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INTRODUCTION

Addressing greenhouse gas (GHG) emissions has 
become a major focus in the context of climate 

change, economic advancement, and food security. 
Vietnam, through its commitment at COP26, has pledged 
to reach net-zero emissions by 2050. One of the nation’s 

greatest challenges lies in reducing 46.95 million tons of 
CO₂e from the livestock sector by 2030, with digestion 
processes alone accounting for 67.0% of these emissions 
(MONRE, 2022). Numerous international studies 
have established that cattle production generates more 
GHG than other livestock species, largely due to enteric 
fermentation, especially in developing nations (Gerber 
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et al., 2013). While substantial research has focused on 
the carbon footprint (CF) of livestock globally, localized 
studies, particularly in rural regions of developing 
countries like Vietnam, are still limited. According to the 
IPCC (2019), CF assessments are essential for identifying 
key emission sources, proposing mitigation strategies, and 
reducing environmental harm. The most common method 
for investigating CF in livestock systems is the Life Cycle 
Assessment (LCA), supported by algorithmic frameworks 
developed by the IPCC (2006, 2019). Through “Cradle-
to-Gate” LCA, the beef production chain is evaluated 
from calf production and feed to respiration, enteric 
fermentation, manure handling, energy use, sanitation, and 
transportation, with enteric fermentation typically being 
the largest contributor (Desjardins et al., 2012). Emissions 
from enteric fermentation and manure management are 
calculated using three tiers defined by the IPCC. Tier 1 
uses default values, Tier 2 incorporates feed intake levels, 
and Tier 3 employs country-specific methodologies. While 
Tier 3 is used in some developed countries, Tier 2 remains 
the most widely implemented globally and is standard 
in Vietnam (MONRE, 2022). Under Tier 2, methane 
emissions from enteric fermentation are based on gross 
energy intake (GEI) and a default methane conversion 
factor (Ym) of 6.5%. However, Kaewpila and Sommart 
(2016) found that Zebu cattle (Bos indicus) on low-quality 
tropical diets exhibited higher Ym values, up to 8.2%. 
Similarly, Hiep et al. (2016) reported that crossbred Sindhi 
cattle in Vietnam had a Ym value of 8.48%.

Southwestern Vietnam stands out for its distinctive 
geography, climate, and culture, being part of the Mekong 
Delta with waterlogged, nutrient-rich soils. The region is a 
vital agricultural hub. Local consumers tend to prefer fresh, 
locally sourced meat over processed or preserved products, 
primarily due to perceived taste and health benefits (Hung 
et al., 2022; Markoni et al., 2023). Most cattle raised in the 
region are Sindhi crossbreeds (Bos indicus), which account 
for 90.2% of the total herd. Southwestern Vietnam made 
up about 14.1% of the national cattle population, with an 
increase at an average annual rate of around 1.34% since 
1995 (GSO, 2024). Production in this area is largely 
unmechanized and based on smallholder models, making 
precise CF estimation challenging. Traditional feeding 
relies on rice straw, wild grasses, and other agricultural 
by products, with manure typically left to dry naturally 
(Thu and Dong, 2023). As such, applying default IPCC 
parameters without region-specific adjustments may 
not yield accurate CF estimates. The present study aims 
to investigate the CF of beef cattle production from 
households in rural Southwestern Vietnam, offering data 
for future emission mitigation strategies and enhancing 
scientific knowledge of CF in low-input, smallholder 
livestock systems. 

MATERIALS AND METHODS

No experimental interventions or animal handling were 
conducted; data were obtained retrospectively and via 
non-invasive on-farm observations. Farms operated in 
compliance with Vietnam’s Law on Livestock Husbandry 
(No. 32/2018/QH14). Per institutional policy, this non-
interventional, retrospective survey was exempt from 
animal ethics review.

Study site and survey design
The study was conducted in early 2025 across five 
rural districts of the former Kien Giang province in 
southwestern Vietnam (9°23’50-10°32’30 N; 104°26’40-
105°32’40 E, Figure 1), representing typical lowland 
beef cattle farming systems. Data were collected through 
structured questionnaires administered to 120 randomly 
selected cattle-raising households, encompassing 223 
individual cattle. The survey gathered information on 
animal characteristics (e.g., age, weight, breed, sex), 
housing, manure management, feeding practices, pasture 
availability, feed composition, and production costs and 
revenues. The surveyed locations were characterized by a 
tropical monsoon climate with hot and humid conditions, 
temperatures ranging from 17-37°C, annual rainfall 
between 1,800-2,300 mm, and humidity levels of 78-85%. 
The rainy season spans from April to November, and the 
dry season spans from December to March, with December 
being the coldest month (Ha, 2023).

Figure 1: The surveyed site: (A) Selected districts: Giang 
Thanh (dark orange, northern border with Cambodia); 
Kien Luong (yellow, western coastal area); Hon Dat (green, 
coastal district adjacent to the Gulf of Thailand); Chau 
Thanh (blue, coastal zone near Rach Gia); and Vinh Thuan 
(dark orange, southernmost inland district); (B) General 
administrative map of the former Kien Giang province 
(Source: PCKGP, 2020).

Life cycle system boundary
The LCA approach (Opio et al., 2013) was used in this study 
to analyze the CF of beef cattle, as illustrated in Figure 
2. The “Cradle-to-Gate” process in LCA was applied, 
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encompassing three main stages: Upstream, core (on-farm 
production), and downstream. The upstream stage includes 
calf production, feed production, transportation, and other 
supplies; the core stage involves animal care, environmental 
control, enteric fermentation, manure management, 
transportation, and other supplies; and the downstream 
stage includes slaughtering, waste management, meat 
processing/preservation, transportation, and other 
supplies. “Field-based” denotes on-farm primary activity 
data (intake, management, and purchase/sale records) 
combined with IPCC Tier-2 modeling; when Vietnam-
specific emission factors were unavailable, system-matched 
proxies were used.
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Figure 2: Life cycle system boundary of the beef cattle.

Functional units
Carbon footprint was expressed per kilogram of live 
weight (LW), carcass weight (CW), and fresh beef weight 
(FBW), as well as per animal and million VND of income. 
“Income” was defined as gross cash revenue from cattle 
sales (not net profit); family labor and land opportunity 
costs were not monetized. Feed conversion ratio (FCR), 
weight gain (WG), body length and heart girth, dry matter 
intake (DMI), dietary forage, and concentrate proportion, 
feeding days, and other retrospective data were used to 
calculate emission intensities. The data from the field 
survey are summarized in Table 1.

