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a  b  s  t  r  a  c  t

A  sequential  oxidative  treatment  (SOT),  using  sodium  hypochlorite  (NaClO)  and  hydrogen  peroxide
(H2O2)  in  the  presence  of  a  cupric  salt inhibited  in vitro  growth  and  germination  of  Penicillium  digita-
tum  conidia,  causal  agent  of  citrus  green mold.  Here,  modifications  of  this  SOT  were  evaluated  in  vivo  to
control  this  disease  in  inoculated  lemons.  The  treatment  that  consisted  of  two  sequential  2-min  baths:
one  with  200  mg  L−1 NaClO  followed  by a second  with  600  mmol  L−1 H2O2 in  the presence  of  6 mmol  L−1

CuSO4,  resulted  in  50%  of  disease  control.  When  this  treatment  was  combined  with  a third  2-min  bath
containing  30  g  L−1 NaHCO3 at  37 ◦C (SOT-NaHCO3) and applied  at 24  h post-inoculation,  green  mold  inci-
dence  was  reduced  to  ∼5%. In  non-inoculated  lemons  stored  at 5 ◦C  for 45 d,  this  treatment  did  not  modify
odium bicarbonate the  appearance  or weight  compared  to untreated  lemons.  Furthermore,  phenolic  content  and  the  oxygen
consumption  rate in  flavedo  and  albedo  tissues  were  not  affected  by the  SOT-NaHCO3. The malondialde-
hyde  content  in flavedo  tissues  increased  immediately  after  treatment,  but  decreased  to  levels similar
to  control  fruit  2 d  later.  The  SOT-NaHCO3 combines  compounds  that are  safe  to  the environment  and
human  health,  thus  it represent  a potential  alternative  to synthetic  fungicides  for  the  integrated  control
of  postharvest  diseases.
. Introduction

Green mold, caused by Penicillium digitatum Sacc., is one of the
ost important postharvest diseases of citrus (Eckert and Brown,

986). It affects on average 5–8% of the total fruit handled (Eckert
nd Eaks, 1989), and results in a significant economic loss to both
rowers and packers. To maintain shelf-life and fruit quality in the
arket, control of postharvest diseases is crucial, because transport

nd marketing from producers to consumers requires a long time
weeks to months). Synthetic fungicides such as imazalil (IMZ) and
hiabendazole are routinely used to control green mold (Holmes
nd Eckert, 1999; Smilanick et al., 1999). Appearance of fungicide-
esistant strains of P. digitatum has led to increases in fungicide
oses in order to sustain their effectiveness as antifungal treat-
ents (Bus et al., 1991; Holmes and Eckert, 1995). However, this
ractice can lead to an excess of fungicide residues in the fruit,
hich sometimes exceed maximum limits allowed by importing

ountries. Hence, there is an urgent need to develop alternative

∗ Corresponding author. Tel.: +54 3814248921; fax: +54 3814248921.
E-mail address: sabrina@fbqf.unt.edu.ar (S.I. Volentini).
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© 2011  Elsevier  B.V.  All rights  reserved.

technologies to control decay in citrus, which should be safe to
consumers, workers, and the environment (Palou et al., 2002a, b;
Venditti et al., 2005). Several alternatives show promise, but until
now none alone is as effective as synthetic fungicides.

Carbonic acid salts, such as sodium carbonate (Na2CO3, soda
ash) and sodium bicarbonate (NaHCO3), are common food additives
permitted for many applications with no restrictions (Smilanick
et al., 1997, 1999; Palou et al., 2001). In general, carbonic acid
salts are considered to be good candidates to be used in combi-
nation with other chemical, physical or biological methods for the
integrated control of postharvest diseases Narayanasamy (2006).

