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ABSTRACT

he effect of feeding principal beef cattle diets of Vietnam’s dry and rainy seasons on

feed intake, digestibility, rumen metabolic profile, performance and enteric methane
production was assessed in an experiment. A survey was conducted to classify and
document the principal diets of beef cattle in three regions of Vietnam, being North, Central
and Southern Vietnam across the dry and rainy season. The animals were allocated in an
experiment with three treatments feeding typical diets in two seasons. Fifteen growing
male crossbred cattle (Wagyu x Zebu) with average initial BW (198.9kg + 36.9) at 11.9-
18.3 months of age were subjected to measurements of CH4 output using the GreenFeed
system, nutrient intake and apparent digestibility in a RCBD experiment. Daily emissions
of methane and CO2 were measured using a GreenFeed device (GF; C-Lock Inc. South
Dakota USA) used in the “tie stall mode”. In each season there was an effect of diet type
for beef cattle on dry matter intake, animal performance and enteric CH4 emission using
GF in two seasons of the year in Vietnam.

There is an effect of feeding different typical diets in the seasons for beef cattle on dry
matter intake, animal performance and enteric CH4 emission using GreenFeed Emission
Monitoring system (GEM; C-Lock Inc., Rapid City, South Dakota, USA). The Ym values
of 5.3-5.4% with the treatment in dry season and 4.4-4.5% in rainy season. For CH4
emissions expressed in g/lkg DMI (MY) were 27- 35 g CH4/kg DMI. The emission factor
(EF) value (kg CH4/head/year) was around 53 to 69 found in the beef cattle fed the diets
in dry season and 57 to 71 in those fed diets in rainy season.

Keywords: Methane emission, dairy cow diets, regions, seasons, GreenFeed device

Introduction

of ruminants are considered to be of primary
concern (Johnson ef al., 2007).

The recent increase in the sale price of beef cattle
hasraised considerable interestamong farmersto
switch from an extensive, pasture-based system
to an intensive stall feeding production system
in Vietnam. Methane is a potent greenhouse
gas (GHG) whose atmospheric abundance has
grown 2.5-fold over three centuries (Lassey,
2007), and which contributes proportionately
0.143 of all factors to present global warming
(Johnson et al., 2007). Within the agricultural
sector, CH, emissions from enteric fermentation

There are many factors which influence
unwanted CH, production by ruminants:
level of feed intake, type and quality of feed,
energy consumption, animal size, growth
rate, level of production and environmental
temperature (Broucek, 2014). Measurement of
CH, emissions due to enteric fermentation must
be taken into account under conditions as close as
possible to typical as found in farming systems.
The production of enteric CH, is a loss of feed
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energy from the diet and represents inefficient
utilization of the feed (Chagunda et al., 2009).
In addition to environmental implications,
ruminant methanogenesis represents a loss of
2% to 12% of the gross energy intake (Johnson
and Johnson, 1995; Boadi and Wittenberg,
2002; Benchaar and Greathead, 2011).

The GreenFeed Emission Monitoring system
(GEM; C-Lock Inc., Rapid City, South Dakota,
USA) is the first time introduced to Vietnam as
a system to estimate daily methane production
(DMP) of cattle from repeated short-term
measures of methane emission over a period
of days, weeks or months. Velazco et al. (2016)
showed that the DMP estimated by averaging
multiple short-term breath measures of methane
emission rate using GEM does not differ from these
measures obtained from respiration champers.

The effect of feeding different typical diets on
both animal performance and CH, emission
using measurements of GF system is not well
documented. Understanding the reasons for the
variability in enteric CH, production in relation
to diet is essential to decreasing uncertainty in
GHG emission inventories and to identifying
viable GHG mitigation strategies. Thus, the
objective of the present study was to determine
the effect of feeding different diets on animal
performance and enteric CH, emission in dry
and rainy season of Vietnam.

Materials and methods

Materials

Fifteen growing male crossbred cattle (Wagyu
x Zebu) with average initial BW (198.9 kg +
36.9) at 11.9-18.3 months of age were subjected
to measurements of CH, output using the
GreenFeed system, nutrient intake and apparent
digestibility in a RCBD experiment.

