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ABSTRACT 

 

 This study evaluated the effects of concentrate level in diet, 10, 25, 40, and 60% forage dry matter 

(DM), on feed intake, nutrient utilization, weight gain (WG), and greenhouse gas (GHG) emissions in 

12 male crossbred cattle (Red Sindhi × local, Bos indicus) 9-15 months of age in Southwestern Vi-

etnam. The experiment was conducted for 6 months using a completely randomized block design. Ani-

mals were individually housed and fed ad libitum with rice straw, with or without elephant grass, sup-

plemented with commercial concentrate. Results showed that as the concentrate level increased, con-

sumption of feeds, digestible nutrients and energy, WG, and GHG emissions rose linearly (P < 0.01), 

whereas neutral detergent fiber (NDFD) and acid detergent fiber digestibility declined (P < 0.05). The 

DM, organic matter, and crude protein digestibility were not significantly affected (P > 0.05). The in 

vitro NDFD assessments exhibited similar trends to the in vivo data (R² > 0.75). GHG emissions per 

unit of live weight were significantly reduced (P < 0.01) as concentrate levels increased up to 60%, alt-

hough the difference between the 40% and 60% groups was not statistically significant (P > 0.05). 

These findings suggest that a concentrate level of 40% forage DM offers an optimal balance between 

fiber utilization and GHG emission intensity. The in vitro technique using rumen fluid from slaugh-

tered cattle with unknown dietary history and minimized chemical reagents may serve as a practical 

and ethical tool for evaluating fiber utilization in cattle nutrition studies. 

 Keywords: Bos indicus, Feedlot, Emission intensity, Fiber digestion, Rumen fluid reuse 

INTRODUCTION 

 

The greenhouse gases (GHG), including car-

bon dioxide (CO₂), methane (CH₄), and nitrous 

oxide (N₂O), emitted from livestock production 

contribute significantly to global warming. Ac-

cording to the IPCC (2019, 2022), approximately 

20% of total global GHG under livestock 

farm‑gate emissions comes from enteric fermen-

tation in cattle, contributing nearly 50% of agri-

cultural methane and over 75% of agricultural 

nitrous oxide (IPCC, 2019; 2022). FAO (2023) 

estimates that agri‑food systems release approxi-

mately 7.8 Gt of CO₂ equivalent (CO₂eq), about 

30% of human‑induced emissions, while live-

stock emissions are at ~6.2 Gt CO₂eq (~12% of 

global GHG). In Vietnam, livestock is estimated 

to account for over 6.3 million metric tons of 

CO₂eq annually, with ruminants responsible for 

34.6% of this total (Monre, 2022). Vietnam’s 

GHG inventory currently employs the IPCC 

(2019) Tier 2 approach, utilizing a fixed methane 

conversion factor of 6.5 ± 1.0% of gross energy 

intake (GEI), though this figure varies considera-

bly with dietary concentrate level, fiber content, 

and energy density (Kaewpila and Sommart, 
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2016). Furthermore, IPCC (2022) emphasized 

that reducing GHG emissions is among the most 

effective short-term climate mitigation strategies, 

potentially limiting global warming by up to 0.3°

C by 2050.  

In response, many countries have adopted 

livestock-specific GHG control policies, includ-

ing Vietnam, which has committed to achieving 

net-zero emissions by mid-century (Monre, 

2022). Southwestern Vietnam, commonly re-

ferred to as the Mekong Delta (MD), spans ap-

proximately 40,922 km², with agricultural land 

occupying nearly 25,727 km². Pasture availabil-

ity is limited, and cattle feed primarily consists 

of low‑quality rice straw, while other forages, 

although abundant, are also nutritionally poor. 

The MD cattle herd reached approximately ~894 

thousand in a national herd of ~6.33 million by 

2023, to meet the red‑meat demands of 

~17.5 million residents here (GSO, 2024). The 

predominant cattle in the region are Sindhi cross-

bred, derived from Red Sindhi sires and local 

dams, comprising ~90.2% of the herd (GSO, 

2024). While well suited to the hot‑humid delta 

climate and displaying greater frames than indig-

enous cattle, Sindhi crossbred cattle exhibit rela-

tively low growth rates. Consequently, the imple-

mentation of concentrate‑enhanced feeding strat-

egies may improve growth performance, shorten 

feeding cycles, and potentially mitigate GHG 

emissions (Dung et al., 2019; Hristov, 2024). 

Although the influence of the dietary con-

centrate on nutrient utilization and GHG emis-

sions is well documented (Hristov, 2024), re-

search under MD conditions remains lacking. A 

Vietnamese study by Dung et al. (2019) showed 

that higher dietary protein and concentrate im-

proved intake and weight gain while lowering 

GHG emission intensity. Digestible fiber is a key 

indicator of the energy utilization efficiency of 

animals. Since humans cannot digest fiber, ru-

men microbes ferment structural carbohydrates 

to supply energy to ruminants (McDonald et al., 

2022). The in vivo trials are the best way to test 

digestibility, but they are labor-intensive and ex-

pensive. As an alternative, in vitro approaches 

such as the two-stage method modified by Goe-

ring and van Soest (1970) are frequently used, 

although they rely on rumen fluid from live ani-

mals and chemical reagents and raise ethical con-

cerns, posing other challenges. To address these, 

Mo and Thu (2025) developed an in vitro proto-

col using rumen fluid from slaughtered cattle, 

eliminating the need for fistulated animals and 

harsh reagents. Their results showed strong 

alignment with in vivo digestibility data 

(R² > 0.80), with reduced cost and improved ani-

mal welfare. These factors give rise to two fun-

damental inquiries. What dietary concentrate 

level enables Sindhi crossbred cattle in South-

western Vietnam to achieve improved growth, 

lower GHG emission intensity, and efficient fi-

ber utilization? Can a simplified in vitro diges-

tion protocol effectively gauge dietary digestible 

fiber under tropical production settings? 

