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Abstract: Bunching green onion is an Allium species that has been widely used in food flavorings and
seasonings. This vegetable experiences a rapid loss of quality during storage due to physiological
changes and microbial spoilage. In the current work, the single and combined effect of mild-heat
treatment (55 ◦C for 60 s) and alginate edible coatings on the quality preservation of minimally
processed bunching green onions was studied. Control and treated samples were stored at 4 ◦C for
15 days and examined periodically in terms of their respiration rate, weight loss, pH, soluble solids
content, firmness, total polyphenol content, antioxidant activity, microbial count, decay ratio, and
overall visual quality. The results showed that the combination of mild heat and alginate edible
coatings was the most effective approach to slow down the respiration rate and the incidence of
decay in the minimally processed bunching green onions. In addition, the treatments with alginate
coating alone or combined with mild-heat treatment showed the best performance for maintaining
the overall visual quality of the products during the storage.

Keywords: food loss and waste; food preservation; hurdle technology; minimal processing

1. Introduction

As a result of changing consumer habits, the global market for minimally processed
fruits and vegetables (MPFVs) has developed rapidly in recent years [1]. It is estimated that
this market will reach USD 346.05 billion by 2022 [2,3]. Some of the minimally processed
products in the market are the mixtures of vegetables to salads, soups, and sandwiches [4].

Bunching green onion (also called scallion, green onion, Welsh onion, salad onion, and
Japanese bunching onion) is an Allium species known for its distinctive flavor, aroma, and
pungency [5]. In addition, this vegetable is widely recognized for its use in food flavorings
and seasonings and its therapeutic role because of its antioxidant, anti-inflammatory, and
hypo-cholesterolemic properties [6,7]. As with most fruits and vegetables, bunching green
onion provides a major challenge as a minimally processed product, as it rapidly under-
goes physiological and biochemical changes that affect its shelf life, such as weight loss,
softening, color changes, and microbial and enzymatic spoilage [5,8]. It is, therefore, neces-
sary to develop strategies to extend the marketability of minimally processed bunching
green onions.

To date, some preservation approaches have been used to retain the quality of fresh
and minimally processed bunching green onions, including refrigerated storage, controlled
atmosphere, mild-heat treatments, chemical preservatives (e.g., 1-MCP, peroxyacetic acid,
and chloride), ultrasound, and edible coatings [5,9–14].

Mild-heat treatment (MHT) is a physical preservation method that is usually applied
by immersion in water at temperatures ranging from 30 to 60 ◦C, for periods of up to
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20 min. Several authors have reported that this treatment slows down the senescence,
inhibits the development of physiological disorders, and reduces microbial population
in MPFVs [1,15–19]. In particular, it has been reported that the application of mild-heat
treatments delays the browning and reduces the extension grown and the mesophilic
aerobic population of minimally processed bunching green onions [9,12].

Edible coatings have also been evaluated as an alternative to preserving the quality of a
wide variety of MPFVs [4,20,21]. These are generally made based on blends of film-forming
edible polymers (e.g., starch, pectin, and alginate), solvents (e.g., water and ethanol), as well
as other additives (e.g., plasticizers, surfactants, emulsifiers, natural extracts and essential
oils, among others) [4,20,21]. Several studies have reported that the application of edible
coatings in MPFVs decrease respiration rate, reduce weight and aroma loss, delay color
changes, improve gloss and firmness, and reduce microbial growth [4,20–22].

Alginates are polysaccharides composed of β-D-mannuronic acid and α-L-guluronic
acid monomers linked by 1–4 glycosidic bonds, which are widely used in the fabrication of
edible coatings for MPFVs due to their good film-forming properties and oxygen barrier
properties [20,23–27]. In addition, alginates are odorless, tasteless, and colorless so they do
not affect the food sensory quality [22,28]. Alginate edible coatings alone or incorporated
with active agents (e.g., essential oils and herbal extracts) have been applied to several
MPFVs, including pineapples [29], mangoes [30], melons [31], and apples [32]. However,
there is little research about the use of alginate coatings on minimally processed bunching
green onion. Rozo et al. reported that the application of calcium alginate edible coatings
on bunching green onions decreased the weight loss and delayed the pH changes during
storage [11].

