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Tomato is one of the most consumed vegetable crops worldwide. In the break stage, it is perishable, and it has a postharvest life that does not

exceed three weeks at 12 to 15°C. The aim of this study was to evaluate the effect of immersion in water and in calcium salt solutions on the metabo-
lism and quality of tomato of traditional Peumo Pink cultivar stored for 28 days at 10°C plus a simulated trading period of 2 days at 20°C. Fruits were
treated in water at 5, 45 and 60°C at two immersion times of 1 and 4 min or in 2% solutions of calcium chloride, lactate and propionate at 10 and 45°C
for 4 min. The respiration rate, ethylene production and heat shock protein gene expression as well as firmness, total phenolic content and antioxidant
capacity of tomato were determined. Dipping in water at 60°C reduced the loss of firmness and respiratory rate of tomatoes up to 21 days at 10°C +
2 days at 20°C. Treatment in water at 45°C for 4 min and at 60°C for 1 or 4 min stimulated heat shock protein gene expression. However, fruit treated
at 60°C for 1 or 4 min showed uneven ripening; hence, the immersion in water at 45°C for 4 min was the most recommended to extend the postharvest
life of tomatoes. In turn, the immersion in calcium lactate and propionate solutions at 45°C increased total calcium content and maintained firmness
after 28 days at 10°C + 2 days at 20°C. The use of high temperature and calcium salts for dipping would be beneficial to provide the vegetal tissues

with calcium and reduce the softening of the tomato after prolonged cold storage.

INTRODUCTION

Tomato (Solanum lycopersicum L.) is a vegetable of West-
ern South and Central America origin. In 2018, its global
production was 182 million tons, and it is grown annually on
4.76 million hectares. The main world producers are: China,
the European Union, India, the United States, and Turkey
[FAOSTAT, 2020]. One of the ancestral tomato cultivars still
grown by small farmers in the central area of Chile is the Peu-
mo Pink tomato (Spanish: Rosado de Peumo). It is a non-ge-
netically modified cultivar, characterized by fruits with a bright
pink color, juicy flesh and large size (500 to 600 g per fruit).

In general, tomato is classified as a climacteric fruit
and shows a rise in the respiratory rate (40 mg CO, /kgxh at
25°C) and ethylene production (10 uL C,H,/kgxh at 25°C)
during ripening [Li er al., 2020]. These metabolic processes
cause physicochemical effects after harvesting and affect
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color, texture and taste, generating significant losses associ-
ated mainly with deteriorated sensory and microbiological
quality [Sun et al.,, 2015]. The recommendation for a tomato
is to store it for two to four weeks at temperatures between
12 and 15°C and 90% relative humidity (RH) to avoid chill-
ing injury symptoms, particularly for immature fruits [Polenta
et al., 2015]. In the case of Peumo Pink tomatoes, no formal
postharvest studies have been reported to date. However, pre-
liminary experiments carried out at our laboratory demon-
strated a very short shelf life of 5 to 7 days at 18°C and sensi-
tivity to chilling injury at temperatures below 10°C [Escalona,
data unpublished].

There are many reports pointing to heat treatment as an
effective way to reduce decay and chilling injury of sensitive
fruits like tomatoes [Aguayo et al., 2008; 2015]. However,
the optimal combination of temperature and exposure time
to heating for each species must be defined in order to ensure
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the benefits of the method [Wang, 1998]. Hot water treat-
ment is cheap and easily applied on a small commercial scale,
and is a good solution for small growers lacking access to
advanced technology. Postharvest calcium salt solution dips
are another way to extend the shelf-life of the sensitive fruits.
Immersion in different calcium salts, such as chloride, lactate,
citrate, ascorbate, propionate and silicate, has been used be-
fore fruit storage at low temperatures [Aguayo et al., 2008].
The effects of such treatments included a reduction of chill-
ing injury or mechanical damage during cold storage [Ser-
rano et al., 2004], a reduction of firmness loss and resistance
to attack by rotting [Lara et al., 2004; Silveira et al., 2011b].
Short-time calcium dips (1-3 min) were recommended for
application in combination with high temperature (40-60°C)
treatments [Valero & Serrano, 2010]. On the other hand,
it is not clear whether thermal shock and calcium salt treat-
ments affect the total phenolic content and the antioxidant
capacity of tomatoes, although they seem to decrease with
storage time [Aguayo et al., 2015].

Heat causes changes in gene expression and protein syn-
thesis during fruit ripening. These changes cause the inhibi-
tion of ethylene synthesis and the action of the cell wall-de-
grading enzymes [Paull & Chen, 2000]. Heat shock proteins
(HSPs) are a group of conserved proteins that function as
molecular chaperones and accumulate under heat shock. Pre-
vious studies have suggested that HSPs play a pivotal role
in heat shock response [Xu et al., 2020]. Specifically, accu-
mulation of heat shock proteins has been found in chilling-
-injured pepper, cucumber, orange, lime and lemon [Valero &
Serrano, 2000].

