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ABSTRACT

Patulin [4-hydroxy-4H-furo (3,2c) pyran-2(6H)-one] is
a mycotoxin produced by several species of molds (Penicillium, Aspergillus, and Byssochlamus). Penicillium expansum is the most common mold-producing patulin in apples,
pears, grapes, peaches, apricots, and cherries. Penicillium
patulum (20), Aspergillus clavatus, and Aspergillus giganteus are also known to produce patulin (13). Patulin was
 rst synthesized by Woodward and Singh (32), biosynthesized by Tanenbaum and Bassett (28), and isolated by Suzuki et al. (26). Scott et al. (23)  rst reported the occurrence
of patulin in apple juices. Patulin contamination is primarily
associated with areas of rotten tissue (29). However, levels
of patulin in fruit products can be reduced by removing
rotten tissue from the fruit. Optimum conditions for patulin
production are a temperature of 258C and a pH of 3 to 6.5
(8). Synonyms for patulin appearing in the literature are
clavacin, clavatin, claviformin, expansin, gigantic acid, leucopin, mycoin c, penicidin, and tercinin (1). Patulin is highly toxic to animals, and the median lethal dose by oral
administration to mice is 35 mg/kg (4). Dickens and Jones
(6) found that patulin caused tumors in rats when given by
subcutaneous injection. Patulin has also been implicated in
teratogen (5). Although no data are available about the toxicity of patulin in humans, some governments such as those
in Switzerland, Sweden, Belgium, Russian Federation, and
Norway have established a maximum permitted concentration of 50 g/liter in apple juices (1). Many countries regulate patulin in juices at levels ranging from 20 to 50 g/
liter. The Joint Food and Agriculture Organization/World
Health Organization Expert Committee on Food Additives
* Author for correspondence. Tel: 190 (0) 216-418 81 90; Fax: 190 (0)
216-345 29 52.

established a provisional maximum tolerable daily intake
for patulin of 0.4 g/kg of body weight/d (29).
Many different methods have been used for the estimation of patulin based on thin-layer chromatography
(TLC) (9, 14, 23), gas liquid chromatography (9, 23), gas
chromatography/mass spectrometry (16, 21), high-performance liquid chromatography (HPLC) (1, 7, 14, 17–19,
29), and the polarographic (31), dansitometric (24), and colorimetric methods (25). The purpose of this investigation
was to determine the patulin contamination of apple juices
in Turkey, especially the ready-to-drink products on the
shelves for the consumer. The chromatographic methods
used in the analysis were HPLC and TLC. The HPLC method with a UV detector at 280 nm used in this study was
modi ed from Moller and Josefsson (17). The samples
were collected from local markets in Istanbul and originated
from different parts of Turkey.
MATERIALS AND METHODS
Chemicals. A patulin standard was obtained from Sigma
Chemical Co., St. Louis, Mo. (P-1639). Chemicals were Merck
products. All solvents used were HPLC grade. High-purity water
obtained through a Milli Q-RG water puri cation system (Millipore, Bedford, Mass.) was used in all procedures.
Preparation of stock standard solutions. To prepare a stock
standard solution at the concentration of 200 g/ml, patulin was
dissolved in chloroform. A 500- l volume of this solution was
transferred to a 10-ml volumetric  ask and evaporated just to dryness under a stream of nitrogen at room temperature. The residue
was immediately dissolved in water/acetonitrile (1/1, vol/vol).
Working standard solutions were prepared by appropriate dilution
of this solution with water/acetonitrile (1/1, vol/vol) (1 or 5 ng
patulin/ l). The stock standard solution was stored in the freezer
at 2208C, and the working solutions kept at 2 to 58C were stable.
Working standard solutions were prepared weekly.

Downloaded from http://meridian.allenpress.com/doi/pdf/10.4315/0362-028X-64.11.1851 by guest on 05 December 2021

The purpose of this study was to investigate the patulin contamination of apple juices consumed by the Turkish population.
Patulin was detected using high-performance liquid chromatography (HPLC) with a UV detector at 280 nm, and the identi cation of patulin was further con rmed by thin-layer chromatography (TLC). Using HPLC, the recoveries were 79.9 6 6.7%
and 83.7 6 4.6%, and the coef cients of variation were 8.4 and 5.5% for apple juices spiked with the known amounts of
patulin (60 and 120 g/liter, respectively). The minimum patulin level detected was 5 ng in a standard solution and 5 g/liter
in apple juices. The TLC method was used only to con rm patulin levels higher than 20 g/liter (100 ng/spot) in apple juices.
The total number of samples was 45. Patulin was present in detectable levels in 60% of apple juices at concentrations ranging
from 19.1 to 732.8 g/liter. Forty-four percent of the apple juice samples had patulin contamination levels higher than 50 g/
liter, which is the allowable upper limit in Turkey.
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Extraction procedure. Samples (5 ml) were extracted two
times with ethylacetate (10 ml) by shaking vigorously for 1 min.
Organic phases were combined and cleaned up by extraction with
2 ml of 1.5% sodium carbonate by shaking for 1 min. The aqueous
phase was separated and immediately extracted with 5 ml ethylacetate by shaking vigorously for 1 min. The combined organic
solutions were dried over 3 g of anhydrous sodium sulphate and
 ltered. Then, the extract was evaporated just to dryness in a water
bath at 408C under a gentle stream of nitrogen (3, 17). The residue
was dissolved in 150 l of water/acetonitrile (1/1, vol/vol). Ten
microliters and/or 50 l was injected into the HPLC apparatus.
Samples were prepared and analyzed in triplicate. The  nal solutions were stored in a freezer at 2208C if liquid chromatogram
analysis was delayed.

