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Foreword 
This is one report in over a decade-long trajectory of strategic support, offered by AgriFutures 
Australia (RIRDC), for a new and emerging seaweed industry in Australia. Seaweed is 
already a multi-billion dollar, global food crop; however this is predominantly in Asia. The 
west is increasingly adopting applications for seaweed in food and other products. Slowly, we 
are realising that the production of seaweed is an underexploited opportunity for sustainable 
and nutritionally potent food production.  

The direct benefits of the emerging seaweed industry will be the new economic and 
employment opportunities. However there are externalities that benefit the environment and 
that could reduce health costs to society once the seaweed industry is truly scaled. Seaweed 
production requires minimal freshwater, is highly productive, can capture concentrated 
carbon dioxide effectively, remediates aquatic nutrients, and can address population scale 
nutritional deficiencies efficiently. However a challenge is to better understand the 
opportunities and risks in relation to seaweed as a crop and food ingredient. To date there 
has been little guidance for proponents and food manufacturers, on what is required to 
ensure that nutritional claims are validated and that food safety standards are achieved. 

This report outlines the unique and specific nutritional categories that are important, for the 
new and emerging seaweed industry to consider. We must communicate real and 
demonstrable nutritional benefits to the consumer. Importantly, nutritional aspects require, 
robust, analytical methods that can be followed consistently across laboratories and that can 
deliver consistent results and repeatability across samples. This report reviews and tests a 
number of analytical methods that are specifically useful, or need to be calibrated and 
implemented as seaweed production develops. In particular protein, trace elements, Omega-
3 fatty acids and phytonutrients have unique biochemical attributes that need to be applied to 
the analytical procedures of seaweed crops. For food safety, the uniquely concentrated forms 
of nutrients is an opportunity and a challenge, when presented as nutritionally beneficial 
versus concentrated to toxic levels respectively. 

Proponents, regulators, manufacturers and researchers should benefit from the synthesis of 
nutritional and food safety considerations and techniques presented here; to be able to 
deliver a complete nutritional and quality assured seaweed crop industry well into the future. 
It should serve to increase the confidence in this emerging sector, and the incremental 
achievement of the strategic plan for the Australian seaweed industry development. 

This report is an addition to AgriFutures Australia’s diverse range of over 2000 research 
publications and it forms part of our Emerging Industries arena, which aims to support new 
and emerging rural industries. 

Most of AgriFutures Australia’s publications are available for viewing, free downloading or 
purchasing online at www.agrifutures.com.au. Purchases can also be made by phoning 1300 
634 313. 

 

John Harvey 
Managing Director 
AgriFutures Australia 

http://www.agrifutures.com.au/
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Executive Summary 
What the report is about 

This research project has been undertaken alongside the development of an emerging 
seaweed production facility in NSW, as well as wild harvest samples from Tasmania, two 
approaches that are driving the development of seaweed food crops in Australia. Although 
seaweed has been traditionally consumed around the world for thousands of years, it is a 
relatively new addition to the modern western cuisine, and is lacking in well informed or 
established regulatory frameworks for nutritional claims and food safety.  

Although seaweed has a potentially an important role for human food and health, there are 
real world challenges that relate to poor identification of the species, poor knowledge of the 
different nutritional factors across types of seaweeds (which are more diverse than land 
plants), and poor knowledge of the risks to health through food safety practices. There are 
also unique aspects of seaweed that require specific methods for food quality assurance and 
safety testing. 

If these challenges can be addressed, then there is great opportunity for Australia to develop 
not only highly sustainable and productive marine crops, but crops with the potential to 
address chronic sub-nutritional challenges of the western food plate. In this way, Australia 
has an opportunity as a new emerging player with novel species and high regulatory 
standards, to contribute to and gain an international reputation for high quality seaweed food 
products. 

Who is the report targeted at? 

This report is targeted at the emerging producers and manufacturers of seaweed crops, food 
ingredients and food products that contain seaweed. The objective is to deliver baseline 
information towards best practice standards and to guide the emerging industry on nutritional 
and food safety issues that will arise as the industry grows. In addition it is useful as a 
reference for regulatory bodies who need to understand the legacy, benefits and risks of 
seaweed as a new food crop in Australia, when considering applications for novel or non-
traditional food approvals. Finally, a very enthusiastic market place for seaweed as a new 
ingredient, needs to understand what to talk about in relation to seaweed and its healthy 
attributes, as well as how to safely incorporate it into new foods. This report targets the pre-
market readiness for new seaweed crops and is a further step forward in Australia’s journey 
of new and emerging seaweed crops, demonstrating continued strategic growth that is 
reaching commercial reality for Australia, based on a solid strategic network of research, 
industry and government collaboration. 

A seaweed industry in Australia will cover many climates, coastal geographies, diverse 
species and cultivation or other production methods. As for land based agriculture, there is 
not one model or technology that is suitable to all species. Species differ in their life-histories, 
climate and nutritional requirements or tolerances and biogeographical distributions. In 
addition, cultivation requires either land or sea-based resources that will focus on areas 
where remediation of excess nutrients, carbon dioxide and clean salt water and infrastructure 
can be harnessed. There is not yet a strong seaweed producing operator in Australia, with a 
focus on domestic food and nutrition, but there are strong contenders that are establishing 
seaweed production systems and markets from northern Queensland and all the way south 
to Tasmania and west to South Australia. Most recently, marine-fish aquaculture ventures 
are seeking to remediate nutrients from farms through seaweed production. This remediation 
style of the technology has been known for decades, but now with pressing environmental 
impacts from an expanding aquaculture industry and a recognition that seaweed has 
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potentially high value markets as a seafood crop, the interest to invest in commercial-scale, 
seaweed production ventures is increasing. There are currently a handful of ventures in 
commercialisation that are linked to University research facilities, and ABARES and the 
FRDC have predicted that with this emerging effort that seaweed will produce about 5000 
tonnes of product by 2021. This baseline assessment of the nutrition and food safety 
considerations that will contribute to a robust future of best practice and suitable standards 
for a quality seaweed industry in Australia. 

Background 

The report builds on a strategic history of documents published by the RIRDC, with over a 
decade of development in the opportunity for a seaweed industry in Australia. It is not 
intended to provide a comprehensive review of the nutritional potential for seaweed, as there 
has been a plethora of such publications in the western scientific journal in the past 10-20 
years (Holdt and Kraan 2011). Indeed, seaweed is justifiably heralded as having great 
potential to contribute to the mainstream food crop production and addressing some chronic 
malnutrition issues in the western food chain. However there are key strengths of seaweed 
crops for nutrition, as well as unique considerations for technical analysis in contrast to other 
crops. For example, although seaweeds are closely related to plants, they have much less 
fibrous, lignin material to support vertical growth in gravity, but rather have molecules that 
facilitate flexibility. They also lack common crop structures such as seeds, fruits and roots, 
and tend to be consumed as whole “plants”. Of importance are that key nutritional aspects of 
seaweeds at the base of the marine food chain include different fatty acids and Omega-3 
profiles, and an enrichment of trace elements and minerals from seawater. As such 
seaweeds have slightly different gross, proximate composition across ash content, 
carbohydrates, protein, lipids and phytonutrients.  

Some technical, analytical challenges that we already know about seaweeds are the need for 
different conversion factors for protein content estimation, as seaweeds store nitrogen in 
different ways compared to land plants, and differences in extraction and digestion of 
compounds that are more or less resistant to traditional food analysis methods. Further, 
seaweeds are of great interest as a potent source of minerals and trace elements, reflected 
in a relatively high ash content, but there are also risks associated when too much 
concentration occurs. These issues have already resulted in the inappropriate application of 
seaweed in imported manufactured food products, and serious health outcomes that have 
resulted in a class action against a food manufacturer. Therefore there is a need to 
consolidate the spectrum of nutritional aspects, analytical methods and safety concerns, and 
to inform and fill in the gaps where seaweed crops differ to other traditional crops from land. 

Aims/objectives 

• The main R&D Objective is to establish a baseline framework and context for the 
emerging Australian Seaweed industry, in relation to the quality control and safety 
parameters for Australian produced seaweed as a food. The context of this is in light of 
the developing seaweed industry in Australia, but it has reference to experience from 
overseas as well as being applicable to best practices and standards that are in 
development internationally. 

