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ABSTRACT

In this study, 9 active substances that could be analysed by Gas Chromatography-Mass Spectrometer (GC/MS) were
used. Changes in these pesticide residues were determined after strawberries were washed, pasteurized, stored in
cold and washed on different days. In addition, strawberry puree was stored at -18+2°C and pasteurized puree was
stored at different temperatures. The highest and lowest processing factors in the pasteurization process were
determined in tebufenpyrad (Pf:1.20) and tetraconazole (Pf:0.81), respectively. During cold storage, kresoxim-methyl
degradation was found statistically significant (p<0.05). At the end of cold storage, penconazole was below the
quantification limit while pyrimethanil and tebufenpyrad did not change; however, azoxystrobin, boscalid,
tetraconazole and kresoxim-methyl residues decreased by 3.8, 10.9, 25.0 and 36.4%, respectively. Washing process
did not reduce tebufenpyrad residues. On the other hand, reduction rates were 3.8, 4.2, 45 and 9.1% for
azoxystrobin, pyrimethanil, bupirimate and kresoxim-methyl, respectively while they were 10.9% for boscalid and
16.7% for tetraconazole. During long-term storage, the highest and the fastest decrease in pesticide residues was
observed at 20+2°C, and this decrease slowed down with the effect of pasteurization. Pesticide degradation rates at
the end of one-year storage period in the samples stored at -18+2 °C following pasteurization were 20, 23, 26, 27, 37
and 41% for tetraconazole, pyrimethanil, azoxystrobin, kresoxim-methyl, boscalid and bupirimate, respectively. As a
result, it was found that pesticide degradation was dependent upon the chemical nature of pesticides, initial
concentration, agricultural commodity, processing and storage conditions.
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Cileklerdeki Bazi Pestisit Kalintilari Uzerine isleme Tiirii ve Depolama Siiresinin Etkisi
0z

Bu calismada Gaz Kromatografisi-Kitle Spektrometresi (GC/MS) ile analiz edilebilen 9 aktif madde kullaniimistir.
Cileklerin yikanmasi, pastorize edilmesi, sogukta muhafaza edilmesi ve farkl ginler yapilan yikama islemi sonrasinda
kalinti degisimleri belirlenmistir. Ayrica cilek puresi -18+2°C’de, pastorize pure ise farkli sicakliklarda muhafaza
edilmigtir. Pastdrizasyon isleminde en yiksek ve en dusuk isleme faktorli sirasiyla tebufenpirad (Pf:1.20) ve
tetrakonazol (Pf:0.81) icin hesaplanmistir. Soguk muhafaza esnasinda kresoksim-metil degradasyonu istatistiksel
olarak 6nemli bulunmustur (p<0.05). Soguk muhafaza islemi sonunda penkonazol hesaplama limitinin altina
dismusgtir. Pirimetanil ve tebufenpirad miktarlarinda degisme olmamistir. Azoksistrobin, boskalid, tetrakonazol ve
kresoksim-metil kalintilarinin sirasiyla %3.8, 10.9, 25.0 ve 36.4 azaldig belirlenmistir. ilagh cileklerin yikanmasi ile
tebufenpirad kalintilarinda azalma olmamigstir ancak azoksistrobin %3.8, pirimetanil %4.2, bupirimat %4.5, kresoksim-
metil %9.1, boskalid %10.9 ve tetrakonazol kalintilari %16.7 oraninda azalmistir. Uzun sireli muhafazada pestisit
kalintilarinda en ¢ok ve en hizli azalmanin 20+2°C’de oldugu ve pastérizasyon igleminin etkisiyle bu azalmanin
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yavasladigi belirlenmistir. Pastérizasyon isleminden sonra -1812°C’de muhafaza edilen Orneklerdeki pestisit
degradasyonu bir yilin sonunda tetrakonazol %20, pirimetanil %23, azoksistrobin %26, kresoksim-metil %27, boskalid
%37 ve bupirimat %41 olarak belirlenmistir. Sonug olarak degradasyonun pestisitin kimyasal 6zelliklerine, baslangig
konsantrasyonuna, tarimsal uriine, yapilan isleme ve muhafaza kosullarina bagl olarak degistigi belirlenmistir.

Anahtar Kelimeler: Cilek, Pestisit Kalintisi, isleme, Depolama, Yikama

INTRODUCTION

Fruits are susceptible to insect and disease attacks;
therefore, pesticides are widely used. Besides the many
benefits of pesticide use, the intensive or unconscious
usage during the growing period or after, causes the
active substance itself or its breakdown products to
remain in the agricultural products [1]. Even when strict
maximum residue levels are implemented and
pesticides are used properly, pesticide residues are
sometimes unavoidable and can be found even in
processed agricultural products. For this reason, it is
important to carry out residue studies in processed plant
products as well as the plants to evaluate pesticide
residue behaviour [2-3].

Plants and plant products are subjected to many
processes from simple washing to more complex steps
in the home and industry as a requirement to obtain a
consumable product, prolong shelf life, and increase
variety, flavour and nutritional value [4]. Washing or
cleaning, peeling, blanching, baking and pasteurization
are some of these. Many studies suggest that different
techniques and methods reduce pesticide residues.
However, several studies have shown that some
processes, such as drying and oil production, cause an
increase in pesticide residues [5].

The residue level in the products before and after
processing is expressed by processing factor.
Processing factor (Pf) >1 or <1 indicates increased or
reduced residue levels after processing, respectively [6-
7]. Processing factor is a conversion factor which
indicate the determined residue content was within
permitted levels or not. Both in Tlrkiye and in other
countries maximum residue limits in fresh fruits and
vegetables were subject to legislations. However in
processed fruits and vegetables, such as apple juice or
in prunes there is no legislation available. Therefore,
there is a necessity for determination of processing
factors on the basis of each pesticide and each product.

Strawberry (Fragaria sp.) is one of the most widespread
fruit species grown in many parts of the world. Because
of the health and nutrient value and economical benefit,
its production continues to increase [8]. According to
FAO, strawberry production increases every year in the
World and Turkiye. World strawberry production was
8,893,598 ton and 9,175,384 ton in 2020 and 2021,
respectively. Also strawberry production in Turkiye was
increased from 546,525 ton to 669,195 ton in same time
of period [9]. Strawberry; with its taste, vitamin and
mineral substances has become a part of the diet of
millions of people around the world. Besides, it has
antioxidant substances and ellagic acid that has benefits
to health [10-11].

