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Abstract:

Minimal processing of onion is a good alternative to provide convenience to the consumer. However, processing steps, such as
cutting, can contribute to the rapid deterioration of the product. In this sense, this study aimed to verify the influence of different
cutting types and storage temperatures on the main quality aspects of fresh-cut onion. For this, onions were cut into cubes (diced)
and slices (sliced) and then, stored at 0, 5, 10 or 15ºC. Physicochemical characteristics, visual and biochemical attributes of quality
were accessed until the end of the shelf life. Results showed that the physiological changes were accelerated with the diced cut,
due to the more intense physical stress caused by this type of cut. In addition, temperature also influenced the quality of fresh-
cut onions, in which lower temperatures led to prolonged shelf life. e temperature of 0°C ensured better quality for the onions,
however, the temperature of 5 °C is the most recommended since it has shown similar results, but also allows greater flexibility
for the storage of other products.
Keywords:  Allium cepa L, fresh-cut, shelf life, temperature, pungency.
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El procesamiento mínimo de la cebolla es una buena alternativa para ofrecer comodidad al consumidor. Sin embargo, los pasos de
procesamiento, como el corte, pueden contribuir al rápido deterioro del producto. En este sentido, este estudio tuvo como objetivo
verificar la influencia de diferentes tipos de corte y temperaturas de almacenamiento en los aspectos principales de la calidad de
la cebolla recién cortada. Para esto, las cebollas se sometieron a pasos de procesamiento mínimos y se cortaron en cubos o rodajas
en el paso de corte. Durante el almacenamiento, las cebollas se almacenaron a 0, 5, 10 o 15 ° C y se accedió a las características
fisicoquímicas y los aspectos visuales y bioquímicos de la calidad hasta el final de la vida útil. Los resultados mostraron que los
cambios fisiológicos se aceleraron con el corte cortado en cubos, debido al estrés físico más intenso causado por este tipo de corte.
Además, la temperatura también influyó en la calidad de las cebollas recién cortadas, en las que temperaturas más bajas condujeron a
una vida útil prolongada. La temperatura de 0 °C aseguró una mejor calidad para las cebollas, sin embargo, la temperatura de 5 °C es
la más recomendada ya que ha mostrado resultados similares, pero también permite una mayor flexibilidad para el almacenamiento
de otros productos.
Palabras clave:  Allium cepa L, frescos cortados, vida útil, temperatura, acritud.

INTRODUCTION

Onion (Allium cepa L.) is one of the most consumed vegetables in the world, appreciated for its flavor and
used in salads, seasonings, soups and several other types of prepares. Initial procedures are necessary for onion
consumption such as washing, peeling and slicing, in which the release of volatile compounds may occur. In
contact with human eyes and nostrils, these volatile compounds cause irritations and, along with the odor
that remains on the skin for prolonged periods, these factors are inconvenient to the consumer (Bahram-
Parvar and Lim, 2018; Siddiq et al., 2013).

To overcome these problems, minimally processed products (MPPs), also called fresh-cut products,
are an alternative, which provides greater convenience to the consumer, in addition to maintaining the
characteristics of a fresh food. e market for minimally processed products has been growing steadily, and
convenience and quality are important factors involved with the rise of these products (Ragaert et al., 2004).
Research indicates changes in the profile of consumers who, while turning their attention to healthy foods,
have less time available to prepare them (Buckley et al., 2007). In this sense, the MPPs are a good alternative,
considering the processes carried out during their acquisition, which do not require initial procedures by the
consumer.

Despite the practicality, the cutting of fresh onions causes mechanical injuries that can trigger biochemical
and physiological changes and affect quality aspects, reducing the shelf life of the product. In addition, cutting
can serve as an input source for microorganisms that cause rot and release toxins (Ölmez and Kretzschmar,
2009).

e use of low temperatures during storage is one of the main strategies to be used in order to conserve
minimally processed products. Previous work reports the influence of temperature on the maintenance of
coloration and control of microorganisms in fresh-cut onion (Liu and Li, 2006), as well as aspects related to
flavor and nutritional properties of fresh-cut purple onions (Berno et al., 2014).

Considering the accelerated deterioration of minimally processed products, the objective of this study is
to verify the influence of different types of cutting and storage temperatures on the main aspects of fresh-
cut onion quality.