• The beneficiaries of this report will be the proponents and producers of seaweed in 
Australia, processors and food manufacturers who would like to include seaweed in their 
formulations, as well as regulatory bodies, who will be faced with the challenges of 
unknown nutritional and safety parameters of this new crop in Australia. 
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Methods used  

1. Using literature reviews, consolidate and highlight the nutritional and food characteristics 
of seaweed that are important to test and manage for the quality and safety of seaweed 
as a food,  

2. Identify the analytical methods used to measure nutritional and food characteristics of 
seaweeds as well as for quality and safety,  

3. Identify gaps in this knowledge and/or test techniques to improve the application of 
analytical methods for best practice quality control protocols, 

4. Outline examples of vertical chain and handling protocol target points, for the delivery of 
nutritional quality and safe, Australian seaweed foods. 

Results/key findings 

This report consolidates and highlights  

• the specific or unique nutritional attributes including, trace elements, fatty acids (Omega-
3), proteins, dietary fibre and phytonutrients;  

• the analytical methods that are suitable to these attributes and how they need to be 
applied or tailored for seaweeds in particular; e.g. the preparation of seaweed biomass 
prior to fatty acid extraction affects the measured profile by orders of magnitude and must 
be standardised, trace elements can be assayed rapidly in processing through the 
application of XRF technology;  

• the food safety considerations for seaweeds within, and in addition to, the current food 
safety regulations in Australia, for example the trace elemental composition is a unique 
opportunity and health risk for seaweeds and must be monitored, while standard 
microbiological testing across a suite of pathogens seems to be suitable for food safety 
testing regimes. 

Implications for relevant stakeholders 

This report summarises the nutritional and food safety information that is relevant to 
seaweeds, as well as specific analytical techniques to ensure that seaweed crops can deliver 
on accurate, nutritional claims as well as food safety. This is an essential baseline for the 
new and emerging seaweed industry in Australia to consider as it develops towards a best 
practice industry with a gold standard global reputation. Indeed Australia may have a long 
way to go before it is considered as a large producer of seaweed crops, but it can become 
one of the best quality sources of seaweed crops with a robust quality control practices. 

Influencing 
factor 

metals & 
minerals Protein Omega-

3 Fibre Phyto-
nutrients 

Food 
safety Solution 

species yes yes yes yes yes yes Genetic barcoding and 
isolation of stock 

environment yes yes yes  yes yes Controlled cultivation and/or 
continuous analysis 

analytical 
method yes yes yes yes   Unique approaches required 

and outlined in this report. 

vertical chain/ 
handling 

  yes  yes yes 

Well managed chains of 
custody, robust data 
collection chains, food safety 
testing regimes 
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Recommendations 

It is recommended that the proponents of seaweed production, food manufacturers and 
regulatory bodies, collectively consider the suite of factors presented here in the 
development of new seaweed crops for Australia, as they seek to enter the market as non-
traditional or novel foods. This will ensure that the new and emerging seaweed industry 
progresses with minimal surprises that limit the market potential, or open up new 
opportunities to support investment in the industry.  

It is equally important that the industry considers the information here to maintain best 
practices for food safety, even if regulatory standards are still not fully informed of the key 
nutritional and safety issues regarding seaweed as a food crop. In the early stages this will 
require a cautionary approach that is more, rather than less rigorous than for other crops, 
while the industry is in development. 

There is extensive research that can be triggered from this report, which can be used to 
identify and strategically address these issues before and as they arise through initiatives by 
researchers, government and industry collectively. Indeed it is an area ripe for the application 
of innovative research and industry partnerships. 
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Introduction 
There is growing market activity of seaweed products in Australia and globally, especially for 
food and health applications. Thus the importations of seaweed crops are increasing, while 
the commercial cultivation of seaweed in Australia has not yet been realised. However 
progress in production has been made, and a number of research to pilot to commercial 
ventures are underway in Australia, aligned with the Cultivated Seaweed Industry R&D 
strategy (2010). As a multi-billion dollar global crop with the precedence of scale throughout 
Asia, seaweed has strong potential as a new industry in Australia. Now the immediate 
barriers to unlocking vertical chain progression to products and markets, are a lack of best 
practice standards for nutritional quality assurance and safety standards; especially as a new 
crop with minimal precedent under Australian regulations, other than for addressing of food 
safety issues that have arisen spontaneously. This is not surprising as Australia does not 
have a long documented history of seaweed consumption and therefore there are gaps in the 
common knowledge of how to address nutritional claims and safety concerns regarding the 
use of seaweed in food. This is despite important historical legacies where Captain James 
Cook was known to have recovered from ill health and low stamina by being fed Limu Moui, 
a traditional Tongan seaweed staple (Ostradd 2003). Karengo was an important supplement 
to the winter diet of Māori because of its high nutritional value – up to 30% protein, and rich in 
vitamins and iodine. It was even supplied to the Maori Battalion during World War II as 
nutrition on the march (Wassilieff accessed May 2017). 

As a new industry for Australia in an existing global market, a competitive advantage for 
Australia is our unique diversity of seaweeds, in contrast to the common northern 
hemisphere crops of Kombu and Wakame, and the Nori and carrageen producers in South 
East Asia. In addition, our relatively clean catchments, coastlines offer a sustainable 
resource that has not yet been recognised or exploited. Indeed seaweeds will be a part of the 
reason and mechanism to maintain such clean ecosystems, as one of the most efficient 
remediators of nutrients, as aquaculture and land based nutrient sources scale up in 
Australia. Seaweed does indeed offer strengths of sustainable food production, through 
minimal water use, rapid productivity and carbon dioxide capture, nutrient remediation, and 
minimal waste streams. Australia will not be able to compete with the scale of seaweed 
production in countries such as China, where seaweed cultivation was only adopted in the 
late 1900’s and now is the major global producer in large bays of production, but Australia 
will be able to establish a unique and high quality product that has a premium reputation. 

Of emerging appreciation is the potential for seaweed, as a food crop, to inject important 
nutritional factors that are limited in the massive, western, food production chain, notably 
trace elements and minerals, dietary fibres and Omega-3 fatty acids. Seaweeds can indeed 
be considered as a functional food, a concept that was born in Japan, the nation most 
strongly associated with the consumption of seaweed. In the 1980s, health authorities in 
Japan recognised that an improved quality of life must accompany increasing life expectancy 
for the expanding number of elderly people in the population if health care costs were to be 
controlled. The concept of foods that were developed specifically to promote health or reduce 
the risk of disease was introduced, and this is an area that Australia needs to consider more 
seriously as a way to reduce the obesity and associated chronic illness epidemic. Functional 
foods have not as yet been defined by legislation in Europe, but there they are generally 
considered as those foods which are intended to be consumed as part of the normal diet and 
that contain biologically active components that can enhance health or reduce the risk of 
disease, for example, specific minerals, vitamins, fatty acids or dietary fibre, and 
phytochemicals or other antioxidants and pre- and probiotics. As interest in this category of 
foods has grown, new products have appeared and interest has turned to the development of 
standards and guidelines for the development and promotion of such foods. In line with the 
(re)emergence of seaweed on the menu in the west and the associated health benefits, it is 
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vital that the standards and quality of such foods are met by expectations, or the industry 
could do itself harm. 

A quality reputation for food from Australia is important across all of our food production 
sectors. However the challenge for seaweed is that the nutritional story needs to be validated 
across different types of seaweeds, and invested in where there is the best potential as not 
all seaweeds are suitable for regular consumption, while others hold the key to overcoming 
serious malnutrition issues in the western food chain. Therefore this project will identify the 
suite of technical and process standards for quality control systems. There are significant 
risks to health and safety through misinformed or unregulated industry, and there are 
significant benefits to health if the trust in quality control and claims for seaweed foods are 
managed well.  

 

Objectives 
The main R&D objective is to 

• identify the variables that are important to test and manage for the quality and safety of 
seaweed as a food. 

Second to, and supporting that objective, is to: 

• Identify the analytical methods required to measure variables of quality and safety,  

• identify gaps in this knowledge and identify and/or test how techniques suitable to best 
practice quality control protocols might be developed 

• Outline examples of vertical chain or handling protocol target points for the delivery of 
nutritional quality and safe seaweed foods.  

