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Abstract: Studies toward a sustainable future conducted by international organizations uniformly
agree about having to change some of our present consumer behaviors. Regarding food, suggestions
include eating locally farmed, less industrialized and renewable food to promote health and circularity,
and limiting waste. Jellyfish are frequently sorted and discarded after being caught with fish in
fishing nets and gear. In contrast, we propose utilizing this by-catch as food. This review discusses
the economic value and sustainability of jellyfish, the technologies used to prepare them for human
consumption, their nutritional profile and health impacts and, finally, consumer acceptability and
sensory evaluation of jellyfish food products. This discussion is critical for promoting jellyfish as an
important aquatic resource to support blue and circular economies.

Keywords: jellyfish; sustainability; health; food security; food safety; nutrition; sensory evaluation;
food technology

1. Introduction

Changing many current consumer behaviors has been universally acknowledged
in studies toward a sustainable future that have been conducted by international orga-
nizations. Consuming locally grown, minimally industrialized and renewable foods is
encouraged [1-3].

From 1988 to 1999, estimates of the average annual jellyfish capture worldwide ex-
ceeded 321,000 metric tons [4]. In 2016, the Food and Agriculture Organization (FAO)
reported that jellyfish catches were globally increasing, but provided no specific statis-
tics [5]. The approximate caught amounts of octopus and cuttlefish were respectively
350,000 and 300,000 [5]. Although the world locations where they are consumed do not
appear to be the same, these findings imply that jellyfish consumption is like that of octopus
and cuttlefish worldwide. One of Georgia’s top three fisheries currently fishes jellyfish to
be sold to Asia for food [6-8].

The phylum Cnidaria’s Scyphozoa class is where jellyfish are classified. These animals
are thought to come in 200 different species. Only the mature Rhizostomae, also known as
medusas, are categorized into four orders that are assumed edible [9]. Umbrella, tentacles
and oral arms make up the main medusan body. Removing the edges and reproductive
and digestive tracts leaves the umbrella, which is the component that can be eaten. Jellyfish
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tentacles and oral arms contain toxins that can be dangerous to humans depending on the
species [10].

Since ancient times, the Chinese culture has consumed jellyfish in the medusa stage.
The practice of eating cooked umbrella in salads has extended to other Asian nations such
as Malaysia, Thailand and Japan. Europe is beginning to see this possibility [11-13].

Eating jellyfish is seen as having health benefits in Chinese popular culture, and both its
flavor and texture are acclaimed [14]. According to scientific studies, jellyfish that are edible
possess a kind of collagen that can be hydrolyzed enzymatically to produce distinctive
peptides with antihypertensive action [15,16]. Jellyfish mucin, known as qniumucin [17], is
also a crucial element in the formulation to treat joint diseases [18].

Techniques to produce food in the future, made possible by scientific research and
technology, will have to bear in mind environmental sustainability, waste reduction and the
ability to eat novel food to meet the ever-growing need [19,20]. Of these food options, jelly-
fish can be a viable substitute for traditional proteins with minimal intake of carbohydrates
and saturated fats. Their consumption may also help to prevent slow fish biodiversity
loss [21].

Using Western jellyfish as potential food is enabled by the European novel food regu-
lations (Regulation 2015/2283), and by the identification and biochemical characterization
of the bioactive properties of certain jellyfish species from the Mediterranean. The latter are
included on the so-called “novel food” list. However, it is advisable to assess evidence for
their innocuousness, i.e., any likely allergic, chemical, physical and microbiological con-
cerns associated with humans consuming them, before these products are commercialized
and their large-scale consumption in Europe [22].

Based on these premises, this review aims to study: the sustainability and economic
relevance of jellyfish; their food processing technologies for human consumption; the
potential risks associated with eating jellyfish and their nutritional profile and health
impacts; and consumer acceptance and the sensory analysis of jellyfish food products.

2. Sustainability and Economic Relevance

The relevance of the jellyfish value chain for sustainability is twofold, and involves pos-
itive and negative aspects. First, utilization of jellyfish will contribute to develop the blue
economy and to foster sustainability. There is an interest in using other food resources to
cope with feeding our growing population. This requires developing mass culture systems
to maintain the rising demand for edible jellyfish and their by-products [23,24]. Jellyfish
are considered a valuable bioresource with applications in cosmeceutical, nutraceutical,
pharmaceutical and, generally, in biotechnological applications [25-27]. Second, there is
the direct negative impact of jellyfish on farmed fish stock mortality. Fish gill tissue can be
damaged by physical impacts from jellyfish exposure, because jellyfish are ubiquitous in
marine environments, which could have another negative impact for aquaculture. Cnidar-
ian species’ surface microbiome is specialized and differs from environmental bacterial
populations by hosting a wide-ranging population of bacteria [28]. It has been established
that complicated gill disorders are a very serious cause of marine-farmed salmon death in
Ireland with average 12% losses per year [29-31].

Normally, jellyfish venom injection and nematocyst discharge result in cell toxic-
ity, histopathology and a local inflammatory response [30,32,33]. Prolonged nematocyst
discharge in fish tissue could imply not only secondary bacterial infections, but also
associated systemic reactions that include respiratory and osmoregulatory distress, al-
terations to behaviors and even mortality [33-35]. Some jellyfish species are capable
of acting as either vectors for Tenacibaculum maritimum, which is the causative agent of
tenacibaculosis [36], or potential reservoirs of the causal amoebic gill disease agent, namely
Neoparamoeba perurans [37]. These two main pathogens can affect fish farming and substan-
tially globally, making the impact of jellyfish injuries worse [38—41].

Economic loss caused by jellyfish outbreaks has had a significant influence on aquacul-
ture [42—44]. Some scientific works include distinct events in both the Northern Europe and
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the Mediterranean Seas to have resulted in economic loss. Scottish and Irish aquaculture
have been repeatedly hit by extremely heavy economic loss (as much as USD 1.3 million)
because of recurrent P. noctiluca invasions causing substantial salmon mortality rates [44,45].

Therefore, ecosystem-based (E-based) fisheries management that integrates ecosystem
components, including humans, into the decision-making process is required so that
managers can balance trade-offs and better determine what management decisions are
required [46]. They must be fully integrated for impacts to be meaningful, which will
increase predictability as a result of the improved coordination of processes and have more
compatible and accessible scientific data [47].