Experimental time and site

The experiment was conducted at a beef cattle
farm belonging to the National Institute of Animal
Science (NIAS) in Ba Vi district, Hanoi province,
Northern part of Vietnam. The experiment was

carried out in the dry season (April-May) and
rainy season (August-September) of 2024 (Each
gas collection experiment was conducted over
35 days per season).

Experimetal method
Experimental design

The experiment was carried out to evaluate the
animal performance and enteric CH, emission
by feeding different typical diets on dry and
rainy season for beef cattle.

The experimental animals were allocated in an
experiment RCBD design with three treatments
feeding typical diets in two seasons. The diets
were formulated based on the previous survey
information of the typical ration for different
dairy production in three regions (North-
Central-South) of Vietnam. Typical seasonal
diets on beef cattle farms were constructed
based on a field survey. The feeding cattle diets
are specific to each region (North, Central and
South of Vietnam). This survey was conducted
to collect information beef cattle diets in two
season from August 2023 to May 2024 on 42
beef farms which were located in three typical
cattle regions of Vietnam including a Northern
region (10 farms in Bac Giang, Vietnam),
a Central region (9 farms in Thanh Hoa; 9
farms in Binh Dinh, Vietnam), a Southern
region (10 farms in Dong Nai and 4 farms in
Ben Tre, Vietnam). The information of dietary
ingredients and amounts of each that the farmers
offer the cattle were recorded and took feed
sample for analysis the nutrient compositions
of each. Although the information from these
survey was insufficient to allow the reliable
analysis of nutrient concentrations in the diets,
it suggests potential for diets in the regions and
seasons (un-published).

The experimental diets for dry season and rainy
is showed in Table 1. Experimental layout
and measurement procedure were showed in
Annex 1.
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Table 1. The experimental diets (% on DM basis)

Items Dry season Rainy season

Diet 1 Diet 2 Diet 3 Diet 1 Diet 2 Diet 3
Maize stover silage (%) - - 53.17 - - 54.02
Elephant silage 47.63 - - 54.35 - -
Ruzi grass - 53.87 -
Rice straw - 53.76 - - - -
Pelleted Concentrate 7.40 15.13 7.60 5.78 5.84 5.82
Feed concentrate 4497 31.11 39.23 39.87 40.29 40.16
Composition and nutrient value
ME (MJ/kg DM) 4.82° 6.94° 6.85° 10.97° 9.94¢ 11.85°
OM (%DM) 93.3° 89.4° 95.2° 89.23¢ 90.26° 90.46°
CP (%DM) 12.44° 14.07° 12.80° 16.27° 14.28° 15.63°
EE (%DM) 3.24° 2.11° 2.75° 2.96" 2.75° 3.39°
CF (%DM) 19.76° 27.29° 17.99° 23.22° 23.39° 17.67°
NDF (%DM) 50.56" 59.02° 48.29° 26.11° 26.39° 21.69°
ADF (%DM) 29.31°¢ 46.45° 32.14° 55.09° 56.49° 48.38°

Note: Diet 1, Diet 2 and Diet 3 were the typical ration for beef cattle in the North, Central and South of Vietnam, respectively.

Experimental animals and feeds

The animals were the same breed, sexual, and
were individually identified by numbered ear
tags (RFID). Cattle were allocated to treatments
(n=3) using stratified randomisation, being ranked
initially on months of age (Block), then on initial

animal BW. Allocations were made so that there
was one animal/treatment in each of 5 blocks.
The re-growth of elephant grass (Pennisetum
purpureum) at an age of 60-75 days cutting
interval were harvested daily in the morning. It
was chopped into 10-15 cm length before feeding.

