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used as traditional remedies for cardiovascular diseases, cough,
bronchitis, nausea, fever, diarrhea, constipation, hemorrhoids, diabetes,
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Methods: In this research, the samples of the quince leaves were
pretreated with CP and US. After extracting the leaves extracts and its
concentration, the amount of total phenolic compounds, antioxidant
activity, total chlorophyll, carotenoid, and color indices of the treated and
control samples were investigated.
Results: The obtained results showed that both CP and US processes
caused a significant increase (P<0.05) in the amounts of phenolic
and antioxidant compositions, total chlorophyll, and carotenoid.
The color indices L*, a*, b* decreased significantly (P<0.05)
compared to the control as a result of cold plasma pretreatment, but
did not differ significantly compared to the control due to
ultrasound pretreatment (P>0.05).
Conclusion: Overall, based on this research's results, cold plasma
pretreatment can be a better and more efficient method than ultrasound-
assisted to extract bioactive compounds and replace conventional thermal
methods.
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Extended Abstract

Introduction: Quince (Cydonia oblonga
Miller, Cydonia maliformis Miller, Cydonia
vulgaris Pers., Pyrus cydonia L., Farsi name of
“Beh”, Greek name of “Strythion”, and Azari
name of “Heyva”) belongs to the Rosaceae
family. It is typically grown in gardens with
warm temperatures. The young branchlets of
the quince tree are covered in a pale greyish
wool, its leaves are elliptical, flowers can be
pink or white, and the fruits are bright
yellowish and usually pear-shaped. Various
parts of the quince tree have been traditionally
used for medicinal purposes, including treating
cough, bronchitis, nausea, fever, diarrhea,
cystitis, constipation, hemorrhoids, diabetes,
and hypertension, as evidenced by a review of
medical literature  (Khoubnasabjafari and
Jouyban, 2011). Several experimental or clinical
studies have confirmed the effectiveness of this
product. Despite the potential toxic effects
associated with herbal medicines, there have been
no significant reported side effects or
contraindications linked to the consumption of
qguince products. Quince fruit is commonly
consumed as food in the form of jam or jelly.
Furthermore, other plants belonging to the
Rosaceae family also exhibit beneficial biological
activities (Khoubnasabjafari and Jouyban, 2011).

Several studies have shown that quince tree is
a good and low-cost natural source of phenolic
acids and flavonoids, which are potent
antioxidants. These compounds could provide
a chemical basis to some health benefits
claimed for quince leaf and fruit in folk
medicine. It is well known that quince fruit
shows antioxidant effects that result from the
presence of several polyphenolic substances,
e.g. flavonoids quercetin, rutin, kaempferol,
etc, and also from increased levels of vitamin
C. Different parts of quince (fruit, seeds and
leaves) have been used as traditional remedies
for cardiovascular diseases, cough, bronchitis,
nausea, fever, diarrhea, constipation,
hemorrhoids, diabetes, and hypertension. The
total phenolic content of quince leaves varied
from 4.9 to 16.5 g/kg dry matter. Moreover,
organic acids composition of quince leaf was
investigated; quinic acid (72.2%) and citric
acid (13.6%) were the major acidic
components (Oliveira et al., 2008). However,
the obtained results showed higher total

