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Quantification of phenolic compounds in grapes and
pineapple peels dried by freeze dryer, air circulation oven and
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The drying stage in food is important for improving the shelf life, but it can alter physicochemical
properties like texture, phenolics compounds and antioxidant capacity. This study aimed to evaluate the
differences in total phenolic compound contents in samples of grapes and pineapple peels dried in an
oven with air circulation, a freeze dryer and a solar fruit dehydrator. The study also aimed to compare
drying times using different equipment to remove water from the samples. The use of a solar dehydrator
resulted in the shortest drying time for both grapes and pineapple peels. The highest phenolic compound
contents were observed for grapes peels, especially those dried by freeze-drying, since oven drying
produced the lowest phenolic compound contents. The highest phenolic compound content was also
found in pineapple peel extract dried by freeze-drying, followed by oven drying with air circulation. The
lowest content was obtained for the extract of pineapple peels dried by solar dehydration. The various
drying methods presented different amounts of total phenolic compounds for the grapes peel samples
dried by freeze-drying and in an oven with air circulation, and for the grapes peel samples dried by
freeze-drying and by solar dehydration, with 0.0013 < p < 0.00035. The other samples showed no
significant differences.

Keywords: Folin—Ciocalteu method, phenolic compounds, rural economy.

A etapa de secagem em alimentos ¢ importante para melhorar o tempo de armazenamento de diversos
produtos, porém pode alterar propriedades fisico-quimicas como textura, compostos fenolicos e
capacidade antioxidante. O presente trabalho teve por objetivo a avaliacdo das diferengas de teores de
compostos fendlicos totais em amostras de cascas de uva e abacaxi secas em estufa com circulagio de ar,
liofilizador e um desidratador de frutas a luz solar. Ainda, o estudo também teve por objetivo comparar o
tempo de secagem empregando diferentes equipamentos para a retirada da agua das amostras. O emprego
do desidratador solar obteve o menor tempo de secagem para as cascas de uva e também para as cascas de
abacaxi. Os maiores teores de compostos fenolicos foram observados para as cascas de uva, em especial
as que foram secas por liofilizagdo, uma vez que, a secagem por estufa ocorreram os menores teores. O
maior teor de compostos fenodlicos também foi maior para o extrato de cascas de abacaxi empregando a
secagem por liofilizagdo, seguido pela secagem por estufa com circulagdo de ar. O menor teor foi obtido
para o extrato de cascas de abacaxi secas por desidratador solar, indicando uma degradag¢do maior dos
compostos fenodlicos presentes na casca do abacaxi com esse tipo de secagem. As diversas formas de
secagem apresentaram distintas quantidades de compostos fenolicos totais para as amostras de cascas de
uva secas por liofilizagdo e em estufa com circulagido de ar e para as amostras de cascas de uva secas por
liofilizagdo e pelo desidratador solar, com 0,0013<p<0,00035. As demais amostras ndo apresentaram
diferengas significativas pelo Teste de Tukey a 5%.

Palavras-chave: método de Folin-Ciocalteu, compostos fenolicos, economia rural.

1. INTRODUCTION

Drying efficiency depends on the technique. Traditional open-air drying is cost-effective;
however, exposure to oxygen, light and environmental conditions can promote enzymatic
browning, the loss of volatile compounds and the degradation of heat-sensitive bioactive
compounds. Oven drying is faster and yields greater microbiological stability, although high
temperatures may degrade certain compounds. Freeze-drying is considered one of the most
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effective dehydration techniques for preserving bioactive constituents, owing to the sublimation
of ice under low-temperature and reduced-pressure conditions, as described by Barlak et al.
(2026) [1].

According to Singh and Sharma (2021) [2], there are several causes of losses in fruit and
vegetable production, including crushing, rotting, senescence and wilting. One way to prevent
or reduce food waste is to dry food using solar energy. This method requires the acquisition or
construction of specialized equipment, which represents a way of generating income for small
rural producers. In addition to reducing harvest losses, it also appears to be a sustainable
solution using renewable energy, according to Unar et al. (2026) [3].

As cited by Borgo et al. (2010) [4], plant drying is a process that results in low moisture
contents, enabling the prolonged preservation of physical and chemical qualities. Residual
moisture contents above 10% of the wet weight base favor bacterial and fungal growth, enabling
enzymatic hydrolytic activity in plant cells and oxidation and degradation reactions of active
ingredients. Drying is a step that can affect organic compounds such as carotenoids, as the
amount of water is critical to their stability. However, lower water contents in dehydrated foods
provide a barrier to atmospheric oxygen, increasing their stability and shelf life as described by
Aquino et al. [5].

