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Abstract

Aflatoxins (AFs) are the most frequent contaminants of maize and maize-based products, and its consumption can cause severe
adverse effects to humans and animals. The efficacy of essential oils (EOs) and their bioactive compounds as potential antifungal
agents has been well documented against food-borne fungi. This study evaluates the preservative potency of anethole-based
chitosan nanoemulsion (Ant-eCsNe) to control deterioration of stored maize samples from fungal infestation, aflatoxin B,
(AFB;) contamination and lipid oxidation. Release study indicated a relatively good sustainable release profile for the encapsulated
anethole after 10 days. The Ant-eCsNe showed improved efficacy against A. flavus (AF-LHP-VS8) and other common food-borne
moulds and inhibited growth and AFB; biosynthesis at 0.8 and 0.4 uL/mL, respectively. Ant-eCsNe caused concentration-
dependent inhibition of ergosterol content and increased efflux of cellular ions (Ca*?, Mg** and K*) and 260 and 280 nm absorbing
materials, suggesting damage of fungal plasma membrane. Inhibition of methylglyoxal in fungal cells treated with Ant-eCsNe
signifies its novel antiaflatoxigenic mechanism of action. Ant-eCsNe exhibited strong in vitro DPPH" and ABTS*" scavenging
activity with ICs, value 89.36 and 45.05 uL/mL, respectively, and inhibited lipid oxidation in stored maize samples. Further, Ant-
eCsNe exhibited reasonably strong efficacy in preserving maize samples from fungal and AFB; contamination during in vivo
investigations and did not change the sensory attributes as well. Overall results revealed that Ant-eCsNe holds good potential to be
applied as food preservative to reduce fungal and aflatoxin contamination causing deterioration of stored maize.
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Introduction

Since their discovery in the late 1990s, aflatoxins (AFs) secret-
ed by Aspergillus flavus, A. parasiticus and A. nomius in food
items are among the most pervasive mycotoxin and emerged as
the major risk factor responsible for severe health hazards to
both human and animals (Rammanee and Hongpattarakere
2011; Gomez et al. 2018). Studies have shown that AFs are
the most frequent mycotoxin contaminating several agricultural
commodities, among which maize (Zea mays L.) is the most
important cereal crop after wheat and rice, since it contributed a
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role in both food and feed supply throughout the world
(Nishimwe et al. 2017), and hence, its contamination by AFs
brings the rising concern among consumers regarding food
safety. In addition, the lipid oxidation induced by oxidative
stress is another major cause of food quality deterioration dur-
ing storage resulting into unpleasant flavours, rancidity and loss
of vital dietary constituents (Medeiros et al. 2014; Das et al.
2019). Different synthetic preservatives and antioxidants have
been frequently applied to control the AFs contamination and
lipid oxidation so as to extend the shelf-life of food commodi-
ties, but their indiscriminate use inevitably lead to unintended
problems such as residual toxicity, environmental toxicity and
the development of resistance (Contigiani et al. 2018). In recent
pasts, the use of essential oils (EOs) and their bioactive compo-
nents has been highly encouraged and attracted much attention
as low-risk environmentally friendly and feasible alternatives to
the most accepted but harmful synthetic preservatives. These
multi-component bioactive EOs hold a broad range of
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antifungal, antiaflatoxigenic and antioxidant properties and in
few cases also claim their efficacy in food system (Beyki et al.
2014; Chaudhari et al. 2019). However, their volatility, low
bioavailability, oxidative instability and unfavourable effect
on organoleptic characteristics may limit their application di-
rectly into food systems (Ezhilarasi et al. 2013; Guo et al.
2017). To address these challenges, encapsulation of bioactive
compounds into nanomatrix using biological polymers is desir-
able (Ghaderi-Ghahfarokhi et al. 2016). Among different poly-
mers used for the preparation of nanoemulsion, chitosan is per-
haps the most studied and suitable encapsulating material ow-
ing to its abundance, biodegradability, GRAS status, high en-
capsulation efficiency, improved stability via acting as barrier
against oxidation, mimicking undesirable effects and antimicro-
bial activities (Hasheminejad et al. 2019; Muxika et al. 2017).
Indeed, it can also act as a reservoir and allow the desired
compounds to reach the requisite concentration in the food
without reaching the levels normal organoleptic acceptance.
Anethole (PubChem CID: 637563) is an aromatic com-
pound found in EOs of plants, viz., Syzygium anisatum,
Foeniculum vulgare, Melissa officinalis and Coriandrum
sativum and used as a flavouring agent since antiquity
(Kfoury et al. 2014). Due to nontoxic nature, it is also ap-
proved by the US-FDA as a safe flavouring and preservative
agents of food items (Newberne et al. 1999). Recently, many
reports on the antimicrobial and antioxidant activity of
anethole have been published (Ye et al. 2017; Ksouda et al.
2019). However, none of the studies has been conducted to
compare the antifungal, antiaflatoxigenic and antioxidant ac-
tivity of un-encapsulated and encapsulated anethole against
fungal, AFB; contamination and lipid oxidation as well as
its in vivo efficacy in protection of stored maize samples.
The present study evaluated the potential of a single com-
pound anethole present in EOs in contrast to essential oil as a
whole. The main objective of the present study was to develop
a controlled release system for anethole using chitosan as an
encapsulant and tripolyphosphate as cross-linker and to assess
their bioactivity and practical applicability. Hence, the study
comprises synthesis of Ant-eCsNe, their characterization, as-
sessment of antifungal, antiaflatoxigenic and antioxidant ac-
tivity, mechanism of action, in vivo investigation on maize
sample and sensory evaluation in comparison with that of
un-encapsulated anethole to recommend their promising ap-
plication in food system with consumer’s acceptance.

Materials and Methods
Chemicals and Reagents
Chitosan (low molecular weight (LMW), degree of

deacetylation > 90%), tripolyphosphate (TPP), dichlorometh-
ane (DCM), acetic acid, dimethyl sulfoxide (DMSO),

methylglyoxal (MG), perchloric acid, Tween 20, Tween 80,
methanol, DPPH and ABTS were procured from Hi-Media
(Mumbai, India). Potato dextrose agar (PDA, composition
included 100 g potato, 10 g dextrose, 7.5 g agar and 500 mL
distilled water) and SMKY (composition included 100 g su-
crose, 0.25 g MgSO,4-7H,0, 0.15 g KNOs, 3.5 g yeast extract
and 500 mL distilled water) were obtained from SRL
(Mumbai, India). Anethole was kindly supplied by Ozone
International (Mumbeai, India).

Test Moulds

Aspergillus flavus strain (AF-LHP-VS8) along with nine other
common food contaminating moulds, viz., Aspergillus
fumigatus, Aspergillus niger, Aspergillus luchuensis,
Aspergillus repens, Penicillium italicum, Penicillium
chrysogenum, Fusarium oxysporum, Alternaria alternata
and Cladosporium cladosporioides, were isolated from stored
maize samples in our previous study (Chaudhari et al. 2018).
The AF-LHP-VS8 (spore density = 1 x 10° spore/mL) culture
was maintained as spore suspension.

