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Abstract The study explores the antioxidant activity,

volatile chemical profile and antifungal potential of Pi-

menta dioica leaf essential oil (EO) against toxin producing

Aspergillus flavus. GC–MS analysis of EO revealed the

presence of 41 compounds with eugenol (54%), as the

major compound followed by myrcene (16.0%) and chav-

icol (12.5%). It exhibited the strong antioxidant activity

with IC50 value of 19.40 lg/ml and polyphenolic content

of 526.9 mg g-1 gallic acid equivalent. The aflatoxin

producing IISRaf1strain from nutmeg (Myristica fragrans)

was identified by 18S rRNA sequencing as Aspergillus

flavus (MH345939). MIC of P. dioica leaf EO against A.

flavus was found to be at 0.04%. The changes in hyphae

growth and architecture after treatment with EO were

observed under light microscopy. Antifungal compounds

eugenol which got separated at the particular spot caused

the clear zone at the TLC plate by agar overlay bioassay.

The mode of action of antifungal activity of EO was

recorded in terms of its effect on ergosterol content of

plasma membrane and malate dehydrogenases activity

(MDH) of A. flavus. Thus P. dioica leaf EO might be viable

alternative as plant based preservative in perspective on its

antioxidant, antifungal activity and efficacy in food system.

Keywords Aflatoxin � Agar overlay bioassay � Eugenol �
Ergosterol � Malate dehydrogenase activity

Introduction

Fungi are ubiquitous plant pathogens that are that are

principle deterioration operators of foods and feedstuffs.

The fungal infection influences crop yield and quality as

well as defile sustenances with harmful mycotoxins. The

admission of such mycotoxin contaminated foodstuffs by

animals and human beings has vast health implications, as

these toxins are able to develop disorders in human and

animals (Bhat and Vasanthi 2003).

Mycotoxins can be produced either previously or after

harvesting the produce and levels may increase during

processing and storage. Accordingly prevention of fungal

growth and development is an efficient method for

managing the mycotoxin contamination. Suppression of

fungal growth in plants, vegetables, fresh fruits and spices

is essential to reduce the health risk to man and animal.

Recently, significant demands from consumers to ease or

eradicate the synthetic additives in their food stuffs have

lead to a revival of scientific attention in plant based

compounds. Also, it is essential to find a simple, non toxic

and financially savvy strategy to check fungal infection of

food and feed stuffs (Udomkun et al. 2017). In this point of

view, plant essential oils (EOs), are getting attraction as

herbal additives as a result of their strong antioxidant,

antifungal, antibacterial and nematicidal activity (Bakkali

et al. 2008).

Allspice (Pimenta dioica) is an exotic plant whose fruits

or leaves are used as a spice and its flavour and aroma is a

mix of clove, nutmeg and cinnamon and hence the name

‘‘allspice’’. It is an evergreen tree with moderate canopy

belonging to the family Myrtaceae (Rao et al. 2012).

Although there are scattered information available on its

phytochemicals constituents and its antifungal activity,

many more aspects are yet to be studied (Bhat and Vasanthi
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2003; Miyajima et al. 2004). Since the tree is commonly

used in traditional drug as antiseptic and antimicrobial, it

has been selected for scientific validation in the present

study. Hence the present study was designed to assess the

chemical and biochemical mechanism of action of P.

dioica leaf EO on germination, growth and morphology of

aflatoxin producing A. flavus.

Materials and methods

Test plant

The P. dioica leaves were collected from a fully grown tree

(7 year old) in a farm at ICAR-Indian Institute of Spices

Research (11.29395�N, 75.82038�E), Kozhikode, India

located at 50 m above MSL. Leaves were washed in a

running tap water, dried in shade, powdered using mixer

grinder, and stored in sealed container at 4 �C until used.

