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Our research focused on the Jijel region, where strawberry cultivation expanded considerably
from 4 hectares in 2002 to 661 hectares in 2023. This study aimed to identify any pesticide
residues in strawberries (Fragaria x ananassa Duch). Over two years, strawberries were culti-
vated in a plastic greenhouse using pesticides to either prevent or treat diseases as they devel-
oped. The fruit samples were collected and analyzed using a gas chromatograph coupled with a
mass spectrometer. Numerous components were identified in the treated strawberry fruits; some
are unique to strawberries, while others have not been documented in literature as strawberry
constituents. The majority of the compounds found in the strawberry fruit were polyphenolic
metabolites, alkanes, esters, aldehyde, aromatic alcohol, fatty acids, carbohydrates, phthalates,
plasticizer derivatives, and others. All treated strawberry samples from both seasons showed no
detectable pesticide compounds in the fruit. Nevertheless, certain samples contained hazardous
pollutants such as 1,2,4-Benzenetriol and hydroquinone, as well as pesticide metabolites like di-
n-octyl phtalate. The strawberry extract contained compounds similar to those naturally present
in strawberries, but they appeared to have changed. Among the major components detected was

a plasticizer compound: 1,2-benzenedicarboxylic acid mono (2-ethylhexyl) ester, identified as a
pollutant result from the use of plastic materials in strawberry growing. These compounds were
found to exhibit antioxidant, antimicrobial, antifungal, and insecticide properties. Some com-
pounds were reported to have unknown activity. In conclusion, the fruits of treated strawberries
contain a variety of bioactive compounds along with pollutants that could affect human health.

Cite this article: Naili, E, & Mayache, B. (2025). Research of Eventual Residues of Pesticides in Strawberry Fruits Using Gas
Chromatography Combined with Mass Spectrometry. Pollution, 11(2), 560-575.
https://doi.org/10.22059/poll.2024.383647.2603

© The Author(s).

DOI: https://doi.org/10.22059/poll.2024.383647.2603

Publisher: The University of Tehran Press.

INTRODUCTION

Strawberry is one of the most ideal fruit in terms of health benefits. It is high in bioactive
compounds like as polyphenols (anthocyanins, ellagitannins, phenolic acids...etc.) and
vitamins (vit C, B9...etc.) that may help to prevent chronic diseases caused by oxidative
stress and inflammation (Battino et al., 2021; Shiomi and Savitskaya, 2022). Strawberry also
contains fibres, proteins, minerals, fatty acids, and sugars (Peris-Felipo et al., 2020), which
are responsible for the sweetness and tartness of fruits (Hussain et al., 2021). It also includes
volatile compound (esters, aldehydes, ketones, alcohols, terpenes, furanones and sulphur...)
that contribute to the aroma and flavor of the fruit (Zamorska, 2022).

Numerous factors, such as plant variety, developmental stage, agricultural practices,
environment (light and growing area), planting date, and others, affect the presence of
compounds in fruits (Wang and Lin, 2000; Anttonen et al., 2006 and Simkova et al., 2024).
We were interested in agronomic practices in this study, including the use of pesticides. During
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cultivation, many farmers believe that using pesticides like fungicides, insecticides, acaricides,
and nematicides is the best method to protect their crops from pests and increase yield (Mahmood
etal.,2016; Tudi et al., 2021). Since pesticides are persistent and non-biodegradable, they have
polluted the soil, water, air, and food chain (Gill and Garg, 2014). However, it may degrade due
to photodegradation and biodegradation; Photodegradation, a chemical reaction induced by
photons or light, can occur in the atmosphere, on the surface of water, or in soil. Biodegradation
occurs in the presence of several microorganisms (Dabrowska et al., 2004; Elumalai et al.,
2022).

Farmers have used a variety of pesticides during strawberry cultivation, both as a preventative
measure and in response to the emergence of diseases such as Mildieu, Phytophthora, Botrytis,
thrips, and aphids. Furthermore, they frequently combine pesticides to treat multiple diseases
concurrently or in cases of misdiagnosis. The use of greenhouses and tunnels to grow
strawberries contributes to the contamination. According to the Agriculture Directorate, the
strawberry planting area for 2023 was divided into 0.36 Ha Multichapelle, 390.49 Ha Tunnels,
and 270.92 Ha greenhouses. The greenhouses use solar energy to create an appropriate internal
microclimate for improving crop growth and development conditions. However, the current
surge in the use of plastic materials in agriculture is also having an increasing negative impact
on the agro-ecosystem (Vox et al., 2016; Bazgaou et al., 2021). In addition, two pesticides
(pyrethroids and atrazine) were tested in greenhouse and open-field soils to determine their
concentrations and distributions. The greenhouse had higher contamination levels than the open
fields (Dou et al., 2020).

The analytical techniques used influence the search for different compounds in strawberries
(Forney et al., 2000). Several chemicals specific to strawberry fruit or potentially pesticide
residues in fruit have been identified using capillary gas chromatography coupled with mass
spectrometry (Stachniuk and Fornal, 2016; Pico et al., 2020).

The objective of this study was to investigate the potential presence of pesticide residues in
strawberry fruit resulting from intensive pesticide application during strawberry cultivation,
using the capillary gas chromatography coupled with mass spectrometry technique.

