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ARTICLE INFO ABSTRACT

Keywords: As additional information about the chemistry and function of the food produced and its effects on health be-
Fish feed comes available, the concept of a nutritious diet continues to evolve and become more precise. Such foods can be
Macroalgae made using marine and terrestrial organisms, such as fish that contain long-chain polyunsaturated fatty acids
:i:vz]o:t:iﬂ that exhibit effects and play an important role in health. However, fish consumption has been linked to cases of
Food algae fish allergy, an IgE-mediated condition that has a prevalence reaching 7% of allergic events. Marine macroalgae —

with all their health-promoting properties — have become of interest lately to be used as an alternative ingredient
in fish feed that is important to minimize allergens in fish consumption that may be harmful to human health.
This opinion is trying to summarize the latest evidence on fish feed fortification with macroalgae as a solution to
reduce allergies due to fish consumption. It was highlighted that feeding fish with macroalgae fortification was
proven to increase growth, stress resistance, and the immune system of fish, as well as reduce the amount of
protein retention associated with the pathophysiology of fish allergy. In addition, in the development of the use
of macroalgae, it is also expected that in vitro and in vivo research will also be carried out to prove the provision
of fish feed with macroalgae related to fish allergies and focus on producing macroalgae formulations that are
suitable for application as fish feed to prevent or reduce the incidence of fish allergy in humans.

Food allergen

1. Introduction

As additional information on the chemistry and function of manu-
factured food and its effects on health becomes available, the concept of
a nutritious diet is continually evolving and becoming more precise [1].
A significant amount of research data indicates that healthy dietary
habits have a favorable impact on health and can lower the occurrence
of non-communicable ailments. Such foods can be created using both sea
and land-based organisms. Among these, fish contain long-chain poly-
unsaturated fatty acids which exhibit anti-inflammatory effects, reduce
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blood clotting, and play essential roles in regulating cell membranes and
the proper functioning of the cardiovascular, brain, and nervous systems
[2]. Fish is considered a superfood because it contains high levels of
polyunsaturated omega-3 fatty acids, bioactive peptides, amino acids,
vitamin D, selenium, phosphorus, and calcium. These nutrients are
known to have health-promoting effects when consumed [2]. Fish, as a
main source of protein, plays a crucial role in meeting the dietary needs
of millions of people worldwide. With their high-quality protein content,
essential amino acids, and various vitamins and minerals, fish are
considered a valuable food source that contributes to human health and
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nutrition. Moreover, fish are incredibly diverse, occupying a wide range
of water habitats, including freshwater, marine, and brackish environ-
ments; implying a flexibility to be cultured. However, fish consumption
has been linked with fish allergy, an Ig E-mediated condition that can
have a prevalence of up to 7% [3]. The interpretation of serum IgE test
results is highly dependent on the allergen content, potency, and sta-
bility of the allergen extract [4]. Adverse reactions to seafood can be
classified into 3 categories, based on the mechanisms involved: (1)
immunological reactions, including IgE and non-IgE allergic reactions
such as food protein-induced enterocolitis syndrome; (2) toxic reactions,
including marine biotoxins; and (3) food intolerance.

Interestingly, macroalgae — another marine food source — may bring
an answer to these issues. Macroalgae have been widely applied in
human food, pharmaceuticals, and agriculture [5]. The components
found in seaweed can aid in maintaining good gut health and reducing
the risk of obesity and diabetes. Additionally, they possess antiviral,
anticancer, and anticoagulant properties, all of which are important
factors in preventing and treating non-communicable diseases [6]. On
the other hand, antioxidants may play a key role in reducing the risk of
allergic disease [7]. Macroalgae are rich in phenolic molecules with
numerous therapeutical benefits mainly antioxidants, and these health
benefits are also projected to be beneficial for fish and livestock [8].
Macroalgae, also present an innovative and valuable dietary component
in fish diets. These macroalgae are regarded as an environmentally
friendly feed ingredient because they can be produced without
depending on costly farmland, as they can be gathered from coastal
areas or cultivated. It has also been documented that incorporating
macroalgae into fish diets leads to improvements in fish growth, phys-
iology, stress resilience, immune system function, and the quality of
fillet muscles [9]. Meanwhile, incorporating macroalgae in fish feed
offers economic advantages by reducing reliance on expensive arable
land, minimizing land acquisition and maintenance costs, and requiring
fewer resources compared to traditional crops. It serves as a sustainable
alternative to fishmeal and fish oil, reducing dependency on finite re-
sources, stabilizing costs, and positively impacting fish health, growth,
and profitability for farmers [9-11]Macroalgae — with all their
health-promoting properties — may then be an important fish feed
ingredient due to their anti-allergic and anti-inflammatory properties
[12,13]. These effects which modulate the immune response against the
allergenic properties of fish are contributed by their fucoidans [14] and
sulfated polysaccharides [15] contents. In conjunction with that, the
incorporation of macroalgae to fish feed also brings some implications
for fish culturing production. This opinion paper presents recent evi-
dence regarding fish feed fortification with macroalgae as a solution to
lower allergies caused by fish consumption.