Extraction of P. dioica leaf EO

The essential oil was extracted by hydro-distillation using

modified clevenger apparatus (ASTA 1997). Forty gram of

powdered leaves were mixed with 400–500 ml of water

and distilled for 4 h at 100 �C. At the end, essential oil was
collected and residual water particles were eliminated by

addition of anhydrous sodium sulphate and stored at 4 �C
till use.

Chemical profile of P. dioica leaf EO

Qualitative profiling of volatile constituents in essential oil

was carried out using a Shimadzu GC–MS 2010 (Shimadzu

corporation, Kyoto, Japan) apparatus attached to a mass

selective detector fitted with a Rtx-wax column

(30 m 9 0.25 mm 9 0.25 lm). The column temperature

were as follows: 60 �C, for 5 min, then gradient

5 �C min-1 to 110 �C, then gradient 3 �C min-1 to 200 �C
then 5 �C min-1 to 240 �C and hold 1 min at this tem-

perature. Temperature of the interface was 250 �C, ion

source 220 �C. Other operational parameters are as fol-

lows: Injection volume - 0.1 ll; Injection mode—split

(1:160 split ratio); Acquisition mode—scan; Helium flow

rate — 1.0 ml/min; Scan range, 40–650 m/z with the scan

speed of 1250. The composition of EO sample was

detected by the comparison of their mass spectra with those

of NIST/WILEY Mass Spectral Library (Adams 2007).

Determination of total phenolic contents in P. dioica

leaf EO

Phenolic constitutents were quantified using Folin–Cio-

calteu (FC) reagent following Gholivind et al. (2010).

Methanolic solution of EO at varying concentrations and

FC reagent (1 ml) and 1 ml of 20% Na2CO3 were added

into the reaction mixture. Blank was concomitantly pre-

pared comprised of 1 ml methanol, 1 ml Folin–Ciocalteu’s

reagent and 1 ml of 20% Na2CO3. The reaction mixtures

were kept in a water bath at 45 �C for 30 s. The absorbance

was analysed in a spectrophotometer (Shimadzu-UV1800,

Shimadzu corporation, Kyoto, Japan) at 650 nm. For each

analysis triplicate samples were prepared. Total phenolic

content of EO was calculated by comparing with standard

curve equation obtained and was expressed as mg gallic

acid equivalents g-1 of the oil.

Antioxidant activity P. dioica leaf EO

The ability of the P. dioica leaf EO to scavenge DPPH (2,

2-Diphenyl-picrylhydrazil) free radicals was assessed

according to Blois (2002). Methanol diluted EO of each

concentration (1 ml each) were mixed with methanolic

solution of DPPH (1 ml). The contents were mixed and

incubated at room temperature for 30 min in dark condi-

tion. After incubation, the absorbance of the solution was

recorded at 517 nm against methanol blank. Control tube

contained all reagents apart from the EO. The DPPH rad-

ical scavenging activity was estimated from the % inhibi-

tion versus concentration plot, using a non –linear

regression algorithm and expressed as IC50 value

% inhibition ¼ Ab � Aað Þ=Ab½ � � 100

whereas Ab = absorption of blank sample; Aa = ab-

sorption of tested EO.

Selection of Aspergillus strain

Aspergillus strain (IISRaf1) was obtained from market a

sample of nutmeg collected through the survey was used as

a test strain for all in vitro studies. It was cultured using

potato dextrose agar (PDA) media and incubated at

28 ± 2 �C for 7 days. Identification of fungal isolate was

achieved morphologically based on their microscopic and

macroscopic features according to Samson et al. (2007).
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Detecting the ability of Aspergillus isolate

for aflatoxin production

Qualitative method

To test the ability of Aspergillus strain (IISRaf1) for afla-

toxin production, Aspergillus differentiation medium

(ADM) containing chloramphenicol was used (Fakruddin

et al. 2015). ADM were inoculated with isolated Asper-

gillus strain (IISRaf1) and the culture plates were incubated

at 28 �C for 5 days. Development of orange coloration in

reverse side of the plates were indication of aflatoxin

production.

