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A B S T R A C T

We investigated the alterations on bioactive compounds after treatments with ozonated water during the
storage of organically and conventionally cultivated mangoes, cv. Palmer. Mangoes were stored in a cold
chamber (14 � 2 �C) for 15 d and evaluated after the harvest and sanitization treatments (chlorine and
ozonated water—10 and 20 min) at 7 and 15 d. To simulate the market, after 7 d, mangoes were removed
from cold storage and kept at room temperature (27 � 2 �C) to!——!> be analyzed following 4 (7 + 4) and 8
(7 + 8) d at room temperature. The conventionally mango showed higher firmness, regardless of the
sanitization system used. Ozonated water did not alter the levels of b-carotene, ascorbic acid,
dehydroascorbic acid and phenol in organically or conventionally cultivated mangoes during storage, but
when the mangoes, cv. Palmer were transferred to room temperature, the b-carotene level increased.
Organically cultivated mangoes showed higher levels of antioxidant activity. Ozonated water can be used
as an alternative to chlorine sanitizer without causing damage to mango, cv. Palmer fruit or inducing a
decrease in the various compounds and the treatment using ozonated water was efficient for maintaining
fruit without microorganisms, preventing the reduction of quality and avoiding the generation of organic
waste.
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1. Introduction

Fruits are a rich source of antioxidant compounds such as
vitamins (ascorbic acid, dehydroascorbic acid and b-carotene),
vitamins precursors and polyphenols, and a high dietary intake of
these compounds is associated with reduced disease (Kris-
etherton et al., 2002). Mango (Mangifera indica L.) is consumed
worldwide, have increasing production rates and are of particular
interest due to their nutritional value and remarkable taste.
However, postharvest losses may occur due to several factors, but
mostly because the postharvest life of mango usually does not
exceed a few weeks and is limited by physiological deterioration of
the fruit related to over-ripening, and by pathogen development
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leading to decay (González-Aguilar et al., 2001). For this reason,
effective technologies are needed to ensure longer shelf-life and
fruit quality, such as crop system management and methods of
sanitization.

Organic crop cultivation has been reported to influence
bioactive content. Some studies have shown that fruits and
vegetables that are growing organically have a higher content of
antioxidants (vitamin C, phenolic compounds, minerals, poly-
amines, among others) (Lima and Vianello, 2011; Hallmann and
Rembial kowska, 2012). Nowadays, the demand for organic food is
due to absence of agrochemicals residues that cause damage to
health.

Ozone is a powerful oxidant that has been accepted as a food
sanitizer, mainly in organic farming because it safely and
spontaneously decomposes without forming hazardous residues
(Ölmez and Kretzschmar, 2009). To sanitize vegetable foods, some
products including chlorine gas, sodium or calcium hypochlorite
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and organic chlorine should be avoided because they form
carcinogenic chlorinated compounds such as trihalomethanes
that cause serious problems to human health and the environment
(Yeoh et al., 2014). In this context, ozonated water has emerged as a
safe form of sanitization in various plant products such as broccoli
(Lima et al., 2014), honey pineapple, banana, and guava (Alothman
et al., 2010), papaya (Yeoh et al., 2014).

Some studies have shown that the exposure of some fruits and
vegetables to ozone increases the content of total phenols
(González-Aguilar et al., 2007; Alothman et al., 2010; Yeoh et al.,
2014) and other molecules with antioxidant activity (Lima et al.,
2014). Ozone causes an oxidative action and in the plant may be
harmful because of the production of free radicals. However, when
sanitized with ozone, plant foods tend to have higher levels of
antioxidant compounds as a way to protect the cell against damage
promoted by reactive oxygen species (ROS) generated after
sanitization (Minas et al., 2012).

2. Materials and methods

2.1. Fruit

Mango (Mangifera indica L., cv Palmer) fruit under conventional
and organic cultivation were obtained from commercial orchards.
Fruit produced in an organic system were harvested in Borborema
city, São Paulo state (latitude 21� 370 1100 S, longitude 49� 04' 2500 W,
429 m altitude) and those produced in the conventional system
were harvested in Taquaritinga city, São Paulo state (latitude 21�

240 2300 S, longitude 48� 300 2000 W, 579 m altitude).
The soil at both sites was subject to routine chemical analysis

(Embrapa, 1997). The analysis results presented the following
characteristics (organic farm): pH (CaCl2 0.01 mol L�1) 5.5;
11.0 kg m�3 of organic material (OM); 35.0 g m�3 phosphorus (P);
0.47 g kg�1 H + Al; 0.09 g kg�1 potassium (K); 0.54 g kg�1 calcium
(Ca); 0.07 g kg�1 magnesium (Mg); 1.41 g kg�1 sum of bases (SB);
1.88 g kg�1 cation exchange capacity (CEC); base saturation (V) of
74.0%. The micronutrient levels found were 25.0 g m�3 sulfur (S);
0.3 g m�3 boron (B); 3.8 g m�3 copper (Cu); 18 g m�3 iron (Fe);
3.4 g m�3 manganese (Mn) and 2.7 g m�3 zinc (Zn).

At the farm with the conventional system, the following soil
characteristics were found: pH (CaCl2 0.01 mol L�1) 5.4;
12.0 kg m�3 OM; 78.0 g m�3 P; 0.74 g kg�1 H + Al; 0,05 g kg�1 K;
1.05 g kg�1 Ca; 0.23 g kg�1 Mg; 1.13 g kg�1 SB; 1.84 g kg�1 CEC; V of
60.7%. For the micronutrients, the levels found were: 0.68 g m�3 B;
19.1 g m�3 Cu; 20 g m�3 Fe; 23.7 g m�3 Mn and 3.5 g m�3 Zn.

