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1. Introduction 

1.1 – Description of Work 

This document is intended to provide a modern perspective on processing methods, regulatory 

compliance, and registration for kelp products to permit entry into more high-value or specialized 

markets. The content is specifically focused on supporting the growing Alaska seaweed industry 

and product development activities in the United States; however, the techniques may be 

applicable globally. Where possible, relevant peer-reviewed academic, industry, or government 

literature is cited to provide up-to-date information and compliance standards. Readers are 

recommended to refer to these cited documents for further clarification and details. Seaweed 

broadly, primarily aquaculture of kelp, represents a growing industry segment in the United States 

that has the potential to support more sustainable agriculture, food, and human health practices. 

This biological resource presents a valuable opportunity for the creation of new products and 

processes to drive the growth of a new North American industry. Capturing this growth is not 

without its challenges, requiring new supply chains, manufacturing processes, regulatory 

oversight, and industry knowledge that must be created through active government, academic, 

and business engagement. This document is intended to establish a collective base of technical 

and regulation knowledge that begins to address some of the challenges currently limiting growth 

so that this nascent North American industry can truly flourish.  

1.2 – Global Seaweed Markets 

Seaweed is truly a global industry with widespread production and use. Most marine-based 

macroalgae (Seaweed) is consumed directly as food. In 2017, direct food uses accounted for 

70% of the 12 billion USD global seaweed market (Poblete-Castro et al., 2020). Seaweed use as 

a substantive food ingredient is most common in the Asian Pacific, where it is found in soups, 

salads, and most meals as a whole food ingredient. While consumption of whole seaweed is 

increasing within North America with the growth of Asian food products, the refined additives like 

alginate and carrageenan are far more common as food ingredients. The ubiquitous use of refined 

seaweed ingredients in food processing is due to its versatility as an additive – providing beneficial 

gelling and thickening properties that are vital for commercial meat, dairy, confection, bakery, and 

many other consumer products. According to data from the Food and Agriculture Organization of 

the United Nations (FAO), the global seaweed output increased nearly three-fold from 2000 to 

2019 (Zhang et al., 2022). The production of raw material remains dominated by the countries of 

China (56.8%), Indonesia (27.8%), South Korea (5.1%), and the Philippines (4.2%). By stark 

contrast, North and South America combined produce 1.4% of the global seaweed market 

biomass – the majority of which is wild harvested. Certainly, there is room to expand the seaweed 

industries in the United States and Canada, which account for 0.02% and 0.04% of the global 

market biomass, respectively. 

 

Historically, seaweed has been valued for its extreme versatility and used around the world for 

human consumption, fertilizer, soil improvement, and animal feed. Modern uses have expanded 

as the chemical, cosmetic, and pharmaceutical industries find valuable bioactive molecules in 

http://dx.doi.org/10.1016/j.copbio.2020.02.008
https://fppn.biomedcentral.com/articles/10.1186/s43014-022-00103-2


https://www.mdpi.com/1996-1073/15/24/9395
https://www.fao.org/fishery/en/statistics/software/fishstatj
https://fppn.biomedcentral.com/articles/10.1186/s43014-022-00103-2
https://www.tandfonline.com/doi/full/10.1080/23308249.2020.1810626
https://www.fao.org/4/y4765e/y4765e00.htm
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Seaweed can be divided into three groups based on pigmentation: brown (Phaeophyta), red 

(Rhodophyta), and green (Chlorophyta). Kelps are a specific subcategory of fast-growing brown 

seaweed and are well suited to cultivation as they can be started in land-based nurseries before 

being grown on lines in the ocean. They can expand up to 60 cm per day and reach 50 m in 

length. North America seaweed cultivation is focused primarily on kelps, specifically Sugar Kelp 

(Saccharina latissima), Bull Kelp (Nereocystis luetkeana), Giant Kelp (Macrocystis pyrifera), and 

Ribbon Kelp (Alaria marginata) (NOAA, 2024). The most prolific global kelp species, in terms of 

total biomass, are Kombu/Sweet Kelp (Saccharina japonica) and Wakame (Undaria pinnatifida). 

Once suitable growth is achieved, kelp can be harvested directly off the line. At this point, how 

the kelp is handled is of great importance: storage at temperatures above freezing will cause 

spoilage over time due to non-microbial and microbial changes (Wirenfeldt et al., 2022). 

Degradation during processing impacts the ability for farmers and processors to capture value if 

the quality and chemical composition is significantly impacted post-harvest. 

 

One challenge associated with kelp as a feedstock for industrial chemical production is variability 

in the composition of the biomass (Hafting et al., 2015). In general, fresh kelp is primarily water 

with moisture content ranging from 85-90% - naturally, it is the remaining dry fraction that is of 

commercial interest (Figure 1A). The major organic components of kelp are the polysaccharides 

alginate (Figure 1B), cellulose, fucoidan (Figure 1C), and laminarin (Figure 1D). Kelp 

polysaccharides are typically 40-50% of the dry weight. It is this class of structurally complex and 

variable chemicals that have propelled the kelp industry to date; at least 30,000 tons of alginate 

are produced globally to address the needs of a >$500M market (Saji et al., 2022).  

 

Polysaccharides have a host of synonyms, such as carbohydrates or sugars, and are functional 

building blocks of life. As the human body possesses few digestive enzymes for kelp 

polysaccharides, they can be considered dietary fiber (Peñalver et al., 2020). In industry, these 

molecules can have valuable physical properties such as gelling, lubrication or texture, and can 

even form protective coatings. More recently, manufacturers are working to harness observed 

bioactivity of these compounds to produce a wide range of antimicrobial, antioxidant, and 

stimulatory products. It is the functional applications of these polysaccharides that represent a 

major focus in the industrial production of biochemicals from this natural resource. 

Polysaccharides are named based on the functional units, i.e., monosaccharides, that compose 

their dynamic structure and these can vary considerably. The physical and chemical properties of 

these molecules are directly related to their chain length (n), composition, and environment (pH, 

temperature, etc.).  

 

Ash, or total minerals, can account for over 50% of kelp dry weight (DW) and is largely cations 

(sodium, potassium, calcium, and magnesium) with chloride and sulfate as the main anions. 

These minerals, often present as salts on the surface are kelp, can be effectively removed with 

washing or blanching process steps (Nielsen et al., 2020). The ability of seaweed to sequester 

minerals from the environment lends to their use as an organic source of micronutrients important 

for human, animal, and plant health (Circuncisão et al., 2018). However, this same trait places 

seaweed at risk for accumulating potentially toxic amounts of heavy metals - e.g., arsenic, 

https://www.fisheries.noaa.gov/national/aquaculture/seaweed-aquaculture
https://www.frontiersin.org/journals/food-science-and-technology/articles/10.3389/frfst.2022.1030229/full
https://onlinelibrary.wiley.com/doi/abs/10.1111/jpy.12326
https://www.mdpi.com/2071-1050/14/9/5181
https://www.mdpi.com/1660-3397/18/6/301
https://www.mdpi.com/2304-8158/9/5/569
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6266857/
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cadmium, mercury, lead - at rates that can preclude their use in certain applications. Specific 

examples of mineral and heavy metal tolerable limits will be discussed in later sections describing 

the regulatory landscapes of agriculture and food. Beyond heavy metals, iodine in kelp remains 

the major mineral of potential concern. Despite being recognized as a food additive, it is stipulated 

by the US Food and Drug Administration (FDA) that kelp inclusion be limited when used as a 

dietary source of iodine so that the “maximum intake of the food [...] will not result in the daily 

ingestion [...] of iodine in excess of 225 micrograms” (21 CFR 172.365). Kelp has been shown to 

routinely have >1,000 µg (microgram) iodine per g of ingredient (Aakre et al., 2021). Given the 

complexity of mineral content in kelps, it is critical to understand intended end market usage, 

desired functionality, and regulatory requirements. For example, special processing precautions 

clearly need to be taken if Kelp is to be used in appreciable quantities in food applications. 

 

In addition to carbohydrates and minerals, kelp can have significant quantities of protein – up to 

20% DW of protein depending on the species, growing environment, and harvest season (Thiviya 

et al., 2022). Seaweed is considered a valuable source of plant-based protein, especially for 

individuals following vegetarian or vegan diets, because it provides all essential amino acids 

necessary for human health. Still, the digestibility of protein in seaweed is much less understood 

than terrestrial plants (Bhowmick et al., 2022). The growing demand for alternative protein 

sources underscores the need for sustainable and innovative solutions to meet nutritional needs 

for humans as well as animals.  

 

Many seaweeds produce high amounts (5-12% DW) of secondary metabolites (biologically active 

molecules not necessary for normal growth, development, or reproduction), such as polyphenolic 

compounds called phlorotannins (E1 and E2, Figure 1) (Kumar et al., 2022), which exhibit 

important antioxidant capacity related to their irregular structures (Peñalver et al., 2020).  

 

Lipids are a comparably lower macronutrient in brown macroalgae, ranging from 1-2% DW in S. 

latissima (Stévant et al., 2018). However, there is considerable interest in the utilization of the 

specialized lipids present in seaweed to improve human health (Miyashita et al., 2013).  

 

The chemical composition of different species of kelps are remarkably distinct, but the organism 

also displays variability depending on external factors. As it grows, kelp relies on its environment 

for the accumulation of nutrients. Therefore, you can expect some variations related to the farming 

location and availability of specific chemicals. Similarly, kelps will stockpile different nutrients 

depending on their life stage (Schiener et al., 2014). The highest alginate contents are reported 

to occur in summer months in the Northern hemisphere. The storage carbohydrates mannitol and 

laminarin have also been found to accumulate during summer and autumn, for winter use as an 

energy source for new tissue growth. Total carbohydrate levels have been found to negatively 

correlate with growth rates, tissue nitrogen, and ambient nutrient availability in Giant Kelp 

(Zimmerman et al., 1986). It is no surprise then that protein contents are found to be highest in 

winter and lowest during summer, where it has been suggested these nitrogen reserves sustain 

the growth of seaweeds into summer carbohydrate accumulation. A similar trend is observed in 

mineral content, which peaks during the winter and is comparatively lower during the summer/fall. 

https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=172.365
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8035890/
https://www.mdpi.com/2673-9410/2/2/12
https://www.mdpi.com/2673-9410/2/2/12
https://pmc.ncbi.nlm.nih.gov/articles/PMC8834047/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9112266/
https://www.mdpi.com/1660-3397/18/6/301
https://link.springer.com/article/10.1007/s10811-018-1451-0
https://doi.org/10.1016/j.jff.2013.09.019
https://link.springer.com/article/10.1007/s10811-014-0327-1
https://www.int-res.com/articles/meps/27/m027p277.pdf
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In general, these trends highlight the importance of selecting the best harvest period if your 

objective is to maximize certain chemical constituents in the kelp.  

