
SUPPLEMENT TO

Volume 39  Number s1  April 2021
www.chromatographyonline.com

FOOD AND 
BEVERAGE ANALYSIS

ADVANCES IN

 
V

o
lu

m
e 39  N

u
m

b
e

r s1 
L
C

G
C

 N
O

R
T

H
 A

M
E

R
IC

A
 A

D
V

A
N

C
E

S
 IN

 F
O

O
D

 A
N

D
 B

E
V

E
R

A
G

E
 A

N
A

LY
S

IS
 

A
p

ril 2
0

21

http://www.chromatographyonline.com


THEIRS is one-size-fits-all.
OURS has room to grow.

0708.A1.1014-LCGC © 2021 Metrohm USA, Inc. Metrohm and design® is a registered trademark of Metrohm Ltd.

ION CHROMATOGRAPHY BY

Say goodbye to 
your comfort zone. 
Learn more at 
ic.metrohmusa.com

http://ic.metrohmusa.com


Pure Chromatography

•  Technical Articles  
& Applications 

•  Videos & ChromaBLOGraphy

•  FAQs & Troubleshooting

•  Education & Instruction 

•  Online Tools & Calculators 

•  Product Selection
 Assistance

Sign up today to access Restek’s  
years of chromatography knowledge at
www.restek.com/advantage

ADVANTAGE
See What It Can Do for You and Your Lab

THEIRS is one-size-fits-all.
OURS has room to grow.

0708.A1.1014-LCGC © 2021 Metrohm USA, Inc. Metrohm and design® is a registered trademark of Metrohm Ltd.

ION CHROMATOGRAPHY BY

Say goodbye to 
your comfort zone. 
Learn more at 
ic.metrohmusa.com

http://www.restek.com/advantage


4  ADVANCES IN FOOD AND BEVERAGE ANALYSIS  APRIL 2021 WWW.CHROMATOGRAPHYONLINE.COM

© 2021 MultiMedia Healthcare LLC All rights reserved. No part of this publication 
may be reproduced or transmitted in any form or by any means, electronic or me-
chanical including by photocopy, recording, or information storage and retrieval 
without permission in writing from the publisher. Authorization to photocopy items 
for internal/educational or personal use, or the internal/educational or personal use 
of specific clients is granted by MultiMedia Healthcare LLC for libraries and other us-
ers registered with the Copyright Clearance Center, 222 Rosewood Dr., Danvers, MA 
01923, (978) 750-8400, fax (978) 646-8700, or visit http://www.copyright.com online. 
For uses beyond those listed above, please direct your written request to Permission 
Dept. email: ARockenstein@mmhgroup.com

MultiMedia Healthcare LLC provides certain customer contact data (such as cus-
tomer’s name, addresses, phone numbers, and e-mail addresses) to third parties 
who wish to promote relevant products, services, and other opportunities that may 
be of interest to you. If you do not want MultiMedia Healthcare LLC to make your 
contact information available to third parties for marketing purposes, simply call 
toll-free (866) 529-2922 between the hours of 7:30 a.m. and 5 p.m. CST and a cus-
tomer service representative will assist you in removing your name from MultiMedia 
Healthcare LLC lists. Outside the U.S., please phone (218) 740-6477.

LCGC North America does not verify any claims or other information  appearing in 
any of the advertisements contained in the publication, and cannot take responsi-
bility for any losses or other damages incurred by readers in reliance of such content.

To subscribe, call toll-free (888) 527-7008. Outside the U.S. call (218) 740-6477.

MANUSCRIPTS: For manuscript preparation guidelines, see chromatographyonline.
com/lcgc-author-guidelines, or call The Editor, (732) 596-0276. LCGC welcomes unso-
licited articles, manuscripts, photographs, illustrations, and other materials but can-
not be held responsible for their safekeeping or return. Every precaution is taken to 
ensure accuracy, but LCGC cannot accept responsibility for the accuracy of informa-
tion supplied herein or for any opinion expressed.

SUBSCRIPTIONS: For subscription and circulation information: LCGC, P.O. Box 
457, Cranbury, NJ 08512-0457, or email mmhinfo@mmhgroup.com. Delivery of 
LCGC outside the United States is 14 days after printing. (LCGC Europe and 
LCGC Asia Pacific are available free of charge to users and specifiers of chro-
matographic equipment in Western Europe and Asia and Australia, respectively.)

CHANGE OF ADDRESS: Send change of address to LCGC, P.O. Box 457,  
Cranbury, NJ 08512-0457; alternately, send change via e-mail to mmhinfo@mmhgroup.com.  
Allow four to six weeks for change. PUBLICATIONS MAIL AGREEMENT  
No. 40612608. Return all undeliverable Canadian addresses 
to: IMEX Global Solutions, P.O. Box 25542, London, ON, N6C 
6B2, CANADA. Canadian GST number: R-124213133RT001.

C.A.S.T. DATA AND LIST INFORMATION: Contact Melissa Stillwell, 
tel. (218) 740-6831, e-mail MStillwell@mmhgroup.com.
REPRINTS: Contact Michael J. Tessalone,  
e-mail: MTessalone@mjhlifesciences.com
INTERNATIONAL LICENSING: Contact Kim Scaffidi,  
e-mail: kscaffidi@mjhassoc.com

CUSTOMER INQUIRIES: Customer inquiries can be forwarded directly to MJH 
Life Sciences, Attn: Subscriptions, 2 Clarke Drive, Suite 100, Cranbury, NJ 
08512; e-mail: mmhinfo@mmhgroup.com

485F US Highway One South, 
Suite 210 

Iselin, NJ 08830 
(732) 596-0276 

Fax: (732) 647-1235

PUBLISHING/SALES

Senior Vice President,
Industry Sciences

Michael J. Tessalone 
MTessalone@mjhlifesciences.com

Associate Publisher
Edward Fantuzzi 

EFantuzzi@mjhlifesciences.com

Sales Manager
Brianne Molnar 

BMolnar@mjhlifesciences.com

Senior Director, Digital Media
Michael Kushner 

MKushner@mjhlifesciences.com

EDITORIAL

Editorial Director
Laura Bush 

LBush@mjhlifesciences.com

Managing Editor
John Chasse 

JChasse@mjhlifesciences.com

Senior Technical Editor
Jerome Workman 

JWorkman@mjhlifesciences.com

Associate Editor
Cindy Delonas 

CDelonas@mjhlifesciences.com

Assistant Editor
Will Wetzel

WWetzel@mjhlifesciences.com

Creative Director, Publishing
Melissa Feinen

MFeinen@mdmag.com

Senior Art Director
Gwendolyn Salas

GSalas@mjhlifesciences.com

Senior Graphic Designer
Courtney Soden

CSoden@mjhlifesciences.com

CONTENT MARKETING

Custom Content Writer
Alissa Marrapodi 

AMarrapodi@mjhlifesciences.com

Webcast Operations Manager
Kristen Moore 

KMoore@mjhlifesciences.com

Project Manager
Vania Oliveira 

VOliveira@mmhgroup.com

Digital Production Manager
Sabina Advani 
SAdvani@mjhlifesciences.com

Managing Editor, Special Projects
Kaylynn Chiarello-Ebner 
KEbner@mjhlifesciences.com

MARKETING/OPERATIONS

Marketing Manager
Brianne Pangaro 
BPangaro@mjhlifesciences.com

C.A.S.T. Data and List Information
Melissa Stillwell 
MStillwell@mmhgroup.com

Reprints
Alexandra Rockenstein 
ARockenstein@mjhlifesciences.com

Audience Development Manager
Jessica Stariha 
JStariha@mmhgroup.com

CORPORATE

Chairman & Founder   
Mike Hennessy Sr

Vice Chairman
Jack Lepping

President & CEO
Mike Hennessy Jr

Chief Financial Officer
Neil Glasser, CPA/CFE

Chief Marketing Officer
Michael Baer

Executive Vice President, 
Global Medical Affairs & 
Corporate Development
Joe Petroziello

Senior Vice President,  
Operations
Michael Ball

Senior Vice President,  
Content
Silas Inman

Senior Vice President, I.T. 
& Enterprise Systems
John Moricone

Vice President, Human 
Resources & Administration
Shari Lundenberg

Vice President, 
Mergers & Acquisitions
Chris Hennessy

Vice President,  
Live Events
Tom Tolve

Executive Creative Director, 
Creative Services
Jeff Brown

50

% Recycled Paper 10-20%
 Post Consumer W

as
te

 

mailto:mmhinfo@mmhgroup.com
http://www.chromatographyonline.com


http://www.luciditysystems.com/products/miniGC


6  ADVANCES IN FOOD AND BEVERAGE ANALYSIS  APRIL 2021 WWW.CHROMATOGRAPHYONLINE.COM

7 Rapid Rinse and Shoot: A Screening Workflow for Pesticides in  
 Fruit by GC–MS in Under Six Minutes Using Library Searching of  
 Deconvoluted Spectra

Anastasia A. Andrianova and Bruce D. Quimby

Trace-level pesticides and environmental pollutants in the food supply continue  
to be a worldwide concern. Here we present a fast-screening workflow for residual  
pesticides present on the surface of fruits using a GC–MS system with direct heating  
technology and MS spectral deconvolution.

12 Fully Automated QuEChERS Extraction and Cleanup  
 of Organophosphate Pesticides in Orange Juice

Chiew Mei Chong and Hans-Joachim Hübschmann

A fully automated quick, easy, cheap, effective, rugged, and safe (QuEChERS) extraction and  
extract clean-up method is described for analysis of organophosphate pesticides in orange  
juice. This method uses GC–MS and LC–MS along with an industry standard robotic x,y,z- 
sampling system.

17 Molar Mass Determination of Collagen Peptides
Friedhelm Gores, Wolfgang Radke, and Daniela Held

Hydrolyzed collagens (collagen peptides) are water-soluble products obtained by hydrolysis of 
natural proteins and used for dietary supplements. A simple GPC/SEC method is described for 
molar mass determination of collagen peptides, allowing reliable molar mass determination  
using ultraviolet (UV) detection.

21 Analysis of 12 Regulated Mycotoxins in 8 Food Matrices by Single  
 Immunoaffinity Cleanup and Isotope Dilution LC–MS/MS

Jingcun Wu and Tyrally Ordinario

Mycotoxins are toxic metabolites produced by fungal species often found in agricultural products. 
An accurate method for analyzing 12 regulated mycotoxins is described using UHPLC–MS/MS.  
The method demonstrated limits of quantitation (LOQs) for all analytes below stringent regulatory 
limits, making the method suitable for routine mycotoxin analysis.

Cover Image: Nitr - stock.adobe.com  |  Cover art: Fresh oranges highlight the analysis of pesticide residue in fruit and fruit products

SUPPLEMENT TO

Volume 39  Number s1  April 2021
www.chromatographyonline.com

FOOD AND 
BEVERAGE ANALYSIS

ADVANCES IN

CONTENTS

ADVANCES IN  
FOOD AND BEVERAGE ANALYSIS

April 2021

A supplement to LCGC North America

Interested in 
more content 
like this? 
Subscribe to 
our newsletters!

https://mjhlifesciences.formstack.com/forms/lcgc?promo_code=LCGCPRINTQR&utm_source=publication&utm_medium=QR&utm_campaign=eNL_signup_v1


WWW.CHROMATOGRAPHYONLINE.COM APRIL 2021  ADVANCES IN FOOD AND BEVERAGE ANALYSIS  7

T race-level pesticides and envi-
ronmental pollutants in the 
food supply continue to be a 

worldwide concern, and drive demand 
for more rapid and reliable methods of 
analysis. Part of the challenge is find-
ing technologies that can search for 
hundreds of pesticides, polyaromatic 
hydrocarbons (PAHs), and other tar-
gets with simple sample preparation 
and a quick turnaround time.

The targeted analytical methods 
commonly used in food safety analy-
sis focus on a finite list of compounds. 
This approach typically utilizes gas and 
liquid chromatography coupled with 
triple quadrupole mass spectrometry 
(GC–MS/MS and LC–MS/MS) (1,2). 
While these techniques provide out-
standing sensitivity, they are limited by 
their restricted scope of targets, which 
is problematic if the method includes 
several hundreds of pesticides. High 
resolution mass spectrometry (HRMS) 
techniques coupled with GC and LC 
would enable comprehensive sample 
screening (3). However, this approach 
typically requires high-resolution data-
bases to analyze data against them. 
Such databases often include only a 
limited number of compounds, and 
creating an expert-curated library is 

a labor-intensive process. In addition, 
HRMS requires rather sophisticated 
and expensive instrumentation. An 
alternative screening approach utilizes 
GC coupled with a single quadrupole 
mass spectrometer (GC–MS) operated 
in full scan mode (4). To increase the 
confidence of identification with GC–
MS, mass spectral deconvolution and 
time-filtering can be utilized. Time-fil-
tering can be performed based on the 
retention times (tR) of the identified tar-
gets by comparing them to the library 
tR values. The disadvantage of tR-fil-
tered search is its dependence on the 
flow path, column flow, and oven ramp 
rate. The use of linear retention indices 
(RI) makes the screening strategy much 
less dependent on these chromato-
graphic conditions. Additionally, com-
mercial libraries commonly include RI 
values rather than tR values. RI values 
for the identified compounds can be 
compared to the RI of the library entry. 
When the observed and the library RI 
values are close, the identification is 
confirmed with increased confidence. 
When the observed RI differs from the 
library entry value, the hit is removed 
from the list of identified compounds. 

The screening approach described 
in this work utilizes GC–MS for a rapid 

(3.4-min) analysis of fruit rinsates, fol-
lowed by compound identification, 
based on deconvoluted mass spectral 
search and time-filtering, using RIs for 
increased identification confidence. 
Acetone rinsates of fruit provided a 
qualitative estimate of residual foliar 
applied pesticides. The advantage 
of this sample collection technique is 
a high pesticide-to-matrix ratio com-
pared to sample preparation tech-
niques that include sample grinding 
and extraction. This approach can be 
successfully implemented for initial 
commodity triage. Any fruit for which 
the rinsate is found to contain com-
pounds of concern can be further sub-
jected to a comprehensive and quan-
titative sample preparation using the 
“quick, easy, cheap, effective, rugged, 
and safe” (QuEChERS) method, fol-
lowed by targeted quantitative analy-
sis performed with GC–MS operated 
in selected ion monitoring (SIM) mode 
or triple-quadruple GC–MS in multiple 
reaction monitoring (MRM) mode.