2.2. Sampling and preparation of the samples

To ensure a fair comparison, organic and conventional mangoes
at the same physiological age and with maturity index 2 (hard
consistency, green peel color and light cream pulp) were used.
After harvest, 120 fruit from each cultivation system were selected
and submitted to 3 different sanitization methods. The fruit was
either soaked for 10 min in distilled water containing Tween-20
(control), or soaked for 5 min in tap water containing 1% of sodium
hypochlorite (400 mL L�1), or soaked in ozonated water using an
ozonizer (Degradatox/OZ Engineering, Industries LTD Equipment
Ozone-generator, Porto Alegre, Brazil) that could generate
approximately 1 mg L�1 s�1 in a 180 L tank. The ozonated mangoes
were divided into two groups based on the time of immersion (10
or 20 min). Mangoes were air-dried at room temperature for
60 min.

The fruit were stored in a cold room at 14 � 2 �C and with
90 � 2% air humidity. Assays were conducted at day 0 (immediately
after sanitization) and after 7 and 15 d of storage. To simulate
market conditions, after 7 d in cold storage, the fruit were brought
to room temperature and analyzed on day 4 (7 + 4) and 8 (7 + 8)
after storage at room temperature (27 � 2 �C and 65 � 5% air
humidity). Fruit stored for 15 d in the cold room were at the limit of
market conditions and were therefore not submitted to holding at
room temperature.

To measure the ascorbic acid, total phenolics, total flavonoids,
b-carotene, DPPH and FRAP radical scavenging activity, the pulp
was immediately was powdered by an analytical mill (IKA, A11)
with liquid nitrogen and stored at �80 � C.

2.3. Firmness, pH, titratable acidity and total soluble solids

The firmness (F) of the fruit pulp was determined using a
manual digital penetrometer with an 8 mm probe (model 53205,
Turoni, Italy) on the equatorial region of two fruit. The pH was
measured in pulp mango juice (Ultra-Turrax for 5 min at
7500 rpm), using a pH meter (model HI 4221, Hanna Instruments
Brazil). The titratable acidity (TA) of the fruit pulp was determined
by the AOAC 942.15 method (1997) using 0.1 mol L�1 NaOH and two
to three drops of 0.1% (w/v) phenolphthalein as an indicator, and
the results were expressed as% malic acid. The total soluble solid
(TSS) in the filtered mango pulp juice was determined using a
digital refractometer (Atago RX5000, Atago Co. Ltd., Itabashi-Ku,
Tokyo, Japan), and the results were expressed in%.

2.4. Ascorbic acid and dehydroascorbic acid

The levels of ascorbic acid (AA) and dehydroascorbic acid
(DHAA) were measured as described by Pertuzatti et al. (2015),
with minor modifications. Fifty milligrams of mango pulp were
placed in a 15 �120 mm test tube and overlaid with 5 mL of cold
extraction solution. This solution consisted of 10 g of metaphos-
phoric acid (4.5% in ultrapure water) and 40 mL of glacial acetic
acid. The tubes were vortexed for 2 min and incubated for 30 min in
an ultrasonic bath at 5 �C. The test tubes were then centrifuged at
4500g (Hettich Zentrifugen, Mikro220R) for 15 min and superna-
tant transferred to amber flasks. The residue was twice subjected
to similar procedures of extraction, and the supernatants obtained
from three separate extractions were combined to reach a final
volume of 15 mL. After that, the sample was transferred to a 1.5 mL
vial, and 20 mL of the sample were injected into a UHPLC system
(Ultimate 3000, Dionex-Thermo Scientific, USA) equipped with a
diode array detector with an Ace 5 C18 (Advanced Chromatography
Technologies, UK) column (5 mm, 250 � 4.6 mm). The mobile phase
used was 2% acetic acid in an isocratic flow of 0.5 mL min�1. The
column temperature was set to 25 �C, and the detection
wavelength was 248 nm for the ascorbic acid and 240 nm for
the dehydroascorbic acid. The results were expressed in mg kg�1 of
sample.

2.5. Total polyphenolic (TP)

The total polyphenolic content was analyzed using a spectro-
photometric method, with Folin-Ciocalteu used as the reagent
(Singleton and Rossi, 1965). Pulp (0.1 g) was extracted with 10 mL
of a mixture of methanol:water (80:20; v/v), kept in an ultrasonic
bath for 30 min and centrifuged at 6000g (Hettich Zentrifugen,
Mikro220R) for 10 min at 4 �C. The supernatant was collected, the
precipitate was re-extracted and the supernatants were combined.
The methanolic extract 0.5 mL was added to 0.5 mL Folin-Ciocalteu
reagent in test tubes, and it was vortexed for 1.5 min. The reaction
mixture was added to 1 mL of saturated sodium carbonate solution
(25%, w/v). The reaction mixture was incubated in the dark for 1 h
at room temperature, and the absorbance was read at 760 nm. The
TP content was expressed as% of gallic acid equivalent per mass of
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lyophilized tissue. All of the measurements were evaluated in
triplicate.