Preparation of Anethole Encapsulated Chitosan
Nanoemulsion (Ant-eCsNe)

Ant-eCsNe was fabricated through the ionic gelation tech-
nique using different ratio (w/v) of chitosan: anethole
(1:0.2—1:1) with the dropwise addition of TPP as cross-
linking agent. Chitosan is basically insoluble in its native form
and hence required acidic environment with pH below 6.0
(therefore 1% acetic acid solution was used), which
quaternizes the amine groups of chitosan and making them a
soluble cationic electrolyte that effectively form the intra and
intermolecular cross-linkages with the phosphate (anionic)
backbone of TPP, resulting into the formation of stable
nanoemulsion under constant stirring (Dash et al. 2011). The
nanoemulsion was prepared following Hosseini et al. (2013)
with few changes. Briefly, chitosan powder (1%, w/v) dis-
persed in distilled water holding 1% (v/v) anhydrous acetic
acid solution was kept on magnetic stirrer (1000xg) for 12 h at
25+2 °C. Tween 80 was then added as an emulsifier followed
by an additional stirring for 2 h at 45 °C. The nanoemulsion
was prepared by adding anethole admixed with DCM to the
solution to reach final ratios (1:0.2, 1:0.4, 1:0.6, 1:0.8 and
1:1%) of chitosan to anethole (w/v), respectively, with ho-
mogenization (13,000xg for 10 min at 4 °C) using IKA,
T18ED, homogenizer, Germany. A control solution (chitosan
nanoemulsion (CsNe)) without anethole was also fabricated
following the similar protocol. Consequently, the TPP solu-
tion (0.4 mg/mL) was added into chitosan solutions homoge-
nized with anethole and to the solution devoid of anethole
(CsNe) and stirred for 40 min followed by centrifugation
(13,000%g for 10 min at 4 °C) using Remi Compufuse CPR-
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4 (India). The obtained pellets were suspended in distilled
water and subjected to ultrasonication (Sonics, Vibra Cell)
for 8 min. Finally, the nanoemulsions were placed in round
bottom flasks and lyophilized using freeze dryer (Alpha 1-2
LD plus model, Sydney, Australia). Prior to lyophilization, the
nanoemulsions were held at —20 °C in a deep freezer for 24 h.
The flasks were then sealed with the valves of lyophilization
caps and frozen at ultralow temperature (— 80 °C) for 30 min.
After that, main drying phase was carried out for 3 days at —
52 °C and at a pressure of 0.1 amber. After completion of
lyophilization, the samples were sealed in a screw capped
vials and stored under —20 °C prior to further
characterization.

Nanoentrapment Efficiency (NE%) and Loading
Capacity (LC%) Determination

The total amount of anethole entrapped into CsNe was
assessed using UV-visible spectrophotometer (UV-2600,
Shimadzu, Japan) at 244 nm. In brief, a total of 100 pL Ant-
eCsNe were mixed with 3 mL hexane, swirled and centrifuged
at 13,000xg for 10 min. CsNe was considered as blank. The
obtained supernatants were used to record the absorbance at
244 nm, and the total amount of anethole encapsulated into
Ant-eCsNe was calculated from the Eq. (Y'=0.078x — 0.005;
R?=0.998) obtained using different amount of pure anethole
into hexane. The experiment was repeated thrice and NE and
LC percentage were calculated according to the following
equations:

Total mass of anethole entrapped into nanoemulsion

Per cent NE = —— - - -
Initial mass of anethole added into chitosan solution

Total mass of anethole entrapped into nanoemulsion

P tLC = - —
ereen Mass of nanoemulsion after lyophilization

x 100

Characterization of Nanoemulsion
Fourier-Transform Infrared (FTIR) Spectroscopic Analysis

FTIR analyses were conducted for chitosan, CsNe, anethole
and Ant-eCsNe in KBr disk using FTIR spectroscopy (Perkin
Elmer). The spectra were obtained in the range of 500 to

4000 cm™ ' with a resolution of 4 cm ™.

Scanning Electron Microscopy (SEM) Analysis

The surface morphology of CsNe and Ant-eCsNe was exam-
ined using a SEM (EVO 18 Research, Zeiss, Germany). For
this purpose, briefly 5 mg lyophilized powder of CsNe and
Ant-eCsNe was dissolved in 20 mL of distilled water, soni-
cated and a drop of it was placed on a cover glass followed by
air drying at room temperature. The films were then allowed
to sputtering with gold in a sputter (DSR 1 coater). The
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representative SEM images were reported at different
magnifications.

X-Ray Diffraction (XRD) Analysis

The XRD patterns demonstrating the crystallographic profiles
of chitosan, CsNe and Ant-eCsNe were achieved using a
Bruker D8 diffractometer operated at 40 kV. Radial scan in-
tensity was recorded over the range of 20 angle = 5-50° with a
scanning of 1° min~"' and step angle 0.02° min~"' at room
temperature.

Kinetics of In Vitro Release Profiles of Ant-eCsNe

The release study of anethole was carried out in phosphate
buffer saline (PBS) following Hosseini et al. (2013) with
slight modifications. Firstly, Ant-eCsNe (1 mL) was added
to glass vial containing 10 mL of PBS (pH 7.4) and kept at
room temperature for 10 days. An aliquot of 1 mL was with-
drawn at specific time intervals and replenished with the same
amount of buffer to maintain the constancy. The concentration
of anethole was measured at the absorbance of 274 nm using
the UV-visible spectrophotometer. The amount of anethole
released in the medium was calculated from the calibration
curve of pure anethole obtained in PBS solution using follow-
ing equation:
Amount of released anethole at each sampling day

Invit 1 %) = x 100
nvitro release (%) Initial amount of anethole encapsulated in the sample

Antifungal and Antiaflatoxigenic Evaluation of
Anethole and Ant-eCsNe

The efficacy of anethole and Ant-eCsNe on growth of test
fungus (AF-LHP-VSS8) and nine other food contaminating
moulds (A. fumigatus, A. niger, A. luchuensis, A. repens,
P. italicum, P. chrysogenum, F. oxysporum, A. alternata and
C. cladosporioides) was evaluated in terms of minimum in-
hibitory concentration (MIC) and fungitoxic spectrum, re-
spectively, following the modified method of Dwivedy et al.
(2018). For MIC, briefly, different doses of anethole (previ-
ously diluted in tween 20) and Ant-eCsNe was individually
added to conical flask containing SMKY medium to obtain
the final concentrations of 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 uL/
mL. In each medium, 25 uL of AF-LHP-VS8 spore suspen-
sion (1 x 10° spore/mL) was inoculated and incubated at 25 +
2 °C for 10 days. As controls, the flasks were supplemented
with the same amount of tween 20 and CsNe instead of
anethole and Ant-eCsNe, respectively. The fungitoxic spec-
trum of anethole and Ant-eCsNe was determined in Petri
plates containing PDA medium at MIC (1.2 and 0.8 pL/mL,
respectively) doses by inoculating a 5-mm fungal disk of each
food-contaminating mould onto the centre of each plates.
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Controls were prepared in the same ways as in MIC. After
7 days of incubation at 25 £ 2 °C, the developed colony diam-
eter was measured, and the per cent fungal inhibition (FI) was
calculated following formula:

