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Abstract: The high number of allergens that exist in the human food supply had led to increment of food allergies awareness by taking

suitable prevention to protect sensitive consumers from unsolicited exposures to food allergens. Several attempts were done to lessen or
eradicate the food allergenicity via food processing which eventually resulted in mixed outcomes. The rationale behind the usage of
food processing to reduce/remove the food allergenicity and the limitations encountered are further discussed.
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1. Introduction

1.1 Food Allergy

Food allergy is an IgE-mediated abnormal that reacts
to food protein tolerant. However, the reasons behind
the issue of intolerant towards certain food protein are
vague. For instance, an individual requires a certain
amount of protein such as the threshold, which remains
unknown, in order for the allergic response to happen
in a sensitized person who can be from patient to
patients and protein to protein. Besides that, a food
allergy can also be in the form of severe anaphylaxis,
which can cause death. Range of food allergy
symptoms can be in the form of flushing, urticaria,
angioedema, laryngoedema, diarrhea, nausea/vomiting,
bronchospasm, or hypotension. Therefore, the best way
to avoid accidental exposure to food allergens is to
the offending food. Though
avoidance can be impossible, yet in certain cases, it can

avoid consuming
be avoidable. As for the food labelling, it is crucial for
the manufacturers to have accurate food labelling to
improve the consumers’ safety and help the food
manufacturers, distributors,

producers, packers,

transporters, and retailers to ensure that the ingredients
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are efficient and safe. However, though many plans and
practices had been conducted, the existence of trace
contamination of offending agent cannot be determined
unless there is an accurate procedure to discover their
existence. Due to this matter, a reliable, robust, specific,
and accurate method should be developed to discover
the trace quantities of food allergens.

Allergy is an inappropriate immune response to an
allergen. An “allergen” is the substances to which the
allergic individual is sensitized and reacts [1].
Allergens have the ability to sensitize a hypersensitive
individual by triggering the production of specific IgE
antibodies, the ability to the IgE antibodies and the
ability to cause an allergic reaction [2]. Allergens are
generally proteins with a size of 10 and 60 kDa [1, 3].
However, the whole allergen is not involved in the
immune response; only its specific binding site, called
as epitopes have ability to bind to IgE antibodies and
contribute to allergic reactions [4].

Allergen is classified as the major or minor allergens.
An allergen is considered major when IgE antibodies of
at least 50% of the allergic [1], recognize the allergen.
Understanding the structure and function of major
allergens is important to understand the IgE reactivity
in patients, the mechanism of allergy and to the

development of sensitive and improved diagnostic
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approaches [5]. Meanwhile, minor allergen is
recognized by less than 50% of the allergic population
[1]. Minor allergens may contain certain structure
similarities as major allergens that allow for
IgE-binding but do not have the conformation
necessary to elicit allergic reactions [6].

To date,

successfully recognized in shellfish including crab

several major allergens have been

including tropomyosin [7-11], arginine kinase [12-14]
sarcoplasmic calcium-binding protein (20 kDa),
troponin (23 kDa), a-active (42 kDa), smooth
endoplasmic reticulum Ca*" ATPase (113 kDa) [9] and
myosin light chains [15].

1.2 Shellfish Allergy

Crustacean allergies occurred due to the presence of
allergens in the crustacean. The IgE-mediated shellfish
allergies can lead to severe reactions [16, 17]. Due to
its availability throughout the world, the allergy source
from the crustacean shellfish allergy is rapidly
spreading to various areas. Besides, the allergies from
the molluscan shellfish are also another contributor of
seafood allergies. However, they are not frequently
reported and they do not appear as often as the
crustaceans [18]. According to Lu et al. [19], an
IgE-mediated or known to be type I allergy is a type of
allergy that originated from the crustacean allergy.
Additionally, other crustacean shellfish such as shrimp
and prawn were claimed to be as a good source of
nutritional seafood. Unfortunately, they are also the
major contributor to the allergy throughout the world.

In Southeast Asia, crabs have been highly demanded
due to the claim that they have large chelae and higher
meat content. Thus, among crustaceans, crabs are the
frequent causes of shellfish allergy in several countries.
The Food and Agriculture Organization (FAO), as well
as the World Health Organization (WHO), highlighted
that crab and shrimp are the common sources of food
allergens as their allergic reactions can be induced by

ingestion [20].

