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AK SEAWEED TISSUE ANALYSIS

SECTION 1 - EXECUTIVE SUMMARY

In 2024, Alaska Fisheries Development Foundation (AFDF) facilitated a seaweed
sampling effort that looked at a diverse range of seaweed species from around Sitka
and Kodiak, Alaska. Samples were collected primarily from wild sources and
featured 17 distinct species of brown, red, and green seaweed. Collected samples
were analyzed by Celignis Analytical in Ireland, where full compositional content was
measured, including minerals, carbohydrates, polysaccharides, pigments, ash, and
metals. This study revealed the incredible variety of native seaweed types across
Alaska and the diversity in their chemical composition.

Marine Biologics supported this initiative by leading the analysis, standardization,
and interpretation of the dataset. Reference the interactive data dashboard.

The Seaweed Tissue Analysis Program is part of the Research and Development
component of the Alaska Mariculture Cluster (AMC), funded by the Economic
Development Administration (EDA) Build Back Better Regional Challenge (BBBRC)
grant and led by Southeast Conference. The program is administered by the Alaska
Fisheries Development Foundation (AFDF), a subaward recipient.

NUTRITION

The seaweed samples displayed a varied macronutrient profile (minerals: 15-60%
DW; carbohydrates: 20-80% DW; protein 5-25% DW; Fat: 0-7% DW). The mineral
profile was predominantly Na, K, and Cl with some species containing up to 16% DW
potassium. Potassium-rich samples were found from G. pacifica (red), N. luetkeana
(Bull kelp, brown), and D. mollis (Dulse, red). Other micronutrients of note included
Ca and Mg: A. clathratum (Sieve kelp) was rich in calcium (up to 3.7% DW), while
Ulva (green) was the most magnesium-rich of the samples tested (up to 3.7% DW).
Carbohydrate contents up to 55-70% DW was observed for samples of H. nigripes
(Split kelp) and S. latissima (Sugar kelp). Much of the total carbohydrates were
measured as fiber (50-70%), with much of it soluble. The overall carbohydrate
amount did show some seasonal trends with late season (June) seaweeds often
higher than analogous early season (April) samples. High protein levels (22-26% DW)
were observed for Ulva and D. mollis samples, but there were no samples with
elevated levels of essential amino acids. Lipid content up to 6.5% DW was measured
for Fucus samples. Vitamins, while varied, were at levels too low to be considered a
nutrient source.



https://public.tableau.com/app/profile/ismael.montanez/viz/shared/DC39KYDK8

SAFETY

The seaweed samples underwent a detailed chemical hazard assessment to
establish benchmarks and support proper risk assessment. Inorganic arsenic is the
major food safety concern, and all samples (94/94) were well below the federal
limits of 3 mg/kg DW (highest measured value: 0.5 mg/kg DW). Inorganic arsenic
was consistently <1% of total arsenic. Cadmium was observed in 15/94 samples
meeting or exceeding the EU recommendation for a food supplement (3 mg/kg
DW). This does not preclude their use in many other applications, but this heavy
metal should be monitored and discussed in a food safety plan. Mercury and lead
were considerably less prevalent but remain chemicals of concern. lodine is both a
nutrient and a potential hazard at incorrect dosage. Kelps were shown to be
comparably lower than European counterparts, and only 5/94 samples contained
>1 mg/kg DW iodine.

CARBOHYDRATES

The seaweed samples underwent detailed analysis to establish their carbohydrate
profile. Alginic acid levels up to 32% were observed for samples of A. marginata
(Winged kelp) and C. costata (Five-ribbed kelp). Fucoidan was up to 6-6.5% DW in
samples of M. pyrifera (Giant kelp), S. latissima, and A. marginata. Higher
galactose (surrogate for carrageenan) values (up to 22% DW) were measured for
red seaweeds C. exasperates (Turkish towel) and O. californica (Prickly pear).
Glucose testing did not permit differentiation of cellulose and laminarin, but up to
30% DW glucose was observed in samples of H. nigripes and S. latissima. Mannitol
levels of up to 30% DW were found for samples of H. nigripes and A. clathratum.

BIOACTIVES

Detailed bioactive assessment requires many rounds of testing, especially if
intending a human, plant, or animal application, but an initial general evaluation was
performed with targeted assaying. Pigment analysis revealed a profile rich in
chlorophylls and moderate levels of fucoxanthin. Higher total phenolic content was
found in S. latissima and Ulva, higher total phlorotannin content was found in M.
pyrifera and F. distichus, and higher total flavonoid content was found in Ulva and
F. distichus. Both Ulva and C. fragile were found to have higher levels of the

polyphenol chlorogenic acid (0.5 mg/g DW) that greatly exceeded other samples.
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APPLICATIONS

It is clear from the above summary that the diversity of seaweed composition is vast in
Alaska. Certainly, humans, plants, and animals can benefit from many of the nutrients
and bioactives (e.g., carbohydrates and polyphenols) shown to be in these seaweeds.
Food/feed industries benefit from a low-sodium mineral source (K, Ca, Mg), especially
with beneficial amounts of iodine. The fiber content of seaweed is quite high, and it
may be a good source of both soluble and insoluble fiber. Plant health products will
continue to benefit from the minerals and bioactives present in seaweed. Seaweed
bioactives remain highly sought-after cosmetic and wellness ingredients. Seaweed
carbohydrates possess desirable features for food (alginate, carrageenan) and
biological (fucoidan, laminarin) applications. The challenge continues to be creating

suitable processing infrastructure and building towards external markets. Ideally, this
report supports that necessary growth.

