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The gray mold disease of grapes, caused by the Botrytis cinerea, is one of the most
Antimicrobial, Botrytis ; H ; ; ;
cinerea, GC-MS, Integrated important grape diseases, leading to substantial economic losses annually. Today,
management,  Natural synthetic chemical pesticides are widely used to control plant pathogens. However, their
compounds use is often limited due to environmental issues, pesticide residues, health concerns, and

the emergence of resistant pathogen strains. Therefore, in the present study, to find safe
alternatives to synthetic chemical compounds, the antifungal activity of essential oils from
several plant species, including oregano, cumin, eucalyptus, and copper oxide
nanoparticles, together with the fungicides Luna (Trifloxystrobin+Fluopyram) and Topas
(Penconazole), was investigated against B. cinerea under in vitro conditions. The
identification of the components of the essential oils was performed using a gas
chromatography-mass spectrometry (GC-MS). The results showed that oregano essential
oil at a concentration of 1000 ppm exhibited the highest inhibition rate (71.42%), while
the Luna fungicide at a concentration of 62.5 ppm showed the lowest inhibition rate
Received: 5 July 2025 (1.7%). Additionally, GC-MS analysis revealed that a-Pinene, Pulegone, and B-Pinene
ig‘c’éset‘ijg%m 22%525 were the major constituents of the essential oils of eucalyptus, oregano, and cumin,
plec: Y respectively. Based on the results of this study and similar research, it can be concluded
Available  online: 3 that the application of oregano and cumin essential oils is effective in controlling B.
Desember 2025 cinerea and can be considered potential substitutes for chemical fungicides in inhibiting
the growth of B. cinerea. However, to utilize these essential oils for controlling plant

pathogens, more comprehensive studies are necessary.
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Tablel. The inhibition percentage of mycelial growth by different concentrations of chemical compounds used in the
present study on Botrytis cinerea at the 5% probability level.

Chemical compounds

Concentration (ppm)

Inhibition percentage of mycelial growth +
Standard Deviation

75 2.38+1.48 d*
Topaz 100 272+2.72 d
125 29.59+1.76 C
62/5 1.7+x17 d
Luna 125 6.12 +4.08 d
250 11.22+1.76 d
250 26.53+1.76 c
Pennyroyal essential oil 500 57.14+1.76 b
1000 71.42 +7.14 a
. . . 250 5.44+2.72 d
Cumin essential oil 500 9.18 4 1.02 d
1000 26.53 + 3.06 C
. . 250 6.12 + 2.04 d
Eucalyptus essential oil 500 1020 £ 3.68 d
1000 10.20+1.02 d
100 2.93+1.46 d
Copper oxide nanoparticles 200 7.69+£1.90 d
400 8.79 + 3.96 d

* Different letters indicate significant differences at the 5% probability level according to Duncan multiple range test.

cble (b Y- - - ppm clale (a Botrytis cinerea z,6 g5, » ag Guilel il slacdale  sogduns 0, 51 So5,lo5b ol 3ty JsSCi
Sals (d Yo« ppm cdale (€ O+ - ppm
Figure 1. Inhibitory effects of different concentrations of oregano essential oil on mycelial growth on Botrytis cinerea.

a) 1000 ppm concentration, b) 500 ppm concentration, ¢) 250 ppm concentration, d) control.
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Table 2. Chemical constituents of eucalyptus essential oil based on GC-MS analysis.

