by Turner & Thornton (1966), were used
to measure CH4 production, O2 consumption and CO2
production over a 24 h period. During the measurement
period the respiration chambers were maintained at 278 and
40 % relative humidity, which is the thermoneutral zone for
cattle adapted to a tropical environment. On the day of
measurement thirty-two to thirty-six individual measure-
ment runs were conducted, each 24–36 min in duration.
Each measurement run was followed by a period of time
(6–12 min) sufficient to ensure that concentrations of O2,
CO2 and CH4 in the chamber had returned to basal con-
centrations. During each measurement run, air was con-
tinuously sampled from the chamber and analysed for
concentrations of CH4 (Beckman, Model no. 875; Beckman
Instruments Inc., Fullerton, CA, USA) and CO2 (Beckman,
Model no. 864) using infrared analysers, and for O2 with a
paramagnetic analyser (Beckman, Model no. 755). Gas
analysers were calibrated against certified gases (CIG,
Chatswood, NSW, Australia) with known gas concentra-
tions at the beginning of each measurement day. The rates of
gas exchange (ml/min) at standard temperature (08) and
pressure (760 mmHg) were calculated from the change in
individual gas volumes in the chamber over time.

Feed digestibility

Heifers were housed in metabolic cages to enable
simultaneous measurements of feed intake, and faecal and
urinary output over 7 d. Each day a sub-sample of the feed
offered was collected; these were combined and stored
under ambient conditions for later analysis. Daily
refusals of feed, and output of faeces and urine were also
measured and sub-samples (100 g/kg) collected. Feed
refusals were dried in an oven at 508 for 48–72 h. Faecal
and urine samples were stored at−58, and at the com-
pletion of the collection period a sub-sample was freeze-
dried for analysis.
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Table 1. Chemical composition of diets

High grain

Angleton grass Rhodes grass Lucerne Grain component

Dry matter (g/kg) 899 877 891 878
Organic matter (g/kg DM) 879 894 881 924
Acid-detergent fibre (g/kg DM) 458 353 277 59
Neutral-detergent fibre (g/kg DM) 753 718 408 122
Cellulose (g/kg DM) 394 314 221 44
Hemicellulose (g/kg DM) 296 366 131 63
Lignin (g/kg DM) 64 38 56 14
Non-fibre carbohydrate (g/kg DM) 92 66 185 614
Crude protein (g/kg DM) 24 89 269 171
Ether extract (g/kg DM) 10 21 19 19
Gross energy (MJ/kg DM) 16⋅67 17⋅47 18⋅55 17⋅45
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Chemical analysis

Feed, feed refusals and faecal samples were ground through
a 1 mm screen in preparation for chemical analysis. Urine
was freeze-dried and manually crushed for subsequent
chemical analysis. Heat of combustion was determined
using an adiabatic bomb calorimeter, total N content after
Kjeldahl digestion using the method of Williams & Twine
(1967), and DM content by drying in an oven at 1008 for
48 h. Chemical determinations of organic matter, ash, acid-
detergent fibre (ADF), lignin and ether extract were con-
ducted on feed, feed refusals and faeces using standard
methods reviewed by Faichney & White (1983). Neutral-
detergent fibre (NDF) was analysed using the procedures
of Van Soestet al. (1991). From these values, crude protein
(N ×6⋅25), hemicellulose (NDF minus ADF), cellulose
(ADF minus lignin) and non-fibre carbohydrate (organic
matter− (NDF+crude protein+ether extract)) contents of
feed, feed refusals and faeces were calculated.

Energy balance

The energy values of samples of feed, feed refusals and
excreta collected from the 7 d digestibility measurement
were used to calculate energy balance. GE intake was
determined using the values for heat of combustion of feed
and feed refusal. Digestible energy intake was calculated as the
difference between GE intake and faecal energy output.
Metabolizable energy (ME) intake was determined as the
difference between digestible energy intake, and urinary and
CH4 energy output. CH4 gas volume was converted to energy
and mass values using the conversion factors 39⋅54 kJ/l and
0⋅716 g/l respectively (Brouwer, 1965). Heat production (kJ/d)
was calculated using the equation: 16⋅18 O2 (litres/d)+5⋅02
CO2 (litres/d)−2⋅17 CH4 (litres/d)−5⋅99 N (g/d) (Brouwer,
1965). Energy retention (MJ/d) was calculated using the
equation: ME− heat production.