BIOSTIMULANTS

HUMAN HEALTH

*
5
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AK SEAWEED TISSUE/ANALY/SIS

SECTION 2 - INTRODUCTION

The range of inherent chemical complexity and variability of Alaskan seaweeds
places great importance on establishing industry benchmarks that document the
constitution of this industrial feedstock. Variations in seaweed chemical profiles have
been observed due to the farming location, seasonality, and species (Jardell, 2024).
Seaweeds, specifically kelp, stockpile different compounds depending on the season
(Schiener et al., 2014). For example, higher alginate contents occur in summer
months, mannitol/laminarin accumulates during summer/autumn to be utilized
during winter, and protein and mineral contents are highest in winter and lowest
during summer. Certainly, a keen understanding of seaweed chemistry serves to
support quality, health, and safety claims related to composition as well as its role in
the greater market.

Saccharina latissima (Sugar kelp), the most broadly cultivated seaweed in Alaska,
has been extensively surveyed for variation across a range of major chemical
markers (Zhang et al., 2019). One limitation of current research is the primary focus
on European biomass - Denmark, Sweden, Norway, Great Britain — with little
information on North American, particularly Alaskan, seaweed. Information on the
chemical composition of Alaskan seaweed is generally limited with respect to
literature or commercial product specification sheets, the latter being a typical
requirement for raw material sale into higher-value markets. Alaskan seaweed
compositions have been largely determined by comparisons to analogous species
grown in largely different environments — an approach fraught with potential error.
This project — the 2024 Alaska Seaweed Tissue Analysis Project - was designed to
address this literature limitation.

In early 2024, a large species seaweed sampling plan was created, and work began to
collect material from locations around Kodiak and Sitka, Alaska. In total, this
collection effort yielded 94 samples from 17 different species. Most of the samples
were collected from wild stocks, and whenever possible, the same sampling site was
visited monthly at three distinct times (April, May, June). Samples were stored
frozen before shipping to a third-party laboratory for an intensive set of chemical
analyses (Celignis Biomass Analysis Laboratory, Ireland). This data was released in
2025 and used to create “Seaweed Species Profiles,” which summarized the
information for each species by chemical type into a mix of visual and tabular
formats (Seaweed Tissue Analysis 2024 Dashboard). Once the profiles were
compiled, a series of stakeholder interviews were performed to gather industry
feedback on the data. Ten key stakeholders from seven companies/organizations
across food, feed, cosmetics, biostimulants, and R&D sectors were interviewed,
including buyers, users, and advisors. Key insights from this activity are shared in a
separate report.

PAGE 6


https://scholarworks.alaska.edu/bitstream/handle/11122/15683/Jardell_C_2024.pdf?sequence=1&isAllowed=y
https://link.springer.com/article/10.1007/s10811-014-0327-1
https://pmc.ncbi.nlm.nih.gov/articles/PMC6409931/
https://public.tableau.com/app/profile/ismael.montanez/viz/shared/DC39KYDK8

This document is prepared as the final installment of the 2024 Seaweed Tissue
Analysis project and aims to describe the insights provided by the data in alignment
with current industry uses of seaweed (particularly those underway in Alaska — food,
agriculture, human health, and biomaterials). Where possible, differences in key
chemical groups are highlighted across species, classes, or related to environmental
factors. To place the information in a global context, data sets are correlated to
existing information provided by industry and academic sources. Test methods are
discussed and possible complementary approaches noted. The project intent was to
identify promising species for future cultivation efforts or highlight specific features
of Alaskan seaweed that can create competitive advantages in emerging global
markets. To our knowledge, a comparison of this nature has never been completed in
North America.

Figure 1: Summary of Alaska Seaweed Tissue Analysis Project 2024 report focus
areas.

Chemical
Testing Results

Nutrition Safety Sugar Profile Bioactives
= Mlnemls ] HE?WMBTE[S . ALglnate {BrOWn} b Pigments
* Carbohydrates * lodine - Fucoidan (Brown) * Polyphenols
* Protein + Carrageenan (Red) * Flavonoids
* Fat * Glucose
* Mannitol
Seaweed
Applications

Food ingredients, Additives
Agriculture Biostimulants, Animal Feed
Human Health Cosmetics, Nutraceuticals

Biomaterials Bioplastics, Composites
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Abbreviation Meaning Common name Classification

Research Samples

ERN—
CR—

SL Sugar kelp Brown
usS Sea lettuce Green
Sample location KOD
Sample location SIT
‘ General Abbreviations
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AKISEAWEEB ISSUE ANALYSIS

SECTION 3 - NUTRITIONAL PROKILE

Seaweed is truly a global industry with widespread production-and use. Most marine-
based macroalgae (AKA seaweed) are consumed directly as food, where, in 2017-it
accounted for 70% of the 12 billion USD global market share (Poblete-Castro et al.,
2020). Its use in food has spanned millennia as it contains-a wide range-of bioactive
compounds, flavor, and nutritional benefits (McHugh 2003). Seaweed use as a
substantive food ingredient is most common in the Asian Pacific, where it is found in

soups, salads, and most meals, but adoption is increasing within North America. In
the United States, the brown and red algae food definitions (21 CFR § 184.1120 and
21 CFR § 184.1121, respectively) apply to dried compounds exclusively for use as
flavor enhancers or adjuvants - i.e., spice - per the 21 CFR 8§ 101.22(a)(2). This is a
tremendous simplification of seaweed, which hosts numerous nutritional
components: macronutrients.

