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Abstract The present study evaluated the effect of an edible
coating of cassava starch and carvacrol in minimally proc-
essed pumpkin (MPP). The minimal inhibitory concentration
(MIC) of carvacrol against Escherichia coli, Salmonella
enterica serotype Typhimurium, Aeromonas hydrophila, and
Staphylococcus aureus was determined. The edible coating
that contained carvacrol at the MIC and 2 × MIC was applied
to MPP, and effects were evaluated with regard to the survival
of experimentally inoculated bacteria and autochthonous mi-
croflora in MPP. Total titratable acidity, pH, weight loss, and
soluble solids over 7 days of storage under refrigeration was
also analyzed. MIC of carvacrol was 312 μg/ml. Carvacrol at
the MIC reduced the counts of E. coli and S. Typhimurium by
approximately 5 log CFU/g. A. hydrophila was reduced by
approximately 8 log CFU/g, and S. aureus was reduced by

approximately 2 log CFU/g on the seventh day of storage.
Carvacrol at the 2 × MIC completely inhibited all isolates on
the first day of Storage. coliforms at 35 °C and 45 °C were not
detected (< 3MPN/g) with either treatment on all days of shelf
life. The treatment groups exhibited a reduction of approxi-
mately 2 log CFU/g in psychrotrophic counts compared with
controls on the last day of storage. Yeast and mold were not
detected with either treatment over the same period. The ad-
dition of carvacrol did not affect total titratable acidity, pH, or
soluble solids and improvedweight loss. The edible coating of
cassava starch with carvacrol may be an interesting approach
to improve the safety and microbiological quality of MPP.
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Introduction

Minimally processed vegetables (MPV) are products that go
through a process that usually involves trimming, peeling,
cutting, washing, and disinfecting while retaining the charac-
teristics of fresh food (Sousa et al. 2012).Minimally processed
vegetables have gained great acceptance by consumers who
want the quality of fresh products and convenience of a ready-
to-eat product (Azeredo et al. 2011).

In Brazil, the cultivation of pumpkin has high economic
and social value, with substantial consumption of approxi-
mately 27.08 kg per capita (IBGE 2010). Because of their
large size and weight, harvesting, handling, packing,
transporting, storing, and marketing can become difficult,
leading to enormous waste and laborious preparation
(Habibunnisa et al. 2001). Thus, pumpkin should be preserved
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in a minimally processed form that is more convenient to store
and use, thereby reducing waste.

However, in the last two decades, the association of MPV
with foodborne diseases outbreaks has been observed (Maistro
et al. 2012). Studies have shown the occurrence of pathogenic
bacteria, such as Salmonella spp., Escherichia coli (Maistro
et al. 2012), and Staphylococcus aureus (Seo et al. 2010) in
different MPV. These foods can also contain psychrotrophic
microorganisms, such as Aeromonas hydrophila and Listeria
monocytogenes (Maistro et al. 2012; Sousa et al. 2012), in
addition to hygiene-associated microorganism, such as coli-
form, mold, and yeast (Maistro et al. 2012).

Considering the possibility of microbial contamination, the
use of plant essential oils and their constituents may be an
alternative because they have antimicrobial properties, do not
present toxicity to humans, and sometimes improve the senso-
rial quality of vegetables (Molinos et al. 2009). Additionally,
some essential oils are Generally Recognized as Safe (GRAS)
by the Food and DrugAdministration (Guarda et al. 2011), thus
raising interest in their application in MPV (Sousa et al. 2012).

Carvacrol is a component of the essential oils of Orig-
anum vulgare L. and Thymus vulgaris L. It has been shown
to be active against several microorganisms, including E.
coli (Guarda et al. 2011), Salmonella spp. (Yun et al.
2013), S. aureus (Guarda et al. 2011), and A. hydrophila
(Sousa et al. 2012).

