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Abstract
The pulp of the banana fruit is rich in bioactive compounds like dietary fibers, low glycemic carbohydrates, natural sugars, 
vitamins, minerals and antioxidants. These beneficial compounds are responsible for the proper functioning of immune system 
and enhance prevention against various deadly diseases like cancer, diabetes and heart diseases. Despite having, positive 
effects, the fruit are recognized as an important source for causing allergy to 0.6% of people in general population and up to 
67 and 46% for people with asthma or atopic dermatitis. Fruit allergy is one of the most common food allergies witnessed 
worldwide. Banana fruit allergy results from the abnormal immune response to the banana proteins soon after its consump-
tion. Symptoms range from oral allergy syndrome (OAS) to the life-threatening anaphylaxis. IgE reactivity of banana is 
associated with different proteins of which six proteins have been identified as major allergens, viz., Mus a1 (Profilin-actin 
binding protein), Mus a 2 (Class 1 chitinase), Mus a 3 (Nonspecific lipid transfer protein), Mus a 4 (Thaumatin like protein), 
Mus a 5 (Beta 1,3 glucanase) and Mus a 6 (Ascorbate peroxidase). This review focuses on pathogenesis, clinical features, 
diagnosis, and different food processing methods to mitigate the allergenicity of banana fruit.
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Introduction

Banana fruit is the most important staple food in the world 
across different ethnicities and has been an extensively stud-
ied fruit for edible purpose. One of the earliest reports to link 

allergies originating due to fruit and vegetable consumption 
and pollen allergy was published in 1942. Since then, several 
fruits like kiwi, avacado, melon, citrus fruits and tomatoes 
including banana etc., have been reported as a source of 
allergy due to their own properties as well as their cross-
reactivity pattern [1]. Although, worldwide the prevalence 
of allergy to the consumption of banana among the general 
population is uncommon, there are few individuals show-
ing hypersensitive reaction who are estimated to be at 0.04 
to 1.2%. However, an increasing trend is being noticed on 
the number of cases that exhibit hypersensitive reactions 
to banana in infants as well as in adults are being reported 
till date [2]. Banana allergy can be associated in two forms: 
first allergic to tree pollen, like birch and second allergic to 
banana latex. Individuals allergic to birch pollen are often 
susceptible to banana and develop symptoms after taking 
either fresh banana or banana containing food immediately 
or an hour later. Symptoms are local reactions like itching 
and inflammations in mouth and throat and termed as OAS 
[2]. Alternatively, the allergy develops in reaction with 
the banana allergen and natural rubber latex (e.g., gloves, 
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balloons etc.) known as latex fruit syndrome. Symptoms 
exhibited by susceptible individuals are such as urticaria, 
abdominal pain, vomiting and sometimes life-threatening 
reactions called anaphylaxis. The impact of banana as 
a source of food allergic reaction was investigated, it has 
been observed that nearly 20–50% of individuals allergic 
to natural rubber latex (NRL) have reported to show hyper-
sensitivity after eating banana. Despite the evidence for 
cross-reacting allergens in NRL and banana, most incidents 
of banana allergy are connected with profilin susceptibility 
while banana-latex association is less common [3].

The occurrence of food related allergy has increased 
in current decades and it is now considered as a signifi-
cant public health issue in developing countries. Aller-
gies of food originate from the cross linking of proteins 
(allergens) present in the food and human immunoglobu-
lin E (IgE) [4]. Currently, there is no curative measure 
for food allergic reactions. Predominantly IgE mediated 
allergies are involved in different health related prob-
lems including the skin, gastrointestinal and respiratory 
tracts, and cardiovascular system and even cause life 
threatening reactions like anaphylaxis. However, the 
identification of specific genes (food allergen) involved 
in the allergic reactions are of main interest among the 
researchers to understand the pathogenesis, structural 
characteristics in allergenicity and its adoption in molec-
ular level protocols for diagnosis, treatment and pre-
vention. Food allergy (FA) is the general mechanism of 
clinical and immunological involvement against ingested 
foods. This break-down result in IgE mediated diseases 
(Table 1) as well as non-IgE-mediated reactions, like 
eosinophilic oesophagitis, allergic proctocolitis and 

enterocolitis. Recently, allergies to fruits are increasing 
at an unknown rate and the rising prevalence of food 
allergies in both young and elderly populations has a 
significant impact on the quality of life. Food-related 
anaphylaxis was the second most common cause of 
death between 2004 and 2015 [12]. Nearly 40% of latex 
allergy individuals have latex–fruit syndrome, which is 
caused by cross-reactivity with food allergens (primar-
ily banana, avocado, chestnut, and kiwifruit), for which 
Hev b 2, Hev b 6.02, Hev b 7, Hev b 8, and Hev b 12 
allergens have been implicated. Proflins are panaller-
gens because of their widespread presence, eliciting IgE 
responses in 10–20% of pollen allergic patients. Indeed, 
depending on the geographical location of the analysed 
populations, the prevalence of banana sensitised patients 
varies, ranging from approximately 5% in Swedish birch 
pollen–allergic patients to 20–30% in Austria, France, 
Portugal, and Italy, and 60% in Spain [13]. According to 
clinical studies, 11–26 million people in Europe suffer 
from food allergies, whereas the global figure is between 
220 and 520 million people [3]. Banana sensitivity was 
found in 67 [14] and 40.6% [15] of asthmatic patients, 
respectively, while banana allergy was found in 5.6% of 
atopic dermatitis patients worldwide [16]. However, till 
date there is no detailed review on banana allergy and its 
clinical responses, the main objective of this work is to 
address the current issue on its pathogenesis and clini-
cal characteristics and also diagnostic methods based 
on proteins involved in in vivo reactions. Further here 
we describe for the first time few food processing tech-
niques through which the allergenicity of banana can be 
mitigated to ensure the safety of consumption.

