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Abstract 

Several experts throughout the world have focused a lot of their research on the rise in methane concentrations 
in the atmosphere and its causes. Cattle are the livestock species that contribute the most to methane emissions, 
according to research conducted over the previous three decades. A greenhouse gas called enteric methane (CH4) 
is created by microbial fermentation in the rumen and is released into the atmosphere through a variety of excretory 
processes. To reduce methane emissions, research on the ways that various breeds of cattle are reared on different 
grazing regimes should be prioritized. The goal of the current study was to measure the weight gain and intestinal 
methane emission of Nguni and Bonsmara cows grown under various grazing conditions. Eighty-four cows belonging 
to the 2 grazing systems were randomly selected and grouped according to three age groups: A (young adult cow, n 
= 7, 24–48 months), B (adult, n = 7, 60–80 months), and C (old adult, n = 7, 90–120 months) are three different age 
groups for adult cows. Methane production was higher per head in older animals, with C producing the most, fol-
lowed by B and A (C > B > A; P 0.0001). In Bonsmara, body condition, body weight (BW), dry matter intake (DMI), and 
daily methane were all higher (P 0.05). Nguni had more methane per pound of weight (P 0.05), although methane per 
kilogram of body mass (P > 0.05) was similar across breeds. In the commercial system, body condition, BW, and DMI 
were higher (P 0.05). On the other hand, communal grazing resulted in increased daily methane production, meth-
ane per DMI, and methane produced per BW. These findings support the notion that breed genetics, grazing system, 
and age all have an impact on methane levels and performance. So, all these aspects must be taken into account in 
breeding strategies for traits like methane production that are challenging to assess.
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Introduction
The need for animal protein is always rising, and environ-
mental concerns are posing new problems for livestock 
production systems all over the world (O’Mara 2011). 

Livestock farmers have been under intense pressure to 
increase the number of their animals in order to meet the 
rising demand for meat and protein as a solution to this 
problem (UN 2012; Berman 2011). Ruminants have the 
ability to use fibre that non-ruminants cannot directly 
utilize (Kumar et al. 2015). The production of greenhouse 
gases (GHG), especially ruminal methane, is a drawback 
of this procedure (Mapfumo et  al. 2018). The microor-
ganisms in the rumen that produce methane are called 
methanogens (Jiyana et al. 2021). Methane gas is one of 
the by-products of their usage of hydrogen to reduce car-
bon dioxide (CO2) and provide energy for growth. Sup-
pose this hydrogen is not utilized, it can prevent rumen 
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metabolism (Palangi et  al.  2022a). Methane production 
is influenced by the quantity and calibre of feed ingested 
by the animals (Singh 2010). The main source of meth-
ane gas has been found to be ruminants (NRC 2002). 
Enteric methane is the type of gas produced directly by 
these animals’ digestive systems. Enteric methane’s con-
tribution to the accumulation of GHG and its capacity to 
squander feed energy are both global issues, according 
to (Wright et al. 2004). Five to 10% of the world’s GHG 
emissions are caused by the agriculture system (Jonker 
et  al. 2020). Sixty per cent of cattle contributions come 
from enteric fermentation (Banakar et  al. 2018). Com-
pared to other domestic ruminants, beef cattle are identi-
fied as the primary source of enteric methane generation 
(Alexandratos 2009). According to (Palangi et al. 2022b), 
domestic ruminants create about 65% of their methane 
from beef cattle, 22% from dairy cattle, and just 13% from 
sheep and goats. According to Grainger and Beauchemin 
(2011), varied grazing patterns should be considered 
when evaluating strategies for identifying and reduc-
ing the resulting methane emissions from different beef 
breeds. In these huge livestock production systems, cal-
culating methane emissions and mitigating them requires 
multidisciplinary approaches including different breeds 
of cattle at varying ages. Different grazing systems may 
contribute to breed-specific variances in methane emis-
sions. An attractive possibility for rumen biomarkers of 
methane emissions is the metagenomic study (Ross et al. 
2013; Roehe et al. 2016; Wallace et al. 2017). This makes 
it possible to choose and breed cattle of low methane-
emitting breeds or individuals within a breed, which may 
ultimately result in a reduction of emissions in different 
grazing regimes. The microbiota of the rumen ecosys-
tem, which produces ruminant livestock, includes fungi, 
bacteria, ciliated protozoa, phages, and archaea and is 
diverse and essential (Morgavi et al. 2013). Although the 
composition of the rumen microbiota inside an indi-
vidual is consistent (Jami and Mizrahi 2012; Hernandez-
Sanabria et  al. 2013), breeds may have different rumen 
microbiotas that are also influenced by environmental 
influences from different grazing patterns. Several stud-
ies have indicated that the host’s genetic makeup has an 
impact on the gut bacteria (Tims et al. 2011; Turnbaugh 
et  al. 2011; Li et  al. 2019). Since their mechanisms for 
producing methane are intertwined, the breed effect 
on the rumen microbial ecology and methanogens can-
not be ignored. The age factor in connection to methane 
emission from various cow breeds should also be taken 
into account at the same time. A number of variables, 
including genetics, breed, nutrition, and grazing practices 
throughout diverse geographic ranges, affect the amount 
of ruminal methane that is emitted. These elements may 
have an impact on CH4 emission directly, indirectly, or 