2. Effects of Processing on Allergen Stability

Foods may undergo various processing methods for

the purpose of preservation from microbes,
modification of texture, taste or colour and the
improvement of digestibility [21]. In majority of the
cases, thermal processing techniques such as steaming,
boiling, roasting, or frying are commonly used [22]. In
addition, the applications of non-thermal treatments
such as drying, acid hydrolysis and salting are widely
increasing due to the benefits of minimal effect on
nutritional and qualities of foods [23].

Heat treatment had been practiced for food processing
since ancient times. The purpose of thermal treatments is
to preserve the quality of the food to ensure that the
food is being stored safely and to modify its features
such as by obtaining new textures and flavours [24].
Heat treatments can lead to various changes in the
lipids and carbohydrates such as aggregation by
non-covalent, denaturation, disulphide bond reaction,
and hydrolysis of peptide bonds in the food molecules.

However, when the food was being heated, the
foods

transformation, which directly affects the level of the

components in the had experienced a
allergenicity in the food. Past studies highlighted the
modification of the food allergenicity based on the heat
treatment process and Maillard reaction. The result of
these reactions had proven that thermal processing has
an influential impact on the proteins’ allergenicity
whether it can be reduced by reducing the epitopes or
enhanced by exposing the epitopes [25].

In terms of the change in the proteins structure,
factors such as the form of protein and the thermal load
contribute to the changes. For example, when whey
proteins were heated up, its structure denatures
gradually [26]. Meanwhile, the caseins are claimed to
be heat stable because they do no longer possess any
level of structures that can be disturbed when it is being
heated. This indicated that the process of heating milk
could partly be considered as effective to reduce its
allergenicity [27, 28].
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In milk, studies reported that sterilization at high
temperature at 90-95 °C leads 75% of denaturation of
the whey proteins [26, 29]. Additionally, it also causes
the denaturation and aggregation of B-lacto globulin,
which significantly reduced the whey proteins’
31]. Their research
highlighted that heating food such as milk became

IgE-binding capability [30,

inadequate to eliminate or damage all epitopes.
However, the residual epitopes can be lower or it may
additionally be destroyed after heating. Similarly, Bu et
al. [32] had conducted a study on the impact of the
Maillard response of a-lactalbumin onto IgG-binding.
The outcome revealed that the conjugation of
a-lactalbumin with less sugar helped to decrease the
whey proteins’ IgG-binding ability. In contrast,
Taheri-Kafrani et al. [30] discovered that conjugation
of B-lactoglobulin with lactose (reducing sugar) can
cause the reduction of the IgE recognition. However,
according to Maynard et al. [33], the heating may
additionally revealed that inside o-lactalbumin is a
hidden IgE-binding epitope.

Another example of heat-sensitive allergens was
studied extensively in egg [34]. In vitro research had
been conducted to assess the IgE-binding potential to
show that the heating of ovalbumin can lessen the
IgE-binding potential as to the unheated ovalbumin [35,
36]. Additionally, the heat treatment of an ovomucoid
also reduced the activity of the IgE-binding of an
ovomucoid. However, using the Maillard reaction for
glycation may increase the bindings of the IgE [24].
Other heat-labile proteins are ovotransferrin and
lysozyme and they showed a decrease in IgE-binding
after being heated for 15 minutes at the temperature of
95 °C [37].

Thermal processing has been also comprehensively
studied on its impact as many had claimed that thermal
processing is effective in reducing the reaction of
IgE-binding in several other allergens. Allergens such
as Mal d 1 from apples, Api g 1 from celery, and Cor a
1.04 from hazelnuts [38] were exposed to be
heat-sensitive. Thermal processing such as roasting

may cause some to lose their allergenicity. Jeebhay et
al. [39] mentioned that the reduction of allergenicity
happened due to the alteration of the conformation
from the heat liable protein when they are exposed to
the heat, which then caused the loss of epitopes.
However, various food allergens are claimed to be
heat resistant such as Pru p 1 from peaches and Ara h 1
from peanuts. Besides that, fish allergens have also
been reported to be heat resistant. For instance,
parvalbumin is a major allergen in whiff, which is
highly resistant protein [40]. Furthermore, it was
highlighted that the extract from the whiff tended to be
bigger in number of IgE reactive band and displayed
greater resistance to the pepsinolysis than the raw
samples. The heating may influence the formation of
aggregates, which then expound the incremented
allergenicity of cooked whiff. Besides parvalbumin,
Gad c 1 in cod also claimed to be heat resistant. The
transmutations in the matrix aliment affect the heat on
allergens, which then varies in the fish species [41].
Boye [42] highlighted that the highest allergenicity of
bhetki happened to be discovered in the fried extract.
The incremented allergenicity of fried bhetki initiated
from the exposure of the incipient epitopes or the
reaction of Maillard. In peanuts, the Ara h 1 and Ara h
2 have higher IgE and more resilient to the heat and
digestion after undergoing the Maillard reaction.
shellfish
allergens including crabs, have also been reported as a
highly thermo stable food allergen [43]. Based on the