Therefore, the objective of this study was to apply differ-
ent calcium salts at different temperatures for the treatment
of Peumo Pink tomatoes in order to extend their storability
at chilling temperature by reducing the metabolic activity,
softening and decay of the fruit for more than three weeks.
This study was divided into two experiments: in the first, wa-
ter treatments at different temperatures were carried out on
the tomatoes to verify which temperature and exposure time
ensured the best fruit quality, which were then applied in cal-
cium salt treatments in the second experiment. The novelty
of this study was the combination of heat treatment with
calcium salts being able to extend the shelf life of traditional
and perishable Chilean ‘Peumo Pink’ tomatoes.

MATERIALS AND METHODS

Plant material, treatments and experimental design
The Peumo Pink tomato plants were grown in an open
field in Pichidegua at 34°S 37" and 71°W 34’ in the Liberta-
dor Bernardo O’Higgins Region, Chile. In February, 6 to 8 kg
of fruit were harvested per plant and placed in clean plastic
boxes. Those 11-14 cm in size and whose skin was green
breaking to pink were selected (30% in color pink). The fruits
were transported immediately to the laboratory (within 2 h)
in the Centro de Estudios Postcosecha (CEPOC), Facultad
de Ciencias Agronomicas, Universidad de Chile in Santiago
de Chile, Chile. Each fruit was cleaned with a damp cloth to
remove field dust and dirt. Damaged tomatoes were disposed
of and those with a green-pink external color (lightness:

51.6=5.1; chroma: 31.0+3.7; hue angle: 93.9+6.0) and with
firmness of 16.9+1.1 N were selected and stored in a cold
room at 15°C until the application of treatments the next day.

The fruits were sanitized by immersing them for 2 min
in a solution of 150 mg/L of sodium hypochlorite at 10°C
and pH 6.5 to eliminate dirt and possible pathogenic micro-
organisms. About 10 L of sanitized solution was used for
every 3 or 4 fruits. The fruits were placed on stainless steel
meshes to remove excess water. For water treatments (Experi-
ment 1), fruits were immersed in water at 5, 45 and 60°C for
1 and 4 min. To this end, 60 L of water at the different temper-
atures were used for every 5 fruits. The water was placed in an
80 L stainless container and heated on an industrial stove.
The water temperatures were monitored permanently at dif-
ferent levels by digital thermometers and only a few fruits were
treated at the same time to avoid changes in this parameter
during the treatments. After the immersion, fruits were placed
on stainless steel meshes and each fruit was dried individually
with blotting paper. Then, the fruits were weighed on a preci-
sion electronic balance (EMB3000-1, Kern, Balingen, Ger-
many) and individually packaged in 20x25 cm polyethylene
(PE) bags with a thickness of 0.04 mm and 10 perforations
of 1 mm? to get a high humidity and air atmosphere. The bags
were heat sealed with a manual sealer (FR400, Plastic Film
Sealer, Zhejiang, China) and placed on trays in a cold room
at 10°C and 85 to 90% RH.

In Experiment 2, the fruits were immersed in calcium salt
solutions at 10 and 45°C for 4 min. Calcium chloride, calcium
lactate and calcium propionate were dissolved in tap water
in concertation of 2% (w/v). Tomatoes immersed in tap water
at 10°C for 4 min (without calcium salt) were used as a control.
The fruits were placed on stainless steel meshes as described
for Experiment 1 and packed in the same perforated bags.

The storage time for both experiments was 28 days at
10°C and 85-90% RH plus 2 days at 20°C and 70% RH (sim-
ulated commercial conditions). Fruits were taken for analyses
after each period of 7, 14, 21 and 28 days (Experiment 1) or
14,21 and 28 days (Experiment 2) at 10°C followed by 2 days
at 20°C (storage period codes: 7+2; 1442; 21+2; 2842,
respectively). Fifteen bagged tomatoes for both experiments
were stored for each period and treatment.

Determinations made in Experiment 1

Respiratory rate and ethylene production

Determinations of respiratory rate and ethylene produc-
tion were carried out for the treated tomatoes stored at 10°C
and for the treated and non-stored fruits. Each fruit was
placed in a 500 mL hermetically-sealed plastic jar for 1 h at
10°C. Gas samples were taken from the headspace by a por-
table gas analyzer (PBI Dansensor, Check Point, Ringsted,
Denmark) to determine the concentration of CO, and O,.
The values were expressed in mg of CO,/kgxh [Silveira et al.,
2017]. An aliquot of 1 mL of a gas sample was also injected
into a gas chromatograph (6890 N GC System, Agilent Tech-
nologies, Santa Clara, CA, USA) equipped with a flame ion-
ization detector with a Porapak QN 80/100 column (1.2 m
x 3.18 mm) (Supelco, Norwalk, CT, USA). The injector,
oven and detector temperatures were 200, 50 and 200°C,
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respectively. Helium gas was used as the carrier gas with a flow
rate of 55 mL/min. The GC was calibrated daily with a stan-
dard gas of 0.5 uL/L (Indura, Santiago, Chile). The ethylene
production was expressed in uL. C,H,/kgxh. Five fruits were
used as repetitions for each treatment.