The promising use of essential oils and their constituents in
food consists of their incorporation into an edible coating in an
attempt to control pathogens and prolong the shelf life of
perishable products (Iturriaga et al. 2012). Interest has been
seen in the use of starch-based edible coatings because they
are tasteless, colorless, and odorless and exhibit selective per-
meability to oxygen and carbon dioxide. They are also rela-
tively inexpensive, making then an excellent alternative as
antimicrobial agents (Ehivet et al. 2011; Kuorwel et al. 2011).

To our knowledge, no studies have evaluated carvacrol in
edible coatings for minimally processed vegetables (MPV).
Thus, the present study investigated the antimicrobial effects
of carvacrol in an edible coating that was applied to minimally
processed pumpkin (MPP). We also evaluated the effects of
this coating on total titratable acidity, pH, weight loss, and
soluble solids of these products.

Material and methods

Bacterial isolates

Escherichia coli (ATCC 25922), Salmonella enterica serotype
Typhimurium (ATCC 14028), Aeromonas hydrophila (ATCC
7966), and Staphylococcus aureus (ATCC 25923) stored in
Brain and Heart Infusion Broth (Difco, Becton Dickinson,
Sparks, MD, USA) that contained 20 % glycerol at −20 °C

in the Laboratory of Food Microbiology, State University of
Maringá, Paraná, Brazil were used in this study.

Determination of minimal inhibitory concentration

MIC was determined using the broth microdilution method
according to M100-S22/2012 methods of the Clinical and
Laboratory Standards Institute (CLSI 2012). Carvacrol (Sig-
ma-Aldrich, St. Louis, MO, USA) was serially diluted in
100 μl of Mueller Hinton Broth (Difco, Becton Dickinson,
Sparks, MD, USA) at concentrations of 19–5000 μg/ml in
96-well microplates. Standardized bacterial suspensions were
made in 0.85 % saline using a McFarland scale at an interval
of 0.5 and diluted 1:20, and 10 μl was inoculated in each well
of the microplate. Themicroplates were incubated at 35 °C for
24 h, and the MIC was visually determined as the lowest
concentration of carvacrol that inhibited bacterial growth.

Preparation of edible coating and carvacrol incorporation

The edible coating of native cassava starch was prepared ac-
cording to Chiumarelli et al. (2010). Briefly, the starch that is
marketed regionally was weighed, diluted in distilled water to
a concentration of 3:97 (w/v), and homogenized at 70 °C to
complete gelatinization. After cooling, carvacrol was added at
concentrations of 312 μg/ml (MIC) and 625 μg/ml (2 ×MIC),
based on antimicrobial activity in vitro.

Preparation of minimally processed pumpkin

Mature pumpkins (Cucurbita moschata Duch.) were pur-
chased in local markets and processed according to Cortez-
Vega et al. (2014), with modifications. After selection, the
pumpkins were washed and immersed in cold water that
contained 200 ppm chloride for 2 min. Processing occurred
manually to obtain cubes with 3 cm sides that were free of
peels, seeds, and spongy parts. The pumpkins were sanitized
with 200 ppm chloride solution for 10min, and they were then
rinsed with 2 ppm chloride solution, drained for approximate-
ly 2 min, and bleached in boiling water for 2 min. The pieces
were then immersed in cold water to stop the cooking process
and then drained for approximately 2 min.

Minimally processed pumpkin was subjected to analysis as
required by Brazilian law (BRASIL 2001). We performed
counts of bacteria that were experimentally inoculated to en-
sure that no sample was previously contaminated.

Minimally processed pumpkin pieces were immersed in
the coating solution for 1 min and placed in trays. To pack
the product, we used expanded polystyrene trays (3 mm thick-
ness, 4 cm height, 15 cm width, 21 cm length) that were
covered with a film of stretchable polyvinyl chloride (PVC;
0.02 mm thick). Each tray had an average weight of 300 g of
product. The trays were stored in a refrigerator at 4 °C (± 2 °C)
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for 7 days according to general storage conditions in Brazil. A
flowchart of the controls, treatments, storage, and analyses is
presented in Fig. 1.

The experiment had two control groups: MPP (C1 group)
and MPP coated with cassava starch without carvacrol (C2
group), and two treatment groups: MPP coated with cassava
starch that contained carvacrol at the MIC (312 μg/ml; T1
group) and 2 × MIC (625 μg/ml; T2 group).

