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ABSTRACT

The allergic reactions to fruits are lesser known among food sensitivities. The most common fruits
belonging to the Rosaceae family that might cause allergic reactions are apples, pears and peaches. How-
ever, little is known about the potential allergic reactions caused by another member of the Rosaceae, the
cherry. The aim of this study was to assess the risk of any allergic reaction or food hypersensitivity resulting
from topical application and chronic oral administration of cherry fruits. The cherry fruits ‘Sabina’ cv. were
produced in the orchard in Dabrowice according to the principles of integrated (IFP) and organic (OR)
productions. Fruits of ‘Debreceni Botermd’ cv. were produced in Dabrowice (IFP), and in the orchard in
Nowy Dwor (OR). The experiments were performed on 65 outbred young, adult, white albinotic guinea
pigs (Dankin Hartley). Three procedures were applied: |. Guinea-Pig Maximization Test (GPMT); II.
Chronic administration of fruits and I1l. Skin prick (Dreborg) test. The skin reactions based on GPMT or
Dreborg tests revealed no differences between the two cherry cultivars ‘Sabina’ and ‘Debreceni’ obtained
from integrated or organic production. Similarly, it was not observed of any effect of cultivars of cherries
nor the type of fruits production on the guinea pig skin reaction as a result of chronic feeding with fruits.
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INTRODUCTION

Food allergy (FA) affects 2.4-3.7% of adults
and the most common ‘major food allergens’ are:
milk, egg, peanut, tree nuts, shellfish, fish, wheat
and soy (Zuberbier et al. 2004; Osterballe et al.
2005; Schafer et al. 2001). Adverse reactions to ap-
ple, kiwi, pear, peach or cherry are listed among
fruit-related FA (Le et al. 2008). The most fre-
quently observed clinical manifestations in fruit-
allergic patients involve oropharyngeal, skin and
respiratory symptoms, as well as rhinitis and con-
junctivitis. Patients affected mainly by birch fruit
syndrome due to the presence of Bet v 1 homolo-
gous allergens, by latex fruit syndrome due to sen-
sitisation to hevein-like domains in food, or by lipid
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transfer protein (LTP) syndrome have been found to
demonstrate fruit allergies (Pastorello & Ortolani
2003). The growth in the number of people suffer-
ing from FA in the past decades has presented re-
searchers the important task of preparing food prod-
ucts that lack allergic potential. This in turn de-
mands the assessment of the largest possible num-
ber of food allergens or estimating their stability to
processing (Primavesi et al. 2006). Some authors re-
port the existence of a relationship between expres-
sion of major fruit allergens and type of production
or storage conditions (Matthes & Schmitz-Eiberger
2009; Sancho et al. 2006; Schmitz-Eiberger & Mat-
thes 2011; Botton et al. 2008). Hence, the potential
impact of cultivation system should also be consid-
ered with respect to allergenicity.
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Due to its system of cultivation with limited
usage of synthetic pesticides or readily soluble min-
eral fertilisers, organic cultivation responds to this
goal and it is believed that it is a way to ensure a safe
farming and production of healthy fruits. Although
food products from organic origin are thought to be
healthier than the corresponding conventional
foods, clear experimental evidence supporting this
assumption has not yet been acquired, and the nutri-
tional or allergic potential of these products requires
further research. The aim of this study was to assess
the risk of any allergic reaction or food hypersensi-
tivity resulting from topical application and chronic
oral administration of cherries of the cultivars
‘Sabina’ and ‘Debreceni Botermo’, derived from
both integrated and organic production.

Integrated fruit production (IFP) is defined as
the economical production of high quality fruits,
giving priority to ecologically safer methods, mini-
mising the undesirable side effects and use of
agrichemicals, to enhance the safeguards to the en-
vironment and human health (Cross & Dickler,
1994). Organic fruit production (OFP) relies on nat-
ural mechanisms controlling the growth, yield and
health status of the plants. The principles of OFP are
not using readily soluble mineral fertilisers, herbi-
cides and synthetic chemical pesticides (Lind et al.
2003). The natural fertilisers, composts, manures,
green manures, mulches, varied crop rotation are
used for keeping the soil fertility instead. Weeds
are eliminated mechanically. The basis of OFP is
developing of resistant cultivars and using natural
active agents.

MATERIAL AND METHODS

Biological material

The plant materials of study were the fruits of
two sour cherry cultivars: ‘Sabina’ and ‘Debreceni
Botermd’, which were obtained from orchards lo-
cated in central part of Poland where cultivation was
carried out by IFP or by OFP. The fruits of both cul-
tivars obtained by integrated method came from Ex-
perimental Orchard of Research Institute of Horti-
culture in Dgbrowice (5 km from Skierniewice).