The entire triage workflow was per-
formed in under 6 min, which included 
fruit rinsing, GC–MS analysis, data 
processing, and report generation. 
The unprecedented speed of GC–MS 
screening performed in 3.4 min was 

Rapid Rinse and Shoot: A Screening Workflow for 
Pesticides in Fruit by GC–MS in Under Six Minutes 
Using Library Searching of Deconvoluted Spectra

Anastasia A. Andrianova and Bruce D. Quimby

A fast-screening workflow for residual pesticides present on the surface of fruits was enabled using a gas chromatography (GC) 
oven with direct heating technology and mass spectrometry (MS) spectral deconvolution. Residual pesticides were rinsed from 
the tested commodity surface with acetone. The rinsate was collected and injected into the GC–MS system. The direct heating 
oven allowed for a very high temperature program rate (250 oC/min) to complete the GC–MS analysis in 3.4 min. Spectral 
deconvolution coupled with the library search algorithm and time-filtering using retention indices resulted in rapid and confident 
identification of residual pesticides present on the fruit. The NIST 17 spectral library, as well as other commercially available and 
user created libraries, can be used for compound identification. The entire analysis from sample collection to reporting took 
under 6 min. This approach is particularly useful for prioritizing samples in high-throughput facilities for more in-depth analysis.
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achieved with direct heating technol-
ogy, which provides oven ramping at a 
rate of 250 °C/min. 

As a demonstration of the utility of this 
approach, five types of fruits and ber-
ries (including strawberries, bananas, 
lemons, cherries, and peaches) were 
purchased in a local grocery store 
and a farm around Wilmington, Dela-
ware, and subjected to analysis with  
the method. 

Materials and Methods
Analysis
The analysis was performed using an 
Agilent Intuvo 9000 GC instrument 
equipped with a 7650A Automatic 
Liquid Sampler that was coupled with 
an Agilent 5977B MSD (Agilent Tech-
nologies). The GC–MSD system was 
configured to enable the shortest 
cycle time, avoid carryover, and maxi-
mize throughput. Figure 1 shows the 
system configuration used in this work, 
and the instrument operating param-
eters are summarized in Table I. The 
optimized chromatographic method 
included an HP-5MS UI column  
(10 m × 180 µm × 0.18 µm) (part num-
ber 19091S-571UI-INT) and the Intuvo 
Restrictor Module (part number 
G39093-63008), with temperature pro-
gramming of 250 °C/min that enabled 
a 3.4 min run time. Helium flow rate was 
0.75 mL/min and 1.25 mL/min through 
the column and the restrictor, respec-
tively. The injection volume was set 
to 1 µL. A multimode inlet was set to 
280 °C during the injection, and the 
temperature was increased to 350° in 
post-run to minimize carryover caused 
by residual sample matrix accumulated 

in the inlet. The multimode guard chip 
(G4587-60665) prevented high boiling 
matrix compounds from contaminat-
ing the head of the column, and was 
operated in the track oven mode.

The GC system was configured for 
mid-column backflushing using the 
programmable makeup helium sup-
ply. A post-run backflush was initiated 
at 3.4 min after linear n-alkane C34 was 
eluted. There was no need to continue 
the chromatographic run past 3.4 min, 
because no pesticides were expected 
to be eluted beyond this time. How-
ever, heavier matrix components may 
still be on the GC column by the end 
of the analytical run. To eliminate car-
ryover and the appearance of ghost 
peaks in subsequent runs, post-run 
backflush was initiated at 3.4 min by 
raising the pressure on the program-
mable makeup helium supply at the 
mid-point, thereby reversing the flow 
through the first column, and increas-
ing the flow through the second col-
umn. The reversed flow carries any high 
boilers that were in the column and the 
guard chip at the end of data collec-
tion out into the split vent trap, thereby 
extending the life of the columns and 
the guard chip. For this configuration, 
the backflushing time was 1 min.

The bus temperature was set to  
320 °C, and the MS EI source and MS 
quadrupole were heated to 300 °C and 
150 °C, respectively. The mass spec-
trometer operated in full scan data 
acquisition mode (m/z 50−500).

MassHunter Quant 10.1 Unknowns 
Analysis (MH UA) software was used 
for data processing. The spectral 
deconvolution function provided an 

automated means of quickly identify-
ing compounds, even in high matrix 
samples, in the presence of coeluted 
compounds using library match score 
(LMS). Time filtering using RI values 
increased compound identification 
accuracy. MH UA recalculated RI val-
ues observed for the component in the 
sample and RI values available in the 
library to tR values using tR calibration. 
The difference between the calculated 
tR values for the observed component 
and the library entry was listed in the 
report. Unlike tR, RI is independent 
of the flow path, and is applicable 
to a custom column configuration.  
Further details on the method setup 
can be found in the application note 
describing the screening workflow (5).

Sample Preparation
Five varieties of fruits and berries not 
labeled as organic, including straw-
berries, bananas, lemons, cherries,  
and peaches, were purchased at a local 
retail store and a farm in the Wilming-
ton, Delaware, area. The tested fruit 
was placed into a glass funnel and 
rinsed with acetone (≥99.9% [dried 
basis], Honeywell Burdick & Jackson), 
using a 500 mL PTFE squeeze bottle. 
With bananas, lemons, and peaches, 
one piece of fruit was placed into the 
funnel. With strawberries and cher-
ries, several berries were placed in the 
funnel to fill up 2/3 of the funnel vol-
ume. The rinsate was collected into a 
4 mL amber vial until the vial was full.  
The funnel was rinsed on the inside 
with acetone between the samples.

RI Calibration with n-Alkanes
Commonly in chromatography, tR is a 
key parameter to aid analyte identifica-
tion. However, tR depends on the GC 
flow path, column stationary phase, and 
dimensions, as well chromatographic 
conditions. Alternatively, relative tR 
can be used for analyte identification. 
Originally, relative tRs for isothermal 
GC separations known as Kovats Indi-
ces were used. Subsequently, the 
calculations of relative retention were 
adapted to apply to temperature-pro-
grammed GC separations and these 
values became known as linear reten-
tion indices (RI or LRI). RI works well for 

El Source

Multimode
Inlet (Helium)

programmable
makeup He

suppl

Liquid
Injector

GC

Single
Quadrupole

MS

10 m
HP-5ms UI
180 µm x
0.18 µm 

Restrictor
Module

FIGURE 1: System configuration.
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identifying compounds, as long as the oven temperature 
program is not complex, and the stationary phase type is 
the same as that used to collect the reference library RIs.  
Application of RI requires that an n-alkane mixture be run 
that covers the elution range of the analytes of interest (some 
practitioners use straight chain methyl- or ethyl-esters). In 
this work, the RI of the latest eluted pesticide in the pesticide 
library was under 3400, suggesting that RI calibration needed 
to be performed up to C34 linear n-alkane. A detailed work-
flow describing how to create RI calibration with MassHunter 
Quantitative Analysis is described in a technical brief (6).  
In this work, RI calibration was performed over the range 
of linear n-alkanes C9–C34 with a custom n-alkane standard 
(Ultra Scientific, Agilent Technologies Inc.), containing every 
linear n-alkane between C8 and C40. The concentration of 
several alkanes, including C13, C18, C22, C28, and C31, was 
twice that of other alkanes simplifying their identification.

Results
Figure 2 shows the scan total ion chromatogram (TIC) of a 
strawberry acetone rinsate. Although sample preparation 
via rinsing the surface decreased the amount of matrix intro-
duced to the system compared to the conventional sample 
preparation techniques that involve sample grinding and 
extraction, it still brought over some matrix compounds, as 
seen in the scan TIC on the top of Figure 2.

The scan file for the strawberry rinsate was then analyzed 
with the deconvoluted components searched against a 
custom pesticide library that included 1081 entries (spec-
tra and RI) for pesticides and common environmental con-
taminants. The minimum library match score (LMS) was set 
to 55 and time filtering was enabled with an tR penalty-free 
range of ±12 sec. Ten compounds were identified against 
the library of pesticides and environmental contaminants 
in the strawberry rinsate that met the method criteria.  
The generated report summarizing the identified com-
pounds is shown under the TIC in Figure 2. The peaks cor-
responding to the pesticides identified in the strawberry 
rinsate sample, and their retention times are labeled in red 
in the TIC on the top of Figure 2. These pesticides are high-
lighted in blue in the table underneath the TIC. Among the 

TABLE I: Gas chromatograph and mass spectrometer conditions

GC Parameters Conditions

Agilent Technologies Intuvo 
9000 with Autoinjector and Tray

 

Inlet Multimode Inlet (MMI)

Mode Split

Split ratio 15:1

Septum purge flow 3 mL/min

Injection volume (µL) 1.0

Injection type Standard

L1 Airgap (µL) 0.2

Gas saver  On at  20 mL/min after 0.7 min

with Autoinjector and tray

Inlet temp (ºC) 280

Post run inlet temperature (ºC) 350

Post run total flow 50 mL/min

Carrier gas Helium

Inlet liner
Agilent universal low  
pressure drop liner, 

with glass wool

Inlet liner part number 5190-2295

Oven

Initial oven temp (ºC) 40

Initial oven hold (min) 0.2

Ramp rate 1 (ºC/min) 250

Final temp 1 (ºC) 320

Final hold 1 (min) 2.08

Total run time (min) 3.4

Post run time 1

Equilibration time (min) 1

Column 1

Type HP-5MS UI

Agilent part number 19091S-571UI-INT

Length (m) 10

Diameter (mm) 0.18

Continued on Page 10
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remaining identified compounds are environmental con-
taminants like dicyclohexyl phthalate, possibly from packag-
ing, cis-1,2,3,6-tetrahydrophthalimide (a possible metabolite 
of captan), a fungicide, tolclofos-methyl, and a phenol deriv-
ative, 4-methylphenol of natural origin.

The pesticide library includes the information only on the 
compound RI, but not tR. RI calibration is used to calculate 
library tR using the RI, and compares the tR of the detected 
components with the library entries. The filtered hits are dis-
played in the report. In Figure 2, only tR values are shown.  
If desired, RI values also can be displayed in the report.

As an example, one of the reported pesticides in Fig-
ure 2, fludioxonil, had a low LMS of 64.2. However, confi-
dence in the identification was improved because of the 
small delta tR (-0.028 min), which is a difference between 
the observed tR and that calculated based on the library RI.  

Additionally, ions present in the deconvoluted spectrum for 
fludioxonil were relatively unique, and matched those from 
the inverted library reference spectrum (Figure 2, mirror 
plot on the bottom right). The spectral deconvolution pro-
cess had removed the interfering ions that appeared in the 
spectrum before deconvolution, producing an LMS of 64.2 
that would not have been achieved for the raw spectrum.  
The alignment of extracted ion chromatograms for charac-
teristic ions is shown on the bottom left in Figure 2.

The inspection process of the compounds reported in the 
sample is repeated for all the found hits to generate a list 
of compounds included in the final report. The decision as 
to what compounds to add to the report depends on sev-
eral factors, including (but not limited to) LMS, uniqueness 
of the ions, tR match, and degree of concern for a specific 
compound. The component area item is also useful as an 
indication of the relative size of the response for the listed hit.

The custom mass spectral library with >1000 compounds 
that contains exclusively pesticide and environmental con-
taminants is convenient for screening, because the number 
of hits to be inspected is limited. However, there are cases 
when a much broader screen may be desired. The same 
approach can also be used to search the deconvoluted 
components against the NIST 17 library, which contains 
over 260,000 spectra. NIST 17 contains RIs experimentally 
determined on semi-standard non-polar columns of the 
type used here for many of the entries. The deconvoluted 
spectra of the components are searched through NIST 17 
and the LMS for the identified components are shown in 
the report (the second table in Figure 2). To increase con-
fidence of identification, time-filtering is performed using 
the algorithm described above. Briefly, the NIST RI values 
are automatically recalculated to tRs using the RI calibration. 
The tRs for the hits are compared to the calculated NIST tR 
values to enable time filtering. Although this is a very power-
ful tool, it searches all matrix components and can produce 
a very large list of hits to be inspected. For example, the 
screen of the strawberry rinsate produced 135 hits with LMS 
values > 55 when time filtering was applied. Time-filtering 
limited the number of compounds included in the report 
from 300 to 135. Reviewing the search results from NIST 17 
with over 100 hits is more time consuming than that from the  
custom library.

The second table in Figure 2 shows a portion of the screen 
results from NIST 17 for the strawberry rinsate. The Library 
tR shown in the table is calculated based on the RI value 
from NIST 17 using RI calibration. The RI value from NIST 17 
used for calculating the tR is either the experimental RI for 
the semi-standard non-polar phase if available, or a theoreti-
cal value calculated from molecular parameters. Note that 
the latter is of limited value, as the errors in the predicted 
RI can be quite large. Fludioxonil, a fungicide identified in 
the strawberry rinsate when searching against the pesticide 
library, was also identified against NIST 17 with a compa-
rable LMS of 61.3 and a small tR delta of -0.038 min.

NIST search is useful for comprehensive screening to 
uncover unexpected compounds. It takes longer reviewing 

TABLE I (CONTINUED): Gas chromatograph and mass spectrometer 
conditions

GC Parameters Conditions

Film thickness (um) 0.18

Control mode Constant flow

Flow (mL/min) 0.75

Inlet connection Multimode inlet (MMI)

Outlet connection PSD

PSD purge flow (mL/min) 5

Post run flow (backflushing) -4.73

Column 2

Type Intuvo restrictor module

Agilent part number G39093-63008

Control mode Constant flow

Flow (mL/min) 1.25

Inlet connection PSD

Outlet connection MSD

Post run flow (backflushing) 16.15

Intuvo 9000 GC components

Guard chip
G4587-60665: Intuvo 

MMI guard chip

Track oven On

Bus temperature (°C) 320

MS

Model 5977B

Source Inert extractor source

Vacuum pump Performance turbo

Mode Scan

Scan range (m/z) 50-550

Scan rate N = 1

Solvent delay (min) 0.97

EM voltage gain mode 1

Quad temp (MS1 and MS2) (ºC) 150

Source temp (ºC) 300
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time, because of the large number of 
naturally occurring compounds from 
the matrix. Also, some compounds 
identified against the pesticide 
library may not be present in NIST 17  
(for example, fluxapyroxad, which was 
found in the strawberry rinsate, is not 
included in NIST 17).

The NIST 17 screen can serve mul-
tiple purposes:
• Confirming identifications of com-

pounds found with the pesticide 
library screen.

• Finding alternative identifications 
for the hits with questionable  
LMS values.