Effect of carvacrol on the survival of experimentally
inoculated bacteria in minimally processed pumpkin
with an edible coating of cassava starch

To evaluate the survival of experimentally inoculated bacteria,
the control and treatment groups were contaminated with E.
coli (ATCC 25922), S. Typhimurium (ATCC 14028),
A. hydrophila (ATCC 7966), and S. aureus (ATCC 25923).
The bacterial suspensions were prepared as described in the
BDetermination of minimal inhibitory concentration^ section.
The pumpkin samples were immersed in each of the bacterial
suspensions for 10 min. The control and treatment groups
were stored in a refrigerator and analyzed on days 0, 3, and
7 of shelf life.

Inoculated bacteria were counted by diluting 25 g of the
MPP in 225 ml of sterile peptone water (1 g/L). Serial dilu-
tions were performed and plated on Agar Enteric Hektoen

(Difco, Becton Dickinson, Sparks, MD, USA) for Salmonella
spp. and A. hydrophila, Agar Eosin Methylene Blue (Difco,
Becton Dickinson, Sparks, MD, USA) for E. coli, and Agar
Baird Parker (Difco, Becton Dickinson, Sparks, MD, USA)
for S. aureus. Incubation was performed under specific con-
ditions (time and temperature) for each bacterium. The results
are expressed in log colony-forming units (CFU) per gram
(Downes and Ito 2001; Sant’Ana et al. 2012).

Effect of carvacrol on the survival of autochthonous
microbiota in minimally processed pumpkin

To evaluate the survival of autochthonous microbiota in MPP,
the control and treatment groups were stored in a refrigerator
and analyzed on days 0, 3, and 7 of shelf Life. coliforms at
35 °C and 45 °C, mold, yeast, and psychrotrophic bacteria
were evaluated according to the methodology described by
Downes and Ito (2001).

Coliforms were determined by the Most Probable Number
(MPN) technique using a three-tube series of Lauryl Sulfate
Tryptose broth (Difco, Becton Dickinson, Sparks, MD, USA)
that were incubated at 35 °C for 48 h. The tubes that presented
gas production were transferred to Green Bile Lactose broth
(Difco, Becton Dickinson, Sparks, MD, USA) and incubated
at 35 °C for 48 h and EC broth (Difco, Becton Dickinson,

Fig. 1 Flowchart of the controls,
treatments, storage, and analyses
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Sparks, MD, USA) and incubated at 45 °C for 48 h. The
results are expressed as MPN/g.

Psychrotrophic bacteria were counted using the
pour-plating technique in Plate Count Agar (Difco, Becton
Dickinson, Sparks, MD, USA), and the plates were incubated
at 6 °C for 7 days. The results are expressed as log CFU/g.

To count mold and yeast, we used the spread-plating tech-
nique in Agar Dicloran Glycerol (Difco, Becton Dickinson,
Sparks, MD, USA), and the plates were incubated at 25 °C for
5 days. The results are expressed as log CFU/g.

Physicochemical analyses

The control and treatment groups of MPP, without
contamination, were analyzed with regard to weight loss,
soluble solids, total titratable acidity, and pH according to
the methodology recommended by AOAC (1992) during
7 days of storage. Weight loss was determined by
weighing MPP on an analytical scale and considering
the initial weight of each sample. The results are
expressed as a percentage. The amount of soluble solids
was determined by refractrometric analysis of the juice
from the crushed samples. The results are expressed as
Brix degrees (°Bx). Total titratable acidity was determined
in three samples from the titration of 10 g of homogenate
pulp diluted in 100 ml of distilled water and a standard
solution of 0.1 N sodium hydroxide. The endpoint was
indicated by phenolphthalein. The results are expressed
as a percentage. Hydrogenionic potential (pH) was
determined in ground pumpkin pulp using a digital
potentiometer.

