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Abstract Microbial contamination and mold growth are
common causes of strawberry deterioration during storage.
The growing need for extending shelf-life while enhancing
the overall quality of perishable fruits has generated increasing
interest in the development of novel preservation technolo-
gies. This study used electrostatic spraying (ES) technology
as an innovative and efficient technique for the application of
edible alginate coating enriched with carvacrol and methyl
cinnamate (natural antimicrobials) on fresh strawberries. The
efficiency of the electrostatic technology was compared to
non-electrostatic (conventional) spray (NES) technology in
terms of transfer efficiency and coating evenness.
Furthermore, physicochemical and textural parameters (such
as weight loss, visible decay, firmness, surface color, total
soluble phenolic content, and antioxidant capacity) of ES
and NES coated fruits were studied and compared to uncoated
controls. ES technology demonstrated higher transfer efficien-
cy and evenness than NES, which led to a significant reduc-
tion of visible decay over uncoated controls. The delay in
microbial spoilage by ES (11 days) was greater than by NES
(10 days) and uncoated strawberries (7 days). ES coating sig-
nificantly inhibited strawberry decay with only 5.6 % of in-
fected fruits, compared to 16.6 and 8.3 % for control and NES
fruits after 13 days of storage, respectively. At the end of

13 days of storage, ES coating demonstrated superior perfor-
mance on strawberry firmness, color retention, and weight
loss reduction. Additionally, no differences were observed
between uncoated and coated fruits with regard to their anti-
oxidant and total soluble phenolics.
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Introduction

Edible coatings have been widely applied on fresh fruits to
provide protection against physical and mechanical damage,
as well as retard spoilage and reduce loss of quality by creating
a semi-permeable barrier to gases, water vapor, and volatile
compounds (Andrade et al. 2012). As an alternative approach
to common methods, such as modified atmosphere packaging
or low storage temperature, edible coatings are also environ-
mentally friendly and they can serve as carriers of food addi-
tives that enhance safety, nutritional, and sensory attributes of
fruit (Tapia et al. 2008). However, the development of new
type of coatings that match properties and requirements of
specific perishable targets must be combined with practical
application technologies to provide efficient coating perfor-
mance, and improve quality of coated food product.
Electrostatic spraying is an evolving technique that is relative-
ly simple and quick, and it can be used to improve the distri-
bution and application of coatings on fresh products. Recently,
there has been an increased interest in utilizing electrostatic
spraying technology for the application of powder and liquid
coatings in the food industry, to extend shelf-life and increase
quality of minimally processed foods (Khan et al. 2012b).

In electrostatic coating, an intense electrical field is applied
to the coating material while it is forced out away from the
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electrode. The electrically charged coatingmaterial is attracted
to the nearest grounded target as a result of electrostatic attrac-
tion, allowing the charged particles to disperse over the whole
surface. Therefore, electrostatic spray applications exhibit a
higher transfer efficiency and coating evenness compared to
spraying methods that apply uncharged droplets (Khan et al.
2013a). This method might improve the overall quality of the
coated target (Bailey 1998), as well as reduce processing cost
(Khan et al. 2013b).

The versatility of electrostatic technology for different type
of coating materials allowed the food industries, especially
those involving powder coating for seasoning and flavors, to
use this technology to overcome problems related to uneven
coating, excessive use of expensive additives, and release of
dust to the surrounding environment while at the same time
decrease additional cleaning needs and health hazards for the
line operators (Ratanatriwong et al. 2009). Different food
products such as French fries, cheese, bread, and potato chips
have been successfully coated using electrostatically charged
powders (Ratanatriwong et al. 2003; Amefia et al. 2006, Khan
et al. 2012a). However, whereas the electrostatic coating of
powders on different food systems has advanced, the technol-
ogy for electrostatic coating of liquids is still limited due to
several factors. These factors are mainly related to the charac-
teristics of liquids such as droplet size and resistivity (inverse
of conductivity), which might affect the coating process.
Electrostatic liquid coating was first utilized in the paint in-
dustry, and in agriculture as a novel technology for the appli-
cation of pesticides on different crops, such as cabbage (Perez
et al. 1995) and blueberry plants (Scherm et al. 2007),
resulting in a better leaf coverage and less damage than con-
ventional spray methods. Moreover, as sanitizers, fine liquid
antimicrobial coatings have been electrostatically sprayed on
different type of food products (Russell 2003 Ganesh et al.
2010; Ganesh et al. 2012). Chocolate (Gorty and Barringer
2011; Luo et al. 2012) and lipid-based materials (Bocanegra
et al. 2005; Marthina and Barringer 2012) have been success-
fully electrosprayed and their barrier and anti-browning prop-
erties on apple slices and candy tablets were also investigated
(Khan et al. 2013b).