 

MATERIALS AND METHODS 

 

Study Site and Ethical Issues 

A feeding experiment was conducted in 3 

private smallholder cattle farms located in South-

western Vietnam (9.654743, 105.194714; 

9.525918, 105.211035; and 9.528395, 

105.220781) from the autumn to winter. The area 

is characterized by a tropical monsoon climate, 

with distinct wet and dry seasons. The mean an-

nual temperature is around 27°C and most of the 

rain falls between May and November. The in 

vitro experiment and sample analysis were done 

in the College of Agriculture, Can Tho Universi-

ty. 

All animal-related procedures were carried 

out under Article 72 of the Vietnamese Law on 

Animal Husbandry (Law No. 32/2018/QH14), 

which provides guidance on animal welfare and 

ethics in scientific research. As such, no discom-

fort or harm was caused to the experimental ani-

mals throughout the study. 

 

Animals and Feeds 

Twelve crossbred male cattle (Red Sindhi × 

local) from 9 to 15 months of age were selected 

for the feeding and in vivo digestion trial. Before 

the experiment, animals were dewormed with 

ivermectin (0.25%) to ensure their health status.  

Forage components included rice straw and 

elephant grass (Pennisetum purpureum), with the 

grass harvested daily at 45-60 days of regrowth. 

Rice straw was obtained once during the study 

period from nearby fields (winter-spring crop, 

variety OM7347). The concentrate used was a 

commercially formulated product purchased at 



  

  248 J. Indonesian Trop. Anim. Agric. 50(4):246-256, December 2025 

the beginning of the trial. The chemical composi-

tion of ingredients is presented in Table 1. 

 

Experimental Design and Feeding Manage-

ment 

The study employed a completely random-

ized block design with four dietary treatments. 

Three blocks based on differences in farms, ini-

tial live weight (LW), and ages of animals: in the 

first farm, LW ~ 105 kg, at 9 months old; in the 

second, LW ~ 132 kg, at 12 months old; and in 

the third, LW ~ 163 kg, at 15 months old. Each 

block had four animals corresponding to four 

treatments, totaling 12 male calves (3 animals 

per treatment). The dietary treatments were 

based on differing concentrate levels: 10, 25, 40, 

and 60% forage DM, calculated as % concen-

trate = (concentrate DM intake/forage DM 

intake) × 100. The proportions of rice straw and 

grass in the diets were adjusted so that the crude 

protein (CP ~ 9.04% DM), digestible CP (DCP ~ 

5.56% DM), and metabolizable energy (ME ~ 

8.54 MJ/kg DM) contents were almost equiva-

lent. These nutrient levels are sufficient for the 

growth requirements of Sindhi crossbred cattle 

(Filho et al., 2016). 

Each animal was housed individually in a 

3×2 m concrete-floored pen. The pen was 

equipped with separate feeders and drinking 

troughs. The pens were disinfected monthly us-

ing Virkon S. Animals were fed ad libitum twice 

daily, concentrate at 08:00 and 17:00, followed 

by forage. Clean drinking water was available at 

all times. The feeding trial lasted 6 months.  

 

Feed Intake and in Vivo Digestibility 

Feed intake was recorded daily as the dif-

ference between the amount of feed offered each 

morning and the refusals collected the following 

morning. The digestible nutrient intake was de-

termined as the nutrient intake minus the nutrient 

excretion in manure. The live weights of the ani-

mals were measured individually (two times) at 

the beginning and end of the experimental period 

by a large scale to evaluate weight gain (WG). 

In vivo digestibility was determined during 

7 consecutive days in the middle of the experi-

mental period. During this time, offered feed, 

refused feed, and feces were collected and 

weighed daily for each animal. Subsamples were 

taken and dried at 55°C for 24 hours, then 

ground to pass through a 1 mm sieve. These sam-

ples were pooled by animal and stored at -20°C 

for chemical analysis and in vitro digestion as 

required. The procedure for determining in vivo 

digestibility followed the method of McDonald 

et al. (2022). Digestible nutrients were estimated 

using the digestibility coefficient multiplied by 

nutrient content. 

 

In Vitro Digestibility 

Two different in vitro procedures were em-

ployed to assess digestibility. The first (F_in 

vitro) was conducted according to the conven-

tional protocol by Goering and van Soest (1970). 

The second (denoted as S_in vitro) was adapted 

from Mo and Thu (2025). In this method, the 

incubation mixture consisted of 42 mL of rumen 

fluid, 8 mL of buffer solution, and 2 mL of re-

ducing agent, without any added agents. Buffer 

and reducing solutions were prepared following 

the standard procedure of Goering and van Soest 

(1970). After anaerobic fermentation at 39°C in 

glass tubes, the residues were treated overnight 

with a neutral detergent solution at 85°C. They 

were then washed twice with hot water and twice 

with acetone, dried, and analyzed for neutral de-

tergent fiber (NDF) as Goering and Van Soest 

(1970). Blank tubes containing only buffer and 

rumen fluid (without substrate) were used to ad-

just for background residues. 

Rumen liquor source was collected from 

three slaughtered Red Sindhi × local crossbred 

cattle with unknown dietary backgrounds. Within 

Table 1. The Chemical Composition (%DM, excluding DM) of Ingredients in Diets 

Feedstuffs DM OM CP EE NDF ADF ADL ME, MJ/kgDM 

Rice straw 85.2 84.8 5.34 1.13 72.1 40.6 7.47 7.28 

Grass 12.8 88.8 9.01 2.04 71.2 37.0 5.88 8.56 

Concentrate 86.4 89.8 16.3 9.23 45.0 22.6 4.33 10.8 

DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; ADF: acid 
detergent fiber; ADL: acid detergent lignin; ME: metabolizable energy. 
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15 minutes post-slaughter, the rumen contents 

were removed by hand, strained through three 

layers of muslin cloth into pre-warmed flasks, 

and immediately transported to the laboratory to 

preserve microbial activity. The procedure for 

slaughtering animals was performed according 

to the Vietnamese standards (TCVN 12448: 

2018), strictly guided by animal ethics and wel-

fare issues. 

