Optimization of ozone concentration and storage time in green asparagus (Asparagus officinalis L.) using response surface methodology

ORIGINAL RESEARCH

Published 8 November 2021
doi: https://doi.org/10.17533/udea.vitae.v28n3a346752

Optimization of ozone concentration
and storage time in green asparagus
(Asparagus officinalis L.) using response
surface methodology
Optimización de concentración de ozono y tiempo de
almacenamiento en espárrago (Asparagus officinalis L.)
verde utilizando metodología de superficie de respuesta
Carla Pretell-Vásquez1, * , Luis Márquez-Villacorta 1 , Raúl Siche2 , María
Hayayumi-Valdivia 1

ABSTRACT

JOURNAL VITAE

School of Pharmaceutical and
Food Sciences
ISSN 0121-4004 | ISSNe 2145-2660
University of Antioquia
Medellin, Colombia

1

Filliations

Facultad de Ciencias Agrarias,
Universidad Privada Antenor OrregoTrujillo, Perú.

Background: Asparagus (Asparagus officinalis L.) green is a vegetable with a great demand
worldwide, and likewise, it is highly perishable, due to its high respiration rate that accelerates
its senescence. Disinfection of vegetables after their harvest is an obligatory practice that
can reduce losses by decomposition due to the attack of microorganisms. Therefore, it is
vital to preserving its microbiological and sensory characteristics to reach the final consumer.
Objective: to evaluate the effect of gaseous ozone (0 to 10 ppm) and storage time (0 to
30 days) on phenol content, overall appearance, count of molds, psychrophilic bacteria,
and viable mesophilic aerobes. Methods: the response surface methodology was used,
applying a rotatable central composite design. Results: the results indicated that there was
a significant influence (p <0.05) of the independent variables on the characteristics studied,
as well as an adequate lack of fit of the quadratic regression model (p> 0.05). By means of
the contour superposition technique, it was determined that the optimal conditions for the
highest retention of phenol content (16.99 mg/g) and overall appearance (7.61 points) and
lower counts of viable aerobic mesophilic bacteria (5.3 x 103 CFU/g) they corresponded to 10
ppm of gaseous ozone up to 25.91 days of storage, with adequate quality characteristics in
the spears. Conclusion: the region of interest was determined for optimal retention of phenol
content and overall appearance, and a lower count of viable aerobic mesophilic bacteria in
green asparagus during postharvest, suggesting to use the initial application of ozone gas at
10 ppm allowing 25.9 days storage at 1 °C. The results indicate that this technology is a good
alternative in the conservation of fresh vegetables.
Keywords: response surface methodology, green asparagus, ozone, total phenols.
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RESUMEN
Antecedentes: El espárrago (Asparagus officinalis L.) verde; es una hortaliza con una gran demanda a nivel mundial, y, asimismo,
es altamente perecible, por su elevada velocidad de respiración que, acelera su proceso de senescencia. La desinfección de
los vegetales después de su cosecha es una práctica obligada que puede disminuir las pérdidas por descomposición debido al
ataque de microrganismos. Por lo tanto, es muy importante conservar sus características microbiológicas y sensoriales para llegar
al consumidor final. Objetivo: evaluar el efecto del ozono gaseoso (0 a 10 ppm) y tiempo de almacenamiento (0 a 30 días) sobre
el contenido de fenoles, apariencia general, recuento de mohos, bacterias psicrófilas y aerobias mesófilas viables. Métodos: se
utilizó la metodología de superficie de respuesta, aplicando un diseño compuesto central rotable. Resultados: los resultados
indicaron que existió influencia significativa (p<0.05) de las variables independientes sobre las características estudiadas, así
como, una adecuada bondad de ajuste del modelo de regresión cuadrático (p>0.05). Mediante la técnica de superposición de
contornos se determinó que las condiciones óptimas para la mayor retención de contenido de fenoles (16.99 mg/g) y apariencia
general (7.61 puntos) y menor recuentos de bacterias aerobias mesófilas viables (5.3 x 103 UFC/g) correspondieron a 10 ppm de
ozono gaseoso hasta los 25.91 días de almacenamiento, con adecuadas características de calidad en los turiones. Conclusión:
se determinó la región de interés para una óptima retención de contenido de fenoles y apariencia general, así como, menor
recuento de bacterias aerobias mesófilas viables en el espárrago verde durante la postcosecha, sugiriendo utilizar la aplicación
inicial de ozono gaseoso a 10 ppm permitiendo 25.9 días de almacenamiento a 1 °C. Los resultados indican que esta tecnología
es una buena alternativa en la conservación de hortalizas frescas.
Palabras clave: metodología de superficie de respuesta, espárrago verde, ozono, fenoles totales.