E-based fishery management has been suggested to safeguard a comprehensive ap-
proach for the sustainability of jellyfish fisheries that will be positive. To ensure environmen-
tal sustainability, certain issues like habitat integrity, monitoring, by-catches, seasonality
and the life cycle of products have to be taken into account so they can be managed [13].
This implies taking integrated approaches to include state-of-the-art fishing management
strategies within ecological boundaries by integrating fishing along with other human
actions, and preserving ecosystem stability and biodiversity with the necessary processes
to ensure the stability of ecosystems and/or their services [48].

According to the Food and Agriculture Organization (FAO), the total world capture
production of edible jellyfish from 2015 to 2018 was estimated as 300,000 tons/year. [49].
Global edible jellyfish production of live, fresh, dried, frozen, chilled, brined or salted
jellyfish products was estimated at approximately 10,000-17,000 tons/year between 2011
and 2015, and continues to grow. This represents an increasing business trend of USD
20-100 million [50,51]. Hence, it is economically relevant. Commercially, the value of the
jellyfish products produced to be consumed by humans varies according to the product type
and species, ranging from 2000 to 10,000 USD/ton, and today’s market has a stable value of
around 2500 USD/ton [7,51,52]. The majority of jellyfish products/by-products are almost
exclusively exported to China, Japan and South Korea, where market demand remains at its
highest level to date [7,53]. Processing jellyfish as food for humans as described in the next
section often involves employing huge amounts of water, which generates sustainability
concerns about the water footprint and safety in water quality terms.

3. Food-Processing Technologies

Processing jellyfish as human food needs to be performed within hours of being
harvested because jellyfish are prone to spoilage. Oral arms are removed from umbrellas
and washed in large volumes of water to eliminate sand, bacteria, mucus and gonads.
Both oral arms and umbrellas are processed for consumption. Next they are soaked in an
NaCl/aluminum salt mixture (AINH4(S5O04)12H,0 or KAI(5O4)212H,0) at a varying ratio
depending on the followed method [14]. It is necessary to repeat this procedure a few times
to progressively reduce the alum salt concentration. Consequently, this operation lowers
water content and alters the gelatinous jellyfish tissue for it to gain the consistency expected
for edible end products. Texture is generally characterized as being firm but crispy, which
the Eastern market very much appreciates. Oral arm products have a lower market value
compared with umbrellas [14].

Alum metal ions modify the mechanical-chemical properties of jellyfish tissue and
have rubber-like hardening effects that is likely due to cross-linked collagen jellyfish fiber
and the partial disinfection of jellyfish material [14]. According to the applied treatment
and the given jellyfish species, the whole procedure can take 4-40 days [54]. Gaining a
better understanding of the gelatin gel properties caused by peptide or protein contents is
useful for enhancing gelatin functionality in both non-food and food applications. A recent
study has demonstrated that the concentration in HCI pretreatment and extraction time
strongly impact the gelling/melting temperatures, viscosity and gel strength, of jellyfish
gelatin. Accomplishing the greatest gelatin gel strength is conducted by submitting jellyfish
to 0.1 M HCI, and performing extraction for 12 h at 60 °C. Jellyfish gelatin has lower
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gel strength, viscosity, and gelling/melting temperatures than commercially produced
bovine/fish gelatins [55].

Raw jellyfish are submitted to a salt/alum (or sodium bicarbonate) mixture in the
initial processing stage. A large amount of alum and salt is normally required for processing
jellyfish. Used as an agent to clarify water, alum has been reported to form part of rural
jellyfish processing in Sarawak, a region of Malaysia. It has neither odor nor color, but a
sweetish, yet astringent, taste. It is often available as transparent, big and hard crystals [56].
Alum is popularly and widely employed as a firming agent to pickle fruit and vegetables.
However, some concerns about its safety have been voiced [57,58]. Salting is the oldest food
preservation technique thanks to its ability to lower food’s water content and to inhibit
the growth of microorganisms [59]. The salt and alum mixture that is added to jellyfish
processing as a preservative agent tastes acidic and its texture is crunchy and drier. Figure 1
illustrates the traditional method followed to process jellyfish.

Cleaning jellyfish and
dehydration with salt+alum

(2-3 nights)

|

N
Washing brined jellyfish
with sea water to

dehydrate, salt and alum

addition (3-7 days)

I

oA
Storage of the jellyfish and
drainage of moisture, colour

change from white to yellow,
brown or dark colour (4-7

days)

|

N
Cleaning and drying of the
dehydrated jellyfish. Grading
according to quality (7 days)

|

Packaging and labelling of
the graded jellyfish

Figure 1. Flow chart of the steps involved in traditional jellyfish processing.

The classic preparation procedure combines higher-valence and monovalent salts,
which is explained by tanning analogy. Nevertheless, refined notions stemming from soft
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matter and polymer physics indicate novel preparation operations that employ selective
solvents like ethanol.

Figure 1 depicts the traditional jellyfish processing process in Sarawak, a rural com-
munity in Malaysia, as described by Shin et al. [56]. Cleaned jellyfish are arranged in layers.
Then salt, alum and sodium bicarbonate are added for dehydration, which takes 2-3 nights.
In the second stage, brined jellyfish are washed with saltwater, which leads to further
dehydration and shrinking. After 3-7 days, washed jellyfish are moved to the next stage,
when the base of the compartments is perforated to allow moisture to drain, which lowers
jellyfish moisture content. Prolonged storage can last between 3-7 days, where changes in
color from white to yellow, brown or a dark color can occur [56]. Then dehydrated jellyfish
are cleaned and dried. Sand, mucus and other debris are brushed off the jellyfish prior
to grading, which is based on size, color and firmness [60]. Table 1 includes a common
description of the various processed jellyfish grades.

Table 1. Processed jellyfish grades.

Grade Description
A Top-quality; no imperfections
B Imperfections; split into halves
C Smaller than B
D Smaller than C
O Imperfections; divided into little pieces

Adapted from Shin et al. [56].

The final process stage is packaging. Graded jellyfish are packed in wooden boxes and
each box weighs roughly 25-28 kg. Once boxes have been labeled with their grade, seafood
distributors buy the end products.