Calculations and statistical analysis

Live-weight change was calculated by linear regression ana-
lysis of measurements of live weight made from 2 weeks
after the beginning of each experimental period, thus
avoiding any effect of gut fill during adaptation to
each new diet. Average hourly rates of CH4 production
were determined by calculating the mean rate of CH4

production for all available measurements during each
successive hour. Data were analysed by ANOVA with
dietary treatment and period as factors (Statistical Analysis
Systems, version 6.12; SAS Institute Inc., Cary, NC, USA).
The significance of the difference between individual group
means was determined using a Tukey’s studentized range
test. Data are presented as means and pooled standard errors
of the mean.

Results

Diet composition and digestibility

Of the three experimental diets, Angleton grass had the
lowest crude protein content and the highest ADF, NDF and
cellulose contents (Table 1). The high-grain diet had the
highest crude protein content and lowest ADF, NDF,
cellulose and hemicellulose contents. The chemical com-
position of the Rhodes grass was intermediate between
Angleton grass and the high-grain diet. The apparent digest-
ibilities of DM, organic matter, and GE were lowest for the
Angleton grass and highest for the high-grain diet, whereas
the apparent digestibilities of ADF, NDF, cellulose and
hemicellulose were highest for the Rhodes grass (Table 2).

DM intake and live-weight change

Voluntary DM and organic matter intakes (kg/d) for cattle
fed on Rhodes grass and the high-grain diet were higher
(P, 0⋅001) than for cattle fed on Angleton grass (Table 3).
DM intakes (kg/d) of cattle on the day of measurement in
respiration chambers (Rhodes, 6⋅7 (SE 0⋅3); Angleton, 3⋅6
(SE 0⋅4); high grain, 7⋅9 (SE 0⋅6)) were not significantly
different to DM intakes during the 7 d collection period
when cattle were housed in metabolic cages (Rhodes, 7⋅1
(SE 0⋅3); Angleton, 3⋅6 (SE 0⋅3); high grain, 7⋅3 (SE 0⋅6)).
Rate of live-weight gain (kg/d) for cattle fed on the high-
grain diet was higher (P, 0⋅01) than for cattle fed on Rhodes
grass, whereas cattle fed on Angleton grass experienced
live-weight loss (Table 3).

Energy partition

GE intake and digestible energy intake of cattle fed on
Angleton grass were lower (P, 0⋅001) than for cattle fed on
Rhodes grass and the high-grain diet (Table 3). ME intake
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Table 2. Apparent digestibility of diets*

(Mean values with their pooled standard errors)

Angleton grass Rhodes grass High grain Statistical significance of
(n 6) (n 6) (n 6) Pooled SE difference between means

Dry matter 0⋅413a 0⋅603b 0⋅697c 0⋅016 P , 0⋅01
Organic matter 0⋅467a 0⋅626b 0⋅731c 0⋅018 P , 0⋅01
Acid-detergent fibre 0⋅546a 0⋅658b 0⋅454c 0⋅020 P , 0⋅05
Neutral-detergent fibre 0⋅547a 0⋅688b 0⋅532a 0⋅024 P , 0⋅01
Cellulose 0⋅615a 0⋅735b 0⋅590a 0⋅021 P , 0⋅01
Hemicellulose 0⋅547a 0⋅715b 0⋅643ab 0⋅035 P , 0⋅05
Gross energy 0⋅442a 0⋅594b 0⋅699c 0⋅016 P , 0⋅01

a,b,c Mean values within a row not sharing a common superscript letter were significantly different, P , 0⋅05.
* For details of diets, see Table 1.
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of cattle fed on Angleton grass was lower (P, 0⋅01) than for
cattle fed on Rhodes grass, and both were lower (P, 0⋅01)
than for cattle fed on the high-grain diet. Faecal energy loss
(MJ/100 MJ GE intake) was highest (P, 0⋅01) for cattle fed
on Angleton grass and lowest (P, 0⋅01) for cattle fed on the
high-grain diet, whereas there was no significant difference
in urinary energy loss between the three different diets. CH4

energy loss (methane conversion rate (MCR); MJ/100 MJ
GE intake) was not significantly different between cattle
fed on Angleton grass and Rhodes grass, but it was higher
(P, 0⋅01) than for cattle fed on the high-grain diet. Heat
production was not significantly affected by dietary treat-
ment, although heat production of cattle fed on Angleton
grass tended (P=0⋅06) to be higher than that of cattle fed on
Rhodes grass and the high-grain diet. Cattle fed on Angleton
grass had negative energy retention, which was lower (P,
0⋅01) than for cattle fed on Rhodes grass or the high-grain
diet. The metabolizability (ME/GE) of the high-grain diet
was higher (P, 0⋅001) than for Rhodes grass, and both were
higher (P, 0⋅001) than for Angleton grass.

