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Abstract-The pomegranate fruit exhibits medicinal properties due to the nutraceutical characteristics,
especially of its peel. The objective of this study was to analyze the influence of different drying
methods on the physicochemical and biochemical characteristics of the pomegranate peel. The
experiment was conducted in a completely randomized design in subdivided plots: 4 (full sun
[SUN], drying chamber [DC] at 60 + 2 °C, cold chamber at 10 °C and 60% relative humidity (RH)
[CC], solar dryer [SD]) x 2 (presence or absence of 1% ascorbic acid [AA]). The analyzed variables
were mass loss, index of drying heterogeneity (IHD), Hue internal (LI, CI, HI) and external (LE,
CE, HE) angles, as well as Chroma, of the peel, and finally, total phenolic compound (TCFT) and
flavonoid (TFLA) content. DC treatment led to the shortest drying time, followed by SUN and SD
treatments. A reduction in IHD was observed with respect to time, which was more pronounced
in DC treatment. CC treatment produced a more positive response both for LI and LE. TCFT and
TFLA content produced from DC treatment presented an interaction effect, which was reduced by
the application of AA. On the other hand, dehydration without the application of AA in the drying
chamber or in full sun resulted in the best responses in TCFT and TFLA content.

Index terms: storage, postharvest, Punica granatum L.

Qualidade da casca de roma, cultivar Valenciana,
em funcao do método de secagem

Resumo-A roma ¢ uma fruta considerada medicinal devido as caracteristicas nutracéuticas, em
especial de sua casca. Assim, objetivou-se analisar a influéncia de diferentes métodos de secagem
nas caracteristicas fisico-quimicas e bioquimicas da casca de roma. O experimento foi conduzido
em delineamento inteiramente casualizado, em esquema de parcelas subdivididas: 4 (pleno sol
[SOL]; estufa 60+2°C [E60]; camara fria 10°C a 60%UR [CF]; secadora solar [SS]) x 2 (presenga
ou auséncia de acido ascorbico [AA] a 1%). As variaveis analisadas foram: perda de massa; indice
de heterogeneidade de secagem (IHS); luminosidade, Chroma, angulo Hue interno (LI, CI, HI)
e externo (LE, CE, HE) da casca; compostos fenolicos totais (TCFT) e flavonoides (TFLA). O
tratamento E60 apresentou menor tempo para secagem, seguido dos tratamentos SOL e SS. O IHS
apresentou reducao em fun¢@o do tempo, sendo mais acentuada no tratamento E60. Parao LI, a CF
apresentou melhor resposta, sendo o mesmo observado para LE. O TCFT e TFLA apresentaram
efeito de interacdo, em que a aplicacdo do AA na secagem em estufa resultou em uma redugdo
acentuada. Por outro lado, a secagem sem a aplicacdo de AA, na estufa ou a pleno sol, resultou
nas melhores respostas no TCFT e TFLA.

Termos para indexacfo: armazenamento, pos-colheita, Punica granatum L.
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Introduction

Pomegranate (Punica spp.) is one of the oldest
known edible fruits in the world, and is currently
produced on a major commercial scale by the world’s
largest fruit producers including India, China, and Iran
(HOLLAND and BAR-YA’AKOV, 2008). Brazil has
gained prominence as a pomegranate-producing country
in the last 7 years, due to a sharp increase in the volume
of marketed pomegranate by the CEAGESP (Centro de
Entrepostos e Armazéns Gerais de Sdo Paulo), thereby
creating competition with the fruits imported from
Spain, the United States of America, and Uruguay, and
resulting in an expansion of the cultivated fruit area in
the country (WATANABE and OLIVEIRA, 2014).

Pomegranate can be grown in gardens as an
ornamental plant, and is used in the chemical industry
in the manufacture of paints. It is primarily used in
natura since the aril, peel and seed of the fruit have
nutraceutical characteristics with health benefits to those
who consume them (OMAIAA, 2011).

The peel is the part of the fruit with the highest
levels of minerals (potassium, calcium, phosphorus,
magnesium and sodium), complex polysaccharides,
and bioactive compounds (phenols, flavonoids,
punicalagins and their isomers, galactic acid, ellagic
acid, and glycosides of ellagic acid) (JALAL et al.,
2018; SAAD etal.,2012; SALGADO et al., 2012; QU
et al., 2012; CRISTOFORI et al., 2011; SEERAM et
al., 2006). Therefore, in addition to the use of healthy
fruits, the production of a high quality peel is dependent
on an optimized drying process, in order to reduce
deterioration by moisture and favor post-harvest shelf
life (SANTOS, 2010).