Table 1: Descriptive data (n=223) from the field survey for 
the study.
Variables Mini-

mum
Maxi-
mum

Mean SE

Feeding duration, days 60 3285 1140 53.9
Initial weight, kg 25 350 116 5.07
Final weight, kg 50 650 357 10.4
Dry matter intake, kg/day 0.457 7.76 4.26 0.116
Concentrate proportion, % DM 0 7.83 0.846 0.099
Weight gain, kg/day 0.056 0.972 0.277 0.011
Feed conversion ratio 2.07 87.5 22.0 1.18
Gross energy, MJ/kg DM 16.0 16.4 16.2 0.059
Digestible energy, MJ/kg DM 9.62 9.82 9.73 0.053
Metabolizable energy, MJ/kg DM 7.83 8.04 7.95 0.054
Crude protein, % DM 5.86 7.67 6.81 0.033

DM = dry matter; MJ = megajoule; SE = standard error.

Measurement and calculation
Live weight of feeding cattle was calculated using the 
Shaeffer model (Wanderstock and Salisbury, 1946), or by 
weighing or interviewing for newly acquired calves and 
sold cattle:
 

LW = HG² × BL/300

Where: LW is in pounds, HG and BL are in inches, and 
HG and BL measurements follow the guidelines of Rashid 
et al. (2015). The Shaeffer equation was used because 
smallholder farms in the study do not have livestock 
(large-animal) weighing scales; the method remains field-
feasible, low-cost, and standardized in Vietnam (TCVN 
5286: 1990).

Weight gain (WG) was determined from the period 
between cattle acquisition and survey time. Feed intake was 
determined over 3 days by daily weighing of provided feed 
and subtracting refuse for the next day to determine DMI 
(kg) and the proportion of concentrate (C) in the diet, or 
DMI is estimated according to Azevêdo et al. (2016) for 
Zebu cattle when DMI cannot be measured directly:

DMI = – 1.303 + 0.0029 × C – 0.00005 × C² + 
0.0843 × LW0.75 + 2.243 × WG – 0.271 × WG²

These intake data were collected on-farm using calibrated 
scales (not self-reported from retrospective information of 
the farmer); for newly purchased animals or grazing where 
early-period weighing was infeasible, DMI was estimated 
(Azevêdo et al., 2016) and period-weighted with the field-
measured DMI at the survey.

Gross energy (GE), crude protein (CP), and Ash content 
in the diet were based on the ratio of feedstuffs in the diet 
and using data: GE for grass 17, rice straw 16, concentrate 
19 MJ/kgDM; CP for grass 11, rice straw 5.7, concentrate 
12% DM; and Ash for grass 10, rice straw 13.5, concentrate 
10% DM referenced from NIAH (2001). Digestible energy 
(DE) was determined according to IPCC (2006, 2019) as 
0.6 of GE. Metabolizable energy (ME) was calculated 
according to Weiss and Tebbe (2019).

ME = 1.01 × DE – 0.45

Where; DE and ME are in Mcal/kg of DM (to convert to 
MJ, multiply by 4.1867).

The carcass components after slaughter used data from 
studies by Linh et al. (2021), Mo (2018a), and Hue et al. 
(2009), with carcass at 48.92% of LW and lean meat at 
42.34% of LW. Other input variables were determined 
through interviews and observations, including: number 
of days of feeding, labor, energy (electricity, gas, firewood), 
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water, transportation, biosecurity, waste management 
systems, and irregular feed types.

Respiratory emissions were calculated according to 
Madsen et al. (2010) and Kjeldsen et al. (2024): 

CO₂ (l/d) = HP (kJ/d)/21.75

Where: 21.75 = conversion factor of 1 kJ HP to l CO₂, kg 
CO₂ = l CO₂ × 1.757/1000 (32°C, 101.317 Pa). The HP 
(heat production) of the animal was calculated based on 
LW (kg), WG (kg/day), and GE (MJ/kgDM) according 
to CIGR (2002): 

HP (W/d) = 7.64 × LW0.69 + WG × [(23/GE – 1)] × 
[(57.27 + 0.302 × LW)/(1 – 0.171 × WG)];  kJ/d = (1 

W/d × 60 seconds × 60 minutes × 24 hours)/1000

Enteric methane emissions (CH₄e, kg) determined 
according to IPCC (2006, 2019): 

CH₄e = DMI × Ym/100 × GE/55.65

Where:  Ym = 37.7 + 19.71 × DE/ME – 50.7 × ME/DE 
(Kaewpila and Sommart, 2016), and 55.65 = methane 
energy content.

Methane from manure (CH₄f, kg) according to IPCC 
(2006, 2019): 

CH₄f = {[GE × DMI × (1 – 0.6) + 0.04 × GE × 
DMI] × (1-Ash)/GE} × 0.1 × 0.67 × 0.02

Where: 0.6 = digestion rate, 0.04 = urine energy, 0.67 = 
conversion factor from m³ CH₄ to kg, 0.1 = maximum 
CH₄ generation potential of manure, 0.02 = methane 
conversion factor for dry manure management systems.

Nitrous oxide emissions (N₂Of, kg) from manure according 
to IPCC (2006, 2019): 

N₂Of = N₂Odf + N₂Ovf + N₂Olf

Where: N₂Odf = Nex × 0.02 × 44/28, due to direct 
emissions; N₂Ovf = Nex × 0.2 × 0.01 × 44/28, emissions 
due to volatilization; N₂Olf = Nex × 0.3 × 0.0075 × 44/28, 
emissions due to leaching; Nex = (1-0.07) × DMI × 
CP/6.25, nitrogen excreted in manure; 0.02 = N₂O emission 
conversion factor for dry manure management systems; 
44/28 = conversion from N₂O-N to N₂O; 0.2 = fraction of 
nitrogen that volatilizes as NH₃ and NOx in dry manure 
management systems; 0.01 = emission factor for N₂O from 
atmospheric nitrogen; 0.3 = fraction of nitrogen lost due to 
leaching; 0.0075 = emission factor for N₂O from leached 
nitrogen; 0.07 = fraction of maintenance nitrogen; 6.25 = 
conversion of nitrogen from protein.

Emissions from solid waste (CH₄ssw and N₂Ossw, kg) from 
slaughterhouses are estimated similarly to manure (Ngwabie 
et al., 2019), but the VS of solid waste and nitrogen of 
slaughterhouse solid waste are determined differently:

CH₄ssw = 0.1 × 0.67 × 0.02 × 0.275 × 0.189 × 
LW; N₂Ossw = N₂Odsw + N₂Ovsw + N₂Olsw

Where: N₂Odsw = 0.031428571 × Nsw, direct emissions; 
N₂Ovsw = 0.003142857 × Nsw, emissions due to 
volatilization;  N₂Olsw = 0.003535714 × Nsw, emissions 
due to leaching; Nsw = 0.275 × 0.01865 × LW, nitrogen 
excreted from slaughterhouse solid waste; 0.1 = maximum 
CH₄ generation potential of manure; 0.67 = conversion 
factor from m³ CH₄ to kg; 0.02 = methane conversion 
factor for dry manure management systems; 0.275 = 
ratio of waste to cattle body weight ( Jayathilakan et al., 
2012); 0.189= volatile content of waste (Musa et al., 2020); 
0.01865= nitrogen content of waste (IPCC (2006, 2019)). 

