
IN TRO DUC TION
Patulin, chemically named as (4- hydroxy-4H-furo[3,2

-c]pyran-2(6H)-one), is a micotoxin biosythesized by
certain genus of fungi classified to the Penicillium,
Aspergillus, Byssochlamys and Paecilomyces species (see 
Table 1) which growing on a fruits as a brown rot [2].
Patulin was recognized as compound indicating a neuro-,
immuno- and genotoxic action and probably can be car -
cinogenic [11]. Patulin has been found in apples, apple
juices and tinned apples, tomatoes, apricots, cherries,
blackcurrants, quinces and blue cheeses [9,3].

In the EU coun tries the maxi mum ac cept able con cen -
tra tion of patu lin in ap ple prod ucts should not be greater
than 50 μg/kg, but in ap ple prod ucts for young chil dren –
be low 10 μg/kg [2]. Fruits with brown rot do not pres ent
di rect dan ger to peo ple be cause their eat ing is usu ally
avoided. Un for tu nately, such dam aged fruits are used in
some in stances to pro duce juices and tinned fruits [9].

Most com mon prob lem dur ing patu lin analy sis in ap ple
juices is phe nome non of its co ex trac tion with quer cetin
(ab bre vi ated as Q), ascor bic acid (A) and 5- hydroxy-
methylfurfural (H) as  the com mon natu ral com po nents of
these prod ucts. 

Ta ble 1. Oc cur rence of spe cific spe cies of fungi pro duc ing
patu lin.
No Genus Species Ref.

1 Penicillium

P. expansum, P. carneum, P. clavigerum, 
P. concentricum, P. coprobium, P. dipodo- 
myicola, P. clandicola, P. roqueforti, 
P. sclerotigenum, P. vulpinum, P. cyclopium, 
P. chrysogenum, P. cyaneo-falvum, 
P. brevicompactum, P. crustosum, 
P. olsonii, P. griseofulvum

[2,11,14]

2 Aspergillus A. clavatus, A. giganteus, A. terreus [2]
3 Byssochlamys B. fulva, B. nivea [2]
4 Paecilomyces P. variotii [2]

Patulin is still often determined by using the standard
thin-layer chromatography (TLC) method. Scott and
Kennedy [8] determined patulin, as metabolite of Penicillium
expansum, in apples with TLC system using the wide pore 
and high particle size silica gel deposited (layer 0.25-0.30
mm thick) on the glass plates [8]. Recently this method
has been modified by Elhariry et al. [2] by using the
Whatman TLC aluminum-backed Kieselgel 60 plates and
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toluene-ethyl acetate-formic acid (25:20:5, v/v/v) as the
mobile phase. Martins et al. [6] determined traces of
patulin in seven varietes of apples with use of the silica gel 
based SIL G-25 HR TLC plates from Macherey Nagel
[13]. The highest concentration of this mycotoxin (80.5
mg/kg) was identified with this approach in the Richared
variety of apples [2]. Welke et al. [14] used analogous
TLC method to isolate patulin produced by range of
Penicillium expansum and Penicillium griseofulvum
strains from apples during storage. The purpose of our
study was to optimize separation conditions of listed
above compounds with use of the nano-HPTLC method.
The nano-HPTLC systems using identical polar-acidic
mobile phase but the three various commercial stationary
phases in form of glass plates covered with layers of the
low particle size, irregular, unmodified, non-wettable
silica gel as the stationary phase have been compared in
this study.

MATERIALS AND METHODS
Chemi cals. Patu lin (≥ 98%), quer cetin di hy drate (≥ 98%)

were pur chased from Sigma Ald rich (Poznań, Po land)
and 5- hydroxymethylfurfural (≥ 98%), L(+)-asco rbic acid 
(ex tra pure) were ob tained from POCh (Gli wice, Po land).
Stan dard so lu tions of patu lin, quer cetin, 5- hydroxymethyl-  
furfural and ascor bic acid were pre pared in the HPLC
grade metha nol (POCh) to ob tain a fi nal con cen tra tion of
300 μg/mL (patu lin – 50 μg/mL). The com po nents of mo -
bile phase: tolu ene, ethyl ace tate and for mic acid (98%,
ex tra pure) were from POCh. The 3- methyl- ben zothia-
zolinone hydrazone hy dro chlo ride hy drate (MBTH) used
as visu al iz ing rea gents was pur chased from Sigma Ald -

rich and pre pared at a con cen tra tion of 0.5% by dis solv ing 
in the freshly deion ized wa ter. All these so lu tions were
stored in the temp. of  4°C. Deion ized wa ter (0.06 μS/cm)
used for analy sis was ob tained from the HLP Smart 2000
pu ri fi ca tion sys tem (Hy dro lab, Gdańsk, Po land).