_ Colony diameter in control-Colony diameter in treatment o

9%F1 100

Colony diameter in control

To determine the antiaflatoxigenic activity, the contents of
each flask were filtered, and the mycelial content left were
placed in oven for the determination of mycelial dry weight,
while the filtrates were agitated in a separating funnel with
20 mL of chloroform. Next, chloroform fraction were vapor-
ized on hot water bath until dryness, and the residues were
dissolved with 1 mL of methanol, and 50 pL of it was loaded
on silica gel plate followed by toxin separation in mobile
phase (toluene (45): isoamyl-alcohol (16): methanol: (1),
v/v/v) system. Thereafter, the plates were air-dried, visualized
under transilluminator, and the appeared spots were re-
suspended in 5 mL cold methanol. After centrifugation for
5 min at 3000xg, the absorbance of the supernatant was re-
corded at 360 nm, and the amount of AFB; in the sample was
calculated by the given equation:

D M
AFB; content (pg/mL) = Z <L % 1000 x 1000
where D is the absorbance, M is the molecular mass of
AFB; (312 g/mol), E is the molar extinction coefficient (21,
800/mol cm ') and L is path length (1 cm).
Further, the inhibition percentage of AFB, was calculated
as follows:

Inhibition (%) = x 100
where Y is the mean AFB; concentration in the control and
X is the mean AFB, concentration in the treatments.

Antifungal Mechanism of Action of Anethole and Ant-
eCsNe

The antifungal mechanism of action was investigated in terms
of ergosterol inhibition and efflux of cellular ions (Ca*?, Mg*?
and K*) and 260 and 280 nm absorbing materials. To quantify
ergosterol, briefly, the spore suspension (25 pnL) of AF-LHP-
VS8 was aseptically inoculated in medium (SMKY) bearing
0.2, 0.4, 0.6, 0.8, 1.0 and 1.2 uL/mL of anethole and Ant-
eCsNe. Samples without anethole and Ant-eCsNe
were served as controls. After 4 days of incubation at 25+
2 °C, the developed mycelia were autoclaved, washed and
fresh weight were measured. Subsequently, the mycelia were
transferred into culture tube containing 5 mL of alcoholic
KOH (25%) solution, vortexed (3 min) and kept on hot water
bath for 2 h. After cooling at room temperature, the ergosterol

present in the sample was extracted by adding 2 mL of extra
pure water and 5 mL n-heptane, followed by shaking for
3 min. Prior to analysis, the upper transparent layer was col-
lected and scanned using UV-visible spectrophotometer with-
in the range 0f 230 to 300 nm. Ergosterol was calculated using
the following equations

% ergosterol + %24 (28) dehydroergosterol = (A,g,/290) /pellet weight
% 24 (28) dehydrosterol = (Aj30/518)/pellet weight
% ergosterol = (%ergosterol + %24(28) dehydroergosterol)-%24(28) dehydroergosterol.

where 290 and 518 are the E values determined for crys-
talline ergosterol and dehydroergosterol, respectively.

The efflux of Ca™, Mg** and K* ion was measured accord-
ing to the method of Das et al. (2019) with some modifica-
tions. Firstly, 50 pL spore suspension of AF-LHP-VS8 was
grown in SMKY medium and incubated for 4 days at 25+
2 °C. The developed mycelia were collected, washed and
added in culture tube containing 20 mL of saline solution
bearing anethole and Ant-eCsNe at three different concentra-
tions, i.e. 1/2MIC, MIC and 2MIC. After overnight incuba-
tion, the contents were filtered, and the filtrates were analysed
for cellular ions using atomic absorption spectroscopy
(Aanalyst 800, Perkin Elmer, USA). For the measurement of
260 and 280 nm absorbing materials, a 4-day old culture of
AF-LHP-VS8 was collected, washed and added to culture
tube containing 20 mL of PBS solution bearing anethole and
Ant-eCsNe at 1/2MIC, MIC and 2MIC doses. After overnight
incubation at 25+2 °C, the samples were collected, centri-
fuged (13,000xg for 10 min) and subjected to absorbance
measurement at 260 and 280 nm.

Antiaflatoxigenic Mechanism of Action of Anethole
and Ant-eCsNe

The mechanism of AFB; suppression was investigated by
measuring the level of methylglyoxal (MG) (substrate in-
ducing aflatoxin biosynthesis) in the fungal cells treated
with different concentrations of anethole and Ant-eCsNe
following Upadhyay et al. (2018). Briefly, 0.3 g biomass of
AF-LHP-VSS8 previously grown in SMKY medium was
treated with desired concentrations (0.2, 0.4, 0.6, 0.8, 1.0
and 1.2 uL/mL) of anethole and Ant-eCsNe. The controls
without anethole and Ant-eCsNe were also prepared for the
following measurement. After overnight incubation, the
fungal biomass was crushed in 3 mL (0.5 M) perchloric
acid and placed on ice bath for 10 min followed by centri-
fugation at 13000xg for 10 min. The filtrate obtained was
then adjusted to neutral pH (7.0) by adding potassium car-
bonate solution and centrifuged again. To perform MG
assay, in a total of 2 mL, 500 uL of 7.2 mM 1,2-
diaminobenzene (DAB), 200 uL of 5 M perchloric acid
and 1.3 mL of sample obtained after centrifugation were
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added in the same order. The absorbance of the sample was
recorded at 341 nm using UV-visible spectrophotometer,
and the total MG was calculated using standard equation
prepared using 10-100 uM of pure MG.

