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The present study was carried out in order to evaluate the effect of chlorinated and ozonized water on
the physico-chemical characteristics of broccoli, produced under organic and conventional cultivation
procedures. Organic and conventional broccolis were subjected to two sanitation treatments, using
chlorine and ozone, and were kept under cold storage for seven days. Analyses of pH, titrable acidity,
soluble solids and weight loss were performed and the content of Cu, Mn and Zn was determined. In
addition, the presence of pesticides was verified. The results show no influence of the cultivation
method or the sanitation treatment on sample weight loss. Cultivation methods and sanitizing
treatments affected broccoli pH, titratable acidity, and soluble solids during the evaluation period. No
differences regarding the metal content on organic and conventional broccoli were observed.
Furthermore, the presence of organochlorine compounds, nor other pesticides, was not detected both

in organic and conventional vegetables.
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INTRODUCTION

The consumption of organically grown vegetables has
increased in recent years due to several reasons, such
as consumer wish for foods free from pesticides, with
higher levels of some nutrients and with increased
content of compounds with antimutagenic potential.
Several studies have been conducted on broccoli grown
according to organic and conventional manure, which
show that, when grown organically, this vegetable has a

higher level of some phytochemicals (Naguib et al.,
2012). Organic agriculture is an alternative cultivation
model, involving the practice of vegetable production
without chemical additives or even growth hormones
(Seufert et al.,, 2012). As all other vegetables, when
broccoli are subjected to uncontrolled storage conditions,
physiological changes can quickly lead to senescence,
making tissues more susceptible to attack by
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micro-organisms. Thus, the control of physiological
changes and the maintenance of post-harvest quality can
increase the lifetime of these vegetables (Pinheiro et al.,
2013).

The quality of vegetables is related to their appearance,
soluble solids content, acidity, pH, texture and flavor.
Various techniques can increase fruit and vegetable
lifetime and, among these, the use of sanitizers has been
proven effective, since it acts in the control of micro-
organism growth, which induces deterioration. Chlorine is
by far the most commonly used sanitizer at 100 to 200 uL
L*, due to its low cost. However, it can generate
carcinogens, such as trihalomethanes (THMs), which are
formed when chlorinated water is in contact with humic
and fulvic acids, products of organic matter
decomposition (Gallard and von Gunten, 2002). The
amount of THM clearly reflects water quality and the
adopted practice of chlorinated water treatment, which is
different in different countries. In Germany, as an
example, where water contains low concentrations of
total reduced organic carbon (2 mg L™) and chlorine
dosage is limited below 1 mg L™, the concentrations of
resulting THM are lower than the ones found in United
States (Meyer, 1994). Thus, it is important that chlorine
containing water be free from organic matter and have a
pH between 6.0 and 7.0. Total chlorine up to 200 pL L™ is
allowed by law, although 50 to 100 pL L™ is usually
sufficient for a proper sanitation, if water pH is maintained
between 6.0 and 7.0 (Gorny and Zagory, 2002).
Therefore, it should not be used in food products from
organic farming. Other options are acetic acid, iodine,
hydrogen peroxide and ozone (Klaiber et al., 2005). The
germicidal effect of ozone differs from that of other
sanitizers, by rapidly and directly affecting the cell wall of
pathogens, causing cell rupture and death. Depending on
the type of micro-organism, ozone can act up to 3
thousand times faster than chlorine in inactivating cells
(Chiattone et al., 2008). The concentration of ozone used
as a sanitizer can vary from 0.02 (Chiattone et al., 2008)
to 45 ppm (Olmez and Akbag, 2009). Due to the
increased consumption of organic foods and to the
impossibility to use chlorine sanitation, it becomes
necessary to search for other sanitizers, which may be
used in organic, as well as in conventional, vegetable and
fruit production.

One of the guidelines of organic production is the offer
of foods characterized by quality attributes, such as the
absence of chemical residues and synthetic additives,
leading to high quality products, free of chemical,
physical or biological contaminants (Seufert et al., 2012),
and ozone may be an option for these purposes.

