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ABSTRACT 

Climate change has become a major issue for humanity nowadays, requiring comprehensive solutions on a 
global scale. The primary cause of climate change is the excessive absorption of solar energy due to the 
emission of greenhouse gases into the atmosphere. Alongside the main agent, CO2, which accounts for two-
thirds of global warming, other gases such as methane, nitrous oxide, and fluorinated gases are significant 
contributors. Methane emissions from livestock farming activities, primarily from cattle, play a crucial role. 
Although methane emissions are lower than CO2, it has a much greater ability to absorb solar radiation than 
CO2. In efforts to reduce methane emissions from livestock, scientists have conducted research on defauna 
of methanogens or inhibit the production of hydrogen, which is necessary for methane synthesis, by altering 
the composition or adding some ingredients to feed. Among the effective ways to reduce the methane 
emission, an important discovery is that the red algae Asparagopsis, including two species Asparagopsis 
amata and Asparagopsis taxiformis, which contain bromine compounds, when being added to feed, have a 
very strong inhibitory effect on methane production in bovine rumen. One of them, A. taxiformis, is 
distributed in many coastal provinces of Vietnam. With the high global consumption of cattle feed, the 
demand for Asparagopsis is substantial. However, due to its complex biological characteristic and life cycle, 
large-scale cultivation technology for this seaweed still faces many challenges. In this article, we summarize 
fundamental issues and related challenges in cultivating A. taxiformis. We cover the mechanism of methane 
production in the bovine rumen and methods to inhibit it, the biological characteristics and life cycles of the 
algae, nursery and cultivation techniques, as well as the climate conditions and challenges for developing 
the seaweed industry in Vietnam. Moreover, we also report preliminary results on sample collection and 
morphology analysis of A. taxiformis in Nha Trang, Khanh Hoa to support its potential, both nationwide and 
specially in Nha Trang. 
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INTRODUCTION 

The global warming phenomenon, caused 
mainly by excessive CO2 emissions from the 
combustion of fossil fuels, has been recorded for 
many decades to the present day. In addition to 
CO2, other gases such as methane, nitrous oxide, 
and fluorinated gases also absorb much more 
the radiation energy from the sun and are 
therefore called Greenhouse Gases, GHG. 
Among GHGs, methane is second only to CO2 in 
causing the greenhouse effect because it has a 
heat absorption capacity up to 20 times higher 
than that of CO2 and is responsible for about 
30% of global warming [1]. Human activities 
contribute about 63% of total global methane 
emissions [2], with agricultural activities 
including livestock farming, rice cultivation, and 
other activities accounting for 41% of methane 
emissions. Livestock farming is the main source, 
accounting for 73% of methane emissions in 
agriculture [3] and about 17% of global methane 
emissions. Besides the warming effect, methane 
production results in energy losses from feed to 
cattle ranging from 2–12% [4]. Therefore, 
reducing methane emissions in livestock farming 
is extremely important. 

To decrease methane emissions from the 
digestion process of ruminant animals, many 
efforts have been made, including changing 
diets and adding ingredients to feed, such as 
saponins, tannins, flavonoids, lipids, essential 
oils, and algae. Among them, the red seaweed 
Asparagopsis has been found to strongly inhibit 
methane production in these animals. This 
seaweed contains many brominated compounds 
with high concentrations of 1–5% in the dry 
mass, including tribromomethane (bromoform), 
dibromochloromethane, dibromoacetic acid, 
bromochloroacetic acid, dibromomethane, 
tetrabromomethane and dibromonitromethane, 
in which tribromomethane CHBr3 is considered 
the main inhibitors of methanogenic bacteria in 
the gut (enteric methanogenesis) [5]. With a 
very small percentage from 0.2% to 2.0% in 
feed, it can reduce methane production by 
99.0% in vitro [6–7] or 98.0% in vivo [9]. These 
high inhibitory effects of methane reduction 
make research on Asparagopsis cultivation 
become very important. 

