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ABSTRACT

Aflatoxin B1 is a highly toxic and carcinogenic metabolite produced by aflatoxigenic strains that commonly
contaminate food and agricultural commodities. This study evaluates the inhibitory effects of Myristica fragrans
Houtt (nutmeg) essential oil extracted by hydrodistillation on the mycelial growth, sporulation, and aflatoxin B1
production of Aspergillus flavus IM1 242684 and Aspergillus parasiticus IMI 283883 by fumigation and contact
application. An analysis of M. fragrans essential oil using the chromatography-mass spectrometry showed that its
major components are safrole (42.50%), 4-terpineol (23.81%) and methyl eugenol (11.14%). At a concentration
of 1000 ppm of essential oil, the mycelial growths of both Aspergilius strains were completely inhibited by vapor
treatment but only reduced by about 70% by contact treatment. However, the sporulation and aflatoxin B1
production were completely inhibited by both contact and vapor treatments. Vapor treatment induced a higher
level of inhibition than contact treatment. In conclusion, nutmeg essential oil is a potential biochemical agent that
can help prevent contamination of stored foods and feeds.
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INTRODUCTION

Mycotoxins is a group of structurally diverse
secondary metabolites produced by various
fungal species. Aflatoxins is a group of
mycotoxins mainly produced by filamentous
tungi such as Aspergilius flavus and A. parasiticus
(Pandey ez al. 2016). These aflatoxins belong to
four major groups, namely: B1, B2, G1, and G2.
Aflatoxin B1 (AFB1) is the most toxic and
prevalent and is classified as a Group 1la
carcinogen by the International Agency for
Research on Cancer (IARC 2002). Several
strategies have been applied to prevent and
control the growth of aflatoxin-producing fungi
in grains, crops, and human foods. The
exploitation of naturally occurring antimicrobials
in essential oils has also received attention
(Kedia et al. 2014; Pandey e al 2016;
Thanaboripat e al. 2016).

Myristica fragrans Houtt belongs to the family
Myristicaceae. The nutmeg of M. fragrans Houtt
is the seed kernel inside the fruit, while mace is
the lacy covering (aril) on the kernel. Members
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of this family are widely used as spices and for
numerous traditional medicines (Dorman e# al.
2000). In addition, M. fragrans Houtt exhibits
antifungal and antibacterial activities (Chatterjee
1990; Dorman & Deans 2000; Singh ez a/. 2005;
Kamble & Patil 2008; Valente e al 2011;
Suthagar ez al 2012; Ashish e al. 2013).
However, little is known of the antifungal
activity of M. fragrans (nutmeg) essential oil
against aflatoxigenic strains. The objectives of
this study, therefore were to analyze the
chemical composition of M. fragrans (nutmeg)
essential oil using the gas chromatography-mass
spectrometry (GC-MS), to evaluate the effect of
this essential oil on mycelial growth, sporulation,
and aflatoxin production of A. flavus IMI
242684 and A. parasiticus IMI 283883, and to
compare the effects of contact and vapor
treatment on these aflatoxins.

MATERIALS AND METHODS

Plant Material and Extraction Procedure

The seed kernel inside the fruits of Myristica
fragrans Houtt were collected from a local market
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in Bangkok, Thailand. The seeds were washed
twice with distilled water and subsequently air
dried in the dark at room temperature, before
homogenizing. M. fragrans seeds of 100 g were
placed in 1 L. round-bottom distillation flask and
added with 300 mL double distilled water. The
essential oil was obtained by hydrodistillation for
3 hours using a Clevenger-type apparatus
(Clevenger 1928). The oily layer on top of the
aqueous distillate was separated and dried over
anhydrous sodium sulfate and was stored in a
tightly closed, dark vial at 4 °C.