• Identifying chemicals not in the 
pesticide library that may be  
of concern.

Other fruits and berries, includ-
ing bananas, lemons, peaches, and 
cherries, were screened for pesti-
cides and their rinsates were ana-
lyzed against the pesticide library. 
The results are shown in Figure 3, 
with the pesticides highlighted in 
the tables in blue. It is of note that  
various fruits resulted in different lev-
els of matrix background in the scan 

TIC. Bananas and cherries showed 
lower backgrounds, whereas strawber-
ries, lemons, and peaches produced 
a higher scan TIC. In some cases, 
base peaks in chromatograms were 
attributed to pesticides detected in 
acetone rinsates as a result of a favor-
able pesticides-to-matrix ratio, such as 
thiabendazole in bananas, fludioxonil  
in lemons, and captan in peaches.

With the hardware employed, the 
oven ramp rate can be lowered to 
yield a significant increase in a chro-
matographic resolution. For example, 
to more closely evaluate a screening 
result and increase confidence in 
compound identification, chromato-
graphic and spectral interference can 
be reduced by using the slower oven 
ramp. Further details, and an example 
of the identity verification for com-
pounds determined in peach rinsate, 
can be found in the application note 
describing the screening workflow (5).  
Additionally, the screening can be 
applicable to various contaminants 
monitored beyond the food and 
beverage industry. For example, 
the system configuration and work-

flow described in this work were 
used for rapid phthalate screen-
ing in plastics, as described in an  
application brief (7).

Conclusion
A rapid screening for pesticides 
and other contaminants found on 
the surface of fruits and berries was 
enabled using a GC oven with direct 
heating technology and MS spectral 
deconvolution, resulting in a 3.4-min 
analysis time with a total workflow 
time of under 6 min that includes 
sample preparation, analysis, data 
processing, and reporting. Rapid and 
reliable identification of pesticides 
was achieved by library searching 
of deconvoluted spectra coupled 
with time-filtering using RI values. 
Both user-created and the NIST 17 
spectral libraries were used for com-
pound identification. The screening 
workflow described herein should be 
useful for triaging samples in high-
throughput facilities, such as receiv-
ing docks and distribution centers.
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FIGURE 3: Screening results for (a) banana, (b) lemon, (c) peach, and (d) cherry rinsates 
identified against the pesticide library.

mailto:anastasia.andrianova@agilent.com


12  ADVANCES IN FOOD AND BEVERAGE ANALYSIS  APRIL 2021 WWW.CHROMATOGRAPHYONLINE.COM

Q uick, easy, cheap, efficient, 
rugged, and safe (QuECh-
ERS) is the well-established 

pesticide extraction procedure 
developed by M. Anastassiades and 
S.J. Lehotay in 2003 (1). Since then,  
this technique has become a widely 
used sample preparation approach in 
pesticide residue analyses. According 
to the QuEChERS website, approxi-
mately 45 min are needed to manually 
prepare eight samples in the labora-
tory for subsequent gas chromatogra-
phy–mass spectrometry (GC–MS) or 
liquid chromatography–mass spec-
trometry (LC–MS) analysis (2). In the 
traditional QuEChERS method, aceto-
nitrile is used as the extraction solvent 
for an aqueous sample of approxi-
mately 10 g, followed by adding buf-
fer salts for phase separation and pH 
adjustment, and an intense shaking 
of the mixture. After centrifugation,  
the cleanup of the raw extracts is 
manually achieved via dispersive 
solid-phase extraction (dSPE) using 
a combination of different sorbent 
materials. Clean-up sorbents like pri-
mary and secondary amine (PSA), 
which include mainly removing sug-
ars, organic acids, and pigments; 

graphitized carbon black (GCB), 
which removes pigments and nonpo-
lar interferences); C18 (removing lipids 
and other nonpolar interferences) and 
other specific sorbent materials can 
remove chlorophyll, and are used in 
varying ratios to suit different matrix 
conditions. Anhydrous magnesium 
sulfate is added for water removal in 
case of subsequent GC–MS analysis.

The steps for pesticide residue 
analysis starts with the representa-
tive sampling and comminution pre-
treatment, which are the necessary 
manual steps to provide a homo-
geneous subsample for process-
ing. Solid samples like plant materi-
als, food, or soil require individually 
optimized homogenization of a rep-
resentative sample size by cutting, 
grinding, or milling, including cryo-
milling for volatile analytes (3,4). This 
comminution of raw sample materials 
to achieve a representative aliquot as 
a test portion for analysis is typically 
done manually. Vegetable and fruit 
juices are considered homogenous 
after thoroughly shaking the com-
mercial packaging, the bottles or 
carton packages before transferring 
an aliquot to analysis vials.

This report describes for the first 
time a fully automated QuEChERS 
extraction and clean-up workflow 
for homogeneous matrices like fruit 
juices—in this case, demonstrated 
for orange juice—using an industry 
standard robotic x,y,z-sampling sys-
tem for online or offline GC–MS and 
LC–MS pesticide analysis. Only 0.5 mL 
of homogenized juice are required to 
transfer the juice into a regular 2 mL 
autosampler vial for the automated 
extraction, cleanup, and online analysis. 
The raw extract clean-up and removal 
of the high matrix load are achieved 
by using micro-SPE (µSPE) cartridges.  
The advantage of using µSPE is that 
it is a straightforward separation of 
the pesticide fraction from the matrix 
by elution of the pesticide fraction 
through a small sorbent bed, leaving 
the matrix behind. Extract dilution and 
solvent evaporation are also avoided, 
which maintains the initial concentra-
tion level of the pesticides and provides 
high recoveries and short processing 
times of only a few minutes, being 
compatible with the chromatographic 
run times. A prep-ahead mode allows 
the processing of a next sample during 
the chromatographic run. 

Fully Automated QuEChERS Extraction and Cleanup  
of Organophosphate Pesticides in Orange Juice 

Chiew Mei Chong and Hans-Joachim Hübschmann

A fully automated quick, easy, cheap, effective, rugged, and safe (QuEChERS) extraction and extract clean-up method for gas 
chromatography–mass spectrometry (GC–MS) and liquid chromatography–mass spectrometry (LC–MS) analysis is presented 
using an industry standard robotic x,y,z-sampling system. This article analyzes organophosphate pesticides from orange 
juice. The automated workflow used in the study includes the extraction with acetonitrile and salting out and using a µSPE 
cartridge for matrix cleanup prior to injection into a gas chromatography–tandem mass spectrometry (GC–MS/MS) system. 
The method validation techniques, such as pre-spike and post-spike, were fully integrated into the automated workflow. 
Calibration linearities of the organophosphate pesticides in orange juice matrix range from 1 to 100 ng/mL with a precision 
achieved better than 0.995 for all compounds. By spiking 10 ng/mL of pesticides into the orange juice samples, recoveries 
were obtained in the range of 70–115%, while the precision from pre-spike (n = 7) and post-spike (n = 6) under the same 
concentration was less than 10% RSD. The calculated method detection limits (MDLs) of the monitored pesticides were in the 
range of 1.8–4.1 ng/mL, which are well below the regulated maximum residue limits (MRLs) of 10 ng/g for these pesticides. 
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Configuration of  
the Robotic Sampler
For the described experiments, an 
industry standard robotic x,y,z-sam-
pling system with automated tool 
change (x,y,z-Robotic Sampler) was 
employed. Different syringes sizes for 
extraction, cleanup, standard addi-
tion and GC injection are used in the 
automated workflow. The system con-
figuration as shown in Figure 1 further 
comprises a vortex mixer, solvent, and 
wash modules. The system configura-
tion also incorporates a tray holder 
with the vial racks for the sample and 
extract vials, and the micro-SPE clean-
up cartridges. A system park station 
holds the tools with different syringes 
for use in the programmed workflow. 

For the automated workflow, a satu-
rated sodium chloride (NaCl) solution 
is provided in the solvent module.  
Acetonitrile is used as extraction and 
syringe cleaning solvent provided with 
a fast wash module from an exter-
nal reservoir. The fast wash module 
includes a pump for solvent delivery, 
active only when the syringe needle 
enters the sink-shaped port.

The workflow includes the auto-
mated dilution of pesticide standards 
to build a calibration curve as well.  
A working stock solution is placed in 
rack one with a row of empty vials for 
in-time preparation of the calibration 
for quantitation, which is shown in Fig-
ure 2. The same vial rack carries the 
sample vials, empty vials to collect the 
cleaned extract, as well the necessary 
µSPE cartridges for the cleanup.

Automated Workflow
The workflow for the automated analy-
sis of pesticides from juices comprises 
several stages:
• preparation of the calibration stan-

dards
• standards addition
• extraction with acetonitrile
• extract cleanup
• GC–MS and LC–MS injections 

and analyses.
The first part with a fresh preparation 

of the calibration curve can be used 
optionally, as well as the addition of 
internal standards to the sample. Typi-
cally, commercial multiresidue pesti-

cide standards are applied for building 
the quantitative calibration. The dilution 
of standards can be achieved in routine 
analysis by entering the required dilu-
tion factors. The automated workflow 
describing the extraction, cleanup, and 
GC–MS injection steps is illustrated in 
Figure 3. The QuEChERS extraction 
step is performed here with the origi-
nal high NaCl salting-out conditions 
(1). A pH adjustment following AOAC 
2007.01 or EN 15662 methods can be 
achieved by providing the required 
buffer salts in accordingly prepared 2 
mL vials before adding a juice sample. 

The extract cleanup is achieved 
by applying the raw extract, after 
phase separation, to µSPE cartridges.  
Here the syringe works like an LC 
pump and pushes the extract in con-
stant slow flow of 2 µL/s through the 
cartridge. The pesticides fraction is 
eluted first, leaving the sample matrix 
behind on the cartridge. The cleaned 
extract is collected in empty vials on 
the same tray holder. The sorbent 
material mix of the clean-up cartridge 
is optimized for GC–MS and LC–MS 
analysis (5). Both cartridge types con-

tain C18 and activated carbon mate-
rial, but only for GC–MS primary and 
secondary amine (PSA) and anhydrous 
MgSO4. Silica coated zirconium diox-
ide (ZrO2) sorbent material is used for 
LC–MS analysis. A big benefit of the 
optimized sorbent material mix for 
laboratory logistics is the wide ver-
satility of the cartridges for any kind 
of food sample. This also includes 
samples containing high fat content 
or spice, making any further modi-
fication of the sorbent material mix 
for different kind of sample matrices  
unnecessary (6,7).

In the online configuration to GC–
MS and LC–MS, every sample is 
processed on an identical time axis 
within 5–7 min, depending on the 
chosen tasks and processed volumes.  
A “prep-ahead” mode allows the 
processing of the next sample during 
analysis of the previous one, as shown 
in Figure 3. A built-in scheduler of the 
robotic system starts the processing of 
a next sample just in time to be ready 
for injection at the expected ready 
signal from the mass spectrometer 
connected. The “prep-ahead” mode 

1

2 3

4

5

6 7

FIGURE 1: Configuration of the robotic x,y,z-sampler for the automated QuEChERS extraction 
and cleanup of juice samples. Note the labeled features include: 1) handheld terminal,  2) 
vortex mixer, 3) solvent module, 4) head of robotic sampler, 5) fast wash module, 6) tray holder 
for vial racks and µSPE cartridges, and 7) tool park station with three syringes.

Rack #1

Rack #2

Rack #3

Calibration standards and
Internal standards

Juice samples

Cleaned extract

µSPE cartridges

FIGURE 2: Tray holder top view showing the rack placement of standards, samples, cleaned 
extracts, and the µSPE cartridge reservoir.
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increases sample throughput signifi-
cantly and maximizes the duty cycle 
of the connected analysis system.

The described workflow integrates 
into the chromatography data systems 
of the leading instrument manufactur-
ers for GC–MS and LC–MS. Also, the 
automated process can be executed 
off-line, and the cleaned extracts 
directed to different instruments.

Experimental
The only manual step in the project 
was transferring orange juice from the 
well-shaken bottle into sample vials. 
The subsequent QuEChERS extrac-
tion steps, such as adding acetonitrile, 
adding saturated sodium chloride salt, 
cleanup, and injection into the GC–
MS/MS instrument are all carried out 
by the x,y,z-robotic sampler with the 
aid of a method composer software 
provided by the manufacturer to build 
the automation workflow. The instru-
ments used were an AOC-6000Plus 
robot (Shimadzu Corporation), a GC–
MS-TQ8040 instrument with GC–MS 
solutions software (Shimadzu Corpora-
tion), and PAL Method Composer soft-
ware (8) (CTC Analytics). As pesticide 
standards, the GC multiresidue stan-
dards #8 and #9, and as internal stan-
dard (ISTD) tris(1,3-dichloroisopropyl)
phosphate, were applied (Restek). Sol-
vents and reagents were acetonitrile 
p.a., as well as sodium chloride reagent 
grade (Merck KG) and water in HPLC 
grade (ACRO). The µSPE clean-up car-

tridge contained a sorbent material 
mixture containing 45 mg of MgSO4, 
PSA, C18EC, and CarbonX (CTC Ana-
lytics). Orange juice was sourced from 
a local grocery store. 

Results and Discussion
For the automated extraction, the 
sample size of the homogeneous juice 
sample is scaled down from the usual 
sample amount of 10 g to only 400 to 
500 µL because less than 10 µL of sam-
ple extract is typically injected into the 
GC–MS instrument to obtain a good 
signal and recovery.

Figure 4 shows the orange juice 
sample undergoing QuEChERS sam-
ple preparation. The orange juice first 
is completely miscible with acetoni-
trile. Only after adding the saturated 
sodium chloride, two layers of liquid 
are formed, in which, after being vor-
texed and followed by sedimenta-
tion, the upper layer is the extract of 
acetonitrile. The bottom layer is the 
remaining aqueous layer. The color-
ful extract is typically not suitable to 

TABLE I: Instrument parameters

x,y,z-Robotic sampler

Sample volume 400 µL

Standard volumes 50 µL each, for calibration and ISTD

Acetonitrile volume 3x 200 µL (extraction solvent)

Salting-out 200 µL (NaCl sat.)

Vortexing speed, time 1500 rpm, 60 s

Extract cleanup 250 µL raw extract (applied to µSPE)

Flow 2 µL/s

Gas chromatograph

Inlet temperature 250 °C

Inlet mode Splitless

Injection volume 3 µL

Flow 1.15 mL/min

Pressure 64.7 kPa

Column SH-Rxi-5Sil MS, 30 m x 0.25 µm x 0.25 mm

Oven temperature

50°C (2 min), 
30 °C /min to 75 °C (1 min), 
4 °C/min to 250 °C (1 min), 

20 °C/min to 300 °C (0.92 min)

Mass spectrometer

Ion source temp. 250 °C

Solvent cut time 3 min.