The combination of different preservation methods is also considered a useful strategy
to prevent the spoilage of MPFVs. It has been reported that the combined application of
preservation methods could enhance the microbial safety of these products [19]. Moreira
et al. studied the efficacy of the application of mild-heat treatments combined with either
chitosan or carboxymethylcellulose edible coatings for controlling microbiological deteri-
oration and maintaining the sensory attributes of fresh-cut broccoli [18,33]. The findings
indicated that the application of thermal shocks prior to chitosan coating diminished the
weight loss and the microbial count during storage. Koh et al. stated that the combined
application of alginate coating and repetitive pulsed light reduced the microbial growth of
fresh-cut cantaloupe [34]. Ben-Fadhel et al. [35] observed that the application of calcium
caseinate edible coatings combined with γ-irradiation exhibited a synergistic potential and
a better efficiency in extending the shelf-life of fresh-cut carrots.

At present, no studies are available regarding the effect of the application of mild-heat
treatments combined with alginate edible coatings on minimally processed bunching green
onion. The aim of the current work was to evaluate the effect of mild-heat treatment
(55 ◦C for 60 s), alginate coatings, and their combination on quality preservation of min-
imally processed bunching green onions stored at 4 ◦C for 15 days. Control and treated
samples were evaluated periodically in terms of their physicochemical, microbiological,
and sensory attributes to define the most suitable preservation method for the minimally
processed product.

2. Materials and Methods
2.1. Materials

Fresh bunching green onions (Allium fistulosum) were obtained in a local market of
Duitama city (Boyacá, Colombia) and held at 4 ◦C and 90% RH until use (within 24 h).
Before being used, the bulbs were examined to identify those with physical, mechanical, or
microbiological damage.

Sodium alginate was generously provided by Saporiti (Buenos Aires, Argentina).
Glycerol was supplied by J. T. Baker (Phillipsburg, NJ, USA). Sodium hydroxide and
calcium chloride were supplied by Sigma-Aldrich (St. Louis, MO, USA). Folin-Ciocalteu



Foods 2022, 11, 641 3 of 15

reagent was provided by Panreac (Barcelona, Spain), and gallic acid was provided by Merck
(Darmstadt, Germany). All other reagents used were of analytical grade.

2.2. Minimal Processing

The minimal processing was performed following the methodology described by
Hong et al. and Zudaire et al. [9,14]. Briefly, bunching green onions were washed with
a 100 mg L−1 NaClO solution, peeled, trimmed (roots and leaf tips cut), and rinsed with
water. Finally, trimmed stalks were crosscut into 10-cm lengths.

2.3. Coating-Forming Formulations

Coating solutions were prepared following the protocol described by Medina-
Jaramillo et al. [26]. Briefly, sodium alginate powder (2 g/100 mL) was dissolved in distilled
water heated to 70 ◦C with steady stirring until the blend turned transparent.

After cooling, glycerol (30 g/100 g dry solids) was added to the sodium alginate
solution as a plasticizer and stirred for 10 min. To aid dispersion, Tween 20 (5 g/100 g dry
solids) was added to the alginate/glycerol blends.

All coating solutions were blended at 5000 rpm for 3 min in an Ultra Turrax T25 ho-
mogenizer (IKA® WERKE, Staufen, Germany), degassed, and cooled to room temperature
before applying to the minimally processed bunching green onions.

2.4. Mild-Heat Treatments and Coating Application

A total of 8.4 kg of minimally processed bunching green onions were randomly
distributed into four groups, each group containing 2.1 kg of sample: (1) Control: mini-
mally processed bunching green onions were immersed in distilled water and air-dried
at room temperature. (2) Mild-heat treatment (MHT): minimally processed onions were
immersed in water at 55 ◦C for 60 s. (3) Edible coating (EC) application: the samples were
coated by brushing the alginate coating solutions on onion faces and allowing them to
dry for 3 min at room temperature (15–20 ◦C). Once the onion surface had dried fully,
two successive coatings were applied. Finally, the samples were immersed in a calcium
chloride solution (2 g/100 mL) for 30 min, rinsed with distilled water, and air-dried at
room temperature [26,28]. (4) Combination of mild-heat treatment and coating appli-
cations (MHT + EC): the samples were subjected to MHT followed by alginate edible
coating application.

2.5. Quality Evaluation of Minimally Processed Onions during Storage

Control and treated minimally processed bunching green onions were put in polyethy-
lene terephthalate (PET) packages and stored for 15 days at 4 ◦C and 90% RH. Quality
attributes were evaluated at 0, 3, 6, 9, and 15 days of assay. Three packages containing
140 g of minimally processed onions were produced for each sampling time.