Considering the increasing demand for fresh and ready-to-
eat fruits, characterized as living tissues with a short shelf-life,
electrostatic liquid coating could be also considered as an
adequate and innovative postharvest technique for improving
the shelf-life and overall quality of fruits. To the best of our
knowledge, no prior research has been reported on the appli-
cation of electrostatic antimicrobial coatings for its potential to
prolong the shelf-life of fresh fruits. The incorporation of nat-
ural antimicrobial compounds in the coatings can inhibit mi-
crobial growth, which is considered the major cause of fruit’s
deterioration. Additionally, the application of alginate-based
antimicrobial coatings has the potential to extend straw-
berries’ shelf-life by reducing their respiration rate due to the

selective permeability of this polymer to O2 and CO2 (Rojas-
Graü et al. 2007).

Peretto et al. (2014a) optimized the use of alginate coatings
containing carvacrol and methyl cinnamate on a previous
study. They selected alginate, carvacrol, and methyl
cinnamate based on their proved functionality, antimicrobial,
and antifungal properties (Lambert et al. 2001), respectively.
The incorporation of methyl cinnamate, which is also one of
the major volatile components of strawberry aroma produced
and released during fruit maturation, was needed to overcome
undesirable sensory issue arising from the utilization of car-
vacrol. Indeed, this compound is the major component of
oregano and thyme essential oils (EOs).

Therefore, in this study, emphasis was given to electrostatic
application of alginate coating enriched with carvacrol and
methyl cinnamate (natural antimicrobials) for preserving qual-
ity and increasing shelf-life of fresh strawberries. The perfor-
mance of electrostatic and non-electrostatic spraying technol-
ogy was evaluated in terms of transfer efficiency and coating
evenness. Furthermore, physicochemical and textural param-
eters of electrostatic and non-electrostatic spray coated fruits
were studied and compared to uncoated controls.

Materials and Methods

Preparation of Alginate Coating Solutions

Food-grade sodium alginate (Keltone® LV, ISP, San Diego,
CA, USA) was used as a primary ingredient in edible coatings
formulation. Coating solution was prepared by dissolving so-
dium alginate powder (2 %, w/v) in distilled water while
heating on a stirring hot plate for 15 min at 70 °C until the
mixture became clear. Then, 1.5 % (w/v) glycerol (Starwest
Botanicals Inc., Rancho Cordova, CA, USA) was added to the
solution and stirred for 5 min to provide good flexibility to the
coating. Antimicrobial coating was obtained by adding
0.98 % (w/w) carvacrol and 1.45 % (w/w) methyl cinnamate
(Sigma-Aldrich, St. Louis, MO, USA) active compounds into
the alginate solution and homogenizing the mixture with a
Polytron 3000 (Kinematica, Luzern, Switzerland) for 10 min
at 4000 rpm. Considering the insolubility of methyl cinnamate
in water, it was previously dissolved in ethanol (40 %, w/w) at
40 °C under stirring at 220 rpm for 5min. Concentration of the
active compounds used was based on optimization of carva-
crol andmethyl cinnamate concentration results, obtained on a
previous study (Peretto et al. 2014a). Antimicrobial solutions
were prepared fresh on the day of treatment and kept at 40 °C
in a closed container until spray application.

