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Evaluation of the Effect of Pretreatment Processes
on the Bioactivity and Physicochemical Properties
of Quince Slices Dried Using Vacuum-Combined
Infrared Radiation
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This study investigated the effects of citric acid, ultrasound, ethanol solution, freeze-thawing, and blanching pretreatments
and their combinations on quality parameters, phenolic profile, antioxidant activity, phenolic bioaccessibility, and a-glucosidase
inhibitory activity of quince slices dried by vacuum-combined infrared radiation. Drying time was significantly shortened
when pretreatments were applied, especially their combinations. The pretreatment combinations also resulted in a decreased
rehydration ratio of the samples and high L*values. The pretreatments increased the contents of chlorogenic, neochlorogenic,
and cryptochlorogenic acids, decreased rutin content, and resulted in variable amounts of procyanidins B1 and B2. 5-Hydro-
xymethylfurfural was detected in dried quince slices pretreated with citric acid (61.3 mg/kg DM), ultrasounds (9.2 mg/kg DM),
freezing-thawing (62.4 mg/kg DM), and blanching (4.3 mg/kg DM). The total phenolic, total flavonoid, and condensed tannin
contents and antioxidant activity decreased after in vitro gastrointestinal digestion. Lower phenolic bioaccessibility was found
especially in dried quince slices after pretreatment combinations. The a-glucosidase inhibitory activity of quince slices ranged
from 17.94 to 24.84 mg/mL, which was higher than that of acarbose (26.79 mg/mL). The results showed that the pretreatments
employed in quince drying can be used separately rather than in combination and that sample exposure to ultrasounds turned
out to be be the most suitable pretreatment method.
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INTRODUCTION

Quince (Cydonia oblonga Miller) fruit is known for its micro-
nutrient content, pleasant fragrance, and unique flavor. It is
rich in ascorbic acid and minerals including calcium, potassi-
um, and phosphorus [Sharma et al, 2011]. However, it is par-
ticularly recognized as a dietary source of health-promoting
compounds eliciting antioxidant and antimicrobial effects
[Hajji et al.,, 2020]. Phenolic compounds identified in quince
fruit include 4-O-caffeolquinic acid, 3-p-coumaroylquinic acid,

5-O-caffeoylquinic acid, 5-p-coumaroylquinic acid, quercitin
3-O-glucoside, quercitin 3-O-rutinoside, kaempferol rutinoside,
kaempferol hexoside, quercetin, catechin, epicatechin,and a pro-
cyanidin dimer [Baroni et al,, 2018].

Drying quince fruits is one possible method of storing them
and preventing them from deterioration. Symilarly to other fruits,
quince is perishable; therefore, drying is quite advantageous as it
reduces the water activity of the material, thus reducing the micro-
biological activity to a level that prevents deterioration [Doymaz
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etal, 2015]. The most commonly used drying method is hot-air
convective drying, but this method has some disadvantages such
aslong processing time required and the use of high temperatures
[Martins etal, 2022]. For food products, infrared drying is regarded
as a promising drying method [Huang et al, 2021]. Novel com-
bined infrared-vacuum drying is a new drying technique that has
some advantages over conventional drying in terms of energy
consumption, time savings, and high product quality [Topuz et
al, 2023]. Nevertheless, any drying method influences the quality
of the final dried products [Oliveira et al., 2016].

Various pretreatment techniques are, therefore, utilized
to improve drying characteristics and/or dried product qual-
ity [Kriaa & Nassar, 2022]. These methods involve ultrasounds,
high pressures, ethanol [Llavata et al., 2020], freeze-thawing,
blanching, and pulsed electric field [Kriaa & Nassar, 2022]. Etha-
nol pretreatment is a simple and effective method, dissolving
compounds in the cell wall and increasing its permeability [Lla-
vata et al,, 2020; Wang et al., 2019]. Wang et al. [2019] reported
that ethanol pretreatment significantly reduced the drying time
of scallion slices. These samples also exhibited better rehydration,
odor, vitamin C content, and antibacterial effects. The princi-
ple of freeze-thawing pretreatment relies on ice crystallization,
which is formed by free water penetrating to the cell wall during
the expansion process of frozen water. This allows free water to
overflow the cell and promote mass transfer [Xu et al,, 2021].
Blanching is an important pretreatment in fruit and vegetable
processing as it inactivates enzymes, enhances dehydration rate,
removes pesticide residues, and reduces microbial load [Xiao et
al, 2017]. Lagnika et al. [2019] found that blanching pretreat-
ment of cashew apples led to medium quality results in terms
of arehydration rate and overall sensory quality, with substantial
degradation of vitamin C. In turn, Chao et al. [2022] reported
that ultrasound, blanching, and freeze-thawing pretreatments
significantly accelerated the drying rate and that the seed-used
pumpkin slices dried after blanching pretreatment exhibited
the highest free phenolic content and total carotenoid content,
which increased by 45% and 34%, respectively, compared to
the untreated sample. In the studies, ethanol, freeze-thawing,
and blanching pretreatments are used alone as well as in com-
bination with ultrasounds. da Cunha et al. [2020] reported that
the combination of ultrasounds and ethanol (50% and 100%)
shortened the drying time of melon slices but negatively af-
fected their quality parameters. Xu et al. [2021] investigated
the effect of ultrasound, freeze-air thawing, freeze-water thawing,
freeze-ultrasound thawing, and freeze-air ultrasound thawing
pretreatments on the quality of dried okra and reported that all
pretreatments shortened the drying time and that the freeze-
-air ultrasound thawing pretreatment yielded the most variable
characteristics of dried okra quality. Xu et al. [2023] reported that
thermoultrasound blanching resulted in more efficient drying by
promoting tissue softening, moisture diffusion, microstructural
changes, and microchannel formation compared to hot water
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blanching, which significantly reduced energy consumption
and improved the overall quality of the dried sweet potatoes.

To the best of our knowledge, the effects of citric acid,
ultrasounds, ethanol, freeze-thawing, blanching, and their vari-
ous combinations as pretreatments on the vacuum-combined
infrared radiation (VCIR) drying of quince have not been studied
yet. Therefore, the aim of this study was to investigate the ef-
fects of ten different pretreatments on (i) drying time, color,
and rehydration ratio; (i) a-glucosidase inhibitory activity; (iii)
phenolic composition; (iv) antioxidant activity; and (v) in vitro
bioaccessibility of these phenolic compounds of quince slices
dried by VCIR. These pretreatment combinations were expected
to enhance the physical, chemical, and nutritional properties
of quince.

