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A B S T R A C T  

 

In this review, some features of fruit allergenicity including the pathophysiology, 

cross allergy reactions, most common allergens and novel pathways of reducing hy-

persensitivity reactions as far as agricultural aspects are concerned, were described.  
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INTRODUCTION 

 

Allergy has been described as the 

epidemic of the 21st century, affect-

ing up to 40% of the general popula-

tion in developed countries (ISAAC, 

1998). The prevalence of allergic 

diseases like rhinitis and asthma has 

increased dramatically over the past 

few decades. Some studies have 

shown similar trends for food allergy 

(Grundy et al., 2002; Zuberbier et al., 

2004), but there are fewer food al-

lergy studies. As some authors indi-

cate, there is limited availability of 

convincing evidence concerning food 

allergies that have not yet been stud-

ied longitudinally in as much detail 

as inhalant allergies (Hoffmann-

Sommergruber, 2005). 

The term food allergy is used to 

describe an adverse immune re-

sponse to foods (Johansson et al., 

2004). Food allergy might vary by 

age, local diet, and many other fac-

tors. Conditions that may increase 

the risk of developing a food al-

lergy include an increased perme-

ability of the intestines to macro-

molecules in e.g. viral gastroen-

teritis, premature birth, or cystic 

fibrosis.
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Adverse reactions to food – classi-

fication 

According to the European Acad-

emy of Allergy and Clinical Immunol-

ogy (EAACI), adverse reactions to food 

involve toxic and non-toxic reactions 

which in turn are immune-mediated 

(food allergies) being IgE-mediated 

(e.g., typical food allergies, immedi-

ate allergic reactions, delayed aller-

gic reactions and exercise induced 

ones) and non-IgE-mediated (e.g., 

Celiac disease). Non-immune-

mediated reactions include: enzy-

matic, pharmacological and unde-

fined ones (Fig. 1).  

The immunopathophysiology of 

gastrointestinal food allergy disor-

ders results mainly from IgE hyper-

sensitization. Hypersensitivity of the 

IgE-mediated type is attributed to the 

generation of TH2 cells that produce 

several interleukins: IL-4, IL-5, and 

IL-13 (Blázquez and Berin, 2008). 

Immediate hypersensitivities might 

occur within a few minutes to several 

hours after food consumption. Exer-

cise-induced food allergies occur when 

the specific food is ingested just before 

or after exercise, although many cases 

of such allergies are not related to 

foods (Kidd et al., 1983; Sheffer and 

Austen, 1984). Delayed hypersensitivi-

ties are cell-mediated ones that involve 

the response of sensitized cells, usually 

lymphocytes, to the specific foreign 

substance that triggers the reaction. 

The main result is tissue inflammation, 

often restricted to certain sites in the 

body. Symptoms appear from 6 to 24 h 

after consumption of the offending 

food. 

Non-immunological food reac-

tions or food intolerances, in contrast 

to true food allergies, involve meta-

bolic food disorders which are ge-

netically determined metabolic defi-

ciencies e.g., lactose intolerance. 

Food idiosyncrasies are adverse reac-

tions to food that occur through un-

known mechanisms. An allergy-like 

food intoxication is not an individu-

alistic adverse reaction as everyone 

in the population is probably suscep-

tible. However, such illnesses are 

often misdiagnosed as food allergy.  

The immunological food aller-

gies are defined as an abnormal im-

munological reaction in which the 

body’s immune system overreacts to 

ordinarily harmless substances in 

foods. Approximately 5% of infants 

and 1% of adults have food allergies 

(Bock et al., 1990). Allergic reac-

tions are based, in turn, on four dif-

ferent immunological mechanisms 

(Type I, II, III, IV) (classification by 

Coombs and Gell) that describe food 

allergies as well as allergic reactions 

to pollens, mould spores, animal 

danders, insect venoms, and drugs. 

The most important reaction of food 

allergy is the type I mechanism − 

“immediate hypersensitivity,” that 

involves the formation of IgE. Food 

allergies also may involve other 

types of immunological mechanisms; 

however the IgE-mediated mecha-

nism has been, by far, the best 

documented and understood.  

The nature and severity of food 

allergic reactions may be various, 

resulting from the amount of the of-

fending  food  ingested  and the length
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ADVERSE REACTIONS TO FOOD 

 

 

 

 

 

Figure 1. The classification of Adverse Reactions to Food (European Academy of 

Allergy and Clinical Immunology – EAACI) 

 

of time since the last exposure. Nu-

merous symptoms ranging from mild 

to life threatening may be present. 