Emissions from wastewater (CH₄ww and N₂Oww, kg) 
from slaughterhouses were estimated according to IPCC 
(2006, 2019): 

CH₄ww = 13.9 × 0.25 × 0.1 × Vww = 0.3475 
× Vww; N₂Oww = 0.212 × 1.1 × 1.25 × 0.005 

× 44/28 × Vww = 0.002290357 × Vww

Where: 13.9 = COD of wastewater, kg/m³ (Budiyono et 
al., 2011); 0.25 = maximum CH₄ generation potential; 
0.1 = methane correction factor; 0.005 = N₂O emission 
factor for wastewater; 44/28 = conversion from kg N₂O-N 
to N₂O; 0.212 = nitrogen content of wastewater, kg/m³ 
(Budiyono et al., 2011); 1.1 = factor for additional nitrogen 
in wastewater; 1.25 = factor for co-discharged nitrogen 
into wastewater systems; Vww = volume of wastewater, m³, 
determined as 90% of water consumption (Shende et al., 
2022). Other indirect emissions were calculated based on 
emission factors in Table 2.

Table 2: Emission factor of other sources.
Variables Value Unit Sources
Calf production 30.7 Kg CO₂e/kgLW Basarab et al. (2012)
Rice straw 0.072 Kg CO₂e/kg Deka et al. (2025)
Grass 0.018 Kg CO₂e/kg Somjai and Suwan 

(2020)
Concentrate 0.27 Kg CO₂e/kgDM Flachowsky (2011)
Electricity 0.6592 Kg CO₂e/kWh DCCV (2024)
Workforce 0.009 Kg CO₂e/h Walsh et al. (2008)
Gasoline 2.301 Kg CO₂e/l IPCC (2006, 2019)
Diesel 2.739 Kg CO₂e/l IPCC (2006, 2019)
Wood 1361 Kg CO₂e/m3 IPCC (2006, 2019)

To examine the impact on global warming potential through 
assessment over 100 years (IPCC, 2007), GHG types were 
converted to carbon dioxide equivalent units (CO₂e), using 25 
for CH₄ and 298 for N₂O.
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The development of feeding scenarios to mitigate emissions 
was based on husbandry practices, locally available feed 
conditions, and nutritional requirements of Zebu cattle, with 
the hypothesis of increasing the proportion of concentrate 
to meet nutritional requirements, then predicting DMI 
according to Mo (2018b) and WG according to Azevêdo et 
al. (2016). Nutritional requirements were then determined 
using the tool by Benedeti et al. (2016), with input variables 
of initial and final LW from the survey and WG according 
to prediction results.

Data analysis
Descriptive statistical analysis was conducted by using 
Minitab 21 (2022) software to calculate the minimum and 
maximum values, mean, and standard error (SE) for all 
variables.

RESULTS AND DISCUSSIONS

Carbon footprint of beef
The results of the calculation and analysis of the CF of beef 
in rural areas in Southwestern Vietnam are presented in 
Tables 3, 4 and Figures 3, 4.

Figure 3: Sources of carbon emissions at the farm-gate.

Figure 4: Sources of carbon emissions at the slaughterhouse.

Table 3: Carbon footprint of beef cattle fed by households 
at the farm-gate
Items Min. Max. Mean SE
Calf production, kg CO₂e/head 768 10745 3572 156
Feed production, kg CO₂e/head 5.05 1951 557 29.9
Respiration, kg CO₂e/head 44.5 11063 3081 169
Enteric fermentation, kg CO₂e/head 30.7 12560 3354 187
Manure management, kg CO₂e/head 5.96 2438 700 37.6
Animal care, kg CO₂e/head 8.74 1617 208 15.9
Total, kg CO₂e/head 866 35478 11472 537
CO₂e/head/day, kg 3.65 48.4 10.0 0.285
CO₂e/head/year, kg 1333 17673 3640 104
CO₂e/kg of WG, kg 9.36 237 48.9 2.33
CO₂e/kg of LW, kg 8.19 59.1 28.9 0.928
CO₂e/million VND of income, kg 111 5173 813 42.3

CO₂e = equivalent carbon dioxide; WG = weight gain; LW = 
live weight; SE = standard error;1 USD = 25,605 VND. Animal 
care included a workforce of feeding, environmental control, and 
biosecurity. Calf and feed production included transportation.

The assessment (Table 3) revealed that the average total 
GHG emissions per animal were 11,472 ± 537 kg CO₂e/
head, with values ranging from 866 to 35,478 kg CO₂e/
head. This corresponds to an estimated 10.0 ± 0.285 kg 
CO₂e/head/day, or 3,640 ± 104 kg CO₂e/head/year. 
Emission intensity per unit of WG was calculated at 
48.9 ± 2.33 kg CO₂e/kg, while emissions per kilogram 
of LW reached 28.9 ± 0.928 kg CO₂e/kg. These values 
are substantially higher than those typically reported in 
developed countries. For instance, Desjardins et al. (2012) 
documented emission levels between 7.9 and 22.4 kg 
CO₂e/kg LW, with averages of 14.8 kg CO₂e/kg in the U.S. 
and 19.2 kg CO₂e/kg in pasture-based systems. Emissions 
in France ranged from 14.3 to 18.3 kg CO₂e/kg LW, while 
in Sweden, they were around 11.6 kg CO₂e/kg, and in 
Canada and Australia, values ranged from 8.4 to 15.3 kg 
and 7.9 to 12.7 kg CO₂e/kg LW, respectively. Even Brazil, 
with its extensive production systems, reported lower 
average intensities of 14.3–22.4 kg CO₂e/kg LW (Dick 
et al., 2015). The elevated emission intensities observed in 
this study are likely due to traditional low-nutrition feeding 
systems and the use of low-performing indigenous cattle 
breeds, which contribute to longer fattening periods. These 
findings align with the conclusions of Dick et al. (2015), 
van Lingen et al. (2018), and Florindo et al. (2017), all of 
whom emphasized that genetic improvement, enhanced 
feeding strategies, and reduced fattening time are effective 
in lowering emission intensity per unit of product.

The higher CF in this study is explained by three linked 
features of the Mekong Delta smallholder system: low-
quality roughages (rice straw and native grasses) with crude 
protein typically around 5–7% DM; predominance of Bos 
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indicus with lower feed efficiency than specialized beef 
breeds; and prolonged fattening (mean feeding duration 
≈1,140 days in our survey), which raises lifetime emissions 
per animal. The large shares from respiration (26.9%) and 
enteric fermentation (29.2%) are consistent with these 
constraints and point to the need to improve diet quality 
and shorten cycles.

