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ABSTRACT

Objective: The current study evaluated the greenhouse gas (GHG) emissions of dairy cattle
through the Global Livestock Environmental Assessment Model (GLEAM) model and illustrated
potential mitigation strategies by modifying nutrition interventions.

Materials and Methods: A semi-structural questionnaire was developed to calculate dairy animal
GHG emissions. This study comprised 40 farmers from four districts: river basin (Pabna), drought-
prone (Chapainobabganj), floodplain (Nilphamari), and saline-prone (Sathkhira) areas. Ten lac-
tating cows (two cows from each farmer) were also selected to collect information on feeding
practices, feed resources, feed intake (roughages and concentrate), water intake, and produc-
tive and reproductive parameters for 7 days at each site during two seasons: dry (November—
February) and wet (June—October).

Results: The GHG emissions from the river basin area were significantly (p < 0.05) higher due to
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low-quality roughages (75%), whereas CH,/kg of milk production was the lowest (77.0 gm). In
contrast, the area that frequently experiences drought showed a different pattern. For instance,
the generation of CH, from enteric fermentation was 1187.4 tons/year, while the production of
CH, and N,0 from manure management was 323.1 tons/year and 4.86 tons/year, respectively. In
comparison to other climatic areas, these values were the lowest because the supply of green
grass was twice as abundant as in the other climatic areas (40%). The quantity of CH,/kg of milk
produced in an area susceptible to drought did not vary.

Conclusion: Implementing feeding systems in drought-prone areas is a successful approach
to reducing GHG emissions in the dairy industry in Bangladesh. Consequently, implementing
feed-balancing techniques can enhance productivity and foster environmentally sustainable ani-
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mal production.

Introduction

The rising demand from emerging low- and middle-class
people worldwide will lead to higher incomes with diver’s
products. By 2050, there is expected to be a rise of 70%
in the global demand for livestock-related items [1]. In
this sense, livestock and animal-derived foods will have
a crucial role in fulfilling the increasing demand for ani-
mal-based products, enhancing livelihoods, alleviating
poverty, improving food security, boosting health and
nutrition, and promoting gender equality [2,3].

In Bangladesh, the production of milk has increased
by a factor of 4.50 (from 23.7 lakh MT to 106.8 lakh MT)
between 2009-10 and 2019-20, which needed to be
increased. Similarly, meat production has risen by a fac-
tor of 6.09 (from 12.6 lakh MT to 76.74 lakh MT) during
the same period [4]. Two difficulties currently confront
the livestock industry in Bangladesh. First, low animal
productivity with poor quality roughages remains a sig-
nificant problem. Consequently, poor feed resources and
inadequate physiological systems are the primary causes
of enhanced methane (CH,) emissions, resulting in the
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release of greenhouse gases (GHGs) and harm to the envi-
ronment. The release of CH, in the rumen is also an ener-
gy-inefficient process. The effect is a decrease of 6%-10%
in gross energy intake or 8%-14% in digestible energy
intake of ruminants [5].

In 2020, the livestock sector of Bangladesh was esti-
mated to produce 30.1 Gg of CH, (CO,e), whereas it emit-
ted 26.7 Gg of CH, in 2005; over 15 years, CH, production
gradually increased due to enteric fermentation [6]. The
Paris Agreement stipulates that Nationally Determined
Contributions have the objective of achieving a scenario
where CO, emissions are completely offset by 2050,
and reducing emissions to a minimum of 43% by 2030.
Addressing climate change by 2030 is a crucial objective
set by the United Nations (UN) as part of the sustainable
development goals (SDGs). Livestock has a significant role
in addressing climate change as well as other important
objectives such as poverty eradication, eliminating hun-
ger, and promoting responsible consumption. Therefore,
enhancing the digestibility of fibrous feedstuffs in ruminant
animals would result in a reduction in CH, emissions. This
combined effect would not only minimize environmental
pollution but also enhance livestock output, thereby ben-
efiting livestock farmers. In Bangladesh, the level of GHG
emissions from ruminants is low. Additionally, research
activities were carried out to evaluate GHG emissions from
dairy cattle using the Global Livestock Environmental
Assessment Model (GLEAM) model and to illustrate miti-
gation alternatives by implementing feeding interventions.

Materials and Methods
Implementation location

Data used in this article were collected from four agro-cli-
matic zones across Bangladesh [7]. These zones include
the river basin area in Pabna, the drought-prone area in
Chapainawabganj, the floodplain area in Nilphamari, and
the saline-prone area in Satkhira district.

Survey and data collection

A pre-validated questionnaire was developed to conduct
a survey and gather results. Demographic information,
livestock population, dairy cow data, key feed resources
and their usage, seasonal fluctuations, production and
reproduction performances, manure management, and
constraints related to livestock production were gathered
from specific regions. The questionnaire included closed-
ended questions, which required a simple “yes” or “no”
response, as well as open-ended questions that allowed for
single or multiple responses.

According to the survey data, a total of 10 farmers
were chosen, with each farmer having a minimum of five
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lactating cows from each area. The data was collected by
conducting direct interviews with four specialists who
were also part of the responders. Consequently, the house-
hold survey encompassed a collective of 40 farmers.

In order to get comprehensive data on dairy cows,
ten crossbreed dairy cows from each site were selected,
with two animals chosen from five different producers.
Information regarding current feeding procedures, avail-
able feed supplies, intake of roughages and concentrate, as
well as productive and reproductive data were collected
from each farmer and site over seven days. Data was col-
lected throughout two distinct seasons: the dry season
(November-February) and the wet season (June-October)
ranging from January 2019 to December 2019.

Calculation of ME and crude protein (CP) requirement

Through the utilization of the provided equation, we have
computed the metabolizable energy (ME) and CP values
for dairy animals, adhering to the ARC standard estab-
lished in 1980 [8].

