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Monitoring of Patulin Levels in Fruit Juices and Beverages
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ABSTRACT - Patulin, a mycotoxin mainly produced by Penicillium and Aspergillus, is found in various foods.
In the present, a maximum acceptable level for patulin is established at 50 pg/kg(ppb) in apple juices and apple con-
centrates in Korea. But patulin may be detected in foods produced with other fruits. In the present study, patulin con-
tamination was analyzed in 520 samples of fruit juices and beverages, and 50 samples of fruit juice concentrates. High
performance liquid chromatography(HPLC) was applied to quantitatively analyze patulin levels in samples and liquid
chromatography-mass spectrometry(LC/MS/MS) was used to remove false positive results. The results showed that
three samples of 520 fruit juices and beverages and five samples of 50 fruit juice concentrates were contaminated by
patulin, 9.8 - 18.0 pg/kg and 4.7 - 18.2 ug/kg respectively. Contaminated samples were produced with apple, orange
or pear. This indicates that it is necessary to extend the regulatory range of patulin. In the other hands, the present study
confirmed the effectiveness of LC/MS/MS analytical method to remove false positive results.
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HPLCE diode array 73717} $-2¥ Shiseido SI-2 A
2Fe Mg wHZAHOEE Shiseido CI8
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Table 1. HPLC analysis condition
Shiseido, C18 Capcellpak UG-120

Column (4.6 mm x 250 mm, 5 um)
Mobile phase 0.5% THF
Run time 50 min
Flow rate 0.5 mL/min
Injection volume 20 uL

Detector UV(PDA), 276 nm

Table 2. LC/MS/MS analysis conditions

Ionization mode ESI -

Electrospray Negative mode
Source Temperature 550.0 C
Curtain gas 15.00

IS(Ion Spray) voltage -4500.00
Mobile Phase H,O : Acetonitrile = 80 : 20

Flow rate 0.2 mL/min
Capcell Pak C18
Column (Shiseido MG
2.0x150 mm, 5 um)
Injection Volume 10 w!
MRM detection
Dwell
Q1 Mass (amu) Q3 Mass (amu) CXP (msec)
153.2 134.7 -5 150
153.2 125.2 -1 150
153.2 109.2 -5 150
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Fig. 2. Calibration curve generated from peak height and the con-
centration of patulin standards.
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Table 3. Recovery of patulin from fruit juices spiked at 50 ppb
Fruit juices Recovery(%)
apple juice 88.0 £ 3.3
grape juice 92.8 £3.0
orange juice 97.2+1.1
tangerine juice 77.2 £5.4
pear juice 101.2 £ 2.1
water(pH 4.0) 94.6 + 7.1
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Fig. 3. Comparison of analysis using high performance liquid chromatography(HPLC & PDA) and liquid chromatography-mass
spectrometry(LC/MS/MS) a) patulin standard b) the sample contaminated by patulin c) the sample uncontaminated but suspected.
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Table 4. Origins of fruit material used in the production of fruit
juices and beverages

Fruit origin %
Domestic 12,5
Foreign 87.5
USA 34.1
Brazil 14.1

Turkey 8.6

Spain 8.1

China 7.5

Israel 7.3

France 4.4

Taiwan 3.1

Germany 2.9

Australia 2.9

Philippines 2.6

Mexico 2.0

Argentina 1.3

Costa Rica 1.3

Chile 1.1

Nethaland 1.1

Thailand 1.1

Georgia 0.9

India 04

New Zealand 0.2
Columbia 0.2
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Table 5. Occurence of patulin according to fruit types used in the
production of fruit juices and beverages

-Fruit. type* No. of . patulin patulin
in % content
commodities samples occurence (ugkg)
apple 145 279 2 9.8, 18.0
grape 108 20.8 0 -
orange 101 194 1 10.6
pear 39 7.5 0 -
tangerine 37 7.1 0 -
lemon 26 5.0 0 -
pineapple 22 42 0 -
mango 20 3.8 0 -
pomegranate 19 3.7 0 -
peach 15 29 0 -
grapefruit 11 2.1 0 -
stawberry 10 1.9 0 -
Tapanese 10 1.9 0 -
apricot
prune 9 1.7 0 -
raspberry 7 1.3 0 -
banana 7 1.3 0 -
blueberry 6 1.2 0 -
cranberry 5 1.0 0 -
red grape- 4 0.8 0 -
fruit
kiwi 4 0.8 0 -
apricot 4 0.8 0 -
berry 4 0.8 0 -
concord 4 0.8 0 -
plum 4 0.8 0 -
lizhi 3 0.6 0 -
bilberry 3 0.6 0 -
guava 3 0.6 0 -
red grape 2 04 0 -
mandarin 2 0.4 0 -
blackberry 2 04 0 -
citron 2 0.4 0 -
orangejeju 1 0.2 0 -
/
7
3
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Fig. 4. Expiration dates of fruit juices and beverages used for pat-
ulin analysis Samples contaminated with patulin were indicated
by red arrow.
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Fig. 5. Production types of fruit juices and beverages used for
patulin analysis
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Table 6. Occurence of patulin in fruit juice concentrates

patulin content

Fruit type Production date
P (hgke)
apple 2005-10-14 ND'
apple 2005-11-21 ND
apple 2006-01-26 ND
apple 2006-10-23 ND
apple 2006-11-11 ND
apple 2006-12-02 ND
apple 2005-12-01 ND
apple 2006-11-16 ND
apple 2006-12-15 ND
apple 2005-09-26 ND
apple 2005-09-26 ND
apple 2005-11-24 ND
apple 2005-11-24 ND
apple 2006-09-28 ND
apple 2006-09-28 ND
apple 2006-11-28 ND
apple 2006-11-28 ND
pear 2005-11-09 10.5
pear 2005-11-09 9.8
pear 2006-06-14 4.7
pear 2006-06-14 ND
pear 2006-12-20 152
pear 2006-12-20 18.2
apple 2007-05-14 ND
pear 2007-05-14 ND
strawberry 2007-05-17 ND
orange 2007-05-14 ND
grape 2007-05-14 ND
tangerine 2007-05-14 ND
tangerine 2005-11-04 ND
tangerine 2005-11-17 ND
tangerine 2005-11-30 ND
tangerine 2005-12-09 ND
tangerine 2005-12-17 ND
tangerine 2005-12-28 ND
tangerine 2006-01-11 ND
tangerine 2006-01-17 ND
tangerine 2006-01-24 ND
tangerine 2006-11-02 ND
tangerine 2006-11-19 ND
tangerine 2006-11-29 ND
tangerine 2006-12-04 ND
tangerine 2006-12-12 ND
tangerine 2006-12-23 ND
tangerine 2007-01-04 ND
tangerine 2007-01-13 ND
tangerine 2007-01-22 ND
tangerine 2005-12-30 ND
tangerine 2006-12-26 ND
tangerine 2007-02-12 ND

* Not detected
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