Fruits of ‘Sabina’ (SOP) derived from organic pro-
duction were obtained also in Dabrowice, mean-
while fruits of ‘Debreceni Botermo® (DOP) came
from Experimental Organic Orchard of InHort, lo-
cated in Nowy Dwor-Parcela (15 km from Ski-
erniewice). Fully ripe fruits after harvest were fro-
zen at —25 °C disintegrated in the frozen state fol-
lowed by fine grinding in solid CO, with Blixer 3
(Model 712033, Robot Coupe, France) and then
were packed into 120-g portions, called thereafter
fruit preparations. Such portions were kept frozen
until ready to use. Fresh fruits characteristics are
presented in Table 1.

Reagents and substances

Freund Adjuvant Complete — CFA (batch no.:
029K8708, Sigma-Aldrich), Histamine hydrochlo-
ride (batch no.: 100896320, Sigma-Aldrich), Sodium
lauryl sulphate-Ph.Eur (batch no.: 1052, POCH
S.A.), Vaseline (batch no.: 110495. Pharma Cos-
metic), Ascorbic acid (batch no.: 110158, Pharma
Cosmetic), Benzocaine (batch no.: 110030, Pharma
Cosmetic) and Aqua pro injection (Polpharma) were
used.

Animals

The experiments were performed on 65 out-
bred young, adult, white albinotic guinea pigs
(Dankin Hartley), both sexes, weighing 200-500 g,
which were fed on granulated fruits with free access
to water. The temperature of the experimental ani-
mal room was 20 °C (3 °C), the relative humidity
30-70% and the sequence of lighting — 12 h light,
12 h dark. The animals were housed in standard
cages, 2-3 animals per cage. During the experiments
all guinea pigs were receiving an adequate amount
of ascorbic acid. The animals were weighed before
the test commences and at the end of the test.

The experimental procedures were carried out
in accordance with the international guidelines for
care and use of laboratory animals. All efforts were
made to minimise animal suffering and to reduce the
number of animals used in the experiments. All the
procedures in these experiments were approved by
the Ethics Committee of the Medical University of
Lodz, Poland (LB 460/2009; 3/£.B 591/2012).
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Table 1. Fruit characteristics of the evaluated cultivars depending on the cultivation method, average + SD

Cultivar ‘Sabina’ ‘Debreceni Bétermé’
Type of production Integrated Organic Integrated Organic
Total solids (%) 144 (£0.1) a* 15.8(x0.3)b 16.5+(0.2)b 156 (£09)b
Total soluble (%) 123(£0.1)a 14.6 (£0.2) ¢ 148 (£02) ¢ 13.6 (£ 0.8) b
Titratable acidity (%) 1.75 (£ 0.00) b 1.74 (£ 0.03) b 0.97 (£0.04) a 0.92(x£0.05)a
Anthocyanins (mg-100 g% 89.9(x142)b 998 (+144)b  49.1(£1.1)a 48.1(£1.8)a
(Przgig%”;_'; content 284 (+9) b 326 (+2) ¢ 22 (:11)a 203 (= 31) be
Malic acid (mg-100 g}) 20.2(x0.17)b 20.1 (£0.83)b 127 (£0.4)a 11.9(x0.7)a
Ascorbic acid (mg-100 g1 <1 <1 <1 <1
Saccharose (g-kg™) <0.01 <0.01 <0.01 <0.01
Glucose (g-kg?) 53.1 (= 1.0) ¢ 60.4 (+1.2)d 51.8 (+ 0.5) be 49.0 (+3.6)a
Fructose (g-kg™) 403(=04)a 492 (x1.0)c 47.4 (£0.5) be 458 (2. 7)b
Glucose:fructose 1.3(£0.0)c 1.2(=0.0)b 1.09 (£0.01)a 1.07 (£ 0.05)a
E:Juiasraiir;frrgsg'r(';‘?:(z_sf)lgar 933 13)a  1096(08)b 992 (:1.0)a 94.8 (£ 5.9)a
Sorbitol (g-kg™?) 12.0(x1.0)a 229 (£0.5)¢ 23.8(x0.8)c 178 1.7)b

*according to Duncan's test; means followed by the same letter do not differ at p = 0.05

The animals were randomly allocated into groups,
as following:

1. Animals being exposed to cherry ‘Sabina’ from
integrated production (SIP), (n = 10); 2. Animals be-
ing exposed to cherry ‘Sabina’ from organic produc-
tion (SOP), (n = 10); 3. Control group (n =5); 4. An-
imals being exposed to cherry ‘Debreceni Botermo’
from integrated production (DIP), (n = 10); 5. Ani-
mals being exposed to cherry ‘Debreceni Botermo’
from organic production (DOP), (n = 10); 6. Control
group (n = 5); 7. Animals being exposed to benzo-
caine during validation process (B), (n = 10); 8. Con-
trol group (n =5).

