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Abstract: The present study focused on evaluating the biochemical profiles of four apricot cultivars
(cv.) (Prunus armeniaca L.) grown in Latvia and demonstrating their processing to obtain the food
product, dried candied fruit (DCF). The fingerprinting of apricot fruit approached by LC-MS and
ultraviolet-visible spectroscopy revealed the abundance of bioactives responsible for the antioxidant
activity. The outstanding composition of group compounds, i.e., phenolics, flavonoids, and vitamin C,
was observed in the cv. ‘Dimaija’, followed by cv. ‘Gundega’ and cv. “Velta’. The lowest values were
found in the cv. ‘Boriss” and fruit from a market of Greek origin. However, the latter two contained the
highest carotenoid levels due to a more pronounced maturity. Amongst the 13 individual phenolics
detected, rutin, chlorogenic and neochlorogenic acids, catechin, and epicatechin prevailed. The
concentrations observed were the highest in cv. ‘Dimaija’, followed by cv. ‘Velta” and cv. ‘Gundega’.
Osmotic dehydration and convective drying of apricot fruit variedly influenced the content of
bioactives in DCF products. The most substantial decrease due to thermal lability was observed
in the vitamin C content in DCF, accounting for a 95.3% loss for all cultivars. The content of total
phenolics, flavonoids, and carotenoids in DCF, on average, was 62.7%, 49.6%, and 87.6% lower than
that observed in the raw fruit, respectively. On average, the content of individual phenolics in DCF,
such as rutin and chlorogenic acid, decreased by 63.8% and 20.8%, respectively. The decline in
the content of bioactives was conditioned by the physical migration of the cell components to the
hypertonic solution. However, the increase in the content of cell wall-bound phytochemicals, such as
catechin and epicatechin, after osmotic dehydration and convective drying, was observed in DCF,
corresponding to a 59.5% and 255.64% increase compared with the raw fruit, respectively. Panelists
generally responded positively to the developed DCF; however, greater preference was given to
products with a lower phenolic content, such as cv. ‘Boriss” and those produced from the market
fruit. It is believed that the high flavan-3-ols content, along with chlorogenic acid, contributed to the
bitter taste of DCF. Overall, apricot fruits represent the abundance of bioactives retained in DCF after
osmotic dehydration and convective drying. The findings observed in the current study allow to
consider DCF as a functional food; however, given the high sugar content, their consumption should

be in moderation.

Keywords: convective drying; fruit processing; fruit quality; hypertonic solution; osmosis;
phenolic compounds

1. Introduction

Drying is one of the ancient, cost-effective, and commonly used techniques to hamper
the decomposition of food and agricultural products. Drying is a process that reduces the
moisture content of food to a low level and ensures a longer shelf life of the product [1].
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Drying, as a type of preservation, makes it attainable to reduce packaging, storage, and
transportation costs due to the lower volume and weight of the produce [2]. The preser-
vation of fruit and vegetables is ensured by inhibiting spoilage-related bacteria, molds,
yeast, and, to a lesser extent, native enzymes that cause irreversible changes and the loss of
valuable nutrients [3,4]. Over the past few decades, myriad drying techniques have been
developed for removing water from products, including convective, solar, freeze, vacuum,
osmotic, microwave, forced-air, ultrasound, and spray drying [5]. However, the degree of
drying efficiency and fruit and vegetable preservation capabilities are determined largely
by the moisture content and the type and state of the product intended to be dried. Hot
air drying at a temperature no higher than 60 °C as a type of preservation has proven to
be efficient in removing water from the medicinal plant of cassumunar ginger (Zingiber
montanum), minimally affecting the content of antioxidants such as curcumin [6]. These
observations have further been reinforced by Velescu et al. [7], indicating that the optimal
method for obtaining high-quality dried fruit such as apples and apricots is to dry them
at 60 °C using convective drying. Superior preservation of nutrients and sensory quality
of Japanese quince fruit was reported by Krasnova et al. [8], applying the combination of
osmotic and convective drying. Along with preserving the structure of the product, this
type of sample pre-treatment provides additional opportunities for removing water from
cells by soaking the product in a hypertonic solution of sugar, during which there is a
simultaneous counter-current mass transfer of water from the cytoplasm to the hypertonic
solution and of solute from solution into the sample [9]. A similar drying technology was
applied by Juhnevica et al. [10] during the development of the nutrient-dense candied
sour cherry product, achieving a pleasant taste and preserving thermolabile biologically
active compounds.

