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Effect of calcium chloride and hydrocooling on
the postharvest of cape gooseberry fruits
(Physalis peruviana L.)

Efecto del cloruro de calcio y el hidroenfriamiento en la
poscosecha de frutos de uchuva (Physalis peruviana L.)
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Cape gooseberry fruit development.
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ABSTRACT

The cape gooseberry is an Andean fruit with significant nutritional and export potential in various inter-
national markets. The climacteric metabolism in cape gooseberry fruits results in a short post-harvest life,
posing a threat to the commercialization of the fruits. Therefore, techniques are being explored to prolong
the quality of the fruit. Hydrocooling (HC) and applying CaCl, are efficient tools to enhance refrigerated
storage in horticultural products. The impact of hydrocooling, CaCl, application, and refrigeration at 4°C on
the physical and chemical characteristics of cape gooseberry fruits during postharvest storage was assessed.
Fruits subjected to HC exhibited reduced respiratory rate (RR) at harvest, quickly eliminating field heat.
During postharvest, refrigeration extended the storage life of cape gooseberry fruits from 19 to 33 d. Fruits
treated with HC, refrigeration, and CaCl, (1%) demonstrated low mass loss, RR, and color index values. Ad-
ditionally, they exhibited low pH values; however, this application did not significantly affect the maturity
relationship. The application of CaCl, did not affect total soluble solids (TSS), but TSS levels were influenced
by HC with refrigeration, maintaining high levels until the end of storage. Therefore, it is recommended to
apply HC, refrigeration (4°C), and 1% CaCl, to cape gooseberry fruits, as this combination delays ripening
and preserves post-harvest quality.

Additional key words: precooling; ripening; firmness; cold storage; respiratory rate.
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RESUMEN

La uchuva es un fruto andino con gran potencial nutricional y de exportacién hacia diferentes mercados interna-
cionales. El metabolismo climatérico en los frutos de uchuva provoca una corta vida poscosecha, lo que se convierte
en una amenaza para la comercializacién de los frutos, por lo cual se buscan técnicas que prolonguen la calidad del
fruto. El hidroenfriamiento (HC) y la aplicacién de CaCl, son herramientas eficientes para potencializar el alma-
cenamiento refrigerado en productos horticolas. Se evalué el efecto del HC, CaCl, y la refrigeracién a 4°C sobre las
caracteristicas fisicoquimicas de frutos de uchuva durante el almacenamiento en poscosecha. Los frutos con HC
redujeron la intensidad respiratoria (RR) al momento de la cosecha, eliminando radpidamente el calor de campo. En
poscosecha, la refrigeracién prolongé el almacenamiento de los frutos de uchuva de 19 a 33 d. Los frutos sometidos
a HC, refrigeracién y CaCl, (1%) mantuvieron bajos valores de pérdida de masa, RR e indice de color, asi mismo,
presentaron bajos valores de pH, no obstante, esta aplicacién no tuvo un efecto significativo en la relacién de ma-
durez. Los sélidos solubles totales (TSS) no se vieron afectados por la aplicacién de CaCl, pero si por el HC con
refrigeracién, manteniendo niveles altos hasta el final del almacenamiento. Por lo anterior, se recomienda emplear la
aplicacién de HC, refrigeracién (4°C) y 1% CaCl, a los frutos de uchuva, ya que retrasa la maduracién y mantiene

la calidad poscosecha.

Palabras clave adicionales: preenfriamiento; maduracion; firmeza; refrigeracion; intensidad respiratoria.
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The cape gooseberry, an exotic tropical fruit, holds
significant importance due to its nutritional prop-
erties as a rich source of vitamins (ascorbic acid,
thiamine, riboflavin, and niacin), minerals (calcium,
phosphorus, and iron), and the presence of second-
ary metabolites such as steroids, flavonoids, and alka-
loids (Agudelo-Sanchez et al., 2023; Balaguera-Lopez
et al., 2024; Alvarez-Herrera et al., 2024). Colombia
stands out as the primary producer and exporter of
cape gooseberry, contributing to approximately 90%
of the world’s production, reflecting a remarkable in-
crease of 22.72% between 2020 and 2022 (Agronet,
2028). In 2022, cape gooseberry exports experienced a
1% growth compared to 2021, with the Netherlands,
the United States, and Germany being the major
export destinations, accounting for 64.2, 15.7, and
6.7%, respectively (Analdex, 2023).

The conventional marketing approach for cape goose-
berry involves fresh produce, rendering it susceptible
to manipulation during international processes. Due
to its high respiratory activity and sensitivity to eth-
ylene, the fruit undergoes accelerated senescence, re-
sulting in softening and limiting its post-harvest life
to only 10 to 12 d, this phenomenon leads to losses
amounting to up to 21% of the total production
in postharvest, equivalent to 1,813-2,373 t of cape
gooseberry (Cardenas-Barboza et al., 2021). Coupled
with the prolonged duration of the journey from
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INTRODUCTION

Colombian seaports to the European market, which
can span up to 18 d, exporting cape gooseberry pre-
sents a considerable challenge (Fischer et al., 2014).

To address these challenges, various tools are avail-
able to extend the post-harvest life and maintain the
quality of fruits. One such tool is refrigeration (Diaz
and Avila, 2021), whose efficacy has been enhanced
by strategies like precooling. Precooling involves the
rapid elimination of field heat in freshly harvested
products, lowering the temperature close to that of
storage, and reducing the respiratory rate of the fruit.
This process occurs before the product is transported
to the market or stored in a cold environment (Duan
et al., 2020). Among the precooling techniques, hy-
drocooling (HC) stands out, involving the immersion
of fruits in water with low temperatures (Makule ez
al., 2022).

According to Duan et al. (2020), hydrocooling (HC)
has demonstrated excellent results by minimizing
gas exchange in small fruits, which, due to their large
surface-to-volume ratio, tend to lose water rapidly. In
a similar way, in melons, HC application has proven
effective in preserving the quality attributes of fruits
for an extended duration during refrigerated storage,
preventing metabolic activity, and maintaining cell
wall integrity (Zainal et al., 2019). Comparable out-
comes have also been observed in other fruits such as
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tomatoes (Maniet al., 2023), peaches (De et al., 2020),
cherries (Wang and Long, 2015), and pears (Choi et
al., 2015).

