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Abstract

This study analyzed 102 samples from 24 local areas to monitor patulin contamination of apples for processing
by the areas. According to the analysis, patulin was detected in 47 samples among totally 92 ones and those of
15 samples from 12 areas were found to be 50 or more ppb so measures to deal with the patulin contamination
were necessary. As ways to reduce residues of patulin, when 200 ppm ascorbic acid were treated with they was
decreased by 93.4% to 12.89 ppb, and when 100 ppm activated carbon was added they were declined by 95.8%
to 2.68 ppb. Treatment with pectinase did not show any significant difference and effects of temperature was not
considerable under established sterilizing conditions(90, 105, 120, 135 and 150C/ 25 sec). In conclusion, treatment
with ascorbic acid and activated carbon on apple juice was found to decrease residues of patulin but more systemic
researches were needed to determine it in the future.
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sulphites, sulphur dioxide} ascorbic acid7} $Ht-%™ #7
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Ascorbic acid &2F &8

Ascorbic acid &2 Hong (7)) el 2ls S74319
t}. A]|EE 5% metaphosphoric acid &2 0 2 °F 5u) F%
843}t 5 2 4-DNP hydrazine Bl2¥ 0 2 S50} 84
S A9 2 mLe] indophenol €& &3} ¥ meatphosphoric
thiourea 80 2 2F3}A]7] T3, dinitrophenylhydrazine &
A 1 mLE 7}3F & 50T water bathol] 1A]7F WX A 7] 2L
85% H80, &4 5 mLE 254 X713 & BRAEAZ
540 nmol|X =733}t
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wol= ke A7 0.2 mLol diethylene glycol 2 mLS
271 T35 3 IN-NaOH 002 mLS F7}ste] &8st ok
37°C water bathol|A] 1A]7F T¢F HFS-A1 7] 3 420 nmol| A]
3332 =7(UV spectrophotometer 1601, Japan)Z =73}
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Table 1. Patulin concentrations on different regions of bruised
apples

Number of

ND"
sample

Region Patulin concentration (ppb)

A 11.83£21.197
8.51£15.281
27.68+20.540
32.85£20.754
20.68+18.654
54.33£33.322
43.57£31.283
23.86+25.738
16.6930.909
11.43£12.394
24.96+15.427
22143828
19.60£33.948
40.7219.474
18.02+13.233
38.15£16.085
14.86123.016
12.6921.985
29615133
13.27£22.979
0.00£0.000
0.00£0.000
0.00£0.000
36.12+41.702

Average 4421
Ninimum 6.59 102
Maximum 94.33
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UND = Not Detected.
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oA patlin®] AEH ™ HdEE 3576 ppb, HATE
523 ppbo 2 YEIGITE 7} AlF frPEE B A5
AF 95% ol’hHe vk, wEAELE I Z bl A
AZH UL HESEFHEF 10%0)VHolAM e =54 =
AA|FoNA AEHJT T3 A F AT - AF 95%
olholl e FLA A EAA patulino] AESFH Ao, &
T 71FA o8k, Mol 4 - ot ol A& patulin®]
AZHA eskeh A=A AlkF2~0] U] g patulin
R AXE JgFoln, o]k 23709 F5 F 56%
7} gHAl 3-8 50 ppbE 2 HSFATIAL B8k 01 (28),
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Fig. 1. Comparison of patulin concentration by different ascorbic
acid, active carbon and pectinase concentration.



U 7HEE

Table 2. Monitoring of patulin concentrations in apple products

Type Origin of apple No. Apple content (%) Patulin concentration (ppb)

99.50 523
40.00 ND"
99.00 364
90.00 279
7387 928
80.96 ND
99.89 578
89.83 ND
87.33 ND
85.42 ND

ND

ND

()

USA

New Zealand

80.00
99.00
99.00 6.83
60.00 ND
56.00 20.77
60.00 30.59
60.00 1447
100.00 ND
100.00 ND
100.00 ND
100.00 ND
ND
ND
ND

Fruit
Juice

France

Korea

Germany
Australia
Turkey
South Africa

99.83
100.00
100.00

Rl - o R = P B~ R = T T o R = PO S T = R = P ST

100.00
100.00
7240
99.90
65.00
47.00
50.00
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Korea
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Fruit Australia
Beverage