MATERIALS AND METHODS
Plant material and treatment

For two years, from 2018 to 2020, the experiment was conducted in a greenhouse located
in the Wilaya of Jijel (North-East Algeria), where strawberry cultivation has been considerably
developed from 4 hectares in 2002, when it produced 1200 Qx, to 661 Ha in 2023, when it
produced 221350 Qx (Directorate of Agriculture). Strawberry (Fragaria x ananassa Duch.)
cultivar Camarosa was the plant material used in this study. Tables 1 and 2 show the pesticides
used at the occurrence of diseases against insects, mites, and fungi based on a survey of farmers.
The greenhouse was divided into three parts. A composite sample covering all of the plot’s
treatment areas was established by selecting subsamples of healthy fruits at random from various
points within the greenhouse beginning in March and continuing each month thereafter. The
treatment was continued until June. All of the samples collected for each part were combined
and used as a single sample for analysis. As a result, three samples were collected from the
greenhouse each season. The samples were cleaned with distilled water, dried and stored at
(-20°c) until analysis.

Extraction of pesticides from strawberries

We are extremely interested in organophosphate pesticides since they are the most widely
used. The extraction of pesticides from strawberries was carried out according to the method of
Charles & Raymond, (1991). It is a liquid-liquid extraction. The procedure consists of weighing
50 g of ground sample in a container. The mixture was homogenized for two minutes after
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Table 1. Pesticides used in strawberry cultivation during the 2018-2019 season

Pesticide Active substance Chemical group Dose
Fongicide ) -
Aliette® Flash Fosétyl-aluminium Phosphonates 250 g/hl
Insecticide Cypermethrine + Pyrethroid + 40 ml/hl
Cyren C Chlorpyriphos-Ethyl Organophosphorus
Acaricide Vertimec Abamectine Avermectin 0,5L/ ha
Fongicide Scolti flow Sulfure + Copper Inorganic fungicide 3 L/ha

Table 2. Pesticides used in strawberry cultivation during the 2019-2020 season

Pesticide Active substance Chemical group Dose
Insecticide Cyperrpethrine, Pyrethroid+ 40 mlL/ hL
Cyren C Chlorpyriphos-ethyl Organophosphorus
Acaricide Medamec Abamectine Avermectin 0,5 L/ha
Fongicide Scolti Flow Sulfur+ Copper Inorganic fungicide 3 L/ha
Fongicide Bayvadan Triadimenol Triazoles 20 mL/hL
Insecticide Dursban Chlorpyriphos-ethyl Organophosphorus 80 g/hL

adding 100 mL of acetone. The container was then agitated horizontally for two hours. The
resulting mixture was decanted through a funnel fitted with a glass wool filter. After that, 50
mL of acetone was added into the container and shaken for another two minutes. The new
extract was poured into the funnel. A 1000-ml separatory funnel was filled with 300 mL of
distilled water and 30 mL of saturated sodium chloride solution. The extraction was performed
using 70 mL of dichloromethane. We were agitated for about five minutes. The decantation was
completed once the two phases had separated. The lower phase was extracted and collected in
a flask using a funnel lined with a filter pad coated with 2 cm of sodium sulfate. The aqueous
phase was extracted again with 70 ml of dichloromethane. After shaking for five minutes, it was
decanted in the same flask for ten minutes. After washing the funnel with 20 ml of hexane, the
filtrates were evaporated in a rotary evaporator at temperatures less than 50°C. Finally, 10 ml
of acetone/hexane solution (10%/90%) was added to the residue, which was analyzed using gas
chromatography coupled with a mass spectrometer.

Purification

The SI type cartridge was cleaned with a 5 ml acetone/hexane solution (60%/40%), then a
5 ml hexane solution. 1 ml of the filtered solution was deposited and eluted with 4 ml of ether/
hexane solution (60%/40%).

Chromatographic conditions and analysis

The analysis was performed using a gas chromatography coupled with a mass spectrometer
as a detector type Shimadzu GCMS QP 2010 of type E1 70 eV quadrupole. 1 ul of each sample
was injected in split mode at a temperature of 250°C. Helium was used as the carrier gaz. The
temperature program for the GC column was 90°C for 1 minute, 180°C for 1 minute, and finally
240° C for 5 minutes. The column flow was 0.97 ml/min. The actual split ratio was 20:0. The
ion source temperature was at 200 °c. The solvent Cut time was 3.00 min. The MS program:
Interval: 1.00 sec. The speed of scan was: 416. The start masse/charge (m/z) equals 50. The final
m/z was 450.The compounds found in the samples were identified by comparing the results to
those in the National Institute of Standards and Technology (NIST) Mass spectral library.
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RESULTS AND DISCUSSION

Figures (1-6) and (Tables 3-8) present all the compounds and contaminants detected in
strawberry fruit samples by GC-MS analysis for both seasons. Table 9 highlights the notable
large peaks and predominant molecules to determine the nature and relevance of the compound.
All tables listing molecules found include the compound name, retention time, area, percentage
of peak area, height, height percentage, and mass-to-charge ratio. The compounds were
identified based on a direct comparison of retention times and mass spectra with the library of
spectra of known compounds stored in the spectral database, NIST (The National Institute of
Standards Technology).

The GC-MS analysis of treated strawberry fruit samples revealed the presence of a variety
of components, some of which are specific to strawberries and others not, that can reduce
strawberry fruit quality. Despite being taken in the same greenhouse during both seasons, the
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Fig. 1. Chromatographic profile of treated sample n° 1 of strawberry fruit for the first season.
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Fig. 2. Chromatographic profile of treated sample n° 2 of strawberry fruit for the first season.
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Fig. 3. Chromatographic profile of treated sample n° 3 of strawberry fruit for the first season.
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Fig. 4. Chromatographic profile of treated sample n°1 of strawberry fruit for the second season.
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Fig. 5. Chromatographic profile of treated sample n° 2 of strawberry fruit for the second season.
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Fig. 6. Chromatographic profile of treated sample n° 3 of strawberry fruit for the second season.

