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antimicrobial activity of thyme
essential oil microcapsules prepared with gum
arabic†

Chenchen Cai, Ruijia Ma, Mengwen Duan and Dengjun Lu*

Thyme essential oils (TEO) exhibit antimicrobial activities against a wide range of pathogenic microorganisms.

Microcapsulation technology can be used to improve the stability, water solubility and antibacterial

performance of TEO. In this paper, TEO was selected as the core material, and b-cyclodextrin (b-CD) was the

wall material for microcapsulation; gum arabic (GA) was used as an emulsifier to prepare microcapsules by

coprecipitation. The effects of gum arabic on the encapsulation rate, particle size and release rate of

microcapsules were investigated. The optimal condition was found to be TEO : GA by 1 : 3 (w/w) ratio. In this

condition, the embedding rate, release rate, and average size of the microcapsules were 87.61%, 53.00%, and

8.20 mm, respectively. Scanning electron microscopy (SEM) revealed that, under the action of gum arabic, the

surface of microcapsules was more complete, and the size apparently decreased. Fourier-transform infrared

spectroscopy (FTIR) indicated that there was no significant chemical interaction between gum arabic and b-

CD. Gum arabic acted only as an emulsifier and remained in the mixed solution. For microcapsules with gum

arabic as an emulsifier, the cumulative release rate of essential oils were slower at the initial time compared to

microcapsules without added gum arabic. Antimicrobial activity assay exhibited TEO, which showed an

inhibitory effect against Botryodiplodia theobromae Pat., and the inhibitory effect was especially strong against

Colletotrichum gloeosporioides Penz. Finally, the obtained microcapsules showed the same antibacterial effect.
Introduction

The demand for a safe and natural food preservative has been
rising currently in the market. Increasing concern over the side
effects of chemical fungicides have enhanced the need to nd
antimicrobial molecules in nature. Natural antibacterial agents
are gaining increasing attention from researchers and the
industry due to their potential to provide quality and safety, as
well as extend the shelf life of food products.1–4 For example,
essential oils (EOs) have received extensive attention in food
preservation due to their effective combined activity against
various bacteria and fungi.5–7 Antimicrobial properties of
essential oils from various plant species have been proven to
affect and arrest microbial development.

Numerous in vitro studies have demonstrated the activity of
different essential oils against bacteria, mold and yeast.8–10 There
is an important relationship between the chemical composition
of essential oils and their antibacterial activity. These chemicals
are biodegradable to nontoxic products and are potentially suit-
able for integrated use. The natural origin of essential oils (EO),
in conjunction with their antimicrobial and antioxidant activity,
ng, Guangxi University, Nanning 530004,

tion (ESI) available. See DOI:

7

makes them attractive for use in the food industry. Nevertheless,
the direct addition of EO to the foods matrix has several disad-
vantages, such as rapid loss by volatilization and activity loss due
to the effects of ultraviolet light and oxygen.11 However, an
essential oil releasing rapidlymay affect antimicrobial properties.
To overcome the high volatility of essential oil components,
encapsulation has emerged as a new alternative.12

The main components of thyme essential oils (TEO) include
thymol, carvacrol and paracymene.13,14 Thyme essential oil has
been found to have antibacterial and antifungal effects on
various pathogenic microorganisms.15,16 Thyme essential oil
highly reduced 64.00% of gray mold incidence in tomato plants
and reduced Fusarium wilt severity to 30.76% in tomato plants
grown in the hydroponic system.17

As a wall material for microcapsules, cyclodextrin (CD) has
been studied extensively. Cyclodextrins are toroidal-shaped
cyclic oligosaccharides with a hydrophilic outer surface and
an internal hydrophobic hollow interior, which can entrap
a vast number of lipophilic compounds into their hydrophobic
cavity, depending on their size and molecular structure.18 The
most common CDs are formed from six (a-CD), seven (b-CD) or
eight (g-CD) D-glucopyranose units.19 The three major CDs are
crystalline, homogeneous, and nonhygroscopic substances,
which are torus-like macro-rings that are built up from gluco-
pyranose units.20 b-Cyclodextrin (b-CD) is a cyclic oligosaccha-
ride that is composed of 7 D(+)-glucopyranoses, which have
This journal is © The Royal Society of Chemistry 2019

http://crossmark.crossref.org/dialog/?doi=10.1039/c9ra03323h&domain=pdf&date_stamp=2019-06-24
http://orcid.org/0000-0002-6706-1460
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9ra03323h
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA009034


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
ju

ni
j 2

01
9.