The immersion of fruits in water may lead to fruit
cracking. One approach to mitigate cracking is
through the exogenous application of calcium (Ca?*)
(Zhang et al., 2019a). The absence of calcium can re-
sult in tissue breakdown, an increase in intercellular
space separation, and fruit malformation, as calcium
plays a crucial role in both cell division processes and
wall structure. Hence, its deficiency can induce crack-
ing (Gao et al., 2019). Cape gooseberries are particu-
larly susceptible to this physiological issue, primarily
due to calcium deficiency in the plant, inadequate
irrigation management during fruit growth, and the
fruit size, with larger fruits being more susceptible to
cracking (Alvarez-Herrera et al., 2012; Alvarez-Herre-
raet al., 2015).

Therefore, the objective of this study was to assess
the impact of calcium chloride (CaCl,) and hydro-
cooling on the postharvest behavior and quality of
cape gooseberry fruits.

MATERIALS AND METHODS

Location and plant material

The research was conducted at the plant physiology
laboratory of the Universidad Pedagdgica y Tecnolégi-
ca de Colombia, situated at a latitude of 5°33’ N and a
longitude of 73°24’ W, at an elevation of 2,787 m a.s.l.
The laboratory has an average annual temperature of
12.5°C. The Colombia ecotype cape gooseberry fruits
were sourced from the ‘Las Nubes’ farm in the mu-
nicipality of Ventaquemada, located at 5°23'25.7928”
N, 73°29’11.4576” W, and an elevation of 2,675 m
a.s.l. The farm experiences an average temperature of
12°C and an average annual precipitation of 882 mm.

Fifty kilograms of cape gooseberry fruits were har-
vested at ripening stage 3, following the ICONTEC
(1999) NTC 4580 standard. The fruits were trans-
ported to the laboratory in 25 kg baskets, where
the calyx was removed, and a selection process was
conducted on 30 kg, considering fruits with uniform
size, color, and the absence of damage.

Experimental design

A completely randomized design was employed,
comprising seven treatments (Tab. 1) with four repe-
titions, totaling 28 experimental units (EU). Each ex-
perimental unit consisted of 1 kg of cape gooseberry
fruits.

‘ Table 1. Treatments used. ‘

+HCO0CaCl,4°C Hydrocooling 0 4
+HCO0.5CaCl,4°C Hydrocooling 0.5 4
+HC1.0CaCl,4°C Hydrocooling 1.0 4
+HC1.5CaCl,4°C Hydrocooling 15 4
-HCOCaCI,4°C Without 0 4
precooling
+HCO0CaCl,16°C Hydrocooling 0 16
-HCOCAC,16°C Without 0 16
precooling

Before the application of treatments, the fruits under-
went disinfection using 0.1% (v/v) NaClO in distilled
water for 10 min. For hydrocooling (HC) treatments,
the fruits were immersed in distilled water at a tem-
perature of 4°C for 15 min. In conjunction with HC,
calcium chloride (CaCl,) concentrations (Merck KG,
Darmstadt, Germany) in distilled water were pre-
pared at 0.5, 1.0, and 1.5 (m/v). These concentrations
were chosen as they enhance the Ca?* concentration
in cape gooseberry fruits after immersion in the solu-
tion (Pinzén-Sandoval et al., 2016; Reyes-Medina et
al., 2017). Following the completion of the HC pro-
cess, the fruits were placed in T-1 polystyrene trays
(Ajover Darnel, S.A.S., Colombia) and stored at ei-
ther 4 or 16°C (room temperature), depending on the
specific treatment.

Response variables

Measurements for the treatments were conducted
every 3 or 4 d, concluding at 19 days after harvest
(DAH) for treatments stored at room temperature
(16°C), while refrigerated fruits were measured up to
33 DAH.

Mass loss (ML) was determined by weighing 100 g

of fruits in their initial state, using a ViBRA AJ220E
semi-analytical balance (Shinko Denshi Co., Ltd.,
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Japan), with a precision of 0.001 g. ML was calculated
using equation (1):

MM oo
M

2

ML (%) = o

where M1 represents the initial mass, and M2 repre-
sents the final mass.

Fruit firmness was quantified utilizing the GY-4 pen-
etrometer (Yueqing Handpi Instruments, China),
equipped with a 3.5 mm diameter tip, a pressure
depth of 10 mm, and a precision of 0.01 N. The aver-
age value from three fruits of uniform size for each
experimental unit (EU) was recorded and expressed
in Newtons (N).

Total soluble solids (TSS) were quantified in 1 mL of
juice using the HANNA HI96801 digital refractome-
ter (Hanna Instruments, Woonsocket, RI) with an ac-
curacy of 0.1°Brix. The total titratable acidity (T TA)
was calculated following the methodology outlined
by Jaime-Guerrero et al. (2022) and expressed as a per-
centage of citric acid. The maturity ratio (MI) was
determined as the ratio of TSS to TTA.

The pH was obtained by diluting 5 mL of juice in 45
mlL of distilled water, resulting in a final volume of 50
mlL, using the Hanna HI 8424 portable digital pH po-
tentiometer (Hanna Instruments, Woonsocket, RI).
Respiratory intensity (RI) was determined in 100 g of
fruits following the methodology by Alvarez-Herrera
et al. (2021), and the results were expressed as mg kg™
h' of CO,.

The color of the epidermis was assessed using
the CIELab scale with a CHNSpec CS-200 digital

colorimeter (Hangzhou CHNSpec Technology, Chi-
na). Three fruits per experimental unit were ana-
lyzed, and the color index (CI) was calculated using
equation (2):

1000 x a*
Cl= —— - @)
L* x b*

where, L* represents the luminosity of the color,
where a value of 0 corresponds to black, and 100 in-
dicates white. The values of a* less than 0 signify a
tendency toward green, while values greater than 0
indicate a tendency toward red. Similarly, values of
b* less than 0 suggest a tendency toward blue, and
values greater than 0 suggest a tendency toward
yellow.

Data analysis

The obtained values underwent normality tests, fol-
lowed by an analysis of variance (ANOVA) to discern
differences among the treatment means. In addition
to the Tukey test (P<0.09) to classify the treatments,
an orthogonal contrast test was performed in which
different groups of treatments were compared (Tab.
2), using the SAS v software. 9.2e (SAS Institute Inc.,
Cary, NC).