Along with the development of the livestock 
industry worldwide to meet the increasing 
population’s food needs, reducing methane 
emissions is imperative. The discovery of the 
inhibitory effect of bromine compounds in 
Asparagopsis on methane production opens up 
new prospects for addressing this issue. 
Therefore, research on propagation technology 
and biomass cultivation, laying the foundation 
for the development of Asparagopsis cultivation 
areas in Vietnam, is crucial because the demand 
for this seaweed will be significant for livestock 
industries worldwide. The total feed for dairy 
and beef in 2023 is estimated at 246.48 million 
tons [10]. Therefore, if the Asparagopsis mixing 
ratio is about 0.5%, the total amount of dry 
seaweed required is up to 1.23 million tons, 
equivalent to over 10 million tons of fresh 
seaweed. This represents a huge demand and a 
promising opportunity for the seaweed industry. 

Coastal provinces in central Vietnam, 
characterized by a tropical climate, are suitable 
for natural development as well as seaweed 
cultivation due to their salinity, sunlight 
exposure, and stable temperatures. This is 
especially true for provinces from Quang Ngai 
to Ninh Thuan, where various types of natural 
seaweed are distributed [11]. The presence of 
Asparagopsis has been detected in these areas 
[12–14]. Residents in these coastal areas also 
have experience in seaweed cultivation such as 
Gracilaria, Kappaphycus, and recently, Caulerpa 
lentillifera. 

Although the importance of this seaweed in 
reducing CH₄ emissions in livestock has been 
clearly demonstrated through many global 
studies, the development of this industry, from 
cultivation to final products, remains 
challenging. The first challenge lies in finding 
marine areas with favorable climates, neither 
too cold nor too hot, and with moderate 
sunlight. The second challenge is the availability 
of a skilled workforce, including not only 
experts but also local communities familiar with 
seaweed cultivation. Third, there is a need for a 
seaweed center capable of producing sufficient 
quantities of seed to support field cultivation. 
Finally, processing technologies are essential to 
produce dry seaweed products while 
maintaining high bromoform concentrations. 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/dry-mass
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/dry-mass
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/dibromochloromethane
https://www.sciencedirect.com/topics/chemistry/dibromoacetic-acid
https://www.sciencedirect.com/topics/chemistry/dibromomethane
https://www.sciencedirect.com/topics/chemistry/tetrabromomethane
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In this paper, we analyze the biological 
characteristics of Asparagopsis in relation to 
technological challenges in cultivation and the 
marine environment of central provinces in 
Vietnam to address the potential for the 
development of this seaweed, including large-
scale aquaculture and processing. The samples 
collected in Vietnam were also compared 
morphologically with those originally found 
worldwide to identify both common and 
unique features. 

Genus Asparagopsis 

Genus Asparagopsis belong to 
Bonnemaisoniaceae, a family of the large 
phylum Rhodophyta. Since its inception, this 
genus has encountered considerable challenges 
in classification and identification [15]. Currently, 
only two species, A. armata and A. taxiformis, 
are widely accepted [16], although several other 
species have been proposed, such as A. 
hamifera (Hariot) Okamura and A. svedelii W.R. 
Taylor [17]. 

A. armata is a temperate species native to 
southern Australia and New Zealand [18], and is 
now found in various locations from the British 
Isles, the Canary Islands, Salvage, to Senegal 
[19]. A. taxiformis exhibits a distribution pattern 
typical of tropics and subtropics, being abundant 
in the tropical and warm-temperate areas of the 
Atlantic and Indian Oceans - Pacific Ocean [15, 
18, 20]. Both species are considered introduced 
in the Mediterranean Sea [21]. 

Similar to other red algae, Asparagopsis 
spp. follows a triphasic life cycle (Fig. 1), 
including a haploid gametophyte, a diploid 
carposporophyte parasitic phase, and a diploid 
tetrasporophyte free-living phase, also known 
as the ‘Falkenbergia’ stage [16]. The life cycle of 
Asparagopsis begins with the germination of a 
haploid spore (1n). This results in the formation 
of the gametophytes, which constitute the 
majority of the life cycle. The gametophytes 
produce male and female gametes (on the 
same or different individuals). Fertilization of 
the female gamete results in the formation of a 
zygote, which then develops into the 
carposporophyte phase, characterized by a 
prolonged one-month duration. This stage is 

often referred to as the parasitic phase 
because the carposporophyte is attached to 
and sustained by the mature gametophyte [16]. 
The mature carposporophyte releases 
carpospores, and the germination of these 
carpospores gives rise to the tetrasporophyte, 
completing the life cycle of Asparagopsis. 