ME requirement

Requirement of ME for maintenance of body (MEm); MEm
(MJ/day) = 8.3 + 0.091BW

Requirement of ME for milk production (MEp); MEp (M]/
kg milk) = 1.694 x EV,

EV, = Energy value of milk = (0.0386 BF + 0.0205 solid-not-
fat (SNF)—0.236 MJ/kg)

Total ME (M]/day) = MEm + MEp

Here, BW; Body weight, BF; Butterfat (gm/kg), and SNF;
Solids not fat (gm/kg)

Calculation of CP required

Total CP (gm/day) = RDP + UDP

RDP (gm/day) = 7.80 X ME

UDP (gm/day) = 1.91 TP—6.25 ME
TP (gm/day) = EUP + DP + MP

EUP = 6.25 (5.9206 x log, | BW—6.76)
DP = 6.25 (0.018 x BW°7%)

MP = 35.0 X milk yield,

Here, RDP; Rumen degradable protein, UDP; Rumen
degradable protein, TP; Requirement of tissue protein;
EUP; Endogenous urinary loss of protein, DP; Dermal loss
of protein, MP; Loss of protein through milk secretion.
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Feed intake and digestibility

To assess feed intake and digestibility, we conducted a
10-day metabolic study at each location. This trial con-
sisted of a 3-day adjustment period with a new system, fol-
lowed by 7 days of data collection. Farmer strategies have
been implemented without providing any additional feed
to the experimental animals. The daily feed consumption
was determined using the conventional method of sub-
tracting the amount of feed remaining from the amount
of feed delivered. Before the designated feeding time, the
feeds were accurately measured and stored in the feed
trough. The following day, the remaining feed (leftover)
was collected and weighed individually. The weights were
then recorded in the data collecting sheet before provid-
ing the animals with fresh feed. The dung expelled by each
cow was also collected in a big bucket for 24 h and covered
with a lid to prevent evaporation. Daily, the weight of cow
dung in each container was measured and well-blended.
Before the container was emptied, 500 gm of mixed feces
was taken, and this sample was stored in a freezer at -18°C.
The feces samples obtained from each cow were pooled
together, and a representative sample weighing approxi-
mately 300 gm was picked for proximate analysis.

Measurement of quantity and quality of milk

Hand milking was done two times per day, once in the
morning and once in the evening. The milk production per
cow was measured and recorded at regular intervals. A
milk sample bottle was used to store 100 ml of milk, which
was immediately placed in a refrigerator and kept at a tem-
perature of 4°C. A pooled sample of cow milk was created
by combining multiple milk samples. This pooled sample
was then analyzed for milk composition at the BLRI dairy
laboratory using the lacto scan analyser from Bulgaria. The
equation FCM = 0.4M + 15.0F was used to calculate the 4%
fat-corrected milk (FCM). In this equation, M represents
milk production and F represents fat yield.

Estimate the enteric CH,emissions through the GLEAM
model

The GLEAM represents the bio-physical processes and
activities along livestock production chains under a life
cycle assessment approach [9,10].

Model description—structure and modules

The GLEAM is composed of five primary modules: heard,
manure, feed, system, and allocation. Additionally, two
supplementary modules are used to calculate direct and
indirect on-farm energy use and post-farm impacts. The
enteric CH, emissions were estimated using the GLEAM-i
model, which took into account the region available in
the selected areas. Primary data, including intake, feed
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type, total dry matter intake (DMI), and productive and
reproductive parameters, were obtained. In addition to
the aforementioned primary data, secondary data (such
as temperature, humidity, and cattle population) must be
gathered to support the GLEAM-i model.

Data collation and statistical analysis

The household data obtained from a questionnaire sur-
vey were summarised and analyzed using descriptive
statistics, including measures such as mean, percentage,
and frequency. The GLEAM-i model was used to estimate
greenhouse gas (GHGM) emissions across four locations
in livestock production systems. Data from five modules of
livestock production were entered into the model. The GHG
emission data from each location of the production system
were evaluated using the Analysis of Variance procedure
in Statistical Software for Social Science (SPSS) version 20.

Results
General information on dairy herd

The cattle herd size was smaller (p < 0.05) in the floodplain
area (9 cattle/farm) compared to herds in other areas (22-
29 cattle/farm) (Table 1). Similarly, milking cow herd sizes
were smaller (4 cows/farm; p < 0.05) in the floodplain area
compared to other areas (13-14 cows/farm). The concep-
tion rate (42%-56%), mortality rate (9%-11%), birth
weight of calf (23-28 kg/calf), and age of 1% heat (16-20
months) were similar (p > 0.05) across the different cli-
matic zones (Table 1).

Feed ration in different climate zones

The farmer’s adoption of roughage feeding and the pre-
cise quantity used are depicted in Figure 1. Consumption
of rice straw peaked in the floodplain region and dropped
to its lowest point in the drought-prone region, with per-
centages of 75% and 45% correspondingly (p < 0.05).
Nevertheless, the farmers in the zone susceptible to
drought made the largest contribution of Napier grass
and cut and carry grass, accounting for 40% and 15%,
respectively. That is double the amount generated in
other climate regions.

Figure 2 illustrates the farmer’s utilization of various
concentrated mixed commodities in various climatic zones.
The dairy cows in the river basin area consumed the most
wheat bran, with a consumption rate of 60%. In contrast,
the dairy cows in the saline-prone area received the least
amount of wheat bran, at 30%. Additionally, it was demon-
strated that the proportion of wheat bran supply increased
by 10% as it transitioned from saline-prone regions to
river basins. Rice bran was a common feed ingredient in
all climatic zones; however, drought-prone regions utilized
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Table 1 General information on dairy herds under different climate zones of Bangladesh.