Systemic anaphylaxis is the most 

severe manifestation. Other symp-

toms that may occur include tongue 

swelling and itching, palatal itching, 

throat itching and tightness, nausea, 

abdominal pain, vomiting, diarrhea, 

dyspnea, wheezing, cyanosis, chest 

pain, urticaria, or severe angioedema 

(Hodge et al., 2009). 

 

The most common allergens asso-

ciated with food allergies 

The most common food groups 

that are thought to be responsible for 

at least 90% of all food allergies are: 

cow’s milk, crustacea (shrimp, crab, 

lobster), eggs, fish, peanuts, soy-

beans, tree nuts (almonds, walnuts) 

or wheat (Taylor et al., 1989). Some 

commonly allergenic foods, includ-

ing cow’s milk, eggs, and peanuts, 

contain multiple “major” and “mi-

nor” allergens.  

Major allergens are defined as al-

lergens that bind to serum IgE anti-

bodies from more than 50% of pa-

tients with that specific food allergy. 

For example, cow’s milk contains 

several major allergens: casein, β-

lactoglobulin, and α–lactalbumin, 

white egg – ovomucoid (Gal d 1), 

ovalbumin (Gal d 2), and conalbumin 

(Gal d 3), shrimp – tropomyosin (Pen 

a 1, Pen I 1, Met e 1), peanut – con-

canavalin (Ara h 1, Ara h 2, Ara h 3), 

soybeans – oleosin, Brazil nut – 

Ber e 1 (seed storage protein) and 

mustard – Sin a 1, Bra j 1 (Hauser 

et al., 2008). In contrast, minor 

allergens might include several 

other proteins that affect only 

a small percentage of allergic indi-

viduals. 

The official allergen list of the 

International Union of Immunologi-

cal Societies (IUIS) Allergen No-

menclature Subcommittee includes 

130 plant-derived food allergens 

(faostat.fao.org). Most plant-derived 

food allergens, including fruit ones, 

can be integrated into only a few 

protein families and superfamilies on 

the basis of sequence homology, 

which is related to conserved three-

dimensional structures and possible 

function (Breiteneder and Radauer, 

2004) (Tab. 1). 

TOXIC 

NON-TOXIC 

IMMUNE-MEDIATED 

(FOOD ALLERGY) 

NON IMMUNE-MEDIATED (FOOD 

INTOLERANCE) 

IgE NON-IgE ENZYMATIC PHARMACOLOGICAL UNDEFINED 
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T ab le  1 . Selected allergens of fruits and vegetables, included in the Official Aller-

gen List (Hauser et al., 2008); according to: www.meduniwien.ac.at/allergens/allfam 

and www.allergome.org 

 
Protein family Allergen source Allergen 

nsLTP 

strawberry (Fragaria ananassa)  

apple (Malus domestica)  

apricot (Prunus armeniaca)  

cherry (Prunus avium) 

plum (Prunus domestica) 

peach (Prunus persica)  

pear (Pyrus communis) 

raspberry (Rubus idaeus) 

grape (Vitis vinifera) 

lemon (Citrus limon) 

tangerine (Citrus reticulata) 

orange (Citrus sinensis) 

Fra a 3 

Mal d 3 

Pru ar 3 

Pru a 3 

Pru d 3 

Pru p 3 

Pyr c 3 

Rub i 3 

Vit v 1 

Cit l 3 

Cit r 3 

Cit s 3 

Germins orange (Citrus sinensis) Cit s 1 

PR-3 avocado (Persea americana)  Pers a 1 

PR-5 (TLP) 

kiwi (Actinidia deliciosa)  

apple (Malus domestica)  

cherry (Prunus avium)  

Act d 2 

Mal d 2 

Pru av 2 

PR-10 (Bet v 1-related) 

gold kiwi (Actinidia chinensis) 

strawberry (Fragaria ananassa) 

apple (Malus domestica) 

apricot (Prunus armeniaca) 

cherry (Prunus avium) 

peach (Prunus persica)  

pear (Pyrus communis) 

raspberry (Rubus idaeus) 

Act c 6 

Fra a 1 

Mal d 1 

Pru ar 1 

Pru av 1 

Pru p 1 

Pyr c 1 

Rub i 1 

Papain-like cysteine 
pineapple (Ananas comosus) 

kiwi (Actinidia deliciosa) 

Ana c 2 

Act d 1 

Profilins 

pineapple (Ananas comosus)  

strawberry (Fragaria ananassa)  

apple (Malus domestica)  

cherry (Prunus avium)  

peach (Prunus persica) 

pear (Pyrus communis) 

orange (Citrus sinensis)  

banana (Musa x paradisiaca) 

Ana c 1 

Fra a 4 

Mal d 4 

Pru a 4 

Pru p 4 

Pyr c 4 

Cit s 2 

Mus xp 1 

 