Table 1   Food hypersensitivity (allergic) disorders by predominant organ affected

Banana allergen PR proteins Organ affected Clinical manifestations Reference

Mus a 1 PR-10 (Profilin) Gut Abdominal cramps, flatulence, blood in the 
stools, nausea, abdominal distension, colic, 
pain, vomiting, meteorism, diarrhea, consti-
pation, malabsorption

[5, 6]

Mus a 2 PR-3 (Chitinase types I, II, III, 
IV, V, VI, and VII)

Skin Atopic dermatitis, contact dermatitis, eczema, 
skin rashes, itching or flushing, tingling, 
swelling of the lips, palate, tongue or throat 
erythema, urticaria, angioedema

[7–9]

Mus a 5 PR-2 (𝛽-1,3-Glucanases) Respiratory Recurrent wheezing, nasal congestion, itchi-
ness or sneezing, asthma, laryngeal edema, 
cough, rhinoconjunctivitis cold, shortness 
of breath, dyspnea

[5, 9]

Mus a 4 PR-5(Thaumatin-like proteins) Mouth, neck, ears Stomatitis, otitis, pharyngitis, oral allergy 
syndrome

[7, 10]

Mus a 3 PR-14 (Llipid transfer protein) Nervous system Irritability, restlessness, fatigue, migraine [11]
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IgE‑Mediated Food Reactions

FA present in the food is absorbed through the epithelium 
of intestinal cells along with other nutrients by accessing 
the mucosa and finally enters the blood stream; where the 
effector cells come into action with the allergen. Then 
the ingested food allergens react with IgE high-affinity 
Fc receptor (FcεRI; also known as high-affinity immu-
noglobulin ε receptor (FCER1) on mast cells present in 
mucosal lining and with basophils present in circulation, 
leads to the activation of immuno cells (Fig. 1). FcεRI 
crosslink with the tyrosine kinase result in exocytosis 
mediated hypersensitivity reactions includes secretions 
of histamine, tryptase and chymase. This crosslink also 
activates the de novo synthesis of lipid metabolites like 
leukotrienes, prostaglandins and platelet-activating factor 

(PAF). Activation of these mediators involves a range 
of various physiological responses like vasodilation, 
increased vascular permeability, activation of nocicep-
tive nerves which induces itch and smooth muscle con-
striction. When dispersed systemically, the allergen and 
IgE-sensitized circulating basophils and tissue-resident 
mast cells can react, resulting in anaphylaxis (a rapid 
systemic allergic reaction that can cause death).

Pathogenesis Related (PR) Proteins

PR proteins are diverse polypeptides synthesized by the 
plants in response to various biotic and abiotic stress. 
Chitinases, categorized under PR-3 family are the 
most abundant proteins in the pulp of unripe bananas. 
The main function of these proteins is the defensive 
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Fig. 1   Ingested food allergens pass through the intestinal epithelium by a variety of mechanisms
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mechanism against the pathogens that invade the plant. 
These proteins hydrolyze a glycosidic bond in chitin – a 
major component present in the cell wall of the pathogen 
and diffuse the pathogen invasion process. PR proteins 
expressed in different plant parts due to its exposure to 
biotic and abiotic stresses are accumulated in the edible 
parts such as fruits, seeds and pollen grains (Supple-
mentary Fig. 1). These proteins on ingestion or inha-
lation leads to interaction with IgE which triggers the 
immune response through antigen-antibody interaction, 
leading to specific allergenic responses and development 
of symptoms like OAS, allergy, asthma, anaphylaxis, 
conjunctivitis, rhinitis, nausea, and hypertension, etc.

Characterization of Banana Allergens

Banana (Mus a 2) are Class I chitinases with hevein-like 
domains that have IgE binding capabilities. Mus a2 pro-
tein and Pers a1 have a 74.0% similarity in the amino 
acid sequence and includes the hevein-like domain in both 
the proteins. The presence of cysteine residues in these 
proteins ensures the stability. Individuals who have been 
exposed to latex prohevein or hevein are prospective can-
didates for cross-reaction with some fruits and vegetables 
to cause allergy, since these proteins have a conserved 
hevein-related structure [17]. The expression of Beta 
1,3-glucanase (Mus a5), increases significantly during 
fruit ripening which has five IgE binding epitopes that are 
comparable to Hev b 2. The crystal structure of allergic 
TLP from banana (Mus a 4) was characterized by its three 
unique domains: a core domain made up of two β-sheets 
sandwiched together, an extended α-helix domain, and a 
hairpin segment made up of two short strands joined by 
an extended loop, eight disulphide bridges to stabilise the 
structure, which are conserved in other thaumatin-like 
compounds [18].