The context of this is in light of the developing seaweed industry in Australia, but it has 
reference to experience from overseas as well as being applicable to best practices and 
standards that are in development internationally. 
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Methodology 
A review of literature was undertaken to categorise the key nutritional factors of interest in 
seaweed emerging as a food source. Then an assessment was made to determine if these 
parameters were being measured with methods that are reliable for seaweed biomass in 
particular, or if there were unique aspects to seaweeds that need to be considered for best 
practice quality control methods. Where needed, discrete experimental research was 
undertaken for some of the important parameters of interest to demonstrate and identify what 
unique technical aspects might need to be considered. Therefore this report is based upon 
literature reviews to identify where gaps or unique aspects of knowledge were identified in 
relation to seaweed biomass as an emerging crop for food, and experimental research was 
undertaken where gaps in knowledge were identified. 

Table 1. The approach taken to deliver the outcomes for this report included literature reviews 
and experimental research. 

Parameters of 
interest 

Food Industry 
literature including 

regulations 

Scientific 
Literature 

Experimental 
Research or in 
house testing 

Nutritional and safety 
variables 

yes yes  

Analytical methods  yes yes yes 
Food Handling chain yes yes yes 
Certifications and 
standards 

yes yes  

 

Parameters of interest in relation to 
seaweed for nutrition and its food safety 
There has been a plethora of reviews of seaweed for food and nutrition in the last decade 
(Holdt and Kraan 2011, Roohinejad, Koubaa et al. 2016), and seaweed is being hailed in the 
media as the new crop for the west that can address a number of nutritional related ailments. 
This holds much promise for a sustainable and viable new crop for Australia that has a large 
area of marine bio-resources, clean catchments, waterways and coastlines. From a food 
nutrition and safety standpoint, seaweed holds the promise of key nutritional factors as well 
as issues of food safety issues similar to other crops and foods (Table 2). However there are 
also unique and/or additional considerations that are not well recognised as seaweed is not a 
well-regulated crop in the west yet. 

Table 2. Nutritional and their safety aspects that are important to seaweeds as a food crop and 
that are considered in this report. 

 Trace 
Elements 

& Minerals 

Protein Omega-3 Fibre Phyto- 
Nutrients 

Contaminants 

Safety yes     yes 
Nutrition yes yes yes yes yes  
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Trace elements and Minerals 
Seaweeds are by default, associated with nutrition through trace elements and minerals. It 
was known as long as 2700BC that China imported and used seaweeds to overcome iodine 
deficiencies and thyroid disease (Ellis 2000).  In addition it is intuitive for most that the 
depletion of trace elements and minerals from agricultural soils all ends up in the ocean and 
that the ocean is abundant in circulation of these. Important to nutrition therefore are a 
multitude of elements and minerals that exist across diverse species of seaweeds. Of note is 
that it has been shown that these can also be bioavailable and functional in the humans diet. 
For example anaemia from iron deficiency was reversed in teenage girls eating green 
seaweed chocolate (Thahira Banu and Uma Mageswari 2015) and in adults the 
bioavailability was demonstrated from 4 species of seaweeds eaten by close to 100 people 
(García-Casal, Pereira et al. 2007).  

However the uptake and concentrating mechanisms of seaweed for certain elements and 
minerals is well known for its efficiency. For example iodine can be concentrated to extremely 
high levels in certain seaweeds that are dangerous to health if eaten consistently (Miyai, 
Tokushige et al. 2008), especially those who are susceptible. There has already been a class 
action in Australia against a company for formulation of food without management of the 
iodine content, where many people became ill (Lawyers 2014). But seaweeds can also 
concentrate undesirable elements to levels above that of safe food guidelines, for example 
seaweeds are being used for extracting copper out of mine tailings. Therefore the source of 
the seaweed and the immediate environment are important to consider in addition to the 
species.  

Therefore, for the sale of both nutrition and food safety, it is more important for seaweeds 
than for land plants to have a quality control procedure and assurance on nutritionally valid 
as well as toxicologically safe levels of trace elements and minerals. Currently the analytical 
methods are costly and time consuming and use predominantly Inductively Coupled Plasma 
(ICP) after a long process of digestions and preparation of samples. Although there are 
numerous commercial services that can provide for such analyses, it is challenging to 
achieve for a rapid production line of seaweeds. Therefore a more rapid technique suitable to 
regular and multiple sample testing is required to bring down the time and cost associated 
with ICP methods. In this way, gamma X-Ray (XRF) technology was tested for the first time 
and calibrated against wet samples of seaweed to measure relative and quantitative amounts 
of elements. XRF is commonly used in the geological and material industries to determine 
the levels of precious or hazardous metals in solid or on fabricated materials. It has not been 
adopted well by biological sciences and holds a lot of potential. 

EXPERIMENT: Calibration of XRF with ICP methods for elemental analysis 

In order to calibrate an XRF for a specific type of matrix, a number of samples of biomass 
with as varying degrees as possible of known elemental composition must be established. 
For this, 18 samples of seaweeds with as diverse nutritional and culture conditions as 
possible were grown, dried, milled and shipped off for ICP analysis. The resulting elemental 
profiles were then used to calibrate XRF readings of the same samples using 10 grams of 
compressed material in glad wrap portions (see XRF service and equipment providers for 
detailed instructions – we used Portable XRF services in Western Australia to lease 
equipment and assist in calibration). The outcomes of the calibration for the sensitivity and 
reliability of using XRF was good (Table 3), but still variable for the number of samples used 
in the calibration process. With an increased number of samples then increased calibration 
accuracy can be achieved.  

Samples were able to be compared rapidly and relatively, despite sub-optimal sensitivity of 
the calibration settings based on just 18 samples with known elemental profiles. We were 
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able to compare the relative amounts of metals in profiles across different taxa of seaweeds 
(Figure 1). The seaweeds tested were similar in potassium, copper and magnesium. One 
form of Chondrus crispus was high in Zinc while the other was low (Hana). The other 
seaweed were similar in chlorine levels except for Wakame which was nearly double the 
chlorine levels and Chondrus which didn’t have detectable chlorine, although the Hana form 
did. Manganese, strontium phosphate, calcium and bromine were all fairly variable across 
the seaweeds with Chondrus outstanding in bromine. Kombu and Wakame were high in 
aluminium and silica but low in sulphur. 

 

 

Figure 1. Average elemental components of different seaweed types determined using XRF 
testing. 
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Table 3. XRF testing compared to ICP wet chemistry data for different elements and 
compounds. 

 

The application of XRF facilitated multiple and regular testing of seaweed biomass product to 
enable a growing record of range measurements for each element, and therefore build up a 
profile of elemental ranges for nutrition and safety purposes for a particular type of seaweed 
(Figure 2). This profile will differ across the species of seaweed in production and it will be an 
important aspect of seaweed best practice analysis as these elements are part of the 

Nutrient Wet rXRF % ICP % XRF Comments  
N Y N 6.1064 na Molecular weight below N is too small for XRF. 
P Y Y 0.7114 0.3908 XRF calibration needs to be improved for this 

element. 
K Y Y 5.7295 5.2935 XRF close to wet chemistry levels. 
S Y Y 3.2034 3.3735 XRF close to wet chemistry levels. 
C Y N 39.1852  Molecular weight too small for XRF 
Ca Y Y 0.5391 0.3023 XRF calibration needs to be improved for this 

element. 
Mg Y Y 1.3919 1.0532 XRF calibration needs to be improved for this 

element. 
Na Y N 8.7588 --- Molecular weight too small for XRF, but can be 

extrapolated from Cl concentrations 
Cl Y Y 16.9 12.146 XRF calibration needs to be improved for this 

element. 
Cu Y Y 0.0103 0.0063 XRF close to wet chemistry levels. 
Zn Y Y 0.0083 0.0064 XRF close to wet chemistry levels. 
Mn Y Y 0.0588 0.036 XRF calibration needs to be improved for this 

element. 
Fe Y Y 0.0754 0.084 XRF calibration needs to be improved for this 

element. 
B Y N 0.0146 --- Wasn’t picked up by XRF despite being in large 

enough amounts according to wet chem. May be 
dependent on problems identifying the curve for 
boron. 