The objectives of this study were to evaluate the effects
of washing, pasteurization and cold storage in the
reduction of pesticide residues in strawberries and to
find out residue degradation in puree storage at different
temperatures. In this study tebufenpyrad, etoxazole,
kresoxim-methyl, boscalid, pyrimethanil, tetraconazole,
bupirimate, azoxystrobin and penconazole were used.
The selection of pesticides was based on whether they
were registered Tirkiye, availability of maximum residue
limits in European Union and the usage of them for
diseases and pests seen in strawberries.

MATERIALS and METHODS
Materials

Azoxystrobin (99.3%), bupirimate (99.9%), boscalid

(99.9), etoxazole (99.4%), penconazole (99.1%),
pyrimethanil ~ (99.9%), kresoxim-methyl  (96.0%),
tebufenpyrad (99.9) and tetraconazole (99.5%)

standards were purchased from Sigma Aldrich (St.
Louis, USA).

The chemicals used were all analytical grade and the
suppliers were as follows: Bondesil-PSA was from
Varian (Palo Alto, CA, USA); sodium chloride,
anhydrous magnesium sulphate, acetonitrile (LC and
GC grade) and acetic acid were purchased from Sigma-
Aldrich. High purity nitrogen gas (99.99%) was from
Linde (Ankara, Tlrkiye). Stock standard solutions (1000
mg L™) of the pesticides were prepared in acetonitrile
and stored at -18+2°C. Working standard solutions of
different concentrations were prepared by diluting the
stock standard solutions to the required concentrations
in acetonitrile. All prepared working solutions were kept
at -18+2°C until analysis.

Sample Preparation

‘Rubygem’ variety strawberries were purchased from a
vegetable-fruit market in Ankara (Turkiye). Strawberries
were analysed before experiments to make sure that
they were free from any of the pesticides to be
evaluated in this study. Before pesticide spraying,
sepals were hand-removed, fruits were washed under
running water, and excess water was dried by keeping
them on a filter paper.

Strawberry samples were sprayed at a concentration of
30% more than the maximum residue level (MRL) of
pesticide active substances. The MRLs were taken from
the Pesticides Database of the European Union [12]. To
determine the amount of solution to be used in spraying,
1 kg of strawberries was placed in a strainer and water
was sprayed on until it dripped well from the underside.
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In this way, the approximate amount of water required
for 1 kg of strawberries was determined as 100 mL [13].
Strawberry samples were sprayed as two groups with
pesticide mixtures:

Group I Pyrimethanil, tetraconazole, bupirimate,
etoxazole, azoxystrobin
Group I Penconazole, kresoxim-methyl,

tebufenpyrad, boscalid

After pesticide treatment, each group was kept overnight
at 20°C to dry. Pesticide-sprayed strawberries were
analysed to determine the initial residue amount, and
the following applications were made for the remaining
part.

Analyses performed within the first 24 hours after
spraying were accepted as day 0 analysis. Experiments
were set up in three replicates, and a total of 33 kg of
strawberries were used, in each pesticide group.
Experiments were carried out separately for each active
substances group, and 66 kg of strawberries were used
in total. Recovery experiments and pesticide analyses
were done as five and three replicates, respectively. The
experimental design is summarised in Figure 1.

Washing

Strawberries (1 kg) were divided into two equal parts.
The first part was washed in a stainless steel basket in
an ultrasonic water bath containing 2 L of deionised
water at 22+2°C for 5 minutes and the water on the
surface was allowed to dry; then, strawberries were
homogenised and analysed for pesticide residues. The
second part was homogenised without washing and
analysed after homogenisation.

To determine the effect of cold storage and washing
during different days on pesticide degradation, some
parts of pesticide-treated strawberries were kept at
4+0.5°C and washed after four days as explained
above.

Pasteurization

Pesticide-applied strawberries were homogenized,
packed in hot-water-washed 210-mL glass jars with the
lids closed and pasteurized at 96°C for 5 minutes in
boiling water. The pasteurization process was repeated
for washed strawberries.

Cold Storage

To reveal the effects of cold storage on pesticide
degradation, 1000 g of pesticide-sprayed strawberries
for each replicate were kept in (4+0.5°C) and analysed
on days 0, 1, 3 and 6 without washing.

Puree Preparation and Storage

After the surface of the pesticide-sprayed strawberries
dried, they were divided into two parts (Figure 1). Part 1:
Strawberries were homogenized and again divided into
2 parts. The first part was immediately frozen in 150 mL
polypropylene sample containers and stored at -18+2°C
(Aa1s samples). The other part was pasteurized at
96°C for 5 minutes after being placed in 210 mL glass
jars and sealed. Pasteurized samples are divided into 3
parts. The first part is stored in the deep freezer (-
18+2°C) (Abisy samples), the second part is in the
refrigerator (4+0.5°C) (Ab+s samples), and the third part
is at 20+2°C (Ab(20) samples). Pesticide analysis was
performed in all samples on different days, and the
changes that occurred were determined. Part 2: The
sprayed strawberries were washed and homogenized
after the water on them dried. The procedures for
section 1 were carried out separately for the washed
strawberries, and sample codes are given in Figure 1.

Sample Extraction

Pesticide residues on strawberries were extracted
according to method of [14-15]. After homogenization of
strawberries in a blender, 10 g of the homogenized
sample was weighed into a 50 mL polypropylene tube,
and 10 mL of acetonitrile was added. The tube was
capped and shaken vigorously by hand for 1 min. Then,
4 g anhydrous MgSOa4 and 0.5 g NaCl were added. The
tube was capped and shaken vigorously by hand again
for 1 min, then centrifuged at 6000 rpm for 5 min. 2 mL
of acetonitrile extract was transferred to a 15-mL
polypropylene tube containing 500 mg anhydrous
MgSO. and 150 mg PSA. The extract was mixed using
a vortex mixer for 1 min and centrifuged at 6000 rpm for
5 min. The organic phase was filtered through a
polytetrafluoroethylene (PTFE) filter with a 0.45 ym pore
size and analysed directly in GC/MS.