2. Material and methods in terms of search strategy literature
for the synthesis of this opinion article

The literature search was conducted by authors from January 1st,
2010, to May 1st, 2023. Several well-established databases were used,
including Taylor & Francis, PubMed, CENTRAL, ProQuest, Google
Scholar, EBSCO, and ScienceDirect; using keywords: “Algae” AND “Fish
Feed” AND “Allergenic Properties” OR “Macroalgae” AND “Immune”
AND “Seafood” AND “Fish Allergies”; and without further inclusion and
exclusion criteria to synthesize the opinion of this article.

3. Fish and its allergenic properties

Food allergies are immune reactions to certain foodstuffs (called
allergens) that affect hundreds of millions of people globally, with 1% of
them being adults and 4% being children [16]. Based on the underlying
mechanism, adverse reactions to fish allergy can be divided into three
groups: 1) Immunological responses, such as allergic responses and Food
Protein Induced Enterocolitis Syndrome (FPIES); 2) Toxic responses,
such as marine biotoxins; and 3) Food intolerance. Adverse reactions
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due to toxins and/or foods mimic the clinical signs of seafood allergy
frequently [17]. The small muscle protein parvalbumin (10-13 kDa, pI
4.1-5.2), which has a conserved structure, is the primary fish allergen. It
was determined that more than 95% of allergic responses to fish are
caused by parvalbumin, the most often identified allergenic fish protein
[18]. Fish can trigger serious adverse reactions mediated by immuno-
globin E (IgE) antibodies in sensitized individuals. Specific IgE for fish
allergens are Gadcl and Cypcl [19]. Fish allergies can be caused by
heat-stable proteins that are not inactivated during cooking [17,20]. In
addition, the IgE-mediated protein parvalbumin is highly reactive
compared to other antibodies under all conditions [21]. After-meal al-
lergy symptoms can manifest quickly and might vary from urticaria,
nausea, and vomiting to asthma attacks and anaphylaxis.

Nonimmunological reactions to seafood must be determined in
clinical evaluation in several ways, including IgE trials and oral food
challenges (OFCs). IgE testing of specific fish and shellfish allergens will
help identify people who are at risk of persistent seafood allergy and
severe clinical responses. An effective in vivo test to identify food al-
lergies is the OFC, in which several food additives suspected of causing
allergies are introduced to the patient to assess their potential to have
adverse effects. Patients of any age can undergo OFC, which is partic-
ularly helpful if the type of food that causes an adverse reaction is un-
clear. In managing fish allergy, auto-injectable epinephrine which has
been prescribed can be given regarding cross-contamination of allergies
[4]. There are several advantages to administering epinephrine,
including rapid cessation of most reactions both non-anaphylactic and
anaphylactic reactions, can simplify management by suggesting the use
of epinephrine for all reactions and demonstrating to patients and
families that epinephrine is safe and easy to use, which may promote the
use of epinephrine to treat reactions in the future [22].

Non-immune reactive sensitization in fish allergy refers to a form of
adverse reaction to fish consumption that does not involve an immune-
mediated response [23]. Unlike a traditional fish allergy, which involves
the immune system’s production of specific antibodies (e.g., IgE) against
fish proteins, non-immune reactive sensitization occurs through
non-immunological pathways. This type of sensitivity can manifest as
adverse symptoms following fish ingestion but without the involvement
of the immune system. Several hypotheses regarding mechanisms un-
derlying non-immune reactive sensitization in fish allergy have been
proposed. One hypothesis suggests that certain compounds present in
fish, such as histamine or other biogenic amines, may trigger adverse
reactions in sensitive individuals [24]. These compounds can accumu-
late in spoiled or improperly stored fish and elicit symptoms such as
gastrointestinal distress, headaches, or skin reactions. Another proposed
mechanism involves the activation of sensory neurons, which can be
triggered by certain molecules in fish, such as trimethylamine oxide
(TMAO) [25]. Activation of these neurons can lead to symptoms such as
itchiness, flushing, or respiratory distress in susceptible individuals. It is
important to differentiate non-immune reactive sensitization from
immune-mediated fish allergies, as the diagnostic and management
approaches differ. Traditional fish allergies involve immune responses
and are typically diagnosed through allergen-specific IgE testing or oral
food challenges. In contrast, diagnosing non-immune reactive sensiti-
zation can be more challenging, often requiring a detailed history of
symptoms and exclusion of other potential causes. Managing
non-immune reactive sensitization primarily involves avoiding fish
consumption or minimizing exposure to triggers, such as spoiled fish or
certain compounds present in fish [23].

