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ABSTRACT

Pesticides are chemicals used to combat insects, rodents, fungi and weeds, which are agricultural pests. In
this study, it was aimed to determine pesticide residues of the pickled vine leaves produced by industrial and
traditional methods from Narince variety grown in Tokat. The amounts of pesticides in the pickled vine
leaves were determined by the QuEChERS (quick, easy, cheap, effective, rugged and safe) method. As a
result of pesticide analysis performed on pickled vine leaves, 13 different pesticide active ingredients were
determined and 8 pesticides were found to be above the maximum residue limit (MRL) value. While, the
highest substance amounts according to MRL values were cyhalothrin, pyraclostrobin, cypermethrin,
boscalid, the most detected pesticide active ingredients were ethiofencarb, isocarbofos, cyhalothrin,
respectively. As a consequence of the investigation, it was found that detected some pesticide residue
amounts from pickled vine leaves were at a level that would pose a health risk.
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VALIDE EDILMIi$ BIR LC-MS/MS METODUYLA ASMA YAPRAKLARINDA
PESTISIT KALINTILARININ BELIRLENMESI
oz
Pestisitler tarim zararlilart olan bécek, kemirgen, mantar ve yabani otlarla miicadele de kullanilan
kimyasallardir. Bu calismada, Tokat ilinde yetistirilen Narince ¢esidinden endistriyel ve geleneksel

yontemlerle tretilen salamura asma yapraklarinda pestisit kalintilarinin belirlenmesi amaclanmigtir.
Salamura asma yapraklarindaki pestisit miktarlart QuEChERS (hizli, kolay, ucuz, etkili, dayanikli ve
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glivenli) yontemi ile belirlenmistir. Salamura asma yapraklarinda yapilan pestisit analizi sonucunda 13
farkll pestisit etken maddesi tespit edilmis olup 8 pestisit maksimum kalintt limiti (MRL) degerinin
tzerinde bulunmustur. MRL degerlerine gbre en yiiksek pestisit miktarlart sihalotrin, piraklostrobin,
sipermetrin, boskalid iken en ¢ok tespit edilen pestisit maddeleri sirastyla etiyofenkarb, izokarbofos,
sihalotrin olmustur. Arastirma sonucunda, salamura asma yapraklarinda tespit edilen bazi pestisit
kalintt miktarlarinin saglik agisindan risk olusturacak diizeyde oldugu belirlenmistir.

Anahtar kelimeler: Metot validasyonu, pestisit kalintisi, QuEChERS metodu, asma yapragi

INTRODUCTION

Grape  cultivation and  viticulture  are
geographically spread over a very wide area in the
wortld.  Grapes are grown between 20°-50°
latitudes in the Northern Hemisphere and 20°-
40° latitudes in the Southern Hemisphere
(Daglioglu, 2005).

Turkey has favorable conditions for viticulture in
terms of mathematics, geographical location and
climatic characteristics. According to the 2020
data of the Turkish Statistical Institute (TurkStat),
there are 23136 thousand hectares of agricultural
land in Turkey. Viticulture activity are carried out
in 4010 thousand decares of this area. When these
data are evaluated, it is determined that about
17% of the total cultivated agricultural area is
viticulture (Anonymous, 2021). In Turkey, grapes
are mostly consumed as table, dried and
processed into wine. It is also used in the
production of many products specific to Turkey
such as raki, pickles, bastik, pekmez, tarhana
(Cangi and Yagci, 2017). Vine leaves, which are
consumed fresh or in brine, which is one of the
most important income sources, whose
production and trade have been increasing in
recent years, have even left the grape fruit in the
background in some regions. Its production is
mostly made in Manisa and Tokat provinces in
Turkey. Especially in Tokat, Manisa and Mersin,
the production of fresh and pickled vine leaves
took the first place and grapes started to take
place in the second plan as a source of income
(Cangi and Yagci, 2012). Due to its structure, vine
leaves are not suitable for long-term storage and
consumption. For this reason, it is processed with
different methods and its shelf life is extended
and marketed. Vine leaves can be frozen, dried,
fermented (dry salted, in brine), canned and
preserved without brine (Cangi and Yagci, 2017).

Sultani Cekirdeksiz, Narince, and Yapincak types
are the most preferred ones for making pickled
leaves. Narince variety is mostly found in Tokat
and Amasya regions. Almost all of the vineyards
in these provinces are of this variety. It is a white,
thin-skinned and intensely flavored grape variety
(Eren, 2014). The leaves of Narince cultivar are
broad and angular, long-stalked, medium hairy,
less sliced and medium hard (Demirhan, 2006).