3.1 MACRONUTRIENTS

In general, fresh seaweed is primarily water with moisture content ranging from 85-
90% - naturally, it is the remaining dry fraction that is of commercial interest. The
samples collected for this study had moisture content ranging from 77-98%, with an
average of 88%. Regardless of species, seaweeds have a typical macronutrient
profile: largely minerals + carbohydrates (~80%) with <25% protein and only small
amounts of fat (Table 1). A large range for macronutrients was observed, and some
highlights will be discussed below. The highest mineral contents were observed in
red and brown species, although these were greatly variable. Brown seaweeds were
the richest in carbohydrates, but again display great variance. Certain green and red
seaweed samples were found to have the highest protein content (~25%), but in
general, most samples had protein levels <20%. This variance is consistent with
reports that examined proximate compositions of brown, red, and green seaweed
(Hrstich-Manning_et al., 2023; Healy et al., 2023; Hentati et al., 2020).

Table 1: Range in proximate composition of seaweed samples in study (% DW).

Minerals Carbohydrates Protein Fat
16 - 57 33-77 4-26 0.2-7
19-59 23 -65 6 —26 04-1
25-51 37-58 6 —26 1-3
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http://dx.doi.org/10.1016/j.copbio.2020.02.008
http://dx.doi.org/10.1016/j.copbio.2020.02.008
https://openknowledge.fao.org/items/daf828db-ee1f-4e84-9c4c-7add930b63e1
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-184/subpart-B/section-184.1120
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-184/subpart-B/section-184.1121
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-101/subpart-B/section-101.22
https://www.tandfonline.com/doi/full/10.1080/00288330.2024.2353211#d1e437
https://pmc.ncbi.nlm.nih.gov/articles/PMC9953460/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7397078/

NUTRITIONAL PROFILE

Ash, or total minerals, can account for over 50% DW in seaweed and is largely
composed of the marine cations: sodium, potassium, calcium, and magnesium, with
chloride and sulfate as the main counterions. Cl, K, and Na are by far the most

abundant ions and represent ~90% of the total ions measured in the samples. The
highest and lowest mineral-containing samples are provided in Table 2 along with

their relative amounts of Cl, K, and Na.
Table 2: Highest and lowest mineral values (% DW).

>
00

ample |ID a A
KOD-DM-04-003 17.4 14.7 2.3 58.8 44.6
SIT-NL-06-037 23.1 15.7 35 56.8 46.6
Highest 5 SIT-GP-05-029 | 18.7 9.5 1.7 53.1 325
Values
SIT-GP-04-012 14.7 16 2.4 515 314
KOD-CF-06-045 24.3 0.9 6.9 51 48.3
NN KOD-SL-06-036 53 4.2 2 20.5 17.4
N
N
\
\kt\iigsss% SIT-HN-05-022 | 5.8 3.3 0.7 19.5 13.3
LN
A0
“ESW Lowest 5
BN KOD-OC-04-012 3.2 3.9 1.4 19.1 17.5
00
(XXX Val
O RVEILES
s
,;’%?%" SIT-SL-06-038 | 5.4 4.6 1.4 19 15.8
Y
W
0
Vi SIT-HN-06-035 | 4.2 3.1 1.4 16 12
17
Sample naming key: [location]-[species]-[month]-[samplelD]
Example: SIT-NL-06-037 refers to Sitka, N. luetkeana, June, samplelD 037
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NUTRITIONAL PROFILE

Ash is estimated via combustion, which can be achieved under different thermal
conditions. For this work, both 550 °C and 815 °C were explored and ash result for
each sample reported as the 550 °C value. For comparison, 815 °C values were 60-
100% of the 550 °C values (Table 3). An alternative method to estimate mineral
content is to take the sum of the major ions determined by ICP-OES (ISO
16967:2015 and ISO 16968:2015). This analysis revealed a discrepancy between
calculated ash values and sum of total ions. Ash is a rapid tool to estimate the
mineral content of samples, but quantitative mineral analysis using ICP is the more
accurate method. 13 samples were observed to have >30% total minerals by analysis
with ICP-OES - of this group five samples were Bull kelp.

Table 3: Highest mineral samples by different methods (% DW).