MATERIAL AND METHODS

Raw material

Onions (Allium cepa L. cv. Crioula Vermelha) cultivated in Ituporanga, Santa Catarina, Brazil, were used
in this study. Bulbs were harvested and le in the field for 8 days for the healing process. Subsequently, they
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were selected, classified by caliber (50 to 70 mm) and transported to the laboratory. In the laboratory, bulbs
were inspected for deformities and rot, packed in HDPE (high density polyethylene) containers and stored
at 10°C for one day for field heat removal.

Minimal processing and experiment description

Onions were minimally processed in a refrigerated environment at 10°C and under adequate hygienic-
sanitary conditions. they were cut into two different shapes: slices (3 to 5 mm thick) and dices (10 mm edge)
using automatic cutter (Robot Coupe®, CL50E).

Aer processing, the onions were packed in polypropylene containers, with internal volume of 320.0 ±
0.5 cm³ and 1190.0 ± 0.5 cm³, for dices and slices, respectively. An amount of 100 g of diced onion, and 200
g of sliced onion, were packed. e thicknesses of the polypropylene containers were 0.2 mm thick on the
sides, 0.4 mm thickness on the base and 0.35 mm on the cover, in both cases. e lid did not have a good
seal, thus allowing the exchange of gases with the atmosphere.

e packages were randomly distributed in cold chambers previously cooled at 0, 5, 10 and 15°C and
85-90% RH, totaling 8 treatments (2 types of cut x 4 storage temperatures).

Analysis were performed on the day of processing and then every three days for 18 days, except for the
analysis of pungency, which was also performed before processing (day -1), for characterization of the batch,
and for the respiratory rate that was performed daily.

Experimental slope was the completely randomized, factorial scheme 8 x 7 (treatments x periods of
analysis). For the analysis of pungency, the factorial scheme was 8 x 8 (treatments x analysis periods) and for
the respiratory rate, 8 x 18 (treatments x analysis periods). Four replicates were used consisting of one package
each, except for the respiratory rate analysis, which used five replicates of 200 g, regardless of the type of cut.

Analyses

e color was performed using the Minolta Chroma Meter CR-400 colorimeter to determine the following
parameters: Luminosity (L*), chromaticity (C) and Hue angle or color (°h). Two readings were performed
on each slice of onion, in all 6 slices per replicate and 10 readings in each package of onion cubes, with five
readings on the top cubes and five readings on the bottom.

Soluble solids (°Brix), titratable acidity (% pyruvic acid) and pH were performed according to the
methodology of AOAC (2010).

e appearance of the minimally processed onion was evaluated by the assignment of visual notes, using
two parameters. e evaluation of dryness and deterioration (RD) was determined according to Miguel and
Durigan (2007), with a scale varying from 1 to 5, being 1 = optimal (shiny and turgid sample with typical
coloration); 2 = good (shiny sample with typical coloration, but with slight dryness); 3 = regular (strong, but
not unpleasant smell, and more pronounced dryness); 4 = bad (intense dryness, soening and appearance
of rot, atypical coloration and accumulation of moisture in the packaging); and 5 = poor (opaque, withered,
with rotting and unpleasant smell). e incidence of rot was evaluated according to Berno et al. (2014), with
a scale varying from 0 to 2, with 0 (zero) = visual absence of rot; 1 = signs of rot (viscous surface appearance);
and 2 = visible presence of rot (appearance of colonies).

e quantification of total phenolic compounds (equivalent of gallic acid (EGA) per 100 g of fresh mass)
was determined by the method developed by Singleton and Rossi (1965), modifying the extractive agent for
distilled water.

e analysis of pungency was made according to Schwimmer and Weston (1961), considering the
modifications proposed by Anthon and Barrett (2003). Results were expressed as μmol of pyruvic acid per
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gram of fresh mass. e pungency was quantified before processing (day -1) for initial characterization of the
batch on the day of processing (day 0) to characterize the product and then every 3 days along the storage.

For the determination of respiratory rate, fresh onions were placed in 500 mL hermetically sealed glass
vials, which were sealed for 1 hour. Samples of 0.5 mL of the headspace of the vial were injected into a gas
chromatograph (ermo Electron Corporation, Trace GC Ultra) equipped with flame ionization detectors
(FIDs). e results were calculated based on the chromatographic data of authentic CO2 standards. e
results were expressed as mg CO2 kg-1 h-1.

Statiscal analyses

Results were submitted to analysis of variance (ANOVA) and means were compared by the Tukey test (p
<0.05), using SAS statistical soware (version 9.3; SAS Institute, Cary, NC, USA).

RESULTS

Physicochemical characteristics

e analyzes of soluble solids, titratable acidity, pH, darkening index and respiratory rate were used to
evaluate the effect of storage temperature on the physiological changes that occurred during the shelf life of
minimally processed onions.