The results in Table 4 show that the CF across the full 
rural beef production system in southwestern Vietnam also 
varies widely. Total emissions ranged from 926 to 35,571 
kg CO₂e/head, with a mean value of 11,548 kg CO₂e/head 
(SE = 537), which is comparable to findings by Florindo 
et al. (2017) in Brazil, where production intensity and feed 
composition varied significantly. When emissions were 
expressed per CW, the average CF was 59.5 kg CO₂e/kg, 
ranging from 17.4 to 121 kg CO₂e/kg. For edible beef, 
the CF rose further to 68.8 kg CO₂e/kg, well above global 
averages. For comparison, Desjardins et al. (2012) reported 
8.0–19.2 kg CO₂e/kg LW for systems in the U.S. and 
Australia, while Dick et al. (2015) recorded 18.3 kg CO₂e/
kg in improved systems and 45.1 kg CO₂e/kg in extensive 
systems in Brazil.

Table 4: Carbon footprint of beef in the entire production 
system.
Stage Min. Max. Mean SE
Upstream, kg CO₂e/head 774 11599 4144 174
On-farm production, kg CO₂e/head 91.8 27678 7343 399
Downstream, kg CO₂e/head 22.8 96.0 61.0 1.20
Total, kg CO₂e/head 926 35571 11548 537
CO₂e/kg of CW, kg 17.4 121 59.5 1.89
CO₂e/kg of FBW, kg 20.2 140 68.8 2.18
CO₂e/million VND of income, kg 106 2010 608 24.9

CO₂e: equivalent carbon dioxide; CW = carcass weight; FBW = 
fresh beef weight; SE = standard error;1 USD = 25,605 VND.

Within the production stages, the on-farm production 
phase was the largest source of emissions, with an average 
of 7,343 kg CO₂e/head, consistent with studies by Gao et 
al. (2014) and Ramírez-Restrepo et al. (2023). Upstream 
emissions related to feed and calf inputs averaged 4,144 
kg CO₂e/head, while the downstream stage contributed 
minimally, at 61 kg CO₂e/head. The carbon cost per unit of 
income was calculated at 608 kg CO₂e per million VND, 
indicating low carbon-economic efficiency, as similarly 
noted by Murphy et al. (2017). The high CF values observed 
in this region emphasize the need for interventions 
such as improved cattle genetics, more efficient feed use, 
shorter production cycles, and enteric methane mitigation 
strategies (Samsonstuen et al., 2019). Integrated ecological 
farming models have also demonstrated potential in 
lowering emissions, as shown in the work of Guo et al. 
(2022).

The breakdown of emission sources across the beef 
production system is illustrated in Figure 3. Among the 
various contributors, enteric fermentation emerged as the 
dominant source, averaging 3,354 ± 187 kg CO₂e/head, 
which accounted for 29.2% of total emissions. This was 
followed closely by respiratory emissions, contributing 
3,081 ± 169 kg CO₂e/head or 26.9%. Emissions associated 
with calf production were also substantial, reaching 3,572 
± 156 kg CO₂e/head, equivalent to 31.1% of the total. 
Other sources contributed smaller proportions. Manure 
management emitted 700 ± 37.6 kg CO₂e/head (6.1%), 
while emissions from feed production and animal care 
were 557 ± 29.9 kg CO₂e/head (4.85%) and 208 ± 15.9 
kg CO₂e/head (1.81%), respectively. Altogether, the three 
main sources, enteric fermentation, respiration, and calf 
production, accounted for approximately 87% of total 
emissions. These findings underscore the crucial role of 
animal physiology and biological processes in GHG 
emissions, particularly methane production from enteric 
digestion and energy use for maintenance. This result 
aligns with van Lingen et al. (2018), who emphasized the 
dominant contribution of digestion and excretion in total 
livestock emissions. It is also consistent with the broader 
literature indicating that enteric methane is the single 
largest emission source in ruminant livestock systems 
(Desjardins et al., 2012; Ramírez et al., 2023). 

In the downstream stage of the system, shown in Figure 4, 
the largest contributor to emissions was waste management, 
accounting for 56.5% of emissions during slaughter and 
post-slaughter handling. Energy consumption followed, 
representing 40.9% of downstream emissions, which 
primarily originated from lighting, water pumping, 
and refrigeration at small-scale slaughter facilities. The 
remaining contributions came from transportation 
(2.67%) and labor (0.015%), the latter being negligible 
due to the manual and low-mechanization nature of most 
rural slaughterhouses. Although downstream emissions 
constituted a small fraction of total system emissions, just 
0.53%, they are not insignificant in the context of local 
environmental management. The small downstream share 
reflects informal, low-energy slaughter, characterized by 
manual processing, rapid sale of fresh meat, and limited or 
absent refrigeration. Waste handling is rudimentary, with 
by-products often reused locally. While this explains the 
low current footprint, downstream emissions could rise if 
the cold chain is expanded. Improper waste disposal and 
inefficient energy use may pose additional sustainability 
risks. Improvements such as adopting biogas technology 
for waste treatment and using energy-efficient equipment 
in slaughter operations could reduce these emissions 
further.

Overall, the results highlight that while upstream and 
production-phase interventions are most effective for 
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reducing total emissions, downstream improvements offer 
complementary benefits and should not be overlooked in 
mitigation planning.

Dietary scenarios for emission mitigation
The study modelled three dietary adjustment scenarios to 
evaluate their effectiveness in reducing carbon emissions 
compared to current feeding practices, as shown in Tables 
5 and 6. These scenarios were designed by modifying 
DMI proportions of rice bran, soybean meal, grass, and 
rice straw to improve the nutritional profile and energy 
balance of cattle diets. Scenario 1 (≈95% grass) is used 
as a benchmark to show the upper bound of mitigation 
with high-forage diets. Given the limited grassland in the 
Mekong Delta, more feasible options are silage making 
and improved forages within crop–livestock integration. 
Scenarios 2 and 3, therefore, better represent practical 
pathways.

Table 5: Cattle performance in dietary scenarios for 
emissions mitigation.
Items Scenario diets

1 2 3
Rice bran, %DMI 20 40 12
Soy meal, %DMI 0 0 28
Grass, %DMI 80 43 20
Rice straw, %DMI 0 17 40
DMI, kg/day 4.63 4.75 4.75
ME content, MJ/kg DMI 9.35 9.37 9.37
CP content, % DMI 10.5 10.5 10.5
Feeding-day 502 467 467
Weight gain, kg/day 0.480 0.516 0.516
Feed conversion ratio 10.8 10.5 10.1

DMI = dry matter intake; ME = metabolizable energy; CP = 
crude protein; MJ = megajoules. Scenario diets 1: 5% rice bran 
+ 95% grass; 2: 11.5% rice bran + 2.0% soy meal + 68.0% grass 
+ 18.5% rice straw; and 3: 25.5% concentrate + 4.5% soy meal + 
10.5% grass + 59.5% rice straw (as-fed basis, while percentages 
in Table 5 are on a DMI basis).