Resistivity of coating was determined using a Ransburg
Multifunction Electrostatic Meter (ITW Ransburg, Toledo,
OH, USA) to ensure the value of the coating was suitable
for electrostatic application (lower than 0.1 MΩ).
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Strawberry Preparation and Storage Conditions

Fresh strawberries (Fragaria x ananassa) were harvested by
California giant (Watsonville, CA, USA) and sent by over-
night shipping to a local wholesale distributor (Fuji Melon,
Oakland, CA, USA). Strawberries were picked up from the
distributor earlier in the morning, and kept at 2 °C until treat-
ments. Berry samples selected for uniform size, color, weight,
and absence of physical and pathological defects were ran-
domized and placed on a metallic rack, coated and later trans-
ferred to polystyrene weighing dishes for storage at 7.5 °C
(±0.5 °C), 90 % RH for 13 days, as average of common com-
mercial storage conditions. Uncoated fruits (controls) were
stored at the same conditions as the sprayed samples. All
treatments (electrostatic and non-electrostatic sprayed fruits)
and controls were tested immediately after spraying (day 0),
and at 4, 8, and 13 days of storage. Strawberries were distrib-
uted into groups of 36 fruits for each treatment, with three
replicates for treatment. Each replicate consisted of 12 fruits
arranged in three trays (four fruits per tray).

Spraying of Alginate Coating

A cordless 85 kV vector solo waterborne electrostatic gun
applicator (ITW Ransburg, Toledo, OH, USA) was used to
coat targets, at 85 kV for electrostatic spray (ES) coating
and, 0 kV for non-electrostatic spray (NES) coating. Three

different valves on the applicator controlled the amount of
fluid, air pressure, and pattern size. The equipment consisted
of an isolated fluid system, an air line, and an applicator nozzle
(Fig. 1).

The air supply line was set at 100 psig and coating material
was supplied at 70 g/min through the fluid line. NES coating
was performed using the same equipment with the same set-
tings except the voltage was zero. Alginate coating was ap-
plied at ambient temperature on the whole surface of four
strawberries at a time placed on top of a metallic rack
(16 cm high), previously disinfected with ethanol. In this
way, the fruits were grounded for allowing the charged drop-
lets to be attracted towards them. The strawberries were posi-
tioned in a square shape with a 2 cm space between them and
the applicator was set up in a vertical position at 60 cm away
from the targets. The operating parameters and valve settings
were tested and adjusted based on previous tests in order to
obtain a short-round-spray pattern for uniform surface
coverage.

The weight of strawberries before and after coating was
recorded and used to calculate the transfer efficiency as TE
(%) = [(Wf−Wi)/Ws] × 100, whereWf andWi are the weight of
targets after and before coating, respectively, and Ws is the
weight of the material sprayed toward the targets during the
spraying period (6 s).

Coating evenness was indirectly evaluated by com-
paring the color parameter b* of water sensitive paper

Fig. 1 A schematic representation of the electrostatic spraying machine for coating four strawberries at a time
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(Q. Instruments, Jena, Germany) applied on the back
side of the fruits, not directly exposed to the spray.
The water sensitive papers were applied only on the
back of the fruits based on the results of our prelimi-
nary tests in which papers applied on top and sides of
the fruits having the same b* value, after ES and NES,
were considered as being completely covered by the
coating solution. One water sensitive paper disk
(6 mm in diameter) was attached to each fruit and the
color parameter b* of each disk was determined after
spraying, using a CM508D Konica Minolta spectropho-
tometer (Konica–Minolta Inc., Ramsey, NJ, USA) under
a standard white reflector plate. The water sensitive pa-
per changed color from yellow to blue, when in contact
with aqueous drops. Therefore, the blueness (−b*) to
yellowness (+b*) value was used to determine the coat-
ing efficiency of the ES and NES applications on coated
targets. Three color readings were recorded for each
paper disk using a CM-A195 target mask 3 mm in
diameter.