As some authors state, the classi-

fication of allergens into protein 

families provides an overview on 

allergen distribution. The classifica-

tion supplies insights into the clinical 

relevance in terms of cross-reactive 

allergy syndromes that may worsen 

the prognosis of an allergy. In addi-

tion, it might contribute to answering 

the question of allergenicity of dif-

http://www.allergome.org/
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ferent proteins, help to define clini-

cally relevant allergenic molecules, 

and explain the cross-reactivity phe-

nomena between food allergen 

sources as well as food allergens and 

allergenic molecules of other origins 

(e.g. pollen). Most allergens are rela-

tively small, hydrophilic, and stable 

proteins, apparently lacking bacterial 

homologues. The lack of such homo-

logues, in turn, might reflect the de-

pendency of allergenicity on trans-

port over mucosal barriers and sus-

ceptibility to proteases. Interestingly, 

however, the question of what makes 

a protein an allergen still remains 

unanswered (Hauser et al., 2008). 

 

Fruit allergy  

Fruits are important components 

of a healthy diet. A diet without fruit 

can have a significantly negative 

impact. On the other hand, reactions 

of hypersensitivity to selected fruits 

(e.g., apple, strawberry, orange or 

kiwi) are still reported. Several aller-

gens causing such allergic reactions 

have also been identified. For exam-

ple, a study on 1139 patients from 

Northern Europe has shown that not 

only such popular allergenic tree nuts 

but also several fruits are a common 

cause of hypersensitivity. It was 

noted, that not only hazelnut (n=46), 

walnut (n=32), chocolate (n=31), but 

also fruits such as: apple (n=45), 

orange (n=36), kiwi (n=32), and 

strawberry (n=31) were the foods 

most often reported to elicit symp-

toms. Other fruits reported as the 

factors of food hypersensitivity were: 

peach, pear, nectarine, lemon, grape-

fruit, plum, cherry, grape, raspberry, 

banana, melon and avocado. Interest-

ingly, the authors denoted that hyper-

sensitivity to citrus fruits or straw-

berries was more common in chil-

dren than in adults, whereas hyper-

sensitivity to apples was less com-

mon as an offending food (Eriksson 

et al., 2004). 

Several reports have investigated 

the risk of allergic reactions espe-

cially to small fruits. Small fruits 

from the Rosaceae family are an 

important nutritional source of vita-

mins and beneficial bioactive mole-

cules (e.g., ascorbic acid, tocopherol, 

folic acid, phenolic compounds, an-

thocyanins, flavonoids, ellagic acid) 

(D’Amico et al., 2005). They also 

play a protective role against free 

radicals (Heo and Lee, 2004). 

Among the Rosaceae family, straw-

berries are currently one of the most 

popular berries grown. An estimated 

amount of 3.8 million metric tones of 

strawberries were consumed in 2007 

(faostat.fao.org). Allergy to rosa-

ceous fruits might be caused by four 

different protein families: 31 kDa 

thaumatin-like proteins (TLPs, PR-5) 

with anti-fungal activity (Hsieh et al., 

1995; Krebitz et al., 2003); 17.5 kDa 

proteins belonging to pathogenesis-

related proteins (PR-10: Fra a 1; Rub 

I 1) with high sequence homology to 

the major birch pollen allergen Bet v 1 

(Focke et al., 2003); 9 kDa non-

specific lipid transfer proteins 

(nsLTPs, PR-14) and a 14 kDa proline-

binding protein known as profiling 

(Vanek-Krebitz et al., 1995).  

Allergenic TLPs, have been re-

ported in strawberries, but have not 

yet been reported in other small rosa-
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ceous fruits. In strawberries, raspber-

ries and blackberries, PR-10s were 

found. The main cause of adverse 

reactions is considered to be Fra a 1; 

the PR-10 of strawberry (Karlsson 

et al., 2004). In raspberry, Rub i 1 

was identified as an IgE-reactive, but 

as a low abundant PR-10 protein 

(Marzban et al., 2008a). Recently, 

profilins were described as clinically 

relevant allergens caused by 

Rosaceae fruits (Asero et al., 2008). 

An IgE-reactive profilin was reported 

as a putative allergen in strawberry, 

which might play a role in allergic 

symptoms after consumption (Zuid-

meer et al., 2006). Profilins were also 

considered as a main cause for cross-

sensitization between pollen and fruits 

(Crespo et al., 2002). Besides PR-10 

and PR-14, proteins of small fruits 

were shown to contain a more complex 

allergen pattern. In turn, a cyclophilin 

and a class III acidic chitinase were 

identified as the most IgE-reactive 

proteins in raspberries (Marzban et al., 

2008b). 