2.6. b-carotene

The extract was prepared from 100 mg of fresh mango in 5 mL of
methanol. The tubes were vortexed for 30 s and then centrifuged at
3500g at 4 �C for 10 min. The supernatant was removed, and 10 mL
of THF (Tetrahydrofuran, of high-performance liquid chro-
matographic (HPLC) grade) (Sigma-Aldrich) were added, vortexed
for 30 s, centrifuged (3500g and 4 �C) for 10 min, and the
supernatant was removed. This procedure was repeated three
more times until a volume of 25 mL was obtained. Afterward, the
extract was dried in a nitrogen line and resuspended in 200 mL of
ethanol, and 20 mL were injected in the HPLC (UltiMate 3000TM

UHPLC systems, Thermo Scientific) with an Acclaim C30 column
(3 mm, 150 � 4.6 mm, Thermo Scientific, CA, USA). The mobile
phase and HPLC conditions were the same as those previously
described by Li et al. (2009). The results were expressed in mg kg�1.
All of the samples were analyzed in duplicate.

2.7. Determination of the total antioxidant capacity

The antioxidant capacity was measured using the DPPH (1,1-
Diphenyl-2-picrylhydrazyl) radical methods given by Brand-
Williams et al. (1995), and the results were converted into
percentage of antioxidant activity. DPPH solution was prepared
with 2 � 10�4 g mL�1 (0.010 mg of DPPH with 50 mL of ethanol
99.8%, both are Sigma-Aldrich). For extraction, 1 g of fresh matter
was diluted with 10 mL of ethanol and centrifuged at 2000g at 5 �C
for 10 min (Hettich Mikro 220R). Readings were performed at
517 nm, and absorbance was converted to the percentage of
antioxidant activity using the following equation:

% Reduced DPPH = [(blank absorbance � sample absorbance) �
blank absorbance] � 100

A calibration curve was prepared with 20, 40, 80, 120 and
160 mmol of Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid) and the results were expressed as mmol kg�1

trolox equivalents on a fresh weight basis.
The antioxidant activity was also determined using a FRAP

(Ferric Reducing Ability of Plasma) test according to the method
described by Benzie and Strain (1999). All of the measurements
were evaluated in triplicate. The fresh FRAP reagent was prepared
daily by mixing 25 mL acetate buffer (300 mmol, pH 3.6), 2.5 mL
TPTZ solution (ferric 2,4,6-Tripyridyl-s-Triazine) (10 mmol in
40 mmol HCl) and 2.5 mL of FeCl3 6H2O (20 mmol) at 37 �C. In
cuvettes, 900 mL were placed and the initial absorbance was read
and 100 mL of sample was added and the absorbance was
determined after 30 min at 595 nm. It was used for calibration
an aqueous solution of FeSO4�7H2O (0–1 mmol) and the results
were expressed as mmol kg�1 of Fe+2.

2.8. Microbiological analysis

Microbiological analyses were conducted on two fruit from
each treatment group after harvest, after 7 d and 15 d of
refrigeration and at simulated marketing. The fruit were pulver-
ized in liquid nitrogen, and an aliquot of 25 g was resuspended in
225 mL of sterile saline peptone solution (0.1%). The fruit
suspensions were diluted for 20 min in a 0.1 M sodium phosphate
buffer with pH 7.0 that was previously sterilized at 121 �C and at
1 atm and inoculated into a culture media for the verification of the
presence of fungi and bacteria. All of the tests were performed in
triplicate as described by Manafi (2000).
To detect Staphylococcus aureus and Salmonella sp., the fruit
extract aliquots (100 mL) were inoculated in Petri dishes containing
Staphylococcus agar no110 (Himedia) and Salmonella Agar Shigella
M108 (Himedia). To detect Salmonella, the presence or absence of
colonies of S. aureus were estimated using a direct-counting
technique.

To detect the Total Coliforms and Thermotolerant Coliform, the
most probable number (MPN) method was used. The presumptive
test was performed by distributing, in triplicate, extract aliquots
(100 mL) in inverted Durham tubes containing sodium lauryl
sulphate broth (LST), which were incubated at 35 �C for 48 h. The
tubes showing turbidity and gas evolution were considered as
positive for the presence of total coliforms. Aliquots of those
positive cultures (100 mL) were then seeded into inverted. All of
resultant readings were expressed as most probable number of
bacteria per gram of analyzed material (MPN g�1).

The test was considered exempted when the result of total
coliforms and thermotolerant coliform were < 3 and S. aureus
< 100. Salmonella was only checked for the presence or absence.

2.9. Experimental design and statistical analysis

The design was totally random with a factorial scheme of 5 � 8
(evaluation days � treatments) with 3 repetitions and two samples
per repetition. All of the analyses were conducted in triplicate. The
Scott-Knott test at a 5% probability was used to compare the
means.

3. Results and discussion

3.1. Firmness, pH, titratable acidity and soluble solids

There was an increase in pH with storage time (after harvest),
and the pH increased when the fruit was transferred to room
temperature when simulating marketing (7 + 4 and 7 + 8 d)
(Table 1), especially for the organic mangoes. pH increased with
ripening, however, irrespective of the cultivation system, the pH of
the mangoes was not influenced by chlorine or ozone.

At 7th d in cold storage, the conventional mango fruit were
firmer than the organic fruit regardless of the sanitization system
used (Table 1). After that period, the firmness of all of the mango
fruit decreased. In the last stage of the commercial distribution
simulation (7 + 8 d), the organic mangoes showed lower firmess
values than those from the conventional system. In most of the
treatments, fruit that were stored for 15 d in a cold chamber
showed a degree of firmness similar to those found in fruit stored
under refrigeration and those kept at room temperature during the
commercialization simulation. Ozonated water did not affect this
quality characteristic, even though it is an oxidizing agent. Other
studies have shown that using sanitizing products such as ozone
may result in increased firmness or not induce alterations (Rodoni
et al., 2010; Aguayo et al., 2006).