Vine leaves have an important export potential
for Turkey. In Turkey, approximately 13.5 million
dollars of revenue is obtained from the export of
vine leaves and 135 million dollars from the
stuffed grape leaves (Kusaksiz and Cimer, 2019).
As in all commercial agricultural products,
irrigation and fertilization are carried out in order
to increase the yield and obtain more products.
Chemical pesticides are used in the fight against
discases and pests such as powdery mildew,
mildew and vineyard scabies, which are common
in the region (Bal et al., 2016; Pertot et al., 2016).
Chemical applications are the most used method
in the fight against various diseases in grape and
vine leaves because they give quick and precise
results (Hayar et al., 2021). Chemical control
methods are harmless when used consciously and
in a controlled manner. However, it is reported
that it poses a threat to food safety with its
unconscious or uncontrolled use (Sik et al., 2012).
Recent research have revealed that even when the
use of chemicals in agricultural production is
under control, it can pose serious risks to
humanity.  Applications in food safety,
environmental  pollution,  toxicology, and
occupational health are just a few of the areas
where pesticide residues are examined (Niessen,
2010). With the development of modern
agriculture in terms of food safety, pesticide
residue analysis has become a very important
issue due to their intensive use. It is very
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important to analyze and monitor pesticide
residues and to evaluate the level of exposure of
people to pesticides through their food
consumption (Sannino et al, 2004).  Since
viticulture has an important place in the Tokat
region, grapes and their products contain
pesticide residues are one of the important
problems (Cangi et al., 2014; Bal et al., 2016).
Discussions about residue issues have begun as a
result of the rise in vine leaf exports. In addition
to these problems, residue declarations were
transmitted in vine leaves from Turkey to
Germany, Bulgaria and Austria in 2020-2022, and
from Egypt to Cyprus, Austria, Germany,
Bulgaria, Ireland and Netherlands in 2020 and
2021 (Balkan and Kara, 2023; Anonymous, 2023).
Food products in Turkey are subject to inspection
according to the Turkish Food Codex Maximum
Residue Limits of Pesticides regulation. This
regulation has been prepared taking into account
the Regulation (EC) No 396/2005 of the
European Parliament and of the Council on
Maximum Residue Limits of Pesticides in Foods
of Plant and Animal Origin, dated 23/2/2005. It
is also updated according to the updates of the
Council of the European Union. It is critical that
analytical techniques for tracking pesticide
residues in plants be developed or modified.
QuEChERS is the most often used technique for
determining pesticide residues, and it works well
when combined with mass spectrometry
detectors. It is highly recommended to use gas
chromatography tandem mass spectrometry (GC-
MS/MS) and liquid chromatography tandem
mass spectrometry (LC-MS/MS). As numerous
pesticides can be analyzed using a single injection
thanks to the great sensitivity and selectivity of
GC-MS and LC-MS (Balkan and Karaagacls,
2023).

In the literature, it has been determined that vine
leaves are rich in phenolic compounds and have
several biological activities (Lacerda et al., 2010).
However, pesticide residues used
cultivation can cause various health problems. In
addition, pesticide residues create economic
losses in terms of domestic and foreign markets
(Gazioglu-Sensoy et al., 2017).

in vine

Since viticulture has an important place in the
Tokat region, pesticide residues on vine leaves are
one of the important problems. In present
research, it was aimed to detected pesticide
amounts of pickled vine leaves, which are
traditionally and commercially produced from the
leaves of Narince grape variety in Tokat province
in the Central Black Sea Region of Turkey, and to
determine their compliance with the Turkish
Food Codex Regulation on Maximum Residue
Limits of Pesticides. For this purpose, it was
worked up determine pesticide residues from
wine leaves by the QuEChERS method, which
consists of three stages (extraction, clean-up and
chromatography).

MATERIAL and METHODS

Sample collection

In the study, pickled vine leaves (15 samples)
produced from Narince grape variety (peculiar to
Tokat region) were used. These 15 brands
dominate the majority of the Tokat market.
Industrially produced vine leaves belonging to
different brands were obtained from the Merkez
district (Tokat province) and traditionally
produced vine leaves were obtained from Erbaa
and Niksar districts (Tokat province) (Figure 1).
All samples were collected from the market in
June 2020. Because, the vine leaves that are
harvested and fermented for the first time in the
year are release to the market in this month. For
each brand, two samples of one kilogram each
with the same production dates and batch
numbers were obtained. Selection criteria for
pickled vine leaves were based on the Narince
variety grown in the Tokat region in 2020.
Because the pickled vine leaves of the Narince
variety, which are grown and processed in Tokat,
have a significant market share in Turkey. The
brine leaf samples produced industrially are
expressed with the E code, and the traditionally
produced samples with the G code. After the
samples were obtained, they were stored at 4-8 °C
under refrigerator conditions in the laboratory of
the Tokat Gaziosmanpasa University Faculty of
Engineering and Architecture, Department of
Food Engineering. Analyses were carried out in
Tokat  Gaziosmanpasa  University  Food
Engineering Department and Scientific and
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Figure 1. Sampling points on the map of Tokat province

Chemical materials and equipments
Ammonium formate, acetic acid and methanol
were obtained from Merck (Darmstadt,
Germany). Pesticide reference standards were
supplied Dr. Ehrenstorfer Laboratories GmbH
(Augsburg,  Germany). Q-sep  packages
(magnesium sulfate anhydrous (MgSOs), sodium
acetate  (NaOAc), (MgSO4+PSA  (primary
secondary amine)+C18) were purchased from
Restek  (France). Precise balance (Radwag,
Poland), grinder (Premier, Turkey), distilled water
instrtument (Merck, Germany), LC-MS/MS
device (Shimadzu, Japan) were used in various
research stages.

Sample extraction and clean-up for pesticide
residue analysis

243 different pesticides on pickled vine leaves
were analyzed using the QuEChERS method.
This method consists of three stages: extraction,
clean-up and chromatography (Figure 2). With
LC-MS/MS, each sample was examined in
triplicate (Lehotay, 2007).