MATERIALS AND METHODS

Broccoli (Brassica oleracea L. cv Italica), produced by organic and
conventional cultivation, were purchased from local producers in
the city of Botucatu, (SP) Brazil. The approximate geographical
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coordinates are 22°44'50" latitude South and 48°34'00" longitude
west (Greenwich), with an altitude of around 765 m. The climate
type is mesothermal, humid subtropical, rainy during the winter
period. The total average annual rainfall is of 1,534 mm, presenting
an average for the wettest month (January) of 242 and 38 mm for
the driest months (July and August). The average annual
temperature is 21°C.

Plants of the same cultivar and of the same physiological age
were purchased, in order to ensure the comparison. Plants were
harvested early in the morning and selected. Broccolis, after being
selected, were washed to remove large impurities, and were
subjected to sanitation treatments with chlorine or ozone. Ozone
treatment was carried out twice. Control experiments were carried
out with tap water in order to simulate home or industry practices.

The sanitation treatment with chlorine consisted of the immersion
of broccoli in water containing 0.1% sodium hypochlorite for 5 min,
while the treatment with ozone was performed by plant immersion
in 186 L container, coupled to an ozone generator for 5 and 10 min
(0.5 ppm per minute). Controls consisted of the immersion of
broccoli in tap water (pH 6.5) for 5 min. Then, broccoli were
selected again, gathered in bundles and stored in cold room at
6+1°C for 7 days, at a relative humidity of 93+1% (Extech RH 520A
thermohigrometer). Samples were collected at the time of arrival
from the field (time 0), after washing with water to remove larger
impurities, after sanitation (time 1) and after 4 and 7 days of cold
storage.

The experimental design was completely randomized, consisting
of eight treatments: organic or conventional broccoli immersed in
water for 5 min, immersed in 0.1% chlorinated water for 5 min, or
soaked in ozonized water for 5 and 10 min. Each treatment
consisted of three replicates of two lots of commercial broccoli. The
experimental parcels (treatments) were constituted of nine plants,
performing three repetitions, each with three broccoli plants.

The weight loss percentage was calculated from Equation 1,
where WL = weight loss (%) W, = initial weight of the vegetable (g)
and W; = weight of the vegetable in a subsequent period (g).

WL (%) = [(Wi- W) /W] x 100 (1)

For the analysis of pH (model HI 4221, Hanna Instruments Brazil),
samples (10 g) were weighed and homogenized with 10 ml of
distilled water. The pH value was determined by potentiometry,
using pH buffer solution (4.01 and 7.01). Instrument calibration was
carried out daily.

The soluble solids (SS) were determined by direct reading on a
digital refractometer (Schmidit/Haensch, model DHR-60) and the
results were expressed in °Brix.

The titratable acidity (TA) was determined according to the
methodology by IAL (2005). After homogenization of broccoli (10 g
in 100 mL of distilled water), the suspension was titrated with a
sodium hydroxide solution (0.1 N NaOH), using phenolphthalein as
indicator. The SS/TA ratio was determined according to the method
of Tressler and Joslyn (1961).

The determination of copper, manganese and zinc was
performed by atomic absorption spectrometry, using a graphite
furnace, after sample mineralization. Measurements were carried
out with a Shimadzu model AA-6800 instrument, equipped with
background absorption correction by a deuterium lamp system, a
pyrolytic graphite tube with integrated platform and an ASC-6100
autosampler. Hollow cathode lamps (Shimadzu) operated at 10 mA
for copper, manganese and zinc, were used. The wavelength used
was 324.7 nm for copper, 279.5 nm for manganese and 213.8 nm
for zinc, with a spectral resolution of 0.5 nm. Argon was used as
inert gas during the heating program, at a constant flow of 1 mL
min, except in the atomization step, in which the gas flow was
stopped. The absorbance peak area signals were determined
(Neves et al., 2009).
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Figure 1. Weight loss (%) in organic and conventional broccoli sanitized with water, chlorine or ozone.