Investigations also demonstrated 

that the composition of IgE-reactive 

proteins in small fruit may differ 

principally from a well-studied aller-

gen. Small fruits show a more com-

plex IgE reactive protein pattern 

compared to apple or peach. There-

fore, more clinical investigations are 

necessary to understand the signifi-

cance and the impact of cross-

reactivity for new putative allergens.  

Other fruits from the Rosaceae 

family including: peach, apricot, plum, 

almond, cherry (Prunoideae subfam-

ily), apple, and pear (Pomoideae sub-

family) have also been increasingly 

reported as causes of allergic reactions, 

particularly in adults with pollinosis 

(Cuesta-Herranz et al., 1998; Rodri-

guez et al., 2000). Patients allergic to 

such fruits frequently have positive 

skin tests or radioallergosorbent test.  

In recent years, several allergens 

have been identified and sequenced in 

peach, apricot, plum, almond, cherry, 

apple or pear. The major allergens in 

pear are Pyr c 1, apricot – Pru ar 1, and 

sweet cherry – Pru av 1. These are 

structural homologs to the birch pollen 

major allergen Bet v 1, which belongs 

to class 10 of pathogenesis-related 

proteins (Scheurer et al., 1999; Vanek-

Krebitz et al., 1995). Other major al-

lergens are Pru av 2 (cherry) that have 

been identified as thaumatin-like pro-

teins (Inschlag et al., 1998). More 

recently, a lipid transfer protein has 

been reported to be an important aller-

gen in peach (Pru p 3), and apricot (Pru 

ar 3) (Pastorello et al., 1999a; Sánchez-

Monge et al., 1999).  

Apples are among the most 

common edible fruits and form an 

important source of vitamins and 

fibre in the diet of the European 

population. The yearly consumption 

in Europe is 20-25 kg per capita 

(a total of > 10 million metric tons). 

It has been estimated that up to 2% 

of the northern and central European 

populations, including both children 

and adults, are allergic to apples 

(Fernández-Rivas et al., 2006). The 

reason for the allergy is the existence 

of four main classes of allergens, 

with different clinical relevance ac-

cording to the geographical area, 

namely, Mal d 1, Mal d 2, Mal d 3, 

and Mal d 4. Allergic differences 
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among apple cultivars are mainly 

related to differences in expression 

levels of Mal d 1 with its 18 different 

isoforms. Allergic reactions caused 

by Mal d 1, the major apple allergen, 

mainly affect  northern and central 

European populations, and are often 

associated with birch pollinosis due 

to cross-reactivity with Bet v 1 

(Fritsch et al., 1998). The proteolysis 

sensitive allergen Mal d 1 does not 

survive most processing activities 

such as cooking or juice making. For 

this reason, it has been indicated that 

only consumption of fresh apples 

may lead to the development of al-

lergy symptoms. The allergens, 

Mal d 3 and Mal d 4 are, in turn, 

nonspecific lipid transfer protein 

causing class I food allergies (Pas-

torello et al., 1999b) mostly preva-

lent in the Mediterranean area 

(Ballmer-Weber, 2002). There is 

little known about Mal d 2-related 

allergy occurrence. 

 

Cross allergy reactions including 

fruits 

The issue of cross-contact of al-

lergenic foods with other foods from 

the use of shared facilities and 

equipment, has come under growing 

attention. Such cross-contact is linked 

to incidents of allergic reactions in 

individuals that became ill from the 

consumption of products containing 

low levels of undeclared allergenic 

foods (Taylor et al., 1999). Cross-

reactivity to closely related foods 

seems to occur among some food-

allergic patients.  

Cross-reactions also are known 

to occur between some types of pol-

lens and several fruits or vegetables. 

They might occur among ragweed 

pollen and melons (watermelon, can-

taloupe, honeydew); mugwort pollen 

and celery or mugwort pollen and 

hazelnuts.  

The most frequently described 

cross-reactive phenomenon is allergy 

to birch pollen and fruits. Approxi-

mately, 70-90% of birch pollen aller-

gic individuals were described as 

also developing an intolerance to 

a number of rosaceous fruits. These 

people displayed predominantly mild 

allergic symptoms when eating plant 

foods such as apple, peach, tree nuts, 

celery or spices. Such reactions 

might be caused by particular pro-

teins, demonstrating high similarity 

in their primary protein sequence 

with nearly identical tertiary struc-

tures. Several studies designed to 

assess the in vivo and in vitro cross-

reactivity between some fruits of the 

Rosaceae family, provided additional 

information on clinical cross-

reactivity.  

