J Food Sci Technol (January 2017) 54(1):253-259
DOI 10.1007/s13197-016-2457-8

@ CrossMark

ORIGINAL ARTICLE

o
AT
food rafessianals

Enfwering Jood frofeas

Control of browning of minimally processed mangoes subjected

to ultraviolet radiation pulses

Aline Ellen Duarte de Sousa' - Kelem Silva Fonseca” - Wilny Karen da Silva Gomes> -
Ana Priscila Monteiro da Silva® - Ebenézer de Oliveira Silva' - Rolf Puschmann?

Revised: 1 September 2016/ Accepted: 16 December 2016/ Published online: 23 December 2016

© Association of Food Scientists & Technologists (India) 2016

Abstract The pulsed ultraviolet radiation (UVp) has been
used as an alternative strategy for the control of microor-
ganisms in food. However, its application causes the
browning of minimally processed fruits and vegetables. In
order to control the browning of the ‘Tommy Atkins’
minimally processed mango and treated with UVp
(5.7 J cm™?) it was used 1-methylcyclopropene (1-MCP)
(0.5 uL L™"), an ethylene action blocker in separate stages,
comprising five treatments: control, UVp (U),
I-MCP + UVp M+ U), UVp+ 1-MCP (U+ M) e
1-MCP + UVp + I-MCP (M + U + M). At the 1st, 7th
and 14th days of storage at 12 °C, we evaluated the color
(L* and b*), electrolyte leakage, polyphenol oxidase, total
extractable polyphenols, vitamin C and total antioxidant
activity. The 1-MCP, when applied before UVp, prevented
the loss of vitamin C and when applied in a double dose,
retained the yellow color (b*) of the cubes. However, the
1-MCP reduced lightness (L*) of independent mango cubes
whatever applied before and/or after the UVp. Thus, the
application of 1-MCP did not control, but intensified the
browning of minimally processed mangoes irradiated with
UVp.
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Introduction

The handling of minimally processed products as well as
the cutting steps and the consequent release of cellular
exudate favor contamination by microorganisms (Harris
et al. 2003). Chlorine-based sanitizers are usually the most
recommended for disinfection of fruits and vegetables.
However, these compounds don’t completely oxidize the
organic materials, forming undesirable by products in the
water treatment as for example chloroform (CHCIs), and
other trihalomethanes, which are potentially carcinogenic
(Allende et al. 2009).

Ultraviolet radiation (UV) has been adopted as an
alternative strategy for controlling contamination of fruits
and vegetables by microorganisms. Unlike chlorine com-
pounds, there is no scientific evidence for the production of
toxic substances in food disinfected by ultraviolet radia-
tion. On the other hand, UV radiation can degrade toxic
compounds from natural (Falguera et al. 2011) or synthetic
(Orellana-Garcia et al. 2014) sources. Beyond replacing the
chemical compounds of chlorine, this technique has other
advantages, such as induction of the synthesis of phenolic
compounds, which act as antioxidants in vegeta-
bles (Charles et al. 2013). Increase in the concentration of
phenolic compounds was observed in tomatoes (Bravo
et al. 2012) and in minimally processed apples (Llano et al.
2015) exposed respectively to the ultraviolet radiation
applied continuously (UV) and through pulses (UVp).

However, the minimum processing and UV radiation
cause metabolic changes, especially those that induce
browning (Saltveit 2004), for it negatively affects the
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appearance: essential attribute of purchase decision, as
observed in tomatoes (Aguilo-Aguayo et al. 2013) and
minimally processed apples (Gémez et al. 2010).

This browning is the result of oxidation and polymer-
ization of phenolic compounds (Massolo et al. 2011) that is
associated with the synthesis and action of the ethylene.
The increase in ethylene concentration is directly related to
the activity of the enzyme phenylalanine ammonia lyase
(PAL), which catalyzes the biosynthesis of phenyl-
propanoid compounds (Choi et al. 2005). Browning occurs
when the products of these phenylpropanoids metabolism
such as phenolic compounds are oxidized on catalyzed
reactions fenolases such as PPO (Brecht 1995; Massolo
et al. 2011), which also have its synthesis and increased
activity in response to ethylene (Massolo et al. 2011).