Instrumental Analysis

Pesticides were analysed by GC with MS detector. The
system (Agilent 6890N Series GC with a 5973 Mass
Selective Detector) consists of an HP-5MS column (5%
phenyl methyl siloxane, 30 m x 0.25 mm x 0.25 ym film
thickness) (Agilent 19091S-433). The carrier gas
(helium) flow rate was set at a constant 2.0 mL min?. A
splitless injection of 2 yL was carried out at 250°C. The
oven temperature program was 70°C (2 min), 25°C min!
to 150°C (0 min), 3°C min? to 200°C (0 min) and 8°C
min? to 280°C (10 min). The acquisition mode was scan
(50-450 AMU) and SIM, solvent delay time was 8.00
min, Electron Multiplier offset was 400 (1882 EM
voltage), transfer line was 280°C, MS quadrupole was
150°C and MS source was 230°C. Chromatograms
were evaluated with MSD ChemStation E.02.02.1431
software
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Figure 1. Experimental design

Method Validation

The applied method was tested to assess linearity,
mean recovery (as a measure of trueness or bias),
precision (as repeatability RSD) and Limit of
Quantification (LOQ) according to the guidance
document on analytical quality control and validation
procedures for pesticide residue analysis in food and
feed [16].

Linearity (r?) was determined with standard pesticide
solutions prepared in strawberry matrix. 8-point (0.01,
0.025, 0.050, 0.1, 0.2, 0.5, 0.7, 1.0 mg kg™?) calibration

curve was used for pesticides studied by GC/MS.
Samples were spiked with appropriate volumes of stock
mix solution at different concentrations (0.05 and 0.1 mg
kgl). Five replicates were prepared for each
concentration, and they were extracted according to the
aforementioned procedure. Acceptable mean recoveries
were those within the range 70-120%, with an
associated repeatability RSD < 20% for all compounds.
The method LOQ was accepted as the lowest spike
levels (0.05 mg kgt). Retention times, maximum residue
levels (MRLs) and method validation characteristics of
pesticides are summarized in Table 1.
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Table 1. Performance characteristics of method

Pesticide Retention Molecular mass SIM parameters Fortified level Recovery RSD r? LOQ MRL
time (min) (g mol) (mg kg™ ) (%) (%) (mgkg™)  (mgkg')

Pyrimethanil 14.81 199.25 198, 199, 200, 77 0.05 78.4 8.0 0.9918 0.05 5
0.1 112.0 1.4

Tetraconazole 20.51 372.15 336, 338, 171, 337 0.05 100.7 76 0.9996 0.05 0.2
0.1 106.9 8.9

Bupirimate 25.18 316.42 273, 166, 274, 316 0.05 111 6.9 0.9989 0.05 2
0.1 95.3 13.8

Etoxazole 29.50 359.41 141, 204, 300, 187 0.05 78.2 5.9 0.9985 0.05 0.2
0.1 81.6 12.7

Azoxystrobin 37.31 403.40 344, 388, 345, 372 0.05 73.7 1.0 0.9937 0.05 10
0.1 728 2.7

Penconazole 21.74 284.2 248, 159, 161, 250 0.05 71.0 6.1 0.9992 0.05 0.5
0.1 100.0 34

Kresoxim-methyl 25.27 313.35 1186, 131, 206,132 0.05 76.1 55 0.9990 0.05 1.5
0.1 73.3 5.0

Tebufenpyrad 29.70 336.86 318, 333, 171, 276 0.05 70.2 238 0.9967 0.05 1
0.1 74.0 13.0

Boscalid 32.88 343.21 140, 342, 344, 112 0.05 94.2 3.0 0.9996 0.05 6
0.1 99.4 1.5

Statistical Analysis

SPSS 21.0 package program was used for statistical
analysis. Analysis of variance (One-way-ANOVA and
general linear model wunivariate analyses) was
performed to determine whether there was a significant
difference between the samples. In these analyses, 95%
confidence level (p<0.05) was taken into account. In
addition, the t-test was performed for washings on the 0O
and 4 days. Results were expressed as meanzstandard
errors.

RESULTS and DISCUSSION
Validation

In our study, the lowest correlation coefficient was
0.9918 when pyrimethanil was used. Since the
correlation coefficients of all analysed pesticide active
substances were greater than 0.99 (Table 1), it was
determined that the linearity of the analysis method we
used was good. Different methods have been applied
for the extraction of pesticide active substances from
different matrixes and the applied methods have been
validated by the researchers. Researchers have
developed and validated methods, for 151 pesticides in
strawberries [17], also 16 pesticides in peppers [18] and
51 pesticides in tomatoes [19]. In all three methods, the
calibration curves were prepared as matrix-matched to
eliminate the matrix effect, and the correlation coefficient
of each active substance were 0.99 and above. Thus,
good linearity was achieved in all.

Repeatability control (as a measure of trueness or bias),
was performed with spiked strawberry samples at two
different concentrations (0.05 and 0.1 mg kg?) with 5
replicates and obtained recoveries (%) and RSD (%, as
precision) were shown in Table 1. As seen from this, the
recoveries were in the range 70.2-112%, and the RSD
percentages varied within 1-13.8%. All of the results
were within the acceptable range of the validation
assays. In addition, LOQ (0.05 mg kg') was accepted
as the lowest concentration of spiking level. In a study
pesticide-free pepper samples were spiked at two

different concentrations (LOQ and 10x LOQ; 10 and 100
ug kgl) with 7 replicates. They reported that recoveries
were in the range 70-110% and the RSD results were
below 20% [18]. In another study, conducted on apple
samples, recoveries (0.5, 1 and 10 mg kg?') and RSDs
for pyrimethanil, fludioxonil, cyprodinil and kresoxim-
methyl were found 97-105% and 2.6-6.2% respectively.
The calibration curve for each active substance was
prepared in five different concentrations in the matrix.
Correlation coefficients were greater than 0.9953 and
the lowest spiked level (0.5 mg kg?) taken as the limit of
quantification that meets the method validation criteria
[20]. Recovery for azoxystrobin analysis in strawberries
was 96-111%, and the RSD was below 11% [21]. The
selectivity of the method was evaluated by analysing the
unspiked samples. The absence of any signal at the
same elution time as the target pesticide suggested that
there was no matrix interference.

