
Patulin is a mycotoxin found in moldy apples. While no tolerance level 
has been fixed for this substance, it is used as an indicator of quality in 
processed apple products. Hydroxymethylfurfural (HMF) is a product of 
thermal decomposition of sugars, and is used as an indicator of heat 
damage in processing of sweet foods. Both are weakly hydrophobic, 
neutral compounds, and co-elute on many reversed-phase columns. 
Fruit juice is a complex matrix, so some form of sample cleanup is 
necessary. The traditional sample preparation involves off-line extraction 
using ethyl acetate which yields good recoveries for patulin, but not for 
HMF. In-line solid-phase extraction is expected to be more reproducible 
and less manual handling. The Acclaim Mixed-Mode WCX-1 permits 
organic acids and phenolics to wash out by ion exclusion well ahead of 
the HMF and patulin (which co-elute on this column). The auxiliary valve 
transfers the analytes to the Acclaim C30 column that provides excellent 
resolution of these two substances. 

Patulin and Hydroxymethylfurfural in Apple Juice 
Using In-Line SPE Cleanup and Concentration

Analytical Column:  Thermo Scientific™ Acclaim™ C30 3 µm
Dimension: 2.1 × 150 mm
SPE Column: Thermo Scientific Acclaim Mixed-Mode WCX-1
Dimension: 3.0 × 50 mm
HPLC System: Thermo Scientific™ Dionex™ UltiMate™ 3000 
 RSLC system x2 dual gradient
Mobile Phase: Left pump A: Acetonitrile
 Left pump B: 1.0 mM dibasic sodium 
      phosphate, 4.0 mM monobasic sodium 
     phosphate, 0.1 mM tetrabasic sodium 
     pyrophosphate; pH 6.5
 Right pump A: Acetonitrile
 Right pump B: Water
 Right pump C: 12.5 mM ammonium formate, 
     50 mM formic acid, pH 3.1
Gradient Times (min): -5.0  0.0 1.6 1.7 2.4 7.0 7.1 9.0
     Left pump %A:  0.0     0.0     0.0   50.0    50.0     0.0  
     Left pump %B: 100.0 100.9  100.0   50.0     50.0 100.0 
     Right pump %A:  4.0     4.0      4.0    10.0    30.0   30.0
     Right pump %B: 86.0   86.0    86.0      80.0    60.0   60.0
     Right pump %C: 10.0   10.0    10.0      10.0    10.0   10.0
     Aux. valve:                 load                  inject load
Flow Rate: Right: 0.40 mL/min, left: 0.40 mL/min
Injection:  60 µL
Aux. Valve: 10-port, 2-position configured for 
 forward elution of SPE
Temperature: 25 °C
Detection: Diode Array, UV at 276 nm, 5 Hz, 1.0 s resp. time
Peaks: 1. Hydroxymethylfurfural (HMF)
 2. Patulin
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Sample preparation:
Apple sauce and unfiltered 
apple juice were treated with 
pectinase, centrifuged and filtered. 
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