The available drying methods (e.g., air-circulating
drying chamber, microwave-assisted hot air, refractory
window, and gas dryers) generate high pollution rates
and require a high initial investment which puts the
small producer at a disadvantage (SANTOS etal., 2017;
TONTUL and TOPUZ, 2017, MACHADO etal., 2012).
However, there are alternative methods, such as drying
in the sun and using a solar dryer, which generate clean
energy through renewable sources, and therefore do not
impact the environment as they do not emit pollutants
(MACHADO et al., 2012).

Despite the wide range of available drying methods
aimed at the dehydration of products, little is known
about the effects of high temperatures and ascorbic acid
on the final quality of dehydrated pomegranate peel.
This highlights the practical and scientific importance
of this study, since high temperatures can result in the
loss of bioactive compounds in fruits (TONTUL and
TOPUZ, 2017), and also because the use of ascorbic
acid can reduce quinones to phenols, thus inhibiting
the darkening of the peel (COSTA, 2010). The present

study aimed to analyze the influence of ascorbic acid on
the inhibition of darkening in dehydrated pomegranate
peel, as well as to evaluate the physicochemical and
biochemical characteristics of the peel using different
drying methods.

Materials and methods

The pomegranate fruits (Punica granatum L.)
used in this study belonged to the variety “Valenciana”,
and were harvested in January 2019 from a commercial
orchard in the municipality of Assai, State of Parana
(23°22'30.2"S 50°52'36.1"W). The fruits were
transported to the soil laboratory of the State University
of Londrina (UEL), where they were washed under
running tap water and surface sterilized using a 2%
sodium dichloroisocyanurate solution for 10 min.

Using knives, fruits were cut into six equal
parts, each approximately 10 cm in length. The peel
was manually separated from the pulp and washed
first in running tap water, followed by deionized water,
to remove all remaining pulp residues. Finally, the
pomegranate peels were dehydrated using different
drying methods.

The experiment was conducted in a completely
randomized design, using a subdivided plot scheme.
The drying methods employed in the plots were as
follows: full sun (SUN), drying chamber at 60+2°C
(DC), cold chamber at 10+2°C and 60+5% RH (CC),
and solar dryer adapted from the method described by
Cornejo et al. (1991) (SD; Figure 1).

Peels in the subplots were treated with either
0% or 1% ascorbic acid. The temperature and relative
humidity of the air in the solar dryer were recorded
using a datalogger (Model: HT-500, Instrutherm) and
evaluated every one minute (Figure 2A). Data collected
from the full sun drying method are shown in Figure 2B.
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Figure 1. Diagram of the dimensions of the solar dryer and its components, adapted from the model of Cornejo et al.
(1991)(Londrina-PR, 2019-Source: the author).
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Figure 2.Temperature and relative humidity of the solar dryer (A) and ambient (B) from January 28" to February 4",
2019(Londrina-PR, 2019).
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Physicochemical analysis of fruits

Several physicochemical analyses were performed
in 24 fruits. Titratable acidity (TA) was obtained by
titration with a standardized solution of 0.1 N NaOH
until a pH 8.2 was reached in the tested extract (10 ml
of juice added to 40 ml of distilled water), according to
the described by AOAC method 942.15 (Association of
Official Analytical Chemists, 1997). The results were
expressed in g of organic acid (citric acid equivalent)
per 100 ml of extract. Total soluble solids (TSS) were
determined by direct reading using a digital, hand-held
refractometer (Model N1, Atago; Brix scale range 0.0
—32.0°), and results were expressed in °Brix. The ratio
between total soluble solids and titratable acidity (Ratio),
which indicates the maturation stage of pomegranate, was
determined. Peel coloration was obtained by reading at 4
equidistant points in the equatorial region of the sample
using a colorimeter (Model CR-300, Minolta), and by
determining the L* (indicating luminosity), a* (indicating
color variation from green to red) and b* (indicating color
variation from blue to yellow) values (PAPADAKIS et
al., 2000). Using a* and b* values, the Hue angle (°h
= tan’'(b*/a*)), which defined color tint, and Chroma
((C* = ~N(a*)*+ (b*)?*) which defined color intensity
(MCGUIRE, 1992), were obtained. Longitudinal and
transverse diameters of the fruit (cm) were measured
using a digital caliper (MTX®). Fresh fruit mass (FFM),
fresh peel mass (FPM), and fresh aril mass (FAM) were
obtained using an electronic scale (with an accuracy of
0.01 g), and the results presented in g. The percentage
of peel (PC) was also determined, where PC = FPM/
FFM x 100.