Residues

Among the active substances studied, etoxazole was
not assessed because the amount of etoxazole was
below the LOQ on the zeroth day.

with  Different

Pesticide Residue

Treatments

Changes

Variations in pesticide residues related to washing,
pasteurization and washing+pasteurization are given in
Table 2. If initial concentrations were assumed as 100,
the amount of decrease in active substances were as
follows with washing: tetraconazole %216.7, boscalid
%10.9, kresoxim-methyl 9%9.2, bupirimate %4.5,
pyrimethanil %4.2 and azoxystrobin %3.8.
Tebufenpyrad amount did not change, and penconazole
fell below the LOQ (Table 2).

In our study bupirimate and tetraconazole residues
decreased by 4.5% and 16.7%, while in another study
bupirimate and tetraconazole residues in strawberries
decreased by 56.6% and 84.5%, respectively, by
washing [22]. Differences in these studies may be due
to the differences in washing efficiency of the water
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baths, water amount used in washing and the initial
content of residues.

Pasteurization led to different changes in pesticide
residue amounts. If initial active substance
concentrations were assumed as 100, the amount of
decrease in active substances were tetraconazole
(16.7), azoxystrobin (5.8) and boscalid (6.5). It is
thought that the decrease in pesticide residues with
pasteurization may be due to the degradation and
hydrolysis caused by the heat effect. Bupirimate,
kresoxim-methyl and penconazole amounts remained
unchanged while pyrimethanil (4.2) and tebufenpyrad
(20) increased (Table 2). While there was no change in
some pesticide residues with pasteurization, there was

an insignificant (p>0.05) increase in some of them.
Considering that the system is closed and there is no
water loss, it is thought that the increase in the
concentrations of some active substances is because
the related active substances have been more
extracted from the tissue softened by the effect of heat.

Pyrimethanil residue was reduced with washing by
4.2%, and pasteurization did not lead to a significant
reduction (Table 2). In one study, azoxystrobin and
fenhexamid residues were reduced by washing, while
pyrimethanil residue remained unchanged [23]. In both
studies, similar results were obtained for pyrimethanil.

Table 2. Changes of pesticide residues with different treatments, cold storage (4+0.5°C) and washing in different days

(mg kg!) (meanzstandard error) (n=3)

Pesticide Zeroth day different treatments Cold storage Washing different days
Process Concentration  PF P" day Concentration P Washing day  Concentration P

Pyrimethanil Unprocessed 0.47+0.031 - 0.653 0 0.47+0.031 unwashed 0.47+0.031
Pasteurization 0.49+0.026 1.04 : 1 0.40+0.034 0.433 0 0.45+0.005 0.015
Washing 0.45+0.005 086 0.340 3 0.44+0.026 ’ 4 0.41+0.009 '
Washing+past. 0.48+0.030 1.02 ' 6 0.47+0.042

Tetraconazole Unprocessed 0.12+0.003 - 0.058 0 0.12+0.007 unwashed 0.12+0.003
Pasteurization 0.10£0.007 0.81 ' 1 0.09£0.002 0 0.10£0.003 0.193
Washing 0.10£0.003 0.81  ;a92 3 0.09+0.002 0-001 4 0.09+0.001 ‘
Washing+past. 0.10£0.003 0.80 ) 6 0.09£0.001

Bupirimate Unprocessed 0.22£0.002 - 0.660 0 0.22£0.002 unwashed 0.22x0.002
Pasteurization 0.22+0.008 1.00 ' 1 0.17+0.021 0.041 0 0.21+0.003 0.184
Washing 0.21£0.003 095 ;.50 3 0.20+£0.009 : 4 0.20+0.007 :
Washing+past. 0.21£0.005 085 ' 6 0.24+0.014

Azoxystrobin Unprocessed 0.52+0.009 - 0.219 0 0.52+0.009 unwashed 0.52+0.009
Pasteurization 0.49£0.018 0.4 ' 1 0.52+0.042 0.035 0 0.50+0.012 0.021
Washing 0.50£0.012 0.98 ;597 3 0.38£0.042 ’ 4 0.43+0.016 '
Washing+past. 0.48£0.018 0.92 ) 6 0.50£0.013

Table 2. . Changes of pesticide residues with different treatments, cold storage (4+0.5°C) and washing in different

days (mg kg') (meanzstandard error) (n=3) (continued)

Zeroth day different treatments Cold storage Washing Different days

Pesticide
Process Concentration PF p* day Concentration P Washing day  Concentration P

Penconazole Unprocessed 0.06+0.004 0.757 0 0.06+0.004 unwashed 0.06+0.004
Pasteurization 0.06+0.000 1.00 : 1 0.05+0.006 0663 0 0.06+0.004 .
Washing <LOQ*™ . 3 0.05£0.004 ’ 4 <LoQ
Washing+past. 0.05+0.002 0.83 6 <LOQ

Kresoxim- Unprocessed 0.11+0.005 - 0.501 0 0.11£0.005 unwashed 0.11£0.005

methyl Pasteurization 0.11+0.005 1.00 : 1 0.12+0.010 0 0.10£0.005 0.004
Washing 0.10£0.005  0.91 3 0.08 £0.004 0.004 4 0.06£0.003 :
Washing+past 0.09:0.005 o082 0408 6 0.07:0.005

Tebufenpyrad  Unprocessed 0.10£0.003 - 0.405 0 0.100.003 unwashed 0.10£0.003
Pasteurization 0.12+0.015 1.20 ‘ 1 0.10+0.010 0 0.10+0.003

. 0.253 0.340

Washing 0.10+0.003 1.00 0507 3 0.09+0.006 4 0.08:0.014
Washing+past. 0.10+0.003 1.00 ‘ 6 0.10+0.001

Boscalid Unprocessed 0.46+0.032 - 0 0.46+0.032 unwashed 0.46+0.032
Pasteurization 043:0034 o093 0810 1 0.44:0.036 0 0.410.033

. 0.387 0.455

Washing 0.41+0.033 0.89 0.664 3 0.38+0.025 4 0.38+0.021
Washing+past. 0.42+0.002 0.91 ‘ 6 0.41:0.024

*. P values calculated for 95% confidence level (a=0.05) (P values lower than 0.05 indicates that the considered parameter is
significant). **: Since it is a single value, statistical evaluation has not been made. ***: <LOQ: below limit of quantification.

