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ABSTRACT

	 A high sensitivity method for analysis of pesticide residues in four spices, viz. cardamom, 
cumin, ginger and chillies, using specifically optimized ‘quick, easy, cheap, effective, rugged 
and safe’ (QuEChERS) sample preparation workflow and UPLC-MS/MS, was developed for 53 
pesticides commonly used in the cultivation of these spices. Limits of quantification of 0.01 mg/Kg 
for all pesticides was achieved in the four spice matrices studied. Matrix effects were evaluated in 
each spice matrix and were found to be uniformly suppressive, with maximum matrix suppression 
observed in chillies and cumin, followed by cardamom and ginger, necessitating the use of  
matrix-matched calibration for each spice. The analytical method was validated as per European 
Union (EU) SANTE/12682/2019 guidelines. The method was then applied to 20 real samples of 
each spice collected from Indian markets, and regulatory compliance was evaluated against the 
maximum residue limits established by EU and Codex Alimentarius Commission. 
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INTRODUCTION

	 The use of spices and condiments to 
add flavour, colour and aroma to food has always 
been an indispensable culinary requirement all 
over the world. This global demand is reflected 
in the world spice trade, which amounted to 
2.88 billion US dollars in 20191, and is steadily 
increasing. In view of ubiquitous global culinary 

usage and the extent of world spice trade, food 
safety issues in spices becomes important. The 
presence of pesticide residues is now considered 
as one of the principal food safety issues and is 
internationally regulated in trade by means of 
stringent maximum residue limits (MRLs). Thus, 
the need for development of a sensitive, efficient 
and reliable pesticide residue analytical method 
in spices merits an important consideration. 
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	 Chromatographic techniques coupled to 
tandem mass spectrometry, typically GC-MS/MS and 
LC-MS/MS, have now become the de-facto tools for 
analysis of pesticide residues with the high sensitivity 
required to ensure compliance with current MRL 
regulations. Spices are generally considered as difficult 
matrices for high sensitivity pesticide residue analysis 
due to their complex chemical composition, which 
leads to a high amount of matrix coextractives that can 
potentially interfere with chromatographic separation 
and mass spectrometric detection and quantification2–5. 

	 The quick, easy, cheap, effective, rugged 
and safe (QuEChERS) sample preparation 
technique6, pioneered in 2003, has since evolved 
into a versatile methodology for pesticide residue 
analysis in a variety of matrices. Originally this 
method was applied to fruits and vegetables and 
found considerable success in covering many 
matrices and classes of pesticides. Since then, 
several modifications have been introduced into the 
classical QuEChERS method which has extended its 
range of applicability and made it more efficient7–9. 

	 An important issue to be considered in 
developing pesticide residue analysis methods in 
spices is their diverse nature. The Codex Committee 
on Spices and Culinary Herbs (CCSCH) classifies 
spices into 6 classes, viz. dried fruits and berries 
(e.g., chillies, black pepper), dried roots and rhizomes 
(e.g., turmeric, ginger), dried seeds (e.g., cumin, 
fennel), dried floral parts (e.g., mace, saffron), dried 
bark (e.g., cinnamon, cassia) and dried leaves 
(e.g., basil, oregano)10. The widely varying chemical 
characteristics of different classes of spices has 
placed constraints on the applicability of QuEChERS 
methodology, mainly due to the high amount of 
matrix coextractives present in spice extracts2. 
Thus, the study of matrix effects is an important 
consideration in high sensitivity residue analysis using 
chromatography and mass spectrometric techniques. 
Also, as the chemical nature of the matrix is different 
in each class of spices, specific optimizations are 
required before a sample preparation method for 
high sensitivity residue analysis can be applied to the 
different classes. 

	 In LC-MS/MS, matrix effect arises in the 
electrospray ionisation source (ESI) and usually 
manifests in the form of signal suppression11. 
This poses hindrance to reliable identification and 
quantification of analytes at the sensitivity levels 
demanded by present regulatory requirements 

for pesticide residues. Accordingly, assessing and 
addressing matrix effects is an integral part of 
method development in pesticide residue analysis.
	