Physicochemical Analysis

Visual Decay and Weight Loss of Strawberries

Strawberries were inspected daily and considered spoiled
when a visible lesion, characterized as brown spots and soft-
ening of the infected area, was observed. The results were
expressed as percentage of spoiled fruits based on the total
number of fruits. The same fruits for each treatment were
weighed daily throughout the storage time. Weight loss was
expressed as percentage loss based on initial weight.

Color and Firmness of Strawberries

L*, a*, and b* colorimetric values were obtained using a
CM508D spectrophotometer (Konica—Minolta Inc.,
Ramsey, NJ, USA). Eighteen strawberries, for each treatment,
were selected for color assessment and five measurements
were made on the surface of each fruit by changing the posi-
tion of the target mask over the fruit.

Strawberry firmness was determined using a TA-XT2
texture analyzer (Stable Micro System Ltd., UK) on the
same 18 fruits used for color determination. The force
required for a 2 mm probe to penetrate 7 mm into
strawberry flesh at a rate of 2 mm/s was measured.
Berries were cut into two pieces alongside and texture
was measured on areas free of seeds one time at both
sides at the highest elevation closer to the stem end. Six
fruits for each replicate (18 fruits per treatment) were
used for the measurement at day 0, 4, 8, and 13.

Antioxidant Capacity (AC) and Total Soluble Phenolics (TSP)
of Strawberries

An adaptation of the DPPH method (Brand-Williams
et al. 1995) was used to estimate the AC of straw-
berries. Five grams of homogenized strawberry tissue,
obtained from six fruits (six for each replicate, 18 fruits
per treatment), were extracted with 20 mL of methanol,
collected in polytetrafluoroethylene (PTFE) tubes, and
stored for 48 h at 4 °C. Homogenates were then centri-
fuged in a SORVALL RC 5C Plus with a SA–600 rotor
(Kendro Laboratory Products, Newtown, CT, USA) at
29,000 g for 15 min at 4 °C. Sample aliquots of
50 μL were taken from the clear supernatant (equivalent
methanol volume as control) and reacted with 2950 μL
of DPPH reagent (obtained by dissolving 0.047 g/L in
methanol) in a covered shaker at room temperature, un-
til steady state conditions were reached (no significant
decrease in absorbance was experienced as compared
with the control, 20–22 h). The spectrophotometer was
blanked with methanol, the solutions were placed in
4.5 mL disposable cuvettes, and the absorbance at
515 nm was recorded using a UV–1700 spectrophotom-
eter (Shimadzu Scientific Instruments, Inc., Columbia,
MD, USA). The AC was calculated by measuring the
decrease in absorbance of samples as compared with the
methanol samples and quantifying as μg Trolox equiv-
alent from a standard curve developed with Trolox (0–
750 μg/mL) and expressed as mg Trolox per g fresh
weight.

The same methanol extract used to determine AC
was also used for TSP analysis. The assay was conduct-
ed according to Swain and Hillis (1959) method with
some modifications. A 150 μL aliquot of methanol ex-
tract was taken from the clear supernatant, diluted with
2400 μL of nanopure water, followed by 150 μL of
0.25N Folin–Ciocalteu’s reagent, and incubated for
3 min at room temperature. The reaction was stopped
by adding 300 μL of 1 N sodium carbonate and the
mixture was incubated for 25 min. A standard curve
was developed with different concentration of gallic ac-
id, ranging from 0 to 0.375 mg/mL. Results obtained
from the readings of absorbance at 765 nm were
expressed as mg of gallic acid per 100 g fresh weight.