Different climatic zones Significance

Parameters River basin Drought prone Flood plain Saline Prone SEM Level
area area area area

Herd size (no. of cattle) 26.2% 28.8° 9.2° 21.6® 3.19 p <0.05
No. of milking cows 12.8° 14.2° 4.20° 14.8° 1.58 p <0.05
Birth weight of calves (kg) 23.4 24.8 27.0 28.4 1.12 NS
Conception rate (%) 42.0 50.0 49.0 56.0 1.96 NS
Mortality rate (%) 10.2 11.4 13.2 9.40 0.56 NS
Age at 1t Heat (months) 17.8 20.4 18.2 16.0 28.5 NS

*b means with different superscripts in the same row are significantly different at (p < 0.05). SEM = Standard error of mean, NS = Not

significance.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

m \Water Hyacinth m Cut and Carry mNapier grass = Rice straw

111

River basin  Drought Flood plain Saline Prone
area prone area area area

Figure 1. Available roughage in different climatic zones.
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the highest percentage of rice bran, which was 30%. The
feed ingredients that were applied in the most quantity
were broken maize, limestone, mustard oil cake, Anker
bran, and soybean meal, due to the saline-prone area.

Nutrient intake

Table 2 presents the feeding habits and nutrient intake of
dairy cows in various climate zones of Bangladesh. There
was no statistically significant difference (p > 0.05) in the
CP and ME requirements between the treatments. The
dairy cows in the river basin area exhibited the highest dry
matter (DM) intake, consuming 16.5 kg/day. This intake
was substantially distinct (p < 0.05) from the lowest DM
intake observed in the floodplain area, which amounted to
12.8 kg/day. None of the different treatments led to any
significant difference in the overall consumption of CP
from roughage and concentrate.

0,

100% 1 - | m Limestone
90% - m Musuri bran
80% - Broken Maize
70% - Kall]lra
60% m Soybean meal

0 = Musuri Dall
50% - m Ready feed
40% - = Anker bran

o | = Mastered oil cake
30% m Till oil cake
20% - mRice bran
10% - = Wheat bran
0% - . . : : )
River basin Drought Flood plain  Saline
area  prone area area Prone area

Figure 2. Available concentrate items in different climatic zones.
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Table 2. Nutrient intake of crossbred dairy cows under different climatic zones.

Different climatic zones Significance
Parameters River basin Drought prone Flood plain area Saline prone SEM Level
area area area

CP requirements (gm/day) 832 733 704 1,025 50.34 NS
ME requirements (MJ/kg) 76.6 69.7 65.6 88.6 3.56 NS
DMI from Rau (kg/day) 8.90 7.76 7.47 6.68 0.32 NS
DMI from Con. (kg/day) 7.59 7.65 5.39 6.41 0.38 NS
Total DMI (kg/day) 16.5° 15.4% 12.8° 13.1° 0.55 p <0.05
CPI from Rau (gm/day) 483.0 405.8 440.3 288.3 28.5 NS
CPI from Con. (gm/day) 1268 1057 930 1100 66.2 NS
Total CPI (gm/day) 1751 1463 1371 1388 81.7 NS

»b means with different superscripts in the same row are significantly different at p <0.05.
CP = Crude protein, ME = Metabolisable energy, DMI = Dry matter intake, SEM = Standard error of mean, NS = Not significance.

Table 3. Comparison of GHG emission (tons/year of each climatic zone) under different climatic zones of Bangladesh.

Different climatic zones Significance
GHG emissions River basin area Drought prone Flood plain Saline prone SEM Level
area area area

Total CH, 22,336.3° 1,510.4° 5,693.7%® 2,791.0® 53.1 p <0.05
CH, from enteric fermentation 20,262.6° 1,187.2° 3,845.7%® 2,363.5%° 67.1 p <0.05
CH4 from manure management 2,073.7° 323.1¢ 1,848.0° 427.5¢ 43.1 p <0.05
Total co, 205,558.5* 38,165.7° 27,638.0®° 22,148.4%® 273.4 p <0.05
CO, from feed production 204,581.8° 37,885.8° 27,066.6*° 21,541.0*® 189.3 p <0.05
CO, from direct energy use 883.1° 169.9% 480.5° 136.6% 49.3 p <0.05
CO, from indirect energy use 93.6° 109.9° 90.8° 470.8° 53.9 p <0.05
Total N,O 1,146.0° 110.5¢ 213.7° 187.4% 43.1 p <0.05
N,O from crop residue and fertilization 242.5° 58.7% 58.7% 86.6° 34.1 p <0.05
N,O from manure application 792.1° 46.9¢ 141.4° 91.5%® 13.1 p <0.05
N,O manure management 111.4° 4.86¢ 13.6° 9.26%° 3.34 p <0.05

ab¢ means with different superscripts in the same row are significantly different at (p < 0.05). GHG = Greenhouse gas, CH, = Methane, CO, = Carbon

dioxide, N,O = Nitrous Oxide, SEM = Standard error of mean.

Comparison of GHG emissions under different climatic
zones

The river basin area had the highest (p < 0.05) total CH,
emissions (22,336.3 tons/year), followed by the floodplain
area (5,693.7 tons/year), the saline-prone area (2,791.0
tons/year), and the drought-prone area (1,510.7 tons/
year) (Table 3). Regions susceptible to drought showed
reduced CH, emissions as a result of enteric fermentation
and manure management, in contrast to other climatic
regions. The CO, emission in the river basin area was
substantially greater (p < 0.05) compared to the drought-
prone area. An identical pattern was noted in both feed
production and direct use of energy. Nevertheless, the CO,
emissions resulting from indirect energy use were greater
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in the saline-prone area, amounting to 470.8 tons/year, in
contrast to the other climatic zones. The river basin area
exhibited the highest emissions of N,O. Conversely, the
area of drought-prone exhibited the least amount of emis-
sions from crop residues (58.7 tons/year), as well as from
manure application (46.9 tons/year) and manure manage-
ment (4.86 tons/year) (p < 0.05).