2.5.1. Respiration Rate

Respiration rate was determined using a closed system as previously described by
Medina-Jaramillo et al. [28]. Approximately 140 g of sample was placed within hermetically
sealed 2 L flasks for 30 min at 25 ◦C. After that, an infrared analyzer (LabQuest® 2 Model
LQ2-LE, Beaverton, OR, USA) was used to determine the carbon dioxide (CO2) amount.
The respiration rate was expressed in mg CO2 kg−1 s−1.

2.5.2. Weight Loss

The weight loss (% W) was determined at each sampling time as a percentage of
variation regarding the initial weight according to the following equation:

% W =

(
m0 − mf

m0

)
× 100, (1)

where mf is the weight at each time and m0 is the sample’s initial weight.
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2.5.3. pH, Soluble Solids Content, and Firmness

A digital pH meter (Oakton Instruments, Vernon Hills, IL, USA) was used to determine
the pH of the samples (AOAC 981.12).

The soluble solids content (◦Brix) was determined in the onion juice using a refrac-
tometer (model PR 101, Atago Co., Tokyo, Japan) (AOAC 932.12).

Firmness was determined using a digital Force Gauge PCE-FM200 (Southampton, UK)
with a 6 mm diameter stainless steel probe.

2.5.4. Total Polyphenol Content and Antioxidant Activity

The total polyphenol content and the antioxidant activity of the samples were eval-
uated using the methods described in our previous works [28,36]. The ground samples
(~1.7 g) were introduced in tubes and blended with ethanol at 70% v/v (3 mL). Then, the
tubes with the blends were immersed in water at 60 ◦C in the ultrasonic bath (Branson
CPX1800, Danbury, CT, USA) for 10 min. After that, the obtained extracts were cooled
and filtered.

The Folin–Ciocalteu method was used to determine the total polyphenols content [37,38].
The results were expressed as gallic acid equivalents (GAE) per gram of wet sample.

Antioxidant activity was measured by the Brand-Williams method [39]. The results
were expressed as gallic acid equivalents (GAE) per gram of wet sample.

2.5.5. Microbiological Analysis

Microbial counts were performed following the protocol described in a previous
work [28]. The determination of aerobic mesophilic bacteria was done following ISO 4833-1:
2013 standard [40]. To count molds and yeasts, the assay was performed according to ISO
21527-1,2: 2008 standard [41]. Colonies were enumerated and the results were reported as
log colony-forming units per gram (log CFU · g−1).

2.5.6. Decay Ratio

The surface appearance of the samples was visually examined at each sampling time.
Samples that showed soft rot, discoloration defects, or fungal growth were considered
decayed [14]. Three different assays were carried out, each in triplicate. Results were
expressed as the ratio between the amount of the decayed samples to the total amount
of samples.

2.5.7. Consumer Assessment

Control and treated minimally processed onions were presented to an untrained panel
of sixty-six consumers, ranging in age from 18 to 60 years old, at the initial time and at each
sampling day (3, 6, 9, and 15 days) [42]. The total number of participating consumers was
330, i.e., 66 consumers for each sampling date.

The samples were placed in polyethylene terephthalate (PET) trays labeled with
3-digit random numbers. The consumers were asked to evaluate the overall visual qual-
ity on a 9-point hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, and
9 = like extremely).

2.6. Statistical Analysis

Minitab v. 16 statistical software (Minitab Inc., State College, PA, USA) was used
for the statistical analysis. Analysis of variance and Tukey’s pairwise comparisons were
performed with a 95% confidence level. The studies were done at least in triplicate, and the
results were given as mean ± standard deviation.
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3. Results and Discussion
3.1. Respiration Rate and Weight Loss

Respiration is one of the most important physiological processes associated with the
ripening, senescence, and deterioration of horticultural products after harvest [19]. In
general, fruits and vegetables with a high respiration rate are often perishable [19].

Figure 1 shows the behavior of the respiration rate of control and treated minimally
processed bunching green onion during storage. Overall, control samples showed a higher
respiration rate than the treated ones during the entire storage. In addition, the samples
MHT + EC exhibited the lower CO2 production between all samples, during the first 9 days
of assay.
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edible coating (H).

The respiration rate of control and MHT samples decreased during the first 3 days of
storage but was subsequently maintained until day 15 of assay, while in the samples EC
and MHT + EC this parameter barely changed during the entire storage.