MATERIALS AND METHODS

= Sample preparation and drying procedure
Approximately 10 kg of fresh quince fruits (Esme) were pur-
chased at a local market in Van, a province of Turkiye. Before
drying, quince fruits were peeled and cut into 5-mm thick slices
with a manual fruit slicer (Hex, Istanbul, Turkiye). The slices were
divided into 10 parts, each of which was subjected to a differ-
ent pretreatment before drying, including immersion in a citric
acid solution (CA), ultrasound and citric acid treatment (US),
immersion in ethanol (ET), ethanol treatment with ultrasounds
(ET+US), freezing-thawing (FT), freezing-thawing with ultra-
sounds and citric acid (FT+US), freezing-thawing with ethanol
and ultrasounds (FT+ET+US), blanching with citric acid (BL),
blanching with ultrasounds and citric acid (BL+US), and blanch-
ing with citric acid and then immersion in ethanol with ultra-
sounds (BL+ET+US). The conditions and details of each treatment
are described in Table 1. Samples pretrated with ultrasounds
were sonicated at 20 kHzand 200 W using a UW 3200 probe (Ban-
delin, Berlin, Germany) connected to an ultrasonic generator (HD
3200 Sonopuls, Bandelin). Ultrasound applications lasted 5 min,
and temperature control (23+1°C) was provided with ice bags.
Drying was carried out using a vacuum-combined infrared dryer
(Uniterm, Ankara, Turkiye) with four 250 W infrared lamps both at
the ceiling and the floor inside the oven, eqqupied by a vacuum
pump (Pall Life Sciences, DOA-P730-BN, MI, USA). The distance
between the samples and the lamps was adjusted to 12 cm.
The samples were dried at 250 W infrared power and 40 kPa
vacuum pressure. The initial moisture content of the quince
fruits was 81.34+0.12 g/100 g, and the fruits were dried until they
reached about 12 g/100 g. The moisture content of the samples
was determined using the oven-drying method [AOAC, 2003].

= Determination of color parameters

Color coordinates, including L* (lightness), a* (redness-green-
ness), and b* (blueness-yellowness) of fresh and dried quinces,
were measured by a CR-400 colorimeter (Konica Minolta, Tokyo,
Japan). The instrument was calibrated using a white standard
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Table 1. Pretreatment conditions of quince slices and sample codes.

Citric acid (control) CA
Ultrasounds + citric acid us
Ethanol ET
Ethanol + ultrasounds ET+US
Freezing-thawing FT
F'regzmg—thawmg + ultrasounds + FT4US
citric acid

Freezing-thawing + ethanol + FT+ET+US
ultrasounds

Blanching + citric acid BL
Blanching + ultrasound + citric acid BL+US
Blanching + ultrasounds + citric acid BLAET+US

+ ethanol

according to the manufacturer’s instructions. Based on the color
coordinates, the total color difference (AE), chroma (C), and hue
angle (h°) were calculated using Equations (1)—(3), respectively
[Maskan, 20011

AE = N(LF = Lo 2+(a* - ag")+(b* — by*)? )

C=Va"-b" 2

h°=tan™ (b—i) ©)
a

o

where coordinates with subscript “y" refers to the color reading

of fresh quinces.

= Rehydration ratio

The dried quince samples (1 g) were immersed in pure water (50 mL)
for 24 h atambient temperature. Then, the surface water was remo-
ved using filter paper, and the samples were weighed. Rehydration
ratio (RR) was determined as the ratio of weights of rehydrated
sample slices to dried sample slices [Doymaz et al,, 2015].

= Preparation of methanolic extracts

Fresh (5 g) and dried (1 g) quince fruits were stirred with 15 mL
of methanol and a water mixture (80:20, v/v) at 150 rpm for 2 h
atroom temperature. The mixtures were centrifuged at 8,000xg
for 10 min. After separation, the extraction was repeated using
the residue and 10 mL of the same solvent. The supernatants
were combined and reached a final volume of 25 mL with the sol-
vent [Bakkalbasi et al, 2013]. Methanolic extracts were used to
analyze phenolic compound composition and 5-hydroxymeth-
ylfurfural (HMF) content.

Quince slices were pretreated with 0.5% citric acid solution (1:4, w/v) at 20+1°C for 5 min.

Quince slices were pretreated with 100% ultrasound amplitude for 5 min in 0.5% citric acid

solution (1:4, w/v) at 20£1°C.

Quince slices were immersed in ethanol (1:4, w/v) for 5 min at 20+1°C.

Quince slices were pretreated with 100% ultrasound amplitude for

5 min in ethanol (1:4, w/v) at 20+1°C.

Quince slices were frozen at —18°C for 12 h and then allowed to thaw at room temperature

(22+1°C) for 3 h.

Quince slices were frozen at —18°C for 12 h. They were then immersed in 0.5% citric acid solution
(1:4, w/v) and thawed using ultrasounds (100% amplitude) for 5 min.

Quince slices were frozen at —18°C for 12 h. They were then immersed in ethanol (1:4, w/v)

and thawed using ultrasounds (100% amplitude) for 5 min.
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Quince slices were blanched in hot water with 0.5% citric acid solution (1:4, w/V) at 80+1°C

for 5 min.

Quince slices were blanched in hot water with 0.5% citric acid solution (1:4, w/v) at 80+1°C

for 5 min at 100% ultrasound amplitude.

Quince slices were blanched in hot water with 0.5% citric acid solution (1:4, w/v) at 80+ 1°C
for 5 min. They were then immersed in ethanol and treated using ultrasounds (100% amplitude)

for 5 min.

= Total phenolic content determination

The total phenolic content (TPC) detemination of quince was
carried out by Singleton & Rossi [1965] method. Briefly, 0.4 mL
of the extract was mixed with 2 mL of the Folin-Ciocalteu reagent
(Sigma-Aldrich, St. Louis, MO, USA) (1:10, v/v) and 1.6 mL of so-
dium carbonate (7.5%), and the mixture was kept in the dark at
room temperature for 60 min. Absorbance was read at 765 nm
using a spectrophotometer (8453, Agilent, Santa Clara, CA, USA).
TPC was expressed as mg gallic acid equivalent (GAE)/kg quince
dry matter (DM).