Firmness measurement

A texture analyzer was used to measure fruit firmness (TA.
XT express, Stable Micro Systems, Godalming, UK) by a S0 N
load cell and a 1.27 cm diameter probe. The penetration test
was performed at 3 mm/s speed and 15 mm penetration on
three equidistant points of the equatorial zone (after the peel
was removed). The results were expressed in Newtons (N). At
the beginning of the storage, five individual untreated fruits
were used to obtain an initial value. After the storage, five
fruits after each treatment were analyzed and three analytical
repetitions were performed for each sample (n=15).

Heat shock protein gene expression

Five whole tomatoes after treatments at 5, 45 and 60°C for
1 and 4 min and another five tomatoes not immersed in water
as a control were taken for analysis. The fruits were cut into
wedges, then frozen in liquid nitrogen and stored in an ultra-
-low temperature freezer (MDF-U33V, Sanyo, Osaka, Japan)
at -80°C until analysis.

The method proposed by Polenta ef al. [2015] was used
with slight modifications for RNA extraction. A piece of fro-
zen tomato with peel was ground in a mortar. Next, 0.1 g
of ground sample was weighed and placed in a 1.5 mL Ep-
pendorf tube, then 1 mL of a TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) was added. The solution was left for
10 min at room temperature, then 200 uL of chloroform was
added, and the mixture was stirred manually for 20 s and left
for 15 min at room temperature. Subsequently, the sample
was centrifuged at 12,000xg for 15 min at 4°C (Heraeus
Megafuge 16R, Thermo Fisher Scientific, Waltham, MA,
USA). The sample was separated into a red lower phase with
phenol-chloroform, an interface and an aqueous upper phase
containing RNA. The aqueous phase was transferred to a new
1.5 mL Eppendorf tube, to which 500 L of 100% isopropa-
nol was added, and the sample was left for 15 min at room
temperature. Subsequently, it was centrifuged at 12,000xg
for 10 min at 4°C and then the supernatant was removed.
The RNA pellet was washed in I mL of 75% (v/») ethanol
and stirred for 15 s. Then, it was centrifuged at 12,000 xg for
5 min at 4°C, the supernatant was discarded, and the RNA
pellet was dried for 5 min. Afterward, 30 wL of RNase-free
water (DEPC water) was added and finally incubated at 55°C
for 10 min in a thermal water bath. The quality of the ex-
tracted RNA was determined according to the method pro-
posed by Meisel et al. [2005]. Two ug were first loaded on
an agarose gel in an electrophoresis chamber and the pres-
ence of the band was verified, and then 1 pg was loaded
and the A, /A, ratio was calculated using a microplate spec-
trophotometer (Epoch, BioTek Instruments Inc., Winooski,
VT, USA).

After RNA extraction, genomic DNA was removed from
the samples to perform reverse transcription. To this end, 1 ug
of the sample was taken and mixed with 1 uL of 10X reaction

buffer MgCl,, 1 uL of DNase I free of RNase and 7 uL
of DEPC water. Samples were incubated for 30 min at 37°C
in a thermal cycler (Multigene Gradient Labnet, Edison, NY,
USA). After a completed cycle, 1 uL. of 50 mM ethylenedi-
aminetetraacetic acid (EDTA) was added, and the sample
was incubated for 10 min at 65°C. Subsequently, 1 uL of first
oligo(dT), 1 uL of random first, 4 uLL of 5x reaction bulffer,
1 L of RiboLock RNase inhibitor (20 U/uL), 2 uL of 10 mM
dNTP Mix and 1 uL of RevertAid M-MuLVRT (200 U/uL)
were added. The sample was immediately incubated for 5 min
at 25°C, followed by a cycle of 60 min at 42°C and ended at
70°C for 5 min cycle.

After reverse transcription, the gene expression was as-
sayed for different heat stress proteins. Primers that amplify
the actin gene were used to check the effectiveness of reverse
transcription and the presence of cDNA. For the polymerase
chain reaction (PCR) amplification, 1 ug of cDNA was mixed
with 1.5 uLL of 50 mM MgCl,; 1 uL of 10 mM dNTP Mix;
5 uL of 10X PCR buffer; 1.5 uL of first forward; 1.5 uL of first
reverse; 14 uL of DEPC water and 0.5 uL of Platinum Taq
DNA Polymerase (Invitrogen™, Thermo Fisher Scientific,
Waltham, MA, USA). The PCR was used to amplify the gene
encoding for HSP21 and HSP70 proteins ( ). Finally,
6 L of the PCR reaction product were loaded on 1% agarose
gel to verify the presence or absence of the expressed gene.

Determinations made in Experiment 2

Each analysis was performed for the treated and stored
tomatoes and, for five individual untreated fruits (at the be-
ginning of the storage) to obtain an initial value.

Firmness measurement

The firmness of fruits was measured using a texture ana-
lyzer as described before. The results were expressed in N. Five
fruits for each treatment were analyzed in triplicate (n=15).