In Vivo Antifungal and Antiaflatoxigenic Evaluation of
Anethole and Ant-eCsNe

The maize sample (Varun Suma) was selected as a model food
system to perform the in vivo antifungal and antiaflatoxigenic
efficacy of anethole and Ant-eCsNe. Maize is one of the most
important cereal crop of the world, and its contamination by
AFB; is of great concern, since this agricultural crop plays a
major role in both food and feed supply worldwide (Battilani
et al. 2016). Moreover, the presence of high starch content in
maize kernel and favourable environmental conditions during
storage make them susceptible towards A. flavus and subse-
quently with AFB; contamination (a potent human
hepatocarcinogen), which bring the rising concerns regarding
food security (Kos et al. 2013; Mahuku et al. 2019). Based on
these facts, herein, maize samples were chosen as model food
system to investigate the preservative efficacy of anethole and
Ant-eCsNe. In view of results obtained during in vitro evalu-
ation, an artificial inoculation of this sample was conducted
with test fungus (AF-LHP-VS8). Prior to antifungal evalua-
tion, the sample (200 g) was surface sterilized with 0.1% so-
dium hypochlorite solution and divided into three groups in
Petri plates, viz., inoculated controls (maize sample inoculated
with 100 pL spore suspension), inoculated treatment at MIC
(maize sample inoculated with 100 uL spore suspension and
treated with anethole and Ant-eCsNe at 1.2 and 0.8 pL/mL,
respectively) and the inoculated treatment at 2MIC (sample
inoculated with 100 pL spore suspension and treated with
anethole and Ant-eCsNe at 2.4 and 1.6 uL/mL, respectively).
All sets were kept under 25+ 2 °C (temperature suitable for
fungal growth) in BOD for 2 weeks, and the visual observa-
tion of fungal growth was performed. To determine the extent
of AFB; inhibition, briefly 10 g of well-milled maize samples
from aforementioned experiments were weighed to 1 mg and
mixed with methanol: water (8:10, v/v) by shaking on me-
chanical shaker (30 min) followed by centrifugation at
5000xg for 5 min. The obtained supernatant was then sepa-
rated in conical flasks and mixed with 300 puL of chloroform
and 6 mL Millipore water bearing 3% KBr. After an additional
centrifugation at 5000xg for 5 min, the settled phase was
separated in a centrifuge tube and evaporated on hot water
bath until dryness. The obtained residues were dissolved with
100 pL of methanol (HPLC grade) and injected to HPLC
system coupled with C-18 reverse phase column. The sample
was separated at a flow of 1.2 mL/min in a mobile phase
solvent system consisting of a mixture (17:90:64, v/v/v) of
methanol: acetonitrile and Millipore water. The AFB; was
quantified at an excitation wavelength of 360 nm.
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Antioxidant Activity of Anethole and Ant-eCsNe

The antioxidant capacity of anethole and Ant-eCsNe was
determined in terms of radical scavenging activity using the
stable free radicals, i.e. DPPH" and ABTS*" following the
procedure described elsewhere (Avango et al. 2017). For
DPPH assay, briefly, different concentrations (20-200 pL/
mL) of anethole and Ant-eCsNe (dissolved in DMSO) were
added to the DPPH’ solution (2 mL) prepared in methanol.
The decrease in absorbance was recorded after 30 min at
517 nm against corresponding blank using UV-visible spec-
trophotometer. The ABTS assay was performed in two steps:
firstly, ABTS*" radical was formed by reacting 7 mM pure
ABTS with 2.54 mM potassium per sulphate, and the
resulting mixture was kept under dark condition for over-
night. The mixture was diluted with ethanol to achieve the
absorbance 0.70 £0.05 at 734 nm. Then, different concen-
trations (8—80 uL/mL) of anethole and Ant-eCsNe were
allowed to react with ABTS™" solution (2 mL), and after
6 min of reaction, the absorbance was recorded at 734 nm.
The antioxidant capacity was evaluated by plotting the con-
centrations of anethole and Ant-eCsNe against the per cent
radical scavenging activity, and inhibition was calculated
from the following formula:

Per cent radical scavenging capacity = (Ap—A1)/A¢ x 100

where A, and A; are the absorbance of blank as well as
sample at 515 and 734 nm for DPPH and ABTS, respectively.

Effect of Anethole and Ant-CsNe on Inhibition of Lipid
Oxidation

The extent of lipid oxidation inhibition in maize sample
treated with anethole and Ant-CsNe at their respective
MIC and 2MIC was determined in terms of
malondialdehyde (MDA) content through thiobarbituric
acid reactive substance (TBARS) according to the modi-
fied method of Fan (2002). Briefly, 1 g milled maize sam-
ple from treated as well as control (without anethole and
Ant-CsNe) sets were added to thiobarbituric acid (TBA)
reagent consisting of 0.375% TBA dissolved in 15% tri-
chloroacetic acid (TCA) and 0.2 N HCI. The mixtures were
heated on water bath at 90 °C for 30 min, cooled and then
centrifuged at 13,0000xg for 10 min. Finally, the absor-
bance of the supernatant was recorded at 532 and
600 nm. The results were expressed as pM equivalent
MDA/g FW.

Sensory Analysis: Effect on Organoleptic Attributes

The application of single compound with better antimicrobial
potential in food application is more preferable as this would
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minimally alter the sensory profile of food system. To assess the
effect of aromatic profile of anethole before and after encapsu-
lation into chitosan nanoemulsion, a sensory test was conducted
on maize samples treated with anethole and Ant-eCsNe at their
respective MIC doses after 2 weeks of storage at room temper-
ature using a seven-point hedonic scale (7 = extremely good,
6 = moderately good, 5 =slightly good, 4 =neither good nor
bad, 3 =moderately bad, 2 =slightly bad and 1 =extremely
bad). Samples without treatments were considered as control.
Prior to analysis, the samples were roasted in an oven and served
to a group of 10 semi-trained individuals of both genders (age
between 25 and 48 years) and asked to assess the colour, texture,
flavour, mouth feel and overall acceptability of the samples.
Before beginning the roasting process, the oven was pre-
heated for 30 min to ensure that the steady-state was reached.
Then, approximately 100 g of the maize samples were placed in
an oven and roasted for a minute by stimulating the commercial
roasting temperature condition (100 °C). The samples were then
removed from the oven and allowed to cool at room temperature
and served to the assessors for sensory analysis.

Statistical Analysis

All the experiments were carried out thrice and the results
were expressed as mean + standard error (SE). The statistical
significance was compared between control and treatments by
one-way analysis of variance (ANOVA) followed by Tukey’s
B multiple comparisons test using software SPSS (version
16.0, Chicago, IL, USA). The 0.05 level of probability was
taken as the minimum level of significance.

Results and Discussion

Preparation of Anethole-Enriched Chitosan
Nanoemulsion (Ant-eCsNe)

The nanoencapsulation performed in the present study has
advantages over the free bioactive compounds, since it en-
hances the stability and overcomes the drawbacks related to
their large-scale employment as efficient natural preserva-
tives. Moreover, the selection of chitosan as encapsulating
agent to encapsulate the anethole is another advantage as it
is easily available in nature, showing high encapsulation effi-
ciency towards lipophilic bioactive compounds, promising
antifungal activity and compatibility with the food bioactive
constituents (Othman et al. 2018). Ionic gelation is a novel and
one of the simplest techniques to fabricate chitosan-enriched
nanoemulsion reported so far in the literature. The success of
this technique over other conventional methods mainly relies
on its single-shot synthesis, low cost and requirement of mild
environmental conditions for the synthesis of reproducible,
monodisperse, stable and nanorange-sized chitosan

nanoemulsion (Bugnicourt and Ladaviére 2016). In fact, the
fabrication of chitosan nanoemulsion in aqueous medium via
ionic gelation is particularly adequate to encapsulate hydro-
phobic compounds like anethole to make them easily trans-
formable for industrial scale use as a promising food preser-
vative. On the other hand, the antimicrobial nature and non-
toxic profile of both anethole and chitosan along with their
biocompatibility with food bioactive components are particu-
larly interesting for application in food industries in compar-
ison with other synthetic antimicrobials such as quaternary
ammonium salts and propionic, benzoic and sorbic acids
(Carocho et al. 2014). By using this approach, Hosseini
et al. (2013) successfully encapsulated oregano essential oil
in chitosan nanoparticle and reported that the ionic gelation
can enhance the encapsulation efficiency, antimicrobial activ-
ity and stability and achieve controlled release, hence facili-
tating the development of natural bioactive compound-based
chitosan nanoemulsion over synthetic preservatives for appli-
cation in the food industries.