= Total flavonoid content determination

The total flavonoid content (TFC) was determined as reported
by Zhishen et al.[1999]. In brief, 1 mL of the extract, 5 mL of wa-
ter, and 0.3 mL of NaNO, (5%) were mixed. After 5 min, 0.3 mL
of AICl; (109%) was added. After another 5 min, 2 mL of NaOH (1 M)
was added, and the final volume of the solution was adjusted
to 10 mL with water. Absorbance was read at 510 nm using
a spectrophotometer (8453, Agilent). The TFC was expressed as
mg quercetin equivalent (QE)/kg DM.

u Condensed tannin content determination

Condensed tannin content (CTC) of quince samples was deter-
mined using the vanillin assay by Sun et al. [1998]. Four mixtures
composed of: (1) extract (1 mL), 1% vanillin solution in methanol
(2.5 mL), and 25% H,SO, solution (2.5 mL); (2) methanol (1 mL),
1% vanillin solution in methanol (2.5 mL), and 25% H,SO, solution
(2.5 mL); (3) extract (1 mL), methanol (2.5 mL), and 25% H,SO,
soluton (2.5 mL); and (4) methanol (3.5 mL) and 25% H,SO, solu-
tion (2.5 mL), were prepared in separate tubes and incubated
at 30°C for 20 min. The absorbance of each mixture (A, Ap, Ac
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and Ay, respectively) was measured at 500 nm with a spectropho-
tometer (8453, Agilent). A similar set of solutions was prepared
and processed with catechin solutions at different concentra-
tions instead of the extract to obtain a calibration curve.

Absorbance value (A) was calculated for each standard
and sample solution using Equation (4):

A=(As=Ap) = (Ac = Ad) )

Results were given as mg catechin equivalents (CE)/kg DM.

= Antioxidant activity determination

The assay with 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
(Sigma-Aldrich) was carried out according to the procedure
described by Brand-Williams et al. [1995] with a minor modifica-
tion. The extract (0.1 mL) and a DPPH radical solution (3.9 mL,
0.025 g/L in methanol) were mixed and reacted for 60 min
at room temperature. Absorbance was read at 515 nm using
a spectrophotometer (8453, Agilent).

The 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) (Sigma-Aldrich) assay was performed according to Re et
al.[1999] method. To generate the ABTS radical cation, a reaction
was induced by incubating 7 mM ABTS and 2.45 mM potassium
persulfate for 16 h at room temperature in a dark environment.
The ABTS** solution was diluted with ethanol to obtain an ab-
sorbance of 0.700+0.05 at 734 nm. Then, the extract (20 uL)
and the ABTS** solution (1,980 ul) were mixed and reacted
in darkness for 6 min. The absorbance was measured at 734 nm.

DPPH* and ABTS** scavenging activities were expressed as
Trolox equivalents (mmol Trolox eq./g DM).

® Determination of phenolic compound composition
and 5-hydroxymethylfurfural content
Simultaneous analysis of phenolic compounds and HMF by
high-performance liquid chromatography (HPLC) system (LC-20
AD, Shimadzu, Kyoto, Japan) was performed as reported by
Colaric et al. [2005] with slight modifications. Separation was
performed on a Symmetry C18 (250x4.6 mm id, particle size
5 um) column (Waters, Milford, MA, USA) at 25°C. Acetic acid
in water (2%, v/v) (A) and a mixture of acetonitrile with 0.5%
(v/v) acetic acid in water (1:1, v/v) (B) were used as a mobile
phase. The flow rate was 1.0 mL/min. The gradient program
was as follows: 0 min, 90% A; 30 min, 80% A; 60 min, 65% A.
Detection was made at 276 nm for HMF, 280 and 320 nm for
phenolic acids, 280 nm for flavan-3-ols, and 360 nm for flavonols.
The identification of the phenolic and HMF peaks on the chro-
matogram was carried out using retention time and spectrum
of a commercial standard. Rutin, catechin, epicatechin, chlo-
rogenic acid, neochlorogenic acid, and cryptochlorogenic acid
standards were purchased from Sigma-Aldrich Co. Procyanidin
B1 and procyanidin B2 standards were purchased from abcr
GmbH (Karlsruhe, Germany). HMF standard was purchased from
Carl Roth (Karlsruhe, Germany). Quantification was performed
based on standard curves, and results were given as mg/kg DM.
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= Determination of phenolic bioaccessibility and anti-
oxidant activity after in vitro digestion

Quince (1.5 g) was mixed with 30 mL of pure water and 1.5 mL
of pepsin (20 g/Lin 0.1 M HCI) [Vitali et al., 2009]. Mixture pH was
adjusted to 2 using 6 M HCl, and the mixture was incubated at
37°Cfor 1 hin a shaking water bath. The pH of the mixture was
then adjusted to 7.2 using 1 M NaHCO; to stop gastric digestion.
Afterwards, 7.5 mL of a bile/pancreatin solution (2 g of pancreatin
and 12 g of bile saltin 1 L of 0.1 M NaHCO3) and 7.5 mL of an
NaCl/KCl solution (120 mM NaCl and 5 mM KCl) were added to
the mixture, which was then incubated at 37°Cfor 2.5 hin a shak-
ing water bath. Afterincubation, the mixture was centrifuged at
8,000xg for 10 min, and the supernatant was used for TPC, TFC,
CTC, and antioxidant activity analysis. Bioaccessibility of TPC, TFC,
and CTC, and retention of antioxidant activity were expressed
as the percentage ratio of the values in the digested content to
the initial values before digestion.

B  a-Glucosidase inhibitory activity of quince

The a-glucosidase inhibitory activity (a-GIA) of fresh and dried
quinces was determined according to the procedure previously
used by Zhang et al. [2020] with minor modifications. An aliquot
of 50 L of a-glucosidase (from Saccharomyces cerevisiae, Sigma-
Aldrich) (1 U/mL) in a phosphate buffer (0.1 M, pH 6.8) was mixed
with 100 pL of extracts at different concentrations (5-40 mg/mL).
The mixtures were preincubated at 37°C for 10 min, and 5 mM
4-nitrophenyl a-p-glucopyranoside (100 pL) was added as a sub-
strate. Reaction was carried out at 37°C for 15 min. Then, 0.1 M
Na,COs (750 pl) was added to terminate the reaction. Absorb-
ance was measured at 405 nm, and results were given as the ICs
value, which was defined as the concentration of the extract
required to inhibit 50% of the a-glucosidase activity. Acarbose
was used as a positive control.

= Statistical analysis

All samples were prepared in five replicates, and all analyses were
performed three times for each sample. Data were presented
as mean and standard deviation. SPSS 20.0 software (IBM Corp,,
Armonk, NY, USA) was used for multivariate analysis of variance.
Differences among the means were determined using Duncan'’s
multiple range tests and were considered significant at p<0.05.
The JMP 13 package program (SAS Institute Inc,, Cary, NC, USA)
was used to carry out both correlation and principal component
analysis (PCA).

