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Abstract
Citrus fruits and their by-products such as concentrated juices and essential oils are important intermediate by-products 
in the food industry that can selectively accumulate plant protection agrochemicals employed in their production. They 
are very difficult matrices for pesticide residue analysis due their high number and concentration of phytochemicals 
that could hamper the determinations. The fruit processing leads to the concentration/dilution or elimination of some 
of these natural products that change totally the nature of the matrix where the pesticides partition unevenly. Looking 
at the industrial process of the fruit, a unified vision for the pesticide residues analysis throughout the lemon fruit chain 
production, useful for the routine analysis of the above mentioned three matrices is presented. The driven concept is the 
minimization of matrix effects through sample dilution of the concentrated by-products, either after sample treatment 
or not. This approach will contribute to the maintenance of the whole instrumental system. QuEChERS AOAC 2007.01 
was selected as the most suitable protocol for routine determination of, residues of 16 the pesticides most commonly 
used in the fruits during the citrus production through liquid chromatography coupled to tandem mass spectrometry 
(LC–MS/MS). The same protocol was applied for pesticide residue analysis in concentrated juice after diluting 4 times the 
sample to minimize the matrix effects. For the analysis of lemon essential oils, the dilution and shoot procedure proved 
to be useful for LC–MS/MS and gas chromatography–mass spectrometry determination. The three methodologies were 
validated following SANTE guidelines, with quantitation limits below the established European Union and Codex Alimen-
tarius maximum residue limits. The developed methodologies are useful tools for the routine control analysis of pesticide 
residues in lemon matrices, allowing high sample throughput and enhancing labs productivity.
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1 Introduction

Citrus fruits and their by-products chain of value are con-
sumed throughout the entire world. The global citrus 
production involves around 124,246.0 thousand tons [1]. 
Nowadays in Uruguay, citrus production represents 2% of 
the gross value of agricultural production products [2] in 
two large producing areas that differ in terms of surface, 
production specificity and scale of production. Particularly, 

southern Uruguay is specialized in the cultivation of lemon 
as the main species that is consumed either as fruit or pro-
cessed for juices, juice concentrates, oils, pectin base and 
pellets for animal feed [2].

In order to preserve the fruit quality and avoid pests 
attack, citrus cultivation commonly involves the use of spe-
cific technological packages but many pesticide residues 
remain on the different citrus species even though there 
are many biological, physicochemical and mechanical 
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factors that can cause their dissipation [3, 4]. These resi-
dues can threaten human health but also hamper inter-
national trade, forcing the monitoring of the remaining 
residues in both, fruits and products derived from the 
citrus chain production. The omnipresence of pesticide 
residues in citrus products was pointed out as over a 
total of 8920 analyzed citrus fruits in South Africa, 84% 
contained traces of imidazole-benzimidazole fungicides 
and 14% of organophosphorus insecticides [5]. In China, 
imazalil and thiabendazole residues were determined in 
19 orange and 21 mandarin samples using UHPLC-QTOF-
MS and automated MS/MS library searching [6]. Imazalil 
was found in all the samples from different countries of 
a common, internationally sold carbonated orange juice 
except the sample of US where no natural juice is used in 
this production [7] Furthermore, the European Pharmaco-
poeia considers that pesticide residues analysis should be 
carried out in cold pressed essential oils,such as the citric 
ones, due to the potential harm they pose when included 
in pharmaceutical formulations [8].

Several analytical methodologies have been developed 
for the determination of pesticide residues in mandarins, 
oranges and other citrus fruits [9–12], but only a few stud-
ied systematically lemon as a matrix. Most of these reports 
cover the analysis of pesticide residues of imazalil, thiaben-
dazole, carbendazim and 2-phenylphenol in lemon fruit 
[13–16]. In every case, the complexity of citrus fruits as an 
analytical matrix for pesticide residue analysis had been 
pointed out, either using LC–MS or GC–MS determina-
tions [17, 18]. Citrus fruits have been analyzed for pesti-
cide residues through a multitude of different approaches. 
Nowadays, the most commonly applied are those based 
in QuEChERS templates, which is a miniaturized sample 
preparation scheme, particularly useful to be coupled to 
mass spectrometry detectors. The idea is that, after extrac-
tion with a suitable solvent, being ACN the most popular 
(Ethyl Acetate and Acetone can also be used), a dispersive 
step of the organic solvent is performed using salts and 
absorbents that try to minimize the co-extractives load 
directed to the instrumental system. This point stems for 
the most common problem faced when studying pesti-
cide residues analysis in citrus fruits, the matrix effects. 
Roughly, a QuEChERS citrus extract for pesticide residue 
analysis contains up to 3000 co-extracted compounds, 
some of them at high concentration levels that coelute 
with the analytes along the chromatographic run and 
affects or interfere with the residue determinations. Sev-
eral studies on matrix effects during LC–MS/MS either QqQ 
or ToF [17, 19, 20] have been reported. They all show the 
strong incidence of co-extractives in pesticide residues 
determination.

