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In this application note, a simple UHPLC/CMS method using the Advion 
AVANT UHPLC and expressionion Compact Mass Spectrometer (CMS) 
system is introduced for the analysis of patulin in apple juice and apple 
compotes.

The research presented in this application note was presented as a 
poster for ASMS 2020 Reboot.



INTRODUCTION

Patulin is a mycotoxin that is a common contaminant in food and animal 
feed, especially in apple products. Patulin has a low molecular weight 
(154.1 g/mol) and high polarity1,2, it is a toxic metabolite of many 
fungi. Its toxicity in mammalian cells and animals includes genotoxicity, 
teratogenicity, embryotoxicity, and immunotoxicity.3,4 Exposure to patulin 
is associated with immunological, neurological, and gastrointestinal 
outcomes such as distension, ulceration, and hemorrhage.5,6 The 
potential health risk of patulin to humans led to the establishment of 
action levels in foodstuffs.7,8,9 

The EU, WHO and US FDA defined maximum levels of patulin in fruit 
juices at 50 µg/kg (50 ppb). the EU also has specific regulations for 
solid apple products at 25 µg/kg (25 ppb), and foods intended for 
infants and young children such as apple compote at 10 µg/kg (10 
ppb).  

In this application note, a simple UHPLC/CMS method is introduced for the analysis of patulin in apple juice 
and apple compotes. The lower level of quantitation of patulin in apple juice and apple infant food is less than 
the required action level of 10 ppb.

MATERIALS AND METHODS

Chemicals and Reagents
Patulin standard and Pectinase were purchased from Millipore-Sigma-Aldrich. A 1.0 mg/mL stock solution 
of patulin was prepared for a series of dilutions to generate the calibration curve. All solvents used in the 
application were of HPLC grade and purchased from Avantor/VWR. The QuECHERS kits for patulin extraction 
from apple baby food was purchased from UCT.  Apple juice and apple sauce were purchased from a local 
grocery store.

Extraction Prodecure of Patulin from Apple Juice
1. 5 mL of apple juice was transferred to a 50 mL centrifuge tube
2. 0.5 g sodium chloride, 400 µL pectinase and 5 mL of 0.1% acetic acid in acetonitrile were added 

and the solution was vortexed for 30 seconds and sonicated for 60 minutes at 45 ºC.
3. 20 mL of ethyl acetate was added and the tube was shaken vigorously for 15 min. The organic phase 

(top layer) was transferred to a clean glass tube and a second organic extraction with another 20 mL 
of ethyl acetate was executed. Both organic layers were combined and evaporated to dryness in a 
speed VAC concentrator.

4. The dried extract was dissolved in 500 µL of 0.1% acetic acid and filtered with PVDF before LC/MS 
analysis.
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Extraction Prodecure of Patulin from Apple Baby Food (Sauce, Puree or Compote)
1. 20 g of apple product was placed into a 50 mL centrifuge tube and centrifuged at 7,500 rpm for 10 

min. The supernatant water phase was placed in a second clean 50 mL centrifuge tube.
2. 4 g MgSO4, 1 g NaCl, and 20 mL of 0.1% acetic acid in acetonitrile were added to the solid layer 

of the first centrifuge tube. The tube was then vortexed for 10 minutes, centrifuged for 15 minutes at 
7,500 rpm, and the top layer was transferred into the second centrifuge tube combining the previous 
watery phase with the organic extract.

3. 2 g NaCl was added to the mixture in the second centrifuge tube and vortexed for 2 minutes, after 
which two layers are clearly visible. 10 mL of the organic top layer was transferred to a 15 mL 
dSPE tube (900 mg MgSO4, 150 mg PSA, 45 mg GCB), and vortexed for 5 minutes, centrifuged 
for 5 minutes at 7,500 rpm, and 8 mL of the purified supernatant transferred into a glass tube and 
evaporated to dryness in a speed VAC concentrator.

4. The dry extract was dissolved in 500 mL of 0.1% acetic acid and filtered with PVDF before LC/MS 
analysis.

UHPLC/CMS Analysis of Patulin
The patulin analysis was performed on an AVANT UHPLC system equipped with an Advion expressionion CMS. 
The separation of patulin was done on a Phenomenex Luna Omega Polar C18 column (1.6 µm, 100x2.1 mm) 
at 200 µL/min with the gradient shown in Table 1.

Mobile phase B is 5 mM 
ammonium acetate in 
acetonitrile/water (95/5, v/v) 
and mobile phase A is 5 mM 
ammonium acetate in water. 
The injection volume of sample 
extract was 27 µL. The APCI Ion 
Source Settings for the CMS are 
shown in Table 2.

Table 1. Gradient

Time (min) %B

0.0 5

1.0 10

4.0 10

4.1 90

5.9 90

6.0 5

10.0 5

Table 2. APCI Ion Source Settings

Capillary Temperature (ºC) 250 

Capillary Voltage (V) 120

Source Voltage Offset (V) 15

Source Voltage Span  (V) 0

Gas Temperature (ºC) 350 

APCI Current  (µA) 40
`
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RESULTS

UHPLC/CMS Analysis of 
Patulin
Patulin is a small acidic molecule 
that can be detected in negative 
APCI mode. The deprotonated 
patulin was detected at the 
m/z 153. And the mass spectra 
of patulin from UHPLC/CMS 
analysis is shown in Figure 1. 
With a higher source voltage 
offset, two fragment ions were 
detected at m/z 109 and 81 
which became dominant ions. 