RESULTS AND DISCUSSION

Mass loss (ML)

MLin cape gooseberry fruitsincreased over the storage
period in all treatments, revealing highly significant

Table 2. Orthogonal contrasts used to compare the groups of treatments evaluated in the post-harvest of cape gooseberry.

e | o 22 |21 | s | s
HC vs. without HC 2 2 2 2 -5 2 -5
CaCl, vs. without CaCl, -3 4 4 4 -3 3 -3
CaCl, 0.5% vs. CaCl, 1.0% 0 1 -1 0 0 0 0
CaCl, 0.5% vs. CaCl, 1.5% 0 1 0 -1 0 0 0
CaCl, 1.0% vs. CaCl, 1.5% 0 0 1 -1 0 0 0

HC: hydrocooling; 0, 0.5, 1.0, 1.5% of CaCl,; 4°C and 16°C.

Rev. Colomb. Cienc. Hortic.
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differences within the initial 19 DAH. Fruits stored
at room temperature, both with and without hydro-
cooling (+HC0CaCl,16°C and -HC0CaCl,16°C), ex-
hibited the highest ML values at 45.44 and 43.45%,
respectively. In contrast, fruits stored in refrigeration
at 4°C demonstrated an average ML of 9.9% at 19
DAH (Fig. 1A), a critical period at which fruits pre-
served at room temperature (16°C of storage) lost
their commercial quality. The application of CaCl,
at any dose showed significant differences compared
to fruits not treated with CaCl,. Generally, fruits
subjected to hydrocooling (HC), refrigeration, and
1% CaCl, application (+HC1.0CaCl,4°C) displayed
the lowest ML values (20.81%) after the postharvest
period. Additionally, fruits relying solely on refrig-
eration without HC or calcium application recorded
the highest ML at 33 DAH (28.58%), emphasizing
the significance of HC in refrigerated fruits during
postharvest.

The ML during fruit postharvest is attributed to
water release through transpiration and respira-
tion processes, directly influenced by temperature
(Jaime-Guerrero et al., 2022). Refrigeration at low
temperatures effectively delays ML by diminishing
gas exchange in cape gooseberry fruits (Balaguera-
Lépez et al., 2015). Likewise, HC plays a crucial role
in removing field heat from agricultural products,
enhancing the post-harvest performance of refriger-
ated fruits. Wang and Long (2015) applied HC (0°C)
to cherries immersed in 0.2 and 0.5% CaCl, for 5 min,

successfully reducing ML during refrigeration at 0°C.
Moreover, HC is reported as the most recommended
precooling technique for small fruits with a high sur-
face-to-volume ratio, such as cape gooseberry, as it
minimizes moisture loss and maintains turgor pres-
sure in the cells (Duan et al., 2020).

Firmness

Firmness values declined with advancing storage du-
ration across all treatments (Fig. 1B). Fruits subjected
to hydrocooling (HC), refrigeration, and the appli-
cation of 1 and 1.5% CaCl, exhibited greater firm-
ness at 9, 12, and 16 DAH in comparison to other
treatments. Similarly, starting from day 12, refriger-
ated fruits consistently displayed significantly higher
firmness (7.32 N) compared to those stored at room
temperature (5.90 N), regardless of the hydrocooling.
This disparity persisted at 19 DAH, with firmness
values of 7.0 and 3.6 N for refrigerated and room tem-
perature-stored fruits, respectively. Treatments with
HC showed highly significant differences from 14
DAH onwards compared to fruits that did not receive
HC. However, from 23 DAH onward, no significant
differences in firmness were observed for refrigerated
treatments, which averaged 5.27 N at 33 DAH.

The decline in firmness during fruit ripening initiates
with heightened enzyme activity, such as polygalac-
turonases (PG), pectinases, and cellulases, responsible

N ow s~ gl
o o o o o

Accumulated mass loss (%)

o

0 5 10 15 20 25 30 35
Time (DAH)

—— HC+4°C —— HC+0.5% CaCl, +4°C
—— HC+1% CaCl, +4°C —a— HC+1.5% CaCl, +4°C
- 4°C -2- HC+19°C

-0-- 19°C

—
o

12

Firmness (N)

0 5 10 15 20 25 30 35
Time (DAH)

Figure 1. Effect of refrigeration, hydrocooling (HC at 4°C), and CaCl, on mass loss (A) and firmness (B) in cape gooseberry fruits
during storage. ns: not significant. *, ** and *** indicate significant effect according to the Anova P<0.05, P<0.01
and P<0.001, respectively. Vertical bars indicate minimum significant difference according to Tukey (P<0.05).
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for hydrolyzing structural and reserve polysaccha-
rides in the cell wall (Saltveit, 2019). Given the enzy-
matic nature of these processes, storage temperature
becomes a crucial factor influencing metabolic activi-
ty. Hence, storage at lower temperatures, as observed
in this study, decelerates the loss of firmness, consis-
tent with findings by Pinzén e al. (2015) in refriger-
ated cape gooseberries. Additionally, the application
of Ca’* is known to play a vital role in preserving the
cell wall integrity of fruits (Zhang et al., 2019b; Gao
et al., 2020), elucidating the reduced loss of firmness
in fruits refrigerated and subjected to hydrocooling
with 1.0 and 1.5% CaCl, doses during storage. This
underscores the significance of Ca®** in postharvest
maintenance. Similarly, combining hydrocooling
with calcium applications has proven effective in

sustaining firmness in cherry fruits (Wang and Long,
20195), apples (Ganai et al., 2018), and peaches (Pervi-
tasari et al., 2021).

Total soluble solids (TSS)

Cape gooseberry fruits exhibited significant differ-
ences in TSS among treatments at 5, 9, 19, 23, 26, 29,
and 33 DAH (Fig. 2A). Throughout the postharvest
period, there was a slight upward trend in TSS, in-
creasing from an average of 11.44 to 12.95 °Brix across
all treatments. Notably, fruits without refrigeration
(+HCO0CaCl,16°C and -HCO0CaCl,16°C) displayed
higher TSS at 14 DAH, decreasing until 19 DAH (13.0
°Brix), while refrigerated fruits consistently showed

A
16 4
14 4
12 4
= 104
g g
[72]
2 ¢
4 J
2 4
0 ‘
0 5 10 15 20 25 30 35
c
5.0 q
45
4.0
E35
3.0
2.5
2.0
0 5 10 15 20 25 30 35
Time (DAH)
—— HC+4°C —— HC+0.5% CaCl, +4°C
—— HC+1% CaCl, +4°C —&— HC+1.5% CaCl, +4°C
-0 4°C -2- HC+19°C
-0--19°C