Allergy to apple with sensitiza-

tion to birch pollen has been quite 

frequently described. The major ap-

ple allergens with established links to 

birch pollen sensitization studied in 

the SAFE program were Mal d 1, 

Mal d 4 (Ebner et al., 1995; Vanek-

Krebitz et al., 1995). Those apple 

allergens without clear links to pol-

len sensitization were Mal d 2, Mal d 

3 (Hsieh et al., 1995; Krebitz et al., 

2003). The major apple allergen Mal 

d 1 is homologous to the major birch 

pollen allergen Bet v 1. It has been 

revealed that primary sensitization 

occurs via Bet v 1, resulting in cross-
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reactivity of IgE to Mal d 1. This 

allergen is exclusively linked to mild 

and local allergic symptoms together 

referred to as the oral allergy syn-

drome. The second apple allergen 

Mal d 2 is a thaumatin-like protein 

(TLP), representative of another fam-

ily of pathogenesis-related proteins 

(PR5) (Hsieh et al., 1995; Krebitz 

et al., 2003). A thaumatin-like pro-

tein has been identified as an allergen 

in a limited number of other foods 

like kiwi, cherry, grape, and bell 

pepper (Gavrović-Jankulović et al., 

2002; Inschlag et al., 1998; Leitner 

et al., 1998; Pastorello et al., 2003).  

In Southern Europe, where birch 

trees are virtually absent, allergies to 

apple and related Rosaceae fruits 

such as peach and plum are fre-

quently severe and found in both 

pollen and non-pollen allergic pa-

tients (Scheurer et al., 1999). Pas-

torello et al. (1999a) evaluated the 

immunologic cross-reactivity of 

fruits in the Prunoideae subfamily 

(peach, cherry, apricot, and plum). In 

our study, peach was the most com-

mon cause of Rosaceae clinical al-

lergy, alone or associated with other 

fruits, especially apple, apricot, and 

plum (Pastorello et al., 1999a).  

These reactions might also occur 

among birch pollen and some vege-

tables (e.g., carrots, or potatoes). 

Other allergic cross-reactions involv-

ing fruits were the reactions between 

latex and fruit, particularly banana, 

chestnut, and avocado.  

Moreover, Pérez-Ezquerra et al. 

(2007) reported cases of allergy to 

grass pollen with an oral allergy syn-

drome involving several fruits from 2 

different families of the Rosidae 

subclass (currant and raspberry) with 

grass pollen allergens. 

 

Anaphylactoid reactions and fruits 

Anaphylactoid reactions are 

caused by substances that bring 

about the non-immunologic release 

of these same mediators from mast 

cells without the involvement of IgE. 

In anaphylactoid reactions, some 

substances in the implicated food are 

presumed to destabilize the mast cell 

membranes. This effect allows the 

spontaneous release of the histamine 

and other mediators. The evidence 

for the existence of anaphylactoid 

reactions is actually the lack of evi-

dence for an IgE-mediated mecha-

nism in a few types of food allergy, 

such as strawberry allergy. Strawber-

ries are known to cause adverse reac-

tions e.g., frequently urticaria in 

some individuals. Additionally, no 

evidence has been obtained for the 

existence of strawberry-specific IgE 

in the sera of strawberry-sensitive 

individuals. The symptoms of straw-

berry “allergy” are very similar to 

those occurring in IgE-mediated food 

allergy. The in vivo release of hista-

mine and other mediators might be 

a possible mechanism. 

 

The agricultural aspects of fruit 

allergies in recent studies 

Recent fruit-related allergy stud-

ies involve identification of fruit 

allergens and the impact of their 

genes over-expression; the role of 

pathogenesis-related proteins (PR) or 

the influence of agricultural factors 

such as: shadowing, elevation, water 
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stress or storage, on allergy risk (Bot-

ton et al., 2008; Schmitz-Eiberger and 

Matthes, 2001). Agricultural factors, in 

turn, might be linked to changes in 

the expression of allergen-related 

genes. For example, Botton et al. 

(2008) have elucidated that shadow-

ing may have a significant effect on 

the transcription of major apple al-

lergen – Mal d 1 genes with their up-

regulation mainly in fruit skin − 

which is directly exposed to the light. 

Other factors possibly affecting gene 

expression are storage conditions and 

the significant, positive linkage re-

vealed especially for apple Mal d 1. 

As the authors observed, the earlier 

harvested fruit cultivars might have a 

higher allergenic potential (Botton et 

al., 2008). Moreover, the expression 

of some genes might decrease in the 

storage period under controlled at-

mosphere conditions (i.e. 2,5% oxy-

gen and 1% carbon dioxide at 3 °C) 

(Sancho et al., 2006). Brenna et al. 