Apricots (Prunus armeniaca L.) are a nutrient-rich fruit which, along with essential
minerals and vitamins such as potassium, zinc, copper, iron, manganese, and vitamins A, C
and E [11], also contain a variety of bioactive phytochemicals, such as phenolic acids (gallic,
chlorogenic, neochlorogenic, caffeic, ferulic, and p-coumaric acids), flavonoids (quercetin-
3-O-rutinoside, myricetin, quercetin, kaempferol), and flavan-3-ols (catechin epicatechin,
epigallocatechin gallate) [12]. Despite the health-promoting properties of the compounds
mentioned, apricots, like other soft fruit, are considered highly perishable due to their
high moisture content [13]. In addition, its climacteric nature triggers prompt ripening and
softening processes, which take place immediately after harvesting [14]. High susceptibility
to mechanical injuries makes apricots less resistant to pathogenic microorganisms’ invasion,
affecting shelf life and transportation [15]. Proper harvesting and post-harvest handling
are ensured to preserve the loss of nutrients and bioactives in apricots. According to the
information available in the FAOSTAT 2023 [16] and Statistica 2023 [17] reports, the demand
for both fresh and processed apricots is steadily growing, revealing a 16.9% (from 3.303 in
2010 to 3.863 Mt in 2022) and 39.35% (from 2.246 Mt in 2009/2010 to 3.130 Mt in 2022 /2023)
rise in production quantity. Given this data, additional preservation techniques would be
needed to cover the consumers’ needs for highly nutritious and acceptable quality fruit.

Apricots are an ancient fruit crop that originated as a mountain species. Its bio-
logical characteristics have formed in areas with temperate, cool winters without sharp
temperature fluctuations. The Latvian climate is challenging for apricot growers, as it is
characterized by frequent temperature fluctuations in wintertime, low minimal temper-
atures, and relatively cool and humid summers. As a result of the long-term breeding
program at the Institute of Horticulture (LatHort), several apricot cultivars have been ob-
tained. The breeding of apricots in Dobele was started by Peteris Upitis in 1950. The initial
breeding material was obtained from Central Asia and the Caucasus mountains. The selec-
tion of breeding material from the Caucasus mountains was based on comparable climate
conditions, giving the hope that the plants could have a higher winter hardiness. However,
breeding was much more complicated than expected, so registering the first cultivars took
almost 50 years. After a long-term evaluation of extensive breeding material, in 1999, three
cultivars were registered in Latvia. One of them is the cultivar “Velta’ [18]. In the early
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2000s, in cooperation with Czech, Russian and Slovak breeders, the LatHort collections
were expanded. Open-pollinated seeds were collected from the most valuable genotypes.
In the following years, the most suitable and productive genotypes with good fruit quality
were selected for the Latvian climate during the assessment and selection of seedlings.
From this material, in 2022, the cultivars ‘Boriss” and ‘Gundega’ and in 2023, ‘Dimaija’,
were submitted for registration in Latvia. At the Institute of Horticulture, apricot selection
continues to evaluate cultivars suitable for Latvian and Northern European conditions.

Due to certain limitations in the scientific literature regarding the biochemical profile
of apricot fruit grown at northern latitudes and the lack of alternatives to dried apricots,
the current study aimed to evaluate the profile of biactives and the antioxidant activity of
Latvian cold-hardy apricot cultivars and demonstrate a possible way of processing them
to obtain a new food product, such as dried candied fruit. It is hypothesized that North
Europe’s apricot fruit grown under certain abiotic stress conditions are nutrient-denser
than its counterparts grown in Southern regions.

2. Materials and Methods
2.1. Chemicals and Reagents

Commercial standards, i.e., caffeic acid (CA), trans-isomer of ferulic acid (t-FA), vanillic
acid (VA), vanillin (VN), p-coumaric acid (p-CA), (—)-epicatechin (E-CTC), (£)-catechin
(CT), gallic acid (GA), sinapic acid (SA), syringic acid (SIA), protocatechuic acid (PCA),
neochlorogenic (NCGA), and chlorogenic acids (CGA), rutin (RT), kaempferol (KMP),
isorhamnetin (ISR), luteolin-7-O-glucoside (LUT-7G), rhamnetin (RHM), quercetin (QCT),
glucose (GLU), fructose (FRU), sucrose (SUC), sorbitol (SOR), inositol (INO), ribose (RIB),
and 96% ethanol (EtOH) were purchased from Sigma-Aldrich Chemie Ltd., (Steinheim,
Germany). Methanol (MeOH), acetonitrile (MeCN), and formic acid (HCOOH) (puriss p.a.,
>99.9%) of liquid chromatography-mass spectrometry (LC-MS) grade, were purchased
from Merck KGaA (Darmstadt, Germany). HPLC grade petroleum ether (puriss. p.a.,
>99.9%, boiling point 50-70 °C) was purchased from Sigma-Aldrich Chemie Ltd., (St. Louis,
MO, USA). Ultrapure water (UPW) was produced using the reverse osmosis PureLab Flex
Elga water purification system (Veolia Water Technologies, Paris, France).