Detector voltage +0.3 kV relative to tuning result 

Detection MRM mode, per manufacturer pesticide database

Add 500 µL juice into 2 mL vials

Place capped vials into sample rack #1

Select µSPE tool with 1000 µL syringe

Add 600 µL MeCN to juice sample

Add 250 µL NaCl sat. to juice sample

Vortex the vial

Clean Syringe with MeCN

Wait for phase separation

Condition µSPE cartridge (optional)

Aspirate QuEChERS extract

Load µSPE cartridge

Clean syringe with MeCN

Elute µSPE cartridge into rack #2

Dispose cartridge

Clean syringe with MeCN

Select liquid tool with 25 µL syringe

Clean syringe with elution solvent

Add analyte protectant to cleaned extract

Add ISTD to cleaned extract

Mix with syringe in extract vial

Clean syringe with MeCN

Clean syringe with MeCN

Select liquid tool with 10 µL syringe

Check for GC ready signal

Rinse syringe with cleaned extract

Aspirate 2 µL of extract

Inject into GC injector

Start GC

Clean syringe with MeCN

Prep-ahead for next juice sample
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FIGURE 3: Automated workflow for 
juice extraction, extract cleanup, and 
GC injection. MeCN indicates the use of 
acetonitrile (methyl cyanide).
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be directly analyzed because of its 
high matrix co-extracts from the juice 
sample. An aliquot of this extract is 
transferred to the µSPE cartridge 
for cleanup. The clean-up effect can 
already visually be noticed on colo-
rants removed by the µSPE cartridge 
after the clean-up procedure.

A group of organophosphate pesti-
cides was evaluated based on pre-spike 
and post-spike of pesticide standards 
into the juice samples. Using the PAL 
Method Composer software, the pre-
spike and post-spike steps were inte-
grated optionally into the automation 
workflow. In the pre-spike procedure, 
the pesticides and internal standards 
were added into the orange juice sam-
ple prior to the extraction with acetoni-
trile. A post-spike procedure starts with 
extracting the juice sample followed by 
µSPE clean-up, then adding the pesti-
cide and internal standards into the 
cleaned extracts before injecting into 
the GC–MS/MS instrument.

Chromatograms and  
Calibration Curves
Figure 5 shows the full chromato-
grams of the extracted orange juice 
after undergoing the automated 
QuEChERS extraction and clean-up 
using the post-spike of standards 
with 100 ng/mL of the organophos-
phate pesticide compounds. 

Quantification
The calibration curves were prepared 
in a concentration range from 1.0 to 
100.0 ng/mL with the standards post-
spiked into a blank and µSPE-cleaned 
orange juice extract. A very good lin-
earity with correlation coefficients bet-
ter than 0.995 for all the investigated 
organophosphorus pesticides could 
be achieved. Figure 6 shows the cali-
bration curves of the late eluted com-
pounds piperonyl butoxide, leptophos, 
and coumaphos, which are representa-
tive of the group of compounds.

Pre- and post-spiked data from 
seven consecutive sample runs were 
used to calculate the method recovery 
values and method detection limits 
(MDL) listed in Table I. The resulting 
data show a high recovery between 
71 and 114% for all pesticides investi-

gated. The MDLs confirm a very good 
and regulation-compliant sensitivity of 
the described method. Figure 7 shows 
selected real-world mass chromato-
grams of the lower recovery and late 
eluted compounds at the 10 ng/mL 
decision level.

Conclusion
The fully automated QuEChERS extrac-
tion and clean-up procedure frees up 
resources in the routine laboratory. 
The industry standard x,y,z-robotic 
sampling system provides a reliable 
method for pesticide analysis of homo-

(a) (b) (c) (d)

FIGURE 4: Workflow steps visualized in the 2 mL vials of the automated juice extraction 
and cleanup. Shown are (a) orange juice from the juice box; (b) orange juice and acetonitrile 
vortexed; (c) orange juice and acetonitrile, with sodium chloride saturated phase separation; 
and (d) cleaned extract after the µSPE step, injected.
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FIGURE 5: Total ion chromatogram of post-spiked orange juice (100 ng/mL) after 
undergoing the automated QuEChERS extraction and µSPE clean-up. The x-axis is time 
(min) and the y-axis is signal x 10,000 for all subfigures.

Piperonyl butoxide Leptophos Coumaphos

FIGURE 6: Linear calibration curves post-spiked into µSPE cleaned orange juice extracts of 
the late eluted compounds piperonyl butoxide, leptophos, and coumaphos. The x-axis is 
the concentration ratio and the y-axis is the area ratio for all three subfigures.

EthionProthiofosBromfenvinphos

(a)

(b)

FIGURE 7: Real-world mass chromatograms (3 MRM transitions each) at the 10 ng/mL 
decision level, showing (a) spike 10 ng/mL, and (b) blank run. The x-axis is time (min) and 
the y-axis is signal x 100 for all subfigures.
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geneous juice samples as shown for 
organophosphates pesticides analysis 
from orange juice. The typical high 
amount of solvents, glassware, and 
consumables required for pesticide 

analysis is significantly reduced, provid-
ing a green analytical method. 

The automated method avoids sol-
vent evaporation steps, uses only one 
cartridge type for all matrices, and 

can be executed fast online during a 
chromatographic run in “prep-ahead” 
mode optimizing the sample through-
put of the MS detection system in use.

The analytical data show excellent 
sensitivity for the investigated organo-
phosphates pesticides with MDLs in 
the range of 1–4 ng/mL. The quanti-
tative calibration is linear, in the range 
of 1–100 ng/L. The method preci-
sion at the decision level is excellent,  
with less than 10% RSD for all com-
pounds, making this automated 
method a suitable solution for pesti-
cide analysis of homogeneous juice 
samples. The described automated 
extraction and clean-up workflow can 
be applied for unattended online GC–
MS and LC–MS analysis.
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TABLE II: Linearity, precision, recovery, and method detection limits (MDL) of the 
organophosphates pesticides investigated in automatically extracted from orange juice.

Compound 
Name

Retention 
Time

Linearity
1 ng/

mL–100 
ng/mL

Pre-Spike
at 10 

ng/mL

Post-Spike
at 10 ng/mL MDL 

(ng/
mL)% RSD 

(n = 7)
Recovery

% RSD
(n = 6)

Methacrifos 20.167 0.9985 8.7% 114% 7.8% 3.1

Sulfotep 25.200 0.9989 9.7% 106% 8.2% 3.2

Phorate 25.581 0.9988 10.9% 115% 8.8% 4.0

Terbufos 27.816 0.9972 7.0% 91% 6.9% 2.0

Fonofos 27.884 0.9979 8.4% 115% 10.7% 3.1

Disulfoton 28.662 0.9980 4.8% 110% 11.6% 1.7

Tolclofos-
methyl

30.770 0.9982 5.9% 91% 6.3% 1.7

Fenchlorphos 
(Ronnel)

31.293 0.9966 7.2% 95% 6.0% 2.1

Malathion 32.620 0.9960 12% 108% 11% 4.1

Fenthion 33.014 0.9962 6.3% 91% 5.6% 1.8

Parathion 33.168 0.9974 10% 99% 8.1% 3.1

Bromophos 
methyl

33.789 0.9977 7.0% 90% 5.9% 2.0

Bromfenvin-
fos-methyl

34.888 0.9974 8.3% 82% 7.7% 2.1

Chlorfen-
vinphos

34.952 0.9977 7.8% 91% 2.9% 2.2

Bromophos-
ethyl

35.847 0.9976 7.6% 81% 2.1% 1.9

Tetrachlor-
vinphos

36.167 0.9985 7.7% 86% 9.7% 2.1

Bromfen-
vinphos

36.814 0.9990 9.1% 88% 4.7% 2.5

Iodofenphos 36.938 0.9971 9.4% 76% 8.4% 2.3

Fenamiphos 36.951 0.9976 7.8% 85% 10% 2.1

Prothiofos 37.168 0.9962 9.2% 74% 5.8% 2.1

Profenofos 37.366 0.9989 10% 87% 6.7% 2.6

Ethion 39.571 0.9957 7.5% 76% 3.9% 1.8

Chlorthio-
phos

39.694 0.9950 7.9% 80% 1.7% 2.0

Triazophos 40.227 0.9982 7.9% 88% 8.4% 2.2

Sulprofos 40.252 0.9968 8.5% 84% 2.3% 2.2

Carbophe-
nothion

40.675 0.9984 8.2% 74% 6.4% 2.0

Edifenphos 40.729 0.9960 9.9% 80% 8.8% 2.5

Piperonyl 
butoxide

42.393 0.9993 8.5% 86% 6.9% 2.3

Leptophos 44.947 0.9982 9.1% 71% 6.9% 2.0

Coumaphos 47.854 0.9947 9.7% 80% 8.3% 2.5
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http://www.eurl-pesticides.eu/library/docs/allcrl/AqcGuidance_Sanco_2013_12571.pdf
http://doi.org/10.1021/acs.jafc.9b07685
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https://doi.org/10.5740/jaoacint.19-0202
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H ydrolyzed collagens (also 
referred to as collagen peptides 
or collagen hydrolysate) are 

products obtained by hydrolysis of natu-
ral proteins. They easily dissolve in water, 
and are highly digestible. Therefore, col-
lagen peptides are used in dietary sup-
plements and functional foods. 

With typical molar masses of less 
than 10,000 g/mol collagen peptides 
comprise between at least 2 and at 
most 100 amino acids. Collagen pep-
tides do not contain chains only of one 
specific molar mass, but exhibit a molar 
mass distribution (MMD). Because the 
MMD and the average molar mass 
influence application properties, there 
is a need for routine methods for reli-
able molar mass characterization of 
collagen peptides.

Gel permeation chromatography/
size exclusion chromatography (GPC/
SEC) is a chromatographic technique 
that separates macromolecules based 
on their size in solution. The ease, reli-
ability, and reproducibility of GPC/SEC 
resulted in the technique becoming 
the workhorse in molar mass charac-
terization of macromolecules (1). 

However, molar masses derived by 
GPC/SEC are based on calibration 
curves established using suitable poly-
mer standards. If the chemical structure 
of the standards deviates from the struc-
ture of the sample to be analyzed, only a 
relative molar mass is obtained (2).

One way to overcome this problem 
is the use of molar mass sensitive GPC/
SEC-detectors, such as online light-
scattering or online viscosity detection 

(2,3,5). However, such instrumentation 
is costly, and is not available in all labo-
ratories. Furthermore, the possible pit-
falls require operation by well-trained 
personnel. As a result, molar masses 
derived by different laboratories are 
often not comparable to each other. 

Therefore, it was the purpose of 
the present work to develop a simple, 
robust, precise (but cost-effective) 
GPC/SEC approach for molar mass 
determination of collagen peptides. 
The approach should make it possible 
to provide close to true molar masses 
for collagen peptides, without apply-
ing molar mass sensitive detectors. 
Ultraviolet (UV)-detection was chosen, 
because of the more stable baseline of 
UV-detectors compared to refractive 
index (RI)-detection, which is typically 
applied in GPC/SEC. 

For the present study, true weight 
average molar masses of five broadly 
distributed collagen peptides were 
determined using GPC/SEC with vis-
cosity detection (4,5). Afterward, these 
samples were used as reference mate-
rials to establish a GPC/SEC calibra-
tion by a broad standard calibration 
approach. Finally, the suitability of the 
calibration approach was verified on 
another set of collagen peptides that 
were sent to four different laboratories 
to perform a round-robin test.

Materials and Methods
Dextran and pullulan standards (PSS), 
with molar masses at peak maximum 
ranging from Mp = 180 g/mol to  
Mp = 106,000 g/mol, were applied to 

set up a universal calibration curve 
([ɳ] x M) to obtain the molar masses 
of the collagen peptides. 

A mixture of collagen fragments 
(CNBr-Peptides), obtained by FILK 
(Research Institute of Leather and 
Plastic Sheeting) and suitable for 
UV detection, were used to estab-
lish the base calibration required 
for the broad calibration approach. 
The sample contained collagen frag-
ments having molar masses in the 
range 3500 to 38,000 g/mol, certi-
fied by the manufacturer. However, 
the sample mixture was not suited 
for establishing a universal calibra-
tion curve, because of a lack of suffi-
ciently precise information regarding 
the concentrations of the different 
collagen fragments.

Five collagen peptides (samples 
1–5) used as reference materials after 
determination of their weight aver-
age masses, as well as six additional 
collagen peptides (samples A–F) 
to be applied in a round-robin test, 
were provided by the Gelatine Manu-
facturers of Europe (https://www.
gelatine.org/en/service/contact.html).  
The newly established reference sam-
ples can be obtained by the GME Sec-
retariat (https://www.gelatine.org/en/
service/contact.html).

Phosphate buffer pH 5.30 with 0.2 M 
NaCl (13.27 g KH2PO4, 0.44 g Na2HPO4, 
11.69 g NaCl in 1.0 L deionized water) 
was applied as the GPC/SEC eluent. All 
salts were obtained from Sigma Aldrich 
in p.A. purity. Water was deionized in 
house using an ion exchanger (Behr).

Molar Mass Determination of Collagen Peptides

Friedhelm Gores, Wolfgang Radke, and Daniela Held

A simple gel permeation chromatography/size-exclusion chromatography (GPC/SEC) method for molar mass determination 
of collagen peptides was developed, allowing for reliable molar mass determination using ultraviolet (UV) detection. The 
application of UV detection together with commercially available broadly distributed molar mass reference materials allows 
for easy and cost-effective laboratory implementation. The reliability of the method was checked by round-robin tests.
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A PSS SECcurity GPC/SEC sys-
tem (PSS), equipped with an isocratic 
pump, a four channel on-line degas-
sing device, a column thermostat, an 
autosampler and a UV-vis detector  
(λ = 214 nm), was applied for the broad 
standard approach.

For determination of true weight 
average molar masses of the collagen 
peptides reference samples, the UV 
detector was replaced by a SECcurity 
refractive index detector in series with 
a Viscotek H502 viscometer detec-
tor (Viscotek). Data acquisition and 
analysis were performed using PSS 
WinGPC UniChrom Version 8.2 (PSS).