Experimental
I. Guinea-Pig Maximization Test (GPMT)

The sensitivity and reliability of the experi-
mental technique was performed by using benzo-
caine as substance of mild-to-moderate skin sensiti-
sation properties. All procedures were made accord-
ing to OECD guideline for skin sensitisation test
(406) (OECD Guideline 1992). In brief, the test an-
imals were initially exposed to the fruit prepara-
tions, by intradermal injection (total volume per one

injection: 0.1 ml; vehicle: Agua pro injectione) —
day 0 (induction exposure) followed by topical ap-
plication — day 6 (10%; vehicle: Vaseline). Follow-
ing a rest period of 10-14 days (induction period),
during which an immune response may develop, the
animals were exposed to a challenge. The extent and
degree of skin reaction to the challenge exposure in
the test animals is compared with that demonstrated
by control animals, which undergo same treatment
during induction and receive the challenge expo-
sure. That day animals were exposed to fruit prepa-
rations (10%; vehicle: Vaseline) according to ani-
mal group (i.e. SIP, SOP, DIP, DOP) or vehicle
alone (Vaseline) being applied on the skin test areas.
Approximately 48 and 72 h after this procedure, the
skin reactions were observed and recorded accord-
ing to the OECD guideline scaling, by two inde-
pendent investigators (Table 2).
I1. Chronic fruit administration

Next, the same animals were tested to assess if
chronic feeding with fruit preparations can result in
any skin reaction. For this purpose, fruits were ad-
ministrated per os (10 g/day/animal), according to
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animals from groups: SIP, SOP, DIP or DOP for 30-
day period. In this time, the animals were observed
toward the potential occurrence of skin reactions,
considering control group, as well.

I11. Skin prick test (Dreborg test).

Finally, the animals being used in 1st and then
in 2nd phase of the experiments were examined by
performance of ‘confirmatory’ skin prick test. 0.9%
of physiologic saline solution was served as a nega-
tive control, whereas aqueous histamine hydrochlo-
ride solution (1 mg-ml?) was used as positive con-
trol throughout all tests. A drop of saline solution
and histamine solution were pipetted on the intact
animal skin in the shoulder region and pricked with
lancet (M Mediware, Blutlanzette, sterile, Premium
Quality, REF B2 01). Skin prick tests were read after
10 and 20 min and quantified on the basis of wheal
diameter as compared to negative and positive con-
trol (Dreborg et al. 1989). Asymmetrical wheals were
measured as follows: wheal size perpendiculars to
each other were measured, divided by two and the
average wheal diameter showed in millimeter (mm).
Testing, i.e. the assessment of skin reactions was per-
formed by two independent investigators.

Statistics

The statistical analysis was carried out using
the STATISTICA version 10.0. The analysis of var-
iance (ANOVA) and post-hoc comparisons were
performed using the Duncan test. If data were not
normally distributed or the values of variance were
different, ANOVA with the Kruskal-Wallis and
Mann—Whitney’s U test were used. The Wilcoxon
signed-rank test was used when comparing two re-
lated samples for not normally distributed data. All

parameters were considered statistically signifi-
cantly different if p < 0.05.

RESULTS

I.  Guinea-Pig Maximization Test (GPMT) -
Magnusson-Kligmann test

According to Magnusson—Kligmann scale (Table
2), 80% of animals showed skin reactions to benzo-
caine manifested as discrete or patchy erythema
were observed in 70% of animals, while moderate
or confluent erythema was seen in 10% (Table 3).
Table 4 shows skin reactions evaluated according to
the Magnusson—Kligmann test of guinea pigs ex-
posed to fruits: ‘Sabina’ or ‘Debreceni Botermd’
cherries obtained by integrated and organic produc-
tion. No differences were found among the exam-
ined groups: i.e. organic vs. integrated or ‘Sabina’
vs. ‘Debreceni Botermo’.

I1. Chronic fruit administration

Chronic 30-day oral administration of the examined
fruit preparations did not cause any skin reactions in
groups receiving ‘Sabina’ or ‘Debreceni Bétermo’
cultivars from organic or integrated production.