RESULT AND DISCUSSION
u Effect of pretreatment on drying time and physico-
chemical parameters of quince slices

The drying times of quince slices are given in Table 2. Pretreat-
ments with ultrasounds (US), ethanol (ET), freezing-thawing (FT),
and blanching (BL), as well as their combinations resulted in sig-
nificantly shorter drying times of quince slices compared to those
treated with citric acid (CA) for which it was180 min. The drying
time was especially reduced when ET and US were used (alone
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Table 2. Drying time, moisture content, rehydration ratio (RR), and color parameters of fresh and dried quince slices after different pretreatments.

Drying time Moisture
(min) (g/100 g)

Fresh 81.34+0.12 64.80+1.48 —-207+0.38 22.18+143 22.27+142 95.35+1.05
CA 180 123940312 3.27+0.25% 60.98+2.66% 9.23+0.82% 23.24+2.00% 25.03+1.95% 68.26+2.20% 12.35+1.25%
us 160 11.98+0.94% 2.83+0.15°8 62.3642.45%"8 8.59-£0.440A 24.15+1.85%® 2564417398 70.32+1.814¢ 11.47+0.612048
ET 138 12.58+0.39% 2.94+0.108 64.1621.40° 7.82+0.520% 26.60+1.32 27.7441.30%0A 73.55+1.16% 10.99+0.8308

ET+US 112 12.1240.07% 291400208 64.33+1.70%9" 7.03+1.07< 27.25+1 6704 28.18+1.4120A 76.22+1.96% 10.69+0.78
FT 143 12.06+0.36% 2.6440.22<9A 60.98+2.26% 8.7141.25%A 2347+2.86% 25.06+2.92% 69.59+2.63% 12.1541.99%A
FT+US 122 12.23+0.23% 2.7240.05%4 67.001.02%A 7.80+0.69°<48 27.56+0.9720A 28.85+1.12%0A 73.94+1 3454 11.37+0.922>4
FT+ET+US 105 12.13+0.14% 242+40.15%A 68.57+049% 6.90+0.63% 27.74+0,0720A 28.63+0.19%4 75.75+1.340A 10.84+1.10
BL 142 11.98+0.18% 2.96+0.06°" 64.58+2.34® 7.27+0.92 2744413808 28.40+1.30°018 75.1342.08°® 10.98+1.08°A
BL+US 138 11.95+0.07% 2.66+0,07°%8 68.65+1.64% 533+0.83% 28974157 2947+1.50% 79.53+1.88% 109141364
BL+ET+US 9% 11.99+0.47%A 2.23+0.125C 65.2042.04°® 7.64+1.05%4 26.07+1.62°% 272441255 73.56+2.80® 10.78+0.55%

Values are given as mean + standard deviation. Lowercase letters indicate the difference between the samples in the same column according to Duncan multiple comparison test, uppercase letters indicate the difference between the same group of pretreated samples (p<0.05).
CA, citric acid; US, ultrasounds + citric acid; ET, ethanol; ET+US, ethanol + ultrasounds; FT, freezing-thawing; FT+US, freezing-thawing + ultrasounds + citric acid; FT+ET+US, freezing-thawing + ethanol + ultrasounds; BL, blanching + citric acid; BL+US, blanching + ultrasounds +
citric acid; BL+ET+US, blanching + ultrasounds + citric acid + ethanol; L*, lightness; a*, redness-greenness; b*, blueness-yellowness; C, chroma; h°, hue angle; AE, total color difference compared to fresh quince.

18eqexpeg ‘33 NuNbN °S
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or in combination with other pretreatments such as blanching
or freezing-thawing). Pore opening by ultrasound can improve
dissolution of cell wall compounds by ethanol. Thus, during
drying, the Marangoni flow effect is more intense than when
ethanol is used alone [Miano et al,, 2021]. Compared to the FT
and US samples, the drying time for sample FT+US decreased
by 14.68% and 23.75%, respectively (Table 2). A similar phe-
nomenon was observed for plums by Li et al. [2025]. The highest
reductions in drying time were 47.77% (for BL+ET+US), 41.66%
(for FT+ET+US), and 37.77% (for ET+US) compared to the CA
sample, demonstrating that the proposed approach of com-
bining pretreatments for VCIR drying was effective in reducing
processing time. The moisture content of quince samples after
drying varied within a narrow range (11.95-12.58 g/100 g).

The RR values obtained for the quince slices dried after
the ten different pretreatments are shown in Table 2. Among
the pretreatments used, the highest and lowest rehydration
ratios were 3.27 for CA and 2.23 for BL+ET+US, respectively.
RR values of US, ET, and ET+US samples were found to be close
toeach other (p>0.05), but were significantly (p<0.05) lower than
those of the CA sample. The microstructure of the sample was
disrupted by US pretreatment. Thus, the water holding capacity
of the cell was reduced, resulting in a lower RR [Ren et al,, 2022].
Similar situation was also found in the samples treated with FT
(p=>0.05). However, compared to US, ET, and ET+US samples,
RR of the FT samples was lower. RR decreased with increasing
pretreatment combinations in blanching samples (p<0.05). This
indicates that the damage caused to the structure by ultrasound
or the combination of ethanol and ultrasound was higher com-
pared to blanching.

After applying various pretreatments, a changein L* a*, b* C,
h°, and AE was observed compared to the fresh quince (Table 2).
Generally, dried products exhibited higher a*and b* values than
fresh quince, indicating browning during drying [Xu et al,, 2021].
Among the pretreatments, the CA and FT resulted in the lowest
L* values of quince slices, indicating browning reactions [Ren
etal, 2022]. The prolonged drying time for the CA sample may
also have been important. The ET or ET+US pretreatment had
amajorimpact on enhancing lightness and reducing browning
(high L*and b*values and low a* values) compared to CAand FT
samples. This may be due to the decolorizing effect of alcohol
which dissolved the pigments [Feng et al., 2019]. Moreover,
after the FT pretreatment, the cellular structure of the samples
is severely damaged, and the leakage of intracellular material
can accelerate the browning reaction [Chao et al., 2022]. The FT
quince slices were darker than the FT+US and FT+ET+US samples
(p<0.05). This may be due to the prolonged thawing time (3 h).
Following freeze damage, the combination of US supported
thawing, and a significantly shorter drying time effectively pre-
served the L* values [Li et al,, 2025]. L* and b* values of the BL
samples were lower than those of the BL+US samples, and a*
value was higher (p<0.05). The BL+ET+US sample was simi-
lar to the BL sample despite applying ultrasound and ethanol
(p=0.05). The BL+ET+US sample was first subjected to blanching
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(5 min) and then to ET+US pretreatment (5 min). The application
of US and ET pretreatments after BL pretreatment did not result
inachangein terms of color, on the contrary, it appeared to cause
loss of time, solvent, and energy. The L* values of the ET and BL
samples were similar, but lower in the FT sample. This indicates
that ET and BL preserve the brightness better than FT. Slight
changesinC, h°, and AE were observed between pretreatments.
The highest AE and lowest C and h® were detected in the CA
and FT samples. It can be concluded that combinations of pre-
treatments positively affected limited color change. Generally,
the L* values of ethanol and combined pretreatment samples
were found to be close to or higher than those of the fresh
sample. In this case, it can be concluded that pretreatment
combinations had a positive effect on the L* color parameter
of the samples.