jointly. This is because rumen microbes adjust and react 
to environmental changes, which produce physiological 
changes in the host (Basarab et al. 2013; Carberry et al. 
2014; Henderson et al. 2015; Zhao et al. 2015; Roehe et al. 
2016). Age-related physiological responses, microbial 
communities, and methane production from the animal 
host (ruminant) have received little study attention in 
relation to the aforementioned components. Assume that 
the rumen microbiota adjusts or responds to the host’s 
age. In that situation, it means that the interactions and 
composition that control the synthesis of methane and 
the metabolism of energy may change with age. Accord-
ing to (Jami et al. 2013), nutrition and the host’s age from 
birth to 2 years affected the bacterial community in the 
rumen. The current study attempted to elaborate on the 
effect of age, breed, and grazing system on methane emis-
sion from Nguni and Bonsmara cows because the author 
did not correlate this with intestinal methane generation.

Materials and methods
Ethical clearance
Ethical clearance to conduct the study was reviewed and 
approved by the University of Fort Hare Research Ethics 
Committee with certificate number MUC041SKAY01.

Study site
The study was conducted in Alice which falls under Amat-
hole District Municipality and Bathurst Research Station 
which is demarcated in Sarah Baartman District Municipal-
ity. Both study sites are situated in the Eastern Cape prov-
ince, South Africa. Alice is geographically located at 32° 8′ E 
longitude and 26° 85′ S latitude and is 500 m above sea level. 
Its annual rainfall is 480 mm, and the average temperature 
is 18.7 °C [Eastern Cape Socio-Economic Consultative 
Council (ECSECC)  2012)]. Alice belongs to Bisho Thorn-
veld, and its vegetation is largely characterized by several 
grass species such as Digitaria eriantha, Aristida Congesta, 
Cynodon dactylon, Eragrostis spp., Sporobolus fimbriatus, 
Themeda triandra, and Sporobolus africanus grass species. 
Maytenus polyacantha, Scutia myrtina, and Acacia karroo 
are the dominant tree species (Mucina et al. 2006). Bathurst 
Research Station belong to the Kowie Thicket biome and is 
located at 33° 30′ S latitude and 26° 49′ E longitude, at 708 
m above sea level. The station’s annual rainfall is 624 mm, 
while its temperature ranges between 13–29 in summer 
and 1–12 °C in winter. Tall-grown thickets characterize 
the vegetation of the area. Succulent aloes and euphorbias 
dominate it with a thick understory consisting of woody 
lianas (Capparis, Rhoicissus, Aloe, Secamone), shrubby suc-
culents (Crassulacae, Asphodelaceae), and thorny shrubs. 
However, moister south-facing slopes support thorny 
thickets dominated by low-grown evergreen trees (Euclea, 
Pappea, Cussonia, Ptaeroxylon, Hippobromus, Schotia) 
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and shrubs (Putterlickia, Gymnosporia, Carissa, Azima) 
with less pronounced participation of succulent shrubs and 
trees; due to low radiation intensity, the herbaceous layer is 
poorly developed.

