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Abstract

Applying a generic QuEChERS protocol without clean-up is challenging when faced with complex food 

commodities due to the abundance of endogenous components, such as fats, phospholipids, pigments, and 

other phytochemicals. These components are known to cause matrix effects and isobaric interference, which 

negatively impact detection and quantitation of pesticide residues. Adding a clean-up step after extraction 

helps to remove matrix components to obtain more reliable results, improving sensitivity and selectivity, and 

maintaining instrument robustness. Using Solid-Phase Extraction (SPE) with a pass-through protocol allows 

pesticides to pass through the stationary phase, whereas the matrix components are retained on the SPE 

sorbent material.

The objective of this work was to establish the performance of a method for pesticide residues in peppercorn, 

based upon QuEChERS but using a simple pass-through SPE cleanup with an Oasis™ PRiME HLB cartridge prior 

to UPLC-MS/MS using an ACQUITY™ UPLC I-Class PLUS System coupled with a Xevo™ TQ-S micro Tandem 

Quadrupole Mass Spectrometer. We optimized a two-step protocol whereby the QuEChERS extract was pushed 

through the cartridge, the first 0.25 mL discarded, and the remaining eluate collected for LC-MS/MS. The 

performance of the method has been successfully evaluated. 84% of the compounds exhibited values for 
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Lowest Calibrated Level (LCL) at 0.005 mg/kg and 85% of the analytes exhibited recovery at all three 

concentrations within the tolerances set in the SANTE guidelines: 70‒120%. A simple pass-through SPE 

protocol with an Oasis PRiME HLB cartridge was proven to be a quick but effective alternative to dilute and 

shoot or dispersive SPE and has been shown to be suitable for checking MRL compliance for pesticide residues 

in peppercorns.

Benefits

Pass-through cleanup with the Oasis PRiME HLB cartridge is an effective and quick means for removal of 

fats, phospholipids, and pigments from QuEChERS extracts whilst maintaining excellent recoveries for the 

pesticides of interest

■

The performance of the method in terms of sensitivity and recovery has been successfully evaluated using 

the SANTE acceptance criteria

■

This method has been demonstrated as suitable for analysis of peppercorns, for checking compliance with 

MRLs

■

Introduction

Black and white pepper, ubiquitous in table shakers and takeout packets, comes from the peppercorn, the 

dried berry of a flowering vine native to Southeast Asia but now mainly produced commercially in Vietnam, 

Indonesia, India, Malaysia, Sri Lanka, and Brazil. Pepper is one of the most valuable spices in the world and 

brings significant revenue to those countries involved in its export. Pesticides are often widely applied for pest 

and disease control during black pepper planting, storage, and production. Various countries have established 

maximum residue levels (MRLs) for pesticides approved for use on pepper vines. These are the maximum 

concentration of pesticide residues in peppercorn (black, green, and white) that is legally tolerated when a 

pesticide is applied correctly to the pepper vine, following good agricultural practice. The excessive use of 

pesticides may result in residues that exceed the MRLs if the pre-harvest intervals and correct dosages are not 

adhered to by the growers or illegal pesticides are used. Not only is this a possible health risk, but it also has a 

negative impact on trade due to rejections of imported consignments and product recalls. In the EU, the 

“default MRL” applies for pesticides without an approved use on pepper vines, which is equal to the limit of 

quantification (LOQ) achievable with analytical methods used for MRL enforcement. For peppercorns, the value 

of the default MRL in the EU varies depending on the pesticide and is between 0.01 and 0.1 mg/kg. India has 

adopted a similar system; if no MRL is specified by the Codex, then the MRL of 0.1 mg/kg shall apply.1
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Compliance with these MRLs is checked by the monitoring for residues in peppercorn samples, by governments 

and the food and agriculture industries. Hence, reliable analytical methods are needed for detection, 

quantification, and identification of hundreds of pesticide residues in this complex commodity. The 

implementation of multiresidue methods has made a significant contribution to not only extending the scope 

of analyses but their effective and efficient implementation. Applying the typical QuEChERS protocol to the 

analysis of peppercorns without clean-up is challenging due to the abundance of endogenous components, 

such as fats, phospholipids, pigments, and other phytochemicals. These components are known to cause 

matrix effects and isobaric interference, which negatively impact detection and quantitation of pesticide 

residues. Adding a clean-up step after extraction helps to remove matrix components to obtain more reliable 

results, improving sensitivity and selectivity, and maintaining instrument robustness. Using Solid-Phase 

Extraction (SPE), in either dispersive (dSPE) or pass-through mode of action, allows pesticides to partition into 

the solvent, whereas the matrix components are retained on the SPE sorbent material.2 

The objective of this work was to establish the performance of a method based upon QuEChERS prior to UPLC-

MS/MS using the ACQUITY UPLC I-Class PLUS System coupled with the Xevo TQ-S micro Tandem Quadrupole 

Mass Spectrometer. The performance of a conventional dSPE approach was compared using a simple pass-

through SPE cleanup protocol with Oasis PRiME HLB and some initial validation work completed. 