4. Current application of macroalgae as a fish feed ingredient

Macroalgae were found to produce a variety of nutrients that can
help provide basic nutrients for fish to consume. Until now, there is an
increasing trend regarding fish feeding using macroalgae that can in-
crease fish growth, immune system, and stress resistance of cultured fish
[9]. Phytochemicals (xanthophylls and carotenoids), polyunsaturated
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Table 1
Implications of incorporation of macroalgae to fish feed based on evidence.
e No e Author, e Study e Macroalgae Types e Outcomes e References
Year Design
o1 e [27] e Feeding e Green macroalgae Ulva lactuca e The African catfish Clarias gariepinus will experience lower growth e [27]
Trial performance and feed utilization if the Ulva lactuca composition is > 20%.
° 2 e [28] e Feeding e A mixture of seaweeds (Pterocladia e Hematological parameters (red blood cells, hemoglobin, hematocrit, and e [28]
Trial capillacea, Jania rubens, and Ulva white blood cells) and serum protein profiles (albumin, total protein, and

e 3 e [29]

Feeding

lactuca)
Caulerpa cylindracea

globulin) were significantly improved.
Improves the reproductive performance of fish by affecting the hypothalamic- e [29]

Trial pituitary-gonadal axis.
Increase feeding intake in Danio rerio.

e 4 e [30] Padina australis

Feeding

There is an increase in growth index (final weight, length, and rate of weight e [30]

Trial gain) in fish given Padina australis feed.
Giving Padina australis extract for eight weeks to goldfish can bolster
immunological response, digestive enzyme function, growth performance, and
illness resistance against A. hydrophila infection.e

Ulva intestinalis

.
.

e 5 e [31] Feeding

Whole body extract which includes total protein levels, globulin levels, and e [31]

Trial lysozyme activity was found to be increased in the Danio rerio group given Ulva
intestinalis.
Enhances the regulation of genes associated with the immune system, including
lysozyme (Lyz) and interleukin 1 beta (IL-1), as well as genes related to
antioxidants (SOD and CAT) and growth, including growth hormone (GH) and
insulin-like growth factor I (IGF-1).e

e 6 e [32]

Feeding Marine red seaweed (Halymenia
Trial dilatate)

Halymenia dilatate improves growth performance, body composition, e [32]
chemistry, and digestive enzymes in Labeo rohita so that it can be used for fish

feed to reduce fish feed production costs.
Increase antioxidants, metabolic enzymes and promote growth and immune
response.

3

Feeding Halopithys incurva

There was an increase in total protein, total immunoglobulin activity, and e [33]

Trial lysozyme in whole body serum and increased skin mucus in fish given
H. incurva.
The administration of H. incurva can regulate tumor necrosis factor-alpha (TNF-
«), interleukin-1 beta (IL-1p), and interferon-gamma (INF-y) so that it will
increase immune defense and antioxidants.

fatty acids (PUFA), including docosahexaenoic acid (DHA), phenolic
compounds, tannins, peptides, lipids, enzymes, vitamins, carbohydrates,
and terpenoids are among the substances present in algae [26].

Based on Table 1, the use of macroalgae has been widely imple-
mented as a fish feed ingredient with benefits ranging from growth
performance, economic cost, preventing diseases, and improving the
physiological status of fish. The economic feasibility of incorporating
macroalgae into fish feed ingredients has gained significant attention in
recent years. As a sustainable and nutrient-rich alternative to traditional
feed ingredients such as fishmeal and soybean meal, macroalgae offers
potential cost savings and environmental benefits. By reducing the
reliance on expensive and finite resources, such as fishmeal, and uti-
lizing macroalgae as a readily available and renewable source, aqua-
culture operations can potentially lower their production costs.
Additionally, macroalgae cultivation and harvesting can be relatively
cost-effective, particularly in coastal regions where these organisms
naturally thrive. The overall economic feasibility of incorporating
macroalgae into fish feed depends on factors such as macroalgae
availability, processing costs, market demand for sustainable aquacul-
ture products, and the specific target species [9,34]. Furthermore, the
addition of seaweed helped regulate the immune response in fish linked
to immune-related enzymes, genes, immunoglobulin, antioxidants,
inflammation, and blood and protein profiles.