PSS PROTEEMA columns (5 µm par-
ticle size, 100 Å porosity, 8.0 mm i.d. 
x 300 mm); with PSS PROTEEMA pre-
column (8.0 mm i.d. x 50 mm) (PSS) and 
TSK SWXL G2000 columns (5 µm par-
ticle size, 100 Å porosity, 7.8 mm i.d. x 
300 mm); with TSK precolumn (7.8 mm 
i.d. x 50 mm) (Tosoh) were used. Both 
column types yielded similar results

GPC/SEC measurements were car-
ried out at a temperature of 40° C 
and a flow rate of 0.5 mL/min. A small 
amount of benzoic acid (internal flow 
marker) was added to the solvent 
used for sample preparation. At least 
two separate concentrations were 
prepared for each sample. After dis-
solving overnight, each sample solu-
tion was analyzed in duplicate without 
further pretreatment.

For molar mass determination 
of the collagen peptides reference 
materials by GPC/SEC-viscosity,  
sample concentrations and injec-
tion volume of 3-7 g/L and of 100 µL, 
respectively, were used.

For the broad standard calibra-
tion approach, a typical sample con-
centration of 2 g/L and an injection  
volume of 20 µL were applied. 

Theoretical Background of Broad 
Standard Calibration Approach
GPC/SEC is a separation technique that 
separates according to the size of mole-
cules in solution. Determination of true 
sample molar masses requires a calibra-
tion curve constructed with standards 
having a chemical structure identical 
to that of the sample to be analyzed.  
The most common approach to con-

struct the calibration curve is by injec-
tion of a series of narrowly distributed 
standards of known molar masses.  
If such narrowly distributed standards 
are not available, broadly distributed 
standards can be applied as well. 

Based on the work of Benoit and 
Grubisic, it is known that polymers 
eluted at the same GPC/SEC elution 
volume have identical sizes (hydro-
dynamic volumes) (2,4). The relation 
between the molar masses of macro-
molecules eluted at the same elution 
volume but being of different chemical 
structure can be expressed as: (3)

M2 = A × M B
1 [1]

where A and B are parameters that 
depend on the Mark-Houwink param-
eters of the two polymers in the eluent. 
Usually, A and B, which relate the molar 
mass of standards (M1) to the molar 
mass of the analyte at the same elution 
volume (M2), are unknown, and need to 
be determined. 

For this purpose, a base calibration 
is constructed using narrowly distrib-
uted standards, the chemical structure 
of which is allowed to deviate from that 
of the analyte. Afterward, one or more 
broadly distributed reference samples 
having the same chemical structure 
as the material to be analyzed are run 
using the same experimental condi-
tions. For these broadly distributed 
reference samples, one or more molar 
mass averages (Mn or Mw, target values) 
needs to be known. Using the detector 
signals S(V) of the broadly distributed 
reference materials and the molar mass 
of the base calibration at elution vol-
ume V, M1(V), makes it possible to cal-
culate the number and weight average 
molar masses for each test set of A and 
B. It can easily be shown that the num-
ber and weight average molar masses 
can be calculated for each chromato-
gram expressed by: 

Mn,i (A,B) = =
∑Si(V)

∑Si(V)/M2

∑Si(V)
∑Si(V)/(A × M  )B

1

[2]

Mw,i (A,B) = =
∑Si(V)×M2

∑Si(V)
∑Si(V) × A × M  

∑Si(V)

B
1

[3]

Here, Mn,i(A,B) and Mw,i(A,B) are the 
number and weight average molar 
masses for chromatogram i, when 
applying parameters A and B to the 
base calibration, M1(V). The calculated 
molar mass averages depend on the 
choice of parameters A and B. A simul-
taneously good agreement between 
the target values of the broadly dis-
tributed samples and the molar mass 
average values calculated, based on 
their chromatograms according to 
Equation 2 and Equation 3, is achieved 
only if A and B are chosen correctly.  
Therefore, A and B are varied systemat-
ically by appropriate software routines 
until the best agreement between the 
calculated molar mass averages for the 
chromatograms of the broadly distrib-
uted reference samples with the target 
values is achieved. The so-identified set 
of A and B makes it possible to convert 
the base calibration into a calibration 
curve, representing the chemical struc-
ture of the analyte. 

Results
To apply the above described broad 
standard approach to collagen pep-
tides, a series of broadly distributed col-
lagen peptides, for which either Mn or 
Mw are known, was required. Because 
such materials were not available, true 
weight average molar masses for sam-
ples 1–5 were determined using GPC/
SEC with viscosity and RI detection. The 
required base calibration curve (log([n] 
x M) vs. V) for application of GPC/
SEC viscosity was established using 
monodisperse saccharides and nar-
rowly distributed pullulan and dextran 
standards with Mp values as provided 
by the standard supplier. Columns 2 
and 3 of Table I list the average weight 
average molar masses, Mw, and the 
average intrinsic viscosities, [ɳ], of the 
collagen peptides with their respective 
standard deviations. 

The so-characterized collagen pep-
tides were used with their weight aver-
age molar masses as broadly distrib-
uted reference materials to convert a 
base calibration to a collagen calibra-
tion using the broad standard calibra-
tion approach.

It was the intention to apply UV 
detection because of the more sta-
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ble baseline; thus application of the 
mono- and polysaccharides applied 
for establishing the universal calibra-
tion curve was not feasible. There-
fore, a UV-active sample containing 
different collagen fragments (CNBr-
Peptides) of known molar masses was 
run. The GPC/SEC chromatogram of 
this sample (Figure 1) reveals resolved 
peaks to which molar masses can be 
clearly assigned. The resulting base 
calibration is shown in Figure 2.

Once the base calibration was estab-
lished, the broadly distributed refer-
ence materials were run using the same 
chromatographic conditions. An over-
lay of the chromatograms is provided 
in Figure 3. The chromatograms are 
rather broad, and reveal multiple peak 
maxima such that assignment of the 
molar mass to the peak maximum of 
the chromatogram would not be feasi-
ble. This is particularly true because the 
maximum of the chromatogram does 
not need to coincide with the maxi-
mum of the molar mass distribution. 

In the next step, parameters A and 
B were adjusted by the software such 
that the calibration curve derived by 
applying A and B to the base calibra-
tion together with the chromatograms 
of the broadly distributed reference 
materials resulted in the best agree-
ment of target and calculated weight 
average molar masses. The weight 
average molar masses obtained by 
applying the resulting calibration are 
given in the fourth column of Table I. 
In all cases, the calculated weight aver-
age molar masses deviate less than 3% 
from the target values, which had been 
obtained by GPC/SEC-viscosity (col-
umn 2 in Table I). 

For comparison, the calibration 
curve established using the CNBr pep-
tides is overlaid to the adjusted calibra-
tion in Figure 2. The latter is shifted 
toward lower molar masses. This direct 
application of the CNBr-peptides cali-
bration would therefore result in an 
overestimation of the molar masses for 
collagen fragments. 

Round-Robin Tests
To check whether the approach is suit-
able for obtaining identical weight 
average molar masses irrespective of 

the laboratory performing molar mass 
determination, the sample for establish-
ing the base calibration curve, the five 
broadly distributed reference materi-
als together with their assigned weight 
average molar masses, and a set of six 
collagen peptides, used as unknowns, 
were provided to four different labora-
tories. They were asked to use the chro-
matographic conditions provided in the 

experimental section and to follow the 
above established calibration approach.

The results obtained for the samples 
in the different laboratories are com-
pared to each other in Table II, which 
also provides a comparison with the 
true molar masses that were obtained 
independently by GPC/SEC-viscosity 
analysis. A graphical representation of 
the results is given in Figure 4.

TABLE II: Average molar masses of collagen peptide samples derived in different 
laboratories using the suggested approach with broad standard calibration. Second column 
shows true molar masses as determined by GPC/SEC-viscosity. 

Sample
Mw [g/mol]

UC
Mw [g/mol]

Lab1
Mw [g/mol]

Lab2
Mw [g/mol]

Lab3
Mw [g/mol]

Lab4

Sample A 2950 2720 2730 2650 2550

Sample B 4230 3780 3640 3680 3660

Sample C 2120 1950 2140 1950 1870

Sample D 3960 3530 3390 3300 3280

Sample E 4500 4640 4450 4495 4450

Sample F 2860 2830 2890 2920 2740

TABLE I: Weight average molar masses, Mw, and intrinsic viscosity, [ƞ], of the collagen 
peptide reference samples (average values and standard deviations from duplicate 
injections of four individual sample preparations).

Sample Mw [g/mol] [ƞ] [mL/g]

Values 
Recalculated 

From Adjusted 
Calibration 

Curve

% Deviation

Sample 1 1960 ± 130 4.57 ± 0.07 1929 -1,6

Sample 2 2820 ± 270 5.56 ± 0.27 2776 -1,6

Sample 3 3920 ± 200 6.60 ± 0.20 4025 2,7

Sample 4 4480 ± 380 7.49 ± 0.12 4596 2,6

Sample 5 9020 ± 680 9.58 ± 0.80 8806 -2,4

25kDa

13kDa
19kDa

3.5kDa

55kDa
38kDa

6 7 8 9 10 11 12

V(mL)

FIGURE 1: Chromatogram of  the CNBr peptides sample on the PSS Proteema column with 
peak molar masses as indicated by supplier. Please note that on some columns the peak 
corresponding to a molar mass of 55 kDa is not as effectively separated as shown here, due 
to elution close to the exclusion limit.
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The results of the different labora-
tories agree well with each other. The 
average deviation of a laboratory result 
from the mean is less than 4%. Thus, 
reliable inter-laboratory comparison is 
possible using the above approach. 

Furthermore, on average, the molar 
masses determined in the different 
laboratories deviate less than 9% from 

the true molar masses derived by the 
more demanding GPC/SEC-viscosity 
approach. Thus, it can be concluded 
that the broad standards approach 
described above not only allows for 
reliable inter-laboratory comparison, 
but also makes it possible to obtain 
close to true molar masses for the col-
lagen peptides. This result is particu-

larly interesting, because the collagen 
peptide compositions of the sam-
ples might deviate from each other 
because they originated from differ-
ent collagen sources. 

Conclusion
The use of five broadly distributed 
collagen peptide reference mate-
rials to convert a base calibration 
resulting from using a mixture of col-
lagen fragments is an easy way to 
obtain a reliable calibration curve for  
collagen peptides. 

Instead of applying more demand-
ing molar mass sensitive detection 
devices or relying on laboratory-spe-
cific reference materials, the commer-
cial availability of the sample applied 
to establish the base calibration and 
of the broadly distributed reference 
materials, which can be obtained from 
the GME Secretariat (6), allows for 
reliable and comparable molar mass 
determination of collagen peptides. 
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M ycotoxins are secondary 
metabolites produced by 
various fungal species in 

agricultural products. Because of their 
occurrence and toxicity, the most 
important classes of mycotoxins are 
aflatoxins (AFB1, AFB2, AFG1, AFG2), 
ochratoxin A (OTA), fumonisins (FB1, 
FB2 and FB3), deoxynivalenol (DON), 
HT-2 and T-2 toxins, and zearalenone 
(ZEN). Aflatoxins have been classified 
as carcinogenic to humans, and och-
ratoxin A and fumonisins are classified 
as possible carcinogens by the Inter-
national Agency for Research on Can-
cer (1). Because of the adverse health 
effects of mycotoxins on humans, 
mycotoxin levels in foods are regulated 
by many countries to protect consum-
ers (2–7). For example, maximum lev-
els (MLs) for these mycotoxins in foods 
have been established by the Euro-
pean Union and the U.S. Food and 
Drug Administration (FDA) (3–7).

To meet regulatory requirements, 
various analytical methods have been 
developed for analysis of mycotoxins 
in foods (8,9). Recently, liquid chroma-
tography–tandem mass spectrom-

etry (LC–MS/MS) has become the 
method of choice for quantification 
and confirmation of mycotoxins in 
samples because of its high sensitiv-
ity, selectivity, and capability of analyz-
ing many analytes in complex sample 
matrices (8–20). Currently, mycotoxin 
analysis is being used to develop mul-
tianalyte methods that can analyze 
all the regulated mycotoxins in foods 
in a single run. However, it has been 
challenging to develop such a mul-
timycotoxin method because of the 
diverse physicochemical properties 
of these compounds, which makes 
it difficult to effectively extract and 
purify all analytes by a single method. 
In addition, the wide range of food 
matrices makes the extensively used 
matrix-matched calibration method 
less efficient because multiple sets 
of matrix-matched calibrations need 
to be prepared for different food 
matrices. As a compromise, simple 
sample preparation procedures using 
an acetonitrile:water mixture as the 
extraction solvent have been widely 
used in developing multimycotoxin 
LC–MS/MS methods without sample 

cleanup (12–18). However, direct injec-
tion of crude food extracts into an 
LC–MS/MS system can cause matrix 
effects, which can significantly affect 
the data quality and method selectiv-
ity, sensitivity, and accuracy. 

Although matrix-matched calibra-
tion and stable isotope dilution assay 
(SIDA) have been used to compensate 
for matrix effects in the analysis of myco-
toxins in food samples, these methods 
are only calibration methods, and can-
not remove sample matrix effects (sup-
pression or enhancement) and matrix-
interfering components from samples, 
and thus, cannot improve method 
sensitivity or selectivity. To increase the 
sensitivity of a method and meet the 
stringent regulatory requirements for 
determining low levels of mycotoxins, 
such as AFB1 (0.1 µg/kg) and OTA (0.5 
µg/kg) in baby food samples, sample 
cleanup, and analyte concentration 
techniques are required, such as solid-
phase extraction (19) and immunoaf-
finity sample cleanup methods (20,21).  
However, in the past, most of these 
sample cleanup methods were for sin-
gle analyte or single-class mycotoxin 

Analysis of 12 Regulated Mycotoxins in  
8 Food Matrices by Single Immunoaffinity  
Cleanup and Isotope Dilution LC–MS/MS

Jingcun Wu and Tyrally Ordinario

A sensitive, selective, and accurate method for analyzing 12 regulated mycotoxins was developed using ultrahigh-pressure 
liquid chromatography–tandem mass spectrometry (UHPLC–MS/MS). Sample cleanup was performed by specific antibody–
antigen interactions using a multianalyte immunoaffinity column containing antibodies for all the regulated mycotoxins. 
Chromatographic separation was done using a C18 column with simple LC–MS mobile phases. Stable isotope-labeled internal 
standards for each analyte were added to all samples before extraction to minimize sample matrix effects and reduce variations 
in analytical procedures. Two MS/MS ion pairs were used for each analyte for compound confirmation and quantification, further 
enhancing method selectivity and accuracy. The method was validated for eight food matrices (corn, wheat, soybean, almond, 
oat cereal, peanut butter, red chili, and black pepper) that represent food types most often contaminated by mycotoxins. 
Recoveries of most mycotoxins from the eight food matrices spiked at two concentration levels: 80–120% with the RSD less 
than 15%. The method limits of quantitation (LOQs) for all analytes are below the most stringent regulatory limits, making the 
method suitable for routine mycotoxin analysis.
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analyses. Nowadays, several immuno-
affinity columns (IAC) containing mul-
timycotoxin antibodies are available 
commercially, making it possible to 
selectively purify multiple mycotoxins 
from complex food matrices. 

