8 frontiers ‘ Frontiers in Marine Science

@ Check for updates

OPEN ACCESS

EDITED BY
Gladstone Sagada,
Victory Farms, Kenya

REVIEWED BY
Laura Braga Ribeiro,

Portuguese Institute for Sea and Atmosphere
(IPMA), Portugal

Amit Ranjan,

Tamil Nadu Fisheries University, India

*CORRESPONDENCE
Paolo Guttuso

guttusopaolo@gmail.com

RECEIVED 04 December 2024
ACCEPTED 07 February 2025
PUBLISHED 14 March 2025

CITATION

Guttuso P, Nogueira N, Gueroun SKM,
Javidpour J, Canning-Clode J and

Andrade CAP (2025) Is jellyfish a suitable
ingredient for aquafeed? A comprehensive
review of nutritional potential and limitation.
Front. Mar. Sci. 12:1539725.

doi: 10.3389/fmars.2025.1539725

COPYRIGHT

© 2025 Guttuso, Nogueira, Gueroun,
Javidpour, Canning-Clode and Andrade. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Marine Science

TYPE Systematic Review
PUBLISHED 14 March 2025
po110.3389/fmars.2025.1539725

Is jellyfish a suitable ingredient
for aquafeed? A comprehensive
review of nutritional potential
and limitation

Paolo Guttuso™*, Natacha Nogueira®, Sonia K. M. Gueroun®*,
Jamileh Javidpour®, Jodo Canning-Clode**°
and Carlos A. P. Andrade®*

HInterdisciplinary Centre of Marine and Environmental Research (CIIMAR), University of Porto,
Matosinhos, Portugal, 2Department of Biology, Faculty of Sciences, University of Porto,

Porto, Portugal, *Marine and Environmental Sciences Centre (MARE)/Aquatic Research Network
(ARNET), Agencia Regional para o Desenvolvimento da Investigacdo Tecnologia e Inovacdo (ARDITI),
Funchal, Portugal, “Faculty of Life Sciences, University of Madeira, Funchal, Portugal, °Department of
Biology, University of Southern Denmark, Odense, Denmark, *Smithsonian Environmental Research
Center, Edgewater, MD, United States

Jellyfish's potential for feed production remains largely unexplored and research on
their nutritional benefits in aquafeeds is still limited. This systematic review analyzed
the nutritional composition of jellyfish and its potential as a sustainable aquaculture
feed ingredient, evaluating advantages and limitations. Data from 65 studies were
categorized into proximate composition, amino acids, fatty acids, and mineral
content. Good proportion of methionine and lysine, high amount of collagen-
derived amino acids (glycine, proline, hydroxyproline), the presence of taurine and
beneficial long-chain fatty acids (mainly ARA), as well as richness in minerals such as
Na, K, Cl, Mg, and Zn, constitute attractive key characteristics for feed application.
However, challenges remain, including high moisture and ash content, elevated
aluminum levels from present processing methods, and compositional variability.
Improved processing methods may enhance their use, but further research is
needed to address digestibility, optimize processing, and assess long-term
sustainability. This study positions jellyfish as a valuable, sustainable supplement
for aquaculture feed, though comprehensive evaluations are necessary to unlock
their full potential and ensure consistent quality in commercial applications.
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1 Introduction

Jellyfish, belong to the Medusozoa classes Hydrozoa, Scyphozoa, and Cubozoa (Boero,
2013), and hold a unique position as one of the oldest metazoan animal groups on Earth
(Cartwright et al., 2007), populating oceans worldwide from surface to bottom (Graham
et al,, 2014). In general, they present a bipartite life cycle with an asexual reproductive
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sessile stage (polyp, hydroid) and a sexual reproductive pelagic stage
(medusa) (Jarms and Morandini, 2019).

Jellyfish (herein referring only to the Class Scyphozoa) have a
rich cultural history in China, where they have been esteemed as a
food source for centuries and recognized for their medicinal
properties (Hsieh and Rudloe, 1994). This tradition extends to
other Asian countries (e.g., Japan, Malaysia, Korea), where there is
substantial market demand (Kingsford et al., 2000; Hsieh et al,
2001; Omori and Nakano, 2001; Raposo et al., 2022) leading to the
establishment of an important fisheries sector, particularly in
Southeast Asia. About 40 jellyfish species are commercially fished
for food purposes, focusing on species like Rhopilema esculentum
and Nemopilema nomurai, mainly in China (Brotz, 2016).
Additionally, there has been a notable expansion of jellyfish
fisheries in Western countries like the USA and Mexico, driven
by Eastern market demands and the exploitation of new species
such as Stomolophus meleagris (Brotz et al., 2017).

While jellyfish have traditionally been consumed primarily in
Asian cuisines, recent European regulations have highlighted their
potential as novel food sources, emphasizing the biochemical
characterization and bioactive properties of Mediterranean
jellyfish species (Regulation (EU) 2283/2015). Beyond food,
jellyfish are being explored for various applications such as
agriculture fertilizer (Hussein and Saleh, 2014), cosmetics
(Zhuang et al., 2009) and biomedical application (Addad et al,
2011), driven by research efforts into their bioactive (Leone et al.,
2015, Leone et al,, 2019; Upata et al., 2022) and functional
properties, particularly collagen (Barzideh et al,, 2013).

In recent decades, global jellyfish populations have surged,
attributed to anthropogenic factors like climate change (Purcell,
2005), overfishing (Roux et al.,, 2013) and coastal eutrophication
(Purcell et al., 1999). This led to significant blooms impacting
various human activities such as tourism (Ruiz-Frau, 2023),
coastal industries, fisheries, and aquaculture (Purcell et al., 2007;
Dong et al, 2010; Bosch-belmar et al.,, 2021). Despite these
challenges, jellyfish roles in marine ecosystems are being re-
evaluated, recognizing their contributions to regulating,
supporting, and provisioning ecosystem service as well as
economic and social benefits (Doyle et al., 2014).

In this context, expanding jellyfish exploitation may present an
exciting opportunity within the Blue Economy framework. This
includes advancements in harvesting and processing techniques as
well as the potential to tap into currently under-exploited species
(Edelist et al., 2021). By utilizing these gelatinous organisms as a
valuable resource, we can reshape their perception and unlock
their potential.

