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a b s t r a c t
The study aimed to investigate the inhibitory activities of Litsea cubeba essential oil (LC-EO) on Aspergillus
ﬂavus and aﬂatoxin B1 production in licorice. The main chemical compositions of LC-EO, analyzed by gas
chromatography–mass spectrometry (GC–MS), were (Z)-Limonene oxide (30.14%), (E)-Limonene oxide
(27.92%) and D-Limonene (11.86%). The “ in vitro ” antifungal and antiaﬂatoxigenic properties of LC-EO
were evaluated upon A. ﬂavus. The headspace volatile assay showed more effective inhibition against A.
ﬂavus mycelial growth than contact assay with tested different concentrations of LC-EO. The minimum
inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of LC-EO were 0.5 and
1.0 L/mL with fumigation, respectively. The EO exhibited a high toxicity against three toxigenic isolates
of A. ﬂavus. Morphological investigation performed by the scanning electron microscopy (SEM) showed
that the hyphae and conidiophores structures underwent alterations, following the treated with LCEO. The fumigated hyphae grow abnormally, were introcession, enation and wilting of the cell surface,
featuring the ﬂat strip shape. Meanwhile, in view of the antifungal and antiaﬂatoxigenic activities, LCEO was also assessed the inhibitory effect of AFB1 production “ in situ ” investigation on Chinese herbal
medicines (CHMs) system by volatile assay. The results showed that LC-EO could strongly inhibit the
accumulation of aﬂatoxin B1 in licorice after being inoculated and incubated with A. ﬂavus for 20 days.
Thus, LC-EO can potentially be used as a highly efﬁcient and eco-friendly antifungal fumigant to control
post-harvest fungi and AFB1 production in licorice in the storage process.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction
Fungal contamination is responsible for many cases of foods,
agricultural commodities and Chinese herbal medicines (CHMs)
spoilage, which can cause various safety issues. The existence of
toxigenic fungi has a signiﬁcant bearing on the quality of agricultural food commodities (Zhou et al., 2014; Guerra et al., 2015), and
thereby causes economic losses to growers, which is a major threat
in the world. Aspergillus ﬂavus is the most common species mainly
causing spoilage of food and lending to the production of aﬂatoxins
(AFs), which are known to be potent carcinogenic, mutagenic, ter-
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atogenic, hepatotoxic, immunosuppressive (Ellis et al., 1991). Out
of AFs, aﬂatoxin B1 (AFB1 ) has been classiﬁed as group I human
carcinogen by the International Agency for Research on Cancer
(IARC, 1993). Licorice, known as a special agri-commodity, is one of
the most popular and commonly consumed edible and medicinal
plants, but it is generally susceptible to invasion by A. ﬂavus in conditions of high humidity and temperature (Zhou et al., 2014). There
is necessary to make safe and effective methods for controlling the
contamination of A. ﬂavus and AFs in licorice.
In spite of the use of chemical preservatives has been considered to be the most effective way to prevent fungal growth
during storage, they are restricted due to their long degradation
period, toxic residues and potential undesirable biological effects
on human health (da Cruz Cabral et al., 2013; Prakash et al., 2015).
Hence, these risks have increased public awareness that consumers
demand ideal alternatives that are effective, biodegradable, broadspectrum fungitoxicity as well as safe and friendly to human and
the environment. Some plant essential oils (PEOs) and their com-
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ponents are gaining interest as food ﬂavors and widely accepted
by consumers owing to their relatively high volatility, ephemeral
and biodegradable property (Prakash et al., 2015). Many PEOs are
kept in the category “GRAS” by the United States Food and Drug
Administration with antibacterial (Evrendilek, 2015), antifungal
(Hua et al., 2014) and antioxidant (Prakash et al., 2015) properties,
which indicates that they can be used in food industry without further approval. They have been also regarded as an alternative tool to
inhibit fungal growth in foods and store agri-commodities for long
periods of time. In recent years, many studies have documented the
antifungal effects of PEOs to control food spoilage fungi “ in vitro ”
and “ in situ ” (Prakash et al., 2012; Kedia et al., 2014; Passone and
Etcheverry, 2014; Tian et al., 2014).
Litsea cubeba, which is distributed in tropical and subtropical
Australia, New Zealand, North America, South America and Asia
(Agrawal et al., 2011), has traditionally used for medicinal purposes
to cure inﬂammation, headache and intoxication. L. cubeba oil has
been widely employed in the chemical and medicinal industries as
well as used as a ﬂavor enhancer in foods, cosmetics, and cigarettes
(Wang et al., 2009). There have been some reports on antifungal
and antimicrobial effects of L. cubeba essential oil (LC-EO) against
a number of food pathogenic microorganisms such as F. verticillioides, F. graminearum and Escherichia coli (Yang et al., 2010; Liu and
Yang, 2012; Li et al., 2014). However, knowledge on the antifungal
and aﬂatoxin inhibition and antifungal mechanism of L. cubeba for
A. ﬂavus was limited nowadays. Therefore, it is necessary to further study the antifungal and antiaﬂatoxin properties of LC-EO for
the widespread application. Moreover, we evaluated the antifungal efﬁcacy of LC-EO with fumigation in licorice for exploring its
potentially practical applicability as a plant based antifungal agent
on AFB1 production of A. ﬂavus for the food and pharmaceutical
industries.
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oven temperature was kept at 50 ◦ C for 3 min, and then was gradually ramped to 115 ◦ C at a rate of 2 ◦ C/min, then increased to 180 ◦ C
at 5 ◦ C/min, and then programmed to 250 ◦ C at 5 ◦ C/min with a
ﬁnal hold time of 10 min; The MS operating parameters were the
following: injector and MS transfer line temperatures: 250 ◦ C; ion
source temperature: 250 ◦ C; ionization energy: 70 eV; total ion scan
mode with mass scan range of 50–500 amu (scan time: 0.2 s). The
identiﬁcation of components was based on comparison of the mass
spectra with those stored of standards from the National Institute
of Standards and Technology libraries, or with the published literature data. Relative percentages of the individual components of the
essential oil were calculated by %peak area.
2.4. Fungal strains and spore suspensions
The aﬂatoxigenic stain of A. ﬂavus was chosen as the tested fungi
in the present study. A. ﬂavus lyophilised powder (CGMCC 3.4410)
and its two variants (CGMCC 3.4408, CGMCC 3.4409) were purchased from the China General Microbiological Culture Collection
Center (Beijing, China). They were dissolved in 0.5 mL sterile water
(121 ◦ C, 60 min) for culture on Czapek Dox Agar (CDA) medium
(NaNO3 , 2 g; K2 HPO4 , 1 g; MgSO4 , 0.5 g; KCl, 0.5 g; FeSO4 , 0.01 g;
sucrose, 30 g; agar, 15 g; 1 L distilled water, pH 6.8 ± 0.2) at constant
temperature and humidity (28 ◦ C, 90% relative humidity (RH)) for
7 days in an incubator (Shukla et al., 2009; Zhou et al., 2014). The
fungal strain cultures were maintained in CDA and stored at 4 ◦ C.
Later, A. ﬂavus spore suspensions were prepared. The spore concentration was determined using a haemocytometer slide (depth
0.1 mm, 1/400 mm2 ) by an optical microscope (IX51, Olympus,
Tokyo, Japan) and serially diluted to approximately 107 spores/mL.
2.5. Effect of LC-EO against the growth and AFB1 accumulation of
A. ﬂavus by contact assay