In this study, 12 regulated mycotox-
ins from six major toxin classes were 
selected using IAC for sample cleanup. 
A reliable, sensitive, and selective 

method was developed for simulta-
neous determination of these myco-
toxins in various food matrices. Stable 
isotope dilution assay was performed 
before sample extraction, which mini-
mized variations during sample prepa-
ration and instrument analysis and fur-
ther compensated for matrix effects.  
Two MS/MS ion pairs were used for 
each analyte for compound confirma-

tion and quantification. The results 
demonstrated that cleaner sample 
matrices and higher sensitivity of the 
method could be achieved by coupling 
IAC sample clean-up with LC–MS/MS.  
This method was validated using 
eight different food matrices spiked at 
two analyte concentration levels and 
could be applied for multimycotoxin 
analyses to meet the most stringent  
regulatory limits.

Experimental
Chemicals and Materials
Mycotoxin standard stock solutions 
and their 13C uniformly labeled inter-
nal standard (13C-IS) stock solutions 
were obtained from Romer Labora-
tories. The aflatoxin mix solution con-
sisted of aflatoxins B1, B2, G1 and G2 
(1.0 µg/mL each in acetonitrile); the 
fusarium toxins mixture consisted of 
deoxynivalenol (100 μg/mL), HT-2 toxin  
(100 μg/mL), T-2 toxin (10 μg/mL), and 
zearalenone (30 μg/mL) in acetoni-
trile; the fumonisin mixture consisted 
of fumonisin B1 (50 μg/mL), fumoni-
sin B2 (50 μg/mL), and fumonisin 
B3 (50 μg/mL) in acetonitrile:water 
(50:50, v/v); ochratoxin A (10 μg/mL) 
in acetonitrile; 13C-aflatoxin mixture 
consisted of U-[13C17]-aflatoxin B1, 
B2, G1, and G2 (0.5 µg/mL each in 
acetonitrile); U-[13C20]-ochratoxin A  
(10 μg/mL); U-[13C34]-fumonisin B1  
(25 μg/mL); U-[13C34]-fumonisin B2  
(10 μg/mL); U-[13C34]-fumonisin B3  
(10 μg/mL); U-[13C15]-deoxynivale-
nol (25 μg/mL); U-[13C22]-HT-2 toxin  
(25 μg/mL); U-[13C24]-T-2 toxin (25 μg/mL); 
and U-[13C18]-zearalenone (25 μg/mL). 
LC grade solvents (methanol, acetoni-
trile, water) and other chemicals, such 
as formic acid, ammonium formate, and 
phosphate buffered saline (PBS, pH 
7.4) were obtained from Sigma-Aldrich. 
IACs (MaxSignal IAC 6-in-1 Combo), 
disposable polypropylene syringe  
(10 mL, 20 mL), syringe filter (0.45 and 
0.22 µm), polypropylene centrifuge 
tube (50 mL), and amber autosampler 
vials and caps were obtained from 
PerkinElmer. Test samples (yellow corn, 
white corn, wheat, soybean, almond, 
oat breakfast cereal, peanut butter, chili 
powder, black pepper powder) were 
purchased from local stores in Toronto.

TABLE I: Retention time (tR) and final MRM transitions used for mycotoxins and internal standards

Compound Name tR (min)
Precursor 

Ion
Product 

Ion
CE EV CCL2

Aflatoxin B1_1 4.83 313.1 285.1 -29 51 -76

Aflatoxin B1_2 4.83 313.1 241.1 -49 43 -108

13C17-Aflatoxin B1 4.83 330.2 301.2 -31 49 -72

Aflatoxin B2_1 4.65 315.1 287.3 -32 55 -84

Aflatoxin B2_2 4.65 315.1 259.1 -40 46 -84

13C17-Aflatoxin B2 4.65 332.0 303.2 -32 55 -84

Aflatoxin G1_1 4.46 329.3 200.2 -54 45 -108

Aflatoxin G1_2 4.46 329.1 243.2 -35 44 -72

13C17-Aflatoxin G1 4.46 346.1 124.2 -100 45 -136

Aflatoxin G2-1 4.25 331.1 313.1 -33 50 -76

Aflatoxin G2-2 4.25 331.1 189.2 -55 49 -120

13C17-Aflatoxin G2 4.25 348.0 330.0 -33 50 -76

Ochratoxin A_1 6.20 404.1 239.1 -32 15 -68

Ochratoxin A_2 6.20 404.1 358.0 -19 19 -64

13C20-Ochratoxin A 6.20 424.1 250.2 -30 2 -88

Deoxynivalenol_1 2.58 297.1 249.2 -15 0 -52

Deoxynivalenol_2 2.58 297.0 231.2 -17 9 -56

13C15-Deoxynivalenol 2.58 312.0 263.0 -13 21 -60

Fumonisin B1_1 5.72 722.4 334.5 -52 12 -152

Fumonisin B1_2 5.72 722.5 352.4 -47 19 -176

13C34-Fumonisin B1 5.72 756.4 374.5 -48 59 -196

Fumonisin B2_1 6.36 706.3 336.4 -50 51 -152

Fumonisin B2_2 6.36 706.4 318.4 -50 53 -160

13C34-Fumonisin B2 6.36 740.3 358.4 -50 51 -152

Fumonisin B3_1 6.06 706.3 336.4 -50 51 -152

Fumonisin B3_2 6.06 706.3 354.5 -44 64 -132

13C34-Fumonisin B3 6.06 740.3 358.4 -50 51 -152

HT-2 Toxin_1 5.56 442.2 263.2 -20 16 -72

HT-2 Toxin_2 5.56 442.2 215.1 -18 6 -64

13C22-HT-2 Toxin 5.56 464.2 229.2 -17 10 -72

T-2 Toxin_1 5.93 484.2 215.2 -28 26 -84

T-2 Toxin_2 5.93 484.2 185.1 -35 25 -84

13C24-T-2 Toxin 5.93 508.3 322.3 -19 11 -88

Zearalenone_1 6.22 319.2 301.2 -14 16 -52

Zearalenone_2 6.22 319.3 283.1 -16 3 -52

13C18-Zearalenone 6.22 337.2 301.4 -20 8 -56
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Standard Preparation
To prepare calibration standards and quality control sam-
ples, three working standard (WS) mixture solutions (WS-
Mix1, WS-Mix2, and WS-Mix3) and an internal standard 
spiking solution (IS-Spike) were prepared from the corre-
sponding stock solutions by appropriate dilutions with a 
diluent of acetonitrile:water (50:50, v/v). WS-Mix1 contained 
aflatoxins B1, B2, G1, G2 (each 100 ng/mL) and ochratoxin A  
(200 ng/mL). WS-Mix2 consisted of the three fumonisins (FB1, 
FB2 and FB3, each 2000 ng/mL). WS-Mix3 included deoxyni-
valenol (2000 ng/mL), HT-2 toxin (2000 ng/mL), T-2 toxin  
(200 ng/mL), and zearalenone (600 ng/mL). IS-Spike con-
sisted of 13C17 aflatoxins B1, B2, G1, G2 (each 50 ng/
mL); 13C20-ochratoxin A (200 ng/mL); 13C34-fumonisin B1  
(2000 ng/mL); 13C34-fumonisin B2 (1000 ng/mL); 13C34-fumoni-
sin B3 (1000 ng/mL); 13C15-deoxynivalenol (2000 ng/mL); 
13C22-HT-2 toxin (2000 ng/mL); 13C24-T-2 toxin (1000 ng/mL); 
and 13C18-zearalenone (1000 ng/mL). Seven levels of calibra-
tion standard solutions (each 1 mL) were prepared by a series 
of dilutions of the appropriate amount of WS-mixes 1, 2, and 
3 using the same acetonitrile:water diluent, respectively; and 
then IS-spike solution (10 μL) was fortified into each calibra-
tion standard. The analyte concentrations (ng/mL) in the 
standards are as follows: 0.05, 0.1, 0.5, 1, 5, 10, 25 for aflatox-
ins (B1, B2, G1, G2); 0.1, 0.2, 1, 2, 10, 20, and 50 for T-2 toxin 
and ochratoxin A, respectively; 1, 2, 10, 20, 100, 200, 500 for 
HT-2 toxin, DON and fumonisins (FB1, FB2, FB3), respec-
tively; and 0.3, 0.6, 3, 6, 30, 60, and 150 for zearalenone. Each 
standard solution contains IS (ng/mL) at 0.5 for each C13-afla-
toxin (B1, B2, G1, G2); 2 for C13-ochratoxin; 10 for C13-T-2, and 
20 for C13-zearalenone, C13-fumonisins (FB1, FB2, FB3) and  
C13-DON, respectively.

Sample Preparation
All food samples were prepared by the method described in 
IAC (6-in-1 combo) user manual (22) with minor modifications. 
Briefly, 5 g of the ground and homogenized sample were 
weighed and put into a 50 mL centrifuge tube. Next, 100 µL 
of IS-spike were added and vortexed for 2 min. Third, 20 mL 
of extraction solution 1 containing acetonitrile:water:acetic 
acid (80:19:1 in v/v) was added and shaken on a shaker 
for 20 min. Then, the solution was put in a centrifuge at  
4000 rpm for 5 min before being transferred to a collection 
bottle. At this point, 20 mL of extraction solution 2 (80% of 
methanol in water) were added to the centrifuged residue 
and shaken on a shaker for 20 min. The solution was then 
put in a centrifuge at 4000 rpm for 5 min and transferred 
the supernatant to the same collection bottle before the 
solution was mixed well. Then, 5 mL of the combined 
supernatant was diluted with 35 mL of PBS solution and 
mixed well. Afterward, 32 mL of the diluted sample were 
loaded onto an IAC for sample cleanup. When the sample 
solution was slowly passed through the IAC by gravity,  
the mycotoxins were bound to the corresponding antibod-
ies in the column. The IAC was then washed with washing 
solution (0.1% v/v Tween-20 in water) and water to remove 
any unrelated substances (including matrix interfering com-

ponents) that were not bound to the column. Finally, the 
mycotoxins were eluted from the column by methanol con-
taining 2% acetic acid. The eluate was evaporated to dry-
ness and reconstituted with 1 mL of the acetonitrile:water 
(50:50) diluent and then filtered through a 0.22 µm 
syringe filter directly into an amber autosampler vial for  
LC–MS/MS analysis.
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FIGURE 1: Two overlapped MRM chromatograms of AFB1 in a 
peanut butter sample: (a) sample prepared by reference method 
(18) without IAC clean-up; (b) sample prepared by IAC clean-up. 

(a)

(b)

Time (min)

In
te

ns
it

y 
(c

p
s) 30000

20000

10000

0
6 6.1 6.2 6.3 6.4 6.5

Time (min)

In
te

ns
it

y 
(c

p
s)

10000

8000

6000

4000

2000

0
6 6.1 6.2 6.3 6.4 6.5

MS/MS: 404.1/239.1
MS/MS: 404.1/358.0
Ion ratio: (358.0/239.1): 0.62

6.20

MS/MS: 404.1/239.1
MS/MS: 404.1/358.0
Ion ratio: (358.0/239.1): 0.64

6.20

6.20
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qualifier-quantifier ions of (a) OTA in a reference standard, and (b) in 
a chili powder sample blank.
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For method validation, a laboratory 
reagent blank (LRB) was prepared and 
tested first to ensure that there was no 
interference or contamination from 
reagents or materials used or from 
the sample preparation processes.  
Then, all food blank samples were 
examined for any mycotoxin peaks and 
any interfering components. Finally, 
to evaluate sample matrix effects and 
analyte recovery from sample matrix, 
laboratory fortified matrix samples 
(LFM) were prepared by following the 
same sample preparation procedures 
as described above, using each of 
the eight blank samples (corn, wheat, 
soybean, almond, oat cereal, red chili, 
black pepper, and peanut butter) as a 
sample matrix, respectively, and spiked 
with analyte at two concentration lev-
els. At each spiking level, LFM samples 
were prepared in triplicate. Because 
some mycotoxins were detected in 
blank samples used for recovery stud-
ies, the recovered mycotoxin results 

were corrected by subtracting those 
values from the blank samples.

Analytical Conditions
Analyte separation was performed 
using a UHPLC system (PerkinElmer 
LX-50) with a Quasar SPP C18 column 
(100 x 2.1 mm, 2.6 µm) and a simple 
mobile phase composition of water 
and methanol (both contain 0.1% for-
mic acid and 5 mM ammonium for-
mate) with a flow rate of 0.3 mL/min. 
A 5 µL of sample was injected and 
the total LC running time is 11 min. 
Analyte detection was achieved using 
a triple quadrupole mass detector 
(PerkinElmer QSight 220) in positive 
ESI mode. Multiple multiple reaction 
mode (MRM) transition ion pairs were 
monitored for each compound and 
the IS to evaluate potential interfer-
ing components for any transitions in 
the sample matrices. The ion source 
conditions are: ESI voltage, 4500 V; 
drying gas, 120; nebulizer gas, 300; 

source temperature, 350 ºC, and HSID  
temperature, 220 ºC.

