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Abstract Food allergy has increasingly become a public issue throughout the
world. Consequently, scientific innovations have been taken to induce chemical
modifications to decrease the anaphylaxis symptoms in sensitive individuals or to
develop hypoallergenic foods utilizing food processing technologies. Conventional
processing techniques covering heat treatment are widely exploited, but to some
extent, high temperature may impose undesirable physicochemical changes in food
quality with loss of nutrients. Therefore, nonthermal processing technologies could
be the alternatives for mitigating the allergenicity. The current knowledge and recent
studies are presented in this chapter, especially on the application of cold plasma
technology for the abatement of food allergens. Compared with the heat-based
methods, cold plasma treatment can adequately retain food quality, while weakening
the allergenicity. Food allergen sources, classification, clinical manifestations, and
epitope characterization are also introduced in detail. Further research efforts should
be made for using cold plasma technology to replace traditional techniques for
susceptible individuals who will benefit from diverse hypoallergenic foods and
related products handled with innovative nonthermal technologies.

Keywords Food allergy · Cold plasma · Allergenicity · Immunoreactivity ·
Elimination · Control

6.1 Introduction

Food allergy is an adverse immunological response mediated by Immunoglobulin-E
(IgE) that occurs when exposed to certain foods. It is regarded as rapidly emerging
public health concerns, affecting approximately 8% of children and 2% of adults in
developed countries (Gomaa and Boye 2015; Jerschow et al. 2014; Ayuso et al.

J.-H. Cheng (*) · H. Wang · F.-G. C. Ekezie · J. Li
School of Food Science and Engineering, South China University of Technology, Guangzhou,
China
e-mail: fechengjh@scut.edu.cn

© Zhejiang University Press 2022
T. Ding et al. (eds.), Applications of Cold Plasma in Food Safety,
https://doi.org/10.1007/978-981-16-1827-7_6

167

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-1827-7_6&domain=pdf
mailto:fechengjh@scut.edu.cn
https://doi.org/10.1007/978-981-16-1827-7_6#DOI


2010). In 2013, according to the investigation of the US centers Centers for Disease
Control and Prevention (CDC), the number of the allergic children was increased by
50% from 1997 to 2011 (Gupta et al. 2013). Likewise, over 150 million Europeans
endure years of food allergy and presumably at least one suffer from one or more
allergies in a breathtaking number of 44% adults living in Britain, rapidly growing
by around two million between 2008 and 2009 (Food matters 2010). In addition,
from 1995 to 2007, the cases of food allergy among children were reported to have
increased up to five times in Australia (Mullins et al. 2009). Generally speaking,
more than 170 foods can cause sensitive reactions, and 90% of the cases are thought
to be induced by a certain protein in a group of eight allergenic foods, covering milk,
soy, crustacean/shellfish, egg, fish, tree nut, and wheat (Thompson et al. 2006;
Shriver and Yang 2011). However, incidental ingestions usually happen to aller-
genic patients, especially if they are unaware that they are allergic to certain foods
before consuming. Notably, food allergy-related clinical symptoms cover respiratory
issues (e.g., asthma, conjunctivitis, and rhinitis), skin reactions (e.g., erythema,
urticaria, rash, eczema, angioedema, and pruritus), and gastrointestinal (GI) tract
diseases (e.g., nausea, vomiting, diarrhea, reflux, and abdominal pain) (Cianferoni
and Spergel 2009). Meanwhile, clinical symptoms of non-IgE-mediated food aller-
gies include celiac disease, weight depreciation, food protein-induced enterocolitis
syndrome, enteropathy and proctitis/proctocolitis, and food-induced pulmonary
hemosiderosis (also called Heiner syndrome) (Cianferoni and Spergel 2009; Kim
and Burks 2015; Henderson et al. 2012). Other severe clinical manifestation of food
allergy might be associated with the life-threatening anaphylaxis such as shock and
death. A clinical epidemiological survey of large scale conducted in the United
States showed that annually about 125,000 cases of emergency and 53,700 cases of
anaphylaxis were caused by food allergies, resulting in hospitalizations of 2000 and
deaths of 200 patients (Sicherer and Sampson 2010). Sadly, the best way to avoid
allergic symptoms in patients with food allergy is to avoid allergenic ingredient as
much as possible.