2. Materials and methods
2.1. Plant material
The fruits of L. cubeba were collected in a dry form from
Hehuachi herb market (Sichuan, China) and dried licorice samples, which were cut into small chips with thickness 3–5 mm,
were purchased from Tong ren tang pharmacy (Beijing, China). All
the materials were identiﬁed by Prof. Bengang Zhang (Institute of
Medicinal Plant Development, Chinese Academy of Medical Science
and Peking Union Medical College, Beijing, China). All the samples
were stored in plastic bags at −20 ◦ C prior to use.
2.2. Extraction of L. cubeba essential oil
Dried fruits (100 g) were ground using a mill in uniform size
and subjected to hydrodistillation for approximately 5 h using a
Clevenger-type apparatus (Si et al., 2012). The essential oil was collected in a sterilized glass vial and then dehydrated over anhydrous
sodium sulfate. After ﬁltration, the volatile fraction (EO) obtained
was stored in sterilized amber vials at 4 ◦ C until analysis and use.
2.3. Analysis of essential oil by GC–MS
The chemical composition of LC-EO was analyzed using a
Thermo Fisher Trace 1310 gas chromatography equipped with
Fisher Trace ISQ mass spectrometer (GC–MS). 1.0 L of LC-EO dissolved in ethyl acetate was injected into the GC–MS system in
the split mode with a split ratio of 1:10. The fused silica capillary HP-5 column (30 m × 0.25 mm internal diameter, 0.25 m ﬁlm
thickness) was used with helium as a carrier gas at a constant ﬂowrate of 1.5 mL/min. The GC settings were as follows: initial column