But also the original QuEChERS approach proved to be 
unsatisfactory for citrus fruit pesticide residues analysis as 

some widely used pesticides in citrus production could not 
be determined properly. That is the case of pre-harvest 
fungicides (captan and folpet) or post-harvest ones, such 
as imazalil or prochloraz. The high acidity of the matrix 
either protonates the azole hampering their quantitative 
extraction by the organic solvent or facilitates their deg-
radation in the low pH of comminuted citrus fruits. Two 
main variations based on pH adjustment of the extracting 
solution were developed that are now the official methods 
in USA (AOAC2007.01) and EU (CEN 15662) respectively. 
The main difference between both methods is the final pH 
for extraction that is reached using different buffering sys-
tems generated in situ. In AOAC 2007.01, the acetate buffer 
reaches a pH of 4.5–5 whereas in the CEN method the cit-
rate buffer yields a pH of 5–5.55 getting an extraction of 
pH dependent or sensitive pesticides. Several adsorbents 
have been used for PRA in citrus fruits, such as ZrO2, Zsep, 
carbon nanotubes, alumina and florisil, combined or not 
with the traditional QuEChERS absorbents PSA;  RPC18 and 
GCB, with different success [18]. None of them proved to 
be better enough to replace them in pesticide residue 
studies in citrus fruits.

Within the citrus chain production, fresh juice, con-
centrated juice, essential oils, and pellets are elaborated, 
among other goods. The basis for concentrated juice pro-
duction is to increase the dry matter content and decrease 
the water content of juices, in order to extend shelf life and 
improve transportation and storage properties [21]. On an 
industrial scale, essential oils are obtained as a by-product 
of fruit juice production [22]. The presence, distribution 
and persistence of pesticide residues in these by-products 
are due to the production process and the physicochemi-
cal properties of those compounds [23].

In the case of citrus by-products, different methodolo-
gies have been developed for the determination of pesti-
cide residues in citrus juices [16, 24, 25], while few works 
report methodologies for pesticide residues determina-
tion in concentrated lemon juice, a very acid matrix [26, 
27]. On the other hand, essential oils (EOs) are extracted 
from citrus peel and the concentration of lipophilic pes-
ticides is much higher than that found in the fruit [28]. 
Pesticide residues in EOs are widely studied by different 
researchers who have found organochlorine [29] and 
organophosphorus residues [30] among others. A review 
of the presence and evolution of pesticides and plasticiz-
ers in Italian essential oils according the type of citrus EO 
was published by Saitta and his group in 2012 [31]. The 
developed sample preparations for EOs are diverse; from 
solid/liquid extraction either using cartridge based SPE or 
Matrix Solid Dispersion (MSPD) [28, 32] o a sample dilution 
step after oil evaporation as applied by Fillatre et al. [33].

The aim of this work was to develop and validate suit-
able analytical methodologies to be applied routinely 
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throughout the lemon fruit and by-products productive 
chain, like the concentrated juice and the essential oil.

2  Materials and methods

2.1  Reagents and apparatus

HPLC grade ethyl acetate (EtOAc) and acetonitrile (MeCN), 
free of pesticide residues, were purchased from Pharmco 
Products Inc. (Brookfield, CT. USA) and Sigma-Aldrich 
(Steinheim, Germany), respectively. These solvents were 
employed both in liquid chromatography and during the 
extraction step. Sodium citrate dihydrate and anhydrous 
magnesium sulphate from J.T.Mallinckrodt Baker Inc. (Phil-
lipsburg, NJ, USA) were used. Sodium chloride and sodium 
acetate were obtained from Carlo Erba Reagents S.A.S 
(Val de Reuil Cedex, Italy). Di-sodium hydrogen citrate 1.5 
hydrate was purchased from Scharlau (Barcelona, Spain).

Deionized water was obtained using a Thermo Scien-
tific (Marietta, OH, USA) EASY pure RoDi Ultrapure water 
purification system. Formic acid p.a. 88% was obtained 
from Macron Chemicals (The Netherlands). Glacial acetic 
acid (HAc) from Dorwill (Buenos Aires, Argentina), RP-C18, 
amino sorbent (PSA, 40–60 μm) and graphitized carbon 
black (GCB, 120–400 mesh) were from Scharlau (Barcelona, 
Spain).

Reference standards (purity > 98%) were purchased 
from Dr. Ehrenstofer (Augsburg, Germany) and were stored 
at − 40 °C. Stock solutions (1000–2000 µg mL−1) of each 
pesticide were prepared by dissolving the standards in 
acetonitrile or ethyl acetate and stored in glass vials at 
− 40 °C. A working solution at 10 µg mL−1, was prepared 
by diluting stock solutions.

A SL16 centrifuge from Thermo IEC HN-SII (Lan-
genselbold, Germany), a vortex mixer Wisd VM 10, a 
 Turbovap® Biotage LV evaporator (Charlotte, NC, United 
States) and an ultrasonic bath Wisd WUC-A03H from 
Daihan Scientific Co. Ltda. (Gangwon-do, Korea) were 
used. Analytical balances were SHIMADZU AUX220, read-
ability, 0.1 mg (Kyoto, Japan) and a SIMADZU TXB622L, 
readability 0.01 g (Cebu, Philippines).