All three alternative diets led to notable improvements in 
animal performance. In Scenario 1, a diet of 95% grass 
and 5% rice bran increased DMI from 4.26 kg/day (field 
survey) to 4.63 kg/day. The ME content also improved, 
rising from 7.96 to 9.35 MJ/kg of DMI. The CP content 
increased from 6.90% to 10.5%, while the average daily 
WG rose significantly from 0.277 kg to between 0.480 
and 0.516 kg across all scenarios. These enhancements 
were accompanied by major gains in FCR, improved from 
22.0 under traditional feeding to values between 10.1 and 
10.8 in the dietary scenarios, demonstrating a more than 
twofold increase in feed utilization efficiency. Carbon 
emission levels also decreased substantially under the new 

feeding regimes. Total emissions per head were reduced 
from 11,533 kg CO₂e in the field survey to between 7,720 
and 8,183 kg CO₂e, a reduction of approximately 29–33%. 
Emissions from the on-farm production phase alone 
decreased by over 50%, from 7,343 to around 3,234–3,679 
kg CO₂e. When expressed per kilogram of final product, 
the emission intensity for FBW declined from 68.7 kg 
CO₂e/kg to 48.2–49.6 kg CO₂e/kg, making the system 
more aligned with international benchmarks. These results 
support previous findings that improving feed quality and 
balancing diets can effectively reduce GHG emissions 
from beef production (Gao et al., 2014; Dick et al., 2015; 
Samsonstuen et al., 2020).

Table 6: Carbon footprint of beef in dietary scenarios for 
emissions mitigation.
Items Scenario diets

1 2 3
Upstream, kg CO₂e/head 3910 3947 3929
On-farm production, kg CO₂e/head 3615 3679 3234
Downstream, kg CO₂e/head 61.0 61.0 61.0
Total, kg CO₂e/head 8082 8183 7720
CO₂e/kg LW, kg 21.1 21.4 20.1
CO₂e/kg of CW, kg 43.0 42.5 41.7
CO₂e/kg of FBW, kg 49.6 49.1 48.2
Income, million VND/head 15.6 12.3 11.3
Income per month, million VND/head 0.930 0.792 0.728
Emission/income, kg CO₂e/million VND 484 618 632

LW = live weight; CO₂e=equivalent carbon dioxide; CW = 
carcass weight; FBW = fresh beef weight. Scenario diets 1: 5% 
rice bran + 95% grass; 2: 11.5% rice bran + 2.0% soy meal + 
68.0% grass + 18.5% rice straw; and 3: 25.5% concentrate + 4.5% 
soy meal + 10.5% grass + 59.5% rice straw (as-fed basis). USD 
= 25,605 VND.

Despite the environmental benefits, the economic trade-
offs were evident. Average income per animal was reduced 
from 20.5 million VND (field survey) to between 11.3 and 
15.6 million VND under the dietary scenarios, primarily 
due to the shorter feeding duration and changes in feed 
composition. However, monthly income improved, 
increasing from 0.541 to 0.728–0.930 million VND, 
reflecting better productivity within a shorter production 
cycle. Nevertheless, carbon intensity per unit of income did 
not improve across all scenarios. Only Scenario 1 achieved 
better carbon-economic efficiency, with 484 kg CO₂e per 
million VND, while Scenarios 2 and 3 exceeded 600 kg 
CO₂e per million VND.

Although Scenario 1 yielded the best environmental and 
economic efficiency, it may not be feasible in the region 
due to limited grassland availability. Given the region’s 
abundance of agricultural by-products such as rice straw, 
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Scenarios 2 and 3, which incorporate higher levels of 
concentrates and by-products, may be more practical for 
local production systems and warrant further validation. 
Because Scenarios 2 and 3 reduce net income per head 
by about one-third to nearly one-half, uptake will require 
support (feed/forage subsidies, concessional credit, 
extension on forage/silage, and access to carbon credit 
schemes). Such measures align with Vietnam’s COP26 
livestock target (46.95 Mt CO₂e by 2030) and can de-
risk adoption for smallholders. If realized at scale, the 
50–56% per-animal reductions from improved diets would 
contribute materially to national targets, but costs, risk 
aversion, and land limits for forages remain key barriers 
to address.

Overall, adjusting diets can significantly lower CF and 
improve production efficiency, but targeted policy support, 
such as feed subsidies or local roughage yield improvements, 
is necessary to ensure adoption by smallholder farmers. 
These findings have important implications for climate-
smart agriculture policy, particularly in supporting 
dietary improvement strategies in smallholder contexts. 
A limitation of this study, however, is the reliance on 
emission factors adapted from varied regional literatures, 
which may not fully capture the variability in smallholder 
systems. Future work should focus on direct measurement 
and modeling under local conditions. Although the study 
adopted IPCC Tier 2 because Tier 3 is not yet available in 
Viet Nam, and parameters were also localized (e.g., Ym for 
Bos indicus on tropical diets), the absence of Tier 3 remains 
a source of uncertainty. The use of predictive DMI for some 
cases may propagate error due to the infeasibility of direct 
measurement (e.g., grazing, newly purchased animals).

CONCLUSION

The study assessed the carbon footprint of beef in rural 
southwestern Vietnam using IPCC Tier 2 algorithms, with 
adjustments based on field surveys and literature reports 
with similar conditions. Results showed, on average, 28.9 
± 0.928 kg CO₂e/kg of LW, 59.5 ± 1.89 kg CO₂e/kg of 
CW, and 68.8 ± 2.18 kg CO₂e/kg of FBW. The carbon 
emission cost for earning 1 million VND of households 
from cattle farming in rural areas was 813 ± 42.3 kg CO₂e 
at the farm-gate and 608 ± 24.9 kg CO₂e at the post-
slaughter. Scenarios of feeding at high concentrate levels 
from 20 to 40% DM in the diet could satisfy the nutrient 
requirement of cattle and mitigate carbon emissions by 50-
56% in the on-farm production stage and 28-30% for the 
entire system. Further research is required to validate the 
hypotheses in the scenarios and develop emission factors 
that better align with the conditions in southwestern 
Vietnam.

ACKNOWLEDGEMENT 

The study was funded by Kien Giang University, and my 
students, N. D. Nhat, T. T. Dang, N. T. Anh, L. N. H\. 
Nhan and L.V. Ngot helped with part of the survey.
 
NOVELTY STATEMENT

This study presents the first life cycle assessment of beef 
production in rural southwestern Vietnam using field-
based data and IPCC Tier 2 algorithms. It quantifies 
carbon footprint across the full production chain and 
demonstrates that dietary adjustment scenarios have a 
high potential to mitigate emissions for the product unit. 
It advances prior diet-focused studies by combining field-
measured intake with a Tier-2, cradle to gate LCA (from 
cattle acquisition to slaughter) and by making explicit 
links to farm economics.

AUTHOR CONTRIBUTION

The conception, design, survey, interpretation, data 
analysis, writing, and final manuscript approval were done 
by D. Mo. This manuscript was prepared by the author 
with assistance from AI-based tools only for grammar 
checking and linguistic refinement. All scientific content 
and interpretation were conducted by the author.

Generative AI and AI-assisted technology 
statement
AI-based tools were used solely for grammar checking 
and language refinement. No generative AI tools were 
employed for creating, analyzing, or interpreting scientific 
content.