 D
ow

nl
oa

de
d 

on
 1

4.
 0

7.
 2

02
5 

02
:3

0:
14

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
a hydrophobic inner cavity and can be used with a wide range of
objects.21 Among the various wall materials, b-CD is one of the
most effective and simple microcapsule systems and is used
widely in the encapsulation process to form an inclusion
complex. Encapsulation in b-CD is one of the most effective
methods for protecting active compounds against oxidation,
heat degradation, and evaporation, as well as for masking
undesired scents or avors and increasing solubility.22

As part of the method for preparing microcapsules, the
saturated aqueous solution method is also called a coprecipita-
tion method,23,24 in which a cyclodextrin is made into a satu-
rated aqueous solution, and a guest molecule is added. For
those insoluble molecules in water, a small amount of a suitable
solvent (such as ethanol) may be added. Aer dissolution, the
mixture is stirred andmixed for a certain period of time to allow
the guest molecules to be encapsulated. Then, the mixed liquid
is subjected to low-temperature refrigerating precipitation and
ltration, and then is washed and dried according to the nature
of the guest molecule, with a suitable solvent to obtain a stable
clathrate.25,26 In addition, several researchs have reported the
use of polylactide, for the encapsulation of TEO.27–29

Gum arabic (GA) is one of the popular ingredients that is
widely used in the food and pharmaceutical industries. Gum
arabic is a natural acacia tree exudate that contains hyper-
branched polysaccharides and proteins.30 Fractions are mainly
composed of arabinogalactan (90% of total mass), arabinoga-
lactan protein (10% of total mass) and glycoprotein (1% of total
mass).31,32 GA is commonly used as an emulsier to stabilize
emulsions, the emulsifying property of which is provided by an
excellent interfacial property of arabinogalactan protein. The
structure of arabinogalactan protein provides both hydrophobic
polypeptide chain and hydrophilic carbohydrate blocks, which
confers good emulsication characteristics.33 The function of
GA is provided by repulsive electrostatic and steric interactions
aer the polypeptide moieties adsorb onto the oil droplet
surface and the polysaccharide chains protrude in the aqueous
phase.34 The high water solubility and low solution viscosity
increase the possibility of embedding essential oils.

In the present study, microcapsules based on b-cyclodextrin,
thyme essential oil, and gum arabic were produced to investi-
gate the effect of the inclusion rate of essential oil. And gum
arabic was, for the rst time, used as an emulsier for micro-
capsulation of essential oil. This study analyzed the antimi-
crobial effects of thyme essential oil and microcapsules for
future applications as an antibacterial agent in food commod-
ities. The gum arabic as an emulsier exhibited excellent effect
on embedding rate and release rate.

Material and methods
Materials

All chemicals and solvents were of analytical grade. b-Cyclo-
dextrin (b-CDs), gum arabic (GA) and thyme essential oil (TEO,
99%) were supplied by Yuanye, China. Deionized water was
used throughout the synthesis and analysis.

Colletotrichum gloeosporioides Penz. and Botryodiplodia the-
obromae Pat. were obtained and isolated from infected mangos
This journal is © The Royal Society of Chemistry 2019
in the laboratory of the Guangxi Academy of Agricultural
Sciences (Nanning, China).
Production of thyme essential oil microcapsules

The microcapsules were prepared according to the optimized
formulation and fabricationmethod described by.35,36 b-CD (2.5%
w/v) and GA (with the ratio of TEO : GA ¼ 1 : 0, 1 : 1, 1 : 3, 1 : 5,
1 : 7, 1 : 9, w/w) were prepared by dispersing deionized water and
were stirred with 600 rpm for 2 h at 60 �C to obtain a homoge-
neous mixture. This oil phase was then mixed with 40 �C pre-
heated anhydrous ethanol to obtain a ratio of 1% (w/v). TEO was
then added dropwise into the b-CDs/GA mixture under gentle
stirring at 40 �C and 1000 rpm. The suspension was obtained
aer stirring 6 h. This mixture was cooled to room temperature.
To accelerate precipitation, themixture was le at 4 �C overnight.
The precipitated TEO/b-CD complex was acquired by vacuum-
ltration using 0.22 mm microltration membranes, and the
precipitate was washed with ethanol three times and was heated
in a vacuum oven at 50 �C until constant weight. The collected
dry powder was named TEO/b-CD microcapsules.
Ultraviolet-visible (UV-vis)