The total soluble solids (TSS) increased with the time of storage
of mangoes in the cold chamber, whether conventional or organic
(Table 1). Ozonated water did not cause any alterations in the TSS
content, although organic mangoes kept in cold storage (15 d) and
treated with ozonated water and chlorine showed higher values
than conventional the mangoes, regardless of the time of
immersion (10 or 20 min). Sanitization with ozone also increases
TSS in other fruits (Tzortzakis et al., 2007; Ali et al., 2014; Yeoh
et al., 2014). On the other hand, when the mangoes were left at
room temperature to simulate commercialization, this tendency
disappeared. This may be attributable to the action of temperature,
which increased respiratory metabolism and promoted the
formation of TSS from storage compounds. These results were
found for both organic and conventional mangoes, which shows



Table 1
Physicochemical characteristics during the postharvest of organic and conventional mango, cv. Palmer fruit sanitized with ozonated water (n = X � SD).

Treatments Post harvest Cold storage (days post-harvest) Simulated marketing (days post-harvest)

7 15 7 + 4 7 + 8

pH Conv W 3.5 � 0.1Eb* 3.6 � 0.1Da 4.8 � 0.1Aa 4.2 � 0.1Cc 4.6 � 0.1Bc

C 3.4 � 0.01Db 3.5 � 0.1Db 4.3 � 0.1Bc 4.0 � 0.1Cd 4.8 � 0.1Ab

Oz10 3.7 � 0.11Ca 3.6 � 0.2Ca 4.5 � 0.1Ab 4.0 � 0.03Bd 4.6 � 0.1Ac

Oz20 3.6 � 0.1Da 3.4 � 0.03Eb 4.2 � 0.1Cd 4.4 � 0.2Bb 4.7 � 0.04Ab

Org W 3.4 � 0.03Db 3.4 � 0.1Db 4.2 � 0.04Cc 4.6 � 0.03Ba 4.8 � 0.2Ab

C 3.3 � 0.1Ec 3.4 � 0.01Db 4.1 � 0.03Cd 4.7 � 0.1Ba 5.0 � 0.03Aa

Oz10 3.3 � 0.03Dc 3.4 � 0.04Db 4.4 � 0.1Cc 4.7 � 0.1Ba 4.9 � 0.04Aa

Oz20 3.4 � 0.04Db 3.5 � 0.03Db 4.3 � 0.1Cc 4.5 � 0.1Bb 5.0 � 0.04Aa

F(N) Conv W 160.1 � 2.2Ab 165.7 � 16.8Ab 30.9 � 3.2Cc 68.3 � 5.8Ba 21.6 � 1.4Cb

C 136.4 � 3.1Ac 144.2 � 4.5 Ad 47.0 � 1.8Ba 51.0 � 3.2Bb 23.0 � 4.6Cb

Oz10 155.6 � 1.4Bb 180.0 � 4.5Aa 24.1 � 3.7Cd 29.2 � 3.0Cc 31.0 � 4.5Ca

Oz20 155.9 � 4.7Ab 155.4 � 7.0Ac 22.7 � 9.0Cd 35.8 � 7.6Bc 17.7 � 2.5Cb

Org W 165.3 � 5.5Ab 151.0 � 4.2 Bd 17.7 � 1.6Cd 23.8 � 3.2Cd 19.5 � 4.1Cb

C 138.9 � 10.1Ac 135.2 � 9.4Ae 31.7 � 5.99Bc 19.3 � 6.1Cd 11.2 � 3.6Cc

Oz10 181.6 � 4.6Aa 131.1 � 2.1Be 25.8 5� 1.1Cd 28.8 � 7.4Cc 11.3 � 6.8Dc

Oz20 154.6 � 6.8Ab 117.7 � 6.3Bf 35.4 � 2.3Db 52.0 � 2.5Cb 8.8 � 2.8Ec

TSS (%) Conv W 6.8 � 0.3Da 8.9 � 0.1Cd 14.7 � 0.1Bb 15.4 � 0.1Aa 15.6 � 0.8Aa

C 6.6 � 0.5Da 9.4 � 0.3Cc 15.0 � 0.1 Ab 13.5 � 0.3Bb 13.7 � 0.7Bc

Oz10 6.5 � 0.3Da 6.1 � 0.6Df 14.1 � 0.8Cc 15.3 � 0.1Ba 16.1 � 0.6Aa

Oz20 7.0 � 0.7Da 8.1 � 0.5Ce 15.0 � 0.3Ab 15.4 � 0.3Aa 14.3 � 0.3Bc

Org W 6.5 � 0.4Da 10.7 � 0.5Cb 15.4 � 0.2Ab 12.4 � 0.5Bc 15.0 � 0.8Ab

C 5.4 � 0.4Db 10.9 � 0.4Cb 16.4 � 0.4Aa 15.3 � 0.2Ba 15.9 � 0.5Aa

Oz10 6.3 � 0.2 Da 9.8 � 0.7Cc 17.2 � 0.1Aa 14.1 � 0.6Bb 14.3 � 0.1 Bc

Oz20 6.6 � 0.6Ea 11.8 � 0.6Da 16.8 � 0.6Aa 16.0 � 0.1Ba 12.9 � 0.6Cd

TA (% galic acid) Conv W 1.4 � 0.3Bd 1.9 � 0.03Ac 0.6 � 0.02De 0.9 � 0.1Cd 0.5 � 0.1Dc