Table 3. Retention time, area, peak area percentage, height, height percentage, base and compound name detected by GC-MS
in strawberry extract from sample 1 of the first season.

Plzi‘,k R.Time Area ?oze;l Height H(?,f)h ¢ Name (l::/sz‘;
1 7.357 457540  2.09 92790 1.86 1-Decanol, 2-hexyl- 57.10
2 7.487 275770 1.26 60920 1.22 Ethanol, 2-phenoxy- 94.05
3 8.553 1492830  6.81 348142 6.99 Cycloheptasiloxane, tetradecamethyl- 73.05
4 9.693 324188  1.48 82283 1.65 Z,7-2,5-Pentadecadien-1-ol 97.10
5 9.781 459937  2.10 156052 3.13 Z,7-2,5-Pentadecadien-1-ol 57.05
6 10.296 1550377 7.07 570554 11.45 Butylated Hydroxytoluene 205.10
7 10.750 412952 1.88 37286 0.75 Cyclooctasiloxane, hexadecamethyl- 73.05
8 10.950 1540903  7.02 490985 9.86 Cyclooctasiloxane, hexadecamethyl- 73.05
9 11.168 275775 1.26 84864 1.70 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)- 69.10
10 11.373 231849  1.06 63153 1.27 Iridomyrmecin 95.10
11 11.473 367908  1.68 129269 2.59 Phenol, 2,4-bis(1,1-dimethylethyl)- 191.10
12 11.634 538174 245 78634 1.58 Sulfurous acid, hexyl pentyl ester 85.10

Pentanoic acid, 2,2,4-trimethyl-3-

13 11.767 1000546 4.56 239998 4.32 . . 71.05
carboxyisopropyl, isobutyl ester
14 11885 1057305 482 408433 820  Cyclohexane, 1'(Cyc1?;’:;‘y'methy')'2'methyl" 97.10
15 13.139 1427434  6.51 340070 6.83 Cyclononasiloxane, octadecamethyl- 73.05
16 15.723 782885 3.57 184545 3.70 Heptasiloxane, hexadecamethyl- 73.05
17 16.623 329664 1.50 56495 1.13 Hexadecanoic acid, methyl ester 74.05
18 18.754 562706  2.57 125588 2.52 Cyclooctasiloxane, hexadecamethyl- 73.05
19 20.672 474959  2.17 84127 1.69 9-Octadecenoic acid (Z)-, methyl ester 55.05
20 20.783 149730 0.68 33153 0.67 Chloroacetic acid, 10-undecenyl ester 82.10
2 22.008 446837  2.04 88875 1.78 Cyclononasiloxane, octadecamethyl- 73.05
22 25337 423285 1.93 70481 1.41 Cyclononasiloxane, octadecamethyl- 73.05
23 28.651 255228 1.16 39658 0.80 Cyclononasiloxane, octadecamethyl- 73.05
24 29.181 678577  3.09 106629 2.14 Hexanedioic acid, bis(2-ethylhexyl) ester 129.05
25 33497 6417815 29.26 1008759  20.25 1,2-Benzenedicarboxylic acid, mono(2- 149.00

ethylhexyl) ester

samples have different numbers and types of components.GC-MS analysis found compounds
whose chemical nature was varied and included: polyphenolic metabolites, alkanes, esters,
aldehyde, aromatic alcohol, phthalate, carbohydrate, plasticizer derivatives and others (Table
9). Pesticide detection in fruit is difficult due to the low concentration and complex matrix
(Zhang & Ruan, 2016). According to the results of all treated strawberry samples from both
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Table 4. Retention time, area, peak area percentage, height, height percentage, base and compound name detected by GC-MS
in strawberry extract from sample 2 of the first season.

Pea R. Area . Height Base
KN° Time Area (%) Height (%) Name (m/z)
1 3.074 3922463 1.94 426889 0.94 2-Amino-8-[3-d-ribofuranosyl]imidazo[1,2-a]-s-triazin-4-one 57.05
2 3.354 3463116 1.72 604921 1.33 Cyclohexasiloxane, dodecamethyl- 73.05
3 4.110 372596 0.18 63851 0.14 Cyclohexasiloxane, dodecamethyl- 73.05
4 4.732 463014 0.23 55828 0.12 Phenol 94.05
5 5.527 762239 0.38 103538 0.23 Nonane, 5-butyl- 71.10
6 6.228 282982 0.14 53333 0.12 Undecane, 5,7-dimethyl- 57.10
7 7761 128UI8% o35 2180838 480 3-Butoxy-1,1,1,7,7,7-hexamethyl-3,5,5- 73.05
7 tris(trimethylsiloxy)tetrasiloxane

3-Butoxy-1,1,1,7,7,7-hexamethyl-3,5,5-

8 8.065 8260051 4.09 2880270 6.33 e . ] 73.05
tris(trimethylsiloxy)tetrasiloxane

9 8.200 260218 0.13 61309 0.13 Cyclopentaneundecanoic acid, methyl ester 74.05
10 8.417 1256741 0.62 160313 0.35 138.05