Furthermore, aquaculture is an emerging industry as a key
catalyst in harnessing jellyfish biomass to address the growing
demand for sustainable and cost-effective fish feeds. Concerns
regarding traditional fish meal and fish oil sources (Hua et al,
2019; Naylor et al., 2021) have fueled the search for alternatives,
with jellyfish offering a compelling solution (Duarte et al., 2022;
Eroldogan et al., 2023). Promising results exist from experiments
using live jellyfish or fresh portions in marine fish and crustaceans’
diets (Table 1). The scientific literature contains a wealth of valuable
data on jellyfish chemical composition, which has been collected
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and analyzed in reviews focused on biotechnological application
(Merquiol et al., 2019; D’Ambra and Merquiol, 2022) and ecological
studies (Ikeda, 20145 Hubot et al., 2022).

To fully evaluate jellyfish potential as a novel feed ingredient, a
crucial first step is to gather and standardize all available data on
species, origin, processing methods and chemical composition
(Glencross et al., 2020). In this context, this study aims to
standardize and evaluate all the available data on jellyfish
nutritional composition through a systematic review method and
assessing their nutritional value. Furthermore, this evaluation
considers the specific requirements of aquafeed production and
ultimately contributes to the exploration of jellyfish as a viable and
sustainable source for aquaculture feed.

2 Methods

To ensure a robust and reliable systematic review, we followed
the guidelines recommended by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA), with certain
adjustments to better suit our study’s objectives (Liberati et al.,
2009; Moher et al., 2009).

2.1 Data collection

A thorough screening of publication lists obtained from three
bibliographic databases (i.e. PubMed, Web of Science, and Google
Scholar) was conducted. The Google Scholar database was
processed with the use of the platform provided by Harzing
(2007) (Harzing, 2007) to overstep limitation in Boolean search
tools and importable items. The last search date for Google Scholar
was October 2020, while for the other databases, it was March 2023.

The search queries in each database utilized the same keywords

» <«

(“jellyfish” “scyphozoa”, “schyphomedusa, “nutrient” “microelement”

“macroelement”, “vitamin”, “protein”, “lipid*”, “ash”, “organic

» o«

matter”,

» o«

carbohydrate”,

» o«

amino acid”, “fatty acid”, “elemental”,

» o«

“biochemical”, “nutritional”, “gross” “proximate”, composition”,
“compound”) and were expressed in the appropriate language of the
specific database (Supplementary File 1).

To manage the large number of items, a three-step eligibility
criteria process was implemented (Figure 1). Firstly, titles were
screened for relevance to the paper’s objective or the potential to
report nutritional data. Secondly, structured eligibility criteria were
applied to define the nutritional composition of jellyfish, excluding
publications reporting data on specific substrates like collagen or
gelatin and considering only papers focusing on the medusa stage of
the Scyphozoa class. Thirdly, only scientific publications with
available data in English were considered. Briefly, only data
related to wild organisms, whole body, oral arms, bell, and raw
material were included, while entirely reared and processed
organisms, other body parts such as mesoglea and gonads, and
extraction substrates such as collagen and gelatin were excluded.
However, aspects influencing nutritional composition and potential
use as feed components were discussed in the text.

frontiersin.org


https://doi.org/10.3389/fmars.2025.1539725
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Guttuso et al.

TABLE 1 Jellyfish used to feed aquatic species.

10.3389/fmars.2025.1539725

: . Cultured : ;
Species Feeding strategy species Experiment length Main outcomes Reference
Live jellyfish given alone and/or Stephanolepis Jellyfish consumed in absence of
. Lo . L 16 days L 1
with Perinereis nuntia vallata cirrhifer alternative live feed
Aurelia sp. Live jellyfish Takifugu rubripes 20 days C,}T[X:::Aﬁ‘:r:ldlg:j\r 2
llyfish gi 1 d with
Jellyfis gl\'/en.a 01"16 and wi Pagrus major 108 days Growth = 3
artificial diets
Fresh jellyfish given al d Stephanolepi
Aureli Aurita resh)e yﬁs glve.n one an P i an{a epis 16 days Growth 1; Feed consumption 1 4
with Krill cirrhifer
Phyll
Aurelia aurita and Freeze-dried jellyfish and yllosomas of Difference in the
Chrysaora pacific iven alone foacus 54 days metamorphose stage >
4 p 8 novemdentatus P 8
Phyll
Aurelia aurita and L yllosomas of Feasibility on rearing solely
Chrysaora pacific Live jellyfish Ibacus 60 days with jellyfish 6
V novemdentatus !
Aurelia aurita and Live jellyfish given alone and Pampus Growth tand metabolism 1 when
. . R . . 20 days . e 7
Rhopilema esculentum with artificial diets. argenteus juveniles fed with artificial diets.
Prefc jellyfish with gut
Live jellyfish Trachurus japonicus 76 days releretice on _J Tyhsth wifh gu 8
cavity full
Gi 1 d with Stephanolepi
Nemopilema nomurai we;t?ﬁ?;?; ilriletsm e‘fi:; ,;;P " 30 days Growth 1 Body composition 1 9
L R Thamnaconus Until jellyfish were
Li Ilyfish 1 Ilyfish fish 1
ive jellyfish given alone modestis totally consumed Jellyfish present fish gut content 0
. lati
Fresh jellyfish Pampus argenteus 20 days Gut mlcro'blot'a m(?du ation and 11
changes in digestive enzymes
Immune indicators =
Rhopil lent Ami ids, amines, and
cpitema escutentum Fresh jellyfish Pampus argenteus 72h; and 60 days mino acies ammes- an 12
unsaturated fatty acid 1
Fresh jellyfish Pampus argenteus Effect on cholesterol metabolism 13

1 (Miyajima et al., 2011b); 2 (Miyajima-Taga et al., 2017a); 3 (Miyajima-Taga et al., 2014); 4 (Miyajima et al., 2011a); 5 (Wakabayashi et al., 2016); 6 (Wakabayashi et al., 2012); 7 (Liu et al., 2015);
8 (Masuda et al., 2008); 9 (Miyajima-Taga et al., 2015; 10 (Miyajima-Taga et al., 2017b); 11 (Wang et al,, 2021c); 12 (Wang et al., 2021a); 13 (Wang et al., 2022b).