Pathogenesis and Manifestations of Banana Allergy

Banana allergy is an abnormal immune response experi-
enced by susceptible individuals after ingestion of the fruit. 
Allergy develops when the proteins present in the banana 
are recognized by the immune system as allergen and an 
inappropriate type of immune response is generated. This 
allergenic response leads to the release of allergen-spe-
cific antibodies termed as sensitization [19]. These newly 
formed IgE antibodies connected with the specific effector 
immune cells called mast cells. Upon subsequent exposure 
to banana fruit or related banana products leads to the acti-
vation of high affinity IgE receptors on the surface of mast 
cells against the allergen [20]. The activation of mast cells 
resulted in the secretion of histamine and other inflammatory 

mediators leads to primary symptoms of banana allergy. 
People who are sensitive to tree pollen may have developed 
pollen-specific IgE molecule. This IgE molecule also may 
recognize similar proteins with complimentary structure in 
banana leads to the activation of IgE bound mast cell. This 
in turn cause significant reactions to banana fruit directly 
or through cross sensitization with other allergens of simi-
lar nature. The intensity of symptoms is determined in part 
by the route of sensitization with the highest risk of severe 
anaphylactic reactions [21].

Cross Reactions

Reindl et al. [22] reported that 44% of banana allergenic 
individuals developed sensitivity to recombinant banana pro-
filin protein which was confirmed by immunoblot analysis 
and Enzyme Allergo sorbent Test (EAST). There is a con-
sensus of about 131 amino acids between the brich pollen 
and profilin protein, thus high cross reactivity of birch pollen 
protein Bet v2 and latex profiling Hev b8 was demonstrated 
by immunoblot and EAST inhibition experiments. It was 
found that Mus a 1 gene in banana is the important media-
tor for the IgE cross reactions between the pollen and exotic 
fruits.

Immunoglobulin- E (IgE) associated food allergies appear 
to develop in early childhood period and the process of 
immune responses is termed allergic sensitization. Banana 
allergy was first reported by Lotfi et al. [23] in latex allergic 
individuals. According to the studies reported so far, nearly 
88% of latex fruit syndromes were associated with particular 
IgE-mediated reactions to various plant-derived foods. The 
susceptibility to food antigens may be mediated by many 
ways, such as through the skin, by inhalation, through the 
gastrointestinal tract, through direct exposure or directly 
through breast milk. Further it is also stated that exposure 
to fresh bananas may have increased the severity of symp-
toms, given that the major allergens of bananas may have 
heat sensitivities [24] (Supplementary Fig. 2a). Ricci et al. 
[25] reported a case of anaphylaxis after banana ingestion 
and the individuals’ skin test was negative. Individual with 
anaphylaxis after banana ingestion shows atopic dermati-
tis, Urticaria, angioedema, vomiting, respiratory symptoms 
started 2 h after banana intake, and there was no history of 
reactions to latex and other foods that could cross-react with 
bananas. In previously reported cases, specific IgE values of 
two cases with symptoms after banana intake were found to 
be 5.21 and 5.24 kU/L.

Dayıoğlu et al. [7] reported that the specific IgE value of 
tested case was 8.7 and 0.194 kU/L respectively, while the 
values for normal persons without allergy may show IgE lev-
els between 0.35 to 0.69 kU/L. Pollen-food allergy syndrome 
(PFAS) is an immunoglobulin E (IgE)-mediated immediate 
allergic reaction that occurs after ingesting fruits, vegetables, 
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or nuts that have cross-reactivity with pollens in individu-
als with pollinosis [26]. PFAS caused by cross-reactivity 
between pollen in autumn and various foods is called celery-
mugwort-spices syndrome and ragweed-melon-banana syn-
drome [27] (Supplementary Fig. 2b).

Banana Oleosins and Hirudin

Neutral lipids in plant seeds are stored in lipid droplets 
and are utilized as a source of energy and carbon during 
seed growth. Lipid droplets have a core surrounded by 
a monolayer of phospholipids and proteins. The major 
protein present in the monolayer of these lipid droplets is 
oleosin. Oleosins have been identified as allergenic mol-
ecules in peanut (Ara h 10, Ara h 11, Ara h 14 and Ara 
h 15), sesame (Ses i 4 and Ses i 5), and hazelnut (Cor a 
12, Cor a 13, and Cor a 15). The molecular mass of oleo-
sins ranges between 14 and 17.5 kDa and have a central 
hydrophobic hairpin adjacent to the N- and C-terminal 
domains that can penetrate the phospholipid monolayer 
and contact the hydrophobic core of the oil droplet [28]. 
The use of transgenic plants to produce biopharmaceuti-
cal products, vaccines, antibodies, hormones, enzymes 
and drugs is gaining importance over the years. A num-
ber of plant species containing a naturally occurring 
polysaccharide matrix have been explored for the intro-
duction of transgenes which provides stability to the 
humanized proteins upon production [29]. One of the 
preferred species for these applications are Musa acumi-
nata and Musa balbisiana. In such cases the recombi-
nant protein expressed in the transgenic plant has the 
possibility to be trapped in the oil bodies by expressing 
as oleosin-fusion proteins. It is thought that the oleosin-
fusion proteins can be by products and also can cut-
back on the production cost of biopharmaceuticals [30]. 
If this occurs, the allergenicity caused by these fusion 
proteins in human system is unknown. A classical exam-
ple of this fusion protein system is the production of 
oleosin–hirudin fusion protein in Brassica napus seeds 
and purified by flotation centrifugation for commercial 
production in Canada [31]. However, this approach has 
not been tried in banana fruit.