GC-MS Analysis
Essential Oil

The chemical composition of the essential oil
was analyzed using the gas chromatography-
mass spectrometry (GC-MS). The GC-MS
analysis was performed on an Agilent 6890 gas
chromatograph in electron impact mode (70 eV)
equipped with an HP 5973 mass selective
detector and fitted with a fused silica capillary
column (HP-5MS; 30.0 m X 0.25 mm i.d., 0.25
um film thickness). Helium was used as the
carrier gas at a flow rate of 1.0 mL/min. The
GC column oven temperature was increased
from 100 °C to 188 °C at a rate of 3 °C/min and
then to 280 °C at a rate of 20 °C/min, with a
final hold time of 3 minutes. The injector and
detector temperatures were maintained at 280 °C.
Chromatograms were screened in scan mode,
from m/z 50 to 500, at a rate of 3.25 scan/s,
with the ionization source temperature set at
200 °C.  Diluted  samples (20%,  in
dichloromethane) of 0.2 uL. were injected in split
mode (ratio of 1:50). The peaks were identified
using standard reference by comparison with
mass spectra available on MS database (National
Institute of Standards and Technology and
Wiley 8 libraries). The relative percentages of the
essential oil constituents were expressed by peak
area normalization.

of M. fragrans Houtt

Preparation of Conidial Suspensions

The aflatoxigenic strains A. flavus IMI 242684
and A. parasiticns IMI 283883 were obtained
from the International Mycological Institute,
Egham, Surrey, UK. These strains were cultured
on potato dextrose agar (PDA) for 7—10 days at
28%1°C. The conidia were harvested aseptically
by adding 10 mL of sterile 0.05% Tween 80
solution to the culture and gently scraping the

myecelial surface with a sterile inoculating loop to
free the spores. The conidia concentration was

determined using a hemocytometer and adjusted
to 10° mI" (Nguefack ez al. 2004).

Effect of M. fragrans Essential Oil on
Mycelial Growth of the Two Aspergillus
Strains

The antifungal effect of M. fragrans essential
oil on both Aspergillus strains was determined
based on mycelial growth inhibition that
happened after application of the contact and
vapor treatments described previously by
Soliman and Badeaa (2002) and Soylu ez al.
(2010) with some modifications. The effect of
contact treatment with M. fragrans essential oil
was assessed by adding appropriate amounts of
essential oil prepared in 0.05% Tween 80 to
sterilized molten PDA (20 mlL). The final
concentrations of essential oil were 0, 100, 200,
300, 600, and 1000 ppm. A sterile Whatman No.
1 filter paper disc with a diameter of 6 mm was
placed at the center of each plate and inoculated
with 10 uL of the spore suspension (10° spores
mL"). The plate was immediately sealed with
parafilm and incubated for 5 days at 30+1°C in
darkness. The effect of vapor treatment was
determined similar manner. Various
amounts of M. fragrans essential oil were applied
to the paper disc, which was placed at the center
of the lid of each plate.

The efficacy of M. fragrans essential oil on the

in a

strains was evaluated by calculating the average
of two perpendicular diameters of each colony
daily. Both treatments were performed in
triplicate. Relative growth inhibition after
treatment compared with the control (RGI, %)
was calculated as a percentage using the
following equation: RGI (%) = [(dc—dt) /
dc]x100, where dc is the diameter of the fungal
colony in the control Petri dish and dt is the
diameter of the fungal colony in the essential oil-
treated  Petri  dish.  The  fungitoxicity
(fungistatic/fungicidal activity) of M. fragrans
essential oil was determined using a modified
method of Thompson (1989). The inhibited
fungal strains of the essential oil-treated sets
were treinoculated with fresh PDA, and revival
of their growth was recorded. After growth
evaluation, sporulation and AFB1 production
were analyzed in all samples.

17



BIOTROPIA Vol. 26 No. 1, 2019

Effect of M. fragrans Essential Oil on the
Sporulation of the Two Aspergillus Strains

Spore production of the two _Aspergillus
strains was determined using the method of
Tzortzakis and Economakis (2007). The spores
from the colonies of both strains were collected
by adding 5 mL of sterile water containing 0.1%
Tween 80 to each Petri dish and gently scraping
the mycelial surface three times with a sterile I.-
shaped spreader to free the spores. Spore
production ~ was  estimated  using a
hemocytometer and a light microscope. The
percentage inhibition of spore production was
calculated using the following equation:
Inhibition of sporulation (%) = [(Nc—Ns) /
Nc]|x100, where Nc is the number of spores in
the control sample and Ns is the number of
spores in the treated sample.