2.2  Instrumentation

2.2.1  LC–MS/MS operating conditions

The HPLC–MS/MS analysis was performed with a HPLC 
Agilent 1200, equipped with a quaternary pump, degas-
ser and a thermostatted autosampler coupled to a triple 
quadrupole API 4000 (4000 Q-TRAP ABSCIEX). Electrospray 
ionization (ESI) was used in positive and negative mode 
and the triple quadrupole operated in MRM (Multiple 

Reaction Monitoring). The column used was a Zorbax 
Eclipse XDB-C18, 150 mm long, 4.6 mm i.d. and 5 µm par-
ticle size, which was kept at 40 °C during the analysis.

Methods 1 and 2 used gradients of water with 0.1% HAc 
(A) and acetonitrile (B) and operated in positive and nega-
tive electrospray ionization mode respectively. All meth-
ods had a 0.6 mL min−1 mobile phase flow and 5 µL of each 
sample were injected.

The elution process for each chromatographic method 
was different with method 1 starting with 70% of mobile 
phase A, which was dropped to 0% in 12 min (3.50 min 
hold) then it rose back to 70% in 1.50 min (4 min hold) for 
a total run time of 21 min, while method 2 started with 
70% of mobile phase A (1 min hold), dropped to 0% in 
3.50 min then rose back to 70% in 2.50 min (3 min hold) for 
a total run time of 10 min. The source temperature was set 
to 500 °C, ionization voltage was 5000 V, a nitrogen curtain 
at 20 psi and air as nebulization gas at 50 psi were used. A 
retention time window of 90 s was set for each pesticide 
and data analysis was performed with Biosystems Analyst 
1.5 software. The mass spectrometer conditions are pre-
sented in Table 1.

2.2.2  GC–MS operating conditions

GC–MS pesticide analysis was performed on a Shimadzu 
GC–MS QP2010 operating in electron impact ionization 
(EI) mode with ionization energy of 70 eV. The injection 
volume was 1 µL of each sample in split mode at 280 °C to 
an Rtx-5MS fused silica capillary column (30 m × 0.25 mm 
diameter and film thickness of 0.25 µm) with ultrapure 
helium as gas carrier. The interface and ion source were 
set at 280 and 230 °C respectively. The oven temperature 
gradient started at 120 °C for 5 min, increased to 190 °C 
with a 10 °C min−1 rate (1 min hold), then to 250 °C at a 
5 °C  min−1 rate (5 min hold) and finally increased to 300 at 
a 5 °C min−1 rate (5 min hold) for a total run time of 45 min. 
Detection was performed in SIM (Single Ion Monitoring) 
acquisition mode. GC data was processed with GC–MS 
Solution software 4.11 SU2 version. Pesticides detec-
tion parameters for both analytical systems are shown in 
Table 1.

2.3  Sample preparation

2.3.1  Lemon fruit and concentrated juice

2.3.1.1 Preliminary tests Ethyl acetate sample prepara-
tion protocol (EtOAc method) [3] and acetate QuEChERS 
AOAC [34] using in both cases 10 g of previously homog-
enized sample were evaluated. The sample preparation of 
QuEChERS AOAC is described in concentrated juice ses-
sion.



Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:618 | https://doi.org/10.1007/s42452-019-0626-x

For the EtOAc method, the sample preparation con-
sisted in weighing 10 g of sample into 50 mL PP conic 
tubes where 10 mL of EtOAc was added and skaked by 
hand for 1  min. The salting-out was performed with 
8 g of anhydrous  MgSO4 and 1.5 g of NaCl. It was then 
shaken for 5 min manually, placed in an ultrasonic bath 

for 15 min and centrifuged for 5 min at 2264×g. In this 
case, no sample clean up step was applied.

For the concentrated juice, 3 extraction methodologies 
based on the different variations of the QuEChERS method 
were evaluated: the original one [35], the buffered versions 
[34, 36]. Conditions were then optimized for validation of 
the chosen method.

Table 1  Pesticide, chemistry family, Codex Alimentarius and Euro-
pean Union maximum residue level (MRL), retention time (tR), pre-
cursor ion, product ion, declustering potential (DP) and collision 

energy (CE) for each LC amenable analyte and quantitation ion 
(Quant ion), reference ions (Ref ion) for GC amenable pesticide

Pesticide by LC-
MSMS

Chemistry family Codex 
Alimenta-
rius MRL 
(mg kg−1)

European 
Union MRL 
(mg kg−1)

tR (min) ESI (±) Precursor 
Ion (m/z)

Product Ion 
(m/z)

DP (V) CE (V)

Carbendazim Benzimidazole 0.7 2.5 (+) 192.1 160.0 80 22.8
132.1 41.9

Thiabendazole Benzimidazole 7 7 2.6 (+) 202.1 175.1 100 34
131.1 42.9

Imidacloprid Neonicotinoid 1 1 5.6 (+) 256.1 209.1 86 22
175.1 23

Imazalil Imidazole 5 5 6.1 (+) 297.0 159.0 130 32
255.1 23

Fludioxonil Phenylpyrrole 10 10 7.8 (−) 247.0 125.9 − 65 − 42
179.9 − 40

Spinosyn A Spinosyn 0.3 
(expressed 
as Spino-
sad)