1.4 – Kelp Product Types 

 

  
 

Figure 2. Select Product Types Generated from Kelp 

 

Global kelp consumption can be separated into core product types: food, agriculture, human 

health, and fuel (Figure 2). Kelp is most frequently consumed directly in Japan and China where 

cultivated Kombu (Saccharina japonica) and Wakame (Undaria pinnatifida) find a broad range of 

food applications. Amazingly, these two seaweeds represent >40% of the global >30 million tons 

of cultivated biomass. Kelp is also commonly used to produce alginate, a chemical used as a food 

additive or functional ingredient; however, this application is primarily served by wild-harvested 

seaweed (FAO, 2003). Kelp has broad application in agriculture where it can be extracted to 

create fertilizers/biostimulants for plants (Khan et al., 2008), biopesticides (Santra et al., 2020), 

or dried for use as animal feed (Morais et al., 2020; Evan et al., 2013). Kelp extracts also offer a 

range of bioactive compounds and physical properties that make them desirable within cosmetics 

(López-Hortas et al., 2021). Kelp use within drug development presents a growing segment of the 

market as compounds within seaweed are identified and isolated for their antibacterial, antifungal, 

or anti-inflammatory activities (Lomartire et al., 2022). It must be noted that the majority of 

seaweed drug development studies have been performed in animal models or in vitro and human 

clinical trials are noticeably lacking. Fuel is a substantially lower value application for kelp, but a 

range of methods have been explored to generate energy via biochemical (anaerobic digestion, 

fermentation, extraction) and thermochemical (combustion, liquefaction, gasification, and 

https://www.fao.org/4/y4765e/y4765e07.htm#bm07
https://www.researchgate.net/publication/236231425_Seaweed_Extracts_as_Biostimulants_of_Plant_Growth_and_Development
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7212785/
https://www.mdpi.com/2077-1312/8/8/559
https://www.researchgate.net/publication/258163234_Seaweeds_for_animal_production_use
https://www.mdpi.com/1660-3397/19/10/552
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8875101/
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pyrolysis) methods (Torres et al., 2019). The growing number of applications and apparent 

versatility of seaweed suggests end users will continue to explore and commercialize a growing 

range of products enabled by seaweed.  

2. Primary Processing and Refining of Seaweed 

  
 

Figure 3. General Approaches to Process and Refine Kelp 

2.1 – Primary Processing vs. Refining Kelp 

Raw kelp is generally not immediately suitable for direct commerce. Seaweed plays host to a 

range of viable microorganisms (bacteria, fungi, microalgae, protozoa, archaea, and virus) which 

continue to propagate after harvest (Løvdal et al., 2021). Special considerations must be made 

to mitigate the growth of these microbes or risk potential contamination or degradation of the 

biomass. Within this document the distinction between primary processing and refining is made 

(Figure 3): primary processing occurs immediately after harvest while refining represents a range 

of manufacturing steps that are later taken to convert stabilized seaweed into finished 

products/ingredients suitable for commerce or specific industrial applications. Of course, primary 

processed seaweed, particularly in dried or frozen form, may be suitable for direct sale - but this 

is a comparatively lower value product than refined material and often it is sold as an input for 

further manufacturing (e.g., alginate production). This section will describe the major technical 

considerations for converting seaweed into safe products of high quality. The specific regulatory 

requirements for companies engaged in primary processing and refinement will be discussed in 

greater length in Section 3.  

2.2 – Primary Processing 

Drying 

Seaweed is a perishable commodity with high moisture making it well suited to microbial growth. 

This also presents a technical challenge as a large amount of water must therefore be removed 

energetically to lower the water activity to a level that inhibits growth of spoilage organisms and 

pathogens. Globally, the major primary processing technique is drying, most often using direct 

sunlight or a conventional convective dryer (Kadam et al., 2015). More esoteric (and costly) drying 

https://link.springer.com/article/10.1007/s11157-019-09496-y
https://www.mdpi.com/2304-8158/10/11/2719
https://doi.org/10.1016/B978-0-12-418697-2.00004-0
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technologies, such as freeze-drying, or vacuum- or microwave-assisted, may be utilized if the 

targeted biochemical in the seaweed is more prone to thermal degradation/evaporation and of 

sufficient commercial value (such as bromoform in red seaweeds: Vucko et al., 2017).  

 

Once dried, the resulting material is greatly reduced in size, has <15% moisture, and can be 

stored for extended periods. Solar drying of seaweed is relatively simple and low cost. However, 

product quality and process are largely dependent upon weather and can also compromise the 

hygiene of the product, particularly for food applications. This method remains more prevalent in 

areas with relatively high temperatures, low humidity, and where labor is readily available. It is 

widely thought that high temperature drying significantly affects the nutritional value of brown 

seaweed. Contradictory results of this can be shown with examples that support (Badmus et al., 

2019) and refute (Stévant et al., 2018) the effects of different drying temperatures on chemical 

compositions. In general, it is best to weigh the economic and quality considerations when 

determining a suitable seaweed drying strategy.  

Freezing 

Freezing is a primary processing method more common in North America where solar drying is 

less feasible and convective drying perhaps less available. The method requires existing facilities 

that possess large blast freezers and related refrigeration infrastructure. This approach carries 

inherent costs associated with storage and added manufacturing steps (defrosting); however, 

frozen seaweed remains biologically and chemically stable. Freezing and subsequent thawing of 

seaweed has been shown to result in a high loss of liquid from the raw material - which is 

undesirable if this material is intended for drying. Thawing of frozen Alaria esculenta resulted in a 

drip loss of 57% of wet weight, with the resulting liquid containing 7% dissolved solids (Sund et 

al., 2024). This represents substantial loss of the dry matter into the liquid fraction, impacting 

overall dry yield. In this same study, quick freezing limited the drip loss amount to less than 21% 

of wet weight. Fast freezing rates are known to cause the formation of smaller ice crystals which 

can limit cell membrane damage and consequently limit drip loss during thawing. Slower freezing, 

by comparison, creates unfrozen channels that cause cells to shrink and burst. Cell membrane 

damage through freezing could be beneficial to enhance extraction efficiency during future 

refinement steps. As with drying, the economic and quality considerations of how freezing impacts 

the finished product is vital. 

Ambient Stabilization/Fermentation 

An emerging strategy for primary processing of seaweed is ambient stabilization or fermentation. 

Seaweed naturally ferments, although with great inconsistency due to varying content of water-

soluble carbohydrates, dry matter, and a high buffering capacity (Krook et al., 2024). Ensiling, a 

common agriculture practice of controlled anaerobic fermentation, can be achieved through the 

addition of acids (chemical aids) or natural microbiota [biological aids such as lactic acid bacteria 

(Uchida et al., 2007) or fungi (Du et al., 2021)] and is an increasingly attractive process step due 

to its low-cost and versatility. This method initially received a great deal of attention from the 

biofuel industry who foresaw seaweed as a new potential source of ethanol or methane but 

emerging research is exploring this approach for producing a range of food and natural bioactive 

https://link.springer.com/article/10.1007/s10811-016-1004-3
https://link.springer.com/article/10.1007/s10811-019-01846-1
https://link.springer.com/article/10.1007/s10811-019-01846-1
https://link.springer.com/article/10.1007/s10811-018-1451-0
https://link.springer.com/article/10.1007/s10811-024-03226-w
https://link.springer.com/article/10.1007/s10811-024-03226-w
https://www.sciencedirect.com/science/article/pii/S221192642400136X
https://onlinelibrary.wiley.com/doi/10.1111/j.1444-2906.2007.01383.x
https://onlinelibrary.wiley.com/doi/10.1111/jfbc.13728


Alaska Kelp Processing: Technical Report on Technology,   11 
Market, and Regulatory Considerations 
 

products (Reboleira, et al., 2021). Select examples are provided for the use of seaweed 

fermentation in food (Skonberg et al., 2021; Bruhn et al., 2019), animal feed (Novoa-Garrido et 

al., 2020), and biofuel (Herrmann et al., 2015; Sandbakken et al., 2018) applications. Typically, 

the process involves a rapid pH drop and displacement of oxygen to inhibit growth of microbes 

that cause spoilage such as fungi, clostridia and hazardous pathogens (Albers et al., 2021). To 

expedite this, it is common to use acids - citric, lactic, formic, sulfuric, phosphoric, etc. - to drop 

the pH below 4.0. It is important to be aware of specific limitations on the types of acids that can 

be used; organic or food product categories limit certain processing chemicals. During 

fermentation, seaweed produces lactic acid and other organic acids which can be further 

controlled by the addition of external chemicals/organisms.  

 

Fermentation can change the complex chemicals (polysaccharides, proteins, and polyphenols) 

present in kelp into more bioactive forms (Reboleira, et al., 2021). This complicated method may 

hold the key in unlocking truly unique applications of kelp biomass but, as is common with 

emerging technologies, there is much to be learned about this process through targeted research 

and industrial design.  

2.3 – Refining  

As opposed to primarily stabilization, refining of kelp refers to more involved processing to 

produce specialized products - such as extraction of alginate. Refining typically involves several 

process steps to create a quality product. Dried seaweed can be milled to specified mesh sizes 

and screened to ensure uniform sizes. Extraction, filtration, and fractionation steps are used to 

remove unwanted suspended solids or other contaminants. Once clarified, an aqueous extract 

can be dried to produce water-soluble powders with biological stability.  

 

Traditional kelp refinement, centered around the production of alginate, involves multi-stage 

processing with the principal steps being cleaning/washing, pre-treatment, solid/liquid separation 

(extraction), precipitation and filtration, and drying and milling; depending on raw materials and 

their final applications (Khalil H.P.S. et al., 2018). The conventional method to create alginate 

(alkaline extraction with the aid of acids, CaCl2 induced precipitation, and formaldehyde 

preservation in other process steps) requires chemicals, water, and significant energy 

consumption (Hernández-Carmona et al., 2013). This traditional method is not environmentally 

friendly or cost effective unless operating at a scale to meet a substantial market demand.  

 

An intriguing alternate methodology is the ‘biorefinery’ approach: fractionation of kelp into a range 

of valuable products using multistage cascade processes (Torres et al., 2019). This approach 

leads to a more complete biomass utilization and lower process waste.  Biorefining can produce 

a range of product types to support different downstream seaweed users, thus fostering future 

innovations such as with kelp bioactives. The premise is to have a flexible process that can handle 

the inherent variability of kelp while meeting certain regulatory benchmarks discussed in Section 

3.  

 

https://doi.org/10.1016/j.tifs.2021.08.018
https://doi.org/10.1111/1750-3841.15602
https://doi.org/10.1007/s10811-019-01827-4
https://www.mdpi.com/2076-2615/10/11/1957
https://www.mdpi.com/2076-2615/10/11/1957
https://doi.org/10.1016/j.biortech.2015.07.098
https://link.springer.com/article/10.1007/s10811-018-1489-z
https://www.sciencedirect.com/science/article/pii/S2211926421000801
https://doi.org/10.1016/j.tifs.2021.08.018
https://www.researchgate.net/publication/322856541_A_review_of_extractions_of_seaweed_hydrocolloids_Properties_and_applications
https://www.sciencedirect.com/science/article/abs/pii/B978085709512150014X
https://link.springer.com/article/10.1007/s11157-019-09496-y


Alaska Kelp Processing: Technical Report on Technology,   12 
Market, and Regulatory Considerations 
 

To develop a modern biorefinery approach, key chemical or physical differences of the seaweed 

components must be exploited and used to selectively isolate these fractions during the process. 