TLC analy sis. Nano- HPTLC were per formed on the 10 
× 10 cm sil ica gel 60 coated glass plates: 1) Nano Ada mant 
(NA) – cat. no. 821140, 2) Nano- SIL- 20 (NSIL) – cat. no.
811012 and 3) Nano- Durasil- 20 (ND) – cat. no. 812010
(Macherey Nagel, Duren, Ger many). These plates pos -
sessed 0.2 mm ir regu lar, un modi fied, nano- silica gel
lay ers of par ti cles size 2-10 μm, mean pore size 60 C and
spe cific pore vol ume 0.75 mL/g. Ac cord ing to the pro -
ducer data these types of the nano- HPTLC plates dif fered
only by the type of poly meric ma te rial which bind ing sil ica
gel layer with glass sup port plate [13]. Chro ma tograms
were de veloped to the dis tance 8.0 cm in the hori zon tal
teflon- glass cham bers DS-II (Chrom des, Lublin, Po land)

in the tem pera ture of 20°C with toluene- ethyl acetate-
 formic acid (25:20:5, v/v/v) as the mo bile phase. On the
sam ple ap pli ca tion po si tion (1.0 cm from the bot tom edge
of the HPTLC plate) they were  put on 1.0 μL pre pared
ear lier stan dard so lu tions (patu lin – 50 ng/spot, quer cetin,
5- hydroxymethylfurfural and ascor bic acid – 300 ng/spot) 
with use of Ham il ton type 701 (Bon aduz, Swit zer land)
mi cro sy ringe. Af ter de vel op ment of chro ma tograms to
the dis tance of 8.0 cm, the HPLTC plates were sprayed
with freshly pre pared aque ous 0.5% so lu tion of MBTH.
Af ter spray ing, the HPTLC plates were dried in air by
5 min and next heated for 30 min utes at 100°C. Next, the
HPTLC plates were scanned with use of the HP Laser Jet
3055 (Hewlett- Packard, Po land) 600 dpi flat bed scan ner
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Ta ble 2. Typi cal scans and pho tos of the nano- HPLTC plates with sepa ra tion ef fects of ascor bic acid (A),  5- hydroxymethylfurfural
(H), patu lin (P) and quer cetin (Q). PI – photo af ter 30 min, PII – photo af ter 2 hours , PIII – photo af ter 10 months of stor age.

nano-HPTLC system
NanoAdamant Nano-SIL-20 Nano-Durasil-20

Scans

PI

PII

PIII



in the visi ble light. The ob tained digi tal im ages of chro -
ma tograms were ana lyzed den si tomet ri cally with use of
the ScionImage v. 4.0.2. for Win dows soft ware [12].

RESULTS AND DISCUSSION
In Ta ble 2, the typi cal view of the ob tained chro ma -

tograms and their scans in the each stud ied nano- HPTLC
sys tem has been shown. The time of chro ma togram de vel -
op ment was the long est (37 min) on the Nano- SIL- 20
(coded as NSIL) plates, but the lit tle shorter (22 min) on
the Nano- Durasil- 20 (coded as ND) plates as com pared to
the Nano Ada mant (coded as NA) plates where it was
equal to 25 min. The mean val ues of char ac ter is tic data
(zone col our, di men sion and sym me try Φ) for these chro -
ma tograms (n = 3 each) have been sum ma rized in Ta ble 3. 
Den si tomet ric analy sis of the HPTLC chro ma tograms
gives ob jec tive pos si bil ity to cal cu late re ten tion pa rame -
ters of each ana lyte with bet ter pre ci sion [7]. For each
ana lyzed com pound, the high est zone sym me try Φ was
ob served on the Nano- SIL- 20 plates. Sin gle zones of
ascor bic acid (A) and 5- hydroxymethylfurfural (H) was
sym met ri cal and oval (Φ = 1), but the spots of patu lin and
quer cetin were oval in hori zon tal di rec tion (Φ< 1) [4]. 