Total calcium content

The method described by Carvajal ef al. [1999] was used
to determine the total calcium content with slight modifica-
tions. The fruits were lyophilized in a freeze-dryer (FD5508,
[IShin BioBase, South Korea). A portion of 1 g of lyophilized
tomato from three fruits was placed in a 200 mL glass flask,
then acid digestion was performed by adding 6 mL of nitric
acid (65%) and 4 mL of hydrogen peroxide (33%). Samples
were placed in an orbital shaker (KS Model 125, IKA, Staufen
im Breisgau, Germany) for 15 h. Then, they were autoclaved
at 125°C and 147.1 kPa for 70 min, cooled and filtered

TABLE 1. PCR steps used to amplify gene expression for heat shock
HSP21 and HSP70 proteins.

Steps Temperature (°C) Time (s) Number of cycles
Initial

denaturation s 120 !
Denaturation 94 30

Hybridization 54 30 40
Elongation 72 45
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through a 0.22 um nylon syringe. The calcium content was
determined by using microwave plasma atomic emission
spectroscopy (MP-AES 4200, Agilent Technologies, USA).
Calcium calibration standards were prepared in concentra-
tions of 5, 10, 25, 50 and 75 mg/L in 1% HNO; (v/v) medium.
Calcium content was quantified by measuring peak area at
396.847 mm emission wavelength. The total calcium content
was expressed in mg Ca/100 g fresh weight (FW) of fruits.

Extract preparation for determination of total phenolic content
and antioxidant capacity

The extracts were obtained from lyophilized (as men-
tioned above) tomatoes. An aliquot of 10 mL of 70% (v/»)
methanol was added to 2 g of the lyophilizate following
the adapted method of Swain & Hills [1959], and the re-
sulting suspension was homogenized in an Ultra-Turrax dis-
perser (T18 basic, IKA, USA) for approximately 30 s until
a uniform consistency was obtained. Then, the sample was
centrifuged (Z326K centrifuge, Hermle Labortechnik, Wehin-
gen, Germany) for 15 min at 6,037xg. The supernatant was
filtered through a 0.45 wm polyvinylidene fluoride (PVDF)
filter and the extract was stored for one week at —20°C until
the analysis.

Determination of total phenolic content

Total phenolic content (TPC) was measured using
the method proposed by Singleton & Rossi [1965]. In a 2 mL
Eppendorf tube, 200 uL of the Folin-Ciocalteu reagent were
added to 100 uL of the extract, which was left for 5 min. Then,
800 uL of Na,CO, solution were added and after 1 h of reac-
tion time, the tube was centrifuged (Z326K centrifuge, Hermle
Labortechnik, Germany) for 2 min at 6,037 xg. The absorbance
of supernatant was read at 765 nm using a UVM340 micro-
-plate reader (Biochrom Asys, Cambridge, United Kingdom).
The total phenolic content was calculated through a cali-
bration curve with gallic acid. The results were expressed as
ug of gallic acid equivalents (GAE) per g FW of tomatoes.

Determination of antioxidant capacity
DPPH radical scavenging activity was determined using
the method proposed by Brand-Williams et a/. [1995]. In an

Respiration rate (mg CO,/kgxh)

—6— 60°C for 4 min
—H=— 45°C for 4 min
—6— 5°C for 4 min

Eppendorf tube, 250 uL of the extract and 1 mL of the DPPH
radical solution (0.2-mM) were mixed. After 30 min, 200 uL
of the sample was transferred to a 96-well plate to measure
the absorbance at 517 nm in a spectrophotometer micro-
-plate reader (UVM340, Biochrom Asys). The results were
calculated based on a Trolox calibration curve [Silveira
et al., 2017] and expressed as ug Trolox equivalents (TE) per
g FW of tomatoes. Ferric reducing antioxidant power (FRAP)
was determined following the method proposed by Benzie
& Strain [1996]. The FRAP reagent was prepared by add-
ing 300 mM acetate buffer (pH 3.5), 200 mM ferric chlo-
ride hexahydrate solution to 10 mM 2,4,6-tripyridyl-s-triazine
in 40 mM HCI. Subsequently, 20 uL of the extract and 600 uL
of the FRAP reagent were added in a 96-well plate and mea-
sured every 30 min for 120 min at 593 nm in a microplate
reader (UVM340, Biochrom Asys). The FRAP was calculated
by a Trolox calibration curve. The results were expressed as
ug Trolox equivalents (TE) per g FW of fruits.

Statistical analysis

The results were expressed as mean = standard error. Af-
ter each storage evaluation period, one-way analysis of vari-
ance (one-way ANOVA) was performed for data of both
experiments with InfoStat software [Di Rienzo et al., 2013].
In the case of finding statistically significant differences be-
tween treatments, Tukey’s multiple comparisons test was
used. All analyses were performed at 5% significance.

RESULTS AND DISCUSSION
Experiment 1

Respiratory rate and ethylene production

Water temperature (5, 45 and 60°C) and immersion time
(1 and 4 min) were observed to elicit significant effects on
the respiratory rate of tomatoes before storage ( ).
The highest values were reached for the treatment at 60°C
for 4 min (31.6 mg CO,/kgxh). At the same time, fruits
treated at 5°C for 1 or 4 min had the lowest values of 18.9 to
19.1 mg CO,/kgxh, respectively. Compared to the immersion
at 5°C, at temperatures of 45 and 60°C the respiratory rates

- - 60°C for 1 min
- - 45°C for 1 min
- 9- 5°C for 1 min

Storage period (day)

FIGURE 1. Respiratory rate of Peumo Pink tomato fruits treated in water at different temperatures (5, 45 and 60°C) and immersion times (1 and 4 min),
and stored for 28 days at 10°C. The values are the mean =+ standard error (n=5).
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were higher, particularly when exposure time increased from
1 to 4 min. These increased values for the treatments at high
temperatures and longer exposure times could be due to heat
stress affecting the fruit. This behavior has also been observed
in other heat-treated fruits such as mango, melon and pears
immersed at 46°C for 75 min, 60°C for 1 min and 45°C for
6 min, respectively [Dea ez al., 2010; Silveira e al., 2011a].