Oxidizing biocides, such as chlorine and peroxides, are preferred
for general sanitation due to their low cost and availability. Chlo-
rine and some hypochlorite salts have been used for many years to
sanitize drinking water, fruit and vegetables, and food processing
equipment. Hydrogen peroxide has been successfully used in dis-
infection treatments of minimally processed fruit and vegetables
(Smilanick et al., 1995; DeQueiroz and Day, 2007), and has been

experimentally applied for control of postharvest decay in fresh
fruit (Simmons et al., 1997; Sapers et al., 2001). Moreover, chlo-
rine reacts with natural organic matter or contaminants in surface
waters and produces a complex mixture of disinfection by-products

dx.doi.org/10.1016/j.postharvbio.2011.08.006
http://www.sciencedirect.com/science/journal/09255214
http://www.elsevier.com/locate/postharvbio
mailto:sabrina@fbqf.unt.edu.ar
dx.doi.org/10.1016/j.postharvbio.2011.08.006


3 logy a

(
g

r
t
s
c
p
2
t
G

n
c
2
g
c
m
a
b
e

w
p
u

2

2

m
R
o
t
a

2

c
o
g
d
t
t
C
c
m
f

2

a
a
f
t

2

m
1
j
c
p

4 L. Cerioni et al. / Postharvest Bio

DBPs), some of which have been shown to be carcinogenic, muta-
enic and/or teratogenic in animal studies (Ferraris et al., 2005).

Transition metals (e.g. copper and iron) act as catalysts in free
adical formation (Halliwell and Gutteridge, 1992). By reacting with
hese metals, NaClO and peroxides can generate reactive oxygen
pecies (ROS) (Candeias et al., 1993; Dukan and Touati, 1996). In
ells, ROS can exert either beneficial effects by mediating several
hysiological processes (Tomankova et al., 2006; Yoshioka et al.,
009), or damage nucleic acids, lipids, carbohydrates and proteins
hat lead to cellular injury (Imlay and Linn, 1988; Halliwell and
utteridge, 2006).

A sequential oxidative treatment (SOT), consisting of a combi-
ation of NaClO and H2O2 in the presence of Cu(II) ions, inhibited
onidial growth and germination of P. digitatum (Cerioni et al.,
009). This treatment was  also effective against other citrus fun-
al pathogens, such as Penicillium italicum (blue mold), Geotrichum
itri-aurantii (sour rot) and an IMZ-resistant P. digitatum strain. The
echanism of action of SOT on P. digitatum conidia was  linked to

n increase in intracellular oxidative stress markers and in mem-
rane permeability, without apparent cell wall damage (Cerioni
t al., 2010).

In this work, the in vivo effectiveness of SOT against green mold
as studied in inoculated lemons. Furthermore, the physical and/or
hysiological properties in non-inoculated lemons peel were eval-
ated after treatment application.

. Materials and methods

.1. Fruit

Eureka lemons (Citrus limon (L.) Burm) were collected from com-
ercial orchards in Tucumán (Argentina) and stored at 5 ◦C and 90%

H. Lemons used in the study were free from previous treatment
r coating. Before each treatment, fruit were selected according to
heir size and color and were randomized, rinsed with tap water,
nd allowed to air-dry at room temperature.

.2. Preparation of conidial suspensions

An isolate of P. digitatum was obtained from naturally infected
itrus fruit (Tucumán, Argentina) and deposited as PD-A in our lab-
ratory collection (Cerioni et al., 2009). The P. digitatum isolate was
rown on potato dextrose agar (PDA), pH 5.5, at 28 ◦C for 7 to 14
. After that, conidia were suspended in sterile distilled water con-
aining 0.05% (v/v) Tween 80, vortexed for 5–10 s and then filtered
hrough two layers of cheesecloth to remove hyphal fragments.
onidia concentration was determined by counting in a Neubauer
hamber and adjusted with sterile distilled water to 106 conidia
L−1 as recommended for the evaluation of postharvest treatments

or the control of green mold (Eckert and Brown, 1986).