concentrations of phenolics in quince leaves
than in pulps, peels, and seeds (Oliveira et al.,
2008). Costa et al. (2009) studied the
methanolic extract from quince leaf and
reported 5-Ocaffeoylquinic acid as the major
phenolic compound. Antibacterial effects of
aqueous and organic quince leaf extracts on
gram-positive and gram-negative bacteria
were also investigated. The obtained results
indicated that ethanolic quince leaf extract had
the greatest effect on gram-negative and gram-
positive bacteria. Also, the aqueous extract
showed the lowest effect on tested bacteria.
Aqueous, ethanolic and acetonic Quince leaf
extracts not only had the inhibitory effect on
the bacteria, but also had antibacterial
properties. According to the results, Quince
leaf extracts can be used against the bacterial
infections of the study (Semnani et al., 2017).
Phenolic compounds play a crucial role in the
prevention and treatment of various
civilization diseases, such as colorectal cancer
(CRC). In a recent study by Chojnacka et al.
(2020), the phytochemical composition,
antioxidant, and cytotoxic activities of crude
phenolic extract (CPE) and purified phenolic-
rich extracts (PRE) from Japanese quince
(Chaenomeles japonica L.) leaves were
investigated and compared. The analysis
revealed that both extracts contained a wide
range of phenolic compounds (33-36
compounds in the PRE and CPE, respectively),
with chlorogenic acid and naringenin hexoside
identified as the major constituents. The
antioxidant tests (FRAP and ABTS)
demonstrated that PRE exhibited twice the
antioxidant activity of CPE. Moreover, PRE
showed higher cytotoxic activity against colon
cancer cells (SW-480 and HT-29) compared to
CPE. Following a 24-hour incubation period,
the 1C50 value for SW-480 cell line was 239
ug/mL for PRE, while CPE required 72 hours
to achieve a similar decrease at 277 pg/mL.
Additionally, PRE displayed a more potent
cytotoxic effect on colon cancer cell lines
(SW-480 and HT-29) than on normal intestinal
cells (CCD-18Co and CCD 841 CoN). These
findings provide initial evidence that Japanese
quince leaf extracts, particularly the phenolic-
rich extract (PRE), significantly reduce the
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viability of SW-480 and HT-29 cell lines,
indicating potential cytotoxic activity against
colon cancer cells (Chojnacka et al., 2020).
During the last few decades, many researches
have been carried out to identify suitable
methods for extraction with high efficiency
and environmental friendliness. Cold plasma
and ultrasound technologies has gained much
interest from the food science and technology
scientific community in the past 10 years.
Since the first research on plasma and
ultrasound application in food processing, this
emerging technologies have shown great
potential in the food industry. Moreover,
nowadays, special attention has been paid to
plants that are a rich source of natural
antioxidants and bioactive properties, one of
these plants is the quince leaves. Due to quince
leaf extract is rich in phenolic and antioxidant
compounds, it can be used as a natural
antioxidant and be a good substitute for
synthetic antioxidants. In this study, the main
aim was to investigate the effect of cold plasma
(CP) and ultrasound (US) pretreatments on the
chemical compositions and antioxidant
properties of the hydroalcoholic extract of the
quince leaves.

Material and methods: To improve the
performance of extraction at quince leaves,
cold plasma (CP) pretreatment (5, 10, and 15
min) and ultrasound (US) (20 and 30 min)
were used at different times, separately. Three
samples of crushed quince leaves were
subjected to CP pretreatment with a pressure of
500 mTorr, a voltage of 2.1 kV, and a current
of 90 mA at different times of 5, 10, and 15
min. Also, three other samples of grounded
leaves that were mixed with 80% ethanol were
subjected to probed US pretreatment with a
power of 300 W and a frequency of 24 kHz at
different times of 10, 20, and 30 minutes. In
this research, the samples of the quince leaves
were pretreated with CP and US. After
extracting the leaves extracts and its
concentration, the amount of total phenolic
compounds, antioxidant  activity, total
chlorophyll, carotenoid, and color indices of
the treated and control samples were
investigated.

Results and discussion: The obtained results
showed that both CP and US processes caused
a significant increase (P<0.05) in the amounts
of phenolic and antioxidant compositions, total
chlorophyll, and carotenoid. Non-thermal cold
plasma as a novel method for maintaining
safety and inducing phenolic accumulation in
fresh-cut pitaya (Hylocereus undatus) fruit and
the possible mechanisms were investigated by
Li et al. (2019). Findings indicated that
subjecting the fruit to cold plasma treatment
(60 kV for 5 min) led to a notable reduction in
total aerobic bacterial counts, increased the
cutting-induced phenolic accumulation, and an
improvement in antioxidant activity in fresh-
cut pitaya fruit. These results suggest that cold
plasma treatment has the potential to be a
valuable method for processing and preserving
fresh-cut fruits and vegetables (Li et al. 2019).
In agreement with this study, Bao et al. (2020a)
reported the effect of CP treatment on
improving the extraction of phenolic and
antioxidant compounds from tomato pulp;
their results showed that CP treatment
increased the antioxidants of tomato pulp
extract. The radicals generated by CP
disintegrate the cellular tissue and plant cell
walls which reduce the space barrier for
molecules to transport and increase the release
of free phenolics in the cell vacuole and
cytoplasm into the solvent. Active plasma
species have also the potential to break
covalent bonds, thus releasing phenolic
compounds that covalently bind to cell wall
polysaccharides, which leads to higher
extraction efficiencies. CP treatment also
facilitates the extraction of free phenolic
antioxidants in the solvent (Bao et al. 2020b).
Several studies have been conducted regarding
the effect of cold plasma treatment on
antioxidant activity (Heredia and Cisneros-
Zavalos 2009, Reyes and Cisneros-Zevallos
2003, Kang and Saltveit 2002, Reyes et al.
2007). The results observed in this study are
similar to the results reported by Heredia and
Cisneros-Zavalos (2009).