	 In this study, development and validation of 
an analytical method for 53 commonly used pesticides 
in four commercially important and extensively used 
spices belonging to different classes, viz. chillies 
(dried fruit, with high pigmentation), cardamom 
(dried fruit, with low pigmentation), cumin (dried 
seed) and ginger (dried rhizome), using UPLC-MS/
MS, is documented. Chromatographic and mass 
spectrometric parameters for 53 pesticides were 
optimized for response, peak shape and separation. 
For all spices, a common acetonitrile extraction 
step based on buffered QuEChERS procedure 
was optimized. For cleanup of the extracts, 
different combination of QuEChERS reagents were 
applied to each spice and optimized to obtain best 
accuracy and precision in each case. Matrix effects 
posed by each of the spice matrices in UPLC-MS/
MS analysis of residues were assessed. Method 
validation was performed as per European Union 
SANTE/12682/2019 guidelines12. The method 
was then applied to 20 real samples of each 
spice collected from local markets, and regulatory 
compliance of these samples were evaluated against 
the maximum residue limits established by European 
Union and Codex Alimentarius Commission. 

MATERIALS AND METHODS

Chemicals and reference standards
	 LC-MS/MS grade Acetoni t r i le and 
methanol were obtained from Biosolv, USA. 
Analytical grade Ammonium formate, formic 
acid, anhydrous magnesium sulphate (MgSO4), 
sodium chloride (NaCl), sodium citrate tribasic 
dihydrate (C6H5Na3O7.2H2O) and sodium citrate 
dibasic sesquihydrate (C6H5Na2O7.1.5H2O) were 
obtained from Merck, India. Graphitized carbon 
black (GCB), primary secondary amine (PSA) and 
C-18 end-capped bulk sorbent were purchased 
from Agilent Technologies, USA. Certified reference 
materials of 53 pesticides, with purity > 95% for all 
compounds, were procured from Dr. Ehrenstorfer 
GmbH (Germany). Individual pesticide standard 
stock solutions of 1000 mg/L of 30 compounds 
and the intermediate mixed standard solution at  
10 mg/L were prepared in acetonitrile and stored 
at -20°C until analysis. Working solutions of the 
mixed standard were prepared daily by appropriate 
serial dilutions.
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Instrumentation
	 For sample preparation, vortex mixer 
and centrifuges used were from Remi, India. Low 
volume concentrator was from PCI, India. Pesticide 
residue analysis was performed using a Waters 
Xevo TQS Micro UPLC-MS/MS system, USA. For 
concentration of the final extracts for reconstitution, 
a low-volume concentration workstation from PCI 
Analytics, India was used. 

Optimization of instrument conditions
	 Chromatographic separations in UPLC 
were performed over a C-18 column (Waters 
XBridge® BEH 2.5mm, 2.1x100mm). Four 
combinations of UPLC mobile phases were 
assessed, viz. acetonitrile-water system with 
and without buffer, and methanol–water system 
with and without buffer. The buffer system 
used was 5mM ammonium formate/0.1% 
formic acid.  Gradients were opt imized to 
obtain good separation and peak shapes. The 
chromatographic conditions and operational 
parameters of the mass spectrometer are 
summarized in Table 1. Mass spectrometric 
analysis was done using electrospray ionization 
(ESI) and multiple reaction monitoring (MRM) with 
two transitions per compound. The compound-
dependant parameters for the 53 pesticides used 
in the study are given in Table 2. 

Selection of samples 
	 For study of matrix effects and method 
validation, organically cultivated spice samples were 
selected after screening to confirm that they were 
free from the pesticides under study. For evaluation 
of real samples, 20 market samples each for 
cardamom, cumin, ginger and chillies were collected 
from local markets in Kochi, Kerala, India. 

Sample preparation and optimization
	 Homogenization of the four spices were 
performed so as to simulate their typical culinary 
usage. Cardamom and ginger samples were 
crushed thoroughly using a kitchen blender before 
analysis. Cumin and chillies were ground to fine 
powder and sieved through ASTM 20 (850 mm) mesh 
before analysis. 