No. Metabolite CAS Registry Chemical Mqlecular %Area
Number formula weight (g/mol)
1 a-Pinene 80-56-8 CioH1s 136.234 18.56
2 Trans-verbenol 1820-09-3 C1oH160 152.233 2.10
3 Terpine-4-ol 562-74-3 Ci10H180 154.249 4.76
4 Eucalyptol 470-82-6 C10H180 154.249 2.73
5 I-Terpine 99-85-4 CioH1s 136.234 0.6
6 a-Terpinolen 586-62-9 CioH1s 136.234 0.52
Butanoic acid, 3-methyl-,3-
7 methylebutyl ester 659-70-1 C10H2002 172.264 1.05
8 Fenchol 1632-73-1 Ci0H150 154.249 0.52
9 L-a- Terpineol 10482-56-1 C1oH180 154.249 0.54
10 a- Terpineol 98-55-5 C10H180 154.249 0.78
11 Sabinol 471-16-9 C10H160 152.233 2.73
12 2 ;ﬁ;‘g?ﬁ;ﬁ” 1-one, 3-methyle-6-(1- g4 g1 ¢ CioH60 152.233 1.49
13 Carvacrol 499-75-2 Ci10H140 150.217 0.6
14 Cyclohexene, 2-ethenyl-1,3,3- 5203-90-3 CuHis 150.260 136
trimethyl-
15 d-Camphene 5794-03-6 CioH1s 136.234 2.77
16 Bicycloelemene 32531-56-9 CisHaa 204.356 241
17 8- Elemene 20307-84-0 CisH24 204.351 0.71
18 a-Chamigrene 19912-83-5 CisH24 204.351 1.96
19 a-Gurjenene 489-40-7 CisHos 204.351 6.64
20 10s,11s-Himachala-3(12),4-diene 60909-28-6 CisHas 204.351 1.01
21 Aromadendrene 489-39-4 CisHos 204.351 4.96
22 Alloaromadendrene 25246-27-9 CisHos 204.351 1.88
23 Valencen 4630-07-3 CisHaa 204.351 1.76
24 8- Cadinene 483-76-1 CisHaa 204.351 2.16
25 a-Calacorene 21391-99-1 CisHao 200.319 0.71
26 B-Selinene 17066-67-0 CisHaa 204.351 0.74
27 Isoaromadendrene epoxide :gggg?ge m CID: CisH240 220.350 1.45
28 Patchoulane 25491-20-7 CisHzs 206.366 0.70
29 Viridiflorene 21747-46-6 CisHas 204.351 0.68
30  t-Candinol 5937-11-1 CisH260 222.366 0.95
31 8- Candinol 19435-97-3 C15H260 222.366 0.68
32 Alloisolongifolene 87064-18-4 CisH24 204.351 0.80
33 Cadalin 483-78-3 CisHis 198.303 0.59
34 Terpinyl propionate 80-27-3 Ci3H20; 210.312 0.90
35 a-Phellandrene 99-83-2 CioH1s 136.234 2.73

rpodes a5 ol lis GC-MS (slaeols 5ullT g

O+ ppm cdale a5 ols ylis Wosls LT guls (e

G Gy ;0 w3 OV Sw5jlosh as o b gy uilal

pPPM wbgs VYO ppm slaclale e o cils )3

a-Pinene Jols g dBTolS uilol sasms LSCis LS 5
#1#¥)  a-Gurjenene \AIOF)

(a0, ¥/Y#) Terpine-4-ol 4 (oo ,s ¥/4%) Aromadendrene
il ewins JS85 S8 a5 (F Jsaz) adliss
o Hlas bt e .l 00 03,51 ¥ Jgaz ;0 g LS|
Jolis aigy olS bl ossms JSid SluS 5 cdes oS
2,2,3,5,6- VE/-Y)

L(M)\) ‘(M)Q

3-Heptene, NEWI Pulegone

J Aopl Res Plant Prot

Soao,d e S e opy Ve PPM g L5y YO

9 a3 YEIOY § oo ys YEIOY o ,s YAIOR S o3l
b jlos a8 (gams ciyo) 55 (5)ld Gme SO
8 51 (SIS e (n S (6l e S (e

@ bge jlaie (n eS (o cpl )3 45 aimBls | (coguline
o, VY (Saijlosh as o b by iS5z, #Y/0 ppm clale

.~>9g

$




el 0 sl slasiagy

¥- (ao,s Y/AP) 3-Carene (oo, A/4%) o-Pinene 3 (o, 4/#Y) Eucalyptol «(os,s VV/#4) pentamethyl-
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Table 3. Chemical constituents of oregano essential oil based on GC-MS analysis.