Quantitative method

Single spore culture of Aspergillus strain (IISRaf1) were

grown on PDA media and the spores were obtained from

the agar plates surface with sterile distilled water. The

spore concentration was determined with the help of

haemocytometer and was in tune to 106 conidia/ml as a

final concentration. This spores was used for inoculation to

nutmeg mace samples and uninoculated sample was

maintained as control. After 7 days incubation, the sample

was dried using hot air oven at 45 �C for 48 h and pow-

dered using mixer grinder. Twenty five grams of powdered

samples were transferred into 250 ml conical flask. To this,

5 g of sodium chloride and 100 ml of aflatoxin extraction

solution (containing 70% methanol) was added. After

mixing, the flasks were kept aside for 5 min to settle down

the suspended particles. The contents were filtered through

a fluted filter paper (Whatman, grade 4 V) into a beaker.

From this, 15 ml of the filtrate was transferred to a 50 ml

graduated measuring cylinder and 30 ml of distilled water

was added. Aflatoxins in reaction mixture were extracted

with 50 ml of methanol: water (8:2, v/v) by ultrasonication

after 5 days of incubation. The contents were filtered and

collected by AflaTest column. The methanol elute from the

column was evaporated under a nitrogen stream and

quantified using a Waters Acquity UPLC H-Class system

attached with auto sampler, quaternary solvent delivery

pump, and fluorescence detector, connected to Waters

Empower data software. The mobile phase consisted of

methanol/water (50/50, v/v) at a flow rate of 0.2 ml/min at

the determination wavelength of kex 360 nm and kem

440 nm (AOAC 2005). The aflatoxin production by

Aspergillus strain was determined in comparison with the

amount of aflatoxin in unincoulated control samples.

Based on the aflatoxin production ability, isolate was

selected and used for further molecular identification and

antifungal studies.

Molecular identification

DNA Isolation

The mycelial mass of Aspergillus strain (IISRaf1) was

harvested from 48 h potato dextrose broth by filtering the

content by sterile filter paper (Whatman No. 2). Fungal

mycelia 0.1 g was added to an eppendorf tube. To this

tube, 750 ll of extraction buffer, 50 mg PVP and 20 mg

glass powder was added and grounded using a micro pestle.

The reaction mixture was vortexed and centrifuged for

5 min at 13,000 rpm. After centrifugation, the supernatant

was taken in a sterile eppendorf tube and an equal volume

of phenol: chloroform: isoamylalcohol (25:24:1) was added

and inverted gently for 2 min and centrifuged for 5 min at

13,000 rpm at 4 �C. The supernatant was taken with equal

volumes of chloroforms isoamylalcohol (24:1). The con-

tents were gently mixed for 5 min and centrifuged again

for 5 min at 13,000 rpm at 4 �C. The aqueous layers were

transferred to a sterile eppendorf tube and equal volume of

ice-cold ethanol was added, centrifuged for 10 min at

1300 rpm at 4 �C. 70% ethanol were used for washing the

pellets at 13,000 rpm for 2 min at 4 �C. The pellets were

air dried for 15 min and minimum volume of sterile double

distilled water was resuspended. 5 ll of RNAase (10 mg/

ml) was added and incubated at 37 �C for overnight at 4 �C
(Cooke and Duncan 1997).

PCR of internal transcribed spacer (ITS) regions

The PCR assay was carried out in a total reaction volume

of 20 ll consisting of template DNA 2 ll, Taq PCR

reaction mix 10 ll (0.2 mM dNTPs, 1.5 units of Taq DNA

polymerase, 1.5 mM MgCl2, 10 mM Tris–HCl and 50 mM

KCl, 2 ll of the DNA template (100 ng), 2 ll of each

primers [forward primer: (ITS-1)50-TCC GTA GGT GAA

CCT GCG G-30, reverse primer (ITS-4) 50-TCC TCC GCT

TAT TGAT TAT GC-30] (Sigma, Aldrich) and 2 ll dis-
tilled water. PCR amplification was performed in a ther-