Production performance and CH, production

Table 4 presents the production profiles and CH, emis-
sions of crossbred dairy cows in several climatic regions
of Bangladesh. No statistically significant differences were
seen in the mean live weight (kg), 4% FCM production (kg/
day), fat yield (kg/day), and average void production (kg/
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Table 4. Production performance and CH, production of crossbred dairy cows (10 cows in each location) under different climatic zones

of Bangladesh.

Different climatic zones Significance
Parameters River basin area Drought prone Flood plain area Saline prone SEM Level

area area
Ave. live weight (kg) 283 276 248 282 8.09 NS
DM intake (kg/100 BW) 5.80° 5.70° 5.14% 4,65 0.19 p<0.05
CP intake (gm/ W°75) 25.3 22.2 21.6 20.3 1.18 NS
Average milk production (kg/day) 9.06 7.74 7.40° 11.8 0.67 NS
4% FCM yield (kg/day) 8.08 7.41 7.54 10.9 0.64 NS
Fat yield (kg/day) 0.29 0.28 0.30 0.41 0.15 NS
Average void production (DM; kg/day) 3.2 3.32 3.49 3.64 0.12 NS
Methane production*
CH, production (gm/day) 5652 527 440° 448° 18.8 p <0.05
CH, production (gm/kg DMI) 34.2 34.2 34.3 34.3 0.01 NS
gm CH,/kg milk production 77.0° 88.0%° 99.0° 91.0° 0.002 p <0.05

b means with different superscripts in the same row are significantly different at (p < 0.05). DM = Dry matter, CP = Crude protein, FCM = Fat corrected
milk, CH, = Methane, SEM = Standard error of mean, NS = Not significance. *Author’s calculation as per Purnomoadi et al. [37].

Table 5. Effect of season on enteric CH, emission in dairy cows in different climatic zones of Bangladesh.

RBA DPA FPA SPA
Parameters Sig. Sig. Sig. Sig.
Wet Dry Wet Dry Wet Dry Wet Dry

Ave. live weight (kg) 283 298 ** 276 285 ** 248 274 ** 282 282 NS
Total DM intake (kg) 16.5 13.8 * 15.4 11.1 * 12.8 8.30 * 131 135 NS
Average milk production 9.10 12.8 ** 7.7 6.1 * 7.4 6.7 NS 11.7 12.2 NS
(kg/day)

Methane production (estimated)

CH, production (gm/day) 565 561 NS 527 522 NS 440 441 NS 448 445 NS
CH, prod. (gm/kg DMI) 34.2 34.2 NS 34.2 34.2 NS 343 243 NS 343 24.2 NS
gm CH4/kg milk prod. 77.0 75.0 NS 88.0 87.3 NS 99.0 97.3 NS 91.0 89.2 NS

* =< 0.05; ** =< 0.01 and NS = Non significant. RBA = River basin area, DPA =

aCH, = Methane.

day) among various climatic zones in Bangladesh. Cattle
in the river basin region consumed the greatest amount
of DM per 100 kg body weight, measuring 5.80, whereas
cows in the saline-prone area had the lowest intake, mea-
suring 4.65 (p < 0.05). An evident disparity was seen in
the mean daily milk production between the zone prone to
saline (11.8 kg/day) and the zones prone to drought and
flood (7.74 kg/day and 7.40 kg/day, respectively), with the
former exhibiting a significantly greater value (p < 0.05).
Within theriver basinregion, the practice of raising dairy
cows led to a significantly greater release of CH, (565.01
gm/day) compared to the saline-prone area (448.54 gm/
day) or floodplain area (440.78 gm/day), respectively (p
< 0.05). However, the dairy cows that were grown in the
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Drought prone area, FPA = Flood prone area, SPA = Saline Prone area,

floodplain area released a higher amount of CH, from the
feed they consumed, with 34.3 gm/kg and 99.0 gm/kg of
milk produced, respectively. By comparison, the cows in
the river basin area released 34.2 gm/kg and 77.0 gm/kg
of milk produced, respectively. There was a significant dif-
ference (p < 0.05). The two remaining groups, specifically
the drought-prone area and salinity-prone area, did not
exert a statistically significant influence (p > 0.05) on the
production of CH,.

Table 5 displays the impact of seasonal variations on
enteric CH, emissions in dairy cows across several climatic
zones. The seasonal fluctuation had a direct impact on the
average increase in live weight, overall DMI, and average
daily milk production across the three distinct climates,
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Table 6. Milk composition of crossbred cows in different climatic zones of Bangladesh.

Different climatic zones Significance
Milk constituents (%) River basin area Drought prone Flood plain Saline Prone SEM Level
area area area
Fat 3.20 3.70 4.10 3.59 0.13 NG
Protein 3.60° 3.90° 4.05° 4.50° 0.10 p <0.05
Lactose 5.37° 5.75° 5.91° 5.67° 0.07 p <0.05
SnF 9.83° 10.6° 10.8° 9.90° 0.13 p <0.05

b means with different superscripts in the same row are significantly different at (p < 0.05). SEM = Standard error of mean, NS = Not

significance.

and this impact was statistically significant (p < 0.05).
There was no significant variation in the productivity of
dairy cows in saline-prone areas over the entire season.
Furthermore, it was discovered that the seasonal fluctua-
tions in the amount of roughage and concentrate had no
noteworthy effect on the daily production of CH, (gm), the
production of CH,/kg of DMI, and the production of CH,/
kg of milk production across the different climatic zones.