LC-MS/MS analyses

This research was conducted using a Shimadzu®
LC-MS 8050 model. LC-MS/MS system
equipped with UPLC: LC-30AD pump x 2, SIL-
20A autosampler, DGU-20A3R degasser, CTO-
20ACV column oven and triple quadrupole
MS/MS detector. The LC column was made by
GL Sciences Inc. (Tokyo, Japan) and was an
Inertsil (ODS IV) C18 column (2.1 mm x 150
mm, 3 um particle size). A gradient eclution
procedure was used to carry out the
chromatographic separation, using eluents A and
B made up of dH>O + 5 mM ammonium formate
and methanol + 5 mM ammonium formate,
respectively. Analysis started with 5% eluent B,
which was increased linearly to 60% in 3 min,
70% in 4 min, 80% in 6 min, 95% in 7 min. The
gradient elution was started at 5 % of B (held 1
min), then increased linearly to reach 95% of B in
4 min (held 2 min), and decreased to initial stage
(5% of B) at 6 min, holding until 9 min. There was
a 0.40 mL/min flow and 10 pL injection volume
was used. The autosampler was kept at 4 °C, and
the column oven was kept at 35 °C. For MS/MS
detection, the electro spray ionization (ESI)
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interface was used positive polarity with the
following; 3 kV of capillary voltage, 3V of
extractor voltage, 350 °C of heat block
temperature, 250 °C of desolvation line (DL)
temperature, Nitrogen (N») as nebulizer gas of 2.9
L min™ and drying gas of 10 L min™". N2 gas of
99% purity produced by a Peak Scientific nitrogen

Extraction

Homogenize vine leaf
samples

Clean up

generator (Billerica, MA, USA) was used in the
ESI source and the collision cell. Collision
induced dissociation (CID) gas is argon (Ar,
99.999%) of 230 kpa with flow rate 0.15 mL
min~!. LabSolution® software (version 4.91) was

used to regulate all instrument parameters.
(Balkan and Yilmaz, 2022).

Chromatography

Weigh 15 g of
homogenized sample
into a clean tube

Add 15 mL in
acetonitrile containing

8 mL supernatant
transfer to the 15 mL
tube including 50 mg
PSA,50 mg C18, 150
mg MgSO, per mL of

extract and shake

vigorously for 60

1% acetic acid and
shake for 60 seconds

Add 6 g MgSO, and

1.5 g NaAc into the

extraction tube and

shake vigorously for
60 seconds

Centrifuge 5 min at
4000 rpm

seconds

By syringe filtered

and transfer into 2

mL glass vials for
LC-MS/MS

Centrifuge 5 min at
4000 rpm

Figure 2. Analytical steps of the QuEChERS-AOAC Official Method 2007

Method validation

Using the FEuropean SANTE/11312/2021
Guideline (EC, 2021), the analytical method was
internally validated by evaluating linearity, mean
recovery, limit of detection (LOD), limit of
quantification (LOQ), and precision (repeatability
and within-laboratory reproducibility). Using
matrix-matched calibration standards at six doses
ranging from 5 to 200 g/kg, the method’s linearity
was evaluated. Linear regression coefficients (R?)
values 0f>0.99 were acceptable. After 10 mg/L of
multistandard working solution was added to
samples of blank matrix (grape leaves), 10
replicate analyses were carried out. Three times

the relevant standard deviation (SD) was used to
determine the LODs. According to SANTE
Guideline, the LOQs were determined as 10 times
the SD of the 10 replicate analyses that can be
quantified with respect to acceptable recoveries
(between 70 and 120%) and repeatability (RSD; =
20%) (EC, 2021). The recovery of pesticides from
matrix and precision of the method were
determined by the analyses of blank samples
fortified at two concentration levels (10 and 50 pg
kg™) in five replicates. On the same day, the
repeatability (RSD;) was assessed. On five
consecutive  days, the  within-laboratory
reproducibility (RSDwr) test was run. The
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precision values were expressed as the relative
standard deviation (RSD) (Magnusson and
Ornemark, 2014).

RESULTS and DISCUSSION

Method validation

In the validation studies, the blank samples were
examined and checked for the presence of any of
the target pesticides before being added to the
analytical sections with the necessary quantity of
pesticide mixtures. The 243 pesticides (acaricide,
fungicide, herbicide, insecticide, and plant grow
regulator) were utilized to validate the method.
These pesticides are listed in Table 1. Total Ion
Chromatogram (TIC) was given in Figure 3.

For all pesticides, linearity was achieved with
coefficients of determination (R?) better than
0.990. The mean recoveries (RM%) over the
analytical ranged from 71.17 to 119.37 % as
shown in Table 1. The within-laboratory
repeatability (RSD:%) and reproducibility
(RSDwr%) of the recovery results were used to
evaluate the method's accuracy and precision
(Table 1). Both RSD% and RSDwr% were less
than 20% in all cases, which is in accordance with
the guidelines (EC, 2021). In studies conducted

on vine leaves, the recovery values of pesticides
were found between 70% and 120% (RSD;% and
RSDwr =20%) (Balkan and Kara, 2023; Hayar et
al., 2021). Our study has some advantages over
other studies. Hayar et al. (2021), and Balkan and
Kara (2023) validated 33 and 9 pesticides in grape
leaves, respectively. While 243 pesticides were
validated on grape leaves in this study, much
fewer pesticides were validated in published
studies. In another study conducted on grapevine
leaves, it was reported that 400 pesticides were
recovered between 70% and 120%, but the RSDs
of some pesticides exceeded 20%.

LOQ and LOD were lower than the
corresponding default EU-MRLs for vine leaves
rendering the method acceptable for checking
compliance to MRLs. The values are listed in
Table 1. The method’s performance satisfied the
EU SANTE/11312/2021 guideline’s analytical
quality control requirements, and as a result, it was
considered appropriate for its intended use (EC,
2021). The method was used monitoring for
pesticide residues in vine leaves (Balkan and Kara,
2023; Hamzawy, 2022; Hayar et al., 2021).