 

Chemical Analysis 

All samples were analyzed using standard-

ized procedures to determine their chemical 

composition. DM was measured by oven drying 

at 105°C for 12 hours, while ash and organic 

matter (OM) were quantified through muffle 

furnace combustion at 600°C for 4 hours 

(method 942.05). Manure nitrogen (N) and CP 

(N × 6.25) were analyzed by the micro-Kjeldahl 

method (method 984.13), and ether extract (EE) 

was extracted using a Soxhlet system with ethyl 

ether (method 920.39), as described in AOAC 

(1990). The fiber fractions, including NDF, acid 

detergent fiber (ADF), and acid detergent lignin, 

were determined following the protocol of Goe-

ring and van Soest (1970).  

Non-fiber carbohydrates (NFC) were esti-

mated using the equation: NFC = OM – CP – EE 

– NDF as outlined by McDonald et al. (2022). 

Gross energy (GE), total digestible nutrients 

(TDN), digestible energy (DE), and ME were 

derived following Weiss and Tebbe (2019) 

guidelines, using the equations: GE = CP × 

0.056 + EE × 0.094 + (OM – CP – EE) × 0.042, 

TDN = DCP + DNFC + 2.25 × DEE + DNDF – 

7, DE = 0.04409 × TDN, and ME = 1.01 × 

(0.04409 × TDN) – 0.45. 

 

Greenhouse Gas Estimations 

Indirect GHG emission factors applied in 

this study included values for calf production 

(30.7 kg CO₂eq/kg LW; Basarab et al., 2012) 

and for feed ingredients such as rice straw 

(0.072 kg CO₂eq/kg; Deka et al., 2025), grass 

(0.018 kg CO₂eq/kg; Somjai and Suwan, 2020), 

and concentrate (0.27 kg CO₂eq/kg DM; Fla-

chowsky, 2011). These data were sourced from 

published literature in which GHG emissions 

had already been expressed in CO₂eq. The origi-

nal calculations were based on 100-year global 

warming potential values from IPCC (2007), 

which were 25 for CH₄ and 298 for N₂O, relative 

to CO₂. To maintain consistency with the refer-

ence data, this study retained those conversion 

factors. 

CO₂ emissions from animal respiration were 

estimated using the heat production (HP) method 

proposed by CIGR (2002). HP was calculated 

based on the animal’s LW, WG, and GE. The 

heat output, which was initially measured in 

watts (W), was then converted to energy in ki-

lojoules per day (kJ/d) and finally transformed to 

CO₂ volume (L/day) using the conversion factor 

of 21.75 kJ/L CO₂. This volume was further con-

verted to mass (kg/day) using a gas density of 

1.757 g/L under standard conditions of 32°C and 

101.3 kPa. 

Enteric CH₄ emissions (CH₄e) were estimat-

ed using the IPCC Tier 2 approach (IPCC, 2019), 

in which CH₄ output is derived from GEI and 

Ym. The Ym value was estimated using the em-

pirical model proposed by Kaewpila and Som-

mart (2016), which incorporates the relationship 

between DE, ME, and GE: CH₄e (kg) = Ym/100 

× GEI/55.65, and Ym = 37.7 + 19.71 × DE/GE - 

50.7 × ME/DE, where 55.65 MJ/kg is the energy 

content of methane. 

CH₄ emissions from manure (CH₄f) were 

estimated as follows: CH₄f = VS × 0.1 × 0.67 × 

0.02, where VS is the daily excretion of volatile 

solids as the organic matter in manure, 0.1 repre-

sents the maximum methane-producing potential 

of manure, 0.67 is the conversion from m³ CH₄ 

to kg, and 0.02 is the methane conversion factor 

for dry manure systems (IPCC, 2019). 

N₂O emissions from manure were calculat-

ed by summing direct emissions (N₂Od), those 

from volatilization (N₂Ov), and leaching (N₂Ol), 

using the following formulas: N₂Od = Nex × 

0.02 × 44/28, N₂Ov = Nex × 0.2 × 0.01 × 44/28, 

and N₂Ol = Nex × 0.3 × 0.0075 × 44/28. Here, 

Nex refers to the N excreted per animal ana-

lyzed, as explained above. The constants used 

represent IPCC (2019) default values for N loss 

and conversion, while 44/28 is the molecular 

weight ratio used to convert N₂O-N to N₂O. 

 

Statistical Analysis 

All collected data were subjected to analysis 

of variance using the General Linear Model pro-

cedure (Stat>ANOVA>General Linear Model) in 

Minitab 21.3. Tukey’s test was applied to detect 
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differences between treatment means. In addi-

tion, simple linear regression analyses (with in 

vivo as the dependent variable and in vitro - two 

methods × four incubation times - as the inde-

pendent variable) and paired t-tests were used to 

assess the relationships and differences between 

in vivo and in vitro digestibility. 

 

RESULTS AND DISCUSSION 

 

Digestibility 

The effects of different concentrate levels 

on the digestibility of nutrients, evaluated 

through both in vivo and in vitro methods, are 

presented in Tables 2 and 3. The results indicated 

that DM, OM, and CP digestibility were not sig-

nificantly affected (P > 0.05) by treatments 

(Table 2). However, a clear linear trend was ob-

served for NDFD and acid detergent fiber 

(ADFD) digestibility, which declined markedly 

(P < 0.05) with increasing concentrate levels 

(Table 2). The decline in fiber digestion, particu-

larly NDF, was consistently detected by both in 

vivo and in vitro methods, although S_in vitro 

NDFD 12 hours had not been found yet (P > 

0.05) (Table 3). 

This inverse relationship is a well-known 

physiological response to high-concentrate diets. 