m Effects of pretreatment on the phenolic profile

and 5-hydroxymethylfurfural content of quince slices
Procyanidins B1 and B2, chlorogenic acid, neochlorogenic
acid, cryptochlorogenic acid, and rutin were detected in fresh
and dried quince by HPLC method (Table 3). Chromatograms
of separations of fresh and dried (US pretreatment) samples are
givenin Figure 1.Catechin and epicatechin were detected only
in fresh samples (15.79+2.15 and 13.51£0.39 mg/kg DM) (not
shown in the table). Similar results for catechin and epicatechin
in pear were reported by Topuz et al. [2023]. In turn, da Silva et al.
[2025] reported that epicatechin was not detected in pretreated
(blanching, cooking, and combination with ethanol) and dried
sweet potato samples. This could be due to the degradation
of epicatechin during processing [da Silva et al, 2025]. In an-
other study, the correlation between the polyphenol oxidase
activity and catechin content was significant, and enzymatic
degradation might have contributed to catechin losses [Zhu
etal, 2022].

The procyanidin B1 content in the BL and BL+US samples,
as well as the procyanidin B2 content in the CA and FT+US
samples was similar to those determined in fresh quince slices
(Table 3). CA, US, ET, and ET+US pretreatments did not dif-
ferentiate the quince slices (p>0.05) in terms of procyanidin B1
content; however, significantly decreased procyanidin B2 con-
tent (p<0.05) in the following order: US < CA < ET < ET+US. In all
freeze-thawed samples, the contents of procyanidins B1 and B2
were similar (p=>0.05). Among the blanched samples, procyanidin
B1 content was significantly lower (p<0.05) after pretreatment
combination with ET and US compared to BL and BL+US. It has
been reported that different pretreatment methods had varying
effects on the procyanidin B2 content of apple samples [Zhu et
al., 2022]; while the NaCl immersion and blanching pretreat-
ments increased the procyanidin B2 content during air drying, it
decreased when air drying with airborne sonication was applied.

It was found that chlorogenic acid was a major phenolic
compound in all samples (Table 3). Chlorogenic acid, neochlo-
rogenic acid, and cryptochlorogenic acid contents were higher
in dried than in fresh quince slices (p<0.05) and tended to be
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Table 3. Content of phenolics and 5-hydroxymethylfurfural (HMF) of fresh and dried quince slices after different pretreatments (mg/kg dry matter).

RiocyanidinBANIR ProcyanidinE2 Chlorogenic Neochlorogenic | Cryptochloro-
acid acid genic acid

Fresh 18.59+0.30 28724153
CA 61.3+£192 19.26:+1.1820A 28.71+0.15%8
us 9.2+5.808 19.49+0.0420A 29.41+0.03%
ET nd. 17.3743.400<dA 27.0340.23%9C
ET+US nd. 17.09+0.59<A 26.20+0.00%°
FT 624+14° 20.67+0.7220A 27.59+1.060deA
FT+US n.d. 21264142 28.20+0.332bA
FT+ET+US n.d. 20.4140.9320A 27.85+0.910<0A
BL 43+28° 18.241.2720A 27.99+0.3320cA
BL+US nd. 18.04+0.252A 27.90+1.16%A
BL+ET+US n.d. 14.56+0.36% 26.35+0.64%"

80.3+24 66210 316403 35.79+1.50
594+15620cdA 406:+51bcdB 53.6+1.0% 4.79+0.16%
72441192 623:+42 57,0104 6.16+0.66
6556620 4154100 56.3+10.2%A 5.01+0.08<%
559:+6520cdA 330:7¢deC 494443 4,880,058
372+197% 2454979 487+12.4%4 5.37+0.185
69014720 5044173204 55442.5% 561+0.26%
402+423bcdA 292:+(0cdeA 488413 n.d.
693+29°M 301425deA 52.7+2.1% 5.37+0.00%
6774422 266:+6°4e48 524+0.0% nd.
393+110%8 208+19% 51.2411.0% nd.

Values are given as mean =+ standard deviation. Lowercase letters indicate the difference between the samples in the same column according to Duncan multiple comparison test,
uppercase letters indicate the difference between the same group of pretreated samples (p<0.05). CA, citric acid; US, ultrasounds + citric acid; ET, ethanol; ET+US, ethanol + ultrasounds;
FT, freezing-thawing; FT+US, freezing-thawing + ultrasounds + citric acid; FT+ET+US, freezing-thawing + ethanol + ultrasounds; BL, blanching + citric acid; BL+US, blanching + ultrasounds
+ citric acid; BL+ET+US, blanching + ultrasounds + citric acid + ethanol; n.d., not detected.

highest in the ultrasound-treated samples except for BL samples,
where the amount of these compounds tended to decrease
with increasing pretreatment combinations. However, signifi-
cant (p<0.05) differences in chlorogenic acid content were only
found between Bl-treated samples, while significant (p<0.05)
differences in neochlorogenic acid content were identified be-
tween CA, US, ET, and ET+US samples. The increase in phenolics
following BL pretreatment was primarily caused by the inactiva-
tion of polyphenol oxidase at high temperatures and a decrease
in enzyme-induced degradation [Chao et al,, 2022]. Chlorogen-
ic, neochlorogenic, and cryptochlorogenic acids were lower
in the FT, FT+ET+US, and BL+ET+US samples. The FT samples
were thawed at room temperature for 3 h, while the FT+ET+US
and BL+ET+US samples were exposed to a combination of three
pretreatments. This might have caused degradation/extraction
of these compounds. Chlorogenic acid is sensitive to tempera-
ture and oxygen as it easily degrades at high temperatures
and atmospheric conditions [Liu et al,, 2015].