TTA (% citric acid)
P

0.0

N
o

N
(==}

—
o

—
o

Maturity index (MI)

o

Time (DAH)

Figure 2. Effect of refrigeration, hydrocooling (HC at 4°C), and CaCl, on A) total soluble solids (TSS), B) total titratable acidity
(TTA), C) maturity index (MI), and D) pH in cape gooseberry fruits during the storage. ns: not significant, *, ** and ***
indicate significant differences between treatments according to the Anova P<0.05, P<0.01 and P<0.001, respec-
tively. Vertical bars indicate minimum significant difference according to Tukey (P<0.05).
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significantly higher values (13.9 °Brix). There were
significant differences between the different doses of
ClCa, at 9 and 19 DAH, where applications of 1.5 and
1.0% presented the highest TSS values, respectively.
Beyond 19 DAH, TSS exhibited a slight decline,
with refrigerated, calcium-applied, and hydro-cooled
fruits maintaining higher values at the end of storage
compared to the treatment with only refrigeration
(-HCO0CaCl,4°C).

The initial rise in TSS during storage is linked to the
degradation of reserve polysaccharides into simple
sugars (glucose, fructose, and sucrose), facilitated
by starch hydrolysis mediated by enzymes such as
a-amylase and amyloglucosidase (Yahia et al., 2019).
This explains the increase in TSS up to 14 and 19
DAH in fruits stored at room temperature and refrig-
erated conditions, respectively. Subsequently, the de-
cline in TSS is attributed to the utilization of sugars
as a respiration substrate (Saltveit, 2019), coinciding
with the climacteric peak reached by cape gooseberry
fruits. Similar behavior was observed with the ap-
plication of hydrocooling in peaches cv. Mibaekdo
stored at 10°C (Pervitasari et al., 2021), mangoes
(Renu et al., 2022), and Indian gooseberries (Tomar
and Pradhan, 2023). In contrast, the application of
CaCl, at 20°C did not impact the TSS of cape goose-
berry fruits (Reyes-Medina ez al., 2017).

Total titratable acidity (TTA)

The TTA values of cape gooseberry fruits exhibited
a slight decrease throughout the storage period and
only demonstrated significant differences at 16 and 19
DAH between treatments. At these points, the TTA
of fruits stored at room temperature (-HC0CaCl,4°C
and -HCO0CaCl,16°C) significantly decreased (Fig 2B),
showing reductions of 41.56 and 46.75% compared
to the average of the refrigerated treatments, respec-
tively. When analyzing the application of HC, it gen-
erated significant differences from 16 to 19 DAH,
compared to the treatments that did not have HC,
likewise, the application of CaCl, showed significant
differences from 12 DAH, in which the 1% dose had
the highest TTA.

The reduction in TTA during postharvest is attrib-
uted to the utilization of organic acids as a substrate
in the respiratory metabolism of fruits and/or in the
gluconeogenesis process for sugar generation (Valla-
rino and Osorio, 2019). This decrease is also associ-
ated with the use of refrigeration to delay respiratory

metabolic processes in cape gooseberry fruits (Pinzén
et al., 2015). Towards the end of postharvest, refrig-
erated fruits treated with HC and CaCl, applica-
tions (+HCO0.5CaCl,4°C, +HC1.0CaCl,4°C and
+HC1.5CaCl,4°C), irrespective of the dose, exhib-
ited the highest TTA values compared to fruits with
only HC and refrigeration, suggesting that calcium
application enhances the performance of cape goose-
berry fruits and prolongs the accumulation of organic
acids. This aligns with findings in cape gooseberry by
Pinzén-Sandoval et al. (2016) and Reyes-Medina et al.
(2017) and is similar to the reported effect on cherries
refrigerated at 0°C with HC and varying Ca doses af-
ter four weeks of storage (Wang and Long, 2015). In
this context, it is plausible that calcium application
suppresses ethylene-dependent processes at the cel-
lular level, thus retarding fruit ripening (Dorostkar et
al., 2022).

Maturity index (MI)

Figure 2C illustrates the behavior of the MI, which
increased in all treatments, reflecting the maturation
process. During the initial 14 d, the MI did not show
significant differences between treatments and had an
average value of 8.45+0.68. From this point onward,
fruits stored at room temperature (+HC0CaCl,16°C
and -HC0CaCl,16°C) exhibited an increase in the MI,
reaching values of 11.35, significantly higher than the
averages of refrigerated fruits (7.54). The application
of HC and CaCl, separately presented significant dif-
ferences between 16 and 19 DAH, and between 9 and
19 DAH, respectively. HC delayed fruit ripening since
it maintained lower MI values. The latter slightly in-
creased the MI towards the end of postharvest, indi-
cating slower ripening. At 33 DAH, fruits subjected
to HC, refrigeration, and CaCl, displayed the lowest
MI value, aligning with the findings of Pinzén et al.
(2015), who observed lower MI values in refrigerated
fruits due to the maintenance of high TTA values
compared to fruits stored at room temperature.

pH

There were no significant differences between treat-
ments in the pH of cape gooseberry fruits during the
initial 14 d (Fig. 2D), where it averaged 3.18%0.2.
However, at 16 and 19 DAH, fruits stored at room
temperature with and without hydrocooling (HC)
exhibited significantly higher pH values (3.65) com-
pared to refrigeration treatments (3.03), similar to
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the pH averages of 3.38 reported by Reyes-Medina
et al. (2017) in cape gooseberries subjected to differ-
ent concentrations of CaCl,. It is noteworthy that
refrigeration significantly reduces pH values by slow-
ing down cellular respiratory metabolism. Likewise,
when combined with the application of HC and cal-
cium, it helps maintain low pH values.

On the other hand, when analyzing the pH varia-
tion in cape gooseberry fruits during the post-harvest
phase, a decreasing trend was observed until 9 and 24
DAH in fruits stored in the environment and with
refrigeration, respectively, at which point the trend
changed and began to increase until the end of the
postharvest at 19 and 33 DAH, respectively. This ini-
tial decrease in pH is also reported by Reyes-Medina
et al. (2017) and can be attributed to the conversion
of acids stored in the vacuole into sugars (Saltveit,
2019). Similarly, the subsequent increase in pH may
be related to temperature increases that promote
higher respiratory rates, leading to the loss of sub-
strates, including acids (Reyes-Medina et al., 2017).