Fruit peels have proven to be a valuable source of nutrients and bioactive compounds.
Research shows that, in general, they contain a higher concentration of nutrients than the pulp
itself, which is traditionally considered the edible part of the fruit, according to Gondim et al.
[6] and Cordova et al. (2005) [7]. Furthermore, peels are notable for being rich in dietary fiber,
protein, essential oils, minerals and antioxidants like phenolic compounds. This nutritional
richness has sparked increasing interest in using peels in human nutrition. One of the most
common uses is drying and processing into flour, which allows them to be used in various
recipes or for the extraction of bioactive compounds, as cited by Siebel and Rodrigues (2021)
[8].

Coffee and fennel, rosemary leaves, aragd pulp, and bacuri peels, Campomanesia
adamantium (Guavira) leaves, lemongrass, blackberry, senna leaves, hibiscus, jabuticaba peels
and gabiroba leaves [9-14] have been highlighted in the production of extracts with antioxidant
properties due to the presence of phenolic compounds. Extracts of leaves, fruits and flowers
with antioxidant properties minimize the oxidative radical mechanism and it can be studied with
the purpose of replacing synthetic compounds commonly added to oils, fats and biodiesel, as
studied by Savada et al. (2021) [15].

This study aimed to evaluate the differences in total phenolic compound contents in grape
and pineapple peels samples dried in an oven with air circulation, a freeze dryer and a fruit
dehydrator under sunlight.

2. MATERIALS AND METHODS

2.1 Sample Preparation

50 g of each sample of grape peels (cultivar Vitoria) and pineapple peels (cultivar Pérola)
were weighed for each drying method. The samples were dried at 50°C in an air circulation
oven (SOLAB, model SL-102/1152). 2 g sample was set aside to determine when the sample
reached constant weight and for subsequent moisture content calculations. In another method,
50 g of the samples were dried for 24 h in a freeze dryer (JJ Cientifica LTDA (R), model Linha
LJJ, -34.0°C, 300 mbar). The samples were previously frozen and placed in the freeze dryer.
Furthermore, a wooden sunlight-powered fruit dehydrator with a grid to support the samples
was developed, as shown in Figure 1, measuring 74 x 44 x 50 cm. The drying of 50 g of peels to
constant weight on a sunny day was evaluated. The operation of a dehydrator, in essence, is
based on allowing hot air to circulate within the structure of the material, thus evaporating all
the moisture around the fruits until they are completely dry, according to Koyuncu (2006) [16].
The internal temperature ranged from 20 to 50°C, depending on the variation in external
temperature.
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Figure 1: Solar dehydrator developed for the project.

The samples were then ground manually and stored. The time spent in each drying method
was recorded.

2.2 Quantitative Analysis of Total Phenolic Compounds

Alcoholic extracts of grapes and pineapple peels were prepared using 5 g of the dried and
ground sample and added to 125 mL of absolute ethyl alcohol (ANIDROL®, CH;CH>OH). This
mixture was kept protected from light for 48 hours and then filtered. The quantification of the
phenolic compounds present in the prepared natural alcoholic extracts was performed by the
Folin—Ciocalteu method in the microbiology laboratory of the IFPR Campus Ivaipord using
UV-Vis spectrometry on a Thermo Scientific (model: Evolution 60) equipment. The
methodology of Branco et al. (2025) [17] and Romagnoli et al. (2018) [13] was adapted for the
extract concentrations. Folin's reagent 0.2 N and sodium carbonate (Na>CO3) solution (7.5%
(w/w)) were used and the extracts were diluted to adjust the absorbance readings on the
equipment. The volumes were stipulated by preliminary studies so that the absorbance values
were quantified within the range of the analytical curve. For the blank, 0.5 mL of distilled water,
0.5 mL of 0.2 N Folin Ciocouteau reagent and 0.5 mL of 7.5% Na>CO; solution were added to
the test tube. For standards or samples, the following were added to the test tubes: 0.5 mL of
standard or sample, 0.5 mL of 0.2 N Folin Ciocouteau reagent, and 0.5 mL of 7.5% Na,CO;
solution. The samples were homogenized and kept away from light for one hour and absorbance
analysis was performed at 760 nm. The total phenolic content was expressed as gallic acid
equivalents (GAE) per gram of dry matter. The assay was performed in duplicate.