After 7 days of cold storage at 10°C, respiratory rates
of tomatoes decreased for all treatments ( ) because
low temperatures retarded metabolism, as evidenced by re-
duced respiratory rate and ethylene production values [Oms-
-Oliu et al., 2008; Silveira et al., 2011a]. After 14 and 21 days
of storage at 10°C, a lower respiration rate was found for to-
matoes treated in water at 45°C and 60°C than those treated
at 5°C ( ); however, no clear differences were found
between | and 4 min of exposure time. These results are con-
sistent with those obtained by Silveira et al. [2011b], who
stored cut melon at 5°C for 10 days after dipping in 2% per-
acetic acid solutions for 1.0, 1.5 and 2.0 min at 5 and 60°C,
and found that the respiration rates of all samples treated at
60°C and stored for 3 or more days were lower than those
of the samples dipped at 5°C.

—6— 60°C for 4 min
—+&— 45°C for 4 min
4 —6— 5°C for 4 min

Ethylene production rate (uL C,H,/kg xh)

In the same storage conditions, ethylene production
showed no significant differences among treatments on days
0 and 7 with values between 1.0 to 1.5 uL. C,H, /kgxh (

). On day 14, the ethylene production by tomatoes treat-
ed at 5°C for 1 min was higher (2.0 uL C,H,/kgxh) compared
to those immersed at 45°C for 4 min (1.2 uL C,H /kgxh). On
day 21, the values for all treatments increased, and ethylene
production by fruits after heat treatments, particularly at 60°C
for 4 min, was lower compared to the tomatoes treated at 5°C
for 1 min. After 28 days no differences were found among
treatments (3.4 to 4.5 uL C H /kgxh).

Firmness

Firmness of tomatoes after immersion in water at differ-
ent temperatures (5, 45 and 60°C) and times (1 and 4 min)
and cold-storage are shown in . At the beginning
of the storage, the firmness of untreated tomatoes was
16.9+1.09 N. Fruits treated at 45 and 60°C for 4 min main-
tained the highest firmness on days 14+2 and 21+2, which
could be a direct effect of heat stress from hot water immer-
sion. In general, firmness of fruits treated at 5°C for 1 or 4 min
was similar to those immersed at 45 and 60°C for 1 min.

- #—- 60°C for 1 min
— M- 45°C for 1 min
- @®- 5°C for | min

Storage period (day)

FIGURE 2. Ethylene production rate of Peumo Pink tomato fruits treated in water at different temperatures (5, 45 and 60°C) and immersion times
(1 and 4 min), and stored for 28 days at 10°C. The values are the mean =+ standard error (n=5).

Firmness (N)

B845°C for 1 min B5°C for 4 min

®60°C for4 min @60°C for 1 min O45°C for 4 min

05°C for 1 min

21+2

Storage period (day)

FIGURE 3. Firmness of Peumo Pink tomato fruits treated in water at different temperatures (5, 45 and 60°C) and immersion times (1 and 4 min),
and stored for 28 days at 10°C + 2 days at 20°C. The values are the mean =+ standard error (n=15). Different letters above bars separately for each

storage period indicate significant differences (p<0.05).
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45x4 60x1 60x4

403 bp

5x4 45x1

45x4 60x1 60x4

B A, 5x1

329 bp

FIGURE 4. PCR for gene expression of heat shock proteins HSP21 (A) and HSP70 (B) in Peumo Pink tomato fruits treated in water at different tem-
peratures (5,45 and 60°C) and immersion times (1 and 4 min). Lane 1 corresponds to a molecular weight standard GeneRuler 1kb DNA Ladder; lane 2:
no immersion (SI); lane 3: 5°C for 1 min (5x1); lane 4: 5°C for 4 min (5%x4); lane 5: 45°C for 1 min (45x1); lane 6: 45°C for 4 min (45x4); lane 7:
60°C for 1 min (60x 1) and lane 8: 60°C for 4 min (60x4). Samples were run in 1% agarose gel. bp: base pairs.

These responses could indicate that more than 1 min of ex-
posure time is required at temperatures between 45 to 60°C to
delay firmness losses. The decrease in fruit firmness as a re-
sult of heat treatment could be due to the fact that the high
temperature caused a direct inhibition of the activity of pectin
methylesterase and polygalacturonase [Akbudak et al., 2007,
Pinheiro et al., 2015].