Per Cent NE and LC Determination

Table 1 shows the per cent of NE and LC of anethole into Ant-
eCsNe. The results obtained through UV-visible spectropho-
tometric analysis revealed that NE increased from 19.9 to
76.1% when the chitosan to anethole ratio ranged from 1:0.2
to 1:0.8 and then dropped off to 40.8% when ratio of anethole
further increased; however, the LC increased as a function of
initial anethole content with the values ranging from 0.3 to
5.9%. This trend of NE was found in good agreement with the
earlier study of Keawchaoon and Yoksan (2011) and Pabast
et al. (2018), who reported good encapsulation efficiency at
optimal ratio, during measuring the encapsulation efficiency
of carvacrol into chitosan-TPP nanoparticles and cholesterol
impregnated into lecithin nanoliposome, respectively. This
declining trend of NE could be ascribed to the insufficiency
of chitosan required for additional entrapment of test com-
pound. Due to this fact and considering the high NE,
nanoemulsion synthesized using the initial anethole content
of 0.8% with respect to the chitosan (1%) was selected for
the rest of the investigations. Further, the findings signify that
avery small amount of anethole was lost during nanoemulsion
preparation, and most of them were encapsulated. The NE and
LC of anethole into Ant-eCsNe were found far better and
satisfactory than some of the previously reported food preser-
vatives such as EOs (oregano, thyme and cumin EO)
(Hosseini et al. 2013; Lin et al. 2018; Amiri et al. 2020),
bioactive compounds (gallic acid and thymol) (Aydogdu
et al. 2019; Robledo et al. 2018) and synthetic one like qua-
ternary ammonium salts (Wei et al. 2019), demonstrating the
suitability of using anethole-based chitosan nanoemulsion in
food industry.
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Table 1 Nanoentrapment efficiency (NE%) and loading capacity stretching vibration, 2939 em ! for—CH stretching vibration,
(LC%) of Ant-eCsNe produced with different chitosan: anethole ratio 1642 cm " for amide I, 1380 cm™! for _CHj stretching and
Chitosan: anethole (w/v) NE% LC% 1099 cm ! for C-O—C bridge stretching. It could be noted that

in CsNe, the peak at 1642 cm ! of chitosan is shifted to
1.0:0.0 0.0 +0.0° 0.0 + 0.0° 1655 cm ™' and two new absorption peaks, one at 1543 cm
1.0:0.2 19.9 +1.1° 03£00"  for amide-IT and second at 897 cm ' for P-O—C stretching,
1.0: 0.4 284+ 1.2° 08+00"  appeared, indicating involvement of electrostatic interaction
1.0:0.6 416 +2.7° 20+02°  petween chitosan and TPP (Yoksan et al. 2010). Pure anethole
1.0:0.8 76.1 + 1.0° 49+0.1°  showed sharp peaks at 2985 cm ' for aromatic —CH stretching
1.0: 1.0 40.8 = 1.4 59+04%°  yibration, 1727 cm ! for ether group, 16001445 cm ™! corre-

Values are presented as mean = SE (n=3)

4 Significant differences at p <0.05 level according to ANOVA
(Tukey’s B) multiple comparisons test

Characterization of Nanoemulsion
FTIR Analysis

FTIR analyses were performed to explore the structural and
chemical interaction between the chitosan and the test com-
pound anethole incorporated in it. Figure 1 a—d showed the
FTIR spectra obtained for chitosan, CsNe, anethole and Ant-
eCsNe. The FTIR spectrum of chitosan displayed characteris-
tic absorption bands at 3426 cm™' for —OH and -NH
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sponding to phenyl ring, 1297 cm ™' for ~OH bending, and
1073 cm ™" and 746 cm ™" for C—C vibrations. The major spec-
tra corresponding to CsNe and anethole also appeared in Ant-
eCsNe. This was presumably due to inclusion of anethole into
CsNe. Such characteristic changes in spectral peaks of chito-
san nanoemulsion after addition of anethole and cross-linking
TPP molecule confirmed the successful encapsulation of
anethole into stable chitosan nanoemulsion advocating em-
ployment in food industries. Hosseini et al. (2013) also used
FTIR to investigate the inclusion complex formation of oreg-
ano EO (OEO) and chitosan and showed that all the absorp-
tion peaks of chitosan, chitosan nanoparticle and OEO
reappeared in OEO-loaded chitosan nanoparticle, confirming
incorporation of OEO into the chitosan.
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Fig. 1 FTIR spectra of (a) chitosan, (b) CsNe, (¢) anethole and (d) Ant-eCsNe
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SEM Analysis

The morphology of fabricated CsNe and Ant-eCsNe was de-
termined using SEM, and respective images are presented in
Fig. 2 a and b. Spherical shapes with nanometre-sized parti-
cles were observed for both CsNe and Ant-eCsNe. As it can
be seen, CsNe had an average size ranging from 28.99 to
49.88 nm. However, when anethole was added into the chito-
san nanoemulsion, the size was increased to 32.69-59.92 nm.
This increase in size may be related to the successful encap-
sulation of anethole into CsNe. The increased size of capsules
in nanoemulsion after encapsulation has been also reported by
earlier authors (Keawchaoon and Yoksan 2011; Lopez-
Meneses et al. 2018); however, the size may vary depending
on experimental methods and conditions. Considering the ob-
tained results, it can be concluded that the formed
nanoemulsion prepared using 1:0.8 (w/v) ratio of chitosan to
anethole appeared to be very small in size (approximately <
100 nm) and might exhibited two significant properties in-
cluding (a) improved physico-chemical properties and stabil-
ity and (b) increased surface-to-volume ratio, which facilitates

EHT =20.00 kV
WD = 85 mm

Date :9 Jul 2018
Time :0:10:05

Signal A = SE1
Mag= 5052 KX

23000 ——Chitosan
—CsNe
20000 —— Ant-eCsNe
= 15000
&
L
= 10000
5000
0

5 10 15 20 25 30 35
20 (degree)

40 45 50

their reactivity, biological activities and controlled release pro-
file, hence optimizing the amounts of anethole required for
nanoemulsion preparation and use in food industries as a com-
patible nanoemulsion over harmful synthetic preservatives to
extend the shelf-life of stored food commodities (Gahruie
et al. 2017; Prakash et al. 2018).

