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Abstract

Aflatoxins are toxic metabolites produced by certain Aspergillus species. They cause disease
and contaminate food, so reducing and controlling these toxins is extremely important. Due
to their antifungal properties, essential oils and extracts from medicinal plants are
increasingly used. As part of this study, the medicinal plants Salvia mirzayanii and Mentha
piperita were harvested from their original habitat in Hormozgan Province and essential oils
were extracted. Subsequently, the toxin-producing fungus A. flavus was isolated and purified
from maize kernels, and the effect of the essential oil of both plants on the toxigenicity of A.
flavus and the expression of the aflatoxin-encoding gene was investigated using real-time
PCR. The antifungal properties were assessed using the disk diffusion method and a mixed
evaluation, and then the effective concentration of the essential oil in both plants was
determined. The essential oils of both plants effectively inhibited the growth of A. flavus at
concentrations of 1000 and 2000 ppm. However, peppermint essential oil significantly
reduced toxin production and had a stronger effect on the expression of the gene encoding
aflatoxin at a concentration of 2000 ppm. Considering the effectiveness of peppermint
essential oil at a concentration of 2000 ppm on the expression of the gene encoding aflatoxin,
this essential oil can be introduced as a biological and safe method for the biological control
of aflatoxin.
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Real-time PCR STy cyz i 0,50 slay) iS5 g i) gloyeslyy g Y Jgue
Table 1. Reverse and forward primers sequence of desired genes for Real-time PCR reaction
Genes Primer Sequences Sizes (bp)
AfIR Forward: 5’-ATGGTAGCAGTAGCGTCTCC-3’ 164
Reverse: 5’-TTCCGTGTTCCATTGACTGC-3’
Forward: 5’-CAAGAGATGGCCACGGCTGCT -3’

B-ACtin g everse: 5°- TCCTTCTGCATCCTGTCGGCA-3® 294
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osls 59l5Ty 3 ciule;l 7,k

3 S Lo b uilal bS] g (g 5Lact] Sans oguds 90 50 B by 58 p puilal 30 aalej]
5 (0LS 90 cmlaw 90 (,10)elS g4 Jgl ,eS B ol plol Jo,eSB ileyl b Solad MlS #,b JB
Yeor g Veee 9000 lacdle g ool b oo clale xhuw [l glilo) Suilul cdale pgo g5
2 ombel 36 GtalesT o 05 LS5 a0 jled ez hls b (talejl gy 2 50 lple (el s
5 A 55 ot A by ol SIS o B s ]l S bagome 3 (S g5 (a8
090l b Xl g <85 13 oo 5 45500 0,90 SAS VEr 9.0 1581 6 5 5l eolaiwl b gl .ol plx]
oo 5l Jeols slasols BT (6l 50 pasy JuuST dali o b b0 ged 5 2o duglie SSls (slasals auiz
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Table 2. Percentage of major constituents in Salvia mirzayanii and Mentha piperita

Mentha piperita Salvia mirzayanii
Compound % Compound %
Carvone 66.659 Linalyl acetate 15.961
Limonene 20.715 5-neo-Cedranol 9.485
Myrcene 1.216 Linalool 8.898
cis-Dihydro carvone 1.188 1,8-Cineole 7.424
1,8-Cineole 0.982 a-Terpinyl acetate 6.716
p-Cymene 0.744 Spathulenol 6.492
b-Bourbonene 0.736 d-Cadinene 4.294
b-Pinene 0.691 a-Terpineol 4.02
(E)-Caryophyllene 0.527 Bicyclogermacrene 2.737
a-Pinene 0.478 Aromadendrene 1.958
Terpinen-4-ol 0.416 Germacrene D-4-ol 1.836
Sabinene 0.389 b-Eudesmol 1.821
Menthol 0.379 a-Cadinol 1.773
a-Terpinene 0.304 Geranyl acetate 1.741
3-Octanol 0.29 epi-a-Cadinol 1.595
Germacrene D 0.261 Myrcene 1.552
trans-Dihydro carvone 0.26 b-Pinene 1.25

A flavus slapg: S sle m; 9 9dld 9890055 bl Sl ¢shganS) SIS
Figure 1. Conidiophore, terminal vesicle of the conidiophore, phialide, and chains of conidia
in A. flavus.