(2004) reported the case of depend-

ence of allergen contents on fruit 

ripening for different peach (Prunus 

persica) cultivars. Some authors 

claim that hypersensitivity reactions 

might also differ, depending on the 

cultivar (Matthes et al., 2009).  

The important issue is reducing 

allergenicity of plant-based food 

products through the silencing of 

several allergens. Complete avoid-

ance of apple or other fruits due to 

their allergenicity, however, might 

result in important deficiencies of 

vitamins, minerals and fibres. The 

SAFE project (“Plant food allergies: 

field to table strategies for reducing 

their  incidence in Europe”) has 

aimed at designing strategies to re-

duce the allergic reactions to apple, 

which is known as the most impor-

tant allergenic fruit. One of the out-

comes was to identify the differences 

in allergenicity for selected allergens 

(Mal d 1 and Mal d 3), for further stud-

ies on the development of a hypo-

allergenic apple by RNA-interference. 

The authors stated that such experi-

ments may offer safe immunotherapy 

for food allergy (Hoffmann-

Sommergruber et al., 2005). Some 

cases concern the risk of adverse reac-

tions if the fruit is eaten with the 

peel. This may be linked to the dis-

tribution of individual allergens over 

fruit which is exposed to pesticides, 

and is picked, transported, stored or 

processed. This process can have an 

impact on the risk of allergenicity. 

The studies on fruit allergies might 

use the proteomic analyses, being the 

large-scale study of proteins, particu-

larly their structures and functions. 

These analyses are confronted with 

a series of specific obstacles: general 

low protein content in plant tissues, 

allergen extraction from highly com-

plex matrices and protein determina-

tion in the presence of interfering 

compounds. For example, Hjernø 

et al. (2006) have used proteomic 

screening for identifying the up- or 

down-regulated proteins contributing 

to strawberry allergy. They found 

that allergens might participate in the 

synthesis of fruit colour, e.g., their 

down-regulation may explain a better 

tolerance of white strawberries in 

contrast to red ones. The authors 

noted that only several proteins in the 

white strawberry proteome includ-
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ing: ascorbate peroxidase, methion-

ine sulfoxide reductase, and protea-

some subunits were up-regulated, 

and these proteins are associated with 

oxidative stress and protein degradation. 

They concluded that white strawberries 

experience stress under normal growth 

conditions and might have reduced 

levels of flavonoids, which are photo-

protective screeners and antioxidants 

(Hjernø et al., 2006). 

Considering fruit-related aller-

gies, another issue is the growing 

interest in genetic engineering as 

a great potential tool for improving 

the safety of plant-based foods by 

eliminating allergenic components. 

Singh et al. (2008) discussed the 

possibilities of reducing allergenicity 

of plant-based food products through 

the silencing of several allergens, 

based on the reports about peanuts 

and tomatoes as well as soybeans or 

rice grains. Such studies have also 

been performed on fruits (Singh and 

Bhalla, 2008). For example, Gilissen 

et al. (2005) successfully reduced 

Mal d 1 expression by RNA interfer-

ence. This translated into signifi-

cantly reduced in vivo allergenicity. 

The authors concluded that their 

observations support the feasibility 

of the production by gene silencing 

of apples hypoallergenic for Mal d 1 

(Gilissen et al., 2005). 

Another issue, is the growing in-

terest of organic cultivation. Organic 

plant products are considered those 

produced with natural goods and ser-

vices, such as biodiversity, nutrient 

cycling, soil regeneration and natural 

enemies of pests. Organic products are 

produced without the use of pesticides 

and without the addition of readily 

soluble mineral fertilizers. Taking into 

consideration the possibilities of re-

ducing fruit allergenic potential, the 

next question is whether switching to 

organic production might decrease the 

allergenicity risk, since there are po-

tential changes of gene expression. 

For the most part, data on the influ-

ence of the cultivation method on 

selected apple allergens did not indi-

cate any significant differences. How-

ever, based on gene expression stud-

ies, Matthes et al. (2009) showed that 

in most apple cultivars from inte-

grated production, there were signifi-

cantly higher allergen concentrations 

in comparison to apples cultivated 

according to organic production guide-

lines. The authors explained that ob-

served changes might depend on 

pathogenesis-related proteins (PR). For 

example, synthesis of allergens in or-

ganic fruits may be induced by biotic 

stress factors such as fungi, viruses, 

and bacteria. Some authors claim that 

pesticide treatment might provoke a 

stronger response than any biotic 

factors, throwing light on the meaning 

of agronomical practices and envi-

ronmental conditions. The linkage 

between selected environmental and 

agricultural factors and fruit aller-

genicity was summarized in Table 2. 