Meanwhile, tropomyosin, the major

secondary structure of the stable alpha helical
coiled-coil, the tropomyosin has the tendency to resist
the heat-treatment and various form of kenned victuals
processing techniques. However, there are still
inadequate amounts of information on the impact of
heat processing for diagnosing the tropomyosin from
other shellfish groups. Additionally, the molecular
distinctions between tropomyosin and other shellfish
groups should be noted as changes happened after
undergoing the heating process [44].

Researches on various cooking methods were
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conducted to discover the impacts of the methods onto
the cockle’s allergenicity and to diagnose the type of
proteins that commonly attached the IgE antibodies
through proteomics approach. When the extracts were
heated, the number of IgE-reactive bands decreases.
This had shown that the smaller number of protein
bands and IgE-reactive bands were found when the
extracts were boiled, fried, and roasted. In the
demonstration order of raw > boiled > fried = roasted,
the degree of cockle’s allergenicity was discovered.
The immunobloting of the raw extract showed 11
IgE-binding proteins with two major allergens at 36
and 48 kDa, while the boiled extract showed only 3
IgE-binding proteins. As for the fried and roasted
extracts, there was only a single IgE-binding protein at
36 kDa, identified as tropomyosin [45].

As most allergens are mainly proteins, the heat
treatment methods may result in the modification of
allergenicity, which may change their structure. When
the protein structures are altered, it can lead to epitope
changes, masking and unmasking the structure, which
can eventually lead to the decrement, increment, or no
impact on the allergenicity [46]. Shellfish such as crabs
are customarily associated to the various ways of heat
treatment such as boiling, frying, or roasting before
being consumed [8]. However, it was noticeable that
there is scarcity in the information related to the heat
sensitivity or heat resistant of crab allergens. Thus, it is
crucial to have studies that can investigate the impact
of various cooking methods to the allergens [47].

2.1 Thermal Processing

2.1.1 Moist Heat

(1) Boiling

Boiling is one of the most common cooking methods
which involve the prompt vaporization of a liquid when
it is being heated up to its boiling point and the
temperature at the vapor pressure is equal to the
pressure applied by the surrounding to the liquid. In
order to kill the microbes, boiling water is selected as
the appropriate method to be conducted. Different

organisms have different level of heat sensitivity. For
instance, many organisms will be killed if the water is
at 70 °C (158 °F) for 10 minutes. However, there will
be some other organisms that can withstand the heat
and may even require additional minute at to reach the
boiling point of water. Boiling is considered to be an
appropriate method for large-scale cooking [48].

A study on shrimp reported that the extract from the
boiled shrimp has less IgE-binding protein than the
extracts from raw shrimp. It was mentioned that the
boiling might cause alteration to the shrimp extracts,
which allows the allergenic epitopes to reduce the
allergen recognition. Therefore, to alter the
allergenicity of the food, boiling has been suggested to
be the procedure to eradicate the allergens. The
outcome revealed that the stability of the thermal in the
purified tropomyosin (TM) from boiled shrimp was
similar to the purified TM from a raw shrimp. In
addition, it was observed that the activity of the
IgE-binding of a boiled TM was stronger than to the
raw TM. This is because the boiled TM may have gone
through the process of protein-protein exchanges,
which allows the aggregation to happen during thermal
treatment. This happened to enhance the IgE binding
reactivity and the activity of unmasking the IgE
epitopes to have accessible surfaces. Generally, the
application of boiled TM is more effective when
diagnosing seafood allergy including crabs [49].