2.2 Data extraction and analysis

Qualitative parameters included in the final tables were family,
species, and body parts. Data related to factors not evaluated in the
eligibility criteria process, such as site, size, and sex, were extracted
as a range or mean if directly available in the reference. Nutritional
composition data, if only graphically presented were extracted with
an online software WebPlotDigitizer (Rohatgi, 2017).

Data were categorized into four main groups: proximate
composition (Pc), amino acids (AA), fatty acids (FA), and
minerals (Mi). Each nutritional compound was converted into a
unique unit of measurement, applying appropriate unit conversions
(Supplementary File 1). Water content data, if missing, was back-
calculated from the respective specular dry weight values reported
in the references.

Furthermore, nutritional composition data for the most used
aquafeed ingredients and supplements were extracted from the
NRC (Nutrient Requirements of Fish and Shrimp, 2011) (NRC,
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2011) and other sources as needed. Data were unit-converted for
direct comparison with the jellyfish nutritional profile.

3 Results

The systematic search across three electronic databases initially
yielded 7538 items, from which 353 publications were identified as
potentially highly relevant. Through the multi-step eligibility
criteria process, 64 articles were ultimately selected for the
extraction of main nutritional compounds as indicated in the flow
diagram in Figure 1.

An overview of data set reveals that the Mediterranean Sea, the
Northwest Pacific, and the Northeast Atlantic are the primary
geographical regions where the nutritional composition of
jellyfish has been evaluated (Figure 2A). Additionally, Figure 2A
highlights the relative proportion of jellyfish species analyzed for
their nutritional composition, categorized by the journal fields in
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which the data were published. Notably, the field of Aquaculture
Nutrition exhibited limited interest in the evaluation of jellyfish
nutritional composition

The nutritional variables characterizing the dataset are
summarized in Figure 2B. Semaeostomeae, Rhizostomeae, and
Coronatae orders accounted for 58%, 36.9%, and 5.1% of the total
references, respectively. Aurelia was the most frequently mentioned
genus (27.6% of the total references), followed by Rhizostoma
(11.8% of the total references). Most of the works reported
proximate composition values, but body part data varied. 40%
percent of the works did not indicate a specific body part, while
oral arms (13%), bell (15%), and whole body (32%) were reported in
the remaining works.

Semaeostomeae, representing 51.8% of Scyphozoa diversity
(Jarms and Morandini, 2019), are the most studied group within
this class, with 12.2% (protein content - Pc), 4.5% (amino acid - AA),
8.6% (fatty acid - FA), and 9.0% (mineral - Mi) of species having been
analyzed for nutritional composition (Figure 2C). While the
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Rhizostoma order constitutes 22% of Scyphozoa diversity, it has
been more extensively studied, the Coronate order, the second most
diverse within Scyphozoa, has been minimally investigated, with less
than 1% of species analyzed for most nutritional components, and no
amino acid composition data available (Figure 2C).

Across Scyphozoa species, Pc varied as follows: water content
ranged from 91.1 to 98% wet weight (ww), ash from 15.4 to 85.6%
dry weight (dw), proteins from 0.2 to 76.8% DW, lipids from 0.17 to
12.3% DW, and carbohydrates from 0.1 to 22.71% DW
(Supplementary File 2). Ash content predominated, with
consistent ranges observed across species. Protein content
exhibited its highest values in Rhopilema esculentum (38.12-
53.87% DW) and Stomolophus meleagris (76.8% DW). Lipids
were the least abundant fraction, with exceptions such as
Cotylorhiza tuberculata. (12.3% DW). The protein and lipid
contents varied depending on the body part analyzed. Overall,
oral arms exhibited higher protein (13.4-53.87% DW) and lipid
concentrations 0.2-2.2% DW) than bell (protein: 6.6-38.12% DW;
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Representativeness of jellyfish species evaluated for nutritional composition. (A) Percentage of jellyfish species out of the total included in this study
accounting the geographic location of species collection and the field of interest of the journal that published the nutritional assessment. (B)
Number of studies that evaluated nutritional composition of jellyfish species categorized by each nutritional category. (C) Percentage of species
evaluated in this study out of the total known species by each nutritional category. Total species: number of accepted species (Jarms and Morandini,

2019); PC (proximate composition); AA (amino acids); FA (fatty acids).

lipid: 0.17-1% DW), while the whole body showing intermediate
values (protein: 1.1-34.2% DW; lipid: 0.3-5.8% DW). Carbohydrate
data found in the literature were limited, typically falling within a
range of 0.06% DW (for Eupilema inexpectata) to 22.71% DW for
(Chrysaora pacifica).

The observed variability in jellyfish chemical composition likely
stems from several factors that will be discussed further ahead as
well as their potentialities and constraints for aquafeed production.

Frontiers in Marine Science

3.1 Protein and amino acids

Jellyfish, characterized by their high moisture and consistent
ash content, generally exhibit lower protein content (DW)
compared to established feed ingredients like fish meal and
soybean meal (Figure 3). However, their protein content is
comparable to seaweed (14.4 + 6.6% DW) and to other plant-
based sources such as corn (10.6 + 1.3% DW), and wheat (15.6 +
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(Corn); Wh (Wheat); Fm (Fish meal); Ke (Kelp); Sw (Seaweed). Value are reported as mean and standard deviation of all the values extracted; Jellyfish

(This study), other ingredients (NRC, 2011).

2.5% DW). Certain species, such as Rhopilema esculentum and
Rhopilema hispidum (oral arms) display protein content within the
range of soya bean meal (Figure 3).