Table 2. Skin reactions according to Magnusson—Klig-
mann scale (OECD 406)

Change Points
No visible change 0
Discrete or patchy erythema 1
Moderate and confluent erythema 2
Intense erythema and swelling 3

Table 3. The severity of skin reactions on benzocaine during validation of GPMT expressed as percentage (%) of animals
that revealed any skin reactions and point average according to Magnusson-Kligmann scale, average = SD

Group Benzocaine Control Group

N =10 N=5
Time after exposure 24 h 48 h 72h 24-72 h
Point average 0.65 a* 0.3b 00b 0.0b
(+SD) (£0.58) (+0.48) (+0.00) (£0.00)
% of animals with skin reactions 80% 30% 0% 0%

*according to Kruskal-Wallis test; means followed by the same letter do not differ at p = 0.05
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Table 4. The severity of skin reactions on fruits in GPMT as percentage (%) of animals that revealed any skin reactions
and point average according to Magnusson—Kligmann scale, average + SD

Cultivar/group rieqrated Sabina A Control
. N=5
Type of production N =10 N =10 group
Time after exposure 24 h 48 h 72h 24 h 48 h 72h 24-72 h
Point average 0.3 0.3 0.0 0.3 0.2 0.0 0.0
(£SD) (£0.67) a* (£0.48)a (£0.00)a (+0.67)a (£0.42)a (£0.00)a (£0.00) a
o : . .
Y6 of animals with skin 0, 30% 0% 20% 20% 0% 0%
reactions
Cultivar/grou ‘Debreceni Botermo’ Control
group groupN=5
. Integrated Organic
Type of production N = 10 N =10
Time after exposure 24 h 48 h 72 h 24 h 48 h 72h 24-72 h
Point average 0.2 0.05 0.05 0.3 0.15 0.0 0.0
(+SD) (+0.42)a (£0.16)a (+0.16)a (£0.63)a (+0.34)a  (+0.00)a  (+0.00) a
o : . :
6 of animals with skin 5, 10% 10% 30% 20% 0% 0%
reactions

*according to Kruskal-Wallis test; means followed by the same letter do not differ at p = 0.05

Table 5. The severity of skin reactions in histamine Dreborg’s test expressed as wheal diameter (mm), average + SD

Cultivar ‘Sabina’ ‘Debreceni Botermd’
. Integrated Organic Integrated Organic
Type of production N = 10 N = 10 N = 10 N = 10
Histamine 6.8 (+4.44) a* 5.4 (+3.03) a 8.1 (+2.67)a 92 (x3.22)a
Fruit cv (£0.0) b 0.5 (£1.58)b 0(x0.0)b 0.6 (:1.90) b
Negative control (£0.0) b (£0.0) b (£0.0) b (£0.0) b

(0.9% NaCl)

*according to Wilcoxon signed-rank test; means followed by the same letter do not differ at p = 0.05

I11. Skin prick test (Dreborg test)

A significant difference in skin reactions were ob-
served between animals exposed to histamine and
fruit preparations, whereas no significant differences
were found between animals exposed to fruit prepa-
rations from different cultivation systems and culti-
vars, and the control groups (Table 5).

DISCUSSION

The Magnusson—Kligmann test, performed
using benzocaine, a substance with mild-to-mod-
erate skin sensitisation properties, confirmed the
sensitivity and reliability of the experimental tech-

nique used in the study. In a properly conducted
test, a response of at least 30% of subjects should
be expected (OECD 406 Guideline 1992). In our
study, skin reactions including discrete or moder-
ate erythema were observed in 80% of the exam-
ined animals.

Although apples are most commonly known to
be the allergenic fruits of the Rosaceae family, some
reports also describe incidences of cherry-related
food allergies (FA). In a study by Le et al. (2008)
performed on 218 subjects with FA, cherry FA com-
prised 22% of total reactions, while apples induced
39% and hazelnut 31%. Some of the major cherry
allergens responsible for such sensitivities are
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Pruav 1, Pruav 2, Pruav 3 and Pru av 4, which are
characterised with different clinical relevance ac-
cording to geographical area. Pru av 1 (Scheuer et
al. 1997) and Pru av 4 (Scheurer et al. 2001) proteins
homologous to major birch allergens Bet v 1 and
Bet v 2 are responsible for birch and cherry cross-
reactivity in the birch pollen/fruit syndrome (Pri-
mavesi et al. 2006) in northern and central Europe.