Quality of milk

Table 6 displays the milk constituents found in various cli-
matic regions of Bangladesh. There was no significant dif-
ference in the fat % of milk between the treatment groups
(p > 0.05). The levels of protein and lactose in milk from
saline-prone areas were considerably greater (p < 0.05)
compared to milk from floodplain areas (4.05%), drought-
prone areas (3.90%), or river basin areas (3.60%), respec-
tively. Nevertheless, the SNF of milk did not exhibit a
significant difference between the two climatic zones
characterized by drought-prone and floodplain locations.
However, it did show substantial variation among the
other two climatic zones.

Figure 3 displays the correlation between DMI (kg/day)
and CH, production per kg milk throughout different cli-
matic zones of Bangladesh. It was noted that the CH, emis-
sions per kg of milk exhibited a linear decline (R? = 0.95)
when the DM intake rose. The dairy cows in the floodplain
area (FPA) consumed the least amount of DM, specifically
12.8 kg/day. However, they had the highest CH, emissions
per kg of milk produced, which was 99.0 gm. On the other
hand, the river basin area (RBA) had the lowest CH, pro-
duction, which was 77.0 gm, but their DM intake was the
highest at 16.6 kg/day.

Given the DMI and its CH, output per kg milk, the saline-
prone area (SPA) appears to be a more favorable location
for milk production and generating an environmentally
friendly atmosphere compared to other climatic zones.
Balance feed can be used as an option in many climatic
zones to decrease the emission of enteric CH,, which can
be turned into energy.
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Figure 3. Relationship between DM intake and CH, production
per kg milk production.

Discussion

Quantification of farm status and GHG emissions under
different climatic zones

The global community is highly concerned with measuring
and reducing the ecological consequences of the livestock
industry, as it plays a significant role in the global phenom-
enon of climate change [11]. Estimating GHG emissions
from livestock production systems is challenging; how-
ever, several methods can assist in this estimation. These
tools differ in their accessibility, methodology, underlying
assumptions, and range of application. These techniques
are essential since they allow farmers to evaluate the sus-
tainability of their farms and livestock production systems.
This information also helps farmers in developing and
implementing measures to reduce or prevent adverse con-
sequences. The present study employed the GLEAM model
to assess the GHG emissions originating from the livestock
sector across numerous climate zones in Bangladesh.

The agriculture sector in Bangladesh released a cumu-
lative amount of 75.0 MtCO,e GHG. Of the entire amount,
33% of the emissions were caused by enteric fermentation,
19% by manure, and 1% by crop residues [12], which is
significantly greater than the global average of 14.5% [10].
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The emissions of GHG from livestock sectors are projected
to increase as a result of the rising livestock populations
driven by the growing demand for animal protein, partic-
ularly in developing nations [13]. However, the reduction
of CH, emissions, primarily from enteric fermentation,
should be achieved by 2030 to a level of 10% compared
to the emissions in 2010. By 2050, the target is to further
decrease CH, emissions to 35% below the 2010 levels. It is
necessary to decrease N,O emissions, primarily from fer-
tilizers and manure, by 10% by 2030 and by 20% by 2050,
within the same timeframe [14].

In the present study, the total GHG emissions from milk-
ing cows in the river basin area were significantly greater
(Table 3) than in other climatic zones. This is primarily due
to the substantial population of cattle and low-quality feed-
stuffs. On a global scale, cattle are the primary sources of
emissions in the sector, responsible for around 65 percent
of total emissions [10]. Moreover, a study conducted by
Grossi etal. [15] has revealed that the contribution of cattle
to the total GHG emissions exceeds 72%. Additionally, the
river basin region exhibited a higher concentration of CH,
emissions from manure management (2073 tons/year)
due to the utilization of liquid slurry in the river basin sys-
tem, which facilitates aerobic fermentation and generates
a greater quantity of CH, than the open-air range/paddock
systems. This is likely the result of increased utilization of
concentrate feed, the predominant fodder for livestock. By
contrast, drought-prone areas emitted the lowest concen-
tration of GHG due to higher amounts of low fiber-contain-
ing green grass supplied to the animal.

Imbalance feeding of dairy cows in different climatic
zones increased CH, emission; floodplain areas produced
the highest amount of CH, (99.0 gm CH,/day) compared
to others.

The objective of the current investigation was to inten-
tionally disrupt the nutrient equilibrium to manipulate the
rumen fermentation pattern, which led to a decrease in the
number of microbial cells. The observed decrease in pro-
pionate production may have led to an increase in acetate
and butyrate production, which could have increased CH,
emission [16]. The findings indicate that there is poten-
tial for decreasing enteric CH, emissions in Bangladesh'’s
small-scale dairy production system, characterized by
lower to moderate average productivity of dairy cows. To
enhance productivity, it is possible to provide dairy cows
with a carefully balanced diet that is rich in essential nutri-
ents. Additionally, Kroliczewska et al. [17] noted that by
modifying the food of dairy animals, there is a significant
chance to enhance milk production and lower GHG emis-
sions from these animals. Productivity would rise and GHG
emissions from animals would decrease with improved
fertilizer usage efficiency. Improving feed conversion
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efficiency can result in higher output and a considerable
decrease in CO,-eq emissions per kilogram of milk [18,19].

Mitigation options

The mitigation of enteric CH, is a practical approach to
reducing the contribution of agricultural livestock to cli-
mate change [20]. It represents an update on enteric CH,
mitigation intrusions by incorporating dietary manipula-
tion [20,21,22], which influences the composition of feed-
stuffs, and an inexpensive approach to forward the rumen
fermentation process to reduce CH, emissions [23]. It
includes improving roughage quality and decreasing the
relative proportion of roughage to concentrate.

Improvement of roughage quality

Roughage constitutes a substantial proportion of the diet
for ruminant animals. Enhancing the quality and ease of
digesting fibrous feed is a potential measure for reduc-
ing CH, emissions [24]. Increasing the digestibility of
roughage reduces the intensity of CH, emissions by rais-
ing the amount of energy that animals may obtain from
it. Nevertheless, cattle farming in four different climatic
regions of Bangladesh provides low-quality feed, which
leads to an increase in lignin production on the cell wall.
This, in turn, reduces the cell wall’s degradability and
polysaccharide breakdown. Consequently, the use of
poor-quality roughages might lead to an increase in both
the production and concentration of CH, due to a higher
C:N ratio and reduced digestibility.