Several authors have reported that the carbohydrate-based edible coatings (e.g., al-
ginate and chitosan) affect the vegetable surface, generating an internal atmosphere of
relatively high carbon dioxide and low oxygen, which slows down the respiration rate and
thus causes a reduction of the intensity of physiological processes [43–45].

Water loss is dependent on several factors, including the relative humidity of the
surrounding atmosphere and the external surface of the product [19,46]. Some studies have
reported that mild-heat treatments and edible coatings could be useful hurdles to prevent
water loss in MPFVs [33,46].

The behavior of the weight loss of control and treated minimally processed bunching
green onion during storage is shown in Figure 2. The different treatments applied did
not cause significant changes in the weight loss of the minimally processed bunching
green onions (p > 0.05). Control and treated samples showed a progressive increase in
the percentage of weight loss, reaching values ranging between 1.8 and 2.2%, at day 15
of storage (Figure 2). Zudaire et al. [9] and Lwin et al. [5] reported a higher weight loss
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for calçots stored at 4 ◦C for 15 days (4.8%) and bunching onions held at 10 ◦C for 10 days
(10%), respectively.
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On the other hand, Siddiq et al. reported that the application of mild-heat treatments
beyond 50 ◦C affected the tissue structure of fresh-cut onions, causing shrinkage and
thus an increase in the weight loss [47]. Therefore, it can be suggested that the applied
treatments were suitable so as not to increase the water migration from the minimally
processed bunching green onions.

3.2. pH, Total Soluble Solids Content and Firmness

Figure 3 shows the behavior of the pH of control and treated minimally processed
bunching green onions during storage. Overall, the different treatments applied did not
cause significant changes in the pH of the minimally processed bunching green onions
(Figure 3). At the initial time, all samples showed values of pH ranging between 5.8 and
6.0, characteristics of low acid foods which are susceptible to microbial proliferation [48].
Other authors have reported similar pH values for green onions of several varieties [11,49].

At the end of the storage, control and treated samples showed similar pH values as
at the initial time (Figure 3). From the preservation point of view, it is positive because
changes in pH could promote color and texture loss [50,51]. Zudaire et al. [49] observed a
decrease in the pH of fresh-cut calçots held in a controlled atmosphere for 15 days at 4 ◦C.

The behavior of the soluble solids content of control and treated minimally processed
bunching green onion during storage is shown in Figure 4. It has been reported that the
application of edible coatings delayed the changes in the soluble solids content of fresh and
minimally processed fruits and vegetables [52,53].
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In the current work, the single or combined application of mild-heat treatments and
alginate edible coatings did not generate significant changes in the soluble solids content of
minimally processed bunching green onion. At the initial time, control and treated samples
showed a soluble solids content raging between 6.0 and 6.5 ◦Brix. Then, the soluble solids
content of the samples decreased slowly until the end of the storage, and no significant
differences (p > 0.05) were observed among them at day 15 of the assay (Figure 4). These
results were like those reported by Han et al. for fresh-cut Welsh onion, where the soluble
solids content decreased after 7 days of storage at 4 ◦C [54].

Figure 5 shows the behavior of the firmness of control and treated minimally processed
bunching onion during storage. Overall, the samples with the single application of edible
coating showed higher firmness than the samples control and with thermal treatment
(MHT and MHT + EC) during storage. At the initial time, it was observed that the samples
with thermal treatment (MHT and MHT + EC) showed a slight decrease in the firmness
concerning the control and EC samples. It has been reported that the application of thermal
treatment could affect the tissue structure of minimally processed vegetables, causing
softening [33]. After day 3 of storage, control samples exhibited a significant decrease in
firmness, whereas in the samples MHT + EC the firmness decreased after 6 days of the assay.
In the case of the samples with a single application of edible coating (EC) or mild-heat
treatment (MHT), the softening was delayed and the minimally processed bunching green
onions preserved their firmness from beginning of storage until day 9. These findings agree
with the fact that the treated samples had a lower respiration rate (Figure 1).
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At the end of the storage, all samples showed a decrease in the firmness concerning
the initial time. This behavior was probably due to the softening generated by the increase
in their metabolic and enzymatic activity [8].
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3.3. Total Polyphenol Content and Antioxidant Activity