Antigenic proteins are commonly glycoproteins with a molecular weight of
10–70 kDa, which contain specific sites called epitopes. These epitopes can be
recognized based on their three dimensions(3D)structure and the interaction with
allergen receptors. In terms of proteins characteristic nature and structure, any
processing will not only induce the structure changes of proteins conformation but
also simultaneously induce changes of epitopes structural characteristics, so as to
influence the recognition of epitopes, thereby reducing or increasing the sensitiza-
tion. Actually, after some processing like heating, new allergenic compounds called
neo-allergens could be produced via interaction with intercomponents or
intracomponents. (Kumar et al. 2012).

In human daily life, raw food materials are subjected to different cooking
methods to enhance organoleptic and nutritional quality as well as for preservation
and detoxification. Thermal processing techniques such as baking, steaming, frying,
and boiling are usually selected to achieve these objectives. As for proteins, with the
increase of heating treatment temperature, the inherent structure of proteins is
gradually destroyed, which may have a positive or negative effect on its allergenicity
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or even no effect at all. Generally, heating treatment will cause the hydrolysis of
peptide bonds and the denaturation and aggregation of disulfide bonds and
noncovalent bonds, affecting sensitization of allergenic proteins, manifested in the
destruction of existing conformational epitopes, generation of neo-epitopes, or
exposure of existing internal epitopes (Gupta et al. 2013). For instance, by the
analysis of SDS-PAGE patterns, the immunoreactivity of extracted proteins in lentil
and chickpea was both reduced after boiling for 60 and autoclaving for 30 min
(Cuadrado et al. 2009). This implies that positive results require severe processing
conditions; however the losses in sensorial and nutritional profile are generated by
comparatively high temperature.

As a promising nonthermal tool, cold plasma technique can induce conforma-
tional changes and reduce the allergenicity of allergic proteins, while retaining the
flavor and quality of the food materials. Hence, researchers have explored the effect
of nonthermal-based processing techniques on certain proteins and the potential of
manufacturing hypoallergenic foods using cold plasma technology. On this basis,
this chapter summarizes research findings focusing on cold plasma processing
technique to modify and abate food allergens, which means to give a comprehensive
and updated overview on current research about cold plasma processing technology
to the control of food allergens.

6.2 Food Allergens and Their Properties

Food allergies are mediated by different immune mechanisms, generally sorted into
IgE-mediated, non-IgE-mediated, and mixed reaction types. Among them, the
IgE-mediated type of allergenic reactions occurs when allergenic peptides or pro-
teins permeate into the respiratory lining, gut, or skin and then IgE antibodies are
produced in patients bodies (Mansouri 2015). As shown in Fig. 6.1 (example with
seafood allergen), after digested through the GI tract, the resulting peptides from
food proteins are processed by antigen-presenting cells and released to T cells in
predominantly complex constrained manner of histocompatibility complex (MHC),
which activates T cells to produce the corresponding cytokines. Subsequently, food-
specific IgE antibodies are produced, which attach to the IgE receptor present on the
basophil receptor. When re-contact with the same food allergen, the hypersensitivity
reaction triggered. It could cause a relative swift immune response, which provokes
the degranulation of effectors cells and the liberation of pre-formed mediators such
as histamine, and prompts the immediate symptoms of allergic reactions (Cianferoni
and Spergel 2009). Non-IgE type is usually mediated by cellular immunity, associ-
ated with delayed symptoms (either subacute or chronic in nature), which is primar-
ily restricted to the GI tract and occurs within hours or days (Henderson et al. 2012).
And the mixed reaction type mediated by a mixture of IgE and non-IgE consists of
an overlap between immediate and delayed onset, and its clinical manifestation
includes either atopic dermatitis or eosinophilic gastroenteropathy (Mansouri 2015).

