Chiang Mai J. Sci. 2020; 47(3) : 441-454
http://epg.science.cmu.ac.th/ejournal/
Contributed Paper

Effects of Hydroxypropyl Methylcellulose Film Incorporated
with Carvacrol and Its Nanoemulsion on the Quality of
Grapes
Nilay Sultan Giray [a]*, Taner Baysal [b] and Özge Taştan [b]
[a] Republic of Turkey Ministry of Agriculture and Forestry, İzmir Food Control Laboratory Directorate, Izmir, Turkey.
[b] Ege University, Food Engineering Department, 35100 Bornova, Izmir, Turkey.
*Author for correspondence; e-mail: nskandemir@gmail.com
Received: 6 November 2019
Revised: 9 January 2020
Accepted: 30 January 2020

ABSTRACT
In this study, the effects of Hydroxypropyl Methylcellulose (HPMC) films enriched with
carvacrol and its nanoemulsion for the preservation of grapes were evaluated. Grapes were coated
with film-forming solutions, and the quality characteristics were evaluated during storage. The average
droplet size and zeta potential of the nanoemulsion was determined as 114 ± 0.4 nm and - 28.7 ± 2.6
mV, respectively. The mechanical properties of the HPMC films containing carvacrol (CEO) (0.29
g/L) and carvacrol nanoemulsion (CNE) (14.64 g/L) were determined. Although HPMC coated grapes
incorporated with CEO and CNE led to browning and softening after the 14th day of storage, they
significantly decreased the total viable counts, yeast and molds. Remarkably, grapes coated HPMC
films incorporated with CNE were more efficient than CEO films, which cause a reduction of 2.34
log CFU/g after coating. Moreover, the total viable count was 4.88 log CFU/g for the control, whereas
there was no growth in the CEO and CNE groups until the third day of storage.
Keywords: Botrytis cinerea, carvacrol, grapes, HPMC film, and nanoemulsion
1. INTRODUCTION

Grapes contains and are high in several
essential components such as: organic acids,
sugars, phenolics, and minerals. During storage, the
quality changes observed for grapes were: colour
change, softening, and weight loss [1-2, 3]. The
most serious disease in grapes is caused by Botrytis
cinerea, which causes grey mold and is considered
one of the most damaging postharvest pathogens
to affect the quality of grapes during storage at
low temperatures (−0.5 ◦C). It accelerates losses
of quality based on weight loss, colour changes,
and softening [4].

Bioactive edible films are another method used
to improve shelf life by improving the quality of
grapes. Films show as a protective barrier with
the surrounding media and prevent fruits from
dehydrating [5].
Hydroxypropyl methylcellulose (HPMC) is
derived from cellulose. It has excellent properties
such as: forming a gas barrier, tasteless, oil-resistant,
and transparent so commonly it can be used as a
film-forming biopolymer [6-7].
There is an increasing trend to improve edible
films incorporating essential oils (EOs) in foods
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as preservatives. It can provide microbiological
stability of food by acting as a carrier of additives,
which can decrease the survival risk of pathogenic
bacteria on food surfaces, thereby prolonging the
shelf-life of the product.
The use of antimicrobial coatings has
attracted significant attention because they can
be formulated with naturally derived compounds
and the capability of the controlled release of
antimicrobial compounds. Besides, the use of
nanoemulsions in coatings has several advantages
such as reducing the adverse effects associated with
direct essential oil (EOs) inclusion and enhancing
the antimicrobial activity of encapsulated EOs
more than pure EOs [14]. EO nanoemulsions
protect the stability from interactions with the
food ingredient, increase their bioactivity, and
stabilize the active substances [8]. To insure the
edible films have better properties, nanoemulsions
include EOs and HPMC that can be used together
[5]. In literature, biodegradable films enriched
with EOs are defined as a way to protect such
items as: fresh-cut apple [9-10], melon [11], or
pear [12-13].
To the best of our knowledge, no data
on the antimicrobial activity of HPMC films
combined with carvacrol and its nanoemulsion
in grape preservation have been reported. In this
research, the minimum inhibition concentration
(MIC) of the CEO and CNE against B.cinerea was
determined. Then, the stability and antimicrobial
efficacy of CEO and CNE on the survival of
B.cinerea were compared. Also, the effects of CEO
and CNE incorporated HPMC coatings on the
quality parameters of grapes throughout 21 days
of storage at 4 °C were investigated.
2. MATERIALS AND METHODS