Table 2. Chemical composition and nutrition value of experimental feeds (Mean, SD)

Feeds DM cP EE CF NDF ADF Ash
(%)  (%DM) (%DM) (%DM) (%DM) (%DM) (% DM)
17.2 157 4208 7659 6441 5.41
Elephant grasses sy A0 oo 258 (153  (341)  (0.90)
Elephant silage 17.4 7.57 1.88 4217 7979 7087 9.91
(144)  (081)  (0.11) (209  (013)  (547)  (0.82)
Creen bean husk 89.8 185 201 2194 4912 37.16 417
041)  (059) (0290 (104  (437)  (0.16)  (0.16)
Maise meal 86.8 8.93 458 277 21.14 6.13 1.29
029)  (0.69)  (0.06) (119  (113)  (0.19)  (0.02)
. . 312 378 24.36 683 4514 4.49
Maize stover silage 189y 7200 e 005 227 (518  (0.08)
pelleted Concentrate 89.4 18.76 4.99 9.88 379 23.93 7.63
092)  (087) (035  (373)  (5.03)  (223) (135
. 90.4 7.12 6.20 3356 5522 4790  12.82
Rice bran

031) (005  (0.53)  (1.09)  (0.85  (0.56)  (1.80)

Rice straw 915 7.735 203 3829 7437 6478 12.1
0.14) (104  (032)  (332) (282 (9190  0(31)

Soyabean meal 873 4936 161 4.66 3177 8.84 6.80
0.13) (332  (009)  (026)  (951)  (0.40)  (0.47)
89.4 13.87 339 9.99 403 1715 1747

Wheat bran (0.39) (0.59)

(0.13) (0.90) (2.84) (1.09) (1.17)
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The silage elephant grass (Pennisetum
purpureum) at an age of 60-75 days cutting
interval were harvested in the morning. It was
chopped into 10-15 cm length before silage.
The maize stover ensilaged with 0.5% salt for
60 days before feeding.

Feeding and management

The feeds using in the experiment were based
on diet in previous survey and was offered
equally twice per day to individual animal in
the morning (07h30) and afternoon (16h30). On
each feeding occasion, the concentrate mixed
with other grain feeds as designed in a separate
bucket were supplied first to the animals, then
grass, silage, and rice straw were offered.

Each animal was freely accessed to clean
drinking water and a mineral lick block
containing Ca 90 g, P 90 g, Na 150 g, Mg 5 g,
Fe 10 g, Mn 6000 mg, Cu 800 mg, Co 400 mg,
I 50 mg and Se 100 mg per 1 kg block.

The experiment period was lasted for 35 days
including 7days of an adaptation period, 14
days for rumen stabilization and 14 days for
diet restriction and data collection of feed
intake, milk yield and the last period of data
recording of CH, emission (2 x 3days), rumen
fluid collection (1 day).

Cattle were also provided with a measured
quantity of pelleted bait concentrate each time
they accessed the GEM unit (89.4% DM, 18.8%
CP, 37.9% NDF, 23.9% ADF, 4.9% fat)

Data collection

Feed intake: The daily feed consumption
was recorded, and refusals were collected for
individual animals in the morning of the next
day. The intake of concentrate, supplemental
feeds and forages were measured daily, based
on the amount of feeds offered and refused.
The total feed intake (DMI) was calculated as
the sum of the intake of the feed components.
Total gross energy (GE) intake was estimated
from DMI and chemical components, using the
equation suggested by Jentsch et al. (2007).

Live weight: After the adaptation period the
animals were weighed at 06.00 h before feeding

on two consecutive days using RudWeight,
and at 15 day intervals. Feed conversion ratio
(FCR) was calculated as kg feed consumed /kg
live weight gain (LWG).

Rumen fluid was collected from experimental
animal using a rubber tube connected to a
vacuum pump in the day of 35" The sample
was analyzed the Protozoa counting and rumen
VFAs profile composition at the National
Center for Food Analysis and Assessment -
Food industries research institute.

Digestibility was investigated using acid
insoluble ash (AIA) as an internal marker and
collection of manure samples directly from the
rectum of animal.

Daily methane production (DMP): The CH,
was measured using a GreenFeed devices (GF;
C-Lock Inc.) the cow voluntarily placed their
heads in a shroud and were detected by the
RFID sensors. Eructated CH, was measured
while cows consumed the pellet supplement.
The GF devices were calibrated daily following
the manufacturer’s instructions. The pelleted
concentrate was used to bait the cows and
ensure the proper head position in the bin. On
days when cows were being given access to the
Greenfeed, the amount of pelleted concentrate
being fed in the pen was reduced by an amount
equal to the quantity of pellet provide through
the Greenfeed. Methane emission energy
(MEE, MlJ/day) was converted from value of
CH, production measuring from GF.