The rutin content of fresh quince slices was higher than that
of the dried ones (p<0.05). Rutin was not detected in the samples
pretreated with BL+US, BL+ET+US, and FT+ET+US (Table 3).This
is thought to be due to the combined effect of multiple pretreat-
ment applications. Irondi et al. [2017] reported that the amount
of rutin decreased in the blanched Adansonia digitata leaves
compared to fresh material. The high blanching temperature may
have disrupted the cell walls and broken down the phenolics,
causing them to leach into the blanching water [Irondi et al,,
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2017]. Rutin degradation does not directly relate to the dena-
turation of polyphenol oxidase, since its content decreases more
quickly as temperature rises [Mileti¢ et al, 2013]. In our study,
the US and FT+US samples had the highest rutin contents.
It can be concluded that the US pretreatment was effective
in preserving phenolic compounds in combination with other
pretreatments except ET. In contrast, in combination with ET, it
caused greater loss of components. Ethanol pretreatment may
cause the extraction of these compounds [da Cunha et al,, 2020].

In general, the highest levels of phenolics were detected
inthe US sample compared to the samples exposed to the other
pretreatment methods. Similar findings were reported by Wang
etal.[2025]in quince peels subjected to different pretreatments
(US, FT, and BL). This phenomenon can be attributed to the fact
that bound phenolics become more liberated as a result of the ul-
trasound treatment [Topuz et al,, 2025]. In summary, our results
indicate that the US pretreatment was the most effective in pre-
serving and increasing procyanidin B1, B2, chlorogenic acid,
neochlorogenic acid, and cryptochlorogenic acid.

HMF does not occur naturally in food products. It is formed
as a result of Maillard reactions under the influence of heat treat-
ment and other factors (concentration of reducing sugar, type
of sugar, storage time and temperature, etc.) [Shapla et al,, 2018].
HMF content of quince slices dried after the different pretreat-
ments varied between 0 and 624 mg/kg DM (Table 3). HMF
was detected only in the CA, US, FT,and BL samples. Its content
was significantly (p<0.05) higher in dried quince slices after CA
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Figure 1. HPLC chromatograms of fresh quince slices (A) and dried after ultrasound pretreatment (B). HMF, 5-hydroxymethylfurfural.

and FT pretreatments than in the US and BL samples. The high of the product. Therefore, it appears that the drying parameters
HMF content in the FT sample shows that cell damage, rather were not the factors influencing the HMF content in the product.
than just drying time, contributes to nonenzymatic browning

[Du et al,, 2026]. In the CA sample, HMF content was similar = Total phenolic content, total flavonoid content,
(p=0.05) to that in the FT sample, most likely due to the long condensed tannin content, and their bioaccessibility
drying time. Shorter drying times help reduce HMF accumulation rates as well as antioxidant activity and its retention
[Du et al, 2026]. Compared to the CA sample, the HMF content after in vitro digestion

of the US sample decreased by 85.04%. It can be concluded that TheTPC, TFC, and CTC of the quince slices are shown in Table 4,
the ultrasound pretreatment plays a significant role in prevent- and their antioxidant activity (AA) (determined in DPPH and ABTS
ing HMF formation. The substrates causing HMF formation may assays) is presented in Table 5. The TPC, TFC, DPPH* scavenging
have been degraded or extracted by the effect of pretreatments activity and ABTS** scavenging activity of the dried quince slices
via blanching or ultrasounds. It can, therefore, be concluded were higher than those of the fresh sample (except for BL+ET+US
that HMF is not detected when ET or a combination of several sample for ABTS assay). However, CTC was higher in some dried
pretreatments is used. This might be due to the shorter drying samples (US, ET, BL, and BL+US). The highest TPC, TFC, CTC,
time of samples treated with ethanol and reduced heat exposure and AA in both assays were detected in the US-pretreated
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Table 4. Total phenolic content (TPC), total flavonoid content (TFC), and condensed tannin content (CTC) of fresh and dried quince slices after different pretreatments, and their bioaccessibility after in vitro gastrointestinal digestion (GID).

Ui TPC TPC-GID Bioaccessibility TFC TFC-GID Bioaccessibility CTC-GID Bioaccessibility
(mg GAE/kg DM) (mg GAE/kg DM) (%) (mg QE/kg DM) (mg QE/kg DM) (%) (mg CE/kg DM) (mg CE/kg DM) (%)

Fresh 1,243+7 1,029+10 82.75+0.82 309+17 258+3 83.60+0.87 923£12 6501 70.37+0.13

CA 4,132:£24%8 3,034461 73.40+1.48% 2319+340% 1,722+17%8 74.25+0.73% 84544245 459+7% 54.33+0.85%
us 437941042 3,458+57°A 789741312 2,443+50°A 1,963+13% 80.36+0.52 1517424 85041124 56.01+0.70°"
ET 3,570+145C 25344244 709840675 1,655+43¢C 1,1994149C 72444083 1,037+18% 469+6° 45224056
ET+US 3,235+74%P 207119 64.030.59%° 1,212433% 844+490 69.6240.30° 645+178°C 208+2 322340329

18eqexpeg ‘33 NuNbN °S

FT 3,008+38% 2,047+17% 68.05+0.57% 1,718+26% 1,124+13 65.42+0.75 229+39 129+11¢ 56.360.30*
FT+US 2,709+220 1,761+26% 64.99+0.97% 1,945+46% 1,376+21 70.76+1.06% 753+25% 380+10% 50.42+1.34
FT+ET+US 2/403+299 1,4724217¢ 61.28+0.88" 1,224+60% 532413 43414107 60020 1924198 32.05+0.15%

BL 3,044435% 2,289+13%8 75.17+043 1,767+33% 1,047+21% 59.26+1.18% 1,215+6°4 43446 35.7140.52%*
BL+US 4,080+14% 3,144428P 77.05+0.68% 1491+67® 72142M8 4832+0.16% 953+1 32343 3385+0.31%®
BL+ET+US 1,282+55"C 785415 61.26%1.20"C 925430 392413/ 4236139 482+18(C 13542"C 27.93+0.39"¢

Values are given as mean + standard deviation. Lowercase letters indicate the difference between the samples in the same column according to Duncan multiple comparison test, uppercase letters indicate the difference between the same group of pretreated samples (p<0.05).
CA, citric acid; US, ultrasounds + citric acid; ET, ethanol; ET+US, ethanol + ultrasounds; FT, freezing-thawing; FT+US, freezing-thawing + ultrasounds + citric acid; FT+ET+US, freezing-thawing + ethanol + ultrasounds; BL, blanching + citric acid; BL+US, blanching + ultrasounds +
citric acid; BL+ET+US, blanching + ultrasounds + citric acid + ethanol; DM, dry matter; GAE, gallic acid equivalent; QE, quercetin equivalent; CE, catechin equivalent.
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Table 5. DPPH" and ABTS™* scavenging activities of fresh and dried quince slices after different pretreatments, and their retention after in vitro gastrointestinal

digestion (GID).