mocycler (Invitrogen Proflex PCR system) consisted of

initial denaturation at 92 �C for 4 min followed by 35

cycles consisting of denaturation at 92 �C for 40 s,

annealing at 55 �C for 90 s, and elongation at 72 �C for

2 min with final elongation at 72 �C for 5 min following

the last cycle. The reaction was completed with incubation

for 10 min at 72 �C (White et al. 1990). The amplicons

were separated in agarose gel (1%) and stained with

ethidium bromide were visualized under UV light (Sam-

brook and Russell 2001).
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Sequence analysis and phylogenetic tree construction

For the Aspergillus strain (IISRaf1) identification, 18 s

rDNA sequences were compared with already available in

the data bank of the National Center for Biotecnology and

Information (NCBI), using BLAST search tool (Altschul

et al. 1997). The species identification was done based on

the best score. The sequence of Aspergillus strain (IISRaf1)

along with already reported gene sequences of A. flavus

from the GenBank were aligned using MUSCLE included

in MEGA 6.0 for phylogenetic tree construction.

Antifungal activity measurements

Poisoned food technique

The inhibitory effect of the P. dioica leaf EO was assessed

on the test fungi by the poisoned food technique of Mohana

and Raveesha (2007). Melted potato dextrose agar media

with required quantity of EO was added to provide pre-

ferred concentrations of 0.01, 0.02, 0.03, 0.04, 0.05, 0.06,

0.07, 0.08, 0.09 and 1.0%. For even distribution of the oil

in the growth medium, 0.05% of Tween-20 was added. For

control, same amount of distilled water instead of EO and

0.05% Tween-20 was added with the medium. After that, a

fungal disc (5 mm dia) of Aspergillus strain (IISRaf1) was

placed in the middle of the media plate and were incubated

at 28 ± 1 �C. Percent inhibition of the test fungi was

recorded for 7 days and was calculated after comparison

with the control. Fungi toxicity was expressed as percent-

age inhibition of mycelia (Naz et al. 2006).

Percentage inhibition of mycelia growth

¼ dc�dtð Þ=dc½ � � 100

where dc = average diameter of fungal colony in control

and dt = average diameter of fungal colony in treatment.

Determination of mycelial weight

Different concentrations of EO (0.01, 0.02, 0.03, 0.04,

0.05, 0.06, 0.07, and 0.08%) in potato dextrose broth

(PDB) were prepared and inoculated with 106 spores/ml of

Aspergillus strain (IISRaf1). EO was replaced with sterile

distilled water in the control samples. After 7 days of

incubation, dry weight of mycelium was computed.

Mycelia was filtered through Whatman No. 1 filter paper

and washed with sterile distilled water. Then it was incu-

bated to dry at 60 �C for 6 h and then at 40 �C over night

in hot air oven. The filter paper containing dry mycelia was

weighted. Growth inhibition percentage on the dry weight

basis was calculated as

Control weight � Sample weightð Þ=Control weight½ �
� 100

Spore germination assay

Eight different concentrations of EO (0.01, 0.02, 0.03, 0.04,

0.05, 0.06, 0.07 and 0.08%) were tried for spore germi-

nation of Aspergillus strain (IISRaf1). Spores collected

from 10-day old fungal cultures was placed on 2% sucrose

solution over glass slides and incubated in a moist chamber

for 24 h at 25 ± 2 �C. Each slide was then fixed in lac-

tophenol cotton blue and observed under 20 9 magnifica-

tion of using the light microscope (Leica DM 5000B) for

spore germination. Number of germinated spores was

scored using haemocytometer to calculated the percentage

of spore germination (Slawecki et al. 2002).