Statistical analyses of the results were performed using Statistica® software (v. 12) [18]
through analysis of variance, ANOVA, and when significant, the means were compared using
Tukey's test with p < 0.05.

3. RESULTS AND DISCUSSION

After two days of extraction in ethyl alcohol, the mixtures had different colors, as shown in
Figure 2, indicating extraction of different substances depending on the drying method. It is
important to note that the phenolic compound content can also be affected by differences in
solvent polarity and extraction time, as cited by Rockenbach et al. (2008) [19].
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Figure 2: Alcoholic extract of pineapple peels dried by (1) Freeze dryer; (2) Oven with air circulation;
(3) solar dehydrator and extract of grape peels dried by (4) Oven with air circulation; (5) Solar
dehydrator, (6) Freeze dryer.

Table 1 presents the quantification values of total phenolic compounds for the different
extracts. The analytical curve used was Abs = 0.0116 x +0.1548, R? = 0.993. The average
moisture content was 75.58% for grape peels and 79.44% for pineapple peels.

Table 1: Absorbance (Abs) values obtained for sample dilutions and their determined phenolic amounts.

o Drying Phenolic compound content
Dilution Abs  Abs  (mg GAE g dry peels)

Sample time

factor (hours) GO @ ) )
Freeze-dried grapes peels extract 0.75:50  24h00 0.356 0.355 28.91 28.76
Extract of grapes peels dried in an oven 0.7550 18h30  0.293 0.304 19.85 21.44
with air circulation T ) ) : )
Extract of grapes peels dried by solar — 75:50  7h00 03210310  23.88 22.30
dehydrator
Freeze-dried pineapple peels extract 1.5:25 24h00 0.273 0.290 4.25 4.85
Extract from pineapple peels dried in an 295 13h30 0.272 0.280 316 337
oven with air circulation ' ) ) ) ‘
Extract of pineapple peels dried by 225 10h00 02350221  2.16 178

solar dehydrator

It is important to highlight that the use of a solar dehydrator resulted in the shortest drying
time for grape and pineapple peels. This method, in addition to being faster, also has lower
costs, as it does not involve electricity costs. The box developed in this work costs less than a
freeze dryer and an oven and uses solar energy, a sustainable energy source.

Solar energy has several characteristics that characterize its use as sustainable, such as not
releasing waste into the atmosphere, being renewable, and having great potential, being
available almost everywhere in Brazil, as described by Machado and Miranda [20]. The
dehydration process serves as an option to avoid waste and variation in the natural flavor of the
fruit. Studies of drying methods show that fruit dryers that use the sun as the sole energy source
are frequently used. A well-known example is the sun-dried fruit dryers used by Feiden et al.
(2016) [21], which can be constructed from simple materials such as wood, glass, and metal.
Another model, as mentioned above, combines solar heat and electrical heat, which significantly
reduces dehydration time. To increase heating efficiency, a design with flat plates and fins was
adopted, based on Deng et al. (2016) [22], allowing greater heat exchange and better heat
retention. Koyuncu (2006) [16] compared six solar collector models and found the flat plate
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model with top flow to be the most efficient. Inspired by this, the final design combined flat
plates, fins, and top flow for improved thermal performance.

Table 2 presents the mean values quantified in the samples, the standard deviation of the
duplicate, and the respective coefficient of variation (CV) in percentage. The lower the CV, the
more homogeneous the data. According to Pimentel-Gomes (2023) [23], who classified the
coefficients of variation obtained in agricultural trials, most of the results found for this trial
were below 10%, being classified as having a low coefficient of variation. Only the phenolic
compound content of the pineapple peel extract dried by a solar dehydrator presented an
intermediate CV, indicating less homogeneity of the samples. This may have occurred due to
the difficulty in grinding these samples, since they were resistant to manual grinding.

Table 2: Average values for the quantities of total phenolic compounds, standard deviation and
coefficient of variation of the samples.