[Se]
(=)
(=]
~

Belgium
China

I -

57.00
57.00
47.00
45.00
100.00
53.00
100.00

Korea
Jam

5888888 2358

Turkey

85.00
90.00
85.00
89.00
124.00
100.00
78.00

Germany

Fruit &
vegetable

product USA

Korea
England

I - -

99.50
50.00
49.23
99.95
78.80
85.00
72.10
60.00
50.00

USA

Baby
Food

Turkey

Germany
Hungary

2538855588 338383:%3

® o0 0O a0 o ®

'ND = Not Detected.
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Table 3. Comparison of patulin concentration and quality
characteristics by the different ascorbic acid contents

Ascorbic acid content (ppm)
Blank 50 100 150 200

(Sl'gf};)c"“‘em 13120115 13.140.015 129:0.115 129#0.115  13.00.000

(T;Sa‘ab'e aidity 17:0004 00760011 01620007 0.17:0070 0.17:0.004

pH 4.80£0.047 4.83£0.006 4.81x0.021 4.80+0.015 4.73+0.012

Ascorbic acid

0.7620.059  2.35:0444 5.28+0.381 10.46%0.715 20.201.049
content (mg%)

Total phenol

45.62+0.573 453520722 50.41£3.307 47.97£2.839 52.39+1.842
content (mg%)

Total flavonoid

17.550.740 18.24£0.941 17.3840.813 17.07t1.696 17.01£0.683
content (mg%)
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Table 4. Comparison of patulin concentration and quality
characteristics by the different sterilization temperature conditions

Sterilization temperature (C)
%0 105 120 135 150

Patulin

concenrationt (ppb)
?,“g%f)c"“‘e“‘ 11940115 146:0200  127:0808 14410058  17.1£0306
Yield (%) 031155 67ELISS  S53:057 23057 3502646

1126421275 11743£0530 15508222007 188.90240.830 247.6317.075

Titutzble 0I6:008  019:0008 010017 0180004  019:0000
acidity (%)
o ATRO06 4006 4740000 4000 478:0000
Ascorbic acid
o ) OTOISSOSEOID  260SB L5645 002
Toal phenol - yoecinlsi  SO2ELAT SI0A0T 0W04T 4T40:0645
content (mg¥%)
Total flavonoid

content (me%) 1805t1542 200310468  18.09:0544  1889:0389  22.98:0436




&
T7} 183.35 ppbe] FHES vERd vide] &g Hvt
100 ppm ©]/dol| A patulin <] 2.68 ppb ¢35t LFERY
95.8%°] HAaE&S UEon 1 o]$= Ao Wt
RAH (Fig. 1). ©]9} 22 A3+= FDAA AgtHo =z
583t AHE Thsdtthe e HAFa O H(30),
Leggott 5(31)°] 213t AFH} 15% ol HAhgo] =&
Aoz Yehyth B, A% 9 pHe 48 37kl A9
FEFS A = ZoE Ueiton, 24 vl S
7} = ascorbic acid, & Z ZTfHo|= ko] 7HA

SR JER KT (Table 5).

Table 5. Comparison of patulin concentration and quality
characteristics by the different active carbon contents

Active carbon content (ppm)

Bark % 10 150 0
(Séggfi;)“’m"m 190231 1190306 100153 120:020 12040153
(T%mabk‘ WY 01560013 01560003 016040006 018008  0.156:0003
o 40006 4800006 4800006  AS0:003  479:0006
ﬁggﬁ% L7060 1310655 109650751 L0GH0ST  087:0468
Z{E’Iﬁnﬂ?&) USSHOD T35 BBl ST 410803
ngl‘;‘ingfgg"%‘;“ SOHLOT 167014 154:036  [4SH05H 130420259