2.2. Plant Material

Apricot (Prunus armeniaca L.) cultivars (cv.), i.e., ‘Dimaija’, ‘Velta’, ‘Gundega’, and
‘Boriss’ (Table 1) grown in the orchard of the Institute of Horticulture (LatHort) were used as
raw material for the preparation dried candied fruit (DCF) products. P. domestica L. grafted
on seedlings of P. cerasifera was used as interstock. As a control, apricot fruit of Greek origin
(40+ mm, 1 Class) were purchased from the local market to compare the results. Apricot
fruit was collected from the Institute of Horticulture (Dobele, Latvia), GPS location: N:
56°36/35.0"; E: 23°17/58.7" in 2023 on July 17 cv. ‘Boriss’, on 27-28 July cv. ‘Gundega’ and
‘Velta’, and on 3 August cv. ‘Dimaija’ at technical maturity (defined visually by color and
firmness of hand—feel touch). About 1.7 & 0.1 kg of each apricot cultivar were harvested
and transported immediately (within 1 h) to the laboratory of the LatHort.

2.3. Preparation of Apricot Fruit for Osmotic Dehydration

For the preparation of the DCF and before convective drying, the collected fruit were
sliced around the seam into halves, and the stones were manually removed. Afterwards,
fruit were packed in 24 L high-density polyethylene (HDPE) boxes with a lid (dimensions
L600 x W400 x H145 mm, Pryce, Stupsk, Poland) in one layer and deep frozen for 72 h in
a freezer “PORKKA BF 710” (Porkka, Lahti, Finland) at —25 £ 1 °C. After deep freezing,
the fruit were stored at —18 4= 1 °C until further processing and analysis, for a maximum
of 10 wk.
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Table 1. Brief description of new apricot cultivars developed by the Institute of Horticulture.

Culti Description
ultivar
Ripening Time and Productivity
;};ellf EUIE;tetéoﬁgféigrﬁiof;;gee;n d The ripening time is the end of July—1st
&Y ’ , arge or 2nd week of August. The fruit ripen
uniform. The taste of the fruit is good, relatively evenlv. The cultivar is
‘Dimaija’ and the flesh is yellow, medium firm, d 4 b Y he fl bud
fine-grained, and aromatic. The peel is pro uct%v'e, ut since the Jower buds
. . . are sensitive to severe spring frosts, can
smooth and thin. Stone is medium and be produced irregularl
separates very well from the flesh. p & ¥
The fruit are large, round, flattened,
and have a slight sharpness at the end
of the frmtf orange with propounced The cultivar only produces occasionally
redness, with a deeP abdomma'll but very well in some years. Its
seam—very attractive. The fruit are . ripening time is medium (depending
aromatic, ‘.Nlth a goc?d taste. The flesh is on the year—the last week of July to the
Velta ?ifer}gz;r\:;gljor;ii;g-f}iﬁ / cel is second week of August). As the flowers
sl h%l uneven and me}:iium-}zhick- are relatively sensitive to spring frosts,
sy - ’ the cultivar does not produce regularly,
therefore, the fruit are transportable. but verv well in some vears
Compared to the flesh, the stone is y years.
large, elongated in shape, and separates
perfectly from the flesh.
The fruit are round and orange, with
distinct pinkish, small dots which
merge to form a blush, slightly matt, The ripening time is the second half or
very good-looking, large, uniform. The the end of July (rarely the early
abdominal suture is deep. The taste of ~ beginning of August). The fruit ripen
undega the fruit is delicious; the flesh is yellow, relatively evenly, usually in 2 (rare
‘Gundega’ he fruit is delici he flesh is yell latively ly, lly in 2 (rarely 3)
medium firm, fine-grained, and picking times. The cultivar is
aromatic. Peel is smooth and productive and produces regularly and
thin—hence, high taste properties. The = abundantly.
stone is small and separates very well
from the flesh.
The fruit are large, round,
yellow—ora}nge, with pronounced The production time for this cultivar is
redness, shiny, excellent appearance, one of the longest (depending on the
and uniform. The abdominal suture is ear, second-third week of July). The
Boriss’ deep. The taste of the fruit is delicious; i’ruitl ripen relatively evenl V) I
y y, usually

the flesh is yellow, medium firm,
fine-grained, and aromatic. Peel is
smooth and thin—hence, high taste
properties. The stone is small and
separates very well from the flesh.

collected in 2 (rarely 3) picking times.
The cultivar is productive and produces
regularly and abundantly.