Rapid fermentation of soluble carbohydrates re-

duces ruminal pH, thereby impairing  fibrolytic 

microbial activity (Mao et al., 2024; Wang et al., 

2024).  When the rumen pH drops below 6.0, 

fibrolytic microbes become less active, thus lim-

iting fiber degradation (Bach et al., 2023). This 

mechanism is indirectly supported by Mayulu et 

al. (2024), who reported that diets with lower 

fiber levels showed higher OM digestion, possi-

bly indicating a shift in ruminal fermentation 

favoring non-fiber carbohydrate utilization. De-

spite a potential reduction in fiber digestion in 

this study, overall OM digestion remained rela-

tively stable. This likely reflects compensatory 

effects from the improved  non-fiber carbohy-

drate utilization of animals fed concentrates, as 

also reported in high-concentrate diets for goats 

and sheep by Elihasridas et al. (2024). Such nu-

trient substitution mechanisms allow animals to 

maintain a stable overall energy supply, even 

Table 2. The in Vivo Digestibility (%) of Dietary Nutrients 

 Digestibility 
Concentrate (% forage DM) 

SEM  P 
10 25 40 60 

Dry matter 58.4 57.9 57.5 56.7 1.47 ns 

Organic matter 60.0 60.0 60.1 60.8 1.46 ns 

Crude protein 61.4 61.2 61.9 61.7 1.40 ns 

Neutral detergent fiber 67.5b 66.8b 64.8a 64.3a 0.371 ** 

Acid detergent fiber 54.6b 53.1b 49.8ab 45.3a 1.47 * 
SEM: standard error of mean; P: significant level - ns P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001; a, b mean values 

with different superscripts are significantly different according to Tukey’s test  

Table 3. The in Vitro Digestibility (%) of Dietary Neutral Detergent Fiber 

Techniques 
Concentrate (% forage DM) Analysis of variance  Regression analysis to in vivo 

10 25 40 60 SEM P R² RSD P 

F_iv 12 h. 22.6a 21.8ab 20.5bc 19.2c 1.03 * 0.576 1.01 ** 

F_iv 24 h. 38.1a 36.5ab 32.9bc 30.8c 1.01 ** 0.595 0.989 ** 

F_iv 48 h. 60.7a 58.6a 51.9b 50.1b 0.779 *** 0.815 0.668 *** 

F_iv 72 h. 63.5a 63.2a 60.7b 60.3b 0.299 *** 0.794 0.705 *** 

S_iv 12 h. 26.8 25.3 23.6 20.4 1.35 ns 0.475 1.13 * 

S_iv 24 h. 35.0a 32.1ab 29.1bc 27.0c 1.21 ** 0.577 1.01 ** 

S_iv 48 h. 53.9a 52.5a 42.8b 41.2b 1.01 ** 0.650 0.919 ** 

S_iv 72 h. 59.5a 58.5a 55.3b 54.7b 0.538 ** 0.751 0.775 *** 
F_iv: formal in vitro technique of Goering and van Soest (1970);  S_iv: in vitro simplified reagents updated from Mo 

and Thu (2025); SEM: standard error of mean; P: significant level - ns P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001; 
a, b, c mean values with different superscripts are significantly different according to Tukey’s test; RSD: residual 

standard deviation; R²: coefficient of determination. 
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when structural carbohydrate degradation is 

compromised. 

A notable methodological highlight in this 

study was the use of a newly developed simpli-

fied in vitro system (S_in vitro), recently intro-

duced by Mo and Thu (2025). Unlike conven-

tional in vitro techniques (F_in vitro), which re-

quire rumen fluid sourced from donor animals 

and involve multiple chemicals, the S_in vitro 

employs a non-invasive rumen fluid protocol and 

significantly reduces the use of reagents. Despite 

its streamlined nature, the S_in vitro yielded 

NDFD values highly correlated with in vivo 

measurements (R² > 0.47, P < 0.05), especially 

at 72 hours of fermentation (R² = 0.75, RSD = 

0.77, P < 0.001) (Table 3), demonstrating its re-

liability. The study also found linear relation-

ships between F_in vitro and in vivo NDFD 

measurements (R² > 0.57, P < 0.01), and at 48 

hours of fermentation, the regression has a high-

er R² = 0.81 (RSD = 0.67; P < 0.001) (Table 3). 

Strong correlations between S_in vitro, F_in 

vitro, and in vivo NDFD values affirm the ro-

bustness for evaluating fiber digestion of both in 

vitro systems, even though they consistently un-

derestimated absolute NDFD values compared to 

in vivo data (21.0-61.9 vs. 65.9%, P < 0.001) 

(Table 3). These findings align with those of Lu-

takome et al. (2017), Wang et al. (2018), and 

Mo and Thu (2025) and validate the use of abat-

toir-sourced alternative rumen inocula in digesti-

bility assessments. The S_in vitro presents clear 

advantages for feed evaluation in low-resource 

and ethically constrained settings. It circumvents 

the need for fistulated animals, minimizes chem-

ical waste, and facilitates applications in tropical 

regions like the MD. The integration of simple 

and sustainable methods into nutritional studies 

is not only scientifically sound but also socially 

responsible.  

The results confirm that higher concentrate 

inclusion compromises fiber utilization, particu-

larly NDF and ADF. However, the overall ener-

gy remains stable, highlighting the nutritional 

adaptability of cattle to dietary shifts. The 

demonstrated reliability of the S_in vitro ap-

proach highlights its practical potential as a low-

cost, ethical, and effective alternative for routine 

fiber digestibility assessment under tropical pro-

duction systems. 

 

Consumption of Feeds and Nutrients 

The effects of concentrate levels on the 

consumption of feeds, digestible nutrients, and 

ME of cattle are presented in Table 4. As the 

concentrate level increased, significant differ-

ences (P < 0.01 or 0.001) were observed in all 

measured variables, including feeds, digestible 

nutrients (NFC, CP, EE, NDF, TDN), and ME. 

Cattle fed the 60% concentrate  consumed sub-

stantially more DM (3.32 %LW), DCP 

(0.244 kg/day), DNDF (1.78 kg/day), TDN (2.45 

kg/day), and ME (37.5 MJ/day) compared to 

those fed the 10% concentrate, which showed 

the lowest values.  