Respiratory rate (RR)

Cape gooseberry fruits exhibited significant differ-
ences in RR between treatments in most postharvest
measurements except for 23 and 33 DAH (Fig 3). At
the initiation of storage, fruits that did not undergo
hydrocooling displayed higher RR values (7.16 mg
kg! h'' of CO,) compared to other treatments (2.91
mg kg' h' of CO,), emphasizing one of the main
benefits of HC, which is the reduction of field heat,
thereby lowering the temperature and metabolic res-
piration processes of recently harvested fruit (Makule
et al., 2022), similar to findings in cherries with HC
application (Wang and Long, 2015). It was also ob-
served that fruits stored in room temperature condi-
tions had a higher RR than those refrigerated until
19 DAH, at which point they lost their consumption
quality, similar to observations in cape gooseberry
by Balaguera-Lépez er al. (2015). Additionally, RR
increased from 16 and 14 DAH for treatments with
and without refrigeration, respectively, peaking at 26
DAH for refrigerated fruits (7.22 mg kg h* of CO,),
where the application of HC, refrigeration, and 1%
CaCl, (+HC1.0CaCl,4°C) had the lowest RR values
at 5.8 mg kg! h' of CO,. According to Alvarado ez
al. (2004), the climacteric peak can occur between
23 and 27 DAH, for fruits without and with calyx,
respectively.

Rev. Colomb. Cienc. Hortic.

Towards the end of storage (29 DAH), fruits
subjected to HC, refrigeration, and doses
of 0.5% (+HC0.5CaCl,16°C) and 1% CaCl,
(+HC1.0CaCl,16°C) displayed the lowest RR val-
ues, averaging 27% lower compared to fruits refrig-
erated at 4°C, highlighting the effect of HC and Ca?*
in slowing the respiration process. In this context,
it is known that the application of Ca is involved
in the synthesis of ethylene and the transduction of
ethylene signals; likewise, it reduces and postpones
the climacteric peak (Gao et al., 2019), as reported in
peaches (Alier al., 2021) and apples (Xu et al., 2022).

Color index (Cl)

The CI did not exhibit significant differences between
treatments during the initial 16 DAH, according to
the Anova (P<0.05). However, at 19 DAH, the CI dis-
played highly significant differences between treat-
ments (Fig. 4). The highest values were observed in
fruits stored at room temperature with and without
HC (2.44), while refrigerated fruits had, on average,
lower Cl values (1.54), emphasizing the importance of
refrigeration in delaying the color metabolism change
in cape gooseberry fruits. There were significant
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Figure 3. Effect of refrigeration, hydrocooling (HC at 4°C),
and CaCl, on the respiratory rate in cape goose-
berry fruits during storage. ns: not significant. *,
** and *** indicate significant effect according to
the Anova P<0.05, P<0.01 and P<0.001, respec-
tively. Vertical bars indicate minimum significant
difference according to Tukey (P<0.05).
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differences between the different doses of CaCl, at
19 DAH, where the 1% dose showed the lowest IC
values, which implies that this application delays
changes in coloration during storage. From 19 DAH
onward, the CI maintained a consistent behavior un-
til the end of the post-harvest. However, at 29 DAH,
fruits with HC, refrigeration, and 0.5 and 1% CaCl,
(+HC0.5CaCl,16°C and +HC1.0CaCl,16°C) had
statistically lower Cls, underscoring the significance
of Ca?* in delaying the color change of cape goose-
berry fruits during post-harvest.

In this context, the increase in CI is associated with
the attainment of a dark orange color due to oxida-
tion processes occurring during ripening, leading to
the degradation of chlorophylls (greening) caused
by chlorophyllases, peroxidases, and pheophytins
(Gonzélez-Locarno et al., 2020). Moreover, there
is an increase in the synthesis of carotenoids, pri-
marily B-cryptoxanthin and B-carotene (Orddfez-
Santos et al., 2017), serving as an indicator of the
maturation process of cape gooseberry. The appli-
cation of CaCl, in post-harvest becomes crucial, as
per Nassarawa et al. (2024), since Ca acts as a met-
abolic regulator, aiding in retaining the green pig-
ments of fruits by inhibiting enzymes that degrade
chlorophylls. Additionally, hydrocooling and refrig-
eration play pivotal roles in the post-harvest life of
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1.0
0.5

Color index

0 5 10 15 20 25 30 35
Time (DAH)
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—a— HC+1.5% CaCl, +4°C
-2- HC+19°C

—— HC+4°C

—— HC+1% CaCl, +4°C
- 4°C

-0--19°C

Figure 4. Effect of refrigeration, hydrocooling (HC at 4°C),
and CaCl, on the color index (Cl) in cape goose-
berry fruits during storage. ns: not significant. *,
** and *** indicate significant effect according to
the Anova P<0.05, P<0.01 and P<0.001, respec-
tively. Vertical bars indicate minimum significant

difference according to Tukey (P<0.05).

horticultural products, slowing down enzymatic
and metabolic activities (Duan et al., 2020). This has
been demonstrated in melons (Zainal et al., 2019),
as hydrocooling kept the luminosity and tone of the
skin constant for a longer duration, associated with
a deceleration in the ripening process of the fruit.
However, Reyes-Medina et al. (2017) found that ap-
plications of CaCl, in cape gooseberry fruits did not
affect CI values stored at room temperature.

CONCLUSION

Fruits subjected to hydrocooling (HC), refrigeration,
and 1% CaCl, application exhibited lower mass loss
(ML), retained greater firmness, higher total soluble
solids (TSS), and total titratable acidity (TTA), along
with lower values of pH, reduced respiration rates
(RR), and delayed color index (CI) increase. Hydro-
cooling positively influenced the maintenance of
postharvest characteristics, extending the shelf life of
refrigerated cape gooseberry fruits up to 33 days after
harvest (DAH), with no discernible effect on fruits
stored at room temperature (19 DAH). Refrigeration
at 4°C played a crucial role in preserving TSS, TTA,
and pH in cape gooseberry fruits while maintaining
low values for the maturity ratio, RR, and CI.

Conflict of interests: the manuscript was written
and reviewed with the participation of the authors,
who declare that there exists no conflict of interest
that puts at risk the validity of the presented results.

BIBLIOGRAPHIC REFERENCES

Agronet. 2023. Rendimiento nacional por cultivo. Uchuva.
In: https://www.agronet.gov.co/estadistica/Paginas/
home.aspx¢cod=1; consulted: December, 2023.