Mo Y N 0.0001 --- Levels appear to be too low. 
Co Y N 0.0006 --- Levels appear to be too low. 
Si Y Y 0.0432 0.0568 XRF calibration needs to be improved for this 

element. 
Br Y Y 0.0595  0.0708 Only had wet chemistry test preformed for 3 

samples due to test expenses. 
I Y N 0.0015 --- Levels appear to be too low 
Al Y Y 0.0726 0.1564 XRF calibration needs to be improved for this 

element. 
Se Y N 0.0010 --- Levels appear to be too low. 
Cd N N   Not picked up by either method. 
Pb Some N 0.0011 --- Levels are quite low. 
As Y N 0.0003 --- Levels appear to be too low. 
Cr Y Some 0.0006 --- Levels appear to be too low. 
Ni Some Some 0.0016 --- Levels are quite low. 
Hg N N   Not picked up by either method. 
Ag Some N 0.00001 --- Levels are quite low. 
Sr Y Y 0.0543 0.0155 XRF calibration needs to be improved for this 

element. 
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evidence for trace element nutritional value as well as for safety. It is well know that types of 
kelp such as Kombu can have up to 50mg of iodine in 10g of product, Wakame up to 1g and 
nori up to 0.5g (Yeh, Hung et al.). These amounts all exceed the RDI and some exceed the 
upper limit; hence Kombu should only be used in very small amounts, and all seaweeds 
should be well tested and the information provided to the consumer (see section on food 
safety below). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The concentration ranges and % of Recommended Daily Intake (RDI) of macro and 
micro elements in 10g of dried PhycoGreenTM seaweed (green bar). 

RDI and upper limits are provided (green outline) (NHMRC 2006). 
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Protein 

Measuring total protein in seaweed 

Compared to other plant sources, seaweeds can have a high protein content. However Holdt 
and Kraan (2011) reviewed protein in seaweeds around the world and summarised a large 
range of protein content that differed across species and source. Therefore it is difficult to 
make a generic statement about seaweed as a source of protein – it depends on the species 
and also the culture conditions. Therefore claims on nutrition panels regarding the protein 
content in seaweed may be difficult to make unless the protein content is assayed routinely.  

Routine procedures for protein analysis in other crops is applicable to seaweeds and 
includes Kjeldahl protein analysis. This approach however uses the measurement of 
nitrogenous molecules after acid digestion, to extrapolate, using a conversion constant to the 
amount of nitrogen, to a protein content. A number of researchers have found that the 
conversion factors commonly used to translate the amount of nitrogen found in plant tissue 
into protein content, needs to be lower for seaweeds than the factor 6.25 commonly used for 
plant material. Further, the conversion factor should be lower for red seaweeds than for 
green and brown seaweeds. Despite this being published in 2002, it has still been common 
practice to use 6.25 as not many places offering analytical services are aware of this, and 
proponents of seaweed nutritional panels need to make sure that they take this into account 
or their nutritional profiles might be considered invalid. It is recommended that red seaweeds 
use a nitrogen to protein conversion factor of 4.6, while green and brown seaweeds use 4.9 
(Lourenço 2002). More recently a general conversion factor of 5 was proposed for seaweeds 
across the board (Angell, Mata et al. 2016).  

EXPERIMENT: Effects of cultivation conditions on protein content and amino acid 
profile 

In controlled cultivation, there is better opportunity to manage the nutrient source and 
conditions to achieve a consistent protein content. Achieving this with demonstrable 
repeatability would mean that the need to undertake protein analysis testing could be done 
less frequently and only randomly to demonstrate that cultivation protocols are maintained. 
Here we tested the ability to maintain protein content in PhycoGreenTM, a cultivated and 
isolated species of seaweed, within two different culture regimes, low nitrogen and high 
nitrogen. Three cultures with saturated nitrogen feeding rates and two cultures with limited 
feed rates were maintained for two weeks. A more comprehensive protein analysis was 
undertaken that identifies and quantifies the full spectrum of amino acids, a service that can 
be provided by a number of commercial protein analysis laboratories in Australia. It was 
evident and consistent that a saturated nitrogen feeding regime delivered a high protein 
content at close to 30%, tested using amino acid analysis undertaken by the APAF (Figure 
3). This is in contrast to seaweed cultured at low nitrogen levels where the protein content 
dropped significantly to about 7.5%. There was however a limited effect on the amino acid 
profile in the seaweed regardless of the protein content. Therefore, as long as the protocols 
required to maintain protein content are maintained and recorded, the protein content can be 
maintained for nutritional panel information. 

It is also evident from the protein profiles based on amino acid analysis that in addition to 
potentially high protein content, the amino acid profile for some species represents a close to 
complete protein with all of the essential amino acids.  Therefore this amino acid profiling 
demonstrates that some seaweeds are strong contenders as a supply of complete protein 
through vegetarian sources, as comparable to other proteins on the market with a full suite of 
amino acids, such as whey, pea and soy protein (Figure 4). The complementarity of seaweed 
protein with other vegetarian protein sources could deliver a more complete and diverse 
nutritional protein profile than for single blends alone. 
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Figure 3. Amino acid and total protein content (mg/g dry weight) in seaweed biomass 
cultivated under high and saturated nitrogen levels (n=3) and low nitrogen feeding 
rates (n=2).  
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Figure 4. Amino acid profile of dried seaweed product PhycoGreenTM compared to other non-
meat sources. 

 

Omega-3 
It is well known that algae are the creators of essential, marine Omega-3 fatty acids in the 
food chain and that the overall fatty acid profiles are in part, taxa specific (McCauley, Meyer 
et al. 2014, Mulvaney, Ingram et al. 2015). However a review undertaken in relation to this 
project identified that there is a large amount of variability around the specific fatty acid 
composition and abundance within and across closely related species, as published in 
McCauley et al. (2016). A question that arises in such circumstances is how much of that 
variability is real and how much is an artefact of analytical methods.  

EXPERIMENT: Does the processing of seaweed affect the resulting profile of fatty 
acids. 

Three experiments were undertaken to determine the effect of processing on the resulting 
fatty acid profiles. The first one involved comparing the effect of different culture conditions 
(four different light or nutrient regimes) versus the effect of processing (freeze drying, oven 
drying or fresh extraction). The second one involved the storage of fresh harvest biomass in 
the refrigerator and the effect on the fatty acid profile over 7 days (a determination of shelf 
life). The third one tested the effect of boiling fresh biomass, on the fatty acid profile, to 
determine the effect of cooking for different foods. 

The first experiment demonstrated that the pre-handling of the harvest in terms of drying 
process versus fresh harvest, resulted in a very different fatty acid profile (Figure 5) as 
published in McCauley et al. (2016). This was characterised as a drop in total fatty acids by a 
factor of 0.2 for freeze dried product, which was only overcome to a degree by intensive 
homogenisation prior to extraction and analysis. Even with homogenisation, freeze dried 
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extractions resulted in a fatty acid content of about 3% (dry weight equivalent), which is a 
common figure in the literature, versus 6% (dry weight equivalent) for fresh product. 

 

Figure 5. The relative similarity of the fatty acid profiles between seaweed samples from 
different culture conditions and after different handling procedures prior to 
extraction. 

The MDS Plot demonstrates that samples with different pre-extraction treatment conditions (i.e. 
drying) have a bigger effect on the fatty acid composition of seaweed compared to difference in 
nutrient and light treatments. The detailed research findings were published in McCauley et al. 
(2016).  

The second experiment demonstrated that keeping fresh seaweed biomass in the fridge 
either increased the fatty acid content of seaweed biomass through energy storage 
conversion (from starch to lipids), or it released more lipids from the cellular contents upon 
extraction (Tott 2016). This increase was not consistent across all fatty acids and triggered 
relative increases in saturated fatty acids (maybe neutral energy storage lipids) compared to 
poly-unsaturated fatty acids, which is not desirable form a nutritional standpoint (Figure 6). 
However within the PUFAs, Omega-3 fatty acid content increased significantly more than 
Omega-6 fatty acid content; which is desirable form a nutritional point of view. Such relatively 
skewed increases in different fatty acids indicates that there may be metabolic conversion 
processes underway that are altering the lipid profile, potentially in addition to increasing the 
liberation of fatty acids, however the actual process cannot be determined as yet. 
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Figure 6. The fatty acid categories as measured over 7 days from seaweed biomass stored in 
the refrigerator (Tott 2016). 