Experimental design
Two cattle breeds (Nguni, and Bonsmara) raised under 
commercial and traditional or communal grazing systems 
were selected to participate in the trial. The animals were 
grouped into 3 different age groups using a 2 × 3 facto-
rial experimental design. A total number of 84 healthy 
cows aged 24–120 months were selected randomly and 
grouped by age as follows: A (young adult cows, n = 7, 
24–48 months old), B (adult cows, n = 7, 60–80 months 
old), and C (old adult cows, n = 7, 90–120 months) per 
breed in either grazing systems. Communal grazing sys-
tems refer to an area of grazing land which is directly 
owned in undivided shares by all members of a commu-
nity while in a commercial set-up, an individual farmer 
privately owns the land and has an organized grazing rou-
tine. All the selected cows had similar parity and physi-
ological status and had unlimited ability to graze in the 
field. Data was collected on methane production and 
several performance parameters such as bodyweight by 
a weighing scale and condition for 12 days. During this 
period, body condition scores were assessed based on the 
5-point scale (1 = very thin or emaciated to 5 = obese). 
According to (Aumont et al. 1994 and Enicias and Lardy 
2002), assessment of body condition involved visual 
appraisal, palpation of the spinal process, lumbar verte-
brae area between the back of the ribs, and the front of 
the pelvic bones of each individual cow. One assessor con-
ducted this throughout the study period for consistency. 
Methane emission was measured for all activities, includ-
ing feeding, ruminating, and resting, either standing or 
lying every day. Pasture samples were also taken from the 
study sites for proximate nutrient composition analysis.

Forage nutrient composition
Random and blended samples of plant species were col-
lected using a 1-m by 1-m quadrant in a belt transect 
measuring 100 by 25 m in the communal grazing areas and 
from each paddock of the commercial grazing system. The 
weight of plant samples was obtained by weighing before 
drying. Plant samples were oven dried at 60 °C for 48 h 
and re-weighed to establish the plant sample’s dry matter 
content. Samples were then ground and sieved through a 
2-mm sieve before proximate analyses of neutral detergent 
fibre (NDF), acid detergent fibre (ADF), and acid detergent 
lignin (ADL) as described by Mertens (2002). Total digest-
ible nutrients (TDN) were determined conventionally from 
the calculation (TDN = 0.479 NDF + 0.704 NFC + 1.594 
EE + 0.714 CP) where NFC = OM − (NDF + EE + CP).

Laser methane detector
A hand-held LMD (Crowcon, Tokyo Gas Engineering 
Co. Ltd. 2006) was used to measure the enteric methane 
production when the animals were resting (either stand-
ing or lying down). LMD measures the concentration of 
CH4 between the equipment and the target point. It is 
based on infrared absorption spectroscopy and measures 
CH4 values as a plume. The equipment works effectively 
between 0 and 40 °C temperature range, 20–90% humid-
ity range, with a reaction time of 0.1 s. The LMD can 
detect CH4 concentrations between 1 and 50,000 ppm 
within up to 150 m.

