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Abstract: This study evaluated the effect of antioxidant application on quality and physiological
aspects of minimally-processed escarole (Cichorium endivia var. latifolia L.) stored at 0 °C and 90-95%
relative humidity for 21 d. After minimal processing, leaves were immersed for 5 min in the following
solutions: deionized water-control (CT), 1% ascorbic acid (AA), 1% citric acid (CA), 1% oxalic acid
(OA), and 2% ethylenediamine-tetraacetic acid (EDTA). Excess water was removed and they were
then packed in trays of expanded polystyrene and stored at 0 °C and 90-95% relative humidity for
21 d. Analyses were performed on day 0, after 1 h of processing, and then at intervals of 3 d. The 1%
CA treatment maintained the highest levels of endogenous ascorbic acid and pigment content, as well
as the lowest values of weight loss and Browning Index (BI). Microbiological development was
within the limits established during storage for all treatments. Total phenolic compound content and
the activity of polyphenol oxidase and peroxidase enzymes showed variations among treatments.
Observing all results, it was concluded that 1% CA was the best antioxidant for the maintenance of
the quality attributes of minimally-processed escarole for up to 21 d in cold storage at 0 °C.

Keywords: Cichorium endivia var. latifolia L.; enzymatic browning; phenolic compounds

1. Introduction

Minimally-processed products (MPP) are ready-to-eat fresh fruits or vegetables that have passed
procedures such as washing, cutting or peeling, and packaging [1]. However, the processing steps
cause physical and physiological changes, resulting in undesired symptoms such as off-flavors,
enzymatic browning, loss of firmness and nutrients, and the development of possible pathogenic
microorganisms [2,3].

To prevent these symptoms and prolong the shelf life of MPP, auxiliary techniques have been
used along with refrigeration techniques such as modified and controlled atmosphere, chemical
treatment, irradiation, edible coatings, heat treatments, and others [3,4]. Among these, the application
of antioxidants is one of the most efficient. Antioxidants decrease the respiratory rate, inhibiting
the action of enzymes that cause browning and loss of nutrients and pigments. Some of them also
have an antimicrobial effect. The use of antioxidants consists of immersing the product into solutions
containing organic acids, minerals, or combinations of both [3-9].

The most commonly used organic acids are ascorbic, citric, salicylic, and oxalic, and ethylenediamine
tetracetic acid (EDTA). These acids are relatively weak, are recognized as safe for food application and
consumption, and are widely used in MPP. They are considered mainly as antibrowning and antioxidant
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agents, but their efficiency may vary according to their concentration and chemical compostition,
justifying the study of the effects of the application of each one in vegetables [4,8-10].

Escarole (Cichorium endivia var. latifolia L.) and lettuce are the most popular leafy vegetables,
and are consumed in salads [11]. Escarole is perfect for the MPP market, considering its nutritional
properties and the demand for healthy foods that are easy to prepare or ready-to-eat. It has several
antioxidant compounds that help prevent diseases, such as flavonoids, carotenoids, and a diversity
of phenolic compounds. It is also a good source of vitamins A, B, C, and D [12-15]. However,
this vegetable needs to be studied more regarding its post-processing preservation and changes in its
quality attributes as a MPP. A study has verified that minimally-processed escarole showed browning of
its leaves and was also sensitive to high CO, concentrations [16]. The aim of this study was to evaluate
the effect of different chemical treatments on the physiological, nutritional, and microbiological aspects
of minimally-processed escarole.

2. Materials and Methods

2.1. Material Preparation and Experimental Setup

Escarole (Cichorium endivia var. latifolia L. cv. Amazonas Gigante) heads were obtained from
a conventional producer located in Piracicaba, Sao Paulo, Brazil (22°43’30” S, 47°38’51” W; 524 m
altitude). They were harvested 65 d after planting, during the winter season, transported to the
laboratory on ice, and then stored at 15 °C and 90-95% relative humidity for 24 h until processing.
Escarole heads were selected for similarity of size, color, and absence of diseases or mechanical and
pathological damage.