Quince Retention (%) Retention (%)
Fresh 6.12+021 5.78+0.03 94.35+0.63 32764086 30454038 9296+1.18

CA 14.94+0,89%048 1043+0.13® 69.86+0.92°¢ 4047+0.09%® 33.72+0.26° 83.32+0.65%
Us 16.32+0.24% 11.93+0.07* 73.09+0.44%" 42014066 35724032 85.04+0.76%
ET 14.58+0.72% 9.99+0.07 68.55+0.49°C 374440659 27.7140.03 74.01+0.10
ET+US 11.86+1.23€ 7.62+0.05% 64.24+0.44 33.55+0.25% 23.84+0.23P 71.08+0.68%
FT 15.29+0.88%4 10.9240.08% 71.414057% 382340414 26.53+0.35% 69.4140.93%
FT+US 13.06+1.32%® 9.1740.10° 70.25+0.820A 34.85+0.42% 24.06+0.23® 69.05+0.67%A
FT+ET+US 11.86+1.08% 8.27+0.29 69.7342.46° 35.69+0.23% 23.58+0.06% 66.05+0.17%
BL 12174116 7.39+0.07® 60.70+0.64" 34.50+0.33% 22214031 64.38+0.90M™
BL+US 14.86+0.28% 10.02+0.20% 67.47+1.36% 36.98+061% 25.13+039% 67.95+1.07%
BL+ET+US 9.20+0.28%C 527+0.10°¢ 57.27+1.15% 283540511 16.97+0.09C 59.8620.34

Values are given as mean + standard deviation. Lowercase letters indicate the difference between the samples in the same column according to Duncan multiple comparison test,
uppercase letters indicate the difference between the same group of pretreated samples (p<0.05). CA, citric acid; US, ultrasounds + citric acid; ET, ethanol; ET+US, ethanol + ultrasounds;
FT, freezing-thawing; FT+US, freezing-thawing + ultrasounds + citric acid; FT+ET+US, freezing-thawing + ethanol + ultrasounds; BL, blanching + citric acid; BL+US, blanching + ultrasounds
+ citric acid; BL+ET+US, blanching + ultrasounds + citric acid + ethanol; DM, dry matter.

samples. US pretreatment enhanced the extractability of bi- and subsequent degradation or oxidation of bioactive com-
oactive compounds and reduced their degradation [Wang et pounds during drying [Wang et al., 2025]. Among all blanched
al, 2025]. ET and ET+US pretreatments resulted in a significant samples, the highest DPPH* and ABTS** scavenging activities
decrease in TPC, TFC, CTC, and AA (p<0.05). Dried quince sli- and TPC were found in the BL+US sample (p<0.05). Xu et al.
ces after all FT pretreatments had lower TPC, TFC, CTC, and AA [2023] reported that thermoultrasound blanching significantly
compared to those exposed to the US pretreatment because enhanced the inactivation efficiency of peroxidase and poly-
freeze-thawing damages the cell structure [Xu et al, 2021]. In phenol oxidase compared to hot water blanching. Therefore,
addition, the thawing process has accelerated the breakdown the TPC and antioxidant activity of the BL+US samples may be
of compounds that are sensitive to heat and oxidation [Li et higher. The combination of blanching with ethanol and ultra-
al., 2025]. DPPH* scavenging activity decreased with increa- sound as a pretreatment significantly affected TPC, TFC, CTC,
sing pretreatment combination in the freeze-thawed samples, and AA in ABTS and DPPH assays (p<0.05). This finding confirms
and in both antioxidant assays, radical scavenging activity was that the combination of ET and US as a pretreatment decreased
highestin the FT sample (p<0.05). Furthermore, as indicated by TPC,TFC, CTC, DPPH* scavenging activity,and ABTS** scavenging
data from Table 4, the TPC in the FT sample was higher than activity. The fact that the dried quince slices after the ET+US,
in the FT+US and FT+ET+US samples, which may be the main FT+ET+US, and BL+ET+US pretreatments contained less bioac-
reason for the higher AA. Although blanching deteriorated qu- tive compounds can be explained as follows: the use of ethanol
ince quality, it was still better than that of the combined ethanol pretreatment facilitates the extraction and thus the loss of phe-
sample. Goncalves et al. [2009] reported that blanching caused nolics [da Cunhaetal,, 2020]. As the increase in the combination
a significant reduction in the TPC of broccoli, probably due to of pretreatments would reduce the drying time, it caused a dec-
thermal degradation and water leaching events. Additionally, rease in TPC, TFC, CTC, and antioxidant activity. In summary, US
BL pretreatment, likewise FT, can damage cell structures, incre- had a positive effect on the retention of bioactive compounds
asing porosity and surface area. This may accelerate the release during the VCIR of quince.
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Figure 2. a-Glucosidase inhibitory activity of extracts from fresh and dried quince slices after different pretreatments.Values are given as mean + standard deviation.
Different lowercase letters indicate significant difference between samples, uppercase letters indicate difference between the same group of pretreated samples
(p<0.05). CA, citric acid; US, ultrasounds + citric acid; ET, ethanol; ET+US, ethanol + ultrasounds; FT, freezing-thawing; FT+US, freezing-thawing + ultrasounds +
citric acid; FT+ET+US, freezing-thawing + ethanol + ultrasounds; BL, blanching + citric acid; BL+US, blanching + ultrasounds + citric acid; BL+ET+US, blanching
+ ultrasounds + citric acid + ethanol; ICsy, concentration of the extract required to inhibit 50% of the a-glucosidase activity.

TPC, TFC, and CTC bioaccessibility, and antioxidant activ-
ity retention after gastrointestinal digestion (GID) in the fresh
quince were higher than in the dried quince (Tables 4 and 5,
respectively). TPC, TFC, CTC, and DPPH* and ABTS** scavenging
activities of the fresh and dried samples decreased after GID. This
decrease may be related to the degradation of phenolics due to
enzyme activity and increased pH [Ozdemirli & Kamiloglu, 2024].
CTC bioaccessibility was very low, especially in the dried samples
(27.93-56.36%). Bouayed et al. [2012] reported that catechin,
procyanidins B1,and B2 were not found in the intestinal phase.
Therefore, CTC bioaccessibility may have been lower. TPC, TFC,
and CTCbioaccessibility and AA retention of the US sample were
higher than those of the CA, ET, and ET+US samples (p<0.05).
TPC, DPPH"* scavenging activity,and ABTS** scavenging activity
after GID, and their bioaccessibility/retention decreased with
increasing pretreatment combination in freeze-thawing sam-
ples. This change was found to be insignificant only for DPPH*
scavenging activity retention (p=>0.05). In all freeze-thawed
samples, the highest TFC-GID and CTC-GID values were found
in the FT+US samples (p<0.05). In the blanched samples, TPC
and AA after GID and their bioaccessibility/retention were high-
estin the BL+US sample, while TFC-GID and CTC-GID and their
bioaccessibility started to decrease with increasing pretreat-
ment combinations (p<0.05). Generally, all pretreatments were
found to significantly reduce TPC, TFC, and CTC bioaccessibility,
as their pretreatments may cause damage to the cell walls
of the samples, while the ambient pH change during in vitro
digestion may lead to degradation of phenolic compounds
and reduce their AA.