The increasing trend in nutrient intake 

across treatments likely reflects the combined 

effects of improved dietary palatability at high 

concentrate, high available energy density, and 

reduced physical bulk of the fiber fraction, 

which together stimulate voluntary feed intake 

and accelerate passage rate of digesta. These 

Table 4. Consumption of Feeds, Digestible Nutrients, and Energy of Cattle 

Daily Parameters 
Concentrate (% forage DM) 

SEM P 
10 25 40 60 

Rice straw intake (kg dry matter) 0.384c 1.01bc 1.68b 2.92a 0.197 *** 

Grass intake (kg dry matter) 2.17a 1.38b 0.849b - 0.155 *** 

Concentrate intake (kg dry matter) 0.247c 0.609c 0.989b 1.70a 0.076 *** 

Dry matter intake (% of live weight) 2.06c 2.22bc 2.51b 3.32a 0.087 *** 

Digestible non-fiber carbohydrate (kg) 0.201c 0.249bc 0.318b 0.457a 0.017 *** 

Digestible protein crude (kg) 0.154b 0.162b 0.189b 0.244a 0.010 ** 

Digestible ether extract (kg) 0.041c 0.059c 0.081b 0.125a 0.004 *** 

Digestible neutral detergent fiber (kg) 1.30b 1.31b 1.43b 1.78a 0.060 ** 

Total digestible nutrients (kg) 1.55b 1.65b 1.88b 2.45a 0.081 *** 

Metabolizable energy intake (MJ) 23.7b 25.2b 28.7b 37.5a 1.22 *** 
SEM: standard error of mean; P: significant level - ns P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001; a, b, c mean 

values with different superscripts are significantly different according to Tukey’s test. 
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physiological responses are consistent with find-

ings from Han et al. (2024), who observed en-

hanced feed intake and rumen passage in grow-

ing beef cattle offered diets with higher concen-

trate inclusion. 

Similarly, Quang et al. (2015) reported in-

creased intake of both DM and NFC in Brahman 

crossbred cattle when dietary concentrate ex-

ceeded 45%, attributing the response to higher 

available energy and lower fiber. These out-

comes align with current findings, particularly in 

the way DM, TDN, and ME intake increased in 

response to higher concentrate. The observed rise 

in digestible EE and NFC intake supports earlier 

reports showing that lipid- and grain-rich con-

centrate components may play a role in improv-

ing total digestible energy intake and growth per-

formance (Elihasridas et al., 2024). 

Under tropical conditions, similar feed, nu-

trient, and energy intake responses have been 

documented. Quang et al. (2015) reported higher 

DM intake in Brahman crossbred cattle in South-

eastern Vietnam, increasing from 4.02 to 6.43 kg/

day with rising concentrate levels. A more recent 

Vietnamese trial by Phuong et al. (2024) found 

that supplementing fermented rice straw with 

dried brewer’s malt significantly enhanced DM, 

CP intake, and WG in Sindhi crossbred cattle, 

indicating the potential use of energy-rich feed 

ingredients to improve consumption and perfor-

mance under tropical conditions. It is also worth 

noting that the increase in digestible NDF and 

ADF intake across treatments reflects the abso-

lute rise in total energy consumed. This suggests 

that even though dietary fiber content declined, 

the total fiber consumed still increased, a factor 

that may benefit rumen function when concen-

trate levels remain within moderate limits. 

Elihasridas et al. (2024) emphasized the im-

portance of maintaining structural carbohydrates 

in high-concentrate diets to avoid metabolic im-

balances. 

Generally, the results from this study are 

consistent with existing evidence indicating that 

increasing dietary concentrate improves energy 

intake in tropical cattle. Such improvements in 

nutrient intake and energy availability are most 

effective when the dietary concentrate remains 

within a range that sustains ruminal health and 

fermentation stability (Han et al., 2024; He et al., 

2024). 

Growth Performance and Emission 

The effects of different concentrate levels 

on growth performance and GHG emissions are 

summarized in Table 5.  Higher concentrate lev-

els significantly enhanced cattle growth perfor-

mance. Final LW increased from 185 kg in the 

10% group to 222 kg in the 60% concentrate 

group (P < 0.001), while WG rose sharply from 

285 g/day to 493 g/day. Feed (103 to 113 gWG/

kg of DM intake) and fiber (220 up to 278 gWG/

kg of digestible NDF intake) utilization efficien-

cy also improved, although there were insignifi-

cant differences (P > 0.05). Feed cost per kilo-

gram of WG declined markedly (P < 0.001). 

This indicates a more efficient nutrient utiliza-

tion at higher concentrate levels. 

These align with earlier studies reporting 

increased growth rates and improved feed effi-

ciency in cattle fed high-concentrate diets under 

tropical conditions. For instance, Quang et al. 

(2015) observed nearly a ten-fold increase in 

WG in Brahman crossbred cattle as concentrate 

levels increased from 0 to 67%. Han et al. 

(2024) also found that increased dietary concen-

trate enhances nutrient absorption more efficient, 

shortens fattening periods, and reduces produc-

tion costs in crossbred cattle. Improved feed uti-

lization efficiency in this study mirrors the 

trends reported by Silva et al. (2015), where in-

creasing the concentrate led to better feed effi-

ciency. However, these improvements may plat-

eau or even reverse when concentrate levels ex-

ceed optimal thresholds. The overfeeding of con-

centrate may compromise rumen function, ne-

cessitating the balancing of non-fiber and fiber 

content in diets (Elihasridas et al., 2024). 