11 8534 2098021 104 267568  0.59 3-Isopropoxy-1,1,1,7,7,7-hexamethyl-3,5,5- 73.05

tris(trimethylsiloxy)tetrasiloxane
12 8.667 959490 0.48 287459 0.63 Eicosane 71.10
13 8.809 264821 0.13 66151 0.15 Hexane, 3,3-dimethyl- 71.10
14 9.341 523506 0.26 153521 0.34 Dodecane, 2,6,11-trimethyl- 71.10
15 9.950 239002 0.12 88361 0.19 Undecanoic acid, 10-methyl-, methyl ester 74.00
16 10.294 548481 0.27 192569 0.42 Butylated Hydroxytoluene 205.15
17 10.701 450452 0.22 148886 0.33 Cyclooctasiloxane, hexadecamethyl- 73.05
18 10.818 6191799 3.07 2392534 5.26 Cyclooctasiloxane, hexadecamethyl- 73.05
19 10.951 3863700 1.91 741720 1.63 Cyclooctasiloxane, hexadecamethyl- 73.05
20 11.167 1020764 0.51 189270 0.42 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)- 69.05
21 11.483 1337408 0.66 291797 0.64 Phenol, 3,5-bis(1,1-dimethylethyl)- 191.10
29 11.637 1071567 531 2891973 635 Propanoic acid, 2-methyl-, 1-(1,1'-dimethylethyl)-2-methyl- 71.05
5 1,3-propanediyl ester
3 11756 4224452 209 584456 128 Propanoic acid, 2-methyl-, 1-(1,1_-dimethylethyl)-2-methyl- 71.05
1,3-propanediyl ester
24 12.295 543619 0.27 182705 0.40 Dodecane, 2,6,11-trimethyl- 71.05
25 12.836 149764 0.07 50014 0.11 Diethyl Phthalate 149.05
26 12.942 404371 0.20 78065 017 Thiocarbamic acid, N,N-dirzz:ixgll, S-1,3-diphenyl-2-butenyl 207.05
27 13.146 2687940 1.33 381278 0.84 Heptasiloxane, hexadecamethyl- 73.05
28 13.602 692096 0.34 202984 0.45 Apiol 222.05
29 13.679 445347 0.22 113524 0.25 Apiol 222.05
30 14.979 678536 0.34 203610 0.45 Eicosane 85.10
3] 15.721 709101 035 92204 0.20 Octasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15- 73.05
hexadecamethyl-

32 18.683 406539 0.20 52359 0.12 Tridecanol, 2-ethyl-2-methyl- 57.10
33 19.270 248352 0.12 52140 0.11 Decane, 1-iodo- 71.10
34 20.667 273028 0.14 29451 0.06 13,16-Octadecadienoic acid, methyl ester 55.00
35 20.935 375909 0.19 91501 0.20 Eicosane 57.05
36 21.644 4686004 2.32 268620 0.59 1,2-Benzenedicarboxylic acid, diisooctyl ester 149.05
37 22.033 313832 0.16 34307 0.08 73.05

38 23.287 390636 0.19 87551 0.19 Eicosane 57.10
39 24.179 331622 0.16 62798 0.14 Acetic acid, chloro-, hexadecyl ester 55.05
40 25.685 355236 0.18 78449 0.17 Eicosane 57.05
41 28.095 309088 0.15 61771 0.14 Eicosane 57.05
42 32.331 393280 0.19 56434 0.12 Di-n-octyl phthalate 149.05
43 33.560 123103946 61.00 2842195 62.50 1,2-Benzenedicarboxylic acid, mono(2-ethylhexyl) ester 149.05

seasons, shown in Figures (1-6) and Tables (3-8), none of the molecules detected in strawberry
fruits were pesticides.

Figure 1 and Table 3 depict the 25 molecules detected in the first treated sample. Figure 2 and
Table 4 show that sample 2 contained 43 peaks. Figure 3 and Table 5 show that the analysis of
strawberry fruit sample 3 revealed the presence of 19 distinct compounds. Figure 4 and Table
6 show the 16 chemicals found in strawberry fruit sample 1 from the second season, while
Figure 5 and Table 7 show the 13 chemicals found in strawberry sample 2 from the second
season. Finally, Figure 6 and Table 8 show the 22 peaks discovered for treated fruit sample
3 from the second season. All of the chemical compounds in the strawberry samples were
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Table 5. Retention time, area, peak area percentage, height, height percentage, base and compound name detected by GC-MS
in strawberry extract from sample 3 of the first season.

Pl\elaok R.Time Area ?0;:2)‘ Height }l(eozg;lt Name (]f;l/sze)
1 8.436 190406  1.28 29616 1.24 Glycerin 61.00
2 10.098 2682479 18.06 269533 11.32 Cyclopropyl carbinol 44.00
3 12.003 110823 0.75 26835 1.13 Benzenecarboxylic acid 105.05
4 13.028 406141 2.73 66926 2.81 1,4:3,6-Dianhydro-.alpha.-d-glucopyranose 69.05
5 13.796 1510207 10.17 359066 15.08 Bicyclo[2.2.2]oct-5-en-2-yldimethylamine 71.10
6 14.686 648566  4.37 128303 5.39 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 97.05