XRD Analysis

Figure 2 ¢ shows the crystallographic profiles of chitosan,
CsNe and Ant-eCsNe analysed by XRD analysis. The
diffractogram of pure chitosan showing two shoulder peaks
with intensity maxima (26) of around 10.9° and 20° assigned
the existence of amorphousness and high degree of crystallin-
ity in chitosan (Osorio-Madrazo et al. 2010). On the other
hand, CsNe and Ant-eCsNe showed reduction in peak heights
with more broadening, which means that the crystallinity of
chitosan was decreased after the addition of TPP and anethole.
This might be due to modifications in the arrangement pattern
of molecules in crystal lattice structure of chitosan. The crys-
tallinity of chitosan can describe its useful application, since
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Fig. 2 a and b SEM micrographs of CsNe and Ant-eCsNe. ¢ XRD patterns of chitosan, CsNe and Ant-eCsNe. d In vitro release profiles of Ant-eCsNe
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the greater the crystallinity is the greater the stability due to
tight packaging of molecules in chitosan (Lim et al. 2008).
The absence of peak in chitosan nanoemulsion after the addi-
tion of 0.8% anethole reflected the destruction of their native
packaging structure, suggesting encapsulation of anethole in
its active form and compatibility for application in food
system.

Kinetics of In Vitro Release Profiles of Ant-eCsNe

The in vitro release profiles of anethole from Ant-eCsNe at
different time intervals are shown in Fig. 2 d. The release
occurred in biphasic ways, i.e. initial burst release (42.8%)
of anethole was recognized for the first 2 days of assay follow-
ed by constant release in the next 9 days. Maximum release
observed was 57.2%, indicating that 18.8% of the anethole out
of 76.1% was still entrapped within Ant-eCsNe. The initial
burst release followed by controlled release might be related
to the leaching of anethole which was not properly entrapped
within the core of chitosan matrix or due to the phenomenon
of diffusion, where the anethole moves from the high concen-
tration to low concentration and continues until the concentra-
tion equilibrium is reached. The initial burst release was at-
tributed to the anethole adsorbed on the surface of chitosan
nanoemulsion and entrapped near the surface; since dissolu-
tion rate of chitosan close to the surface is high, the quantity of
release will be also high (Anitha et al. 2011). Moreover, the
pH of the medium plays an important role in initial burst
release of anethole and other bioactive compounds. The re-
lease of encapsulated compounds is influenced by changes in
pH. Studies have shown faster release in acidic medium than
in basic or neutral, since at lower pH, the nanoemulsion matrix
swells due to protonation of amine groups of chitosan polymer
resulting into structural changes, thereby facilitating faster
anethole release (Jayakumar et al. 2007). This kind of release
behaviour has also been observed by Ahmadi et al. (2018) and
Das et al. (2019) while demonstrating the in vitro release of
Satureja hortensis and Coriandrum sativum EO loaded into
chitosan nanoparticles, respectively. Thus, sustained release
of anethole in subsequent days of assay affirmed the stability
of Ant-eCsNe and proving its safe, convenient and efficacious
effect on preservative potential for long-term industrial utili-
zation for shelf-life extension of stored food items.

Antifungal and Antiaflatoxigenic Evaluation of
Anethole and Ant-eCsNe

Results for antifungal and antiaflatoxigenic activity of
anethole and Ant-eCsNe against AF-LHP-V S8 at tested con-
centrations are presented in Table 2. Anethole completely
inhibited the visible growth and AFB,; biosynthesis at 1.2
and 0.8 pL/mL, respectively. Surprisingly, as we expected,
Ant-eCsNe was found more efficacious than the anethole
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where complete inhibition of growth and AFB; synthesis
was being observed at 0.8 and 0.4 uL/mL, respectively. In
addition, anethole at 1.2 uL/mL (MIC) inhibited the growth
of six (A. niger, A. luchuensis, P. chrysogenum, F. oxysporum,
A. alternata and C. cladosporioides) out of nine (A. fumigatus,
A. niger, A. luchuensis, A. repens, P. italicum,
P. chrysogenum, F. oxysporum, A. alternata and
C. cladosporioides) tested moulds; however, the Ant-eCsNe
at 0.8 pL/mL (MIC) concentration displayed broad-spectrum
toxicity over un-encapsulated anethole and completely
checked the growth of all tested moulds (Table 3). The results
are in agreement with those obtained by Beyki et al. (2014)
and Dwivedy et al. (2018) showing the enhanced performance
of Mentha piperita and Illicium verum EQO, respectively, after
encapsulation into chitosan against A. flavus and other com-
mon moulds causing deterioration of stored food samples.
Moreover, the MIC of Ant-eCsNe was found much greater
than some of the previously reported synthetic antifungal pre-
servatives, viz., ceresan, ziram, bavistin, nystatin and
Wettasul-80 (Kumar et al. 2008; Prakash et al. 2010),
strengthening its practical utilization as a potential antifungal
agent. The enhanced antifungal efficacy of anethole after
nanoencapsulation was possibly attributed to the synergism
between the antifungal activity of anethole and chitosan itself
or due to increased dispersion of anethole into aqueous envi-
ronment and stimulation of passive adsorption mechanism
into fungal cells (Donsi et al. 2011). Moreover, enhanced
antiaflatoxigenic activity of Ant-eCsNe at lower concentration
may be due to adsorptive property of chitosan with AFB; via
preferred interaction established between the cationic charges
of chitosan with the anionic charges of oxygenated lactone
ring of AFB; (Juarez-Morales et al. 2017). Thus, using
anethole within chitosan nanoemulsion (having enhanced ef-
ficacy) instead of anethole alone could be an attractive strate-
gy for more efficient preservation of stored food commodities
over most widely accepted but harmful synthetic preservatives
against fungal and AFB; contamination.

Antifungal Mechanism of Action of Anethole and Ant-
eCsNe

In the present investigation, a concentration-dependent inhibi-
tion of ergosterol content with increasing the concentrations of
anethole and Ant-eCsNe was observed (Fig. 3a and b). The
ergosterol content was decreased by 15.7,43.7, 54.4, 82.3 and
100%, respectively, when AF-LHP-VS8 was treated with 0.2,
0.4, 0.6, 0.8 and 1.0 uL/mL concentrations of anethole, while
for Ant-eCsNe the inhibition was 41.3, 83.1 and 100% at 0.2,
0.4 and 0.6 uL/mL, respectively. Interestingly, the ergosterol
reduction was 100% at the concentration lower than the MIC
values of both anethole and Ant-eCsNe in the similar ways as
has been observed for AFB, inhibition. This finding signifies
that there may be a positive relationship between ergosterol
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Table 2 Effect of different

concentrations of anethole and Cone. (uL/mL) Anethole Ant-eCsNe

Ant-eCsNe on mycelial biomass

and aflatoxin B, (AFB,) Mycelial biomass (g) AFB; (ng/mL) Mycelial biomass (g) AFB; (ng/mL)

production
Control 0.38 £0.01* 2.39 + 0.04° 0.36 £ 0.01* 2.38 +0.04°
0.2 0.35 £ 0.02° 1.96 + 0.05° 0.26 = 0.01° 0.80 + 0.12°
04 0.27 +0.02° 1.45 +£0.07° 0.13 £0.01° 0.00 £ 0.00°
0.6 0.17 £ 0.01° 0.80 + 0.10¢ 0.06 + 0.02¢ 0.00 £ 0.00°
0.8 0.14 £ 0.01° 0.00 + 0.00° 0.00 + 0.00° 0.00 £ 0.00°
1.0 0.06 + 0.03¢ 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00°
1.2 0.00 + 0.00 0.00 + 0.00° 0.00 + 0.00° 0.00 + 0.00°