Sample ID Sum (total* ions) Ash (550 °C) Ash (815 °C)
KOD-SL-05-044 39.1 46.7 28.8
KOD-CC-04-011 37.9 35.7 317
KOD-NL-06-040 37.8 43.9 38.4
SIT-DM-06-039 37.3 33.6 27.3
KOD-NL-05-028 35.4 39.9 23.3

SIT-GP-04-012 34.5 515 314

KOD-NL-04-013 34.1 48 44.6

SIT-MP-05-018 33 36.4 23.2

SIT-DM-04-008 32.8 38.1 21.8

KOD-NL-06-047 32.7 43.3 27
*. Cl, K, Na, Ca, Mg, Fe, P, Al, Ca, Si, Ti
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A main mineral of interest in seaweed is potassium, which has immediate application
as a crop nutrient source. It was the presence of potassium that led to a drastic
increase in the refining of kelp during WW1 in California to support U.S. agriculture
while potash imports were embargoed (Neushul, 1989). Potassium levels in the
samples ranged from 0.5-16% DW, the highest value was observed in G. pacifica
(SIT-GP-04-012: 16% DW), but two Bull kelp samples displayed similar elevated
levels (SIT-NL-06-037: 16% DW; KOD-NL-04-013: 15% DW). Three samples of D.
mollis were also shown to contain larger amounts of potassium (KOD-DM-04-003:
15% DW; SIT-DM-04-008: 12% DW; KOD-DM-06-031: 12% DW). Conversely, C.
fragile was found to be consistently low in potassium, with all six samples <1% DW.

Sodium levels ranged from 0.6-9% DW, with C. fragile representing 6 of the top 10
samples (Na = 5-9% DW). Seaweed shows promise as a low-sodium seasoning due to
its elevated potassium levels compared to sodium. Use of salt substitutes containing
potassium is a potential strategy to reduce sodium intake, increase potassium intake,
and thereby lower blood pressure and prevent the adverse consequences of high
blood pressure (Greer et al., 2019). According to guidelines issued by the WHO,
adults should consume less than 2,000 mg of sodium, or 5 grams of salt, and at least
3,510 mg of potassium per day - equating to a K:Na ratio of at least 1.8 (WHO,,
2013). These intake targets are not without some contention (Liu et al., 2024), but it
does indicate a potential value for natural sources of potassium. The ratio of K to Na
was calculated for all samples and revealed a clear species effect: all green samples
were <1.5 K:Na, with most samples <1 (Table 4). This aligns with the relatively low
potassium content in green seaweeds (<3% DW). Conversely, most brown and red
seaweeds displayed greater potassium than sodium (>3 K:Na). Still, there was
substantial variation across all samples with respect to K and Na composition.

Table 4: Potassium and sodium levels of seaweed samples in study (% DW).

K Na Average K:Na
2.0-16 0.7-5.1 3.4
3.8-16 1.2-4.3 3.9
0.5-3.1 1.8-9.2 0.5
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https://www.jstor.org/stable/3105951
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.119.13241
https://www.who.int/news/item/31-01-2013-who-issues-new-guidance-on-dietary-salt-and-potassium
https://www.who.int/news/item/31-01-2013-who-issues-new-guidance-on-dietary-salt-and-potassium
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-023-17582-8

NUTRITIONAL PROFILE

Calcium and magnesium are other minerals of interest in seaweeds and display
considerable variance across samples: Ca = 0.2-3.7% DW; Mg = 0.3-3.7% DW.
Within these analyses, some clear trends were observed. The highest calcium was
observed for A. clathratum, which was 2 — 4% DW calcium and represented 4 of top
5 samples (all other samples were <2%). Calcium levels of 3% DW have been
observed previously for A. clathratum (Kreissig_et al., 2021), suggesting that this
may be a typical species effect and not directly tied to the unique growing
environment — further supported by the similarity between both Kodiak and Sitka
sample calcium levels. Red seaweeds were generally low in calcium, with most
samples calculated at <0.5% DW. The green seaweeds of the measured set are the
most magnesium-rich, representing the top 13 samples for Mg concentration with
Ulva spp. dominating the list (Table 5). Further, Ulva appeared to have a potential
environment-dependency, with the samples collected in Sitka appearing to be
greater in magnesium than their corresponding Kodiak samples.

Table 5: Highest magnesium values (% DW).

Sample ID Magnesium
SIT-US-05-020 3.7
SIT-US-04-002 2.5
SIT-US-04-013 2
SIT-US-06-040 1.9
SIT-US-04-009 1.9

Additional minor elements analyzed include phosphorus (<0.7% DW for all samples),
iron (<0.1% DW for all samples except KOD-AM-04-010: 0.4% DW), silicon (<0.5 %
DW for all samples), aluminum (<500 ppm DW for all samples except KOD-AM-04-
010: 2500 ppm DW).
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https://pmc.ncbi.nlm.nih.gov/articles/PMC7869976/

NUTRITIONAL PROFILE

Total carbohydrates are typically estimated during proximate analysis, i.e., total
carbohydrates (%) = 100 - %(moisture + ash + protein + fat). This is because there
are several different carbohydrates present in food products, and specific analysis is
complicated. Nevertheless, in this study, a more detailed sugar analysis was
performed that looked at the individual sugar molecules (monosaccharides) and
reported total sugars as the sum. The monosaccharides measured include mannitol,
glucose, fucose, galactose, mannose, rhamnose, xylose, arabinose, glucuronic acid,
mannuronic acid, guluronic acid, and iduronic acid. The top six samples, in terms of
total sugars, are shown in Table 6 - H. nigripes and S. latissima were clear outliers.

Table 6: Highest sugar and fiber values (% DW unless stated).