Soluble solids content reduced throughout storage, for both diced and sliced onion (Table 1). Regarding
the type of cut, the diced onions resulted in higher losses of soluble solids than the sliced, which is explained
by the greater mechanical damage that results in greater stress and increased metabolism, as well as more
damaged cells.

e titratable acidity (Table 1) had low variation for sliced onions. However, diced onions presented a
slight increasing tendency over time. In addition, for both cuts the higher the storage temperature the higher
variation of this parameter. Except for 0 and 5°C, which maintained the titratable acidity more stable.

In parallel to the titratable acidity, there was a reduction of the pH during the storage, being more intense
for diced onions (Table 1). e sliced onion kept the pH more stable throughout the storage.
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TABLE 1
Soluble solids, titratable acidity and pH of diced or sliced

fresh-cut onions submitted to different storage temperatures.

Means followed by the same upper case letter in the column and lower case in the row do not
differ by Tukey’s test (5%). Data transformation: Titratable acidity: -log (x); pH: log (x + 2).

Visual aspects of quality

e coloration was modified during storage (Table 2). Yellowing and translucency are the main visual quality
changes observed in minimally processed onions (Blanchard et al., 1996; Liu and Li, 2006). e change from
white to yellow color in the innermost portion of the onions was more intense when the cut in slices.

e values of L, which represent the luminosity, showed a tendency to fall on the diced onions, while the
sliced cut kept the highest luminosity (Table 2). e chromaticity reduced with greater intensity to the diced
cut and then remained in the same levels from the beginning until the end of the storage. In relation to the
Hue angle, the values remained constant for the diced cut and reduced with the sliced cut. e reduction
in Hue angle values and the change in chromaticity may indicate a yellowing, also observed by Miguel and
Durigan (2007).
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TABLE 2
Lightness (L *), chromaticity (C) and color angle (° h) of diced or

sliced fresh-cut onions submitted to different storage temperatures.

Means followed by the same uppercase letter in the column and lower case in the row do not differ by Tukey’s test (5%).

e incidence of rot was visually perceptible at day 3 for both cuts stored at 15° C (Figure 1A). For storage
at 10ºC, there was evidence of rot on the ninth day, regardless of the type of cut used. At 5ºC, diced onions
presented incidence of rot on the twelh day, while for sliced, incidence was observed on the 15th day. For
the temperature of 0ºC, the diced onion presented incidence in the 18th day, and the sliced onion presented
incidence only in the 21st day.
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FIGURE 1
Visual aspects of diced and sliced fresh-cut onion and submitted to different storage temperatures.

(A) Mean of scales of rot incidence, which: 0 (zero) = visual absence of rot; 1 = signs of rot (viscous surface appearance);
and 2 = visible presence of rot (appearance of colonies). (B) Mean of scales of dryness and deterioration, which: 1 =

optimal (bright and turgid sample, with typical coloration); 2 = good (shiny sample with typical coloration, but with
slight dryness); 3 = regular (strong, but not unpleasant smell, and more pronounced dryness); 4 = bad (intense dryness,

soening and appearance of rot, atypical coloration and accumulation of moisture in the packaging); and 5 = poor
(opaque, withered, with rotting and unpleasant smell). (C) Appearance of the fresh-cut onions of each of the scales of

dryness and deterioration. Means followed by the same letter do not differ by Tukey's test (5%). Data transformation: x0.5.

e diced cut received acceptable dryness and deterioration notes only on day zero for the temperature of
15 °C (Figure 1B and C). At temperatures of 10, 5 and 0 °C, the indexes were only accepted until the sixth,
ninth and eighteenth day, respectively. For slicing, the acceptable grades were up to the third, sixth, twelh
and eighteenth day, at 15, 10, 5 and 0 ° C, respectively.

Biochemical and physiologic aspects of quality

e content of phenolic compounds (Table 3) reduced for diced onion under the temperatures of 0, 5 and
10 °C, whereas for sliced onion the concentrations of these compounds remained constant.

e pungency was also changed between different temperatures and days of storage. In general, lower
temperatures presented less pungency. In addition, a reduction in pungency was verified from day zero to
day three, and aer that, a slight increase was observed during storage (Table 3).
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TABLE 3
Phenolic compounds and pungency of diced or sliced fresh-

cut onions submitted to different storage temperatures.

Means followed by the same uppercase letter in the column and lower case in the row do not differ
by Tukey’s test (5%). Data transformation: phenolic compounds: x-1; pungency: (log(x+2))0,5.