0.3 
(expressed 
as Spino-
sad)

8.2 (+) 732.5 142.2 136 43
98.3 81

Spinosyn D Spinosyn 8.6 (+) 746.5 142.2 66 39
98.1 79

Pyrimethanil Anilinopyrimi-
dine

7 8 9.3 (+) 200.0 107.2 40 31
168.2 37

Prochloraz Imidazole 10 10 10.7 (+) 376.0 308.0 78 15
266 24

Fenhexamid Hydroxyanilide 0.01 11.4 (+) 302.0 97.0 120 34
304.0

Boscalid Pyridinecarboxa-
mide

2 2 11.4 (+) 343.1 139.8 89 24
112.2 27

Iprodione Dicarboximide 6 12.0 (+) 330.1 245.1 64 21
288.0 16

Propiconazole Triazole 5 12.4 (+) 342.1 159.0 46 37
69.1 33

Difenoconazole Triazole 0.6 0.6 12.9 (+) 406.0 251.1 90 37
337.0 21

Pyraclostrobin Strobirulin 2 1 13.4 (+) 388.1 194.2 67 17
163.1 39

Trifloxystrobin Strobirulin 0.5 0.5 13.8 (+) 409.3 186.0 50 22
206.1 18

Pesticide by 
GC–MS

Ionization mode Quant ion Ref ion Ref ion

2-phenylphenol Phenol 10 5 11.7 EI 169 170 115
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Using the original version of QuEChERS [35], 5 g of 
concentrated juice were weighed in a 50 mL tube and 
then 5 g of distilled water was added. After that, 10 mL of 
MeCN were added and shaken manually for 1 min. Then, 
4 g of anhydrous  MgSO4 and 1 g of NaCl were added. It 
was then shaken manually for 5 min and placed on an 
ultrasonic bath for 15 min. Finally, the tubes were centri-
fuged for 10 min at 4620×g. Afterwards, part of the super-
natant was transferred to 15 mL PP disposable tubes with 
previously weighed sorbents: 25 mg of PSA and 150 mg 
of anhydrous  MgSO4 per milliliter of supernatant.

For the citrate QuEChERS version [36], a similar proce-
dure was performed, differing in the formation of a buffer 
in situ. The main difference is the usage of 1 g of NaCl, 4 g 
of anhydrous  MgSO4, 1 g trisodium citrate dehydrate and 
0.5 g disodium hydrogencitrate sesquihydrate as extrac-
tion salts. For acetate QuEChERS (AOAC) [34] the proce-
dure is similar to the first method, changing the extrac-
tion solvent to MeCN acidified with 1% of HAc. Another 
difference is the use of 1 g of sodium acetate and 4 g of 
anhydrous  MgSO4 as phase partition salts.

For both modified QuEChERS, during the clean-up step, 
150 mg of anhydrous  MgSO4 and 50 mg of PSA were used 
per milliliter of supernatant.

In all cases, for the LC–MS/MS analysis, 1 mL of the 
supernatant was taken and filtered through a 22  µm 
syringe filtered and 500 µL were placed in an autosampler 
vial for further analysis.

2.3.1.2 Final sample preparation methods In order to 
obtain an homogenized samples of lemon fruit, each ran-
domly selected fruit was cut in four pieces, two opposite 
quarters were selected for analysis and the other two were 
discarded as reported in previous work [3]. The laboratory 
sample was then composed and homogenized.

For both fruit and concentrated juice the acetate 
QuEChERS (AOAC) [34] method was used. For lemon, 
the procedure started with weighing 10 g of the previ-
ously homogenized sample into a 50 mL tube, after that, 
10 mL of MeCN acidified with 1% HAc were added and 
shaken manually for 1 min. Then, 4 g of anhydrous  MgSO4 
and 1 g of sodium acetate were added. They were then 
shaken manually for 5 min and placed on an ultrasonic 
bath for 15 min. Finally, the tubes were centrifuged for 
10 min at 4620×g. Afterwards, part of the supernatant was 
transferred to 15 mL PP disposable tubes with previously 
weighed sorbents: 150 mg of anhydrous  MgSO4 and 50 mg 
of PSA were used per milliliter of supernatant.

For concentrated juice, the sample preparation step was 
modified from the original AOAC method, instead of 10 g 
of sample, 2.5 g of concentrated juice were weighted and 
7.5 g of water were added. Apart from that, the method 
remained the same.

In both cases, for the LC–MS/MS analysis, 1 mL of the 
supernatant was taken and filtered through a 22  µm 
syringe filter and 500 µL were placed in an autosampler 
vial for further analysis.

