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 hydroxycinnamic acid derivatives

 dihydrochalcone glycosides

 flavanols

 flavonol glycosides

 anthocyanins

• TPC is 2–4 times higher in the peel than in the flesh

• Significant differences in TPC content and profile between varieties

• Higher TPC content in traditional varieties compared to commercial breeds, ex-

ceptions are Berlepsch, Ingrid Marie and Boskoop

• Average bioaccessibility from the peel is lower than from the flesh

• Bioaccessibility differs between the different PP groups present in apples

• Low bioaccessibility of flavanols from Bohnapfel, Gala and Jonagold from the flesh

cannot be explained so far
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Bioaccessibility of PP groups

anthocyanins Ø 60±21% (range: 33–112%)

hydroxycinnamic acid derivatives Ø 85±11% (range: 64–108%)

dihydrocalcone glycosides Ø 56±6% (range: 45–72%)

flavanols Ø 51±8% (range: 33–62%)

flavonol glycosides Ø 32±5% (range: 24–40%)

Ø total phenolic content Ø 49±6% (range: 41–64%)

Bioaccessibility of PP groups

hydroxycinnamic acid derivatives Ø 81±16% (range: 38–100%)

dihydrocalcone glycosides Ø 81±10% (range: 55–95%)

flavanols Ø 59±17% (range: 25–80%)

Ø total phenolic content Ø 70±14% (range: 40–86%)
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Polyphenol (PP) rich traditional apple varieties are better tolerated by people suffering from an allergy against Mal d 1 than commercial breeds, which tend to have a lower total phenolic content

(TPC).1 Therefore a correlation between TPC and the allergenic potential of an apple variety is hypothesized. Since Mal d 1 is proteolytically labile2 and symptoms are restricted to the mouth and

throat area, only PP bioaccessible during the oral digestion may contribute to the reduction of the allergenic potential.

Therefore, the release of PP from apple flesh and peel using simulated saliva fluid (SSF)3, centrifuged (cent) and non-centrifuged (non.cent) saliva was investigated. A bioaccessibility of 70±14%

and 49±6% from flesh and peel was determined, respectively. Surprisingly no effect of the digestion fluid used was observed. The results of the bioaccessibility studies or TPC were correlated with

the Mal d 1 content and the allergenic potential of the apple varieties investigated and no effect of monomeric PP on variety dependent allergenic potential was obvious.

• Bioaccessibility of procyanidins

decreases with increasing

number of monomer units

• No differences in results among

tested saliva fluids

 Exchange of saliva by SSF

without loss of information in

the future possible

• No correlation between allergic

potential, Mal d 1 content and

monomeric phenolic content

• According PCA Mal.d.1 content

and profile are the main factors

affecting allergenic potential

• Effect of browning products is of

interest in future research
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polyphenols 
in apples

Chlorogenic Acid

phenolic acids & derivatives

Quercetin-glucoside

flavanol glycosides

Cyanidin-glucoside

anthocyanins

Phlorezin

dihydrocalcones

Procyanidin B2 / Epicatechin

flavanols (Oligo-& Monomers)
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Release of procyanidins from peel6
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PP release in saliva and SSF samples
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contradicting allergenic 

potential reported

no allergenicity data 

available

Mal d 1, TPC and allergenic potential5

in the flesh

Mal d 1, bioaccessible PP and allergenic 

potential5 in the flesh

PCA, using isoallergene and PP content

1.01;1.02;1.03;1.06 main isoallergens of Mal d 1

B
o
s
k
o

o
p

J
o

n
a

g
o

ld

S
a
n

ta
n

a

E
ls

ta
r

G
a

la

G
o

ld
e

n
  

D
e
lic

io
u

s

G
ra

n
n

y
 S

m
it
h

B
ra

e
b

u
rn

F
u

ji

H
o
ls

te
in

 C
o
x

commercial traditional

B
o
s
k
o

o
p

A
lt
lä

n
d
e

r
P

fa
n
n
-

k
u

c
h
e

n
a

p
fe

l

B
e
rl
e
p

s
c
h
/ 

G
o

ld
re

n
e

tt
e

In
g
ri
d
 M

a
ri
e

O
n

ta
ri
o

B
re

tt
a

c
h
e

r

K
a
is

e
r 

W
ilh

e
lm

G
o

ld
p

a
rm

ä
n
e

B
o
h

n
a

p
fe

l

traditional
G

e
w

ü
rz

lu
ik

e
n
commercial

flesh peel flesh peel flesh peel felsh peel flesh peel

P1 cent P1 non.cent P2 cent P2 non.cent SSF

0

50

100

re
le

a
s
e

 o
f 

p
o

ly
p

h
e

n
o

ls
 [

%
]

Release of procyanidins from flesh6
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Method 2nd extraction

+ filtration

add to 2 mL

(0.01% HCl)

1:5 dilution

(MeOH)

1,5 h, RT
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addition of

SSF (2)/ saliva

37 °C

2 min, 37°C

Centrifugation + 

filtration + 1:5 

dilution (MeOH)

Characterization via

HPLC-UV-MS/MS

Quantification via

HPLC-DAD

(1) Extraction fluid: MeOH/0,1% HCl (80/20 v/v), (2) Simulated saliva fluid (SSF)3: 15,1 mM KCl; 3,7 mM KH2PO4;

3,6 mM NaHCO3; 0,15 mM MgCl x 6 H2O; 0,06 mM (NH4)2CO3; 1,5 mM CaCl2

4°C

O2

Introduction

Mal d 1

Bet v 1

• 70% of all patients suffering from birch pollenosis develop a cross

allergy against apple4

 Reason: structural homology of Mal d 1 to Bet v 1 allergen in birch

• Symptoms are usually mild and localized to mouth and throat area

• Variety dependent allergenic potential is reported 1;5

• Effect of PPs on allergenic potential is proposed,1 however only

bioaccessible PP in the oral phase might interact with allergen

 Objective: Determination of the bioaccessibility of PP in 20
varieties and correlation with the Mal d 1 content and tolerability

Results

MeOH: methanolic extraction

oral P.: simulation of oral phase
MeOH: methanolic extraction

oral P.: simulation of oral phase