2-Naphthalenemethanol, decahydro-
7 20.182 110320 0.74 33772 1.42 .alpha.,.alpha.,4a-trimethyl-8-methylene-, [2R- 59.05
(2.alpha.,4a.alpha.,8a.beta.)]-
8 22.529 5113610 34.43 685145  28.78 D-Allose 60.00
9 22.985 247238 1.66 48302 2.03 Pentadecanal- 82.10
10 24.649 761157 5.12 133117 5.59 1,2,4-Benzenetriol 126.10
11 24.897 68001 0.46 19739 0.83 Pentanoic acid, heptyl ester 124.00
12 25250 108445  0.73 30078 1.26 Bicyclo[2.2.2]oct-5-en-2-yldimethylamine 71.10
13 25594 152908  1.03 48566  2.04 1.2-Benzenedicarboxylic acid, bis(2- 149.10
methylpropyl) ester
14 25.798 106169  0.71 26330 1.11 1,6-Anhydro-.alpha.-d-galactofuranose 73.05
15 26.653 331817 2.23 61002 2.56 cis-1,2-Cyclododecanediol 55.00
16 26.906 359093 2.42 46326 1.95 Pentadecanal- 43.05
17 27.352 120320 0.81 33544 1.41 n-Hexadecanoic acid 73.05
18 28.053 350330 2.36 96418 4.05 9-Octadecenoic acid, methyl ester, (E)- 55.00
19 37315 1476266 9.94 237965  10.00 1,2-Benzenedicarboxylic acid, mono(2- 149.10

ethylhexyl) ester

Table 6. Retention time, area, peak area percentage, height, height percentage, base and compound name detected by GC-MS
in strawberry extract from sample 1 of the second sason.

P;ik R.Time Area Area% Hell_ight eight% Name I:;l/sze
1 10.097 3379953  20.95 308971 13.65 Cyclopropyl carbinol 44.00
2 13.022 424507 2.63 73513 3.25 1,4:3,6-Dianhydro-.alpha.-d-glucopyranose 69.10
3 14.689 762560 473 159998  7.07 2-Furancarboxaldehyde, 5- 97.10

(hydroxymethyl)-
4 20.721 321870  2.00 40587 1.79 4H-Pyran-4-one, S-hydroxy-2- 142.15
(hydroxymethyl)-
5 22.541 6099833  37.81 733974 32.42 D-Allose 60.00
6 22.991 353288 2.19 79678 3.52 Hexadecanal 82.10
7 24.637 1644305  10.19 274380 12.12 1,2,4-Benzenetriol 126.05
8 24900 440915 2.73 56813 2.51 2-Deoxy-D-galactose 103.05
1,2-Benzenedicarboxylic acid, bis(2-
9 25.594 141112 0.87 37190 1.64 149.10
methylpropyl) ester
10 25.802 130124 0.81 31721 1.40 1,6-Anhydro-.alpha.-d-galactofuranose 73.10
11 26.654 586382 3.63 105149 4.64 7-Hexadecenal, (Z)- 55.00
12 26.908 413621 2.56 96494 4.26 Octadecanal 82.10
13 28.057 300464 1.86 74244 3.28 9-Octadecenoic acid, methyl ester, (E)- 55.05
14 36.518 300053 1.86 56765 2.51 Cholesta-4,6-dien-3-ol, (3.beta.)- 135.15
15 37041 254050 157 41776 185 Cholest-5-en-3-ol (3.beta.)-, 147.15
carbonochloridate
16 37.311 578585 3.59 92707 4.09 149.10

identified using GC-MS analysis, with the exception of a few unknowns, such as peak 10, 37
in sample 2 (Table 4), peak 16 in sample 1 (Table 6), and peak 15, 19 in sample 3 (Table 8).
Chemical elements found in samples from both seasons include 1,2-Benzenedicarboxylic acid,
mono (2-ethylhexyl) ester, 1,2,4-Benzenetriol, 2-Furancarboxaldehyde, 5-(hydroxymethyl),
and more. However, some compounds, such as Z,Z-2,5-Pentadecadien-1-ol, Iridomyrmecin,
Apiol, Aziridine, 1,2,3-trimethyl, trans, etc., are only found in certain samples.
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Table 7. Retention time, area, peak area percentage, height, height percentage, base and compound name detected by GC-MS
in strawberry extract from sample 2 of the second season.

Peak R. Area . Height Base
N° Time Area (%) Height (%) Name (m/z)
1 14666 6920270 18.17 384693 7.25 2-Furancarboxaldehyde, 5-(hydroxymethyl)- 97.05
2 17&77 459264 1.21 75351 1.42 Hydroquinone ! 1;)'0
3 19&74 325283 0.85 56065 1.06 Phloroglucitol 45.00
4 20&68 2175474 5.71 326710 6.15 1,2,3-Benzenetriol 1256'0
5 22;3 17042548  44.74 2096835 39.53 D-Allose 60.00
22.97
6 3 1445958 3.80 399556 7.53 Hexadecanal 82.10
7 242';63 3266203 8.57 632129 11.91 1,2,4-Benzenetriol 1256'0
8 24592 575369 1.51 79091 1.49 Pentanoic acid, 2-(methoxymethyl)-4-oxo- 69.05
9 25é8 ! 362448 0.95 88275 1.66 1,6-Anhydro-.beta.-D-glucofuranose 73.05
10 26é63 1756106 4.61 358288 6.75 cis-9-Hexadecenal 55.00
26.89
11 7 1355556 3.56 314018 5.92 Octadecanal 82.10
12 28604 574006 1.51 163901 3.09 9-Octadecenoic acid, methyl ester, (E)- 55.00
13 37.30 1834633 482 331973 6.25 1,2-Benzenedicarboxylic acid, mono(2- 149.1
4 ethylhexyl) ester 0

Table 8. Retention time, area, peak area percentage, height, height percentage, base and compound name detected by

in strawberry extract from sample 3 of the second season.