6 Abatement of Food Allergen by Cold Plasma 169



6.2.1 Characteristics of Food Allergens

Food allergens are antigenic molecules, usually referred to as proteins or glycopro-
teins, which provoke allergic reactions in the patients’ body. Most food allergens are
highly stable, resistant not only to high temperature and pressure but also to
hydrolysis and digestion (Sicherer and Sampson 2010). However, this variation in
the nature of food allergens is possible because different proteins have their own
structural properties and may be modified at different sites during processing. For
example, vicilins and TMs are both food allergens, but the former is oligomer while
the latter contains repeat peptide units, which result in increased IgE epitope valence
and higher immunogenicity. In addition, allergenic proteins (e.g., lipid transfer
proteins and 2S albumins) with extramolecular or intramolecular disulfide bonds
may be more allergenic and more resistant to heat treatment or acid denaturation.
Similarly, binding of ligands (such as metal ions, lipids, and steroids) to allergenic
proteins (such as casein, albumin, beta-lactoglobulin, betv1, etc.) may stabilize the
structural conformation of the protein and enhance its stability against enzymolysis;
the action of most proteases depends on the properties of protein substrate
(Breiteneder and Mills 2005; Sathe et al. 2016). It is important to mention that
ligands can bind to a specific protein involving a series of complex interactions.
Caseins (αs1-, αs2-, and β-caseins), for example, often contain residues of phosphate
groups such as phosphoserine or phosphothreonine, which can chelate calcium
mental ions to form the microstructures of nanoclusters. About 1000 of these

Fig. 6.1 Schematic of IgE-mediated hypersensitivity reaction with seafood allergy
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nanoclusters combine to form casein micelles in milk (Breiteneder and Mills 2005).
Meanwhile, PV protein is globular in shape and contains six helices; also, it is an
EF-hand protein, which means the protein is characterized by the presence of a helix,
a loop, and a second helix, with the two helices arranged like thumb and index finger
of people’s one hand (Moonesinghe et al. 2016; Ruethers et al. 2018). There are
three helix-loop helical structures in PV structure, and two are able to bind divalent
cations, such as Ca2+ and Mg2+, while third domain covers the hydrophobic surface
of these functional regions (Bugajskaschretter et al. 2000). PV is a low molecular
weight calcium-binding protein that participates in calcium signaling pathways. And
releases of the protein-bound calcium induce conformational changes and accom-
panying loss of its sensitization (Virginie 2020). Therefore, the use of antacids in
patients who are allergic to PV is inappropriate because neutralization of the acid
reduces calcium removal and may result in PV resistance to pepsin, increasing the
susceptibility of sensitive individuals (Untersmayr et al. 2003).

Specific chemical groups called epitopes can react with antibodies or be recog-
nized by antigen receptors, thus triggering immune responses, which can be catego-
rized into linear and conformational epitopes. Also it can be classified into T cells
and B cells epitopes according to their receptors. Linear epitopes are composed of
successive short peptides, while conformational epitopes are specific three-
dimensional structures of amino acid residues formed in spatial proximity to each
other that can be recognized by immunoactive substances. Various techniques have
been used to map B cell and T cell epitopes, providing important information to
advance the pathogenesis of food allergy and the mechanisms of immune tolerance.
Specifically, methods for determining IgE-binding linear epitopes include polypep-
tide microarrays and overlapping peptide sequences (Martínez-Botas et al. 2013).
Relatively complex conformational epitopes are available using techniques such as
nuclear magnetic resonance (NMR), X-ray crystallography, and silicon analysis. In
addition, hydrogen/deuterium exchange footprint analysis may also be used for
analysis but is not suitable for conformational epitopes recognized by human
polyclonal IgE receptors. For helper and regulatory T cells, their epitopes can be
mapped by peptides with 10–20 residues, which is the overlapping area of
target allergens and specific T cell sequences. Alternatively, T cell epitopes can be
identified by silico analysis, despite the fact that some synthetic epitopes are ought to
be verified by T cells from allergenic patients, to ensure their biological reactivity
(Nielsen et al. 2010).