Table 1. Validation data of method

Spiking Level Spiking Level
Pesticide (0.01 mg kg") (0.05 mg kg
R? LOD LOQ RM RSD:;  RSDwr RM RSD;  RSDwr
ug kg (%) (%)

2.4-D 0.9998  1.87 6.23  100.99 17.23 8.96 103.30  7.47 8.23
Abamectin 0.9946 217 7.23 84.49 5.78 14.93 99.75 6.46 12.27
Acephate 0.9981 2.16 720  112.04 4.44 2.74 98.17 3.51 2.15
Acequinocyl 0.9980  2.15 7.15 89.71 11.28 10.24 83.93 1214 1275
Acetamiprid 0.9999  1.99 6.65 96.74 1.26 6.00 100.69  1.06 1.86
Acetochlor 0.9909  1.38 458  101.36 7.28 8.93 109.41 6.86 2.70
Actinathrin 0.9987  1.00 3.32 96.03 11.02 13.63 99.59 4.90 10.65
Alachlor 0.9932  2.30 7.66  102.31 6.63 6.94 109.86 343 2.64
Aldicarb 0.9979  0.69 2.29 91.51 4.86 13.93 101.98  14.63  17.24
Aldicarb-sulfone 0.9999  1.69 5.64  104.63 2.88 2.28 107.06  1.84 0.78
Aldicarb-sulfoxide 0.9999  2.68 8.93  104.04 5.30 9.74 109.68  5.99 5.01
Ametoctradin 0.9999 285 9.50 81.40 1.00 4.19 96.24 0.64 2.27
Amitraz 0.9996  1.72 5.73 93.87 9.42 6.79 106.71 6.36 3.48
Atrazine 0.9962 091 3.02 75.33 4.76 5.67 110.15  1.51 0.83
Azinphos-ethyl 0.9909 146 4.86 89.92 2.50 7.79 114.85  12.86 7.13
Azinphos-methyl 0.9916  1.68 5.62 91.96 14.18 5.03 115.11 3.25 4.35
Azoxystrobin 0.9998  2.21 7.38  107.60 5.37 1.01 11231 2.68 8.96
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Table 1. continue

Spiking Level Spiking Level
Pesticide (0.01 mg kg*) (0.05 mg kg
R LOD LOQ RM RSD, RSDwr RM  RSD, RSDwz
ug kg (%) (%)
Benalaxyl 0.9967 150 500 10380  3.52 1457 99.15 116  2.69
Benfuracarb 0.9995 070 234 10772 18.23 766 10276 1005  3.35
Bensulfuron- 0.9964 253 842  88.68 9.59 408  111.81  3.00  3.36
methyl
Bifenazate 0.9970 276 919  91.92 3.82 8.56 85.84 489 342
Bitertanol 0.9977 145 483  86.46 6.62 3.63 10554 243 471
Boscalid 0.9930 220  7.32  75.92 5.39 6.62 11410 423  3.19
Bromuconazole 0.9995  1.64 547  93.15 8.86 680  109.43 424 622
Buprimate 0.9920 091  3.02 9837 1522 475 11810 335 695
Buprofezin 09991 148 494 8173  10.25 308 10605 239 449
Butralin 09995  1.65 550  82.68 3.66 3.89 83.65 1021  9.20
Butylate 09999  1.60 532 11642  2.57 610 11094 853 426
Carbaryl 09999 232 773 10938  3.15 112 11178 672 131
Carbendazim 0.9995 237  7.89  87.63 5.82 794 10495 427 204
Carbofuran 0.9974  0.80  2.65  89.54 6.55 656  117.65  3.04 321
Carbofuran-3- 09996  1.99  6.62  92.70 7.09 710 10453 378 1.55
hydroxy
Carbosulfan 09992 243 811 10775  1.98 1114 9774 201 3.58
Carboxin 0.9923 147 491 9517 7.90 899 11899 366  5.76
Carfentrazone-ethyl 09981 113 378 8831 1452 1065 10729 3.03 261
Chlorantraniliprole ~ 0.9914 170 565  80.35 3.35 575 9479  7.07 529
Chlorbufam 09968 1.65 551 7857 1353 1179 11599 839  6.90
Chlotfluazuron 0.9990  1.40 465  91.10  10.47 5.52 98.95 474 1225
Chloridazon 09978 202 672 10651  9.67 428 10651 224 374
Chlorsulfuron 09962 279 931 7685 3.04 910  103.05 234  3.03
Clethodim 0.9981  0.60  2.01 7810 5.75 491 11397 540  3.69
Clofentezine 0.9929 260  8.68  80.71 5.55 768 11602 376 586
Clothianidine 0.9980 218 728  75.76 7.04 835 10463 295 476
Cyantraniliprole 09998 120 400 10331 1250 501 11034  1.67 484
Cycloate 09996  1.65 550 10343  5.61 678 11687 828 251
Cycloxydim 09964  1.60 534 9459 7.45 779 10223 168 415
Cyflufenamid 0.9915 128 427  91.60 7.89 816 10202 478  6.63
Cyhalothrin 0.9950 218 726 10316  2.24 4.47 93.09 1525  5.84
Cymoxanil 0.9997 117 391 92583 3.44 357 10435  2.05 1.24
Cypermethrin 0.9996  0.69 230  75.13 5.03 305  103.84 239  17.10
Cyproconazole 0.9992  1.67 555 8874 9.47 1392 9451 518  5.80
Cyprodinil 0.9983 144 480  87.64 6.90 8.23 97.86 655 450
Dazomet 09998 170 567 10147  7.57 1259 10424 126 2.45
Deltamethrin 09984 220 732 9477 7.69 378 11278 486 224
Demeton-s-methyl 09974 273 9.1  91.04 1494 1570 10676 927 515
Demeton-smethyl- 9999 181 603 10526 335 1.08  101.06 161  3.62
sulfone
Desmedipham 0.9975 159 530  75.89 4.69 638 10753 363 261
Diafenthiuran 0.9998 122 408  79.47 3.33 1526 8822 864  6.01
Diazinon 09998 254 847 9315 1325 1337 10777 192  1.15
Dichlotfos 0.9990  1.53 509  96.64 5.53 14.84 11798 456  1.43
Diclofop -methyl 09964 174 581 9440 1084 1575 10724 560  8.55
Dicrotophos 09999 121 404 9737 3.58 4.54 9975 317 228
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Table 1. continue