The selected heads were cut to separate leaves, which were washed with running water to remove
soil, passed through a new selection as described above, and held in a cold room at 15 °C. Entire leaves
were sanitized by immersion in sodium hypochlorite solution 2% at 5 °C for 10 min. After sanitization,
leaves were cut manually into strips (about 2 cm width and 10 cm length) with stainless steel knives.

The leaves were again sanitized by immersion in sodium dichloroisocyanurate solution 2% at 5 °C
for 5 min, and were then immersed in the following solutions (w/v) for 5 min: deionized water-control
(CT), 1% ascorbic acid (AA), 1% citric acid (CA), 1% oxalic acid (OA), and 2% ethylenediaminetetraacetic
acid (EDTA). The concentrations of the antioxidant solutions were based on the best results for leafy
MPP reported in the literature [4,8,17].

After the treatments, leaves were centrifuged for 1.5 min in a laboratory centrifuge (Arno, Sao
Paulo, SP, Brazil) with an average angular speed of 760 g to remove excess water. After that, 150 g of
the leaves were packed in 14 pm PVC plastic film on trays of expanded polystyrene (21 x 14.5 X 1.5 cm),
which were heat-sealed at the bottom of the trays. All samples were stored in a cold room at 0 °C and
90-95% relative humidity for 21 d. The temperature for storage was chosen from previous experiments;
no chilling injury at 0 °C was observed. Additionally, this temperature was the best to maintain
product quality aspects longer.

Analyses were performed on day 0, after processing and then following intervals of 3 d until the
21st day of the experiment (the time when some treatments were still within the established limits of
microbiological analysis and Browning index (BI)).

2.2. Analysis

2.2.1. Browning Index, Enzymes, and Total Phenolic Compounds

BI was calculated by the relation between visual classification of browning and the area of the
affected leaf. Samples with a BI higher than 2 were considered unmarketable [18].

The extract used for enzyme analyses was based on the method used by Zhan et al. [19]. Leaf
tissue (0.5 g) was homogenized with 12 mL 50 mM sodium phosphate buffer (pH 7.0) (on ice) and
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subsequently centrifuged at 20,000% g for 20 min at 4 °C. The enzyme activity of the supernatant was
used for the following assays.

The polyphenol oxidase activity (PPO, EC 1.10.3.2) was assayed according to the methodology
proposed by Degl’Innocenti et al. [20] and modified by Zhan et al. [19]. Extract supernatant (0.1 mL) was
mixed with 1.9 mL 25 mM catechol. As a PPO enzymatic unit, the minimum difference in absorbance
at 480 nm of 0.001 per minute over 10 min between readings on a spectrophotometer (Biochrom, model
Libra S22) was considered. The results were expressed as PPO units per mg protein (U mg~! protein).

For peroxidase activity (POD, EC 1.11.1.7), the methodology of Degl'Innocenti et al. [20] was used.
Extract supernatant (0.16 mL) was mixed with 0.004 mL of distilled water, 0.2 mL 35 mM hydrogen
peroxide, and 1.6 mL 10 mM guaiacol. As a POD unit, the minimum increase in absorbance at 470 nm
of 0.001 per minute over 10 min was considered. The results were expressed in micromoles of guaiacol
oxidized per minute per mg protein (mmoL guaiacol min~! mg~! protein).

Protein analysis was performed by the method of Bradford [21]; the extract was prepared by
homogenizing 0.5 g of sample with 1.5 mL of distilled water and centrifuged at 20,000x g at 4 °C for
10 min. After that, 0.02 mL of the supernatant was pipetted into 0.78 mL of distilled water, and then
0.2 mL of Bradford reagent was added. After 2 min, the samples were read at 595 nm. The calculation
of protein was carried out by a standard curve using bovine serum albumin.