Aol aiged 4o Qt_usss)l.éi 3¢5 3 HPLC olSiws & B 5l ouls Zlmeinl saigad 51,5 b uioren
(Y J592)05: VIV S S T (50 9 0y
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Table 3. The amount of toxin in the extracted sample.

No. Toxin name Concentration(ppb)
1 Aflatoxins B1 1.49
2 Aflatoxins B2 0.3
3 Aflatoxins G1 N.D
4 Aflatoxins G2 N.D
5 Total Aflatoxins 1.79

S ST 05 g AL flavus o, la bl 56

ool @ s (gt Sailosl Jalselin bl a5 ol plas jlassl Saws iabesl 51 Jeol> gl
g e VNF £ oYY LBl 0wl pas dle ki cuils Al flavus ,6 o, &g e
Veoo clale (V JS0)og o gme gylel Sl 5l o] gles a5 wgr o oo VY £ /48 Aligpe
chle o .adl Jels 5o (Swll wedale fals g ol lis |y (Sl onyidan ol jo 05 e
52 o il A pae ale b 5 05 sanlis Filsil ho 5 2l 5o o o B

cel ciS e 4y Zligye uilul 0438 (40,5 Lastin regh ol 5l edel Cews 4 il ulel
58l els e le YIVA 4 9wl rals g)lo sxe sk a0 Al flavus z )8 o) s w8
o il YoV 4y 59506 2,8 o) Jlad ol cel cutS laowe jo Jaldeliag yuilul 51 oolaos] aSCIl>
ity 398 Jled b gyl cime ST AS vy

¥ Jsoz ;0 (MFC) o uilul oSz ,6 chale flas o (MIC) Swijlosl cdale Blas szl

1/6
1/4
1/2

1

0/8
0/6
0/4 b

0/2 I

0

Inhibition zone diameter (mm)

Mentha piperita L. Salvia mirzayanii

Plants

A. flavus z,8 o) pas dla e L 5l Calises olS g0 aunlie. Y JSC&

Figure 2. Comparison of two different plants in terms of the diameter of the halo of A. flavus
fungi growth
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Table 4. Minimum inhibitory concentration and minimum fungicidal concentration of plant
essential oils on A. flavus

Concentration Salvia mirzayanii Mentha piperita
(maf/l) MFC MIC MFC MIC
1000 10 107 10 107, 10"
2000 10 10 10° 10° 10° 10"

Sl 0ol ooly Lis

g axg BB ioli8l ceb(oals lad)la uilul 0,5 pas o5 astin odel Caws 4 s bl p
Loogs Lloly jlade OVFY) o pien 9 o &3 5l oas la Al flavus z )8 lawgs pnS's5 adgi o sixe
A. flavus z,8 Lwg oS s adg ol 5l @l lalS ulol o 0 0 8 Lo Vere cale sy IS
338 el o s S Vo e L | Jaliplin ool 5,5 a5 S g W5 b
(V7 J58) 092 bajlos plo 5l j2eS (g)lo cne jsbo  aS oy <NV @y (nS's5 ads (e

ST g 05 Ol lamll 3

3,5 pac o )5 adrine (SOl el awgl Lo Sl anolie ot Caws 4 s olul
by S g 0alS adgi slogy Sloime 5 azg BB Gl cel (als el il
P S dee Yeor cdale 0 )8 Log Llo 1) Jlade (V) o ias g ol &3 5l oads la AL flavus
BB yob & A flavus z,6 lawgs (S 3T 00S o5 sla o5 oyl 5l aliBee lalS ulul ;o

1/6
1/4

1/2

0/8

0/6

o

0/4

Toxin production by A.flavus

0/2

H o

Control Mentha piperita L (2000 mg¥dJvia mirzayanii (2000 mg/1)

A flavus g, Ly oenS s adgs Gl bowlal cilie glackale b ¥ S

Figure 3. The effect of different concentrations of essential oils on the amount of toxin
production by A. flavus.
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Relative gene expression
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Control Salvia mirzayanii Mentha piperita L

A Flavus ¢, Loy S5 YT 0aisS adgs slayy » b uilul Glisee slacdale 15T . s

Figure 4. The effect of different concentrations of essential oils on the genes producing
aflatoxin by A. flavus fungus.
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