.3. Inoculation, application of treatments and storage

For fruit inoculation, the tip of a stainless steel rod, 1 mm wide
nd 2 mm  in length, was immersed in a conidial suspension of PD-A
nd then inserted in the lemon peel. Inoculated fruit were stored
or 24 h at 20 ◦C and 90% RH. After that, inoculated lemons were
reated as described below.

.3.1. SOT
Inoculated lemons were subjected to sequential oxidative treat-

ents. In the first incubation, they were immersed in 10 L of either

00 or 200 mg  L−1 NaClO solutions. After this, lemons were sub-

ected to a second incubation in a 10 L mixture containing different
oncentrations of H2O2 (100, 200, 300 and 600 mmol L−1) in the
resence of 6 mmol  L−1 CuSO4 (see Fig. 1A). Both incubations were
nd Technology 63 (2012) 33–39

for 2 min  at 25 ◦C. The dip solutions were prepared using tap water.
To avoid precipitation of CuSO4, the water pH was  adjusted to 5 by
adding concentrated HCl. The temperature effect on disease con-
trol was  also evaluated by changing it to 37 or 42 ◦C in the second
incubation bath (H2O2 and copper). In parallel, infected fruit were
dipped in water alone as a control treatment.

2.3.2. IMZ or NaHCO3
Inoculated lemons were treated with either 50–100 mg  L−1 IMZ

at 25 ◦C or 30 g L−1 NaHCO3 at 37 ◦C, each for 2 min.

2.3.3. SOT with IMZ or NaHCO3
Using inoculated lemons, a SOT with 200 mg  L−1 NaClO and

600 mmol  L−1 H2O2 in the presence of CuSO4, was  evaluated in
combination with a third incubation with either 50–100 mg  L−1 of
the fungicide IMZ  at 25 ◦C or 30 g L−1 NaHCO3 at 37 ◦C. All incuba-
tions were for 2 min.

2.3.4. SOT with NaHCO3 application at different post-inoculation
times

Lemons inoculated with PD-A were stored at 20 ◦C and 90% RH
for different times (0, 8, 18 or 24 h). After each time, SOT and 30 g L−1

NaHCO3 dips were applied (see Fig. 1B).

2.3.5. Storage of fruit
After treatments, lemons were left to air-dry and placed in plas-

tic commercial fruit trays. Treated fruit were stored at 20 ◦C and
90% RH for 14 d. The incidence of disease was periodically evaluated
and expressed as percentage of decayed fruit. For each treatment,
3 independent experiments in duplicate using n = 25 for each con-
dition were tested.

2.4. Physical and physiological parameters of lemons after
SOT-NaHCO3

Non-inoculated lemons were treated with SOT-NaHCO3 as
described above (Fig. 1B), with water as the negative control or
with 4.85 mol  L−1 H2O2, a concentration considered phytotoxic to
the fruit, as a positive control (Smilanick et al., 1995). Lemons were
incubated at 5 ◦C and 95% RH for 45 d. The physical and physio-
logical parameters described below were determined immediately
(0 h) and at 2, 7 and 45 d after treatments.

2.4.1. Weight and external appearance determination
Periodically, lemons were weighed and their surfaces were

visually analyzed (n = 10 for each condition, 3 independent experi-
ments).

2.4.2. Measurement of oxygen consumption
Respiration was  measured polarographically with a Clark elec-

trode (Yellow Springs Instrument Co. USA) and recorded in a Gilson
oxygraph (Gilson Medical Electronics, Inc. USA), in a thermostatic
cell for 30 min  using 2 mL  samples. Oxygen consumption rate
was determined in flavedo and albedo samples of treated lemons.
Flavedo (about 55 mg)  and albedo (about 65 mg) samples were pre-
pared from the lemon peel with a grater to obtain small uniform
particles. Immediately, samples were placed in the cell oxygraph
at 30 ◦C in 50 mmol  L−1 sodium phosphate buffer, pH 7.5. Oxygen
consumption was recorded at least for 15 min. After normalizing
oxygen consumption per mg  of sample, the oxygen consumption
rate was calculated as a percentage of consumption of the negative
control at time zero (see Section 2.4).
2.4.3. Degree of lipid peroxidation
The quantity of malondialdehyde (MDA) was measured by

adapting the procedure previously described by Hodges et al.
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Fig. 1. Scheme of sequential treatments. X: different c