Statistical Analysis

Data were statistically processed by ANOVA using the
CoStat 6.4 (CoHort software, USA) program. Means
were separated by HSD Tukey test at the significance
level of p ≤ 0.05. Triplicate samples were used for all
measurements.
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Results and Discussion

Transfer Efficiency and Coating Evenness

Alginate-based coating (2.03 g) was sprayed onto four straw-
berries at a time. On average, the weight difference before and
after coating for all ES fruits was 1.18 g whereas only 0.51 g
weight gain was measured for NES coated fruits. The use of
electrostatic spraying technology for the application of anti-
microbial alginate coating led to a significant improvement on
transfer efficiency compare to NES coating technology
(Fig. 2a). Transfer efficiency could be considered a measure-
ment of process efficiency, as it determines the amount of
material reaching the targets compared to the portion of the
material lost in the surrounding environment. Even though
some coating material was also delivered into the surrounding
area, during ES treatment, the transfer efficiency value of ES
coated fruits reached approximately 60 %. The positive effect
of ES treatment, on increasing coating deposition on target
surface, has been studied and reported in many works where
food product were coated with seasonings (Amefia et al.
2006). Law (2001) reported that electrostatic spray of liquids,

used either as potential sanitizers or pesticides, increased
transfer efficiency and provided an overall better coverage of
the crops’ surface, leading to identical appearance of all prod-
uct sides. The indicated effective coverage was due to the self-
dispersion of the charged particles across the whole target
surface.

Strawberries coated using the ES technology had a more
uniform coating compared to those fruits coated using the
conventional NES technology (Fig. 2b). The significant lower
b* value, an indicator of blue chromacity, indicated that the
back sides of ES coated fruits were reached by the coating
droplets to a greater extent than those fruits coated using the
NES treatment (32.5 vs 50.1). The electrical field applied to
the liquid coating, induced electrostatic forces with sufficient
intensity to overcome surface tension forces that atomized the
liquid surface into a spray of charged particles. Due to their
charges, the droplets repelled each other and created a cloud of
charged droplets that was attracted to the coating target creat-
ing a uniform film of liquid coating. Therefore, ES spray can
increase droplets depositions on targets and overcome com-
mon problems of uneven distribution and poor surface cover-
age obtained with conventional NES treatment (Amefia et al.
2006).

Visual Decay and Weight Loss of Strawberries

In order to determine the effectiveness of electrostatic antimi-
crobial coating for improving quality of fresh strawberries,
visual decay and weight loss, as primary determinants of qual-
ity, were monitored daily throughout the storage period and
compared to uncoated (control) and NES coated fruits. Fungal
decay (Fig. 3) occurred rapidly on the uncoated (control)
fruits, with 2.7 % of strawberries showing sign of infection
after 7 days of storage and 8.3 % after three additional days of
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storage (day 10). NES coated fruits started to show first signs
of mold growth at day 10. However, the ES treatment provid-
ed superior postharvest disease control as the fruits coated
under this treatment did not develop any fungal decay until
11 days of storage, exhibiting 66 % less spoilage than the
control. The 1 day of spoilage delay recorded for ES coated
strawberries over those NES coated strawberries may have
important economic implications, as the fruits can last longer
in the fresh market. Moreover, the decay for the ES coated
fruits was significantly (p ≤ 0.05) reduced compared to the
control fruits for the remaining storage period and beyond
13 days of storage. The ES coating treatment significantly
inhibited strawberry decay with only 5.6 % of spoiled fruits,
compared to 16.6 and 8.3 % for control and NES fruits after
13 days of storage, respectively. The visual appearance of
uncoated (control), NES and ES coated strawberries at the
end of 13 days of storage is shown in Fig. 4. The application
of ES coating treatment led to more inhibition ofmold growth,
by forming an even coating on the surface of the strawberries
that allowed the antimicrobial properties of carvacrol and
methyl cinnamate to perform more effectively, than those ob-
served under NES coating treatment. Especially, methyl
cinnamate has been proven to have antifungal activity against
phytopathogenic fungi under in vitro conditions (Vaughn et al.
1993; Rahmani et al. 2010) and in practical application on
shelf-life extension of strawberry, when methyl cinnamate is
released as vapor from edible film (Peretto et al. 2014b).
Strawberries are potential sources for foodborne pathogen
and fungal infections, as they are not washed before
packaging. Thus, utilization of antimicrobial coating to
prevent these infections has gained importance over other
treatments. Similar positive outcomes were obtained in
sanitation application using liquid electrostatic spraying
technology in the food industry. Ganesh et al. (2010) demon-
strated that electrostatically sprayed food-grade acids were
more effective in reducing Salmonella typhymurium on spin-
ach compared to conventional spray system, due to the more
even distribution of the liquid antimicrobial solution on the