INTRODUCTION

and vegetables, especially because it leaves no
residue in the treated product (7).

The green asparagus (Asparagus officinalis L.) is a
vegetable widely consumed by its turgid texture
and high nutritional value. Freshly harvested spears
are very susceptible to senescence, mainly related
to their high respiration rate. They undergo several
physiological changes during storage, such as
transpiration, chlorophyll degradation, and total
phenols changes (1). Usually, the spears present a
high quantity of phenolic compounds, being the
flavonoids with the greater antioxidant activity
potential (2). Microorganisms easily contaminate
the vegetables at various points during the
production, handling, and packing process.
Therefore, eliminating microorganisms during
postharvest processing is vital to assure microbial
safety (3).

The quality of fruits and vegetables is evaluated mainly
from the sensory, nutritional, and microbiological
aspects. Consumers often quickly assess the sensory
quality in retail stores and consider attributes such
as appearance, color, and texture as a priority.
Impairment of these properties would influence the
product’s shelf life and purchase intent, particularly
when these attributes fall below the acceptable
level (8).
Response sur face methodology (RSM) has
been commonly used for optimizing, designing,
developing, and improving processes where a
response or responses are affected by several
variables (9). It is a technique of statistical and
mathematical methods to assess numerous factors
and their interactions established on the fit of a
polynomial model. It must depict the behavior
of the dependent variable to make statistical
predictions to optimize the response (10). The
correct experimental design must be selected
to designate which treatments should be done
in the experimental region being studied. For
this purpose, experimental designs for quadratic
response surfaces, such as three-level factorial,
central composite (CCD), and Box-Behnken (BBD),
should be applied (11). We have reviewed some RSM
studies published in fresh food industry processes,
such as green pepper (12), french beans (13), chinese
cabbage (10), onion (14), broccoli (15), spinach (16).

Various postharvest treatments have been studied
to prolong the quality of fruits and vegetables,
including chemical disinfectants such as sodium
hypochlorite (chlorine) and ozone, which are highly
effective in reducing microorganisms’ load (4).
Ozone in the water or gas phase is an interesting
alternative because it is an effective disinfectant
recognized for its high oxidizing potential on the
microbial cell membrane. The disinfecting effect of
ozone is approximately 150% more effective than
the commercial disinfectant known as chlorine (5).
Ozone has been generally recognized as a safe
disinfectant approved by the United States Food and
Drug Administration (FDA) (6). Ozone application
has gained increasing commercial interest as a
postharvest technology to control spoilage in fruits
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through the response surface methodology the

2

Volume 28 | Number 03 | Article 346752

Optimization of ozone concentration and storage time in green asparagus (Asparagus officinalis L.) using response surface methodology

and then 0.5 mL of Folin-Ciocalteau reagent was
added. After 3 min, 2 mL of 20% (w/v) sodium
carbonate solution was added, and the resulting
material was vigorously mixed. The color absorbance
developed after 1 h was measured in a visible light
spectrophotometer (Thermo Electron Corporation,
model Spectronic Genesys 6) at 765 nm, using gallic
acid as standard. The results were expressed as mg
gallic acid/g sample (1, 18).

concentration of gaseous ozone and storage time,
which allows obtaining the minimally processed
green asparagus with the highest content of phenols
and overall appearance, and lowest microbial count.
MATERIALS AND METHODS
Material
The research material was green asparagus
spears variety UC157 F1, purchased from Chao
province (coordinates 08°32′25″ S and 78°40′39″
O), department of La Libertad, Perú. The green
asparagus (maximum 07 hours after being harvested)
showed no physical damage (bumps, bruises, etc.)
and were free of pests and any strange odor.
According to NTP 011.109:2008 (17), they were
classified with AB tip quality and 14-20 mm caliber.

Overall appearance. It was determined following the
method of Albanese et al. (2007) with modifications
by the author. Thirty untrained panelists, aged
between 25 - 45 years and habitual consumers of
green asparagus were selected for the test. The
criteria to be evaluated were: spear shape based on
entire terminal buds and completely closed bracts;
color according to the degradation of chlorophyll (less
intense); spear firmness according to the lignification
that was observed when applying pressure to the
touch; dehydration of the shoot that referred to a
wrinkled product; and rot damage that was evidenced
by the tissue softness. All participants involved in
the evaluation were thoroughly informed about the
characteristics of the product to be evaluated. The
factors mentioned were responsible for the loss of
freshness in asparagus. A structured hedonic scale of
9 points was used, where 1: I dislike it very much, 5: I
neither like it nor dislike it, and 9: I like it very much.
The evaluation was carried out in a single session, in
an environment with natural lighting, and the average
of the values was reported (19).