1999).  Flavedo and albedo from treated lemons were separated
sing a scalpel and then homogenized in a mortar with inert sand in
:25 (g FW/mL) 80:20 (v/v) ethanol:water, followed by centrifuga-
ion at 14,000 × g for 10 min. A 1 mL  aliquot of the supernatant was
dded to a test tube with 1 mL  of either (a) -TBA solution, comprised
f 20% (w/v) trichloroacetic acid and 0.01% (w/v) butylated hydrox-
toluene, or (b) +TBA solution, containing the above plus 0.65%
w/v) TBA. Samples were then mixed vigorously, heated at 95 ◦C
n a block heater (Multiblok ZC 100, Zeltec, Argentina) for 25 min,
ooled, and centrifuged at 14,000 × g for 10 min. Absorbance was
ead at 440, 532, and 600 nm.  Malondialdehyde equivalents were
alculated according to Hodges et al. (1999).

.4.4. Phenolic content
To determine the content of phenolic compounds, the tech-

ique of Swain and Hillis (1959) was used. Briefly, 200 mg  of lemon
avedo or albedo were homogenized with 1 mL  of 80% (v/v) ethanol
nd then centrifuged at 14,000 × g for 10 min. A 100 �L aliquot
f supernatant was mixed with 500 �L of 1 N Folin–Ciacalteau
olution and 5 mL  of 2% (w/v) Na2CO3 and then incubated at

oom temperature for 10 min. After centrifugation at 14,000 × g for
0 min, the absorbance of supernatant was measured at 724 nm.
henolic concentration was determined from a standard curve with
innamic acid.
trations of NaClO, Y: different concentrations of H2O2.

2.5. Statistical analysis

The experimental data shown are the mean of 3 replicate sam-
ples ± SD. Data were subjected to analysis of variance (ANOVA)
followed by Tukey’s test with Statitix 9.0 Analytical Software 2008
for Windows (USA). Differences at p < 0.05 were considered signif-
icant.

3. Results

3.1. In vivo application of SOT

SOT previously standardized in vitro was applied in vivo and was
ineffective to control citrus green mold (data not shown). Therefore,
we tested some variation in increasing the concentrations of oxidiz-
ing compounds. As shown in Fig. 2, SOT using 200 mg L−1 NaClO plus
600 mmol  L−1 H2O2 in the presence of 6 mmol L−1 CuSO4, resulted
in partial disease control, with an incidence of ∼50%.

3.2. Optimization of SOT
SOT (with the oxidizing compounds concentrations described in
Section 2.3.1) was  applied to lemons 24 h post-inoculation with P.
digitatum conidia changing the following parameters: (a) increas-
ing the temperature in the second bath, (b) adding a third bath with
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Fig. 2. Green mold incidence of lemons inoculated with PD-A after in vivo SOT
applications. SOT was  applied as was described in Fig. 1A, 24 h post-inoculation
with the indicated NaClO and H2O2 concentrations and a fixed CuSO4 concentration
(6  mmol L−1). Percent incidence of decay at 14 d after treatment application was
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Fig. 4. Green mold incidence of infected lemons treated with SOT-NaHCO3. Each
treatment was  applied in vivo as was  described in Section 2, 24 h post-inoculation.
Percent incidence of decay was calculated with respect to total inoculated fruit for
each condition at 14 d after treatment. Data are means of 3 independent experi-

red to bronze discoloration limited to the flavedo was observed
−1
re means of 3 independent experiments in duplicate using n = 25 for each condition
ested. Different letters indicate significant differences among treatments according
o  Tukey’s test with a p-value of 0.05.

he fungicide imazalil (IMZ) or (c) adding a third bath with NaHCO3
t 37 ◦C (see Fig. 1B). IMZ  was used at 50 or 100 mg  L−1, which is
0–40 times lower than concentrations used in packinghouses. The
aHCO3 concentration used in these assays was 30 g L−1, as it is
urrently applied in packinghouses.