Drying analysis

During the drying process, fresh peel mass
evaluations were performed in order to obtain mass loss,
determined by calculating the difference between the
initial fruit mass and values obtained at each stage of the
analysis, using an electronic precision balance. The results
were expressed as a percentage (%). For each treatment,
8 repetitions were used, each with four replicates.

The index of heterogeneity drying (IHD) was
obtained based on mass loss in each repetition, in function
on the variability of the replicas, thus obtaining the average
values of mass loss and the respective standard deviations
at each repetition. The coefficient of variation was used
to compare the uniformity of the drying process between
treatments. The value that assumes each repetition is given
by the formula:

5 j(xl-i>2+(xz-i)2+<x3-i>2+<x4-i>2
IHD= ; !

%100

where X1, X2, X3, and X4 are the values of
mass loss in each experimental unit, n is the number of
experimental units, X represents the mean repetition, and
IHD is the index of heterogeneity drying.

At the end of the peel drying process, two
measurements were performed on the inside of the peel
(SILVA et al., 2014), and one on the outside, using a
colorimeter (Model CR-300, Minolta). Four repetitions,
each with four replicates, were carried out. Parameter
L* indicated the brightness factor; its value was a useful
indicator of darkening, resulting from oxidative darkening
reactions or increased pigment concentration (ROCHA
and MORALIS, 2003).

Analysis of total phenolic compounds and
flavonoids

An aqueous extract was prepared by adding 25 ml
of boiling water (105 °C) to 1.0 g of ground pomegranate
peel, and the temperature monitored using a thermometer
(Model ET 1415, Ecotools). After 35 minutes, the extract
was stirred, filtered and refrigerated at 2—8 °C in the dark,
until required for further analysis, according to the method
described by Cazarin et al. (2014).

The total phenolic compound content (FTCT)
was determined according to the Folin Ciocalteau
spectrophotometric method (SINGLETON and ROSSI
JUNIOR, 1965) using a gallic acid pattern, and the results
expressed as the equivalent weight (mg) of gallic acid
(GAE) in 100 mg of extract. The readings were performed
using a spectrophotometer (Model AJX-1600, Micronal)
at 765 nm, and analyzed in duplicates.

For the quantification of total flavonoid (TFLA)
content, 1.0 ml of 5.0% (w/v) aluminum chloride and
2.0 ml of methanol were added to 1.0 ml of aqueous
extract, and incubated for 30 min in the dark. Samples
were subsequently analyzed using a spectrophotometer
(Model AJX-1600, Micronal) at 425 nm (WOISKY and
SALATINO, 1998). Quercetin was used as the standard at
concentrations of 50.0-500.0 mg L', and the results were
expressed as the equivalent weight (mg) of quercetin (QE)
per 100 mg of extract.

Statistical analysis

Results obtained from physicochemical analyses
were examined using descriptive methods (i.e. sample
mean and standard deviations). Total phenolic compound,
flavonoid and staining contents were submitted to variance
analysis and the means compared using the Tukey’s test
(p < 0.05). The assumptions of normality, homogeneity
of variances and independence of errors were determined
using the Shapiro-Wilk, Bartlett and Durbin-Watson
tests (p > 0.05), respectively. In cases where one of the
assumptions was corrupted, the data were transformed
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according to the model proposed by Box and Cox (1964).
Mass loss and index of heterogeneity drying
were analyzed by linear and nonlinear regressions

(Y = %; Y = a x x?) .The relationship between variables

analyzed at the time of drying was investigated using
multiple linear regression analysis, with the index of
heterogeneity considered as a response, while mass loss
and time were regarded as explanatory variables. For the
regression models, the test for the variance inflation factor
(multicollinearity), partial F test, lack of adjustment, and
Akaike and Bayesian inference criteria were analyzed, as
well as the coefficient of determination and significance
of the coefficients. The results were processed using the
software R (R CORE TEAM, 2019).