Salted jellyfish must be prepared by desalting and rehydrating before cooking. Con-
ventional desalting is conducted by performing many washes, and overnight soaking is
quite cumbersome. Efforts are made to reduce the many washing steps with a mechanical
washing machine to clean and reduce the jellyfish salt content [61]. The washing machine
has a circular tank equipped with a rotating blade. A prolonged wash cycle alters the
physicochemical properties of desalted jellyfish by-products [61,62]. The texture of the
prepared jellyfish can be predicted during this procedure.

Jellyfish structural integrity is affected by collagen and elastin biopolymers. Jellyfish
movement has been described to be equally affected by stability and elasticity, which are
respectively defined by collagen and elastin [63,64], while addition of salt results in crunchy
textures. Processing jellyfish without salt has been considered and solvents such as ethanol
are applied. Ethanol restructures mucoproteins. This results in the formation of networks
and brings about a new macroscopic structure that differs from that of living jellyfish. Once
the drying stage has ended, this operation confers a crispy texture.

Elastin helps to maintain elastic deformation, whereas collagen resists stretching. The
two very different ways to prepare jellyfish as food indicate how the several polymer types
of mesoglea play distinct roles in line with the followed preparation technique. Collagen
plays a key role when salting jellyfish. Leaving jellyfish immersed in poor solvent gives
elastin, mucopolysaccharides and mucoproteins, which confer the most prevailing effects.
Jellyfish collagen is edible and may be employed to create a varied group of dry food
ingredients, such as thickeners, stabilizers and collagen-peptide supplements. Ionic gels
reversibly collapse and swell in good and poor solvents, respectively [65], and can inspire
new jellyfish preparation strategies. It has actually been reported that jellyfish collapse in
ethanol due to a faster decrease in their relative weight compared with the conventional
alum-based method [66]. During this procedure, jellyfish are exposed to 96% ethanol
that is allowed to evaporate over night at room temperature. This results in paper-like
preserved jellyfish [66] because of the more rapidly decreasing relative weight than in the
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traditional alum-based operation [66]. Thus, jellyfish can be produced in 2-3 days versus
the previously described traditional 1-month preparation technique.

4. Potential Risks Related to Eating Jellyfish

Jellyfish are a highly perishable raw material, which means that they are typically
treated shortly after being collected to prevent deterioration and to preserve their organolep-
tic and safety properties [67]. An absence of safety concerns for human health based on
currently available scientific reports is a crucial requirement to be met for the EU Commis-
sion to authorize novel food and for it to be included on the European Union list [22]. This
section focuses on the main potential risks of eating jellyfish.

4.1. Microbiological Risks

Pathogenic microorganisms do not appear among the microbiological risk analysis
results in the reviewed literature. In line with European Commission Regulations numbers
2073/2005 and 1441/2007 about food safety, the microbiological profile of a particular
jellyfish, Catostylus tagi, was investigated by Raposo et al. [12]. The analysis centered on
investigating Listeria monocytogenes, Aeromonas hydrophila, Vibrio spp. and Salmonella spp.
According to the results, none of the evaluated pathogenetic markers were found, and there
was no evidence for viruses and fungal biota contamination. A review of the literature
demonstrates that jellyfish pose no major microbiological risk for human beings [58].
Further research must take into account metagenomic and metabolomic approaches to
examine both raw and cooked jellyfish. Finding more about the total microbiota linked with
jellyfish, along with quantitative/qualitative data about microbial metabolites, might be
interesting to determine other sources of microbiological risks posed for human beings [67].

4.2. Chemical Risk

No hazardous substances such as Hg, Pb and Cd, and inorganic Sn, have been detected
within detection limits (0.01 weight %) [68]. Jellyfish habitats have a significant impact on
the components in jellyfish, particularly trace elements.

Other research works have revealed that the bioaccumulation process makes jellyfish
particularly vulnerable to marine contaminants. A research work by Epstein et al. assessed
the amount of the trace metals that the Cassiopea maremetens jellyfish species absorbed and
retained. Metal started to quickly accumulate in jellyfish tissue from exposure to treated
water within 24 h. Cu concentrated at 2.627 £ 0.031 nug/g, which suggests an almost
18.1% increase of ambient concentrations for high-nutrient conditions (analysis of variance:
F1,16 =7.436, p = 0.015) [69].

The Rhizostoma pulmo jellyfish’s potential for bioaccumulating trace elements in a
Mediterranean coastal lagoon in Southeastern Spain was examined in another study [70].
In the 57 samples collected from this location, Al, As, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sn, Ti
and Zn concentrations were examined. Yet, regardless of the reasonable quantities of these
elements, the bioconcentration levels versus the metal concentration in seawater were quite
high. All the sites in this location showed considerably higher As concentrations in oral
arm tissues than umbrella tissues because values were up to 4- to 2-fold higher in oral arms.
At all the locations, oral arm tissue contained larger mean amounts of Fe, Zn, As, Mn and Ti
than umbrella tissue, and considerable variations were noted depending on the sampling
area. No notable distribution patterns were detected for Ni, Cu and Sn accumulation in
jellyfish tissue.

The umbrella product’s total solids (DW) have been reported by Raposo et al. [12],
which these authors compared with raw C. tagi umbrella (Portugal). Eleven of the twenty-
five elements (Al, B, C, Fe, H, K, Mg, Mn, N, Na and P) examined in cooked umbrella
displayed considerable mass variation (p < 0.1) versus total solids in raw umbrella. Elements
Ca, Cd, Cr, Cu, I, Ni, S and Zn did not significantly differ from one another. Al was present
less in cooked umbrella than in raw umbrella, and boiling eliminated the presence of As,
Co, Hg, Mo, Pb, Se and V.
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Three other studies [71-73] that examined Al content in the jellyfish often eaten by
people were carried out in three cities in China. Ma et al. [71] studied residents in the
Tianjin metropolis for 6 years from 2010 to 2015, and determined the risk of being exposed
to dietary Al. During their research, 21.14% of the food samples contained more Al residue
than that recommended (100 mg/kg). In food, the smallest mean amounts of Al were
reported in 2010, with the highest levels being discovered in 2015. Jellyfish contained the
largest amounts (433.28 £ 402.11 mg/kg), whereas the other foods used to feed aquatic
animals obtained the lowest values (2.26 £ 5.58 mg/kg). Despite a new guideline having
been established for employing Al food additives in this metropolis, this finding was
probably related to its production method.