As shown in Fig. 3, the temperature rise to 37 or 42 ◦C in the sec-
nd bath had a negative effect in controlling green mold, since the
isease incidence was higher than that of SOT at 25 ◦C. In addition,
OT with IMZ  50 or 100 mg  L−1, resulted in 40% and 20% of disease
ncidence, respectively, whereas IMZ  alone completely controlled
he disease (data not shown). Thus, a combination of SOT with IMZ
esulted in an antagonistic effect. Conversely, a combination of SOT
ith 30 g L−1 NaHCO3 was effective in controlling the disease, since

he incidence diminished to nearly 5% (Fig. 4).

.3. Influence of post-inoculation time on SOT-NaHCO3
ffectiveness

To identify the optimal time for controlling infection of lemons

y P. digitatum with SOT-NaHCO3 we treated the fruit at differ-
nt post-inoculation times. The combination of SOT with NaHCO3
as effective at all times tested, but it had a maximum effect on

reen mold control when it was applied 18 or 24 h post-inoculation
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ig. 3. Green mold incidence of lemons inoculated with PD-A treated with SOT at
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OT consisting of a first bath with 200 mg  L−1 NaClO followed by a second bath with
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ure. Percent incidence of decay was calculated with respect to total inoculated fruit
or  each condition at 14 d after treatment. Data are means of 3 independent exper-
ments in duplicate using n = 25 for each condition tested. Different letters indicate
ignificant differences among treatments according to Tukey’s test with a p-value
f 0.05.
ments in duplicate using n = 25 for each condition tested. Different letters indicate
significant differences among treatments according to Tukey’s test with a p-value
of 0.05.

(Fig. 5). Interestingly, the time between fruit harvest and arrival at
packinghouses ranges between 15 and 24 h. Nevertheless, the effec-
tiveness of treatments using SOT or NaHCO3 alone, were dependent
on post-inoculation time. In Fig. 5, it was observed that SOT only
protected the fruit when applied after 18 h of inoculation, and the
NaHCO3 lost effectiveness with increasing time post-inoculation.

3.4. Effect of SOT-NaHCO3 on physical and physiological
parameters of lemon

Changes in treated lemon weight were not significant compared
to control lemons, treated with water. Between 0 and 45 d of stor-
age in a refrigerated room, the differences in weight were: 6.6 ± 2 g
for negative control, 8.3 ± 1.4 g for NaHCO3-SOT and 6.6 ± 1.8 g for
positive control (4.85 mol  L−1 H2O2).

As determined visually, surfaces of SOT-NaHCO3 treated lemons
did not show changes during the 45 d storage period. However, a
in fruit treated with 4.85 mol  L H2O2 approximately 10 d after
treatment (data not shown).
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Fig. 5. Green mold incidence of infected lemons treated at different times after inoc-
ulation. Lemons inoculated with PD-A were treated with SOT alone, NaHCO3 alone
or  SOT-NaHCO3 (see Section 2 and Fig. 1B) at the indicated times after inoculation.
Percent incidence of decay was calculated with respect to total inoculated fruit for
each condition at 14 d after treatment. Data are means of 4 independent experi-
ments in duplicate using n = 50 for each condition tested. Different letters indicate
significant differences among treatments according to Tukey’s test with a p-value
of 0.05.
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ased on negative control at time zero. Data are means of 3 independent experimen
arameters (small letters for flavedo, capital letters for albedo), indicate significant