Other authors have also demonstrated the effect of apply-
ing hot water immersion to firmness retention. Pinheiro et al.
[2015] treated whole tomatoes in water at 40°C for 30 min
and during 14 days of storage at 10°C the firmness of treated
and untreated fruits decreased by 2.1 N and 4.3 N, respec-
tively. Meanwhile, Lurie ef al. [1997] used hot air at 48°C for
2 min on whole tomato and after 1 day of storage at 5°C,
firmness of heat-treated fruits decreased by 2 N. On the other
hand, Akbudak ef al. [2007] found that whole tomatoes im-
mersed in water at 54°C for 5 min had firmness of 6.87 N
compared to the control with 1.67 N after 28 days of storage.

Gene expression for heat shock proteins

In , the presence of bands shows the gene expres-
sion for the HSP21 protein in fruits treated at 45°C for 4 min
and 60°C for 1 or 4 min. However, in the case of the fruit
treated at 5°C for 1 or 4 min, 45°C for 1 min and untreated
fruit (no immersion, SI), there was no expression, likely due
to the exposure time or the temperature not being sufficient
to provoke a gene response. A similar trend was found for
HSP70, where the gene was expressed in fruits treated at 45 or
60°C for 4 min, while the treatment at 60°C for 1 min con-
tributed to a very low expression compared to the other heat
treatments. Finally, no expression was observed after tomato
treatments at 5°C for 1 or 4 min and 45°C for 1 min.

According to Lurie ef al. [1997] and Zhang et al. [2005],
temperatures above 30°C produce a rapid induction and in-
crease of the gene expression that encodes heat shock pro-
teins (HSPs), which exert a protective role against heat stress
in the tissues.

Cruz-Mendivil et al. [2015] found that the most important
heat shock proteins of tomato fruits are HSP21 and HSP70,
which have an effect of thermal tolerance to chilling injury.
This effect was linked to the chaperone action of these proteins
in which it aided the correct folding of other partially dena-
tured proteins, preventing them from irreversibly aggregating

with other cell proteins. Other authors, such as Zou et al.
[2012], mentioned the important role of these proteins as cell
membrane stabilizers, since they help maintain their fluid-
ity and integrity, as well as reduce the leakage of electrolytes
in the membrane at the time of stress. The same authors ob-
served a significant decrease in cell membrane electrolyte loss
in transgenic rice plants that overexpress genes encoding for
HSP23 and HSP17. In addition, HSP70 induced the activity
of antioxidant enzymes, which would protect against oxida-
tive stress. According to Zhang et al. [2011], there is a syner-
gistic relationship between HSP70 and the antioxidant capac-
ity in the plant cell that could mitigate the effect of chilling
injury on grape berries by applying forced air heat stress at
39°C for 10 h. This response was achieved due to the de-
crease in electrolyte leakage in the cell membrane and in-
creased activity of catalase (CAT) and superoxide dismutase
(SOD). The same authors suggested that exposure to forced
air induced an expression of HSP70 in these berries, which
enhanced the activity of antioxidant enzymes, maintained
greater membrane integrity and, subsequently, caused resis-
tance to chilling injury.

After high-temperature treatment, an increase in gene ex-
pression for HSP was reported by Polenta et al. [2015], who,
by applying forced air at 39°C for 24 h to tomato fruit, ob-
served a higher expression of HSP21 and HSP70. By contrast,
Guidi et al. [2008] obtained a higher expression of HSP21,
HSP23 and HSP70 in tomatoes treated in water at 42°C for
60 min or forced air at 39°C for 24 h compared to the un-
treated fruits.

Summarizing, the tomatoes treated at 45°C showed less
respiration, the same firmness and a slightly higher expression
of the HSP21 and HSP70 proteins than the tomatoes treated
at 60°C. In addition, tomatoes immersed in water at 60°C pre-
sented uneven ripening that did not occur in tomatoes treated
at 45°C (data not shown). Therefore, 45°C was chosen as
the treatment temperature in the second experiment.

Experiment 2

Firmness

The initial firmness of untreated tomatoes before calcium
application was 18.2+2.1 N. However, the firmness of Peumo
Pink tomatoes treated in solutions of calcium salts (calcium
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TABLE 2. Firmness (N) and total calcium content (mg Ca/100 g fresh weight) of Peumo Pink tomato fruits treated in solutions of calcium salts at two
immersion temperatures (10 and 45°C), and stored for 28 days at 10°C + 2 days at 20°C.

Firmness Ca content Firmness Ca content Firmness Ca content

Treatment
1442 days 2142 days 2842 days

10°C + NSA 13.6+0.9¢ 6.2+0.4° 7.4+0.5% 6.40.4N5 5.9+0.5° 6.4+0.4«
10°C + CaCh 8.0+0.8¢ 5.5+0.7° 9.4+0.3¢ 6.6+0.2 5.7+0.3° 7.1£0.5°
10°C + Cala 11.5%0.7¢ 5.3%0.7° 8.2(0.4% 6.0=0.2 7.0=0.3° 7.5£0.2
10°C + CaPr 17.5%0.5° 6.2+0.5° 7.5£0.8% 7.7%0.3 6.20.4° 6.3+0.2¢
45°C + NSA 16.0=0.72 6.0£0.2° 6.5+0.8¢ 7.1+0.2 6.3+0.3° 5.5+0.4¢
45°C 4+ CaCh 17.5%0.7 8.9+0.5 14.7+0.8 8.4+0.3 6.8+0.3° 7.60.4
45°C + Cala 15.1=1.0% 8.4+0.6 12.6+0.8® 7.7+0.3 9.4+0.4 7.5£0.1
45°C + CaPr 13.8+0.8¢ 7.5+0.5¢ 10.4+0.8% 8.1+0.6 9.4+0.4 8.3+0.3¢