2.1 Materials
Grapes (Superior Seedless type) were harvested
from an organic orchard (Manisa, Turkey).
The harvested fruits were stored at +4 °C in a
refrigerator (Relative Humidity 85 - 90%) until
processing. HPMC (H8384, Sigma Aldrich) was
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used as a film-forming biopolymer and carvacrol
(W224511, Sigma Aldrich) as an antimicrobial
agent in this study. A virulent isolate of B. cinerea
(BC700), was obtained from a naturally infected
grape that was provided by the Republic of Turkey
Ministry of Agriculture and Forestry, Directorate
of Plant Protection Research Institute (Izmir).
For the production of carvacrol nanoemulsion,
sunflower oil (Sagra, Italy) was used as an organic
phase, tween 20 and glycerol monooleate (Sigma
Aldrich, Germany) were used as emulsifying agents.
2.2 Methods
2.2.1 Preparation of carvacrol nanoemulsion
The composition of the oil-in-water carvacrol
nanoemulsion is shown in Table 1, and it was
prepared using the high pressure homogenization
method [8,14]. The sunflower oil in water
nanoemulsions were prepared using the high
pressure homogenization (HPH) technique. Preemulsions were obtained with high speed stirring
using an Ultra Turrax T25 (IKA Labortechnik,
Jahnke und Kunkel, Germany) at 24,000 rpm
for 5 min. Then, the pre-emulsions were passed
five times through a high pressure homogenizer
Nano De BEE Electric Bench-top Laboratory
(BEE International, USA) at 300MPa.
2.2.2 Bacterial culture
Frozen vials containing 2 mL of B. cinerea
were thawed and then was cultured on potato
dextrose agar (PDA) (LAB M, Bury, UK) for
two weeks at 25 ± 1 °C. The culture was used to
produce B. cinerea conidia aqueous suspensions in
a biological safety cabinet (Class II.-Type EF/S,
Azbil Telstar Technologies, Spain). Inoculated
PDA plugs were put in sterile distilled water and
shaken to remove the spores from mycelium.
Then, the mycelial fragments of spore suspension
were filtered, and the conidia were identified using
optical microscopy. Next, the conidia obtained
from the plates were diluted with sterile water to
obtain approximately 106 spores/mL.
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2.2.3 Characterization of carvacrol nanoemulsion
The mean droplet size (expressed as hydraulic
diameter dH) and polydispersity index (PDI) were
determined by measuring the backscattered light
(173°) in polystyrene cuvettes. The zeta potential
was measured by calculating the electrophoretic
mobility of the nanoemulsion droplets, resulting
from their surface charge in disposable folded
capillary cells according to Tastan et al. [14].
2.2.4 Minimum inhibition concentration
(MIC) determination
The agar macrodilution method was used
to evaluate the minimum antifungal activity of
carvacrol (CEO) and carvacrol nanoemulsion
(CNE) against B. cinerea [15]. Amounts of 50,
100, 150, 300, and 600 μl/L CEO and CNE were
incorporated into the PDA and poured into petri
dishes individually. The plates without carvacrol
or nanoemulsion were used as the control. Spore
suspensions of 10 µl B. cinerea containing 6.3×106
spores/mL were placed at three different points
on the PDA plates. The plates were incubated for
seven days at 25 °C.
2.2.5 Preparation of HPMC films containing
carvacrol and its nanoemulsion
The HPMC coating suspensions were produced
by dissolving HPMC (1%, w/v) in distilled water
at 80 °C and stirred for two h to ensure total
solubility. Then, CEO (300 µl/L) and CNE
(1500 µl/L) was added to the HPMC solution at
room temperature using a mechanical stirrer at
200 rpm for 15 min. The film-forming solutions
were poured into petri plates (R=150 mm), and
then the plates were dried in an incubator (Nüve,
ES 500) at 28 °C for 28 hours. The carvacrol
nanoemulsion used in the film solution were of 3
different concentrations (MIC, 1/2MIC, 2MIC).
2.2.6 Characterization of HPLC films containing
carvacrol and its nanoemulsion
Film thickness was measured with a micrometer
according to the ASTM D2673 method at five
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random points of the HPMC films. Mechanical
measurements were made by applying the texture
analysis device (TA-XT2, Stable Microsystems,
United Kingdom) [16]. Films were cut into strips
of 6 mm width and 80 mm length. Heading
speed and distance was 5 mm/min and 100 mm,
respectively. The hydrophobicity of the HPMC
films was measured using a contact angle analyzer
(CAM 200, KSV Instruments, Finland) according
to Tastan et al. [14]. The SEM analysis of the
HPMC films incorporated with CEO and CNE
was carried out according to Choi et al. [17],
using a scanning electron microscopy (Philips XL
30S FEG, FEI Company, Netherlands) with an
accelerating voltage of 3 kV. Small pieces of the
film were scanned by placing them onto a metal
stub with a double-sided adhesive layer.
2.2.7 Coating of the grapes
The grapes were cut from the branch
without any damage. The grapes were washed
with distilled water and then washed with a 1%
sodium hypochlorite (v/v) solution for 1 min and
then allowed to dry before the coating application.
The grapes were randomly divided into groups
(10 g), and three replicates were used for each
treatment. The control group had no EO and was
used as the control, the CEO Group was coated
with HPMC with CEO, and the CNE Group
was coated with HPMC with CNE. Grapes were
dipped in the HPMC solutions for 2 min except
for the control. Then, drained and let them dry
in the biosafety cabinet at 24 °C for two hours.
The coated fruit was then placed in a plastic box
and stored for 21 days at 4 ± 1 °C.
2.2.8 B. cinerea inoculation of grapes
Samples were coated by dipping them
into HPMC incorporated with CEO and CNE
solutions for 2 min, removed from the solution
and left to air-dry at 20 °C for two hours. After
coating, the berries were inoculated with the
spore suspension (6.3×106 spores/mL). A volume
of 20 mL of spore suspension was applied to
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2.2.8 B. cinerea inoculation of grapes
Samples were coated by dipping them into HPMC incorporated with CEO and CNE
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Table 1. The Composition, mean droplet diameter (dH), polydispersity index (PDI), and zeta potential
of the carvacrol nanoemulsion.
Component