Oxygen consumption in peel samples of lemons treated
ith SOT-NaHCO3 was similar to that of control lemons and
as kept constant during the storage period (Fig. 6A and B).
owever, the consumption rates were different for each tis-

ue. At time zero, the control oxygen consumption in albedo
as 135 ± 43 pmol/min mg  FW and in flavedo 214 ± 37 pmol/
in  mg  FW.
The MDA  content of control lemon peel was similar in flavedo

nd albedo, at time zero being 45.5 ± 10 and 37.6 ± 8 nmol/g FW,
espectively. At the same time, MDA  content in flavedo of lemons
reated with the SOT-NaHCO3 or 4.85 mol  L−1 H2O2 showed a sig-
ificant increase, but it was not observed in albedo tissue (Fig. 6C
nd D). The second day after treatments, the MDA  content in flavedo
ecreased and remained as the negative control up to 45 d.

In addition, phenolic compound levels on lemons treated with
OT-NaHCO3 or 4.85 mol  L−1 H2O2 were similar to those observed
n controls (Fig. 6E and F).
. Discussion

We have previously standardized in vitro a SOT, consisting of two
equential incubations, first with NaClO, and second with H2O2 in
nolic content in flavedo (E) and albedo (F). In all cases, percentages were calculated
duplicate using n = 10 for each condition tested. Different letters in each tissue and
ences among treatments according to Tukey’s test with a p-value of 0.05.

the presence of CuSO4 (Cerioni et al., 2009). When this SOT  was
applied to lemons inoculated with P. digitatum conidia (data not
shown), green mold was  unsatisfactory controlled. Consequently,
we increased the concentrations of oxidizing compounds in vivo by
using 200 mg  L−1 NaClO and 600 mmol  L−1 H2O2 in the presence of
6 mmol  L−1 CuSO4. As a result, a decrease in disease incidence was
achieved with these concentrations, but SOT alone did not effec-
tively control green mold. It has been reported that an increase in
temperature to 50 ◦C, improves disease control effectiveness with
minimal increase in the risk of injury to the fruit (Smilanick et al.,
1997, 2003; Palou et al., 2001). However, increases in tempera-
ture in the second bath did not improve SOT efficacy. This may
be related to a temperature-induced instability of H2O2 (Schumb,
1949). The SOT was also tested in combination with IMZ, the most
widely used synthetic fungicide in citrus packinghouses. There was
an antagonistic effect between the two  compounds. In agreement
with this finding, Kanetis et al. (2008a) reported that efficiency of
IMZ  decreases when combined with oxidizing compounds. More-
over, it is known that at low pH (as occurs in SOT), IMZ  reduces its

fungicide action on fungal pathogens (Smilanick et al., 2005).

Sodium bicarbonate has been widely evaluated for postharvest
disease control and generally, it is used in association with other
treatments (Smilanick et al., 1999; Palou et al., 2001). By using the
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OT-NaHCO3, we obtained an additive effect among compounds
hat reduced the incidence of green mold up to 95%. Since the effect
f this treatment was optimal around 24 h post-inoculation (Fig. 5),
e consider that the treatment is more effective when conidia start

o germinate. This is in agreement with our previous results that
ndicated that fungi are more sensitive to the SOT in the mycelial
tage (Cerioni et al., 2010).

The observed additive effect may  be due to the different tar-
ets of the compounds included in the SOT-NaHCO3 used. Whereas
OT generates oxidative stress and damages the pathogen directly
Cerioni et al., 2010), NaHCO3 salt prevents infection by fungal
athogens, which need an injury on the fruit surface, by leaving

 protective film against future infections (Venditti et al., 2005).
ccording to the work by Usall et al. (2008),  sodium bicarbon-
te treatment protects wounds present at the time of treatment
rom later infections, but it does not protect the uninjured rind
rom later infections. When applied alone, sodium carbonates are
artially effective in controlling green mold on lemons (Smilanick
t al., 1995), oranges (Smilanick et al., 1997, 1999; Palou et al.,
001) and, with less effectiveness, clementine mandarins (Palou
t al., 2002a).  Although, it has not been completely elucidated, their
ode of action appears to be primarily fungistatic and in contrast