High-grade forage has the potential to decrease CH,
emissions originating from the rumen. Young plants
of high quality possess a greater quantity of easily fer-
mentable carbohydrates and lower levels of neutral deter-
gent fiber (NDF), resulting in a modification of the process
of fermentation that can decrease the intensity of enteric
CH, emissions [24,25]. Additionally, it enhances the digest-
ibility and passage rate. For instance, adding grass silage
or herbage to low-quality roughage increased the digest-
ibility of dairy animals by 25%. Similarly, the CH, yield
and intensity decreased by 10% and 19%, respectively, as
a result of greater transit from the rumen and improved
animal production [26].

Geographical location is another factor affecting
roughage digestibility and CH, production. For example,
ruminant diets in temperate regions often consist of C3
grasses and cool-climate legumes, whereas C4 grasses
and warm-climate legumes are utilized in tropical regions.
C4 grasses exhibited a 10%-15% higher production of
CH, compared to C3 grasses. This can be attributed to the
lower lignin and NDF content and the faster rate at which
C3 grasses move through the rumen. Replacing grass
silages with legume silages can potentially decrease CH,
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emissions since legume silages have lower fiber contents
and contain bioactive substances [27,28].

Commonly, the grass is harvested at a later maturity
stage, resulting in reduced sugar;, N, and dOM concentra-
tions. After grass silage is made, lactate is produced in
the silo and often added to the silage via an ensiling pro-
cess. Subsequently, grass silage-fed animals emit higher
CH, than maize silage [20,21]. The reason for this is that
maize silage or other small grains that comprise whole-
crop silage typically have greater levels of easily digestible
carbohydrates, such as starch. This leads to an increase in
DMI and improves animal performance, ultimately leading
to reduced CH, output from the animals [29].

Three possible strategies can be performed to reduce
CH, emissions in the rumen when using maize or whole-
crop silage. Initially, a significant amount of starch leads
to the production of propionate rather than acetate.
Furthermore, it augments overall DMI and the rate at
which it passes through the digestive system, reduces the
ruminal retention time and its fermentation, and improves
post-ruminal digestion. Furthermore, substituting grass
silage with maize silage leads to a decrease in CH, emis-
sions per unit of animal output, hence enhancing ani-
mal production efficiency. Hassanat et al. [30] showed a
decrease in CH, emissions when alfalfa hay was completely
substituted with maize silage.

Decreasing the relative proportion of roughage to
concentrate

Concentrates are frequently incorporated into feed in
various quantities, as roughage alone is insufficient to
improve animal performance. CH, emissions went down
due to changes in patterns of rumen fermentation and the
proportions of Volatile fatty acids (VFAs) production that
happened when the ratio of roughage to concentrate was
decreased. VFAs and CH, emissions also varied depending
on the breakdown of various carbohydrates in the rumen.
Roughage consists of complex carbohydrates, specifically
cellulose and hemicellulose, that stimulate the production
of acetate and butyrate. This, in turn, increases the amount
of H, available for methanogenesis [31].

In contrast, concentrates consist of non-structural car-
bohydrates, such as starch and sugar, that enhance the for-
mation of propionate. Propionate, as a glucose and lactose
precursor, uptakes H, and raises metabolic energy com-
pared to CH, belching. It has been reported that adding
35% or 60% concentrate to feed reduces CH, production
and enhances productivity. On the other hand, studies have
demonstrated that elevated levels of concentrates might
stimulate the production of lactic acid and VFAs in the
rumen, leading to health issues such as sub-acute ruminal
acidosis [32,33]. The addition of concentrate (386 gm/kg
DM) to the diets of beef cattle resulted in a 26% decrease
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in the synthesis of CH,. Similarly, the addition of concen-
trate to the diets of dairy cattle led to a 14% decrease in
CH, emissions, while in sheep, it resulted in a 6% decrease
[26]. Furthermore, the quantity of dry-rolled maize added
to the diet of beef steers increased from 225 to 838 gm/kg
DM. As a result, there was a reduction in CH, emission and
an enhancement in the conversion efficiency from digest-
ible energy to metabolizable energy [34].

The grazing ruminant diet has a better ability to raise
high fermentable carbohydrate intake; however, it depends
on the baseline intake of high-quality forage, which influ-
ences enteric CH, emissions [35,36]. For example, when
low-to-moderate quality feed for cows was enhanced with
281 gm/kg DM and 461 gm/kg DM concentrate, there was
alinear rise in CH, emissions, whereas CH, yield and inten-
sity declined [36]. Thus, including dietary concentrate can
significantly reduce enteric CH, emissions when the basal
diet consists of low-quality roughages.

Conclusion

In the end, the river basin region had the highest GHG
emissions compared to other climate zones. This shows
that poor inputs in the feeding system and a larger cattle
population both played a role in the rise in GHG emissions.
However, feed intake, CH, emission reduction, and the
influence of seasonal variations on the rearing system of
dairy cows in drought-prone areas were deemed superior
feeding practices compared to others. Implementing bal-
anced feed in various climatic zones can potentially mit-
igate enteric CH, emissions, which can be used as energy
and ultimately enhance cattle output in Bangladesh.
Furthermore, the results of this project will assist poli-
cymakers in the livestock industry in formulating future
research plans with extensive efforts.

List of Abbreviations

CP, Crude protein yield; CH, Methane; DM, Dry matter;
FCM, Fat-corrected milk; GHG, Greenhouse gas; NDF
Neutral detergent fiber.