6.2.2 The Most Common Allergenic Foods and Related
Allergens

The main seafood allergens consist of parvalbumin (PV), collagen, tropomyosin
(TM), arginine kinase (AK), sarcoplasmic calcium-binding protein (SCP),
triosephosphate isomerase (TIM), and myosin light chain (MLC) and the crystal
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structures of main allergens in seafood, which are shown in Fig. 6.2. Also, the most
common allergenic food resources and their associated allergens are given in
Table 6.1.

6.3 Cold Plasma Technology for Food Allergy Control

With the increasing requirements of health and safety of food, plasma technology
has gained immerse attention in recent years. As a potent technology, plasma
technology has been proved suitable for effective preservation, microbial decontam-
ination, and modification of food products. Plasma can be divided into high tem-
perature plasma and cold plasma according to the system temperature (Ekezie et al.
2018). The discharge ways of cold plasma include dielectric barrier discharge
(DBD), radio frequency (RF) discharge, corona discharge, plasma jet, and so on
(Han et al. 2019). The electrical conductivity of plasma is extremely high and
different from ordinary gases in electromagnetic properties; hence it is commonly
regarded as the fourth state of matter, which is an aggregate of reactive particles
generated following excitation and ionization of gas, i.e., UV photons, ions, elec-
trons, free radicals, neutral molecules, and excited atoms. These active constituents
form active oxidation system waves: reactive oxygen species (ROS) and reactive
nitrogen species (RNS) (Surowsky et al. 2015). It has been reported that these
plasma reactive components could induce certain interactions with proteins and
then their conformational structures changed (Tammineedi et al. 2013; Gavahian

Fig. 6.2 Crystal structure of related allergens in seafood [source: protein data bank; PDB code:
5ZGM (a), 3PIV (b), 1IC2 (c), 4BG4 (d), 2SAS (e), 5EYM (f), 3JTD (g)] [α-helix: Purple, 3/10-
helix: Blue, Π-helix: Red, β-sheet: Yellow, Bridge-β: Tan, Turn: Cyan, Coil: Black]
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Table 6.1 Common food sources and related allergens

Type of
food

Food
source Protein name IUIS name

Molecular
weight
(kDa)

Dairy
products

Milk β-Lactoalbumin Bos d 4 14.2

β-Lactoglobulin Bos d 5 18.3

Serum albumin Bos d 6 67

Immunoglobulin Bos d 7 160

Caseins Bos d 8 20–30

αS1-Casein Bos d 9 23.6

αS2-Casein Bos d 10 25.2

β-Casein Bos d 11 24

k-Casein Bos d 12 –

Egg Ovomucoid Gal d 1 28

Ovalbumin Gal d 2 44

Ovotransferrin Gal d 3 77

Lysozyme Gal d 4 14

Serum albumin Gal d 5 69

Seafood Crustaceans Tropomyosin Cha f 1, Cra c 1, Hom a 1, Lit v
1, Mac r 1, Mel l 1, Met e 1, Pan
b1, Pan s1, Pen a1, Pen i1, Pen
m1, Por p1;3

34–39

Myosin light chain 1 Art fr 5, Cra c 5 17.5

Myosin light chain 2 Hom a 3, Lit v 3, Pen m 3 20–23

Troponin C Cra c 6, Hom a 6, Pen m 6 20–21

Arginine kinase Cra c 2, Lit v 2, Pen m 2 40–45

Triosephosphate
isomerase

Arc s 8, Cra c 8 28

Troponin I Pon l 7 30

Fin fish β-Parvalbumin Clu h 1, Cyp c 1, Gad c 1, Gad m
1, Lat c 1, Lep w 1, Onc m 1, Sal
s 1, Sar sa 1, Seb m 1, Thu a
1, Xip g 1