During the minimum processing occurs mechanical
destruction of the membrane system at the cut surface. The
ethylene produced in these tissues accelerates the degra-
dation of other cell membranes, disrupting and destroying
the tissue (Brecht 1995). This loss of cellular compart-
mentalization subjects the tissue to increased exposure to
oxygen, while providing greater contact between oxidative
enzymes (phenolase) and its substrates (phenolic com-
pounds), resulting in the oxidation of these compounds
(Massolo et al. 2011), initiating the browning reactions.

Furthermore, in supermarkets, exposition shelves have
higher temperatures, around 12 °C, and need alternatives to
control browning, for example, blocking the action of
ethylene. Avocados, after exposure to ethylene, presented
tissues with more browning (Pesis et al. 2002), while
minimally processed apples, which had their ethylene
action sites blocked had less blackened tissue (Chiabrando
and Giacalone 2012).

The 1-MCP is a potent inhibitor of ethylene action
controlling senescence (Massolo et al. 2011) as well as the
activity of antioxidant enzymes (Zhang et al. 2013). In
‘Tommy Atkins’ mangoes, exposure to 1-MCP before the
minimum processing (cutting) reduced ethylene production
(Plotto et al. 2003). The 1-MCP also reduced browning in
eggplant pulp (Massolo et al. 2011) and minimally pro-
cessed ‘Empire’ apples (Nock and Watkins 2013).

In this study, we used 1-MCP in order to inhibit the
browning in ‘Tommy Atkins’ minimally processed man-
goes treated with UVp maintained at 12 °C.

Materials and methods
Plant material and minimal processing
Mangoes (Mangifera indica L. var ‘Tommy Atkins’) were

acquired from accredited supplier in Ceard Supply Cen-
ter—CEASA (Fortaleza, Ceara, Brazil). The fruits were

@ Springer

selected as the shape, size, color, maturity stage (stage 4)
and absence of injuries and illnesses. The entire mangoes
were first washed with a mild detergent (2 mL LY and
immersed in sodium hypochlorite solution (200 mg L")
(Adheclor®) for 5 min; peeled and diced (about 2 cm) with
the help of sharp stainless steel knives. They were then
rinsed in distilled water and drained for 3 min.

Application of treatments and storage conditions

Ultraviolet radiation was applied at maximum power lamps
(900 J), resulting in 5.7 J cm™? energy, dose selected
based on preliminary experiments considering higher
browning index (Table 1). The pulses were applied using a
UVp camera (SteriBeam, model XeMaticA-2LXL) pro-
vided with two lamps filled with high-power xenon gas,
width 190 mm, positioned laterally, with a capacity of one
pulse every 15 s and 0.3 J cm™2 pulse™" power (for pulses
with 100% lamp power). It was applied to 1-methylcy-
clopropene (1-MCP, SmarFresh®) at a concentration of
0.5 uL L! (Sivakumar et al. 2012) in samples of mini-
mally processed ‘Tommy Atkins’ mangoes (about 250 g).
The treatments were divided into: control (without UVp
neither 1-MCP); U (irradiation by UVp); M + U (exposure
to 1-MCP for 4 h followed by UVp irradiation); U + M
(UVp irradiation followed by exposure to 1-MCP for 12 h);
and M + U + M (4 h exposure to 1-MCP + UVp irradi-
ation + 12 h exposure to 1-MCP). After application of the
treatments, the samples were stored in polyethylene
terephthalate containers with lid and kept in cold storage
(12 £ 1 °C and RH 85 + 5%) for 14 days. In the 1st, 7th,
and 14th days samples were taken for analysis.