Composition

Carvacrol (%)

2

Sunflower oil (%)

3

Tween 80 (%)

1

Water (%)

93

Glycerol monooleate (%)

1

Properties

Values

Droplet Size (nm)

114 ± 0.4

PDI

0.268 ± 0.0

Zeta potential (mV)

-28.7 ± 2.6

the CNE is shown in Table 1. The mean droplet
diameter of the carvacrol nanoemulsion was
114 ± 0.4 nm. The PDI and zeta potential of
nanoemulsion were determined as 0.268 ± 0.0
and -28.7 ± 2.6, respectively.
3.2 Film Characterization
The carvacrol and its nanoemulsion did not
change the thickness of the HPMC films (P >
0.05) (Table 2). The tensile strength of the CEO
and CNE groups were lower than the control
(P > 0.05). Moreover, elongation of the control
and CNE groups were close to each other (P >
0.05). The effect of pure carvacrol on the tensile

strength of the HPMC film could not be observed
when CNE was used. The Elongation and Young
Modulus of the B group was also higher than
the other two groups (P > 0.05). These results
indicate that the addition of carvacrol to the
HPMC film solution has no positive change in the
mechanical properties of the film. Similar results
obtained by Nonsee et al. [22] who showed that
the tensile strength of HPMC films containing
encapsulated clove oil decreased inversely to the
concentration of the essential oils. The HPMC
films incorporated with > 2% oil concentrations
had a plasticizing effect and led to a decrease in
the coefficient of elongation.