5. Macroalgal-based fish feed lowers fish allergenic properties

Several studies related to the benefits of macroalgae in fish feed
emphasize the benefits of antioxidant and non-protein nitrogen content
in the nutrition of these fish. Among marine organisms, macroalgae are
one of the high natural sources of antioxidants such as vitamin E, pep-
tides, glutathione peroxidase, superoxide dismutase, ubiquinone, and
catalase as well as complete vitamins such as vitamins A, B, B12, C, D, E,
riboflavin, niacin, and folic acid [35]. Macroalgae dietary supplemen-
tation has the effect of improving the immune status and fish growth

performance [8]. This will indirectly affect the consumers of these fish.
Laminarin, which is typically high in macroalgae, is also reported to
downregulate the production of pro-inflammatory mediators and has
health-enhancing effects including improved immunological response
(promoting lysozyme activity and increasing complement pathway ac-
tivity), improved antioxidant status, and better ROS response [8,36].
Reducing the prevalence of fish allergy with macroalgae feed can
also be based on theories from previous studies, where fish feed with
macroalgae, especially the type of green algae Ulva spp. has the effect of
reducing the amount of protein retention in the fish studied but on the
other hand increasing the amount of lipids in fish so that there is an
increase in overall body weight [27]. In another study with red mac-
roalgae fish feed such as P. purpurea in Chelon labrosus fish, it was found
that the decrease in net protein utilization was inversely proportional to
the increase in the amount of P. purpurea consumption given [37]. The
main reason why the protein composition in fish consuming macroalgae
feed is lower is that the concentration of essential amino acids (EAA) in
macroalgae, across the biomass base, is much lower than other fish feed
sources such as soybeans and corn, even though these amino acids are
one of the raw materials for protein synthesis which affects decreasing
protein composition in fish [38]. Theoretically, if the amount of protein
deposition in fish decreases, the amount of allergen protein will also
decrease, thereby reducing the prevalence of fish allergy incidence in
humans. Parvalbumin, specifically the subtype p-parvalbumins, is one of
the main proteins in fish meat and is also the main allergen that causes
symptomatic symptoms in fish allergy patients [39]. This protein is
responsible for 95% of fish allergy incidence through the
allergy-mediated IgE pathway beginning with the attachment of the
protein’s allergen to an antigen-specific T helper 2 cell-inducing cyto-
kine that signals IL-4 response to stimulate B-cells to produce IgE anti-
bodies which will bind to a mast cell or basophil Fce receptors. This
action leads to the degranulation of these effector cells and also the
release of histamine and other inflammatory mediators which lead to
the clinical manifestations of allergy [40,41]. This parvalbumin protein
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Fig. 1. The incorporation of macroalgae to fish feed lowers allergenic properties in fish.

is usually found in light muscle compared to dark muscle, so active fish
with higher amounts of dark muscle are considered fish with low
allergen values [42]. Furthermore, macroalgae are also known to exhibit
metal chelating activity [43] and IgE binding activity [44], which are
the same mechanism with EDTA that has been established to reduce the
allergenicity of parvalbumin [45].

Interestingly, as presented in Table 1, the incorporation of macro-
algae to fish feed also improves the immunity of fish [28,30-33]. This
effect is possibly caused by the vitamins, bioactive compounds (phenolic
compounds), fatty acids, and antioxidative compounds retained in the
fish. These contents may improve the immune regulation against fish
allergies by modulating IL-10 and transforming growth factor beta
(TGF-p), the key regulator of T cells and B cells [46]. Furthermore,
algal-derived molecules have immunity properties that are considered
safe [47]. To sum up, this opinion highlights a new horizon of macro-
algae application on fish feed to reduce the allergenic properties in this
rich protein source. Graphical Abstract and Fig. 1 present the potential
mechanism of macroalgae in lowering the allergenic properties of fish.

6. Future implications and conclusions

Previous studies have highlighted the potential use of macroalgae as
a form of prevention of fish allergies, especially in the form of fish feed
[48]. Feeding fish with macroalgae fortification is proven to increase
growth, stress resistance, and fish immune system, and reduce the
amount of protein retention associated with the pathophysiology of fish
allergy [9]. These existing effects are potentially contributed by the
nutrients and bioactive compounds present in the macroalgae.
Furthermore, macroalgae also have antioxidant, anti-inflammatory, and
immunostimulant properties [49]. However, research that specifically
discusses macroalgae and fish allergies is still very few and inversely
proportional to the potential that can be generated from both [50].

Through this opinion article, further clinical research is needed to
shed more light on the relationship between macroalgae and fish

allergies given the potential and positive macroalgae trends in recent
years [51]. In addition, in the development of the use of macroalgae, it is
also expected that in vitro and in vivo research will also be carried out to
prove the feeding of fish with macroalgae related to fish allergies [52]. It
is also expected that further research can discuss costs, toxicity, and side
effects that may occur, to produce macroalgae formulations that are
suitable for application as fish feed to prevent or reduce the incidence of
fish allergies.
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