Color

The browning of the external surface of the cubes was
measured using a CR-400 Minolta (Konica Minolta Sens-
ing) digital colorimeter calibrated with the white color. The
readings were obtained according to the three-dimensional
chromaticity coordinates model recommended by the
CIELAB (L*, a*, b*). Three measurements were

Table 1 Browning index (BI) of minimally processed mangoes
treated with UVp, stored for 14 days at 12 °C

Fluence (J cm?) BI

0 233 ab
1.8 219 be
3.6 199 ¢
5.7 255 a

Averages followed by the same lowercase letters do not differ by
Tukey’s test at 5% probability level



J Food Sci Technol (January 2017) 54(1):253-259

255

performed in three separate cubes within each sample. The
primary colors L* indicates brightness of the light (100) to
dark (0) and b* indicates the chromaticity on the axis of
blue color (—) to yellow (+).

Extraction and polyphenol oxidase activity (PPO,
EC 1.14.18.1)

The extraction of polyphenol was made according Wisse-
mann and Lee (1981) with some modifications. It was
homogenized 6 g of pulp in 6 mL 0.05 M phosphate buffer
(pH 7.0) containing 0.1 M KCl and 1% polyvinylpyrroli-
done (PVP). The homogenate was centrifuged (11,000g for
15 min), with the aid of a Biofuge Stratos (Heraeus
Instruments) centrifuge. The supernatant constituted the
enzymatic extract. The enzymatic activity was determined
by incubating aliquots of 0.03 pL of the extract and
1.85 mL of 0.1 M phosphate buffer (pH 6.0) containing
0.1 M KCI and 0.1 M catechol, for 30 min at 30 °C. The
reaction was stopped by adding 0.8 mL of HCIO4 2 N. The
absorbance readings were performed at 395 nm on a UV—
visible U-2910 (Hitachi, Tokyo, Japan) spectrophotometer,
and was considered one unit of enzyme activity (AU) PPO
as the enzyme activity that produces a change of 0.001
absorbance unit. The PPO activity was expressed as AU
min~' mg~" protein.

Total extractable polyphenols (TEP)

For extract preparation it was used the methodology
described by Larrauri et al. (1997). It was homogenized 5 g
of pulp and 4 mL of 50% methanol with the aid of a Turrax
T 25 (IKA Labortechnick) digital tissues homogenizer. The
homogenate was allowed to stand for 1 h. After that, the
mixture was centrifuged in a Biofuge Stratos (Heraeus
Instruments) centrifuge at 25,000g for 15 min. The super-
natant was filtered and transferred to a flask of 10 mL and
the precipitate dissolved in 70% acetone. After 1 h at rest,
the mixture was centrifuged under the same conditions of
the first centrifugation. The second supernatant was added
to the first 10 mL volumetric balloon, completing the
volume with distilled water, thus obtaining the extract. The
determination of total extractable polyphenols followed the
method described by Obanda and Owuor (1997). A total of
1 mL of Folin-Ciocalteu reagent, 2 mL. of 20% NaHCO;
and 2 mL of distilled water was added to assay tubes
containing 300 pL of each sample extract. Then the sam-
ples were shaken and allowed to stand for at least 30 min in
the dark. After that, the absorbance reading was performed
on spectrophotometer at 700 nm using a standard curve of
gallic acid (GA) and the results expressed in mg of GA
100 g~ pulp.

Electrolyte leakage (EL)

It was performed according to the methodology described
by Serek et al. (1995). Cylinders (1.0 cm diameter by
1.0 cm length) taken from the middle region of pulp were
washed in deionized water and dried lightly with absorbent
paper. Then they were then incubated in glass jars with a
lid containing 20 mL of deionized water and allowed to
stand for 2 h. After standing it was measured the initial
electrical conductivity of the solution (IEC), with the help
of a conductivity meter (Digimed, Model DM—32). Fol-
lowing that, the samples were stored for 12 h in ultra
freezer (—80 °C). After this period, the jars were left on the
bench until the solution came into equilibrium with
ambient temperature (27 £ 1 °C). It was measured elec-
trical conductivity again, expressing the amount of leaked
electrolytes (TEC). The electrolyte leakage (EL) was cal-
culated by the following formula: EL:% x 100, the
results were expressed as a percentage of the total
conductivity.