Measuring methane
Point measurements (expressed in ppm/m) were taken 
continuously for 4 min by 60 s intervals at a distance of 
3  m away from each animal, following the method by 
(Jones et al. 2011 and Jonker et al. 2020). Due to the data’s 
cyclic nature (respiratory tidal cycle), a point measure-
ment over each exhalation-inhalation cycle was taken. 
The peaks of each cycle determined the enteric methane 
output of each individual cow. Before commencing meas-
urements for each day, the LMD was offset to adjust it to 
the ambient CH4 in the atmosphere. Off-setting the LMD 
was done to account for the CH4 in the environment 
before the machine records the gas concentrations from 
the point source (Chagunda and Yan 2011). Gas column 
density for CH4 was measured by directing the auxiliary 
LMD targeting the (visible HeNe laser) collimated laser 
beam on the cow’s nostril to estimate the gas concen-
tration 3 m away from each cow (Chagunda et al. 2009; 
Jones et al. 2011; McGinn et al. 2011). The 3-m distance 
aimed to minimize any disturbances from the observer to 
each cow’s state of rest, feeding, or ruminating and sub-
sequently converted the ppm/m into ppm (Chagunda 
et al. 2009; Chagunda 2013).

Calculating methane produced
The point measurements from each cow were used to 
estimate the amount of CH4 produced, either resting or 
standing per day. The amount of methane produced was 
expressed as a proportion of the tidal volume (Tenney 
1982). Calculations derived from the tidal volume were 
then converted into grams per day using the density of 
CH4 following the formulae developed by (Chagunda 
et al. 2009). The following formula was used:

where MDG is the daily enteric methane expressed in 
grams after including the specific density conversion fac-
tor, MTV is the methane from breath point measurements 
in millilitres during various activities, and TVr represents 
the tidal volume of air when the animals were feeding, 

MDG = 0.00066715×MTV × TVr
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ruminating, or resting (either standing or lying down). 
Data from live weight was used to estimate CH4 per 100 
kg of live weight and dry matter intake (DMI), where per-
centages of live body weight estimated to equal to DMI 
used were derived from studies (Du Toit et al. 2013). Val-
ues of DMI were then used to make calculations of the 
subsequent CH4 output per kilogram DMI.

Statistical analysis
Data collected were analysed using the Statistical Anal-
ysis Software (version 9.4) with days of sampling as 
repeated factors, while grazing system, breed, age group, 
and their interactions were fixed factors, and each indi-
vidual cow was considered an experimental unit. The 
grazing system was the only factor for forage nutrient 
composition. The mean separation was done using Tuk-
ey’s least significant difference (LSD) method. Variables 
with a P < 0.05 were accepted to be significant.

The following model below was adopted for the 
analysis.

where
yijkh = response variable, i.e. methane production; μ = 

the overall mean; τi = the effect of grazing system where 
(i = 2; communal and commercial grazing systems); δj 
= the effect of breed where (j = 3; Nguni and Bonsmara 
breeds); and tk = the effect of age category where (k = 3; 
A, B, and C where category A contains cows between 2 
and 4 years, B contains cows between 4 and 6 years, and 
C contains cows between 7 and 9 years). The effect of 
interactions (τ*δ)ij, (τ*t)ik, and (δ*t) jk was between graz-
ing systems and breed, grazing system and age category, 
and breed and age category τ*δ, τ*t, δ*t). εijkh = random 
error

Results
Proximate composition of pastures from grazing areas
Proximate nutrient composition of the pasture samples 
collected during the current study is described in Table 1. 
Apart from higher content (P < 0.05) of acid detergent 
fibre and ash from the two grazing systems, none of the 
variables showed any significant differences with regard 
to the nutritional composition of the collected pasture 
samples.

Effect of single factors on methane production 
and performance
The results for the methane production, DMI, and per-
formance variables according to different age groups of 
the two cattle breeds are shown in Table 2. Older animals 

yijkh = � + �i + �j + tk + (� ∗ �)ij

+ (� ∗ t)ik + (� ∗ t)jk + �ijkh

produced significantly higher methane per head (C > B > 
A; P < 0.0001) irrespective of the breed or grazing system.