Conflict of interest
The author has declare no conflict of interest.

REFERENCES

Azevêdo JAG, Filho SDCV, Silva LFCE, Santos ABD, Souza 
LL, Rotta PP, Rennó LN, Prado IND (2016). Regulation and 
prediction of dry matter intake. In: Filho, S.D.C.V., Silva, 
L.F.C.E., Gionbelli, M.P., Rotta, P.P., Marcondes, M.I., 
Chizzotti, M.L., Prados, L.F. (eds), Nutrient requirements 
of Zebu and crossbred cattle, 3rd edn., pp. 15–42. Viçosa 
(MG): UFV, DZO.

Basarab J, Baron V, López-Campos O, Aalhus J, Haugen-Kozyra 
K, Okine E (2012). Greenhouse gas emissions from calf- 
and yearling-fed beef production systems, with and without 
the use of growth promotants. Animals, 2: 195–220. https://
doi.org/10.3390/ani2020195

Benedeti PDB, Silva TE, Detmann E (2016). Spreadsheet for 
prediction of the energy value of cattle diets based on the 
chemical composition of feeds (BR-CORTE 2016). https://
www.brcorte.com.br

https://doi.org/10.3390/ani2020195
https://doi.org/10.3390/ani2020195
https://www.brcorte.com.br
https://www.brcorte.com.br


Advances in Animal and Veterinary Sciences

October 2025 | Volume 13 | Issue 10 | Page 2203

Budiyono, Widiasa IN, Johari S, Sunarso (2011). Study on 
slaughterhouse wastes potency and characteristic for biogas 
production. Int. J. Waste Resour., 1(2): 4–7.

Commission Internationale du Génie Rural (CIGR) (2002). 
Climatization of animal houses: Heat and moisture 
production from livestock (Working Group Report 
No. 4). Pedersen, S., Sällvik, K. (eds). Research Center 
Bygholm, Danish Institute of Agricultural Sciences, 
Horsens, Denmark. https://www.cigr.org/sites/default/files/
documets/CIGR_4TH_WORK_GR.pdf (accessed 18 July 
2025)

Deka TJ, Budhiraja B, Osman AI, Baruah DC, Rooney DW 
(2025). Assessing rice straw availability and associated 
carbon footprint for methanol production: A case study 
in India. Biomass Bioenergy, 194: 107580. https://doi.
org/10.1016/j.biombioe.2024.107580

Department of Climate Change of Vietnam (DCCV) (2024). 
Official dispatch No. 1726/BĐKT-PTCBT dated 
December 3, 2024 on announcing the results of calculating 
the emission factor of Vietnam’s electrical grid in 2023. 
Department of Climate Change, Hanoi, Vietnam.

Desjardins RL, Worth DE, Vergé XPC, Maxime D, Dyer J, 
Cerkowniak D (2012). Carbon footprint of beef cattle. 
Sustainability, 4(12): 3279–3301. https://doi.org/10.3390/
su4123279

Dick M, da Silva MA, Dewes H (2015). Life cycle assessment 
of beef cattle production in two typical grassland systems of 
southern Brazil. J. Cleaner Prod., 96: 426–434. https://doi.
org/10.1016/j.jclepro.2014.01.080

Flachowsky G (2011). Carbon-footprints for food of animal 
origin, reduction potentials and research need. J. Appl. 
Anim. Res., 39(1): 2–14. https://doi.org/10.1080/0971211
9.2011.570047

Florindo TJ, Florindo GIBdM, Talamini E, Costa JSD, Ruviaro 
CF (2017). Carbon footprint and life cycle costing of beef 
cattle in the Brazilian Midwest. J. Cleaner Prod., 147: 119–
129. https://doi.org/10.1016/j.jclepro.2017.01.021

Gao Z, Lin Z, Yang Y, Ma W, Liao W, Li J, Cao Y, Roelcke 
M (2014). Greenhouse gas emissions from the enteric 
fermentation and manure storage of dairy and beef cattle 
in China during 1961–2010. Environ. Res., 135: 111–119. 
https://doi.org/10.1016/j.envres.2014.08.033

General Statistics Office of Vietnam (GSO) (2024). Statistical 
yearbook of Vietnam 2024. Statistical Publishing House, 
Hanoi, Vietnam. Retrieved July 20, 2025, from https://
www.nso.gov.vn/wp-content/uploads/2025/06/NGTK-
Cuc-TK-2024_BQ_PDF.pdf.

Gerber PJ, Hristov AN, Henderson B, Makkar H, Oh J, Lee 
C, Meinen R, Montes F, Ott T, Firkins J, Rotz A, Dell C, 
Adesogan AT, Yang WZ, Tricarico JM, Kebreab E, Waghorn 
G, Dijkstra J, Oosting S (2013). Technical options for the 
mitigation of direct methane and nitrous oxide emissions 
from livestock: A review. Animal, 7(s2): 220–234. https://
doi.org/10.1017/S1751731113000876

Guo H, Su Z, Yang X, Xu S, Pan H (2022). Greenhouse gas 
emissions from beef cattle breeding based on the ecological 
cycle model. Int. J. Environ. Res. Publ. Health, 19: 9481. 
https://doi.org/10.3390/ijerph19159481

Ha DTV (2023). Trend analysis of rainfall and temperature in 
Kien Giang province. J. Hydro-Meteorol., 747: 54–69.

Hiep T, Hoa DV, Dang PK, Bang NN, Trach NX (2016). Dietary 
supplementation of oil and non-protein nitrogen to mitigate 
methane emissions from growing cattle. J. Sci. Dev., 14(1): 

109–118. Available online: https://tapchi.vnua.edu.vn/wp-
content/uploads/old/1132016-TC%20so%201.2016%20
ban%20bong4_14.pdf (accessed on 18 July 2025).

Hue PT, Chinh DV, Binh DV (2009). Growth rate and meat yield 
of Lai Sind, F1 (Brahman × Lai Sind) and F1 (Charolais × 
Lai Sind) crossbred cattle fattened in Dak Lak province. J. 
Sci. Dev., 7(3): 291–298.

Hung PV, Nga NTD, Quang BV, Ha DN, Cuong TT, My PK, 
Adhikarari R, Huyen LTT, Ives S (2022). Characterizing 
beef consumption behaviors of households in Dien Bien 
Province, Vietnam. Vietnam J. Agric. Sci., 5(3): 1598–1612. 
https://doi.org/10.31817/vjas.2022.5.3.08

Intergovernmental Panel on Climate Change (IPCC) (2007). 
Climate change 2007: Synthesis report. Contribution of 
Working Groups I, II and III to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change 
(Core Writing Team, Pachauri, R. K. and Reisinger, A. 
(eds)). IPCC. Available at: https://www.ipcc.ch/report/ar4/
syr/ (accessed 20 Jul 2025).