Effect of P. dioica leaf EO volatiles on Aspergillus strain

(IISRaf1)

The agar-free lid of each Petri dish was placed upside down

and a paper disc (8 mm, whatman) treated with P. dioica

leaf essential oils different concentrations (1%, 2%, 3%,

4%, 5%, 6%, 7%, 8%, 9% and 10%) dissolved in ethanol

(20 ll) were placed on the lid. Aspergillus strain (IISRaf1)

mycelial disc (8 mm dia) was placed on PDA media at the

centre of the Petri plate. For control, single colony of

IISRaf1 alone was placed on the centre of PDA media and

sealed. After evaporating ethanol, Petri dishes were sealed

with parafilm to prevent EOs and their compounds from

leaking, and the plates were incubated at 28 �C in the dark

for 4 days (Sindhu et al. 2011).

Light microscopy

Aspergillus strain (IISRaf1) mycelium was collected after

4 days of incubation from the margin of the colony grown

on PDA with 0 and 0.03% concentration of EO. The

samples were examined under the microscope attached

camera (Leica DM 5000B) at 40 9 to examine morpho-

logical abnormalities. Samples without EO (control) were

also recorded.

Detection of antifungal compound

Separation of essential oil in TLC plate and detection of its

anti-fungal activity with agar overlay bioassay

The leaf EO of P. dioica, which showed significant anti-

fungal activity was subjected to TLC separation of its

components. Various combinations of the polar and non-

polar solvents were tried to determine the best mobile
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phase solvent system to achieve a clear separation of the

bands. The Retention factor (Rf) values of the separated

bands were calculated by using the formula:

Rf ¼ the distance the spot moved above the origin

the distance the solvent front moved above the origin

P. dioica leaf EO diluted with ethanol at 10% concen-

tration and their components were partially separated in

TLC. This TLC plate was used for agar overlay bioassay.

Two sets of TLC plates were prepared for the run. One of

them was used to visualize the separated compounds using

anisaldehyde reagent. The other TLC plate was placed in a

Petriplate and covered with PDA medium containing 106

spores/ml of Aspergillus strain (IISRaf1). To facilitate the

good diffusion of the tested compounds into the agar

medium, the plates were incubated at 32 �C for 72 h. After

the incubation tetrazolium dye (0.1%) was sprayed over the

plates for detecting the living cells and incubated overnight

(Dewanjee et al. 2015).

Mode of action of P. dioica leaf EO against

Aspergillus strain (IISRaf1)

Determination of ergosterol content in plasma membrane

Ergosterol content in the plasma membrane of Aspergillus

strain (IISRaf1) was determined by the method of Tian

et al. (2012). Spore suspension (106 conidia ml-1) of IIS-

Raf1was inoculated in PDA medium with 0, 0.01, 0.02,

0.03% and 0.04% of EO at 28 �C for 5 days. After suffi-

cient growth mycelia were collected by filtration and

washed twice with sterile distilled water. To each mycelial

sample, 5 ml of 25% alcoholic potassium hydroxide solu-

tion was added and vortexed for 5 min and then incubated

at 85 �C for 4 h. Sterols were extracted from each sample

by adding mixture of 2 ml sterile distilled water and 5 ml

n-heptane and vortexed for 2 min. The n-heptane layer was

obtained and scanned between 230 and 300 nm by UV-

1800. The presence of ergosterol (at 282 nm) and dehy-

droergosterol, the intermediate of ergosterol, (at 230 and

282 nm) in the n-heptane layer led to a characteristic

absorbance curve. Samples without EO treatment were

treated as controls. The ergosterol content was calculated

as follows:

% ergosterol ¼ A282=290ð Þ=net wet weight of mycelium½ �
�% dehydroergosterol

% dehydroergosterol ¼ A230=518ð Þ=
net wet weight of mycelium

where 290 and 518 are the E values (in percentages per

cm) determined for crystalline ergosterol and

dehydroergosterol, respectively. E value means the absor-

bance of samples (a concentration of 1 mol L-1) at a

certain wavelength via an optical path of 1 cm.