Table 2. Mechanical properties of the HPMC films. Influence of carvacrol (CEO) and carvacrol
nanoemulsion (CNO) on the film thickness, tensile strength, elongation at break, young modulus, and
the contact angle of HPMC films.
Films

Film Thickness
(µm)

Tensile Strength
(MPa)

Elongation
(%)

Young Modulus
(MPa)

Contact Angle
(°)

Control

0.018 ± 0.002a

3.73 ± 1.98a

23.87 ± 0.33a

10.51 ± 1.428a

44.83 ± 0.12c

HPMC film
incorporated with CEO

0.018 ± 0.002a

3.64 ± 0.35a

24.94 ± 1.09a

10.56 ± 0.89a

55.35 ± 0.09b

HPMC film
incorporated with CNE

0.020 ± 0.002a

2.95 ± 0.71a

23.16 ± 0,91a

9.78 ± 1.31a

59.76 ± 0.01a

a-c

Different letters indicate the significant differences in different film groups (P < 0.05).

446

The contact angle was determined as 44.83°
± 0.12 for HPMC film, 55.35° ± 0.09 and 59.76°
± 0.01 for the CEO and CNE film (Table 2).
These results could be based on the hydrophobic
property of the carvacrol and nanoemulsion. A
similar effect was found by Choi et al. [17]. When
the EO concentrations increased, there was a
significant increase in the contact angle of water
on the outer surface of the HPMC films from
46.87° to 79.55°. Alzate et al. [23] and Kurek et al.
[24] reported that the contact angle was affected
by both the size of the adhesive molecular forces
between the liquid and the solid and the adhesive
molecular effects in the water droplet.
The HPMC films incorporated with CEO
and CNE as well as HPMC films without oil were
determined with a scanning electron microscopy
(SEM) to examine the surface morphology of
edible (Figure 1). It was observed that the control
film (without EO or NE added) was free of air
bubbles, smooth, and showed the more compact
structure compared to other films (Figure 1).
The microstructures of the HPMC matrix
affected by the incorporation of CEO and
CNE into the HPMC film, is shown in Figure B
and C. The lipid droplets were homogeneously
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distributed in the film. The micro-porous surface
structures were formed because of the addition
of CEO and CNE to the HPMC film. It was
found that the CEO and CNE added to the film
distributed homogeneously and formed a smooth
microstructure surface. The reduction in droplet
size provides both a suitable dispersion in the
nanoemulsion and a homogeneous bonding of
the lipid components in the film [22].
3.3 Food Application
The quality characteristics of the coated and
uncoated grapes during 21 days of storage at +4
°C is shown in Table 3.
The rate of weight loss increased with
storage time at +4 °C (Figure 2). At the end of
3 days of storage, the control lost 2.30% of their
weight while weight loss of the HPMC coated
grapes reached 1.91% and 1.74% for B and C
groups, respectively. After 21 days of storage,
the most considerable weight loss was recorded
in the control with 9.64%, 7.13%, and 7.48%
in the groups CEO and C, respectively. Also, a
significant difference was determined in weight
loss among the groups CEO and CNE during
storage (P < 0.05).

Figure 1. SEM images of HPMC films incorporated with CEO and CNE.
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Table 3. Effects of HPMC coating incorporated with CEO and CNO on the quality characteristics
of grapes during 21 days of storage at +4 °C.
Quality
Characteristics
Titratable
Acidity
(%)

pH

Groups

Storage (day)
0

3

7

14

21

(Control)

0.43 ± 0.02c,I

0.32 ± 0.04b,II

0.26 ± 0.00b,III,IV

0.29 ± 0.02a,II,III

0.23 ± 0.01a,IV

(CEO)

0.47 ± 0.02b,I

0.40 ± 0.02a,II

0.33 ± 0.01a,III

0.26 ± 0.00a,IV

0.24 ± 0.00a,IV

(CNE)