Next, the set of pa rame ters char ac ter iz ing re ten tion (re -
ten tion fac tor Rf, re tar da tion fac tor Rm, ca pac ity fac tor k’)
and sepa ra tion ef fi ciency (number of theo reti cal plates N,
height equiva lent of theo reti cal plate Ha, dif fer ence in re -
ten tion fac tor ΔRf, reso lu tion Rs, se lec tiv ity fac tor α) were 
cal cu lated for the each ana lyte in stud ied nano- HPTLC
sys tem [1,4,5,7] and sum ma rized in Ta ble 4 and 5. The Rf

val ues were cal cu lated us ing equa tion Rf  = a/b, where a is
mi gra tion dis tance of the cen ter of ana lyte zone from the
sam ple ap pli ca tion po si tion on the HPTLC plate (mm)

and b is mi gra tion dis tance of the mo bile phase front up to
8.0 cm from the sam ple ap pli ca tion po si tion. The ob -
served Rf val ues of patu lin were as fol lows: 0.500, 0.566
and 0.480 on the NA, NSIL and ND plates, re spec tively
(see Ta ble 4). In stud ied HPTLC sys tems the highly ion -
ized ascor bic acid (A) was ad sorbed stronger (see Ta ble
3,4,5) fol lowed by 5- hydroxymethylfurfural (H), patu lin
(P) and quer cetin (Q). This fact was con firmed by the
high est Rm val ues for ascor bic acid, i.e. 1.28, 0.91, 1.28 on 
the NA, NSIL and ND plates, re spec tively. The zones for
the criti cal pair of ana lytes as patu lin (P) and quer cetin (Q) 
were over lapped (no sepa ra tion) in case of the plates
Nano Ada mant (Rf  Q-P = 0.51/0.50 and ΔRf  P-Q = 0.01) and
Nano- Durasil- 20 (Rf Q-P = 0.48/0.48 and ΔRf P-Q = 0.00).
This ef fects give a false posi tive re sults dur ing quali ta tive
and quan ti ta tive de ter mi na tion of patu lin by cur rently ap -
plied TLC or HPTLC meth ods [2,6,8,14] af ter its
pre limi nary iso la tion with use of the solid- phase ex trac -
tion (SPE) step from the vari ous ap ple juice sam ples [11]. 

The re sults in Ta ble 5 showed that each of stud ied
nano- HPTLC sys tem would be use ful for good sepa ra tion
of patu lin (P) from 5- hydroxymethylfurfural (H) and
ascor bic acid (A). As in di cat ing the val ues of cal cu lated
se lec tiv ity fac tor α (Ta ble 5) in case of the Nano- SIL- 20
plates a sharp sepa ra tion of patu lin (P) from quer cetin (Q)
(α = 1.13) and patu lin (P) from 5- hydroxymethylfurfural
(H) (α = 1.17) have been ob served. The de sired sepa ra tion 
of patu lin (P) from quer cetin (Q) was only achieved on the 
Nano- SIL- 20 plate where ΔRf P-Q pa rame ter was equal to
0.07. Thus, us ing the Nano- SIL- 20 plates the most pre cise 
and ac cu rate sepa ra tion of patu lin (P) from quer cetin (Q)
could be ob tained. On the Nano- SIL- 20 plates Rf value for 
ascor bic acid (A) was the high est (0.11) as com pared to
other stud ied here HPTLC plates (0.05). In case of NA
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Ta ble 3. Char ac ter is tic data (n = 3) of  ana lytes zones on each stud ied nano- HPTLC sys tem for ascor bic acid (A),  5- hydroxymethyl-
furfural (H), patu lin (P) and quer cetin (Q)

HPTLC Parameter
Compound 

A H P Q
NA

NSIL
ND

Color of the spot in
visible light orange green yellow yellow

NA
NSIL
ND

dimension
[width × height]