In the gametophyte stage, A. taxiformis is 
easily distinguishable from A. armata by the 
absence of long hooked stolons/harpoon-like 
structure (indicated by the arrow in Figure 1 in 
[22]. Additionally, A. taxiformis has a dense 
rhizomatous structure for attachment to rocks 
or sediment layers [19]. On the other hand, 
the tetrasporophytes of 2 species are more 
difficult to distinguish because no 
morphological or habitat differences was 
reported. The only demonstrated difference is 
in the cell size at positions 30, 40, and 50 cells 
from the apex, which are smaller and shorter 
in A. armata compared to A. Taxiformis [15]. 
However, this does not ensure accurate 
classification, emphasizing the need for 
additional methods such as molecular biology 
for precise differentiation. 

 
Figure 1. Asparagopsis life cycle (figure is 

drawn based on [22–23] using pictures taken 
from authors’ observation) 

 
In Vietnam, only A. taxiformis was found 

and known in Vietnamese language as “rong 
măng leo” or “rong hải tùng”. It has been 
reported to be found in Con Co - Quang Tri 
[23], Ly Son - Quang Ngai [12], Truong Sa [13], 
from Nha Trang to Vung Tau [14], and Kien 
Giang [24]. Additionally, based on our research 
team’s information, this seaweed is also 
present in Binh Dinh. According to data 
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compiled from surveys conducted on 
Vietnamese islands in 2010–2011 by the 
Institute of Marine Research - Ministry of 
Agriculture and Rural Development, A. 
taxiformis falls into the group of seaweeds with 
a high encounter rate which was 73.7% [25]. 
However, the available data only extend to 
reporting on distribution and identification, 
lacking more in-depth studies on the life cycle, 
reproduction, or potential applications of A. 
taxiformis in Vietnam. 

Reducing CH4 emission methods in animal 
husbandry 

The rumen contains a variety of 
microorganism distributed into key categories, 
including bacteria (domain Bacteria), 
methanogens (domain Archaea), protozoa 
(domain Eukarya), and anaerobic fungi (domain 
Eukarya). They build up rumen ecosystem with 
the complex relationship involved in digestion 
of feed and production of secondary 
metabolites. The main species of methanogens 
reported were Methanobrevibacter gottschalkii 
and Methanobrevibacter ruminantium, which 
accounted for 74% of all archaea in wild and 
domestic herbivores [28]. 

Related to mitigation of methane emission, 
ruminal methanogenic archaea have been 
intensively studied. They have strict association 
as ectosymbionts and endosymbionts with 
protozoa and bacteria, which produce H2 and 
CO2 for them to transform into methane [29, 
30]. Therefore, the main strategy to reduce 
methane emissions is to inhibit the activities of 
bacteria and protozoa, which play a role in 
producing H2 and CO2. 

There are many approaches to inhibit the 
methane emissions from ruminant, including 
dietary modifications, feed additives, 
microbiome manipulation and genetic selection 
[31]. However, adding ingredients to feed 
appears to be the most feasible option. 

Among feed additives, substances such as 
saponins, tannins, flavonoids, lipid, essential 
oils and algae were used. Saponins can inhibit 
the development of protozoa by disrupting 
their cell membranes in the rumen. The 
structure of saponins consists of a hydrophilic 
sugar moiety and a hydrophobic steroid or 

triterpenoid aglycone, allowing them to lyse 
cells by forming complexes with sterols in cell 
membranes. Although saponins can suppress 
methane production, some can be toxic to 
ruminant. In addition, the effects of saponins 
depend on the source (plants), dose, diet and 
microbial community in rumen [32]. 

Tannins also have the effects on reducing 
methane by inhibiting H2 production from the 
digestion of various substrates in feed. Tannins 
form complexes with proteins and 
carbohydrates under ruminal pH conditions, 
which reduces fiber degradation and increase 
propionate production from pyruvate, thereby 
consuming H2 [33]. The effects of tannins on 
methane reduction are similar to those of 
saponins, meaning that their effectiveness 
depends on the source, chemical structure, 
dose, and diet composition. In addition, the 
ruminal microflora can develop resistance with 
long-term use of these substances, and they 
can be toxic at high doses [34]. 