Pesticide residues were qualitatively analyzed by grinding plant
samples (5 g) and extracting with n-hexane (20 mL). The
identification was performed by thin layer chromatography,
according to the methodology described by Moraes et al. (1991).
The results were compared with Diazinon, Malathion, Clhorpiryfos,
Carbofuran and Aldica standards.

For microbiological analysis, vegetables were pulverized in liquid
nitrogen and an aliquot of 25 g was resuspended in 225 mL of
sterile saline peptone solution (0.1%). The vegetable suspension
were diluted in 0.1 M sodium phosphate buffer, pH 7.0, previously
sterilized at 121°C, 1 atm, for 20 min and inoculated into culture
media for the verification of the presence of fungi and bacteria. All
tests were performed in triplicate as described by Manafi (2000)
and APHA (2001). For fungi detection, suspension aliquots (100 pL)
of the plant extract were inoculated on the surface of fungal agar
medium (Himedia) in Petri dishes, previously sterilized and spread
with a Drigalski handle. Plates containing the culture medium and
the inoculum were incubated at 30°C for 120 h. For the detection of
Staphylococcus aureus, Salmonella sp. and Escherichia coli, plant
extract aliquots (100 pL) were inoculated in Petri dishes containing,
Staphylococcus agar nol10 (Himedia), Salmonella Agar Shigella
M108 (Himedia) and agar Hicoliforme Rapido (Himedia),
respectively. The plates containing the culture medium and the
inoculum were incubated at 37°C for 24 h. The culture media used
were chromogenic and allowed the identification of the bacteria,
according the specific staining after growth.

For the detection of fungi, Salmonella and E. coli was verified by
presence (+) or absence (-) of colonies and the total numbers (UFC
gl) of S. aureus was estimates by a direct-counting technique. For
the detection of Total Coliforms and Fecal Coliform, the technique
of the most probable number (MPN) method was used. The
presumptive test was performed by distributing, in triplicate, extract
aliquots (100 pL) 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. Then, aliquots of these

positive cultures (100 pL) were seeded into inverted Durham tubes
containing E. coli broth (EC medium) (5 mL) and incubated for 24 h
in water bath at 44.5°C. Turbidity and gas production within the
medium were considered for test positivity. All the results of these
readings were expressed as most probable number of bacteria per
gram of analyzed material (MPN g™).

For metal and pesticide analyses, samples from day 1 (after
treatments) were used. The analysis of weight loss was performed
daily, for seven days. Microbiological analyses were performed at O,
1, 4 and 7 days for fungi, Salmonella, E. coli and S. aureus, and at
0, 1 and 7 for different types of coliforms. The data were subjected
to analysis of variance (ANOVA) and means were compared by the
Scott-Knott test (p < 0.05), using the Assistat version 7.6 program
(Silva and Azevedo, 2009).

RESULTS AND DISCUSSION

A tendency, although not statistically significant, showing
higher weight loss values in organic broccoli, for all the
sanitization treatments during cold storage, than in
conventional samples (Figure 1), was observed. This
weight loss gradually increased during the experimental
period. The initial value was 6.52 and 21.25% at the last
day of evaluation. Generally, weight loss is attributed to
water loss, and transpiration is the most important cause
of deterioration in post-harvest vegetables (Brackmann et
al., 2005), resulting in quantitative and qualitative
appearance, and losses in textural qualities and
nutritional properties (Reis et al., 2006).

Both chlorine and ozone treatments also induced a
higher water loss in organic broccoli, compared with
conventional plants and with samples simply washed with
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Table 1. Effect of water-washings, chlorine and ozonized water washings on pH and titratable acidity (TA) of organic and

conventional broccoli.