Minimum process treatment
Spears were washed by aspersion with potable
water to remove surface impurities and immersed
in a chlorine dioxide solution at 100 ppm for 5
min at room temperature. Afterward, they were
cut to a length of 17 cm, considering the measure
from the tip to the base. The excess humidity was
eliminated. The spears were conditioned in trays of
expanded polystyrene with a weight of 150 g ± 3
g, and then transferred to the treatment chamber,
where the gaseous ozone generated was injected
by an ozonification machine (Ozonomatic brand,
model OZ-500) with a flow rate of 500 mg/h and
through a 7 mm diameter hose, subjecting them
to different concentrations between 0 - 10 ppm,
during 20 min, controlled by using a digital gaseous
ozone meter (Crowcon brand, model Gasman O3,
range 0-100 ppm, sensitivity ± 0.1 ppm). Finally, the
trays with spears were removed from the chamber
and covered with polyvinyl chloride (PVC) film and
stored in a refrigeration chamber with temperature
control for 28 days at 1 °C ± 0.1°C and 85-90% ±
2% relative humidity (usual storage conditions in the
commercialization of asparagus), control performed
with a thermohydrometer (Fluke brand, Model 971).

Total count of viable mesophilic aerobic bacteria,
psychrophiles, and molds. 10 g of the sample were
aseptically separated and homogenized in 90 mL
of 0.1% peptone water. A series of dilutions were
prepared in 9 mL of peptone water with 1 mL of
aliquot. In duplicate, the count of viable mesophilic
aerobic and psychrophilic bacteria was determined
using the plate count agar (PCA) and standard
methods agar. The plates were incubated at 35 °C
for 48 h for viable mesophilic aerobic bacteria and 7
days at 7 °C for psychrophilic bacteria. Count molds
were evaluated on pink flare red agar (RBRM) and
incubated at 28 °C for 5 days. Results were reported
in CFU/g (1, 19).

Analytical techniques
Total phenol content. 2 g of sample was
homogenized under darkness in 10 mL of 80%
aqueous ethanol for 2 h, at room temperature, and
centrifuged at 4200 rpm for 15 min; the supernatant
was evaporated in an oven at 40 °C. The residues
were dissolved in 5 mL of distilled water, extracting
100 μL that was diluted with 3 mL of distilled water,
Journal Vitae | https://revistas.udea.edu.co/index.php/vitae

Statistical analysis
A central composite rotational design (CCRD) of the
response surface methodology (RSM) technique
was adopted to optimize the quality characteristics
in fresh green asparagus. The design was chosen
for this study because it was suitable for modeling
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quadratic response surfaces methodology. Two
variables (ozone concentration and storage time)
known to influence fresh vegetable production
were investigated. The ranges of these variables are
shown in Table 1. The model terms were calculated
for multiple regression analysis, while analysis of
variance (ANOVA) was used to assess the model
terms’ significance. The experimental design and the
accompanying statistical analysis were performed

using Minitab 19 program. With the same data
and choosing the factors considered to be the
most important in the quality of the asparagus,
as a complement to the design, the desirability
function (FD) was built, which determined the ozone
concentration and storage time values that optimize
the overall appearance, viable mesophilic aerobic
bacteria count, and phenol content.

Table 1. Central composite rotational design of the response surface methodology
Treatment

Ozone concentration
(codified)

Storage time
(codified)

Ozone
concentration (ppm)

Storage time
(days)

1

-1

2

1

-1

0

0

-1

10

3

-1

0

1

0

30

4

1

1

10

30

5

-1.4142

0

0

15

6

1.4142

0

10

15

7

0

-1.4142

5

0

8

0

1.4142

5

30

9

0

0

5

15

10

0

0

5

15

11

0

0

5

15

RESULTS

based on the RSM’s central rotational composite
design treatments. Its behavior was modeled as a
function of ozone concentration and storage time.