Intergovernmental Panel on Climate Change (IPCC) (2019). 
2019 refinement to the 2006 IPCC guidelines for national 
greenhouse gas inventories. Edited by Calvo Buendia, E., 
Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., Ngarize, 
S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, 
S. IPCC, Switzerland. Available at: https://www.ipcc-nggip.
iges.or.jp/public/2019rf/ (accessed 20 Jul 2025). https://doi.
org/10.1017/CBO9780511546013

Intergovernmental Panel on Climate Change (IPCC) (2006). 
2006 IPCC guidelines for national greenhouse gas 
inventories, Volume 4: Agriculture, Forestry and Other Land 
Use. Prepared by the National Greenhouse Gas Inventories 
Programme, Eggleston, H.S., Buendia, L., Miwa, K., Ngara, 
T., Tanabe, K. (Eds). IGES, Japan. Available at: https://
www.ipcc-nggip.iges.or.jp/public/2006gl/.

Jayathilakan K, Sultana K, Radhakrishna K, Bawa AS (2012). 
Utilization of byproducts and waste materials from meat, 
poultry and fish processing industries: A review. J. Food Sci. 
Technol., 49(3): 278–293. https://doi.org/10.1007/s13197-
011-0290-7

Kaewpila C, Sommart K (2016). Development of methane 
conversion factor models for Zebu beef cattle fed low-
quality crop residues and by-products in tropical regions. 
Ecol. Evol., 6(20): 7422–7432. https://doi.org/10.1002/
ece3.2500

Kjeldsen MH, Johansen M, Weisbjerg MR, Hellwing ALF, 
Bannink A, Colombini S, Crompton L, Dijkstra J, Eugène 
M, Guinguina A, Hristov AN, Huhtanen P, Jonker A, 
Kreuzer M, Kuhla B, Martin C, Moate PJ, Niu P, Peiren N, 
Reynolds C, Williams SRO, Lund P (2024). Predicting CO₂ 
production of lactating dairy cows from animal, dietary, and 
production traits using an international dataset. J. Dairy Sci., 
107: 6771–6784. https://doi.org/10.3168/jds.2023-24414

Linh NTM, Tuan NQ, Phung LD, Dũng DV, Ba NX (2021). 
Growth performance and carcass composition of crossbred 
beef cattle between Brahman crossbred cows and Charolais, 
Red Angus and Droughtmaster bulls in fattening period 
in Quang Ngai province. Huaf J. Agric. Sci. Technol., 5(2): 
2458–2466.

Madsen J, Bjerg B, Hvelplund T, Weisbjerg M, Lund P (2010). 
Methane and carbon dioxide ratio in excreted air for 
quantification of the methane production from ruminants. 
Livest. Sci., 129: 223–227. https://doi.org/10.1016/j.
livsci.2010.01.001

https://www.cigr.org/sites/default/files/documets/CIGR_4TH_WORK_GR.pdf
https://www.cigr.org/sites/default/files/documets/CIGR_4TH_WORK_GR.pdf
https://doi.org/10.1016/j.biombioe.2024.107580
https://doi.org/10.1016/j.biombioe.2024.107580
https://doi.org/10.3390/su4123279
https://doi.org/10.3390/su4123279
https://doi.org/10.1016/j.jclepro.2014.01.080
https://doi.org/10.1016/j.jclepro.2014.01.080
https://doi.org/10.1080/09712119.2011.570047
https://doi.org/10.1080/09712119.2011.570047
https://doi.org/10.1016/j.jclepro.2017.01.021
https://doi.org/10.1016/j.envres.2014.08.033
https://www.nso.gov.vn/wp-content/uploads/2025/06/NGTK-Cuc-TK-2024_BQ_PDF.pdf
https://www.nso.gov.vn/wp-content/uploads/2025/06/NGTK-Cuc-TK-2024_BQ_PDF.pdf
https://www.nso.gov.vn/wp-content/uploads/2025/06/NGTK-Cuc-TK-2024_BQ_PDF.pdf
https://doi.org/10.1017/S1751731113000876
https://doi.org/10.1017/S1751731113000876
https://doi.org/10.3390/ijerph19159481
https://tapchi.vnua.edu.vn/wp-content/uploads/old/1132016-TC%20so%201.2016%20ban%20bong4_14.pdf
https://tapchi.vnua.edu.vn/wp-content/uploads/old/1132016-TC%20so%201.2016%20ban%20bong4_14.pdf
https://tapchi.vnua.edu.vn/wp-content/uploads/old/1132016-TC%20so%201.2016%20ban%20bong4_14.pdf
https://doi.org/10.31817/vjas.2022.5.3.08
https://www.ipcc.ch/report/ar4/syr/
https://www.ipcc.ch/report/ar4/syr/
https://www.ipcc-nggip.iges.or.jp/public/2019rf/
https://www.ipcc-nggip.iges.or.jp/public/2019rf/
https://doi.org/10.1017/CBO9780511546013
https://doi.org/10.1017/CBO9780511546013
https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://doi.org/10.1007/s13197-011-0290-7
https://doi.org/10.1007/s13197-011-0290-7
https://doi.org/10.1002/ece3.2500
https://doi.org/10.1002/ece3.2500
https://doi.org/10.3168/jds.2023-24414
https://doi.org/10.1016/j.livsci.2010.01.001
https://doi.org/10.1016/j.livsci.2010.01.001


Advances in Animal and Veterinary Sciences

October 2025 | Volume 13 | Issue 10 | Page 2204

Markoni E, Ha TM, Götze F, Häberli I, Ngo MH, Huwiler 
RM, Delley M, Nguyen AD, Bui TL, Le NT, Pham BD, 
Brunner TA (2023). Healthy or environmentally friendly? 
Meat consumption practices of green consumers in Vietnam 
and Switzerland. Sustainability, 15(15): 11488. https://doi.
org/10.3390/su151511488

Ministry of Natural Resources and Environment (MONRE) 
(2022). Updated Nationally Determined Contribution 
(NDC) of Viet Nam. Hanoi, Vietnam. Available at: https://
www4.unfccc.int/sites/ndcstaging/PublishedDocuments/
Viet%20Nam%20First/Viet%20Nam_NDC_2020_Eng.
pdf (accessed 20 Jul 2025).

Minitab (2022). Getting started with minitab statistical software 
release 21.3. Minitab, LLC, Sydney, NSW, Australia.

Mo D (2018b). Evaluation of the model for estimating enteric 
methane emission from crossbred (Sindhi × local) cattle 
in Mekong delta, Vietnam. Proceedings of the Scientific 
Research Conference at Universities in the Era of Industrial 
Revolution 4.0, HCM, Vietnam.

Mo D (2018a). Effects of the concentrate level on performance 
and methane emission from (Red Sindhi × Vietnamese) 
crossbred cattle in the Mekong delta. J. Anim. Husb. Sci. 
Tech., 235: 54–59.