Determination of malate dehydrogenases (MDH) activity

The MDH activity in EO treated Aspergillus strain (IIS-

Raf1) were detected using Shonk and Boxer (1964) method

with minor modifications. The assay recorded the decrease

in absorbance of oxidation of NADH to NAD by the

enzyme at 340 nm. The reaction mixture comprised of

2.7 ml of 100 mM phosphate buffer with pH 7.5, 0.2% of

NADH and 50 ll of culture homogenate. The contents

were mixed well and incubated at room temperature for

20 min. The reaction was started by adding 0.1 ml

oxaloacetate (1 mg ml-1). The decrease in the absorbance

was measured for 3 min at 340 nm in a UV–VIS spec-

trophotometer (Shimadzu corporation, Kyoto, Japan) and

specific activity of the enzyme is expressed as lmoles of

NADH consumed/min/mg of protein. The protein concen-

tration of homogenized fungal culture was analysed by the

protocol of Lowry et al (1951).

Data analysis

Data were analysed using Microsoft Excel for Windows

2007 add-ins with XLSTAT Version 2010.5.05 (XLSTAT

2010). All the treatments were replicated three times.

Significant differences between the treatments were deter-

mined using analysis of variance (ANOVA) with 5% level

of significance.

Results and discussion

P. dioica leaf EO and its components

Plant EOs are excellent sources for the management of

Aspergillus species because of its bioactive compounds

with antifungal, nematicidal, and insecticidal traits (Park

et al. 2006; Lee et al. 2008). Furthermore, EOs has low-

residue concern and extremely volatile, when they are used

on grain or stored food stuffs.

In the present study, P. dioica leaf EO was yielded with

1.8% by hydro-distillation method. GC–MS analysis

revealed the major components of the EO were eugenol

(54.0%), myrcene (16.0%), chavicol (12.5%), limonene

(4.6%), 1-octen-3-ol (2.7%), linalool (1%), terpinen-4-ol

(0.7%) and b-phellendrane (0.7%) (Table 1). The main

constituents identified in our anlaysis were very similar to

previously reported results (Toni-Moy et al. 2016). Simi-

larly, Zabka et al. (2009) analyzed allspice EO by GC–MS

and found eugenol, b-caryophyllene and methyl eugenol as
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major constituents. However the chemical constituents of

EOs varies widely with production circumstances, such as

date of harvesting, storage time, as well as soil and climate

factors (Galambosi and Peura 1996). The variation in the

constituents of our analyzed results could be attributed to

these factors.

Total phenolic content of essential oil was found to be

526.9 ± 41.4 mg gallic acid equivalent (GAE) g-1. Stored

food products are spoiled by the oxidation which leads to

nutritional decrement, rancidity and development of toxic

compounds (Hsieh and Kinsella 1989). Oxidative stress

stimulates A. flavus to produce more aflatoxin (AFB1)

during storage (Prakash et al. 2015) which leads to reduce

their shelf-life and quantitative as well as qualitative loss of

food stuffs. Compared to the total phenolic contents of

some spices (de Soysa et al. 2016) in dry basis, such as

clove (310.4 mg GAE g-1), cinnamon (67.5 mg GAE g-1),

cardamom (3.5 mg GAE g-1), nutmeg mace (28.4 mg

GAE g-1), and nutmeg seed (34.8 mg GAE g-1) a higher

level was found in the analyzed sample. Our results

recorded the high radical scavenging activity with IC50

value of 19.40 lg ml-1 which is higher than earlier

reported other EOs (Mohamed et al. 2007).