Considering the quality of proteins in terms of essential amino
acids (EAA), jellyfish present a heterogeneous profile (Supplementary
File 2), with lower relative amounts of EAA compared to traditional
protein sources like fish meal and soyabean meal (Figure 4). Moreover,
jellyfish demonstrate a variable quantitative EAA profile across species
(Semaestomae generally displaying lower amino acid levels compared
to Rhizostomae) and body parts, with oral arms consistently exhibiting
higher EAA values compared to bell segments (Supplementary File 2).
Notably, certain species like Acromitus hardenbergi (0.57-14.8% DW),
Rhopilema esculentum (0.29-7.96% DW), and Rhopilema hispidum

Frontiers in Marine Science

(0.06-9.8% DW) display particularly high net quantitative EAA
profiles. Along with non-EAAs as glycine, proline, hydroxyproline,
aspartic acid, glutamic acid and alanine also arginine resulted
consistent in jellyfish (Supplementary File 2).

Amino acid composition, expressed as % of total amino acid (%
TAA), is relatively consistent among species (Tables 2, 3). Under this
perspective, jellyfish have similar or higher proportions of EAA (42.6-
48.1%TAA in Semaeostomeae and 49.2-54.1%TAA in Rhizostomeae)
compared to fishmeal (43.4%TAA), soybean meal (46.0%TAA) or
seaweed (45.7%TAA) (Angell et al., 2016). Moreover, the proportion of
limiting amino acids in jellyfish demonstrates comparability to
commonly used and alternative protein sources such as fish meal,
soybean meal, and seaweed. Methionine levels in jellyfish (1.5- 1.9%
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TAA) fall within the range observed for seaweed (1.25% TAA) and fish
meal (2.8% TAA) and the proportion of lysine in jellyfish (6.4-12.2%
TAA) also appears to be higher or comparable to the one observed in
soybean meal (6.66% TAA), seaweed (5.88% TAA), and fish meal
(74% TAA) (Angell et al,, 2016).

3.2 Lipids and fatty acids

The overall lipid content (% DW) of jellyfish is low, varying
between 0.2 and 5.8, and comparable to some plant-based
ingredients (Figure 3). Nevertheless, some species such as
Cotylorhiza tuberculata, (12.3% DW) Cyanea nozakii, (8.1% DW)
and Stygiomedusa gigantea (10.2% DW) display lipid values similar
or even higher than those found in fish meal (9.58 +
1.16) (Figure 3).

In terms of fatty acid composition, saturated fatty acids (SFA)
and polyunsaturated fatty acids (PUFA), particularly arachidonic
acid (ARA) (2.8-23.7), eicosapentaenoic acid (EPA) (1.23-25.9), and
docosahexaenoic acid (DHA) (0.8-25.9), were more abundant than
monounsaturated fatty acids (MUFA) (Supplementary File 2).
However, high variability was observed among species, with some
species like Aurelia aurita and Pelagia noctiluca, presenting
consistently low levels of these compounds (Supplementary File 2).

Despite the similarities between jellyfish and fish oil fatty
acid profiles, the ®3/®6 ratio is higher in fish oil (12.4- 24,1% DW)
(NRC, 2011) due to the greater amount of ARA in jellyfish (Figure 5).

3.3 Minerals

Macroelements, including sodium (Na) (37.4-80.79 g/kg DW),
potassium (K) (1.26 - 2.29 g/kg DW), calcium (Ca) (1.33 -2.36 g/kg

Frontiers in Marine Science 07

DW), magnesium (Mg) (427 - 6.92 g/kg DW), phosphorus (P)
(0.046 - 59.55 g/kg DW), and chlorine (Cl) (326-587.6 g/kg DW),
are abundant in jellyfish, with variations observed among species
and body parts and lower concentrations reported for Pellagia
noctiluca (Supplementary File 2). Rizhostoma species generally
exhibit higher concentrations of K (5.57-126.70 g/kg DW)
compared to Sematostoma species (1.6-19.66 g/kg DW).
Compared to fish meal, jellyfish exhibit lower Ca content, but
comparable levels to seaweed (Supplementary File 1). Regarding P,
its content in jellyfish is variable, but generally comparable to other
ingredients used in aquafeeds (Supplementary File 1).

Microelements in jellyfish display more variability, with variable
concentrations for iron (Fe) (0.59- 252 mg/kg DW), copper (Cu)
(0.11 - 49.82 mg/kg DW), zinc (Zn) (3.61 - 400 mg/kg DW),
manganese (Mn) (0.11 - 18.66 mg/kg DW) and selenium (Se) (0.31-
5.49 mg/kg DW) content (Supplementary File 2). No data on iodine
(I) were encountered. Zn concentrations, especially in species
associated with symbiotic dinoflagellates, namely - Cotylorhiza
tuberculata (Furla et al., 2011; Enrique-Navarro et al., 2022) and
Cassiopea sp (Templeman and Kingsford, 2010; Templeman et al.,
2021), - show potential for fish nutrition.

4 Discussion
4.1 Nutritional composition

Collagen is a prominent protein constituent of jellyfish that in
some species accounts for about 50% of its total protein content
(Merquiol et al., 2019). Given the high content of glycine, proline,
and hydroxyproline in collagen, it was not surprising to find these
amino acids abundant in jellyfish (Supplementary File 2). Proline
and hydroxyproline are conditionally EAA whose dietary intake
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TABLE 2 Total essential amino acid composition (% of total amino acid) in jellyfish reported in this study.