Chemical Molecular

No. Metabolite CAS Registry Number f ! %Area
ormula weight (g/mol)
1 (R)-(+)-3-Methylcyclopentanone 6672-30-6 CsH100 98.143 0.89
2 3-Hexene, 3-methyl-, (E)- 3899-36-3 C7H1a 98.186 0.58
3 Cyclohexanone, 3-methyl- 591-24-2 C/H120 112.169 2.07
4 3-Octanol 589-98-0 CgH180 130.227 1.26
5 Eucalyptol 470-82-6 C10H160 154.249 9.62
6 (E)-p-terpineol 7299-40-3 CioH1s0  154.249 1.04
7 trans-Sabinene hydrate 017699-16-0 C1oH180 154.249 0.60
8 trans-Pinocarveol 1000292-85-4 C10H160 152.233 0.89
9 Neomenthone 89-80-5 C10H160 154.249 6.41
10 Menthomenthol 15356-70-4 C10H200 156.265 1.74
11 Isopulegone 29606-79-9 C10H160 152.233 3.33
12 L-a-Terpineol 10482-56-1 C1oH150 154.249 1.96
13 3-Heptene, 2,2,3,5,6-pentamethyl- PubChem CID:5366082 Ci2H24 168.32 11.69
14 Pulegone 89-82-7 C10H160 152.233 14.02
15 Piperitenone oxide 35178-55-3 CioH140,  166.217 0.51
16 Piperitone 89-81-6 C10H160 152.233 0.55
17 Carvacrol 499-75-2 C10H10 150.217 1.70
18 1H-Indole, octahydro- 4375-14-8 CsHisN 125.211 3.91
6-Hydroxy-6-isopropyl-3-

19 methylcyclohex-2-enone 1197-72-4 CioH1602  168.23 3.84
20 Pulespenone 491-09-8 C10H10 150.217 1.31
21 Piperitenone oxide 35178-55-3 CioH1402  166.217 2.93
22 2,4-Pentanedione, 3-ethyl- 1540-34-7 C7H120; 128.169 3.01

GC-MS LT bl s 5w 0.0 (puilsl oaims JSid Sloows LS 5 .F Jgio

Table 4. Chemical constituents of cumin essential oil based on GC-MS analysis.

No. Metabolite CAS Registry Chemical Mo_lecular Y% Area
Number formula weight (g/mol)

1 a-Pinene 80-56-8 CioH1s 136.234 8.96

2 3-Carene 13466-78-9 CioH1s 136.234 7.96

3 B-Pinene 127-91-3 CioH1s 136.234 15.41

4 y-Terpinene 99-85-4 CioHae 136.234 7.71

5 o- Terpinolen 586-62-9 C10H15 136.234 0.5

6 trans-Sabinene hydrate 17699-16-0 C1oH130 154.249 2.14

4,5-epoxy-1-isopropyl-4-methyl-1- PubChem

7 cyclohexene CID:6430780 CioH160 152.230 6.39

8 Cuminaldehyde 122-03-2 Ci10H120 148.201 13.71

9 Propanal, 2-methyl-3-phenyl- 1000131-87-6 Ci1oH120 148.201 7.01

10 Mandelamide 4410-31-5 CsHoNO; 151.162 0.72

11 Benzenemethanol, a-methyl- 98-85-1 CgH100 122.164 1.55

12 Calarene 17334-55-3 CisHaa 204.351 1.26

13 Alloaromadendrene 25246-27-9 CisHaa 204.351 1.12

14 Caryophyllene 87-44-5 CisHo4 204.351 1.83
s (eSS e Sbal b oS sl OES
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