GC-MS

P;%k R.Time Area ?,Ze? Height H(?,l/f)h t Name (]f;‘/s;
1 10.727 1066284 0.55 214971 1.01 Thymol 135.15
2 20.713 27411362 14.09 1962473 9.23 1,2,3-Benzenetriol 126.10
3 22945 95167060 48.92 5562370  26.15 1,6-Anhydro- beta.-D-glucopyranose 60.00

(levoglucosan)
4 23.610 1167955 0.60 225803 1.06 3-Deoxyglucose 41.05
5 24.733 9678035 498 1058989 4.98 1,2,4-Benzenetriol 126.10
6 24.974 1287179 0.66 231839 1.09 Oxirane, hexadecyl- 82.10
7 25.124 2170816 .12 406629 1.91 Pentanoic acid, 2-(methoxymethyl)-4-oxo- 69.10
8 25600 1572005 0.81 311367  1.46 1,2-Benzenedicarboxylic acid, bis(2- 149.15
methylpropyl) ester

9 26.006 1861924  0.96 393408 1.85 1,6-Anhydro-.beta.-D-glucofuranose 73.05
10 26.109 1817253 0.93 314648 1.48 Pentaethylene glycol 45.05
11 26.249 1068709 0.55 193402 0.91 Aziridine, 1,2,3-trimethyl-, trans- 42.05
12 26.649 21415367 11.01 3721903 17.50 cis-9-Hexadecenal 55.05
13 26913 14570275 7.49 3399748  15.98 Octadecanal 82.10
14 27.380 3608426 1.85 958077 4.50 n-Hexadecanoic acid 73.10
15 27.608 905699 0.47 128873 0.61 41.05

16 27.889 1897089 0.98 335388 1.58 Oxirane, tetradecyl- 43.05
17 28.058 1545944  0.79 382844 1.80 8-Octadecenoic acid, methyl ester, (E)- 55.05
18 30.610 2057579 1.06 534937 2.52 9-Octadecenoic acid, (E)- 55.05
19 30.708 991411 0.51 234022 1.10 67.05

20 30.812 1031541 0.53 267610 1.26 Octadecanoic acid 43.05
21 31.587 963212 0.50 202943 0.95 Hexagol 45.00
22 37332 1277483 0.66 226980  1.07 1,2-Benzenedicarboxylic acid, mono(2- 149.10

ethylhexyl) ester




569

Naili et al.

Table 9. Nature and relevance of important compounds found in strawberry extracts

Name of the compound

Compound nature

The relevance
of compound

3-Butoxy-1,1,1,7,7,7-hexamethyl-3,5,5-
tris (trimethylsiloxy) tetrasiloxane

Propanoic acid , 2-methyl-, 1-(1,1-
dimethyl-ethyl)-2-methyl-1, 3-
propanediyl esterl

1,2-Benzenedicarboxylic acid, mono(2-
ethylhexyl) ester

2. Furancarboxaldehyde, 5-
(hydroxymethyl)

D-Allose

1,2,4-Benzenetriol

Cyclopropyl carbinol

7-Hexadecenal, (Z)

1,2, 3-Benzentriol

Hexadecanal

Cis-9-Hexadecenal

Octadecanal

1,6-Anhydro-beta-D-glucopyranose

Cis-9-Hexadecenal

Cycloheptasiloxane, tetradecamethyl

Butylated Hydroxytoluene

Cyclooctasiloxane, hexadecamethyl

Pentanoic acid, 2,2,4-trimethyl-3-
carboxyisopropyl, isobutyl ester

Cyclononasiloxane, octadecamethyl

Heptasiloxane, hexadecamethyl

Hexanedioic acid, bis (2-ethylhexyl) ester

Miscellaneous
(Oyedeji et al., 2021)

Ester
(Wang et al., 2020).

Phthalate Ester (Gushit et al., 2013;
Oyedeji et al., 2021).

Aldehyde (Amala & Jeyaraj, 2014)

Carbohydrate (Sugar)
(Amala & Jeyaraj, 2014)

Polyphenol (Lee et al., 1995)

phenolic compounds
(Akbarizare, 2021)

Aldehyde (Kong et al., 2017)

Aromatic Alcohol (Amala & Jeyaraj,
2014), Polyphenol (Beulah et al.,
2018)

Aldehyde (Zhou et al., 2020)

Aldehyde (Zhou et al., 2020)

Aldehyde (Zhou et al., 2020)

anhydro sugar
(Kavipriya & Chandran, 2018)

Aldehyde [28], fatty acid (Qadir et al.,
2018)

Cyclic methyl siloxane (Prasher &
Dhanda, 2017).

Synthetic antioxidant (El-Korany &
Mohamed, 2008).

Alkaloid compound (Jasim et al.,
2015).

Acid (Youn et al., 2012).

Alkaloid compound (Jasim et al.,
2015).

Alkane (Zhou et al., 2020)

Plasticizer Derivatives (Khaled ef al.,
2009).

Beneficial health effect
(antibacterial) (Al Bratty et al.,
2020)

Not Harmful

Harmful

Not Harmful

Not Harmful

hazardous pollutants

Not Harmful

Not Harmful

Not Harmful

Not Harmful

Beneficial health effect
(antimelanogenic) (Hoda, et al.,
2020)..