C 1.8 � 0.2 Bb 2.2 � 0.2Ab 1.0 � 0.04Cc 0.8 � 0.1Dd 0.6 � 0.03Ec

Oz10 1.5 � 0.1Bd 1.7 � 0.6Ad 1.2 � 0.01Cb 1.0 � 0.1Dc 0.6 � 0.02Ec

Oz20 1.8 � 0.1Ab 1.9 � 0.1Ac 1.0 � 0.1Bc 1.0 � 0.1Bc 0.6 � 0.01Cc

Org W 1.6 � 0.01Bc 0.7 � 0.1Ce 1.9 � 0.01Aa 0.6 � 0.02De 0.6 � 0.1Dc

C 2.0 � 0.02Aa 1.9 � 0.1Ac 0.9 � 0.1Cd 1.0 � 0.1Bc 0.61 � 0.1Dc

Oz10 0.7 � 0.03De 2.8 � 0.1Aa 0.8 � 0.01Cd 1.6 � 0.1Bb 0.81 � 0.1Cb

W: fruit washed with distilled water; C: fruit immersed in chlorinated water; Oz10: fruit immersed in ozonated water for 10 minutes; Oz20: fruit immersed in ozonated water
for 20 minutes. F: Firmness; SS: Soluble Solids; TA: Titratable Acidity.

* The means followed by the same capital letters (lines) and case letters (column) were not statistically significant according to the Scott-Knott’s test (*P � 0.05).
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that in this study the TSS in the mango fruit did not differ according
to type of cultivation. Although the levels of total soluble solids
exceeded the acceptable limits set by Brazilian law, which sets
Quality and Identity Standards (PIQ) for mango pulp such as 11%
(Brasil, 2000), these levels may vary depending on a variety of
factors including cultivation, climate, soil and irrigation.

The organic mango fruit treated with ozonated water for 10 min
after 7 d showed higher levels of titratable acidity (TA) (2.8%), and
there was a reduction resulting from the number of days in storage
(Table 1). We noted a tendency for acidity to decrease with storage
because of the respiratory process (Ali et al., 2014). This effect
might be attributed to the use of organic acids as a reserve energy
source for the cells.

3.2. Bioactive compounds

AA is the principal biologically active form of vitamin C, but
DHAA, an oxidation product, also exhibits biological activity and
can be easily converted into ascorbic acid in the human body. It is
important to measure both AA and DHA in fruits and vegetables
(Lee and Kader, 2000). The content of dehydroascorbic acid (DHAA)
in the conventional and organic mangoes, cv. Palmer was much
lower than that found for ascorbic acid in the rest of the
experiment (Table 2). In cultivars of mango, including cv. Palmer,
the values of dehydroascorbic acid vary from 10.3 to 17.7% (Ribeiro
et al., 2008), although our results showed lower values of this acid
when the mango, cv. Palmer fruit were stored in the cold chamber.
During the simulated marketing, there was an increase in this
compound, primarily in the fruit of conventional origin that were
not sanitized with ozonated water.

From day 0 (after harvest) to day 7, the mango fruit stored in the
cold chamber showed no increase in their ascorbic acid (AA)
content for most of the sanitizing treatments used, regardless of
the type of cultivation (organic or conventional) (Table 2). When
brought to room temperature (7 + 4 d), the fruit of mango, cv.
Palmer treated with ozonated water (organic or conventional)
showed higher values compared with those washed only with
water (control). However, at 7 + 8 d, the levels of ascorbic acid in
the conventional mangoes sanitized with ozonated water did not
produce the same results. After exposure to gaseous ozone,
strawberries showed decreased levels of AA at 12 d after storage
(Allende et al., 2007). Moreover, with papayas, the ozone
treatment increased the levels of AA (Ali et al., 2014), and this
effect was attributed to alterations in the ascorbate peroxidase and
ascorbate oxidase activity.

In the majority of the treatments, there was a decrease of
ascorbic acid content after the transfer of the fruit from cold
chamber to room temperature, which may be attributed to the
degradative metabolism that occurs over ripening, induced by
higher temperatures than in cold chambers (Lee and Kader, 2000).
Interesting results were observed in organic and conventional
mangoes. At 7 + 4 d, the mangoes treated with sanitizers had higher
AA levels than sanitized with water only. This difference
disappears on the last day of analysis, because of the decline in
fruit condition.



Table 2
Effect of sanitation with chlorine or ozonated water on bioactive compounds during the postharvest of organic and conventional mango, cv. Palmer (n = X � SD).