(mm)

2.0 × 2.0
3.0 × 3.0
3.0 × 3.0

4.0 × 4.0
5.0 × 5.0
4.0 × 4.0

4.0 × 2.0
4.0 × 3.0
4.0 × 1.0

3.0 × 1.0
4.0 × 2.0
1.5 × 1.0

NA
NSIL
ND

    Φ = d1 / d2

1.00
1.00
1.00

1.00
1.00
1.00

0.50
0.75
0.25

0.33
0.50
0.67

d1 – height and d2 – width of each com pound zone (mm) on the HPTLC plate

Ta ble 4. Re ten tion pa rame ters (n = 3) of ascor bic acid (A), 5- hydroxymethylfurfural (H), patu lin (P) and quer cetin (Q) on dif fer ent
HPTLC plates: Nano Ada mant (NA), Nano- SIL- 20 (NSIL) and Nano- Durasil- 20 (ND)

HPTLC Parameter
Compound

Parameter
Compound

A H P Q A H P Q
NA

NSIL
ND

Rf = a / b
0.05
0.11
0.05

0.43
0.48
0.44

0.50
0.56
0.48

0.51
0.63
0.48

N=[16 × l× z] / w2
1280
1565
569  

3120
1997
2880

3360
3760
3200

6116  
4160  
23324

NA
NSIL
ND

Rm= logk’
1.28
0.91
1.28

0.12
0.03
0.10

0.00
-0.10
0.03

-0.02  
-0.23  
0.03

Ha=[(0,25 × w)2] / z
0.06
0.05
0.10

0.03
0.04
0.03

0.02
0.02
0.02

0.01  
0.01  
0.003



and ND sys tems, the low Rf value was a con se quence of
the in creased ad sorp tion of ion ized ascor bic acid on the
sam ple ap pli ca tion po si tion. As seen from Ta ble 5, the
best se lec tiv ity of each pair of ana lyzed com pounds was
ob served on the Nano- SIL- 20 plate. Graphi cal re la tion
be tween changes in the cal cu lated Rf val ues of stud ied
ana lytes and type of ap plied here nano- HPTLC sys tem in
the same mo bile phase were shown in Fig ure 1.

As is seen in Ta ble 5, for the most pairs of stud ied com -
pounds the reso lu tion Rs val ues were higher then 1.5 which
means that com plete sepa ra tions were ob tained [7]. Ex -
cep tion to this rule  were noted  the two criti cal pairs of
com pounds: 1) patu lin (P)/quer cetin (Q): Rs P-Q = 0.80 (in
the NA sys tem), Rs P-Q = 1.43 (in the NSIL sys tem) and Rs

P-Q = 0.50 (in the ND sys tem) and 2) 5- hydroxymethyl-
furfural (H)/quer cetin (Q): Rs H-P = 0.88 in the ND sys tem.
Val ues of Rs show that in the case of criti cal pair of com -
pounds patu lin (P)/quer cetin (Q) the change of ap plied
nano- HPTLC plate en abled the highly im proved sepa ra -
tion of those com pounds. Se lec tiv ity fac tor α was the
high est for the pair of quer cetin (Q) and asor bic acid (A):
α = 10.00 (NA sys tem); α = 5.09 (NSIL sys tem) and α =
9.60 (ND sys tem) be cause, in given polar- acidic mo bile
phase, the spe cific ad sorp tion of the mostly ion ized ascor -
bic acid mole cules on the sur face hy droxyl groups pres ent 
in the sur face layer of ap plied here sil ica gel  type HPTLC
plates, was the high est as com pared to quer cetin. 