11–12

β-Enolase Gad m 2, Sal s 2, Thu a 2; 47 3–50

Aldolase A Gad m 3, Sal s 3, Thu a 3 40

Vitellogenin Onc k 5 18

Tropomyosin Ore m 4 33

Tree nut Cashew 7S globulin, 11S
globulin, and 2S
albumin respectively

Ana o 1, Ana o 2, Ana o 3

Almonds – Pru du 1 to Pru du 6 –

Brazil nut – Ber e 1, Ber e 2 –

Pecan – Car i 1, Car i 2, Car i 4 –

Chestnut – Cas s 1, Cas s 5, Cas s 8 –

(continued)
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Table 6.1 (continued)

Type of
food

Food
source Protein name IUIS name

Molecular
weight
(kDa)

Walnut – Jug r 1 to Jug r 5, Jug n 1 and Jug
n 2

–

Pistachio – Pis v 1 to Pis v 3 –

Hazelnut – Cor a 1 to Cor a 14 –

Legume Peanut Cupin (Vicilin-type,
7S globulin)

Ara h 1 64

Conglutin
(2S albumin)

Ara h 2
Ara h 6
Ara h 7

17.5
15
16.17

Cupin (legumin-type,
11S globulin,
glycinin)

Ara h 3 60

Profilin Ara h 5 14

Pathogenesis-related
protein 10 (PR-10)

Ara h 8 17

Nonspecific lipid
transfer
protein type 1

Ara h 9 9.1

Oleosin Ara h 10
Ara h 11

18
14

Defensin Ara h 12
Ara h 13

5.2
8.4

Soybean Nonspecific lipid
transfer protein

Gly m1 18–71

Defensin Gly m2 8

Pathogen related pro-
tein (PR-10)

Gly m3 17

Profilin Gly m3 14

Cupin (7S vicilin like
globulin)

Gly m Bd28K 28

Thiol protease of the
papain superfamily

Gly m Bd30K 34

Lectin, SBA
(agglutinin)

Gly m lectin 14.5

Cupin (7S vicilin like
globulin)

Gly m Bd 60K 63–67

Glycinin, 11S seed
storage protein

Gly m glycinin G1 40

Glycinin, 11S seed
storage protein

Gly m glycinin G2 22

Glycinin, 11S seed
storage protein

Gly m glycinin G4 61.2

Kunitz trypsin
inhibitor

Gly m TI 20

(continued)
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Table 6.1 (continued)

Type of
food

Food
source Protein name IUIS name

Molecular
weight
(kDa)

Lentil Vicilin Len c1 48

Seed biotinylated
protein

Lenc2 66

Nonspecific lipid
transfer protein 1

Len c 3 9

Lupin Conglutin beta
(7S seed storage
globulin, vicilin)

Lup an1 55–61

Cupin Lup a vicilin 66

Cupin Lup a 11S globulin 20

Pea Vicilin Pis s 1 44

Convicilin Pis s 2 63

Chickpea Prolamin
(2S albumin)

Cic a 2S albumin 10–12

Cupin (legumin-type
11S, glycinin)

Cic a 11S globulin –

Blackgram Homology with
rho-specific inhibitor
of transcription
termination

Vig m 28

Green gram Pathogen-related pro-
tein (PR-10)

Vig r1 16

Cupin (8S globulin
beta isoform
precursor)

Vig r2 52

Cupin (38S globulin
alpha isoform
precursor)

Vig r3 50

Cupin (seed albumin) Vig r4 30

French
bean

Nonspecific lipid
transfer protein 1

pha v3 8.8–9

Red gram Cupin superfamily (-
β-conglycinin α chain
of soybean)

Caj c1 66

Cupin superfamily (-
β-conglycinin α
prime subunit of
soybean)

Caj c2 45

Cupin superfamily (-
β-conglycinin α
prime subunit of
soybean)