Figure 6 shows the behavior of the total polyphenol content of control and treated
minimally processed bunching green onions during storage. At the initial time, MHT
samples (~4.4 mg GAE/g) showed higher polyphenol content than the samples control
(~3.3 mg GAE/g), EC (~3.8 mg GAE/g), and MHT+ EC (~3.7 mg GAE/g). This behavior
was similar to those observed by Siddiq et al. [47] when applied 60 ◦C heat treatment
on fresh-cut onion (Allium cepa L.) slices finding that the mild-heat treatment caused a
significant increase in the amount of phenolic compounds, from 4.4 to 5.2 mg GAE/g. The
polyphenol content of the control and treated samples did not follow a common pattern
during storage. During the first 3 days of storage, the content of phenolic compounds of
control samples increased significantly, and this trend continued until the end of storage. In
the case of the MHT samples, the polyphenol content diminished from day 0 to day 6 and
then increased towards day 15 of the storage. The samples EC and MHT + EC showed a
similar polyphenol content at the initial time. Moreover, those samples exhibited a gradual
increase in their polyphenol content from day 0 to day 6. At day 15 of storage, all samples
had higher polyphenol concentrations than at the initial time. It has been reported that
the fresh-cut onions may increase their polyphenol content during storage in response to
stresses such as damage and microbial infection [47,55].
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On the other hand, control and treated samples showed a similar antioxidant activity
at the beginning of storage, which indicates that this parameter was not affected by the
differences in the polyphenol content of the samples (Figure 7). In addition, all samples
showed a slight increase in their antioxidant activity towards the end of the storage, mainly
the samples control and EC. Siddiq et al., when evaluating the polyphenol amount and
the antioxidant activity of fresh-cut onions treated with mild heat, found that the DPPH•

scavenging activity of the samples had no significant changes during 21 days of storage at
4 ◦C, except that the 70 ◦C treated sample showed higher antioxidant capacity at day 21
of storage.
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3.4. Microbial Count and Decay

The counts of mesophilic aerobic and molds/yeast of control and treated minimally
processed bunching green onion during storage are shown in Table 1. At the initial time,
all samples showed a mesophilic aerobic count raging between 3.6 and 3.9 log CFU · g−1.
During the storage, MHT and control samples exhibited a similar count of mesophilic
aerobic bacteria, while the EC samples showed a slight increase in the microbial count
regarding the control. This behavior suggests that the single application of MHT and EC
did not cause a decrease in the mesophilic aerobic count. During the first 3 days of storage,
the samples treated with the combination of MHT and EC showed a slight decrease in the
mesophilic aerobic count, concerning the control and the samples EC and MHT. After this
time, the mesophilic aerobic count in both control and treated samples gradually increased,
reaching values less than 4.5 log CFU · g−1 at day 15 of storage.

Table 1. Behavior of the mesophilic aerobic and molds/yeasts grown on control and treated minimally
processed bunching green onion during storage.

Microorganims Samples Day 0 Day 3 Day 6 Day 9 Day 15

Mesophilic Aerobic
(Log CFU · g−1)

Control 3.72 ± 0.01 b 3.78 ± 0.05 b 3.94 ± 0.01 a 4.02 ± 0.10 a 4.16 ± 0.08 a

MHT 3.76 ± 0.01 b 3.77 ± 0.01 b 3.95 ± 0.05 a 4.01 ± 0.07 a 4.16 ± 0.04 a

EC 3.85 ± 0.02 a 3.89 ± 0.01 a 4.07 ± 0.01 a 4.21 ± 0.10 a 4.36 ± 0.01 a

MHT + EC 3.63 ± 0.02 c 3.66 ± 0.01 c 4.02 ± 0.11 a 4.18 ± 0.10 a 4.29 ± 0.08 a

Molds and yeasts
(Log CFU · g−1)

Control 2.87 ± 0.04 a 3.79 ± 0.03 b 3.97 ± 0.02 b 4.10 ± 0.03 bc 4.24 ± 0.10 b

MHT nd b 3.40 ± 0.02 c 3.50 ± 0.05 d 4.00 ± 0.04 c 4.14 ± 0.01 b

EC nd b 4.65 ± 0.01 a 4.83 ± 0.02 a 5.20 ± 0.01 a 5.32 ± 0.04 a

MHT + EC nd b 3.54 ± 0.06 c 3.69 ± 0.04 c 4.20 ± 0.01 b 4.28 ± 0.01 b

MHT: mild-heat treatments; EC: edible coating; MHT + EC: combination of mild-heat treatment and coating
applications. nd: not detected. a,b,c,d Different letters in each column correspond to significant differences
(p < 0.05).
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At the initial time, the count of molds and yeasts of control samples was around
2.9 log CFU. g−1, while in all treated samples molds and yeast were not detected (Table 1).
During the storage, the population of molds and yeasts increased in both control and
treated samples, reaching counts less than 5.5 log CFU · g−1 at end of the storage. It has
been reported that a maximum of 7 log CFU · g−1 for total counts is acceptable in minimally
processed vegetable products [14]. Based on such criteria, all samples were safe to consume
after 15 days of refrigerated storage.