Experimental

Sample Preparation, Extraction, and Cleanup

A sample of ground black peppercorns was purchased from a local retail store. Samples were extracted using a 

modification of the CEN QuEChERS method.3 The dSPE step (150 mg MgSO4, 25 mg PSA, 25 mg C18, and 7 mg 

GCB) was compared with a simple pass-through SPE protocol with an Oasis PRiME HLB cartridge, optimized for 

this analysis. An overview of the sample extraction and cleanup procedures used is given in Figure 1.
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Figure 1. Overview of the details of sample preparation and cleanup for pesticide residues in 

black peppercorns.

The LC Multiresidue Pesticide Kit (Restek p/n: 31971), containing 204 pesticides, was used to prepare working 

solutions to create matrix-matched calibration standards and for spiking the black peppercorn test portions 

(0.01, 0.05, and 0.2 mg/kg). The calibration standards were prepared over the range 0.005 to 1.0 mg/kg.

LC Conditions

LC system: ACQUITY UPLC I-Class Plus with BSM and FTN SM 

fitted with 50 µL Extension Loop Assembly (p/n: 

430002012)

Vials: Clear Glass 12 x 32 mm Screw Neck Vial, (p/n: 

186000273)
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Column: ACQUITY™ Premier HSS T3, 1.8 µm, 2.1 x 100 mm 

(p/n: 186009468)

Post injector mixing kit: 50 µL Extension Loop Assembly (p/n: 430002012)

Column temperature: 40 °C

Sample temperature: 10 °C

Injection volume: 2 µL

Wash solvent: 25/25/25/25 

water/acetonitrile/methanol/isopropanol

Purge solvent: 95/5 water/acetonitrile

Seal wash: 95/5 water/acetonitrile

Mobile phase A: 10 mM ammonium formate + 0.1% formic acid in 

water

Mobile phase B: 10 mM ammonium formate + 0.1% formic acid in 

methanol
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Gradient Table

MS Conditions

MS system: Xevo TQ-S micro Tandem Quadrupole Mass 

Spectrometer

Ionization mode: Electrospray (positive and negative ion mode 

using polarity switching)

Capillary voltage: 0.5 and -1.0 kV

Source temperature: 120 °C

Desolvation temperature: 300 °C

Desolvation gas flow: 1000 L/hr

Cone gas flow: 0 L/hr

Data Mangement

Software: waters_connect™ for Quantitation
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The LC-MS/MS method for 204 pesticide analytes was created using the Acquisition Method Editor (AME) 

application in waters_connect for Quantitation and by importing MRMs previous created in MassLynx™ from a 

Quanpedia™ database. A list of the compounds included in the method can be found in the Annex.

Method Validation

Initially, the performance of two approaches to clean-up were evaluated for matrix effects, sensitivity, and 

recovery. The performance of the final method was then evaluated by analysis of spiked black peppercorn. The 

following factors were assessed: selectivity, sensitivity, calibration graph characteristics, and recovery. No 

assessment of within-laboratory repeatability was made in this work.

Results and Discussion

Clean-up

Dispersive SPE with multiple sorbents can be used to remove matrix co-extractives during QuEChERS but can 

lead to losses of certain pesticides. Here the crude extract was loaded into a 2 mL tube containing DisQuE 

sorbent comprising MgSO4 to remove excess moisture, PSA (primary secondary amine) to remove fatty acids, 

sugars, and lipids, C18 to remove fats, waxes and other non-polar components and GCB (graphitized carbon 

black) to remove pigments. After shaking, the contents were centrifuged, and the supernatant collected.

The pass-through SPE protocol inverts the classical SPE approach by passing through the analytes of interest 

and retaining co-extracted fats, phospholipids, and pigments on the sorbent. Clean-up of the extracted sample 

on the Oasis HLB PRiME SPE cartridge was optimized by evaluating the stage at which the analytes pass 

through the cartridge. Here, the first 0.25 mL of eluant was discarded before collecting the next 0.75 mL 

containing most of the analytes with satisfactory recovery, whilst effectively removing matrix co-extractives. 

Black peppercorns are associated with significant matrix effects.4 Neither of the two clean-up options were 

able to remove all the co-extractives but matrix effects were effectively reduced for almost 50% of the analytes. 

There was little difference between the sensitivity, linearity, and matrix effects of the two approaches, but the 

Oasis HLB PRiME approach provided better performance in terms of recovery: 86% of analytes within SANTE 

tolerance compared with 67% when using the dSPE approach. 