Caj c3 45

Cupin superfamily (-
β-conglycinin α

Caj c4 45

(continued)
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and Khaneghah 2020). Because food allergens are mostly proteins, cold plasma can
react with allergens in a similar way through these above active particles (Tolouie
et al. 2017). Currently, many conjectures about the mechanism of controlling
allergens by cold plasma have been posed; although the exact pathway is not
clear, all depend on the linear and conformational epitopes alterations induced by
active particles. To be specific, conformational epitopes can be destroyed by the
aggregation or crosslinking of proteins, while linear epitopes can be altered by
fragmentation. Besides, active substances may lead to the breakage of peptide
bonds and the oxidation of amino acids, resulting in the destruction of protein
integrity (Surowsky et al. 2013). Disulfide bonds in proteins can also be attacked
by free hydroxyl radical in active particles to form RSH and RSO (Surowsky et al.
2013; Meinlschmidt et al. 2016). All the above possible mechanisms reflect that, to a
certain extent, the active oxidizing substances in the cold plasma will affect the
protein structures, thereby incapacitating the antibody binding sites and achieving
the purpose of controlling allergenicity.

Table 6.1 (continued)

Type of
food

Food
source Protein name IUIS name

Molecular
weight
(kDa)

prime subunit of
soybean)

Cupin superfamily (-
β-conglycinin α
prime subunit of
soybean)

Caj c5 30

Cereals Wheat Profilin Tri a 12 14

Nonspecific LTP Tri a 14 9

2S albumin Fag e 2, Fag t 2 16

7S vicilin Fag e 3 19

α-Amylase inhibitor AAI, Tri a 15, Tri a 28–30

Agglutinin Tri a 18 21.2

Thioredoxin Tri a 25 13–14

ω-5 gliadin Tri a 19 65

γ-Gliadin Tri a 20 35–38

High molecular
weight glutenin

Tri a 26 88

Low molecular
weight glutenin

Tri a 36 40

Seeds Oriental
mustard

2S-Albumin Bra j 1 14.6

Yellow
mustard

2S-Albumin Sin a 1 14.2

Rapeseed 2S-Albumin Bra n 1 15

Sesame 2S-Albumin Ses i 1 10

Note: IUIS International Union of Immunological Studies

176 J.-H. Cheng et al.



6.3.1 Cold Plasma Technology for Plant Food Allergy
Control

Cold plasma has been increasingly used for a lot of purposes in the food industry,
including sterilization, modification of foodstuff, degradation of fungal toxins and
pesticide residues, enhancement of the germination and mutation breeding of grains,
and packaging surface sterilization (Thirumdas et al. 2015; Alves Filho et al. 2016).
In the past decades, the effects of cold plasma on plant food allergen have been
reported on the immune reactivity of soybean (Meinlschmidt et al. 2016), peanuts
(Venkataratnam et al. 2019), and wheat (Sun et al. 2020). To explore the influence of
plant foods with cold plasma treatment, Meinlschmidt et al. (2016) found out that
after direct or remote cold plasma treatment of soy allergen (e.g., β-conglycinin and
glycinin), the SDS-PAGE profile of the protein bands became less intense with the
extension of treatment time, and new protein bands formed at 50 kDa after 5 min and
60 min, respectively. In addition, ELISA results using specific mouse monoclonal
antibodies showed that cold plasma treatment of soybean protein isolates reduced its
immunoreactivity by as much as 89–100% over time (Meinlschmidt et al. 2016). The
loss of protein bands may be due to the decrease of protein solubility after cold
plasma treatment and the formation of insoluble aggregates, while SDS-PAGE could
only detect soluble proteins. And the generation of new bands can be explained by
the formation of aggregates formed by cross-linkage between free amino acids.
Similarly, in a previous study on proteins extracted from Pisum sativum, its solubil-
ity reduced after plasma treatment (Bußler et al. 2015). Likely, wheat allergenicity
was reduced by 37% when subjected to DBD plasma (Nooji 2011). In a recent study,
Venkataratnam et al. (2019) investigated the effects of cold atmospheric plasma on
the antigenicity of protein Ara h 1 with dry, defatted peanut flour (DPF),and whole
peanut (WP) samples at voltage of 80 kV for different treatment durations (0, 15,
30, 45, and 60 min). The SDS-PAGE results revealed no changes in the protein
intensity bands corresponding to Ara h 1 for both DPF and WP. Competitive ELISA
of samples showed a reduction in antigenicity up to 43% for DPF and 9.3% for
WP. Circular dichroism studies revealed modifications in secondary structure
induced by plasma reactive species (Venkataratnam et al. 2019). Nevertheless,
conversely to the above, Alves Filho et al. (2016) investigated the influence of
atmospheric plasma processing on cashew nut allergenicity. To determine the effect
of plasma processing on cashew nut allergens, direct ELISA using protein extracts
from processed cashew nuts was used to compare antibody binding. Extracts from
processed nuts were first evaluated by SDS-PAGE. The results showed that there
was not a statistically significant difference in binding of either the rabbit anti-
cashew or human cashew allergic IgE to the processed cashew nut extract samples,
indicating the plasma processing steps evaluated here would not be useful in the
generation of cashew nuts with reduced potential to cause allergic reactions (Alves
Filho et al. 2016). Conceivably, this failure to achieve the expected decrease in
immunoreactivity might be responsible for the low efficiency of remote plasma.
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More studies aimed at validating the potency of cold plasma are needed to control
plant food allergy.