Flavonoids are used in ruminant feed to 
increase productivity by elevating the ratio of 
propionate to acetate [35]. They were reported 
to reduce CH4 production and suppress ciliate 
protozoa and hydrogenotrophic methanogens 
in vitro [36]. 

When introduced into feed, lipids can 
express the ability to inhibit methane 
production in the rumen. However, depending 
on the source, fatty acid composition, and the 
chemical structures of fatty acids such as the 
degree of saturation, fatty acid carbon chain 
lengths, the influence of lipids to methane 
reduction can vary [37–39]. Although the 
average methane reduction effects of lipids is 
about 14%, the side effects were also reported 
such as reduced fiber digestibility, milk fat 
synthesis, and inhibition of fermentation [40]. 
Besides lipids, plant essential oils such as garlic, 
eucalyptus, clove, rosemary, thyme, paprika, 
juniper, and ginger can also alter the microbial 
population and reduce the abundance of 
methanogens in rumen [41]. 

In general, there are many agents as 
mentioned above can influence methane 
production in the rumen when added into feed. 
However, their use needs more detailed 
studies because the effects depend on many 
factors such as sources and compositions, 
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chemical structures, and doses. Moreover, 
increasing the dose in feed to enhance the 
effect can cause toxicity, inhibit digestion, and 
reduce the palatability for ruminants. 

Application of Asparagopsis taxiformis in 
reducing CH4 

A. taxiformis has long been recognized for its 
rich nutritional content and valuable bioactive 
compounds. Samples collected from the Madeira 
Archipelago coastline showed iodine content 

around 3.37 g/100 g (DW), total phenol (TPC) 
1.71 g GAE/100 g (DW), chlorophyll-a  
45.96 mg/100 g (DW). Additionally, it contains 
lipids with a content of 2.05 g/100 g (DW) and 
carrageenan 21.18 g/100 g (DW) [42]. A. 
taxiformis also exhibits antifouling properties, 
deterring snails, showing antibacterial activity, 
and proving toxic to crustaceans without harming 
shrimp in aquaculture [43]. This seaweed also 
contains antioxidant properties, and the free 
radical scavenging activity may vary based on the 
extracting solvent [44]. 

 
Table 1. Summary of A. taxiformis application on CH4 emission reduction  

from ruminants in vitro and in vivo 

Animal 
Duration 

(time) 
Inclusion level (%) CH4 

reduction (%) 
Other observation Reference 

Range Optimum 
In vitro 72 h 16.7 (OM) 98.9 - [48] 

In vitro 72 h 
0.07–16.7 

(OM) 
2.0 (OM) 99.0 - [6] 

In vitro 72 h 2.0 (OM) 99.0 - [7] 

In vitro 72 h 
0.5–10 
(OM) 

2.0 (OM) 99.0 
Negative impact on substrate 
digestibility with 10% inclusion. 

[8] 

Sheep 72 d 0.5–3 
(OM) 

3.0 (OM) 80.0 No changes in liveweight gain. [49] 

Beef 
steers 

90 d 0.05–0.2 
(OM) 

0.2 (OM) 98.0 

No negative effect on daily feed 
intake, feed conversion efficiencies, 
rumen function, no residues or 
changes in meat eating quality. 

[9] 

Beef 
steers 

147 d 
0.25–0.5 

(OM) 
0.5 (OM) > 80.0 

No differences in ADG, carcass quality, 
strip loin proximate analysis and shear 
force, or consumer taste preferences. 

[46] 

Dairy 
cows 

28 d 
0.25–0.5 

(DM) 
0.5 (DM) 65.0 

Decreased dry matter intake, milk 
yield, and energy corrected milk yield. 
Increased concentrations of iodine 
and bromide in milk. 

[50] 

Dairy 
cows 

22 d 

0.44, 0.82, 
and 2.48% 

(DM); 
0.24, 0.44, 
and 1.34% 

(OM) 

- - 

Transfer of CHBr3 to the urine (10–
148 µg/L) and milk (6 to 35 µg/L). 
Abnormal rumen wall. 
Animals refusal the feed or distinctive 
selection against A. taxiformis. 

[47] 

Notes: OM: organic matter; DM: dry matter. 
 