Essential amino acid

Species Lys Meth Phn Thr Trp References
Semaeostomeae
Aurelia aurita AB 6.9 12 3.2 45 6.8 1.5 44 5.0 3.6 37.2 ®
6.4- 1.9- 6.1- 4.1- 41.2-
Chrysaora hysoscella | AB 4.4-44 8.2-83 4.8 4.8-5 2°
6.6 2.0 6.2 42 415
Chrysaora pacifica AB 6.4 14 33 5.6 6.4 1.9 2.5 4.5 3.6 35.6 1?
5.8- 0.8- 2.62- 5.0- 3.0- 44- 36.7- .
AB 7.1-9.6 4.4-45 2
7.2 13 3.7 52 3.7 45 36.8
Pelagica nocticula
AB >4 13 3642 O 6976 0712 ¥ 47 4849 | O 3
6.1 1.4 o 5.76 o o 3.5 49 o 38.1
Rhizostomeae
Acromi Be 6.7 12 4.1 47 42 1.9 2.7 10.3 0.4 2.7 38.8
cromitus n
hardenbergi Oa 59 1.4 43 49 42 14 32 10.2 05 3.1 39.2
Cassiopea
AB 6.34 2.13 3.52 5.84 6.62 1.38 4.58 3.32 0 491 5
andromeda
Be 7.9 0.9 3.7 5.8 7.3 1.9 3.7 4.9 45 40.4
Catostylus tagi 6"
Oa 6.9 12 3.7 6.3 7.7 2.0 43 4.7 4.7 414
6.3- 1.7- 5.7- 8.6- 4.0- 52- 434- .
AB 7.8 28 4043 ) 12.2 59 56 S55 e 2
Rhizoatom pulmo ) i ) ) ) ) .
AB 11.1 2.9 3.8 58 0.8 74 36 5 7
Be 53 3.1 3.1 13.1 37 12 2.9 7.8 0.2 2.0 426
Rhopilema hispidum 4°
Oa 6.7 1.8 36 6.8 42 12 3.2 10.1 0.6 2.8 41.0
Rhopilema Be 52 1.8 39 74 47 13 26 9.2 0.4 22 386 .
esculenturm Oa 59 1.9 39 58 48 13 26 8.7 0.9 2.0 37.8

Data of reference marked with “*” were unit converted. Arg, arginine; His, histidine; Iso, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine; Thr, threonine; Trp,
tryptophan; Val, valine; tot, total AB: all body; Be: bell; Oa: oral arm. 1 (Wakabayashi et al., 2016); 2 (Kogovéek et al.,, 2014); 3 (Malej et al., 1993); 4 (Khong et al., 2016); 5 (De Rinaldis et al., 2021);

6 (Morais et al., 2009); 7 (Ramires et al., 2022b).

might become necessary under specific conditions like rapid
growth, illness, or deficiencies in other nutrients (Li and Wu,
2018) and consequently represent an attractive characteristic of
jellyfish for aquatic animal nutrition. Glycine, as one of the major
non-EAA in jellyfish may play a role in gut health and immune
function in fish (Hoseini et al., 2022; Aidee et al., 2023). In terms of
amino acid composition, jellyfish contain high proportions of
specific amino acids comparable to or higher than those found in
commonly used protein sources. The consistent proportion of
lysine and arginine (Table 2) unravel appealing characteristics
accounting that their requirements for fish and crustaceans are
among the highest in the comparison with other EAA (Xing et al.,
2024). Therefore, limitations associated with plant-based feedstuffs,
particularly regarding AA balance deficiencies (Cai et al.,, 2022),
could be effectively supplemented by incorporating conditionally
EAA and/or EAA from selected jellyfish species/parts, namely R.
esculentum and R. hispidum arms, and A. hardenbergi. However,
accounting the net amount of protein, jellyfish emerge as a more
suitable feed ingredient to fulfil the protein requirements of
freshwater fish, as marine species typically require higher levels of
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dietary proteins (40-55%) compared to most freshwater fish (25—
40%) (Velasco Santamaria and Corredor Santamaria, 2011; Bowyer
et al,, 2013). Moreover, despite jellyfish possessing promising
protein content, processing methods can significantly impact the
bioavailability and digestibility of jellyfish protein. Studies on
mammals have shown that hydrolyzed collagen (gelatin) can
decrease food efficiency and protein bioavailability (Bordin and
Naves, 2015). This finding highlights the importance of
investigating processing techniques specific for jellyfish to
optimize their nutritional value as an aquafeed ingredient. Beyond
its nutritional merits, jellyfish collagen, peptides and free amino
acids exhibit a plethora of bioactive functionalities to be dealt with
further ahead.

ARA represents the jellyfish characteristic fatty acid. Studies
suggest that ARA may play a significant role in growth performance,
reproduction, survival, and stress resistance in marine organisms (Xu
et al., 2010; Torrecillas et al,, 2017, 2018; Ding et al,, 2018). However,
excessive ARA intake can lead to issues such as reduced performance in
Litopenaeus vannamei (Araujo et al, 2020) and problems as at
metamorphosis in flatfish (NRC, 2011). Jellyfish could serve as a
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TABLE 3 Total conditional and non-essential amino acid composition (% of total amino acid) in jellyfish reported in this study.

Cond. essential amino acid

Non-essential amino acid

. Bod
Species y Reference
t
par Cys Pro Tau Hyp tot Glu Gly Typ Ser
Semaeostomeae
Aurelia aurita AB 0.5 10.4 109 67 9.4 13.6 14.6 29 4.7 51.9 is
Chrysaora AB 4.9- 4.9- 5.2- 0797 13.8- 15.7- 3.6- 4849 53.4- 2
hysoscella 5.0 5.0 52 v 14.1 16.3 3.6 o 53.6
Chrysaora pacifica ~ AB 0.4 10.7 11.1 6.6 8.6 13.9 16.6 3.0 4.6 53.3 1*
59- 59- | 59- | 100- 10.4- 19.5- 26 56.5- .
AB 32-42 2
6.5 6.5 56 10.9 14.9 229 32 57.3
Pelagica nocticula
3- 47 0- 0- 13.7- 18.4- 22- 2-
AB 03 >0 60 8893 127 8 1648 0 3
0.7 5.1 55 6.7 14.4 218 25 573
Rhizostomeae
Acromitus Be 47 9.2 139 34 7.1 11.8 20.0 15 34 473
) o
hardenbergi Oa 48 9.3 142 35 6.0 115 205 1.7 34 46.7
Cassiopea
andromeda AB 176 604 601 | 1.64 598  8.07 11.26 10.73 274 507 5
Be 12 7.6 22 8.9 7.1 9.9 14.3 95 29 49 485
Catostylus tagi 6"
Oa 1.1 6.9 1.7 7.9 6.5 9.9 153 9.0 32 5.1 489
57- 57- 53 | 103- 11.5- 9.0- 3.1- 45.8- .
AB 42-47 2
Rhizoatom pulmo 6.2 6.2 57 10.5 15.8 10.3 5.1 50.3
AB 0.5 3 54 0.0 7 59 9.9 9.4 5.8 53 7
Rhopilema Be 37 82 120 45 6.3 10.2 19.8 1.6 3.1 455
. . 43
hispidum Oa 45 8.9 133 36 6.9 10.8 19.4 13 36 457
Rhopilema Be 40 8.9 129 35 6.8 112 217 1.6 36 485
o
esculentum Oa 40 9.8 138 38 62 11.2 220 15 37 484