Spiking Level Spiking Level
Pesticide (0.01 mg kg") (0.05 mg kg
RZ _LOD LOQ RM _ RSD, RSDwr RM _ RSD, RSDws
ug kgt ) (%)
Diethofencarb 09991 188 626 9697 461 361 11284 194 080
Difenacozole 09997 184 615 11655 391 230 10674 536 0.63
Diflubenzuran 09941 168 561 7198 1205 68 10135 729  7.05
Dimethenamid 09984 175 583 8315  3.90 551 11052 398  3.10
Dimethoate 09993  0.62 205 9128 504 099 11173 188  3.20
Dimethomorph 09993 192 640 9196  3.01 882 10830 306  7.01
Diniconazole 09999 161 536 10690 500 1029 11194 267 428
Dioxacatb 09995 118 392 9348 205 402 10433 236 440
Diphenamid 09996  0.64 212 9602 592 744 10920 178 241
Diphenylamine 09982 202 672 97.87 355 268 10612 509 1278
Diuron 09967 120 401 7546 371 834 11324 168  3.90
DMF 09982 082 272 9320 628 301 10789 249 191
Dodine 09990  0.80 266 7977 418 1224 8198 867  2.03
Emamectin 09991 176 586 8542 467 1043 10100  7.95  2.69
Emamectin 09995 081 270 9580 288 1520  87.86 694  13.94
benzoat
EPN 09958 139 462 7857  6.60 393 10414 741 292
Epoxiconazole 09931 131 438 8394 735 1831 9088 135 216
EPTC 09992 110  3.65 103.02 1774 229  107.80 594 574
Ethiofencarb 09950 122 407 10473 2.8 132 10685 494 274
Ethion 0998 111 371 9491 991 1321 10019 341 592
Ethirimol 09968 103 344 9831 1097 1839 8624 216  0.73
Etofenprox 09967 225 749 9040 835 937 9659 1834 348
Etoxazole 09999 092 308 8520  6.92 830 7882 207 370
Famaxadone 09952 207 690 9048 1084 801  109.85 946  6.80
Fenamidone 09983 099 331  80.05  7.63 516 10551 330 247
Fenamiphos 09920 097 322 8651  3.96 268 10101 252 320
Fenamiphos- 09911 118 394 8995 3.6 391 9992 208 220
sulfone
Fenamiphos- 09931  1.05 350 9422 422 613 99.86 318 433
sulfoxide
Fenarimol 09987 057 191  77.85 446 1044 10445 234 626
Fenazaquin 09991 126 420 10206 271 831 10807 352 120
Fenbuconazole 09956 123 411 8494 462 1007 10945 448 647
Fenbutatin oxide 09991 091 304 8373  3.64 485 9115 283 678
Fenhexamid 09980 085 284 9107 1184 780 11317 132  0.90
Fenoxycarb 09925 107 355 8391 477 944 9676 392 264
Fenoxyprob-ethyl 09998 133 442 10256 836 1813  113.65 304 525
Fenpropathrin 09986 078 261 8042 835 955 8736 1529 8.6l
Fenproxymate 09994  1.63 545 8835  0.89 537 7956 681 6.87
Fenthion 09992 101 336 8378 505 1146 11705 357 5062

Fenthion-sulfone 0.9989 1.03 3.42 86.66 4.00 2.89 104.63 3.43 5.00
Fenthion-sulfoxide ~ 0.9998  0.76 2.52 90.41 3.39 4.63 102.601 2.60 1.56

Fipronil 0.9998 0.90 3.00 79.09 3.25 10.02 79.85 413 10.05
Fipronil-sulfone 0.9997 1.45 4.83 81.28 5.19 7.60 95.42 2.68 6.84
Fluazifop-p-butyl 0.9976 0.55 1.82 77.13 6.02 8.62 108.20  10.91 7.75
Fluazinam 0.9999 1.21 4.04 104.64 2.79 4.15 91.17 7.12 5.36
Flubendiamide 0.9972 1.29 4.31 84.62 2.30 19.61 86.11 14.95 14.27
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Table 1. continue