Vitamin C

It was determined immediately after processing of the pulp,
by titration with Tillman solution (2.6 dichlorophenol—
indophenol 0.02%, DFI) until a permanent pink color. It
was used 1 g of pulp in 50 mL of oxalic acid (0.5%) and
the results were expressed in mg ascorbic acid (AA)
100 g=! of fresh weight (FW) (Strohecker and Henning
1967).

Total antioxidant activity (TAA)

To obtain the extract it was used the same methodology
described for extraction of total phenolics. The TAA was
obtained by free radical capture method ABTS-+, with
modifications (Re et al. 1999). The ABTS-+ was generated
by the interaction of 7 mM ABTS with 2.45 mM potas-
sium persulphate. The solution incubated for 16 h and after
that time it was diluted in ethanol to obtain a solution with
absorbance of 0.70 (£0.01). After adding 40 pL of the
diluted sample to 1960 pL of the solution containing
ABTS, absorbance was determined in a spectrophotometer
at 734 nm after 20 min of reaction. As a standard solution,
it was used the synthetic antioxidant Trolox in concentra-
tions from 100 to 1000 uM in ethanol. The results were
expressed as trolox pM g~ ' of FW.

Experimental design and statistical analysis

The experiment was analyzed in split plot with treatment in
the plot (5 treatments) and the retention time in the subplot
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(3 retention periods). The experimental design was com-
pletely randomized, with four replications, totaling 60
plots, each plot constituted of approximately 250 g of
minimally processed mango. The data were submitted to
analysis of variance and the means compared by Scoott-
Knott test at 5% probability. The Pearson correlation
coefficient was estimated for all variables at the level of
significance of 1 and 5% by the t-Student test.

Results and discussion

There was a significant interaction between treatment and
conservation time for the L* and b* values, electrolyte
leakage (EL), total extractable polyphenols (TEP), vitamin
C content and total antioxidant activity (TAA).

The L* values decreased in all treatments during the
storage period (Fig. la). The decrease of the L* value
indicates browning of the cubes and, according to these
figures, the blackout was first noticed from the seventh day

A 190 |y Control = U W M+U T U+M EEEE M+U+M

AaA"’AaAaAa Aa

75

50

L*

25 A

b*

1 7 14
Days, 12 °C

Fig. 1 Color (L* and b*) of minimally processed mangoes treated
with UVp (U), 1-MCP + UVp M + U), UVp + 1-MCP (U + M)
and 1-MCP + UVp + I-MCP (M +U + M), stored for 14 days at
12 °C
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of cold storage in all treatments except the control treat-
ment cubes. At 14 days, there was a higher browning
(lower L* value) in the treatments exposed to 1-MCP
M+ U, U+ M and M + U + M), this result being the
opposite result to the expected with the use of this
inhibitor.

Induction of browning of mango cubes by 1-MCP has
not been clarified. Some authors have also noticed
browning in ‘Empire’ apples by 1-MCP (Jung and Watkins
2011; Lee et al. 2012a, b), and have devoted efforts to
understand it, addressing aspects involved in antioxidant
metabolism (Lee et al. 2012a) and metabolomic analysis
(Lee et al. 2012b), but the results were inconclusive. It is
believed that the blackening occured due to inhibition of
ethylene production by the fruit, resulting in the abnormal
metabolism. This inhibition can occur at low temperature
(0—4 °C) with or without the application of 1-MCP, or at
higher temperatures (>4 °C) when treated with 1-MCP
(Jung and Watkins 2011). UV light can induce oxidative
stress (Jiang et al. 2010), leading to the browning of tissues.
Ethylene is involved in this process and can both induce
symptoms (Vranova et al. 2002) or repair or protect the
tissues from these stresses (Larkindale and Knight 2002).
The inhibition of ethylene by 1-MCP in this study probably
blocked defense responses triggered by ethylene that act
protecting tissues against browning reactions.