Total phenolic compound (TPC) content was adapted from the method of Singleton and Rossi [22].
Extracts were prepared by homogenizing 1 g of sample with 9 mL 100% ethanol and centrifuged
at 15,000 g at 4 °C for 20 min. Extract supernatant (0.3 mL) was mixed with 0.75 mL of 10% (v/v)
Folin-Ciocalteu reagent, 1.20 mL of distilled water and 0.75 mL 4% (w/v) sodium carbonate, this mixture
was incubated for 2 hours in the dark. Samples were measured at 765 nm in triplicate. The calculation
of total phenolic compounds was carried out using a standard curve with gallic acid. The results
were expressed in mg of gallic acid equivalents per 100 g of fresh weight (mg gallic acid equivalents
100 g1 FW).

2.2.2. Ascorbic Acid, Total Chlorophyll, and Total Carotenoids Content

The ascorbic acid content was extracted and analyzed using the method of Carvalho et al. [23].
Extracts were prepared by homogenizing 30 g of processed escarole with 10 mL of distilled water.
This mixture was filtered through 4 layers of cheesecloth to obtain a liquid extract. Extract supernatant
(10 mL) was mixed with 50 mL of 10% (w/v) oxalic acid and then, titred with 2,6-dichlorophenol
indolfenol-sodium (DCFI) indicator until it reached a persistent pink color for 15 s. The results were
expressed in mg of ascorbic acid per 100 g fresh weight (100 mg g~! FW).

For quantification of total chlorophyll and total carotenoid content, cut leaves (0.25 g) was
homogenized with an 80% acetone solution and centrifuged at 10,000x g for 10 min at 4 °C.
The supernatant was used for the spectrophotometric measurement of pigments by absorbance at 663,
646 and 470 nm. The values of total chlorophyll and total carotenoids contents were calculated [24],
and the results were expressed as milligrams of the pigment per 100 g fresh weight (100 mg g~! FW).

2.2.3. Gas Concentration and Weight Loss

The concentrations of gases in the inner space of the packages were monitored every 3 d for 21 d
of cold storage using a gas analyzer (CheckMate 9900 O,/CO, PBI Dansensor (Minneapolis, MN, USA).
The gas samples were taken through a syringe coupled to a silicone septum previously fixed in the
packages. The results were expressed as percentage of CO, and O,. At day 0, the analyses were made
after 1 h of processing.

The weight loss was determined by the difference of the initial weight of the samples with
the weight values obtained at each experimental evaluation period. The results were expressed in
percentage of mass loss.
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2.2.4. Microbiological Analyses

Analyses were performed regarding the presence or absence of Salmonella at the beginning of the
experiment and counts of psychrotrophic and coliform bacteria during the experiment. The detection
of Salmonella in 25 g of the product was performed by procedures established by Brazilian legislation,
Collegiate Board Resolution (CBR) No. 12 of 2001 of the National Health Surveillance Agency
(ANVISA) legislation [25]. Counts of psychrotrophic microrganisms in samples were performed
according Cousin et al. [26], and the results were expressed in log colony-forming unit per g sample (log
CFU g™!). The total coliform count was performed using the Simplate Coliform kit (Biocontrol Systems)
validated method by the Association of Official Analytical Chemists (AOAC) Official Method 2005.03.
The results were expressed in log most probable number per g sample (log g~! MPN). There are no
recommendations for the maximum amounts of total coliforms and psychrotrophic microorganisms in
minimally-processed products in Brazil; hence, in this research, the value of 7 log CFU g~! sample was
taken as the safety threshold. This value is the international standard used by European countries.

2.3. Statistical Analyses

The experimental design was completely randomized in a factorial scheme of five treatments
and eight periods of analysis, including time zero (after processing). There were three independent
replicate samples of each treatment used for every assessed variable at each sampling time. The results
were submitted to ANOVA, with averages compared by Tukey’s test at P < 0.01 and P < 0.05. The data
were analyzed by the Pearson correlation coefficient (r) to consider significant correlations between
variables, with r values > 0.700 considered significant (P < 0.01). Statistical analyses were performed
using the statistical software Statistical Analysis System Model 9.3 [27].