Ultrasonic-assisted extraction is one of the
most inexpensive, rapid, simple and efficient
techniques compared with conventional
extraction. It has been applied to extract
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bioactive compounds from different materials
owing to its high reproducibility at a shorter
time, simplified manipulation, significant
reduction in solvent consumption and
temperature, and lower energy input (Liu et al.,
2013). In a recent study conducted by
Fernandes et al. (2020), the effectiveness of
ultrasound-assisted extraction in obtaining
bioactive compounds from jabuticaba (a kind
of dark berry) peel was evaluated. Specifically,
the researchers focused on extracting the main
anthocyanin, cyanidin-3-O-glucoside, and the
main polyphenol, ellagic acid, from the peel of
this dark berry. The study found that the
application of ultrasound at a frequency of 25
kHz proved to be beneficial in extracting both
compounds. Furthermore, the duration of the
extraction process played a significant role in
the yield of these bioactive compounds. A
processing time of 20 minutes resulted in an
increased yield of cyanidin-3-O-glucoside and
ellagic acid. However, it is worth noting that
prolonged processing time, exceeding 20
minutes, led to the hydrolysis of these
compounds due to the sonochemical effects.
The study also investigated the impact of pH
on the extraction process. It was observed that
the highest yield of bioactive compounds was
achieved at 25 kHz, 20 min of extraction and
pHL1.5. Overall, the results highlights the
effectiveness of ultrasound-assisted extraction
in obtaining bioactive compounds from
jabuticaba peel. The findings provide valuable
insights for the development of extraction
techniques that can be utilized in various
applications, such as the pharmaceutical and
food industries (Fernandes et al. 2020).

The obtained results showed that the amount of
chlorophyll and carotenoids in the treatments
using cold plasma and ultrasound had a
significant increase compared to the control
sample (P<0.05). When exposed to plasma,
carotenoids, like many other bioactive
compounds, have the potential to either
increase or decrease in concentration. The
specific mechanisms responsible for the
fluctuations in carotenoid levels remain
unclear. Research has indicated that glow
discharge plasma can lead to an increase in
carotenoid content at lower fluences, which are

determined by the duration of exposure
multiplied by the rate of plasma flow.
Conversely, prolonged processing times have
been associated with a decline in carotenoid
levels (Fernandes and Rodrigues 2021).
Plasma treatment is recognized as a suitable
technology to improve germination efficiency
of numerous seeds. Effects of cold plasma
treatment on wheat (Pishgam variety) vyield
were studied by Saberi et al. (2018). In this study,
Seeds were pre-treated with 80 W of cold
plasma at four levels of time, 60, 120, 180 and
240 seconds. The findings indicated that
plasma treatments yielded favorable outcomes
on wheat attributes, with the treatment lasting
180seconds  demonstrating  the  most
pronounced stimulatory impact. Over the two
years, cold plasma led to an increase in grain
yield at 180 seconds, while a decrease was
observed at 240 seconds in comparison to the
control group. Carotenoid and anthocyanin
levels were heightened at 180 seconds.
Furthermore, starch content and grain protein
levels were elevated with the application of
cold plasma for 120 seconds compared to the
control (Saberi et al. 2018).