Treatments Post harvest Cold storage (days postharvest) Simulated marketing (days postharvest)

7 15 7 + 4 7 + 8

AA (g kg�1) Conv W 0.30 � 0.11Ba* 0.36 � 0.05.2Bc 0.38 � 0.02Bbc 0.18 � 0.03Cd 0.51 � 0.05Aa

C 0.14 � 0.05Bc 0.54 � 0.01Ab 0.47 � 0.05Aab 0.23 � 0.02Cd 0.51 � 0.07Aa

Oz10 0.26 � 0.09Bab 0.28 � 0.04Bc 0.27 � 0.02Bc 0.62 � 0.04Aa 0.36 � 0.14Bbc

Oz20 0.16 � 0.02Dbc 0.51 � 0.09ABb 0.42 � 0.07BCab 0.55 � 0.09Aab 0.35 � 0.04Cbc

Org W 0.29 � 0.09Ba 0.55 � 0.06Ab 0.29 � 0.06Bc 0.12 � 0.05Cd 0.25 � 0.05Bc

C 0.37 � 0.01BCa 0.31 � 0.04Cc 0.51 � 0.04Aa 0.46 � 0.01Bb 0.40 � 0.02BCab

Oz10 0.323 � 0.01Ba 0.70 � 0.06Aa 0.39 � 0.04Bbc 0.35 � 0.08Bc 0.40 � 0.03Bab

Oz20 0.31 � 0.05Ba 0.58 � 0.04Ab 0.49 � 0.03Aab 0.50 � 0.09Aab 0.33 � 0.06Bbc

DHAA (g kg�1) Conv W 0.01 � 0.003Da 0.03 � 0.004Ca 0.01 � 0.005CDa 0.14 � 0.0039Aa 0.06 � 0.008Bc

C 0.004 � 0.001Da 0.02 � 0.003Cab 0.02 � 0.003CDa 0.15 � 13.7Aa 0.10 � 0.008Ba

Oz10 0.003 � 0.0Ba 0.007 � 0.001Bbc 0.02 � 0.001Ba 0.03 � 0.008Ac 0.05 � 0.008Ac

Oz20 0.02 � 0.001Ba 0.009 � 0.003Bbc 0.009 � 0.00a 0.06 � 0.009Ab 0.05 � 0.01Ac

Org W 0.004 � 0.001Ca n.d. 0.02 � 0.007Ca 0.05 � 0.006Bbc 0.07 � 0.006Abc

C 0.007 � 0.003Ca n.d. 0.007 � 0.002Ca 0.04 � 0.005Bc 0.08 � 0.003Ab

Oz10 0.002 � 0.0Ba 0.003 � 0.003Bbc 0.01 � 0.005Ba 0.03 � 0.001Ac 0.02 � 0.003Abd

Oz20 0.006 � 0.001Ca 0.001 � 0.0Cc 0.005 � 0.0Ca 0.04 � 4.8Bc 0.07 � 0.006Abc

b-carotene (g kg�1) Conv W 0.02 � 0.007Cb 0.08 � 0.03Ba 0.10 � 0.004Ba 0.03 � 0.005Cb 0.18 � 0.001Ac

C 0.02 � 0.001Cb 0.05 � 0.0Cb 0.12 � 0.01Ba 0.04 � 0.008Cb 0.16 � 0.004Ac

Oz10 0.02 � 0.0Bb 0.04 � 0.01Bb 0.05 � 0.006Bc 0.05 � 0.004Bb 0.12 � 0.002Ad

Oz20 0.05 � 0.002 Ba 0.05 � 0.004Bb 0.06 � 0.02Bb 0.05 � 0.003Bb 0.12 � 0.002Ad

Org W 0.05 � 0.004Aa 0.05 � 0.001Ab 0.07 � 0.009Ab 0.05 � 0.009Ab 0.07 � 0.004Ae

C 0.02 � 0.0Cb 0.03 � 0.001Cb 0.04 � 0.002Cc 0.08 � 0.004Ba 0.28 � 0.05Ab

Oz10 0.042 � 0.004Ba 0.02 � 0.003Bb 0.04 � 0.005Bc 0.05 � 0.002Bb 0.16 � 0.05Ac

Oz20 0.04 � 0.003Ba 0.05 � 0.003Bb 0.03 � 0.004Bc 0.04 � 0.007Bb 0.32 � 0.02Aa

TP (g kg�1) Conv W 10.0 � 0.1Ab 9.0 � 0.1Ba 8.0 � 0.1Cb 11.0 � 0.3Ab 9.0 � 0.3Bb

C 8.0 � 0. 3Bd 8.0 � 0.1Bb 8.0 � 0.1Cc 9.0 � 0.3Ad 9.0 � 0.1Ab

Oz10 8 � 0.1Bd 8.0 � 0.1Bb 8.0 � 0.1Bb 11.0 � 0.03Aa 8.0 � 0.1Cd

Oz20 16.0 � 1.0Aa 8.0 � 0.1Db 7.0 � 0.2Ec 9.0 � 0.1Cd 10.0 � 0.2Ba

Org W 9.0 � 0.2Ac 6.0 � 0.2Ed 7.0 � 0.2Cc 9.0 � 0.2Be 6.0 � 0.1Df

C 9.0 � 0.1Bc 5.0 � 0.1Ef 6.0 � 0.1Dd 11.0 � 0.1Ab 8.0� 0.1Cc

Oz10 7.0 � 0.3Ce 5.0 � 0.1Ee 8.0 � 0.1Ba 9.0� 0.1Ad 7.0 � 0.4De

Oz20 6.0 � 0.1Cf 6.0 � 0.1Dc 9.0 � 0.2Ba 9.0� 0.2Ac 6.0 � 0.1Cf

W: fruit washed with distilled water; C: fruit immersed in chlorinated water; Oz10: fruit immersed in ozonated water for 10 min; Oz20: fruit immersed in ozonated water for
20 min. AA: Ascorbic Acid; DHAA: Dehydroascorbic Acid; TP: Total Polyphenols. n.d. not detected.