 

The third experiment undertaken demonstrated the boiling also increased the amount of fatty 
acids extracted from samples (Figure 7). In contrast to refrigeration, this increase was 
consistent for all fatty acids and indicates increased liberation of fatty acids. 

Figure 7. The fatty acid profile of seaweed as extracted from fresh seaweed versus boiled 
seaweed at different time intervals (Tott 2016). 

 

Fibre 
Seaweeds are recognised as a rich source of dietary fibre (Winberg, Ghosh et al. 2009), and 
there is a plethora of research in animal nutrition suggesting this. However the future of 
designating a food product as a good source of dietary fibre is going to come under review 
for clinical evidence, rather than chemical based analysis of a chemical structure. It is 
anticipated that unless you can prescribe some specific benefit with evidence, e.g. Laxation, 
attenuation of blood glucose, cholesterol lowering, it will no longer be allowed to be called 
dietary fibre. However building on the current approach to dietary fibre assessment, there are 
a number of methods, but the By Difference and Prosky et al. (1984) methods have been 
shown to provide more correct estimates up to five-fold higher than other common methods 
used to determine carbohydrate and fibre (Fiset, Liefer et al. 2017).  

There have been some very broad sweeping claims regarding the potential for seaweed as 
gut health promoting ingredient, specifically related to the fibre content, but also in relation to 
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polyphenols (see Phytonutrients below). However the fibre content in seaweeds is highly 
specific to taxa and is very different across phyla, genera and all the way down to the species 
level (Winberg, Fitton et al. 2014). Of all the nutrients, it is the one which could be considered 
the richest in seaweed as a crop, but also the most diverse in structure and function across 
species. Therefore a blanket statement about seaweed being good for the digestive system 
or gut is not valid. Indeed there are highly processed seaweed carbohydrate extracts that are 
exactly the opposite of being good for the gut.  

Seaweed dietary fibres are created through a cascade of genetically controlled metabolic 
process and enzymatic pathways from the genetic level, to the final complex composition of 
molecules at up to the 1000kDas in size (Table 4). There have even been attempts to make 
claims in relation to these polysaccharides using sodium alginate from brown seaweeds and 
biomass of the genus Ulva as a means to improving digestive health through improved 
mucosal lining and toxin removal. However this claim was rejected by the European Food 
Safety Assessment panel specifically because the variability of the fibres in question was not 
accounted for, either within the shelf ready alginate nor in the species of Ulva (EFSA 2011). 

Table 4. The diverse categories of polysaccharides (fibres) across seaweed taxonomic 
groups. 

These are further specified to unique species signatures using additional functional 
characteristics in addition to the repeating unit structure.  

 

Therefore the proximate composition categories can be identified as carbohydrates and 
(currently) dietary fibres on nutrition panels, as measured by accredited analytical food 
laboratories. However any further claims on the benefits of these fibres cannot be considered 
unless clinical research has been undertaken for the specific fibres from specific barcoded 
species in question. In addition the structural characterisation of these molecules is an 
emerging science and is difficult to achieve in detail, and involves complex techniques of 
High Pressure Liquid Chromatography (HPLC). Mass Spectrometry (MS) and Nuclear 
magnetic resonance (NMR). These techniques can deliver core characterisation that can be 
used in making describing the fractions that are tested in clinical research.  

PhytoNutrients 
Seaweeds have a potent concentration of phytonutrients throughout the biomass. Often 
photosynthetic processes take place throughout the entire organism which is more 
homogeneous in structure than land plants. Also there is a diversity of pigments for seaweed 
species and these are related directly to the evolutionary pathways and high level taxonomy.  
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Table 5. The diversity of pigments in different seaweeds illustrates the distinct and distant 
evolutionary pathways of the three main categories that people are familiar with for 
food. 

  
Green Red 

Seaweed 
Brown 

Seaweed  
food example Sea Lettuce Nori Golden Kelp  
Australian type Ulva australis Pyropia columbina Ecklonia radiata 

Chlorophyll Chlorophyll a yes yes yes  
Chlorophyll a 

   
 

Chlorophyll c 
  

yes 
Carotenoids fucoxanthin 

 
yes yes  

astaxanthin yes 
  

 
zeaxanthin yes yes 

 
 

vioxanthin yes yes 
 

 
lutein yes yes 

 

Phycobillins Phycoerythrin 
 

yes 
 

 

EXPERIMENT: How does cultivation condition affect the abundance of known 
pigments within a species  

In addition to measuring the effect of nutrient concentrations on cultivated seaweed for fatty 
acids and protein content, experiments were undertaken to measure the effect of high 
nutrient and low nutrient levels on the concentration of pigments, as well as the effect of 
salinity on pigments. This was undertaken to illustrate that although these compounds have 
the potential for high level claims for their anti-oxidant properties, or, in the case of lutein, 
applications to reduce the effects of blue light damage to the macular region of the eye, it is 
vital that the effects on and concentration of the pigments in question are controlled for and 
tested so that production protocols can be managed to assure product quality and efficacy. 

The effect of high versus low nutrient regimes for production resulted in clear and multiple 
scales of difference in both chlorophyll and carotenoid contents ( 

 

Figure 8) for green seaweed production (PhycoGreenTM). 

 

 

 

 

 

 

Figure 8. High nutrient feeding regimes (control) versus low nutrient regimes result in Low 
Pigment content in seaweed biomass. 

  



 

15 

Further effects on the pigment profiles could be visualised in an experiment used to assess 
the effect of salinity on fatty acids, whereby the colour that could be extracted from the 
biomass with solvents was distinctly difference across three different salinity regimes (Figure 
9). 

 

Figure 9. Difference in pigment extracted from seaweed biomass that was cultivated under 3 
different salinity regimes. 

 

Food Safety 
A review of the literature on international protocols for seaweed was undertaken and is 
astounding in how little there is on seaweed food safety in relation to pathogens in seaweed. 
There will be analogies for seaweed with other land crops, as well as with aquaculture 
species. Food Health and Safety revolves to a large extent around microbial pathogens that 
contaminate food through the vertical chain from farm to fork. The same must be said for 
seaweeds, and although little is known about the contamination risks and types of 
pathogens, it is appropriate that the emerging seaweed industry considers a strong, 
conservative and preventative approach to this risk management before reducing the burden 
of monitoring for contaminants prematurely. Any damage to consumers and the industry 
through health outbreaks serves to damage the market image for all emerging seaweed 
products, and as the current status is one of low knowledge and experience as to what the 
risks are, it is better to deliver and learn from investment into over-testing rather than under-
testing. This approach for food should testing should also consider that some seaweeds have 
the potential to inhibit food pathogens, even Listeria, and may therefore be beneficial as a 
food ingredient in manufacturing (Patra and Baek 2016, Pérez, Falqué et al. 2016). 

Pathogens 
In light of this conservative approach, the current pathogenic limitations for other foods was 
considered, with reference to both land and aquatic based food safety programs in Australia, 
as well as any international approaches to food safety for seaweeds. A suite of pathogens 
that could potentially pose a risk to human health from seaweed products were identified and 
tests on processed seaweed biomass as well as some of the potential vector sources for 
pathogens (Table 6). For example, Staphylococcus aureus is a known food poisoning risk in 
seafood and it withstands extremes of salinity and pH, thus it is more resistant than other 
bacteria to processing treatments and can persist in salty seafoods (Food Standards 
Australia , FSANZ 2016). In contrast the list does not include Bacillus cereus, Shiga toxin 
producing E. coli, Campylobacter, as these are regarded as less relevant or low risk for 
seaweeds as they are associated with very different food types, e.g. rice or dairy, however 
this does not mean that there is no risk of these organisms on certain seaweeds and from 
certain handling practices. 

 

45 ppt 30 ppt 15 ppt 
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Table 6. Pathogenic microorganisms that were identified and tested as potential candidates of 
risk to consumers of seaweed food products without adequate safe food handling 
and monitoring practices.  

Green limits are the safety criteria for seaweeds as identified in France by CEVA. 