0.50 ± 0.00a,I

0.44 ± 0.00a,II

0.29 ± 0.03b,III

0.26 ± 0.00a,IV

0.25 ± 0.00a,IV

(Control)

4.03 ± 0.01c,v

4.09 ± 0.02a,ıv

4.20 ± 0.04a,ııı

4.21 ± 0.02a,ıı

4.27 ± 0.02b, ı

(CEO)

4.06 ± 0.02b,IV

4.10 ± 0.01a,IV

4.18 ± 0.02b,III

4.29 ± 0.02a,II

4.46 ± 0.02a, I

(CNE)

4.09 ± 0.01a,IV

4.12 ± 0.02a,IV

4.20 ± 0.01a,III

4.24 ± 0.00a,II

4.45 ± 0.04a,I

(Control)

37.82 ± 0.16b, II

34.62 ± 0.26c, V

40.38 ± 0.09a, I

36.37 ± 0.13a, IV

36.92 ± 0.16a, III

(CEO)

36.4 ± 0.13c, III

37.49 ± 0.6a, II

39.27 ± 0.15b, I

36.58 ± 0.15a, III

36.26 ± 0.04b, III

(CNE)

38.28 ± 0.1a, I

35.47 ± 0.16b, III

36.57 ± 0.11c, II

34.11 ± 0.36b, IV

34.15 ± 0.25c, IV

(Control)

-0.39 ± 0.03b, II

-1.11 ± 0.09b, V

-0.98 ± 0.06c, IV

-0.19 ± 0.02a,I

-0.73 ± 0.09c, III

(CEO)

-1.02 ± 0.07c, V

-1.09 ± 0.07a,II

-2.74 ± 0.06a, I

-0.75 ± 0.07b, III

-0.17 ± 0.03a, IV

(CNE)

-0.16 ± 0.09a, II

-1.47 ± 0.03c, V

-1.43 ± 0.06b, I

-1.05 ± 0.07c, IV

-0.29 ± 0.05b, III

(Control)

28.36 ± 0.04a, I

22.98 ± 0.11b,IV

25.95 ± 0.04b, II

25.77 ± 0.13a, II

24.95 ± 0.21a, III

(CEO)

26.43 ± 0.07c, II

24.58 ± 0.31a, III

26.98 ± 0.08a, I

22.63 ± 0.08c, IV

22.54 ± 0.12b, IV

(CNE)

27.06 ± 0.09b, I

24.65 ± 0.17a, II

24.24 ± 0.08c, II

23.23 ± 0.25b, III

21.84 ± 0.07c, IV

(Control)

0a,IV

5.43 ± 0.09a.I

2.48 ± 0.04c,III

2.60 ± 0.13a,III

3.59 ± 0.22c, II

(CEO)

0a, IV

2.81 ± 0.02b, III

3.79 ± 0.03a, II

4.21 ± 0.15b, I

4.067 ± 0.11b, I

(CNE)

0a, IV

2.74 ± 0.19b, III

3.10 ± 0.36b, III

4.01 ± 0.29b, II

5.22 ± 0.45a, I

(Control)

0a, IV

6.31 ± 0.21a, I

3.57 ± 0.2b,II

3.04 ± 0.09c, III

3.72 ± 0.30a,II

(CEO)

0a, V

3.07 ± 0.12c, IV

4.75 ± 0.13a, I

4.21 ± 0.15b, II

4.07 ± 0.11b, III

(CNE)

0a, IV

3.93 ± 0.17b, III

3.55 ± 0.28b, III

5.78 ± 0.46a, II

5.60 ± 0.27c, I

(Control)

20.97 ± 0.21a, II

21.30 ± 0.17a,b, II

21.03 ± 0.72a, II

23.60 ± 0.92a, I

22.83 ± 1.96b, I, II

(CEO)

20.8 ± 1.14a, II, II

21.6 ± 0.2a, II

19.5 ± 0.4b, III

20.9 ± 1.51b, II, III

26.6 ± 0.26a, I

(CNE)