Fiber
Sample ID Total Sugars Soluble Insoluble % of total Sugars
SIT-HN-06-035 67.9 35.6 10.6 68
SIT-HN-05-022 66.4 26.8 8.3 53
SIT-SL-06-038 65.8 25.6 17.4 65
KOD-SL-06-036 56.2 21.7 16.2 67
SIT-SL-05-026 54.5 19.5 11 56
SIT-HN-05-021 52.3 17.1 121 56

Nutritional interest in seaweed often stems from their potential to act as prebiotics
which is largely dependent on their carbohydrate profile. Prebiotics are a group of
nutrients that are degraded by gut microbiota (Davani-Davari et al., 2019) — they
were first defined in 1995 as “nondigestible food ingredients that beneficially affect
the host by selectively stimulating the growth and/or activity of one or a limited
number of bacteria in the colon, thus improving host health” (Gibson et al., 1995).
They can feed the intestinal microbiota, and their degradation products are released
into blood circulation to support not only the gastrointestinal tracts but also other
distant organs. For this reason, indigestible dietary polysaccharides (i.e., fiber)
attract attention as functional food ingredients with health benefits (Lopez-
Santamarina et al., 2020).
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https://pmc.ncbi.nlm.nih.gov/articles/PMC6463098/
https://www.sciencedirect.com/science/article/abs/pii/S0022316623035514?via%3Dihub
https://pmc.ncbi.nlm.nih.gov/articles/PMC7070434/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7070434/

Although all prebiotics are fiber, not all fiber is prebiotic (Slavin,_2013) - simple
chemical testing may not fully reveal the health benefits. The current practice is to
measure total dietary fiber and further quantify ‘soluble’ and ‘insoluble’ components
— which was performed in this study per AOAC method 2011.25. Dietary fiber is
known to alleviate constipation, lower cholesterol, reduce cancer metastasis, and
improve overall mortality rates. Total fiber content ranges from 16-46% DW, with
brown seaweeds generally higher. In the data set, fiber was shown to represent 24-
67% of the total sugars measured, some examples are shown in Table 5.

The FDA recognizes the relationship between diets low in fat and high in fruits,
vegetables, and grain products that contain fiber and risk of cancer (21 CFR §
101.76) and coronary heart disease (21 CFR 8§ 101.77). Coronary heart disease
health claims focus more on the presence of soluble fiber (21 CFR § 101.81). In
general, soluble fibers are more completely fermented and have a higher viscosity
than insoluble fibers. Soluble fiber was typically >50% of total fiber in the seaweed
samples (55% average). The highest values for soluble fiber were found in H.
nigripes (>30% DW), but closer analysis of soluble fiber revealed F. distichus
contained the largest percentage of soluble fiber (77-83% total fiber, total fiber =
~27% DW). In fact, 5 of the top 10 soluble fiber values were observed for F.
distichus. Conversely, A. marginata appeared highest in insoluble fiber values with
three samples (SIT-AM-04-001: 22% DW; SIT-AM-05-025: 21% DW; KOD-04-010:
19% DW).

Seaweeds will stockpile different nutrients depending on their life stage (Schiener et
al.,_2014). The storage carbohydrates mannitol and laminarin have also been found
to accumulate during summer and autumn. This way, these polysaccharides can be
utilized during winter as an energy source for new tissue growth. This effect can be
clearly observed in the two large carbohydrate species: H. nigripes and S. latissima
(Table 7). Samples were collected from the same locations over three months. The
data reveals that carbohydrates are stockpiled later in the season, with June samples
consistently exceeding their April counterparts. Additionally, there appears to be a
location effect, with carbohydrate values higher in samples collected in Sitka
compared with Kodiak. This could be attributed to a range of environmental factors
(light intensity, nutrient availability, water motion, etc.), but does indicate the value
of site selection when targeting specific chemical components from seaweed
biomass. The limited sample space cannot be discounted in making meaningful
comparisons, but the trend is compelling. Notable outliers (SIT-SL-05-031, KOD-SL-
05-044, KOD-SL-06-046) refer to samples collected from commercial farm
operations. In this case, the life stage of the seaweed is expected to be much
different from its wild counterparts due to cultivation practices.
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https://pmc.ncbi.nlm.nih.gov/articles/PMC3705355/
https://prod-media.megazyme.com/media/pdf/8b/34/e0/37b-insoluble-soluble-and-total-dietary-fiber-in-foods.pdf
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-101/subpart-E/section-101.76
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-101/subpart-E/section-101.76
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-101/subpart-E/section-101.77
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-101/subpart-E/section-101.81
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Table 7: Variation in total sugars in H. nigripes and S. latissima (% DW).