This requires carefully selected extraction techniques using suitable solvent, temperature, and 

time strategies. Additionally, specialized mixing and handling equipment are often necessary to 

enhance extraction if strong process chemicals are avoided. Increasingly, greener extraction 

methods such as microwave-assisted extraction (MAE), ultrasound-assisted extraction (UAE), 

enzyme-assisted extraction (EAE), supercritical fluid extraction (SFE) and pressurized solvent 

extraction (PSE) are being proposed to reduce traditional chemical usage and improve the 

extraction yield and quality of seaweed-derived products however their use in large industrial 

settings is less common. 

 

The challenge to be overcome in an extraction protocol is the strong cell wall of kelp which 

contains cellulose as ribbon-shaped microfibrils (Reboleira, et al., 2021). These microfibrils are 

meshed within a matrix of proteins, phenols, and carboxylated (alginate) or sulfated (fucoidan) 

polysaccharides. Therefore, extraction strategies focus on breaking down these cell walls with 

strong alkaline conditions (hot Na2CO3 or KOH, pH ≥ 10). Emerging greener extraction 

technologies facilitate the elimination or reduction of toxic chemical solvents, enhance extraction 

efficiency, and increase the yield and quality of the extract obtained (Ummat et al., 2021). These 

novel extraction technologies can be classified as physical, chemical, biological, or a combination. 

They reduce extraction time and are less energy intensive - but also typically require large capital 

investments and extensive process optimization R&D. 

 

An efficient standard design for a kelp biorefinery, while an attractive pursuit for seaweed 

operators, remains elusive. The utilization of different extraction techniques in a biorefinery must 

be weighed against the potential marketability of the resulting products. A detailed process and 

financial model should be used to determine the feasibility of different multi-product biorefinery 

scenarios (Herrera Barragán et al., 2022). For example, a theoretical biorefinery design for the 

brown seaweed Sargassum muticum is provided in Figure 4 and provides a descriptive roadmap 

for the cascade processes available to manufacturers (Caxiano et al., 2022). In this work, the 

authors modeled a comprehensive economic analysis to estimate the minimum selling price of a 

main product (fucoidan extract) along with co-production of several complimentary byproducts. 

The process generates: (1) lyophilized seaweed sap (freeze-dried press liquor), (2) organic 

fertilizer, (3) fucoidan extract (main product), and (4) calcium alginate.  

 

https://doi.org/10.1016/j.tifs.2021.08.018
https://www.sciencedirect.com/science/article/abs/pii/S0924224421000145
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2022.948086/full
https://www.sciencedirect.com/science/article/abs/pii/S0960852421014942


Alaska Kelp Processing: Technical Report on Technology,   13 
Market, and Regulatory Considerations 
 

  
 

Figure 4. Biorefining Kelp into a Multiple Product Types 

Detailed process flow proposed for the conversion of seaweed (Sargassum muticum) into four products 

(lyophilized sap, organic fertilizer, fucoidan extract, and calcium alginate) - from Caxiano et al., 2022 

 

The biorefining strategy in Figure 4 was designed for a raw seaweed feedstock of 100 kg/h and 

begins with conveying a combination of water and seaweed (7:1) at 30 °C into a screw press (P-

101). Outputs from the screw press step include liquid (liquor) and solid (cake) fractions.  The 

press liquor is freeze-dried to create a lyophilized sap - a water-soluble, mineral-rich product well 

suited to certain applications such as mineral supplements. The press cake undergoes 

autohydrolysis in a steam reactor (R-101) before being further separated into solid and liquid 

components using vacuum filtration (F-101). The resulting solid is considered for use as an 

organic fertilizer and the liquid continues for further fractionation. The addition of CaCl2 with 

mechanical mixing (M-101) creates insoluble calcium alginate that is isolated with a centrifuge 

filtration unit (C-101). The solid phase is dried (L-102) to give solid calcium alginate, and the liquid 

is collected as a fucoidan extract. This process must be optimized based on feedstock flow rate, 

energy consumption, equipment availability, and a host of other general mechanical 

considerations. This is a theoretical exercise that illustrates the types of process steps and 

integration necessary within the design of a biorefinery. The authors estimated the market prices 

for product streams and described the strong need for awareness of existing demands and 

consistent biomass supply to meet projections. It is a holistic strategy like that described above 

that may permit the industry to scale while remaining resilient against market forces in constant 

flux.     

https://www.sciencedirect.com/science/article/abs/pii/S0960852421014942
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2. Regulatory Compliance 

  
 

Figure 5. Federal Regulatory Frameworks Involved in Kelp Product Applications 

3.1 – Regulatory Bodies 

Readers may require some familiarity with the US regulatory bodies (Figure 5) before proceeding 

to interpret specific acts and regulations that can play a role in the use and labeling of seaweed 

products. Both the US Department of Agriculture (USDA) and FDA play a fundamental role in 

reducing the public risk associated with consumer products and therefore provide certain levels 

of regulatory oversight. Pertinent initiatives of the USDA include food safety and inspection, 

nutrition assistance, agricultural research, animal/plant health, and farm/commodity programs – 

although as an inspection body they focus on meat, poultry, and egg products. The USDA will be 

involved primarily when seaweed use is intended for plants or within specific operations 

classifications (such as organic). The Environmental Protection Agency (EPA) is involved in 

enforcing the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) which would play a 

role if the seaweed is intended as a pesticide in crop or livestock production. This is relevant since 

seaweed continues to be lauded as a potential bio-pesticide and offer alternatives to current 

chemical options (Asimakis et al., 2022). As a fertilizer, seaweed is regulated at the state level, 

discussed in more detail below. If the seaweed is intended for the production of organic 

https://www.usda.gov/
https://www.fda.gov/
https://www.epa.gov/
https://www.epa.gov/enforcement/federal-insecticide-fungicide-and-rodenticide-act-fifra-and-federal-facilities
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8877611/
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agricultural products, as outlined in the National Organic Program (NOP), it must meet specific 

criteria to adhere to the Organic Food Production Act (OFPA).   

 

The FDA oversees a broad range of product types outside of the USDA focus - namely those 

intended as food and drugs for humans or animals - and is specifically focused on process 

regulations that ensure these products are safe, properly labeled, and produced under sanitary 

conditions. Three agencies of the FDA contribute to regulatory policy and inspections of seaweed 

products for these applications: College of Veterinary Medicine (CVM), Center for Food Safety 

and Applied Nutrition (CFSAN), and Office of Regulatory Affairs (ORA). Together, these groups 

administer the Food Safety Modernization Act (FSMA) and Food, Drug, and Cosmetic Act (FDCA) 

- topics discussed below.  

 

All the related acts have respective rules and regulations listed in the Code of Federal Regulations 

(CFR). This code provides guidance for mandatory and/or acceptable practices in the production, 

administration, and marketing of products intended for human/animal/plant use. Often, this 

includes acceptable labeling and product definitions that can inform business activities (product 

testing, Quality Management Practices). A large amount of information is provided for operators 

of processing facilities describing mandatory practices that must be followed to permit the sale of 

products. Where possible, examples are made throughout this document to the relevant CFR 

section that describes regulatory policy. There are three important sections that apply in the 

context of kelp products: CFR Title 7 (Agriculture),  CFR Title 21 (Food and Drugs), and CFR Title 

40 (Protection of the Environment). 

3.2 – Agriculture 

Definitions 

Fertilizer: Any organic or inorganic material of natural or synthetic origin which is added to soil to 

provide nutrients, including nitrogen, phosphorus, and potassium, necessary to sustain plant 

growth (USDA). 

Plant Biostimulant - a substance or micro-organism that, when applied to seeds, plants, or the 

rhizosphere, stimulates natural processes to enhance or benefit nutrient uptake, nutrient 

efficiency, tolerance to abiotic stress, or crop quality and yield (USDA). 

Plant Regulator - any substance or mixture of substances intended, through physiological action, 

for accelerating or retarding the rate of growth or rate of maturation, or for otherwise altering the 

behavior of plants or the produce thereof, but shall not include substances to the extent that they 

are intended as plant nutrients, trace elements, nutritional chemicals, plant inoculants, and soil 

amendments (S.2(v) - FIFRA).  

Animal Feed Ingredient/Additive - any substance added to or expected to become a component 

of animal food, either directly or indirectly (FDA). 

 

CFR Sections 

40 CFR Part 152 - Pesticide registration and classifications procedures 

https://www.ams.usda.gov/about-ams/programs-offices/national-organic-program
https://www.ams.usda.gov/sites/default/files/media/Organic%20Foods%20Production%20Act%20of%201990%20(OFPA).pdf
https://www.fda.gov/about-fda/fda-organization/center-veterinary-medicine
https://www.fda.gov/about-fda/fda-organization/center-food-safety-and-applied-nutrition-cfsan
https://www.fda.gov/about-fda/fda-organization/office-regulatory-affairs
https://www.fda.gov/food/guidance-regulation-food-and-dietary-supplements/food-safety-modernization-act-fsma
https://www.fda.gov/regulatory-information/laws-enforced-fda/federal-food-drug-and-cosmetic-act-fdc-act
https://www.ecfr.gov/
https://www.ecfr.gov/current/title-7
https://www.fda.gov/medical-devices/medical-device-databases/code-federal-regulations-title-21-food-and-drugs
https://www.ecfr.gov/current/title-40
https://www.ecfr.gov/current/title-40
https://lod.nal.usda.gov/nalt/5568
https://agriculture.house.gov/uploadedfiles/usda_report_on_plant_biostimulants_12.20.2019.pdf
https://www.epa.gov/sites/default/files/documents/fifra.pdf
https://www.fda.gov/animal-veterinary/animal-food-feeds/ingredients-additives
https://www.ecfr.gov/current/title-40/chapter-I/subchapter-E/part-152
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40 CFR Part 152.6 - Substances excluded from regulation by FIFRA 

21 CFR Subchapter E - Animal drugs, feeds, and related products 

21 CFR Part 507 - Current good manufacturing practice, hazard analysis, and risk-based 

preventive controls for food and animals 

21 CFR Part 573 - Food additives permitted in feed and drinking water of animals 

21 CFR Part 582 - Substances generally recognized as safe 

 

Seaweed products for crops 

Fertilizer. Seaweed products intended to be used with crops must adhere to fertilizer regulatory 

programs established at the state level. This can present a daunting task for new production 

introductions or re-formulations. Association of American Plant Food Control Officials (AAPFCO) 

is an organization of fertilizer control officials from each state and provides guidance to 

standardize the industry. Although individual states may choose not to adopt AAPFCO guidance 

in full, or may adopt additional standards, the guidance in AAPFCO documents can be considered 

as a minimum standard for all products. For reference, the AAPFCO Product Label Guide 

describes important specification information such as label components and guaranteed analysis 

descriptions. 

 

Initially, seaweed use in crop production was primarily attributed to its relatively high mineral 

levels. The ash-rich fraction present after combustion can be used as a plant nutrient source. It 

was this property that saw a drastic increase in the refining of kelp during World War I in California 

when potassium supplies were cut off to the US (Neushul, 1989). A kelp product, liquid or solid, 

that guarantees a specific plant nutrient must be produced in a manner that ensures consistency 

with label requirements. As AAPFCO suggests, “if you claim it, you must guarantee it.”  