2.3.2  Essential oils

For the pesticide residues determination on essential oils, 
a dilution x5 of the sample and subsequent direct injection 
protocol was used. First, the sample was vortexed and fil-
tered through a 0.45 µm syringe filter, an aliquot of 200 µL 
was taken and put into an autosampler vial then 800 µL of 
the appropriated solvent: MeCN or EtOAc for LC and GC 
analysis respectively were added.

For precision studies, lemon essential oils that had been 
spiked with the selected pesticides at concentrations rang-
ing from 5 to 200 µg L−1 were diluted with 800 µL of the 
appropriate solvent. Due to the complexity of essential oils 
and that the composition could be different according to 
the extraction method used, the citrus type [22] and the 
geographical areas from where the fruit was grown [37] 
plus the difficulties of finding a blank sample, the standard 
addition calibration technique was used for quantification 
purposes. To accomplish this, instead of using 800 µL of 
solvent, the appropriate amount of pesticide mix was used 
together with the needed solvent to reach 800 µL.

The trueness of the methods was evaluated as recovery 
percentages of all pesticides at 100 μg kg−1 concentration 
level. The spike process was performed with a mix of pesti-
cides prepared from standards solutions of each pesticide.

2.4  Validation procedure

A thorough and complete method validation for assay-
ing 17 pesticides in lemon matrices was done following 
the SANTE guidelines for the Analytical Quality Control 
and Method Validation Procedures for Pesticide Residues 
Analysis in Food and Feed [38]. In order to validate the 
methods, parameters as selectively, trueness, repeatibil-
ity, linearity, matrix effect, and quantification limit were 
studied. The selectivity of the method was determined by 
measuring the level of interfering components in a lemon 
blank (a fruit free of pesticides). Trueness was estimated as 
the average of five replicates percentage of recovery for 
each studied pesticide. The quantification was performed 
using matrix matched calibration curves and matrix effect 
(ME) percentage was studied by comparison of the slopes 
of the calibration curves in solvent and in matrix and cal-
culated as:

ME =

(

slope (matrixmatched)

slope (reference curve)
− 1

)

× 100
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In order to minimize matrix effects, the linearity was 
studied by matrix-matched standard calibrations. The 
quantification limit (LOQ) was established as the minimum 
value where the trueness and precision are in accordance 
with the SANTE guidelines criteria for a given compound 
(recoveries percentage from 70 to 120% and relative 
standard deviation lower than 20%) [38].

2.5  Real samples

A total of 6 samples of lemon fruit, 5 of concentrated juice 
and 101 of essential oils were analyzed. Fruits were pur-
chased from different local markets in Paysandú (Uruguay) 
and as well as essential oils. The concentrated lemon juices 
were provided by a local industry. All samples were stored 
in their original packaging under the recommended con-
ditions until use.

3  Results and discussion

For the evaluation of the best performance of the ana-
lytical methods, a representative group of 17 pesticides 
belonging to different chemical families were selected. The 
choosing of the pesticides to be analyzed was based, not 
only on their applicability in pre and post-harvest citrus 
production in Uruguay (reported in SATA guide [39]), but 
also on their probability of being found in said matrices 
according to previous findings in bibliographic data. Pesti-
cides such as neonicotinoids, organophosphates, carboxa-
mides, imidazoles, strobilurins, and benzimidazoles were 
included. Table 1 shows the selected pesticides.

3.1  Chromatographic and mass spectrometry 
conditions

Two chromatographic methods were used due to the 
physicochemical characteristics of the selected pesti-
cides. For the LC configuration the optimization process 
was made using direct infusion with electrospray (ESI) and 
negative and positive acquisition modes were employed. 
Pesticides LC and GC detection parameters are shown in 
Table 1.

3.2  Preliminary tests and method validation

3.2.1  Lemon fruit

For the analysis of pesticide residues in lemon fruit, two 
reported methodologies were evaluated: EtOAc [3] and 
QuEChERS AOAC. The EtOAc method showed recover-
ies for 3 of the 16 studied pesticides in this matrix, that 
did not meet the SANTE document requirements criteria 

(pesticide recoveries between 70 and 120% and relative 
standard deviations (RSD) < 20%) [38]. Imazalil, carben-
dazim, and thiabendazole (imidazole and benzimidazole 
chemistry family), whose pKa is 6.53, 4.2, and 4.73 [40] 
respectively, were lost during the extraction step due to 
the low pH of the matrix. As stated above, the QuEChERS 
AOAC method stabilizes the matrix pH through an in situ 
generated buffer that allows the quantitative extraction 
of low-pH susceptible pesticides and it was chosen for its 
validation.

Method selectivity was studied, and no interfering ions 
with those of pesticides were found in the blank sample. 
Percentages of recovery and RSD at two concentration 
levels (10 and 50 µg kg−1) together with matrix effect 
obtained in LC–MS/MS for each pesticide under study 
are shown in Table 2. Based on the results from matrix 
matched and solvents calibration curves, it can be con-
cluded that a linear behavior is verified. The limit of quan-
titation of all the studied analytes was 10 µg kg−1. As it 
was expected when the electrospray interface is used, 
the matrix effects cause suppression of the analytical sig-
nal for 83% of the studied compounds. Nevertheless, the 
observed matrix effect of imidacloprid is enhancement 
of the signal with a value of 96%. These results comply 
with a recent work reported by our group, where using 
LC-AHRMS-TOF, a positive value of 84% was found for this 
compound in lemon fruit [17].