Average Al exposure in diet is 1.15 mg/kg body weight/week (bw/week). According
to Zhang et al. [72], this is lower than the 2 mg/kg bw/week provisional tolerable weekly
intake. That work, however, reports that jellyfish are the largest source of Al, accounting
for 37.6% of daily consumption and averaging 4862 mg per kg of product.

Evaluating the degree of dietary Al consumption in Shenzhen residents (China) was
the goal of research by Yang et al. [73]. In 3 days of food records, the diets of 853 people
were examined. To test Al content, 1399 food samples from markets were obtained. High Al
levels appeared in jellyfish from within the 318.3 to 1000.4 mg/kg range (527.5 mg/kg being
the median). Children presented the greatest Al intake, and the 0-2- and 3-13-year-olds
obtained exposure levels of 3.356 mg/kg bw /week and 3.248 mg/kg bw /week, respectively.
These exposure levels are above the permitted threshold.

Chemical risk studies emphasize that a rigorous previous evaluation is required be-
cause of jellyfish capturing and breeding sites. The marine species herein discussed are
prone to the bioaccumulation phenomenon, a process by which hazardous pollutants
accumulate inside organisms and amount to more than those present in their surround-
ings [12,69,70]. Because of this, thorough environmental investigation is crucial before
marketing jellyfish to look for potential marine contaminants like heavy metals, hydrocar-
bons and pesticides. This would imply the ideal option being to collect jellyfish at high seas
far away from estuaries or populated regions.

Al toxicity is widely established in research into heavy metals [74]. Additionally, there
are connections between Al and the onset of anemia, metabolic bone disease, neurodegen-
erative disorders and even genotoxic activity [75,76]. For instance, Al accumulation in the
brain is able to intensify inflammatory and oxidative processes, which cause tissue damage
and are a major contributor to Alzheimer’s disease etiology [77,78].

Another important aspect is related to jellyfish production and disregarding laws [79]
that limit using chemical additives in food. A study on inorganic processed jellyfish
components revealed that Al percentages were higher in end products than in raw ones,
which highlights how the widespread usage of alum in the processing method poses a
potential health hazard [80].

Al is a currently employed food additive. It comes as sodium aluminum phosphate
(E 541) and Al sulfates (E 520-523) [81]. The Joint FAO/WHO Expert Committee on Food
Additives (JECFA) review sets the limit for provisional tolerable weekly intake (PTWI)
at 2 mg/kg bw [82]. In many European nations, the general population’s estimated
daily food exposure to Al has been evaluated. Its average range lies between 0.2 and
1.5 mg/kg bw/week, and might reach 2.3 mg/kg bw/week for severely exposed con-
sumers. Therefore, a significant population segment in Europe is expected to surpass the
tolerated weekly intake (TWI), which is set at 1 mg/kg bw/week [83]. According to the
“Standards for Uses of Food Additives” (GB 2760-2014) in China, 100 mg of aluminum /kg
of food’s dry weight cannot be exceeded. No more than 1.8% alum is allowed in salted
jellyfish according to one guideline [79].

The safety range for Al as an additive varies between Europe and China, which
makes it difficult to establish a limit with absolute certainty. One work has shown that
during product manufacturing, certain factors (i.e., temperature, exposure processing times
and the quantity of employed alum) can affect retention and, consequently, overall Al
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concentrations in jellyfish tissue [14]. A research work by Ma et al. [71] revealed that the
amount of Al in fish products was extremely low, unlike the elevated Al levels documented
in the jellyfish taken in the same region.

Another issue could be packaging, because these items frequently lack the identifying
labels required for food usage. This element has to be carefully considered given the rising
number of dangers associated with the chemical makeup of packaging materials in some
territories in Asia [58].

4.3. Allergenic Risk

Li et al. [84] report a case study about a Chinese man (26 years old) who consumed
cooked salt-preserved jellyfish and had erythema, pruritus and tachycardia, dizziness and
dyspnea. This man was healthy without a medical history of any allergies to drugs and/or
other substances, but was violently stung by jellyfish some 6 months before. This man
started noticing symptoms about 15 min after eating jellyfish. He was administered oral
anti-allergic medication (10 mg/d loratadine tablets/1 week) and was given instructions
about healthy diet following therapy and fluid infusion. His urticaria vanished after 5 days.

Amaral et al. [85] recruited 20 participants with bad seafood allergies and five atopic
non-food allergic controls. All the patients underwent skin prick-to-prick testing (SPPT).
Testing included cooked and raw umbrella, as well as challenges using C. tagi umbrella.
Each patient negatively responded to SPPT when C. tagi raw umbrella was included.
Neither the control participants nor the 20 patients with severe seafood allergies exhibited
early- or late-phase responses to any dish. All this demonstrates that crustaceans, fish,
mollusks, cephalopods and jellyfish do not react with one another.

According to another case study [86], 2 h after eating jellyfish in a salad a man
(45 years old) had two anaphylactic episodes. He also had stomach cramps, palpitations,
dizziness, dyspnea, chest tightness, vomiting, headaches, and even lost consciousness. PGA
(polyglutamic acid) was determined as the etiological allergen for natto allergy, which began
8 years before the considered events. This man surfed, had received jellyfish stings several
times, and may have also suffered anaphylactic responses after ingesting natto and jellyfish
from his skin when being stung while surfing, which could have sensitized him to jellyfish
nematocyte PGA. Another case concerns a 14-year-old child, who presented urticaria,
coughing and dyspnea 30 min after eating a meal that included salted dried jellyfish [87].
Apart from being allergic to house dust mites, there was no previous medical history. The
patient had never gone out to the sea, and had never been stung or touched by jellyfish
before. The patient also had diffuse urticarial lesions, tachycardia, hypotension, edema and
wheezing. To determine the implicated food, SPPT for salted and dried jellyfish was carried
out. Because the patient had eaten jellyfish, anaphylactic shock was the reported cause. In
a 14-year-old adolescent, wheezing and dyspnea started 1 h after a meal containing salted
jellyfish. According to Wakiguchi et al. [88], anaphylaxis from eating jellyfish without PGA
sensitization was the official diagnosis.