Ultraviolet-visible (UV-vis) absorption spectra of prepared
microcapsules supernatant was recorded using a UV-vis spec-
trophotometer (UV-4100, Shimadzu Corporation, Tokyo, Japan)
over wavelengths ranging from 200 to 500 nm. The maximum
wavelength absorption is 293 nm, which is close to the
absorption wavelength that was reported elsewhere.37
Microencapsulation process yield (Y%)

The yield is the rate between the mass of microcapsules ob-
tained and the initial mass of b-CD and TEO. The sample
concentration was calculated using the calibration curve. For
the construction of the calibration curve, TEO was used at
different known concentrations. The microencapsulation
process yield was calculated by using the following expression:

Y ð%Þ ¼ Mmc

Mcd þMo

� 100

whereMmc,Mcd andM0 are the mass of microcapsules obtained,
the initial weight of b-CD and the initial weight of TEO,
respectively.
Assay of thyme essential oil embedding rate (EE%)

The amount of TEO encapsulated in b-CD was determined by
a UV-visible spectrophotometer following the method described
by,38,39 with few modications. Briey, a 10 mg sample was
poured into ethanol and soaked overnight. The supernatant was
centrifuged for 10 min at 12 000 rpm. Absorbance of the ob-
tained solution was measured, and ethanol was used as
a reference. Three groups weremade in parallel, and the average
value was calculated. The sample concentration was calculated
using the calibration curve. The EE% of the microencapsulation
process were calculated by using the following expressions:
RSC Adv., 2019, 9, 19740–19747 | 19741
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EE% ¼ Meo

Mo

� 100

where Meo is the weight of TEO encapsulated.
Assay of thyme essential oil release rate

Thyme essential oil released from the microcapsulations were
evaluated. In vitro release of thyme essential oil from b-cyclo-
dextrin in phosphate buffers was carried out according to re-
ported methods,40,41 with slight modications. Briey, a certain
amount of microencapsulation and buffer solution (10 mL) in
dialysis membrane bags (8000–14 000 MWCO, width 77 mm)
were placed into 100 mL phosphate buffers at 25 �C with
constant stirring. Then, 4 mL of phosphate buffer was with-
drawn for analysis and was replaced with an equivalent volume
of fresh buffer to maintain the total volume. Aliquots of 4 mL
were removed every 2 h, and the initial volume (100 mL) was
maintained by the addition of phosphate buffers. The release of
thymol essential oil was monitored by UV-vis absorption spec-
troscopy. The cumulative release percentage of TEO was deter-
mined by using the following equation. The analysis of each
sample was performed in triplicate.

Cumulative release percentage ¼
Xt

t¼0

Mt

M0

� 100

where Mt and M0 are the cumulative amount of TEO at each
sampling time and the initial weight of the TEO-loaded in the
sample, respectively.
Particle-size analyses

Measurement of mean particle hydrodiameter of the micro-
capsulations were determined by the size and zeta potential
analyzer (Zetasizer Nano ZSP, UK). Data were reported as the
averages of the three readings.
Scanning electron microscopy (SEM)

The surface micrographs of the TEO microcapsule particles were
imaged by scanning electron microscopy (F16502, Phenom,
Netherlands). SEM images provided the morphology and approx-
imate size of the crystals that formed by the inclusion complexes.
Microcapsules were attached to the specimen holder with
a double-sided adhesive tape and were sputtered with gold. SEM
images were taken at the required magnication at room
temperature and examined using an acceleration voltage of 25 kV.
Fourier transform infrared spectroscopy (FTIR)