3.2.2  Concentrated juice

Concentrated juices are defined by the Uruguayan 
National Bromatological Regulation (UNBR) as “… prod-
ucts obtained by concentrating vegetable juices having 
a minimum volume ratio with the original juice of 50% 
(1–2), except for citrus fruits, which shall be 33% (1–3) 
and that comply with the requirements of this regulation 
…” [41]. Lemon juice contains flavonoids, carotenoids, 
fatty acids, vitamins among others metabolites [42], in 
the case of concentrated juices these compounds are at 
higher concentration, and as a consequence, higher matrix 
effects are expected. The selective removal of compounds 
at higher concentration levels in comparison with the 
studied pesticides could be a difficult task. In addition, 
during the concentration process, some artifacts, conju-
gates and decomposition compounds are formed, turn-
ing the matrix even more complex. The three procedures 
described above based on QuEChERS methodology were 
evaluated in terms of their ability to provide good analyte 
extraction and maximizing the removal of co-extractives 
that could interfere. Trueness and precision were evalu-
ated at 100 µg kg−1 concentration level. Also, matrix effects 
were studied and a strong suppression of the signal was 
observed. From the three selected methods, all pesticides 



Vol.:(0123456789)

SN Applied Sciences (2019) 1:618 | https://doi.org/10.1007/s42452-019-0626-x Research Article

gave recoveries ≥ 100% whereas the AOAC version, shown 
lower percentage of pesticides with matrix effect ≥ 50%. 
A strategy of “reconstructing” the original juice in terms of 
total solid content was followed aiming to minimize this 
effect. Sample dilution has proven to minimize matrix 
effects during ESI and, therefore, ion suppression phenom-
ena could be overcome and higher sensitivity achieved.

Therefore, when validating the QuEChERS AOAC 
method, the sample preparation step was modified and 
2.5  g of concentrated juice were weighted and 7.5  g 
of water were added. (See Fig. 1). The trueness of the 
method was studied at 3 concentration levels: 10, 100 and 
300 µg kg−1. Linear ranges were from 10 to 300 µg kg−1 for 
all analytes with the exception of imidacloprid (from 100 
to 300 µg kg−1) with residuals lower than 20%. All figure of 
merit are presented in Table 3.

The chemical composition of the concentrated juice is 
less complex than that of the whole fruit but the juice has 
a higher solid content and potentially interfering com-
pounds. Matrix effects were minimized with the exception 
of carbendazim and thiabendazole that showed − 39 and 
− 48% matrix effects, all the studied pesticides suffered no 
matrix effects. Sample dilution eliminated the high matrix 
effect suffered by imidacloprid in the whole fruit, as well 
as most of the other matrix effects observed during its 
analysis.

3.2.3  Essential oils

For the analysis of lemon essential oils 16 LC amenable pes-
ticides and one GC amenable pesticide: 2-phenylphenol 

Table 2  Pesticide, percentage 
of recovery (Rec %) and 
reproducibility (RSD %) for 
five extraction (n = 5) at 10 
and 50 µg kg−1 concentration 
levels; limit of quantitation 
(LOQ), linear range, 
determination coefficient 
 (r2) and percentage of matrix 
effect (ME %) for each analyte 
in lemon fruit

Pesticide Concentration level (µg kg−1) LOQ (µg kg−1) Linear 
range 
(µg kg−1)

r2 ME (%)

10 (n = 5) 50 (n = 5)

Rec (%) RSD (%) Rec (%) RSD (%)

Boscalid 76.0 12.0 111.3 7.3 50 10–150 0.9993 − 14.5
Carbendazim 77.0 6.0 97.4 3.0 50 5–150 0.9998 − 47
Difenoconazole 117.3 12.8 107.0 4.0 10 5–150 0.9992 − 36
Fenhexamid 125.7 3.4 97.0 11.0 10 10–100 0.9983 − 6
Imazalil 111.0 10.0 113.7 5.4 50 10–150 0.9983 − 37
Imidacloprid 98.7 8.4 95.4 3.0 10 5–150 0.9972 96
Iprodione 98.5 5.8 113.6 6.9 10 5–150 0.9997 − 22
Prochloraz 93.5 2.9 110.8 2.9 10 5–150 0.9991 − 10
Propiconazole 106.1 8.7 127.2 3.8 10 5–150 0.9993 − 25
Pyraclostrobin 111.1 14.6 79.0 5.0 10 5–150 0.9977 − 39
Pyrimethanil 99.0 4.9 106.9 2.5 10 5–150 0.9989 − 22
Spinosyd A 87.6 1.6 109.7 2.0 10 5–150 0.9957 − 19
Spinosyd D 109.2 2.5 105.8 4.4 10 5–150 0.9989 − 10
Thiabendazol 89.4 3.9 95.6 3.9 10 5–150 0.9999 − 67
Tryfloxystrobin 99.7 3.6 115.3 3.5 10 5–150 0.9999 5
Fludioxonil 126.4 2.8 115.4 2.8 10 5–150 0.9997 − 1