 

As for any food, the risks from pathogens can occur all the way along the vertical chain and 
may including the following points of entry: 

Production source – sea or contained production area 

• decaying matter 

• sewage 

• nutrient feed sources (this is particular to aquaculture of seaweeds in the instance that 
they are exposed to remediation streams of nutrient from other aquaculture, livestock or 
even just stores of liquid nutrients) 

• livestock and natural fauna 

• algal blooms (if toxic algae are harvested with the seaweeds – although this is most likely 
of much lower risk than say for shellfish which accumulate the toxins) 

Harvest 

• organic matter or unclean harvest infrastructure 

• temperature and time exposure of wet harvest  
Processing  

• processing time and temperature 

• moisture content 

• food handling hygiene standards 

• unclean processing infrastructure  
Packaging 

Quality and airtight nature of packing materials (most seaweeds are highly hygroscopic by 
nature and will require air tight containers for dried products) 

Shelf life 

The moisture content will dictate the shelf life of products and this will include the robustness 
of packaging. Many seaweeds are highly hygroscopic even when dry and will require airtight 
storage conditions. 

Handling by the customer 

If there are specific storage conditions required by the customer, then these should be 
indicated on the packaging, including use-by or best before dates, and/or resealable 
packaging should be considered. 

Aerobic Colonies 
(MAB, SPC, TVC) Coliforms E. Coli Enterobacteriaceae

Coagulase Positive 
Staphylococcus Sulfate reducers

Vibrio 
parahaemolyticus

Listeria  (in non-
growth foods) Salmonella

Clostridium 
perfringens Yeast & Mould

Australian Standards cfu/g cfu/g cfu/g cfu/g cfu/g cfu/g
Satisfactory <10 000 <10 <3 <1 000 <100 < 1000 <3 0 0 <100 (<1) <100
Marginal 10 000 to 1 000 000 10 to 100 3 to 1 000 1 000 to 100 000 100 to 10 000 3-1 000 1000-10 000 100 to 1000
Unsatisfactory >1 000 000 >1 000 >100 000 10 000- 100 000 1 000-100 000 (<1000) 10 000-1 000 000
Potentially Hazardous >100 000 >100 000 >0 (>1 000) >0 >1 000 000
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In order to demonstrate the sensitivity of existing off the shelf microbiological test kits were 
suitable to seaweed, and to identify which pathogens and potential entry points existed, we 
challenged fresh seaweed, dried seaweed, extracts and aged products through appropriate 
and sub-optimal handling, as well as testing seawater and nutrient sources that may be 
vectors or entry points for pathogens. It was evident that standard pathogenic tests were 
suitable to the pathogens that can establish themselves in seaweed (Figure 10). This 
included enterobacteriaceae, coliforms, aerobic colonies and yeast and mould. It is important 
to note that there may be other specific microorganisms that are of food safety risk in 
seaweeds that we are not aware of and that are not currently detected in standard food 
microbiological tests. However with the onset of genetic technology to detect microorganisms 
on seaweeds, we are slowly discovering the suite of microorganisms that are associated with 
seaweeds and that might offer prebiotic functions as well as act as pathogens (Singh and 
Reddy 2015). Indeed it is already established that functional microbial genes can be 
transferred to the human gut microbiome through the ingestion of seaweed (Hehemann, 
Correc et al. 2010). 

 

Figure 10. Maximum colony forming units (cfu) per gram or mL of substrate, tested across a 
range of challenge tests and samples to demonstrate the suitability of standard 
food safety test kits on seaweed and products. 

Dashed line indicate the limit of satisfactory results for enterobacteriaceae (yellow), yeast and 
mould (dark blue), aerobic colonies (light blue) and coliforms (orange). 

 

Contaminants and natural toxicants 
A baseline of risk factors to consider, the FSANZ Food Standards code outlines food 
standards that must apply to all foods (2016). Schedule 19 lists known and regulated 
contaminants and natural toxicants. A review of these was undertaken to identify standard 
food safety issues as well as to identify if there were specific risk areas for seaweed that are 
not established, as seaweed is a lesser known, novel or non-traditional food source in 
Australia. 
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The health risk posed by seaweed species with toxic metabolites, in contrast to some 
notorious microalgae, is broadly considered to be low, with the exception of the accumulation 
of some metals and metalloids in certain species. For example Kombu (Undaria pinnatifida), 
or species of Laminaria and Saccharina genera, commonly have levels of iodine that if dosed 
incorrectly can and have led to chronic illness outcomes for people (Lawyers 2014). Similarly, 
Hizijki seaweed is known to concentrate inorganic arsenic to levels that are currently 
considered a health risk. It is for this reason that the FSANZ have imposed a regime of 
quarantine testing for these species of seaweed for food consumption into Australia (FSANZ 
2010, FSANZ 2013).  

The choice of seaweed for cultivation is usually well thought through with a history of food 
safety evidence, however where a food culture (the western cuisine) is adapting to a new 
ingredient (seaweed), its appropriate use is not well understood. In addition and because 
Australia has a unique biodiversity of endemic seaweed species, it is important to assume 
that there may be species with toxic metabolites that we are not familiar with, or that can 
accumulate high levels of toxic elements. Some people may be harvesting species that are 
unknown to them and there are a few instances where seaweeds are known to be potentially 
toxic. For example some species do produce their own toxins such as domoic acid in 
Chondria armata (rhodophyceae) and caulerpin in Caulerpa taxifolia (Chlorophyceae). The 
latter species has been introduced to Australia and is prevalent in many estuaries, and it is 
pertinent to know your species.  

Therefore testing for toxic elements is important and should primarily follow the methods of 
elemental analysis as for nutritive elements (see above). Because Arsenic and Iodine are at 
such low levels in the seaweeds and difficult to detect using XRF, increased calibration is 
required before this approach can be recommended. Instead, the best approach to 
demonstrate safety of Australian seaweeds for As and I is using NATA accredited method of 
acid extraction followed by Hydride Generation Inductively Coupled Plasma-Mass 
Spectrometry (ICP-MS). It is the inorganic arsenic fraction that is of concern, including total 
arsenite (As3+) and arsenate (As5+) but also the trace quantities of organic 
monomethylarsenate (MMA). Otherwise the organic arsenic molecules in seaweeds are not 
of concern. 

In this section, potentially harmful metals were tested and considered at a concentration 10g 
per day dry weight, which is in line with FSANZ and EFSA reporting for seaweeds (FSANZ 
2013). However with previous reporting by FSANZ and converted to 10g (Figure 11), it is 
evident that only two taxa (Ulva (Aonori) and Porphyra (Nori) should be consumed in such 
high quantities due to iodine levels. Due to this specific toxicity risk from seaweed, it is 
important that the development of the seaweed industry in Australia adopts and informs the 
consumers and manufacturers about the safety and dosages that are appropriate for each 
individual species. Such a complete analysis was undertaken for PhycoGreenTM, showing 
good margins on safe levels of all metals and metalloids when consuming 10g per day 
(Figure 12).  
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Figure 11. The amount of iodine that would be consumed by eating 10g of dried seaweed of 
different species, compared to the FSANZ Upper Limit (1.1mg red line) of iodine for 
an adult (FSANZ 2010). 

“For border testing of imported food, Hijiki seaweed is classified as a risk category food, given the possibility of 
high concentrations of inorganic arsenic. Hijiki seaweed, from a new producer exporting to Australia, is initially 
referred to DAFF by Customs at a rate of 100% of consignments, and is tested to ensure inorganic arsenic levels 
do not exceed the ML in the Code of 1 mg/kg (at 85% hydration). Once five consecutive consignments from the 
producer of the specific food have passed inspection, the inspection rate is reduced to 25%. After a further 20 
consecutive passes, the inspection rate is reduced to 5%. Any subsequent consignments that fail result in a return 
to 100% testing of that product from that producer until a history of compliance is re-established for the food. 
Consignments of risk food which fail inspection cannot be imported. These foods are re-exported or destroyed.” 
“The Australian Quarantine and Inspection Service (AQIS) has now included brown algae/seaweed vegetables on 
the imported food ‘Risk List’ and are monitoring at the border to ensure that only products with safe levels of 
iodine are imported (≤1000 mg iodine/kg dried weight).” 
Current import restrictions and process for Sargassum and Laminaria species of seaweed (Hijiki and Kombu). 
Sources: (FSANZ 2010, FSANZ 2013)  

 

  

Figure 12. Tested levels of metals in PhycoGreenTM seaweed (blue bars) in relation to the 
maximum or upper limits (red) per 10g of product. 