The antifungal efﬁcacy of LC-EO was measured on A. ﬂavus
(CGMCC 3.4410) growth and afatoxin B1 production by the method
described in the previous study with some modiﬁcations (Shukla
et al., 2009). The requisite amounts of EO were dissolved separately
in 0.001% (v/v) Tween-80 sterile water to make the total volume of
1 mL, and then added aseptically into 24 mL of the autoclaved and
cooled CDA medium to achieve the ﬁnal concentrations of 0.2, 0.4,
0.6, 0.8, 1.0, 1.5, and 2.0 L/mL. 10 L of freshly prepared spore
suspensions (107 spores/mL) was inoculated in the center of CDA
medium at 28±2 ◦ C for 10 days. In addition, the medium without
any essential oil was considered as a control and inoculated following the same procedure. Two measurements of radial growth were
made at right angles for each treatment every 2 days to obtain the
mean diameter. Three replicates of each treatment were performed.
The percentage inhibition of fungal growth with the essential oil,
compared to the control, was calculated at day 10 as follows:





Percentage mycelial inhibition (%) = (dc − dt ) /dc × 100
where dc (cm) and dt (cm) are the average diameters of fungal
growth zone in control and treatment, respectively.
After incubation, all contents of the Petri plates were dissolved
into 50 mL methanol–water (80:20, v/v) and extracted with ultrasonication for 20 min, then ﬁltered through a ﬁlter paper (Hu et al.,
2015). The ﬁltrate was puriﬁed by solid phase extraction (SPE)
(NERCB-SPE, 100 mg/3 mL, Beijing, China) (Chen et al., 2013). The
determination of AFB1 was performed using a Waters Acquity UPLC
H-Class chromatography system (Waters Corp., Milford, MA, USA)
coupled with ﬂuorescence (FLR) detection, a quaternary solvent
delivery system, an auto-sampler, connected to Waters Empower
data software. Emission and excitation wavelengths were 440 nm
and 360 nm, respectively. A Waters Acquity UPLC HSS T-3 column
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(2.1 mm × 50 mm, 1.8 mm, Milford, MA, USA) at room temperature
was used for the chromatographic separation. The mobile phase
was water (A) and methanol (B) at a ﬂow-rate of 0.2 mL/min. Elution
was performed in the gradient procedure: 0–1 min, 60% A; 1–6 min,
50% A; 6–8 min, 20% A. 1 L of each solution was injected into the
UPLC system after the sample was passed through a 0.22 m ﬁlter.
The AFB1 inhibition ratio was calculated as follows:





Inhibition ratio (%) = 1 − At /Ac × 100
where Ac and At were the mean concentrations of AFB1 in control
and treatment.
2.6. Volatile assay
2.6.1. Antifungal activity
Antifungal activity of LC-EO on A. ﬂavus growth and AFB1 production was performed according to Avila-Sosa et al. (2012) and
Hua et al. (2014), with modiﬁcations. A. ﬂavus was inoculated on
25 mL of CDA media on the center of a Petri plate. For the fumigation test, a series of the tested concentrations of LC-EO ranging
from 0.2 to 2.0 L/mL were absorbed onto the sterile ﬁlter papers
adhered to the covers of Petri plates. The plates were sealed incompletely by using the polyethylene ﬁlm and then inoculated in CDA
at 28 ± 2 ◦ C for 10 days. Similarly, the Petri plate without essential
oil treatment was set as the control. Fungal colony was measured in
two directions at right angles every 24 h to obtain the mean diameter. After incubation, the anti-aﬂatoxigenic activity of LC-EO on A.
ﬂavus was evaluated by detecting and quantifying AFB1 biosynthesis according to the previously described method.
2.6.2. Determination of MIC and MFC
The minimal inhibitory concentration (MIC) and minimal fungicidal concentration (MFC) for A. ﬂavus (CGMCC 3.4410) were
determined by a modiﬁed method (Shukla et al., 2012; Kohiyama
et al., 2015). The tested concentrations of LC-EO were ranged from
0.1–1.5 L/mL. The sterile ﬁlter paper soaked with essential oil was
ﬁxed to the cover of the Petri plate containing 25 mL of CDA media
and appropriate number of A. ﬂavus spores. An inoculated growth
medium without the tested LC-EO was employed as a control. All
plates were incubated at 28 ± 2 ◦ C for ﬁve days following the procedure described above. During the incubation period, the lowest
oil concentration of treatment that did not permit any visible fungal growth in a culture plate, was named as the MIC.To determine
the MFC, samples with any invisible fungal growth, or with 100%
inhibition rate compared to controls, were re-inoculated with the
new covers of the plate without LC-EO for the further 5 days. After
10 days’ incubation, it was taken as the fungicidal impact if fungal
growth was completely inhibited and the inhibition was reversible
or permanent. MFC was deﬁned according to the lowest fungicidal
concentration of LC-EO on A. ﬂavus.
2.6.3. Evaluation of toxicity of LC-EO against two variants of A.
ﬂavus
The toxicity of LC-EO against both A. favus (CGMCC 3.4408) and
A. favus (CGMCC 3.4409) was evaluated on the basis of its MIC
and MFC as a fumigant, followed the proposed methodology (Kedia
et al., 2014). The oil at its MIC and MFC were added to the covers of
Petri plates containing CDA media, respectively. Treatments were
separately inoculated with two toxigenic isolates of A. ﬂavus with
the same concentration of 107 spores/mL at 28 ± 2 ◦ C. Petri plates
containing only CDA and tested fungi without essential oil treatment was regarded as the control. The plates were observed and
determined growth inhibition of fungi. The results were recorded
after incubation.