Percentage 
of pesticides 
with matrix 

effect
> 20 %

Percentage 
of pesticides 
with matrix 

effect
< 20 %

5 g of sample
(A)

Percentage 
of pesticides 
with matrix 

effect
> 20 %

Percentage 
of pesticides 
with matrix 

effect
< 20 %

2.5 g of sample
(B)

Fig. 1  Percentage of pesticides with matrix effect (%) lower and 
higher than 20, using 5 g (a) and 2.5 g (b) of concentrated juice dur-
ing QuEChERS acetate method
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(OPP) were selected. This fungicide is commonly applied 
in citrus post- harvest step and OPP residues in lemon, 
orange and mandarin essential oils were reported by Ito 
et al. [43]. The proposed method is a five times simple 
dilution of the sample and injection in the LC-MSMS. In 
this work, after the sample dilution and injection in the 
instrument, the repeatability of the method was studied 
at 5 concentration levels: 10, 25, 50, 100 and 200 µg L−1 
(n = 3). The results showed good repeatability for all the 
studied analytes (0.6–9.8% range). The LOQ of the method 
were 10 µg L−1 for 73%, 25 µg L−1 for 13% and 50 µg L−1 for 
6% of the analytes while for OPP the LOQ was 100 µg L−1. 
Although the overall dropping down of matrix effects to 
negligible ones, boscalid and iprodione suffered of a great 
signal suppression due to matrix effect that prevented 
their identification at concentrations below 100 µg L−1, 
and could not be analyzed. The linear ranges were from 
LOQ to 200 µg L−1 for LC amenable analytes and from LOQ 
to 500 µg L−1 for OPP that was analyzed by GC–MS, with 
residuals yielding deviations lower than 20% in all cases 
(See Table 4).

3.3  Real sample analysis

Real samples of lemon fruit (6 in total) were analyzed. 
Iprodione (0.04  mg  kg−1), boscalid (0.24  mg  kg−1) 
and pyraclostrobin (0.11  mg  kg−1) residues were 
detected. On the other hand, 101 EOs samples were 

analyzed. The post-harvest pesticides most commonly 
found were imazalil (0.15–2.20  mg  L−1), prochloraz 
(0.01–35.9 mg L−1), 2-phenylphenol (0.10–52.1 mg L−1) 
and propiconazole (0.01–15.0 mg L−1). Also residues of 
pyraclostrobin and difenoconazole, that are usually used 
during pre-harvest were found. Considering the amount 
of EO is 0.1% v/p of the fruit, and that the oil is separated 
by centrifugation, citrus EOs concentrate lipophilic and 
not ionizable pesticides. Therefore, low traces of pesti-
cides in the fruit can reach very high levels in the EOs. 
In order to compare the results with the established 
MRLs it is necessary to take into account the essential 
oil density to convert mg L−1 into mg kg−1 (consider it 
when comparing the results with the MRLs). In this work, 
we consider a value of 0.85 kg L−1 based in the Clará 
research [44].

Five concentrated lemon juices were analyzed. Most 
countries rely on regulations for processed foods and 
should comply with the maximum limits for pesticides. 
However, the Codex Alimentarius [45] and European Leg-
islation [46] do not provide MRLs data for concentrated 
juices but state that the appropriate MRL applied to con-
centrated juice corresponds to the MRL value for each pes-
ticide in a raw agricultural commodity.

In this work the MRL of each pesticide reported by 
the Codex Alimentarius for lemon was used and the 
MRL value for concentrated juice is: MRL in lemon juice 
(µg kg−1) = MRL in lemon fruit (µg kg−1). Propiconazole, 

Table 3  Pesticide, percentage of recovery (Rec %) and reproducibil-
ity (RSD %) for five extraction (n = 5) at 10, 100 and 300 µg kg−1 con-
centration levels; limit of quantitation (LOQ), linear range, determi-

nation coefficient  (r2) and percentage of matrix effect (ME %) for 
each analyte in concentrated lemon juice using 2.5 g of sample

Pesticide Concentration level (µg kg−1) LOQ (µg kg−1) Linear range 
(µg kg−1)

r2 ME (%)

10 (n = 5) 100 (n = 5) 300 (n = 5)

Rec (%) RSD (%) Rec (%) RSD (%) Rec (%) RSD (%)