Results and discussion
Physicochemical Analysis

The pomegranate fruits analyzed in the present
study presented a total soluble solids content of 15.71
°Brix and a titratable acidity of 0.40 g 100 g! eq. of citric
acid, with an average ratio of 37.52 (Table 1), considered
high for the standards of main commercial varieties
(TEHRANIFAR et al., 2010). However, these fruits
were harvested in January, following a period of higher
pomegranate supply and price on the market (SUZUKI,
2016), and met the quality attributes proposed by UNECE
(United Nations Economic Commission for Europe, 2013)
(Table 1), with the potential for marketing in the form
of a by-product, i.e., dehydrated pomegranate peel. This
provides an option of extra income for the producer, at a
time when the fruit is devalued in the fresh fruit market,
thereby generating fruit demand for industrial processing.

Table 1 - Physicochemical analysis of pomegranate fruits, variety ‘Valenciana’(Londrina-PR, 2019).

Parameters Values
Fresh fruit mass (g) 304.4+27.8
Fresh aril mass (g) 184.6 +22.0
Fresh peel mass (g) 119.9 + 28.7
Peel percentage (%) 37.5+10.6
Longitudinal diameter (cm) 83+0.3
Transversal diameter (cm) 8.0+04
Luminosity 545+3.6
Chroma 37.0+£2.1
Hue angle 60.2 £8.0
Soluble solids (°Brix) 15.7+0.6
Titratable acidity (g 100 mL™") 04+0.1
Ratio 37.5+3.8

Average of 24 pomegranate fruits.

Analysis of the physical parameters of the fruits
(Table 1) produced mean values of 304.38, 184.61, and
119.93 g for fresh fruit mass, fresh aril mass, and fresh
peel mass, respectively. The percentage of peel was
37.50%, indicating a significant volume of peel in relation
to the total mass of fruits, which would generate a high
yield for the pomegranate peel processing industries,
thus corroborating the results found by Tehranifar et
al. (2010) and Sarkhosh et al. (2009). Longitudinal and
transverse diameters presented averages of 8.30 and 7.99
cm, respectively. The fruits have been classified according
to the standard established by UNECE, i.e. by diameter
(2/B; 71 — 80 mm) and mass (3/C; fresh mass from 301
to 400 g), thus confirming the variety “Valenciana” to be
medium-sized fruits and meeting the preferred standards
of the organ as established by the consumer.

The fruits analyzed for peel color parameters
displayed a Hue angle, luminosity and Chroma of 60.21,
54.53 and 36.99, respectively (Table 1). These values
indicated that the studied variety was undesirable for
commercialization in the fresh fruit market, as it contained
a predominance of the yellow color, and would not be
favored by the consumer whose preference was for fruits
with purple peel at a Hue of 32.00 MASHAVHATHAKHA
etal.,2014). However, “Valenciana” pomegranates offered
other attributes such as percentage of peel, low acidity,
and high soluble solids content, that would be more
important to the industrial market (their target audience),
beyond the external coloration of the fruit (MAYUONI-
KIRSHINBAUM;PORAT, 2014).
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Drying analysis

The loss of mass in the pomegranate peel displayed
quadratic adjustment for SUN (With: 4782 min and
response of 70.95%; Without: 4899 minutes and 70.01%
response) and SD (With: 6886 min and response of
63.66%; Without: 6403 minutes and 61.20% response)
treatments, with or without the application of ascorbic acid
(Figure 3). While CC treatment presented a simple linear

adjustment, it did not display stability in the peel mass.
DC treatment produced the best response in terms of time
and stability after 1500 min following the start of the trial.
Finally, the application of ascorbic acid resulted in a lower
reduction in mass loss (Figure 3A), since this treatment
introduced an increase in moisture when the peels were
dipped in the solution and immediately subjected to the
different drying methods.
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Figure 3. Mass loss in pomegranate peel subjected to 4 drying methods (Full sun (SUN), drying chamber at 60 & 2
°C (DC), cold chamber at 10 = 2 °C and 60 + 5% RH (CC) and solar dryer adapted from Cornejo et al. (1991) (SD))
with (A) and without (B) the application of 1% ascorbic acid (Londrina-PR, 2019).
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The index of heterogeneity drying (IHD) of
pomegranate peels for all treatments, including the
application of ascorbic acid, showed a gradual reduction
in variability with respect to time, being more pronounced
in DC and less pronounced in CC (Figure 4). This was
explained by the drying time, since both were correlated.