To conrm the information about chemical bond or functional
group, the FTIR spectra of the samples were obtained by using
a BRUKER TENSOR II instrument (Bruker, Germany). Approxi-
mately 1 mg of sample was mixed with approximately 100 mg
potassium bromide (KBr) and was pressurized to achieve
a transparent pallet. Each spectrum was recorded in a frequency
range of 800–4000 cm�1. Each sample was scanned 16 times
with a resolution of 4 cm�1.
19742 | RSC Adv., 2019, 9, 19740–19747
Antimicrobial activity

The antimicrobial activity was evaluated by the agar diffusion
assay. Colletotrichum gloeosporioides Penz. and Botryodiplodia
theobromae Pat. were used as the test microorganisms. The
samples' antimicrobial activity was evaluated by the modied
agar diffusion method. The microbial strains were cultured on
dextrose agar for fungi and were incubated at 28 � 2 �C for 48 h
for fungi. The antimicrobial activity of the thyme essential oil
and microcapsules were determined.

The different concentrations of TEO (0.0, 10.0, 125.0, 166.6,
250.0 and 500.0 mL mL�1) were prepared in an appropriate
solvent (dimethyl sulfoxide). The different TEO concentrations
were sterilized by a 0.45 mm syringe microlter. For this
purpose, 20 mL inoculated medium was added to each Petri
dish (90 mm � 15 mm) and was allowed to solidify (dextrose
agar for fungi).

For the antibacterial activity of thyme essential oil, 7 mm
diameter lter papers mixed with thyme essential oils lime at
concentrations of 0.0, 10.0, 125.0, 166.6, 250.0 and 500.0 (v/v)
were placed in the center of the culture dish cover. A PDA
agar disk (7 mm diameter) of a pure culture of Colletotrichum
gloeosporioides Penz. and Botryodiplodia theobromae Pat. was
placed onto the center of a PDA plate, respectively. Plates were
incubated at ambient temperature (28 � 2 �C).

For the antibacterial activity of microcapsules, the PDA plate
was mixed with the different weights of thyme essential oils
microcapsules (0.2, 0.4, 0.8 g). A PDA agar disk (7 mm diameter)
of a pure culture of fungi was placed onto the center of a PDA
plate. The antimicrobial activity of microcapsules was evaluated
by the diameter of the fungi agar disk.

At the same time, the antibacterial effect of b-cyclodextrin
and gum arabic was also evaluated. The diameters were
measured to the nearest 0.02 mm. Daily radial growth
measurements were taken until the control dishes were fully
covered with mycelia. Three plates for each treatment were
considered for this evaluation, and the results were analyzed
statistically. The average of diameters for each sample were
used to determine the antimicrobial activity. At the same time,
the antibacterial activity of each sample were also observed
further under the same experimental conditions.

Statistical analysis

The results were treated statistically using SPSS soware (Version
20), and data were expressed as the means � standard deviations
(S.D.). Differences were regarded as signicant when p < 0.05.

Results and discussions

TEO microcapsules were prepared by coprecipitation tech-
nology. In this process, the effects of GA on the morphology and
embedding rate of microcapsules were investigated.

The calibration curve for thyme essential oil

Loading of TEO into the b-CD and its release was monitored by
UV-vis absorption spectroscopy. The amounts of TEO encap-
sulated in b-cyclodextrin were determined using a calibration
This journal is © The Royal Society of Chemistry 2019
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Table 1 Effect of TEO : GA weighted ratio on the physicochemical
properties of TEO-loaded b-CD. The results are reported in the mean
� SD, n ¼ 3a

TEO : GA
(w/w)

Yields of
microcapsules (Y%)

Encapsulation
efficiency (EE%)

Average
diameter (mm)

1 : 0 75.93 � 3.43 38.87 � 3.40 10.50 � 1.40
1 : 1 78.60 � 2.57 40.24 � 1.32 9.70 � 2.10
1 : 3 87.61 � 1.13 53.00 � 1.12 8.20 � 1.67
1 : 5 81.81 � 1.64 41.23 � 2.37 9.78 � 1.07
1 : 7 85.63 � 1.34 40.07 � 3.02 9.98 � 2.01
1 : 9 78.58 � 3.67 37.72 � 3.86 10.67 � 2.77

a Y¼ (amount of microcapsules/initial amount of TEO and b-CD)� 100,
EE ¼ (amount of TEO loaded/initial amount of TEO) � 100.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
ju

ni
j 2

01
9.