Not Harmful

Not Harmful

Not Harmful

Beneficial health effect
(Preservative)
(Al Bratty et al., 2020)

Not Harmful

Beneficial health effect
(Antimicrobial) (Al Bratty et al.,
2020)

Not Harmful

Beneficial health effect
(Antifungal) (Al Bratty et al.,
2020)

Beneficial health effect
(Antimicrobial) (Al Bratty et al.,
2020)

Harmful but it has antifungal
properties (Zhan, et al., 2023)
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Similar findings have been reported for metabolites specific to strawberry fruit and obtained
by GC analysis, such as 1, 2-Benzenedicarboxylic acid, bis (2-methylpropyl) ester (Figure 3,
4), an ester, However, Oz et al. (2016) found that the compound 1,2-Benzenedicarboxylic was
absent in the strawberry variety Camarosa; n-Hexadecanoic acid, a fatty acid saturated (Figure
3and 6); Eicosane, an alkane (Figure 2) (Zhang et al., 2011); Phenol, an aldehyde (Figure
2) (Kafkas & Kafkas, 2016). 3,7,11-trimethyl 1,6,10- dodecatrien-3-ol also called nerolidol
appeared in sample 1 (Figure 1) among the minor compounds but it belongs to the strawberry
specific compounds and has an important role in the aroma (Lambert et al., 1999; Zhang et
al., 2011). Lambert et al. (1999) also discovered butylated hydroxytoluene (Figures 1 and 2)
in strawberry Fragaria ananassa using GC-MS analyses. Apiol, a phenol derivative, is one
of the metabolites achene identified in strawberry (Fragaria ananassa) (Wedde, 2014), and it
appeared among the minor compounds in sample 2 (Figure 2). One of the achene metabolites
found in strawberry Fragaria ananassa is levoglucosan, also known as 1,6-Anhydro-beta-D-
glucopyranose (Figures 5, 6) (Wedde, 2014).

Strawberry extract contains compounds that are similar to those found in strawberries, but
have changed because they have acquired additional functions such as: 2. Furancarboxaldehyde,
5-(hydroxymethyl), notwithstanding Dahlen et al. (2001) and Du et al. (2011) discoved that
strawberries contain 2, S-dimethyl-4-hydroxy-3(2H)-furanone, an aroma compound. The aroma
composition of strawberries contains the metabolite Octadecane (Rohloff, 2011), however,
Octadecanal, an aldehyde, was discovered throughout our analysis. Among the metabolites of
strawberries were bis (2-ethylhexyl) phthalate (Zhang et al., 2011) or dibutyl phthalate (Duan
et al., 2021); however, the molecule we found in our investigation was diethyl phthalate. Zhang
et al. (2011) reported the compound Nonane among the strawberry alkanes, but we obtained
the compound Nonane, 5- butyl. Although decanal is one of the volatile substances found in
strawberry Fragaria ananassa fruits (Duan et al., 2021). Decanol, 2-hexyl was found in the
sample extract. According to Park et al. (2000), one of the volatile compounds extracted and
identified in the strawberry Fragaria ananassa was Hexadecanol, however Hexadecanal was
detected in sample 1 (Figure 4) instead. Also, Hexadecanoic acid was revealed by Zhang et
al. (2011) in strawberry fruits, although our sample 1 (Figure 1) contained hexadecanoic acid,
methyl ester. Regarding sugars, Zhang et al. (2011) found in strawberry fruit Glucose, Galctose
and pyran ring as B-D- Glucopyranose while in our strawberry samples we found: 2-Deoxy-D-
galactose, 3- Deoxyglucose and furan ring as 1,6- Anhydro-beta-D-glucofuranose. The use of
pesticides may be the cause of these changes in metabolites. Similar findings were supported
by Zhao et al. (2016), who found that the application of nano copper as a fungicide altered the
metabolite profile and disrupted biological pathways in cucumber (Cucumis sativus) fruits.
Additionally, Pereira et al. (2014) reported that exposure to the drug mancozeb had a significant
effect on the metabolism of lettuce plants (Lactuca sativa L).

Numerous other substances are absent in strawberry fruits, according to the previous
research, including: 1,2,3-Benzenacid, mono (2-ethylhexyl) ester; Propanoic acid,
2-methyl-, 1-(1,1- dimethylethyl) -2-methyl-1, 3-propanediyl esterl; Cyclooctasiloxane,
hexadecamethyl; Cyclononasiloxane, octadecamethy; 3-Butoxy-1,1,1,7,7,7-hexamethyl-3,5,5
tris (trimethylsiloxy) tetrasiloxane; ...etc. Depending on the samples, there are certain
compounds that, based on previous study, are unknown, such as: Cholest-5-en-3 -ol(3.beta)-
,carbonochloridate; Chloroacetic acid, 10- undecenylester..... etc

There are some substances found in the strawberry samples under study that are beneficial
to human health. Among the major substances found to possess antioxidant and antimicrobial
activities: Cis-9-Hexadecenal (Qadir ef al., (2018). The research of ElKorany and Mohamed,
(2008) reported potentials of the antioxidants Butylated Hydroxytoluene as non-fungicidal,
being capable to control grey mould and to increase strawberry production, same, in accordance
with Yuan, (2010) exhibit antibacterial and antifungal activities.
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1,6-Anhydro-beta-D-glucopyranose, has shown to be an effective synthon for the synthesis
of a variety of biologically essential and structurally diverse compounds, including rifamycin
S, macrolide antibiotics, and modified sugars (Kavipriya & Chandran, 2018). According to
Akbarizare, (2021); Amala & Jeyaraj, (2014); Al Bratty et al. (2020) ; Musa ef al. (2015) and
Wadkaretal.(2017) respectively, the compounds cyclopropyl carbinol and furancarboxaldehyde,
5-(hydroxymethyl); Cyclooctasiloxane, hexadecamethyl; Heptasiloxane, hexadecamethyl ;
Oxirane, hexadecyl and  3-Butoxy-1,1,1,7,7,7-hexamethyl-3,5,5-tris(trimethylsiloxy)
tetrasiloxane have antibacterial characteristics.