The relationship among IHD, time variables, and mass loss
was explained using the multiple linear regression model,
where all treatment conditions, as well as all observations,
were analyzed. Following the start of the experiment,
with the increase in time, a decrease in the mass of the
peel was detected, which contributed to decreased drying
heterogeneity (Figure 5E).
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Figure 4 — Index of heterogeneity drying (IHD) of pomegranate peel subjected to 4 drying methods (full sun (SUN),
drying chamber at 60 + 2 °C (DC), cold chamber at 10 + 2 °C and 60 + 5% RH (CC) and solar dryer adapted from
Cornejo et al. (1991) (SD)) with (A) and without (B) the application of 1% ascorbic acid (Londrina-PR, 2019).
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Despite a noted time difference of approximately
4500 min, SUN and SD treatments presented promising
results to the small producer, as both allowed for a
fast and uniform drying process. This could reduce the
deterioration of pomegranate peels from moisture, and
favor their shelf life by not compromising their nutritional
properties, in addition to eliminating the need for a high
financial investment (SILVA, 2015; SANTOS, 2010).
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It was observed that the coefficient of determination
(R?) was lower for treatment in DC, since the time ratio
with IHD or mass loss was not necessarily linear (Figure
5A). In addition, the largest R? value was reported in the
CC treatment, since mass loss and IHD displayed a simple
linear adjustment with time under these experimental
conditions (Figure 5B). Finally, similar observations
were made for the SUN and SD treatments (Figures 5C
and 5D), with lower R? values than in CC, and indicating
a trend more similar to DC. In treatments where mass
loss occurred rapidly, a greater reduction of drying
heterogeneity was observed, which would be desirable
to producers, since homogeneous products offer a higher
added value and quality.
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Figure 5 - Graph showing multiple linear regression models between the index of heterogeneity drying (%), mass
loss (%) and time (min) variables for the following treatments: Drying chamber at 60 =2 °C (A); cold chamber at 10
+ 2°C and 60 + 5% RH (B); Solar dryer (C) and full sun (D). Model with all values (E) (Londrina-PR, 2019).
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The internal luminosity of the peel (LIC) showed a
significant response to the type of drying treatment, with
CC displaying the best response with a lighter tone; similar
observations were recorded for the external luminosity of
the peel (LEC) (Table 2). Drying through cooling produced
a decrease in the metabolism of fruit peels, reducing
their oxidative effects and, consequently, mitigating the
darkening of their surface (OLIVEIRA et al., 2008).

Horuz and Maskan (2015) reported similar observations
when determining color alteration in pomegranate peels
subjected to high temperatures and prolonged drying
times. It was also observed that the internal and external
luminosity of the peel was higher when ascorbic acid was
not applied.

Table 2 - Internal luminosity of the peel (LIC); external luminosity of the peel (LEC); internal peel Chroma (CIC);
external peel Chroma (CPB); Hue internal (HI) and external (HE) angles of pomegranate peels subjected to different
drying methods (Sec.) and application of 1% ascorbic acid (AA)(Londrina-PR, 2019).

Drying methods
Peel Color AA
DC cC SD SUN
With 43.00+5.92*
L Without  45.6046.57 43.25 B £3.58 53.41 A+3.21 40.70 B£3.23 39.76 B£2.68
With 32.40+5.35%
()
Internal C Without  37.60+412.91 33.53 B+2.85 40.16 A+3.08 31.02 B£2.80 35.38 AB£19.3
H With 85.194+3.60* ) _ ) i
Without  87.75+1.00
With 43.61+3.48*
L Without 45934427 41.67 B+1.51 49.03 A+1.57 44.76 B£5.13 43.66 B+2.67
With - 29.63 Ba+1.07  34.69 Aa+1.68  30.51 Bb+1.93 31.66 Aba+3.01
External C
Without - 31.99 BCa+2.39  37.00 Aa+0.56  34.74 ABa+0.76 30.10 Ca+3.35
H With 65.44+5.77*
Without  60.26+4.93 i i i i
Variable p-valor Factor A p-valor Factor B p-valor Ax B
L 0.009 <0.001 0.664
Internal C 0.028 0.048 0.285
H 0.278 0.003 0.156
L 0.002 0.017 0.058
External C 0.003 0.013 0.043
H 0.161 0.008 0.185

Means followed by the same lowercase letter in the row and uppercase in the column do not differ by Tukey’s test (p < 0.05).

(t) Data transformed by Box-Cox (1964).
* significant at 5% by F test.
+ indicates sample standard deviation.