Table 2 presents the results of total phenol content,
overall appearance, and microbiological counts

Table 2. Experimental results applying the central composite rotational design.
Ozone concentration
Storage
Total phenols content Mold count
(ppm)
time (days)
(mg/g sample)
(CFU/g)
0

0

18.73

0

0

15

16.22

0

30

13.90

5

0

19.78

0

5

15

18.39

337

Psychrophilic
Mesophilic bacteria count Overall appearance
bacteria count
(CFU/g)
(points)
(CFU/g)
0

6,696

9.0

714

68,593

31,289

6.8

1,569

195,667

62,261

5.1

0

2,819

9.0

28,839

10,573

7.9

5

30

15.79

826

128,350

27,731

7.2

10

0

19.90

0

0

2,613

9.0

10

15

18.42

78

19,267

3,814

7.9

10

30

16.35

260

87,495

7,538

7.4

5

15

18.02

404

29,813

11,205

8.1

5

15

18.27

385

31,964

10,176

8.1
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Table 3 presents the models and lack of fit for
phenols, overall acceptability, mold, psychrophilic
bacteria, and viable mesophilic aerobes counts.
Table 3. Models and lack of fit for phenols, overall acceptability, mold, psychrophilic bacteria, and viable mesophilic aerobes counts
Variable

Equation

R2 (%) P value

Lack of fit

Phenols

y=18.578 + 0.4207 ozone - 0.1239 time - 0.02907 ozone*ozone - 0.001164 time*time +
0.00427 ozone*time

98.76

0.000

0.469

Overall appearance

y=8.974 + 0.032 ozone - 0.2228*time - 0.00316* ozone*ozone + 0.00187 time*time +
0.00667 ozone*time

95.05

0.001

0.996

Molds

y=7.9 - 12.61 ozone + 44.64 time + 1.323 ozone*ozone + 0.2226 time*time - 4.363
ozone*time

99.09

0.000

0.577

Psycrophiles

y=2534 - 3835 ozone + 2345 time + 399 ozone*ozone + 134.3 time*time - 360.6
ozone*time

99.47

0.000

0.074

Mesophiles

y=7642 - 2599 ozone + 1345 time + 225.5 ozone*ozone + 14.94 time*time - 168.8
ozone*time

99.51

0.000

0.054

Figure 1 presents contour and response surface
methodology of (a) total phenol content and (b)
overall appearance for ozone concentration and
storage time.

(a)

(b)

Figure 1. Contour and response surface methodology of (a) total phenol content and (b) overall appearance for ozone concentration
and storage time
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produced the highest overall perception with
acceptable levels of 6 to 8 points in the asparagus
spears than samples treated at lower concentrations,
including not ozonated. The analysis of variance
showed that the quadratic model presented a
significant effect (p<0.05), high coefficient of
determination (R2 = 95.05%), and lack of fit p > 0.05,
which explains a good fixation of the model data
(Table 3).

Figure 1a shows that the initial application with
gaseous ozone between concentrations of 6 to
10 ppm generated an increase in total phenols
content. Then, a decrease of these compounds
was observed until the end of storage, consistently
reporting higher values in the ozonated samples (1617 mg/g sample) compared to the control sample
(not ozonated). The analysis of variance showed that
the quadratic model presented a significant effect
(p<0.05), high coefficient of determination (R2 =
98.76%), and lack of fit p > 0.05, which explains a
good fixation of the model data (Table 3).

Figure 2 presents contour and response surface
methodology blanket for microbiological counts of
(a) molds, (b) psychrophilic bacteria, and (c) viable
aerobic mesophilic bacteria for ozone concentration
and storage time.

Figure 1b shows that gaseous ozone concentrations
of 6 to 10 ppm and storage time of 20 to 25 days

(a)

(b)

(c)

Figure 2. Contour and response surface methodology blanket for microbiological counts of (a) molds, (b) psychrophilic bacteria, and
(c) viable aerobic mesophilic bacteria for ozone concentration and storage time
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Figures 2a, b, c show that gaseous ozone
concentrations of 6 to 10 ppm and final storage
(20 to 25 days) generated the lowest microbial
counts (5 x 102, 4 x 103, and 1 x 104 CFU/g for
molds, psychrophilic, and viable mesophilic aerobic
bacteria, respectively) compared, with the samples
treated at a lower concentration, including the
control. The analysis of variance showed that the

quadratic model presented a significant effect
(p<0.05) for microbial counts; high coefficient
of determination (R2 = 99.09, 99.47 and 99.51%,
respectively) and in all cases, a lack of fit p > 0.05,
which explains a good fixation of the model data
(Table 3).
Figure 3. presents the optimization of quality
characteristics in fresh green asparagus.