Boscalid 77.9 5.8 98.2 3.4 86.8 4.2 10 10–300 0.9979 − 9
Carbendazim 70.6 2.9 87.3 5.0 74.2 5.3 10 10–300 0.9998 − 39
Thiabendazole 69.8 5.3 90.5 3.4 70.5 4.7 10 10–300 0.9985 − 48
Imidacloprid – – 95.6 4.7 92.2 7.0 100 100–300 0.9951 8
Imazalil 87.6 15.4 90.1 3.5 66.3 9.6 10 10–300 0.9933 − 4
Spinosyd A 76.0 3.2 98.1 9.4 88.1 4.8 10 10–300 0.9957 − 10
Spinosyn D 77.0 2.9 99.0 3.3 86.6 6.2 10 10–300 0.9960 − 9
Pyrimethanil 79.6 5.3 95.5 3.5 101.0 13.6 10 10–300 0.9981 − 12
Prochloraz 82.1 4.6 94.1 4.5 90.4 4.5 10 10–300 0.9994 − 8
Fenhexamid 65.3 7.3 96.8 2.8 80.1 2.3 100 10–300 0.9999 − 2
Iprodione 81.2 7.8 96.7 5.6 75.9 3.8 10 10–300 0.9971 − 16
Propiconazole 77.9 4.7 98.2 3.5 89.2 5.0 10 10–300 0.9985 − 10
Difenoconazole 78.5 4.4 99.1 4.2 88.6 3.8 10 10–300 0.9974 − 12
Pyraclostrobin 61.4 8.3 99.0 4.1 85.7 3.1 100 10–300 0.9952 − 5
Trifloxystrobin 64.9 7.6 95.3 1.2 87.0 3.0 100 10–300 0.9958 − 6
Fludioxonil 76.8 11.9 92.3 5.4 70.8 5.5 10 10–300 0.9956 − 12
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imazalil, pyrimethanil and imidacloprid residues were 
found in commercial samples. In all cases, the found con-
centrations were below the MRLs. Figure 2 shows the chro-
matographic signal of pyrimethanil standard at the LOQ 
level (µg kg−1) and a pyrimethanil signal present in a con-
centrated lemon juice at 46.6 µg kg−1 concentration level.

4  Conclusions

Specific analytical methodologies were optimized and 
validated for lemon fruits and the main by-products 
obtained in its production chain. They are suitable pro-
tocols for the routine analysis of these commodities. 
They entail the use of common reactives and simple 
procedures. The sample dilution prior the extraction 
step and analysis were successfully applied for the 
analysis of lemon by-products, concentrated juices 
and essential oils. The dilution step minimizes the 
matrix effects, and generally a better performance is 
observed, with the exception of boscalid and iprodi-
one in EO. When analyzing the concentrated juice, the 
dilution x 4 in the extraction step allowed a smooth 
application of the acetate buffered QuEChERS proto-
col. Matrix effects were minimal after dilution. On the 
other hand, the analysis of essential oils involved the 
simple dilution of the sample before determination and 
it can represent great benefit for laboratories as it allows 
increasing samples throughput. The buffered acetate 
QuEChERS was the most effective protocol to analyze 
pH-dependent pesticides in lemon fruit. The analytical 
scope of the method is the same, representing the most 
commonly applied pesticides in citrus production chain. 
They are currently applied to the routine determination 
of pesticide residues in lemon commodities for export. 
Pesticide residues (imazalil, pyraclostrobin, pyrimetha-
nil, prochloraz, difenoconazole, 2-phenylphenol) were 
found on the three evaluated matrices. In lemon fruits 
and concentrated juices the residues found were at con-
centrations below the MRLs established by the Codex 
Alimentarius and European Union (EU). In the case of 
EOs, prochloraz, 2-phenylphenol and propiconazole 
exceed the lemon EU MRLs.

Table 4  Pesticide, repeatability (RSD %), quantitation limit (µg L−1), 
linear range (µg L−1), coefficient of determination  (r2) and percent-
age of matrix effect (ME %) for each analyte in lemon essential oil

Pesticide Repete-
ability 
(RSD %)

LOQ 
(µg L−1)

Linear 
range 
(µg L−1)

r2 ME (%)

Carbenda-
zim

2.6–3.9 10 10–200 0.9995 − 41

Thiabenda-
zole

0.8–5.8 10 10–200 0.9997 − 65

Imidaclo-
prid

1.3–9.7 25 25–200 0.9997 − 19

Imazalil 4.8–8.9 25 25–200 0.9997 − 62
Fludioxonil 1.0–3.9 10 10–200 0.9998 − 22
Spinosyn A 2.1–6.5 10 10–200 0.9999 − 71
Spinosyn D 4.4–10.6 10 10–200 0.9998 − 69
Pyrimetha-

nil
0.6–4.4 10 10–200 0.9993 − 62

Prochloraz 1.5–5.5 10 10–200 0.9998 − 46
Fenhexa-

mid
3.9–8.5 50 50–200 0.9990 − 67

Propicona-
zole

0.9–4.3 10 10–200 0.9999 − 45

Difenocon-
azole

0.3–2.2 10 10–200 0.9998 − 62

Pyraclos-
trobin

0.9–1.9 10 10–200 0.9994 − 49

Triflox-
ystrobin

1.6–4.0 10 10–200 0.9998 − 91

2-phenyl-
phenol

4.3–10.4 100 100–500 0.9990 73
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Fig. 2  Pyrimethanil residue identification in concentrated lemon juice by LC–MS/MS. Chromatographic signal in a matrix matched calibra-
tion (10 µg kg−1) and in a real sample at concentration level of 46.6 µg kg−1
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