18.67 ± 0.29b, II

20.53 ± 0.81b, II

16.27 ± 0.21c, III

19.6 ± 1.31b, II

22.63 ± 1.55b, I

(Control)

28.95 ± 5.5b,I, II

28.34 ± 3.4b, I, II

30.54 ± 0.2b, II

29.67 ± 3.6a, I, II

33.11 ± 5.1b, I

(CEO)

41.53 ± 1.2a, I

35.77 ± 1.4a, II

46.74 ± 0.6a, II

29.41 ± 0.2a, III

42.54 ± 3.6a, I

(CNE)

37.38 ± 3.2a, I

35.67 ± 1.2a, I

32.31 ± 1.4b, II

26.30 ± 0.4a, II

29.51 ± 2.6b, II

Colour
L*

a*

b*

ΔC*

ΔE*

TSS
(°Bx)
Total Phenolic
Content
(mg/100 g)

Numbers indicate significant differences among samples in same group (P < 0.05).
Letters indicate significant differences among groups in same day (P < 0.05).

Figure 1. SEM images of HPMC films incorporated with CEO and CNE.
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Some studies indicated that essential oil
groups (P < 0.05) (Table 3). On the 21st day, the
incorporated HPMC coatings prevented water
TA values of the control, CEO and CNE groups
loss through hydrophobicity [25]. These results
were 0.23, 0.24, and 0.25, respectively (P > 0.05).
17
are in agreement as reported in previous studies,
During storage, the pH values did not show
where the water vapour permeability of HPMC
significant differences, although there were
films reduced when an EO was incorporated [26].
differences between the samples. The initial pH
Martinez-Romero et al. [27] found that the control
values of the control, CEO and CNE groups were
grapes lost 8 – 9% of their initial weight during
4.03, 4.09, and 4.23, respectively. At the end of
storage. Moreover, Valverde et al. [4] showed that
storage, the highest pH value was determined in
the weight loss of grapes coated with aloe vera
the CEO group, followed by the CNE group, and
gel showed 8.13 ± 0.59%; however, the weight
the uncoated control group (P < 0.05). In previous
loss of the control was 15.51 ± 0.51%. Sánchezstudies, the coating treatment had no significant
González et al. [25] coated Muscatel table grapes
effect on the pH values when compared with the
with 1% HPMC incorporated with bergamot EO
control and coated groups [25].
2% (w/v) and stored at 1 – 2 °C and 85 – 90% R.H.
During the first six days of storage, there
However, weight loss of HPMC coated samples
was an increase in the total soluble solids (TSS) in
were lower (3 - 4%) than the results that were
the control and CEO groups this was determined
found in this study. Furthermore, the difference
when compared with the first day of treatment
in weight loss results can be explained by coating
(Table 3). At the end of storage, the approximate
uniformity as well as a low HPMC concentration
values were 22.83 and 22.63 °Bx for the control
used for coating [28].
and CNE groups, respectively (P > 0.05), however,
The titratable acidity (TA) content decreased in
the TSS value of the CEO group (26.06 °Bx)
all groups throughout storage, however, the control
was significantly different compared to the other
was significantly lower than the CEO and CNE
groups (P < 0.05). This increase in TSS values
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can be explained by the loss of moisture in the
samples during storage. Otherwise, these results
indicate that using CNE did not show a significant
effect on the TA and TSS of the samples. The
changes in values were explained as a prolonged
ripening of the grapes during the storage period
by other authors [1, 4]. In previous studies, the
TSS values for the coated samples were detected
as being lower than the uncoated samples [4, 25].
Initially, the L* value of the control, CEO, and
CNE groups were 37.82 ± 0.16, 36.4 ± 0.13, and
38.28 ± 0.1, respectively (P < 0.05) (Table 4).
Unlike the control and CNE groups, an increase
in the L* value was determined in the CEO group
in the first seven days of storage. After seven days
of storage, the luminosity began to decrease in
all groups because of the effects of ageing and
browning. At the end of storage, the L* values
of the control, CEO, and CNE groups were
36.92 ± 0.16, 36.26 ± 0.04, and 34.15 ± 0.25,
respectively. As expected, the lower L* values
were determined when compared to the initial
day. The luminosity values of samples coated
with HPMC in the CEO group were significantly
higher (P < 0.05), whereas, using the carvacrol
nanoemulsion did not cause any detectable
differences. The HPMC had a positive effect on
the luminosity of the CEO group, however, the
same effect could not be determined in the CNE
group. Thus, the white-nontransparent colour of
the nanoemulsion may affect the brightness of
the HPMC. Initially, the a* values of the control,
CEO, and CNE groups were determined as -1.1
± 0.07, - 1.02 ± 0.07, and - 0.16 ± 0.09. All the
a* values were significantly different during the
storage periods among the various groups (P
< 0.05). On the last day of storage, the control
and CEO group a * values increased 46.57% and
70.83%, respectively, whereas, the a * value of
the CNE group decreased 81.25% (P < 0.05).
Although the ripening and browning prove to
be similar in the results of luminosity, the whitenontransparent colour of the nanoemulsion may
affect the observation of browning and has a