The values are the mean + standard error (n=15 for firmness and n=5 for total calcium content). Different letters vertically indicate significant differ-
ences (p<0.05). NS, not significant. CaCh, calcium chloride; Cal.a, calcium lactate; CaPr, calcium propionate; NSA, no salt application.

chloride, propionate and lactate) and two immersion temper-
atures (10 and 45°C) changed significantly during storage for
28 days at 10°C + 2 days at 20°C ( ). In general, after
day 1442, the heat-treated fruit showed higher firmness than
those dipped in corresponding cold calcium solution or water,
except the treatment with calcium propionate. On day 21+2,
firmness of tomatoes treated in all heat calcium solutions
was higher and the highest values were reached for calcium
chloride (14.7 N) and calcium lactate (12.6 N). At the end
of storage, after day 28+2, the fruits treated in propionate
and lactate calcium at 45°C had the lowest firmness losses.
According to Magee et al. [2003], the treatment of toma-
toes with a 2% calcium chloride solution at 50°C maintained
their firmness for 20 days as opposite to dipping in water at
10°C. On the other hand, Mahmud et al. [2008] reported that
firmness of papaya dipped in 2% and 2.5% calcium chloride
was maintained after storage for 24 days at 12°C. A previous
report by Luna-Guzman & Barrett [2000] showed a higher
firmness in fresh-cut melon immersed in a 2.5% calcium lac-
tate solution at 60°C after 12 days at 5°C compared to con-
trols without salt.

An increase in temperatures caused the activation
of the pectin methylesterase. This enzyme catalyzes the deme-
thoxylation of pectin of the cell wall favoring adhesion of free
carboxyl groups by calcium ions known as calcium pectates.
The calcium pectates provide firmness to the tissue, reducing
softening and water loss [Aguayo ef al., 2008; Luna-Guzman
& Barrett, 2000; Ni et al., 2005].

Total calcium content

The total calcium content of untreated Peumo Pink toma-
toes at the beginning of storage was 6.6+0.4 mg Ca/100 g FW.
In tomatoes treated in solutions of calcium salts (calcium
chloride, propionate and lactate) and two immersion tem-
peratures (10 and 45°C), it changed significantly during
storage for 28 days at 10°C + 2 days at 20°C. The total cal-
cium content was similar for fruits treated in water and cal-
cium salt solutions at 10°C. However, the fruit treated with
calcium chloride, lactate and propionate at 45°C had higher

total calcium contents, although significant differences were
noted only at 14+2 days ( ). According to Silveira et al.
[2011a], the application of calcium salts at high temperatures
increased the diffusion of calcium in porous apoplasts and in-
creased calcium retention in the cell wall. The increased fruit
calcium contents upon the treatment with heat and calcium
salts were also reported by Aguayo et al. [2015] in fresh-cut
apples. Naser ef al. [2018] increased total calcium in persim-
mon by applying 2% and 4% calcium lactate at 45°C. Accord-
ing to Manganaris et al. [2005], applications of Ca in the form
of calcium chloride, calcium propionate and calcium lactate
to canned peaches caused a 2.5-fold increase in Ca con-
tent in the treated fruit, saturating the Ca content of the cell
wall, leading to increased firmness and crispiness of canned
peaches.

Total phenolic content

Before calcium treatments, TPC of tomatoes was
214=58 ug GAE/gFW. The TPC of tomatoes after immersion
in calcium solutions and in water (control) at two immersion
temperatures and during cold-storage is shown in
Peumo Pink tomatoes immersed in 2% calcium chloride at
45°C and control at 10°C had the highest total phenolic con-
tent on days 2142; however, on days 2842, the highest TPC
was found in tomatoes treated in a calcium lactate solution
at 45°C and calcium propionate at 10°C followed by calci-
um chloride at 45°C. However, no clear trend was observed
in each evaluated storage period. Nevertheless, higher total
phenolic contents along with cold storage time ( ).
The increasing TPC during storage may be due to the activity
of the phenylalanine ammonium lyase (PAL), a key enzyme
in the synthesis of phenylpropanoid, and some secondary me-
tabolites [Son et al, 2012], including phenolic compounds.
According to Aghdam et al. [2013] and Nisar ef al. [2015],
calcium salts can increase PAL activity, and Nasef [2018]
found that immersion in water at 45°C raised TPC in pump-
kin samples compared to those treated at 10°C. At the same
time, the increased TPC in our study found in Peumo Pink
tomatoes during storage at 10°C can be caused by a stress
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TABLE 3. Total phenolic content (TPC, ug GAE/g fresh weight, FW) and antioxidant capacity determined as ferric-reducing antioxidant power (FRAP)
and DPPH radical scavenging activity (both as ug TE/g FW) of Peumo Pink tomato fruits treated in solutions of calcium salts at two immersion tem-

peratures (10 and 45°C), and stored for 28 days at 10°C + 2 days at 20°C

TPC | FRAP | DPPH assay TPC | FRAP | DPPH assay TPC | FRAP | DPPH assay
Treatments
1442 days 2142 days 2842 days