	 The optimized extraction step was same 
for all four spices, in which 2 g of each spice was 
soaked in 8 mL water for 30 min, and then 10 mL 
acetonitrile was added, followed by 4 g MgSO4, 1 g 
each of sodium chloride and sodium citrate tribasic 

dihydrate, and 0.5 g of sodium citrate dibasic 
sesquihydrate. The mixture was then vortexed for 
30 sec and centrifuged at 5000 rpm for 5 minutes. 

	 Owing to the diverse chemical nature of 
the four spice matrices under study, the cleanup 
step had to be optimized separately for each spice 
matrix. From the extract 2 mL was taken for cleanup, 
and the optimized combination of chemicals, viz. 
MgSO4, PSA, C18 sorbent and GCB were added into 
each spice as detailed in Table 3. The mixture was 
then vortexed for 30 sec and centrifuged at 10,000 
rpm for 5 minutes. From the cleaned extract, 2 mL 
was evaporated to dryness and reconstituted with  
1 mL methanol, filtered through 0.2-micron nylon 
6,6 membrane filter, and 10 mL was injected into 
UPLC-MS/MS. 

Method performance evaluation 
	 Method performance was assessed as per 
European Union SANTE/12682/2019 guideline12 

by determining linearity, matrix effect, limits of 
quantification (LOQ), accuracy and precision. 
Linearity was assessed based on the correlation 
coefficient (R2) of calibration curves with five 
calibration levels from 0.005 to 0.075 mg/L. Accuracy 
was assessed using recovery experiments with 
spike levels of 0.01 and 0.05 mg/Kg. Intra-day, intra-
laboratory precision (repeatability) was calculated 
as relative standard deviation (RSDr) at two spike 
levels of 0.01 and 0.05 mg/Kg for all four spices, 
with 5 replicates for each matrix (same instrument, 
same analyst, same day). Inter-day precision 
(reproducibility) was calculated as the relative 
standard deviation (RSDR) at two spike levels of 
0.01 and 0.05 mg/Kg for each spice matrix, with 
each fortification level analysed in triplicate on three 
non-consecutive days (n=9). LOQ was taken as 
the minimum concentration that could be quantified 
with accuracy and precision in compliance with the 
validation requirements.  

Evaluation of Matrix effects
	 Matrix-matched calibration curves for 53 
pesticides were setup using post-extraction spikes in 
blank matrix extracts of cardamom, chilli, ginger and 
cumin at five concentration levels, viz. 0.005, 0.01, 
0.025, 0.05, 0.075 mg/L. Solvent-only (methanol) 
calibration curves at the same concentrations 
were also prepared for each pesticide. Matrix 
effect observed for each spice matrix-pesticide 
combination was then assessed by comparing the 
slope of the matrix-matched calibration curve with 
that of the solvent-only calibration curve.
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Table 1: Optimized chromatography and mass spectrometry method parameters

Parameters	

UPLC	
Column	 Waters XBridge® BEH C-18 2.5mm, 2.1x100mm
Mobile Phase	 A: Water with 5mM ammonium formate and 0.1% formic acid
	 B: methanol with 5mM ammonium formate and 0.1% formic acid Flow 0.5 mL/min
	 Gradient: Initial A:B 98:2, 5 min A:B 50:50 curve 6, 7 min A:B 40:60 curve 6, 11 min A:b 25:75 curve 6, 14 min 
	 A:b 1:99 curve 6, 17 min A:B 98:2 curve 6. Total runtime 21 minute

MS/MS 	

Capillary voltage	 0.6 kV
Cone voltage	 40
Desolvation temp.	 600°C
Source gas	 1100 L/hr
Cone gas	 50 L/hr

Table 2: Optimized retention times (TR) and MS/MS parameters for 53 pesticides

Pesticide	 TR (min)	 Quantifying 	 Qualifying 	 Collision 	 Cone
		  transition (m/z)	 transition (m/z)	 Energy (V)	 Voltage (V)