3. Results and Discussion

3.1. Effect of Antioxidant Treatment on Browning Index

The treatments CT, AA, and CA showed BI within the acceptable limit until the 21st day, and no
significant differences were observed between them (Figure 1A). There was an increase in BI of the
leaves for the OA and EDTA treatments starting from the 9th day, which both were discarded on the
18th day, because the BI exceeded the commercial limit of browning.

The color deterioration kinetics in our research were in accordance with previous reports, such as
MPP lettuce cultivars, which exceeded the visual quality limit in the 12th day of storage at 5 °C,
exhibiting symptoms of severe darkening on the surfaces and cut areas of the leaves [28]. Among
several factors that caused these changes in color, the most significant were enzymatic activity and
pigment degradation [5].

The total phenolic compounds (TPC) (Figure 1B) showed variations during storage days. TPC
content in samples ranged from 48 to 117 mg GAE 100 g~! FW, similar values to those obtained by
Tiveron et al. [13] in several leafy vegetables. From the 9th day of storage, the highest values (P < 0.01)
of TPC were observed in EDTA samples, and at the end of the experiment, CT and the treatments AA
and CA showed the highest values. EDTA as a complexing and chelating agent may have maintained
higher TPC values up to the 9th day.

Variations in TPC of MPP may occur due to many aspects such as prolonged storage, temperature,
and processing. After a cut in processing, the reactions of the defense mechanisms of the vegetable
tissue caused the consumption of the phenolic compounds as substrates by defense enzymes; free
conversions can also occur between phenolic groups and their bonds [29-32]. The application of
antioxidant products in MPP affects the TPC, that may increase or decrease, depending on the chemical
action and its concentration [10,33].
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Figure 1. Browning index (BI) (A) and total phenolic compounds (TPC) (mg Gallic Acid Equivalents
100 g~! FW) (B) in minimally-processed escarole treated with antioxidants and stored at 0 °C and
90-95% relative humidity for 21 d. Vertical bars represent the standard deviation of the mean (n = 3).
Means followed by different uppercase letters within each day of storage and lowercase letters between
treatments differ from each other by Tukey’s test (P < 0.01). CT: control; AA: 1% ascorbic acid; CA: 1%
citric acid; OA: 1% oxalic acid; and 2% EDTA: ethylenediaminetetraacetic acid.

There were variations in the PPO activity (Figure 2A) during storage. Differences (P < 0.01) were
observed among the treatments starting from the 6th day; more specifically, samples submitted to OA
and EDTA treatments showed reduced activity of this enzyme. At 12 and 15 d, the lowest PPO activity
observed was for the CA and EDTA treatments. On the last day of the experiment, CA showed a lower
PPO activity than AA and the control. The activity of the PPO in MPP escarole varied between 0.10
and 0.90 U mg~! protein, and can be characterized as very low compared to the values obtained in
lettuce cultivars, which may vary between 14 and 28 U mg™! protein [34].
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Figure 2. Polyphenoloxidase activity (U mg~! protein) (A) and peroxidase activity (umol guaiacol
min~! mg~! protein) (B) in minimally-processed escarole treated with antioxidants and stored at 0 °C
and 90-95% relative humidity for 21 days. The columns represent the average of three replicates.
Means followed by different uppercase letters within each day of storage and lowercase letters between
treatments differ from each other by Tukey’s test (P< 0.01). CT: control; AA: 1% ascorbic acid; CA: 1%
citric acid; OA: 1% oxalic acid; and 2% EDTA: ethylenediaminetetraacetic acid.