Nevertheless, methane production did not differ across 
age groups when determined using DMI and body weight 
(P > 0.05; Table 2). DMI and bodyweight were consider-
ably different from one another and higher in older ani-
mals. All age groups’ physical condition was the same (P 
> 0.05; Table  2). Independent of other variables, Bons-
mara beef cows had higher body condition, body weight, 
DMI, and daily methane per head (P < 0.05; Table 3). The 
output of methane per unit of body weight was higher in 
Nguni cows; however, methane per unit of dry matter did 
not differ between breeds (P > 0.05; Table 3). In the com-
mercial grazing regime, physical condition, body weight, 
and DMI were higher (P < 0.05; Table  4). On the other 
hand, daily methane production as well as methane pro-
duction per DMI and body weight was all higher in the 
communal grazing system (P < 0.05; Table 4).

Effect of interaction of factors on methane production
For some variables and some parameters, the interac-
tion of factors had a substantial impact (Table  5). Body 
weight, DMI, and methane production in Bonsmara in 
either grazing system showed a significant and greater 
(P < 0.05) breed-breed interaction. In a communal con-
text, it had no effect on the production of methane per 
DMI, per body weight, or between breeds (P > 0.05). In 
age group C for both grazing systems, the interaction 
between grazing system and age was significant and 
higher (P < 0.05) for body condition, body weight, and 
DMI. The generation of methane, methane per DMI, and 
methane per body weight in all ages were not impacted 
(P > 0.05).

In age group C for either breed, the interaction between 
breed and age was greater (P < 0.05) and more significant 
for bodyweight, DMI, and methane production. For both 

Table 1  Proximate composition of pastures from grazing 
systems

Fractions/compositions Commercial Communal SEM P-value

Dry matter (%) 92.55 92.10 0.226 0.1753

Ash (%) 8.94 8.27 0.210 0.0321

Ether extract (%) 1.41 1.42 0.064 0.9193

Crude protein (%) 12.12 12.36 0.313 0.5867

Neutral detergent fibre (%) 61.21 60.60 0.417 0.3119

Acid detergent fibre (%) 30.63 28.27 0.494 0.0021

Total digestible nutrient 
(%)

52.76 53.22 0.159 0.0503

Non-fibre carbohydrate 
(%)

17.82 18.62 0.363 0.1313
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breeds, it had no effect on body condition, methane per 
DMI, or methane per body weight at any age (P > 0.05).

Discussion
The methane values found in the current study are in 
the same ballpark as those found in earlier investiga-
tions on cattle. In general, the study’s measurements of 
methane production are higher than those made public 
by (Bird-Gardiner et al. 2015). Yet, they are consistent 
with the South African commercial beef cattle report 

by (Du Toit et  al.  2014). Ruminants’ retention time, 
body weight, and DMI have all been linked to studies 
on the impact of age on methane emission (Molano and 
Clark 2008; Swainson et  al. 2010; Jiao et  al. 2017). In 
the current study, breed and grazing system were just 
as important as age in determining the animals’ bod-
ily condition. Younger animals created more methane, 
while older animals were heavier and produced more 
methane per DMI and body weight. Our results sup-
port those of recent studies (Bird-Gardiner et al. 2015; 
Liu et  al. 2017), which found that methane output 
rises with age. The association between ruminal inef-
ficiencies and ageing and physiological status, which 
are known to effect changes in the rumen microbiota 
and methanogens in particular, can be blamed for this 
(Kumar et al. 2015; Pitta et al. 2016; Wang et al. 2016; 
Dill-Mcfarland et al. 2017).

The quantitative examination of overall methanogen 
and bacterial population numbers demonstrates that 
the methanogen population increases with age, which 
lends weight to the aforementioned claim. The role of 
rumen-dwelling methanogens in the production of 
methane in ruminants has always attracted scientific 
attention, but other microbes and particular bacteria 
have not been well studied in relation to age-driven 
physiological changes and the status of the animal 
in relation to methane production. Yet, studies have 
described the coexistence of archaea, bacteria, fungi, 
and ciliates that relate to the hosts’ physiological status 
in various ways (Fouts et al. 2012; Lee et al. 2012; Kit-
telmann et al. 2013; Li et al. 2015).