Effect of M. fragrans Essential Oil on AFB1
Production of the Two Aspergillus Strains

The anti-aflatoxigenic effect of M. fragrans
essential oil was also examined. After
sporulation was determined, cultures on PDA
medium were extracted with 10 mL of 70%
methanol, shaken for 5 minutes, and filtered
using Whatman No. 4 filter paper. The AFBI
content of the extracts was analyzed using a
DOA-Aflatoxin ~ ELISA  Test Kit from
Department of Agriculture (DOA), Ministry of
Agriculture and Cooperatives, Thailand, as
described previously by Chinaphuti ez a/. (2002).
Fifty uL. of AFB1 standards was added into the
antibody coated wells in 96 well plates and
50 pL of diluted sample was added into the
other wells. Each well was then added with
50 pL  of AFBl-horseradish peroxidase
conjugate, slightly shaken and incubated at room
temperature for 30 minutes. The contents of the
well were then discarded into the appropriate
waste container and the plates were washed 3-5
times with 0.5% Tween 20 in 0.01 M phosphate
buffer  saline. One  hundred pL  of
tetramethylbenzidine substrate was added into
the well, incubated for 10 minutes at room
temperature and added with 100 pL. of stopping
solution (0.3 M phosphoric acid). The solution
was read at 450 nm using the automated
MicroELISA  reader. The concentration of
AFB1 of samples was calculated from the slope
between % maximum binding and standard
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AFBI1 concentrations. The percentage inhibition
of AFB1 production was evaluated using the
following equation: Inhibition of AFBI
production (%) = (AFB1 concentration in the
control sample—AFB1 concentration in the
treated sample)x<100 / AFB1 concentration in
the control sample.

Statistical Analysis

The chemical composition of M. fragrans
essential oil was qualitatively and quantitatively
analyzed by GC-MS. The data were first tested
for normality and then subjected to an analysis
of variance (ANOVA) based on the three
factors: (1) contact and vapor treatment, (2)
concentration of essential oil at 0, 100, 200, 300,
600, and 1000 ppm, and (3) growth of fungal
strain of A. flavus IMI 242684 and A. parasiticus
IMI 283883. Factor interactions were also
investigated in terms of inhibition of mycelial
growth, sporulation, and AFB1 production.
Significant differences between the mean values
were determined using a multiple comparisons
test (Tukey’s post-hoc test).

RESULTS AND DISCUSSION

The hydrodistillation of M. fragrans essential
oil achieved a yield of 2.12-2.22% based on dry
weight, which is relatively lower than that
reported by Muchtaridi e a/ (2010) which is
0.85% Analysis of the chemical components,
identified seven components that accounted for
99.96% of the total oil composition (Table 1).
Safrole (42.50%) was the major component,
followed by 4-terpineol (23.81%) and methyl
eugenol (11.14%). Muchtaridi ez al (2010)
however, reported sabinene (21.38%), 4-
terpineol (13.92%), and myristicin (13.57%) as
major components in M. fragrans oil. Variability
in the proportion of each compound and the
composition of essential oil depends on several

parameters  including  genetic  variability,
geographical  location, environmental and
agronomic conditions, and the extraction

method (Runyora ez a/. 2010).

Very few data are available regarding the
antimicrobial activity of M. fragrans essential oil
particularly, regarding its effects on sporulation
and AFB1 production. In another study, the
application of 0.1% of M. fragrans essential oil
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Table 1 Chemical compounds found in the M. fragrans
essential oil

Retention Area
No. Compound tirme (min) %)

1 trans-sabinene hydrate 4.313 7.70
2 cis-sabinene hydrate 4.888 5.88
3 4-terpineol 6.718 23.81
4 alpha terpineol 7.091 2.59
5  safrole 9.920 42.50
6 methyl eugenol 13.688 11.14
7 elemicin 19.129 6.34

inhibited the growth of A. flavus and A. ochracens
by 43 and 65%, respectively (Valente ef al. 2015).
At a concentration of the 0.3%, the growth of
A. flavus and A. ochracens was inhbited by 84 and
79%, respectively.