PPO is an oxidoreductase enzyme with copper in its active site; in the presence of oxygen,
it catalyzes the hydroxylation of monophenols into o-diphenols, which are subsequently oxidized
into o-quinones. These quinones can be polymerized or combined with amide compounds and
carbonyl-amine or react with amino acids or proteins, thus forming dark colored, low molecular weight
compounds [10,35]. EDTA as well as CA and OA are chelating agents, and they act on PPO, complexing
with copper in its active site. The efficacy and mechanisms of action of various antioxidants depend on
the vegetable species and cultivar, since PPO may use different phenolic compounds as substrates [8].

There were peaks in the POD activity (Figure 2B) in the escarole leaves during storage. In most of
the storage period, the POD activity was higher (P < 0.01) in CT samples until the 18th day, and this
treatment did not differ between AA and CA through the end of the experiment. The POD activity
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varied from 0.47 to 3.13 pmol guaiacol min~! mg™! protein, higher than the variation obtained in
lettuce of 0.10 to 0.35 umol guaiacol min~! mg~! by Altunkaya and Gékmen [36].

POD in the presence of H,O, oxidizes phenolic compounds that are hydrogen donors [37,38].
When oxidized, the phenolic compounds become dark. The ascorbic acid and citric acid control the
activity of POD by reducing the intracellular pH. However, this reduction depends on the agent
and the pH of the solution [39]. Some studies have shown that AA has a temporary antibrowning
inhibitory effect because it does not act directly on the enzyme; rather, it reduces the o-quinones
into their precursor forms of diphenols, and, in the process, the AA is converted into DHA [10,40].
On the other hand, CA reduces pH, has a chelating function, and acts directly on the enzymes [41].
There are some contradictions in the literature about the POD function in browning of MPP [7,39].
It has been hypothesized that the formation of quinones generated by PPO can lead to the accumulation
of significant levels of Hy,O,, thus allowing for the oxidation of polyphenols by POD enzyme [42,43].

The protective action of AA on TPC can be attributed to reduction reactions and regeneration of
polyphenols, while CA reduces their oxidation due to its acidifying and chelating action on enzymes
that use these compounds as substrates [36,44]. There are controversies regarding the involvement of
phenolic compounds and the activity of enzymes in browning of MPP. Several papers have reported
that there is no clear relationship between phenolic content, ascorbic acid content, and activities of PPO
and POD with browning of the leaves in different cultivars of MPP lettuce [20,45,46]. The browning
observed in MPP escarole in our research may have been caused by the degradation of chlorophyll,
and microbiological growth and weight loss, in addition to enzymatic activity. This hypothesis was
supported by the correlation between the values of the traits (Table 1).

Table 1. Pearson correlation (r) between the traits. R values > 0.7 were significant at P < 0.01.

Analyses r

Ascorbic acid content vs. total chlorophyll 0.872
Ascorbic acid content vs. total carotenoids 0.866
Weight loss vs. Browning index 0.772

Weight loss vs. ascorbic acid content —0.800

Weight loss vs. total chlorophyll -0.888

Weight loss vs. carotenoids —0.887

Ascorbic acid content vs. psychrotrophic bacteria growth —0.821

3.2. The Conservation of Endogenous Ascorbic Acid Prevents Pigments Loss

Ascorbic acid content (Figure 3A) decreased in all treatments during storage. The AA and CA
treatments showed the highest retention (P < 0.01) of endogenous ascorbic acid content during storage.
The OA and EDTA treatments showed values similar to the control. The ascorbic acid values in this
study varied from 23.2 to 13.6 mg 100 g~! FW during storage. Escarole has high ascorbic acid content
if compared with lettuce cultivars, which may vary from 1.5 to 12.3 mg 100 g~! FW [11]. Both AA
and CA may have acted synergistically in the preservation and increasing of ascorbic acid content.
In several studies, it has been reported that the increase and better retention of endogenous ascorbic
acid for MPP occurred when treated with AA solutions [4,17].