whole sample surface. Similarly, Law and Cooper (2001) re-
ported that air-assisted antimicrobial electrostatic spray pro-
vided better control of fungal infection on banana over con-
ventional hydraulic sprays.

The weight loss of strawberries was also evaluated and it
increased with storage time in all coated and uncoated fruits as
expected (data not shown). Even though no significant differ-
ences were detected among treatments, uncoated fruits
(controls) showed higher weight loss tendency than all NES
and ES coated fruits throughout the storage time. Moreover,
NES coated fruits showed higher weight loss than ES coated
fruits. It was previously reported in another study that the
application of alginate-based edible coatings minimize the
weight loss of fresh fruits and prolong the shelf-life without
causing undesirable anaerobic respiration (Rojas-Graü et al.
2007). This phenomenon was explained by the barrier to wa-
ter vapor provided by the coating that are enhanced when ES
coating is applied as having a higher transfer efficiency com-
pared to conventional spray coatings.

Color and Firmness of Strawberries

The marketability of fresh strawberries is strongly influenced
by sensory and visual appearance such as color of the skin.
Table 1 shows that uncoated fruits exhibited significant color
changes during postharvest storage, especially considering the
brightness (L*), which significantly (p ≤ 0.05) decreased after
4 days of storage, probably because of the high gas exchange
and respiration rate. The absence of coating as barrier to gases
might have caused a higher metabolic rate, which led to a
faster degradation of the fruits that developed dark tissues
and brown spots, and affected their brightness.

Application of thin layer of antimicrobial coating can ex-
tend shelf-life of food products as well as improve their qual-
itative attribute by creating a modified atmosphere.

Moreover, significant differences in L* value were deter-
mined among treatments, showing brighter color for those
fruits coated with alginate. This desirable color improvement

Control ESNESFig. 4 Visual appearance of
uncoated (control), non-
electrostatic spray (NES), and
electrostatic spray (ES) coated
strawberries at the end of 13 days
storage period
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was possibly due to the reflection of the light generated by the
presence of the shiny oil droplets of carvacrol in the coating
solution. Similarly, Vargas et al. (2006) reported an increase of
luminosity of strawberries coated with chitosan-oleic acid
compared to uncoated fruits.

Positive a* value, a measure of redness, was significantly
higher in control strawberries compared to ES coated berries
after 4 days of storage. This fact might be explained by the
phytotoxic activity of the EOs in the coating solution, as being
directly in contact with the fruits led to a possible higher dis-
coloration of fruit’s skin (Amiri et al. 2008). However, this
discoloration was not significant when compared to NES
strawberries. Moreover, whereas no significant changes were
detected on the redness of ES coated fruits throughout the
storage period, on NES coated fruits it significantly decreased.
This outcome might indicate that electrostatic technology
maintained the color of strawberries even after 13 days of
storage, due to the coating evenness generated over the fruit’s
surface.

Major changes in strawberry color may be seen by the
assessment of b* values. A positive b* value is a measure of
yellowness, and a negative value of blueness. Among treat-
ments, b* value was lower for uncoated (control) strawberries
in comparisonwith coated fruits. The decrease in b* value was
especially noted at day 4, when b* value of uncoated fruits
was significantly (p ≤ 0.05) lower than those of treated fruits,
but did not show significant difference from day 0. In addition,
during 13 days of storage, no significant differences were
observed between those fruits coated under the ES and NES
treatments. Nevertheless, ES coated strawberries showed a

better retention of b* value during the storage time compared
to those coated under NES treatment. These results could be
due to the more uniform and efficient alginate coating
achieved with the ES treatment.