Results and Discussion
LC–MS/MS Method Optimization
To optimize mass detection condi-
tions, both positive and negative 
electrospray ionization (ESI) modes 
were evaluated initially for all analytes.  
The results showed that higher sig-
nal intensity and better signal-to-
noise (S/N) ratio were observed for 
all mycotoxins under positive mode 
except for ZEN, which showed slightly 
higher signal intensity in negative 
mode. Although DON and OTA were 
determined in negative mode in a 
previous work (23), the best results 
were obtained using positive ioniza-
tion in this study. Thus, to simplify the 
method, we used positive ESI mode 
for all analytes. For most mycotox-
ins, the highest abundant precursor 
ions were protonated [M+H]+ species.  
But for HT-2 and T-2 toxins, their 

TABLE II: Analyte recoveries (%) from spiked food samples and method LOD and LOQ

Analyte AFB1 AFB2 AFG1 AFG2 OTA FB1 FB2 FB3 DON ZEN HT-2 T-2

Spike1 
(µg/kg)

1 1 1 1 2 100 100 100 100 30 100 10

Corn 94.5 85.5 96.2 89.9 95.0 103 104 101 101 110 86.9 92.3

Wheat 112 105 103 105 95.4 95.5 112 114 76.6 92.2 86.1 100

Soybean 91.1 86.9 90.4 88.5 91.4 109 103 110 103 94.0 82.7 99.9

Oat cereal 102 86.8 97.9 86.0 88.9 95.2 100 95.0 94.0 102 103 94.1

Almond 101 89.1 101 88.5 100 95.2 96.5 95.1 115 112 92.4 105

Peanut 
butter

91.0 89.6 104 96.7 105 98.6 96.8 104 97.7 105 104 103

Black 
pepper

120 102 101 95.6 97.5 101 94.2 97.9 97.4 85.1 99.9 104

Chili powder 102 107 99.3 98.2 96.1 104 105 105 95.8 105 102 111

Spike2 
(µg/kg)

5 5 5 5 10 250 250 250 250 75 250 25

Corn 98.0 93.3 104 91.2 97.6 90.6 107 98.0 98.5 101 85.4 90.4

Wheat 88.2 86.8 88.3 87.7 90.9 108 115 115 95.9 99.0 92.3 110

Soybean 97.3 95.6 104 97.2 95.2 109 113 118 101 99.8 91.5 107

Oat cereal 97.7 87.3 98.3 93.4 90.4 95.0 100 99.6 95.7 112 96.7 104

Almond 114 112 117 110 116 129 123 126 113 117 102 115

Peanut 
butter

93.0 105 103 109 101 97.6 104 102 97.7 108 102 105

Black 
pepper

103 107 98.7 103 83.2 97.4 104 103 99.9 95.2 101 104

Chili powder 103 103 102 105 96.3 94.7 106 100 96.0 111 99.1 106

LOD (µg/kg) 0.02 0.02 0.02 0.03 0.08 1 1 1 2 ~ 3 0.5 ~ 2 1 0.3

LOQ (µg/kg) 0.05 0.07 0.06 0.1 0.2 ~ 0.5 2 2 3 5 ~ 6 1.5 ~ 6 3 0.6
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ammonium adducts [M+NH4]
+ showed higher abundance 

than their [M+H]+ ions, and therefore, their ammonium 
adducts [M+NH4]

+ were used as precursors in the method. 
Multiple MS/MS transitions for each analyte and each 13C-IS 
were evaluated and finally two MS/MS transitions for each 
analyte were employed to improve analyte confirmation and 
method accuracy. The analyte retention time and optimized 
MS/MS parameters were listed in Table I. 

Because of the diverse physicochemical properties of 
the 12 studied analytes, a compromise was made between 
mobile phase composition (keeping good analyte retention) 
and MS response for the target mycotoxins. It was shown 
that signal intensities were increased for aflatoxins and DON 
when a small amount of ammonium formate was added to 
the mobile phase. In addition, small amounts of ammonium 
ions in the mobile phases could help inhibit the formation 
of sodium adducts, especially in the case of HT-2 and T-2 
toxin, and favored the formation of [M+NH4]

+. However, 
higher content of ammonium formate could lead to ion sup-
pression. Thus, the optimized concentration of ammonium 
formate was 5 mM in both mobile phases. It was found that 
the addition of 0.1% formic acid in the mobile phases not 
only enhanced the signals of fumonisins (FB1, FB2 and FB3), 
but also improved their peak shapes. The peak areas of afla-
toxins were also increased. However, the signal intensities for 
OTA, DON, HT-2, and T-2 toxins were decreased slightly with 
the addition of acid in mobile phases. Thus, as a compro-
mise for the determination of all mycotoxins, 0.1% of formic 
acid was added to the mobile phases. Because FB2 and FB3 
have the same MS/MS transitions, baseline separation of the 
two peaks is required to avoid interference from each other. 
In this study, these two peaks of FB3 (at 6.06 min) and FB2 (at 
6.36 min) were well separated.

Sample Matrix Effects 
and Method Selectivity
Sample matrix effects (MEs) have received great atten-
tion in LC–MS/MS method development and validation 
because they can affect data quality and method selectiv-
ity, sensitivity, and accuracy, especially for complex sample 
matrices, such as various food commodities (24). Although 
various approaches have been used to compensate for MEs,  
such as isotope dilution and matrix-matched calibration, 
these methods cannot remove matrix-interfering com-
ponents from samples and thus cannot improve method 
sensitivity and selectivity. It has been demonstrated that 
sample cleanup techniques are the most effective tools for 
ME reduction and analyte concentration, which can lead to 
better selectivity and sensitivity of a method. In this study, 
sample cleanup was performed based on specific anti-
body–antigen interactions using a multianalyte IAC contain-
ing antibodies for all the regulated mycotoxins. As shown 
in Figure 1 for a peanut butter sample, the IAC sample 
cleanup technique significantly reduced matrix components 
from the sample matrix (Figure 1b) compared to the results 
obtained by a method (18) without using IAC sample treat-
ment (Figure 1a). In addition, as shown clearly in Figure 1, 
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FIGURE 3: Two overlapped MS/MS chromatograms: the ion ratio 
of qualifier–quantifier ions of (a) FB1, (b) FB2, and (c) FB3 in a yellow 
corn sample blank.
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the sensitivity of the method, in terms 
of signal intensity and S/N ratio, was 
improved dramatically because of less 
matrix suppressions on analyte signal 
and the analyte concentrations during 
IAC sample preparation procedures. 
Similar results were also obtained for 
other mycotoxins in this sample and 
in all the food matrices studied, espe-
cially for the early eluted analytes such 
as aflatoxins (AFB1, AFB2, AFG1 and 
AFG2, data not shown, but available 
upon request).

In this study, MEs were reduced 
significantly by IAC sample cleanup. 
However, there were still some MEs 
that were evaluated by comparing 
the responses of the same amount 
of IS spiked in solvent (solvent-only 
calibration standards) and in differ-
ent food sample matrices. The results 
showed that MEs were both ana-
lyte-dependent and sample matrix–
dependent. To further compensate 
for these MEs, stable isotope dilution 
assay (SIDA) with 13C-labeled IS for 
each analyte was applied to all sample 
matrices before sample extraction.  
Meanwhile, this SIDA also minimized 
any variations in analytical procedures 
(including variations in sample prepa-
ration and instrument analysis) and 
thus improved method reproducibility, 
accuracy, and robustness.

The method selectivity and analyte 
confirmation from food samples were 
evaluated by comparing the analyte 
retention time and mass spectrum 
information (such as the peak area 
ratios of qualifier to quantifier ions of 
each analyte) between reference stan-
dard and samples. In this study, mul-
tiple MS/MS ion pairs were studied 
initially for each mycotoxin and two 
structurally specific MS/MS ion pairs 
were used for each analyte in the final 
LC–MS/MS method to meet the regu-
latory requirements for confident iden-
tification and accurate quantification of 
analytes in the studied samples (25–27). 
For example, ideally, the blank samples 
used for a recovery study should not 
contain any analyte. However, the blank 
samples obtained do contain some 
analytes at low concentrations because 
mycotoxins are prevalent in many grain 
products even when they are still in the 

field (28). Therefore, to achieve accu-
rate results and obtain correct analyte 
recoveries, it is important to unambig-
uously identify the peaks of interest in 
blank sample matrices. 

Eight food blank samples were 
evaluated during method validation. 
As shown in Figure 2 for a chili powder 
sample, OTA (3.92 µg/kg) was deter-
mined and confirmed by comparing its 
retention time and ion ratios of quali-
fier ions to quantifier ion with those in a 
reference standard. The retention time 
of OTA in the sample matches with 
that in the standard perfectly and the 
deviations for ion ratios are less than 
10%. Again, as shown in Figure 3 for a 
yellow corn sample, the analytes of FB1 
(88.6 µg/kg), FB2 (16.7 µg/kg), and FB3 
(11.1 µg/kg) were confirmed by their 
retention times and ion ratios of quali-
fier–quantifier ions, which are consis-
tent with those of reference standard. 
Similar results were also obtained for 
AFB1 (6.26 µg/kg) in a peanut butter 
sample (Figure 1), ZEN (125 µg/kg) in a 
black pepper sample, HT-2 toxin (15.9 
µg/kg), and T-2 toxin (7.1 µg/kg) in an 
oat cereal sample (figures not shown, 
but available upon request), demon-
strating good selectivity of the method 
for mycotoxin analysis. 

Method Validation
All calibration curves showed good lin-
earity with correlation coefficients (R2) 
greater than 0.99. The method limit of 
detection (LOD) and limit of quantifica-
tion (LOQ) were determined based on 
signal to noise ratio (S/N = 3 for LOD 
and S/N = 10 for LOQ) of the quantifier 
ion peaks in sample matrices. Because 
MEs on each analyte are slightly dif-
ferent in different sample matrices, 
the LOD and LOQ values are slightly 
different for difference matrices (thus, 
a range of values were reported for 
some analytes in this study as shown in 
Table II). Overall, the LOQ values of the 
method for all analytes are below the 
regulated maximum limits (MLs) for the 
studied food matrices, demonstrating 
superior sensitivity of the method for 
the 12 mycotoxins in all food matrices 
including baby foods for low level of 
AFB1 (0.1 µg/kg) and OTA (0.5 µg/kg). 
Figure 4 demonstrates an example of 

highly sensitive determination of AFB1 
(0.056 µg/kg) in a complex chili powder 
sample matrix using this IAC-LC–MS/
MS method. 

No interference or contamination 
from reagents, glassware, and sample 
tubes was observed in this study (no 
analyte was detected in all LRB sam-
ples). Method precision was assessed 
based on replicate analyses of the 
spiked food samples (3 replicates for 
each food matrix). The precision was 
then calculated based on the coef-
ficient of variation (RSD%) of the col-
lected data. The RSDs were 2.8 ~ 14.3% 
for the mycotoxins studied. Method 
accuracy assesses how close the 
experimental value is to the expected 
value. Method accuracy was evaluated 
by the recovery of a known amount 
of analyte spiked to a food sample  
(LFM samples). As shown in Table II, 
the recoveries for most analytes from 
the spiked LFM samples were between 
80–120%, demonstrating good accu-
racy of the methods.

Method robustness was studied 
by slightly changing the experimen-
tal parameters such as the ratio of 
organic:water in extraction solution 
(60:40, 70:30, and 80:20, respectively), 
mobile phase gradients and LC col-
umns from a different batch. No sig-
nificant differences in method per-
formance and analyte results were 
observed and thus confirmed the 
robustness of the method.

Determination of Mycotoxins in 
Selected Food Samples
The method was applied to the analy-
sis of the targeted mycotoxins in nine 
different food products including 
soybean, wheat, almond, oat break-
fast cereal, peanut butter, white corn, 
yellow corn, black pepper, and chili 
powder samples. All the mycotoxins 
determined in this study are below 
the regulated maximum levels (MLs) 
except for AFB1 in a peanut but-
ter sample. A high amount of AFB1  
(6.26 µg/kg) and a small amount of 
AFB2 (0.834 µg/kg) were determined 
in this peanut butter sample. Trace 
amount of AFB1 were also deter-
mined in a black pepper sample 
(0.186 µg/kg) and in a chili powder 
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sample (0.056 µg/kg). Although dif-
ferent amounts of DON were deter-
mined in all the nine studied samples, 
they are all below the regulatory MLs. 
ZEN was also found in all the samples 
at low concentrations (ranging from 
2 to 6 µg/kg) except for a black pep-
per sample, which contained a high 
amount of ZEN at about 125 µg/kg. 
FB1, FB2, and FB3 were found only 
in corn samples because they are 
mainly produced by Fusarium verti-
cillioides, a fungus predominant on 
maize and maize-based products (28).  
The yellow corn sample contained 
FB1 (88.6 µg/kg), FB2 (16.7 µg/kg), 
and FB3 (11.1 µg/kg), respectively, and 
the white corn sample contained FB1 
(15.2 µg/kg), and FB2 (3.94 µg/kg).  
The HT-2 toxin (15.9 µg/kg) and T-2 
toxin (7.1 µg/kg) were determined 
only in an oat cereal sample. OTA 
(3.92 µg/kg) was found only in a chili 
powder sample. The confirmation of 
the mycotoxins in these food samples 
were carried out by comparing the 
retention time and peak area ratio of 
qualifier to quantifier ion peaks of the 
analyte between samples and refer-
ence standard (refer to Figures 1~4) 
and all the deviations from reference 
standards (deviations of retention 
time <2%, and deviation of ion ratio 
<15%) are within limits established by 
the European Union guidance (26,27).

Conclusions
A multianalyte LC–MS/MS method has 
been developed and validated for the 
reliable confirmation and quantifica-
tion of 12 mycotoxins in various food 
matrices. All the mycotoxins with dif-
ferent physicochemical properties can 
be determined simultaneously in a 
single run. Immunoaffinity (IAC) sample 
cleanup can significantly improve data 
quality by effectively removing matrix 
interfering components from samples 
and enhancing the sensitivity with ana-
lyte concentrations. By coupling IAC 
sample treatment with the highly sen-
sitive and selective LC–MS/MS, low lev-
els of mycotoxins can be determined 
accurately from complex food samples. 
The method was validated using differ-
ent food matrices with good linearity, 
precision, and accuracy.

References
(1) International Agency for Research 

on Cancer (IARC), Some Naturally 
Occurring Substances: Food Items 
and Constituents, Heterocyclic 
Aromatic Amines and Mycotoxins, 
Monographs on the Evaluation of 
Carcinogenic Risks to Humans (Lyon, 

France, 1993), vol. 56. 

(2) Food and Agriculture Organization 

of the United Nations, Worldwide 
regulations for mycotoxins in food 
and feed: FAO Food and Nutrition 
Paper 81 (2003). http://www.fao.

org/3/y5499e/y5499e00.htm

(3) Commission Regulation (EC) No. 

1881/2006, Off J Eur Union L364, 

5–24 (2006).

(4) Commission Regulation (EC) No. 

1126/2007, Off J Eur Union L255, 

14–17 (2007).

(5) Commission Regulation (EU) No. 

105/2010, Off J Eur Union L35, 7–8 

(2010).