Methane production

Daily CH4 production (g/d) for cattle fed on Rhodes grass
was higher (P, 0⋅01) than for cattle fed on both Angleton
grass and the high-grain diet (Table 4). CH4 production

(g/kg digestible organic matter intake) for cattle fed on
Angleton grass (75⋅4 (SE 4⋅0)) was higher (P, 0⋅05) than for
cattle fed on the Rhodes grass (64⋅6 (SE 1⋅7)), and both were
higher (P, 0⋅05) than for the high-grain diet (32⋅1 (SE 3⋅4)).
CH4 production (g/kg live-weight gain) for cattle fed on
Rhodes grass was 3⋅9-fold higher (P, 0⋅05) than for cattle
fed on the high-grain diet. For cattle in positive live-weight
gain (i.e. Rhodes grass and high-grain diet), there was a
curvilinear association between CH4 production (g/kg live-
weight gain) and live-weight gain (r 0⋅96,P, 0⋅001), and a
linear association between CH4 production (g/kg live-
weight gain) and feed : gain ratio (r 0⋅96, P, 0⋅001) (Fig. 1).
For the tropical forage diets (i.e. Angleton grass and Rhodes
grass) CH4 production (g/d) was linearly related to DM intake
(r 0⋅99, P, 0⋅001) (Fig. 2). For cattle fed on the high-grain
diet, the relationship between DM intake (kg/d) and CH4

production (g/d) was not statistically significant (P=0⋅09).

Discussion

This paper reports data describing CH4 production from,
and energy utilization of, a range of diets fed to cattle (i.e.
Brahman) in tropical regions of the world. The diets that
were used included (1) a mature tropical forage with a low
digestibility and low N content (i.e. Angleton grass), (2) an
immature tropical forage with a medium digestibility and N
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Table 3. Live weight, feed intake and energy partition of cattle fed on Angleton grass, Rhodes grass or a high-grain diet

(Mean values with their pooled standard errors)

Angleton grass Rhodes grass High grain Statistical significance of
(n 6) (n 6) (n 6) Pooled SE difference between means

Live weight (kg) 353 364 380 8 NS
Change in live weight (kg/d) −0⋅88a 0⋅57b 1⋅30c 0⋅16 P , 0⋅05
Feed intake

Dry matter (kg/d) 3⋅58a 7⋅07b 7⋅31b 0⋅40 P , 0⋅001
Organic matter (kg/d) 3⋅1a 6⋅3b 6⋅7b 0⋅4 P , 0⋅001
Acid-detergent fibre (kg/d) 1⋅6a 2⋅5b 0⋅8c 0⋅1 P , 0⋅001
Neutral-detergent fibre (kg/d) 2⋅7a 5⋅1b 1⋅4c 0⋅2 P , 0⋅001
Gross energy (GE) (MJ/d) 59⋅4a 123⋅9b 129⋅8b 7⋅1 P , 0⋅001
Digestible energy (MJ/d) 26⋅4a 73⋅5b 90⋅6b 4⋅7 P , 0⋅001
Metabolizable energy (ME) (MJ/d) 18⋅4a 54⋅9b 76⋅7c 3⋅9 P , 0⋅01

Energy loss as:
faeces (MJ/100 MJ GE intake) 55⋅8a 40⋅6b 30⋅1c 1⋅6 P , 0⋅01
urine (MJ/100 MJ GE intake) 3⋅1 3⋅6 4⋅1 0⋅3 NS
methane* (MJ/100 MJ GE intake) 10⋅4a 11⋅4a 6⋅7b 0⋅7 P , 0⋅01

Heat production (MJ/100 MJ GE intake) 58⋅1 41⋅9 42⋅3 4⋅9 NS
Energy retention (MJ/100 MJ GE intake) −27⋅3a 2⋅5b 16⋅9b 4⋅6 P , 0⋅01
Metabolizability (ME/GE) 0⋅31a 0⋅44b 0⋅59c 0⋅01 P , 0⋅001

a,b,c Mean values within a row not sharing a common superscript letter were significantly different, P , 0⋅05.
* Methane conversion rate.