Oral Allergy Syndrome (OAS)

OAS also known as pollen-food syndrome and an IgE 
mediated allergic response that primarily manifest in the 
oral cavity, including pruritus and edema on the lips, 
tongue or palate, immediately after food intake. This is 
caused by allergens found in fruits; vegetables and pol-
len that react in a sensitized subject. Although symptoms 
are usually limited to the mouth, some individuals may 

also have extra-oral complaints, including pharyngeal 
edema, changes in skin color, or respiratory symptoms. 
OAS Allergy with banana has been identified (0.04% to 
1.2%) in different studies, yet rarely anaphylaxis has been 
reported with banana, otherwise oral-cutaneous allergy is 
mostly observed. Symptoms of systemic reactions such 
as skin involvement, hypotension, angioedema, respira-
tory arrest have been reported only in individuals with 
anaphylaxis. Betv 2-specific IgE antibodies have been 
shown to recognize profilins in apple, banana, carrot, cel-
ery, cherry, hazelnut, pear, pineapple, potato and tomato 
[32] (Supplementary Fig. 2c).

Common Diagnosis and Detection Methods 
of Banana Allergy

Clinical diagnostic tools for the detection of banana allergy 
include double blind placebo-controlled food challenge 
(DBPCFC), skin prick test (SPT), enzyme linked immuno-
sorbent assay (ELISA), and immunoCAP [21]. DBPCFC 
is widely considered as a gold standard diagnostic tool. In 
this method a sample of food given to sensitive individual, 
both the subject and treating physician are unaware that the 
food contains allergens or a placebo. After consumption 
of banana, if the individual develops any clear signs and 
symptoms of allergic response then the test is considered as 
positive. This kind of diagnostic challenge may need several 
days to complete because individuals vary in their immune 
responses. Allergic reactions can only be triggered after tak-
ing sufficient doses of allergen or placebo [33]. Due to the 
tedious process involved in DBPCFC, SPT is considered as 
a more accessible diagnostic tool. This test involves plac-
ing small amounts protein extract from banana pulp on the 
subjects’ skin (arm) which is scratched or pricked by nee-
dle. This leads to the contact of the protein extract with the 
individual’s blood through skin and is exposed to the mast 
cells. Individuals allergic to banana produce specific IgE on 
cutaneous mast cells result in the secretion of histamine a 
localized allergic reaction. The skin is examined after 10 to 
15 min for redness (flare) or any inflammation (wheal). A 
wheal size of 3 mm or bigger than the negative control (0.9% 
saline), then the test is considered as positive. SPT is quick 
and easy to perform and simultaneously, multiple allergens 
can be tested at the same time. On the contrary, SPT method 
has significant false positive rate ranging upto 50 to 60%, 
which limits the utility of this diagnostic method [34].

ELISA and immune CAP are the two similar blood test 
methods mainly based on recognition of specific IgE present 
in the blood of susceptible individuals. These methods can 
be used to diagnose sensitized individuals to banana fruit or 
other banana based commercial food extracts. The allergens 
which are specific to banana allergy are measured by colori-
metric reaction after the binding of specific enzyme labeled 
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antibodies and later quantified by standard curves. This kind 
of IgE based method has high sensitivity rate ranging from 
6 to 70% and specificity from 98 to 99% and are estimated 
rapidly as compared to other diagnostic methods [35].

DNA (Deoxyribo nucleic acid) based detecting methods 
like PCR (Polymerase chain reaction) and RT-PCR (Reverse 
transcriptase polymerase chain reaction) are used to detect 
specific allergen in food products. Compared to clinical 
diagnostic methods these methods are used to test the con-
centration of allergen in banana [36]. DNA is more stable 
than the proteins, due to the fact that proteins get modified 
under different processing conditions. The practical applica-
tions of these DNA methods are limited in food industries 
due to its complexity in protocols and expensive equipments. 
Therefore, there is the need for the development of novel 
detecting and diagnostic methods with improved specificity, 
sensitivity, easy protocols, and relatively low cost.