Days of analysis

Treatment pH Titratable acidity (TA)
0 1 4 7 0 1 4 7

Org/Water 5.35°¢ 6.70* 6.35%° 6.39%° 0.59**  0.17%¢ 0.28% 0.29%®
Org/Chlorine 5.35%8 6.53* 6.47" 6.39% 059"  0.27°¢ 0.23% 0.34%®
Org/Ozone 5’ 5.35%8 5.33%® 6.43% 6.47" 0.59%  0.23° 0.20"¢ 0.29%®
Org/Ozone 10’ 5.35%8 6.48% 6.51* 6.45% 0.59"  0.25° 0.17°° 0.34%®
Conv/ Water 6.42%" 6.29"" 6.37* 6.37 0.59*  0.44" 0.17°¢ 0.17°¢
Conv/Chlorine 6.42% 6.39" 6.53* 6.36™ 0.59**  0.40™ 0.17°¢ 0.16"¢
Conv/Ozone 5' 6.42%8 6.21°8 6.62% 6.36%° 0.59**  0.57* 0.15"® 0.15°¢
Conv/Ozone10’ 6.42% 6.33"" 6.35 6.45 0.59**  0.52% 0.15°¢ 0.16*¢
C.V. 1.99 11.66

The CV (coefficient of variation) at p < 0.05 is indicated. Different letters within the same line (capital) and column (lowercase) differ
significantly (n=3) by Scott-Knott test. Cv, conventional cultive; Org, organic cultive; C, cultive; S, sanitation.

tap water. Several studies showed that weight loss does
not depend on the cultivation practice, even if some
authors found differences in vegetables of organic origin.
According to Schuphan (1974), collenchyma of organic
plants is thicker than in conventional ones, leading to a
reduction of water loss. In the present work, we noted
that organic broccoli showed a higher weight loss, even if
without significant differences, with respect to
conventional ones, and with different values from those
reported in literature (Santos et al., 2001), independently
of the sanitation treatment used.

Furthermore, in the sample characterization at day O,
the pH value of organic broccoli was lower than that of
plants cultivated in a conventional manner (Table 1).
Considering sanitizing treatments, only organic broccoli
treated with tap water showed a decrease of pH during
storage. No significant changes of pH values were
observed during the evaluation period in conventional
broccoli, upon washing in tap and chlorinated water
while, when conventional broccoli were subjected to
ozonization treatment for 5 min, sample pH increased in
the fourth day of analysis, similar to that observed at 10
days of storage.

Lower pH values were observed in organic broccoli at
plant arrival from the field. This result was reversed
during storage, and no significant differences were found
at the final days of storage. The values of pH found in the
present study were consistent with those reported by
Artés et al. (2001), reporting on variations from pH 6.50
to 6.72.

In organic broccoli washed with tap water, titrable
acidity decreased immediately after washing (1 day),
regardless the sanitizer used, while it increased at the
seventh days of storage. In conventional broccoli, all
considered sanitation treatments induced a decrease in
titrable acidity during storage (Table 1). In organically
grown broccoli, higher values of TA occurred at the

seventh day of analysis, regardless of the treatment used
for sanitizing.

Probably, the increase of pH values over time,
observed with all treatments, corresponds to the
observed decrease in TA (Table 1), both in organic and in
conventional broccoli. Titrable acidity indicates the
presence of organic acids in plants. With few exceptions,
a low acidity in vegetables increases the susceptibility of
attacks by bacteria and fungi, thus reducing the plant
shelf-life (Pitt and Rocking, 2009). This is an important
factor in the choice of the sanitizer, which is supposed to
maintain the lowest contamination by micro-organisms,
as well as to preserve the other quality parameters.

Soluble solid content in organic broccoli decreased
after immersion in tap water or sanitized with chlorine and
ozone for 10 min; interestingly, it increased from the
fourth day of storage (Table 2).

A decrease in soluble solid content was observed in
conventional broccoli after all the sanitation treatments.
Conversely, when immersed in tap water, soluble solids
showed a considerable increase at the last day of
analysis, reaching a value of 9.75 °Brix.