Agudelo-Sanchez, S., Y. Mosquera-Palacios, D. David-U-
suga, S. Cartagena-Montoya, and Y. Duarte-Correa.
2023. Effect of processing methods on the postharvest
quality of cape gooseberry (Physalis peruviana L.). Hor-
ticulturae 9(10), 1158. Doi: https://doi.org/10.3390/
horticulturae9101158

Ali, I, N.A. Abbasi, and 1. Hafiz. 2021. Application of cal-
cium chloride at different phenological stages allevia-
tes chilling injury and delays climacteric ripening in
peach fruit during low-temperature storage. Int. J.
Fruit Sci. 21(1), 1040-1058. Doi: https://doi.org/10.1
080/15538362.2021.1975607

Alvarado, PA., C.A. Berdugo, and G. Fischer. 2004. Efecto
de un tratamiento de frio (a 1,5° C) y la humedad rela-
tiva sobre las caracteristicas fisico-quimicas de frutos

Vol. 18 - No. 1 - 2024


https://www.agronet.gov.co/estadistica/Paginas/home.aspx?cod=1
https://www.agronet.gov.co/estadistica/Paginas/home.aspx?cod=1
https://doi.org/10.1080/15538362.2021.1975607
https://doi.org/10.1080/15538362.2021.1975607

10 ALVAREZ-HERRERA / GUTIERREZ-VILLAMIL / JAIME-GUERRERO / CARRENO-LOPEZ / MARTINEZ-OSORIO

de uchuva Physalis peruviana L. durante el posterior
transporte y almacenamiento. Agron. Colomb. 22(2),
147-159.

Alvarez-Herrera, J., H. Balaguera-Lépez, and G. Fischer.
2012. Effect of irrigation and nutrition with calcium
on fruit cracking of the cape gooseberry (Physalis
peruviana L.) in the three strata of the plant. Acta
Hortic. 928, 163-170. Doi: https://doi.org/10.17660/
ActaHortic.2012.928.19

Alvarez-Herrera, J.G., G. Fischer, and M. Jaime-Guerrero.
2024. Preharvest calcium and irrigation regime affects
postharvest quality of cape gooseberry fruit (Physalis
peruviana L.). J. Appl. Bot. Food Qual. 97, 15-21. Doi:
https://doi.org/10.5073/JABFQ.2024.097.002

Alvarez-Herrera, J.G., G. Fischer, and J.E. Vélez-Sanchez.
2015. Produccién de frutos de uchuva (Physalis peru-
viana L.) bajo diferentes ldminas de riego, frecuencias
de riego y dosis de calcio. Rev. Colomb. Cienc. Hor-
tic. 9(2), 222-233. Doi: http://dx.doi.org/10.17584/
rcch.2015v9i2.4177

Alvarez—Herrera, J.G., M. Jaime-Guerrero, and A.]. Reyes-
Medina. 2021. Effect of maturity accelerants on
the postharvest behavior of avocado (Persea ame-
ricana Mill.) cv. Lorena. Rev. Colomb. Cienc. Hor-
tic. 15(3), e13131. Doi: https://doi.org/10.17584/
rcch.2021v15i3.13131

Analdex, Asociacién Nacional de Comercio Exterior. 2023.
Informe exportaciones de uchuva 2022. In: https://
www.analdex.org/wp-content/uploads/2023/02/
Informe-Exportaciones-uchuva-2022.pdf; consulted:
December, 2023.

Balaguera-Lopez, H.E., G. Fischer, and S. Magnitskiy. 2024.
Physiology and biochemistry of the Physalis peruviana
fruit. pp. 121-140. In: Ramadan, M.E (Ed.). Handbook
of Goldenberry (Physalis peruviana): Cultivation, pro-
cessing and functionality. Elsevier, London.

Balaguera-Lépez, H.E., C.A. Martinez, and A.A. Herrera.
2015. Refrigeration affects the postharvest behavior of
1-methylcyclopropene treated cape gooseberry (Phy-
salis peruviana L.) fruits with the calyx. Agron. Co-
lomb. 33(3), 356-364. Doi: https://doi.org/10.15446/
agron.colomb.v33n3.51896

Cérdenas-Barboza, L.C., A.C. Paredes-Cérdoba, L. Ser-
na-Cock, M. Guancha-Chalapud, and C. Torres-Leén.
2021. Quality of Physalis peruviana fruits coated with
pectin and pectin reinforced with nanocellulose from
P, peruviana calyces. Heliyon 7(9), e07988. Doi: https://
doi.org/10.1016/j.heliyon.2021.e07988

Choi, J.H., S.H. Yim, K.S. Cho, M.S. Kim, Y.S. Park, S.K.
Jung, and H.S. Choi. 2015. Fruit quality and core
breakdown of “Wonhwang” pears in relation to har-
vest date and pre-storage cooling. Sci. Hortic. 188, 1-5.
Doi: https://doi.org/10.1016/].scienta.2015.03.011

Rev. Colomb. Cienc. Hortic.

De, J., B. Bertoldi, M. Jubair, A. Gutierrez, J.K. Brecht,
S.A. Sargent, and K.R. Schneider. 2020. Evaluation
and comparison of postharvest cooling methods on
the microbial quality and storage of Florida Peaches.
HortTechnology 30(4), 504-509. Doi: https://doi.
org/10.21273/HORTTECH04609-20

Diaz, L.B. and R.M. Avila. 2021. Tecnologias postcosecha
para promover la vida de anaquel de frutos pequefios.
Rev. Iberoam. Tecnol. Postcosecha 22(1), 29-49.

Dorostkar, M., E Moradinezhad, and E. Ansarifar. 2022.
Effectiveness of postharvest calcium salts applica-
tions to improve shelf-life and maintain apricot fruit
quality during storage. Rev. Fac. Nac. Agron. 75(2),
9983-9988. Doi:  https://doi.org/10.15446/rfnam.
v7512.98060

Duan, Y., G.B. Wang, O.A. Fawole, P. Verboven, X.R. Zhang,
D. Wu, U.L. Opara, B. Nicolai, and K. Chen. 2020. Pos-
tharvest precooling of fruit and vegetables: A review.
Trends Food Sci. Technol. 100, 278-291. Doi: https://
doi.org/10.1016/].tifs.2020.04.027

Fischer, G., PJ. Almanza-Merchdn, and D. Miranda. 2014.
Importancia y cultivo de la uchuva (Physalis peruviana
L.). Rev. Bras. Frutic. 36(1), 001-015. Doi: https://doi.
org/10.1590/0100-2945-441/13