Grob et al. [8] reported that two latex sensitized individu-
als were also hypersensitive and allergic to banana. Also, 
immunoblot of the blood analyses revealed that there was 
a new protein of 70kDA that caused banana allergy to one 
of the tested two individuals. The study also found the new 
banana allergen showed 70% homogeneity with the aller-
gen profilin that may have cross reacted with IgE to elicit 
an allergic response. Aleksik and co-workers reported the 
molecular characterization of Mus a 5 with the fresh banana 
extracts, and evaluated the allergenic properties. IgE reac-
tions of Mus a 5 were confirmed in 74% of individuals with 
banana sensitivity (Table 2). The upregulation of basophil 
activation markers like CD63 and CD203c was achieved 
with Mus a 5 allergen in a concentration-dependent manner 
and found Mus a 5 as a functional allergen and a novel can-
didate for the diagnosis of banana allergy. IgE reactivity of 
three major banana allergens Mus a 2, Mus a 4 and Mus a 5 
were confirmed with the molecular techniques and clinically 
from sera of banana allergic individuals. Nikolic et al. con-
firmed major 3 allergens with the a three-step purification 
protocol (a combination of anion exchange, cation exchange 
and reversed phase chromatography) using banana extract 
and obtained sufficient yield with high purity [37, 38].

Rapid Method for Allergen Detection

The first allergen-related rapid immunoassay was developed 
for peanut in the year 1997 and the first commercialized 
Lateral flow kits were made available in the market by 2004. 
Lateral flow devices provide a quick and rapid method for 
allergen detection, nevertheless little is known about their 
general usage, sensitivity, and specificity [45]. For the detec-
tion of allergenic chemicals, devices such as biosensors 
using nanoparticles have been developed. Due to their sim-
plicity of manufacture, gold nanoparticles are the most com-
monly utilized nanomaterial. Furthermore, research focuses 

on the creation of novel nanoparticles for use in assessing 
allergenic chemicals in food and the association of nano-
particles to improve detection. Alternative protein sources, 
allergic food processing, and the use of diverse transducer 
systems and nanomaterials in combination with innovative 
absorbents (immobilization methods) to enhance biosensor 
detection limits are one of the recent trends observed [38].

Effect of Food Processing on Banana Allergens

Processing of food is a common method to improve the pal-
atability of food, to extend the shelf life of food, improve its 
quality etc. However, processing of food leads to various 
physiochemical changes in food depending on the process-
ing techniques used. These changes in food may in turn also 
affect the structural integrity of various allergy causing com-
ponents. This information could be useful to food processors 
in selection of the processing technique to not only make the 
food palatable and microbiologically safe but also lead to an 
allergen safe food product.

Effect of Food Processing on Major Allergens Classes

The availability of literature on the effect of food processing 
on banana allergens is scarce, the effect of food processing 
on some of the major allergens classes are discussed in this 
section.

Profilin  Various processing techniques (i.e., microwave 
heating, cooking, ɣ irradiation, ultra-high pressure treatment 
and high voltage impulse treatment) effects on the immuno-
chemical stability of celery root allergens were studied [46]. 
Microwave processing effect on profilin allergen was evalu-
ated and was reported that celery processing with microwave 
treatment at 100 °C for 30 min showed the reduced binding 
capacity of profiling with IgE. However, microwave treat-
ment exceeding 20 min are not recommended due to over-
heating and charring of food product.

Thaumatin  Conformational changes of thaumatin-like (Mal 
d 2) apple allergen, induced by food processing was stud-
ied and reported that industrial practice involving varying 
temperature treatments (20 min at 60, 85, and 100 °C), pH 
(3.5 and netural pH), modification of redox potential, addi-
tion of sugar (15%) in manufacturing of apple products or 
digestive enzymes (pepsin, trypsin, and chymotrypsin) can-
not lead to a destruction of the molecular stability of Mal d 
2. Gastrointestinal digestion and synergistic combination of 
thermal treatment (70 °C) with pH (acidic and neutral pH) 
on Mal d 2 were evaluated. It was reported that even after 4 h 
of digestion treatment the protein secondary structure was 
intact. Thermal treatment at acidic pH unfolded the protein 
structure, refolding on cooling down was observed and this 
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did not affect the IgE binding capacity. The refolding was not 
present in thermal treatment with neutral pH [47]. Similar 
thermal treatment (95 °C) in combination with pH (acidic 
and neutral pH) effect was evaluated in Kiwi fruit for thau-
matin-like (Act d 2) protein. The Act d 2 results were similar 
to that of Mal d 2 as no reduction in IgE binding capacity.

Nonspecific Lipid Transfer Protein (nsLTP)  These proteins 
has heat resistant property (up to 90 °C). In apples, nsLTP 
(Mal d 3) has characteristic stability due to 3–4 intramo-
lecular disulphide bonds in its structure. Variation in IgE 
binding capacity of Mal d 3 as result of thermal treatment 
and in presence or absence of glucose was studied. It was 
reported that thermal treatment for short duration (90 °C 
for 20 min) and with or without the presence of glucose has 
no effect on IgE binding capacity. However, upon exposure 
to severe conditions viz.100 °C for 2 h the secondary struc-
tural deviation and reduction of IgE binding capacity was 
observed. Moreover, presence of glucose has mild syner-
gistic effect in IgE binding capacity in the latter treatment 
[35]. In case of Peaches, nsLTP is majorly located in the 
fruit peel, chemical peeling followed in industrial process-
ing significantly reduced the allergenicity caused by nsLTP.