10°C + NSA 288108 248+22® 286108 68026 448+30 456+10° 650+15° 52014 56320«
10°C + CaCh 277+23 151£23¢ 278+10 493£26° 247x41 417=15° 668+30° 505+30¢ 547194
10°C + Cala 2268 196+28" 282+9 58818 347+33% 414+18P 577+11¢ 36326 521+29¢
10°C + CaPr 222+16 207x16% 27812 427x30¢ 217x39¢ 401x6° T4T+20° 631£31° 593240
45°C + NSA 228+9 148+26¢ 277x12 47415 331+35¢ 411x12% 679+41° 56920 58013
45°C 4+ CaCh 217x12 148+30¢ 27611 705220 509+36° 455+18° 70823 60046 58220
45°C + Cala 266=+21 268=110 2869 552250 347200 41615 746+33% 69626 615130
45°C + CaPr 218+26 156=21¢ 279+6 551300 34215 429+ 13 680+35° 592+16™ 5749

The values are the mean = standard error (n=5). Different letters vertically indicate significant differences (p<0.05). NS, not significant. CaCh, cal-
cium chloride; CaLa, calcium lactate; CaPr, calcium propionate; NSA, no salt application; GAE, gallic acid equivalent; TE, Trolox equivalent.

affecting the fruit at this low temperature. Many authors rec-
ommended a minimum temperature of 12 to 15°C to avoid
chilling injury of the tomatoes [Polenta er al., 2015; Zhang
etal., 2016]; thus, after a prolonged storage, increased activity
of the PAL enzyme could occur as a response to chilling stress
[Silveira & Escalona, 2014].

Antioxidant capacity

The antioxidant capacity of Peumo Pink toma-
toes before treatments with calcium salt solutions were
71.8+7.7 and 247x15 ug TE/g FW determined as FRAP
and DPPH radical scavenging activity, respectively. After
treatments with calcium salt solutions. the FRAP of toma-
toes at both immersion temperatures and cold-stored for
28+2 days ranged from 363 to 696 ug TE/g FW ( ).
No clear trend was found between treatments for each storage
period; however, like TPC, the FRAP of tomatoes after indi-
vidual treatments increased as their storage time increased.
A similar trend was found for DPPH radical scavenging
activity ( ). The differences between the treatments,
as for the FRAP, did not show clear trends. On days 14+2,
2142 and 28+2, the values were between 276 to 286, 401 to
456 and 521 to 615 ug TE/g FW, respectively.

As previously mentioned, a clear trend was observed for
all treatments during cold storage at 10°C where higher values
were found at a longer storage period. This increased anti-
oxidant capacity, which as related to total phenolic content,
may be as a response to chilling injury at temperatures below
10°C. Several studies have shown that fruit treated in calci-
um salts, such as peach [Zhief al., 2017] or cherry [Aghdam
et al., 2013], reached a higher antioxidant capacity. According
to Naser et al. [2018], persimmon fruits dipped in 2% and 4%
calcium lactate at 45°C and stored for 40 days had a higher
antioxidant capacity compared to untreated fruit stored at
10°C. Use of a calcium salt solution at elevated temperatures
activated the ionic calcium channels in the plasma mem-
brane allowing calcium to enter the cytosol. Calcium could
bind to the calmodulin protein, causing intracellular signaling

and enhancing PAL enzyme activity, which would increase
the antioxidant capacity [De Freitas & Mitcham, 2012; Wang
et al., 2014]. Additionally, the increase in antioxidant capacity
in all treatments throughout cold storage could also be due to
a natural ripening evolution of the tomato fruit, where anti-
oxidant compounds, such as lycopene, B-carotene and flavo-
noids, are synthesized [Dorais et al., 2008].

CONCLUSIONS

The immersion in water at 45 and 60°C for 4 min caused
a delay in the ripening of the Peumo Pink tomato, keeping
firmness for 21 days at 10°C plus 2 days at 20°C without
symptoms of rotting. Additionally, the gene expression for
the heat shock proteins found for these combinations of tem-
peratures and exposure times could be an interesting alterna-
tive to predict the effectiveness of heat treatment in such fruit
as Peumo Pink tomatoes.

Applications of calcium salts at 45°C for 4 min caused
changes in the physicochemical properties of Peumo Pink to-
matoes. Immersion in calcium lactate and propionate at 45°C
for 4 min proved best to maintain the firmness of the fruit
for 28 days at 10°C plus 2 days at 20°C. The TPC and anti-
oxidant capacity increased with the storage time of tomatoes.
Although calcium applications showed an increase in TPC,
no clear trend was observed on each evaluation day. The use
of high temperatures with calcium salts for dipping would
be beneficial to provide the vegetal tissues with calcium and re-
duce the softening of the tomato after prolonged cold storage.
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