In our study, bupirimate decreased by 4.5% with
washing but, it did not change by pasteurization as
mentioned before. In a study it was reported that
bupirimate residues in apricot decreased 26.7% by
pasteurization, and 20.7% by washing. In the same
study, bupirimate residues in peach samples were
removed by washing and pasteurization by 50.7% and

100%. Same pesticides were reduced

amounts in different fruits [24].

in varying

Washing with a following pasteurization process also
had different effects on pesticide concentration (Table
2). While tebufenpyrad did not change, pyrimethanil
increased by 2.1%. In addition, the amounts of other
active substances decreased at varying rates. These
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decreases were as follows in reduced order: bupirimate
4.5%, azoxystrobin 7.8%, boscalid 8.7%, penconazole
16.7%, tetraconazole 16.7% and kresoxim-methyl
18.2%.

In this study, azoxystrobin residues decreased by 7.8%
with the washing+pasteurization treatment and 5.8%
with pasteurization treatment (Table 2). In a study,
azoxystrobin residue in winter jujube kept in boiling
water at 100°C for 15 minutes decreased by 26% [25].
In another study, azoxystrobin residues in rapeseed oil
decreased by 47.0% after 20 minutes of cooking at 80-
100°C in a pan [26]. It is thought that the decrease in the
amount of azoxystrobin at varying rates is due to the
different exposure to heat and heating duration of the
samples.

In the cold storage of pesticide-treated strawberries,
pyrimethanil and tebufenpyrad amounts did not change.
Penconazole residues decreased over time, and fell
below the LOQ on day 6th. In addition, while the amount
of azoxystrobin, kresoxim-methyl, tetraconazole and
boscalid decreased over time, the amount of bupirimate
decreased on the days 1st and 3rd but increased on day
6th (Table 2). It is thought that this increase may have
occurred because of the water released during
respiration and perspiration in the product. Released
water dissolves highly volatile bupirimate residue on the
surface and carries it to the strawberries in the bottom of
the case. Moisture and dry weight losses related to
respiration have some effects on pesticide concentration
[27].

Penconazole residues fell below the LOQ at the end of
the cold storage (day 6). It has been determined that the
residues of kresoxim-methyl continue to decrease
during cold storage and this decrease was also found to
be statistically significant (p<0.05). Decreases of 27.3%
and 36.4% in kresoxim-methyl residues were
determined on days 3 and 6 of the cold storage process,
respectively. In addition, significant changes were not
detected in tebufenpyrad and boscalid residues during
cold storage, and statistical p values were higher than
0.05 (Table 2).

Studies have shown that the main mechanism effective
in the reduction of pesticide residues in the storage of
fruits and vegetables is evaporation and slow acidic
hydrolysis. It has been reported that both mechanisms
are significantly controlled by penetration [27].

Active substances were evaluated in terms of washing
on days 0. and 4., and there was no decrease in
tebufenpyrad residues, while other residues decreased
at different levels with the washing performed on day
zero (Table 2). The amounts of pesticide residues
removed by cold storage and washing on different days
increased. Kresoxim-methyl (45.4%) was reduced from
washing performed on day 4. in pesticides determined
quantitatively.

Processing Factors

The residue level in the products before and after
processing is expressed by processing factor, as
mentioned before. Processing factors for different
processes for all active substances are shown in Table
2. All Pf values were 1 or less than 1, except
tebufenpyrad (1.20) for pasteurization. It was thought
that the increase in the amount of active substance may
be due to the increase in extraction efficiency related to
the effect of temperature.

Penconazole residues in the washing process fell below
the LOQ, and the processing factor could not be
determined. The lowest processing factors were
obtained in tetraconazole (0.81) for washing and
pasteurization. In one study, it was reported that
washing strawberries in an ultrasonic water bath using
water and different solutions caused different processing
factors. All processing factors varied but were smaller
than 1 [28].

In our study, it was determined that boscalid residues
were reduced by 10.9% by washing in an ultrasonic
water bath, and the Pf for this process was 0.89. In a
study, it was reported that the boscalid residue in
strawberries decreased by 67.5% with a 5-minute
washing process in an ultrasonic water bath, and the
processing factor for the applied treatment was 0.32
[22]. In another study on boscalid contents in two tomato
varieties, the washing factor for the ‘Marissa’ variety was
0.39, and for the ‘Harzfeuer’ variety, it was 0.65 for the
boscalid in tomatoes washed for one minute under
running tap water [29].

Increased pesticide residues exposed through nutrition
most probably cause serious health problems [30]. A Pf
value equal to 1 or less than 1 is important in terms of
showing that the residue on the product does not tend to
increase with the applied process, and is also extremely
significant in terms of showing that the residue in the
product is not completely degraded and continues to be
present in the product. Considering that the pesticides
are applied at very low concentrations (30% more than
their MRL for each active substance), very low residues
may not pose a health risk at the moment, but the
recommended doses used in practice are generally
much higher than used in this study should not be
forgotten.

Effects of Different Storage Temperatures on
Pesticide Residues

It is very difficult to preserve fresh strawberries, which
have a very short shelf life after harvest. Strawberries
spoil quickly due to their soft fruit texture and high water
content. The most effective and best method that allows
the preservation of the appearance, taste, aroma and
nutritional values of fresh fruits without deterioration is
the freezing method [31-32].

The effect of the day, as a storage time, was
investigated for samples stored at -18+2°C without
pasteurization. The changes were statistically significant
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in all of the samples washed or not. The interaction of
temperature, day and temperature*day was examined in
pasteurized and stored at different temperatures. The P
values obtained for all pesticides were generally found
statistically significant. When the changes in the
pyrimethanil residue was examined, it was observed
that the pesticide degradation increased with the longer
the storage period. At the end of the one-year,
pyrimethanil residues decreased by 31.9% in Aac1s) and
by 22.8% in Ab1s) samples. The amount of decrease in
the sprayed samples kept at the same temperature (-
18°C) was higher in the unpasteurized samples (Table

The storage temperature, duration and matrix properties
of foods affect the amount of pesticide residues [33]. In
particular, the physical and chemical properties of
pesticides, such as saturated vapour pressure and
solubility, directly affect storage stability. Compounds
with low vapour pressure and moderate solubility (up to
40 mg/L) are stable, while compounds with high
solubility (up to 700 mg/L) or high vapour pressure are
unstable [34-35]. Generally, at low concentrations, the
half-life of pesticides becomes more dependent on
storage conditions (pH, exposure to light, and
temperature) [36].