In recent years has also evidenced the use of newer tech-
nologies for processing of food whereas conventional technolo-
gies are well established and commonly used in food industries 
which includes thermal methods such as boiling, roasting, grill-
ing, frying, etc., and not limited to emerging processing tech-
nologies such as ultra-sonic treatment, high-pressure process-
ing, pulsed electric field treatment, etc. Some of these methods 
are used as a major technical approach to reduce risk of food 
allergens by deactivating their allergenic epitome sequence after 
their identification [48]. Apart from this, there are some stud-
ies which shown that food processing may increase or have no 
effect on allergenicity. Though there is no literature available 
especially on the impact of food processing on banana allergens. 
However, for profilin (Mus a1) an allergen, which also has been 
reported in Hazel nut is found to be heat stable which avoids 
its structure unfolding even at temperatures upto 400 K, which 
shows its non-destructive nature during its processing. Further 
at temperatures 450 to 500 K, profilin generated cross reactivity 
with other food allergens [49]. Along with this, Profilin from 
lichi fruit also did not change its allergenicity during process-
ing. Another allergen of banana, chitinase (Mus a 2) which is 
also present in maize survives during processing in which its 
stability can be explained by its 3D structure [48]. It is observed 
that profilin subjected to temperatures of 450 and 500 K could 
generate cross-reactivity with other food allergens. Further work 
is warranted to see the implications of novel technologies on 
banana allergen as a standalone technology or in combination 
with conventional technology as it can impact the ability of pro-
teins to cause the achievement of allergic sensitization.

Protein’s physicochemical modifications, viz., structural 
unfolding, aggregation, proteolysis, glycosylation, glyca-
tion, solubility, pH effects, and networking to gel formation, 
may alter its allergenic potential. The nature of the allergen, 
food matrix composition, processing conditions, etc., has 
an impact on allergenic potential/activity. Hence it is dif-
ficult to generalize processing effects on food allergen as 
the allergenic potential/activity may increase, decrease or 
remain unchanged [50].

Effect of Thermal and some Non‑thermal Processing 
on Food Allergens

Thermal Processing and Types of Thermal Treatment

During thermal processing of foods, significant structural 
changes in protein depend on various parameters like treat-
ment temperature, an intrinsic characteristic of protein, 
and physicochemical conditions of the protein. Structural 
changes in protein during thermal treatment influences pro-
tein’s stability and activity. Characteristically, protein ter-
tiary structure loss is followed by secondary structure loss 
(55–70 °C), disulphide bonds cleavage (70–80 °C), forma-
tion of new intra- /inter-molecular interactions, disulphide 
bonds rearrangements (80–90 °C) and formation of aggre-
gates (90–100 °C) [51]. Other chemical modifications may 
take place at high temperatures (100–125 °C and higher), 
with the rest of the food constituents in the matrix, leading 
to various adducts [51].

Thermal treatment leads to conformation changes, viz., 
conformational epitopes are generally destroyed by cleav-
age of the protein, linear epitopes may be maintained, and 
exposure of hidden epitopes in the native conformation. 
The treatment may lead to generation of new immunologi-
cally reactive structures (neoallergens), among which are 
the advanced glycation end-products (AGEs) produced as a 
result of the Maillard reaction [52].

Thermal treatment can be applied as dry heating and as 
wet heating. Dry heating unit operation, like roasting hazel-
nut at 140 °C for 40 min reduced the allergenicity approxi-
mately by 100-fold, contrarily roasting peanuts increased 
Ig-E binding capacity of allergen by 90-fold. Application 
of wet heat (boiling at a lower temperature, < 100 °C and 
frying at high temperature, 120 °C) and dry heating (dry 
heating at high temperature) on peanut had increased and 
decreased the allergen’s potential [53]. However, thermal 
treatment significance on allergenicity are usually impulsive. 
Certain allergenic foods are designated as heat stable (e.g., 
fish, egg, milk, peanuts, etc), while others are considered 
partially stable (e.g., cereals, soybean, tree nuts, etc.) or 
heat-labile (fruits of the Rosaceae family and carrots).
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Non‑thermal Processing Methods

High‑Pressure Processing (HPP)  HPP, a non-thermal tech-
nique referred to also as high hydrostatic pressure or ultra 
high pressure processing. It affects only non-covalent 
bonds of protein resulting in denaturation and conforma-
tional changes [50]. By and large, conformational changes 
in proteins are ascertained when the pressure reaches to a 
range of 200–300 MPa [54]. Conformation changes lead 
to the destruction of conformational epitopes while linear 
epitopes are exposed for enzymatic action. HPP treatment 
resulted in allergenicity reduction in soy sprouts by mak-
ing protein more available for enzymatic action. In case of 
rice HPP treatment released allergenic protein into an aque-
ous solution. Immunoreactivity of soy protein decreased by 
55.5% when treated at 300 MPa for 15 min, in walnuts by 
46.64% reduction when treated at 550 & 650 MPa, and in 
ginko seed protein complete reduction in ginkgo seed pro-
tein at 600 & 700 MPa [55]. Antigenicity reduction up to 
92.7% was observed with HPP treatment at 200–500 MPa 
for 5–20 min in 1% β-conglycinin [56].