= Inhibitory effects on a-glucosidase activity

Antioxidants, including phenolics, can prevent the damage to
B3-cells by inhibiting the peroxidation chain reaction, potentially
guarding against the onset of diabetes [Aslan et al, 2010]. They
canimprove B-cell function, stimulate insulin secretion, and im-
prove adipose tissue metabolism [Lin et al, 2016]. Futhermore
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phenolics, particularly flavonoids, phenolic acids and tannins,
possess the ability to inhibit a-glucosidase and a-amylase, which
are responsible for digesting dietary carbohydrates into glucose,
and thus can modulate carbohydrate and lipid metabolism [Lin
etal,2016].The ability of extracts from fresh and dried quince to
inhibit a-glucosidase is shownin Figure 2. The inhibitory activity
of the samples against a-glucosidase expressed as ICsq values
ranged from 17.94 to 24.84 mg/mL. Extracts from dried quince
slices showed higher a-glucosidase inhibition activity than tho-
se from the fresh sample (p<0.05). Regardless of the method,
the pretreatment process contributed to the increase in the an-
tidiabetic activity. The inhibitory effect on a-glucosidase may be
due to phenolic compounds present in the extracts [lrondi et
al, 2017]. The a-GIA of the CA, US, and ET samples was similar
(p>0.05), but higher than that of the ET+US sample (p<0.05).
a-Glucosidase inhibition decreased with increasing pretreat-
ment combinations in the FT samples. However, this decrease
was found to be insignificant (p>0.05). The a-GIA of the CA, US,
ET, ET+US, BL, and BL+US samples was higher than of all free-
ze-thawed samples (p<0.05). Contrary to our study, Irondi et al.
[2017] reported that the inhibitory effect of Adansonia digitata
leaf extract on a-glucosidase activity decreased due to blan-
ching. In our study, this changed in proportion to the decrease
in phenolic compound levels. Fresh and dried samples showed
higher a-GIA than acarbose. Similar findings were reported by
Ugurlu & Bakkalbasi [2024] for apple chips. Due to their high
content of bioactive compounds, both fresh and dried quince
slices, especially the US sample, can be utilized as a food source
with antidiabetic potential.

= Principal component analysis results

PCA was performed using the correlation matrix to calculate
the eigenvalues, percentages of variation, and load coefficients
of the first three principal components for all the properties
studied. The PCA results are presented in the form of a biplot
(Figure 3). The first three principal components accounted for
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Figure 3. Biplot of principal component analysis. CA, citric acid; US, ultrasounds + citric acid; ET, ethanol; ET+US, ethanol + ultrasounds; FT, freezing-thawing;
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-yellowness; C, chroma; h°, hue angle; A, total color difference.

55.5,18.6,and 8.0% of the total variation, respectively. The cumu-
lative proportion of the variation approached 82.1% of the total
variation. The traits contributing to this high variation in the first
principal component (PC1) were RR, neochlorogenic acid, TPC,
TPC-GID, TFC, TFC-GID, TFC bioaccessibility, CTC bioaccessibility,
ABTS** scavenging activity, ABTS** scavenging activity after GID,
and ABTS** scavenging activity retention. The effects of all these
traits on variation were similar. Traits contributing to the second
PCA component (PC2) were moisture, L* a*, b* C, h°, AE, HMF,
chlorogenic acid, TPC bioaccessibility, CTC, CTC GID, and a-GIA.
The effects of a-GIA on the variation were less pronounced than
others, and only the effects of a*, AE, HMF, and a-glucosidase
inhibitory activity were negative in PC2. As expected, a strong
negative correlation was found between L* and a* and HMF.
The third principal component (PC3) was primarily related to
moisture, procyanidin B1 and B2, cryptochlorogenic acid, rutin,
DPPH* scavenging activity, DPPH* scavenging activity after GID,
and DPPH* scavenging activity retention. The effect of procya-
nidin B1 and DPPH retention was stronger than of the other
traits in PC3. L*and HMF confirmed their inverse relationship by
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pointing in opposite directions on the graph. Additionally, the po-
sitions of the samples with FT and CA pretreatments on the biplot
indicated their higher HMF content compared to the other
samples. The position of the a* value, indicating increased brow-
ning due to Maillard reactions, was consistent with treatments
with longer drying times. The moisture content is located near
the centre, indicating a moderate level of variation between app-
lications and limited discriminating power in the PCA space. TPC,
TFC, AA and their retention, along with phenolic compounds,
contributed most significantly to the dispersion patterns of single
pretreatments. A clear distinction was observed between single/
/double and triple pretreatment combinations. Compared to
other pretreatments, the US pretreatment was clearly positioned
above and to the right of the PC1 axis and exhibited a quality
profile characterized by better preservation of certain sensiti-
ve bioactive compounds. The samples subjected to the triple
pretreatment combination cover the lower left quadrant. This
indicates that significant losses in phenolic compounds were
associated with physicochemical changes such as extraction/
/degradation and exposure to oxygen.
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CONCLUSIONS

This study investigated the effects of citric acid, ultrasound, etha-
nol, freeze-thawing, and blanching pretreatments and their vari-
ous combinations on some physicochemical properties and bio-
active compounds of dried quince. Pretreatment combinations
caused a decrease in drying time. RR decreased significantly
in the samples with more than two pretreatment combinations.
CA and FT pretreatments were found to result in samples with
darker appearance and the highest HMF content. The US pre-
treatment resulted in a higher phenolic content, AA, phenolic
bioaccessibility, and a-GIA in dried samples than the combined
pretreatments. Thus, pretreatments used alone are more ef-
fective than those applied in combination in reducing quality
losses in products exposed to VCIR, and ultrasound was the most
suitable pretreatment method. In this study, ultrasound was
found to have a significant potential to improve product quality,
either alone or in combination, in which it is included, thus pav-
ing the way for its inclusion in pretreatments to obtain healthy
products in the food industry. /n vivo studies are also required to
fully understand the effect of these pretreatments on the bioac-
cessibility of phenolics and a-GIA of quince.
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