Spiking Level Spiking Level
Pesticide (0.01 mg kg") (0.05 mg kg
R LOD LOQ RM RSD, RSDwr RM  RSD, RSDwr
ug kgt (o) )
Fludioxinil 0.9999 046  1.55 8490  12.33 9.86 8821 226 1.49
Flufenoxuron 0.9977  0.83 278 8270 2.33 1093 9831  7.66  8.96
Fluopicolide 0.9946  1.03 343  89.79 7.66 416 10809  1.61 4.08
Fluopyram 0.9996  0.67 223 9320 1.10 354 11067 2.87 254
Fluquinconazole 0.9974 074 245 11769  4.14 589  107.85 532  3.41
Flurochloridone 09990 096 319 10612  14.91 635  110.67 393  10.57
Fluroxypyr 0.9995 098 327  89.60 5.94 1313 113.68 552  12.32
Flusilazole 0.9948  1.60 534 7835 7.94 1840 10690 390  5.56
Flutriafol 09990  1.60 532  88.79 8.10 739 10111 504  4.14
Forchlotfenuron 0.9948 152 508  81.81 6.02 887 11012 324  1.85
Formetancte 0.9940 122 406  89.69 7.99 1219 10242 770 623
hydrochloride
Fosthiazate 09936 046 152 111.16  11.04 146 11152 248 1.92
Furathiocarb 0.9994  0.86 288  87.84 3.88 418 107.99  3.52 1.43
Haloxyfop-R- 09931 142 475 10401 571 1462 9237 275 421
methyl
Hexaconazole 0.9966 093 311 8375  13.89 894 11320 274 259
Hexaflumuron 09908 139 462 9359  12.90 6.60 84.62 847 1551
Hexythiazox 0.9988  0.86  2.85  92.92 2.54 1191 9874 381 8.13
Imazalil sulfate 09999 091 305 8978  15.12 716 10126 528 529
Imidacloprid 0.9999 099 331  94.40 7.36 153 10046  2.67 1.03
Indoxacarb 09995 110  3.66  98.86 4.33 1072 103.96 443  8.89
Todosulfuron- 0.9985 140 466  74.42 712 4.82 97.95 385 439
methyl-sodium
Toxynil 09995 1.01 338 8171 7.05 1576 8813  11.89  12.86
Isocarbofos 09921  1.60 534 9602 1256 1442 9418 454  7.40
Kresoxim-methyl 0.9974 069 228  80.38 5.90 652 10616 223 242
Lenacil 0.9910 072 238 8501 3.87 941 11726 199  3.61
Linuron 0.9957  1.05 349 8379  14.36 315 11472 486 9.04
Lufenuron 0.9997  0.64 213  89.21 512 11.89 10253 398  4.65
Malaoxon 0.9996 070 234  86.73 4.11 280 10214 099 206
Malathion 0.9985 135 449  85.10 7.31 .60 11520  0.83  0.87
Mandipropamid 09991  1.86 618  86.03 6.43 1009 11017 271 4.06
Mecarbam 09908 1.66 553 8501 1.66 1207 10782 175 1.94
Mepanipytim 0.9993 097 323 9339 315 203 10670 319  3.05
Mepanipyrim- 09985 099 330 8491 913 1585 10721 201 331
hyroxypropyl
Metaflumizone 0.9994 075 249  79.94 2.36 230 10227 137 1.86
Metalaxyl-M 09908 095 317 10321  9.42 917 10612 917  3.97
Metamitron 09998  1.09  3.64 10863  6.67 1433 9731 380  0.56
Methacrifos 09990  0.64 215 10691  4.25 1006  103.67 493 299
Methamidophos 09999 080 268 10810 1248 1272 11756 340  2.81
Methidathion 09973 239 796 10431  2.89 4.69 97.86 372 349
Methiocarb 09923 173 575 7921 4.26 466 11258 672 417
Methiocarb-sulfone  0.9998 0.85 2.82 100.57 1.99 10.79 119.37 2.29 4.68
Methiocarb- 09999 076 253  99.43 4.08 388 10272 492 276
sulfoxide
Methomyl 09999  1.03 342 10435  4.67 347 10401 156 2.84
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Table 1. continue

Spiking Level Spiking Level
Pesticide (0.01 mg kg") (0.05 mg kg
RZ _LOD LOQ RM _ RSD, RSDwr RM _ RSD, RSDws
ug kgt ) (%)
Methoxyfenozide 09935 145 483 9940 422 458 10773 166 131
Metolachlor-S 09969 097 322 9566 477 379 9312 1728 226
Metosulam 09961 102 339 8298 475 598 11028 236 123
Metrafenone 09935  1.07 355 7444 1284 794 10079 093 322
Metribuzin 09998 081 272 9361 1982 1524  108.02 254  1.62
Mevinphos 09913 077 256 10641  6.55 748 11298 262 292
Molinate 09977 096 321 10265 348 1248 11134 1279 270
Monocrotophos 09997 099 331 111.09 1050 584 11527 504 438
Monolinuron 09914  1.00 333 10656  4.03 496 10397 103  1.88
Myclobutanil 09962 094 312  107.50  8.67 970 7852 454  7.93
Nicosulfuron 09959  0.80 267 8620 1495 717 11334 412 649
Novaluron 09916  1.02 341 8433 705  11.81 11061 405 324
Nuarimol 09992 073 245 107.58 471 852 11241 407 508
Omethoate 09996 096 320 10249 653 1901 11754 378 222
Oxadixyl 09970  1.00 334 8713 938 649 9583 454 0.8
Oxamyl 09998 1.07 355 7378 985 619 11239 218  3.14
Oxycarboxin 09997 1.67 557 9710 148 178 10405 116 120
Oxydemeton- 09999 120 399 10839  1.28 315 10420 1.69 244
methyl
Paclobutrazol 09982 201 669 10030 819 1416  101.02 282 484
Paraoxon-ethyl 09916 116 388 8022 5.0 256 10776 318 3.8
Paraoxon-methyl 09989  0.84 279  91.02 294 1672 9337 244 240
Pencycuron 09993 077 256 9277 1335 1031 10953 376 239
Pendimethalin 09990 094 313 7609  9.30 922 11109 624 423
Permethrin 09996 056 186 8427 254 184 7700 275 612
Phenmedipham 09979 087 291 9324 755 1614 10223 258 1925
Phorate 09981 170 566 8292 2.6 580 9823 375 339
Phorate-sulfone 09904 1.09 363 9218  3.11 9.74 11085 332 343
Phorate-sulfoxide 09971 055  1.83 9037  7.54 748 8043 544 424
Phosalone 09968 071 235 11649 271 177 10274 250 141
Phosmet 09936 075 250 9140  6.66 1152 11671 394  9.52
Phosphamidon 09998 094 312 8934 812 701 11375 133 130
Pirimicarb- 09997 1.09  3.64 9322 9.6l 324 10308 251 135
desmethyl
Primicarb 09941 111 369 8852 370 383 10434 122 288
Primiphos-ethyl 09996 076 253 9490 1577 470 8427 624 563
Primiphos-methyl 09985 092  3.05 9894 951 585 10608 178 275
Prochloraz 09979 067 222 8245 863 6.08 10653 319 439
Profenefos 09901 089 297 8156 537 383 10404 842 398
Profoxydim-lithium 09994 056  1.88 10112 216 1288 9950 493 564
Promecarb 09976  1.06 353 11798  3.65 493 11317 348 466
Prometryn 09998 079 262 7811 550 199 11142 301  1.88
Propaquizafob 09984 076 255 11546 624 591 11252 587 346
Propargite 09999 066 221 9368 1386 589 10701 656  5.77
Propazine 09984 094 312 10678 643 6.88  100.00 489  3.89
Propiconazole 09935 054 179 8693 407 138 11516 309  1.72
Propoxur 09947 079 262 8525 135 1266  109.85 497  1.03
Propyzamide 09948 075 249 7786 1030 274 11451 121 233
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Table 1. continue