Data of reference marked with “*” were unit converted. Arg, arginine; His, histidine; Iso, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine ; Thr, threonine; Trp,
tryptophan; Val, valine; tot, total; AB, all body; Be, bell; Oa, oral arm. 1 (Wakabayashi et al., 2016); 2 (Kogovsek et al., 2014); 3 (Malej et al., 1993); 4 (Khong et al., 2016); 5 (De Rinaldis et al.,

2021); 6 (Morais et al., 2009); 7 (Ramires et al., 2022b).

natural source of ARA to enrich diets according to experimental
evidence. Takifugu rubripes, tiger puffer, fed with Aurelia sp. showed
increased proportions of polar lipids, ® -3 and ® -6 highly
unsaturated fatty acids, especially ARA and DHA (Miyajima-Taga
et al, 2017a). Similarly, threadsail filefish (Stephanolepis cirrhifer) fed
artificial diet supplemented with N. nomurai presented high levels of
ARA (Miyajima-Taga et al, 2015, Miyajima-Taga et al., 2017a).
Jellyfish could be used to supplement terrestrial plant oils as lipid
source, mitigating their commonly reported deficiencies in long chain
PUFA (Zhang et al., 2024). Despite the generally low lipid content in
jellyfish, certain species with higher lipid levels—such as Cotylorhiza
tuberculata, Cyanea nozakii, and Stygiomedusa gigantea—could serve
as a notable lipid source with an attractive fatty acid profile.
Additionally, reared jellyfish have been reported to exhibit
significantly higher lipid content (De Domenico et al, 2025) and
elevated levels of SFA and PUFA, alongside lower MUFA levels (Wang
et al, 2021b), compared to their wild counterparts. These findings
suggest the potential for jellyfish to be utilized as a lipid source, though
further research is required to optimize such practices.
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Mineral nutrition in fish, though less studied than other
nutrients (Lall and Kaushik, 2021), is essential for their growth
and health (NRC, 2011). In jellyfish differences in macro element
concentrations between body parts suggest influence from osmotic
balance and floating capacity (Costa et al., 2019).

Microelements are typically more limited than macro element in
compound feeds and dietary supplementation of trace minerals is
commonly employed to ensure optimal growth and health of cultured
species (Watanabe et al, 1997). Jellyfish could serve as a potential
future source of minerals for dietary supplementation. However,
attention must be paid to possible pollution by toxic trace elements
(Muiioz-Vera et al,, 2015, Mufioz-Vera et al., 2016; Templeman et al.,
2021), particularly aluminium (Al) previously detected in the jellyfish,
Catostylus tagi (Morais et al., 2009). Monitoring of toxic trace element
levels in jellyfish is essential to ensure their safety for use in feed and
food. Nevertheless, despite the potential anthropogenic impacts,
jellyfish generally exhibit low levels of toxic elements, suggesting their
suitability for consumption within regulatory limits. For instance, toxic
elements (arsenic (As), cadmium (Cd), lead (Pb), mercury (Hg))
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concentrations in Rhizostoma pulmo were found below the limit levels
for human consumption allowed by Australian, USA, and EU Food
Regulations (Basso et al., 2021).

4.2 Nutritional variability and plasticity

The composition of jellyfish biomass can vary due to several factors
beyond body parts and taxonomy. For instance, size and water content
(Malej et al., 1993; Lucas, 1994) affect protein content. In Aurelia aurita
(Lucas, 1994) and Pelagia noctiluca (Malej et al., 1993), larger organisms
show decreased protein content, likely due to egg transfer and organic
content loss. Contrastingly, according to Schaub et al., 2023, Aurelia
labiata shows increased protein with bell diameter, though larger
diameter ranges indicate an opposite trend (Luskow et al, 2022).
These variations suggest complex interactions beyond size, such as diet
and trophic factors (Schaub et al.,, 2023). Seasonal shifts in diet and life
cycle are the primary sources of nutritional variability. Although, size-
based dietary shifts significantly influence lipid and fatty acid
composition in Aurelia labiata (Schaub et al, 2023), the absence of
size-based influence on lipid and fatty acid composition in Nemopilema
nomurai confirmed the need to account for species-specific trophic
habits (Wang et al, 2022a). Notable trophic transitions include shifts
from grazing to detritus (Fukuda and Naganuma, 2001), from
microzooplankton to microplankton and resuspended particles
(Javidpour et al., 2016), and from seston to zooplankton diets (Wang
et al,, 2020). Pelagia noctiluca’s generalist trophic habits (Milisenda et al,,
2018) further underscore the plasticity of jellyfish trophic interactions.
Lipid composition varies with life stages, especially reproductive tissues.
Gonads maintain consistent nutritional content, affecting overall
organism composition during reproduction as indicated by energetic
measurements (Doyle et al., 2007), direct lipid (Milisenda et al,, 2014)
and fatty acid content (Milisenda et al., 2018; Stenvers et al., 2020).