2.6.4. Scanning electron microscopy
Morphological studies were performed using a scanning
electron microscopy (SEM). The spore suspension of A. ﬂavus
strain was inoculated and incubated with tested concentrations
(0.2–1.0 L/mL) of LC-EO on YES medium, to which 2% agar was
added, with fumigation (Hua et al., 2014). The fungal mycelia were
mixed with formaldehyde and washed according to the reported
method (Xing et al., 2014) in 0.1 M phosphate-buffered saline (PBS),
pH 7.2. The material was dehydrated with ethanol in continuous
concentration increase (30–100%) and kept for a longer duration in
100%. The samples were subjected to critical-point drying in CO2
and sputtered with gold in a metallizer. Subsequently, the morphological characteristics of the fungal mycelia were observed using
a ﬁeld emission scanning electron microscope (JSM-6701F, JEOL,
Japan) operating at 10.0 kV.

2.7. “In situ” assay
2.7.1. Effect of LC-EO against A. ﬂavus in licorice during storage
To assess the antifungal efﬁcacy of LC-EO during storage, the
potential application of LC-EO as a nature fumigant for preserving
licorice caused by A. ﬂavus was performed following the reported
methodology with some modiﬁcations (Passone and Etcheverry,
2014). Ten grams of samples were preferably ﬂattened so that they
lay level on the bottom of 10 cm diameter of sterile Petri dishes
and then sterilized with a UV lamp 254 nm for 30 min. The uniform
pieces of licorice were inoculated and incubated with 0.5 mL homogeneous spore suspension (107 spores/mL) for 20 days or until good
fungal growth was apparent in the control to investigate AFB1
accumulation. Subsequently, LC-EO was tested at different concentrations of 0.5, 1.0, 1.5, 2.0, 3.0 and 5.0 L per gram of licorice
sample (L/g) and impregnated on a sterile ﬁlter paper ﬁxed on the
medium-free cover of the Petri plate, respectively (Sonker et al.,
2015). Control was kept parallel to the treatment containing the
absence of LC-EO. All plates were sealed with the polyethylene
ﬁlm and incubated at a temperature of 28 ± 2 ◦ C and maintained
a high relative humidity in an incubator. All the containers were
then transferred to plastic bags and frozen to further analysis after
incubation.

2.7.2. Determination AFB1 in licorice by UFLC–MS/MS
AFB1 extraction process was performed according to the
reported method with modiﬁcations (Wang et al., 2013). All samples were milled into powder to pass through a 50-mesh sieve at
constant weight. Powder (1.0 g) weighed was placed at the bottom of a conical ﬂask and extracted by ultrasonication with 5 mL of
methanol–water mixture (85:15, v/v) for 45 min. The solution was
centrifuged at 5000 rpm for 10 min. The supernatant was evaporated to 0.1 mL under a nitrogen stream at 30 ◦ C. Then, the extract
was diluted with methanol to 0.5 mL and vigorously mixed using a
vortex. The solution was centrifuged at 10000 rpm for 5 min and
then passed through a solid-phase extraction (SPE) clean-up on
a C18 (NERCB-SPE, 100 mg/3 mL, Beijing, China) column, which
enables the AFB1 to be isolated from the complex matrix approximately. AFB1 was then eluted from the column with 2.0 mL of
methanol and evaporated to 0.1–0.2 mL under a gentle stream.
Afterward, the solution was re-dissolved with methanol-water
(50:50, v/v) to obtain 1 mL and centrifuged at 10000 rpm for 10 min.
AFB1 quantiﬁcation was performed using an ultra-fast liquid chromatography (UFLC) equipped with an Applied Biosystems Sciex
QTrap® 5500 MS/MS system (Foster City, CA, USA). Acetonitrile 0.1%
formic acid (A) and water with 0.1% formic acid (B) were selected as
the mobile phase at the gradient elution program as follows: 0 min,
20% A; 3 min, 60% A; 5 min, 100% A.
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Table 1
Chemical composition of Litsea cubeba essential oil, as identiﬁed by GC–MS.
Number