Cyclononasiloxane, octadecamethyl, however, show antifungal properties (Al Bratty et al.,
2020). Furthermore, according to Amal etal. (2010) and Rangel-Sanchezetal. (2014), compounds
with anti-fungal activity, such as decanol, 2-hexyl, phenol-2,4-bis (1,1-dimethylethyl) (Figure
1), and thymol (Figure 6), have the ability to improve strawberry quality and inhibit Botrytis
cinerea.

The sugar D-Allose prescribed to be an antisecretory and preservative (Amala & Jeyaraj,
2014). 1,2, 3-Benzentriol a compound has the nature of antioxidant, antiseptic, fungicide,
insecticide (Amala & Jeyaraj, 2014). Cholesta-4,6-dien-3-ol, (3.beta) with a potential anti a
Candida compound (Kaur ef al., 2022). Wide-ranging biological activities were demonstrated
by 4-H-pyran-4-one, 5-hydroxy-2-(hydroxymethyl), including tyrosinase inhibition, free
radical scavenging, metal ion chelation, and photodamage prevention (Rho et al., 2007).

1,2-Benzenedicarboxylic acid, mono (2-ethylhexyl) ester a phthalate ester suggested to be
a persistent organic pollutant and plastifiant (Gushit ef al., 2013). Soil often contains phthalate
esters because plasticulture is so widespread. They can be absorbed and accumulated by food
plants from the soil, endangering human health when consumed (Sun et al., 2015). The presence
of phthalates in the samples may have been caused by the application of plastic mulch to the
soil to suppress weeds during strawberry cultivation; as a result, consuming fruits exposes
individuals to these substances. Shi et al. (2019) showed that the regular use of plastic film
mulching pollutes wheat grains and field soils growing in crop production systems that use
plastic film mulching with phthalate esters. The absorption of phthalate esters by strawberry
plants was also confirmed by Sun et al. (2015); however, since strawberries were harvested
before they reached full maturity, the absorption into leaves and roots might have only been a
reflection of the possibility of later accumulation into berries. Among the compounds
found, 1,2,4-benzenetriol was present in nearly all samples from both seasons, and sample
2 from the second season contained the compound hydroquinone. Both of these compounds
are pesticide metabolites. The plot where the strawberry was grown has been used for many
years in agriculture so the farmers have been using the necessary pesticides. Hydrolysis of
organophosphorous insecticides results in the accumulaton of certain substances in the soil
such as p-nitrophenol, which United States Environmental Protection Agency has classified as
a priority pollutant. Prior to planting strawberries, farmers informed us that insecticides were
sprayed on the farm. Several bacterial species can use p-nitrophenol as a source of energy and
carbon (Chauhan et al., 2000). Chauhan et al. (2000) claim that hydroquinone is formed as
p-nitrophenol degradation proceeds. Also. According to Chauhan et al., (2000) p-nitrophenol
degradation proceeds with the formation of hydroquinone. And Tin Leung et al. (1999) found that
p-nitrophenol was transformed into 4-nitrocatechol and 4-nitrocatechol into 1,2,4-benzenetriol.
The compound 1,2,4-benzenetriol has been shown to have adverse effects on human health
(Kawanishi et al., 1989). di-n-octyl phthalate was discovered among minor metabolites in our
study (Figure 2), but Susilawati et al. (2016) determined that it was possible to identify it as
a pesticide residue by analyzing organophosphate pesticide residues on strawberry (Fragaria
ananassa) samples.

This research did not focus on the components usually studied, such as polyphenols,
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sugars, anthocyanins ...., etc. Instead, it addressed an important contribution, particularly the
identification of components and metabolites resulting from the reaction to excessive pesticide
use. The results obtained offered new information into the effects of use massive of pesticides on
strawberry metabolites. It has demonstrated the presence of both health-promoting and health-
harming compounds, Others altered by pesticides, as well as those not naturally present in
strawberry fruits, this rstudy call for further research to determine the potential of strawberries
as a beoactive agent and to reduce the use of pesticides that may have unfavorable effects on
the nature of their constituents.

CONCLUSION

Gas chromatography coupled with a mass spectrometer was used to determine the presence
of pesticide residues in strawberry fruits samples. The results show that the GC-MS analysis of
strawberry fruit extract revealed various components and dangerous pollutants in both seasons,
such as: 1,2,4-benzenetriol, Di-n-octyl phthalate, and hydroquinone; as well as the presence of
plasticizer compound: 1,2-benzenedicarboxylic acid mono(2-ethylhexyl) ester and Hexanedioic
acid, bis (2-ethylhexyl) ester. Based on these results, farmers are advised to reduce pesticide use
and practice field farming rather than plastic farming in order to protect consumers from the
resulting pollutants.
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