Confirmation of aflatoxin production by IISRaf1

A strain of high aflatoxin producing Aspergillus sp (IIS-

Raf1) was randomly selected according to the orange col-

our pigmentation in differentiation medium. Ability of

aflatoxins production by this strain in nutmeg mace sam-

ples was quantified using HPLC. HPLC analysis showed

that aflatoxin B1 content in inoculated and control

(uninoculated) samples were 3.4 ± 0.26 lg kg-1

and\ 0.5 ± 0.03 lg kg-1, respectively. From our results,

Table 1 GC–MS profile of P. dioica leaf EO

SN Compound Retention time %

1 Myrcene 5.90 15.96

2 Limonene 6.77 4.62

3 b-Phellendrene 6.99 0.71

4 1-octen-3-ol 14.23 2.69

5 Linalool 16.88 1.0

6 b-Cadinene 22.92 1.5

7 Cinnamaldehyde 30.86 0.77

8 Terpinen-4-ol 18.28 0.69

9 Eugenol 35.62 54.04

10 Chavicol 40.44 12.54

11 Other minor compounds – 6.8

Fig. 1 Neighbour-joining tree analysis of partial 18S rRNA sequences of Aspergillus flavus (IISRaf1 MH559318) showing similarity between

other Aspergillus strains
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aflatoxin production potential of Aspergillus strain IISRaf1

in nutmeg mace samples was proved.

Molecular identification of Aspergillus strain

(IISRaf1) and phylogenetic tree construction

The amplicons of ITS1-5.8S-ITS2 region of rDNA pro-

duced approximately 600 bp, using the universal primers

ITS1 and ITS4. Similarly, amplicons sizes varying between

565 and 613 bp reported by Henry et al. (2000). The

sequence results of IISRaf1 was submitted in GenBank and

accession number was MH559318. Neighbour-joining tree

was constructed based on partial 18S rRNA nucleotide

sequences of Aspergillus flavus (Fig. 1). Based on the

phylogenetic tree, it was found to be the close relationship

among IISRaf1 and other reported aflatoxin producing A.

flavus in the data base.

Inhibitory effect of P. dioica leaf EO on A. flavus

(IISRaf1)

Results of growth inhibition of A. flavus (IISRaf1) by P.

dioica leaf EO in agar medium are presented in (Fig. 2).

After the 7 days of incubation, development of fungi was

completely inhibited by 0.04% EO. Radial growth and

biomass of A. flavus (IISRaf1) was drastically reduced in

response to different concentrations of P. dioica leaf EO

ranging from 0.02 to 0.03% (Fig. 2a). Insignificant myce-

lial dry weight was recorded at 0.02% concentration

(Fig. 2b). The EO at 0.04% concentration able to inhibit

the 100% of spore germination (Fig. 2b) and this range is

fungicidal for A. flavus (IISRaf1) (Bhat and Raveesha

2016). EO is hydrophobic, which alters integrity of cell

membrane and leads to the loss of cytoplasmic compo-

nents. The vaporization experiment of the P. dioica leaf EO

on A. flavus evidently shows the antifungal property of the

compound. The majority of studies on EO were carried out

in liquid phase. However it is more suitable to use the oils

in their gaseous phase for post-harvest usage and transport.

In addition to growth inhibition, distinctive morpho-

logical changes were noticed in the presence of essential oil

when compared to untreated control. It includes visible loss

of pigmentation, lack of sporulation and irregular maturity

of conidiophores. Whereas untreated mycelium had clear,

homogenous cytoplasm, and profuse conidiation on coni-

dial heads were large and sterigmata bearing conidia were

clearly noticed under microscopic examination (Fig. 3).

Based on the present study, essential oil from P. dioica leaf

possesses fungicidal properties for suppressing the growth

of A. flavus (IISRaf1) which results of irrevocable mor-

phological changes. Antifungal activity of EOs of 25

medicinal plants, including that of P. dioica, against two

species each of Fusarium, Penicillium and Aspergillus

were assessed by Zabka et al. (2009). The occurrence of the

EO in the growth medium might have induced noticeable

changes in the morphology of the hyphae. Such alteration

due to interference of cell wall synthesis by EO, which

influences fungal growth and morphogenesis.

Detection of antifungal compound

The TLC separation of P. dioica leaf EO showed the

presence of seven bands when eluted with solvent system

comprising of toluene and ethyl acetate in the ratio 9.3:0.7.