 D
ow

nl
oa

de
d 

on
 1

4.
 0

7.
 2

02
5 

02
:3

0:
14

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
curve that related the ultraviolet absorbance values with the
thyme essential oil concentration values in an ethanol solution.
The TEO exhibited a maximum wavelength absorption at
293 nm. A linear correlation was obtained between the magni-
tude of the absorbance peak and the concentrations of thyme
Fig. 1 SEM micrographs of b-CD (a), the GA (b), the b-CD/TEO microca
magnified 2000 times; d and f: magnified 10 000 times).

This journal is © The Royal Society of Chemistry 2019
essential oil in the ethanol solutions, which permitted the
establishment of a calibration curve. This linear correlation was
dened as the calibration curve for essential oil and was utilized
to determine the essential oil concentrations in the b-cyclo-
dextrin structures aer the encapsulation processes.

Microencapsulation process yield (Y%)

With the weighted ratio of gum arabic and essential oil
increased, the percentage yield of the essential oil microcapsule
varied within a certain range. When the weighted ratio of
essential oil was 1 : 3, the maximum percentage yield of the
essential oil microcapsule was 87.61% (Table 1), which may be
due to the increase in weight of GA that was caused by the
change in the solubility of cyclodextrin in water.

Encapsulation efficiency of thyme essential oil

The encapsulation efficiency (%EE) of different weighted data
are shown in Table 1. The result shows that %EE increases and
then decreases with increasing GA content. The presence of GA
psules (c and d) and, b-CD/GA–TEO microcapsules (e and f). (c and e:

RSC Adv., 2019, 9, 19740–19747 | 19743
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Fig. 2 FTIR spectra of gum arabic (GA), physical mixing of gum arabic
with b-cyclodextrin (CD–GA), thyme essential oil/b-cyclodextrin
complexes (BCD–TEO), and thyme essential oil/b-cyclodextrin
complexes using gum arabic as an emulsifier (BCD/GA–TEO). Addi-
tionally, FTIR spectra for pure b-cyclodextrin (BCD) is shown.

Fig. 3 In vitro release profiles of CEO from thyme essential oil/b-
cyclodextrin complexes (BCD–TEO) and thyme essential oil/b-
cyclodextrin complexes using gum arabic as an emulsifier (BCD/GA–
TEO). Data were represented as the mean � SD, n ¼ 3.
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increased the embedding rate of TEO. When the weighted ratio
of essential oil was 1 : 3, the maximum embedding rate was
53.00%. The emulsion droplets of TEO probably moved more
freely in the medium.42 Due to the increased amount of gum
arabic, the ow of essential oil was hindered. At the appropriate
emulsier concentration, the rate at which the essential oil
molecules diffused at the mixed solution was probably higher.
At the same time, this could provide a better protection of oil
from coalescence which ultimately embeds in the b-
cyclodextrin.

The mean diameter of the microcapsules

The microcapsules were characterized and compared in terms
of the mean particle size. The optimum dosage of gum arabic
was determined. Signicant difference was found in the size of
the microcapsules prepared with the different weighted ratio of
the TEO : GA. The mean diameter of TEO loaded microcapsules
decreased appreciably as the TEO : GA weighted ratio increased
from 1 : 0 to 1 : 3, followed by slight increase when the TEO : GA
weighted ratio increased from 1 : 3 to 1 : 9 (Table 1). When the
weighted ratio of the TEO : GA was 1 : 3, the minimum particle
size of microcapsules was obtained. The presence of GA affected
the microcapsules size. GA includes approximately 2% protein
and can form stable emulsions with most oils.43 Therefore, the
size of the nally obtained microcapsules became dependent
upon the effect of gum arabic concentration during the prepa-
ration process.

Scanning electron microscopy (SEM)

The relatively hydrophobic cavity of b-CD can accommodate
various kinds of guest molecules to form inclusion complexes
with different morphologies. The SEMmorphology with images
of b-CD/TEO is illustrated in Fig. 1(c–f). Obviously, some
19744 | RSC Adv., 2019, 9, 19740–19747
microcapsules had the typical monoclinic crystalline structures
surface,44 which was a unique feature of b-CD microcapsules
prepared by the coprecipitation method. Most microcapsules
had a relatively smooth, intact surface.