Clear experimental evidence 

supporting this assumption is still 

being examined, and the evaluation 

of the nutritional potential of organic 

products requires further research. 

One of the tasks of the EkoTechPro-

dukt Project is the assessment of the 

hypoallergenic potential of selected 

fruits (apple, strawberry, cherry). 
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T a b l e  2. Environmental and agricultural factors affecting fruit allergenicity – a summary 
 

Factor and taken actions 
affecting fruit allergenicity 

Result Reference 

Shadowing  
Possible up-regulation of 
major apple allergen – 
mal d 1 

Botton et al. (2008) 

Early harvest  
Possible higher allergenic 
fruit potential 

Botton et al. (2008). 

Storage period under con-
trolled atmosphere condi-
tions (i.e. 2,5% oxygen and 
1% carbon dioxide at 3°c)  

Decreased expression of 
some fruit allergen genes  

Sancho et al. (2006)  

Terms of cultivar production 
i.e. influence of biotic stress 
factors such as fungi, viruses, 
and bacteria, dryness 

Changes of fruit aller-
genic potential 

Matthes et al. (2009) 

Fruit cultivar  
Different fruit allergenic 
potential 

Matthes et al. (2009) 

Producing “colourless” culti-
vars 

Down-regulation of fruit 
allergens 

Hjernø et al. (2006) 

Selected allergy-linked gene 

silencing  

Producing of hypoaller-
genic fruits 

Gilissen et al. (2005) 

Dietary habits (i.e. eating 
fruit without the  peel) 

Decrease risk of fruit 
allergenic potential 

Hoffmann-
Sommergruber (2005) 

 

 

 

Selected aspects of fruit-related 

allergy – the summary  

Fruits are  important component 

of a healthy diet. Eating fruit is 

strongly recommended to improve 

health. Avoiding fruit in the diet can 

have a significantly negative impact. 

Dietary studies show that the con-

sumption of fruits and vegetables is 

at a higher level in southern Euro-

pean countries compared with other 

regions. The lowest levels are found 

in eastern European countries, fol-

lowed by northern countries. Fruit 

and vegetable consumption is usually 

higher among women than men aged 

30±32 and among older people. Per-

sons of low social status tend to have 

the lowest intake (Roos et al., 2001). 

In the EU, the mean fruit consump-

tion per capita is about 90-

95 kg/person, in Poland – 50-55 kg 

and the most popular are apples, citrus 

and small (berry) fruits. Fruits from the 

Rosaceae family are widely consumed 

and have been increasingly reported as 

causes of allergic reactions. The 

Rosaceae family includes fruits such 

as peach, cherry (Prunoideae subfam-

ily), apple, pear (Pomoidaea subfam-
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ily), blackberry and strawberry (Ro-

soideae subfamily). Apples are 

highly recommended for a healthy 

diet because of their efficacy in re-

ducing the risk of stroke, heart dis-

ease, and lung cancer (Botton et al., 

2008). It is currently one of the most 

popular fruits being consumed and it 

is an important crop for European 

agriculture. A broad variety of culti-

vars with a variable degree of aller-

genicity are grown in various Euro-

pean countries. For example, it has 

been estimated that up to 2% of the 

northern and central European popu-

lations are allergic to apples. Straw-

berry has an unjustified reputation 

among the general population of 

being an allergenic fruit. As a ques-

tionnaire-based study showed, 

among young adults with a median 

age of 34, the estimated prevalence 

of pollen allergy was 23%. The 

prevalence of secondary food hyper-

sensitivity (pollen related FHS) was 

high with kiwi, hazelnut, pineapple, 

apple and orange as the most com-

mon reported allergenic foods, and 

they are a major problem in young 

adults (Osterballe et al., 2009).  

The allergenic activity of some 

food allergens is easily destroyed by 

heating or denaturing, such as the 

allergens in apples. Such destructive 

procedures may decrease the activity 

of Mal d 1- a major apple allergen. In 

other words, the initial gastronomic 

processing of fruits might reduce the 

risk of allergic incidents in persons 

being predisposed to such reactions. 

Other allergens, for instance in milk 

or fish, are resistant to denaturation 

which happens in cooking and diges-

tion (Eshuis, 1997).  

As indicated, sensitization to 

a certain fruit or vegetable might 

often be associated with sensitization 

to other foods belonging to the same 

or a closely related botanical family. 