Operating conditions. Mobile phase was 0.02 M ammonium
acetate/acetonitrile (9/1, vol/vol) (pH 6.9),  ow rate was 1.1 ml/
min, chart speed was 0.25 cm/min, and column temperature was
ambient. The determination of patulin was performed at 280 nm
by the external standard method. The mobile phase was  ltered
through a Millex HV Millipore (0.45 m) and degassed by an inline degasser (Waters). The standard curves of patulin were linear
in the concentration ranges of 5, 10, 20, 25, 50, and 100 ng. The
linear regression line for patulin was found to be y 5 6.9373x 2
0.2878 (r2 5 0.9994). The standard curve was prepared by plotting peak area versus concentration of patulin working standard
solutions. The retention time of patulin was 8.83 6 0.014 min,
with a relative standard deviation of 0.162%, indicating reproducible results.

RESULTS AND DISCUSSION
In this study, 45 apple juice samples provided from
Istanbul markets were studied, and patulin was detected in
60% of them. Patulin was detected in 27 samples at an
average contamination level of 139.9 6 114.6 g/liter (19.1
to 732.8 g/liter). According to our  ndings, patulin content was higher than 50 g/liter in 44% of the apple juice
samples. The detection limits of patulin for the HPLC and
TLC methods were 5 and 100 ng/spot, respectively. The
HPLC method detection limit was about 5 g/liter. Our
detector could discern 5 ng of patulin with a signal/noise
ratio of 3/1. Apple juices were spiked with 60 and 120 g/
liter; percentage recoveries of patulin were 79.9 6 6.7%
and 83.7 6 4.6%, respectively, and coef cients of variation
were 8.4 and 5.5%, respectively. Five replicates were analyzed for each spiked level, and the recovery results were
expressed as the mean of them. Con rmation was performed by TLC, according to the method prescribed by
Fujimoto et al. (9). The Rf value of the patulin was 0.25.
The limit of determination was approximately 20 g/liter
(100 ng/spot) in apple juices for TLC.
Although the separation procedure of patulin and 5hydroxymethylfurfural was, in general, achieved by using

FIGURE 1. Liquid chromatogram of (a) a standard solution (25
ng) and (b) naturally contaminated apple juice (76.2 g/liter).

water (17), water/tetrahydrofuran (99/1) (19), and water/
acetic acid (98/2) (1), in this study, we used 0.02 M ammonium acetate/acetonitrile (9/1, vol/vol). A typical chromatogram for the apple juices naturally containing patulin
is shown in Figure 1. The selected mobile phase and the
HPLC column were capable of yielding the maximum separation of patulin from interfering substances in apple juices. Patulin is as stable to heat in acidic medium as in apple
juices; therefore, noticeable amounts of patulin remained in
juices after processing (12). Because Scott and Kennedy
(22) had reported that patulin was unstable if it remained
as a thin  lm at the end of an evaporation, the residue was
immediately dissolved in 150 l of water/acetonitrile (1/1,
vol/vol) after evaporation of the eluates in order to avoid
low recoveries in this study. The patulin levels obtained by
HPLC in commercial apple juices purchased in Turkey are
given in (Table 1).
In Washington, D.C., patulin was detected in concentrations ranging from 44 to 309 g/liter in 8 out of 13 apple
juices (30). Patulin levels between 10 to 350 g/liter were
found in 23% of 40 apple juice samples in Wisconsin (2).
In 26% of commercial apple juices (with an average of 15
g/liter) and in 31% of homemade apple juices (up to 1
ppm), patulin was detected (15). In Brazil, 111 samples of
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Apparatus. HPLC (Waters Corp., Milford, Mass.) was a
combination of a model 600 pump multisolvent delivery system
with a model 481 variable-wavelength UV detector. The injector
was a Rheodyne (Canada) 7725 sample injector with a 200- l
accessory. A reverse-phase Kromasil 100-5 C18, 250- by 4.6-mm
I.D. column (catalog no. KR100-5 C18—250A, Hichrom), protected by a guard column  lled with the same material, was used.
The data station was a Unicam 4880 Chromatography Data Handling System (Unicam Ltd., UK).
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TABLE 1. Patulin levels by HPLC in commercial apple juices
obtained from Turkey (samples obtained in 1998–2000)

a

Patulin
level
( g/liter)

No.
positive
samplesa

,50
50–500
500

7
19
1

%

Range (avg.
of positives),
( g/liter)

Average
( g/liter),
standard deviation

16
42
2

19.1–47.3
60.2–403.3
732.8

36.4 6 10.8
146.9 6 115.5
732.8

Total number of samples was 45.
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processed fruit juices (such as apple and grape) were analyzed for patulin by HPLC, and 3.33% were found positive
at 17 g/liter (27). In Turkey in 1993, patulin was detected
in 95% of 20 commercial apple juice samples from local
markets in Ankara, and only two of them contained patulin
at levels higher than 50 g/liter (10). From 1996 to 1997,
the same researchers reported that the 50- g/liter patulin
contamination level was exceeded in 43.5% of 215 samples
(11). These results seem very similar to our  ndings, but it
is noteworthy that their samples were apple juice concentrates. Noting that the limit for juices set by the World
Health Organization is 50 g/liter, the incidence of patulin
detection in apple juices in Turkey is rather high. The level
and incidence of patulin found in apple juice samples in
Turkey were higher than those reported in other countries.
This study indicates that mycotoxin is a potential contaminant of apple juices under the conditions of our country.
Therefore, adequate attention must be given to the production and control phases of apple juices as well as to the
most susceptible foods and food products.
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