Figure 8 shows the incidence of decay in control and treated minimally processed
bunching green onion during storage. In addition, images of the appearance of the samples
are shown in Figure S1. Control and treated samples showed a low incidence of decay at
the first 3 days of storage (Figures 8 and S1). On day 6 of storage, the samples control and
MHT showed some symptoms of decay (e.g., red discoloration) which increased until the
end of storage, reaching a decay ratio of 100% at days 9 and 15, respectively. In the case of
the samples EC and MHT + EC, the apparition of signs of decay was delayed until day 9 of
storage. Changes in the appearance of green onions are one of the main causes of losses
during marketing because consumers associate these changes in appearance with loss of
quality. It has been reported that vegetables of the genus Allium can develop pink, red
(onion), green (garlic), or blue discoloration as a consequence of cell rupture [50,55]. The
chemistry of this discoloration is specific to the genus Allium and both the enzyme isoalliin
and alliinase are required [56].
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Figure 8. Incidence of decay in control and treated minimally processed bunching green onion
during storage.

On the other hand, after day 6 of storage, all samples showed barely detectable signs
of extension growth (telescoping) [12]. According to Cantwell et al., a growth of 5 mm was
not sufficiently noticeable to make the minimally processed green onions unmarketable
unless they also had other defects [12].
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3.5. Consumer Assessment

Figure 9 shows the overall visual quality scores of control and treated minimally pro-
cessed bunching green onions. At the initial time, all samples received overall visual quality
scores ranging between 7.0 and 8.0 points, which indicates that the applied treatments
would not compromise the consumer acceptance. From day 0 to day 3, the control samples
showed a decrease in their overall visual quality scores of around 9.3%, while in the treated
sample this percentage was below 5%. At the end of the storage, the samples control,
MHT, EC and MHT + EC showed a decrease in their overall quality scores of around 30%,
19%, 6.7%, and 8.7%, respectively. It has been reported that a score of 6 is the limit of
marketability in minimally processed green onion [14]. Based on such a criterion, only
the samples EC and MHT + EC remained over the limit of usability (score 6) at day 15 of
storage, which indicates that the application of edible coatings, single or in combination
with MHT, maintained better overall visual quality along 15 days of storage. Those findings
agreed with those reported by Zudaire [9], where the overall visual quality of untreated
fresh-cut calçots decreased drastically in the first 3 days of storage, reaching scores less
than the limit of usability, while that in the treated samples with sodium hypochlorite,
peroxyacetic acid or mild-heat treatment maintained scores above 6 after 15 days of storage
at 4 ◦C. Similar observations were also reported by Han et al. [54] and Hong et al. [14] to
fresh-cut Welsh onions (Allium fistulosum L.) stored at 4 ◦C.
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Overall, these results are suggesting that if a score of 6.0 for overall visual quality is
defined as the limit of marketability, the shelf-life of untreated minimally processed green
onions (~6 days), might be extended to less than 9 days with the application of MHT, and
over 15 days with EC and MHT + EC.

4. Conclusions

Mild-heat treatment and alginate edible coatings proved to be useful and simple
methods that can be applied individually or in combination to prevent the spoilage of
minimally processed bunching green onions during refrigerated storage. These treatments
did not affect the water loss and were able to delay firmness changes of the minimally
processed bunching green onions during the storage.

The treatments with alginate coating alone or applied after mild-heat treatment (55 ◦C
for 60 s) were more effective for reducing the respiration rate and delayed the apparition of
discoloration defects in the minimally processed bunching green onions during the storage.
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After 15 days of refrigerated storage, the best scores of overall visual quality were obtained
when edible coatings were applied. These promising findings suggest that the combination
of the hurdles studied in the current work could be considered further as an alternative
means for maintaining the quality of minimally processed bunching green onions.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/foods11050641/s1, Figure S1: Images of control and treated
minimally processed bunching green onion stored at 4 ◦C for 15 days.
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