* The means followed by the same capital letters (lines) and case letters (column) were not statistically significant according to the Scott-Knott’s test (*P � 0.05).
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Ozonated water used as sanitizer did not cause a decrease in
b-carotene content when the fruit were stored in the cold chamber
until 7 d (Table 2). On the 15th d in cold storage, the conventional
mangoes had higher b-carotene levels than the organic ones,
except for those that had been immersed in ozonated water for
10 min. The concentration of carotenoids generally increased
exponentially with ripening (Ornelas-Paz et al., 2008), and the
firmness decayed during ripening, which paralleled the degrada-
tion in chlorophyll and the carotenoid accumulation; all of these
processes are dependent on ethylene (Eccher Zerbini et al., 2015).
Mango is a climacteric fruit and therefore produces ethylene
(White, 2002). After this process, the levels tend to stagnate or
decrease during storage, depending on the temperature used (Liu
et al., 2009) or on the sanitation treatment, such as ozone (Ölmez
and Kretzschmar, 2009).

In our study, there were no variations in the b-carotene content
during cold storage, but when the mango, cv. Palmer was moved to
room temperature, the results were interesting, similar to what
happened to the levels of AA. Therefore, at the last day, the
b-carotene content showed no decrease. It is possible that the
storage temperature used for the organic and conventional
mangoes induced changes in carotenoid biosynthesis and accu-
mulation. Some studies have shown that the increase in
b-carotene content may be related to the intense yellow coloration
in the mango pulp of different cultivars (Ornelas-Paz et al., 2008;
Ibarra-Garza et al., 2015). The highest b-carotene level
(323.34 mg kg�1) was found in the pulp of the organic fruit stored
for 7 + 8 d and treated with ozonated water for 20 min, although
these fruit showed advanced senescence and were unsuitable for
fresh consumption. Other authors have described an increase in
the content of this compound in mangoes at the end of the storage
period (Ibarra-Garza et al., 2015).

The use of ozonated water did not promote an increase in the
total phenols in mangoes maintained in a cold chamber (Table 2)
until 7 d. When mangoes were transferred to room temperature
and kept for 8 d (7 + 8 d), treatment with ozonated water did not
induce an increase in the content of total phenols, regardless of
the type of cultivation. Some researchers have asserted that
exposure to ozone increases total phenol content (Alothman et al.,
2010; Yeoh et al., 2014) due to changes in the enzyme activities,
such as phenylalanine ammonia-lyase (PAL) and peroxidase
(POD)
(Chauhan et al., 2011). However, this effect was not observed in
the mangoes sanitized with ozonated water.

Mango is a climacteric fruit, which exhibits a rise in ethylene
biosynthesis with concomitant increases in respiration rate
(White, 2002). All of these processes induce degradative metabo-
lism and hence the formation of reactive oxygen species (ROS)
(Ibarra-Garza et al., 2015). To combat possible damage caused by
ROS, cells can increase the synthesis of compounds antioxidants
such as polyphenols (Palafox-Carlos et al., 2012). Thus, the increase
observed after the fruit were taken to the elevated shelf
temperature environment (7 + 4 d) can be attributed to the
formation of ROS and the action of an effective antioxidant



Table 3
Antioxidant capacity during the postharvest of organic and conventional mango, cv. Palmer sanitized with chlorine or ozonated water (n = X � SD).

Treatments Post harvest Cold storage (days postharvest) Simulated marketing (days postharvest)

7 15 7 + 4 7 + 8

DPPH (mmol kg�1) Conv W 7.20 � 0.50Bb 8.40 � 0.45Ab 8.40 � 0.15Aa 5.10 � 0.78Cd 7.00 � 0.43Ba

C 5.00 � 0.05Cc 7.10 � 0.26Bc 8.80 � 0.66Aa 6.40 � 0.28Bb 6.80 � 0.31Ba

Oz10 5.20 � 0.40Cc 6.80 � 0.29Bc 8.34 � 0.44Aa 4.50 � 0.66Cd 4.90 � 0.26Cb

Oz20 4.80 � 0.68Cc 8.90 � 0.10Aa 6.64 � 0.41Bb 7.23 � 0.35Ba 7.20 � 0.63Ba

Org W 8.70 � 0.60Aa 8.00 � 0.76Bb 9.10 � 0.22Aa 5.70 � 0.39Cc 1.10 � 0.45Dc

C 9.00 � 0.51Aa 8.60 � 0.38Ab 9.00 � 0.31Aa 8.00 � 0.74Ba 1.60 � 0.38Cc

Oz10 8.50 � 0.84Ba 9.40 � 0.19Aa 9.33 � 0.02Aa 6.31 � 0.25Cb 6.72 � 0.83Ca

Oz20 8.80 � 0.30Aa 9.10 � 0.19Aa 9.10 � 0.22Aa 6.62 � 0.97Cb 7.64 � 0.56Ba

FRAP (mmol kg�1) Conv W 20.37 � 3.03Ec 27.19 � 2.23 Dc 60.29 � 1.56Ba 83.96 � 0.63Ab 48.90 � 3.38Ce