Conventional and organic production systems differ in
the amount of irrigation water, in the amounts of nutrients
used in fertilizers and in organic matter applied to soll,
especially regarding nitrogen, which, along with other
factors, may influence the synthesis of soluble solids and
other substances (Vallverdd-Queralt et al.,, 2012).
Generally, organic manure is richer in nitrogen containing
compounds. Therefore, it would be expected to reduce
the overall soluble solids in organic broccoli. However,
this effect was not observed in the present study. Py et
al. (1984) reported that an increase of nitrogen manuring,
which generally causes a decrease of plant acidity, may
or may not reduce soluble solids (SS). Generally, SS
increase with postharvest elapsing time by the progress
of biosynthetic processes or by degradation of the cell
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Table 2. Effect of water-washings, chlorine and ozonized water washings on Soluble Solids (SS) (°Brix) and SS/TA ratio on
organic and conventional broccolis.

Days of analysis

Treatment Soluble solid (SS) SS/TA Ratio

0 1 4 7 0 1 4 7
Org/Water 8.95%° 5.87° 8.30° 9.63" 15.17%  3453*  29.64"  33.21™
Org/ Chlorine 8.95%° 7.27°¢ 7.47°¢ 9.37™ 15.17°°  26.93"  32.48"  27.56®°
Org/ Ozone 5' 8.95% 8.67% 9.23%® 11.35% 15.17%°°  37.70®  46.15™  39.13°®
Org/Ozone 10’ 8.95™ 6.80°® 9.03* 8.73% 15.17°¢  27.20®  53.11*  25.68%®°
Conv/ Water 8.67% 6.47°¢ 6.43%C 9.75" 15.17°¢  14.70°°  37.82°"® 5735
Conv/Chlorine 8.67* 4.74°¢ 7.37°® 8.60°" 15.17%°°  11.85°°  39.92°® 53.75"
Conv/Ozone 5’ 8.67 6.83°° 7.53% 8.20%® 15.17*®  11.19°®  49.00™  54.67™
Conv/Ozon10’ 8.67% 7.43 7.70°¢ 9.40°" 15.17°¢  14.28°°  51.33®  5875%
C.V. 3.03 9.89

The CV (coefficient of variation) at p < 0.05 is indicated. Different letters within the same line (capital) and column (lowercase) differ
significantly (n=3) by Scott-Knott test. Cv, conventional cultive; Org, organic cultive; C, cultive; S, sanitation.

wall polysaccharides (Puerta-Gomez and Cisneros-
Zevallos, 2011), which may explain the variations
observed and not only the effect of the sanitizers.

The germicidal effect of chlorine is not selective, while
ozone possesses two modes of action, a selective and a
non-selective one. The use of both these sanitizers could
affect SS content because their action may damage plant
cells, contributing to the change of cytoplasmic
substances (Chiattone et al., 2008), which would
influence SS content in broccoli. However, this effect was
not clearly observed in the present study.

As a consequence, an increase of the SS/TA ratio was
observed in organic broccoli immediately after washing
and regardless of the type of sanitizer used. The SS/TA
ratio remained constant until the 4™ day of storage (Table
2). At day 0, no significant differences between the
modes of broccoli cultivation were found. Soon after
sanitation, the highest SS/TA ratio values were observed
in organic broccoli, with values higher than in control. At
day 4, organic broccoli treated with ozonized water for 10
min showed the highest SS/TA ratio values, whereas the
highest values on the seventh day of evaluation was
found in conventional broccoli after sanitization with
ozonized water for 10 min. It appears that this treatment
induced an increase in the SS/TA ratio, either in organic
or conventional farming.

In the present work, our results showthat the use of
ozone did not affect the SS/TA ratio, thereby no
detrimental effect on this quality parameter was
observed. Interestingly, the SS/TA ratio is one of the
parameters used to evaluate fruit and vegetable flavor,
that is the higher the values for the SS/TA ratio, the better
the taste.

The analyses of metals (Cu, Mn and Zn) were
performed immediately after sanitation, showing no effect
of cultivation procedure or sanitizer treatment. Organic

broccoli showed a copper content of 5.2 mg kg™; 26 mg
kg™" of manganese and 40.2 mg kg™ of zinc; whereas in
conventional broccoli, 4.8 mg kgl of copper; 21.8 mg kg™
of manganese and 46.2 mg kg™ of zinc, were detected.