NUTRITIONAL PROFILE

* indicates farmed sample

Sitka
Month Sample ID Total Sugars Sample ID Total Sugars
Hedophyllum nigripes
April SIT-HN-04-007 29.12 KOD-HN-04-009 39.51
SIT-HN-05-021 52.33
May KOD-HN-05-017 41.39
SIT-HN-05-022 66.35
June SIT-HN-06-035 67.87 KOD-HN-06-041 46.44
Saccharina latissima
April SIT-SL-04-004 35.03 KOD-SL-04-006 36.18
SIT-SL-05-026 54.45 KOD-SL-05-019 48.17
May
SIT-SL-05-031* 42.19 KOD-SL-05-044* 28.25
KOD-SL-06-036 56.17
June SIT-SL-06-038 65.75
KOD-SL-06-046* 29.22

Beyond nutrition, it is a source of chemicals (hydrocolloids such as alginate,
carrageenan, and agar) that provide desirable food structural properties such as
gelling and texturizing. These specific seaweed polysaccharides are discussed in

Section 5.
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NUTRITIONAL PROFILE

Protein, which is made of individual building blocks called amino acids, is a key
nutritional component of any animal’s diet. It is commonly estimated in seaweed as
‘crude protein,” which is determined after measuring the total nitrogen and
multiplying by 5 (Angell et al., 2015). This value is intended as a rough estimate. A
more detailed protein measurement can be performed by measuring the individual
amino acids in the material after hydrolysis. From here, the total amino acids (AKA
total protein) can be further divided into essential (cannot be synthesized by the
human body) and non-essential (synthesized in the body) categories. Crude protein
and amino acid breakdown are provided for select high and low samples in Table 8.
Crude protein ranged from 4-26% DW (or 0.8-5.2% DW nitrogen). 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. The highest crude protein samples were all collected in
April, the earliest month surveyed. 9 samples have >4% DW nitrogen. Of these, only
one sample was a brown seaweed (KOD-EF-05-026: 4.1% DW). The remainder were
red (SIT-DM-04-008: 5.2% DM; SIT-DM-04-003: 4.3% DM; KOD-OC-04-012: 4.2%
DM; KOD-OC-05-029: 4.0% DM) or green (Ulva: 3 samples =5.0% DM).

Table 8: Highest and lowest protein values, including amino acid (AA)
breakdown (% DW).

Sample ID Crude Protein | Total AAs | Essential AAs

Protein

AA:Crude |

SIT-US-04-013 26.

SIT-DM-04-008

Highest 5

SIT-US-04-009
Values

KOD-US-04-008

SIT-DM-04-003

SIT-SL-05-031

LowestS | o\ ) 05-026 4.9 45 1.4
Values
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In general, the relative number of amino acids aligned with the crude protein.
However, the estimation of crude protein by nitrogen conversion seems to
overestimate the total protein if compared to total amino acids. The ratio of total
amino acids to crude protein (AA:crude protein, Table 8) points to a discrepancy
between these values for higher nitrogen-containing seaweeds. This could indicate
the presence of more nitrogen-containing salts (e.g., metal nitrates). A general
conversion factor of 5 may not be appropriate, and species-specific factors should
be considered (Lourenco et al., 2006). The project samples were 30-40% essential
amino acids, which aligns with other reports (Cerna 2011). Considerable crude
protein variance was observed in Ulva (6-26% DW), but this is not uncommon for
this genus (Soufi et al., 2024).

3.5 FATS

For this project, fat content was measured as the sum of fatty acid (FA) methyl esters
produced after standard saponification/methylation treatment (for an analogous
method see Kendel et al., 2015). This is meant to minimize overestimation of total
lipids that result from conventional crude fat measurements, namely Soxhlet
extraction with petroleum ether (USDA, 2009). Other nonpolar components (e.g.,
phlorotannins) may also be separated during apolar solvent extraction and
complicate this traditional gravimetric approach.

Total lipids ranged from 0.2 — 6.5% DW. The seaweed that appeared to contain the
most lipids was F. distichus. Previous work has observed lipid concentrations up to
6% DW for other Fucus spp. (Catarino et al., 2018). Although they are low in fat,
many authors have focused their studies on the lipid fraction of Fucus spp. due to
the high content in polyunsaturated fatty acids (PUFAs), which are essential fatty
acids of the utmost importance for human metabolism. Seaweed blends that can
leverage these nutritional components are being studied in considerable detail
(Marques et al., 2021; Pereira et al., 2012). Caterino et al. report the total content
of PUFAs and C18:1n9C (oleic acid) in F. distichus is 48.5% and 16.7%, respectively,
of total fatty acids. The ratio of PUFAs to total fat for select samples ranges 32-46%,
while oleic acid ranges between 14-26% of total fat, showing good correlation with
literature values (Table 9). D. mollis was consistently low in lipids, with average
values of 0.4 — 0.7% DW.
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Table 9: Highest fatty acid (FA) values (% DW).

SEUJ A TotalFAs | SFAs | MUFAs | PUFAs | C.o:nSC (G
(oleicacid)  (linoleic acid)
SIT-FD-05-032 6.5 2 21 2.4 15 0.8
SIT-FD-06-048 4.3 1.5 1.4 1.4 11 0.5
KOD-DV-05-021 3.9 1.2 0.9 1.9 0.3 0.3
KOD-FD-04-014 35 11 0.9 1.6 0.5 0.4
SIT-FD-04-016 35 1.2 11 1.3 0.8 0.4
3.6 VITAMINS

One reason seaweed has attracted great interest as a component of human or animal
feed is the claim that algae, particularly seaweeds, represent an exceptional source
of vitamins. The literature abounds with studies on the vitamin content in different
seaweeds (Hagan et al., 2023). There appears to be some agreement the most
abundant seaweed vitamins, which can sufficiently contribute to daily vitamin
requirements, are water-soluble vitamins (WSV) B1, B2, B12, and C, and fat-soluble
vitamins (FSV) A and E (Skrovankova, 2011). Only select brown seaweeds were
analyzed for vitamin content in this study.