Methane conversion factor (Ym) as % of gross
energy intake was calculated basal on MEE
and total GE intake. Methane yield (MY) was
calculated as g methane production per kg DM
intake, daily. Methane intensity was calculated
as g methane production per kg LWG, daily.

Chemical analysis

The feeds offered and individual feed refusals
were sampled daily and pooled to a sample for
each fifteen days. Samples of feeds, refusals
were analysed for DM, CP, ether extract (EE),
neutral detergent fibre (NDF), acid detergent
fibre (ADF), ash and Acid insoluble ash (AIA).
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The milk samples were analysed for DM, CP,
fat and total solid. The DM (ID 930.15), CP (ID
976.05), ash (ID 942.05) and AIA (ID 941.12)
were analysed according to the standard
methods of AOAC 952.03 (2000). The EE was
analyzed by ISO-6492 (1999) and NDF and
ADF concentrations were determined according
to the procedure of Van Soest ez al. (1991).

Gas sampling and methane measurement

The GreenFeed system (C-lock inc. USA) was
used to measure CH,, CO,, O,, H, during three
consecutive days. Each animal were measured
on 8 occasions, for at least 5 minutes, with
sampling times balanced across the 24h day.

Statistical analysis

The data were analysed statistically as a
Randomized Completely Block Design
(RCBD) by variance analysis (ANOVA) using
the general linear model (GLM) procedure of
Minitab software version 14.0 (Minitab, 2003).

The treatment least square means showing
significant differences at the probability level of
P<0.05 were compared using Tukey’s pairwise
comparison procedure.

The statistical model used in the trial was Y;; =
+a,; + B+ &; where Y;; is the dependent variable,
u is the overall mean, o is effect of treatment
1, B3; 1s effect of block and g;; is a random error.

Results and discussion

Feed intake, nutrient digestibility and
performance

The data on feed intake and digestibility of
experimental animal feeding the diets in dry
and rainy is shown in Table 3. The difference
in DMI (%BW) of animal fed these treatments
was significant (P<0.05). The seasonal effect
on DM intake and digestibility (CF, NDF and
ADF) of cattle are significant (P<0.001) and
LWG (P<0.05) of animal fed different diets.

Table 3. The feed intake, nutrient digestibility and animal performance

Items Dry season Rainy season Effects
Diet 1 Diet 2 Diet 3 Diet 1 Diet 2 Diet3 Diets Seasons

Feed intake
Total DM intake (kg/day)  4.44° 7.39° 5.15¢ 7.23° 6.12° 5.71¢ *xx *xx
DM intake (%BW) 2.04¢ 3.28° 2.35° 2.44° 2.15¢ 2.05¢ *r* wxE
DM intake (kg BW®7°) 78.3¢ 126.8° 90.3¢ 100.9° 88.3« 83.6% *xx e
GE intake (MJ/day) 82.2¢ 131° 96.8° 130° 110° 104 Fx *rx
Digestibility (%)
DM 79.71% 52.2b° 77.95°  65.42®  5456°  66.14% ** *
oM 80.53° 55.18° 7895  64.75® 5418  65.90% ** *
cP 80.63° 54,52 76.34°  63.99%°  42.65°  62.87%°C  **x **
EE 85.40° 56.96° 84.19° 79.15*  62.03° 86.62° *rx NS
CF 75.16° 56.32" 7444  58.62°  48.49° 48.99° ** e
NDF 76.99° 51.44° 75.79° 55.59°  4570° 51.04° ** e
ADF 67.76®  50.70°* 7237° 4841  37.25¢ 40.33¢ * e
Animal performance
LWG (g/day) 7923 896.1 688.5 431.6 515.8 636.8 NS *

Note: “**Mean within rows with different superscripts are significantly different (P<0.05); Diet 1, diet 2 and diet
3 were the typical ration for beef cattle in the North, Central and South of Vietnam, respectively. * significantly
different level at P<0.05, **significantly different level at P<0.01, *** significantly different level at P<0.001, NS:

none significantly different (P>0.05)
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In the present study, the different intake and
digestibility of animal fed beef cattle diets could
be due to the structure dietary fiber among the
regions and seasons, which facilitate easier attack
by microorganisms in the rumen and solubility
characteristics. For this reason, the increased
intake in the diets is likely due to the combined
effects of diets in the regions and seasons.