Table 4. Methane production by cattle fed on Angleton grass, Rhodes grass or a high-grain diet

Angleton grass Rhodes grass High grain Statistical significance of
n 6 n 6 n 6 Pooled SE difference between means

Methane production
g/d 113a 257b 160a 18 P , 0⋅01
g/kg DOMI 75⋅4a 64⋅6b 32⋅1c 2⋅7 P , 0⋅05
g/kg live-weight gain –* 500⋅4a 127⋅3b 76⋅2 P , 0⋅01

DOMI, digestible organic matter intake.
a,b,c Mean values within a row not sharing a common superscript letter were significantly different, P , 0⋅05.
* Not calculated, as cattle experienced live-weight loss.
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content (i.e. Rhodes grass), and (3) a high-grain diet with a
high digestibility and N content. Our results indicate that for
cattle fed on tropical forage diets, CH4 production was
higher and energy utilization lower than published values
for temperate forage diets; whereas for cattle fed on the
high-grain diet, CH4 production and energy utilization were
similar to published values for temperate breeds of cattle fed
on high-grain diets.

CH4 production expressed as a percentage of GE intake,
termed MCR by the Intergovernmental Panel on Climate
Change (1996), is of critical importance for inventories of
CH4 emissions of ruminant livestock because it is used in
the algorithms for estimating CH4 emissions of ruminant
populations (Organization for Economic Cooperation and
Development, 1991; US Environmental Protection Agency,
1994; Intergovernmental Panel on Climate Change, 1996).
Despite the cattle being fed on two tropical forage diets (i.e.
Angleton and Rhodes grass), and having marked differences
in rate of live-weight change (−0⋅9 (SE 0⋅2) and 0⋅6 (SE 0⋅1)
kg/d respectively) andin vivo digestibility (41 (SE 2) %
and 60 (SE 1) % respectively), the MCR for Angleton grass
(10⋅4 (SE 1⋅1) %) and Rhodes grass (11⋅4 (SE 0⋅3) %) were
not significantly different. MCR for both tropical forage

diets were higher than values of 5⋅5–6⋅5 %, which are
recommended for use in greenhouse gas inventories of
cattle fed on temperate forage diets (US Environmental
Protection Agency, 1994; Intergovernmental Panel on Cli-
mate Change, 1996; Johnson & Ward, 1996). The higher
MCR of tropical forage species is presumably related to the
relatively high levels of fibre and lignin (Van Soest, 1994),
low levels of non-fibre carbohydrate (Van Soest, 1994) and
low digestibility (Minson, 1990) compared with temperate
forage species. This observation leads us to suggest that
tropical forage species may have higher MCR than temperate
forage diets; however, before concluding this a wider range
of tropical species should be investigated.

In a recent review, the US Environmental Protection
Agency (1994) highlighted the fact that there is only one
report of MCR for any ruminant species fed on a tropical
forage diet. MCR of sheep offeredSeteria spacelataand
Digetaria decumbenswere 7⋅3 and 6⋅0 % respectively when
fedad libitum, and 8⋅9 and 8⋅5 % respectively, when fed at a
restricted level (i.e. 40–43 % ofad libitum intake) (Margen
et al. 1988). However these MCR do not strictly represent
a tropical forage diet, because most of the stem component
of these diets was removed and discarded before the diet
was offered to the sheep, thus increasing the digestibility
compared with diets comprising complete plants. The low
levels of ash-free NDF (i.e. total fibre) reported for these
diets (63–66 %) fed to sheep (Margenet al. 1988) compared
with Angleton and Rhodes grass diets in the present experi-
ment (i.e. 72–75 %) support this conclusion. Teradaet al.
(1987) observed that MCR for cattle fed on a temperate
forage diet (i.e.Dactylis glomerata L. (Orchard grass)) was
0⋅4 % units higher (P, 0⋅05) than for sheep fed on the
same diet.
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Fig. 1. The relationship between (a) live-weight gain and methane
production, and (b) feed : gain ratio and methane production for
cattle fed on Rhodes grass (X) or a high-grain diet (W). For details
of diets, see Table 1. Panel (a): the relationship is described by
the equation y =90⋅2 +293⋅3/x (r 0⋅96, P , 0⋅001). Panel (b): the
relationship is described by the equation y =99⋅9 +43⋅1x (r 0⋅96,
P , 0⋅001).