Ganai, S.A., H. Ahsan, A. Tak, M.A. Mir, A.H. Rather, and
S.M. Wani. 2018. Effect of maturity stages and pos-
tharvest treatments on physical properties of apple
during storage. J. Saudi Soc. Agric. Sci. 17(3), 310-316.
Doi: https://doi.org/10.1016/j.jssas.2016.07.001

Gao, Q,, Q. Tan, Z. Song, W. Chen, X. Li, and X. Zhu. 2020.
Calcium chloride postharvest treatment delays the
ripening and softening of papaya fruit. J. Food Pro-
cess. Preserv. 44(8), e14604. https://doi.org/10.1111/
ifpp.14604

Gao, Q., T. Xiong, X. Li, W. Chen, and X. Zhu. 2019. Cal-
cium and calcium sensors in fruit development and
ripening. Sci. Hortic. 253, 412-421. Doi: https://doi.
org/10.1016/j.scienta.2019.04.069

Gonzélez-Locarno, M., Y. Maza, A. Albis, E. Flérez, and
C.D. Grande. 2020. Assessment of chitosan-rue (Ruta
graveolens L.) essential oil-based coatings on refrigera-
ted cape gooseberry (Physalis peruviana L.) quality. J.
Appl. Sci. 10(8), 2684. Doi: https://doi.org/10.3390/
app10082684

ICONTEC. 1999. Norma Técnica Colombiana NTC4580.
Frutas frescas. Uchuva: especificaciones. In: http://
hdl.handle.net/20.500.12324/1271; consulted: No-
vember, 2023.

Jaime-Guerrero, M., ].G. Alvarez-Herrera, and H.D.
Ruiz-Berrio. 2022. Postharvest application of aciben-
zolar-S-methyl and plant extracts affect physicoche-
mical properties of blueberry (Vaccinium corymbosum
L.) fruits. Agron. Colomb. 40(1), 58-68. Doi: https://
doi.org/10.15446/agron.colomb.v40n1.100044


https://doi.org/10.17660/ActaHortic.2012.928.19
https://doi.org/10.17660/ActaHortic.2012.928.19
http://dx.doi.org/10.17584/rcch.2015v9i2.4177
http://dx.doi.org/10.17584/rcch.2015v9i2.4177
https://doi.org/10.17584/rcch.2021v15i3.13131
https://doi.org/10.17584/rcch.2021v15i3.13131
https://www.analdex.org/wp-content/uploads/2023/02/Informe-Exportaciones-uchuva-2022.pdf
https://www.analdex.org/wp-content/uploads/2023/02/Informe-Exportaciones-uchuva-2022.pdf
https://www.analdex.org/wp-content/uploads/2023/02/Informe-Exportaciones-uchuva-2022.pdf
https://doi.org/10.15446/agron.colomb.v33n3.51896
https://doi.org/10.15446/agron.colomb.v33n3.51896
https://doi.org/10.1016/j.heliyon.2021.e07988
https://doi.org/10.1016/j.heliyon.2021.e07988
https://doi.org/10.1016/j.scienta.2015.03.011
https://doi.org/10.21273/HORTTECH04609-20
https://doi.org/10.21273/HORTTECH04609-20
https://doi.org/10.15446/rfnam.v75n2.98060
https://doi.org/10.15446/rfnam.v75n2.98060
https://doi.org/10.1016/j.tifs.2020.04.027
https://doi.org/10.1016/j.tifs.2020.04.027
https://doi.org/10.1590/0100-2945-441/13
https://doi.org/10.1590/0100-2945-441/13
https://doi.org/10.1016/j.jssas.2016.07.001
https://doi.org/10.1111/jfpp.14604
https://doi.org/10.1111/jfpp.14604
https://doi.org/10.1016/j.scienta.2019.04.069
https://doi.org/10.1016/j.scienta.2019.04.069
https://doi.org/10.3390/app10082684
https://doi.org/10.3390/app10082684
http://hdl.handle.net/20.500.12324/1271
http://hdl.handle.net/20.500.12324/1271
https://doi.org/10.15446/agron.colomb.v40n1.100044
https://doi.org/10.15446/agron.colomb.v40n1.100044

HYDROCOOLING IN POSTHARVEST OF CAPE GOOSEBERRY 11

Makule, E.; N. Dimoso, and S.A. Tassou. 2022. Precooling
and cold storage methods for fruits and vegetables in
Sub-Saharan Africa: a review. Horticulturae 8(9), 776.
Doi: https://doi.org/10.3390/horticulturae8090776

Mani, VP, A. Abdul-Rahaman, A.C. Nimbare, Y.I. Buo-
namwen, K. Musah, S. Abdul-Wahab, and K. Ghu-
lam, 2023. Effects of postharvest dipping of sodium
hypochlorite and hydro-cooling on the quality of ‘Pe-
tomech’ tomato fruits. J. Postharvest Techno. 11(4),
37-48. Doi: http://jpht.in/MenuscriptFile/e438e558-
4a70-4839-a866-358589abccOf. pdf

Nassarawa, S.S., N. Bao, X. Zhang, Q. Ru, and Z. Luo. 2024.
Evaluation of light irradiation on anthocyanins and
energy metabolism of grape (Vitis vinifera L.) during
storage. Food Chem. 431, 137141. Doi: https://doi.
org/10.1016/j.foodchem.2023.137141

Ordénez-Santos, L.E., J. Martinez-Girén, and M.E. Arias-Ja-
ramillo. 2017. Effect of ultrasound treatment on visual
color, vitamin C, total phenols, and carotenoids con-
tent in cape gooseberry juice. Food Chem. 233, 96-100.
Doi: https://doi.org/10.1016/j.foodchem.2017.04.114

Pervitasari, A.N., ].H. Kim, K. Cho, D. Choi, S.K. Yun,
D. Kim, D.H. Kim, and J. Kim. 2021. Effects of hy-
drocooling and 1-MCP treatment on the quality
changes of peach fruit during storage. Hortic. Sci. Te-
chnol. 39(6), 769-780. Doi: https://doi.org/10.7235/
HORT.20210068

Pinzén, E.H., A.J. Reyes, ].G. Alvarez-Herrera, M.E Legui-
zamo, and J.G. Joya. 2015. Comportamiento del fruto
de uchuva Physalis peruviana L., bajo diferentes tem-
peraturas de almacenamiento. Rev. Cienc. Agr. 32(2),