In a review on the differences between organic and
conventional vegetables, Worthington (2001) reported on
41 studies on plant mineral content. Results indicate that
regarding copper and zinc, in around 10% of reviewed
papers, the highest metal content was found in organic
food, differently from the data obtained in the present
study. Regarding manganese, the same author found
that around 50% of the considered studies showed higher
Mn levels in organic vegetables than in conventional
ones. Also in this case, our findings did not corroborate
this data. Other works reported no significant differences
in plant manganese and zinc content, regarding
cultivation method, as in the study on leaves and stems
of Vitis vinifera L. grown in the two cultivation modes
(Nikolaidou et al., 2010). Similar results were obtained by
Warman and Havard (1997) on potatoes and corn
produced in the two ways for three consecutive years,
where showed no significant differences in Cu, Mn and
Zn content in tubers and leaves were found.

As regards organochlorine and other pesticide
residues, no differences between the two cultivation
modes, organic and conventional, were found in the
studied broccoli samples, since analyzed pesticides were
not detectable. Other studies reported on the presence of
contaminants in conventionally grown vegetables, such
as in organic and conventional beets, in which
organochlorines were found in leaves and peels. The
absence of pesticides, as qualitatively determined, was
observed both in organic and conventional vegetables.
Accordingly, the absence of pesticides in organic
vegetables, by qualitative analysis, was already shown by
Lima et al. (2012). This finding is important in order to



Table 3. Effect of water-washings, chlorine and ozonized water washings on microorganisms of organic and conventional broccoli during of storage in cold chamber.

Lima et al.

Microrganism

Treatment Fungi Salmonellasp. E.coli S. aureus (CFU g™ Coliforms (MPN g™) Thermotolerant coliforms (MPN g™
014701470147 0 1 4 7 0 1 7 0 1 7
Org/Water + o+ o+ o+ - - - - - - - - o22x10® <10 <10° <10°  9.1x10% 2.4x10* 4.6x10"°  4.6x10% 93" 2.3x10%
Org/Chlorine  + - + + - - - - - - - - 22x10™ 1.7x10%® 2.0x10%* 3.7x10%® 9.1x10%* 2.4x10°®® 2.1x10®®  4.6x10%* 36° 1.1x10%
Org/ Ozone 5 + - - - - - - - - - - - 22x10"® <10 <10° <10  9.1x10% 2.4x10*° 2.3x10®  4.6x10%* 43° 1.1x10%°
Org/lOzon10’ + - - - - - - - - - - - 22x10® <10 <10° <10  9.1x10% 2.4x10%° 2.4x10%®  4.6x10%* 36° 9.1x10%
Conv/Water + + + + - - - - - - - - 1.0x10® 7.5x10% 7.6x10% 5.7x10% 1.5x10®® 2.4x10°° 2.3x10*  9.1x10" - 4.6x10%
Conv/Chlorine + + - - - - - - - - - - 1.0x10%® <10 <10° <10°  1.5x10%° 2.4x10* 1.5x10™ = 9.1x10% - 2.4x10%
Conv/Ozone5 + - - - - - - - - - - - 1.0x10%® <10 <10° <10  1.5x10%® 1.1x10*° 1.1x10™®  9.1x10% - 4.6x10%
Conv/Ozon10’ + - - - - - - - - - - 10x10%® <10 <10° <10°  1.5x10%° 1.1x10%° 1.1x10"®  9.1x10% - 4.6x10%

The bars represent standard deviations. Values with different characters (lowercase) in line for the same treatment time differ significantly (p < 0.05). +, Presence ; -, absence. CFU, colony-forming

units; MPN, most probable number.

characterize organic cultivation mode, and it is
important, as well, for consumers of conventional
broccoli.  Certainly, pesticides used by
conventional farmers had already been degraded,
or it may be that the washing procedure on
broccoli was effective in residue elimination. Thus,
in the present work, residue content does not give
any additional information about the differences
between organic and conventional broccoli.