Spiking Level Spiking Level
Pesticide (0.01 mg kg") (0.05 mg kg
R2 LOD LOQ RM RSD, RSDwr RM  RSD, RSDwr
ug kg %) Ch)

Prothiophos 0.9992 082 273 8299 579 1116 11261 189  16.28
Pymetrozine 0.9987 096 319  83.39 4.75 7.83 7439 574 846
Pyraclostrobin 09999  0.68 225 10354  4.69 2.92 8605 158  0.75
Pyrazophos 09964  1.00 334 11386  1.76 399 11930  0.35 2.45
Pyridaben 0.9996 094 313  77.47 2.04 555 109.65 279 2.43
Pytidaphenthion 09992 086 287 10130  5.56 473 10748 523 7.20
Pyridate 09999 077 257 11332 4.45 7.91 10749  0.88 1.39
Pyrimethanil 0.9998  0.89 297  93.14 5.59 1140 9244 447 5.57
Pytiproxyfen 09999 091 305 11011  5.69 599 10683 320  3.93
Quinalphos 09976 126 419  87.07 6.23 5.34 7724 625 1.06
Quizalofop-ethyl 09972  0.89 297 9861 12.88 673 11689 390  4.33
Rimsulfuron 09995 187 623 7771 8.93 1606  111.67 387  3.46
Sethoxydim 09901 079  2.63  98.48 4.35 1063 10930 467 624
Simazine 09996  0.81 269  94.50 1.33 494 10874  3.99 1.35
Spinosyn A 09998  0.64 212 10062  6.06 1035 105.69  5.60 1.37
Spinosyn D 09997 077 257 10695  7.45 403 11687 404 554
Spirodiclofen 09997 111 371 11063  3.81 975 11872  4.05 7.95
Spiroxamine 09999 076 252 10398 5.6 4.20 9632 6.99 9.78
Sulfoxaflor 0.9999 140 467  96.43 6.17 1264  90.62 546  6.60
Tebufenozide 0.9957 138 460 10564 5.6 379 10440  5.39 3.36
Tebufenpyrad 0.9968  0.84 279 10489  4.67 5.10 99.83  3.06 5.35
Teflubenzuron 0.9995 072 240 10294  6.81 421 11111 882  13.03
Tepraloxydim 0.9995 146 487 7821 6.59 6.55 9256 581 1845
Terbutryn 0.9985 240  7.99 8587 5.67 11.84 7951 631 6.77
Terbutylazine 0.9977 122 406  81.41 7.2 369 10689  1.51 0.40
Tetraconazole 0.9998  1.64 547  79.96 7.53 1129 11038 383  6.06
Tetramethrin 09959 048  1.61 11237  4.45 502 11074 218  3.58
Thiabendazole 09971 149 496  77.16 5.05 1035 10775 273 5.81
Thiacloprid 0.9987 078 259 11617  4.48 426 10897  1.10 1.17
Thiamethoxam 0.9983 137 458  71.17 4.92 3.63 97.79  3.49 1.61
Thifensulfuron- 0.9999  0.82 274 10034  3.82 11.06 10313  1.42 1.56
rnethyl

Thiodicarb 0.9949 074 248 10586  3.94 270 10413 1.98 1.91
Tolclofos-methyl 09979 179 598  97.66  11.37 4.66 8927  3.65 5.09
Tolfenpyrad 09998  1.07 355 10191 1678 1278  110.65 586  4.53
Tolyfluanid 09917 119 397  99.00  10.26 558 11038 325  4.05
Tralkoxydim 0.9947 086  2.87  91.86 3.57 445 11164 803  10.60
Triadimefon 0.9905 0.85 284 10378 1047 1179 11119  3.05 1.56
Triadimenol 0.9959  0.64 214 8091 7.87 8.64 10939 268 421
Tri-allate 0.9984  1.68 560  96.47 9.75 9.24 9721 1080  2.44
Triasulfuron 0.9984  1.62 541  83.07 7.43 5.32 97.61 518 214
Ttiazophos 0.9987 073 242 9256 5.06 410 9315  4.39 4.40
Tribenuron-methyl ~ 0.9994 097 322 86.09 9.39 1219 97.10  2.64  3.65
Trichlorfon 0.9986 142 472 79.52 0.74 263 10091 416 2.80
Trifloxystrobin 0.9983 128 425 9727 421 1926 11022 191 3.52
Triflumizole 0.9989  1.66 553  90.98 2.25 9.96 9495 118  4.09
Triflumuron 0.9924 177 590  92.34 2.90 238 10621 200 435
Triticonazole 0.9999 094 313 93.40 4.03 1282 10833  7.45 5.41
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Figure 3. Total Ion Chromatogram (TIC) of pesticides