Murphy B, Crosson P, Kelly AK, Prendiville R (2017). An 
economic and greenhouse gas emissions evaluation of 
pasture-based dairy calf-to-beef production systems. 
Agric. Syst., 154: 124–132. https://doi.org/10.1016/j.
agsy.2017.03.007

Musa MA, Idrus S, Harun MR, Marzuki TFTM, Wahab AMA 
(2020). A comparative study of biogas production from 
cattle slaughterhouse wastewater using conventional and 
modified upflow anaerobic sludge blanket (UASB) reactors. 
Int. J. Environ. Res. Public Health, 17(1): 283. https://doi.
org/10.3390/ijerph17010283

National Institute of Animal Husbandry (NIAH) (2001). 
Composition and nutritive value of animal feeds in Vietnam. 
Agricultural Publishing House, Ha Noi, Vietnam.

Ngwabie M, VanderZaag A, Nji P, Tembong G, Chenwi T 
(2019). Assessment of gaseous emissions from cattle abattoir 
wastes in Cameroon. Agric. Eng., 1: 145–152. https://doi.
org/10.3390/agriengineering1020011

Opio C, Gerber P, Mottet A, Falcucci A, Tempio G, MacLeod M, 
Vellinga T, Henderson B, Steinfeld H (2013). Greenhouse 
gas emissions from ruminant supply chains. A global life 
cycle assessment. In: Food and Agriculture Organization of 
the United Nations (eds), Tackling climate change through 
livestock: A global assessment of emissions and mitigation 
opportunities. pp. 15–96. FAO, Rome. https://www.fao.
org/3/i3461e/i3461e.pdf (accessed 18 Jul 2025).

People’s Committee of Kien Giang Province (PCKGP) (2020). 

Kien Giang: Investment Potentials and Opportunities. 
Vietnam News Agency Publishing House, Ho Chi 
Minh, Vietnam. https://kiengiang.gov.vn/Lists/TinTuc/
Attachments/8875/KIEN%20GIANG%20TIEM%20
NANG%20VA%20CO%20HOI%20DAU%20TU.pdf 
(accessed 18 Jul 2025).

Ramírez RCA, Vera IRR, Rao IM (2023). The carbon footprint 
of young beef cattle finishing systems in the Eastern Plains 
of the Orinoco River Basin of Colombia. Front. Anim. Sci., 
4: 1103826. https://doi.org/10.3389/fanim.2023.1103826

Rashid MM, Hoque MA, Huque KS, Talukder MAI, Bhuiyan 
AKFH (2015). Morphometric characterization of Brahman 
crossbred cattle and prediction of live weight using linear 
body measurements. Asian J. Med. Biol. Res., 1(3): 569–577. 
https://doi.org/10.3329/ajmbr.v1i3.26480

Samsonstuen S, Aby BA, Crosson P, Beauchemin KA, Wetlesen 
MS, Bonesmo H, Aass L (2020). Variability in greenhouse 
gas emission intensity of semi-intensive suckler cow beef 
production systems. Livest. Sci., 239: 104091. https://doi.
org/10.1016/j.livsci.2020.104091

Shende AD, Dhenkula S, Waghambare A, Rao NN, Pophali 
GR (2022). Water consumption, wastewater generation 
and characterization of a slaughterhouse for resource 
conservation and recovery. Water Pract. Technol., 17(1): 366. 
https://doi.org/10.2166/wpt.2021.122

Somjai T, Suwan C (2020). Carbon footprint analysis of Napier 
Pakchong 1 grass plantation in Prachinburi province. 
E3S Web Conf., 141: 01001. https://doi.org/10.1051/
e3sconf/202014101001

Thu NV, Dong TTK (2023). Current status and development 
orientation of livestock production in Mekong Delta of 
Vietnam. J. Anim. Sci. Technol., 138: 13–22.

van Lingen HJ, Fadel JG, Bannink A, Dijkstra J, Tricarico 
JM, Pacheco D, Casper DP, Kebreab E (2018). Multi-
criteria evaluation of dairy cattle feed resources and 
animal characteristics for nutritive and environmental 
impacts. Animal, 12(2): s310–20. https://doi.org/10.1017/
S1751731118001313

Walsh C, Jakeman P, Moles R, O’Regan B (2008). A comparison 
of carbon dioxide emissions associated with motorized 
transport modes and cycling in Ireland. Transport. Res. D, 
13: 392–399. https://doi.org/10.1016/j.trd.2008.07.002

Wanderstock JJ, Salisbury GW (1946). The relation of certain 
objective measurements to weights of beef cattle. J. Anim. 
Sci., 5(3): 264–271. https://doi.org/10.2527/jas1946.53264x

Weiss WP, Tebbe AW (2019). Estimating digestible energy 
values of feeds and diets and integrating those values into 
net energy systems. Trans. Anim. Sci., 3(3): 953–961. https://
doi.org/10.1093/tas/txy119

https://doi.org/10.3390/su151511488
https://doi.org/10.3390/su151511488
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Viet%20Nam%20First/Viet%20Nam_NDC_2020_Eng.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Viet%20Nam%20First/Viet%20Nam_NDC_2020_Eng.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Viet%20Nam%20First/Viet%20Nam_NDC_2020_Eng.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/Viet%20Nam%20First/Viet%20Nam_NDC_2020_Eng.pdf
https://doi.org/10.1016/j.agsy.2017.03.007
https://doi.org/10.1016/j.agsy.2017.03.007
https://doi.org/10.3390/ijerph17010283
https://doi.org/10.3390/ijerph17010283
https://doi.org/10.3390/agriengineering1020011
https://doi.org/10.3390/agriengineering1020011
https://www.fao.org/3/i3461e/i3461e.pdf
https://www.fao.org/3/i3461e/i3461e.pdf
https://kiengiang.gov.vn/Lists/TinTuc/Attachments/8875/KIEN%20GIANG%20TIEM%20NANG%20VA%20CO%20HOI%20DAU%20TU.pdf 
https://kiengiang.gov.vn/Lists/TinTuc/Attachments/8875/KIEN%20GIANG%20TIEM%20NANG%20VA%20CO%20HOI%20DAU%20TU.pdf 
https://kiengiang.gov.vn/Lists/TinTuc/Attachments/8875/KIEN%20GIANG%20TIEM%20NANG%20VA%20CO%20HOI%20DAU%20TU.pdf 
https://doi.org/10.3389/fanim.2023.1103826
https://doi.org/10.3329/ajmbr.v1i3.26480
https://doi.org/10.1016/j.livsci.2020.104091
https://doi.org/10.1016/j.livsci.2020.104091
https://doi.org/10.2166/wpt.2021.122
https://doi.org/10.1051/e3sconf/202014101001
https://doi.org/10.1051/e3sconf/202014101001
https://doi.org/10.1017/S1751731118001313
https://doi.org/10.1017/S1751731118001313
https://doi.org/10.1016/j.trd.2008.07.002
https://doi.org/10.2527/jas1946.53264x
https://doi.org/10.1093/tas/txy119
https://doi.org/10.1093/tas/txy119