Asparagopsis contains bromoform 
compounds (CHBr3), considered the main agents 
for inhibiting enteric methanogenesis, the 
process by which bacteria produce methane in 
the gut. The bromine element is attached to 

vitamin B12, reducing B12 levels and 
subsequently inhibiting the methyl transfer 
activity of cobamide-dependent 
methyltransferase enzymes, essential for 
methanogens (methane-producing bacteria). 
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The content of CHBr3 in A. taxiformis is 0.17–
0.42% dry weight [45]. When A. taxiformis is 
incorporated into feed at small concentrations, 
it reduces methane emissions up to 99% both in 
vitro and in vivo (Table 1). The difference in A. 
taxiformis levels in feed between those studies 
was due to the variable content of bromoform 
in wild harvested strains and diet formulation. 
Although these studies have proven a promising 
application of A. taxiformis in CH4 emission 
mitigation from meat-producing livestock 
because it did not cause any side effects on daily 
feed intake, animal growth, meat quality or 
consumer taste preferences [9, 46]. Conversely, 
the supplementation of dairy cows with  
A. taxiformis needs more consideration due to 
the presence of CHBr3 in both urine and milk, 
with concentrations in milk ranging from 6 to  
35 µg/L across all experimental treatments [47]. 

One of the challenges in processing 
Asparagopsis for being the ingredient in 
ruminant feed is the volatile property of 
bromoform from the seaweed after harvest. 
Therefore, the sun drying or hot air drying are 
not suitable for retaining bromoform in the 
seaweed. In this case, mild and cool drying 
methods, such as freeze drying, seems more 
appropriate. However, these drying techniques 
still take time and have high costs [51]. An 
alternative method is immersing the seaweed 
in vegetable oils, as canola or sunflower oil [52, 
53]. During extraction, the bromoform is 
released into the oil. The oil enriched with 
bromoform is then separated from seaweed 
residue. This technique is simple and the 
bromoform-rich oils have been shown to 
reduce methane emission from ruminant when 
added into feed. However, the oil can influence 
the nutritional composition of the feed and the 
palatability for ruminant [54, 55]. 

Challenges in A. taxiformis cultivation and 
current status in Vietnam 

Due to its triphasic life cycle, sexual and 
asexual propagation of Asparagopsis can be 
achieved at several stages including collecting 
and germinating of spores or fragmentation of 
gametophyte/tetrasporophyte to develop new 
thalli. The current best practice involves wild 

strain collection and inducing germination of 
carpospores to create tetrasporophytes [17] or 
tetraspores to create gametophytes [27]. The 
gametophytes and tetrasporophytes of 
Asparagopsis can also be reproduced asexually, 
with greater success for A. Armata [56–58]. 
Consequently, A. armata has been declared as 
capable of controlling the carpo-/tetra-spore 
release process, creating seedlings, and 
attaching to ropes for cultivation in large 
oceanic areas [22]. 

For Asparagopsis taxiformis, in general, both 
sexual and asexual reproduction are challenging. 
Observations in the natural environment on 
gametophytes suggest that asexual 
reproduction occurs in the form of hooked 
structures formed at the end of each ultimate 
branch, which, when detached, can give rise to 
new plants; however, successful cultivation of 
gametophytes in artificial environments has not 
been achieved [59]. Recent research attempting 
to culture the entire gametophyte of A. 
taxiformis in a laboratory setting has only 
succeeded for up to four weeks [60]. Asexual 
reproduction of A. taxiformis tetrasporophytes is 
achieved using a similar method to A. armata 
which is continuously cutting and subculturing 
shoot tips [61, 62]. The tetraspores are then 
induced under specific conditions, among which 
temperature, irradiance and nutrient 
supplementation played a pivotal role [63]. The 
germlings are then attached to a suitable 
substrates for the gametophyte to grow. When 
the gametophytes are large and resilient 
enought, they will be transfered to the ocean 
[22]. However, the successful implementation of 
the hatchery and nursery stages at commercial 
scale is yet to be demonstrated for this species 
[22] eventhough there was published manual for 
the native Australian strain [64]. 