Acknowledgment

The authors are grateful to NATP (National Agricultural
Technology Program) Phase-II project, Bangladesh
Agricultural Research Council, Farmget, Dhaka-1243,
for the grant to do research at the Bangladesh Livestock
Research Institute, Savar, Dhaka-1341. We are thankful to
the authority of Bangladesh Livestock Research Institute
(BLRI) in Savar, Dhaka-1341 for granting permission to
conduct research at their facility. The project was identi-
fied by the ID P-149553.

Bashar et al. / J. Adv. Vet. Anim. Res., 11(3): 664—674, September 2024 672



Conflict of interest [14]  Rogelj ], Drew Shindell D, Kejun Jiang K. “Mitigation pathways
compatible with 1.5°C in the Context of Sustainable Development”.
The authors state that they have no conflicts of interest. In Masson- Delmotte V. (eds) Global Warming of 1.5°C. An IPCC
special report on the impacts of global warming of 1.5°C above
, . . preindustrial levels and related global greenhouse gas emission
Authors’ contributions pathways, in the context of strengthening the global response to
. L the threat of climate change. IPCC, Geneva, Switzerland, 2018.
MKB and NRS were plannlng and de51gnmg the research. [15] Grossi G, Goglio P, Vitali A, Williams AG. Livestock and climate
MKB conducted experiments, gathered data, and con- change: impact of livestock on climate and mitigation strategies.
ducted analysis and interpretation. MKB was also respon- Affli(f)Y;4Fr0nt 2019; 9(1):69-76; https://doi.org/10.1093/af/
. . . . viy
sible for Cr.e?tmg the flI.'St draft of the manuscript. NS, ,]H’ [16]  Lan W, Yang C. Ruminal methane production: associated microor-
and NRS critically examined and evaluated the manuscript. ganisms and the potential of applying hydrogen-utilising bacteria
for mitigation. Sci Total Environ 2019; 654:1270-83; https://doi.
org/10.1016/j.scitotenv.2018.11.180
References . o . . [17]  Kroéliczewska B, Pecka-Kietb E, Bujok ]. Strategies used to
(1] Food and Agriculture Organisation (FAO) of the United Nations. reduce methane emissions from ruminants: controversies and
Overview of global dairy market developments in 2018. Dairy issues. Agriculture 2023; 13:602; https://doi.org/10.3390/
Market Review, 2019. o _ agriculture13030602
(2] Adesogan AT, Havela.ar A‘H., McKune SL, Eilittd M, D.a}.ﬂ GE. Animal [18]  Galyean ML, Hales KE. Feeding management strategies to miti-
source foods: sustainability problem or malnutrition and sus- gate methane and improve production efficiency in feedlot cattle.
tainability solution? Perspective matters. Glob Food Secur 2020; Animals 2023; 13:758; https://doi.org/10.3390/ani13040758
25:100325; https://doi.org/10.1016/j.gfs.2019.100325 [19]  Lileikis T, Nainiene R, Bliznikas S, Uchockis V. Dietary ruminant
B3] lannotti L, Tarawali S, Baltenweck I, Ericksen P, Bett B, Grace D, enteric methane mitigation strategies: current findings, poten-
et al. Livestock-derived foods and sustainable healthy diets. UN tial risks and applicability. Animals 2023; 13:2586; https://doi.
Nutrition Secretariat, Rome, Italy, 2021. org/10.3390/ani13162586
[4] Hossain S, Jahan M, Khatun F. Current status of dairy products [20]  Fouts JQ Honan MC, Roque BM, Tricarico JM, Kebreab E. Enteric
in Bangladesh: a review on supply and utilization. Int ] Business, methane mitigation interventions. Transl Anim Sci 2022; 6:1-16;
Manag Social Res 2022; 11(02):609-18. https://doi.org/10.1093/tas/txac041
[5] Okine EK, Basarab JA. Residual feed intake and feed efficiency: [21] Hristov AN, Melgar A, Wasson D, Arndt C. Symposium review:
differences and implications. In: Florida Ruminant Nutrition effective nutritional strategies to mitigate enteric methane
Symposium. University of Florida Institute of Food and in dairy cattle. ] Dairy Sci 2022; 105:8543-57; https://doi.
Agricultural Sciences, Gainesville, FL, pp 27-38, 2004. org/10.3168/jds.2021-21398
[6] Das NG, Sarker NR, Haque MN. An estimation of greenhouse gas [22] Tseten T, Sanjorjo RA, Kwon M, Kim SW. Strategies to mitigate
emission from livestock in Bangladesh. ] Adv Vet Anim Res 2020; enteric methane emissions from ruminant animals. ] Microbiol
7(1):133-40; https://doi.org/10.5455 /javar.2020.g402 Biotechnol 2022; 32(3):269-77; https://doi.org/10.4014/
[7] Rahaman MA, Rahman MM, Hossain MS. Climate-resilient jmb.2202.02019
agricultural practices in different agro-ecological zones of  [23]  Haque MN. Dietary manipulation: a sustainable way to mitigate
Bangladesh. In: W. Leal Filho (ed.). Handbook of Climate Change methane emissions from ruminants. ] Anim Sci Technol 2018;
Resilience, Springer Nature Switzerland AG, 2019; https://doi. 60(1):1-10; https://doi.org/10.1186/s40781-018-0175-7
org/10.1007/978-3-319-71025-9_42-1 [24]  Hristov AN, Oh J, Firkins JL, Dijkstra ], Kebreab E, Waghorn G, et
[8] ARC (Ed). The Nutrient Requirements of Ruminant Livestock: al. Special topics—mitigation of methane and nitrous oxide emis-
Technical Review, Issue 2. Agricultural Research Council by the sions from animal operations: I. A review of enteric methane mit-
Commonwealth Agricultural Bureaux, Great Britain, 1981. igation options. ] Anim Sci 2013; 91(11):5045-69; https://doi.
[9] Food and Agriculture Organisation (FAO) of the United Nations. org/10.2527/jas.2013-6583
“Global livestock environmental assessment model - interactive [25] Hills JL, Wales W], Dunshea FR, Garcia SC, Roche JR. Invited
- atool for estimating livestock production, greenhouse gas emis- review: an evaluation of the likely effects of individualised feeding
sions and assessing intervention scenarios”, Version 2.0. FAO, of concentrate supplements to pasture-based dairy cows. ] Dairy
Rome, Italy, 2017. Available via: www.fao.org/ fileadmin/user_ Sci 2015; 98:1363-14; https://doi.org/10.3168/jds.2014-8475
upload/gleam/docs/GLEAM_2.0_Model_description.pdf 2017. [26]  Van Gastelen S, Dijkstra ], Bannink A. Are dietary strategies to
[10]  Gerber PJ, Steinfeld H, Henderson B, Mottet A, Opio C, Dijkman J, mitigate enteric methane emission equally effective across dairy
et al. Tackling climate change through livestock: a global assess- cattle, beef cattle, and sheep? ] Dairy Sci 2019; 102(7):6109-30;
ment of emissions and mitigation opportunities, FAO of the https://doi.org/10.3168/jds.2018-15785
United Nations, Rome, Italy, 2013b. [27]  Eugene M, Klumpp K, Sauvant D. Methane mitigating options with
[11]  Thumba DA, Lazarova-Molnar S, Parisa Niloofar P. Comparative forages fed to ruminants. Grass Forage Sci 2021; 76(2):196-204;
evaluation of data requirements and level of decision support https://doi.org/10.1111/gfs.12540
provided by decision support tools for reducing livestock-related [28] Baihaqi ZA, Widiyono I, Suwignyo B, Angeles AA. Alternative
greenhouse gas emissions. ] Clean Air Prod 2022; 373:133886; strategies of plant metabolite secondary “Tannin” for methane
https://doi.org/10.1016/j.jclepro.2022.133886 emissions reduction on ruminant livestock a review of the last 5
[12]  Food and Agriculture Organisation (FAO) of the United Nations. years literature. Adv Anim Vet Sci 2022; 10(3):599-606; https://
“FAOSTAT - Agriculture Total” FAO, Rome, Italy, 2019. http:// doi.org/10.17582 /journal.aavs/2022/10.3.599.606
www.fao.org/faostat/en/#data/GT [29] Ramin M, Chagas JC, Smidt H, Exposito RG, Krizsan S]. Enteric and
[13] Amlan KP. Recent advances in measurement and dietary miti- fecal methane emissions from dairy cows fed grass or corn silage
gation of enteric methane emissions in ruminants. Front Vet Sci diets supplemented with rapeseed oil. Animals (Basel). 2021;
2016; 3(39):1-17; https://doi.org/10.3389/fvets.2016.00039 11:1322; https://doi.org/10.3390/ani11051322
http://bdvets.org/javar/ Bashar et al. / J. Adv. Vet. Anim. Res., 11(3): 664—674, September 2024 673