To improve sensitivity of 
detection, three ions at m/z 81, 
109, and 153 were monitored 
for patulin analysis in selected 
ion monitoring (SIM) mode.  
Their values of source voltage 
offset were optimized for the 
best intensity and presented 
in Table 3. Other common 
source parameters were also 
optimized and described in the 
experimental section.

The carryover is evaluated 
with two injections of 10 ppm 
patulin (1,000 times above 
LLOD) followed by three blanks. 
The result from 10 ppm patulin 
and blank is shown in Figure 
2, confirming no carryover is 
detected for patulin analysis 
with the proposed UHPLC/CMS 
method.

Figure 2: Carryover test.
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Figure 1: Mass spectra of patulin with source voltage offsets at 15 V and 23 V.

Table 3. SIM Method of Patulin Analysis

m/z Dwell Time (ms)
Source Voltage 

Offset (V)

(M–H)– 153 100 15

Fragment 1 109 100 20

Fragment 2 81 100 20

1
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Patulin Interferences Evaluation in Apple Juice

Compared with a surrogate sample that is spiked with patulin, no patulin is detected in the commercial apple 
juice purchased from the store (shown in Figure 3). This apple juice was further used as a blank matrix for LC/
MS method optimization unless noted otherwise. 

Figure 3: Apple juice vs. 100 ppb of patulin in apple juice.
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The Assay Sensitivity for Patulin in Apple Juice
A series of fortified apple juice 
samples with the concentration of 
patulin from 2 to 1000 ppb were 
prepared. The surrogate apple 
juice samples were processed 
through liquid-liquid extraction 
described above  and the limit of 
quantitation for patulin in apple 
juice was determined to be 10 
ppb with a signal-to-noise  (S/N) 
ratio of 26 at 10 ppb (LC/SIM 
chromatogram of 10 and 50 
ppb patulin in apple juice shown 
in Figure 4).  

The calibration curve from 10-
1000 ppb is shown in the Figure 
5. With a good r-squared value 
of 0.999.  All analysis was 
carried out in triplicate for each 
concentration point and the 
statistical analysis is presented 
in Table 4. Within the linear 
response range, the averaged 
accuracy varies from 86.7% 
to 110.9% with a coefficient of 
variation from 1.0 to 3.1%.

Table 4. Statistic Summary of LC/MS Analysis of Patulin in Apple Juice

Samples Injections Concetration (ppb)
Measured 

Concetration (ppb)
Averaged 

Accuracy (%)
CV (%)

Cal 1 3/3 10 8.7 86.7 2.3

Cal 2 3/3 20 18.5 92.7 3.1

Cal 3 3/3 50 52.1 104.2 2.3

Cal 4 3/3 100 110.5 110.5 1.1

Cal 5 3/3 200 221.9 110.9 1.6

Cal 6 3/3 500 481.3 96.3 1.0

Cal 7 3/3 1,000 986.9 98.7 2.1

In the apple juice, the current UHPLC/CMS method can provide great quantitation level at 10 ppb with good 
accuracy and precision, which is much lower than 50 ppb of regulated maximum level.

Figure 4: 10 ppb and 50 ppb patulin in apple juice.

Figure 5: Calibration curve (10-1,000 ppb)
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The Sensitivity of Patulin in Apple Sauce
The extraction procedure used 
for the apple sauce sample was 
different from that used for apple 
juice with details described in 
the sample preparation section. 
Apple sauce was analyzed and 
no patulin was detected in a 
commercial apple sauce sample 
as shown in Figure 6. This sample 
was used for further method 
development. And the limit of 
quantitation of patulin in apple 
juice was measured to be at 10 
ppb with an S/N ratio of 13.

The linear response range for 
patulin in apple baby food was 
evaluated from 10 to 200 ppb 
(Figure 7 and Table 4). R2 value 
is 0.999 with averaged accuracy 
and precision from 87% to 106% 
and 2.1% to 10% respectively 
indicating great suitability for 
testing of patulin in apple baby 
food.

Figure 6: Apple sauce blank vs 10 ppb patulin in apple sauce.

Figure 7: The calibration curve of patulin analysis in apple sauce.
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Table 4. Statistic Summary of LC/MS Analysis of Patulin in Apple Sauce

Samples Injections Concetration (ppb)
Measured 

Concetration (ppb)
Averaged 

Accuracy (%)
CV (%)

Cal 1 3/3 10 8.1 81.1 11.7

Cal 2 3/3 20 22.0 110.1 10.0

Cal 3 3/3 50 56.3 112.5 6.3

Cal 4 3/3 100 98.9 98.9 4.8

Cal 5 3/3 200 194.7 98.9 4.8

SUMMARY

In two analyzed apple juice samples and three apple sauce samples from local grocery store, no patulin 
higher than 10 ppb was detected.

The level of quantitation for patulin in apple juice and apple baby food (sauce, compote and puree) can be 
achieved at 10 ppb levels when using the proposed analysis method utilizing AVANT UHPLC and the Advion 
expressionion system.

The developed method is suitable for the US FDA, WHO and EU defined action levels of patulin in apple foods 
(50 ppb for juice, 25 ppb for solids and 10 ppb for baby food).
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