Regarding emissions, total GHG per head 

tended to rise with increasing concentrate inclu-

sion, primarily due to elevated enteric and ma-

nure-related emissions (P < 0.001). Moreover, 

indirect emissions from feed production were 

significantly higher (P < 0.05) in the 60% group, 

reflecting the higher carbon footprint of concen-

trate ingredients such as grains and meals (Niu et 

al., 2016). However, emission intensity, ex-

pressed as kg CO₂eq per kilogram of WG or 

LW, either remained constant or declined, with a 

significant reduction (P < 0.01) observed in the 

per LW. This aligns with Li et al. (2024), who 

demonstrated that concentrate supplementation 

can reduce emission intensity by enhancing 
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growth rate and feed efficiency in tropical cat-

tle systems. Enteric CH₄ emissions increased 

from 290 to 461 kg CO₂eq/head across treat-

ments, consistent with increased energy intake 

availability (Hristov, 2024). Nevertheless, this 

absolute increase is offset by faster WG, result-

ing in lower emissions per unit of product. He 

et al. (2024) and Han et al. (2024) similarly 

emphasized that while high-concentrate diets 

may elevate total CH₄ output, they contribute 

to providing nutrients and energy intake and 

shorter production cycles, thereby lowering 

emission intensity. These emissions must be 

weighed against the benefits of reduced feeding 

duration and improved growth performance 

(Jiao et al., 2014). Among the treatments, the 

40% level emerged as the most balanced op-

tion, offering substantial gains in animal per-

formance while maintaining moderate GHG 

intensity and lower feed cost (Table 5). This 

intermediate ratio appears particularly well-

suited for cattle systems in the MD, where 

roughage quality is often poor and production 

efficiency is limited. 

Overall, the results show that manipulat-

ing the concentrate level can simultaneously 

enhance cattle productivity and reduce GHG 

emission intensity, provided that dietary formu-

lations are optimized for both non-structural 

and structural carbohydrates. Moderate concen-

trate inclusion (e.g., 40% forage DM) may repre-

sent a sustainable and practical strategy for beef 

production in tropical low-input systems. 

 

CONCLUSION 

 

The study demonstrated that higher concen-

trate levels improved energy intake, weight gain, 

and feed efficiency while reducing the produc-

tion cost. However, fiber digestibility, particular-

ly NDF and ADF, declined. The study validated 

the effectiveness of a simplified in vitro method 

for evaluating fiber digestibility. It avoids using 

rumen fluid from fistulated animals and minimiz-

es chemical use, with results aligned closely with 

in vivo methods. Although total GHG emissions 

increased, emission intensity per unit of LW 

product declined, highlighting improved environ-

mental efficiency. The concentrate level of 40% 

forage DM emerged as the most balanced option. 

Further studies under commercial farm condi-

tions are recommended to validate the scalability 

of this strategy. 

 

ACKNOWLEDGEMENTS 

 

The authors would like to thank the farm 

owners, Mr. Loc, Da, and Mun in the former 

Table 5. Growth Performance and Greenhouse Gas Emission Intensity of Cattle 

Variables 
Concentrate (% forage DM) 

SEM P 10 25 40 60 

Initial LW, kg 134 133 134 133 1.21 ns 

Final LW, kg 185b 189b 200ab 222a 5.04 ** 

WG, g/day 285b 311b 367b 493a 22.7 ** 

WG, g/kg DMI 103 106 112 113 6.75 ns 

WG, g/kg DNDFI 220 238 265 278 16.5 ns 

Feed cost, VND/kg WG 98577d 74640c 58424b 40812a 2507 *** 

Indirect emission       

Calves, kgCO2eq 4114 4083 4114 4083 37.2 ns 

Feeds, kgCO2eq 80.9b 74.5ab 95.3ab 111a 7.21 * 

Direct emission       

Exhaled, kgCO2eq 25.8 25.5 26.6 28.3 0.957 ns 

Enteric, kgCO2eq 290b 307b 354b 461a 15.9 *** 

Manure, kgCO2eq 45.2b 43.7b 51.3b 63.6a 1.91 *** 

Total emission       

kgCO2eq/head 4555 4534 4641 4747 53.0 ns 

kgCO2eq/kg WG 8.58 8.04 7.92 7.56 0.485 ns 

kgCO2eq/kg LW 24.6a 23.9a 23.1ab 21.4b 0.425 ** 
LW: live weight; WG: weight gain; DMI: dry matter intake; DNDFI: digestible neutral detergent fiber intake; SEM: 

standard error of mean; P: significant level - ns P > 0.05, *P < 0.05, **P < 0.01, ***P < 0.001; a, b, c, d mean values 

with different superscripts are significantly different according to Tukey’s test. 

 



  

  254 J. Indonesian Trop. Anim. Agric. 50(4):246-256, December 2025 

Kien Giang province, for their assistance with 

animal care and data collection. Sincere appreci-

ation is extended to the E.205 Laboratory, Col-

lege of Agriculture, Can Tho University, for 

providing facilities and technical support during 

chemical analyses and in vitro evaluations. 

 

CONFLICTS OF INTEREST 

 

The authors declare no conflict of interest. 

 

REFERENCES 

 

AOAC. 1990. Official Methods of Analysis. 15th 

Ed. Association of Official Analytical 

Chemists. Washington, DC. 

Bach, A., M. Baudon, G. Elcoso, J. Viejo and A. 

Courillon. 2023. Effects on rumen pH and 

feed intake of a dietary concentrate 

challenge in cows fed rations containing pH 

modulators with different neutralizing 

capacity. J. Dairy Sci. 106:4580–4598. 

https://doi.org/10.3168/jds.2022-22734 

Basarab, J., V. Baron, O. López-Campos, J. 

Aalhus, K. Haugen-Kozyra and E. Okine. 

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 

Commission Internationale du Génie Rural 

(CIGR). 2002. 4th Report of Working 

Group on Climatization of Animal Houses. 

Research Center Bygholm, Danish Institute 

of Agricultural Sciences. Horsens, 

Denmark. 45p. 

Deka, T.J., B. Budhiraja, A.I. Osman, D.C. 

Baruah and D.W. Rooney. 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 

Dung, D.V., L.D. Phung and H. Roubik. 2019. 

Performance and estimation of enteric 

methane emission from fattening Vietnam-

ese yellow cattle fed different crude protein 

and concentrate levels in the diet. Adv. 