Maximum Limit (mg/kg product) or Upper Limit (mg/day in adult female) per day of metal based 
on nutritional and food safety standards (2016). In France the safety indicators for seaweeds 
have been identified by Centre d'Etude et de Valorisation des Algues (CEVA 2014) as for other 
plants and legumes in mg/kg of product (green).  

  

Metal
Se 0.4 mg/day
Zn 35 mg/day
Pb 1 mg/kg
Cu 10 mg/day 

I 1.1 mg/day (2000mg/kg)
(inorganic) As 6.7 mg/kg  (3mg/kg)

Cd 0.005 mg/kg (0.5mg/kg)
Hg 0.002 mg/kg (0.1mg/kg)
Sn 0.01 mg/kg (5mg/kg)

Max Limit mg/kg or Upper Limit 
mg/day
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Residues 
To date it is unclear whether any pesticides or preservative methods are used in seaweed 
production and processing. Unless there are specific circumstances of water sources being 
contaminated with pesticides, or food processing adopts sulphite or other preservative 
methods, the current status is that there is a limited risk of residues in seaweed production 
for food. 

Allergens 
It is unknown what reported allergies related to seaweeds are from, but there are some 
anecdotal reports. As for any food there may just be very specific individual sensitivities, and 
if any allergic reactions occur then these should be relayed to a medical practitioner. If 
someone is allergic to seafood, then it is unlikely that they are allergic to seaweed as there 
are no fish proteins, the usual allergen triggers, in seaweed. However, as seaweed is 
sourced from the sea and may host microscopic fauna that belong to crustaceans, there is 
evidence that there may be weaker allergens from crustacea present (Motoyama, Hamada et 
al. 2007). These are detectable using ELISA crustacean allergen testing as well as the other 
food safety tests, at least on a regular basis to eventually rule it out as necessary unless 
some is detected. We detected no crustacean allergens proteins in the seaweeds we tested 
here, as analysed by NATA accredited laboratories.  

Handling  
The processes from production, through harvest, processing and manufacturing can be as 
diverse for seaweeds as they are for land crops. Some seaweeds are totally wild harvest and 
must follow stringent natural resource management regimes. However the bulk of seaweed 
production globally is through cultivation, and the majority of this is sea-based on ropes or 
other infrastructure. It is anticipated that as the industry expands in Australia it will comprise a 
blend of land-based and sea-based production systems. Across these systems details for the 
vertical process and handling may differ, but effectively a similar chain of data collection and 
records are going to be maintained to achieve full traceability and quality assurance. The end 
food products from seaweed are going to be required to demonstrate a process to execute 
product recalls as well. To achieve this well planned and documented procedures and 
responsibilities need to be in place, and the business will need to have a Food Recall Plan. 
An example of how this might look for seaweed crops is outlined below. All of the parameters 
presented in this document and that are relevant for the products being sold will be testing 
protocols that are detailed in the Quality Control Process log as identified below (Figure 13). 
The protocols for seaweed production batches should be monitored and followed strictly and 
labelling is an important part of that. (FSANZ 2014) (Figure 14).
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Figure 13. An example of a traceable and quality assurance system that can house the quality control parameters that are outlined in this report 
and that are specific to seaweed as a food crop. 

The red arrows indicate how a recall process can be executed with such a system, and trigger actions to amend the Quality Control procedures if 
required and to avoid future lapses in product quality and safety. 
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Figure 14. Example of minimum requirements for good practice labelling and management of 
food product supply chain include criteria for labelling.  

This one is adapted from the NSW Foods Authority Shellfish Food Safety program for batch 
production of seaweed labelling. All food handling and recall processes and templates can be 
found at the FSANZ website (FSANZ 2014). 

The logistics and distribution of dried seaweed products should not pose a significant 
problem to food health and safety with a suitable process from production and leading up to 
adequate and sealed packaging. The hygroscopic nature of dried seaweed however means 
that it should be well sealed in food grade packaging for adequate transport and shelf life. 
This will need to be tested for the individual products, as whole seaweeds will differ from 
baked or blended dried goods, and resealable packaging may be required. Instructions for 
this should be included on the labelling. 

Fresh seaweed will require more extensive experiments for each specific seaweed and 
handling infrastructure, packaging and storage conditions, to determine what shelf life and 
storage conditions will be required. This will be quite unique and distinct for different species. 
For example wakame type seaweeds are often blanched but still could be sold as wet 
produce, while others are harvested directly and packaged and still have natural seawater 
around them, for example seagrapes. Modern vacuum packaging technology may be 
important in these instances, and/or chilling requirements need to be identified in line with a 
comprehensive food safety testing regime in the early days to eliminate risks. 

Certifications for seaweed as a food 
Seaweed is well regarded as a traditional food in many cultures, however in Australia there is 
little evidence of it being consumed traditionally in recent history. As seaweed in Australia 
also has many endemic species, the challenge is that many genera do not have a well 
recorded history of being eaten. Therefore approaching the FSANZ for rulings on the use of 
Australian seaweed as a food, requires extensive research of the historical uses of seaweed 
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as a food, of which there are limited records from Australia. However the breadth and ancient 
historical records of diverse seaweed species used for food and health applications are 
abundant, and can be taken into consideration for assessment by modern food regulatory 
bodies, as long as the species can be identified with certainty. 

In the instance of a seaweed genus that does have evidence of being eaten internationally, 
but not in Australia, then the approach of the FSANZ was to review the evidence of the food 
internationally, including scientific literature on its safety (specifically with regard to iodine 
content) and then, if  

• it is a genus with records of being eaten traditionally outside of Australia, or 

• it is a genus with a history as a food with evidence for its safety in the scientific literature, 
as well as evidence from the actual Australian source that is comparable, 

then to apply to the FSANZ Advisory Committee on Novel Foods to review the new crop as a 
Non-traditional food. 

In contrast, if it is a genus or species that does not have a history of being eaten traditionally, 
and/or it is a species that is endemic to Australia, then it may have to be considered by the 
FSANZ as a novel food. This requirement is more onerous and involves considerable time 
and research on the nutritional and safety aspects as a food. Most of what is covered in this 
report would be needed as new data for submission to the committee for review. 
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Table 7. A select historical summary of the use of seaweed in food and health from ancient 
times to modern day. 

Period A select history of seaweed used in food 
up to 
35,000BC Tasmanian aboriginal cultures utilise the hygroscopic properties of kelp to make water carriers    

13,000BC Seaweed used and traded in nutrition and health of ancient civilisations in Chile (Dillehay, Ramirex 
et al. 2008). 

2700BC Evidence of use of seaweed in China for food and the prevention of thyroid diseases (Ellis 2000). 

600BC Sze Teu wrote that in China that seaweed was made for food for special guests or kings (Chapman 
and Chapman 1980). 

0-300 Seaweeds used as medicines in Greece (Rindi, Soler-Vila et al. 2012) 

600 Ancient Hawaiians were reported to seldom eat a meal without seaweed and consumed more 
species, up to 75, than the Japanese (MacCaughey 1916). 

1700's Seaweed ranching for food production in Japan (Pyropia spp.) (Borgese 1980). 

  
The Tongans consumed Limu Moui for 3,000 years and was a staple in their diet.  When Captain 
Cook visited Tonga in 1777, the Tongans offered him Limu Moui to restore his strength and energy 
(Ostradd 2003) 

1851 A mixture of brown, red and green seaweeds in an elixir is identified as a treatment for intestinal 
worms in the European medical Pharmacopaiea (Robert Dunglison M.M. 1851). 

1925 
Over 20 species were known to be consumed traditionally by Canadian indigenous peoples and 
includes species of Macrocystis (bull kelp), Pyropia (nori) and Ulva (sea lettuce) (Kuhnlein and 
Turner 1991) - taxa that are also found in Australia.  

1940s  Industrial development of hydrocolloids from seaweeds; seaweed biology; research on seaweed as 
food (Tseng 1944). 

  Reproduction breakthrough on Pyropia life history and intensification of nori cultivation in Japan 
(Harris, Matsuda et al. 2013). 

  
The Maori Battalion was provided with New Zealand karengo (Pyropia spp. or nori) to March with 
for nutrition during the second world war - this was a traditional source of nutrition in New Zealand 
(Wassilieff accessed May 2017). 