WSV were shown to range from 2 — 640 mg/kg DW in the measured samples (Figure
2). The major WSVs were Ascorbic acid (C) and Niacin (B3). These represent >90%
of most WSV profiles. Ascorbic acid is widely available in fruits and vegetables; while
its appearance is of some interest, it is unlikely seaweed will supplant existing
sources of the vitamin. The recommended daily intake (RDI) of Niacin is 14-18 mg. A
daily serving of dried seaweed above 10 g would deliver 1 mg of Niacin (based on
SIT-FD-05-032). This just meets the threshold to “contain Niacin” (5-10% DV).
Vitamin B12 (cobalamin) presence in seaweed has attracted much interest as a
potential non-animal source of the essential vitamin. It was not detected in any of
the project samples, but it has been reported only in small values in brown seaweeds
and at considerably higher levels in Rhodophyta such as Porphyra spp. (Yamada et
al., 1996)
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NUTRITIONAL PROFILE

Figure 2: Highest water-soluble vitamin (WSV) values.
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FSV were shown to range from 1 — 150 mg/kg DW in the measured samples (Figure
3). Of these, provitamin A (beta-carotene) and vitamin E (alpha tocopherol) were
most abundant. The RDI of vitamin A is 0.7-1.3 mg retinol activity equivalents (RAE)
per day. 1 mg RAE is equivalent to 12 mg dietary beta-carotene - i.e., SIT-AM-05-
025 contains 11 mg RAE/kg. Therefore, 10 g DW of this seaweed would deliver 0.1
mg RAE and be considered a source of vitamin A. It is worth noting that carrots, the
ostensible vitamin A delivery source du jour, contains 60-200 mg/kg beta-carotene
(by fresh weight) (Saeed et al., 2022). Of course, a typical carrot serving is greater
than most seaweeds, but there are clearly vitamins of note present. For comparison,
C. fragile and G. chilensis beta-carotene levels were found to be 197.9 and 113.7
mg/kg DW, respectively. The largest vitamin E levels were observed in KOD-DV-04-
004 (48 mg/kg DW) and this vitamin concentration dropped precipitously later in the
season: KOD-DV-05-021: 15 mg/kg DW; KOD-DV-06-033: 6 mg/kg DW. Previous
work has reported the alpha-tocopherol level in M. pyrifera in Chile as 17.4 mg/kg
DW (Ortiz et al., 2009). In this study, alpha-tocopherol in M. pyrifera samples were
shown to range from 3-11 mg/kg DW.

Figure 3: Highest fat-soluble vitamin (FSV) values.
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AKSEAWEEB S EPE ANALYSIS

SECTION 4 - SAFETY

Food safety considerations in seaweed have been_covered in-detat-elsewhere(Serin;
2025; Good et al. 2023; FAO, 2021; Concepcion.et al.;-2020)._Food-safety hazards
are classified as biological, chemical, or physical; the-data_coHected in"this-prejectiis
exclusively chemical. The chemical hazards most commonly associated-with-seaweed
products are heavy metals (arsenic, cadmium, mercury, lead) and iodine. This is a
biological feature: seaweeds uptake minerals from the environment and this feature
lends to their use as an organic source of micronutrients important for human,
animal, and plant health (Circunciséo et al., 2018). However, this same trait places
seaweed at risk for accumulating potentially toxic amounts of heavy metals or
specific minerals (iodine) at rates that preclude their use in certain applications.

4.1 HEAVY METALS

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. Inorganic arsenic (IAs) is generally more hazardous than organic arsenic,
and higher oxidation states further increase the toxicity (Kuivenhoven et al., 2023).
Arsenic can be found at high levels (>50 ppm) in dried seaweed, but previous work
demonstrated only a small percentage is inorganic in the species cultivated in the US
(Yu et al., 2024).

Brown and red seaweed intended for use as food are described in 21 CFR §
184.1120 and 21 CFR § 184.1121, respectively. As an ingredient, these seaweeds
must meet chemical standards established in Food Chemicals Codex summarized in
Table 10 (National Research Council, 1981). Arsenic levels were very variable across
the seaweed samples (2-118 mg/kg DW). 19/94 samples were found to contain =50
mg/kg DW arsenic. Brown seaweed appears to accumulate arsenic at a higher level;
no red or green seaweeds (28/94) were found to exceed 25 mg/kg DW arsenic. The
samples were broadly collected from wild sources that may have had a longer
lifespan to accumulate heavy metals.
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Table 10: Specified chemical requirements for brown and red algae according
to CFR (Serin, 2025).