(2) Frying

Frying is the type of cooking that involves the usage
of oil. Food such as the chips, eggs and egg-based food
such as omelets or pancakes are normally being
produced by frying. Generally, fats and oils can have
higher temperature than water at normal atmospheric
pressure. Thus, food will be cooked faster with extra
features of crispness in the texture. The penetration of
the fat depends on the type of food to varying degrees,
which may contribute to the lubricity, flavours, as well
as calories. There are various factors that lead to the
variety of frying techniques such as the cooking time,
the type of cooking vessel required, and the amount of
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fat needed. Among the standard frying, techniques are
deep-frying, shallow frying, stir-frying, and sauteing
[50].

A study revealed that both frying and roasting of
cockle have modified the proteins in a similar way.
According to Zailatul et al. [51], most of the fried
sample’s protein bands had been eliminated as
compared to the raw and boiled cockle. Another study,
which was performed on Bombay locust, identified that
after the frying process, the allergenicity of arginine
kinase and enolase in Bombay locust was decreased,
while glyceraldehyde-3-phosphate dehydrogenase was
increased. The study concluded that thermal processing
treatment of frying process might give alteration in a
structural way and may modify the allergenicity of
Bombay locust by abolishing existing protein epitopes
to reduce allergenicity or may create new epitopes to
increase allergenicity [52].

(3) High Pressure Processing (HPP)

In seafood product, high pressure processing (HPP)
has been applied to inactivate the microorganism and
enzyme, which has less impact on the colour, flavours,
and the nutritional value of the food. Furthermore, HPP
has led to significant changes in the protein such as
partial protein unfolding the covalent and non-covalent
interactions during the pressurization and after
releasing the pressure. Due to this partial denaturation
of proteins, several functional properties were being
modified. These modifications resulted to significant
positive changes in the texture of the products [53].
Additionally, the differences in the texture can be
compared between the proteins that were eradicated or
damaged due to less allergen content, which had been
structurally modified [54].

2.1.2 Dry Heat

(1) Roasting

Roasting is a cooking method that applies dry heat
process in which the hot air surrounds the food and
cooks the food evenly all rounded with the temperature
of 150 °C. Roasting can be conducted in an open flame,
oven, or other heating appliances. It was mentioned

that roasting helps to improve the flavours as well as
the texture of the food, which can create Maillard
browning on the food’s surface. Generally, roasting is
done using indirect, diffused heat, which is appropriate
to cook in larger amount or bigger piece of meat.
However, it normally takes approximately 1-3 hours to
cook which eventually resulted to tendered cooked
meat [55].

A study on food allergens, such as peanuts which
often are handled through the roasting process,
indicated that the method had managed to alter the 3D
structure of the allergens and cause Maillard
modification [56].
peanuts and fried peanuts was done to discover that the

Comparison between roasted
amount of Ara h 1 was reduced in fried peanuts. This is
because the roasting process does not affect the IgE
binding to Ara h 1. Additionally, the efficiency of Ara
h 1 extraction and the accessibility of the epitopes are
obtained from the process of roasting which can be
determined based on the antibodies that measure the
allergen [57].

(2) Microwave Heating

Presently, the use of microwave for heating has been
increasing as it brings many advantages such as
in-depth heating can be done without the temperature
gradient, it allows higher heating rates and the timing
can be reduced, prevent vitamins, flavours, and other
water-soluble components to be leaking, and it
activates the inactivation of enzyme complexes [58].
Additionally, the use of microwave energy is efficient
as it has taken over the conventional methods. This has
caught the attention of many researchers to study its
application in various fields such as the advantages of
microwave energy lead to the less energy consumption,
its processing time as well as its impact on the
environmental remediation. According to Jones [59],
microwave heating overtaken the conventional
methods due to its advancements such as higher
heating rates, no direct contact between the food and
the heat, and manageable control of the drying and
heating process.
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Bohr and Bohr [60] asserted that the conformational
changes of proteins and acceleration of the denatured
process were caused by the use of microwave. This is
because the changes in the protein’s natural structure
may affect their sensitizing properties. According to
Venkatachalam et al. [61], some efforts were done to
reduce the food allergens’ immunoreactivity by using
the microwaves as the technological tool.

However, some researchers highlighted that the
usage of microwave heating is not enough to lessen the
proteins’ antigenicity and was recommended that it
should be combined with other processes such as
enzymatic hydrolysis for a better and effective
outcome [62]. Izquierdo et al. [63] observed that during
the combination of microwave heating process and
pronase, papain or alcalase, there was a decrease in the
immunoreactivity. Venkatachalam et al. (2008) tested
the implication of microwave heating onto the almond
allergens. They discovered that the IgE binding was not
significantly affected in most conditions. However, at
about 3 minutes under extreme microwave heat, the
reduction of the IgE binding was noticed. Leszezynska
et al. [64] highlighted that the reactivity of the IgE will
increase if the material is exposed to the microwave at
40 kg. Contrariwise, the more intense the energy of the
microwave doses, the higher the IgE reactivity and the
IgE binding levels can be compared to the untreated
sample.