Compounds

Percentage (%)

Retention time (min)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

␣-Pinene
Camphene
Sabinene
Methyl heptenone
␤-Pinene
3-Carene
p-Cymene
o-Cymene
D-Limonene
Cineole
␤-(E)-Ocimene
␤-(Z)-Ocimene
2, 6-Dimethyl -5-heptenal
Linalool oxide
␣-Terpinolene
Linalool oxide
2-Ethylidene-6-methyl-3, 5-heptadienal
Linalool
Hotrienol
6-Methyl-3, 5-heptadien-2-one
Rose oxide
␣-Campholenic aldehyde
Isopinocarveol
Citronellol
Verbenol
p-Mentha-1, 5-dien-8-ol
cis-Verbenol
␣-Terpineol
Nerol
Citronellol
Neral
(Z)-Limonene oxide
Carvone
Geraniol
Geranial
(E)-Limonene oxide
Neric acid
Geranic acid
Decanoic acid
␤-Caryophyllene
2-Ethylidene-6-methyl-3,5-heptadienal
␣-Bergamotene
Humulene
␤-Famesene
Naphthalene
␤-Bisabolene
␣-Bisabolene
␣-Caryophyllene
Dodecanoic acid
Caryophyllene oxide
␣-Acorenol
Isoaromadendrene epoxide
Total

0.76
0.58
0.43
2.34
1.19
0.09
0.01
0.04
11.86
0.29
0.18
0.22
0.25
0.37
0.04
0.39
1.02
4.70
0.02
0.37
0.03
0.03
0.03
0.51
0.67
0.11
1.02
0.77
0.81
0.71
1.45
27.92
0.12
0.14
1.12
30.14
0.22
0.56
1.4
1.04
0.53
0.27
0.15
0.33
0.04
0.13
0.76
0.42
0.76
1.19
0.24
0.18
98.95

7.40
8.13
9.43
10.13
10.17
10.96
11.73
12.17
12.31
12.40
12.66
13.23
13.78
14.62
14.86
15.63
16.04
16.72
16.85
17.02
17.12
18.29
19.01
20.00
20.61
21.30
21.88
22.78
24.78
25.71
25.81
26.04
26.22
26.44
26.63
28.16
31.85
34.60
35.33
36.35
37.08
37.19
38.17
38.30
39.43
40.23
40.47
40.78
42.76
42.95
45.20
45.54

Table 2
Antifungal effects of different concentrations of LC-EO against fungal growth and AFB1 production after incubation by volatile and contact assays.
Conc.(L/mL)

Diameter (cm)
Volatile

CNT
0.2
0.4
0.6
0.8
1.0
1.5
2.0

8.20 ± 0.10f
7.47 ± 0.58e
5.00 ± 0.10d
3.32 ± 0.76c
2.63 ± 0.11b
0.00 ± 0.00a
0.00 ± 0.00a
0.00 ± 0.00a

AFB1 content (ng/mL)
Contact
8.13 ± 0.12g
7.50 ± 0.05f
5.98 ± 0.10e
5.55 ± 0.05d
5.10 ± 0.10c
4.00 ± 0.10b
0.00 ± 0.00a
0.00 ± 0.00a

Volatile
2117.49 ± 121.13f
1569.00 ± 62.93e
807.50 ± 27.58d
494.25 ± 33.59c
88.75 ± 13.08b
0.00 ± 0.00a
0.00 ± 0.00a
0.00 ± 0.00a

Contact
2160.07 ± 121.48g
1750.13 ± 60.12f
880.82 ± 33.68e
680.97 ± 24.66d
298.60 ± 16.49c
57.51 ± 6.99b
0.00 ± 0.00a
0.00 ± 0.00a

Conc. = concentration (L/mL); CNT = control; AFB1 content = aﬂatoxin B1 content (ng/mL). Values are mean (n = 3) ± standard error.
The means followed by same letter in the same column are not signiﬁcantly different according to ANOVA and Tukey’s multiple comparison tests (p < 0.05).
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Fig. 1. Effects of different concentrations of LC-EO on mycelia diameter (cm) growth of A. ﬂavus strain (CGMCC 3.4410) by the contact (A) and volatile (B) assay. Treatments
were incubated at a temperature of 28 ± 2 ◦ C for ten days.
Values are mean (n = 3) ± standard error.