The current study demonstrates that the Bonsmara 
breed produced more methane than the Nguni breed and 
had superior physical condition, greater body weight, 
and DMI. Nguni nonetheless generated more methane 
per unit of body weight. This suggests a considerable 
breed influence on ruminal methane that has been pre-
viously documented (Bird-Gardiner et  al. 2015; Roehe 
et  al. 2016; Noel et  al. 2019). (De Mulder et  al.  2018)’s 
findings, which did not identify a breed influence on 

Table 2  Means (± SEM) of methane production and weight accumulation as affected by age

Different letters “a, b and c” represent significant differences (P ≤ 0.05) between age groups

Variables Age group

A (n = 7) B (n = 7) C (n = 7) P-value

Body weight (kg) 3.13a ± 0.022 3.14a ± 0.022 3.16a ± 0.022 0.5895

DMI (kg/day) 282.60c ± 2.912 409.52b ± 2.963 496.05a ± 2.947 < 0.0001

CH4 (g/day/head) 7.65c ± 0.079 11.06b ± 0.080 13.41a ± 0.080 < 0.0001

CH4 (g/kg DMI) 176.32c ± 4.057 267.71b ± 4.127 294.27a ± 4.106 < 0.0001

CH4 (g/100 kg body weight) 24.61a ± 0.654 24.96a ± 0.665 22.30b ± 0.662 0.1035

Body weight (kg) 66.12a ± 1.711 67.24a ± 1.741 59.97b ± 1.732 0.0901

Table 3  Means (± SEM) of methane production and other 
performance parameters as affected by breed

Different letters “a and b” represent significant differences (P ≤ 0.05) between 
breeds

Performance and 
methane production

Breed

Bonsmara Nguni P-value

Body condition score (BCS) 3.23a ± 0.018 3.05b ± 0.018 < 0.0001

Body weight (kg) 424.09a ± 2.387 368.02b ± 2.415 < 0.0001

DMI (kg/day) 11.47a ± 0.065 9.95b ± 0.065 < 0.0001

CH4 (g/day/head) 254.32a ± 3.326 237.88b ± 3.364 0.0005

CH4 (g/kg DMI) 23.10a ± 0.536 24.81a ± 0.542 0.0873

CH4 (g/100 kg body 
weight)

62.16b ± 1.403 66.73a ± 1.419 0.0223

Table 4  Means (± SEM) of methane production and other 
performance parameters as affected by grazing system

Different letters “a and b” represent significant differences (P ≤ 0.05) between 
grazing systems

Parameter Grazing

Commercial Communal P-value

BCS 3.22a ± 0.018 3.06b ± 0.018 < 0.0001

Body weight (kg) 410.34a ± 2.397 381.77b ± 2.405 < 0.0001

DMI (kg/day) 11.49a ± 0.065 9.93b ± 0.065 < 0.0001

CH4 (g/day/head) 240.30b ± 3.339 251.90a ± 3.350 < 0.0144

CH4 (g/kg DMI) 21.49b ± 0.538 26.42a ± 0.540 < 0.0001

CH4 (g/100 kg body 
weight)