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positive effect on the a* value of the CNE group.
The chroma values were significantly different
during storage between the groups (P < 0.05)
(Table 4). Throughout storage, the addition of
carvacrol into the HPMC coatings increased the
colour development of the grapes as a result of
the support of the coating to the light absorption
for the CEO group. The ΔC value decreased in
the samples of group A. The results indicated that
both the CEO and CNE incorporated HPMC
groups had a positive effect on the chroma values
(P < 0.05). At the end of the storage, the highest
ΔE value obtained was in the CNE group were
followed by the CEO group.
The coating significantly affected the hardness
of the grapes (P < 0.05) (Figure 3). The fastest
softening was determined in the control group,
which reached the lowest fruit hardness after 21
days (1.55 ± 0.41 N). The highest decrease was
determined in the CNE group (32.37%) and the
lowest decrease was determined in the CEO group
(22.80%) (P < 0.05).
According to Sánchez-González et al. [25], a
1% dispersion of HPMC resulted in better coating
features. Higher concentrations of HPMC films
achieved greater viscosity of the film, forming
a solution and produced a thick film reported
by Pastor et al. [7] and Sánchez-González et
al. [26]. Changes equilibrium moisture content
affected the mechanical characteristics of the
films [7]. During cold storage, loss of firmness
was determined for other grape varieties [4] and
strawberry [29], either coated or uncoated with
different edible coatings.
After coating, the phenolic content of the
control, CEO and CNE groups were detected
28.95 ± 5.5, 41.53 ± 1.2, and 37.38 ± 3.2 mg/100
g, respectively (P < 0.05) (Table 3). As expected,
the coating treatment affected the phenolic content
of the CEO and CNE groups in the first seven
days of storage when compared to the uncoated
group. Afterwards, a sharp decrease was obtained
for the coated groups. A progressive, slow decay
of phenolic content that occurs during maturation
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Figure 3. Effects of the HPMC coating incorporated with CEO and CNE on the firmness of grapes
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can be the reason for these results. Similar results
days, however, 14 days of storage the log values
showed that other authors reported phenolic
of the mold and yeast increased sharply. Until
content degradation,
however,
changes
were
14th day of storage, and the effectiveness of
6.00
a,I
not in the same range due to the different type
HPMC coating incorporated with
CNE continued
a,II
of cultivar [1-2]. 5.00
(2.78 ± 0.19 log CFU/g). Especially in the CEO
a,III
Figure 4 and Figure
group lower countsb,Iwere obtained than in the
4.00 5 shows the effect of the
total viable count and yeasts and mold counts on
control in both
cases at the end of the storage
b,I
3.00
the shelf life of table grapes. The counts for the
period. The antimicrobial activity of the HPMC
non-stored, unwashed,
and
uncoated
grapes
were
the carvacrol
c,II b,II oil as was
2.00
a,IV coatings improved with
c,III
4.7 ± 0.09 and 4.5 ± 0.05 log CFU/g fora,IV
the total
observed in both the total viable and mold-yeasts
1.00
viable count and molds
and yeasts, respectively.
counts. For a storage period of 22 days at 1 – 2
a,IV a,IV
b,II b;IV
c,II
Disinfected with 1%0.00
(v/v) sodium hypochlorite
°C, HPMC films with or without bergamot EO
Harvesting
14
21
affected the initial microbial
count of the 0groups. 3 inhibited 7growth [25].
The control grapes had the highest increases inStorage Time
The(d)effectiveness of the CEO and CNE in
microbial spoilage (approximately 4 logs for the
the control of B. cinerea is shown in Figure 6 as
molds and yeasts and total viable count) after
log CFU/g of incidence reduction concerning
21 days of cold storage. The total viable count
the control. There was a significant variation in
increased in a small range with the groups treated
yeast and mold counts based on the amount of
with CEO and CNE when compared with the
carvacrol released from the film. Consequently,
control Figure
at the end
of the storage
period (1.67
± incorporated
there was a significant
found
between
4. Effects
of the HPMC
coating
with CEOdifference
and CNE
on the
total the
0.04 and 1.75 ± 0.06 log CFU/g). In regard to the
groups during storage (P < 0.05). Counts for the
viable
count incorporated
of grapes duringcontrol,
21 daysCEO
of storage
at +4
°C.determined as 4.90
molds and yeasts, HPMC
coating
and CNE
were
with CEO and CNE reduced the final counts of
± 0.01, 3.56 ± 0.07, and 2.56 ± 0.07 log CFU/g
the CEO and CNE groups compared with group
at the initial day of treatment. After the 7th day of
A (P < 0.05). As seen in Figure 5, the uncoated
storage, the number in the control group increased
samples had no growth until after seven storage
more than the others. The effectiveness of the
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Figure 4. Effects of the HPMC coating incorporated with CEO and CNE on the total viable count
of grapes during 21 days of storage at +4 °C.