For example; the most frequent clus-

ters are apple and pear, potato, and 

carrot; melon, watermelon and to-

mato; peach, apricot, plum and 

cherry. Another cross-reactivity is 

based on inhalant allergens (aeroal-

lergens) and food allergens. During 

adolescence, there is an ever increas-

ing possibility of becoming allergic 

to food allergens that cross-react 

with inhalant allergens such as pollen 

and the allergens of house-dust mite 

and pets. That is why patients aller-

gic to birch pollen are frequently 

sensitized to numerous fresh fruits 

(apple, kiwi, orange, peach, apricot, 

cherry), vegetables (carrot, potato, 

celery, fennel) and hazelnuts. Many 

mugwort-sensitive patients react to 

vegetables including: celery, fennel, 

carrot, parsley and spices (like anise, 

coriander). The above reaction is 

described as the Mugwort-Celery-

Spice syndrome. Similarly to another 

allergy-related symptom: angioe-

dema, the signs of the described syn-

drome can be very severe. Other 

cross-reacting allergens between 

pollen and foods might be caused by 

ragweed pollen, melon, banana, wa-

termelon and pumpkin or grass pol-

len and potato, peanut, buckwheat, 

wheat and tomato. In some cases, the 

diagnostics of fruit-related allergies 

can be difficult. One exception is the 

Oral Allergy Syndrome (OAS). 
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Blood tests of patients with OAS for 

specific IgE antibodies, are nearly 

always positive. In adults suffering 

from pollen allergy, the prevalence 

of this syndrome has been estimated 

to be about 40%, making it a very 

common condition. As indicated, 

approximately 50% of patients aller-

gic to birch pollen and having 

a cross-reaction to apple, peach and 

hazelnut, suffer from OAS. Patients 

suffering from allergies to certain 

pollen, more often react with the Oral 

Allergy Syndrome (OAS) to certain 

fresh fruits and vegetables, like apple, 

peach, cherry, nuts, celery, carrot and 

tomato. In the OAS, the lips, cheeks, 

tongue or throat may swell or itch 

within 15 minutes of contact with 

a specific food. Usually these symp-

toms disappear very quickly.  

Several positive aspects on the 

background of allergic reactions and 

fruit consumption have been reported 

over the last few years. Previous 

cross-sectional studies suggest that 

fruit and vegetable consumption 

reduces the risk of allergic disease in 

children. For example, Rosenlund et 

al. (2011) investigated the associa-

tion between current fruit or vegeta-

ble intake and allergic disease in 

2447 8-year-old Swedish children, to 

evaluate the potential effect of dis-

ease-related modification of con-

sumption. An inverse relation was 

observed between total fruit con-

sumption and rhinitis, whereas no 

association was observed for total 

vegetable intake. In analyses of indi-

vidual foods, intake of apples/pears 

and carrots was inversely associated 

with rhinitis, asthma, and atopic sen-

sitization. Fifty percent of children 

with rhinitis were sensitized against 

birch pollen, which may cross-react 

with apples and carrots. After exclu-

sion of children who developed food-

related allergic symptoms, most of 

the observed inverse associations 

were found to be untrue and became 

non-significant. Also, several studies 

have shown that asthma outcomes 

were negatively associated with cit-

rus fruits, apples, pears, tomato, car-

rots or leafy vegetables. For example 

in study being undertaken to investi-

gate whether dietary intake predicted 

the prevalence of adult asthma in 68 

535 French women, the authors sug-

gested that the intake of some vege-

tables may decrease the prevalence 

of adult asthma (Romieu et al., 

2006). After adjusting for age, body 

mass index, menopausal status, 

smoking status, total caloric intake, 

physical activity, and use of dietary 

supplements, women who had 

a greater intake of tomatoes, carrots 

and leafy vegetables had a lower 

prevalence of asthma. Apples were 

marginally related to the prevalence 

of asthma and no other fruits or 

vegetables were significantly associ-

ated with asthma prevalence. Simi-

larly, in a recent case-control study, 

Shaheen et al. (2001) reported that 

consumption of apples and red wine 

were negatively related to asthma, 

suggesting the beneficial effect of 

flavonoids. The authors indicated 

a number of reasons for exploring the 

effects of fruit and vegetables rather 

than individual nutrients. Nonethe-

less, the findings by Fogarty et al. 

(2009) demonstrated that the provi-
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sion of daily fruit at school for 1 yr 

might have no impact on the preva-

lence or severity of asthma symp-

toms in young children.  
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S T R E S Z C Z E N I E  

 

 

W niniejszym artykule podjęto zagadnienia związane z alergiami pokarmowymi, 

w tym alergiami wywoływanymi przez owoce, ze szczególnym uwzględnieniem 

podłoża patofizjologicznego, występowania alergii krzyżowych, najczęstszych alergenów 

odpowiedzialnych za opisywane reakcje oraz kierunków działań podejmowanych 

w celu zmniejszenia potencjalnej alergenności owoców.  

 

Słowa kluczowe: pokarm, alergie, owoce 

 