Statistical analysis

The analyses were performed in duplicate with two repetitions.
The results are expressed as mean and standard deviation. The
data were analyzed using analysis of variance (ANOVA). The
level of significance was set to 5%.Post hoc comparisons were
performed using Tukey’s test. GraphPad Prism 5.01 software
was used for the statistical analyses.

Results and discussion

Minimal inhibitory concentration

MIC was 312 μg/ml for S. Typhimurium (ATCC 14028),
E. coli (ATCC 25922), A. hydrophila (ATCC 7966), and
S. aureus (ATCC 25923). Previous studies reported the effec-
tiveness of carvacrol at different concentrations in inhibiting
the growth of the same bacteria (Guarda et al. 2011; Sousa
et al. 2012; Yun et al. 2013).

Effect of applying an edible coating of cassava starch
with the addition of carvacrol on the survival of bacteria
inoculated in minimally processed pumpkin

The effects of the edible coating with carvacrol that was ap-
plied to MPP that was previously contaminated with E. coli
(ATCC 25922), S. Typhimurium (ATCC 14028),
A. hydrophila (ATCC 7966), and S. aureus (ATCC 25923)
on different days of shelf life are shown in Table 1.

The C1 and C2 groups generally exhibited elevations in
bacterial multiplication during the 7 days of storage, even
under refrigeration. E. coli and S. Typhimurium reached
values of approximately 7 log CFU/g on day 7. These results
are important because these values are higher than the infec-
tious dose of E. coli, which varies from 10 to 1012 CFU/g,
depending on the pathogenic group (Feng 2012), and the in-
fectious dose of Salmonella spp., which can be a single cell,
depending on serotype, age, and the immune state of the host
(Hammack 2012). According to Lampel (2012), no consensus
has been reached about the infectious dose of A. hydrophila.
Nonetheless, outbreaks have been reported with 107 CFU/g
contamination of food, a count that was found in the C1 and
C2 groups already on the third day of storage. The counts of S.
aureus increased approximately 1 log CFU/g during the stor-
age period and reached levels that were less than those neces-
sary to produce toxins (i.e., 106 CFU/g; Hait 2012).

The results for the four bacterial isolates indicated that the
T1 and T2 groups were significantly different (p < 0.05) from
the C1 and C2 groups on all days of shelf life. The application
of carvacrol at 625 μg/ml in MPP (T2 group) completely
inhibited bacterial growth on all days of storage. The counts
of E. coli and S. Typhimurium in the T1 group (312 μg/ml
carvacrol) were reduced by 5 log CFU/g on day 7. For
A. hydrophila, a reduction of approximately 8 log CFU/g
was observed in the same period. A reduction of approximate-
ly 2 log CFU/g was observed for S. aureus. These results
demonstrate the efficiency of carvacrol at the MIC of
312 μg/ml, even when bacterial counts in the control groups
were elevated.

Baskaran et al. (2013) tested carvacrol at concentrations of
0.15 % and 0.3 % in water that was used to wash apples and
found counts of E. coli (O157:H7) that were <1 log CFU per
apple. Muriel-Galet et al. (2012) also reported reductions of
0.32 and 0.5 log CFU/g of S. enterica (ATCC 13076) in salads
that were packaged with a film that contained oregano essen-
tial oil that contained 2.8 % and 6.7 % carvacrol, respectively.
Sousa et al. (2012) detected <2 log CFU/g of A. hydrophila in
fresh vegetables that were treated with carvacrol at 0.6 μl/ml.
The present findings were better than those in these previous
studies, in which carvacrol at a lower concentration more ef-
fectively reduced bacterial counts.

When evaluating carvacrol at 312 and 625 μl/ml, S. aureus
and S. Typhimurium counts were significantly different
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between the T1 and T2 groups on the third and seventh days of
storage, and E. coli counts were significantly different on all
days of storage. These findings are consistent with previous
reports that indicated that a higher carvacrol concentration
was associated with a higher antimicrobial effect in food
(Baskaran et al. 2013; Muriel-Galet et al. 2012; Kuorwel
et al. 2011). For A. hydrophila, no significant difference
(p > 0.05) was found between the T1 and T2 groups.
Azeredo et al. (2011) reported that the MIC of oregano essen-
tial oil completely inhibited A. hydrophila in fresh vegetables
(e.g., lettuce, beet root, and arugula). During the storage peri-
od, A. hydrophila was the bacteria with the highest counts,
which may be explained by its psychrotrophic characteristics.
However, it was also the bacterium that presented the highest
reduction of counts after carvacrol treatment. According to
Burt (2004), A. hydrophila is considered one of the most sen-
sitive bacteria to essential oils.