Pectinase A2|7} patulin ZHFZF % ZF0| 0O|Xs
k=l

Pectinase 2|7} patulin 7HAe] PX]& FaFs A8
ffste] A F pectinaseS 718 $- patulin FFS tHE
T ALY APolE HolA] F%em, 23]2 pectinase 3
V7t S7ske 43S eI (Fig. 1). ©]= patulin
ZFEo] 73%9 A ES BT Bissessur 5(32)2] A
T A= AoldiAl LERGEO M, o] pectinase®] F=
AxEAGANAM Y HeA7t e Ao E dadn g5,
AE H pHE Ee FRHA Zolg HolA] ¥gkom,
ascorbic acid, ¥|&E T ZEtHo|=9] slake 44 U}
& 100 ppmoll 4] 2.99, 51.20 ¥ 18.11 mg%= 7Hg =
S Yepdlon 1 o2 e ot fHAshe A

YERN AT} (Table 6).
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Table 6. Comparison of patulin concentration and quality
characteristics by the different pectinase contents

Pectinase content (ppm)
Blank 50 100 150 200

Sugar content (‘Brix)  120:0000  120:0000 121#0115 12140115 1210115

Titratable acidity (%) 0.166:0020 0.160:0.006 0.15810.003 0.1660.007 0.164£0.003

oH 4810000 4790000 4700000 4000 4780000
éﬁ;‘%‘)’“ wid oment 000137 160008 2990790 LAH0SH  L7240285
(Trfl';%)ljhe“"l QO 4586:0151 0211472 SL2040778 0990471 49.40:0645
333&?7&?%? 24050 1746055 811148 16210568 154541065

o ok
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B Aol e =) AAE 718 AR patulin 24
EUHHS 93t 247) A 102719] A8 F T35
BAsldek 2 Ad A4 10249 A8 F 4773904 patulin
o] AEHU). Patulin ZHF3F 7HAHRIO 2 ascorbic acid
200 ppm .2 A E]5}51S o 12.89 ppbE 934%7} 71431
om, AL 100 ppm H715FAS W patulin FHFFS
2.68 ppbE 95.8% <] A& UENSITE Pectinase # 2]l
w2 zpole figlem, AgH AdE7(90, 105, 120, 135
2 1507/ 25 seo)ol M= &= YT AA JeptA] ek
o} Al ascorbic acid B A€ X 2] = patulin 7
F A 5= oy &5 AAA A7 LU= A

I
rok

=

1. Hwang, T.Y., Son, S.M., Lee, C.Y. and Moon, K.D.
(2001) Quality changes of fresh-cut packaged Fuji apples
during storage. Korean J. Food Sci. Technol., 33, 469-473

2. Whang, HJ., Kim, S.S. and Yoon, K.R. (2000) Analysis
of organic acid in Korea apple juice by high performance
liquid chromatography. Korean J. Food Nutr., 29,
181-187

3. Choi, Y.H. and Lee, S.J. (2005) A survey on uses,
preference and recognition of apple. Korean J. Food Cul,
204-213

4. Whang, H.J. and Kim, S.S. (1999) Analysis of mineral
in Korean apple juice by inductively coupled plasma.
Korean J. Food Nutr., 12, 344-349

5. Cho, WI, Choi, Y.B.,, and Moon, T.W. (1997)
Determination of patulin in commercial apple juice in



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

U 7HEE

Korea by performance liquid chromatography. Korean
J. Food Sci. Technol., 29, 412-416

. H 98 (1998) Al /\]-JJr F229] patulin¥} carbendazim

S AR =R, Aetisha, A, p.65-68

. Hong, HD., Kim, S.S., Kim, K.T. and Choi, H.D. (2001)

Quality changes of apple juice concentrates with different
storage temperature. Korean J. Soc. Food Sci. Nutr., 14,
28-33

. Harrison, M.A. (1989) Presence and stability of patulin

in apple products. A review. J. Food Safety. 9, 147-152

. Kang, S.J.,, Kang, J.S. and Chung, D.H. (2001) The effects

of mixed culture with Aspergillus flavus, Aspergillus
niger and Penicillium griseofulvum on aflatoxin and
patulin production. J. Food Hyg. Safety. 16, 206-211
Hassan, G. (2001) Introduction to mycotoxins and their
significance to food safety. Food Science Digest. 6-7
Moss, M.O. (1998) Recent studies of mycotoxins. J. Appl.
Microbiol., Symposium Supplement. 84, 62S-76S
Shephard, S.G. and Leggott, L.M. (2000) Chromatographic
determination of the mycotoxin patulin in fruit and fruit
juices. J. Chromatography A., 882, 17-22