In Vietnam, broodstock of Asparagopsis 
taxiformis has been reported to be successfully 
cultured in an outdoor system by the R&D 
company Greener Grazing [65]. Greener Grazing 
aims to produce A. taxiformis in the 
gametophyte forms by attaching the seedings to 
a twine and twisted around a rope, then 
deploying in the ocean for cultivation [22] but 
there are more challenges to be faced in the 
open sea that hinders the large scale production 
of this seaweed. 
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Figure 2. Study area along northern part of  

Nha Trang coastline. A. taxiformis were 
observed at 2 sites which are rocky and  
coral reef areas. The sea bottom were  
exposed under direct sunlight during  

low tide (example in site 1) and  
submerged under water in normal  

or high tide (example in site 2) 

Recognizing the importance of A. taxiformis, 
our team in Nha Trang University conducted a 
survey along the coastline of northern Nha Trang 
city (Fig. 2) from 2022 to 2024. The investigation 
focused on rocky coral reef areas, and locations 
where other seaweed was present. The survey 
area extended from the coastline to 500 m 
offshore. The presence of A. taxiformis was 
monitored by routine snorkeling at least once 
every two weeks during low tide. As a results, A. 
taxiformis was found at 2 sites (named 1 and 2) in 
areas where other locally common seaweeds, 
such as Sargassum, Turbinaria, and Ulva, are 
distributed. Both gametophytes and 
tetrasporophytes of A. taxiformis were collected 
(Fig. 3a) during April-May and April-September, 
respectively. Gametophytes were visible to the 
naked eye due to their size (Fig. 3a), while the 
filamentous tetrasporophytes, characterized by a 
distinct 3-cell row structure, were examined 
under a stereo microscope (Figs. 3b, c). 

 

 
Figure 3. Asparagopsis taxiformis collected in Nha Trang, Khanh Hoa. (a) Two phases of  

A. taxiformis life cycle: bigger gametophytes and smaller filamentous tetrasporophyte, taken by 
digital camera on Samsung Galaxy note 10+; (b, c) Tetrasporophyte (100X magnification) with  
(c) is the zoom-in of (b); (d, e) Monoecious thallus with both cystocarp (c) and spermatangium 
(arrow) on the same frond; 40X magnification; (f) Carpospores released from cystocarp, 400X 

magnification; (g) Mature frond with only spermatangium, 40X magnification;  
b, d, e, f were taken by microscope (Optika, B130) 
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Interestingly, the gametophytic specimens 
exhibited cystocarps and spermatangia on the 
same frond (Figs. 3d, e), suggesting the 
monoecious nature of this alga. However, thalli 
bearing only spermatangia were also observed 
(Fig. 3g), indicating a possible dioecious nature. 
This inconsistency in the gametophyte stage of A. 
taxiformis - whether it is dioecious or monoecious 
- has also been reported previously. Several 
studies suggest that male and female gametangia 
are located on different thalli [65, 66] while Bonin 
and Hawk [16] reported the presence of only 
female plants. Conversely, research from Australia 
and New Zealand indicates that A. taxiformis is 
monoecious [66]. More recent studies have 
documented both male and female gametangia 
on the same thallus [68, 69]. Our findings showed 
the existence of both monoecious and dioecious 
phenotypes in A. taxiformis and provide further 
insight into the gametophyte stage of this alga in 
its natural habitat. 

Our current progress involves examining the 
conditions for culturing this seaweed in the 
laboratory through both sexual and asexual 
reproduction. Sexual reproduction was 
attempted by isolating mature cystocarps, 
inducing spore release, and germinating spores to 
produce gametophytes. However, the results 
were limited due to a lack of technical 
information. This challenge may be addressed 
with the 2025 samples by applying the most 
recently published A. taxiformis hatchery and 
cultivation manual [64]. Additionally, asexual 
reproduction method was done by fragmenting 
tetrasporophytes. A major difficulty was cleaning 
the filamentous algae off many other epiphytic 
agents and very small mollusks that dominate the 
alga growth. Thus, before intensively culturing of 
A. taxiformis, it’s neccessary to clean off as much 
as possible the contaminants. This is a labourous, 
high skilled and time-consuming step because of 
the very fragile and tiny tetrasporophyte. Another 
challenge was to determine the influencing 
factors to ensure large biomass production and 
long-term preservation. 