26-35. Doi: https://doi.org/10.22267/1rcia.153202.10

Pinzén-Sandoval, E.H., A.J. Reyes, and J.G. Alvarez-He-
rrera. 2016. Efecto del cloruro de calcio sobre la ca-
lidad del fruto de uchuva (Physalis peruviana L.).
Rev. Cienc. Agric. 13(2), 7-17. Doi: https://doi.
org/10.19053/01228420.v13.n2.2016.5547

Renu, R., K. Waghray, and PD.S. Reddy. 2022. Standar-
dization and modelling of storage conditions for
hydro-cooling of mango (Mangifera indica) using
response surface methodology. Research Square
Preprint version 1. Doi: https://doi.org/10.21203/
15.3.1s-1465013/v1

Reyes-Medina, A.J., E.H. Pinzén, and J.G. Alvarez-Herre-
ra. 2017. Effect of calcium chloride and refrigeration
on the quality and organoleptic characteristics of
cape gooseberry (Physalis peruviana L.). Acta Agron.
66(1), 15-20. Doi: https://doi.org/10.15446/acag.
v66n1.50610

Saltveit, M.E. 2019. Respiratory metabolism. pp. 73-91.
In: Yahia, E.M. and A. Carrillo-Lépez (eds.). Posthar-
vest physiology and biochemistry of fruits and ve-
getables. Elsevier, Kidlington, UK. Doi: https://doi.
org/10.1016/b978-0-12-813278-4.00004-X

Tomar, M.S. and R.C. Pradhan. 2028. Effect of hydro
and cold room pre-cooling on cooling kinetics and
post-harvest quality of Amla. J. Sci. Ind. Res. 82, 899-
905 Doi: https://doi.org/10.56042/jsir.v82i08.1315

Vallarino, J.G. and S. Osorio. 2019. Organic acids. pp. 207-
223. In: Yahia, E.M. and A. Carrillo-Lépez (eds.). Pos-
tharvest physiology and biochemistry of fruits and
vegetables.  Elsevier, Kidlington. Doi: https://doi.
org/10.1016/B978-0-12-813278-4.00010-5

Wang, Y. and L.E. Long. 2015. Physiological and biochemi-
cal changes relating to postharvest splitting of sweet
cherries affected by calcium application in hydrocoo-
ling water. Food Chem. 181, 241-247. Doi: https://doi.
org/10.1016/j.foodchem.2015.02.100

Xu, Y., J. Liu, N. Zang, Z. Yin, and A. Wang. 2022. Effects
of calcium application on apple fruit softening during
storage revealed by proteomics and phosphoproteo-
mics. Hortic. Plant. J. 8(4), 408-422. Doi: https://doi.
org/10.1016/j.hpj.2022.03.002

Yahia, E.M., A. Carrillo-Lépez, and L.A. Bello-Pérez.
2019. Carbohydrates. pp. 175-205. In: Yahia, E.M.
and A. Carrillo-Lépez (eds.). Postharvest physiolo-
gy and biochemistry of fruits and vegetables. Else-
vier, Kidlington, UK. Doi: https://doi.org/10.1016/
b978-0-12-813278-4.00009-9

Zainal, B., P. Ding, 1.S. Ismail, and N. Saari. 2019. Physi-
co-chemical and microstructural characteristics during
postharvest storage of hydrocooled rockmelon (Cucu-
mis melo L. reticulatus cv. Glamour). Postharvest Biol.
Technol. 152, 89-99. Doi: https://doi.org/10.1016/
j.postharvbio.2019.03.001

Zhang, L., ] W. Wang, B. Zhou, G. Li, Y.E Liu, X.L. Xia, Z.G.
Xiao, E Lu, and S.J. Ji. 2019a. Calcium inhibited peel
browning by regulating enzymes in membrane me-
tabolism of ‘Nanguo’ pears during post-ripeness af-
ter refrigerated storage. Sci. Hortic. 244, 15-21. Doi:
https://doi.org/10.1016/j.scienta.2018.09.030

Zhang, L., . Wang, E Chen, S. Lai, H. Yu, and H. Yang.
2019b. Effects of calcium and pectin methylesterase
on quality attributes and pectin morphology of juju-
be fruit under vacuum impregnation during storage.
Food Chem. 289, 40-48. Doi: https://doi.org/10.1016/
j-foodchem.2019.03.008

Vol. 18 - No. 1 - 2024


https://doi.org/10.3390/horticulturae8090776
http://jpht.in/MenuscriptFile/e438e558-4a70-4839-a866-358589abcc0f.pdf
http://jpht.in/MenuscriptFile/e438e558-4a70-4839-a866-358589abcc0f.pdf
https://doi.org/10.1016/j.foodchem.2023.137141
https://doi.org/10.1016/j.foodchem.2023.137141
https://doi.org/10.1016/j.foodchem.2017.04.114
https://doi.org/10.7235/HORT.20210068
https://doi.org/10.7235/HORT.20210068
https://doi.org/10.22267/rcia.153202.10
https://doi.org/10.19053/01228420.v13.n2.2016.5547
https://doi.org/10.19053/01228420.v13.n2.2016.5547
https://doi.org/10.21203/rs.3.rs-1465013/v1
https://doi.org/10.21203/rs.3.rs-1465013/v1
https://doi.org/10.15446/acag.v66n1.50610
https://doi.org/10.15446/acag.v66n1.50610
https://doi.org/10.1016/b978-0-12-813278-4.00004-X
https://doi.org/10.1016/b978-0-12-813278-4.00004-X
https://doi.org/10.56042/jsir.v82i08.1315
https://doi.org/10.1016/B978-0-12-813278-4.00010-5
https://doi.org/10.1016/B978-0-12-813278-4.00010-5
https://doi.org/10.1016/j.foodchem.2015.02.100
https://doi.org/10.1016/j.foodchem.2015.02.100
https://doi.org/10.1016/j.hpj.2022.03.002
https://doi.org/10.1016/j.hpj.2022.03.002
https://doi.org/10.1016/b978-0-12-813278-4.00009-9
https://doi.org/10.1016/b978-0-12-813278-4.00009-9
https://doi.org/10.1016/j.postharvbio.2019.03.001
https://doi.org/10.1016/j.postharvbio.2019.03.001
https://doi.org/10.1016/j.scienta.2018.09.030
https://doi.org/10.1016/j.foodchem.2019.03.008
https://doi.org/10.1016/j.foodchem.2019.03.008