Aer two days of storage, the respiratory rate of onions stored at 15°C was the highest, regardless of the
type of cut. On the third day, when the onions stored at this temperature were discarded, both types of cut
presented the highest respiratory rate (Table 4). At the sixth day of storage, both types of cut stored at 10°C
also presented a high respiratory rate, being discarded aerwards. e onions stored at 0 °C, especially those
sliced, maintained the lowest respiratory rates until the end of the experiment. e onions stored at 5 °C also
had a lower respiratory rate, but a significant increase occurred from the sixth day of storage (Table 4).
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TABLE 4
Respiratory rate of diced or sliced fresh-cut onions submitted to different storage temperatures.

Means followed by the same uppercase letter in the column and lower case in
the row do not differ by Tukey’s test (5%). Data transformation: log(x+2).

DISCUSSION

e results of this experiment demonstrate the importance of the temperature used in minimally processed
onion storage, but also demonstrate the implications of the cut type of the bulbs.

Diced onions presented physiological changes faster than sliced, due to the greater physical stress caused by
this type of cut. It was also clear that lower temperatures prolonged the shelf life of the minimally processed
onion, since diced onion storage extended for 3, 9, 12 and 18 days, at 15ºC, 10ºC, 5ºC and 0ºC, respectively.
Similarly, for sliced onion the duration was 3, 9, 15 and 18 days, at 15ºC, 10ºC, 5ºC and 0ºC, respectively.

In addition to the physical stress, the cut causes disintegration of cells, leading to the elimination of the
internal material and even affecting the soluble solids content (Toivonen and Deell, 2002). In addition,
soluble solids are also used as a substrate source in respiration, for cellular metabolism, and the respiratory
rate is closely related to temperature (Moretti, 2007). In this experiment it was also observed, where higher
temperatures caused a higher respiratory rate, which explains why the higher temperatures have a greater
reduction of soluble solids.

Also, the different temperatures and cut types modified the titratable acidity of the minimally processed
onions, which tended to increase during the storage period, making the products taste more acidic. Similar
results were found by Miguel and Durigan (2007) which studied minimally processed 'Superex' onion stored
at 10ºC, produced with bulbs stored for different periods under ambient conditions (23°C, 65% RH).

In relation to the visual aspects, the coloring is one of the most decisive in the decision to purchase the
minimally processed products (Bansal et al., 2015). e decrease in the luminosity of the onions minimally
processed by both cutting types may have been caused by the superficial loss of water, since the samples
showed to be dried over time. According to Moretti (2007), cutting stresses expose the hydrated inner tissues
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and increase the water evaporation rate. In addition, elevated temperatures cause greater water loss through
transpiration (Tano et al., 2011).

It was also observed in this study that with the reduction of temperature, the rot becomes less visible,
extending the shelf life of the product. According to Pelczar et al. (1998), temperatures near or below zero
can retard the growth and metabolic activity of microorganisms. In addition, the type of cut also influences
this parameter, and the greater the damage caused to the tissues, the faster the incidence of rot is visible.

One of the main factors observed in the appearance of the onion was the superficial dryness, being more
evident in the slices, due to its disposition in the packaging. According to Moretti (2007), the first change
that occurs in the appearance of minimally processed products is the desiccation of the first layer of damaged
cells and from one to a few layers of nearby cells. is is widely observed in products such as carrots, beets,
potatoes, onions, and asparagus. e main problem with this dry appearance is that many people associate
whiteness with disease. e use of sharp cutting blades in processing may reduce such appearance.

e cut in the processing of the plants also produces a signal of stress that can be responsible for the
induction of several physiological responses, among which we can mention the induction in the synthesis of
phenolic compounds and the response of the vegetal tissue increases with severity of the stress caused. e
use of the appropriate temperature can minimize the change of compounds throughout the storage (Moretti,
2007).

In summary, not only the temperature, but also the different types of cutting can change aspects of fresh-
cut onion quality. In this study, factors associated with flavor, appearance, nutritional quality and safety of
the food, which is represented by the absence of rot, were primarily affected by diced cut associated with
elevated temperatures.

CONCLUSION

e temperature that best preserves minimally processed onion is 0ºC, and among the types of cut, the slice
presents minor changes in quality aspects throughout the storage. However, maintenance of the minimally
processed onion at 0 ºC becomes impractical, since several other minimally processed products, which
are normally stored in the same place by the producers, would not support this condition. us, it is
recommended the storage of minimally processed onions at 5ºC, which also extended the shelf life of the
product.
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