Regarding the Hue angle, a significant effect of the
application of ascorbic acid was observed in the internal
(HI) and external (HE) part of the peel, which did not
differ between drying methods (Table 2). The internal
peel produced a more yellowish shade of color with the
application of AA, while the external peel presented
an inverse effect in the absence of AA, producing a
darker color ranging from red/purple to opaque brown
(MASKAN et al., 2002). This is because ascorbic acid
can act as a pro-oxidant agent by forming dark pigments
throughout its degradation or by reducing quinone, a

compound responsible for forming colored polymers
only when used in high concentrations (UNDERHILL
and CRITCHLEY, 1992).

Analysis of total phenolic compounds and flavonoids

The content of total phenolic compounds and
flavonoids presented an interactive effect between the
factors. Thus, the application of ascorbic acid in the drying
chamber at 60 + 2°C resulted in a marked reduction in
both variables (Table 3). This can be explained by the
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addition of water from the application of ascorbic acid
(AA) which, together with high temperature, can cause
a severe denaturation of the compounds present in the
pomegranate peel, in an effect similar to the technique of
moist heat (RIGUEIRA et al., 2016). Comparisons within
the levels of ascorbic acid application showed that the
drying chamber treatment at 60+£2°C presented a higher
content of total phenolic compounds and flavonoids in

the absence of AA, while the SD treatment displayed a
reverse pattern, with higher values recorded when ascorbic
acid was applied (Table 3). According to Brito (2000), a
slower drying process favors the destruction of phenolic
compounds, while heat treatment has a greater effect on
the polyphenol contents in food products, and exhibits
a positive relationship with increases in temperature
(QUE et al., 2008), as observed with treatment in the
cold chamber.

Table 3 - Total phenolic compounds (TCFT) and flavonoids (TFLA) of pomegranate peel subjected to different drying
methods (Sec - Full sun (SUN), drying chamber at 60 + 2 °C (DC), cold chamber at 10 £+ 2 °C and 60 + 5% RH (CC)
and solar dryer (SD)) with (CAA) and without (SAA) the application of 1% ascorbic acid (Londrina-PR, 2019).

TCFT TFLA
---mg GAE 100 mg'--- ---mg QE 100 mg'---
CAA SAA CAA SAA
DC 297.8+38.1 Cb 982.7+89.8 Aa 38.3£5.3 Cb 128.2+11.1 Aa
CC 716.9+£265.7 Ba 680.2+£156.7 Ba 91.5+34.1 Ba 92.6+17. 6 Ba
SD 1123.71+118.5 Aa 842.8+92.0 ABb 151.1£10.0 Aa 117.7+6.7 ABDb
SUN 878.56+148.4 ABa 860.0+142.3 ABa 115.4+18.6 Ba 120.1£16.1 ABa
Sec. (A) 0.0020261* 0.0005021*
AA (B) 0.1108492 0.0155334*
AxB <0.0001369* <0.0001*

Means followed by the same lowercase letter in the row and uppercase in the column do not differ by Tukey’s test (p <0.05). * significant at 5%.

The synthesis of phenolic compounds is derived
from the partial oxidation of sugars and organic acids in
cell respiration (i.e., during glycolysis and in the cycle of
tricarboxylic acids). It is therefore possible that a fraction
of the acids and sugars were used as a source of carbon
skeletons for the synthesis of phenolic compounds, since
higher storage temperatures resulted in a higher respiratory
rate (SOETHE et al., 2016).

Conclusions

Dehydration in a drying chamber at 60+2°C
required a shorter time to reach a stable mass and should
not be used with ascorbic acid, as the latter resulted in the
reduction of total phenolic compounds and flavonoids.

The solar dryer, despite being a slower method than
the drying chamber at 60+2°C, minimized the loss of total
phenolic compounds and flavonoids in the presence of
ascorbic acid, which could be of interest to the consumer.

The cold chamber drying process proved to be an
inadequate method for drying the pomegranate peel.

The application of ascorbic acid may inhibit
darkening of the peel. However, attention should be
paid to the concentration used, since it can also produce
undesirable effects.

Data from total phenolic compounds and flavonoids
also indicated that treatment in the solar dryer with
ascorbic acid produced higher levels of these compounds
than when compared to treatment without AA application.
There is evidence that although drying in SD is slower and
causes the degradation of these compounds, these effects
can be minimized when associated with AA. This method
therefore suggests a low-cost option for the small rural
producer that allows maintaining the antioxidant potential
of the pomegranate peel.
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