Acephate	 12.62	 183.9/142.95	 183.9/49	 20/18	 10
Acetamiprid	 5.09	 223/126	 223/56.1	 15/20	 30
Amectoctardin	 8.53	 276.16/244.07	 276.16/168.06	 24/14	 16
Azoxystrobin	 8.6	 404/329	 404/372	 30/25	 25
Bifenazate	 9.55	 301.1/198	 301.1/170	 20/10	 25
Boscalid	 8.92	 342.9/139.9	 342.9/307	 20/45	 25
Buprofezin	 12.45	 306.1/201	 306.1/57.4	 25/10	 10
Carbaryl	 6.88	 202.1/145.1	 202.1/127.1	 25/10	 25
Carbofuran	 6.48	 222.11/165.1	 222.11/123	 20/10	 5
Chlorpyrifos	 13.72	 349.9/97	 349.9/198	 16/16	 20
Cyantraniliprole	 7.13	 475.2/286	 475.2/444	 16/16	 20
Cycloxydim	 11.95	 326/180	 326/280	 22/16	 34
Cyprodinil	 9.58	 226/93	 226/108	 35/25	 5
Diazinon	 10.8	 305.1/169	 305.1/96.9	 35/22	 20
Dimethenamid	 8.54	 276/244	 276/168	 26/14	 17
Emamectin benzoate	 14.48	 886.6/158	 886.6/126	 30/35	 20
Ethion	 13.59	 385/199	 385/142.9	 25/10	 30
Fenarimol	 9.84	 331/81	 331/268	 30/25	 20
Fenbuconazole	 10.35	 337/70.1	 337/125	 30/20	 15
Fenhexamid	 9.68	 301.96/55.18	 301.96/97.11	 35/25	 35
Fenpyroximat	 14.78	 422.2/366.1	 422.2/138.1	 30/20	 5
Flupicolide	 8.98	 383/172.999	 383/109.06	 66/20	 40
Flutriafol	 7.57	 302.1/70.2	 302.1/123.1	 20/25	 15
Fluxapyroxad	 9.2	 382.2/362	 382.2/342	 20/10	 20
Hexaconazole	 11.33	 314/70.1	 314/159	 20/25	 15
Imidacloprid	 4.69	 256.1/209.1	 256.1/175.1	 20/15	 25
Iprobenfos	 10.37	 289/91	 289/205	 20/10	 9
Malathion	 9.08	 331/127	 331/99	 20/15	 10
Mandipropamid	 9.04	 411.8/328.1	 411.8/125	 35/15	 35
Mehtiocarb	 8.71	 226/169	 226/121	 20/10	 25
Metalaxyl	 7.61	 280.1/220.1	 280.1/192.1	 20/15	 10
Methamidophos	 0.6	 142/93.9	 142/124.9	 13/13	 15
Methoxyfenozide	 9.2	 369.2/149.1	 369.2/313.23	 15/10	 15/5
Penthiopyrad	 10.93	 360.1/177.1	 360.1/276	 47/21	 30
Phenthoate	 10.52	 321/79.1	 321/135	 40/20	 9
Phosalone	 11.42	 367.9/181.9	 367.9/110.9	 42/14	 12
Pirimiphos methyl	 10.92	 306.1/108.1	 306.1/164.1	 32/22	 25
Procloraz	 11.02	 375.84/307.92	 375.84/70.12	 24/16	 10
Profenofos	 12.54	 372.9/302.6	 372.9/127.9	 40/20	 25
Pyraclostrobin	 11.33	 388.1/193.9	 388.1/163	 25/12	 5
Quinalphos	 10.37	 299/96.9	 299/162.9	 30/24	 15
Quinoxyfen	 13.57	 308/197	 308/161.9	 35/30	 15
Spinosad A	 11.68	 732.6/142	 732.6/98.1	 35/30	 35
Spinosad D	 12.44	 746.52/142	 746.52/98.1	 35/31	 40
Spirodiclofen	 14.76	 411.14/71.16	 411.14/313.1	 15/10	 35
Spirotetramat	 9.65	 374/330	 374/302	 30/15	 20
Tebuconazole	 10.85	 308/70.1	 308/125	 20/35	 10
Thiacloprid	 5.54	 253/126	 253/90.1	 35/20	 40
Thiodicarb	 7.17	 355.08/88.1	 355.08/108.1	 16	 17
Thiophanate	 7.88	 371/151	 371/93.1	 50/22	 28
Triadimefon	 9.17	 294.1/69.3	 294.1/197.2	 20/15	 25
Triazophos	 9.53	 314.1/161.9	 314.1/118.9	 35/18	 22
Trifloxystrobin	 12.11	 409/186	 409/145	 40/16	 10
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RESULTS AND DISCUSSION