Values are presented as mean = SE (n=3)

»T Significant differences at p < 0.05 level according to ANOVA (Tukey’s B) multiple comparisons test

and AFB; biosynthesis supporting the earlier investigation of
Castro et al. (2002). Similarly, the efflux of Ca**, Mg™* and
K* as well as 260 and 280 nm absorbing materials was in-
creased with increasing the concentration of anethole and Ant-
eCsNe and reached maximum when fungal cells were treated
with 2MIC (Fig. 3¢ and d; Fig. 4a). Ergosterol is a specific
class of sterol found to be associated with fungal plasma mem-
brane responsible for maintaining the fluidity and integrity of
the cells. The lipophilic nature of anethole and its subcellular
sizes after nanoencapsulation enabled them to interfere with
the fungal plasma membrane causing disruption of ergosterol,
resulting change in membrane permeability, leading to leak-
age of vital cellular constituents including ions and 260 and
280 nm absorbing materials, which are essential for maintain-
ing cellular and metabolic energy status of the cells. The as-
cribed mechanism of chitosan action against fungi due to fun-
gal cell membrane permeabilization and penetration has been
also described by Romanazzi et al. (2017). In a previous work,
Kelly et al. (1995) studied the antifungal mode of action of

Table 3  Fungitoxic spectrum of anethole and Ant-eCsNe at MIC
concentration

Moulds tested Anethole Ant-

eCsNe

Aspregillus fumigatus 82.0 +4.7° 100 + 0.0*
Aspergillus niger 100 £ 0.0° 100 + 0.0*
Aspergillus luchuensis 100 £ 0.0° 100 + 0.0*
Aspergillus repens 79.6 + 1.2° 100 + 0.0*
Penicillium italicum 87.9 +2.2° 100 + 0.0°
Penicillium chrysogenum 100 + 0.0° 100 + 0.0*
Fusarium oxysporum 100 + 0.0° 100 £ 0.0*
Alternaria alternata 100 + 0.0° 100 + 0.0*
Cladosporium cladosporioides 100 + 0.0° 100 + 0.0*

Values are presented as mean = SE (n=3)

¢ Significant differences at p <0.05 level according to ANOVA
(Tukey’s B) multiple comparisons test

synthetic group of antifungal drugs and reported that the inhi-
bition of fungal growth might be attributed to alteration in
sterol metabolism. Some other studies have shown that the
EOs and their bioactive compounds, which were claimed as
food preservative, can also inhibit fungal growth by disrupting
membrane ergosterol biosynthesis (Dwivedy et al. 2018;
Upadhyay et al. 2018). Hence, the results of our study justified
that the antifungal activity of anethole and Ant-eCsNe against
AF-LHP-VS8 could be due, at least in part, to its ability to
interfere with the integrity of the membrane by disrupting
ergosterol, which can be used as a marker for the development
of anethole and other active compound-based
nanoformulations for practical use in food industries.

Antiaflatoxigenic Mechanism of Action of Anethole
and Ant-eCsNe

The possible antiaflatoxigenic mechanism of action of
anethole and Ant-eCsNe has been elucidated by measuring
the level of methylglyoxal (MG) in AF-LHP-VSS cells be-
cause of their direct involvement in enhancing the aflatoxin
biosynthesis in A. flavus by speeding up the regulation of af/[R
gene (Chen et al. 2004). Both anethole and Ant-eCsNe caused
concentration-dependent inhibition of MG with the value of
718.59-144.33 and 612.08-12.89 uM/g FW at 0.2-1.2 and
0.2-0.8 uL/mL concentrations, respectively (Fig. 4b). In con-
trast to anethole, Ant-eCsNe showed better efficacy in
inhibiting MG. This result was comparable with those obtain-
ed by Upadhyay et al. (2018) and Singh et al. (2019), who
suggested that the inhibition of MG might be the possible
mechanism underlying aflatoxin suppression. Thus, based
on our finding, we hypothesized that anethole and Ant-
eCsNe may potentially inhibit AFB; production by downreg-
ulating the level of MG in cells. The finding appears to be the
key that sheds light on important mechanism involved in
AFB; inhibition and may be employed for the development
of aflatoxin-resistant crop varieties through sustainable green
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Fig. 3 a and b Effect of different a
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transgenic strategies; however, further study is needed to ex-
amine Ant-eCsNe activity over the fungal biochemical and
molecular processes related to AFB; inhibition.

In Vivo Antifungal and Antiaflatoxigenic Evaluation of
Anethole and Ant-eCsNe

As we can see from Fig. 5 al—6, anethole showed remark-
able antifungal activity and inhibited the visual growth of
test fungus at 2MIC concentration, while Ant-eCsNe even
at lower concentration (MIC) completely inhibited the fun-
gal growth supporting the above finding of our results ob-
served during in vitro evaluation of antifungal activity. The
HPLC results (Fig. 5 b1-6) revealed that the level of AFB;
in control samples ranged 2.75-3.68 pg/Kg, which was

Fig. 4 Effect of different a
concentrations of anethole and
Ant-eCsNe on (a) 260 and

280 nm absorbing materials
efflux and (b) cellular
methylglyoxal (MG) biosynthesis
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decreased to 0.42 and 0.07 png/Kg in anethole-treated sam-
ples at MIC and 2MIC concentration, respectively (lesser
than the limit set for AFB; in food samples by European
Commission ( 2010), and could not be detected in any of
the Ant-eCsNe-treated samples. The inhibition of AFB,
may be due to inhibited biosynthesis of MG, i.e. reported
to be an important metabolic substrate enhancing the level
of aflatoxin in A. flavus justifying the antiaflatoxigenic
mechanism of action as has been observed during in vitro
investigation. The antifungal and antiaflatoxigenic poten-
tial of encapsulated anethole was found superior over most
prevalently used organic acid preservatives, viz., benzoic
acid, propionic acid, formic acid, acetic acid and sorbic
acid (Prakash et al. 2012). Further, it should be noted that
the lyophilization step of Ant-eCsNe lasted for 3 days;

Ho
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Fig. 5 In vivo antifungal and antiaflatoxigenic efficacy of anethole and
Ant-eCsNe against AF-LHP-VS8 on maize samples; (al-3) representa-
tive images of maize samples treated with 0, 1.2 uL/mL (MIC) and
2.4 uL/mL (2MIC) concentration of anethole; (a4—6) maize samples

hence, nanoemulsion became much stable during this step
that possibly increased the functional performance of Ant-
eCsNe for application in food industries. By virtue of its
promising potential to inhibit growth and AFB; produc-
tion, Ant-eCsNe can be recommended as novel antifungal
preservative over un-encapsulated anethole and other syn-
thetic preservatives in controlling deterioration of maize
and other food commodities from fungal and AFB; con-
tamination. Based on in vivo results, it is clear that the
nanoencapsulation of anethole into chitosan nanoemulsion