Fig. 2. The relationship between DM intake and methane production
for cattle fed on tropical forage diets (Angleton grass (B), Rhodes
grass (X)). The relationship is described by the equation y =41⋅5x −
36⋅2 (r 0⋅99, P , 0⋅001). Values for cattle fed on a high-grain diet (W)
are presented but were not included in the regression analysis.

https://doi.org/10.1017/S0007114599000422  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114599000422


For cattle fed on the high-grain diet, which contained 250
(SE 20) g forage/kg, MCR was 6⋅7 (SE 0⋅7) %, which is not
different from the value of 5⋅5–6⋅5 % recommended for
both beef and dairy cattle fed on high-grain and temperate
forage diets in developed countries (Intergovernmental
Panel on Climate Change, 1996). In contrast, feedlot diets
in the USA typically have a forage component of up to
100 g/kg; for these diets an MCR of 4⋅0 % is recommended
(Intergovernmental Panel on Climate Change, 1996).
Furthermore, from the predictive equations of Moe &
Tyrrell (1979), which are based on data collected from
dry and lactating dairy cattle fed on a range of forage and
high-grain diets, the MCR of cattle fed on the high-grain
diet in the present experiment was 5⋅1–6⋅2 %; and this
predicted value is not different from our measured value
of 6⋅7 (SE 0⋅7) % (Table 5).

GE intake is another critically important component of
the algorithms for estimating CH4 emission of livestock.
The Intergovernmental Panel on Climate Change’s (1996)
procedure for estimating GE intake is based on the National
Research Council (1984) net energy system for estimating
feed requirements of ruminants. Using the Intergovernmen-
tal Panel on Climate Change (1996) methodology, we
calculated for the Rhodes grass and high-grain diet, that
GE intakes were overestimated by 16 % and 30 % respec-
tively (Table 5). However, maintenance energy require-
ments of Brahman cattle are 14 % lower than for Hereford
× Shorthorn (B. taurus) cattle (Vercoe, 1970); if the esti-
mates for GE intake are adjusted for this difference, intakes
remain overestimated but to a lesser degree (6 and 22 %
respectively). In contrast to Intergovernmental Panel on
Climate Change (1996) methodology, the National Green-
house Gas Inventory Committee (1996) estimates GE intake
from the product of DM intake (kg/d) and the GE value of
feed (18⋅4 MJ/kg DM; Standing Committee on Agriculture,
1990). The predictive equations of Minson & McDonald
(1987), which are based on temperate forage data, are used
by the National Greenhouse Gas Inventory Committee
(1996) to predict DM feed intake of cattle fed on forage
diets. Using these equations for cattle fed on Angleton grass
in the present experiment, we calculated that GE intake was

overestimated by 48 %, whereas GE intake for Rhodes grass
was overestimated by only 6 % (Table 5).

Inappropriate estimates of MCR and/or GE intake may
lead to inaccurate predictions of annual CH4 emissions for
cattle (kg/head per year). Our 24 h measurements of CH4

production for cattle fed on Rhodes grass, Angleton grass
and the high-grain diet were 257 (SE 14), 113 (SE 16) and
160 (SE 24) g/d. In one case (i.e. Rhodes grass) the measured
value was higher than the predicted value which we calcu-
lated using both Intergovernmental Panel on Climate
Change (1996) and National Greenhouse Gas Inventory
Committee (1996) methodologies (Table 5). Cattle managed
in tropical environments are not fed on a uniform quality
diet throughout the year, rather they consume a range of
diets which differ greatly between the wet and dry seasons.
Using our measurements of CH4 production (g/d) for 360 kg
cattle (live-weight gain 0–0⋅3 kg/d) fed on a tropical forage
diet (i.e. Angleton grass and Rhodes grass), we calculated
that annual CH4 production is about 79 kg per year (range
73–84 kg per year). This value appears to be higher than
Intergovernmental Panel on Climate Change (1996) estimates
for CH4 production for cattle maintaining live weight in
tropical environments (e.g. India, 41 kg/head per year; Latin
America, 58 kg/head per year); this observation is consistent
with the higher MCR for tropical forages.