Anim. Vet. Sci. 7(11): 962-968. http://

dx.doi.org/10.17582/

journal.aavs/2019/7.11.962.968 

Elihasridas, E., R. Pazla, N. Jamarun, G. Yanti, 

S. Asmairicen, L. Marlina, M.C. Hadiatry, 

R.W. Arief, H. Bansi, S.U. Khan, F.A. 

Khan, E.M. Putri, A. Antonius, Z. Ikhlas, Z. 

Ikhsan, L.R. Ardani, A.T. Siva, H. Yendrita 

and F. Zelinea. 2024. Effect of tannin 

degradation of mangrove fruit (Sonneratia 

alba) on nutrient degradation, protozoa 

population and methane gas production. 

Czech J. Anim. Sci. 69:292–301. https://

doi.org/10.17221/38/2024-CJAS 

Food and Agriculture Organization (FAO). 2023. 

Pathways towards Lower Emissions – A 

Global Assessment of the Greenhouse Gas 

Emissions and Mitigation Options from 

Livestock Agrifood Systems. FAO, Rome. 

https://doi.org/10.4060/cc9029en 

Filho, V.S.D., L.F. Silva, M.P. Gionbelli, P.P. 

Rotta, M.I. Marcondes, M.L. Chizzotti and 

L.F. Prados. 2016. Nutrient Requirements 

of Zebu and Crossbred Cattle: Br-Corte. 3rd 

Ed. UFV, DZO, Viçosa. http://

dx.doi.org/10.5935/978-85-8179-111-

1.2016B002 

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/10.1080/09712119.2011.570047 

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 

Goering, H.K. and P.J. van Soest. 1970. Forage 

Fiber Analysis (Apparatus, Reagents, 

Procedures and Some Applications). United 

States Department of Agriculture, 

Washington, DC. 

Han, C., X. Zhu, K. Chen, X. Wang, F. Leng, Y. 

Wang and S. Li. 2024. Comparative 

production performance and rumen 

bacterial diversity of fattening beef cattle 

supplemented with different levels 

concentrated feed. BioResources 19

(2):2216–2243. https://doi.org/10.15376/

biores.19.2.2216-2243 

Hristov, A.N. 2024. Invited review: Advances in 

nutrition and feed additives to mitigate 

https://doi.org/10.3168/jds.2022-22734
https://doi.org/10.3390/ani2020195
https://doi.org/10.3390/ani2020195
https://doi.org/10.1016/j.biombioe.2024.107580
https://doi.org/10.1016/j.biombioe.2024.107580
http://dx.doi.org/10.17582/journal.aavs/2019/7.11.962.968
http://dx.doi.org/10.17582/journal.aavs/2019/7.11.962.968
https://doi.org/10.17221/38/2024-CJAS
https://doi.org/10.17221/38/2024-CJAS
https://doi.org/10.4060/cc9029en
http://dx.doi.org/10.5935/978-85-8179-111-1.2016B002
http://dx.doi.org/10.5935/978-85-8179-111-1.2016B002
http://dx.doi.org/10.5935/978-85-8179-111-1.2016B002
https://doi.org/10.1080/09712119.2011.570047
https://doi.org/10.1080/09712119.2011.570047
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/10.15376/biores.19.2.2216-2243
https://doi.org/10.15376/biores.19.2.2216-2243


 

 

                                                               

Manipulating Concentrate Level in the Diet of Tropical Cattle (D. Mo and N. V. Thu) 255 

enteric methane emissions. J. Dairy Sci. 

107(7):4129–4146. https://doi.org/10.3168/

jds.2023-24440 

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, 

Geneva, Switzerland. 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). 

Intergovernmental Panel on Climate Change 

(IPCC). 2022. Climate Change 2022: 

Mitigation of Climate Change. Edited by 

P.R. Shukla, J. Skea, R. Slade, A. Al 

Khourdajie, R. van Diemen, D. McCollum, 

M. Pathak,  and C. Trisos. IPCC, Geneva, 

Switzerland. https://

doi.org/10.1017/9781009325844 

Jiao, H.P., A.J. Dale, A.F. Carson, S. Murray, 

A.W. Gordon and C.P. Ferris. 2014. Effect 

of concentrate feed level on methane 

emissions from grazing dairy cows. Journal 

of Dairy Science, 97: 7043–7053. https://

doi.org/10.3168/jds.2014-7979. 

Kaewpila, C. and K. Sommart. 2016. 

Development of methane conversion factor 

models for Zebu beef cattle fed low-quality 

crop residues and by-products in tropical 

regions. Ecol. Evol. 6:7422-7432. https://

doi.org/10.1002/ece3.2500 

Li, W., B. Ye, B. Wu, X. Yi, X. Li, R. A, X. Cui, 

Z. Zhou, Y. Cheng, X. Zhu, X. Tang, X. 

Fu, N. Li, H. Wu and Z. Zhou. 2024. Effect 

of total mixed ration on growth 

performance, rumen fermentation, nutrient 

digestion, and rumen microbiome in Angus 

beef cattle during the growing and fattening 

phases. Fermentation 10:205. https://

doi.org/10.3390/fermentation10040205 

Lutakome, P., F. Kabi, F. Tibayungwa, G. H. 

Laswai, A. Kimambo and C. Ebong. 2017. 

Rumen liquor from slaughtered cattle as 

inoculum for feed evaluation. Anim. Nutr. 

3:300-308. https://doi.org/10.1016/

j.aninu.2017.06.010 

Mao, J., L. Wang, Z. Wang, B. Xue, Q. Peng, R. 

Hu and J. Xiao. 2024. High concentrate 

diets altered the structure and function of 

rumen microbiome in goats. Front. 

Microbiol. 15:1416883. https://

doi.org/10.3389/fmicb.2024.1416883 

Mayulu, H., T. P. Daru and I. Tricahyadinata. 