Figure 4. Effects of the HPMC coating incorporated with CEO and CNE on the total
viable count of grapes during 21 days of storage at +4 °C.
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Figure 6. Effects of the HPMC coating incorporated with CEO and CNO on the survival of the
B.cinerea inoculated grapes during 21 days of storage at +4 °C.
CEO increased at the 14th day, so the yeast and

during storage, but the inhibition effect of HPMC

In regard to the CNE group, the inhibition effect
of CNE decreased at the 14th day, however, at the
end of the storage period, a significant impact
could be seen in the control of B. cinerea (5.32 ±
0.03 log CFU/g).

The coating significantly affected the hardness of
the grapes and softening was faster than other
groups compared to the control group, which
reached the lowest hardness and was determined
after 21 days of storage. Further studies should
be addressed to better understand the mechanism
of different essential oils and their nanoemulsion
forms, how they affect the maturation process,
and can inhibit microbial growth. Furthermore,
the combined use of various EOs and other nonthermal technologies could be used to extend the
shelf life of fruits.

Figure 6. Effects of the HPMC coating incorporated with CEO and CNO on the survival of
incorporated CNE coating was less than the CEO.
mold count decreased (1.42 ± 0.10 log CFU/g).
the B.cinerea inoculated grapes during 21 days of storage at +4 °C.

4. CONCLUSIONS

For grape preservation, HPMC films incorporated
with CEO and CNE are an alternative approach.
HPMC incorporated with CEO improved the
grapes firmness, prevents colour degradation
and other properties etc. The CEO showed the
most effective antimicrobial activity and the most
significant inhibition effect on B. cinerea. Fungal
growth was not detected in PDA (in vitro) for
minimum inhibition concentration while in the
grape a 60% reduction was achieved. The phenolic
content of the CEO was higher than the other
groups. The HPMC incorporated CEO coating
also more effectively minimized weight loss, and
inhibited undesirable colour change, thus improving
the product appearance. HPMC enriched with
a CEO coating also showed antifungal activity
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