CH4 production per unit of animal production (i.e. g/kg
live-weight gain) is a suitable index for comparing green-
house gas emissions of livestock under different feeding
systems. In this experiment CH4 production of cattle fed on
Rhodes grass was 3⋅9-fold higher (P, 0⋅05) than that in
cattle fed on the high-grain diet (Table 4). The linear
association between feed : gain ratio and CH4 production
(Fig. 1) indicates that improving feed quality (i.e. digest-
ibility) is one practical means of reducing CH4 production;
however, the curvilinear association between live-weight
gain and CH4 production (g/kg live-weight gain) suggests
that CH4 production can only be reduced for cattle experi-
encing low live-weight gains. A similar inverse curvilinear
relationship for milk production and CH4 production
(CH4/kg milk production) has been shown for dairy cattle
(Kirchgeßner et al. 1995; Kurihara et al. 1997). CH4

production (g/kg live-weight gain) for tropical cattle fed
on the high-grain diet is similar to that for Japanese Black
and Holstein steers (i.e.B. taurus) fed on diets of similar
composition, whereas CH4 production by cattle fed on
Rhodes grass in this experiment (i.e. 500 g/kg live-weight
gain) was higher than that by temperate breeds of cattle (251
g/kg live-weight gain) with comparable live-weight gains
(Kuriharaet al. 1998).

For cattle fed on the two tropical forage diets investigated
in this experiment, DM intake was linearly related to CH4

production (g/d) (Fig. 2). We cannot conclude that this
relationship predicts CH4 production by cattle fed on
other tropical forages, and suggest that a wider range of
tropical forages be studied to confirm our observations. In
contrast, data for cattle fed on the high-grain diet were not
included in the regression analysis because the data were
outside the line of best fit for the tropical forages. This
observation is consistent with Moe & Tyrrell’s (1979)
conclusions, that at high levels of DM intake CH4 production
is more precisely predicted by including the intakes of
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Table 5. Gross energy (GE) intake, methane conversion rate (MCR)
and methane production in the present experiment compared with
predictions using the methodology of the Intergovernmental Panel on
Climate Change (IPCC) (1996) and the National Greenhouse Gas

Inventory Committee (NGGIC) (1996)

Angleton Rhodes High
grass grass grain

GE intake (MJ/d)
Present experiment 59⋅4 123⋅9 129⋅8
IPCC (1996) – 144⋅0 169⋅0
NGGIC (1996) 88⋅0 131⋅4 153⋅8

MCR ( % GE intake)
Present experiment 10⋅4 11⋅4 6⋅7
IPCC (1996) 7⋅0 6⋅0 6⋅0
NGGIC (1996) 6⋅2 7⋅3 8⋅7

Methane production (g/d)
Present experiment 113 257 160
IPCC (1996) – 156 184
NGGIC (1996) 98 174 157
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individual feed components (i.e. non-fibre carbohydrate,
hemicellulose and cellulose) rather than using DM intake
alone. Kriss (1930) also observed a strong relationship
between DM intake and CH4 production for cattle fed on
temperate forages. The gradient (g CH4/kg DM intake) of
the relationship in Fig. 2 describing tropical forages was
2⋅1-fold higher than for the relationship describing tempe-
rate forages (41⋅5 v. 19⋅5 g CH4/kg DM intake) (Kriss,
1930), which is further evidence that CH4 production is
higher for cattle fed on tropical forages, particularly at
higher levels of intake.

The major difference we observed between tropical
forages studied in this experiment and published values
for temperate forages was the higher MCR, which were
associated with lower ME intake (MJ/d per kg live weight)
and lower energy retention (MJ/100 MJ GE intake) (Table
3). These observations are consistent with the volume of
literature indicating that DM utilization (i.e. DM digest-
ibility) is lower for tropical than temperate forages (Minson,
1990). CH4 production is related to dietary energy partition
as the former represents a reduction in available ME. The
higher MCR for tropical forages in the present experiment
indicate that there is potential for greatly improving ME
availability of tropical forage diets, compared with diets fed
to cattle in temperate regions of the world which have lower
MCR. Improved ME availability may be achieved through
the mitigation of CH4 output. We have recently demon-
strated that CH4 production can be inhibited for a 28 d
period using a novel feed additive (McCrabbet al. 1997).
Using such technologies for reducing CH4 emissions over
prolonged periods may lead to animal production benefits
being realized in commercial production systems.
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