The occurrence of allergic reactions was
shown to be determined by several factors including
type of fruit cultivar as well as agronomic practices,
such as shadowing, elevation, water stress or stor-
age. All these factors were described to potentially
exert an impact on the expression of allergen-related
genes. However, previous observations have con-
cerned mainly apples and their major allergen, Mal
d (Botton et al. 2008; Schmitz-Eiberger & Matthes
2011). For example, shadowing or low elevation
can significantly induce the up-regulation of Mal d
genes in fruit skin that might result in higher aller-
genicity risk (Botton et al. 2008; Sancho et al.
2006). Some reports concern the linkage between
the presence of allergenic proteins and fruit ripening
(Botton et al. 2008; Brenna et al. 2004). Other stud-
ies also discuss the influence of storage conditions
on allergic gene expression (Sancho et al. 2006;
Bolhaar et al. 2005; Marzban et al. 2005).

Another issue is whether the use of organic
production impacts allergenicity risk as a result of
potential changes of responsible gene expression.
Although studies generally indicate a lack of signif-
icant differences in allergenic protein concentration
related to changes in cultivation method, relevant
data are scarce. Prick-to-prick tests revealed that the
majority of organically produced apple cultivars did
not show higher allergenicity in comparison to ones
produced by integrated method. Gene expression
studies (Matthes & Schmitz-Eiberger 2009) showed
that most apple cultivars from integrated production
was characterised with significantly higher Mal d 1
concentrations in comparison to those cultivated ac-
cording to organic production guidelines. A literature
review reveals a lack of similar studies on cherry cul-
tivars. According to the results of the present study,
the choice of cultivation system does not exert any
significant impact.

As with apple Mal d 1, the majority of previ-
ously identified cherry allergens belong to the group
of pathogenesis-related (PR) proteins (Buczytko
2010). Hence, their synthesis may be provoked by
various stress factors in both cultivation systems,
but in different ways. Biotic stress factors such as
fungi, viruses and bacteria may impact PR protein
expression in organic fruits, but these are cancelled
by the pesticide treatment used in integrated produc-
tion. However, it is possible that the pesticides
might themselves stimulate accumulation of PR
proteins. Detailed investigations are needed to as-
sess, which mechanism can induce the activation of
allergenic protein synthesis to a greater degree. In
this study, the type of production, integrated vs. or-
ganic, was not found to significantly impact skin re-
actions due to topical or chronic feeding.

As previously described, exposure to patho-
gens in different cultivation systems may also deter-
mine the content and profile of phenolics com-
pounds in plants. Although several studies report
a higher content of phenolic compounds in organi-
cally produced apples (Weibel et al. 2004; Stracke
et al. 2009) or kiwi (Park et al. 2012; Tarozzi et al.
2004), but did not reveal any differences in phenol-
ics contents between organically and conventionally
produced fruits. The results of the present study in-
dicate that the polyphenols content in the organi-
cally-farmed ‘Sabina’ was 14% and in the ‘Debre-
ceni Botermdo” cultivar was 21% higher than when
integrated production was used. This confirms the
results of previous studies revealing a tendency for
higher phytochemical concentrations in organically
produced fruits, which was explained by higher
phosphorus uptake and limited nitrogen availability,
which provides the necessary energy for the synthe-
sis of phytochemicals (Stracke et al. 2009). How-
ever, it should be mentioned that present study, sim-
ilar to others, was conducted using fruits of only one
harvest. Thereby, the influence of seasonality
should not be excluded as climate variations were
shown to have a great influence on the phytochem-
ical content.

Moreover, the response to any stress factors
might be cultivar dependent. In contrast to other
members of the Rosaceae, very little is known about
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differences in allergenic potential characterising
cherry (Prunus cerasus L) cultivars. Nevertheless,
Primavesi et al. (2006) did not identify any signifi-
cant differences in the allergenic pattern of six vari-
eties of sweet cherry (Prunus avium): ‘Mora di Vi-
gnola’, ‘Durone Nero I di Vignola’, ‘Napoleon’,
‘Rainier’, ‘Adriana’ and ‘Grace Star’. Similarly, the
results of the present study reveal no differences be-
tween two cultivars of P. cerasus, with respect to
skin reactions resulting from topical (GPMT,
Dreborg test) or chronic oral exposure.

This study does have three key limitations. The
first was that the allergenic potential of cherry cul-
tivars was assessed based only on the visual skin
changes, without any further analysis of the pres-
ence of selected allergenic proteins. Secondly, the
fruits used in this and other studies were taken from
only one harvest. The seasonality can exert a strong
influence on the phytochemical content of fruits. Fi-
nally, the prick-test method might not be reproduci-
ble due to such factors, as different pricking position
and depth of needle, the amount of allergen taken up
by the needle, variations of skin reactivity among
subjects or differences between individual fruits from
the same cultivar batch, which was pointed by
Bolhaar et al. (2005).
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