6.3.2 Cold Plasma Technology for Seafood Allergy Control

Seafood such as fish, crustacean, and mollusk is favored by individuals due to its
high value of nutrition, valuable source of protein, physiologically active substances
(e.g., docosahexaenoic acid), and minerals (e.g., iron, calcium, magnesium) (Kubota
et al. 2016; Sicherer and Sampson 2018). Therefore, seafood is of great significance
in human nutrition and health, but with the rapidly increasing consumption of
seafood, allergy mediated by IgE is turning into a severe problem around the
world, especially in coastal areas. Seafood allergy is one kind of the serious causes
of hypersensitivity reactions such as diarrhea, vomiting, and life-threatening ana-
phylaxis (Ruethers et al. 2018). Seafood allergy can be caused not only by ingestion
but also by inhaling aerosolized proteins during capture or cooking process (DeMuto
et al. 2020). In addition, different seafood allergens have cross-reactivity; thus,
reducing the allergens at the sources can effectively avoid allergic reaction (Davis
et al. 2020).

As for the influence of seafood with cold plasma treatment, the current studies
focused on the modification of protein configuration to reduce allergenicity
(Venkataratnam et al. 2019). It was reported that when exposed to free radicals of
cold plasma, the secondary structure of protein is damaged, including the changes in
percentages of α-helix and β-sheet, decomposition of amide bonds and side chains,
which might mask or disrupt the conformational binding epitopes, leading to the
decrease of allergenicity (Sarangapani et al. 2018). It was believed that hydroxyl
radicals produced by cold plasma had the capacity of oxidization. Then hydroxyl
radicals disrupted the antibodies binding sites, resulting in the reduction of allerge-
nicity (Wu et al. 2014). In our research group, Ekezie et al. (2019a) ascertained the
impact of atmospheric pressure plasma jet treatment (APPJ) as a function of treat-
ment times (0, 2, 4, 6, 8, and 10 min) on the conformation and physicochemical
properties of myofibrillar proteins (MPs) extracted from king prawn (Litopenaeus
vannamei). The results showed that the pH and protein solubility were decreased
after 10-min treatment of APPJ. These results were also confirmed by dynamic light
scattering (DLS) analysis, which indicated an increase in the mean particle diameter
of MPs from 654 to 2297 nm. Complementary methodologies used to characterize
the structural changes confirmed the exposure of hydrophobic groups and promotion
of protein-protein interactions. These occurrences were particularly more intense at
the longest treatment duration. The high energetic and oxidizing species contained in
the plasma gas may have considerable implications on the physicochemical and
structural characteristics of MPs from king prawn. After that, Ekezie et al. (2019b)
explored the changes of the IgE-binding capacity of king prawn (Litopenaeus
Vannamei) TM through conformational changes induced by cold argon-plasma jet
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(CAPJ). The result showed that the level of α-helix structures declined as the
treatment time progressed, while the level of β-sheets and random coils increased.
The free sulfhydryl groups decreased as CAPJ treatment progressed due to the
formation of disulfide bonds while surface hydrophobicity increased until equilib-
rium values. In addition, after 15 min of plasma exposure, the maximum reduction
recorded for IgE and IgG binding capacities were 17.6% and 26.87%, respectively,
as revealed by ELISA test. These results were attributed from the unfolding and
denaturation of proteins, which was indicated by complementary structural analysis.
The study indicated that the nonthermal plasma might be a hopeful means for
developing hypoallergenic food products. In addition, Shriver (2011) found that
when the treatment conditions were set as 30 kV, 60 Hz, and 5 min, the DBD plasma
reduced the hypersensitivity of prawn by 67%, which may be explained by the
changes of protein configuration caused by active particles and then the changes of
the epitopes, so that the IgE antibody could no longer recognize them and could not
provide any conditions for the immune response. Thus, more experiments are
needed to confirm the effectiveness of cold plasma, and the optimization of
processing parameters needs further research.