Other new technologies such as the used of
high-pressure processing and food irradiation should
be acknowledged in the heat treatment process.
Furthermore, these new technologies are becoming
more attractive to the food industry.

2.2 Non-thermal Processing

Non-thermal treatment is processing method that
can inactive the microbial by not exposing the foods to
heat with hostile effect. Furthermore, it extends the
product’s life by maintaining their physical, nutritional,
and sensory qualities. In short, it is an alternative where
no heat will be applied to the food sample. Non-thermal

processing is a collection of technologies that can be
used individually or in combination to enhance and
improve the shelf life of fresh and refrigerated products
[65]. Non-thermal processing method involves the
process of acid processing, salting, enzymatic digestion,
peeling, mashing, pasteurization treatment, and HPP.

Several researches on the effect of non-thermal
treatments in altering allergenicity of food proteins
showed that these treatments could lessen the
allergenicity of different allergens in food [46].

2.2.1 Salting

Salt has the magnification of spoilage-causing
microorganisms by taking out the hydrogen monoxide
out of the tissue through osmosis. In this process, the
sodium and chlorine ions develop a binding of
hydrogen monoxide with complex reaction with
protein that exerts by itself in an osmotic pressure.
Finally, the balancing of the equilibrium and
circumventing brine was attained [66]. Besides that,
the outcome of the expected final product is the
dependent to length of the salting period and the salt
concentration. The acceptance of salt depends on
various reasons such as its species, the fish size and its
fillet’s thickness, freezing, muscle type, weight, the
composition of the lipid’s content and distribution,
physiological state, salting method, and brine
concentration duration of salting step, fish-to-salt ratio,
ambient temperature, and thawing. The purpose of the
salt-boiled process for shrimp is to lessen the
microorganisms load to enable it to amend the shrimp’s
flavours. Hence, a congruous salt-boiled muscle was
significantly claimed to obtain the felicitous salt
concentration to lessen the damage of the muscle and to
preserve the red colour. Salted fish has the salt
concentration that reaches = 20%. This is because in
the process, high ionic vigor caused the myofibrils and
dehydration of protein to contract [67].

The solubility of protein (or protein extractability)
in salt solutions is one of the most important
physicochemical properties in the manufacture of

muscle food products. Protein solubility is often
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referred to as functional property or simply

functionality. This characteristic is a result of
comminuting and mixing of fish muscle tissue with
salt. Protein extractability (solubility) is the
percentage of total protein that enters the solution but
does not sediment due to centrifugation. The breakage
of proteins into smaller peptide units was caused by
the high solubility of fish protein hydrolyses. This is
because the solubility of the peptides has increased
due to the lessening of molecular weight and
increment number of polar groups available for
hydrogen bonding with water dipoles. Furthermore,
the equal amount of hydrophilic and hydrophobic
elements in the peptides also contributed to the
increment of their solubility [68]. Besides NaCl, pH
also affects the solubility of fish muscle proteins.
Protein solubility profiles (i.e., curves) are typically
determined to establish conditions required to
solubilize fish muscle proteins. The selective protein
solubility by shifting pH and salt concentration of the
minced fish solution is a fundamental basis for the
novel protein and lipid recovery technology taking
advantage of isoelectric solubilization/precipitation
[69].

In addition, the pH level and the type of salt to be
used for the salting process can affect the degree of
the protein denaturation. It was highlighted that up
that between 8 and 20% was the content of the
transmutation of protein in salted cuttlefish. After the
slating process, the salt starts to correspond and the
content of the crude protein started to be decremented
which then lead to the loss of muscle protein into the
extract. Meanwhile, electrophoresis was used to
analyse the soluble muscle of the tissue protein of fish
flesh. The outcome displayed that during the salting
process, the amount of band had decreased. The
electrophoretic ~ studies  revealed  that  the
defragmentation in the number of the bands during the
dry and wet salting process had slowed down the rate
up to 9 hours. After 24 hours, the high-molecular

weight proteins decremented more rapidly than the

medium-molecular weight protein. This is because the
medium molecular weight is more stable than the
high-molecular weight protein [70].