The Rf values of the bands were calculated, and they were

as follows: 0.15, 0.32, 0.43, 0.52, 0.70, 0.76 and 0.80

(Fig. 4). Appearance of a clear colourless inhibition zone

against pink backgrounds around the place where eugenol

was separated in Agar overlay assay as shown in Fig. 4.

Separation and localization of the bioactive compounds by

TLC and bioautography were again proved presence of

antifungal compounds. However, further separation would

be needed to characterize the compounds and assess their

potency in suppressing the growth of the test fungus.

Moreover, Bhat and Raveesha et al. (2016) mentioned the

bioautography of the petroleum ether extract of P. dioica

showed small clear zones around the TLC spots at Rf 0.52

Fig. 2 Effect of various concentrations of P. dioica leaf EO on a)

percent radial growth inhibition, b) dry weight (mg) and spore

germination (%) (after 7 days) of A. flavus (IISRaf1) at 28 ± 1˚C.

Data are presented as mean ± SE (n = 3)
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and 0.59 against Candida albicans,Microsporum canis and

M. gypseum.

Action of P. dioica leaf EO on ergosterol production

and MDH activity

The ergosterol content of A. flavus in response to allspice

leaf EO treatment was recorded to be 96.7 ± 8.7%,

72.5 ± 6.9%, 43.6 ± 6.1%, 22.7 ± 4.2% at control,

0.01%, 0.02%, 0.03% respectively (Fig. 5a). MDH are

vital enzyme for energy metabolism of A. flavus, which is

the essential metabolic enzyme in tricarboxylic acid (TCA)

cycle. The efficacy of P. dioica leaf EO on MDH were

shown in Fig. 5b. Each concentrations of P. dioica leaf EO

could inhibit the MDH activity with a dose-dependent

mode. Plasma membrane is an important organelle and

ergosterol’s presence in the plasma membrane of the fun-

gus is pivotal for its growth and development. Our results

suggest that anti-fungal activity of P. dioica leaf EO could

be attributed to reduction in the synthesis of ergosterol or

its degradation by EO constituents (Tian et al. 2012).

Nevertheless, further investigations are necessary to

Without P. dioica leaf  EO treatment

(a) conidial head of A. flavus (IISRaf1), large 
and clear vesicle on conidiophores

(b) primary and secondary sterigmata bearing 
conidia clearly visible

With P. dioica leaf  EO treatment

(c) clear absence of conidia, conidiophore 
distorted.

(d) budding of hyphal tip were clearly noticed.

Fig. 3 Microphotographs of A.
flavus (IISRaf1) mycelium

grown on PDA without or with

P. dioica leaf EO

Clear zone in the EO P. dioica separated 
in TLC against A. flavus (IISR af1)

Fig. 4 Thin layer chromatography with agar overlay assay of the EO of P. dioica leaf against A. flavus (IISRaf1)
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indentify the correct mode of action of EO. Since EOs are

composed of highly lipophilic, low-molecular weight

components which could easily pass through fungal cell

wall membranes to interrupt the cell integrity mainly with

the mitochondrial membrane (Tian et al. 2011). Our finding

showed that P. dioica leaf EO could inhibit the mito-

chondrial dehydrogenases, as a result that regular meta-

bolic function of A. flavus could be interrupted.

Conclusion

Based on the in vitro studies, antioxidant, antifungal effi-

cacy of P. dioica leaf EO was observed on A. flavus (IIS-

Raf1). These studies showed that this EO may be applied as

a food additive because its suppressive action on fungus

and its ability to inhibit the ergosterol production would

enhance the storage life of post harvest products. Phenol

rich chemical profile is the key reason for the significant

antioxidant activity allspice leaf EO. Further studies are

needed to find out the P. dioica leaf EO cost–benefit ratio,

determine the toxicity and development of oil components

into environmentally viable bioprotectants.
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