As in the L* coordinate, the value of the coordinate b*
decreases with storage time, indicating loss of yellow color
of the mango cubes (Fig. 1b). However, the difference in
b* values between treatments after 14 days of conserva-
tion, although significant, was small, reaching 7% between
the lowest (U 4+ M) and highest (M + U + M) value, not
being the loss of yellow color visually observed. The

Table 2 Polyphenol oxidase (PPO) activity of minimally processed
mangoes treated with UVp (U), 1-MCP + UVp M + U), UVp + 1-
MCP (U + M) and 1-MCP + UVp + 1-MCP (M + U 4 M), stored
for 14 days at 12 °C

Treatments PPO (AU min~"! pg prot.)
Control 108.7 a
U 148.1 a
M+ U 1522 a
U+ M 159.9 a
M+U+M 180.3 a
Days, 12 £ 1 °C

1 76.7 a

7 191.0 b

14 181.7b
CV (%) 10.5
Average 149.8

Averages followed by the same lowercase letters do not differ by
Scoott-Knott’s test at 5% probability level
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Fig. 2 Total extractable polyphenols (TEP), electrolyte leakage (EL),
vitamin C and total antioxidant activity (TAA) of minimally
processed mangoes treated with UVp (U), I-MCP + UVp (M +U),

yellow color was preserved when the mango cubes were
subjected to 1-MCP before and after being irradiated.

It has been proposed that the polyphenol oxidase (PPO)
enzyme is responsible for inducing the browning in mini-
mally processed fruit, oxidizing phenolic compounds to
quinones (Massolo et al. 2011). However, this work has not
verified any difference between treatments for the activity
of this enzyme. However, there was an increase in PPO
activity, starting from the seventh day of storage (Table 2).

Similarly, TEP content was not influenced by the
treatments (Fig. 2a). But it was observed an increase in
TEP during the retention period, on the cubes that were
exposed to 1-MCP before UVp (M + U at 7 days and
M+ U+ M at 14 days). The changes that occur in
compounds of phenolic origin have been reported in
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UVp 4+ 1-MCP U+M and 1-MCP + UVp + 1-MCP

M + U + M), stored for 14 days at 12 °C

several minimally processed fruits and may have irregular
behavior during storage (Llano et al. 2015).

At 7 and 14 days of refrigerated storage, all treatments
increased EL (Fig. 2b). EL increased during the storage
period indicates the loss of integrity (selective permeabil-
ity) of the cellular membrane system, and this may have
favored the browning of mango cubes tissue. These results
can be confirmed by the Pearson’s correlation coefficient
analysis in which we observed a positive correlation
between EL and PPO (0.830) and negative between EL and
L* (—0674) (Table 3).

The positive correlation between PPO and EL indicates
that the higher the leakage of electrolyte, the greater the
activity of this enzyme; and the negative correlation sug-
gests that the greater the leakage of solutes, lower the L*
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Table 3 Pearson correlation L* b EL PPO Vitamin C TEP TAA
coefficient between the
parameters L*, b*, electrolyte L* 1
leakage (EL), polyphenol ; )
oxidase (PPO), vitamin C, total b* 0.832%* 1
extractable polyphenols (TEP) EL —0.674% —0.874%* 1
and total antioxidant activity PPO —0.510 ns —0.766%* 0.830%* 1
(TAA) Vitamin € 0.679* 0.854%* _0.804%F  —0.655% 1
TEP —0.422 ns —0.392 ns 0.407 ns 0.156 ns —0.212 ns 1
TAA —0.422 ns —0.392 ns 0.407 ns 0.156 ns —0.212 ns [** 1