Structural changes brought by denaturation can increase 
allergenicity by exposing hidden epitopes. It was found 
that antigenicity of β-lactoglobulin in whey protein isolates 
increased with an increase in treatment parameters pres-
sure (200–600 MPa), temperature (30–68 °C), and dura-
tion of the treatment (10–30 min). The immunoreactivity 
of β-lactoglobulin increase with pressure enhancement of 
in HPP treatment, it reached maximum at 400 MPa. The 
increase in immunoreactivity is attributed to the revelation 
of IgG linear epitopes after HPP, which stemmed in the 
tertiary structural changes [57]. HPP reported as a better 
method for preserving freshness and essential compounds 
of food [58], albeit it may increase the immunoreactivity of 
food allergens in many cases. Hence HPP is not a recom-
mended approach and further more investigation is required 
regarding its application in food allergenicity reduction.

2) Pulsed Light/Pulsed UV‑Light  Pulsed light is a part of 
electromagnetic spectrum consisting of ultraviolet light, 
visible light and infrared light parts. It constitutes of short 
and high energy pulses of white light [59]. Pulsed ultra-
violet light has 200 to 1000 nm wavelength range and its 
intensity is thousand-time greater than convention ultraviolet 
light [59]. The inactivation mechanism of PUV light occurs 
by chemical and structural modifications, varying heating 
rates and discharge of high energy discontinuous pulses [60]. 
Apropos to the application of PUV light to food system for 
reducing the allergenicity, the processing technique bring 
changes to the food allergens in structural conformation and 
induce protein aggregation. Due to the above said protein 
aggregations hyper reactive conformational neo-epitopes can 
be augmented aggravating allergenicity [61]. Application 

of PUV light with varying operating parameters like time 
of treatment, intensity, distance between light and sample 
depicted the reduction in immunoreactivity of allergens in 
soy [62], peanut [63], and in milk [64]. Immunoreactivity 
of allergens in eggs were unaltered with this treatment [65]. 
Admitting the influence of PUV light processing in immu-
noreactivity reduction, it can be suggested as an alternative 
processing technology. Nevertheless there is a dire need 
for clinical and in vivo studies for its application in food 
industry.

Pulsed Electric Field (PEF)  In food industry pulsed electric 
field (PEF) application is blooming. High electric field 
strength generally from 0.1 to 80 kV/cm is applied to food 
across two electrodes for a very brief period ranging from 
nanoseconds to milliseconds [66]. Enzyme and microbial 
inactivation, modification of food protein structures for func-
tional properties alterations are some applications of PEF. 
Specific protein molecules are polarized led by explosion of 
the hydrophobic amino acids to the solvent. Subsequently 
with the high intensity electric field, unfolding proteins form 
into aggregates [67]. PEF processing has the potential to 
decrease the immunoreactivity of ovalbumin by altering 
conformational structure as reported by Yang et al. [68]. It 
was reported that there was no conformational changes in 
either in purified food allergens such as Ara h 2,6 (peanut), 
Mal d 1 and Mal d 3 (apple) [69], and in whole celery [70]. 
Juxtaposition of PEF with other non-thermal and thermal 
treatments, the effects PEF on allergen reduction is mini-
mum. Therefore, this processing needs further studies.

Cold Plasma  Plasma is the fourth state of matter, which is a 
partially ionized gas consisting of reactive species, such as 
ions, UV photons, electrons, free radicals, molecules, and 
excited atoms. These ionized species can interact with pro-
teins and alter their conformations. In this processing tech-
nology IgE-mediated reactions are reduced due to exposure 
of conformational epitopes to free radicals of plasma [71]. 
Cold plasma application resulted in antigenicity reduction 
in dry, deffated peanut and whole peanut flours [72], wheat 
[71], untoasted soy protein extract [62]. It was found that no 
significant difference in milk [64]. Cold plasma processing 
affects food quality by accelerating lipid oxidation, reduction 
in vitamin and sensory attributes descent during its applica-
tion. Hence, it can be stated as this processing technology is 
not an ideal one and explore other technologies.

Ultrasound  Ultrasound is specified as sound waves bearing 
a frequency of up to 20 kHz. As an efficient and emerging 
food processing technology, its applications are involved 
in extraction, microbial and enzymatic inactivation, cut-
ting, homogenization, drying, surface cleaning, etc. [73]. 
Mechanical waves generate the sonication bubble, which 
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undergoes compression, intermittent refraction, and col-
lapses at critical radius. The explosions of bubbles generate 
localized high temperatures (upto 5000 K) and pressures 
(upto 1013.25  bar). Such dynamic conditions have the 
chance to induce structural changes in allergens. Reduction 
in immunoreactivity of allergens was observed in peanut 
[74], shrimp and soy [75], but there was no effect in milk 
[64]. Ultrasound processing realized momentous considera-
tion due to its advantages such as handling of higher mass, 
energy conservativeness, environmental friendliness and 
lesser reduction of sensory attributes of food products dur-
ing processing [21]. Effectiveness of ultrasound processing 
enhances when applied in combination of heat rather than 
its solo application. Thus ultrasound can be as an alternative 
method of processing for food immunoreactivity reduction.