The significant reductions of bacterial counts that were
observed in the present study may also be attributable to the
method of carvacrol application in the food. The incorporation
of antimicrobial compounds in edible coatings can cause grad-
ual release from the polymer matrix to the food surface
(Hyldgaard et al. 2012; Sangsuwan et al. 2009). Thus, the
concentration that is necessary for microbial growth inhibition
can be maintained for a longer period of time.

Effect of application of the edible coating of cassava starch
with the addition of carvacrol on the development
of bacteria that are naturally present in minimally
processed pumpkin

The effects of application of the edible coating with carvacrol
to MPP on the development of coliforms at 35 °C and 45 °C,
psychrotrophic bacteria, mold, and yeast on various days of
shelf life are shown in Table 2.

The counts of coliforms at 35 °C and 45 °C in the T1 and
T2 groups were <3 MPN/g on all days of shelf life. The C1
and C2 groups presented counts of coliform at 45 °C < 3
MPN/g on all days of shelf life and coliforms at
35 °C ≤ 1100 MPN/g on the seventh day of shelf life. These
coliform at 35 °C counts may be attributable to the multipli-
cation of bacteria that were initially present in the MPP or
contamination during storage. These results indicate the effec-
tiveness of carvacrol with regard to coliform inhibition. In
Brazil, the analysis of coliforms at 35 °C in MPV is not re-
quired by law (BRASIL 2001). However, this result becomes
relevant because the presence of this group of bacteria reflects
inadequate hygiene and sanitization conditions (Moore and
Griffith 2002). Emiroğlu et al. (2010) reported a reduction of
coliform counts of 1.6 log CFU/g in edible soybean coatings
with Oreganum heracleoticum L. essential oil.

The T1 and T2 groups were treated with 312 and 625 μg/
ml carvacrol, respectively, and both presented significantT
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reductions (p < 0.05) of psychrotrophic bacteria counts com-
pared with the C1 and C2 groups on the third and seventh days
of storage. A reduction of 1.9 log CFU/g was observed in the
T2 group compared with the C1 group on the seventh day of
shelf life. No significant difference (p > 0.05) was found be-
tween the T1 and T2 groups. Sousa et al. (2012) also observed
a significant reduction of psychrotrophic bacteria counts in
minimally processed leaf vegetables that were exposed to a
solution of carvacrol at 600 μg/ml. Azeredo et al. (2011) stud-
ied O. vulgare essential oil and observed a reduction of
psychrotrophic bacteria counts in MPV, confirming the results
of the present study. The psychrotrophic bacteria counts
reached 7 log CFU/g on the seventh day of storage in the C1
group, thus compromising the shelf life of the product, even
when maintained under refrigeration.

Mold and yeast counts also significantly decreased
(p < 0.05) in the T1 and T2 groups compared with the
control groups. On the third day of shelf life, the T1 and T2
groups presented counts of 0.849 log CFU/g and <2 log CFU/
g, respectively. On the seventh day, the T1 and T2 groups
presented counts <2 log CFU/g. At this same time point, the
C1 group presented counts of 3.466 and 4.835 log CFU/g,
indicating the effectiveness of carvacrol in reducing mold
and yeast. Sousa et al. (2012) evaluated the effect of carvacrol
in MPV and observed a reduction of 2.9 log CFU/g in mold
and yeast counts. These microorganisms are important in the
deterioration of MPV because they reduce their shelf life and
cause economic losses. In such cases, the application of an
edible coating with carvacrol may be a viable option.