As shown in Fig. 1(a and b) the pure sample of b-CD and GA
exists in amorphous, irregular crystal and varied sizes without
a dened shape. The average particle sizes were 88.88 mm for b-
CD and 67.08 mm for GA (Fig. 1a and b). Fig. 1(c–f) demon-
strated the typical morphology of the b-CD/TEO complexes and
the b-CD/GA–TEO complexes together with the diameter
distribution of sample. The b-CD/TEO complexes showed the
typical monoclinic crystalline structures that have been re-
ported for the inclusion of thymol in this type of b-CD.45 The
average size varied between 8 and 10 mm (Fig. 1c). The micro-
capsules with gum arabic showed the typical monoclinic crys-
talline structures where the average size was smaller than the
average particle sizes of b-CD/TEO complexes without GA. Then,
the relationship between the particle size of microcapsules and
the particle release rate was also found. The microcapsule with
smaller particles had slower release rate than those having
larger size. This nding corresponds with the result that was
obtained from the study on the release rate, as discussed later.46

Munhuweyi et al. studied the complexes of b-CD and EOs that
were obtained by the coprecipitation method and reported
crystal complexes with smaller rhomboidal crystals. In the
presence of gum arabic, the overall density of microcapsules
increased, and the surface was smoother, which indicated levels
of breakage. With b-CD as its wall materials and GA as an
emulsier, the TEO microcapsule displayed a surface
morphology and good particle size distribution.

Specic types of complexation may be demonstrated by the
FTIR spectra where some isolated absorption band was corre-
lated with the complexation process. Guest molecules can alter
the intensity and relative location of the bands. FTIR spectros-
copy was used to evaluate the effects of gum arabic on micro-
capsules. FTIR spectra of different samples are shown in Fig. 2.
This journal is © The Royal Society of Chemistry 2019
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The spectrum of b-CD showed absorption bands at
3345 cm�1 (symmetrical and asymmetrical stretching of the
–OH groups), 2922 cm�1 (C–H stretching), 1645 cm�1 (O–H
bending), 1154 cm�1 and 1026 cm�1 (asymmetric and
symmetric stretching of the C–O–C; Fig. 2). Comparable studies
have been reported.47

Gum arabic presented strong vibrational peaks at 1020 cm�1

(C–O stretching), 1414 cm�1 (CH3 bending and C–H bending),
1600 cm�1 (C]O stretching) and 2888 cm�1 (low intensity of
a carboxylic group). The band that presented at 3273 cm�1

indicates the presence of hydrogen-bonded OH group.48 The
characteristic absorption band in the region of 3400–3500 cm�1

for the amino group of gum arabic must have been masked by
the broad O–H group absorption band.49

Small differences in the spectra of BCD/GA–TEO and BCD–
TEO complexes were observed, presumably due to the presence
of small quantities of gum arabic. According to the physico-
chemical tests performed, we demonstrated with evidence that
the GA was only used as an emulsier and was not used as an
ingredient in the microcapsules.
Release studies

The release behaviors of microcapsule in the dissolution media
are been presented in Fig. 3. The release of TEO from complexes
can be divided into two phases. For the rst phase (the rst 5 h),
the mechanism of release is attributed to the release of mole-
cules that have the weaker affinity with b-cyclodextrin. The
second phase is slow-release where the rate of release decreases
slightly. The mechanism of release is attributed to the high
stability between b-CD and carvacrol, thymol.50,51 These results
can also explain the antibacterial activity.

In BCD–TEO complexes, a higher oil release prole was
observed than that prepared with BCD/GA–TEO complexes. The
microcapsules with GA in the preparation process, in which the
release rate of essential oil increased with time and then tended
to be stable. For the control group that has microcapsules
without GA in the preparation process, the release rate of
Fig. 4 The antibacterial activity (a) thyme essential oils and (b) thyme ess
Botryodiplodia theobromae Pat. Data were given as the means � S.D (