Chromatography

Chromatography was shown to be stable with no significant change in retention times across the batches 
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analyzed. The ACQUITY Premier HSS T3 Column provided sufficient retention for all but the most polar analytes 

and resulted in good separation and distribution of the 203 peaks within a 15-minute run time. Some of the 

pesticides in the method comprised multiple isomers that were quantified as separate peaks and evaluated 

separately. Despite the large number of compounds included, data quality, in terms of a sufficient number of 

data points across each peak, was not compromised.

QuEChERS has been used for the routine determination of pesticide residues using LC-MS/MS in numerous 

laboratories for many years. Those making direct injections of acetonitrile extracts typically observe fronting 

and/or split peaks for the early eluting compounds. The local concentration of the strong injection solvent is 

not in equilibrium with the high aqueous mobile phase, i.e. not immediately diluted by the mobile phase. Some 

of the analyte molecules migrate down the column with the stronger solvent whereas other molecules of the 

same analyte are diluted and migrate with the mobile phase. The impact is loss of sensitivity, peak detection 

issues, the need for manual intervention for peak integration and at data review and failure to pass typical 

peak shape acceptance criteria. Dilution of the batch of extracts with aqueous solvent can result in losses of 

analytes during storage. This can be avoided by using a post-injection mixing kit. A 50 µL extension loop is 

fitted in the SM-FTN, between position six of the injection pod and the column inlet tubing, to add more volume 

to aid dispersion of the acetonitrile prior to injection. Figure 2 shows the influence of post-injection mixing on 

peak shape of early eluting polar pesticides after injection of peppercorn extract in acetonitrile.

Figure 2. Chromatograms showing the influence of post-injection mixing on peak shape of 

early eluting polar pesticides after injection of peppercorn extract in acetonitrile.

Sensitivity, Selectivity, and Calibration Criteria

Representative samples of black peppercorn were prepared as blanks. In some cases, signal was detected in 

the blanks that impacted the sensitivity of the method. This was either due to co-eluting isobaric interference 
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or incurred residues. Values for the Lowest Calibrated Level (LCL) were adjusted accordingly. The LCL is the 

concentration at which the LC-MS/MS system was successfully calibrated, throughout the analysis batch, i.e. 

meets the acceptance criteria for response (S/N >3), and contribution from blanks and residuals (± 20%). 

Despite the complexity of the sample extract, 84% of the compounds exhibited values for LCL at 0.005 mg/kg 

with a further 10% at 0.01 mg/kg.

Bracketed, calibration curves were prepared in black peppercorn extract. Linear or quadratic fits were applied, 

with 1/x weighing, and in all but two cases correlation of determination (R2) values from the calibration graphs 

were ≥0.99, with individual residuals all <20%, demonstrating reliable quantification to check compliance with 

MRLs. Examples of typical calibration curves are given in Figure 3.

Figure 3. Typical calibration graphs for a selection of pesticides over the range 0.005–1.0 

mg/kg (5–1000 µg/kg) in black peppercorn.

Evaluation of Performance

The two transitions for 83% of the analyte in the spikes at 0.01 mg/kg gave peaks with ion ratios and retention 

times within the tolerances in the SANTE guidelines, when compared with the standards. This rate improved at 

the higher concentrations; 94% at 0.05 mg/kg and 98% at 0.2 mg/kg.
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The SANTE guidelines specify an average recovery for each spike level tested to be between 70 and 120%.5 The 

data from the duplicate spikes analyzed here were used to create a mean value for each of the three 

concentrations. No attempt was made to evaluate precision from these data. It was not possible to generate 

adequate data for 6.5% of the original 217 components due to insufficient sensitivity or stability issues. Not all 

the remaining 203 pesticides were detected in peppercorn at 0.05 (201) and 0.01 mg/kg (197). When detected, 

most of the analytes were within tolerance for recovery at all three concentrations (85% overall). Figure 4 

shows the distribution of all measured recoveries, at the three concentrations. 

Figure 4. Distribution of the recoveries from the peppercorn validation data, at three 

concentrations.

Conclusion

This application note has described a sensitive multiresidue method for the determination of pesticide residues 

in peppercorns, using UPLC-MS/MS. A simple pass-through SPE protocol with Oasis PRiME HLB has proven to be 

a quick but effective alternative to dilute and shoot or dSPE. The performance of the method has been 
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successfully evaluated using the SANTE acceptance criteria, with most analytes exhibiting values for LCL at 

0.005 mg/kg and recovery within the tolerance of 70‒120%. This method has been shown that, once fully 

validated, it could be suitable for determination of pesticide residues in peppercorns for checking compliance 

with MRLs.
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