 

Three states have provided analysis requirements for specific heavy or potentially toxic metals in 

fertilizers - California, Oregon, and Washington. These describe mandatory testing requirements 

such as metal type and analysis method. For example, laboratories used for metal testing must 

use analytical methods described in US EPA Publication SW-846 including sample preparation 

using method 3050B or 3051 and analysis using method 6010 or 7061A or risk non-compliance 

with California and Washington testing requirements. State regulators can be very strict when 

reviewing the test reports for new fertilizer applications, if required to confirm guaranteed analysis 

descriptions or heavy metal levels. It is always recommended to contact a state regulatory agency 

well in advance of starting product registration to confirm all label and testing requirements are 

met. 

 

Biostimulant. More recently, seaweed extracts have gained popularity as plant biostimulants 

(defined above). The North American market for this product type may reach over $500M by 2030. 

Extracts of brown seaweeds are widely used in crops largely for their plant growth-promoting 

effects and for their enhancement of crop tolerance to abiotic stresses such as salinity, extreme 

temperatures, nutrient deficiency, and drought (Battacharyya et al., 2015). Research in this topic 

reveals that the organic components of seaweed, e.g., carbohydrates and polyphenols, display 

remarkable bioactivity in plant-soil systems and are responsible for these plant health benefits.  

https://www.ecfr.gov/current/title-40/chapter-I/subchapter-E/part-152/subpart-A/section-152.6
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-507
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-573
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582
https://www.aapfco.org/index.html
https://www.rs.uky.edu/regulatory/fertilizer/label_guide_2019.pdf
https://www.jstor.org/stable/3105951
https://www.cdfa.ca.gov/is/ffldrs/pdfs/HeavyMetals.pdf
https://www.oregon.gov/ODA/programs/Pesticides/Fertilizers/Pages/HowRegisterFertilizerProduct.aspx
https://cms.agr.wa.gov/WSDAKentico/Documents/Pubs/707-382HeavyMetalsTestRequirements.pdf?/707-382HeavyMetalsTestRequirements
https://doi.org/10.1016/j.scienta.2015.09.012
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Scientific discoveries in the plant health area continue to reveal interesting interactions between 

seaweeds and plants, but it is important to focus on the domestic regulations that control the sale 

and marketing of these types of products. The choice of regulatory framework to follow for 

biostimulant manufacturers remains uncertain. Some products being sold as plant biostimulants 

may trigger regulation under FIFRA as plant regulators. FIFRA is the Federal statute that governs 

the registration, distribution, sale, and use of pesticides in the United States. The term pesticide 

includes plant regulator products which alter the rate of plant growth or maturation. 

 

According to 40 CFR 152.6(g), a product of any of the following types, intended only to aid the 

growth of desirable plants, is not a “plant regulator” under section 2(v) of FIFRA, and therefore is 

not a pesticide:  

1. A plant nutrient product, consisting of one or more macronutrients or micronutrient trace 

elements necessary to normal growth of plants and in a form readily usable by plants. 

2. A plant inoculant product consisting of microorganisms to be applied to the plant or soil 

for the purpose of enhancing the availability or uptake of plant nutrients through the root 

system. 

3. A soil amendment product containing a substance or substances intended for the purpose 

of improving soil characteristics favorable for plant growth. 

 

There is a potential issue with certain seaweed products that claim the presence of plant 

hormones such as auxins, gibberellins, and cytokinins (Ali et al., 2021). These seemingly 

innocuous label claims carry added weight in the US-regulated market. Exogenous plant 

hormones are plant regulators and therefore require registration under FIFRA. It is perhaps more 

beneficial to identify and guarantee other components of a seaweed product before 

phytohormones. A recent publication of the European Biostimulants Industry Council  (EBIC) 

suggested that “seaweed extracts would be unlikely to induce any phytohormone responsive 

phenotypes at field application because the minimum concentrations required for phenotypic 

changes in the plant are reported to be significantly higher than concentrations reported to be 

found in some commercial seaweed extracts” (EBIC, 2023). 

 

Per guidelines in the 2018 Farm Bill, the USDA and EPA published a report on regulatory 

recommendations pertinent to plant biostimulant products describing potential hurdles to their 

definition under existing guidelines (USDA, 2019). A draft guidance was prepared by the EPA in 

2020 to further clarify the definition of biostimulant including differentiation from current guidance 

on plant regulator claims (EPA, 2020). Biostimulant is not a regulated term in the US, despite 

language of the type appearing in a bill introduced to the Senate that proposes to exclude all plant 

biostimulants from regulation under FIFRA (Plant Biostimulant Act of 2023).  

 

Seaweed products classified as either plant nutrient products, plant inoculants, or soil 

amendments can be reasonably excluded from the definition of pesticide. There are several 

examples of product claims generally considered “non-pesticidal” (i.e. non-plant regulator claim) 

that are suggested by the EPA and some are provided below: 

• Enhances/aids/supports/helps/improves abiotic stress tolerance  

https://www.epa.gov/enforcement/federal-insecticide-fungicide-and-rodenticide-act-fifra-and-federal-facilities
https://www.ecfr.gov/current/title-40/chapter-I/subchapter-E/part-152/subpart-A/section-152.6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8000310/
https://biostimulants.eu/wp-content/uploads/2023/01/20230116-EN-Seaweed-WhitePaper-v11.pdf
https://agriculture.house.gov/uploadedfiles/usda_report_on_plant_biostimulants_12.20.2019.pdf
https://www.epa.gov/sites/default/files/2020-11/documents/pbs-guidance-updated-draft-guidance-document-2020-11-13_0.pdf
https://www.congress.gov/bill/118th-congress/senate-bill/802
https://www.epa.gov/sites/default/files/2020-11/documents/pbs-guidance-updated-draft-guidance-document-2020-11-13_0.pdf
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• Improves soil/seed nutrient conditions for root growth  

• Optimizes soil/foliar/seed nutrient conditions for plant growth 

• Improve/support mycorrhizal/rhizobial association/symbiosis with plant roots/seeds 

• Optimizes nutrient use efficiency  

• Increases/improves/optimizes soil conditions for increased plant vigor  

 

Biopesticide. Laminarin, an oligosaccharide produced by kelp as an energy storage molecule, 

stimulates the natural defense reactions of a wide variety of agricultural crops, including 

vegetables and fruits, against plant pathogens such as bacteria and fungi. In 2003, it was 

observed that laminarin derived from the kelp Laminaria digitata elicited defense responses in 

grapevine cells against pathogens B. cinerea and P. viticola (Aziz et al., 2003). This property has 

been utilized in the development of new biopesticide products. In 2010, the EPA published an 

exemption from the requirement of a tolerance for residues of laminarin on food commodities 

when applied preharvest (40 CFR 180.1295) thus paving the way for these products in agriculture. 

With respect to safety, the EPA considers the toxicological and ecological databases complete 

for characterizing hazard and assessing risk relative to the current pesticidal uses of laminarin – 

there have been no reported incidents associated with laminarin (EPA, 2022). The Fungicide 

Resistance Action Committee (FRAC) lists fungicides according to their mode of action and 

resistance risk. Laminarin is classified under the “host plant defense induction” mode-of-action 

and “P04 - Polysaccharide elicitors” category (FRAC, 2024). In 2015, a petition was submitted to 

include laminarin on the National List of permitted organic substances, but has not been approved 

to date (USDA, 2015). There is some contention with this description as the described extraction 

procedure doesn’t align with the current NOP policy on aquatic plant extracts, which is how a 

laminarin product would likely be defined. Nevertheless, laminarin presents a recognized 

pesticidal activity and may be sourced from cultivated kelp.  

Seaweed products for animals 

The College for Veterinary Medicine (CVM), an agency of the FDA, monitors the safety of all types 

of animal food for all types of animals. As of 2018, it is a requirement that animal food facilities 

have a Food Safety Plan in place that includes an analysis of hazards to determine which ones 

need preventive controls to minimize or prevent those hazards. In general, it is a requirement that 

manufacturers of animal feed maintain current Good Manufacturing Practices (cGMPs), a 

comprehensive description of which is found in the CVM document Current Good Manufacturing 

Practice Requirements for Food for Animals (CVM GFI #235). These newer requirements, which 

fall under the FSMA, closely mirror those required for food, described in Section 3.3. Individual 

product registration for this product type occurs at the state level, similar to fertilizers; however, 

FDA will regulate any animal feed product sold interstate. For additional guidance, Animal Feed 

Regulatory Program Standards (AFRPS) describes a set of voluntary standards developed by the 

FDA to ensure product quality and safety (currently adopted as regulation by 25 states including 

California and Texas). Additional distinction should be made regarding the target animal or 

category for the product such as companion animal (cat, dog) or livestock (cattle, swine, poultry).  

 

https://pubmed.ncbi.nlm.nih.gov/14651345/
https://www.ecfr.gov/current/title-40/chapter-I/subchapter-E/part-180/subpart-D/section-180.1295
https://www.regulations.gov/document/EPA-HQ-OPP-2021-0445-0006
https://www.frac.info/docs/default-source/publications/frac-code-list/frac-code-list-2024.pdf
https://www.ams.usda.gov/sites/default/files/media/Laminarin%20Petition.pdf
https://www.fda.gov/about-fda/fda-organization/center-veterinary-medicine
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cvm-gfi-235-current-good-manufacturing-practice-requirements-food-animals
https://www.fda.gov/food/food-safety-modernization-act-fsma/full-text-food-safety-modernization-act-fsma
http://www.fda.gov/AFRPS
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Seaweed products intended for animal feed are commonly prepared by drying and milling. They 

are often marketed as mineral supplements but are increasingly being considered as a natural 

source of additives that can substitute the antibiotic usage in various animals and improve general 

animal outcomes (Morias et al., 2020). Like fertilizer products, label guidance comes from an 

industry organization: the Association of American Feed Control Officials (AAFCO). AAFCO has 

been guiding state, federal, and international feed regulators with ingredient definitions, label 

standards, and laboratory standards for more than 110 years. Unlike AFRPS, the AAFCO 

guidance is primarily associated with the labeling of animal feed. Readers will note that kelp is by 

definition Generally Recognized as Safe (GRAS) according to 21 CFR 582.30 and 21 CFR 

582.40. AAFCO has further expanded definitions for dried kelp intended for use in animal feed in 

Chapter 6 of their guide which is available for free on their website. Pertinent definitions of kelp 

intended for animal feed are as follows: 

 

60.19 Dried Kelp is dried seaweed of the families Laminariacae and Fucaceae. The 

maximum percentage of salt (NaCl) and the minimum percentage of potassium (K) must 

be declared. If the kelp is sold as a source of iodine (I), the minimum percentage of iodine 

must be declared. If the product is prepared by artificial drying, it may be called 

“Dehydrated Kelp.” (Proposed 1966, Adopted 1968). International Food Number (IFN) 1-

08-073. 

 

60.76 Dried Seaweed Meal is the product resulting from drying and grinding non-toxic 

macroscopic marine algae (marine plants) of the following botanical divisions: Division 

Rhodophyta (Red Algae); Division Phaeophyta (brown Algae); Division Chlorophyta 

(Green Algae). The maximum percentage of salt (NaCl) (determined by sodium content), 

the minimum percentage of potassium (K), and the percentage of iodine (I) shall be 

guaranteed. If the product is prepared by artificial drying it must be labeled as: Dehydrated 

Seaweed Meal. The family(ies) shall be identified on the label. 