Although, gonadal lipid content has a crucial role as reserve
during sexual maturation (Stenvers et al., 2020), food sources,
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nutritional status, and energy costs were further underlined to be
the source of variation in FA profiles between wild and farmed
Rhopilema esculentum. Specifically, farmed specimens were
characterized by high level of SFA and PUFA and the lowest level
of MUFA probably mirroring the adequate supply of specific diet in
farmed specimens (Wang et al., 2021b). Macroelement composition
in jellyfish reflects seawater composition (De Barba et al., 2016) but
varies with species, body parts, and ecological factors (Costa et al.,
2019). Microelement distribution has been studied in Cotylorhiza
tuberculata (Munoz-Vera et al., 2015) Rhizostoma pulmo (Muioz-
Vera et al,, 2016) and Cassiopea sp (Templeman and Kingsford,
2010) suggesting that the variability in concentrations has a close
relationship with water quality at the collection site. Zn and As
concentration related with animal size in Cotylorhiza tuberculate
and species-specific Zn level were mainly associated to symbiotic
dinoflagellates living in Cotylorhiza tuberculata (Furla et al.,, 2011;
Enrique-Navarro et al., 2022) and Cassiopea sp (Templeman and
Kingsford, 2010; Templeman et al., 2021). Furthermore, for those
jellyfish that harbor symbiotic photosynthetic dinoflagellates
(zooxanthellate jellyfish), the strength of this association can be
influenced by the life stage and geographic location of the jellyfish
species (Djeghri et al., 2019). This variation in the symbiotic
relationship ultimately affects the overall chemical composition of
the jellyfish. Also, methodological factors like different drying
methods may affect nutritional assessment (Siddiqui et al., 2024),
impacting in the overall chemical composition (Fukushi et al., 2005;
Emadodin et al, 2020), including amino acid content (Kogovsek
et al., 2014; Yuferova, 2015; Leone et al., 2019).

4.3 Bioactive functionalities
Research and innovation in aquafeed formulation continue to

explore diverse sources of bioactive compounds to optimize feed
efficiency, promote animal health, and minimize environmental
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impact in aquaculture operations. Presently, the most promising sources
of functioning feed additives are plant based, yeasts, mushrooms,
seaweed, and their derivatives (Van Doan et al., 2019; Agboola et al,,
2021; Firmino et al., 2021), besides the traditional sources such as fish
discards and processing byproducts (Ozogul et al., 2021), and synthetic
and semi-synthetic compounds (Wang and Hui, 2021).

However, multiple studies have demonstrated that extracts,
collagens, and hydrolysates derived from various jellyfish species
exhibit a range of potentially beneficial properties for aquaculture.
Research suggests these products, particularly from species like
Catostylus tagi (Morais et al., 2009) and Rhopilema nomadica
(Leone et al,, 2015, 2019), possess antioxidant activity, potentially
helping to reduce oxidative stress and improve the overall health of
organisms, and additionally prolonging shelf life of feeds. Extracts
from Rhopilema tetrapilema (Esparza-Espinoza et al., 2023) have
also shown antimutagenic properties, which could be beneficial for
cell health. Other studies on Rhopilema esculentum suggest
potential anti-fatigue effects (Ding et al., 2011), which could
benefit aquaculture animals by reducing stress and improving
their resilience. Additionally, extracts from Stomolophus nomurai
demonstrate immunostimulant activity (Sugahara et al., 2006), with
potential to boost the immune system of organisms.

Moreover, the presence of free amino acids in jellyfish (Tables 4, 5),
including taurine, hydroxyproline, glycine, arginine, glutamic acid, and
alanine, holds significant potential for enhancing the nutritional
performance of farmed animals by stimulating feeding in various
marine and freshwater fish (Kasumyan and Doving, 2003) and in
shrimps (Tantikitti, 2014). Taurine has been shown to enhance growth
performance and feed efficiency when supplemented in low-fish meal
diets (Magalhdes et al,, 2019; Sampath et al,, 2020). Therefore, jellyfish,
rich in taurine, a prominent free amino acid in Aurelia sp., Aurelia
aurita, and Nemopilema nomurai, present a promising source for this
amino acid supplementation in aquafeeds.

10.3389/fmars.2025.1539725

Observations of several fish species attracted to jellyfish
carcasses as bait (Sweetman et al, 2014; Dunlop et al., 2018)
and to jellyfish portions in controlled feeding experiments,
particularly with A. aurita (Miyajima et al, 2011b) and N.
nomurai (Miyajima-Taga et al., 2015), also suggest that jellyfish
possess unique characteristics that could make them valuable
attractants for aquaculture feeds. This approach presents a
sustainable alternative for enhancing the palatability of current
feed trends that incorporate reduced levels of fish meal (Yue et al,,
2022) as opposed to traditional fish derived attractants (He
et al., 2022).

4.4 Feed applications for jellyfish

Fishery by-catches, including jellyfish may cause problems of
waste management and disposal, and are costly (Coppola et al,
2021; D’Ambra and Merquiol, 2022). The multi-valorization of
marine discarded wastes into high value-added materials approach
helps to overcome these major issues, subsequently contributing to
the reduction of marine environmental polluting discard
accumulation in coastal areas (Govindharaj et al., 2019).

To conduct a meaningful evaluation of a new ingredient for feed
purposes, we have not only characterized its nutritional aspects but
also assessed the variability in composition, source, and species of
origin, which constitutes a crucial element and essential step
(Glencross et al., 2007).

According to the biochemical characterization in this review,
jellyfish represent a valuable but complex resource for feed
applications, offering nutritional variability and bioactive
functionalities that can be harnessed to improve aquaculture
sustainability and performance. The most relevant jellyfish
properties, previously discussed, that are crucial for effective feed

TABLE 4 Total free essential amino acid (% of total amino acid) composition in jellyfish reported in this study.

Essential amino acid

References
Species Arg Hist Iso Leu Lys Meth Phn Thr Try Val
Semaeostomeae
(Leone
AB 0.7 43 60 | 3.8 6.6 6.4 43 321 .
et al., 2015)
. (Miyajima-Taga
Aurelia sp AB 2.1 21 24 2.1 1.7 14 1.7 | 136 o
et al., 2017a)
Miyajima-T:
AB 08 24 07 16 32 o0l 1100 15 13 | 128 (Miyajima-Taga
et al., 2014)
Rhizostomeae
X (Leone
Cotylorhiza tuberculata AB 7.8 57 74 6.1 53 8.0 7.4 59 | 536 .
et al., 2015)
L
Rhizostoma pulmo AB 20 55 54 90 | 68 45 92 | 50 48 | 523 (Leone
et al., 2015)
i . (Miyajima-Taga
Nemopilema nomurai AB 4.9 2.0 3.9 6.6 8.8 2.0 34 3.9 4.6 40.1 N
et al., 2015)

Data of reference marked with “*” were unit converted. Arg, arginine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine; Thr, threonine; Trp, tryptophan;
Val, valine; Cys cystine Pro, proline; Tau, taurine; Hyp, hydroxyproline; Ala, alanine; Asp, aspartic acid; Glu, glutamic acid; Gly, glycine; Tyr tyrosine; Ser, serine; tot, total; AB, all body.
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TABLE 5 Total free conditional and non-essential amino acid (% of total amino acid) composition in jellyfish reported in this study.