Fig. 2. SEM micrographs of A. ﬂavus conidiophores and hyphe with the non-fumigated (A) and the effects of LC-EO upon A. ﬂavus at concentrations of (B) 0.2, (C) 0.4, (D) 0.6
and (E) 0.8 L/mL with fumigation, respectively.
Images obtained by SEM at 450× magniﬁcation and F (0.8 L/mL) observed at 250× magniﬁcation.
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2.8. Statistical analysis
All the experiments results were performed in triplicate and all
data are represented as the mean ± standard error (SE) by ANOVA
using SPSS software version 19.0. Means were separated by Tukey’s
multiple range tests when ANOVA was signiﬁcant (p < 0.05).
3. Results and discussion
3.1. Chemical composition of essential oil
The EO obtained from L. cubeba ripe fruits was pale yellow
in color with an intensely lemonlike, spicy aroma and its yield
was 3.7% (v/w) by hydrodistillation method. In an earlier report,
fresh fruits of L. cubeba harvested from eight regions in China
afforded yellowish oils, with yields ranging from 3.04% to 4.56%
by dry weight (Si et al., 2012). Intimate knowledge of the chemical composition of LC-EO is important to understand its role for
antifungal properties. 52 chemical different compositions, representing 98.95% of the total compounds present, were identiﬁed in
the essential oil by GC–MS analysis. The identiﬁed components,
retention time and area percentage are summarized in Table 1.
The main components of EO were (Z)-Limonene oxide (30.14%),
(E)-Limonene oxide (27.92%), and D-Limonene (11.86%), which
accounted for 69.92% of the total oil composition. These results
were similar to the previous ﬁnding (Yang et al., 2014). Other
components included Linalool (4.70%), methyl heptenone (2.34%),
Neral (1.45%), Caryophyllene oxide (1.19%), ␤-Pinene (1.19%), Geranial (1.12%), ␤-Caryophyllene (1.04%), ␣-Pinene (0.76%), verbenol
(0.67%) and sabinene (0.43%). Several studies have reported the
chemical composition of L. cubeba EO and demonstrated some variations in its composition and content (Liu and Yang, 2012; Si et al.,
2012; Yang et al., 2014). The above ﬁndings suggested that this
variability in the chemical composition and content of constituents
of the essential oil might be related to the plant species, geographical region of cultivation, harvesting time, storage duration,
extracted and analytical methodology. If more information wants
to be acquired, the standardization should further determine chemical compositions and contents essential oil of L. cubeba collected
from different parts of China.
3.2. Antifungal effect of LC-EO on mycelial growth and AFB1
synthesis
In the present study, the mycelial growth of A. ﬂavus was evaluated by contact and volatile assays during 10 days period, which
was presented in Fig. 1. In contact assay, it could be noted that
all of the mycelial growth were delayed by 2 days for A. ﬂavus
with LC-EO at concentrations ranged from 0.6 to 1.0 L/mL. Complete inhibition of fungal growth was detected at concentration
≥1.5 L/mL after 10 days of incubation (Fig. 1A). LC-EO tested at different concentrations was found to signiﬁcantly impact the growth
of A. ﬂavus at 0.2, 0.4, 0.6, 0.8, 1.0, 1.5 L/mL with reduction percentages of 7.7%, 26.4%, 31.7%, 37.3%, 50.8%, and 100%, respectively.
In vapor assay, results of antifungal activity of LC-EO were evident in Fig. 1B. Tested concentrations of LC-EO possessed various
degrees of inhibitory efﬁcacy against A. ﬂavus. Fungal growth was
observed until the tests were inoculated 6, 8 and 8 days with the
increase of LC-EO concentrations in the range of 0.4–0.8 L/mL,
respectively. The mycelial growth and AFB1 synthesis were totally
inhibited at a concentration of 1.0 L/mL. The inhibition of mycelial
growth was also observed for A. ﬂavus at all tested concentrations
with inhibitory growth rates in order of 8.9–100%, compared to the
untreated control group. These results showed that LC-EO could
signiﬁcantly reduce or inhibit the mycelial growth as well as AFB1