Note: The following families are accepted for use under the definition, Dried Seaweed 

Meal: Red Algae: Gelidiaceae, Endocladiaceae, Gigartinaceae, Gracilariaceae, 

Phyllophoraceae, Soliereiaceae, Hypneaceae, Palmariaceae, Bangiaceae; Brown Algae: 

Chordaceae, Laminariaceae, Lessoniaceae, Alariaceae, Fucaceae, Sargassaceae, 

Durvillaeceae; Green Algae: Monostromataceae, Ulvaceae. (Proposed 1986, Adopted 

1991, Amended 1994). IFN 5-18-897 Algae Whole Meal 

 

Producers must ensure the label claims (see italics above) are met on all packaging material.  

 

The seaweed Asparagopsis spp., which has emerged as a tool for reducing the methane 

emissions of ruminants such as sheep and cattle, is conspicuously missing from the Red Algae 

category (reviewed in Wasson et al., 2022; Camer-Pesci et al., 2023). This seaweed, when 

appropriately dried or processed, has been shown to reduce enteric methane emissions by >80% 

when fed at low concentrations (<1% DM). Asparagopsis spp. are not native to the US and further 

environmental and health studies must be completed before it can be sold under the Dried 

Seaweed Meal definition. The use of other seaweeds, including kelp, to reduce methane 

emissions in cattle continues to be explored - although evidence is lacking compared to other 

https://www.mdpi.com/2077-1312/8/8/559
https://www.aafco.org/
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-E/part-582
https://www.aafco.org/resources/official-publication/
https://www.frontiersin.org/journals/animal-science/articles/10.3389/fanim.2022.999338/full
https://doi.org/10.1016/j.algal.2023.103308
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strategies. A recent review highlighted the key considerations for producers targeting the kelp 

methane-reducing feed additive space (Vijn et al., 2020).  

 

Kelp is a potential source of heavy metals and iodine. A feed formulator must ensure that the 

amount of these potential hazards in the complete feed is in alignment with a suitable reference. 

A recent CVM report describes the tolerances associated with specific minerals in animal feed 

(FDA, 2019). A selection of Maximum Tolerable Levels (MTLs) is provided for reference (Table 

1). In general, kelp is not expected to be a major component of an animal’s diet and therefore 

makes up only a small portion of the complete feed – it is important to factor ingredient dilution 

into a Quality Control protocol. Nevertheless, a comprehensive mineral testing strategy should be 

in place and descriptive labeling used to minimize any potential for hazard exposure to animals. 

 

Source Arsenic 
(mg/kg) 

Cadmium 
(mg/kg) 

Mercury 
(mg/kg) 

Lead 
(mg/kg) 

Iodine 
(mg/kg) 

NRC  30 10 0.2 10 5-4001 

AAFCO 30 0.5 0.2 10 5-502 

FDA  12.5 10 0.3 10 - 

California  50 - 2 30 - 

1: lowest (horses) to highest (swine); 2: lowest (horse) to highest (cattle)  

 

Table 1. Maximum Tolerable Levels (MTLs) of certain metals in complete animal feeds 

3.3 – Food 

Definitions 

Food: (1) articles used for food or drink for humans or other animals, (2) chewing gum, and (3) 

articles used for components of any such article (FCDA 201(f)). 

Food additive: substances the intended use of which results or may reasonably be expected to 

result, directly or indirectly, either in their becoming a component of food or otherwise affecting 

the characteristics of food (21 CFR 170).  

Raw agricultural commodity: any food in its raw or natural state (FCDA 201(r)). 

Processed food: any food other than a raw agricultural commodity and includes any raw 

agricultural commodity that has been subject to processing, such as canning, cooking, freezing, 

dehydration, or milling (FCDA 201(gg)). 

Brown algae: Seaweeds of the species Analipus japonicus, Eisenia bicyclis, Hizikia fusiforme, 

Kjellmaniella gyrata, Laminaria angustata, Laminaria claustonia, Laminaria digitata, Laminaria 

japonica, Laminaria longicruris, Laminaria longissima, Laminaria ochotensis, Laminaria 

saccharina, Macrocystis pyrifera, Petalonia fascia, Scytosiphon lomentaria, and Undaria 

pinnatifida. They are harvested principally in coastal waters of the northern Atlantic and Pacific 

oceans. The material is dried and ground or chopped for use in food (21 CFR 184.1120(a)). 

Spice: any aromatic vegetable substance in the whole, broken, or ground form, except for those 

substances which have been traditionally regarded as foods, such as onions, garlic and celery; 

whose significant function in food is seasoning rather than nutritional; that is true to name; and 

https://doi.org/10.3389/fvets.2020.597430
https://www.fda.gov/media/132046/download
https://nap.nationalacademies.org/catalog/11309/mineral-tolerance-of-animals-second-revised-edition-2005
https://www.aafco.org/wp-content/uploads/2023/07/14b.FFIM_Revisions_Official_Guidelines_for_Contaminant_Levels_Permitted_in_Mineral_Feed_Ingredients_from_2023_OP_BOOK_revised_June_27_2023_ed.pdf
https://www.fda.gov/media/81895/download
https://www.law.cornell.edu/regulations/california/3-CCR-2680
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-170
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-184/subpart-B/section-184.1120
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from which no portion of any volatile oil or other flavoring principle has been removed (21 CFR 

101.22(a)(2)). 

Dietary supplement: means a product (other than tobacco) intended to supplement the diet that 

bears or contains one or more of the following dietary ingredients: (A) a vitamin; (B) a mineral; 

(C) an herb or other botanical; (D) an amino acid; (E) a dietary substance for use by humans to 

supplement the diet by increasing the total dietary intake; or (F) a concentrate, metabolite, 

constituent, extract, or combination of any described above (FCDA 201(ff)). 

HACCP: Hazard Analysis and Critical Control Points. A systematic preventive approach to food 

safety. It addresses physical, chemical, and biological hazards as a means of prevention rather 

than relying on finished product inspection 

CFR Sections 

21 CFR 100-199 - Food for human consumption 

21 CFR 117 Section B - Current good manufacturing practice 

21 CFR 117 Section C - Hazard analysis and risk-based preventive controls for human food 

21 CFR 110 - Current good manufacturing practice in manufacturing, packing, or holding human 

food  

21 CFR 184.1120(a) - Kelp as a flavor enhancers or adjuvants.   

21 CFR 172.365 - Kelp as a direct food additive for dietary and nutritional iodine  

21 CFR 111 - Current good manufacturing practice in the manufacturing, packing, labeling, or 

holding operations for dietary supplements 

 

Product Types. Seaweed use in food has spanned millennia as it contains a wide range of 

bioactive compounds, flavor, and nutritional benefits (FAO, 2003). Globally consumed kelps - 

almost exclusively Kombu (S. japonica) and Wakame (U. pinnatifida) - are most often found as 

whole dried or flaked products. This is appropriate since the culinary applications where these 

products are sold are based around rehydration to cook, impart flavor to stocks (e.g., dashi), 

and/or convert the seaweed to a form more suitable for consumption. The other major kelp food 

application is in additive manufacturing where it is extracted to create products such as 

sodium/calcium alginate and alginic acid. Kelp flakes and powders can be found as food 

ingredients or consumer products often labeled as a “spice.” However, these products are 

marketed with language closely resembling a “dietary supplement” and are reported to provide a 

specific nutrient. Kelp is GRAS when specifically described as a dietary supplement intended as 

an iodine source (21 CFR 172.365).  

 

Seaweed has been defined at the state level, such as in Washington where clear language exists 

for “Marine Aquatic Plant” (79.135.400 (1993)), but this does little to define the regulatory 

framework for producing foods from or containing kelp. In Connecticut, aquaculture producers - 

including the cultivation of saltwater algae - are required to adhere to the processing standards 

and inspection procedures for seafood processing facilities, including, but not limited to, 

compliance with the provisions of Fish and Fisheries Products (21 CFR 123), but this statute does 

not specifically describe processing of seaweed (2023 CT Gen Stat 22-11i). The FDA does not 

define seaweed to be either produce (21 CFR 112) or seafood (21 CFR 123), thus making 

regulatory classification of products challenging.  

https://www.ecfr.gov/current/title-21/part-101/section-101.22#p-101.22(a)(2)
https://www.ecfr.gov/current/title-21/part-101/section-101.22#p-101.22(a)(2)
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-117/subpart-B
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-117/subpart-C
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-110
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-184/subpart-B/section-184.1120
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=172.365
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-111
https://www.fao.org/4/y4765e/y4765e0b.htm#bm11
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=172.365
https://app.leg.wa.gov/RCW/default.aspx?cite=79.135.400&pdf=true
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-123
https://law.justia.com/codes/connecticut/title-22/chapter-422/section-22-11i/
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-112
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-123
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Brown algae’s definition as a GRAS “direct food substance” is found 21 CFR 184.1120(a). This 

definition applies to dried compounds for use as flavor enhancers or adjuvants only. Kelp intended 

for this use must meet requirements as established in Food Chemicals Codex, 3rd edition (p. 157 

FCC, 1981, Table 2). Kelp as a direct food additive for dietary and nutritional iodine is defined in 

21 CFR 172.365. Specific kelp extracts, such as fucoidan manufactured from Undaria pinnatifida 

for use in food categories such as baked goods, soups, snack foods, imitation dairy products, and 

seasoning/flavors, have received GRAS approval from FDA (FDA, 2015). 

 

Analysis Tolerance 

Arsenic (as As, inorganic) 3 ppm 

Ash (Total) 45% 

Heavy Metals (as Pb) 0.004% 

Iodine 0.1% - 0.5% 

Lead 10 ppm 

Loss on Drying 13% 

 

Table 2. Requirement for kelp as outlined in the Food Chemicals Codex, 3rd edition 

 

It is important to note that novel ingredients refined from kelps may require a GRAS or NDI (New 

Dietary Ingredient) notification to the FDA, as seen above for fucoidan. If an ingredient is produced 

using a new production method, it may also trigger a need for a GRAS or NDI notification to the 

FDA. 

 

According to an interpretation of FDA and USDA policy by National Sea Grant Law Center, fresh 

kelp is considered a raw agricultural commodity when sold in bulk (Janasie, 2022). These sales 

would likely need to be local as raw kelp is perishable and most often harvested in large batches. 

Kelp may still be considered a raw agricultural commodity if dried whole; however, as soon as the 

seaweed is cut, dried, packaged, or otherwise handled in a way for sale to consumers, it will likely 

be considered a processed food and manufacturers would be subject to compliance under FSMA. 

This rule requires facilities to have comprehensive food safety policies in place such as GMPs 

and a Food Safety Plan. 

 

A comprehensive review of seaweed handling and processing guidelines for Alaska has been 

recently prepared (Alaska Sea Grant, 2021). This document describes specific considerations for 

entering the seaweed processing industry. For example, many kelp product manufacturers meet 

the definition of a Qualified Facility (QF) and/or Very Small Business (VSB) and are eligible for 

FSMA section exemptions (21 CFR 117 Subpart A). An additional guidance document has been 

prepared by the Sea Grant Law Center describing specific requirements for different sized 

businesses and possible exemptions in more detail (SGLC, 2023). Briefly, the distinction is 

whether your business’s human food sales averaged less than $500k (QF) or $1M (VSB) over 

the last three years. Qualified Facilities are exempt from Subsections (C) and (G) of 21 CFR 117. 