1950's Peoples Republic of China establishes large-scale, Laminaria raft cultivation (Chengkui 1984). 
1960s Early publications on bioactive fucoidan polysaccharides for health applications emerges  

1970s Tank based cultivation developed in Canada to secure source of carageenan from Chondrus 
crispus (Moseley 1990). 

  Establishment of commercial phycocultivation of carageen seaweeds in the Philippines for the food 
industry (Hurtado, Joe et al. 2011). 

1980s 
Mutant studies; seaweed cultivation and biotechnology growth; properties of hydrocolloids in 
industries; drug discovery and bioactive compounds; classical breeding genetics (Chan, Ho et al. 
2006). 

  Phycoculture in China reaches over 1million tons per annum (Chengkui 1984). 

  Seaweed cultivation for carrageen production introduced to Indonesia and Africa (Hurtado, 
Montaño et al. 2013). 

1990 
Genetic transformation and tissue culture; molecular phylogenetics; small-scale gene cloning and 
characterisation for elevating the technology around seaweed cultivation for food (Chan, Ho et al. 
2006). 

1998 
The Ngai Tahu Claims Settlement Act 1998 protects bull kelp and karengo (Pyropia spp. or nori) 
from commercial harvesting within traditional seaweed-gathering grounds in New Zealand 
(Wassilieff accessed May 2017). 

2000's 
Barcode of Life established and first seaweed barcodes published, providing the opportunity to 
develop species identification for traceability and applied to reclassify taxonomy of some of the 
biggest commercial species 

  Micropropagation technology expands (Reddy, Jha et al. 2008). 
2011-2015 Seaweed flavoured food and drinks in the west increase by 147% (Mintel 2016). 
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Results 
This report consolidates the core nutritional properties of seaweeds, highlighting the  

• specific or unique nutritional attributes that need to be focused on;  

• analytical methods that are suitable to these attributes and how they need to be 
approached for seaweeds in particular;  

• food safety considerations for seaweeds within, and in addition to, the current food safety 
regulations in Australia. 

The project and methods developed herein have facilitated the delivery of content that is 
suitable for the delivery of nutritional and food safety information as required by the food 
industry, and also delivers additional information to producers that will enable them to ensure 
that their crops can deliver on nutritional claims as well as within safety parameters. 

Trace Elements 
Trace elements are costly to analyse and are highly variable within a species and between 
species, but they are a key nutritional attribute as well as a safety concern for seaweed as a 
food. Therefore rapid analysis techniques that are calibrated with robust accredited analytical 
methods are important to this new and emerging industry. Here, the calibration and 
application of XRF gamma ray analysis was tried and tested with good results. Further data 
points through calibration of wet chemical analysis and XRF needs to be undertaken to 
develop this rapid analysis technique for the seaweed industry. 

Protein 
Seaweeds can average as well as exception protein profiles as a primary producer. Some 
species attaining levels over 40% protein and with a full suite of essential amino acids, and 
often vitamin B12 as well. Therefore, although protein is not a limited proximate nutrient in 
the western diet, the opportunity for the growing vegetarian market and addressing limitation 
of such diets could be addressed with seaweed. However in contrast to land plants, seaweed 
stored nitrogen differently and therefore different conversion factors in the standard food 
testing procedures must be used to avoid over-promising on the protein provision from 
seaweeds. The best thing to test in the emerging stage of seaweed cultivation is to look at 
the full suite of amino acids for a complete protein analysis profile.  

Omega-3 
Marine Omega-3 fatty acids are a core limiting nutrient in the western diet, and there are a 
number of seaweeds that can and have already shown, that despite lower concentration of 
lipids, they can contribute to improving the marine food chain profile of aquaculture species 
(Mulvaney, Ingram et al. 2015). The work undertaken in this project also indicates that the 
actual level of Omega-3 and overall polyunsaturated fatty acids and other lipids, may have 
been underestimated following standard or commonly practiced analytical procedures. 
Therefore consideration of the results outlined here and the detailed methods presented in 
McCauley et al. (McCauley, Winberg et al. 2016), is important for nutritional reporting of this 
nutritional asset of seaweed. 

Fibre 
Seaweed is a king of crops as far as soluble dietary fibres goes; most seaweeds are rich in 
them. Together with the recognition of chronic deficiencies of diverse dietary fibre in the 
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western diet, seaweed holds huge potential (Kraan 2012). However not all dietary fibres are 
equal, and seaweed dietary fibres are distinct across taxa all the way down to species level. 
Therefore claims about the benefits from dietary fibres from one seaweed will not hold across 
all seaweeds. This is especially important in light of new food regulation considerations about 
requiring clinical evidence, not just chemical analysis, that a product may list dietary fibre as 
an ingredient or component. This area will be a rich frontier for research into the future. 

Phytonutrients 
Phytonutrients are unique and abundant across and within seaweed species, and different to 
those of land crops. Therefore this will remain a key area of analysis in relation to extraction 
methods or claims on foods for the anti-oxidant, anti-inflammatory, gut health promoting and 
other benefits. However the diversity across species and the variation in different cultivation 
conditions requires a consistent monitoring and production approach to be able to deliver on 
the claims. 

Food Safety 
As food and crop and new production industry, seaweed must live up to a standard of safety 
at least at the level of other food standards, but also has a legacy of poorly practiced use in 
modern food manufacturing. This is in relation to a key area of strength and weakness for 
seaweeds that is metals and trace elements. One key nutritive element is iodine, but this is 
required in such trace amounts and overdosing can lead to sever health issues. It is a 
situation of not too much, not too little, and just right. This needs to be managed by knowing 
which species accumulate potentially toxic elements or toxic quantities of elements, and also 
knowing the sources of potential pollutants that may accumulate in the seaweed tissue. 

Further food safety standards and handling need to be maintained as for any other food 
industry and includes testing for pathogens, which can be done with standard food testing 
methods, although new microorganisms related to seaweeds will undoubtedly appear and 
this remains an important area for research, especially considering the availability of genetic 
sequencing technology. 

Table 8. A summary of the core nutritional and food safety aspects of seaweed as an 
emerging food crop in Australia, and the influencing factors on unique areas of 
opportunity and challenges for seaweed best practice in comparison to other crops 
or foods. 

Influencing 
factor 

Metals & 
minerals Protein Omega-

3 Fibre Phyto-
nutrients 

Food 
safety Solution 

species yes yes yes yes yes yes genetic barcoding and 
isolation of stock 

environment yes yes yes  yes yes controlled cultivation and/or 
continuous analysis 

analytical 
method yes yes yes yes   Unique approaches required 

and outlined in this report. 

vertical chain / 
handling 

  yes  yes yes 

well managed chains of 
custody, data collection 
within and across 
organisations, and food 
safety testing regimes 
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Implications 
Collectively this information is a strategic summary of what aspects of seaweed production, 
handling and use in foods needs to be considered in this new and emerging marine crop for 
Australia. The availability and application of this knowledge by those proponents entering the 
seaweed cultivation industry, use of seaweeds in prepared or manufactured food products, 
as well as nutritional and health choices by the consumer are important foundations for the 
success of a new industry that avoids pitfalls, identifies opportunities, and maintains the high 
standards of quality and safety that is an important aspect of Australia’s position in the global 
food industry. From this foundation, many new species, health and food safety aspects will 
emerge through research, development and industry application. Communication of this 
across the new and emerging industry in Australia is vital, and once quality and safety 
parameters are clear and adopted, standard practice for this new and emerging crop for 
Australia, the doors of a serious new entrant in Australia’s primary production are open.  

 

Recommendations 
As identified in this report, the diversity of seaweeds in Australia is enormous. In addition we 
have a global competitive advantage of some very clean areas of coastline and catchments 
that are suitable to the development of the new and emerging Australian seaweed production 
industry. To maximise this potential, it is important that further work continues on the 
nutritional and safety parameters of Australian seaweeds, as new species and new 
production methods and sites develop. The diversity of seaweed production techniques can 
be as diverse and across as many different climatic geographies as for land crops; both on 
land and at sea. Therefore there will be very specific opportunities and challenges facing the 
development of these systems and it is important that the nutritional opportunities and safety 
challenges are identified early; to both support the investment opportunities and to avoid 
failures. 
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