This journal is © The Royal Society of Chemistry 2019
essential oil increased rapidly in the initial time. First, the
release behaviors of the microcapsules increase with the
increase of particle size microcapsules. The physical connection
between gum arabic and cyclodextrin resulted in a reduction in
the gap between the microcapsule molecules, which impedes
the release of essential oils. Only a fraction of the GA acted as
barriers, and a large proportion of GA were found in the residual
raw material liquid of the microcapsule. The effect of gum
arabic on the release of essential oil needs to be studied further.
Antibacterial activity

An agar disk diffusion test was carried out to investigate the
antibacterial activity of the thyme essential oil and microcap-
sule against fungi. Thyme essential oils have a certain anti-
bacterial effect on Colletotrichum gloeosporioides Penz. and
Botryodiplodia theobromae Pat., and their growth was reduced as
the essential oil concentration increased. When the concen-
tration of thyme essential oil was up to 500 (mL mL�1), a slight
rate of growth was observed in both fungi (Fig. 4a). According to
previous reports, the antibacterial activity of essential oils may
be due to the ability of essential oils to penetrate cell
membranes, destroy cell membranes, inhibit cell functional
properties, and, ultimately, lead to cell contents leakage leading
to cell death.

In Fig. 4(a and b), the diameters (mm) of the PDA agar disk of
a pure culture of fungi are shown. The diameter (mm) values
showed that the antibacterial effects of the sample on Colleto-
trichum gloeosporioides Penz. were better than that of Botryodi-
plodia theobromae Pat., for both the thyme essential oil and an
essential oil microcapsule. The antimicrobial effects of thyme
essential oil on Colletotrichum gloeosporioides Penz. have been
reported.52,53 The research of agar diffusion tests obtained for
the b-cyclodextrin molecules and GA indicated that the b-CD
and GA molecules did not have antimicrobial properties.

In Fig. 5(a and b), during the 7 day culture period, the
essential oil was released gradually from the hydrophobic cavity
to the surface of b-CD. Over time, this process could weaken the
ential oil microcapsules on Colletotrichum gloeosporioides Penz. and
n ¼ 3).
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Fig. 5 The antibacterial activity of thyme essential oils and thyme essential oil microcapsules on (a) Colletotrichum gloeosporioides Penz., and
(b) Botryodiplodia theobromae Pat. Data are given as the means � S.D (n ¼ 3).
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antibacterial effect, and the growth rate of the fungus began to
accelerate. For the essential oil microcapsules, in the rst 2
days, due to its slow release rate, it did not show an improved
antibacterial effect; however, with the passage of time, its
release rate was accelerated to a certain extent, which inhibited
the growth of fungi very well. The microcapsules exhibited
antibacterial effect over a certain period of time.

In this study, thyme essential oil showed good antibacterial
effect on Colletotrichum gloeosporioides Penz. and Botryodiplodia
theobromae Pat. Numerous studies have shown that Colleto-
trichum gloeosporioides Penz. and Botryodiplodia theobromae
Pat., are the main strains that cause mango to accelerate the
deterioration of mango aer picking. In other studies, Amo-
mum subulatum Roxb oil54 and mustard essential oil55 exhibi-
ted antifungal activity against two mango rotting fungi viz.
including Colletotrichum gloeosporioides Penz. and Botryodiplo-
dia theobromae Pat. However, these essential oils were not
embedded in the shell material, and could not improve the
controlled release of essential oil.

The two fungi in this experiment were obtained from man-
gos. The research results of this experiment might be the basis
for the future application of thyme essential oil to mango
preservation. However, thyme essential oil has not been studied
for use as an additive to fruit preservation due to its strong odor,
thermal instability and low ash point.56,57 These problems can
be solved by embedding thyme essential oil with b-cyclodextrin.
Conclusion

Because gum arabic has good water solubility and emulsifying
properties, it emulsies in the process of preparing essential oil
microcapsules, and the microencapsulation efficiency of the
embedding material can be increased during the embedding
process. The antibacterial effect showed that TEO and thyme
essential oil microcapsule are capable of inhibiting Colleto-
trichum gloeosporioides Penz. and Botryodiplodia theobromae Pat.
under proper growth conditions. The results of this study are
benecial for mango preservation. These ndings indicate that
19746 | RSC Adv., 2019, 9, 19740–19747
the thyme essential oil microcapsule as a natural bacteriostatic
agent that has the potential to be widely used in the food pro-
cessing industry.
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