VSBs that engage in on-farm manufacturing/processing activities may be eligible for a similar 

exemption.  

 

https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-184/subpart-B/section-184.1120
https://nap.nationalacademies.org/catalog/19642/food-chemicals-codex-third-edition
https://nap.nationalacademies.org/catalog/19642/food-chemicals-codex-third-edition
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=172.365
https://www.cfsanappsexternal.fda.gov/scripts/fdcc/?set=GRASNotices&id=565&sort=GRN_No&order=DESC&startrow=1&type=basic&search=fucoidan
https://scholarworks.uark.edu/cgi/viewcontent.cgi?article=1320&context=jflp
https://www.fda.gov/food/food-safety-modernization-act-fsma/full-text-food-safety-modernization-act-fsma
https://amrtc.org/wp-content/uploads/2023/12/Manual-for-Seaweed-Handling-and-Processing.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-117/subpart-A
https://nsglc.olemiss.edu/projects/regulatingseaweed/files/seaweedfoodsafety.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-117?toc=1
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Good Manufacturing Practice in Kelp. There is a lot of potential to create innovative new 

ingredients and products that highlight the nutritional benefits of seaweed for the US market. The 

uncertainty of seaweed’s definition as an ingredient may make it difficult to decide which policies 

to adopt from a regulatory standard. As of 2018, the FSMA became the standard for all food and 

animal feed producers. This new act was established to shift the focus from responding to 

foodborne illness to preventing it. Therefore, FSMA should be adhered to regardless of the type 

of ‘food’ manufactured. Further, under FSMA, facilities engaged in manufacturing, processing, 

packing, or holding food for consumption must register with FDA, including an assurance that 

FDA will be permitted to inspect the facility.   

 

As a general policy, the maintenance of cGMPs and hazard analysis, as part of a larger HACCP 

plan, should be performed by any manufacturer of kelp food/animal feed products. The general 

guidelines and application of HACCP are discussed elsewhere (FDA, 2022). The intention of this 

document is to emphasize specific components of cGMPs outlined in 21 CFR Part 117 Subpart 

B that should be a focus for kelp processors. A written policy describing how these cGMPs are 

maintained and/or enforced should be available for employees and regulators. At a minimum this 

should include the following categories: 

 

Personnel. Products must only be handled by employees free of disease, clean, and 

maintaining hygienic practices that avoid the cross-contamination of food. 

 

Plant and grounds. A plant must be sized, constructed, and designed to facilitate 

maintenance and sanitation operations. The grounds around the plant must be kept in a 

condition that will protect against the contamination of products.  

  

Sanitary operations. A sanitation plan must be developed, used, and documented that 

maintains a plant in a clean and sanitary condition. Cleaning and sanitizing must be 

conducted using only safe chemicals in an approved way to prevent allergen cross-contact 

and other unacceptable forms of contamination. 

 

Sanitary facilities and controls. Water supply must be of adequate volume and 

temperature for operation size and design. Washing stations must be located to avoid any 

employee contamination. Sewage, rubbish, and waste must be disposed of in an 

appropriate fashion. 

  

Equipment and utensils. Equipment/utensils must be designed for their purpose, easy to 

clean/sanitize, and appropriately maintained (including calibrated, if used for measuring). 

 

Processes and controls. A plant must be designed to operate clean/sanitary and with 

documented Quality Control. Raw ingredients must be inspected, stored, and used in a 

way to avoid contamination of the finished product. During manufacturing, all process 

steps must be performed as required to control contamination of food. 

 

https://www.fda.gov/food/food-safety-modernization-act-fsma/full-text-food-safety-modernization-act-fsma
https://www.fda.gov/food/hazard-analysis-critical-control-point-haccp/haccp-principles-application-guidelines
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-117/subpart-B
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-117/subpart-B
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Hazard Analysis. A Food Safety Plan (FSP) describes how to control food safety hazards in your 

processing establishment and must be prepared/implemented to adhere to FSMA. To prepare an 

FSP, an operator must perform a detailed hazard analysis of all process steps to ensure the 

preventive controls are adequate. Hazards are separated into three classes: chemical, biological, 

and physical. Below, examples of these hazards in kelp manufacturing are provided.  Detailed 

overviews of the food safety hazards associated with seaweeds are summarized elsewhere 

(Banach et al, 2020; FAO, 2021) and a technical report has been prepared for Alaska 

summarizing testing resources (Alaska Sea Grant, 2023) 

Chemical Hazards 

The most common chemical hazards associated with kelp have already been discussed in this 

document: toxic metals and iodine. The heavy metals - As, Cd, Hg, Pb - can be sequestered 

during growing and have attracted the greatest attention from policymakers and inspectors. It is 

important to be aware of potential toxic levels for consuming metals and what is the expected 

dosage of the kelp product. For example, if only a small amount of product is reasonably expected 

to be consumed, such as in a seasoning application, you may be able to adjust tolerance levels 

in a Quality Control protocol. Arsenic is the most common heavy metal contaminant, followed by 

cadmium (Shaugnessy et al., 2023). Arsenic, in oxidation states 3+ and 5+, is incredibly common 

in marine environments and exists in two major forms, inorganic and organic. The inorganic forms 

are generally more hazardous than organic, and higher oxidation states further increase the 

toxicity (Kuivenhoven et al., 2023). Arsenic can be found at high levels (>40 ppm) in dried kelp, 

but only a small percentage is inorganic in the species cultivated in the US (Yu et al., 2024). This 

distinction is important; the total arsenic is often above the maximum described in state 

regulations (e.g., California 3 CCR 2680) but inorganic arsenic is below that of the FCC 

requirement for dried kelp as outlined in the CFR. Therefore, a manufacturer should be acutely 

aware of the market they are targeting and any state regulations. Arsenic speciation testing, which 

determines inorganic and organic forms using separation methods such as High-Performance 

Liquid Chromatography (HPLC), is substantially more expensive than total arsenic testing using 

higher throughput methods like Inductively-Coupled Plasma (ICP) in tandem with Mass 

Spectrometry (MS) or Optical Emission Spectrometry (OES). 

 

Although legislation exists for heavy metals in seaweed used in/as animal feed (discussed above), 

no such standards have been developed yet for seaweed used as food. Nevertheless, any 

ingredient specification prepared for seaweed should describe acceptable levels of heavy metals 

in the raw and processed forms. There are French recommendations for MTLs of inorganic As, 

Cd, Pb, and Hg in edible seaweeds (Table 3, issued by CSHPF and discussed in ANSES, 2020). 

This provides some scientifically vetted MTLs that may be adopted by producers to document 

compliance of finished products. 

  

https://pubmed.ncbi.nlm.nih.gov/33325177/
https://openknowledge.fao.org/server/api/core/bitstreams/43575678-4f1c-4e24-a452-3fc3c07fa4e7/content
https://alaskaseagrant.org/wp-content/uploads/2023/04/Seaweed-Hub-report-for-seaweed-parameter-testing-resources-report.pdf
https://www.nature.com/articles/s41598-023-44685-4
https://www.ncbi.nlm.nih.gov/books/NBK541125/
https://www.sciencedirect.com/science/article/pii/S0278691524001698
https://www.law.cornell.edu/regulations/california/3-CCR-2680
https://www.anses.fr/en/system/files/ERCA2017SA0070EN.pdf
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Element Tolerance (mg/kg DW) 

Inorganic Arsenic 3 

Cadmium 0.5 

Mercury 0.1 

Lead 5 

Tin 5 

Iodine 2000 

 

Table 3. Maximum Values for trace elements and iodine in seaweed used as a vegetable or 

condiment recommended by the Conseil Supérieur d'Hygiène Publique de France (CSHPF) 

 

Acute iodine toxicity, typically caused by overconsumption of supplements containing iodine, 

represents a considerable issue for food and feed manufacturers using kelp (Southern et al., 

2024). The recommended dietary allowance varies: 150 μg/d for adults, 220 to 250 μg/d for 

pregnant women, and 250 to 290 μg/d for breastfeeding women. In general, 1 mg/d is considered 

safe for most individuals. For kelp dietary supplements  intended as an iodine source, 225 μg/d 

is the general requirement outlined in 21 CFR 172.365. The iodine level of most dried kelp is 1-4 

mg/g DW, with the exception of Alaria spp. which consistently contains less (Roleda et al., 2018). 

At this value, kelp should only be added to food so that each serving contains 225 mg or less of 

the dried ingredient. This may be suitable amounts to add seasoning characteristics but does not 

permit the consumption of much kelp if intended as a source of macronutrients such as fiber or 

protein. There is tremendous focus in the food chemistry community to identify processing 

methods that reduce iodine levels in kelp. Success has been observed for warm water treatment, 

boiling, and fermentation shown to remove up to 90% of iodine (LibergKrook et al., 2024). This is 

accompanied by a drastic reduction in other minerals. Documented adherence to iodine limits is, 

and will continue to be, a major component of company’s Quality Control protocols. 

 

Food allergens, present as proteins in common food types, are classified as chemical hazards. 

Due to its marine environment, kelp has the potential for contamination with two major sources: 

fish and shellfish. In a document prepared by the State of Connecticut for seaweed producers, 

the authors state that seaweed cultivated on longlines could be exposed to fouling organisms, 

including crustacean shellfish (Concepcion et al., 2020). Still, there have been few documented 

allergic reactions to kelp and the Connecticut advisory group only suggested adding additional 

information to the label as a preventative method. This can be accomplished with a ‘may contain 

[allergen]’ statement. According to the FDA: “such statements are not required by law and can be 

used to address unavoidable “cross-contact,” only if manufacturers have incorporated good 

manufacturing processes in their facility and have taken every precaution to avoid cross-contact 

that can occur when multiple foods with different allergen profiles are produced in the same facility 

using shared equipment or on the same production line, as the result of ineffective cleaning, or 

from the generation of dust or aerosols containing an allergen” (FDA, 2024). Therefore, standard 

GMPs that are designed to handle facility or employee allergen cross-contamination must be 

maintained. 

https://www.ncbi.nlm.nih.gov/books/NBK560770/
https://www.ncbi.nlm.nih.gov/books/NBK560770/
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=172.365
https://www.sciencedirect.com/science/article/pii/S0308814618302498
https://link.springer.com/article/10.1007/s10811-023-02974-5
https://seagrant.uconn.edu/wp-content/uploads/sites/1985/2020/01/Seaweed-Hazards-Guide_Jan2020_accessible.pdf
https://www.fda.gov/food/food-labeling-nutrition/food-allergies
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Biological Hazards 

For kelp, there is concern of contamination during growing and harvest with pathogens generally 

associated with fishery products: Salmonella spp., Bacillus spp., E. Coli, Listeria spp., 

Staphylococcus aureus, and Vibrio spp. (Lovdal et al., 2021). These can present a hazard to kelp 

sold as a raw agricultural product. These microbes can be controlled by processing - such as 

cooking, drying, or blanching - which are verifiable control steps that reduce the amount of many 

biological contaminants to acceptable levels (FSIS, 2021). Producers should maintain 

specifications for raw ingredients, in-process, and finished products including biological standards 

as these can be required by purchasers or local health authorities. Microbiological testing of in-

process or finished product presents an option to verify preventive controls in a Food Safety Plan. 