3-4).

Table 3. Residue changes of active substances in strawberry puree -18+2°C (mg kg?) (meanzstandard error, n=3)

Duration (days
Active substance ?:‘:r‘w;zle (days)
0 15 30 60 120 180 240 300 360

. . Aa g, 0.47+£0.031 0.454£0.018 0.3910.011 0.381+0.013 0.25+0.004 0.25+0.011 0.39+0.010 0.36+0.026 0.32+0.026
Pyrimethanil Ba, g 0.45+0.005 0.48+0.040 0.38+0.038 0.41+0.018 0.32+0.019  0.25+0.023 0.40+0.034 0.38+0.009 0.36+0.009
Aa g 0.12+£0.007 0.10£0.007 0.08 £0.002 0.08 £0.005 <LoQ* <LOQ 0.06+0.002 0.08+0.005 0.08 +£0.005
Tetraconazole Ba g 0.10+0.004 0.09+0.008 0.08+0.002 0.07+0.003 <LOQ <LOQ 0.07+0.007 0.07+£0.004 0.08 +0.003
Aaqg 0.2240.002 0.20£0.007 0.19+0.002 0.18+0.004 0.11+0.004 0.11+0.007 0.18+0.007 0.18+0.003  0.17+0.008
Bupirimate Ba, .z 0.21£0.003 0.19+0.004 0.18+0.003 0.18+0.001 0.12+0.000 0.11+0.004 0.17+0.003 0.18+0.019  0.16+0.003
) Aa g 0.52£0.009 0.50£0.019 0.4320.027 0.42 £0.006 0.26 £0.031 0.2140.006 0.2920.007 0.30+0.040 0.30£0.017
Azoxystrobin Ba s 0.50£0.012 0.47+40.022 0.4510.010 0.4310.029 0.21+0.036 0.20+0.001 0.33%0.009 0.30+0.046 0.29+0.007
Aaqg 0.10£0.003 0.09+0.004 0.07 £0.003 <LOQ 0.05+£0.002 0.05+0.005 0.10+0.006 0.10+0.012 0.11 £0.007
Tebufenpyrad Ba g 0.10£0.003 0.08+0.004 0.06 £0.003 <LOQ 0.05+0.003 0.05+0.011 0.09+0.002 0.09+0.003 0.09 £0.007
Kresoxim- Aag 0.11+£0.005 0.11£0.005 0.11+0.008 0.05+0.006 0.06+0.003  0.06+0.003 0.10+0.005 0.09+0.006 0.09+0.002
methyl Ba,.g 0.10£0.005 0.10+0.004 0.09+0.003 <LoQ 0.06£0.007 0.064£0.007 0.08+0.004 0.08+£0.004 0.07+0.004
Boscalid Aa g 0.46+0.032 0.40£0.013 0.3240.034 0.17+0.010 0.14+0.016  0.09+0.005 0.28+0.008 0.26+0.020 0.23+0.014
Ba g 0.41£0.033 0.35+0.015 0.2810.021 0.16+0.007 0.14+0.008  0.08+0.007 0.25+0.028 0.25+0.019  0.2240.005

*:<LOQ: below the quantification limit.

Table 4. Residue changes of active substances in strawberry puree at -184+2°C (mg kg*) (meanzstandard error, n=3)

. Sample Duration (days)
Active subst
cHVE SUDSIANCES  codes 0 15 30 60 120 180 240 300 360
_ _ Abi i 049:0.027  051x0.006  0.44x0.028 0.37:0.005 0.31x0.021 027:0.012 0.44x0.016 0.35:0.022 0.34x0.010
Pyrimethanil Bbig 048:0.030  0.54:0.034  0.42:0.039 042:0.019 0.32:0.022  0.31:0.021 0.43:0.012 0.32£0.037 0.30+0.021
Abyg 0.10£0.003  0.08#0.008  0.08:0.014 0.070.002  <LOQ"  0.05:0.004 0.06£0.003 0.08+0.001 0.08+0.003
Tetraconazole Bbiy, 0.10£0.003  0.10:0.005  0.08£0.002 0.07:0.003  <LOQ  0.05:0.002 0.05:0.003 0.07+0.007 0.07 +0.006
Abz 0.22:0.008  0.20:0.005  0.19%0.007 0.18:0.005 0.12:0.002 0.12:0.002 0.17:0.002 0.14:0.008  0.13:0.019
Bupirimate Bbiig 021£0.002  0.21:0.002  0.18:0.007 0.17:0.001  0.12:0.003  0.12£0.003 0.17:0.007 0.16:0.006  0.15:0.006
_ Abyz 049:0.018  0.54:0.022  0.51x0.012 0.43:0.015 0.29:0.018 0.24:0.012 0.37:0.021 0.34£0.050 0.36:0.012
Azoxystrobin Bby.1a) 048:0.018  0.55:0.037  0.46:0.007 0.43:0.018 0.28:0.005 0.20:0.002 0.34:0.010 0.32:0.014 0.37:0.004
Abi g 0.12:¢0.015  0.10:0.006  0.07:0.002 0.05:0.004 0.06:0.002 0.07:0.009 0.12¢0.017 0.12:0.006 0.12x0.007
Tebufenpyrad Bb1g 0.11:0.017  0.08£0.008  0.07 +0.004 <LOQ 0.05£0.007  0.06:0.009 0.10:0.002 0.08:0.009 0.11 £0.002
_ Abg) 0.11£0.005  0.12:0.006  0.10:+0.007  0.05:0.001 0.07:0.004  0.07:0.002 0.10:0.002 0.090.003  0.08:0.002
Kresoxim-methyl  Bp 0.09£0.005  0.10:0.009  0.09x0.005  <LOQ™  0.06:0.003 0.05:0.001 0.08:0.006 0.08£0.001  0.08x0.001
Boscalid Abyz 043:0.034  0.45:0.022  0.34:0.031 0.20£0.016 0.15:0.008 0.11:0.010 0.32:0.022 0.30£0.031 0.27:0.015
Bbeig, 0.42£0.002  0.37:0.023  0.29:0.035  0.16:0.012  0.12:0.006  0.11:0.009 0.26:0.030 0.28+0.016 0.25:0.029
":<LOQ: below the quantification limit.
Although microbiological spoilage can be prevented in Therefore, the degradation of pesticides continued