So far, there is no literature that directly examines
the effect of salting process (wet salting, dry salting)
on the allergenicity of crabs.

2.2.2 Drying

Drying is an energy-efficient approach for the
production convenient and delicious of rich protein
product especially the aquatic products. Drying
preserves the functional fractions or protein
concentrations but lessens the purity. Globally, the
annual production of dried aquatic products is about
350,000 tons and it continuously increases up to 7% in
China every year and also in other Asian countries
like Malaysia [71].

Two principal methods were introduced to preserve
perishable foods, which are known as hot air drying
(AD) and freeze-drying (FD). To compare the two,
AD is a method that was considered to be more
cost-effective than FD. However, the substantial
quality of the food will be lost when undergoing the
AD process, while the FD preserves the nutrients,
flavours, colour, and the texture with minimal changes
from the original products. Another technique is
known as the heat pump drying (HPD). It is a drying
technique that commonly is wused to dry the
heat-sensitive seafood which brings many advantages
such as independent in controlling the operation
parameters, low energy consumption, and less quality
loss. In the flour production, these processes have
been applied in the cereal technology to separate the
endosperm and bran fraction by applying various
techniques of milling and classification. The success
of separating the pulses such as lentils, beans, and
peas into protein-rich and protein-depleted fractions
was mentioned in several studies by using the
dry-fractionation [71].

To the best of our knowledge, scientific studies on
the effect of the drying process on food allergenicity
are not available in the literature.
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2.2.3 Acid Processing

Reducing the allergenicity of different kinds of food
is best to undergo the process of acid processing as it
was described to be successful and efficient.
Martinez-Alvarez et al. [72] studied the impact of
vinegar marinating onto the allergenicity of the shrimp
allergens via the skin-prick test (SPT). The outcome
revealed that they are able to obtain the diameters of
the mean wheal by utilizing the extract from the
shrimp which was prepared prior to the investigation
by marinating it in vinegar. They discovered more
minuscule than the mean wheal by using the extracts
that were conventionally prepared. Meanwhile, Zheng
et al. [73] highlighted that pickled-herring products
such as rollmops and jellied-herring were prepared
using acetic acid-salt brine to show the decremented
IgE binding in three-fifth of the sera by using IgE
predicated competitive ELISA. In general, the
modification of the allergens’ structure caused the
vicissitude of allergenicity after undergoing the
vinegar treatment [74].

At the acidic pH level, it was observed that there
was a partial loss in the fish allergen, Lep w 1
structure and the degradation of proteolytic of the
parvalbumin due to the acidic protease activity
(cathepsin D). This is because the allergic reaction via
the mechanism was lessened by the acid treatment,
which transmutes and modifies the content and the
structure of the allergens. Bessot et al. [75] asserted
that vinegar has affected to the lentils and eggs as it
reduces the pH value of the gastric, which eventually
reduce the allergenicity and enhance the digestive
system. Meanwhile, Suzuki et al. [76] chose the
paramount of pH and its impact on the pabulum
allergies as their focus of their study. They stated that
the loss of pancreatic enzymes occurred when the
gastric acid level determined the activation of the
gastric pepsin. Thus, when the antacid drug prevents
the gastric acid, there is a possibility that the allergic
reaction will be increased drastically [77].

Vinegar at different pH and time of marinated

impacted significantly onto the form of the marinated
shrimp. Normally, the shrimp samples undergo an
increment in their weight when they are marinated in
the vinegar at the pH value of 1.0 and 2.5 after 3 hours.
However, shrimps that are marinated in the vinegar at
the pH value of 3.5 and 4.8 experienced negative mass
reduction due to loss of moisture. This outcome
supports the agreement regarding the impact of lactic
and citric acid onto the tenderization of the beef. It has
proven that the samples will attain higher moisture
acceptance when the marinade is at highest acid
concentration (lowest acidic pH value) [78].

So far, there is no literature that directly examines
the effect of the acid hydrolysis process on the
allergenicity of shellfish including crabs.