Producers should consult “Microbiological Testing by Industry of Ready-to-Eat Foods under 

FDA's Jurisdiction for Pathogens” when determining the appropriate testing strategy (FDA, 2021). 

Physical Hazards 

Common physical hazards include foreign material collected during growth or harvest, metal 

introduced during cutting/milling, and other usual contaminants (glass, plastic, wood). These are 

commonly handled with GMPs that limit, detect, or remove contaminants during processing. The 

Connecticut guidance document recommends preventative maintenance of all cutting equipment 

and inspection of glass containers as sufficient control steps to limit physical hazards (Concepcion 

et al., 2020). Other potential sources of physical hazards will be process specific and identified 

during routine risk-analysis of each process step. 

3.4 – Organic 

Definitions 

Organic: labeling term that refers to an agricultural product produced in accordance with the 

Organic Foods Production Act and the regulations in 7 CFR Part 205. 

Certification or certified: determination made by a certifying agent that a production or handling 

operation is in compliance with the Organic Foods Production Act, which is documented by a 

certificate of organic operation (7 CFR 205.2). 

Agricultural product: Any agricultural commodity or product, whether raw or processed, that is 

marketed in the United States for human or livestock consumption (7 CFR 205.2). 

CFR Sections 

7 CFR 205 - National Organic Program 

7 CFR 205.207 Wild-crop harvesting practice standard 

7 CFR 205.237 Livestock feed 

7 CFR 205.601 Synthetic substances allowed for use in organic crop production 

 

Kelp products are commonly grown or produced in a fashion that permits their classification as 

‘Organic.’ There is increasing interest in these types of ingredients/products in food, agriculture, 

and human health use. Despite the breadth of product types that may constitute as “organic,” this 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8619114/
https://www.fsis.usda.gov/sites/default/files/media_file/2021-12/Appendix-A.pdf
https://doi.org/10.4315/JFP-22-143
https://seagrant.uconn.edu/wp-content/uploads/sites/1985/2020/01/Seaweed-Hazards-Guide_Jan2020_accessible.pdf
https://seagrant.uconn.edu/wp-content/uploads/sites/1985/2020/01/Seaweed-Hazards-Guide_Jan2020_accessible.pdf
https://www.ams.usda.gov/sites/default/files/media/Organic%20Foods%20Production%20Act%20of%201990%20(OFPA).pdf
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205
https://www.ams.usda.gov/sites/default/files/media/Organic%20Foods%20Production%20Act%20of%201990%20(OFPA).pdf
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-A
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-A
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205
https://www.law.cornell.edu/cfr/text/7/205.207
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-C/section-205.237
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/subject-group-ECFR0ebc5d139b750cd/section-205.601
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area is exclusively regulated through the USDA who regulate the term as it applies to agricultural 

products through its National Organic Program (NOP) regulation, 7 CFR Part 205. In some cases, 

this includes a distinct label - “USDA Organic” - which is found on food, feed and fiber products. 

USDA can also recognize third-party reviewers such as Organic Materials Review Institute 

(OMRI) which will determine whether other types of products (pesticides, fertilizers, livestock care 

products) meet the NOP standards. Therefore, you may see a dried kelp product for food or 

animals labeled “USDA Organic” and a liquid fertilizer labeled with an OMRI seal despite coming 

from the same seaweed species and farm.  

 

The USDA decides which farms and businesses meet organic standards by doing inspections 

and often works closely with selected accredited organizations that make certifying inspections in 

their own geographic areas. The general protocol for becoming certified Organic (USDA) is as 

follows: 

    

• The farm or business adopts organic practices, selects a USDA-accredited certifying 

agent, and submits an application and fees to the certifying agent. 

• The certifying agent reviews the application to verify that practices comply with USDA 

organic regulations. 

• An inspector conducts an on-site inspection of the applicant’s operation. 

• The certifying agent reviews the application and the inspector’s report to determine if the 

applicant complies with the USDA organic regulations. 

• The certifying agent issues an organic certificate. 

 

A distinction is made between Organic producers (farms that maintain suitable practices) and 

processors (manufacturers of Organic products) in this document. These two groups will have 

different considerations with respect to the operation and certification of their business.  

 

Organic Production of Kelp. The NOP regulations for crop production and wild-crop harvesting 

are applicable to any plant or non-animal species (e.g., macroalgae, fungi) harvested from 

terrestrial or aquatic areas. Certifiers use the NOP regulations as the basis for verifying, 

inspecting, and certifying cultured and wild crop harvested aquatic plants (USDA, 2012). As 

described in that memo, “Current USDA organic regulations specifically exclude aquatic animals 

from organic certification, no such exclusion exists for aquatic plants.” National Organic Standards 

Board (NOSB) assists in the development of standards for substances to be used in organic 

production and to advise on any other aspects of the implementation of the NOP. A primary 

function and responsibility of the NOSB is making recommendations for including or removing 

inputs from the National List of Allowed and Prohibited Substances (7 CFR 205.600). Kelp is 

specifically described as an agricultural product in 7 CFR 205.606. Still, the primary focus of 

NOSB with respect to Kelp is its wild-harvest and minimizing the effect of this practice on the 

environment (NOSB, 2018). The US practice of kelp cultivation is in its infancy, and it can be 

difficult to determine a general policy to adopt for Organic production. The Alaska Fisheries 

Development Foundation (AFDF) has provided a guidance document for farmers seeking Organic 

certification including estimated costs and possible market benefits (AFDF, 2023). This is further 

discussed in a needs assessment report – Organic Certification Needs Assessment for Kelp 

https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205
https://www.ams.usda.gov/services/organic-certification/becoming-certified
https://www.ams.usda.gov/sites/default/files/media/NOP-PM-12-1-AquaticPlant.pdf
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/subject-group-ECFR0ebc5d139b750cd/section-205.606
https://www.ams.usda.gov/sites/default/files/media/MSMarineMaterialsDiscDocOct2018Web.pdf
https://afdf.org/
https://afdf.org/asset/64c94d38e88fa/Roadmap%20to%20Organic%20Certification.pdf


Alaska Kelp Processing: Technical Report on Technology,   28 
Market, and Regulatory Considerations 
 

Mariculture in Alaska (Regeneration North, 2024). Additional resources to support organic 

certification can be found on the Northwest Transition to Organic Partnership Program website. 

In most cases, producers of Organic consumer products (Organic processors) will be required to 

use certified Organic kelp ingredients in their operation. 

 

Organic Processing of Kelp. An operation must be certified to permit the added designation of 

an Organic label. As with farmers, processors must locate a suitable certification body to provide 

a document and facility inspection that determines adherence to the NOP.  

 

The USDA provides guidance documents for kelp’s use in Organic livestock (USDA, 2014) and 

crop (NOSB, 2018) production. An immediate distinction between these product types is that 

livestock feed follows the AAFCO definition (dried meal) while crop use most commonly involves 

“Aquatic plant extracts.” Under the NOP, aquatic plant extracts can be produced with the aid of 

chemicals (potassium hydroxide or sodium hydroxide) according to 7 CFR 205.601(j). Generally, 

the input kelp must be certified organic if intended for use in either of these operations. Certain 

species of kelp (Wakame and Pacific Kombu) exist under the category “Nonorganically produced 

agricultural products allowed as ingredients in or on processed products labeled as “organic” (7 

CFR 205.606). The use of these is reserved for when the product is not commercially available in 

Organic form. OMRI determines which input products are allowed for use in organic livestock/crop 

production and processing. More than half of the 75 OMRI Listed® products classified as aquatic 

plant extracts contain brown algae (Ascophyllum Nodosum, Sargassum spp., Durvillaea 

Potatorum, Egregia menziesii, Laminaria spp., Pelagophycus spp., and/or Macrocystis 

integrifolia) and these are classified as crop input products (NOSB, 2018).   

 

Kelp can be used within Organic cosmetics. According to the USDA: “If a cosmetic, body care 

product, or personal care product contains or is made up of agricultural ingredients, and can meet 

the USDA/NOP organic production, handling, processing and labeling standards, it may be 

eligible to be certified under the NOP Regulations” (USDA, 2008). In this case, the operations that 

produce the kelp, the handlers of the ingredient, and the manufacturer of the final product must 

all be certified by a USDA-accredited organic certifying agent to meet these requirements. 

Importantly, the USDA has no authority over the production and labeling of these products as 

cosmetics belong in the regulatory purview of the FDA. 

3.5 – Human Health 

Definitions 

Drug: (A) articles recognized in the official United States Pharmacopeia, official Homeopathic 

Pharmacopeia of the United States, or official National Formulary, or any supplement to any of 

them; and (B) articles intended for use in the diagnosis, cure, mitigation, treatment, or prevention 

of disease in man or other animals; and (C) articles (other than food) intended to affect the 

structure or any function of the body of man or other animals; A food, dietary ingredient, or dietary 

supplement for which a truthful and not misleading statement is made in accordance with section 

403(r)(6) is not a drug under clause (C) (FCDA 201(g)). 

https://cms.organictransition.org/wp-content/uploads/2024/07/AK-Org-Cert-Needs-Assmnt_Kelp-Mariculture_FINAL-report_12July202.pdf
https://www.organictransition.org/region/northwest/resources/
https://www.ams.usda.gov/sites/default/files/media/5027.pdf
https://www.ams.usda.gov/sites/default/files/media/MSMarineMaterialsDiscDocOct2018Web.pdf
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/subject-group-ECFR0ebc5d139b750cd/section-205.601
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/subject-group-ECFR0ebc5d139b750cd/section-205.606
https://www.ecfr.gov/current/title-7/subtitle-B/chapter-I/subchapter-M/part-205/subpart-G/subject-group-ECFR0ebc5d139b750cd/section-205.606
https://www.ams.usda.gov/sites/default/files/media/MSMarineMaterialsDiscDocOct2018Web.pdf
https://www.ams.usda.gov/sites/default/files/media/OrganicCosmeticsFactSheet.pdf
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf


Alaska Kelp Processing: Technical Report on Technology,   29 
Market, and Regulatory Considerations 
 

Dietary supplement: means a product (other than tobacco) intended to supplement the diet that 

bears or contains one or more of the following dietary ingredients: (A) a vitamin; (B) a mineral; 

(C) an herb or other botanical; (D) an amino acid; (E) a dietary substance for use by humans to 

supplement the diet by increasing the total dietary intake; or (F) a concentrate, metabolite, 

constituent, extract, or combination of any described above (FCDA 201(ff)). 

 

Cosmetic: (1) articles intended to be rubbed, poured, sprinkled, or sprayed on, introduced into, 

or otherwise applied to the human body or any part thereof for cleansing, beautifying, promoting 

attractiveness, or altering the appearance, and (2) articles intended for use as a component of 

any such articles; except that such term shall not include soap (FCDA 201(i)). 

CFR Sections 

21 CFR 300-499 - Drugs for Human Use 

21 CFR 700-799 - Cosmetics 

21 CFR 190 - Dietary Supplements 

 

Seaweed is included in the FDA definition of botanical drug: a product “of vegetable materials, 

which may include plant materials, algae, macroscopic fungi, or combinations thereof” (FDA, 

2023). In a draft guidance for industry titled “Complementary and Alternative Medicine Products 

and their Regulation by the Food and Drug Administration,” the FDA further explains that 

“botanical products, depending on the circumstances, may be regulated as drugs, cosmetics, 

dietary supplements, or foods. All four types of products are subject to the [FDCA]” (FDA, 2006). 