Table 4. Protozoa and rumen VFAs profile

The and protozoa and rumen VFAs profile are
showed in Table 4. There was no significant
difference of protozoa (x10°) and rumen VFAs
profile among these treatments (P>0.05). There
are an effect of season on the acetate and
propionate (as % of total VFAs) (P<0.01).

. Dry season Rainy season Effects
ems
Diet1 Diet2 Diet3 Diet 1 Diet 2 Diet 3 Diets Seasons
Protozoa (x 10° cell/ml)
(post 04h feeding) 2.40 3.09 4.10 4.28 3.48 437 NS NS
Acetate
. 7.7 7.2 . 4.4 4.4 N **

(% total VFAS) 66.8 6 6 65.8 6 6 S
Propionate %%
(% total VFAS) 17.5 17.5 17.8 18.7 20.0 19.7 NS
Butyrate

15.7 14.8 15.0 15.5 15.6 15.9 NS NS

(% total VFASs)

Note: “**Mean within rows with different superscripts are significantly different (P<0.05); Diet 1, diet 2 and diet 3 were the
typical ration for beef cattle in the North, Central and South of Vietnam, respectively. * significantly different level at P<0.05,
**significantly different level at P<0.01, *** significantly different level at P<0.001, NS: none significantly different (P>0.05)

Methane emisson

The GreenFeed Emission Monitoring system
(GEM; C-Lock Inc., Rapid City, South Dakota,
USA) is a commercial system developed to
estimate daily methane production (DMP) of
cattle from repeated short-term measures of

Table 5. Methane emission and EF value

methane emission over a period of days, weeks
or months. Velazco et al. (2016) showed that
the DMP estimated by averaging multiple short-
term breath measures of methane emission rate
using GEM does not differ from these measures
obtained from respiration champers.

Dry season Rainy season Effects
Items
Diet 1 Diet 2 Diet3 Diet1 Diet2 Diet 3 Diets Seasons

Total CH,, g/day 153.8°  189.7° 1462 1943* 163.7° 156.8° *x *x
MY (g CH,/kg DMI) 35.4° 26.8° 299° 283  26.9° 27.8° * *
Methane intensity 230° 217 2245 409 413° 362¢ o *x

(g CH,/kg meat produced)

EF value (kg CH,/head/year)  56.1°  69.2° 534" 709°  59.7° 57.2¢ * *x
Ym (%) 5.20° 5.39° 5.26° 4.41¢ 4.45% 4.494 Kk HH*

Note: “*Mean within rows with different superscripts are significantly different (P<0.05); MY: Methane yield (g CH, per kg DM
intake); FPCM: fat protein corrected milk, EF: emission factor value; Diet 1, diet 2 and diet 3 were the typical ration for beef

cattle in the North, Central and South of Vietnam, respectively
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In the present study, the average daily CH,, EF
value and Ym in different regions and seasons
is showed in Table 5. The greater value of MY
but lower value of methane intensity (g CH,/kg
kg FCM or g CH,/kg kg FPCM) was observed
in animal fed the diets in dry season comparing
to those fed in rainy season. The value methane
production is variable among the regions and

season. The Ym values of 5.3-5.4% with the
treatment in dry season and 4.4-4.5% in rainy
season. For CH, emissions expressed in g/
kg DMI (MY) were 27- 35 g CH,/kg DMI in
current study. This is in agreement with prior
data recommended by IPCC (2019) in dairy
cattle in different production levels ranged by
19-21.4.