2.2.4 Enzymatic Hydrolysis

One function of the digestive tract is to change food
into a substance that will not activate the immune
system to launch an attack. When the food was taken,
the immune system will alter the metabolism of the
recognized food protein as harmful. The body will
launch several methods to prevent the immune system
from attack. First, stomach acid will denature the food
proteins [79]. Although the food protein was
denaturing, it will still be allergenic. Additionally,
fixed structure or linear amino acid sequence of the
protein is directed to human’s IgE antibody for the
denatured food protein to maintain its allergenicity. It
was suggested that individuals with high allergen
sensitivity in the gastrointestinal (GI) area must go
through the process of degradation of GI in the tract to
resist low pH, bile salts, and proteolysis to allow the
allergen proteins to attain the intestinal immune
system [80].

The most effective step for making food proteins
harmless is enzymatic degradation. It begins in the
stomach, where the acidic environment favours the
protein denaturation. Denaturation sets up the protein
for the optimal break down by pepsin enzymes, a
nonspecific protease that is active at pH 2 [44]. The
immune system in the gut is triggered by the size of
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the protein. The larger protein can set off the alarm for
IgG antibody production while for the smaller proteins
or fragments are able for immunity activation. Several
types of research demonstrate that antibody
production to that food protein increases when the
protein digestion was compromised [81].

Protein degradation continues in the intestine that
belongs to the activity of trypsin enzymes secreted by
the pancreas. Trypsin is a digestive enzyme that
hydrolyzes proteins in the small intestine [44]. Larger
food protein fragments in the intestinal tract have the
potential to become allergens [82]. Otherwise, many
researchers indicate that pre-treatment of food proteins
with protease enzymes shows less allergenic potential
[83].

Food allergens are resistant to pepsin digestion as
digestibility test was claimed to be the most suitable
approach in diagnosing the level of allergenicity in the
new proteins. Furthermore, under simulated gastric
fluid (SGF) condition, the food allergens are more
stable than the non-allergens. For instance, the
allergens of peanut and milk are more stable in SGF
compared to the non-allergenic proteins such as seed
lipoxygenase and soybeans. Thus, it is crucial to
differentiate the food allergens from non-allergens as

the stability of the digestion process in depending on it.

However, contradictory outcome was attained when
the food allergens are not necessarily resistant to the
digestion. Yagami et al. [84] discovered that most of
the fruit allergens were decomposed after being under
the SGF for 8 minutes. As for the matter of simulated
intestinal fluid (SIF), allergens from banana, potato,
peach, and melon were not fully degraded after going
through the process of digestion for 16 hours [85].
Additionally, the TM of digestible mud crab major
allergen under SGF and SIF showed that the TM was
resistant to pepsin. This is because the sodium dodecyl
sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) used the TM that had been purified and
the Western blot with the myofibrillar proteins to
show that the pattern of TM degradation under the

SGF and SIF conditions was not affected by the
presence of other protein. Meanwhile, the ELISA
results showed that the proteinase treatment is a
successful method to reduce the binding of IgE of TM
[80].

In vitro test was performed to investigate the
stability of sarcoplasmic calcium binding protein
(SCP) under the condition of simulated human
gastrointestinal. The digestibility of purified SCP was
analysed by the SDS-PAGE in SGF. It was discovered
that the band with molecular mass of 22 kDa
gradually digested. After 1 minute, a major fragment
of 16 kDa was formed and smaller proteolytic
fragments appeared after a long period of digestion
time. In contrast, the digestibility of the SCP in SCF
decreased as compared to the one in SGF. It was
discovered at the range of 14.4 kDa to 18.4 kDa, the
pancreatic juice was formed to investigate the
fragments and their weights after 15 minutes. At 4th
hour, the SCP was spotted to be partly degraded. Thus,
to examine the capabilities of the IgE-binding of
SCP-derived digested fragments, the ELISA and the
activity of the IgE-binding of SCP digested by the
pepsin were observed. For an hour, the capability of
the IgE-binding of SCP was significantly lessened.
However, after 4 hours, the pancreatic juice digestion
showed to have little impact on the SCP allergenicity.
In general, the anaphylaxis will occur and the food
allergen will maintain in its gastrointestinal-like
digestion [86].

In another study, the impact of digestive stability
and reactivity of TM from the S. paramamosain with
different approaches was conducted using the in vitro
simulated gastrointestinal digestion and immunoassay.
The outcome revealed that the digestion of TM in the
simulated gastric fluid tends to be faster when it is
being boiled. Furthermore, the digestion of the SGF
and SIF was observed with the assistance of combined
ultrasound and boiling (CUB). Out of the three
processing techniques, it was found that HPS is the
most effective method to encourage the degradation of
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TM wusing digestive protease and lessen the
IgE-binding of TM in the simulated gastrointestinal
system [85].