o synthetic fungicides, these salts are not very persistent fungi-
ides. Bicarbonates may  act against fungi by buffering an elevated
H environment and by increasing osmotic levels on surfaces, both
onditions being detrimental to fungal spores (Palmer et al., 1997).
here is evidence that high pH alone cannot explain the inhibitory
ction of these salts (Homma  et al., 1981). And that other mech-
nisms (e.g. inactivation of extracellular enzymes from Penicillium
pecies and alteration membrane physiology by direct contact with
he cellular membrane at concentration below saturation) may  be
nvolved (Palmer et al., 1997). Thereby, the SOT-NaHCO3 protects
emons by at least a direct action on the fungus itself and by favor-
ng wound healing. Further studies are needed to define if other

echanisms are also involved.
Synthetic chemical fungicides generally have a specific action

ite (Schmidt et al., 2006; Kanetis et al., 2008b).  After repeated
xposures to the fungicide, resistant mutants become progressively
revalent in the pathogen population. In contrast, oxidative stress
roduced by the SOT involves damage to different cellular levels.
hus, the emergence of resistant fungal strains will be relatively
nlikely.

Lemons treated with SOT and sodium bicarbonate were periodi-
ally assessed during long refrigerated storage. Our results indicate
hat upon application of the oxidative treatment, the physiological
tate of fruit peel in stored lemons did not show significant differ-
nces compared to the control. The only parameter that changed
as the level of MDA  in lemon flavedo treated with oxidative treat-
ents (SOT-NaHCO3 and 4.85 mol  L−1 H2O2) immediately after

reatment (time zero), but it reached levels similar to the negative
ontrol two days after. In this context, it has been reported that
tress (drought and salinity) and MDA  appearance were linked to
educed activity of antioxidant enzymes and a decrease in polar
ntioxidant compounds (ascorbic acid and glutathione) (Hossain
t al., 2009). In citrus plants exposed to abiotic stress (e.g. flooding,
alinity), it also induced the synthesis of dehydrin proteins, free
adical scavengers which prevent lipid peroxidation and chelates
etals (Hara et al., 2004, 2005). The antioxidant compounds

resent in lemon peel (Alquezar et al., 2008; Guimaraes et al., 2010)
ay  contribute to the rapid decline of MDA  values to control levels.
In plants, many of the antioxidant compounds have a pheno-

ic structure or are derived from phenolic compounds (Rice-Evans

t al., 1996). For example rutin and quercetin are also effective
ntioxidants and chelating agents (Mira et al., 2002). However, in
his work total phenolics in flavedo and albedo did not change after
pplication of SOT-NaHCO3.
nd Technology 63 (2012) 33–39

In summary, this study presents a promising strategy that com-
bines methods to effectively control postharvest green mold of
citrus fruit and offers an alternative to the use of conventional
fungicides used now in citrus packinghouses. SOT-NaHCO3 appli-
cation to P. digitatum infected lemons significantly reduced green
mold incidence. This treatment consisted of three 2-min sequen-
tial baths: first 200 mg L−1 NaClO, second 600 mmol L−1 H2O2 in
the presence of 6 mmol  L−1 CuSO4, and third 30 g L−1 NaHCO3.
After this treatment, no changes in appearance or weight were
observed in the fruit. In addition, phenolic contents and oxygen
consumption rates in flavedo and albedo tissues were not affected.
The SOT-NaHCO3 established in this study may  be an efficient
and alternative way for controlling of P. digitatum and other cit-
rus postharvest pathogens, decreasing or replacing the application
of synthetic fungicides. In addition, this treatment includes com-
pounds that break down quickly and therefore, are harmless to
lemons, the environment, and human health.
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