Fungi were detected in conventional broccoli,
immersed in tap water and treated with
chlorinated water (Table 3). The treatments with
ozone 5 and 10’ showed no fungal growth in
tested samples and the elimination of fungi
occurred short after the processing. Our results
shows the efficiency of ozone in the elimination of
fungi, even if other studies reported that, even at
longer ozone exposure times, the appearance of
fungi, coliforms and S. aureus (Najafi and
Khodaparast, 2009) was determined. During the
post-harvest period, the presence of micro-
organisms can compromise vegetable life-time
and the use of ozone for eliminating fungi can be

recommended for broccoli.

In conventional broccoli, the treatment with

chlorine and ozonized water for 5 and 10 min was
effective in reducing microbial load as S. aureus
(Table 3). The efficiency of ozone can also be
observed in organic broccoli.
The culture media chromogenic and fluorogenic
are some specific bacterial serotypes. The
medium Salmonella agar Shigella M108 (Himedia)
allows to detect serotypes typhimurium (14028),
typhi (6539) and enteritidis (13076). The medium
agar Hicoliforme Rapido (Himedia) used the
enzyme B-glucoronidase for detection of E. coli,
however the main characteristics that distinguish
E. coli O157: H7 (Enterohaemorrhagic E. coli,
EHEC) from other strains are poor or no growth at
44°C and the inability of using the sorbitol and
produce the enzyme B -glucoronidase. These
differences were not detected in analyzes of fecal
coliforms by the most probable number method
(MPN) which utilizes the fermentation of lactose to
44.5°C and neither in direct analysis of E. coli using
substrates for this enzyme.

It was found that considered samples studied did
not show the presence of Salmonella sp.. The
sanitary quality of organic and conventional
broccoli remained within the standards of
acceptability for human consumption, in relation to
the absence of contamination by Salmonella
(FDA, 2002). In mature and immature “cantalupo”
melons (Cucumis melo) exposed to ozone gas
(10,000 ppm for 30 min under reduced
atmosphere) the Salmonella microbial load
decreased, with a maximum reduction to 4.2 and
2.8 log CFU (Selma et al., 2.008), respectively.

As regards total and fecal coliforms (Table 3),
sanitation treatments significantly decreased the
number of microorganisms in conventional and
organic broccoli after one day storage. However,
after seven days, microbial load increased in both
organic and conventional broccoli.

In relation to contamination by thermotolerant
coliforms and E. coli, organic and conventional
broccoli, stored for seven days, remained within
the standards of acceptability for human consum-
ption, according to FDA (2002) in relation to vege-
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table quality.

Other studies also confirmed the efficiency of ozone
action as sanitizer. Yuk et al. (2007) studied the effect of
ozone and citric acid on mushroom quality. They
observed that the combination of ozone and citric acid
was more effective in eliminating the presence of E. coli
than the simple treatment with ozone. In lettuce, sanitized
with ozone and chlorine, the treatment with ozone and
chlorine induced a reduction of coliforms, compared with
washing with tap water (Beltran et al., 2005). Alexandre
et al. (2011) studied the action of ozone and other
sanitizers on the cold storage of strawberry, and they
found that samples pre-treated with ozone showed a
reduction of microbial load, in comparison to samples
treated with ultrasound and UV radiation.

Conclusion

In the present study, broccoli, coming from organic and
conventional cultivation practice, was analyzed. The
different cultivation mode, organic or conventional,
coupled with washing treatments, significantly influenced
TA and SS. No influence of cultivation methods on Cu,
Zn and Mn content was observed. Furthermore, the use
of ozone did not alter the physico-chemical properties of
broccoli, regardless the method of cultivation, suggesting
that it may be a promising alternative as sanitizer. Finally,
ozone was effective in reducing microbial load, as
regards fungal and bacterial contamination, in broccoli
and it can be successfully used to replace other
sanitizers.
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