This study results indicated that the three-
factor interaction of the treatment type, the
concentration of essential oil, and the fungal
strain significantly (p = 0.000) affected the
mycelial growth of both _Aspergilius strains
(Table 2).

At 1000 ppm, the vapor treatment with
essential oil completely inhibited the mycelial
growth of both _Aspergillus strains, while the
contact treatment only induced ~70%
inhibition. However, the inhibited mycelial discs
exhibited growth revival after their transfer to
the fresh PDA medium. These results indicate
that vapor treatment with essential oil at 1000
ppm had fungistatic activity against both
Aspergillus  strains. For all concentrations of
essential oil, the mycelial growth of both
Aspergillus  strains  was inhibited significantly
better by wvapor treatment than by contact
treatment. Other studies also documented the
antifungal activity of nutmeg essential oil
Valente e al. (2015) reported that myristin is the
major antifungal agent in nutmeg (M. fragrans)
against A. flavus and A. ochracens. This study
results indicate that the antifungal effect of
nutmeg essential oil is related to its main

components safrole and 4-terpineol, which are
phenylpropenes with very potent antifungal
properties (Simic ¢ al. 2004). Compounds
present at lower concentrations in this essential
oil, such as elemicin and methyl eugenol, also
have efficient antimicrobial activities (Kubo ez a/.
1993; Sudhakar e a4/ 2009). The mechanism
underlying  the  antifungal  action  of
phenylpropenes is its lipophilicity that enables
the permeability of cell membranes and also
inhibit specific cellular processes or enzymes
(Devi ez al. 2010). Moreover, fungal cell death is
reported to be mediated either by the formation
of plasma membrane lesions or the alteration of
membrane permeability (Pinto ef /. 2009; Khan
et al. 2010).

Effect of M. fragrans Essential Oil on the
Sporulation of the Two Aspergillus Strains

Statistical analyses indicated that the three-
factor interaction significantly (p = 0.044)
affected sporulation. Sporulation of both
Aspergillus strains was significantly (p < 0.05)
inhibited by increasing the concentration of
essential oil (Table 3). Vapor treatment with
essential oil at 600 ppm completely inhibited the
sporulation  of  both  Aspergillus  strains.
Sporulation inhibition was significantly (p <
0.05) better by vapor treatment than by contact
treatment ~ when  compared at = same
concentration levels of 200, 300 and 600 ppm.
In similar studies of Paranagama ez a/. (2003) and
Sonker et al. (2014), lemongrass essential oil
reduces the spore formation of the Aspergilius
species. Another study on Cymbopogon citratus L.
essential oil show that its effect on sporulation
reflect the effects of volatile compounds emitted
by this oil on the surface of developing mycelia
and/or the perception or transduction of signals
involved in the switch from vegetative to
reproductive development (Mahanta ez a/. 2007).

Table 2 Effects of contact and vapor treatments at different concentrations of M. fragrans essential oil on the mycelial
growth of A. flavus IMI 242684 and A. parasiticus IMI 283883
Inhibition Concentration of essential oil (ppm)

(%) Control 100 200 300 600 1000

A. flavus Contact o 3.6£1.08 8.8%2.4 25.4%0.02 36.7£1.0¢ 72.6+1.4b
Vapor o 19.942.1»  293+1.0%  48.142.14 55.9£0.9¢ 1002

A. parasiticns Contact 0! 5.1£1.0% 10.3+2.41  26.9£0.5%  37.2+1.0¢  71.9£0.9°
Vapor o 17.6£0.9" 30.9+1.0f 38.2%0.5¢ 47.5%1.94 1002

Note: Values are means (n=3) * standard deviation;

Mean values with the same superscripts do not significantly differ according to ANOVA and Tukey’s multiple

comparisons test (p < 0.05)
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Table 3 Effects of contact and vapor treatments at different concentrations of M. fragrans essential oil on the
sporulation of A. flavus IMI 242684 and A. parasiticus IMI 283883