Mean (mg GAE gary peeis') +

0
Sample Standard Deviation CV (%)
Freeze-dried grapes peels extract 28.84+£0.11 0.37
E.xtract .of grapes peels dried in an oven with air 20654112 545
circulation
Extract of grapes peels dried by solar dehydrator 23.09+1.12 4.84
Freeze-dried pineapple peel extract 4.55+0.43 9.39
E).;trac.t frpm plr}eapple peels dried in an oven 3274 0.15 455
with air circulation
Extract of pineapple peels dried by solar 1974027 13.67

dehydrator

Table 2 shows that grape peel extracts exhibited higher phenolic compound contents
compared to pineapple peel extracts. Freeze-dried grape peels (28.84 & 0.11) yielded the highest
levels, followed by grape peel extract dried in a solar dehydrator (23.09 £ 1.12). Regarding
pineapple peel extracts specifically, the highest phenolic compound content was also found in
the freeze-dried extract (4.55 + 0.43), followed by the extract dried in a forced-air oven (3.27 £
0.15). The lowest content was observed in the solar-dehydrated pineapple peel extract (1.97 +
0.27), indicating greater degradation of the phenolic compounds present in pineapple peel with
this drying method.

Total phenolic compound levels vary according to the grape species, the solvent used, and
the type and duration of extraction. The levels found for the grape extract are close to the results
reported by Caldas et al. (2018) [24] for extraction with 92% ethanol. The total phenolic content
of the pineapple peel extract is lower than the values found by Azizan et al. (2020) using 100%
etanol [25].

Phenolic compounds undergo degradation at high temperatures and, as freeze-drying does
not employ high temperatures, larger amounts of phenolic compounds are justified [26]. The
different drying methods presented different amounts of total phenolic compounds for the
grapes peels samples dried by freeze-drying and in an oven with air circulation and for the
grapes peels samples dried by freeze-drying and by the solar dehydrator, with 0.0013 < p <
0.00035. There was no significant difference in the Tukey (R) test with p = 0.08 between the
total phenol content in the grapes peels samples dried by the oven and by the fruit dehydrator
with sunlight. The different drying methods for pineapple peels samples did not differ
significantly according to Tukey (R) with a variation of 0.22 < p < 0.92. The extraction process
can result in a lower phenolic compound content due to drying, which generates chemical and
enzymatic modifications, and the volatilization of substances with lower boiling temperatures.
Thermal degradation is reported as the main cause of the reduction of these compounds, as
during this process, the phenols react and prevent their extraction. Therefore, the phenolic
compound content of the peels decreases with increasing temperature [26-28].
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High temperatures drying increases the reaction rate of bioactive compounds. ElGamal et al.
(2023) [26] present the degradation mechanisms of organic compounds and state that the ideal
drying temperatures for preserving vitamin C, polyphenols, flavonoids, glycosides, volatile
compounds, and their respective antioxidant activity were, respectively: 50—60 °C, 55-60 °C,
60-70 °C, 45-50 °C, 40-50 °C, and 50-70 °C. The authors recommend convection drying at
low temperatures to preserve bioactive compounds of plant origin. Vitamin C isomers can be
converted into ascorbic acid at high temperatures. Phenols, flavonoids, and glycosides are also
heat-sensitive compounds. Phenols oxidize during the drying process, and higher temperatures
correlate with an increased rate of degradation [26]. Teles et al. (2017) [27] argued that
bioactive components could undergo oxidation by polyphenol oxidase, as temperatures of 50 °C
and 40 °C were likely insufficient to inactivate this enzyme in grape pomace dried below 60 °C.
The preservation of phenolic compounds can be favored by both the temperature and the
reduction of water activity achieved through drying. Gasecka et al. (2019) [28] reported that the
greatest reductions in bioactive compounds from Leccinum scabrum occurred at 70 °C.
Antioxidant activity was highest in fresh samples, followed by air-dried samples and those dried
at 40 °C, while the lowest activity was found in samples dried at 70 °C.

4. FINAL CONSIDERATIONS

The use of a solar dehydrator resulted in the shortest drying time for both grapes and
pineapple peels. This method, in addition to being faster, is also less expensive because it does
not involve electricity costs, providing small producers with alternative ways to dry their
products. The average moisture content was 75.58% for grapes peels and 79.44% for pineapple
peels. The grapes peels had the highest phenolic compound levels, especially in freeze-dried
peels, while oven drying produced the lowest phenolic compounds. The pineapple peel extract
also had the highest phenolic compound levels when freeze-dried, followed by oven drying with
air circulation. The lowest phenolic content was obtained for the pineapple peel extract dried
using a solar dehydrator, indicating greater degradation of the phenolic compounds present in
pineapple peels with this drying method. The different drying methods presented different
amounts of total phenolic compounds for the samples of grape peels dried by freeze-drying and
in an oven with air circulation and for the samples of grape peels dried by freeze-drying and by
solar dehydrator, with 0.0013<p<0.00035. The other samples did not present significant
differences by the Tukey test at 5%.
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