Marine weather and human resource in coastal 
area in Vietnam 

Vietnam has a long, narrow shape extending 
over 15 latitudes from north to south, resulting 

in diverse weather patterns. The northern part 
of Vietnam lies on the edge of the tropical 
climatic zone, with an annual average 
temperature is 23oC in the Hanoi. That number 
in Hue (central Vietnam) and Hochiminh city 
(south Vietnam) are 25oC and 27oC; respectively. 
The temperature range throughout the year in 
the north is wider than in the central and 
southern regions. The highest temperature in 
the north can be over 40oC in summer and down 
to a few degrees above freezing in winter. The 
average annual temperatures in the coastal 
areas are around 23oC, with the coldest month 
having a mean temperature of 16 to 17oC [70]. 

In the north-central region, the weather is 
warmer with average annual temperatures 
around 24 to 25oC and the coldest month having 
a mean temperature of 17 to 20oC. Average 
annual rainfall in coastal areas is approximately 
2,000 to 2,900 mm. In the south-central region, 
the range of temperature is smaller, about 5 to 
6oC, with average annual temperatures are 
around 25oC to 27oC. The coldest month has a 
mean temperature of 22 to 25oC and the hottest 
month has a mean temperature of 28 to 30oC. 
Average annual rainfall in coastal areas is 
approximately 1,900 mm although some areas 
in the southern parts of the region receive 
between 800 and 1,100 mm [70]. 

In the south, the average annual 
temperature in coastal areas is around 27oC, 
remaining fairly even throughout the year with 
little difference between the coldest and hottest 
months. The average annual rainfall in coastal 
areas is approximately 1,500 to 2,500 mm [70]. 

The conditions for seaweed culture are 
more favorable in the south central region 
compared to other areas, due to its temperature 
range throughout the year, rainfall, and sea 
water salinity. In the north and south, the sea 
bottoms are shallow, and salinity decreases 
during the rainy season due to the high water 
input from Red river (north) and Mekong river 
(south) [71]. In contrast, the south central region 
has deeper sea bottom and fewer small rivers, 
resulting in less fluctuation in salinity. Moreover, 
fishermen in coastal areas in the central region, 
from Hue to Ninh Thuan, have gained 
experience in cultivating and harvesting 
seaweed for food and agriculture use in a long 
time. The main seaweeds cultivated in this 
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region are Gracilaria, Kappaphycus, Caulerpa, 
and Porphyra. 

In particular, the fishing community in Nha 
Trang has extensive experience in seaweed 
cultivation and processing, especially with 
Kappaphycus alvarezii and Caulerpa lentillifera, 
making them a key human resource for 
Asparagopsis cultivation. Nha Trang is also home 
to several prominent marine research and 
education institutions, such as Nha Trang 
University (formerly the University of Fisheries), 
the Oceanographic Institute, and the Research 
Institute for Aquaculture III. Additionally, Nha 
Trang hosts many large seafood processing 
companies that are expected to contribute to the 
final stages of producing seaweed ingredients for 
animal feed. 

CONCLUSION 

In summary, despite the small quantities 
required, Asparagopsis taxiformis is highly 
effective as a feed ingredient for ruminants and 
can play a significant role in reducing methane 
emissions from livestock worldwide, thereby 
contributing to climate change mitigation. Given 
the vast global demand for livestock feed, the 
need for this seaweed to inhibit methane 
production will be substantial, requiring a robust 
value chain for its production, processing, and 
distribution globally. To build such a system, it is 
necessary to identify coastal countries with 
marine environments suitable for cultivating this 
seaweed. 

Vietnam has the potential to establish and 
develop a Asparagopsis taxiformis industry due 
to the availability of natural resources, favorable 
marine climates—especially in the South Central 
coastal regions—and experienced human 
resources, including scientists and fishermen 
skilled in seaweed cultivation. By leveraging 
these advantages, Vietnam can become a major 
supplier of this seaweed on a global scale, 
contributing effectively to reducing methane 
emissions from ruminant livestock. However, 
the large-scale production of A. taxiformis 
remains an open question that requires the 
attention of both researchers and industry 
investors. With its rich history in fisheries 

studies, Nha Trang University is actively involved 
in this mission and has the potential to play a 
leading role in this endeavor. 
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