Texture loss is one of the most important and visible chang-
es that occurs during fruit maturation as a consequence of
metabolic changes and water loss that can seriously compro-
mise storage life of fresh fruits. The application of antimicro-
bial alginate coating on strawberries using ES technology
showed significant (p ≤ 0.05) higher fruit firmness and me-
chanical properties in comparison with uncoated (control)
fruits and fruits coated with the NES technology (Fig. 5).
Texture data indicated that although the maximum force (as

Table 1 Color parameters (L*,
a*, b*) of strawberries during
13 days of storage at 7.5 °C

Treatment Storage time (days)

0 4 8 13

L*

Control 27.60 ± 2.15A 22.47 ± 3.53b B 21.97 ± 2.46b B 24.33 ± 3.07b B

ES 26.30 ± 1.81 25.01 ± 1.29a 25.89 ± 1.72a 25.18 ± 3.31ab

NES 26.41 ± 2.12A 22.97 ± 2.49ab B 24.44 ± 2.49a B 27.10 ± 1.16a A

a*

Control 26.79 ± 2.92AB 29.95 ± 4.11a A 27.93 ± 5.90AB 25.64 ± 3.14B

ES 27.95 ± 3.25 26.86 ± 2.59b 27.47 ± 3.34 27.44 ± 4.38

NES 28.90 ± 3.52A 28.73 ± 3.34ab A 27.15 ± 4.16AB 25.34 ± 2.08B

b*

Control 14.63 ± 2.16b AB 13.44 ± 1.26b B 15.93 ± 3.31A 14.90 ± 2.46AB

ES 14.85 ± 2.16ab B 19.02 ± 3.55a A 16.32 ± 2.63B 15.41 ± 3.32B

NES 16.79 ± 3.14a A 17.20 ± 3.39a A 16.32 ± 3.58AB 13.71 ± 1.82B

Data shown are the means of three replicates of 36 fruits for each replicate. Control not coated, ES electrostatic
spray coated, NES non-electrostatic spray coated

Different superscript lowercase letters within a column indicate significant differences among treatments
(p ≤ 0.05)

Different superscript uppercase letters within a row indicate significant differences during storage time (p ≤ 0.05)
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Fig. 5 Firmness of not coated (control), electrostatic spray (ES), and
non-electrostatic spray (NES) coated strawberries during storage at
7.5 °C. Data shown are the means of three replicates of 36 fruits for
each replicate and bars indicate standard deviation. a–b different letters
indicate significant differences among treatments (p ≤ 0.05)
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measure of firmness) required to penetrate the flesh of the
fruits did not greatly vary within the different treatments, dur-
ing the storage period, the uncoated fruits showed higher firm-
ness loss (7 %) after 13 days of storage, whereas, the firmness
loss for coated fruits was less marked, especially when ESwas
used (5.9 %). Significant differences (p ≤ 0.05) between firm-
ness of ES and NES coated strawberries were observed during
storage, except on day 4. The mechanical properties of straw-
berries seemed to be better preserved when coated by ES,
especially during the second part of the storage period (day
8 and 13), where significant differences were determined.
Texture changes in strawberry fruit are related to the degrada-
tion of cell wall components mainly due to the action of ex-
tracellular pectolytic enzymes produced by Botrytis cinerea
(Aguilar and Huitrón 1993). As reported in our previous study
(Peretto et al. 2014b), the antimicrobial activity of carvacrol
and methyl cinnamate could have indirectly decreased the
amount of pectolytic enzymes, by inhibiting microbial
growth. Furthermore, the effective gas barrier properties
exerted by the alginate coating could have reduced the meta-
bolic activity of strawberries and helped to maintain a better
fruit firmness.Many polysaccharide-based coatings have been
developed for the preservation of strawberry quality, including
the prevention of water loss and texture changes during post-
harvest storage. For instance, starch-based coating was proved
to improve overall sensory conditions, due to firmness reten-
tion and turgency (García et al. 1998).