ns not significant

* and ** significant at 1 and 5% probability, respectively

coordinate value, i.e., greater darkening. Thus, in intact
cells, the PPO is separated from their substrates due to the
compartmentalization of the membranes (Liu et al. 2011).
Therefore, the loss of membrane integrity facilitates con-
tact of this enzyme with its phenolic substrates and there-
fore favors the browning especially the last day of cold
storage. However, another process unidentified associated
with loss of membrane integrity during the retention per-
iod, enhances the browning of cubes treated with 1-MCP.

In all treatments, the content of vitamin C decreased
after 7 days of storage (Fig. 2¢). At 14 days, only the cubes
treated with U and U + M suffered further decrease in
vitamin C content. This reduction of the vitamin C content
during the retention period is common in fruits and whole
or minimally processed vegetables, and this is mainly due
to their participation in oxidative reactions. Vitamin C acts
to inactivate reactive oxygen species (ROS), particularly in
the inactivation of hydrogen peroxide (H,0O,) produced
during oxidative stress (Deutsch 1998).

Vitamin C acts preventing the enzymatic browning of
fruits, inhibiting competitively the catalytic site of the PPO.
Furthermore, vitamin C is able to reduce the quinones
generated by PPO to their original structure, diphenol,
limiting the darkening by a process known as “reaction
off” (Reuck et al. 2011). Thus, reduction in the potential
inhibition promoted by vitamin C in the site of the PPO
(higher PPO activity, Table 2) and the ability of forming
diphenols from quinones were probably hampered by a
decrease in vitamin C content of the treatments, which led
to darkening of the cubes (lowest value of L*, Fig. la)
during the storage period. These results were confirmed by
the Pearson correlation coefficient test (Table 3) in which it
was observed negative correlation between vitamin C and
PPO (—0.655) and positive between vitamin C and the
coordinate L* (0.679).

Despite an overall reduction in the content of vitamin C,
it was observed after 14 days of storage high levels of
vitamin C in cubes that received a double dose of 1-MCP
M + U + M) (Fig. 2c). This indicates that the application
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of 1-MCP maintained the vitamin C content of fresh-cut
mangoes and treated with UVp.

The treatments did not affect the TAA of mango cubes
(Fig. 2d). There was an increase in the TAA, at 7 and
14 days, the cubes in which the application of 1-MCP
happened prior to irradiation with UVp (M + U) (Fig. 2d).
Phenolic compounds were responsible, in this study, for the
increase in antioxidant capacity of mango cubes, since the
cubes treated with M + U the TEP and TAA concentration
increased similarly during cold storage (Fig. 2a, d). It was
possible to confirm these results verifying the correlation
analysis, in which it is possible to observe strong positive
correlation between TAA and TEP (1) (Table 3). The
collaboration of phenolic compounds in the antioxidant
capacity of fruits has been reported in other studies, such as
whole avocados (Zhang et al. 2013) and minimally pro-
cessed mangoes (Gonzalez-Aguilar et al. 2007).

Conclusion

The exposition of minimally processed ‘Tommy Atkins’
mango to 1-MCP before and/or after the application of
UVp radiation did not control the darkening during the
14 days of storage at 12 °C. Contrary to expectations and
in an unclear way, browning of minimally processed
mango cubes tissue was higher in cubes with 1-MCP.
However, the results of this study are consistent with other
research that launched the hypothesis that the darkening is
due to inhibition of the production of ethylene by the fruit,
resulting in abnormal metabolism. Studies with ethylene
receptors, or more refined techniques of molecular biology,
such as the breakdown of metabolic profile or the differ-
ential gene expression of minimally processed mangoes,
may help to unravel the possible causes of browning
induced by application of 1-MCP.
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