the freezing process, a negative effect such as the
continuation of enzymatic changes, albeit at a slow rate,
is eliminated by boiling vegetables to a large extent, but
this possibility is often absent in fruits. Enzymes in fruits
and vegetables cannot completely inactivated by
freezing. The activities of enzymes are slowed down by
frozen storage. Especially peroxidase and lipoxygenase
enzymes are enzymes that should be considered in the
production of frozen fruits and vegetables. The
peroxidase enzyme found in the tissue of fruits and
vegetables is the main factor especially in oxidation
reactions. Lipoxygenase enzyme also causes the
breakdown of fatty acids in frozen products [37].

during the storage of strawberries at -18+2°C.

When the effect of process and storage time
investigated after one-year period we can say that
tetraconazole residues decreased by 33.3% in the Aaus)
samples. Also for bupirimate we can say residues in the
samples kept at -18 °C decreased by 22.7% in Aa(is)
and 40.9% Ab(.1s) respectively.

At the end of a one-year period, azoxystrobin residues
in the samples kept at -18°C decreased by 42.3% and
42%, respectively, in Aac1s) and Bacis) samples, while in
Ab1s) and Bb(is) samples, it decreased by 26.5% and
22.9%, respectively. Statistical evaluation was not
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carried out as the penconazole residues were below the
quantification limit as of the 15th day. However, it was
determined that penconazole residues did not
completely disappear in all samples analysed during
one year and continued to be found in samples below
the quantification limit. At the end of the storage period,
no significant decrease was detected in tebufenpyrad
residues in samples kept at -18+2°C, Table 3-4.

In kresoxim-methyl, degradation increased with longer
storage time. At the end of one year, the degradation
amount of kresoxim-methyl was found to be 18.2% in
the Aacis samples, and 27.3% in the Abcis) samples.
Whether or not the strawberry samples were washed,
boscalid degradation was found to be higher in
unpasteurized samples than in pasteurized samples. At

the end of a one-year period, the boscalid residues in
the Aacis) and Ba(1s) samples were 50% and 46%, and
in the Abcisy and Bbeisy samples, 37% and 40%
respectively (Table 3-4).

Samples kept at -18°C after pasteurization if
summarized, penconazole fell below LOQ (0.05 mg kg)
in the 15th day. Comparisons of other active substance
analysis performed on the 240th and 360th days of the
Ab(1s) samples are given in Figure 2. It can be seen that
the amount of tebufenpyrad did not change in the 240th
and 360th day samples while tetraconazole 20%,
pyrimethanil 23%, azoxystrobin 26%, kresoxim-methyl
27%, boscalid 37% and bupirimate 41% decreased,
respectively, from the lowest to the highest pesticide
degradation in the 360th day samples.
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Figure 2. Residue changes of active substances in pasteurized puree without washing Ab1s) samples (%)
(baseline=100)

Effect of pasteurization on pesticide degradation in
samples Abisy was examined, the amount of
tebufenpyrad did not change, degradation of kresoxim-
methyl and bupirimate increased in pasteurized
samples, and degradation of pyrimethanil,
tetraconazole, azoxystrobin and boscalid was slower in
pasteurized samples.

When the degradation at 20+2°C and 410.5°C
investigated, we can say that pesticides degrade the
fastest at 20+2°C. The amount of pyrimethanil
degradation in Abw4) and Bbe4) samples were 57.1%
and 58.3%, respectively. In addition, degradation was
found 57.1% in the samples at 20+2°C for pyrimethanil
(Tables 5 and 6). It is considered that during the keeping
of strawberry puree in glass jars and boiling water at
96°C for 5 minutes, peroxidase and lipoxygenase
enzymes are partially inactivated because under normal
conditions, faster degradation can occur at 4+0.5°C to
20+2°C, but slower degradation occurred. The
degradation amount of tetraconazole was 20% in Aba)
and 40% in Bb@4) samples. Also, tetraconazole residues
in Abu20) samples fell below the LOQ at 180th day.
When the bupirimate residues at 20+2 °C was
examined, it was determined that the active substance
residues fell below the LOQ in the 2nd month (Tables 5
and 6). In the statistical evaluation, storage time and

different temperatures used were found to be effective
on pesticide degradation (p<0.05). The degradation
amount of tebufenpyrad residues was in 25% in Aba4) at
the 300th day. The degradation amount of kresoxim-
methyl in the samples on the 300th day was 45.4% in
Abi4y and 55.4% in Bbs). In addition, the amount of
kresoxim-methyl in the washed samples kept at 20+2°C
decreased below the LOQ on the 60th day. The
degradation amount of boscalid was found 55.8% in
Ab+4) samples at 300th day.

Comparisons of the 240th day analyses of the samples
kept at 4+0.5°C are given in Figure 3. As the
temperature increased, the amount of degradation in
pesticides also increased. The amount of degradation in
the washed and unwashed samples differed. The
amount of decrease determined in Abe4 samples is
respectively 77% bupirimate, kresoxim-methyl 55%,
boscalid 49%, tetraconazole 40%, pyrimethanil 37%,
azoxystrobin 37% and tebufenpyrad 17%.

In the samples kept at 20+2°C after pasteurization,
bupirimate decreased below the LOQ on the 60th day,
while no active substance peak was found on the 120th
day. Penconazole below the LOQ at day 15 but
continued to exist in the sample below the LOQ even at
day 120. Other active substances (tetraconazole,
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azoxystrobin, pyrimethanil, kresoxim-methyl, boscalid methyl, tetraconazole, boscalid, azoxystrobin,
and tebufenpyrad) were compared according to the pyrimethanil and tebufenpyrad, respectively, from the
120th day samples due to their numerical data. highest to the least.