2.4. Apricot Fruit Osmotic Dehydration

Before convective drying, the refrigerated apricot fruit were thawed to an ambient
temperature of 20 = 1 °C and immersed into Japanese quince (JQ) (Chaenomeles japonica)
syrup used as a hypertonic solution with an average sugar concentration of 70 =£ 2 Brix%
and 5% organic acids. The three major sugar representatives in JQ syrup, i.e., sucrose
(52.28 4 1.47 g 100 g~ 1), fructose (5.02 + 0.24 g 100 g~ 1), and glucose (4.86 + 0.06 g 100 g~ 1)
were detected chromatographically. Before fruit soaking, JQ syrup obtained as a byproduct
after the production of dried candied JQ fruit was thermally processed at 100 &= 1 °C to
eliminate native enzymes and microorganisms and was supplemented with additional
sugar at the ratio of 50:50 (w/w). When the sugar completely dissolved, the syrup was
cooled to 60 £ 2 °C and poured over apricots until the fruit were completely immersed.
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The fruit were soaked for 72 h in a cool place at 6 £ 2 °C. Finally, the JQ syrup was drained,
and the fruit were placed on a wire rack for 2 h to remove the residual syrup.

2.5. Apricot Fruit Convective Drying

For drying the apricot fruit, the dryer “B. Master BM40” (Tauro Essiccatori, Vicenza,
Italy) with warm air inflow, equipped with an automatic ventilation system for the elec-
tronic control of humid air discharge, was used. The soaked apricot halves were placed
separately on dry, silk, non-stick sheets. The temperature in the dryer was adjusted to
50 + 2 °C and the drying time was 48 h. The apricots were dried until the moisture content
reached 30 £ 2%. The DCF were packed in polypropylene zip-lock bags (high-density
polyethylene polymer, density 3 mm, Impak Co., Los Angeles, CA, USA) and stored in a
dark, cold place at 10 £ 2 °C temperature until analysis.

2.6. Extraction of Free Phenolics and Flavonoids from Prunus armeniaca L. Fruit and Products for
Spectrophotometric Analysis

Apricot fruit and products were evenly crushed in a knife mill “Grindomix GM 200"
(Retsch GmbH, Haan, Germany). Then, 2-3 g of crushed sample was transferred into 50 mL
conical tubes (Sarstedt AG & Co. KG, Niimbrecht, Germany), and 25 mL of 80% ethanol
was added. The mixtures were intensively vortex mixed for 2 min with a “Vortex REAX
top” (Heidolph, Schwabach, Germany), followed by ultrasonic treatment at 50 kHz with
an output wattage of 360 W for 30 min at 25 & 1 °C, using an “Ultrasons” ultrasonic bath
(J.P. Selecta®, Barcelona, Spain). Afterwards, the mixture was centrifuged at 3200x g in an
Eppendorf 5804 R centrifuge (Eppendorf AG, Hamburg, Germany) for 10 min at 20 °C and
the top organic layer was filtered through a Whatman® Grade 6 filter (Cytiva, Marlborough,
MA, USA). The clear filtrate was used for spectrophotometric studies to determine the
phenolic (TPC) and flavonoid (TFC) content and the antiradical activity using DPPH® and
FRAP methods.

2.7. Extraction of Carotenoids from Prunus armeniaca L. Fruit and Products for
Spectrophotometric Studies

Carotenoids were extracted according to the methodology described by Howard et al. [19],
with minor modifications. Briefly, 2 g of the crushed sample was transferred into a test tube
and mixed with 10 mL 96% EtOH. The mixture was then intensively vortex mixed for 2 min
followed by adding 25 mL of petroleum ether. The release of carotenoids from the matrix
was conducted by an ultrasound-assisted extraction at 50 kHz with an output wattage of
360 W for 30 min at 25 £ 1 °C. All manipulations were performed under yellow fluorescent
light to avoid light-induced changes. After extraction, the sample was centrifuged at
3200x g for 15 min at 4 °C. Subsequently, the supernatant was collected, and the remaining
residue was re-extracted using the same procedure until the residue was colorless. The
collected top organic layer was filtered through the Whatman® Grade 6 filter.