Inhibition Concentration (ppm)
(%) Control 100 200 300 600 1000
A. flavus Contact 0i 414£3.680  125k6.2f»  17.9+1.4%  358+%5.2d 1002
Vapor 0i 25.0%6.2¢F  56.2+10.6¢  82.9%10.1° 1002 1002
A. parasiticus Contact 0i 14.7+3.4%h  18.2%6.4%  22.1+4.0¢F  36.8+10.8d¢ 1002
Vapor 0i 26.7£5.1¢f  51.9%7.7«d  (2.8+5.3¢ 1007 1002

Note: Values are means (n=3) * standard deviation;

Mean values with the same superscripts do not significantly differ according to ANOVA and Tukey’s multiple

comparisons test (p < 0.05)

Statistical analyses indicated that the three-
significantly  (p 0.01)
affected AFB1 production. Most concentrations
of essential oil significantly (p < 0.05) inhibited
AFB1 production of the two Aspergillus strains
compared with the control (Table 4). However,
contact
concentration of 100 ppm did not significantly
affect AFB1 production by A. flavus IMI
242684. AFB1 production was better inhibited
significantly (p < 0.05) by vapor treatment than
by contact treatment when compared at the
same concentration levels of 300 and 600 ppm.
Other investigations the effects of
essential oils on fungal growth, sporulation, and
AFB1 production have shown similar results
(Rasooli & Abyaneh 2004). Essential oils from
citronella grass inhibit the growth, AFBI1
production, and sporulation of A. flavus IMI
242684 and A. parasiticus IMI 102566 in maize
grain (Thanaboripat ez al. 2004). The essential oil

factor interaction

treatment with essential oil at a

on

obtained from  Cuminum  cyminum L. seeds
inhibited both A. flavus LHP(C)-D6 growth and
aflatoxin production (Kedia ez a/ 2014). The

vapor treatment at lower concentration of

essential oil obtained from the leaves of
Eucalhptus ~ globules  completely inhibited the

growth of A. flavus Link and A. parasiticus Speare
when compared with contact treatment (Vilela ez
al. 2009). It appeared to have a similar effect on
aflatoxin production but the inhibition of AFB1
production was not clear. Some study results
have that direct
between fungal growth and AFB1 production
(Kumar ef al. 2008; Rezaei-Kahkha ez al. 2014).
This inhibition of AFB1 production by essential
oils may be related to inhibition of aflatoxin
biosynthesis involving lipid peroxidation and
oxygenation (Bluma ez a/. 2008).

shown correlation  exists

Table 4 Effects of contact and vapor treatments at different concentrations of M. fragrans essential oil on the aflatoxin
production by A. flavus IMI 242684 and A. parasiticns IM1 283883

Inhibition Concentration (ppm)
(%) Control 100 200 300 600 1000
A. flavus Contact 0f 6.4£3.4¢h 25.248.0¢f 36.4£3.7d¢  53.2%5.0¢ 1002
Vapor 0t 12.8£8.0f 41.5+3.7« 74.4+2.3b 1002 100#
A. parasiticus Contact 0f 15.0+3.2% 24.7£8.3¢f 29.6%4.54¢ 35.5£5.3de 1002
Vapor 0t 15.0£3.2f 30.7£3.0d 07.4%2.4b 74.314.8b 1002

Note: Values are means (n=3) * standard deviation;

Mean values with the same superscripts do not significantly differ according to ANOVA and Tukey’s multiple

comparisons test (p < 0.05)
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CONCLUSION

The inhibitory effect of the essential oil from
Myristica  fragrans ~ Houtt  (nutmeg)  has
demonstrated its potential efficacy as a natural
control for mycelial growth, spore production,
and aflatoxin production of A. flavus IMI
242684 and A. parasitiecns IMI 283883. The
antifungal activity of nutmeg essential oil vapor
can be applied in the treatment and prevention
of various fungal infections. However, an in-
depth study is needed to fully understand the
dynamics of essential oil application in order to
explore the role of these eco-friendly agents to
protect foods and feeds from contamination.
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