Antioxidant Capacity and Total Soluble Phenols (TSP)
of Strawberries

Strawberries are rich source of phytochemicals with antioxi-
dant properties that have been associated to health-protecting
benefits. However, unsuitable storage conditions may deplete
the amount of antioxidant in strawberries. For this reason, we
decided to measure DPPH (antioxidant capacity) and TSP of
strawberries in this study. TSP are the major antioxidants in

fruit tissues and they are produced as secondary metabolites in
response to different type of stress to protect cellular constit-
uents. The application of coating enriched with antimicrobials
could be considered a stress. The antioxidants increase or
decrease during storage might depend on the severity of stress,
time, and storage conditions. In our previous study (Peretto
et al. 2014b), both TSP and DPPH increased during storage
time. Wang and Gao (2013) demonstrated that strawberries
treated with chitosan maintained high levels of phenolics
and antioxidants. In the present study, the antioxidant capacity
of strawberries did not change greatly throughout the 13 days
of storage period. Significant differences in antioxidant capac-
ity (AC) among fruits were detected only after 4 days of stor-
age where uncoated fruits showed the lowest AC value
(Table 2). The level of antioxidants in fresh strawberries can
be influenced by the application of edible coatings as a con-
sequence of passive modified atmosphere that control gas ex-
change (Falguera et al. 2001). Some studies suggested that
application of edible coatings, as a tool to improve postharvest
storage of fresh products, could induce a stress condition to
treated fruits and trigger high synthesis of phenolic com-
pounds, which contribute to the antioxidant power (Oms-
Oliu et al. 2008). Results of the present study showed that
the use of ES technology did not increase the antioxidant
capacity and total soluble phenols of strawberries, although
higher values were maintained when the fruits were coated
with the alginate antimicrobial coating.

Conclusions

Electrostatic spray technology for the application of liquid
coating showed higher functionality in terms of transfer effi-
ciency and evenness than a conventional non-electrostatic
spray method. The antimicrobial and barrier properties of
alginate-based coating enriched with carvacrol and methyl
cinnamate were enhanced by the application of electrostatic

Table 2 Total soluble phenols
(TSP) and antioxidant activity
(AC) of strawberries during
13 days of storage at 7.5 °C

Parameter Treatment Storage time (days)

0 4 8 13

TSP (mg GA/100 g f.w.) Control 170.1 ± 15.07 133.6 ± 18.39 113.1 ± 8.08 126 ± 6.93b

ES 171.1 ± 28.13 131.8 ± 9.71 118.8 ± 14.5 138.5 ± 12.43a

NES 155.3 ± 27.33 127.2 ± 25.43 120.8 ± 9.73 144.5 ± 7.88a

AC (mg Trolox/g f.w.) Control 5.8 ± 0.49 6.2 ± 0.65b 6.2 ± 1.17 5.6 ± 0.38

ES 6.0 ± 0.65 8.37 ± 1.17a 6.61 ± 0.62 5.70 ± 0.58

NES 5.9 ± 0.35 7.42 ± 0.95a 6.26 ± 0.74 5.65 ± 0.41

Data shown are themeans of three replicates of 36 fruits for each replicate ± standard deviation.Control no coated,
ES electrostatic spray coated, NES non-electrostatic spray coated

Different supescript lowercase letters within a column indicate significant differences among treatments (p ≤ 0.05)
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spray technology, which improved the distribution and unifor-
mity of the coating over the target surface. These improved
coating applications led to significant increase in several qual-
ity properties of electrostatic coated strawberries during stor-
age and extended their shelf-life, especially when compared to
uncoated fruits. Therefore, considering these outcomes, elec-
trostatic spray can be adopted for potential liquid coating ap-
plication to improve the shelf-life of perishable fruits and, at
the same time, minimize the waste of coating materials.
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