According to a research done by Lee and Park [87],
the whelk allergens were fully digested in the
simulated gastrointestinal fluid. After undergoing the
thermal treatment, the allergen remains the same. This
had proven that there are certain crustaceans stable
when being exposed to the heat. Meanwhile, Villamie
and Jong [88] highlighted that in the food-processing
discovered that an effective

methods, it was

processing and maintenance technology is the
ultrasound as it provides good directivity and strong
penetration. Li et al. [89] had adopted the method of
ultrasonic treatment onto the shrimp’s protein muscle
and extract. The outcome revealed that high-intensity
ultrasound might facilitate to lessen the allergic
properties that present in the shrimp allergen, which
may bring benefits to the ones with allergies.

In general, to establish sensible and appropriate
processing methods to reduce or remove the stability
and reactivity of the TM of crab, it is crucial to study
the impact of different methods on the crab allergens.
In this study, the method that is most effective in the
degradation of TM will be conducted and the
reduction of its IgE-binding reactivity in vitro
simulated gastrointestinal digestion was implemented
to examine the digestive stability of TM extracted
from crab that had been treated by boiling, CUB, and
HPS [85].

Studies to examine the effect of enzyme hydrolysis
process on the allergenicity of shellfish including
crabs are very limited and hardly found in literature.
Therefore, the study on the impact of different
processing methods on crab allergens digestion was
conducted to establish proper processing methods to
reduce or remove the stability and reactivity of crab
allergens.

2.2.5 Storage

Freshness is one of the main aspects used to
determine the quality of food products. Due to the

increasing demands from the consumers for hygienic
and quality of food products, the issue of the food
quality has been a concern issue among the consumers
[90]. The freshness of food product is usually
classified depending on several aspects including the
color, flavor, odor or texture that result from different
spoilage processes [91]. Odour is commonly
considered to become an important parameter for the
determination of food freshness besides it can be
easily determined by the consumers [92].

In order to preserve the food for a long-term, frozen
storage is considered to be an effective and ideal way,
which can last up to three months [93]. However, if
poor freezing is being practiced, the quality of the
food will be reduced due to the weakening of colour,
flavour, and texture [94]. The deterioration happens
due to the denaturation and aggregation of muscle
proteins [91]. This has caught the attention of many
researchers to investigate the connection between the
temperature of the storage, time, and the changes of
the food products’ quality. However, Sotelo et al. [91]
highlighted that most of the past studies had only
focused on the temperature that was below -30 °C
only.

However, when storing the frozen food, it was
recommended that the temperatures such be between
-18 °C and -20 °C. Therefore, it affected the foods’
quality as it relies on the length of time that the foods
were being placed under those conditions [95]. It was
concluded that the storage time and temperature have
major effect on the protein denaturation’s degree. In
reference to Burgard et al. [94], the differences in the
protein were stated to be higher after storing it at the
temperature of between -10 to -20 °C as compared to
when being stored at -30 °C. Meanwhile, Gandotra et
al. [96] highlighted the implication of freezing and
chilling towards the muscle of a fish. It was reported
that at the temperature of 12 + 2 °C, the freezing of
the fish muscle might lead to low spoilage than
chilling it at 4 = 1 °C. In this study, the researcher
concluded that when the period of the storage
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increases, the biochemical and bacteriological
composition will be affected and it may have direct
impact onto the life and market value of the fish.
Many studies have investigated the relation between
freshness and the quality of the food product, but only
a few studies focus on the relation between the
freshness of the allergen extracts and their
allergenicity. Determination of the quality of allergen
extracts of S. tranquebarica allergenicity is crucial to
maintain their quality for years [97], as well as to
establish the expiration dating of the allergen extracts.
However, no study has been conducted so far to
determine the quality of allergen extracts of S.

tranquebarica under various storage conditions.
3. Conclusions

Certain conformational epitopes are facilitated by
food processing to be inactive and to remove the
linear epitopes. Enzymatic hydrolysis was used to
remove certain epitopes. Meanwhile, based on the
food product quality and acceptability, the use of
lead

unexpected changes to the food structure as well as

protein hydrolysis may to unwanted or

the sensory properties. In addition, the offending
agents need to foresight the presences of food
allergens in trace quantities such as hidden allergen or

contaminants. Therefore, it is important to have

reliable and precise allergen detection methods.
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