Fermentation  Food fermentation involves protein’s partial 
hydrolysis by the enzymes produced by the added culture. 
Fermentation reported the inactivation of allergen-causing 
epitopes and reducing IgE binding capacity by protein gela-
tion and other aggregates. Immunoreactivity was reduced in 
α-lactalbumin and β-lactoglobulin of skim milk [76], soy-
containing products, viz., tempeh, miso, yogurt [77]. Albeit, 
allergenicity is retained in a fermented soy sauce containing 
both soy and wheat [78].

Hydrolysis  Enzymatic and chemical hydrolysis are common 
methods to reduce allergenicity. Enzymatic hydrolysis is the 
most common process used industrially to reduce the pro-
tein allergenicity. The nature and the degree of hydrolysis 
depend on the structure and on post-translational modifica-
tions. The site of hydrolysis depends on enzyme specificity 
and the degree of hydrolysis depends on working conditions. 
Most proteolytic treatments generate partial hydrolysis so 
that not all epitopes are destroyed. Proteolysis can destroy 
some epitopes and unmask linear epitopes making them 
available for IgE binding [50]. Chemical hydrolysis is less 
commonly used industrially and it is used in combination 
with thermal or hyper-hydro-baric treatment. The result of 
chemical hydrolysis depicted less allergenicity in wheat 
[79] and reduced IgE binding capacity in Sletten et al. [80]. 
Deamidation is a chemical hydrolysis method for altering 
the protein structure to increase solubility. Application of 
deamidation technique to foods has increased the allergic 
reaction in case of wheat.

In conclusion juxtaposing non-thermal technologies 
for reducing food allergenicity, HPP, cold plasma are not 
recommended as in some case where there was increase in 
allergenicity. Considering the processing technologies like 
ultrasound, PUV, PEF treatments they are recommended 
for processing but still the effects of these processing 

technologies are still scarce. Fermentation especially long-
term fermentation has the potentiality for allergenicity 
reduction. As per the case of hydrolysis enzymatic hydroly-
sis can be preferred over other types but the specificity of the 
enzymes and enzyme costs plays a crucial role in selecting 
this type of processing technology.

Future Scope

Currently, there has been no treatment and cure for the 
banana allergy. The identification and characterization 
of fruit allergen is necessary to diagnose and combat the 
disease. The management of banana allergy is to com-
pletely avoid this fruit and also manage accidental expo-
sure to banana and its related products. Several studies 
have reported that some processing methods like steam 
cooking, boiling, sterilization and microwave heating may 
help to reduce FA [81]. Most of the allergic proteins are 
stable, resists thermal treatment and proteolysis. While 
intake of fruit, there is a chance of getting interactions 
between the allergenic proteins and phenolic compounds 
in the food matrix forms a stable structure and more 
intact, hence leads to increase in temperature for dena-
turation [82]. Thermal treatments are one of the useful 
strategies for eliminating immunoreactive proteins or 
allergens among the different approaches used to make 
protein hypoallergenic. Thermal treatment procedures 
are mostly used to improve flavour, texture, digestibility, 
eliminate toxins, and protect against germs, in addition to 
lowering allergenicity [83]. Sensitization to profilin has 
been clinically increased when patients with OAS [99]. 
Thus, high-temperature food processing followed by 
γ-irradiation may be beneficial in lowering the likelihood 
of food hypersensitivity responses in sensitive people. It 
is presumed that these processing techniques may alter 
the immune-reactive epitomes of the allergic proteins. 
However, processing techniques have shown to destroy 
existing epitopes on an allergic protein, simultaneously 
there are also higher chances to generate new ones (forma-
tion of neoallergens) as a result of conformational changes 
that cannot be avoided [84]. Further, the diversity in indi-
viduals’ sensitivity levels, also play a significant role that 
causes an allergic reaction. Genetic background of banana 
allergy and its molecular targets are though well estab-
lished the prevention and treatments are lagging behind for 
IgE mediated food allergenicity. The immunotherapeutic 
treatment of this banana fruit allergy is a major challenge 
for susceptible individuals in coming years. The scientific 
community has a tremendous task upfront in improving 
the quality of life of people suffering from this illness.
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Conclusion

Overall the diagnosis of allergy based on the molecules 
responsible for this allergy is critical for the evaluation of 
sensitized individuals to banana fruit. Even though many 
processing procedures, such as steam boiling, microwave 
heating, enzyme treatment, and ethylene treatment, helps 
to reduce banana allergenicity, but also their efficacy needs 
to be enhanced and well-studied. In addition to that, new 
processing techniques must be created to complete desensi-
tization of allergy causing allergens in banana. Recognition 
of banana allergy, its knowledge on proper care, and the 
development of desensitization methods would also help 
individuals with this FA, improve their results and quality of 
life. Further visions into the pathophysiology and the mecha-
nisms of IgE mediated food allergy will lead to the progress 
of methods for the prevention, diagnosis, and management.
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