For example, a botanical product intended for use in treating a disease would generally be 

regulated as a drug; a botanical product taken by mouth and intended for use to affect the 

structure or function of the body would generally be regulated as a dietary supplement; a raw or 

dried botanical intended for use as an ingredient to flavor food would generally be regulated as a 

food or as a food additive; and a lotion containing botanical ingredients and intended for use in 

moisturizing the skin would generally be regulated as a cosmetic. This distinction falls within the 

guidance of the National Center for Complementary and Integrative Health which is within the 

National Institutes of Health (NIH, 2021). This can create some confusion for product developers 

looking to create new functional products using seaweed. The distinction between products 

intended for human health (drug and cosmetic) is described below. 

 

Drugs. The formal definition of drug, described above, specifically requires the article to be listed 

in the United States Pharmacopeia (USP) or another acceptable registry. There are few kelp 

products eligible for this distinction. This provides a good starting place to determine which 

compounds present in kelp are presently recognized as drugs. To date, seaweed ingredients are 

typically used as excipients in drugs, not as active ingredients due to a lack of human clinical 

evidence. Alginic acid, and its related salts (sodium alginate, ammonium alginate etc.), are 

attractive candidates as excipients for improving encapsulation, moisture, delivery, and other 

beneficial features for drugs (Jadach et al., 2022). In 2021, the USP published a general chapter 

prospectus for determining the molecular weight of alginates for application as excipients (USP, 

2021). This new section, USP-312, will help producers more effectively describe the composition 

of their drug ingredients. A recent update of the definition of sodium alginate monograph indicates 

https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-D
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-G
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-190
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/what-botanical-drug
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/what-botanical-drug
https://www.fda.gov/media/76323/download
https://www.nccih.nih.gov/health/complementary-alternative-or-integrative-health-whats-in-a-name
https://pubmed.ncbi.nlm.nih.gov/34986359/
https://www.uspnf.com/notices/312-gc-prospectus-20211029
https://www.uspnf.com/notices/312-gc-prospectus-20211029
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that the typical average molecular weight is in the range of 10,000 – 600,000 g/mol (USP, 2022). 

As a general policy, products must be GRAS and effective for referenced use or risk enforcement 

by the FDA. Fucoidan, a kelp polysaccharide that has been shown to meet GRAS definition, has 

attracted considerable interest as a potential drug candidate (Saeed et al., 2020; Wang et al., 

2019). Still, there is much work to be done before fucoidan-based products can be determined 

effective for a referenced use, including phased clinical trials. Emerging products fall under the 

category of “new drugs” and require large amounts of data to validate their use (FDCA 201 (p)). 

Further, manufacturing to a pharmaceutical grade requires a higher standard and is typically more 

expensive than food products.  

 

Dietary Supplements. Seaweed ingredients for health applications are most likely to fall under 

the supplement category and thus adhere to the Dietary Supplement Health and Education Act 

(DSHEA) and the supplement section of the CFR (21 CFR 190). These ingredients are marketed 

to highlight the nutrition and benefits of specific components of the product to health promotion 

and disease prevention. Dietary supplements are not to make claims to diagnose, treat, or prevent 

disease. There are rules for how to make structure/function and other health claims for 

supplements clearly outlined by regulatory bodies (FDA). The use of seaweed as a supplemental 

source of iodine is well-established as GRAS and discussed earlier. Claims on the presence of 

other nutrients or related structure/function activity will likely necessitate a premarket notification 

prior to introduction into interstate commerce. 

 

Cosmetics. Seaweed use is currently more common in cosmetics than in the drug industry. The 

interest in these products is based on the increased demand for natural ingredients, the versatility 

of the bioactive compounds, and the technical features imparted by their inclusion in formulations 

(López-Hortas et al., 2021). The law does not require cosmetic products and ingredients, other 

than color additives, to have FDA approval before they go on the market, but there are laws and 

regulations that apply to cosmetics on the market in interstate commerce such as receiving an 

International Nomenclature Cosmetic Ingredient (INCI) label (INCI). The two most important laws 

pertaining to cosmetics marketed in the United States are the FDCA and the Fair Packaging and 

Labeling Act (FPLA). The FDA regulates cosmetics under the authority of these laws. The 

compounds discussed in Section 1 are commonly invoked when describing the health benefits of 

kelp extracts in cosmetics - specifically, polyphenols, polysaccharides, and proteins. Still, the 

exact mechanism of action is poorly understood. In particular, the antioxidant and anti-

inflammatory properties associated with these chemicals make them incredibly beneficial for skin 

care products. Companies that purchase kelp ingredients for use in cosmetic and personal care 

products may request some level of clinical evidence that a specific ingredient delivers a particular 

benefit. Per the FDA, a manufacturer may use any ingredient in the formulation of a cosmetic, 

provided that the ingredient and the finished cosmetic are safe under labeled or customary 

conditions of use, the product is properly labeled, and the use of the ingredient does not otherwise 

cause the cosmetic to be adulterated or misbranded under the laws that FDA enforces. 

Companies and individuals who market cosmetics have a legal responsibility to ensure the safety 

of their products. The GRAS status of brown algae and kelp is discussed above. The widespread 

use of kelp in cosmetics further supports that they are suitably non-hazardous when properly 

manufactured and formulated.  

https://doi.usp.org/USPNF/USPNF_M75750_04_01.html
https://onlinelibrary.wiley.com/doi/10.1111/anu.13233
https://www.mdpi.com/1660-3397/17/3/183
https://www.mdpi.com/1660-3397/17/3/183
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://ods.od.nih.gov/About/DSHEA_Wording.aspx
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-190
https://www.fda.gov/food/nutrition-food-labeling-and-critical-foods/label-claims-food-dietary-supplements
https://pubmed.ncbi.nlm.nih.gov/34677451/
https://www.personalcarecouncil.org/resources/inci/
https://www.govinfo.gov/content/pkg/COMPS-973/pdf/COMPS-973.pdf
https://www.ftc.gov/legal-library/browse/statutes/fair-packaging-labeling-act
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3. Conclusions and Outlook 

The future North American kelp industry is still evolving with much experimentation happening to 

identify the most sizable and marketable products. Emerging market forces will influence the size 

and types of seaweed aquaculture operations and the processing methods employed. Certainly, 

this sustainable resource will play a growing role in future innovations in food, agriculture, and 

human health. A concerted effort will need to be made by government, industry, and academic 

stakeholders to achieve the sizable impacts some are suggesting kelp could provide. The main 

challenges of kelp product development include:  

 

• Kelp compositions are complicated and variable 

• Standardized processes do not exist unless targeting simple (dried) or well-defined  

products (eg. alginate) 

• Regulations can be cumbersome or complicated for different product types.  

 

Despite these challenges, the effective utilization of kelp presents a new area for discoveries that 

has been underexplored. Further, the current analytical and data processing tools afforded to 

producers and researchers by modern technology are incredibly advanced. Never before have 

scientists been as able to rapidly quantitate trace metabolites or quantify microbes in a 

microbiome using so-called ‘omics’ techniques (Dai et al., 2022). These approaches will be 

necessary for answering the fundamental questions hindering wide-scale adoption of these 

products- mainly, which parts of kelp are beneficial and what is the effective dosage to see such 

effects? Studying the biological mode-of-actions for chemicals found in kelp will support new uses 

in food, agriculture, and health. Therefore, multi-disciplinary projects aimed at elucidating and 

validating the structure and function claims of kelp chemicals will prove crucial in new product 

development. 

 

Role of Testing - Regulatory. Seaweed products need to be safe for their desired use, made to 

the desired specification, and properly labeled to be suitable for significant market entry. Specific 

testing may be required to prove or verify important aspects of a product or operation. Chemicals 

must be quantified when kelp is being used as a source of a specific compound or nutrient to offer 

confidence and meet standard Quality Control guidelines of GMPs. The absence of hazardous 

chemical or biological contaminants need to be documented for ingredient, product, or preventive 

control verification. Testing will continue to play a role in the kelp industry, especially since 

valuable chemicals and potential sources of hazard are continuing to be clearly identified. 

Unfortunately, laboratory testing can be expensive, and very few labs offer seaweed-specialized 

services. The specific tests that are required will depend on the product type and operation, 

information that can’t be standardized at this stage of the industry. An operator working with kelp 

should confirm that their testing plan is effective for their operation size, product type, and 

business growth strategy. Further, testing should provide objective measurements of quality and 

safety.   

 

Role of Testing - Research The registration of new kelp products will require objective evidence 

generated through research projects at well-established institutions. This information can be used 

https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2022.911861/full?ref=toest.bg


Alaska Kelp Processing: Technical Report on Technology,   32 
Market, and Regulatory Considerations 
 

to differentiate products in the marketplace, support product registrations, and inform consumers 

about effective dosages/uses. The industrial-use cases described in this document - food, 

agriculture, and health - will require that claims are substantiated through research to see 

widespread adoption of these products and meet regulatory labeling policies. This places an 

added burden on a new product developer to identify and follow the most appropriate research 

strategy that collects the necessary information efficiently and economically. This is a major area 

where government, industry, and academic collaboration will be required. The production chain 

is not fully defined and there are a range of product types where kelp may be effective. The 

industry will continue to evolve and become more savvy in answering the myriad questions around 

processing, formulating, and quality control.  

 

Outlook. The cultivation and processing of kelp in North America has attracted considerable 

interest in recent years – touted by many as a solution to many societal problems. Now, the 

industry is challenged to define the best products that utilize this seaweed while maintaining 

profitability, scaling to meet demand, and satisfying regulatory obligations. In the near term, dried 

biomass may serve as an excellent complete ingredient in some food or manufacturing 

applications, but this will require a clear definition of the chemicals present to differentiate this 

product from cheaper imported options. The development of methods that isolate or concentrate 

the chemicals of kelp proven to have bioactivity will be an area that North America can pioneer. 

If specific components can be isolated, kelp products may be further standardized to act as 

different supplements or stimulants.1 The discrete chemical structures of kelp biochemicals are 

related to bioactivity and must be determined along with related dose-response relationship. From 

there, processing and extraction technology can be specialized to make products that leverage 

these molecules. Advanced research and clinical trials are then used to standardize products and 

make activity claims. These are the fundamentals of bioprospecting and present an invariable 

wealth of opportunity in seaweed – and in this respect, kelp is a gold rush. 

 

 
1 For example prebiotics for human, animal, and plant microbiota. – the complicated mixture of microbes 
that facilitate biological function. Human gut microbiota plays an important role in several metabolic 
processes and diseases. Animal gut microbiota contribute similarly to overall host health and 
performance, but the digestion and diet systems greatly vary from a human. The plant microbiota, a 
complicated network involving the soil, roots, plant, and leaves, is strongly implicated in health. The 
polysaccharides found in Kelp, provide abundant nutrients and substrates for microbial metabolism in the 
gut, affecting the members and their functionality (Colliec-Jouault et al., 2020). Another class of 
molecules, the phlorotannins, are rarely characterized in Kelp products despite the wide range of 
therapeutic applications (Khan et al., 2022). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7070434/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9227776/