Optimization of UPLC-MS/MS Analysis
	 Of the four combinations of mobile phase 
studied, methanol-water composition was in 
general better than acetonitrile-water composition 
in obtaining good peak shape and resolution. It 
was also observed that the use of buffers improved 
the response and peak shapes in general. Thus, 
methanol-water mobile phase containing ammonium 
formate/formic acid (5 mM/0.1%) buffer was finalized 
as the mobile phase (Table 1). After optimization, 
the UPLC chromatogram afforded good separation 
of the analytes under consideration.

	 In ESI/MRM mode, for each compound 
analysed, the mass spectrometer selects a parent 
ion produced from the analyte molecule and then 
generates daughter ions from this parent ion by 
collision induced dissociation with nitrogen inside 
the collision cell, culminating in a highly specific 
detection process14. Several parameters influence 
this ionization process, some generic and other 
specific to each compound being analysed. These 
parameters were optimized to obtain maximum 
response for each compound being analysed. The 
finalized generic mass spectrometric conditions are 
summarized in Table 1, and the compound specific 
parameters are shown in Table 2. These parameters 
were optimized to minimize interference from co-
extractives and maximize response for the individual 
compounds and spice matrices.

Optimization of QuEChERS extraction and 
cleanup procedure
	 In the original QuEChERS procedure 
validated for fruits and vegetables6, the first 
step involved extraction of samples directly into 
acetonitrile in presence of 4 g MgSO4 and 1 g NaCl. 
However, spices are dry commodities with moisture 
content in the range of 8-10%, which is much less 
than the moisture content in fruits and vegetables. So 
in the present optimization of the extraction process 
for the four spices, two additional parameters 
were studied, viz addition of water to the matrix 
and soaking time. For extraction, the proportion of 
sample weight (g) to acetonitrile volume (mL) was 
maintained optimally at 1:5, as it was noted that 
decreasing the extraction volume below this ratio 
resulted in inadequate homogenization during the 
first vortex mixing step, and above this ratio, there 

was a dilution of analytes in the extract which would 
detract from the method sensitivity.

	 It was established initially that without 
soaking of the matrix, accuracy and precision within 
acceptable ranges of method validation cannot 
be obtained for pesticides at trace levels. This is 
because saturating the dry spice matrices with water 
improves the penetration of the extraction solvent 
and facilitates better partitioning of the residues 
in the matrix to the solvent. Starting with a sample 
weight of 2 g and 30-min soaking time, the sample: 
water ratios (by weight) of 1:2, 1:4, 1:6 and 1:8 were 
studied. It was seen that at 1:2 ratio, the recoveries 
of all the compounds were between 32-61%. At 
1:4 ratio, the recovery values showed significant 
increase, to the range of 50-77%, and further 
increase in the sample: water ratio did not increase 
the recoveries significantly. These recovery values 
were obtained without the cleanup step, which was 
optimized separately.