2024. In vitro evaluation of ruminal 

digestibility and fermentation 

characteristics of local feedstuff-based beef 

cattle ration [version 4; peer review: 1 

approved]. F1000Res. 11:834. https://

doi.org/10.12688/f1000research.123177.4 

McDonald, P., R. Edwards, J. F. D. Greenhalgh, 

C. A. Morgan, L. Sinclair and R. G. 

Wilkinson. 2022. Animal Nutrition. 7th Ed. 

Prentice Hall, New York, USA. 

Ministry of Natural Resources and Environment 

(MONRE). 2022. Nationally Determined 

Contribution (NDC) (Updated in 2022). 

Hanoi, Vietnam. Available online: https://

unfccc.int/sites/default/files/NDC/2022-11/

Viet%20Nam%20NDC%202022%

20Update.pdf (Accessed 26 July 2025). 

Mo, D., and N.V. Thu. 2025. A simplified 

medium for in vitro digestion of ruminants: 

cattle fed rice straw with supplementation 

of legume foliage. J. Anim. Health Prod. 13

(1): 106–112. https://dx.doi.org/10.17582/

journal.jahp/2025/13.1.106.112 

Mpanza, T.D.E. and S. Mani. 2023. Effects of 

Vachellia mearnsii tannin extract as an 

additive on fermentation quality, aerobic 

stability, and microbial modulation of maize 

silage. Microorganisms 11: 2767. https://

doi.org/10.3390/microorganisms11112767 

Niu, M., J. A. D. R. N. Appuhamy, A. B. 

Leytem, R. S. Dungan and E. Kebreab. 

2016. Effect of dietary crude protein and 

forage contents on enteric methane 

emissions and nitrogen excretion from dairy 

cows simultaneously. Anim. Prod. Sci. 

https://doi.org/10.3168/jds.2023-24440
https://doi.org/10.3168/jds.2023-24440
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/10.1017/9781009325844
https://doi.org/10.1017/9781009325844
https://doi.org/10.3168/jds.2014-7979
https://doi.org/10.3168/jds.2014-7979
https://doi.org/10.1002/ece3.2500
https://doi.org/10.3390/fermentation10040205
https://doi.org/10.3390/fermentation10040205
https://doi.org/10.1016/j.aninu.2017.06.010
https://doi.org/10.1016/j.aninu.2017.06.010
https://doi.org/10.3389/fmicb.2024.1416883
https://doi.org/10.3389/fmicb.2024.1416883
https://doi.org/10.12688/f1000research.123177.4
https://doi.org/10.12688/f1000research.123177.4
https://dx.doi.org/10.17582/journal.jahp/2025/13.1.106.112
https://dx.doi.org/10.17582/journal.jahp/2025/13.1.106.112
https://doi.org/10.3390/microorganisms11112767
https://doi.org/10.3390/microorganisms11112767


  

  256 J. Indonesian Trop. Anim. Agric. 50(4):246-256, December 2025 

56:312-321. https://doi.org/10.1071/

AN15498 

Phuong, T. B. L., M. T. Khanh, V. N. Son, T. N. 

Hai, T. T. L. Hang and N. D. Khang. 2024. 

Feed intake and daily weight gain of cross-

bred Sindhi cattle fed fermented rice straw 

and basal diet using soybean meal and dried 

brewer's malt. Livest. Res. Rural Dev. 

36:82. Available online: http://

www.lrrd.org/lrrd36/6/3682phuo.html 

(accessed on 26 July 2025). 

Quang, D., N. X. Ba, P. T. Doyle, D. V. Hai, P. 

A. Lane, A. E. Malau-Aduli, N. H. Van and 

D. Parsons. 2015. Effect of concentrate 

supplementation on nutrient digestibility 

and growth of Brahman crossbred cattle fed 

a basal diet of grass and rice straw. J. Anim. 

Sci. Technol. 57:35. https://doi.org/10.1186/

s40781-015-0068-y 

Silva, G. S. de, A. S. C. Véras, M. d. A. Ferreira, 

W. M. Dutra Jr, M. L. M. W. Neves, E. J. 

O. Souza, F. F. R. de Carvalho and D. M. 

D. de Lima Jr. 2015. Performance and 

carcass yield of crossbred dairy steers fed 

diets with different levels of concentrate. 

Trop. Anim. Health Prod. 47:1307-1312. 

https://doi.org/10.1007/s11250-015-0864-x 

Somjai, T. and C. Suwan. 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 

Wang, S., J. Pisarčíková, M. Kreuzer and A. 

Schwarm. 2018. Utility of an in vitro test 

with rumen fluid from slaughtered cattle for 

capturing variation in methane emission 

potential between cattle types and with age. 

Can. J. Anim. Sci. 98:61-72. https://

doi.org/10.1139/cjas-2016-0238 

Wang, S., W. Tang, T. Jiang, R. Wang, R. 

Zhang, J. Ou, Q. Wang, X. Cheng, C. Ren, 

J. Chen, Y. Huang and Z. Zhang. 2024. 

Effect of dietary concentrate-to-forage 

ratios during the cold season on slaughter 

performance, meat quality, rumen 

fermentation and gut microbiota of Tibetan 

sheep. Animals 14:3305. https://

doi.org/10.3390/ani14223305 

Weiss, W. P. and A. W. Tebbe. 2019. Estimating 

digestible energy values of feeds and diets 

and integrating those values into net energy 

systems. Transl. Anim. Sci. 3:953-961. 

https://doi.org/10.1093/tas/txy119. 

 

https://doi.org/10.1071/AN15498
https://doi.org/10.1071/AN15498
http://www.lrrd.org/lrrd36/6/3682phuo.html
http://www.lrrd.org/lrrd36/6/3682phuo.html
https://doi.org/10.1186/s40781-015-0068-y
https://doi.org/10.1186/s40781-015-0068-y
https://doi.org/10.1007/s11250-015-0864-x
https://doi.org/10.1051/e3sconf/202014101001
https://doi.org/10.1051/e3sconf/202014101001
https://doi.org/10.1139/cjas-2016-0238
https://doi.org/10.3390/ani14223305
https://doi.org/10.3390/ani14223305
https://doi.org/10.1093/tas/txy119