[30]

Hassanat F, Gervais R, Julien C, Massé DI. Replacing alfalfa silage
with corn silage in dairy cow diets: effects on enteric methane
production, ruminal fermentation, digestion, N balance, and

the conversion of digestible energy to metabolisable energy in
growing beef steers. ] Anim Sci 2020; 98(8):1-10; https://doi.
org/10.1093/jas/skaa231

milk production. ] Dairy Sci 2013; 96:4553-7; https://doi. [35] Van Wyngaard JDV, Meeske R, Erasmus LJ. Effect of concentrate
org/10.3168/jds.2012-6480 feeding level on methane emissions, production performance

[31] Ungerfeld EM. Metabolic hydrogen fows in rumen fermentation: and rumen fermentation of Jersey cows grazing ryegrass pas-
principles and possibilities of interventions. Front Microbiol ture during spring. Anim Feed Sci Technol 2018a; 241:121-132;
2020; 11:589; https://doi.org/10.3389/fmicb.2020.00589 https://doi.org/10.1016/j.anifeedsci.2018.04.025

[32] Elmhadi ME, Ali DK, Khogali MK, Wang H. Sub-acute ruminal [36] Van Wyngaard JDV, Meeske R, Erasmus LJ. Effect of concentrate
acidosis in dairy herds: microbiological and nutritional causes, level on enteric methane emissions, production performance,
consequences, and prevention strategies. Anim Nutr 2022; and rumen fermentation of Jersey cows grazing kikuyu-dominant
10:148-55; https://doi.org/10.1016/j.aninu.2021.12.008 pasture during summer. ] Dairy Sci 2018b; 101(11):9954-66;

[33] Darwin, Humaira T, Muliawati A. Identification and character- https://doi.org/10.3168/jds.2017-14327
ization of acidosis on in vitro rumen fermentation with feeds [37] Purnomoadi A, Harlistyo MF, Adiwinarti R, Rianto E, Enishi O,
based on grass, rice bran, concentrate, and tofu pulp. ] Appl Biol Kurihara M. The effect of tea waste on methane production in
Biotechnol 2022; 10(Suppl 1):53-8; https://doi.org/10.7324/ Ongole crossbred cattle. In: Kawashima T. (ed.). Greenhouse gases
JABB.2022.10s108 and sustainable animal agriculture for developing countries.

[34]  Fuller AL, Wickersham TA, Sawyer JE, Freetly HC, Brown-Brandl Japan International Research Center for Agricultural Sciences,
TM, Hales KE. The effects of the forage-to-concentrate ratio on Tsukuba, Japan, pp 1341-710, 2013.

http://bdvets.org/javar/ Bashar et al. / J. Adv. Vet. Anim. Res., 11(3): 664—674, September 2024 674