	 Increasing the sample weight while keeping 
the sample: water ratio at 1:4 did not increase 
recovery significantly but was seen to affect the 
repeatability. For 2 g sample weight with addition 
of 8 mL water with soak time of 30 min, overall 
intra-day repeatability, RSDr (n=5) was between 
8.3–13.5% for all compounds, but for 5 g sample 
weight, this was in the range 14–19.6%. This is 
probably because spices contain significant amounts 
of crude fibre which makes perfect homogenization 
difficult, and increasing sample weight consequently 
would decrease the precision. Increasing soak time 
beyond 30 min did not affect recovery or repeatability 
to any considerable extent. Thus, sample weight of  
2 g, with addition of 8 mL water and a soak time of 
30 min, were found to be optimal for all four spices. 
The acetonitrile volume used was fixed at 10 mL 
itself maintaining the sample-solvent ratio at 1:5.

	 Addition of sodium citrate salts during 
the extraction step was considered to enhance 
the recovery of pH sensitive pesticides. Thus, 
before optimizing the cleanup step, the effect of 
buffer salts in the extraction efficiency in the four 
spices was studied. Using the optimized extraction 
compositions, recovery studies with and without 
citrate salts showed that for some pesticides, 
recovery increased considerably in the presence of 
citrate salts. For diazinon, carbaryl, chlorpyrifos and 
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malathion, recovery values with addition of citrate 
salts increased by 13, 19, 17 and 24% in cardamom, 
17, 18, 14 and 20% in cumin, 18, 25, 13 and 13% 
in ginger and 15, 12, 10 and 13% in chillies. For 
fenhexamid, recovery value increased by 19% in 
chillies. In all other cases, the variation in recovery 
values was minor, within ±8% for all compounds in all 
spice matrices. However, it was deemed beneficial 
to include sodium citrate salts in the extraction step 
to improve overall method performance. 

	 To optimize the cleanup step, four 
QuEChERS reagents were considered, viz. MgSO4, 
PSA, C-18 endcapped sorbent and GCB. MgSO4 
is used to remove excess water from the extract 
and thus facilitate recovery of nonpolar residues. 
PSA contains primary and secondary amino groups 
that remove acidic interferences from the extracts. 
GCB acts by reducing pigments from the extracts 
but are also known to affect recoveries of planar 
pesticides. C-18 sorbent is used to remove non-polar 
interferences. 

	 Spices typically have relatively high 
amounts of non-polar volatile oil content, of varying 
chemical compositions, in addition to other active 
chemical compounds. In cardamom the volatile 

oil content is around 8-9%, in ginger 0.7-4% and 
in cumin 2.7-4.3%. Chillies have capsaicinoid 
content, responsible for their pungency, ranging 
from 2000-5000 mg/Kg. The colour in chillies, 
arising carotenoid content, range from 0.1–0.3%, or 
1000-3000 mg/Kg15,16. All these factors contribute to 
matrix co-extractives which can potentially interfere 
with analytical performance. Also, as soaking spice 
samples in water was seen to be very important 
in spices to obtain good recovery and precision, a 
natural consequence is the increased water content 
in the extract which has to be addressed to manage 
the recovery of non-polar pesticides.

	 In view of these factors, four combinations 
of cleanup chemicals were studied: (A) 300 mg 
MgSO4 + 75 mg PSA + 50 mg C18, (B) 300 mg 
MgSO4 + 75 mg PSA + 50 mg C18 + 20 mg GCB, 
(C) 300 mg MgSO4 + 75 mg PSA + 75 mg C18 and 
(D) 300 mg MgSO4 + 75 mg PSA + 75 mg C18 + 20 
mg GCB. Each combination (A) to (D) were applied 
on 5 samples of each of the four spices spiked at 
0.01 mg/kg, and recoveries were assessed. Fig. 1 
shows the overall recoveries for five representative 
compounds, viz. imidacloprid, ethion, chlorpyrifos, 
quinalphos and spirodclofen, obtained for the four 
cleanup combinations in the four spices studied. 