60.16b ± 1.408 68.72a ± 1.413 < 0.0001
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methane output and only weakly attributed the variation 
in methane production to feed-related parameters, are 
in conflict with this. This study’s findings on the breed 
impact conflict with those of (Mapfumo et al. 2018), who 
found no interbreed variance in methane generation and 
attributed this to cattle breeds’ similar foraging traits and 
evolutionary tactics (Scholtz et  al. 2013). Why Nguni 
produced more methane on a BW basis than Bonsmara 
is unclear. Even yet, the outcome of the present investi-
gation might be explained by host genetic components, 
within-breed variance, or even peculiarities in the exper-
imental animals. The influence of the microbial profile 
and its correlation with breed type differences may result 
in host genetics having an impact on methane emissions. 
The biological factors such as pH of ruminal digesta con-
trolled by saliva bicarbonates, VFAs absorption rate, and 
proton passage rate out of the rumen that relates to the 
mechanisms that underlie breed genetics influence on 
host-microbial profile are partly genetically determined 
(Aschenbach et  al. 2011; Appuhamy et  al. 2014). The 
rumen’s microbial population and methane generation 
are also impacted by changes in the digesta’s passage 
rate, contraction severity, and physical structure. Smaller 
rumen sizes have been linked to lower methane emis-
sions because of shorter digesta retention times, accord-
ing to (Goopy et al. 2014).

Digesta retention duration in ruminants is heritable, 
claim (Smuts et al. 1995). (Wang and Kasper 2014) came 
to the conclusion that the microbiome and its host have 
a very complex interaction. Therefore, it can be con-
cluded that there were fewer methane emissions as a 
result of the interaction between Nguni cows (the host) 
and their ruminal microbiota. For efficient breeding and 
selection, more research should be done to identify the 
precise mechanism causing the low methane emission in 
Nguni beef breeds. Animals in the community grazing 
system created more methane on a daily basis regardless 
of breed or age, but animals in the commercial grazing 
system had superior body condition, higher body weight, 
and DMI. Comparable grazing methods in South Africa 
produced similar outcomes elsewhere (Du Toit et  al. 
2013). The nutritional composition of the natural pas-
tures from both grazing systems in this study was similar, 
with the exception of ash and acid detergent fibre frac-
tions, which were slightly higher in the commercial graz-
ing system (Table  1). Thus, these variations in methane 
generation may be brought on by variations in the fatty 
acid composition of the pastures in each grazing setting. 
An analysis of 29 studies using meta-analysis provides 
strong evidence in favour of this claim (Patra 2013).

Variations in feed consumption, outflow rates, and 
digesta retention time, which are influenced by both 

Table 5  Means (± SEM) of methane production and other performance parameters as affected by the interaction

Different letters “a, b, c, and d” represent significant interaction effects (P ≤ 0.05) between breeds, age groups and grazing systems

BCS Bodyweight (kg) DMI (kg/day) CH4 (g/day/head) CH4 (g/kg DMI) CH4 (g/100 kg BW)

Communal Bonsmara 3.13a ± 0.025 404.85a ± 3.362 10.53a ± 0.091 255.15a ± 468 25.14a ± 0.755 65.36a ± 1.976

Nguni 3.00b ± 0.025 358.69b ± 3.440 9.33b ± 0.093 248.64a ± 4.792 27.71a ± 0.772 72.09a ± 2.021

Commercial Bonsmara 3.34a ± 0.025 443.34a ± 3.390 12.41a ± 0.092 253.49a ± 4.723 21.06a ± 0.761 58.96a ± 1.992

Nguni 3.10b ± 0.025 377.35b ± 3.390 10.57b ± 0.092 227.11b ± 4.723 21.92a ± 0.761 61.37a ± -1.992

Grazing × age

  Communal A 3.08a ± 0.031 264.12c ± 4.118 6.87c ± 0.111 181.79c ± 5.737 28.17a ± 0.924 73.31a ± 2.420

B 3.10a ± 0.031 403.15b ± 4.209 10.48b ± 0.114 270.79b ± 5.864 26.48a ± 0.945 68.84a ± 2.473

C 3.01a ± 0.031 478.04a ± 4.169 12.43a ± 0.113 303.11a ± 5.808 24.62a ± 0.936 64.02a ± 2.449

  Commercial A 3.18ab ± 0.031 301.08c ± 4.1178 8.43c ± 0.111 170.86b ± 5.737 21.05a ± 0.924 58.94a ± 2.420

B 3.17b ± 0.031 415.89b ± 4.169 11.64b ± 0.113 264.63a ± 5.808 23.44a ± 0.936 65.64a ± 2.449