T

T2 20 W00 B0 00 500 1000 1500 200 2800 000 600 2
s Moues

treated with 0, 0.8 uL/mL (MIC) and 1.6 uL/mL (2MIC) concentration
of Ant-eCsNe; and (b1-6) HPLC chromatograms of maize samples treat-
ed with anethole and Ant-eCsNe at their respective (0, MIC and 2MIC)
antifungal concentrations

could provide a new horizon for maximizing their preser-
vative potential in food industry. Most importantly, since a
particular EO or its single compound may not be equally
effective in protecting all kinds of food commodities be-
cause of considerable differences in nutritional composi-
tion, water activity, region of production and prevailing
environmental conditions, therefore, this work was under-
taken. However, further pilot-scale experiments are needed
in order to ratify the efficacy of Ant-eCsNe in more real-
istic environment such as in storage chambers.
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Antioxidant Activity Determination of Anethole and
Ant-eCsNe

The antioxidant activity of anethole and Ant-eCsNe was eval-
uated using the DPPH and ABTS assays, and the results are
shown in Fig. 6a and b. Results evidenced that anethole ex-
hibited concentration-dependent DPPH and ABTS radical
scavenging activity with ICso value 135.46 and 89.36 uL/
mL, respectively. However, Ant-eCsNe showed better antiox-
idant activity with ICs, value 52.04 and 45.05 pL/mL against
DPPH and ABTS radicals, respectively. The greater antioxi-
dant activity of Ant-eCsNe than that of un-encapsulated
anethole might be attributed to plenty of amino and hydroxyl
moiety present on chitosan surface, which interacts and do-
nates protons to free radicals generated in the medium (Ruiz-
Navajas et al. 2013). Also, it is noteworthy that the low mo-
lecular weight of chitosan with high degree of deacetylation
may also have profound impact on enhancing the antioxidant
activity (Park et al. 2004). Currently, many synthetic antioxi-
dants such as butylated hydroxyanisole, butylated hydroxytol-
uene, tertiary butylhydroquinone and propyl gallate are avail-
able and widely used in different food systems to lengthen
their shelf-life; however, their negative concern regarding tox-
icity and consumer’s demand for natural antioxidants has re-
sulted in a growing trend for the utilization of natural antiox-
idants (Dominguez et al. 2018; Chaudhari et al. 2019). In this
regard, the encapsulated anethole with enhanced free radical
scavenging activities could provide an exciting potential for
the future applications, and food industries may consider the
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employment of this novel nanoemulsion as a natural substitute
of synthetic antioxidants for direct application in food system.

Effect of Anethole and Ant-CsNe on Inhibition of Lipid
Oxidation

Results of lipid oxidation inhibition in food system (maize
samples) by anethole and Ant-eCsNe are presented in
Fig. 6¢. It can be observed that anethole significantly inhibited
the amount of MDA from 166.80+27.12 ug MDA/g FW at
MIC to 103.20+24.90 ug MDA/g FW at 2MIC. On the other
hand, Ant-eCsNe at MIC and 2MIC concentration presented
higher lipid oxidation inhibition activity with lower MDA
content, i.e. 75.30+£5.72 and 24.90 +4.65 ug MDA/g FW,
respectively. This may occur because free radical scavengers
present in anethole together with chitosan can terminate the
propagation steps induced by free radical intermediates either
by reacting or by preventing breakdown of nonreacting free
radicals to reacting radicals (Talon et al. 2017). The results of
lipid oxidation inhibition potential of Ant-eCsNe in the pres-
ent study are in good agreement with the results previously
reported in the literature (Djenane et al. 2012; Ghaderi-
Ghahfarokhi et al. 2016) focussing on the preservative effects
of Lavandula and Mentha EO and encapsulated 7hymus EO,
respectively, on suppressing the lipid oxidation of minced
meat and beef burger during refrigerated storage. The effec-
tiveness of the Ant-eCsNe against maize lipid oxidation con-
firms the result of in vitro assessment of antioxidant activity
that demonstrated its strong ability of scavenging free radicals
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generated by lipid oxidation. In the present assay, TBA reacts
with the toxic MDA produced during lipid oxidation reaction
of maize samples to form a pink colour adduct that was calo-
rimetrically recorded at 532 nm. TBA assay quantifying the
MDA in the samples, being the typical indicator of lipid ran-
cidity, provides useful information regarding lipid oxidation
of food samples (Xu et al. 2009). Hence, it can be inferred that
Ant-eCsNe had superior potential for restricting the process of
lipid oxidation compared with synthetic preservatives, thereby
offering great opportunity to be applied in food industries as
an accessible source of natural shelf-life enhancer of stored
maize samples.

Sensory Analysis: Effect on Organoleptic Attributes

Because the major objective of this study is to recommend the
nanoencapsulated anethole for use in preservation of maize
and other stored food items, it is compulsory to ensure wheth-
er the nanoencapsulation really affects consumer’s willing-
ness. For this, a sensory analysis was conducted on maize
samples treated with anethole and Ant-eCsNe as described
in materials and methods section. For both food samples (ei-
ther treated with anethole or Ant-eCsNe), there was a consid-
erable variability in perception of sensory attributes among
assessors as can be observed from the results (Fig. 6d).
Concerning anethole-treated maize samples, there was a low
score for texture, aroma and mouth feel, representing that it
had significant negative impact on sensory characteristics but
lesser than the control samples (scored lowest for almost all
the tested parameters). However, when evaluation was made
for Ant-eCsNe, there were good scores for all the parameters,
viz. colour, texture, flavour, mouth feel and the overall accept-
ability. The result showed that Ant-eCsNe had no adverse
effects on perception of sensory attributes of maize samples;
hence, it can be a preferred choice to be used as preservative
for increasing the shelf-life of stored maize samples. The over-
all sensory acceptability of anethole-enriched chitosan was
found better in comparison with other chemical preservatives
such as sodium benzoate and potassium metabisulphite,
supporting its utilization in food industries (Durrani et al.
2010). Moreover, after encapsulation into chitosan
nanomatrix, the volatility of anethole was retained, thereby
significantly improving the sensory perception of the treated
maize samples.

Conclusion

The chitosan nanoemulsion containing anethole (Ant-eCsNe)
exhibited enhanced antifungal, antiaflatoxigenic and antioxi-
dant efficacy against fungal infestation, AFB, secretion and
lipid oxidation. Ant-eCsNe inhibited methylglyoxal biosyn-
thesis, signifying novel antiaflatoxigenic mechanism of action

and highlights its importance for the introduction of aflatoxin-
resistant crop varieties through green transgenic approach.
The findings of the present study recommend Ant-eCsNe as
anovel green preservative for stored maize samples in view of
its efficacy to suppress A. flavus growth and AFB; biosynthe-
sis as well as lipid oxidation in maize samples at lower con-
centrations during in vivo investigations and acceptable sen-
sory performance.
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