6.4 Advantages and Limitations of Cold Plasma for Food
Allergy Mitigation

Cold plasma for food allergy mitigation mentioned in this chapter affects structural
characteristics and physicochemical nature of food proteins in a variety of ways, thus
influencing gastrointestinal digestion, bioavailability, and alleviating their sensitiza-
tion. During thermal processing, heat reduces allergenic potency by changing
protein structure, affecting antibody binding epitopes and improving digestibility,
but it may have adverse influence on quality attributes. Currently, the hypoallergenic
food products marketed in stores are mainly produced by enzymatic hydrolysis;
however, because the degree of enzymatic hydrolysis is difficult to control, the
amino acids, dipeptides, and tripeptides obtained from excessive hydrolysis as
well as their hydrophobicity are closely related to the bitter taste, making the
protease hydrolysates often contain bitter peptides and unacceptable by consumers.
In addition, the influence of food allergen processing methods on allergen sensiti-
zation is also affected by many complex factors, such as the influence of other food
components, the properties of allergen, and the selection of processing conditions.
The cumulative effect of all these factors has also led to inconsistent results in the
treatment and remission of food allergens using cold plasma technology. In spite of
this, many of the existing studies have shown cold plasma in alleviating food allergy
potential in this field; currently the main challenge and the most urgent need is to
focus on the introduction of cold plasma standardization. Certainly, a comprehensive
understanding of the mechanisms of cold plasma treatment and the properties of the
allergen is the key to further implementation and application.

6 Abatement of Food Allergen by Cold Plasma 179



6.5 Conclusions

Food allergy is a matter of global human health concerns. With good prospect in
application of reducing allergenicity, cold plasma processing technology induces
protein aggregation or crosslinking to change allergic protein conformational epi-
topes, promotes the fragments of peptide bond fracture or fraction amino acid
sequences to change the linear epitopes, and helps to reduce food protein allergy.
Although it is not possible to completely eliminate food allergens through
processing at present, threshold attenuation can be achieved through optimization
of processing conditions. Therefore, developing evaluated and validated methods to
confirm the application potential of cold plasma is necessary.

For further development, more studies about the alleviation of allergens are
required. All clinically relevant seafood allergens should be identified as much as
possible. The cross-reactivity between different types of seafood allergens or with
other food allergens also requires more work to do. The allergen mitigation mech-
anism by cold plasma should be fully understood in order to achieve precision
optimization of the treatment parameters. With the knowledge, we can better under-
stand the characteristics of seafood allergens and choose the appropriate technology
to reduce allergens. Moreover, to reliably use cold plasma in the food industry,
adequate toxicity studies such as animal and human tests should be conducted to
determine whether ingestion of foods treated with cold plasma can cause toxicity
in vivo. These key areas of research in future will provide valuable support for the
development of low-allergenic or no-allergenic products.
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