Fig. 3. Efﬁcacy of different concentrations (0.5–5.0 L/g) of LC-EO on AFB1 accumulation of A. ﬂavus in licorice with fumigation (signiﬁcant difference at p < 0.05,
ANOVA test).
Values are mean (n = 3) ± standard error.

production of A. ﬂavus in a dose-dependent manner during incubation period with contact and volatile assays (p < 0.05) (Table 2),
and both assays were necessary to evaluate the inhibitory effects
of essential oil.
In this study, LC-EO showed a pronounced antifungal activity
against the tested A. ﬂavus in a dose-dependent manner. Fungal growth was reduced with increasing concentrations of LC-EO,
and the colony diameter was expanding with increasing incubation days. The LC-EO showed a remarkable effect in restraining
the AFB1 production of A. ﬂavus. The anti-aﬂatoxigenic property
was attributed to the insufﬁcient fungal growth with the tested
concentrations of LC-EO. Similarly, the research had demonstrated
that there was a direct correlation between fungal growth and
AFB1 synthesis (Kumar et al., 2008). Moreover, for fumigation testing, the relatively lower concentrations were required to inhibit
mycelial growth and AFB1 synthesis than contact testing. Similar
to the present ﬁndings, volatile phase effects of essential oils at
the tested different concentrations were also consistently found to
be more effective on fungal growth than contact phase inhibitory
effects (Soylu et al., 2006; Kumar et al., 2008; Hua et al., 2014;
Tian et al., 2014). Undoubtedly, antifungal and antibacterial effects
against multiple types of bacteria fungus, including A. ﬂavus, by L.
cubeba essential oil and its main component have been reported
(Luo et al., 2004; Soylu et al., 2006; Yang et al., 2010; Liu and Yang,
2012; Li et al., 2014). Based on our results, LC-EO possessed strong
fumigant efﬁcacy against A. ﬂavus in vitro. Considering that the currently used fumigants are synthetic preservatives, LC-EO is quite
promising and shows the potential formulation for development
as a possible bio-rational fumigant to control the fungal growth for
stored CHMs. Actually, fumigation is the most convenient and popular approach to control toxigenic fungi growth and contamination
for treatments and the practical application. Therefore, the investigations on antifungal activity of essential oil were further assessed
by volatile assay.
3.3. MIC, MFC of LC-EO on two variant toxigenic isolates of A.
ﬂavus
MIC and MFC were important parameters to determine the
lowest levels to be capable of inhibiting the visual growth of A.
ﬂavus. The LC-EO showed high antifungal activity against A. ﬂavus
(CGMCC 3.4410) and its MIC for complete inhibition of fungal
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growth was of 0.5 L/mL. The MIC was lower than those of some
earlier reported EOs viz. Zanthoxylum molle, Thymus vulgaris and
Curcuma longa (Tian et al., 2014; Hu et al., 2015; Kohiyama et al.,
2015), which emphasized its superiority as an antifungal agent at
a low prescribed dose. Results obtained from the MIC treatments
were conﬁrmed with further MFC treatments, where fungicidal
efﬁcacy of LC-EO against A. ﬂavus occurred at a concentration of
1.0 L/mL. The MFC of LC-EO against tested fungus was slightly
greater than its MIC. Both MIC and MFC were close to the earlier
reported EO of Cuminum cyminum seed (Xing et al., 2014). Hence,
LC-EO could be capable of permanent inhibition of fungal contamination for food and CHMs. Furthermore, to evaluate the spectrum of
toxicity of LC-EO upon A. ﬂavus, we also demonstrated its antifungal activity as a fumigant against both A. ﬂavus (CGMCC 3.4408) and
(CGMCC 3.4409) with MIC and MFC. LC-EO at minimal inhibitory
concentration could signiﬁcantly inhibit the growth of two toxigenic isolates of A. ﬂavus. After 10 days, LC-EO was found to be
fungicidal against two variant toxigenic isolates of A. ﬂavus with
the concentration of 1.0 L/mL, or MFC. The results indicated that
LC-EO exhibited a strong toxicity on inhibiting three A. ﬂavus strains
at its MIC and MFC.
3.4. SEM investigation
With regard to the morphological structure of A. ﬂavus, determined by SEM, conidiophores exposed to different concentrations
of LC-EO exhibited alterations in morphology compared with the
control (Fig. 2). In the control group, the non-fumigated hyphae
grow normally, were linear, featuring a full tubular shape and a
regular structure. And the conidiophores were typically globular,
forming spherical heads containing swollen conidia inside (Fig. 2A).
On the other hand, the hyphae and conidiophores structures
underwent alterations, following the treated with the different
concentrations of LC-EO ranged from 0.2 to 0.8 L/mL by volatile
assay. Results were observed as shown in Fig. 2B–E. Treatment with
hyphae became slender, shrank, wrinkling of the cell surface and
the ﬂat strip shape, and an absence of the cytoplasmic content. This
result was similar that the surface of hyphae appeared introcession,
enation and wilting in the presence of 100 L/L of natural cinnamaldehyde, 100 L/L of citral and 250 L/L of eugenol (Hua et al.,
2014). The size of conidiophores head varied with the diameters of
44.3, 60.7, 47.1 and 43.6 m at 450 × magniﬁcation, respectively,
for the samples fumigated with the concentrations ranged from
0.2 to 0.8 L/mL. Similarly, Kohiyama et al. (2015) reported that
conidial head size varied ranging from a diameter of 71.3–20.5 m
at 500× magniﬁcation with tested concentrations of Thymus vulgaris EO ranged from 50 to 500 g/mL. At 0.8 L/mL of LC-EO, They
even mixed together and lost their linearity with some depressions
on the hyphal surface, forming too an abnormal and feeble morphological structure of A. ﬂavus to easily distinguished (Fig. 2F).
According to the study of Manso et al. (2013), individual hyphae
were indistinguishable at the highest essential oil concentrations
of cinnamon.
3.5. “In situ” assay
By “in vitro” study, LC-EO showed remarkable efﬁcacy against
A. ﬂavus. Thus, further investigation into its “ in situ ” efﬁcacy as
an ideal fumigant was necessary. In this experiment, the effect of
LC-EO with fumigation on the inhibition and reduction of AFB1 in
licorice inoculated with spore suspension of A. ﬂavus was shown in
Fig. 3. The accumulation of AFB1 was signiﬁcantly (p < 0.05) reduced
with increasing concentrations of LC-EO from 1.0 to 3.0 L/g in the
treatments with inhibition percentages of 42.6%, 65.8%, 77.3%, and
88.79%, respectively, compared with the controls. Fungal growth
was not observed on the surface and AFB1 was not determined in