Fig. 1. Optimization of cleanup procedures in four spices based on average recovery for spike level 0.01 mg/kg (n=5)
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	 In all four spices, cleanup increased 
recoveries of the studied compounds considerably. 
Using cleanup combination (C), average recoveries 
were obtained in the range 83.7-97.8 for cardamom. 
Using cleanup combination (D), average recoveries 
in the range 98.7-102.7% were obtained for cumin. 
Using cleanup combination (B), average recoveries 
in the range 87.7-106.8% were obtained for ginger, 

and in the range 93.8-104.6% were obtained for 
chillies. As these recovery values were respectively 
the highest for each spice and were in accordance 
with acceptable validation criteria, the respective 
cleanup combinations were taken as optimal for each 
spice. Thus, the optimized QuEChERS extraction and 
cleanup workflow, for the spices cardamom, cumin, 
ginger and chillies, are summarized in Table 3.

Table 3: Optimized extraction and QuEChERS cleanup scheme for cardamom, cumin, ginger and chillies

Process	 Cardamom	 Cumin 	 Ginger 	 Chillies 

Extraction				  
Sample weight (g)	 2	 2	 2	 2
Add water (mL)/soak time (min)	 8/30	 8/30	 8/30	 8/30
Add acetonitrile (mL)	 10	 10	 10	 10
Add MgSO4 anh. (g)	 4	 4	 4	 4
Add NaCl (g)	 1	 1	 1	 1
Add Sodium citrate tribasic dihydrate (g)	 1	 1	 1	 1
Add sodium citrate dibasic sesquihydrate (g)	 1	 1	 1	 1
		  Vortexed 30 sec, centrifuged 5000rpm 5 minute

Cleanup				  
Volume taken for cleanup (ml)	 2	 2	 2	 2
Add PSA (mg)	 75	 75	 75	 75
Add C18 sorbent (mg)	 75	 75	 50	 50
Add GCB (mg)	 0	 20	 20	 20
Add MgSO4 anh (mg)	 300	 300	 300	 300
		  Vortexed 30 sec, centrifuged 10000rpm 5 minute
Concentration and reconstitution				  
Cleaned extract evaporated to dryness (ml)	 2	 2	 2	 2
Reconstituted in 1:1 MeOH:H2O (mL)	 1	 2	 2	 2

Matrix effects
	 The extent of matrix coextractives obtained 
using the optimized extraction and cleanup steps was 
studied gravimetrically. When compared to the matrix 
load in the extract, the optimized cleanup step reduced 
the matrix load (mg/mL) to a considerable extent: 
53.3% in cardamom, 51% in cumin, 50% in ginger and 
56.7% in chillies.  The results are shown in Figure 2. 

Fig. 2. Effect of optimized cleanup on matrix 
co-extractives as determined by gravimetric analysis

	 In LC-MS/MS, matrix effect (ME) arises in 
the electrospray ionization (ESI) source and usually 
manifests in the form of signal suppression13. In 
calibration curves, signal suppression manifests as 
lower slopes in matrix matched calibration curves 
as compared to solvent-only calibration curves. 
Matrix matched calibration curves were set up using 
extracts obtained from blank samples of cardamom, 
cumin, ginger and chillies using the optimized 
extraction method. Table 4 shows the regression 
equations and correlation coefficients obtained for 
53 compounds studied in each of the four spices.

	 MEs were calculated using the following 
equation:

	 ME between 80-120% are considered 
negligible, or soft ME, and does not require matrix 
matched calibration for reliable quantitative results. 
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ME between 50-80% (suppression) and 120-150% 
(enhancement) are considered medium. ME lower 

than 50% (suppression) and higher than 150% 
(enhancement) are considered strong17,18. 
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	 The ME posed by the spice matrices were 
uniformly suppressive and ranged from medium to 
strong. In cardamom, the ME ranged from 25-80%, in 
cumin between 10-46%, in ginger between 35-89% 
and in chillies between 11-67%. Thus, the highest 
suppression was observed in cumin and chillies. 
Only 4 pesticides showed matrix suppression in 
the low ranges (ME>80%), viz. fenhexamid (88%), 
fenpyroximat (89%) ad flutirafol (87%) in ginger 
matrix and pyroaclostrobin (80%) in cardamom 
matrix. When matrix suppression is low, i.e., ME 

is between 80-100%, results estimated using 
solvent-only calibration curves will not have large 
errors. However, with ME<80%, using solvent-
only calibration curves will lead to considerable 
underestimation of results. As the ME values 
were>80% only in 1.8% cases in all the spice-
pesticide combinations studied, it was concluded 
that matrix matched calibration could not be avoided 
in all four spices so as to obtain reliable results. The 
matrix effects observed in 53 pesticides analysed in 
the four spices studied are shown in Figure 3. 