The color indices L*, a*, b* decreased
significantly (P<0.05) compared to the control
as a result of cold plasma pretreatment, but did
not differ significantly compared to the control
due to ultrasound pretreatment. According to
this study, Sanai et al. (1398) reported that the
effect of cold plasma (gas type) on any of the
Curcuma longa color indices was not
significant, while with increasing plasma
duration the mean of all color indices
decreased. There were significant differences
(P<0.05) between 15 and 25 minutes.
Conclusion: Overall, based on this research's
results, cold plasma pretreatment can be a
better and more efficient method than
ultrasound-assisted to extract bioactive
compounds and replace conventional thermal
methods. Also, this present study shows that
quince leaves are promising sources of
valuable compounds and may be used to
produce functional foods as well as for medical
purposes.
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Tablel. Total phenolic compounds content (mg gallic
acid/100g extract) of hydroalcoholic extracts of treated
and control quince leaves

Treatment* Total phenolic content
(mg gallic acid/100g
extract)

Control 93.469 + 0.329"

Plasma 5 min 103.555 +0.41°¢

Plasma 10 min 116.415 +0.74?

Plasma 15 min 99.367 +0.07f

Ultrasound 10 min 100.179 +0.38¢

Ultrasound 20 min

Ultrasound 30 min

101.333 +0.12¢

106.809 +0.19°

*Mean + Standard deviation
Different lowercases within a column

indicate

significant differences (p<0.05) among treatments.
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Table2. Percentage of antioxidant activity of

hydroalcoholic extracts at treated and control
quince leaves

Treatment* Antioxidant  activity
(%)
Control 86.442 £0.34
Plasma 5 min 89.039+0.194
Plasma 10 min 90.417 +£0.382
Plasma 15 min 90.673+0.282
Ultrasound 10 min 89.071+0.05°
Ultrasound 20 min 89.487 £ 0.24°¢
Ultrasound 30 min 89.968 +0.29°

*Mean + Standard deviation

Different lowercases within a column indicate significant
differences (p<0.05) among treatments.
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Table3. chlorophyll a, b, total chlorophyll, and carotenoid contents of hydroalcoholic extracts

of the treated and control quince leaves

Treatment” Chlorophyll a Chlorophyll b Total chlorophyll Carotenoids

Control 3.436 +0.029 1.436 +0.029 4.798 + 0.059 3.299 £ 0.005¢9
Plasma 5 min 7.834 +0.02¢ 3.320 £ 0.02¢ 11.154 + 0.06° 5.946 + 0.03¢
Plasma 10 min 20.889 + 0.08° 11.906 + 0.022 32.795 £ 0.16° 8.721 £0.03"
Plasma 15 min 23.272 £ 0.048 11.508+ 0.02° 34.780 £ 0.172 9.693 £0.132
Ultrasound 10 min 5.517 +0.03f 1.685 + 0.02f 7.202 +0.05f 3.619 +0.05
Ultrasound 20 min 5.744 £ 0.04¢ 1.864 +£0.02¢ 7.609 +0.03¢ 4.430 £ 0.02¢
Ultrasound 30 min 7.468 +0.02¢ 2.283 +0.02¢ 9.751 +0.05¢ 4.701 +0.05¢

*Mean + Standard deviation

Different lowercases within a column indicate significant differences (p<0.05) among treatments.
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Table4. color indices contents of hydroalcoholic extracts of the treated and control quince

leaves

Treatment” L* a* b*

Control 36.727 + 5.43 %" 15.117 £ 1.652 24.834 + 9.952¢
Plasma 5 min 24.100+0.01¢ -0.073 £ 0.04¢ 0.437 +0.03¢
Plasma 10 min 24.120 £ 0.01¢ -0.110 £ 0.05¢ 0.417 +0.024
Plasma 15 min 24.120 +£0.03¢ -0.077 £ 0.05¢ 0.430 + 0.024
Ultrasound 10 min 31.490 £2.72° 12.067 + 1.5020 13.030 + 3.45¢
Ultrasound 20 min 34.553 + 4.28% 13.590 £ 1.422 16.367 + 6.05%
Ultrasound 30 min 38.893 + 8.402 14.448+ 1.702 25.790 + 15.11%

*Mean + Standard deviation
Different lowercases within a column indicate significant differences (p<0.05) among treatments.
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