licorice samples with LC-EO at a concentration of 5.0 L/g, and it
brought the most effectively antiaﬂatoxigenic effect and the biggest
reduction rate (100%) for A. ﬂavus. Results clearly demonstrated
that LC-EO strongly inhibited AFB1 biosynthesis “in situ”. However,
the lower concentration (0.5 L/g) did not signiﬁcantly inhibit AFB1
biosynthesis. Antifungal efﬁcacy of LC-EO needed the relatively
higher concentration in licorice, compared with the application
of LC-EO “in vitro”. Previous studies also found while essential
oils and their components had showed antifungal effectiveness
“in vitro”, when used “in situ” amounts required were higher levels, or “in situ” experiments showed that exposure to vapors of the
essential oil may lower resistance to fungal infections (Nguefack
et al., 2009; Tzortzakis, 2009). These factors may also inﬂuence the
stability of the antifungal activities of plant essential oils, such as
pH, water activity, carbohydrates and proteins (da Cruz Cabral et al.,
2013). The antifungal activity of LC-EO may be impacted by interactions with the matrix components. Generally, LC-EO have exhibited
great in situ efﬁcacy in protecting the fumigated licorice samples
from fungal contamination during storage. Hence, L. cubeba EO
may attract the attention of pharmaceutical and food industries in
place of synthetic fumigants for possible practical application in the
preservation of CHMs and agricultural commodities by protecting
them from fungal contamination during storage.
4. Conclusions
This study showed that LC-EO has strong antifungal activity
against mycelial growth, AFB1 synthesis and ultrastructure alterations for A. ﬂavus “ in vitro”. In addition, studies also conﬁrmed that
LC-EO can effectively inhibit AFB1 accumulation in licorice contaminated with A. ﬂavus. Use of essential oils has possibility to be used
as an alternative fungicide for the control of the growth of toxigenic fungus. More importantly, essential oils with highly volatile
compounds are environment favourable, user friendly, rapid and
effective with minimal residues in protecting the agri-commodities
and medicinal plants. Therefore, LC-EO may be considered as an
economical source of safe plant based preservatives to protect
against quantitative and qualitative losses of CHMs and further
preserve their inherent qualities.
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