Michael R., Florian K., Volker S. and Florian L. (2004)
Absorption of the mycotoxin patulin from the rat stomach.
Food Chem. Toxicol., 42, 729-735

Ellen, C.H. (1997) Patulin: a Mycotoxin in apples.
Perishables handling Quarterly Issue. 91, 5-6
Beuchat, L.R. and Pitt, JI. (2001) Detection and
enumeration of heat-resistant molds. Compendium of
methods for the microbiological examination of foods.
A.O.AC. 21, 217-222

Moss, M.O. and Long, M.T. (2002) Fate of patulin in
the presence of their yeast Saccharomyces cerevisiae.
Food Additives Contaminants, 19, 387-399

Majerus, P. and Kapp, K. (2002) Assessment of dietary
intake of Patulin by the population of EU Member States.
Reports on tasks for scientific cooperation: Directorate-
General Health and Consumer Protection.

Sweeney, M.J. and Dobxon, D.D. (1998) Mycotoxin
production by Aspergillus. Fusarium and Penicillium
species. J. Food Microbiol., 43, 141-158

Mitchell, J. and Wong, T. (2003) Food safety current
FW0349,
Prepared as part of a NZFSA contract for scientific

awareness(Microbiology and Chemistry).

services.
Maximum level for patulin in apple juice and apple juice
ingredients and other beverages. Codex Stan. 235, 2003

Akt 8L A1 EA 2] Patulin 3

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

2UEE 555

Draft maximum level for patulin. European community
position paper for the codex committee on food additives
and contaminants. Beijing, People’s republic of China.
2000

Seifarth, K. (2005) France food and agricultural import
regulations and standards annual report. FR5053, USDA
foreign agricultural service gain report.

On the prevention and reduction of patulin contamination
in apple juice and apple juice ingredients in other
beverages. C 286., Offical Journal of the European Union.
2003

Leggott, N.L., Shephard, G.S., Stockenstrém, S., Staal,
E., and Schalkwyk, D.J. (2001) The reduction of patulin
in apple juice by three different types of activated carbon.
Food Additives Contaminants. 18, 825-829

Kim, M.C., Kwon, K.C., Kim, M.H., Jeong, S.Y., Park,
SK., Lee, Y.D., Jang, G. H. and Nam, T.H. (2001) A
survey of the natural occurrence of mycotoxins in foods
(1) - A study on patulin in the processed foods such
as apple juice products. The Annual Report of KFDA.
5, 493

F=2FET A3, (2005)
A, AE, 416417
Amerine, M.A and Ough, C.S. (1980) Methods for
analysis of musts and win. John Wiley & Sons, New
York, USA, p.176-180.

Cheraghali, A.M., Nohammadi, H.R., Amirahmadi, M
Yazdanpanah, H., Abouhossain, G., Zamanian, F.,
Khansari, M.G., and Afshar, M. (2003) Incidence of
patulin contamination in apple juice produced in Iran.
Food Control. 16, 165-167

Leggott, M.L. and Shepjard, G.S. (2000) Patulin in south
African commerial apple products. Food Control. 12,
73-76

Activated Carbon processing. (2002) National organic

AFTA. AT FFAA

standards board technical advisory panel review compiled
by OMRI for the USDA. National Organic Program. 1-23
Leggott, N.L., Shephard, G.S., Stockenstrém, S., Staal,
E., and Schalkwyk, D.J. (2001) The Reduction of patulin
in apple juice by three different types of activated carbon.
Food Additives and Contaminants. 18, 825-829
Bissessur J., Permaul K. and Odhav B. (2001) Reduction
of patulin during apple juice clarification. J. Food
Protection., 64, 1216-1219

(A4 20083 59 19, A" 2008 8¥ 1Y)