Studies on the biochemical mechanism of browning in MPP leafy vegetables have reported
the possible involvement of a high endogenous content of ascorbic acid as a natural antibrowning
agent [39,46,47]. The degradation of ascorbic acid may be related to non-enzymatic browning, due
to its oxidation into DHA. The DHA can subsequently react with aldol or amine groups, which are
responsible for condensation of the quinone and conversion into dark compounds [48]. DHA levels
have been positively correlated with browning in lettuce [49]. Vegetables with high endogenous
ascorbic acid content are able to control the accumulation of reactive oxygen species (ROS) effectively.
AA is a more efficient agent against the action of ROS than phenolic compounds, which controls only
part of the ROS formed [50].
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Figure 3. Ascorbic acid content (mg 100 g_1 FW) (A), total chlorophyll (mg 100 g_1 FW) (B), and total
carotenoids (mg 100 g’l FW) (C) in minimally-processed escarole, treated with antioxidants and stored

at 0 °C and 90-95% relative humidity, for 21 days. The columns represent the average of three replicates.

Means followed by different uppercase letters within each day of storage and lowercase letters between
treatments differ from each other by Tukey’s test (P < 0.01). CT: control; AA: 1% ascorbic acid; CA: 1%
citric acid; OA: 1% oxalic acid; and 2% EDTA: ethylenediaminetetraacetic acid.
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CA was the most effective treatment for the retention of chlorophyll content (Figure 3B) and
carotenoids (Figure 3C), showing the highest values (P < 0.01) of these pigments during storage.
The total chlorophyll values in the MPP escarole were similar to those found in rocket and baby spinach
(40-50 mg 100 g~! FW) [9]. The carotenoid levels obtained were lower than those observed in lettuce,
equivalent to 2.0 mg 100 g_l FW [51].

There was a positive correlation between the AA content of samples and chlorophyll and
carotenoid content with r = 0.872 and r = 0.866, respectively (Table 1). CA and AA have exhibited
similar mechanisms against pigment deterioration, reducing chemical and biochemical reactions that
oxidize chloroplast structures [52]. The application of exogenous CA acts synergistically with the
endogenous AA content of tissues. Considering that citric acid controls PPO, there is less demand for
the consumption of ascorbic acid, which ends up being used for other purposes, as in its competitive
action in the enzymatic reactions that result in brown compounds, thus preventing the loss of color
and pigments [33,53].

3.3. Influence of Treatments on Escarole Metabolism

There were differences in O, (Figure 4A) and CO, (Figure 4B) concentrations inside the package
between treatments during storage. The treatments OA and EDTA had significantly lower CO,
concentrations (P < 0.01) starting from the 12th day and significantly higher concentrations of O,
(P < 0.05) throughout the entire storage period than the other treatments, reaching values close to that
of air (20.9%). This might have accelerated the metabolic processes of these samples, increasing the
deterioration rate and thus the BI, explaining in part why they were discarded earlier than the others.

The reduction of the respiratory rate by the application of OA is associated with the decrease in
metabolic activity reported in MP rocket and spinach [9]. The effect of EDTA on the respiratory rate
has not been fully elucidated, but this treatment could have reduced MPP escarole respiration through
its chelating action on lipids, inhibiting oxidation [54,55].

The samples treated with AA had the lowest (P < 0.05) O, concentration (17.6%) until the 21st day,
during which no significant differences were observed. AA and CA treatments maintained the highest
CO;, values (P < 0.01) until the 21th day, when they differed from the CA. The samples immersed in CA
showed similar CO; reduction inside packages to the OA and EDTA treatments. CA application may
cause reactions in the cytosol, reducing phosphofructokinase activity, thus also reducing glycolysis and
respiration rate. The decrease in glycolysis may also be associated with the reduction of intracellular
pH caused by CA [56].

The weight loss (WL) was higher (P < 0.01) for both OA and EDTA treatments, which reached
percentages of 0.66 and 0.59%, respectively, at the 15th day (Figure 4C); this might be explained
due to the higher concentration of O, contained inside the headspace of these samples, which could
have accelerated metabolism and senescence processes. There were no differences among the other
treatments during storage. The values of WL in our research were lower than previous studies of
application of organic acid treatments in MPP leafy vegetables, which have varied from 0.5 to 4.2% [2].