The extent of product processing (either cooked or raw) and jellyfish peptide length
acting as antigens might both affect allergenic risk. According to the afore-cited research
works, people with allergies to cephalopods, crustaceans, seafood, fish and mollusks can
eat jellyfish without increasing the risk of allergic response [12,85]. A paper by Li et al. [84]
reports an anaphylaxis incident when a subject consumed cooked and salt-preserved
jellyfish. The literature contains three anaphylaxis case reports [86—88] after eating raw
jellyfish. It would be useful to know if the jellyfish in the provided case study were properly
prepared by removing all inedible portions, such as stinging tentacles and digestive and
reproductive tracts. Another significant result in the literature review was lack of any
cross-reactivity between jellyfish ingestion and people with an allergy to fish, seafood,
crustaceans and mollusks [85].

This literature review enables us to conclude that a number of allergens can play an
etiological role in anaphylaxis developing in people who have consumed meals containing
jellyfish. PGA appears to be one of the allergens responsible for the development of anaphy-
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lactic responses. According to Inomata et al. [86], a man aged 45 years had two anaphylaxis
episodes 2 h after consuming jellyfish salad. The discovery of raised levels of relevant
IgE antibodies corroborated the subject’s natto allergy history. Furthermore, this patient
reported having been regularly stung by jellyfish while surfing, which started at the age
of 20. According to this paper, anaphylaxis begins when individuals, who have already
been exposed to PGA from a jellyfish sting, consume fermented soy germs (high in PGA).
According to two studies [85,86], as surfers tend to come into contact with jellyfish more
frequently, they are more likely to experience negative responses after consuming them.
This discovery could prompt those who engage in aquatic activities, and have been in
contact with jellyfish, to abstain from eating such products. Inomata et al. [86] suggest
that there may be a mechanism for the cross-reactivity between soy bean seeds and jelly-
fish. Wakiguchi et al. [88] found no evidence for this, but indicated that more allergens
might induce anaphylactic response. More research is necessary to examine this and other
potential relationships.

5. Nutritional Profile

Table 2 shows the jellyfish species” proximate compositions as described in earlier
research papers.

Table 2. Proximate jellyfish compositions. Adapted from ref. [89].

Jellyfish
Species

Body Part

Moisture
(%)

Carbohydrates

(%) Reference

Ash (%) Protein (%) Lipid (%) Energy Content

C. capillata

Whole body

3.73+0.78K g
DM (BC)*

4304075k g
DM (PC)*

95.8 £0.2 76.8 £2.0* 16.5£3.05* 050 £0.10*  0.88 +=0.02 * [90]

R. octopus

Whole body

247 +£093K g
DM~ (BC) *

2.83+058K g
DM~ (PC) *

96.1 + 0.5 834 +£29* 128 £2.33* 0.32* 0.83 * [90]

S. meleagris

Umbrella

96.10 + 0.06 1.25 £ 0.16 2.92 +0.04 <0.01 - 11.68 Cal 100! [14]

A. hardenbergi

Umbrella

1663.60 + 47.47
kcal/kg (BC) *

1595.58 4+ 41.91
kcal/kg (PC) *

98.40 +0.56 4842+ 027* 21.38+032* 038=+0.16% 17.66 * [68]

R. hispidum

Umbrella

975.23 + 34.65
kcal/kg (BC) *

1194.15 4+ 33.84
kcal/kg (PC) *

9780+ 036 5715+£051* 1995+£0.71* 0.46+0.28* 18.20 *

[68]

R. esculentum

Umbrella

2113.57 + 65.12
kcal/kg (BC) *

2005.88 + 28.71
keal /kg (PC) *

96.02+1.44 3322+053* 3812+£1.07* 0.61 £0.06* 8.87 % [68]

A. hardenbergi

Oral arms

2403.00 + 42.12
kcal/kg (BC) *

2172.52 + 34.70
kcal/kg (PC) *

9793 +0.64 31.10+154* 33.69+112* 1.08+£0.20* 6.02 % [68]

R. esculentum

Oral arms

2823.13 + 30.09
kcal/kg (BC) *

2624.20 + 33.75
kcal/kg (PC) *

9554 +1.75 1590+047* 53.87+£211* 1.79£0.26* 7.7% [68]
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Table 2. Cont.
Jellyfish Moisture o .o s s 110 Carbohydrates

Species Body Part (%) Ash (%) Protein (%) Lipid (%) (%) Energy Content Reference

C. tagi Umbrella - 1.88 0.18 0.02 - - [91]

C. tagi Oral arms - 1.82 043 0.05 - - [91]

A. aurita Whole body - 76.19 * 3.49* 0.43 * 19.90 * - [92]

C. pacifica Whole body - 69.05 * 7.53* 0.72* 2271* - [92]

* As a dry basis percentage. BC = mean gross energy density estimates by bomb calorimetry. PC = mean gross
energy density estimates by proximate composition. 1 kcal/1 Cal = 4.184 kJ. - Not determined.

Jellyfish often contain a significant percentage of water (95-98% of their wet weight).
Most jellyfish species have a high ash level in the dry matter, which may be related to why
jellyfish live in brackish and marine waters with higher mineral contents. According to
reports, desalted and ready-to-eat cannonball jellyfish (Stomolophus meleagris Agassiz, 1860)
has a low calorie value and contains about 95% water and 4-5% proteins [14]. Some edible
jellyfish species are Acromitus hardenbergi (Stiasny, 1934), Rhopilema hispidum (Vanhoffen,
1888) and Rhopilema esculentum (Kishinouye, 1891). They are high in minerals and protein,
but low in calories and fat; according to research by Khong et al. [68] jellyfish are a recog-
nized natural, very sustainable and low-calorie meal containing minimal calories, fat and
cholesterol [21,93,94].

Anatomical jellyfish portions have different proximate compositions that are strongly
impacted by the water bodies in the area [93]. Unlike gonads, which have the lowest
moisture content, Doyle et al. [90] found that the umbrella of both jellyfish Chrysaora
hysoscella (Linnaeus, 1767) and Cyanea capillata (Linnaeus, 1758) had a considerably higher
moisture content (p < 0.001) than that of the oral arms. However, no significant differences
appeared in the amounts of moisture in distinct Rhizostoma octopus (Gmelin, 1791) body
sections (p > 0.05). Moisture content also differs across species. Based on their dry mass,
edible jellyfish umbrella and oral arms have different proximate compositions that are total
ash > protein > water > carbohydrate > lipid and total protein > ash > water > carbohydrate
> lipid, respectively. Khong et al. [68] found that jellyfish oral arms present more protein
and lipid contents than their umbrellas do. According to Costa et al. [93], no significant
differences appear in jellyfish P. noctiluca’s proximate composition the in accordance to
animal sex, except for gross energy content.