The re sults of our study sug gest that in case of the
Nano- SIL- 20 plate de creased mo bil ity and en hanced in -

ter ac tions of the mo bile phase com po nents with ana lyzed
here com pounds in the chro ma tographic sys tem could
lead to the high est ob served de vel op ment time and in -
creased Rf val ues (Ta ble 4), as well as  to in creased
di men sion of the each ana lyte spot in com pari son to the
other stud ied here nano- HPTLC plates (see Ta ble 3 and
4). All of the  pa rame ters of the sil ica gel lay ers in ap plied
here three HPTLC sys tems and the com po si tion of mo bile 

phase, were iden ti cal. Thus, our re sults clearly in di cate
that the spe cial binder(s) sys tem used in the each of stud -
ied here nano- HPTLC plates to con nect the sup port ing
glass plate sur face with the sil ica gel layer strongly in flu -
enced the ob served sepa ra tion of patu lin from the other
ana lyzed com pounds. Un for tu nately, the ex act chemi cal
name, struc ture and prop er ties of these bind ers was not
en abled by the pro ducer to the pub lic [13]. For the Nano-
 SIL- 20 plates the pro ducer used “the highly poly meric
prod uct” [13] as a binder, which is re sis tant to ag gres sive
rea gents, but in case of the Nano- Durasil- 20 plates manu -
fac turer used a “spe cial binder sys tem” [13] which gives
the “water- resistant and wet ta ble sil ica gel lay ers” [13].
Due to modi fi ca tion of this binder sys tem, the sepa ra tion
of ana lyzed here com pounds var ied sig nifi cantly. In the
NSIL sys tem the Rf value for ascor bic acid was the high est 
(0.11) and for the other plates Rf value for this com pound
did not ex ceed 0.05. In case of the NSIL sys tem we ob -
served a clear sepa ra tion (α = 1.13) of patu lin (P) from
quer cetin (Q) and patu lin (P) from 5- hydroxymethyl-
furfural (H) (α  = 1.17). Con se quently, in this best nano-
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Figure 1. Changes in Rf values of studied compounds in three studied nano-HPTLC systems

Ta ble 5. Sepa ra tion pa rame ters (n = 3) ob tained for ascor bic acid (A), 5- hydroxymethylfurfural (H), patu lin (P) and quer cetin (Q) in
stud ied nano- HPTLC sys tems NA, NSIL and ND

HPTLC Parameter
Pair of compounds

H - A H - P P - Q Q - H Q - A P - A
NA

NSIL
ND

ΔR = Rf1 - Rf2

0.38
0.37
0.39

0.07
0.08
0.04

0.01
0.07
0.00

0.08
0.15
0.04

0.46
0.52
0.43

0.45
0.45
0.43

NA
NSIL
ND

Rs(b)=(2× d) / (wb1+ wb2 )
5.11
4.83
5.33

1.67
1.60
0.88

0.80
1.43
0.50

5.33
2.67
1.67

12.33
9.11
9.00

7.78
6.20
7.00

NA
NSIL
ND

α = Rf2  / Rf1

8.60
4.36
8.80

1.16
1.17
1.09

1.02
1.13
1.00

1.19
1.31
1.09

10.20
5.73
9.60

10.00
5.09
9.60

d – dis tance and wb1,2 – width of two neigh bour ing peaks on the scan of ob tained HPTLC chro ma togram.



 HPLTC sys tem NSIL, the mini mal de tect able amount of
patu lin as 4.0 ± 1.0 ng/spot af ter its depo si tion from the di -
luted stan dard metha nolic so lu tion have been ob served
(data not shown). This amount was near 2.5 times lower in 
com pari son to re ported ear lier TLC modes [2,6,8,14] and
de scribed here two other nano- HPTLC sys tems. Thus, the 
use of Nano- SIL- 20 plates should be as sumed as rec om -
mend able for de ter mi na tion of trace amounts of patu lin
(e.g. 50 μg/kg) in real sam ples of ap ple juices, fol low ing
its se lec tive SPE iso la tion and pre con cen tra tion steps, in
view of in creased se lec tiv ity, sen si tiv ity, pre ci sion and re -
pro duci bil ity of chro ma tographic pro cess of fered by this
Nano- SIL- 20 plates. 

CONCLUSIONS
The best se lec tiv ity of patu lin sepa ra tion from the three 

com monly ac com pa ny ing com pounds was ob tained us ing
the Nano- SIL- 20 type plates. Re sults of our study sug gest
that the choice of this nano- HPTLC plate could lead to
achieve a more re pro duci ble, ac cu rate and re li able de ter -
mi na tion of trace amounts of patu lin in ap ple juices.  
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