C 3.30a ± 0.031 514.06a ± 4.169 14.39a ± 0.113 285.42a ± 5.808 19.97a ± 0.936 55.91a ± 2.449

Breed × age

  Bonsmara A 3.18cb ± 0.031 301.06c ± 4.118 8.15c ± 0.111 175.46c ± 5.737 23.12a ± 0.924 62.16ab ± 2.420

B 3.19b ± 0.031 427.74b ± 4.118 11.56b ± 0.111 279.14b ± 5.737 24.93a ± 0.924 67.14a ± 2.420

C 3.32a ± 0.031 543.47a ± 4.169 14.70a ± 0.112 308.37a ± 5.808 21.25a ± 0.936 57.18b ± 2.449

  Nguni A 3.07a ± 0.031 264.14c ± 4.118 7.15c ± 0.111 177.19c ± 5.737 26.10a ± 0.924 70.08a ± 2.420

B 3.09a ± 0.032 391.30b ± 4.2601 10.57b ± 0.115 256.28b ± 5.935 24.99a ± 0.956 67.35a ± 2.503

C 2.99a ± 0.031 448.63a ± 4.1685 12.12a ± 0.112 280.16a ± 5.808 23.34a ± 0.936 62.75a ± 2.449

Interactions P-value

Grazing × breed 0.0996 0.0036 0.0004 0.0359 0.2606 0.2783

Grazing × age 0.0376 0.0046 0.0019 0.6094 0.0874 0.0721

Breed × age 0.1414 < 0.0001 < 0.0001 0.0219 0.2796 0.2716
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inter- and intra-breed variances, can also cause varia-
tions in enteric methane output (Hammond et  al. 2014; 
Vendl et  al. 2016). Moreover, communal foraging prac-
tices might expose animals that are allowed to roam free 
and without control to a variety of food species. Varia-
tions in the species composition lead to greater hetero-
geneity in forage quality and quantity, which determines 
unevenly shifting trends in forage availability every day 
(Pinka 2006; Estevez et al. 2007). Higher methane levels 
in communal systems may be caused by this. Accord-
ing to a previous study, good pasture management using 
paddocks and pasture resting resulted in good-quality 
feed, which in this study was associated with reduced 
methane values in commercial systems (Zhao et al. 2015). 
This is consistent with data from (DeRamus et al. 2003) 
who discovered a 22% decline in beef cattle grazing on 
forages from commercial grazing system when compared 
with communal/continuous or emergent grazing system. 
According to the literature, well-managed pastures cre-
ate more propionate during their fermentation, which 
reduces the amount of hydrogen that is available for 
methanogenesis (Beauchemin and McGinn 2005; Janssen 
2010; Cottle et al. 2011).

There were not many significant factor interactions. 
They have a similar explanation. For instance, given a 
similar grazing habitat, the relationship between breed 
and grazing system reveals that Bonsmara produce more 
methane. This is explained by the breed or host genetics 
mentioned above. Moreover, there was a substantial and 
higher level of interaction between breed and age for BW, 
DMI, and methane production in age group C for both 
breeds. This is also linked to the age-related microbial 
change that was previously mentioned. Although it had 
an impact on body condition, DMI, and BW, the relation-
ship between grazing and age did not significantly affect 
methane generation.

Conclusion
Age was shown to be the primary determining factor in 
the study’s findings that communally maintained cattle 
create more enteric methane than those kept in commer-
cial farming settings. This could be explained by the con-
ditions on the grazing range for elderly animals, ruminal 
inefficiencies, and the fact that ruminal methanogen 
populations rise with age. The Nguni breed produced 
low methane per head but higher methane on a BW basis 
compared to Bonsmara, indicating that breed or host 
genetics and age greatly impact methane emissions. This 
could be as a result of breed type or host genetic varia-
tions influencing the features of rumen fermentation as 
well as the dynamics of the microbial composition.
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