In addition to species differences, variability in jellyfish proximate compositions
as shown by several works could be because of discrepancies in the analytical methods,
samples and preparation techniques. By way of an example, samples were lyophilized in the
works of Khong et al. [68] and Wakabayashi et al. [92], whereas Doyle et al. [90] oven-dried
samples at 65 °C. Morais et al. [91] ran a proximate analysis with homogenized Catostylus
tagi (Haeckel, 1869) jellyfish samples, but with no drying. Hsieh et al. [14] opted for ready-to-
use desalted S. meleagris. Additionally, the majority of the research works followed AOAC
methods to determine proximate composition. Khong et al. [68] determined carbohydrate
content to be the difference between the non-carbohydrate component and total nutritional
content, whereas Doyle et al. [90] applied a colorimetric technique to estimate carbohydrate
content. Furthermore, the presenting bound water can affect the compositions” dried
jellyfish experimental results [90].

Figure 2 illustrates a recently caught jellyfish, C. tagi, in Tagus River water on the
Portuguese coast. Its edible portions are highlighted.
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umbrella

oral arms

Figure 2. Photograph of jellyfish Catostylus tagi collected in the Tagus River. Edible portions (umbrella
and oral arms) are pointed out.

5.1. Energy Value

Jellyfish often have a lower calorie density than other foods, which might result from
higher water and ash contents. Within a single jellyfish species, energy density changes
depend on the specific tissue or body portion [68,90]. Doyle et al. [90] found that the energy
densities of C. capillata, R. octopus and C. hysoscella umbrella tissues were significantly lower
than those of the gonads and oral arms. The gonads of R. octopus and C. hysoscella, and the
oral arms of C. capillata obtained the highest energy density. According to bomb calorimetry,
the gross energy densities of the three above jellyfish species fell within the range between
2.14 4+ 0.60 and 3.73 4 0.87 k] g DM ™!, whereas estimates of their energy densities based
on proximate compositions were between 2.83 £ 0.58 and 4.30 £ 0.75 k] g DM~ [90]. By
means of bomb calorimetry, the gross energy contents of jellyfish A. hardenbergi, R. hispidum
and R. esculentum were determined. They varied from 975.23 to 2823 kcal/kg of dry weight.
Similar findings have been obtained when establishing metabolizable energy content by
proximate composition with dry weights of 1194.15 £ 33.84-2624.20 £ 33.75 kcal/kg.
R. esculentum has the most energy of the three species [68]. The energy density of jellyfish
oral arms is higher than that of umbrella, according to Khong et al. [68]. Similar findings
are reported by Milisenda et al. [95], who found that P. noctiluca gonads have a 6-fold higher
energy content (11.51 ] mg DW 1) than that of somatic tissue (2.19 ] mg DW ') because
of their higher lipid and protein concentrations. No sex-specific difference appeared
in the energy value of somatic tissue despite the much higher female gonads’ energy
value (12.85] mg DW™1) than that of male gonads (10.18 ] mg DW~1). However, the
jellyfish P. noctiluca gross energy content differed according to animal sex because the gross
energy content of female umbrella was considerably higher (621 kcal 100 g~!) than male
umbrella (357 kcal 100 g_l), according to the work of Costa et al. [93]. Although much
lower than umbrella, the gross energy contents of female and male oral arms (respectively
151 and 174 kcal 100 g_l) did not statistically differ (p > 0.05).
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5.2. Protein Value

According to Ding et al. [96], jellyfish are protein-rich animals. About half of all
proteins in jellyfish are made up of collagen, which is the major protein. Human health
may benefit from jellyfish’s higher collagen content [91]. In dried C. capillata and R. octopus
jellyfish, protein makes up the majority of organic content, as Doyle et al. report [90]. The
protein contents of some jellyfish species and various body tissues of one same species
have been documented in several studies in the literature [68,90,91]. Jellyfish C. tagi [91],
A. hardenbergi, R. esculentum and R. hispidum [68], P. noctiluca [93], and both the oral arms
and gonads of R. octopus and C. capillata [90], all contained more protein in their oral arms
than their umbrellas. The increased muscle mass density in oral arms, which facilitates
mobility, might be due to their higher protein content [68]. Variations in protein levels
may be caused by species, body tissue types and sample preparation/analysis procedures.
Nevertheless, as Costa et al. point out [93], P. noctiluca protein content does not vary
significantly according to sex.

The essential, conditionally essential and non-essential amino acids identified in
jellyfish species respectively represent 33%, 46% and 21% of the total amino acids [68]. The
total amino acids in the gonads of R. esculentum comprise 40.70-42.89% of essential amino
acids, 47.39-50.12% of flavor amino acids and 66.55-66.92% of medicinal amino acids [97].
Leone et al. [53] state that Aurelia sp.1, R. pulmo and C. tuberculate respectively comprise
essential amino acids at 31.4%, 50.8% and 53.6% as proportions of their total amino acid
content. These results indicate likely jellyfish applications to be used as functional food
and nutritional supplements.

5.3. Lipid Value

Jellyfish lipid content is generally low. The total lipid content found for both R. octopus and
C. capillata [90], and in the umbrella tissue of R. hispidum, R. esculentum, and A. hardenbergi [68]
and Rhizostoma luteum [25], is below 1% of their dry mass. Khong et al.’s [68] report in-
dicates how jellyfish tissues might comprise a bigger quantity of bound fat than that
of free fat because hydrolysis is vital to detect even in a small quantity of fat. Nev-
ertheless, Leone et al. [53] report jellyfish species with higher total lipid contents that
vary depending on species. Compared with Aurelia spl (4.1 £ 0.5 g/100 g DW) and
R. pulmo (4.0 & 0.8 g/100 g DW), C. tuberculate has a 3-fold higher total lipid content
(12.3 £ 0.7 g/100 g DW). According to body area, the jellyfish total lipid content also
varies [68,91].