Pesticide residue concentrations in brined
vine leaves

In the study, 13 of 243 pesticide active ingredients
analyzed were determined in pickled vine leaves.
In addition, 8 pesticide active ingredients were
determined above the MRL value (Table 2). In the
study, at least 1 pesticide residue was found in
each of the 15 samples. Ethiofencarb is used as an
insecticide and acaricide (Anonymous, 2012).
Ethiofencarb was on the list of banned pesticides
whose use has been terminated in Turkey
according to the Turkish Food Codex Regulation
on Maximum Residue Limits of Pesticides.
Boscalid, carboxin, cyhalothrin, metalaxyl-m,

methactrifos, pyraclostrobin, pyrimethanil,
triticonazole fungicide; cypermethrin,
ethiofencarb, isocarbofos, methacrifos are

pesticides used as insecticides (Anonymous,
2016). Cypermethrin is used against the cluster
moth, and cyhalothrin is used against Lobesia
botrana and Otiorhynchus sulcatus. While metalaxyl m
is used to combat vineyard mildew, metrafenone
is used against vineyard powdery mildew.
Pyraclostrobin is used against vineyard mildew
and vineyard powdery mildew, and pyrimethanil
is used against gray mold (Anonymous, 2015).
Carboxin is used for Pythium spp. in wheat, barley
and cotton. Hexythiazox is a acaricide used

against red spider in viticulture (Anonymous,
2015).

The highest pesticide residues according to MRL
values  were  cyhalothrin,  pyraclostrobin,
cypermethrin, boscalid. Their residues were 0.316
mg/kg, 0.294 mg/kg, 0.276 mg/kg and 0.215
mg/kg, respectively. The most common pesticide
for all samples were ethiofencarb, isocarbofos,
cyhalothrin, respectively. Although banned,
ethiofencarb (in all samples), hexythiazox (in one
sample), methacrifos (in three samples),
isocarbofos (in six samples) were detected in brine
leaf samples. Boscalid (in three samples),
cyhalothrin (in five samples), metrafenone (in one
sample), pyrimethanil (in one sample) were found
to be higher than the MRL values, respectively.
The samples with the highest pesticide residues
are E1 and E2 samples, while the samples with
the least pesticide residues are E6 and G3 samples
(Table 2).

Bakirct et al. (2019) analyzed 232 vine leaf samples
from the province of Manisa (Turkey) in 2017 for
pesticide residues using QuEChERS method and
liquid chromatography-tandem mass
spectrometry (LC-MS/MS). As a result of the
study, 42 different pesticide types and 210
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different results were obtained. 92 of the detected
pesticide active ingredients were found above the
MRL value. While the highest residue was
cyhalothrin, the most detected pesticide was
metalaxyl (Bakirct et al., 2019). In another study,
residue levels of vine leaves treated with cold
brine (26.5 °C) and hot brine (80 °C) after 4
months of fermentation were investigated.
Fungicides  with  active ingredients  of
tebuconazole, metrofenone and pyrimethanil
were noted on the leaves. According to the results
of the research, it was reported that the residue
level in the vine leaves applied with hot and cold
brine decreased, while the residue level was very

high in the leaves without brine (Kugsaksiz and
Cimer, 2019). El-Din et al. (2018) investigated 26
pesticide residues in 96 grape leaves samples
collected from Egyptian local markets. It was
discovered that every pesticide residue found in
leaf samples exceeded the MRLs. Another study,
78 samples of grape leaves were gathered from
local markets of Egyptian. More than 400
pesticide residues in grape leaves were identified
using a QuEChERS technique, followed by GC-
MS/MS and LC-MS/MS. The results showed that
36 pesticide residues from various chemical
groups were found in 78 samples over the MRLs
(Hamzawy, 2022).

Table 2. Pesticide values of pickled vine leaves (mg/kg)
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. N
Pyraclostrobin <
7 o
)
Pyrimethanil < =}
< S
*
§ 3
Triticonazole = IS
S (=)

0.294
0.128

* MRL: Maximum residue limit
** Pickled vine leaf samples (E1, E2, E3....G1,G2...)

¥ If there is no MRL or LOD in the evaluation section of clause 6 for the relevant pesticide in the product in
Annex-1, 0.01 mg/kg value is used as MRL for processed food.
Rk There is no active ingredient in the Turkish Food Codex Regulation on Maximum Residue Limits of

Pesticides.

CONCLUSION

The production of pickled vine leaves, which has
an important place in markets in Turkey, has
experienced a downsizing in the domestic and
foreign markets due to pesticide residues. The
grape leaf of the Narince variety is a geographical
indication registered product that has a high
economic contribution to the region and has an
important place in the promotion of the region.
However, the fact that vine leaves are a secondary
product after grapes has led to the absence of
established quality standards for the processing of
vine leaves. This situation causes the end product
with different characteristics and variable quality
standards. Although studies on vine leaves have
been carried out in recent years, the resources are
still insufficient.

Pesticide active ingredients were found in pickled
vine leaves above the maximum residue amounts
allowed in the Turkish Food Codex Regulation on
Maximum Residue Limits of Pesticides. In
addition, some pesticides detected are included in
the list of banned pesticides whose use has been
terminated according to the Turkish Food Codex
Regulation on Maximum Residue Limits of
Pesticides. When the obtained data is evaluated,
due to the lack of certain standards in the
production of pickled vine leaves, serious
differences were observed in quality parameters.
Determination of standard production
parameters for the production of pickled vine
leaves is important in terms of establishing a

reliable market. It is also seen that pesticide
residues pose a setious risk for vine leaves.
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