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DIETARY SEAWEED SUPPLEMENTATION 
REDUCES ENTERIC METHANE EMISSIONS AND 
IMPROVES FEED EFFICIENCY IN TROPICAL BEEF 
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ABSTRACT 
 Enteric methane emissions from ruminant livestock represent a major contributor to agricultural greenhouse gas outputs and 
global climate change. Climate-smart feeding strategies are increasingly being explored to mitigate methane emissions without 
compromising productivity. This study evaluated the effect of Asparagopsis taxiformis supplementation on methane production, 
rumen fermentation characteristics, growth performance, and feed efficiency in tropical beef cattle. Thirty-six Brahman crossbred 
steers (280 ± 15 kg) were randomly assigned to three dietary treatments: Control (0% seaweed), 0.5% seaweed (dry matter basis), 
and 1.0% seaweed (dry matter basis) over 90 days. Methane emissions were measured using open-circuit respiration chambers, 
and performance parameters were recorded weekly. Results indicated methane reductions of 18% and 32% in the 0.5% and 1.0% 
treatments, respectively (p < 0.05). Average daily gain increased significantly in supplemented groups, while feed conversion 
ratio improved by 9% in the 1.0% treatment. No adverse health or behavioral effects were observed. 
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INTRODUCTION 

Livestock production contributes approximately 14–
18% of total anthropogenic greenhouse gas emissions 
globally, with enteric methane accounting for nearly 
40% of agricultural emissions. Methane has a global 
warming potential approximately 28 times greater 
than carbon dioxide over a 100-year period, making 
mitigation a critical priority for sustainable 
agriculture, Tropical beef systems are particularly 
important in developing regions where livestock 
contribute significantly to food security, livelihoods, 
and economic stability. However, these systems often 
exhibit lower feeding  
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Marine macroalgae, particularly Asparagopsis 
taxiformis, contain bioactive compounds such as 
bromoform that inhibit methanogenic archaea in the 
rumen. While promising results have been reported in 
temperate systems, limited data exist under tropical 
production conditions. This study aimed to evaluate 
the methane mitigation potential and productivity 
impacts of seaweed supplementation in a tropical beef 
production system. 

2. Literature Review 

Recent studies have demonstrated methane 
reductions ranging from 20% to over 80% depending 
on inclusion rate and diet composition. Kinley et al. 
(2020) reported substantial methane suppression 
without negatively affecting feed intake or weight 
gain. 
Mechanistically, bromoform inhibits the methyl-
coenzyme M reductase enzyme involved in 
methanogenesis. This inhibition shifts rumen 
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fermentation toward increased propionate 
production, potentially improving feed efficiency. 
However, concerns remain regarding long-term 
safety, residue risks, scalability of seaweed 
production, and economic feasibility in tropical 
systems. Therefore, region-specific evaluation is 
essential. 

3. Materials and Methods 

3.1 Experimental Design 
The experiment was conducted at the Universiti 
AgroTech Research Farm, Malaysia. Thirty-six 
Brahman crossbred steers (average body weight 280 ± 
15 kg) were randomly allocated into three treatment 
groups (n = 12 per treatment): 

• T1: Control (basal diet) 

• T2: Basal diet + 0.5% seaweed 

• T3: Basal diet + 1.0% seaweed 

The trial lasted 90 days following a 14-day adaptation 
period. 

3.2 DIET FORMULATION 

Diets were formulated to meet NRC nutrient 
requirements for growing beef cattle. The basal diet 
consisted of: 

• 60% Napier grass 

• 40% concentrate mix 

Seaweed was dried, ground, and incorporated into the 
concentrate portion. 

3.3 MEASUREMENTS 

• Dry Matter Intake (DMI): recorded daily 

• Body Weight: measured weekly 

• Average Daily Gain (ADG): calculated 

• Feed Conversion Ratio (FCR): DMI / ADG 

• Methane Emissions: measured using open-
circuit respiration chambers 

• Rumen Fermentation: volatile fatty acid 
(VFA) profiles analyzed 

3.4 Statistical Analysis 

Data were analyzed using one-way analysis of 
variance (ANOVA) to determine the effect of farm 

type (conventional vs. PLF) on production, 
environmental, and welfare parameters. Prior to 
analysis, all data were checked for normality using the 
Shapiro–Wilk test and for homogeneity of variance 
using Levene’s test. 
 
Where assumptions were violated, data were log-
transformed or square-root transformed to achieve 
normality. Differences among treatment means were 
assessed using Tukey’s Honestly Significant 
Difference (HSD) test at a significance level of p < 0.05. 
All statistical analyses were performed using R 
software version 4.2.2 (R Core Team, 2023) and graphs 
were produced using ggplot2. Data are presented as 
mean ± standard error of the mean (SEM) unless 
otherwise specified. 
 
Additionally, Pearson correlation analysis was 
conducted to examine relationships between methane 
intensity, milk yield, feed efficiency, and welfare 
indicators. Significance was set at p < 0.05. 

4. RESULTS 

Table 1. Growth Performance 

Parameter Control 
0.5% 

Seaweed 
1.0% 

Seaweed 
p-

value 

DMI 
(kg/day) 

8.2 8.1 8.0 0.42 

ADG 
(kg/day) 

1.05 1.12 1.18 0.03 

FCR 7.8 7.2 7.1 0.02 
 

Table 2. Methane Emissions 

Parameter Control 0.5% 1.0% 

Methane (g/day) 220 180 150 

Reduction (%) — 18% 32% 

 
Methane emissions decreased significantly with 
increasing seaweed inclusion (p < 0.01). Rumen 
analysis showed increased propionate concentration 
and reduced acetate:propionate ratio. 

Implications for Planetary Health 

Methane mitigation directly contributes to climate 
change mitigation goals. Additionally, improved feed 
efficiency reduces land, water, and resource 
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requirements per unit of beef produced. Adoption of 
such strategies aligns with sustainable livestock 
transitions and planetary health objectives. 

Conclusion 

Supplementation of Asparagopsis taxiformis at 1.0% dry 
matter reduced methane emissions by 32% while 
improving growth performance and feed efficiency in 
tropical beef cattle. This strategy offers scalable 
potential for climate-smart livestock systems. 
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