Polyunsaturated fatty acids make up most of jellyfish C. tagi’s fatty acid composition.
It is followed by saturated and monounsaturated fatty acids. Both jellyfish oral arms and
umbrellas contain significantly more arachidonic acid, eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) (about 32%) [91]. Similar results appear in the jellyfish R.
Iuteum [25], where polyunsaturated fatty acids, primarily w-3 linoleic (C18:3), essential
w-6 linoleic (C18:2) and w-6 arachidonic (C20:4) acids, make up roughly half the fatty
acid content. In jellyfish R. pulmo gonads, Stabili et al. [98] report that DHA and EPA and
w-3 polyunsaturated fatty acids (PUFAs) are present. However, monounsaturated and
PUFAs respectively account for 15% and 14-19% of the total jellyfish P. noctiluca fatty acid
content, which varies depending on body part, but are not based on sex [93]. Comparatively,
Leone et al. [53] find that jellyfish contains about two thirds (55-70%) of saturated fatty
acids, followed by polyunsaturated (25-30%) and monounsaturated (4-15%) fatty acids.

Despite total lipid content variations, jellyfish species R. pulmo, Aurelia spl and
C. tuberculate present similar percentage compositions of fatty acids [53]. According to
Wakabayashi et al. [92], C. pacifica and A. aurita have similar percentage compositions of
each fatty acid.

5.4. Mineral Value

Na, Mg, K and Ca are the main minerals revealed in jellyfish. Morais et al. [91]
noted that the C. tagi umbrellas and oral arms had Cl higher contents than Na. In
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A. aurita, C. tagi [91] and C. pacifica [92], B was the most abundant trace mineral, followed
by Cu, Fe, Mn and Zn. The main elements present in jellyfish R. esculentum, A. hardenbergi
and R. hispidum umbrellas and oral arms are Cl, K, Mg, Na, P, S, S5i and Zn. Trace amounts
of Al, As, Cu, Fe, Mo, Mn, Ni and Se also appear [68]. The seven most prevalent jellyfish C.
tagi elements also happen to be the crucial macrominerals for human nutrition, according
to Morais et al. [91].

Although Co, As, V, Mo, Se, Pb and Hg did not appear in C. tagi [91], tiny amounts of
each mineral, except Co, have been reported in C. pacifica and A. aurita [92]. However, the
entire R. esculentum body contains Co [99]. Only toxic metals Al and Cd appear in C. tagi
with acceptable seafood limits [91]. Hazardous elements like Cd, Hg, Sn and Ph have been
encountered within the detection limits by Khong et al. [68]. Chrysaora fuscescens (Brandt,
1835), Phacellophora camtschatica (Brandt, 1835) and Aurelia sp., Chrysaora colorata (Russell,
1964) had less Hg (0.0001-0.0006 ng/g of wet weight) and Se (0.012-0.033 ug/g of wet
weight) [100].

Except for Na and K, different levels of elements in jellyfish species did not significantly
differ, according to Khong et al. [68]. Wakabayashi et al. [92] report that mineral quantities
and ash content in A. aurita were higher than in C. pacifica, without significantly differing
amounts of trace minerals. Additionally, there was no variation in each mineral’s percentage
content. P. noctiluca mineral composition less widely varied according to animal sex [93].
However, because Al and Zn were present in the seawater in which the C. tagi samples
were collected this suggests that jellyfish population habitats may potentially influence
mineral composition [91].

Depending on body portion, jellyfish have different mineral contents. According to
several studies, jellyfish umbrella contains more ash and major minerals than oral arms
and gonads [68,90,93,101]. The high concentration of major minerals in umbrella may be
due to buffering processes that help the osmotic balance to be sustained. Although this
promotes floating [68], oral arms have higher trace mineral levels than umbrella [91-93].

Unprocessed fresh jellyfish is abundant in minerals Ca, K, Mg and Na. Nevertheless,
processed jellyfish products lack such minerals because of desalting and their Al concentra-
tions are much higher than those that can be added during the alum curing process [80].
Compared with fresh jellyfish, processed jellyfish have been shown to contain detectable
quantities of Cr, Ti and V, as well as much higher contents of Fe and Si. These substances
might be added while processing because of impurities in tap water, curing salts and
processing equipment [80,101].

6. Health Impacts

It is well-known that a variety of biologically active secondary metabolites is pro-
duced by marine organisms [102]. It has been suggested that jellyfish can help with weight
loss, skin softening, improved digestion, and relief from conditions like back pain, ulcers,
swelling, hypertension, arthritis, fatigue and exhaustion [4]. However, recent scientific
studies have not adequately examined the traditional health advantages of jellyfish [50].
Furthermore, jellyfish bioactive compounds and their potential uses have been investigated
less than those of distinct marine animals like sponges, microalgae and fish [26]. Jellyfish
are used to develop nutraceuticals, nutricosmetics and functional foods for their high
protein value and low-calorie content [68,103]. Since the 1960s, biochemical, pharmaco-
logical and toxicological research has been conducted to determine whether the active
compounds of jellyfish venom can be used as medicine [104]. Because of this, several
bioactive attributes of jellyfish venoms have been recently found and can be employed for
medicinal purposes [105,106].

Proteinous venom can be extracted from jellyfish R. esculentum tentacles that performs
substantial insecticidal actions against Stephanitis pyri (Fabricius, 1775) [107]. Apoaequorin
is a jellyfish protein that has been reported to improve adults’ verbal learning [108].

The stimulatory immune effects of jellyfish C. quinquecirrha venom [109] and jellyfish
N. nomurai [110] collagen extracts have been explored. Sugahara et al. [110] revealed



Foods 2022, 11,2773

14 of 20

that N. nomurai improves IgG and IgM production, and the generation of interferon (INF-
v), IgM in human hybridoma HB4C5 cells and tumor necrosis factor (TNF-«) in human
peripheral blood lymphocytes. A novel jellyfish polysaccharide with immunomodulatory
action and the potential to considerably increase RAW 264.7 macrophage cell viability has
been reported by Li et al. [111]. Dendritic cells that derive from mouse bone marrow also
possess proven immunostimulatory activities in response to N. nomurai collagen [112].

According to Ayed et al. [113], P. noctiluca venom and its fractions possess dose-
dependent anti-inflammatory activity via NO generation inhibition in interferon gamma
(IEN-)/lipopolysaccharide (LPS)-treated RAW264.7 cells. At the 12-50 g/mL concentra-
tions, venom fractions did not, however, significantly cause cytotoxicity in RAW26.7 cells.
The first anti-inflammatory fraction out of the three was able to reduce NO generation
by 84%. The same study also discovered that the mRNA expression of inducible nitric
oxide synthase was inhibited, which led to the transcriptional level inhibition of NO pro-
duction. Hwang et al. discovered that the aqueous extracts of jellyfish N. nomurai had
anti-inflammatory properties [114].