Analysis Brown Algae Red Algae

Arsenic (as As, inorganic) 3 mg/kg 3 mg/kg
Ash (Total) 45% 45%

lodine 1-5 mg/g 50 mg/g

Lead 10 mg/kg 10 mg/kg
Moisture content 13% 20%

It is important to note that, currently, there is no total arsenic limit for dried
brown seaweed as a food product in the United States: CFR only states a limit for
inorganic arsenic. Most arsenic in the seaweed is present in less harmful organic
forms such as arsenosugars (Yu et al., 2024). All seaweeds meet the threshold
established by the FDA, even those highest in total arsenic (Table 11). Cadmium was
the second most abundant heavy metal (1-5 mg/kg DW in 27/94 samples). Still, it
was below detection (<1 mg/kg DW) in the remaining 67/94 samples. These slightly
elevated levels of cadmium may be a cause for concern depending on the market or
application of the product. Despite no formal levels existing in US regulations, the
European standard for cadmium in “food supplements consisting exclusively or
mainly of dried seaweed, products derived from seaweed, or of dried bivalve
molluscs” is 3.0 mg/kg (EU 2023/915). Mercury was only detected (10 mg/kg) in one
sample (CC-04-005), while lead was below the limit (<1 mg/kg DW) in all samples.

Table 11: Highest arsenic values (mg/kg DW).

Sample (D N e
KOD-MP-06-039 118 0.45
SIT-MP-04-014 72 0.25
SIT-MP-05-018 68 0.31
SIT-MP-06-47 68 0.3
KOD-AM-06-035 66 <0.1
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SAFETY

Acute iodine toxicity, typically caused by overconsumption of supplements
containing iodine, represents a considerable issue for food and feed manufacturers
using seaweed, particularly kelp. The recommended dietary allowance varies: 150
pg/d for adults, 220 to 250 pg/d for pregnant women, and 250 to 290 pg/d for
breastfeeding women (NIH, 2024). In general, 1 mg/d is considered safe for most
individuals. For kelp intended as a dietary supplement, daily ingestion of the additive
must be limited to an amount of iodine of 225 ug (21 CFR § 172.365). The iodine
level of dried kelps can exceed 4 mg/g DW (Stévant et al., 2025), with the exception
of Alaria spp. (Rolenda 2018). In this project, only 5/94 samples were found to
contain >1 mg/g DW iodine (Table 12).

Table 12: Highest iodine values (mg/g DW).

SIT-HN-05-022 1.6
SIT-SL-05-031 1.4
KOD-SL-06-046 1.3
SIT-HN-05-021 1.2
KOD-SL-05-044 1.1
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AKSEAWEED HSSUE ANALYSTS

SECTION 5 - CARBOHYDRATES

Carbohydrates represent the major commodity chemical class present in seaweed.
Alginate (brown) and carrageenan (red) are industrially relevant hydrocolloids™ (A)
and (D), respectively (Figure 4), which find widespread applications inthe food
industry (Saha et al., 2010). Beyond that, other carbohydrate components of

seaweed are attractive for their functional or therapeutic properties - fucoidan (B),
laminarin (C), and mannitol. Seaweed will stockpile different nutrients, specifically
carbohydrates, depending on their life stage, season, and environmental conditions
(Schiener et al., 2014). The highest alginate contents are reported to occur in
summer months. The storage carbohydrates mannitol and laminarin have also been
found to accumulate during summer and autumn. This way, these polysaccharides
can be utilized during winter as an energy source for new tissue growth. Seaweed
carbohydrates are estimated by monosaccharide analysis — i.e., measuring the
individual amounts of each carbohydrate building block. More details on seaweed
carbohydrates can be found in the literature (Stiger et al., 2016).

Figure 4: Seaweed carbohydrates. Alginic acid (A), Fucoidan (B), Laminarin
(C), Carrageenan (D).
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CARBOHYDRATES

Total alginate is calculated as the sum of L-guluronic acid (G) and D-mannuronic acid
(M). Across the brown seaweeds, samples ranged from 9-32 % DW total alginate: 17
samples contained >20 % DW. Alginate function in certain product applications, such
as gelling, is dictated by the ratio of M:G monosaccharides (Abka-khajouei et al.,
2022; Jiao et al., 2019). M:G ratio varied from 1.5-7.8, with the lower alginate-
containing samples having a greater relative amount of L-guluronic acid (Table 13).
A. marginata and C. costata samples were the richest in alginate. Previous work has
reported the quantity of alginate in A. marginata (16.8 % DW, Bajwa et al., 2024)
and C. costata (22-29 % DW, Wu et al., 2014).

Table 13: Highest and lowest alginate values across brown seaweed samples

Sample ID Alginate, % DW M:G
SIT-AM-04-001

SIT-AM-05-025

Highest 5 Values KOD-CC-04-011

SIT-CC-04-005

SIT-AM-06-041

SIT-MP-06-47

SIT-SL-06-038
Lowest 5 Values KOD-DV-05-021
KOD-DV-04-004

KOD-DV-06-033

Fucoidans are sulfated polysaccharides present in the cell walls of the brown
seaweeds, composed usually of fucose as the main monosaccharide, but
accompanied by very variable amounts of other monosaccharides like galactose,
xylose, mannose, rhamnose, and/or glucuronic acid (Ponce et al., 2020). For this
study, a fucoidan-rich fraction was isolated from kelp samples (Order: Laminariales)
using acidic aqueous extraction followed by precipitation with ethanol. The putative
fucoidan was analyzed for carbohydrate profile. The fucoidan levels in the kelp
samples were found to range from 1-6.6% (Table 14).
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