Cond. essential amino acid

Non-essential amino acid

Species Reference
Cys Pro Tau Hyp tot Ala Asp Glu Gly Tyr Ser
Semaeostomeae
AB 26 2.7 53 45 20 87 352 60 60 625 (Leone et al., 2015)
Mivajima-Tag:
‘ AB 247 247 45 17 59 463 | 21 10 | 617 (Miyajima-Taga
Aurelia sp et al., 2017a)
(Miyajima-Taga
AB 22.1 221 48 11 67 | 491 15 19 651 N
et al., 2014)
Rhizostomeae
Cotylorhiza AB 5.1 51 43 25 160 59 70 55 413 (Leone et al., 2015)
tuberculata
Rhizostoma pulmo AB 1.3 39 5.2 39 43 15.1 5.3 7.5 6.6 42.6 (Leone et al., 2015)*
. , (Miyajima-Taga
Nemopilema nomurai | AB 2.0 24.4 26.4 6.3 3.8 8.4 6.7 33 5.0 33.6 et al, 2015)°

Data of reference marked with “*” were unit converted. Arg, arginine; His, histidine; Ile, isoleucine; Leu, leucine; Lys, lysine; Met, methionine; Phe, phenylalanine; Thr, threonine; Trp, tryptophan;
Val, valine; Cys cystine Pro, proline; Tau, taurine; Hyp, hydroxyproline; Ala, alanine; Asp, aspartic acid; Glu, glutamic acid; Gly, glycine; Tyr tyrosine; Ser, serine; tot, total; AB, all body.

formulation and maximizing their potential as underutilized marine
resources are as follows:

- Crude protein content (DW) of the oral arms (R.
esculentum and R. hispidum) makes them potential feed
ingredients for low-trophic level or low-protein-demanding
aquaculture species.

- Good proportion of limiting EAA such as methionine and
lysine and richness in collagen-derived amino acids, lacking
in plant ingredients (Li et al., 2011), may grant their use as
feed supplements in feeds. Glycine, proline, and
hydroxyproline can improve feed conversion ratios,
leading to faster growth and reduced production costs (Li
and Wu, 2018) and stimulate gut health and immune
function in fish (Hoseini et al., 2022; Aidee et al., 2023).

- Despite low lipid (DW), the presence of PUFA, particularly
ARA may serve as a natural source of long-chain PUFA to
enrich diets.

- Low levels of insoluble carbohydrates and fiber, as these
components negatively affect the fish growth and feed
conversion ratio (Nagappan et al., 2021)

- High concentrations of mineral ions Na, K, Cl, Mg (particularly
in the Rizhostoma group) and Zn could be used to be usually
part of minerals in mixes added in feed formulations.

- Jellyfish species possess unique characteristics that could
make them valuable feed attractants that however needs
further investigations.

On the other hand, there are still challenges that need to be
addressed if jellyfish are to be used as an aquafeed ingredient:

- Though differences in moisture content between jellyfish
and other potential feed ingredients like seaweed may not
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be as substantial as initially perceived (Figure 3), high water
content in jellyfish poses logistical challenges for transport
and biomass preservation, demanding costly drying
methods. In situ valorization of biomass would facilitate
logistics associated with storing and transport, eliminating
most associated economic and environmental costs (Lopes
et al., 2015)

- High ash content in jellyfish presents another potential
limitation, affecting energy levels and feed quality.

- Processing techniques originate elevated aluminum levels,
posing safety concerns (Bleve et al., 2021). Recent advances,
including alum-free treatment methods (Bleve et al., 2021)
and innovative processing techniques like thermal
processing (Leone et al., 2019) and fermentation (Ramires
et al., 2022a), show promise in improving nutritional
features and safety standards.

- Lack of consistent composition of an ingredient would
affect the nutritional value of the feed and feed efficiency
for farmed animals (with implications for growth
performance and health), hindering feed formulation and
requiring constant adjustments (Sorensen, 2012; Faba et al.,
2018). Therefore, the need for developing standardized
processing methods to ensure consistent quality and
minimize variability in jellyfish-based feed ingredients.

- Significant knowledge gap exists regarding the digestibility
of different jellyfish species and their various body parts
by fish.

Despite the promising findings, further research and innovation
are necessary to overcome limitations. Moreover, the safe utilization
of jellyfish in both feed and food applications requires a thorough
risk assessment, as outlined by Bonaccorsi et al. (2020), and strict
adherence to established safety parameters, like any new aquafeed
ingredient (Bleve et al., 2019).
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Finally, assessing the long-term sustainability of utilizing
jellyfish as an aquafeed ingredient is crucial. While this study
positioned jellyfish as a potential alternative to currently limited
feed ingredients, a dedicated sustainability assessment is needed.
This analysis should consider factors such as harvesting practices
and potential ecological impacts in the case of sustainable fishery
exploitation (as recommended by Edelist et al., 2021) or take the
shape of a comparative environmental assessment between a
valorization process to produce a feed ingredient and different
waste management options such as, composting, incineration and
landfilling for a waste disposal scenario (Lopes et al., 2015)
following jellyfish blooms.

4.5 Conclusion

The nutritional variability and bioactive functionalities of
jellyfish underscore their potential as a feed supplement for
aquaculture feeds rather than a novel major feed ingredient.
Conditionally essential amino acids (glycine, proline, glutamic
acid and taurine) proportion of EEA (lysine and methionine), the
long chain fatty acid ARA and selected minerals such as Na, K, CI,
Mg, and Zn were highlighted in this study as a most promising
source of supplementing ingredients.

Continued research and development efforts are needed to
elucidate the full potential of jellyfish in feed applications,
optimize processing techniques, and evaluate their impact on
animal growth, health, and product quality. By associating
jellyfish species from specific geographic regions to their
applications in situ by the feed industry, this study may
additionally contribute to the development and sustainability of
jellyfish fisheries.
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