We observed a relationship between WL and the other parameters (Table 1). WL has a high correlation
with several quality factors in fruits and vegetables, such as appearance, texture, and nutritional value.
There was a positive correlation between WL and BI; when WL increased, there was a reduction in
firmness and increase of wilting and darkening of tissues [57]. A negative correlation with ascorbic acid
content, chlorophyll, and carotenoids was also verified. At a very high degree, the loss of water could
rupture the cell wall, which would cause the decompartmentalization and consequently the contact of
the enzyme ascorbate oxidase with the ascorbic acid, thus decreasing the content of this acid [58].
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Figure 4. Concentration of oxygen (A) and carbon dioxide (B) within the packaging and weight loss (%)
(C) of minimally-processed escarole with antioxidants and stored at 0 °C and 90-95% relative humidity
for 21 days. Vertical bars represent the standard error of the mean (n = 3). The means represent the
average of 3 replicates. Means followed by different uppercase letters within each day of storage and
lowercase letters between treatments differ from each other by Tukey’s test (P < 0.01). CT: control; AA:
1% ascorbic acid; CA: 1% citric acid; OA: 1% oxalic acid; and 2% EDTA: ethylenediaminetetraacetic acid.
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3.4. Effect of Treatments on Microbiological Growth

No Salmonella in 25 g of MPP escarole was detected, which means that the MPP escarole followed
the good production practices and hygiene, according to the Brazilian legislation of the National
Health Surveillance Agency [25]. For total coliform analysis (Figure 5A) and psychrotrophic bacteria
(Figure 5B) during storage, it was observed that both did not exceed the threshold value (7 log CFU g™1)
regardless of treatment. The results also indicated the absence of fecal coliforms in the samples.
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Figure 5. Total coliforms (log MPN g’l) (A) and psychrotrophic bacteria (log CFU g’l) (B) in leaves
of minimally-processed escarole treated with different antioxidants and stored at 0 °C and 90-95%
relative humidity for 21 days. CT: control; AA: 1% ascorbic acid; CA: 1% citric acid; OA: 1% oxalic acid;
and 2% EDTA: ethylenediaminetetraacetic acid.

The total coliforms in the OA and EDTA treatments showed higher values than the others
starting from the 12th day. This probably occurred because of the gas concentrations inside
these samples, which might have favored the development of these microorganisms. The other
treatments showed similar values until the end of storage. We observed the constant and similar
growth of the psychrotrophic bacteria among treatments throughout storage. There was a negative
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correlation between the content of ascorbic acid and psychrotrophic bacterial growth (Table 1),
indicating that microbiological growth might have occurred due to the consumption of nutrients as
substrates, which could also be related to the browning of the escarole. The count as well as the growth
of microrganisms in our research followed a trend similar to previous work testing the efficiency of
organic acids as sanitizers in MPP lettuce [6].

4. Conclusions

Based on our results, 1% citric acid treatment was the most efficient antioxidant for preserving the
quality attributes of minimally-processed escarole for 21 d in storage at 0 °C. This treatment maintained a
low browning index and microbiological growth and preserved higher levels of chlorophyll, carotenoids,
and endogenous ascorbic acid. Due to the Brazilian market and the temperature variation that can
occur during marketing (12 to 15 °C), minimally-processed products are commercialized with a shelf
life of up to five days. However, in this research we aimed to study the effect of the application of
antioxidants and to verify which of them could conserve the quality aspects of the MPP escarole
longer under ideal temperature conditions. We concluded that the application of 1% citric acid at an
industrial level could be advantageous to the market for the conservation of visual and nutritional
aspects, estimating that these could be better preserved for up to the sixth day of storage. For future
research, we suggest testing the application of 1% citric acid at market temperatures of 10, 12, and 15 °C
and, based on microbiological and other quality analyses, establishing the commercial shelf life of
the product.
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