It has also been discovered that R. pulmo contains a metalloproteinase with anticoagu-
lant activity [106]. From upside-down jellyfish C. andromeda venom, Mohebbi et al. [115]
identified that an acetylcholine esterase inhibitory neurosteroidal alkaloid could potentially
act as an effective remedy for Alzheimer’s disease. Two venom fractions and the venom of
P. noctiluca have been shown to inhibit human plasma butyrylcholinesterase [116].

7. Consumer Acceptance and Sensory Analysis

Despite the nutritional and health benefits associated with jellyfish consumption,
overall consumer acceptance could also be influenced by the potential risks discussed in
previous sections. Jellyfish consumption has been popular for centuries in Chinese culture
and in other Asian countries, but is relatively new in Europe [12]. The younger generations
in the Western world are more open to try new delicacies made with jellyfish. A study
conducted by the authors on the consumption of native Catostylus tagi jellyfish in local
Portuguese cuisine confirmed that 90% of young people would accept C. tagi being included
in their diet. They described jellyfish texture to be firm and cohesive, hydrated, quite juicy
with slight adhesiveness toward suitable chewing. In addition, overall liking to indicate
the acceptance level of an umbrella paté snack revealed that the allergic volunteers showed
a preference for snacks at higher jellyfish concentrations (15% and 25% supplementation
levels) [12].

A similar sensory evaluation of jellyfish products was conducted at Auburn University,
Alabama, USA. It included 16 inexperienced panelists who had never eaten jellyfish and
35 experienced panelists who had eaten this food. It compared the overall preference, tex-
ture and color of jellyfish cannonball umbrella and leg products processed in the laboratory
to those of a commercial Malaysian product [14]. This study worked with a structured
8-point hedonic scale to assess the overall preference, crunchiness of texture, and lightness
of color of an unflavored jellyfish product. The higher the score, the crunchier the texture,
the lighter the color and the more preferred the product was [14].

In line with the sensory scores obtained in the aforementioned study, cannonball
products were refrigerated for a 1-year period. Their texture was crunchier and their color
was whiter than the tested commercial product. Significant differences were obtained
(p < 0.05) for the color attribute between the Malaysian sample and cannonball products.
Both the cannonball products were rated as having a lighter color than the commercial
product [14]. In overall preference and texture terms, the experienced panelists found
that the cannonball umbrella product was crunchier than its Malaysian counterpart. The
cannonball products’ preference scores were higher. The inexperienced panelists’ results
indicated no significant differences in the tested samples’ crunchiness or overall preference.

In Asia, a jellyfish food product’s peculiar crunchiness and texture are highly ap-
preciated organoleptic qualities, and they depend very much on alum treatment. In the
conventional Asian method to gain “rubber-like” jellyfish consistency, searching for alterna-
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tive metals to Al is being contemplated [66]. One example is a study that aimed to replace
alum with calcium salt treatment and to use phenolic compounds such ferulic acid and rutin
as additional tissues to stabilize agents. Replacement indicated the product’s improved
nutraceutical features. Noteworthily, the obtained products were satisfactory in nutritional,
technological and microbiological terms. The procedure is an apparently efficacious pro-
cessing operation to produce semifinished jellyfish food products that confirm the quality
and safety requirements of the EU regulations currently in force [54]. However, one study
reports that Ca ions were unable to substitute alum in collagen cross-linking when produc-
ing the rubber-like jellyfish structure. This was attributed to not only Ca ions being unable
to efficiently bring down pH as alum can, but also the metal ions” different valence [54,66].
The investigators observed that the pH values obtained at the end of treatment fell within
the 4.89-7.15 range and would, thus, prevent jellyfish tissue dissolution. These findings
suggest that this parameter would not be fundamental to maintain jellyfish [54]. Despite
Pedersen et al. [66] proving Ca ions unsuitable for tanning, treating jellyfish samples with
Ca-salt-based brine presented increased texture after a 5-day period under each testing
condition and, albeit not crunchy, consistency was somewhat gelatinous-stiff. This can be
accounted for by the activity of a considerable number of collagen carbonyl groups being
able to chelate Ca ions, which hardens soft tissues [66]. These authors also demonstrated
that treating jellyfish tissue with Ca acetate, citrate and lactate stabilizes microbial load and
modifies tissue texture.

According to a related project that worked with marinated semidried jellyfish prod-
ucts from underutilized Catostylus mosaicus species, this product’s sensory evaluation
and overall acceptability were investigated in Australia. The Australian jellyfish species
Catostylus mosaicus was found to be ideally suitable for being processed for the Asian mar-
ket, as evidenced by feedback from importers from Asian countries. The end product was
more opaque and yellow-colored than imported salted products, although this does not
necessarily detract from jellyfish acceptability. Even though rubbery flavors were noted
in salted jellyfish umbrella, it did not negatively affect its overall acceptability [117]. The
salting process was beyond the scope of this project, but it is believed that rubbery flavor
results from the residual alum that stems from salting. These authors recommended further
assessing the salting process and the salting compound that results in the best quality being
determined [117].

Finally, if alum can be successfully replaced without compromising the nutritional and
organoleptic features of a finished product, overall jellyfish acceptability in the Western
world will increase.

8. Conclusions

The general utilization of jellyfish can help the blue bioeconomy owing to its nutritional
and health benefits. Jellyfish can help to sustain our growing population if adequately
supported by the right policies. It can also promote waste reduction and the biodiversity
of marine resources from local underutilized resources being employed. As it is a novel
product in Europe, it is imperative to guarantee that any food products developed from
jellyfish are of good quality and accepted by consumers. In addition, harmonizing the legal
status associated with jellyfish as a novel food across European member states will increase
its market share. Safety issues should be foremost and the most appropriate processing and
most sustainable technique will be very important considerations for the future. To make
them more sustainable, and as jellyfish are aquatic resources, it is important to strike a
balance between the impact of mass production of jellyfish and other aquatic fish resources
and valorization along the jellyfish value chain from production to consumption.
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