Figure 3. Optimization of quality characteristics in fresh green asparagus.

oxidative stress and the changes in the activity
of enzymes that participate in the synthesis of
polyphenolic compounds such as phenylalanine
aminolyase (PAL) (20, 21). The increase in phenolic
compounds can be attributed to the modification
of the cell wall during exposure to ozone; this
modification can increase the extraction and release
capacity of conjugated phenolic compounds (22).
Tabakoglu and Karaca (2018) indicated that storage
vegetables at low temperatures with gaseous ozone
application can increase the phenols’ content (23).
Yeoh et al. (2014) suggested that the increase in total
phenols, due to the initial application of gaseous
ozone, may produce the inhibition of enzymes such
as polyphenol oxidase (PPO) and peroxidase (POD),
which often cause oxidation of these compounds in
freshly cut fruits and vegetables (24). Gutierrez et

The contours of the RSM were obtained using the
superposition technique; as a result, the region
of interest that determines the optimal area
corresponded to a concentration of 10 ppm of
gaseous ozone up to 25.9 days of storage, indicating
characteristics of 16.99 mg/g sample of phenols; 7.61
points in general appearance, and 5.3 x103 CFU/g
sample of viable aerobic mesophilic bacteria.
DISCUSSION
Ozone concentration effect and storage time on
total phenol content.
The results obtained can be explained due to the
activation reaction that ozone treatments produce
in the defense mechanisms before the onset of
Journal Vitae | https://revistas.udea.edu.co/index.php/vitae

7

Volume 28 | Number 03 | Article 346752

Carla Pretell-Vásquez , Luis Márquez-Villacorta, Raúl Siche, María Hayayumi-Valdivia

reducing the growth of bacteria and molds (25).
Variations in the results could suggest that molds,
yeasts, and spore-forming bacteria, due to their
sensitivity, require increasing ozone concentrations
and longer exposure times for inactivation, which
is one of the main parameters governing the
effectiveness of ozone (37).

al. (2018) associated that fresh-cut leafy vegetables
in contact with gaseous ozone played an important
role in protecting plant tissues against biotic and
abiotic oxidative stress because it promotes the
synthesis of phenolic compounds (25).
The positive effect of gaseous ozone treatment
on the content of phenolic compounds was also
observed in bell pepper (26), green and red bell
pepper (27), and rocket (28).

Similar behaviors were found in products like lettuce,
parsley, and spinach (35), tomato strips (38), freshcut lettuce leaves (39), green asparagus (40), lettuce,
and green bell pepper (37).

Ozone concentration effect and storage time on
overall appearance

Optimization

The product’s visual quality is important because
any color alteration can be recognized as a symptom
of senescence. Likewise, there are studies with the
application of ozone in the disinfection of fruits and
vegetables that do not harm the original quality of
the vegetables despite observing slight changes
of color. The application of gaseous ozone could
prevent the deterioration of the product and
increase its shelf life (29). The overall appearance
represents all the visible food attributes and can be
a fundamental element in purchasing the vegetable
(30).

The technique of RSM contours superposition was
used to optimize the independent variables, such
as phenol content, general appearance, and count
of viable mesophilic aerobic bacteria. They are
considered important for maintaining the quality
of green asparagus spears during the logistics
and marketing chain and their antioxidant activity
(Figure 3).
CONCLUSIONS
This research showed that the application of
gaseous ozone at 10 ppm was not only a great
disinfectant agent, but it was also a functional
postharvest technology that maintains the quality
characteristics, such as overall appearance and total
phenols content of the minimally processed green
asparagus spears, allowing a shelf life of 26 days
at 1 ° C.

Similar results with exposure to gaseous ozone were
found in strawberries (31), lettuce (32), bell pepper
strips (33), pomegranate (30), and coriander (34).
Ozone concentration effect and storage time on
microbial inactivation
The ozone inactivates microorganisms by the
progressive oxidation of vital cellular components
because it breaks the cell wall, achieving its
disintegration. Gram-negative bacteria (E. coli, viable
aerobic mesophilic bacteria, psychrophilic bacteria,
total coliforms, etc.) are more susceptible to ozone
because they possess thin layer peptidoglycan.
An external membrane made of lipoproteins and
polysaccharides, which are easily oxidized (35). Yeoh
et al. (2014) indicated that microorganisms could be
affected by temperature, concentration, duration
of exposure to ozone, and biological factors,
such as the type and composition of vegetables
and the type and microbial load (24). Sheng et al.
(2018) mentioned that the effect of ozone could
be attributed to the fact that it interferes with the
diffusion of nutrients on the surface of the cut
vegetable, inhibiting the growth of bacteria, molds,
and yeasts (36). Gutiérrez et al. (2018) indicated that
ozone treatments effectively extended the shelf
life of different vegetables, reporting that ozone
treatments between 0.15-5.0 ppm succeeded in
Journal Vitae | https://revistas.udea.edu.co/index.php/vitae

CONFLICTS OF INTEREST
The authors declare that there is no conflict of
interest with the published results.
ACKNOWLEDGMENT
The authors thank the Antenor Orrego Private
University for the support provided by its Food
Science and Technology Laboratories to carry out
the experimental part of the research.
AUTHORS’ CONTRIBUTIONS
Carla Pretell-Vásquez: design of the study, performing
of analysis of results, writing of the manuscript and
review of the paper. Luis Márquez-Villacorta: writing
of the manuscript and review of the paper. Raul Siche:
study design, statistical analysis of results and review

8

Volume 28 | Number 03 | Article 346752

Optimization of ozone concentration and storage time in green asparagus (Asparagus officinalis L.) using response surface methodology

of the paper. María Hayayumi-Valdivia: preparation
of food test, performing of microbiological assays
and english translation of manuscript.