DM (%BW)
EF (g B~ e

CHheadyear) N i

Ym (%) S GEi QMIday)
CH4 intensity (g .'I | I'. -
CHAKLWG) /) crCDM

CHADM) ™. NDFi (%DM

CH4 (g/day) [we ——Dryseason
ANy s2ason

Figure 1. Effects of different seasons on feed intake, animal performance and CH, emission
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CHAhead'yeagy e P DM

Ym(a), * GEi (MJ/day)
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CHADM) .\t~ NDFi (DM
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——Diet_Dry C
Diet_Dry §

Figure 2. Effects of different typical diets of beef
cattle on feed intake, animal performance and CH,
emission in dry season

The emission factor (EF) value (kg CH,/head/
year) was around 53 to 69 in the animal fed
the diets in dry season and 57 to 71 in those
fed diets in rainy season, in the current study.
There were regional and seasonal effects on the
EF value from beef cattle in Vietnam. In dry
season, the effects on methane emission factor
and intensity are obviously clear among the
diets (Figure 2). The EF value in present study
was slightly higher than the value recommended
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Figure 3. Effects of different typical diets of beef
cattle on feed intake, animal performance and CH,
emission in rainy season

by IPCC default value (43-56 kg/head/year) for
other cattle in the production system in Asia
(IPCC, 2019).

Energy lost as enteric CH, from mature cattle
ranges from 2.2 to nearly 12% of gross energy
(GE) intake (Johnson et al., 1995). This range
largely depends on the level of feed intake and
the composition of the diet (Moss et al., 2000).
Canesin et al. (2014) has been indicated that the
feed system is based on tropical forages with
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the diet consists in low nutritional value forage,
resulted in the low performance of animals
and the increased production of greenhouse
gases (GHGs), mainly enteric methane. In dry
season, this occurred as a result of the chemical
variation in the forage materials which could
be the primary cause of differences in dry
matter, protein and NDF intake may effect on
the animal performance and CH, production
in current study. Demarchi ef al. (2016) had
reported that a direct relationship among
forage quality, DM intake and consequently
CH, emissions among seasons. In the study,
higher feed intake in Treat. 2 resulted in lower
value of MY while the greater DMI in Treat. 3
showed the higher MY comparing to the value
in Treat. 1. In the ruminants with high feed
intakes, reductions in enteric CH, emissions
per unit of intake with increased digestibility
of feeds have been reported (Hristov et al.,
2013). In dry season, it is probably due to the
animals in treatment 3 fed the diet with higher
structural carbohydrates comparing to other
diets. Janssen (2010) have been reported that
the animal fed the diet with high structural
carbohydrates be more methanogenic than
soluble carbohydrates.

Annex

Annex 1. Experimental layout

Conclusions

There is an effect of feeding different typical
diets in the seasons for beef cattle on dry matter
intake, animal performance and enteric CH,
emission using GreenFeed Emission Monitoring
system (GEM; C-Lock Inc., Rapid City, South
Dakota, USA). The Ym values of 5.3-5.4% with
the treatment in dry season and 4.4-4.5% in
rainy season. For CH, emissions expressed in g/
kg DMI (MY) were 27- 35 g CH,/kg DMI. The
emission factor (EF) value (kg CH,/head/year)
was around 53 to 69 found in the beef cattle fed
the diets in dry season and 57 to 71 in those fed
diets in rainy season, in the study.
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Items Diet 1 Diet 2 Diet 3
N° of animal (head) 5 5
Adaptation time (days) 21
Experimental time (days) 35
Activities

Day 1%-7% Adaptation period
Day 8-21* Cow fed experimental diets, weighing animal BW

The cows were trained to familiar with the Greenfeed system
Day 22 - 28" Measurements: daily feed intake, milk yield

Also collect bulked manure and feed samples from day 21- 35
Day 29, 30, 31* Measurement CH,, CO,, O, using GreenFeed (C-Lock inc.)
Day 32th Recovery day for cattle
Day 33,34,35th Measurement CH,, CO,, O, using GreenFeed (C-Lock inc.)
Day 35" Rumen fluid sample (pH, Protozoa)
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