(6) Commission Regulation (EU) No. 

165/2010, Off J Eur Union L50, 8–12 

(2010).

(7) U.S. FDA, in Molecular Biology 
and Natural Toxins, Mycotoxins 
in Domestic and Imported Foods 
7307.001 (2007). ht tp://wayback.

archiveit.org/7993/20170404002445/

ht tps://w w w.fda.gov/downloads/

Food /C om pl ianceEnforcement /

UCM073294.pdf

(8) S. Agriopoulou, E. Stamatelopoulou, 

and T. Varzakas, Foods 9(518),1–23 

(2020).

(9) N.W. Turnera, S. Subrahmanyamb, 

and S.A. Piletskyb, Analytica Chimica 
Acta. 632, 168–180 (2009).

(10) P. Zöllner and B. Mayer-Helm, J Chro-
matogr. A. 1136(2), 123–169 (2006).

(11) P. Li, Z. Zhang, X. Hu, and Q. Zhang, 

Mass Spectrom. Rev. 32(6), 420–452 

(2013).

(12) M. Sulyok, F. Berthiller, R. Krska, 

and R. Schuhmacher, Rapid Com-
mun. Mass Spectrom. 20, 2649–2659 

(2006).

(13) E. Beltran, M. Ibanez, J.V. Sancho, 

and F. Hernandez. Rapid Commun. 
Mass Spectrom.  23,  1801–1809 

(2009).

(14) D. Li, J.A. Steimling, J.D. Konschnik, 

S.L. Grossman, and T.W. Kahler, J. 
AOAC Int. 102, 1–8 (2019).

(15) M. Rychlik and S. Asam. Anal. Bio-
anal. Chem. 390, 617–628 (2008).

(16) E. Varga, T. Glauner, R. Köppen, K. 

Mayer, M. Sulyok, R. Schumacher, R. 

Krska, and F. Berthiller. Anal. Bioanal. 
Chem. 402, 2675−2686 (2012).

(17) F. Al-Taher, K. Banaszewski, L. Jack-

son, J. Zweigenbaum, D. Ryu, and J. 

Cappozzo, J. Agric. Food Chem. 61, 

2378−2384 (2013).

(18) K. Zhang, M.R. Schaab, G. South-

wood, E.R. Tor, L.S. Aston, W. Song, 

B. Eitzer, S. Majumdar, T. Lapainis, 

H. Mai, K. Tran, A. El-Demerdash, 

V. Vega, Y. Cai, J.W. Wong, A.J. 

Krynitsky, and T.H. Begley, J. Agric. 
Food Chem. 65, 7138−7152 (2017).

(19) M.W. Trucksess, S.W. Page, G.E. 

Wood, T.H. Cho, J. AOAC Int. 81, 

880−886 (1998).

(20) A. Desmarchelier, S. Tessiot, T. Bes-

saire, L. Racault, E. Fiorese, A. Urbani, 

W.C. Chan, P. Cheng, and P. Mottier. 

J. Chromatogr. A 1337, 75−84 (2014).

(21) C. Brera, F. Debegnach, B. De Santis, 

E. Pannunzi, C. Berdini, E. Prantera, 

E. Gregori, and M. Miraglia, Talanta 

83, 1442−1446 (2010)

(22) MaxSignal® IAC 6-in-1 Combo, 

mycotoxin immunoaffinity column 

user manual, MN50-1505-01, Perki-

nElmer (2019).

(23) L.K. Sørensen and T.H. Elbæk, J. 
Chromatogr. B. 820(2), 183–196 (2005)

(24) A.J. Krynitsky, J.W. Wong, K. Zhang, 

and H. Safarpour, LCGC N. Am. 
35(7), 444–451 (2017).

(25) U.S. FDA, FDA Guidelines for the Val-
idation of Chemical Methods for the 
FDA Foods Program. http://www.fda.

gov/downloads/ScienceResearch/

FieldScience/UCM298730.pdf

(26) European Commission Decision 

(2002/657/EC), Off. J. Eur. Union 

L221, 8–36 (2002).

(27) Commission Regulation (2006/401/

EC) of 23 February 2006, Off. J. Eur. 
Union L70, 12–34 (2006).

(28) J.W. Bennett and M. Klich, Clinical 
Microbiol. Rev. 16, 497–516 (2003).

Jingcun Wu and Tyrally Ordinario 
are with PerkinElmer Health Sciences 
Canada, Inc. in Ontario, Canada. 
Direct correspondence to: jingcun.
wu@perkinelmer.com

mailto:jingcun.wu@perkinelmer.com
http://www.fao.org/3/y5499e/y5499e00.htm
https://www.fda.gov/downloads/Food/ComplianceEnforcement/UCM073294.pdf
http://wayback.archiveit.org/7993/20170404002445/
http://www.fda.gov/downloads/ScienceResearch/FieldScience/UCM298730.pdf


28 ADVANCES IN FOOD AND BEVERAGE ANALYSIS –APRIL 2021

FOOD & BEVERAGE ADVERTISEMENT

Extraction of Pesticides from Cucumber, 
Tomato, and Green Pepper
Maria Swasy, Candice Cashman, and Alicia Stell,  CEM Corporation

Pesticide testing is crucial to assessing the safety of fruits and 
vegetables for consumption. The traditional extraction method 
for pesticides from produce is the QuEChERS method. This 
method is tedious, manual, time consuming, and wasteful. 
Thus, there is a need for improved methods of extraction. In this 
application note, the EDGE®, in combination with Q-Matrix™ 
Hydra, a water-removing sorbent, was used to extract a panel 
of pesticides from 10 g of homogenized cucumber, tomato, and 
green pepper in less than 9 min. The recoveries of the pesticide 
panel were greater than 70% for each matrix tested, and these 
results were highly reproducible. The EDGE provides a fully 
automated extraction that combines both the sample and 
sorbent into one sample vessel, alleviating the human burden 
of extraction and the need for multiple sample transfers.

Introduction
When shopping for produce, consumers want to know that their 
vegetables and fruits are free of toxic levels of harmful compounds, such 
as pesticides. Pesticide testing is important because they are known to 
be harmful to humans and wildlife at certain concentrations. Currently, 
the industry standard method used to extract the pesticides from fruits 
and vegetables is the QuEChERS method. This method of extraction 
requires the tedious weighing of salts, imprecise manual-shaking, and 
multiple sample transfers, which are all time consuming. Ultimately, 
one extraction takes between 20 and 60 min to complete. Also, the 
multi-step transfers generate substantial waste. Because of these pain 
points, food manufacturers have desired an improved method that is 
faster and automated with the same high recoveries and reproducibility.

In this application note, the EDGE extracted a panel of pesticides 
from 10 g of homogenized cucumber, tomato, and green pepper using 

a new bubbling feature and Q-Matrix Hydra, a water-removing sorbent, 
in less than 9 min. The EDGE simplifies the extraction process by using 
Q-Cup® technology, which contains both the sample and Q-Matrix 
Hydra in one sample cell, thus alleviating the need for multiple transfers 
and the generation of waste. Also, the EDGE utilizes its automated 
bubbling feature to obtain thorough sample mixing, while relieving the 
human burden of manual shaking. The recoveries of each pesticide 
were greater than 70% with RSD values less than 15%, indicating a 
thorough extraction with great reproducibility.

Materials and Methods

Reagents
Cucumbers, tomatoes, and green peppers were purchased from a local 
grocery store. Q-Matrix Hydra is a product of CEM Corporation. ACS 
Grade acetonitrile and acetic acid were purchased from Sigma-Aldrich. 
A custom mix containing 1000 µg/ ml of methomyl, aldicarb sulfoxide, 
monocrotophos, dimethoate, pirimicarb, paclobutrazol, triticonazole, 
etoxazole, prochloraz, and spirodiclofen in acetonitrile was purchased 
from SPEX CertiPrep. 

Sample Preparation
The fruits and vegetables were homogenized using a Magic Bullet 
blender. A Q-Cup was assembled to contain the S1 Q-Disc®stack 
(C9 + G1+ C9 sandwich). A portion of 2.5 g of Q-Matrix Hydra was 
weighed in a Q-Cup, and 10 g of homogenized fruit/vegetable was 
layered on top of the sorbent. The sample was spiked with 500 ng of 
the custom pesticide mix. The Q-Cups were placed in a rack, along 
with 50 mL polypropylene conical tubes, and extracted on the EDGE 
using acetonitrile w/1.0% acetic acid (v/v). Each vegetable and fruit 

http://www.cem.com


ADVANCES IN FOOD AND BEVERAGE ANALYSIS –APRIL 2021 29

FOOD & BEVERAGEADVERTISEMENT

homogenate was extracted in triplicate. Each extract was evaporated 
down to 5 mL.

EDGE Method for Pesticides in Wet Foods
Q-Disc: S1 Q-Disc stack (C9 + G1+ C9 sandwich)

Cycle 1
Extraction Solvent: acetonitrile w/ 1.0% acetic acid (v/v)
Agitation: 02:00 (mm:ss)
Top Add: 15 mL 
Bottom Add: 10 mL 
Rinse: 5 mL
Temperature: 40 °C
Hold Time: 01:00 (mm:ss)

Cycle 2 (Rinse Only)
Extraction Solvent: acetonitrile w/ 1.0% acetic acid (v/v) 
Top Add: 0 mL
Bottom Add: 0 mL 
Rinse: 10 mL
Temperature: - - - 
Hold Time: - -:- -

Wash 1
Wash Solvent: acetonitrile w/ 1.0% acetic acid (v/v) 
Wash Volume: 15 mL
Temperature: 40 °C
Hold: 0:15 (mm:ss)

Analysis
A volume of 2 µL of each evaporated extract was injected onto a 
Restek ARC-18 column (2.7 μm, 100 x 2.1 mm) and separated using 
a Waters Acquity UPLC. The UPLC program utilized a gradient of A: 
water containing 10 mM ammonium acetate with 0.2% formic acid and 
B: methanol containing 10 mM ammonium acetate with 0.2% formic 
acid. The gradient was over 7 min and started at 95% A and ended at  

100% B. The MRM transitions for each pesticide were monitored using 
an attached Xevo TQD mass spectrometer.

Results
Table I shows the recoveries for the pesticide mix from cucumber, 
tomato, and green pepper. The EDGE efficiently extracted the 
pesticides in less than 9 min, including cooling, filtering, and system 
washing. The pesticide recoveries obtained were greater than 70% 
for all matrices, and the relative standard deviations were below 15%, 
indicating excellent recoveries and reproducibility, in only one simple 
step. Thus, the EDGE is an efficient, rapid, and automated alternative to 
the QuEChERS method.

Conclusion
The EDGE rapidly extracted the pesticides from 10 g samples of 
homogenized cucumber, tomato, and green pepper using a new 
bubbling feature and Q-Matrix Hydra. Recoveries greater than 70% 
with excellent reproducibility (RSDs less than 15%) were achieved. The 
EDGE improves upon several pitfalls of the QuEChERS method, such 
as waste generation and multiple sample transfers, by utilizing Q-Cup 
Technology and automation. Based on the variety of matrices tested 
here, the method described here is likely applicable to other fruits and 
vegetables. The EDGE is the ideal choice for food testing laboratories 
that want to automate their pesticide extraction method.

CEM Corporation
3100 Smith Farm Road, Matthews, NC 28104

Tel. (800) 726-3331
Website: www.cem.com

Table I: Recovery Data from 10 g of Homogenized Cucumber, Tomato, and Green Pepper (extracted via the EDGE)

Pesticide Cucumber RSD Tomato RSD Green Pepper RSD

Methomyl 80.64% 10.52% 86.79% 5.34% 84.56% 1.83%

Aldicarb Sulfoxide 88.41% 9.11% 92.89% 4.05% 87.50% 9.16%

Monocrotophos 94.65% 13.17% 91.89% 3.61% 93.92% 13.88%

Dimethoate 80.31% 3.80% 89.54% 3.54% 92.60% 10.26%

Pirimicarb 74.80% 11.75% 87.87% 6.82% 76.23% 9.61%

Paclobutrazol 84.34% 4.20% 83.51% 6.81% 72.90% 5.08%

Triticonazole 83.23% 5.56% 84.68% 5.43% 78.45% 5.79%

Etoxazole 81.53% 7.14% 83.23% 3.66% 73.30% 11.86%

Prochloraz 89.44% 6.10% 92.95% 4.65% 77.57% 8.82%

Spirodiclofen 87.52% 4.87% 89.65% 9.31% 77.74% 7.74%

http://www.cem.com
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Separation of Selected Components of Ylang-Ylang Oil
Adam L. Moore, PhD,  Hamilton Company

Essential oils have been a staple of the food, fragrance, 
and health markets for many years. Owing to their unique 
composition, essential oils can be used for a variety of 
applications, including antiparasitics, antivirals, bactericides, 
fungicides, insecticides, and repellants, as well as food 
flavoring and mood enhancers. Market growth, coupled with 
limited production of naturally occurring products, has led 
a large segment of industrial essential oil suppliers to turn 
to the addition of synthetic additives. The production of an 
essential oil through synthetic routes (arrived at through 
the use of petroleum products) has been adopted for two 
main reasons; the price of natural oils, and for consistency of 
products (natural oils can vary in the percentage of individual 
components from year-to-year). Unfortunately, the addition 
of these synthetic adjuncts can give rise to a number of 
health concerns that are generally associated with petroleum 
products, such as allergic reactions, migraines, asthma attacks, 
nausea, eczema, and various other sensitivities.

In this study of an essential oil, we have developed a high 
performance liquid chromatography (HPLC) method for the 
separation of six well-known markers for the determination of 
purity of ylang-ylang oil. This method utilizes one of the benefits 
of polymeric based columns: the ability to consistently operate 
in alkaline pH without sacrificing performance. In this method, 
we have chosen the typical markers for an extracted essential oil 
utilizing the Hamilton PRP-C18 column. 
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Figure 1: Separation of selected components of ylang-ylang oil

Hamilton Company Inc.
4970 Energy Way, Reno, NV 89502

Website: www.hamiltoncompany.com

Column Information

Packing Material PRP-C18, 5 µm

Part Number 79676

Chromatographic Conditions

Gradient
0–5 min, 60% B / 5.01–9 min, 
60–100% B / 9.01–14 min, 100% B

Temperature 30 °C

Injection Volume 5 μL

Detection UV at 214

Dimensions 150 × 4.6 mm

Eluent A 30 mM Et2NH (pH = 12)

Eluent B Acetonitrile

Flow Rate 2.0 mL/min
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