13. Aslam R, Alam M, Singh S, Kumar S. Aqueous ozone sanitization
of whole peeled onion: Process optimization and evaluation of
keeping quality during refrigerated storage. LWT-Food Science
and Technology. 2021, 151: 1-10. DOI: https://doi.org/10.1016/j.
lwt.2021.112183

REFERENCES

14. Santana J, Araújo S, Alves W, Belan P, Jiangang L, Jianchu C,
Dong-Hong L. Optimization of vacuum cooling treatment of
postharvest broccoli using response surface methodology
combined with genetic algorithm technique. Computers and
Electronics in Agriculture. 2018, 144: 209–215. DOI: https://doi.
org/10.1016/j.compag.2017.12.010

1.

Wang J, Fan L. Effect of ultrasound treatment on microbial
inhibition and quality maintenance of green asparagus during
cold storage. Ultrasonics Sonochemistry. 2019; 58: 1-8, DOI:
https://doi.org/10.1016/j.ultsonch.2019.104631.

2.

Zhang J, Zhang F, Li D, Liu Y, Liu B, Meng X. Characterization
of metabolite profiles of white and green spears of Asparagus
officinalis L. from Caoxian, Nor th China. Food Research
International. 2019; 128, 1-53, DOI: https://doi.org/10.1016/j.
foodres.2019.108869.

3.

Deng L-Z, Mujumdar A, Pan, Z, Vidyarthi S, Xu J, Zielinska M, Xiao
H-W. Emerging chemical and physical disinfection technologies
of fruits and vegetables: a comprehensive review. Critical Reviews
in Food Science and Nutrition, 2020; 60(15): 2481-2508, DOI:
https://doi.org/10.1080/10408398.2019.1649633.

4.

5.

6.

15. Mu Y, Feng Y, Wei L, Li C, Cai G, Zhu T. Combined effects of
ultrasound and aqueous chlorine dioxide treatments on nitrate
content during storage and postharvest storage quality of
spinach (Spinacia oleracea L.). Food Chemistry. 2020, 333: 1-7.
DOI: https://doi.org/10.1016/j.foodchem.2020.127500
16. Ma L, Zhang M, Bhandari B, Gao Z. Recent developments in
novel shelf life extension technologies of fresh-cut fruits and
vegetables. Trends in Food Science & Technology. 2017, 64:
23-38. DOI: 10.1016/j.tifs.2017.03.005.
17.

Akata I, Torlak E, Erci F. Efficacy of gaseous ozone for reducing
microflora and foodborne pathogens on button mushroom.
Postharvest Biology and Technology. 2015, 109: 40–44, DOI:
http://dx.doi.org/10.1016/j.postharvbio.2015.06.008.

Indecopi (2008). Norma Técnica Peruana: NTP 011.109:2008.
Espárrago fresco, requisitos; 3ra edición.

18. Yu Q, Li J, Fan L. Effect of drying methods on the microstructure,
bioactivity substances, and antityrosinase activity of asparagus
stems. Journal of Agricultural and Food Chemistry. 2019, 67(5):
1537–1545. DOI: https://doi.org/10.1021/acs.jafc.8b05993.

Shezi S, Samukelo L, Mditshwa A, Zeray S. Changes in
biochemistry of fresh produce in response to ozone postharvest
treatment. Scientia Horticulturae. 2020, 269: 1-9, DOI: https://
doi.org/10.1016/j.scienta.2020.109397.

19. Albanese D, Russo L, Cinquanta L, Brasiello A, Di Matteo M.
Physical and chemical changes in minimally processed green
asparagus during cold-storage. Food Chemistry. 2007, 101:
274-280. DOI: https://doi.org/10.1016/j.foodchem.2006.01.048.

Watson I, Kamble P, Shanks C, Khan Z, El Darra N. Decontamination
of chili flakes in a fluidized bed using combined technologies:
Infrared, UV and ozone. Innovative Food Science and Emerging
Technologies. 2020, 59: 1-8, DOI: https://doi.org/10.1016/j.
ifset.2019.102248.