C 25.82 � 4.07Ec 31.94 � 2.60 Dc 39.02 � 0.30Cc 89.18 � 4.03Aa 77.38 � 3.68Bb

Oz10 21.70 � 0.65Ec 28.11 � 2.34Dc 61.11 � 0.32Ba 79.75 � 1.37Ab 53.90 � 0.75Cd

Oz20 21.40 � 3.40Dc 28.73 � 4.31Cc 50.37 � 3.04Bb 60.72 � 3.76Ad 46.28 � 2.94Be

Org W 53.43 � 3.86Ca 48.32 � 7.3Cb 49.42 � 0.24Cb 92.76 � 7.43Aa 67.46 � 6.93Bc

C 24.24 � 3.09Dc 49.60 � 2.7Cb 51.63 � 3.89Cb 74.03 � 1.40Ac 59.04 � 2.45Bd

Oz10 38.93 � 2.83Db 51.29 � 6.95Cb 50.69 � 3.89Cb 80.66 � 8.96Ab 58.13 � 2.62Bd

Oz20 48.45 � 1.27Ca 60.47 � 4.71Ba 51.21 � 2.65Cb 57.85 � 3.70Bd 84.83 � 1.54Aa

*The means followed by the same capital letters (lines) and case letters (column) were not statistically significant according to the Scott-Knott’s test (*P � 0.05). W: fruit
washed with distilled water; C: fruit immersed in chlorinated water; Oz10: fruit immersed in ozonated water for 10 min; Oz20: fruit immersed in ozonated water for 20 min.
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system, such as found in this study with mango, cv. Palmer and also
described for mangoes, cv. Keitt (Ibarra-Garza et al., 2015).

There was a tendency for the organically cultivated mangoes to
show higher levels of antioxidant activity measured by DPPH after
harvest (Table 3). After 15 d, this difference disappeared, except in
fruit treated in ozonated water for 20 min. At 7 + 8 d, the organic
and conventional mangoes treated with ozonated water for 20 min
showed higher values of antioxidant activity. When the antioxi-
dant activity was analyzed using FRAP (Table 3), the results were
similar to the DPPH on harvest day as well as after 7 d in cold
storage. On those days, there was a trend for the organic mangoes
to show higher antioxidant activity, however that tendency
disappeared after 15 d of storage in the cold chamber. In other
studies, ozone induced an increase in antioxidant activity
measured by DPPH in fruits and vegetables (González-Aguilar
et al., 2007; Alothman et al., 2010; Yeoh et al., 2014). After 7 d in the
cold chamber and 4 d at room temperature, the mango, cv. Palmer
fruit showed higher antioxidant activity when we used the FRAP
method. This result can be attributed to increases observed in TP
(Table 3), regardless of the crop or sanitization method.

3.3. Microbiological analyses

On the day of harvest and after the treatments no Salmonella,
thermotolerant coliforms or S. aureus were found (Table 4).
According to Brazilian legislation (RDC-12, Brazil, 2001), it must
not occur the presence of Salmonella in 25 g of fruit and vegetables
(whole or fractionated) and the maximum content of coliforms at
45 �C should be 102 CFU g�1.
Table 4
Microbial counts (MPN g�1) during the postharvest of organic and conventional mango

Treatments Total coliforms (MPN g�1) 

Cold storage (days postharvest) 

0 7 15 7 + 4 

Org/Water <3 4.3 � 101 <3 9.1 �101

Org/Chlorine <3 <3 <3 <3 

Org/Ozone 100 <3 <3 <3 <3 

Org/Ozone 200 <3 <3 <3 <3 

Conv/Water 2.4 �102 2.4 �102 2.4 �102 2.4 �102

Conv/Chlorine <3 <3 <3 <3 

Conv/Ozone 100 <3 <3 <3 <3 

Conv/Ozone 200 <3 <3 <3 <3 
Our results showed that water did not eliminate total coliforms
from the conventional mangoes (MPN = 240). At 7 d and 7 + 4 d,
these microorganism were observed in the conventional
(MPN = 23) and organic (MPN = 43) mango, cv. Palmer not sanitized
with chlorine or ozonated water. Ozonated and chlorinated water
were efficient at eliminating thermolerant coliforms during the
storage. It was not observed the presence of Salmonella and S.
aureus in mangoes, cv. Palmer, with or without sanitization during
the storage in cold chamber or simulated marketing. Other studies
have confirmed the efficiency of using ozone for sanitation (Karaca
and Velioglu, 2007), as reported for broccoli (Lima et al., 2014) and
papaya (Yeoh et al., 2014).

Because chlorine is not used on organic products, ozonated
water was a good sanitizer for mango, cv. Palmer. Another
important factor when using ozonated water is that the water
can probably be reused. According to Ölmez and Kretzschmar
(2009), ozone does not leave a residue and thus water can be
recycled.

4. Conclusion

In this study using conventional and organic mango, a few
variations were found in relation to compounds with antioxidant
properties that have led us to state that organic mangoes contain
higher quantities of bioactive compounds compared to conven-
tional ones. Ozonated water can be used as an alternative to
chlorine sanitizer without causing damage to mango, cv. Palmer;
specifically, it did not cause a decrease in the levels of substances
with antioxidant potential (ascorbic acid, dehydroascorbic acid,
, cv. Palmer sanitized with chlorine or ozonated water of mango, cv. Palmer.

Thermotolerant coliforms (MPN g�1)

Simulated marketing (days postharvest)

7 + 8 0 7 15 7 + 4 7 + 8

<3 <3 <3 <3 <3 <3
<3 < <3 <3 <3 <3
<3 <3 <3 <3 <3 <3
<3 <3 <3 <3 <3 <3
2.4 �102 <3 <3 <3 <3 <3
<3 <3 <3 <3 <3 <3
<3 <3 <3 <3 <3 <3
< 3 <3 <3 <3 <3 <3
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b-carotene and total phenolic) and can be used with organic foods.
The treatment using ozonated water effectively sanitized the
mangoes, prevented a reduction in quality and avoided the
generation of organic waste.
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