Pesticide degradation was determined as kresoxim-

Table 5. Residue changes of active substances in strawberry puree at 4+0.5°C (mg kg') (meantstandard error, n=3)

Active Sample Duration (days)
substances codes 0 15 30 60 120 180 240 300 360
Aby.4 0.49+0.026 0.40+0.006 0.36+0.008 0.38+0.019  0.26+0.006 0.26+0.016 0.31+0.014 0.28+0.013 0.2840.019

Bb. 0.48+0.030 0.39£0.025 0.40£0.023 0.39£0.034 0.2840.016  0.27+0.017 0.32£0.011 0.284#0.013 0.29+0.018
Ab.g 0.10£0.003 0.08+0.008 0.08£0.001 0.07+0.002 <LoQ" 0.05 +0.004 0.06+£0.003 0.08 £0.001 0.08 £0.003

Pyrimethanil

Tetraconazole

Bb.,  0.10£0.003 0.07:0.002  007+0.001  0.07+0.003 <LoQ <LoQ <LOQ  0.060.001 0.060.002
- Ab.,  0.22:0.008  0.16£0.010  0.140.004 0.12+0.012  0.08:0.010 nd* 0.05:0.001  0.05£0.001 nd
Bupirimate Bb.,  0.21£0.002  0.17:0.003  0.14:0.003  0.12£0.007  0.05+0.006 nd 0.05:0.001 nd nd
Azoxystrobin Ab.y ~ 049:0.018  0.46£0.033  0.46:0.016  042:0.006 0.26:0.008 0.25:0.004 0.31:0.012 0.30£0.020 0.24:0.009
Bb,,  0.48:0.018 043:0.028 0440017  0.39:0.005 0.24:0.004 0.22+0.006 0.26+0.014 0.27£0.019 0.24+0.006
Abu,  0.12:0.015  0.10£0.006  0.07 £0.002 <LoQ 0.05:0.02  0.06:0.006 0.10+0.003  0.09+0.003
Tebufenpyrad Bb.,  0.110.017  0.08:0.003  0.06 0.001 <LoQ 0.05:0.002 0.05:0.004 0.08:0.007  0.09:0.006 0.09 £0.004
Kresoxim- Ab.,  0.110.005  0.12:0.013  0.10:0.001  0.05:0.005  0.05:0.002 <LOQ  0.05:0.004 0.05:0.004
methyl Bb..,  0.09£0.005 0.09:0.005  0.07:0.004 <LoQ <LoQ <LOQ  0.05:0.004 0.05:0.004 0.05:0.004
Boscalld Ab.,  043:0.034  0.46£0050  0.32:0.011  0.15:0.021 0.16:0.014 0.12:0.005 0.22+0.008 0.2440.011

Bb.s) 0.42+0.002 0.35+0.009 0.2540.025 0.13£0.005 0.1440.010  0.10+0.008 0.21+0.003  0.204#0.004 0.18£0.009

*: <LOQ: below the quantification limit, **: nd: Not determined, ***: evaluation could not be made (not evaluated due to problem
in the sample)

Table 6. Residue change of active substances in strawberry puree at 20+2°C (mg kg?) (meanzstd error, n=3)

Active Active Duration (days)
substances substances 0 15 30 60 120 180
ovrimethan AD 0, 0.49£0.026 0.390.029 0.3320.025 0.35£0.028 0.22£0.002 0.22£0.007
Y Bbioo, 0.48£0.030 0.39:0.038 0.39:0.024 0.38:0.044 0.30£0.005
Ab 0.10040.003 0.060.004 0.070.001 0.07 £0.006 <LOQ <LoQ
T -t I (+20)
elraconazole Bb.ao, 0.10£0.003 0.060.002 0.070.003 0.060.005 <L0Q
3 AB 20 0.22£0.008 0.13:0.016 0.0640.002 <LoQ* nd nd
Bupirimate Bbao, 0.210.002 0.120.009 0.060.001 <L0Q nd
J— Ab .20, 0.49£0.018 0.3840.041 0.38:0.002 0.30+0.024 0.190.007 0.16 £0.011
OXystronin Bb, .20, 0.48+0.018 0.35+0.024 0.33+0.039 0.28+0.006 0.18+0.005
rebufenoyrad Ab 20, 0.120.015 0.08:0.005 0.07:+0.001
Py Bbi.oo, 0.11£0.017 0.08:0.004 0.07:0.001 0.0540.002 0.05 £0.005
Kresoxim- Ab .20 0.11£0.005 0.080.003 0.07£0.003
methyl Bby.z0) 0.09+0.005 0.08+0.010 0.06+0.001 <LoQ <LoQ
Boscalid Ab .20 0.43£0.034 0.340.014 0.26£0.011
Bbeog, 0.42£0.002 0.3110.025 0.270.016 0.1240.004 0.10£0.004

*. <LOQ: below the quantification limit, **: nd: Not determined, ***: evaluation could not be made (not evaluated due to problem
in the sample)
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Figure 3. Residue changes of active substances in pasteurization without washing Ab4) and with washing Bb4)
samples at day 240 (baseline=100)
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CONCLUSION

The analytical method was validated to determine
residues of nine active substances in strawberry.
Recovery, r2, RSD and LOQ were all in the acceptable
range of validation assays. Pesticide degradation
occurred during washing, pasteurization, cold storage
and long term storage processes. Ultrasonic washing
decreased the pesticide residues in the range of 3.8—
16.7%. Pasteurization removed the pesticide residues
too. At the end of the cold storage process, penconazole
residues were below the LOQ. The amount of residue
removed by washing on different days increased.
Processing factors were calculated for the washing,
pasteurization and washing+pasteurization processes.
The highest and lowest processing factors in the
pasteurization process were for tebufenpyrad (Pf:1.20)
and tetraconazole (Pf:0.81), respectively. In addition, it
was determined that the pesticide residues decreased at
varying rates during the storage of pasteurized and
unpasteurized strawberry puree at  different
temperatures.

Considering how low the concentration used in the
spraying is (30% of the MRL of each active substance)
and the length of the analysis time it has once again
been demonstrated that pesticide residues are not
completely removed, and that varying amounts of
pesticide can be remain in the product after processing.
The fact that many factors such as the structure of the
agricultural  product, the applied process, the
temperature of the environment, the acidity level, the
chemical structure of the pesticide, and its solubility
have effects on the residue variation. Our results also
explain why generalization should not be made in this
regard and why studies on processing factors should be
carried out separately on the basis of product and
pesticide.
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