20. Tabakoglu, N.; Karaca, H. Effects of ozone and chlorine washes
and subsequent cold storage on microbiological quality and shelf
life of fresh parsley leaves. LWT-Food Science and Technology.
2020, 127: 1–9. DOI: https://doi.org/10.1016/j.lwt.2020.109421.

7.

Hua-lia X, Yang Bi, Razac H, Hu-Jun W, Lu-Meia P, Mi-Na N,
Xiao-Yan C, Yi W, Yong-Cai L. Detection of NEO in muskmelon
fruits inoculated with Fusarium sulphureum and its control by
postharvest ozone treatment. Food Chemiestry. 2019, 254:
193-200, DOI: https://doi.org/10.1016/j.foodchem.2018.01.149

21. Piechowiak T, Grzelak-Błaszczyk K, Sójka M, Balawejder M.
Changes in phenolic compounds profile and glutathione status
in raspberry fruit during storage in ozone-enriched atmosphere.
Postharvest Biology and Technology. 2020, 168: 1-7. https://doi.
org/10.1016/j.postharvbio.2020.111277

8.

Khalid N, Sulaiman N, Ab Aziz N, Taip F, Sobri S, Mahmud Ab
Rashid, N. Optimization of Electrolysis Parameters for Green
Sanitation Chemicals Production Using Response Surface
Methodology. Processes. 2020, 8(7), 792:1-20. DOI: https://doi.
org/10.3390/pr8070792

22. Alothman M, Kaur B, Fazilah F, Bhat R, Karim A. Ozone-induced
changes of antioxidant capacity of fresh-cut tropical fruits.
Innovative Food Science & Emerging Technologies. 2010, 11(4):
666-671. DOI: https://doi.org/10.1016/j.ifset.2010.08.008.

9.

Alenyorege E, Ma H, Aheto J, Ayim I, Chikari F, Osae R, Zhou
C. Response surface methodology centred optimization of
mono-frequency ultrasound reduction of bacteria in fresh-cut
Chinese cabbage and its effect on quality. LWT - Food Science
and Technology. 2020, 122: 1-10. DOI: https://doi.org/10.1016/j.
lwt.2019.108991

23. Tabakoglu, N.; Karaca, H. Effects of ozone-enriched storage
atmosphere on postharvest quality of black mulberry fruits
(Morus nigra L.). LWT-Food Science and Technology. 2018, 92:
276–281. DOI: https://doi.org/10.1016/j.lwt.2018.02.044.
24. Yeoh, W.; Ali, A.; Forney, C. Effects of ozone on major antioxidants
and microbial populations of fresh-cut papaya. Postharvest
Biology and Technology. 2014, 89: 56 –58. http://dx.doi.
org/10.1016/j.postharvbio.2013.11.006.

10. Yolmeh M, Jafari S. Applications of Response Sur face
Methodology in the Food Industr y Processes. Food and
Bioprocess Technology. 2017, 10(13): 413-433. DOI: https://doi.
org/10.1007/s11947-016-1855-2.

25. Gutiérrez D, Chaves A, Rodríguez S. UV-C and ozone treatment
influences on the antioxidant capacity and antioxidant system
of minimally processed rocket (Eruca sativa Mill.). Postharvest
Biology and Technology. 2018, 138: 107–113. DOI: https://doi.
org/10.1016/j.postharvbio.2017.12.014.

11. Han Y, Floros J, Linton R, Nielsen S, Nelson P. Response Surface
Modeling for the Inactivation of Escherichia coli O157:H7 on
Green Peppers (Capsicum annuum) by Ozone Gas Treatment.
Journal of Food Science.2002, 67(3): 1188–1193. DOI: https://
doi.org/10.1111/j.1365-2621.2002.tb09475.x

26. Sachadyn-Król M, Materska M, Chilczuk B, Karaś M, Jakubczyk
A, Perucka I, Jackowska I. Ozone-induced changes in the content
of bioactive compounds and enzyme activity during storage of
pepper fruits. Food Chemistry. 2016, 211: 59-67. DOI: http://
dx.doi.org/10.1016/j.foodchem.2016.05.023.

12. Gupta S, Chatterjee S, Vaishnav J, Kumar V, Variyar P, Sharma, A.
Hurdle technology for shelf stable minimally processed French
beans (Phaseolus vulgaris): A response surface methodology
approach. LWT-Food Science and Technology. 2012, 48(2), 182189. DOI: https://doi.org/10.1016/j.lwt.2012.03.010

Journal Vitae | https://revistas.udea.edu.co/index.php/vitae

27. Glowacz M, Rees D. Exposure to ozone reduces postharvest quality
loss in red and green chili peppers. Food Chemistry. 2016, 210:
305-310. DOI: http://dx.doi.org/10.1016/j.foodchem.2016.04.119.