Effect of application of an edible coating of cassava starch
with carvacrol on physicochemical parameters
in minimally processed pumpkin

The effects of the edible coating with carvacrol that was applied
to MPP on total titratable acidity, pH, weight loss, and soluble
solids at various time points of shelf life are shown in Table 3.
All groups (T1, T2, C1, and C2) presented an increase in total
titratable acidity on the third day of shelf life, followed by a
decline on the seventh day. This oscillation in total titratable
acidity may be related to biochemical processes that are asso-
ciated with respiratory metabolism, in which organic acids are
utilized and converted to sugars (Martínez-Ferrer et al. 2002). A
significant reduction (p < 0.05) of total titratable acidity was
found between the treatment groups (T1 and T2) and control
groups (C1 and C2) on the third and seventh days of storage.
However, Habibunnisa et al. (2001) observed a slight increase
in total titratable acidity (0.01 %) in MPP during 8 days of
storage. The reduction of total titratable acidity is relevant be-
cause elevated acidity in MPV influences the sensorial charac-
teristics of the product and decreases its shelf life.

A significant difference (p < 0.05) in pH was found between
the treatment groups (T1 and T2) and C1 group on the first andT
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seventh days of storage. The C2 group also differed from the C1
group on the same days. Similar results were reported by
Oliveira and Cereda (2003), who observed lower pH values in
controls compared with fruits that had an edible coating of cas-
sava starch. In both the control and treatment groups, the pHwas
elevated on the third day of shelf life, with a slight decline on the
seventh day. These varying pH values have been previous ob-
served in MPV (Martínez-Ferrer et al. 2002; Lucera et al. 2010)
and may be a consequence of metabolism during respiration, an
increase in CO2 headspace concentrations, and compounds that
are produced by microorganisms (Martínez-Ferrer et al. 2002;
Lucera et al. 2010; Rico et al. 2007).

The amounts of soluble solids slightly increased over the
days of storage in both the control and treatment groups, with
values of 4.9 to 5.2°Bx on the last day of shelf life. Sasaki
et al. (2006) found that MPP presented a slight increase in the
amount of soluble solids during the storage period (5.3°Bx).
According to these authors, this increase in soluble solids was
attributable to the stress that is caused by minimal processing.
According to Silva et al. (2009), this observation is also attrib-
utable to the loss of water from the product, which may occur
immediately after processing. Cortez-Vega et al. (2014) eval-
uated different edible coatings in pumpkin and observed re-
ductions of soluble solids in all of the samples during the
storage period.

Overall, no significant difference (p < 0.05) in soluble solids
was found between the treatment and control groups. Souza
et al. (2009) studied eggplant with an edible coating of cassava
starch and did not find significant differences in the amount of
soluble solids between the treatment and control groups.

A significant difference (p < 0.05) in weight loss was ob-
served between the treatment and control groups and between
the C1 and C2 groups on the third and seventh days of shelf
life. Carvacrol treatment significantly reduced weight loss in
the T2 group compared with the C1 group (3.73 %) and in the
T1 group comparedwith the C1 group (3.78%) on the last day
of storage. Chiumarelli et al. (2010) reported that fresh-cut
mango with an edible coating of cassava starch presented a
significant reduction of weight loss compared with the uncoat-
ed control group. According to Chiumarelli et al. (2010), the
use of hydrophilic coatings, such as starch, has limitations that
are related to water vapor barrier properties. The presence of
carvacrol in the edible coating, because of its hydrophilic
characteristics (Burt 2004), may help lessen water loss from
vegetables. Controlling weight loss in MPV is important be-
cause it directly affects the appearance of the product, a factor
that influences the purchase decision of these products.

Conclusion

The results of the present study showed that carvacrol, when
added to an edible coating of cassava starch, effectivelyT
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inhibited both pathogenic bacteria and autochthonous micro-
biota in MPP. The addition of carvacrol in the edible coatings
also did not affect the physicochemical parameters analyzed
and was protective against weight loss in MPP. These results
strengthen the possibility that carvacrol can be added to edible
coatings to improve the microbiological safety of MPP.
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