Fig. 3. Matrix effects (%) of 53 pesticides investigated in four spices

Method validation
	 Validation was performed using the 
optimized sample preparation and instrument 
parameters as detailed in the respective sections. 
Good linearity in response was obtained for all 53 
compounds with correlation coefficient r2≥0.99 in 
solvent and ≥0.98 in all four spice matrices, in the 
calibration range 0.005 to 0.075 mg/L as shown 
in Table 4. At spiking levels of 0.01 and 0.05 mg/
Kg, average recovery values for all compounds 
obtained were in the range 79-114% for cardamom, 
83.3-102.7% for cumin, 82-107.2% for ginger and 
90.3-103.6% for chillies.  

	 Intraday precision RSDr values at the spike 
levels 0.01 and 0.05 mg/Kg (n=5 per level) were 
in the ranges 10-13.2% in cardamom, 6-11.3% in 
cumin, 9.1-16.3% in ginger and 4.1-7.8% in chillies. 
The inter-day precision (RSDR) at the same spike 
levels (n=9 per level) were in the ranges 13.6-17% in 
cardamom, 9.1-14% in cumin, 14.3-18.7% in ginger 
and 6.1-9.3% in chillies. The relatively higher RSD 
values in cardamom and ginger are likely to be due 
to the higher crude fibre content in these spices, 
which would lead to a reduction in homogeneity. All 
the accuracy and precision values were within the 
acceptability limits of validation parameters, i.e., 

70-120% for accuracy and RSD<20% for precision. 
An LOQ at 0.01 mg/Kg, which was the lowest 
level studied which gave acceptable accuracy and 
precision values, was fixed for 53 compounds in all 
spice matrices. This LOQ is sufficient to address 
international regulatory requirements like Codex and 
European Union maximum residue limits (MRLs)19,20. 

Application of the method to of real samples
	 The 20 market samples of each spice 
analysed using the optimized method showed the 
presence of residues of typical analytes, namely 
acetamiprid (0.01-0.04 mg/Kg) and quinalphos 
(0.01-0.03 mg/Kg) in cardamom; imidacloprid 
(0.01 mg/Kg) and profenofos (0.01–0.04 mg/
Kg) in cumin; ethion (0.01 mg/Kg), hexaconazole 
(0.01 mg/Kg) and profenofos (0.01-0.04 mg/Kg) in 
chillies and metalaxyl (0.01 mg/Kg) in ginger. The 
incidence of residues was highest in cardamom 
(51%), followed by chillies (33%), cumin (28%) and 
ginger (8%). Although all the detected pesticides 
had concentrations less than the extant maximum 
residue limits of Codex and EU, the results highlight 
the need of effective residue management and 
monitoring plans for agrochemicals in these spices.
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CONCLUSION

	 An efficient and sensitive QuEChERS-
based extraction and cleanup workflow was 
optimized for pesticide residue analysis of 
four spices belonging to different classes, viz. 
cardamom (dried fruit, low colour), cumin (dried 
seeds), ginger (dried rhizome) and chilli (dried fruit, 
high colour), for 53 commonly used pesticides in 
the cultivation of these spices, using UPLC-MS/MS. 
The method used the same buffered acetonitrile 
extraction procedure for all spices, and cleanup 
step was individually optimized for each spice. 
The method was successfully validated as per EU 
SANTE/12682/2019 guidelines, and an LOQ of 

0.01 mg/Kg could be achieved for all pesticides 
in all four spices. High values of matrix effects 
observed in all four spices showed that matrix 
matched calibration is essential for obtaining 
reliable results. The optimized method can be 
effectively used in routine analysis of spices in 
commercial laboratories for assessing compliance 
with regulatory requirements.  
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