9

Volume 28 | Number 03 | Article 346752

Carla Pretell-Vásquez , Luis Márquez-Villacorta, Raúl Siche, María Hayayumi-Valdivia

28. Restuccia C, Lombardo S, Pandino G, Licciardello F, Muratore
G, Mauromicale, G. An innovative combined water ozonisation/
O3-atmosphere storage for preserving the overall quality of two
globe artichoke cultivars. 2014, 21: 82-89. DOI: http://dx.doi.
org/10.1016/j.ifset.2013.10.009.

aqueous ozone. Food Research International. 2004: 37(10), 949956. DOI: https://doi.org/10.1016/j.foodres.2004.06.004.
35. Karaka H, Velioglu Y. Effects of ozone treatments on microbial
quality and some chemical properties of lettuce, spinach, and
parsley. Postharvest Biology and Technology. 2014, 88: 46–53.
DOI: http://dx.doi.org/10.1016/j.postharvbio.2013.09.003.

29. De Souza L. P, Faroni L. R. D, Heleno F. F, Cecon P. R, Gonçalves
T. D. C, Silva G. J. DA, Prates L. H. F. Effects of ozone treatment
on postharvest carrot quality. LWT-Food Science and Technology.
2018, 90: 53–60. DOI: https://doi.org/10.1016/j.lwt.2017.11.057.

36. Sheng L, Hanrahan I, Sun X, Taylor M. H, Mendoza M, Zhu M.
J. Survival of Listeria innocua on Fuji apples under commercial
cold storage with or without low dose continuous ozone
gaseous. Food Microbiology. 2018, 76: 21–28. DOI: https://doi.
org/10.1016/j.fm.2018.04.006.

30. Pretell C, Marquez L, Siche R. Efecto del ozono gaseoso
sobre las características fisicoquímicas, microbiologicas y
apariencia general de Punica Granatum L. wonderful fresca.
Scientia Agropecuaria. 2016, 7(3): 173-180. DOI: http://dx.doi.
org/10.17268/sci.agropecu.2016.03.03.

37. Alexopoulos A, Plessas S, Kourkoutas Y, Stefanis C, Vavias S,
Voidarou C, Mantzourani I, Bezirtzoglou E. Experimental effect
of ozone upon the microbial flora of commercially produced
dair y fermented products. International Journal of Food
Microbiology. 2017, 246: 5–11. DOI: http://dx.doi.org/10.1016/j.
ijfoodmicro.2017.01.018.

31. García-Martín J. F, Olmo M, García J. M. Effect of ozone treatment
on postharvest disease and quality of different citrus varieties
at laboratory and at industrial facility. Postharvest Biology and
Technology. 2018, 137: 77–85. DOI: https://doi.org/10.1016/j.
postharvbio.2017.11.015.

38. Aguayo E, Escalona V. H, Artés F. Effect of cyclic exposure
to ozone gas on physicochemical, sensorial and microbial
quality of whole and sliced tomatoes. Postharvest Biology and
Technology. 2006, 39: 169–177. DOI: https://doi.org/10.1016/j.
postharvbio.2005.11.005.

32. Martin-Diana A, Rico D, Frias J, Barat J, Henehan G, BarryRyan C. Calcium for extending the shelf life of fresh whole and
minimally processed fruits and vegetables: a review. Trends in
Food Science & Technology. 2007, 18(4): 210-218. DOI: https://
doi.org/10.1016/j.tifs.2006.11.027.

39. Olmez H, Akbas M. Optimization of ozone treatment of fresh-cut
green leaf lettuce. Journal of Food Engineering. 2009, 90: 487-94.
DOI: https://doi.org/10.1016/j.jfoodeng.2008.07.026.

33. Ummat, V.; Singh, A. K.; Sidhu, G. K. Effect of aqueous ozone on
quality and shelf life of shredded green bell pepper (Capsicum
annuum). Journal of Food Processing and Preservation. 2018,
42(10): 1-14. DOI: https://doi.org/10.1111/jfpp13718

40. Sothornvit, R.; Kiatchanapaibul, P. Quality and shelf-life of washed
fresh-cut asparagus in modified atmosphere packaging. LWT Food Science and Technology. 2009, 42: 1484–1490. DOI: https://
doi.org/10.1016/j.lwt.2009.05.012.

34. Wang H, Feng H, Luo Y. Microbial reduction and storage quality
of fresh-cut cilantro washed with acidic electrolyzed water and

Journal Vitae | https://revistas.udea.edu.co/index.php/vitae

10

Volume 28 | Number 03 | Article 346752