2.8. Spectrophotometric Studies
2.8.1. Determination of Phenolic Content

The content of phenolics (TPC) was determined using the colorimetric Folin-Ciocalteu
method [20]. Briefly, a 100 pL aliquot of each sample extract (1 mg mL~1) or the standard
gallic acid (GA) was mixed with 5.0 mL of 10-fold diluted Folin—Ciocalteu reagent followed
by the addition of 4.0 mL 7.5% NapyCO3 and 800 pL of UPW with the subsequent incubation
for 30 min at room temperature (22 & 1 °C). Finally, the absorbance was measured at wave-
length 760 nm using a Shimadzu series visible spectrophotometer, “UV-1800” (Shimadzu
Corp., Kyoto, Japan). The results were expressed as mg gallic acid equivalent per 100 g !
on a dry weight basis (mg GAE 100 g~! DW).
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2.8.2. Determination of Flavonoids Content

The content of flavonoids (FC) was determined using the described methodology by
Yang et al. [21] with minor modifications. Briefly, 1 mL of obtained extract was transferred
into test tubes, and 2 mL of UPW and 0.3 mL of 5% NaNO, were added. The mixture
was thoroughly mixed and allowed to react for 5 min. Then, 0.3 mL of 10% AICl3; was
added, thoroughly mixed, and allowed to react for an additional 6 min. Finally, 2 mL of

1 N NaOH and 2.4 mL of UPW were added to adjust the total volume to 10 mL. Then, the
absorbance was measured at a wavelength of 510 nm. The results were expressed as mg
catechin equivalent per 100 g~ ! on a dry weight basis (mg CE 100 g~! DW).

2.8.3. Determination of Carotenoids Content

The content of carotenoids (CC) was determined following the protocol provided
by Mallek-Ayadi [22]. As reported, the spectrophotometric method (method of mean) is

robust, reproducible, sensitive, and has a strong correlation with the HPLC approach. The
method is based on the mean absorption coefficients and mean absorption wavelength
(Figure 1).

1.936

1500 |

1000 | |

\
PR |

250.00

Y N

400.00 nm 600.00 800.00

Figure 1. The typical UV-VIS spectrum of carotenoid interference between 400 and 500 nm.

where Aysp being the mean absorbance maximum, V is the total volume of extract, Al% jg

To determine the average carotenoid concentrations, the following equation was used

6
Total carotenoids = Ags0 X V X 10

M

the extinction coefficient at 2500 for a 1% mixture of carotenoids, and G is the weight of the
sample (g).

A 0.1 g oil sample was diluted 10 times using petroleum ether followed by centrifuga-
tion at 3200 g for 10 min at 20 °C, and the top organic was taken for immediate absorbance

measurement at 450 nm. The results were expressed as mg S-carotene equivalent per
100 g1 on a dry weight basis (mg B-carotene 100 g~ DW).
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2.9. Antiradical Activity of Apricot Fruit and Candied Fruit Derived Extracts
2.9.1. DPPH?* Free Radical Scavenging Activity

The DPPH?* free radical scavenging activity was determined based on the methodology
described by Radenkovs et al. [23] with slight modifications. Briefly, 100 pL of diluted of
the above extract was mixed with 2.9 mL of DPPH*-EtOH solution (0.039 g DPPH® in 1L
methanol). The reaction proceeded at 22 & 1 °C for 30 min in the dark. The absorbance of
the extracts was measured at 0 and 30 min at wavelength 517 nm. The DPPH® scavenging
activity was expressed as millimole (mM) Trolox equivalent (TE) antioxidant capacity per
100 g~! on a dry weight basis (mM TE 100 g~! DW).

2.9.2. Ferric Reducing Antioxidant Power (FRAP)

The FRAP reducing antioxidant power was determined using the procedure of
Radenkovs et al. [24]. The fresh FRAP reagent was prepared using 300 mL 0.3 M acetate
buffer, TPTZ solution in 40 mM L~! HCl, and FeCl;-6H,O (20 mM L~ 1). The 3 solutions
were mixed at the ratio of 10:1:1 (v/v/v), respectively, and then heated to 37 °C. Extracts
and standard (FeS-O4-7H,0) or UPW for blank (100 puL) were mixed with 3.6 mL of FRAP
reagent, followed by incubation for 10 min in the dark at ambient temperature. The ab-
sorbance was measured at wavelength 593 nm. The FRAP values were expressed as mM
TE antioxidant capacity per 100 g~! on a dry weight basis (mM TE 100 g~! DW).

2.10. Physical-Chemical Analysis of Apricot Fruit and Products
2.10.1. Apricot Fruit and Candied Fruit Moisture

The moisture content was measured gravimetrically at 103 £ 2 °C using the method
of Ruiz [25].

2.10.2. Fruit and Candied Fruit Total Soluble Solids

The total soluble solids (TSS) content (expressed in Brix%) was determined using
a digital electronic refractometer “type Pal-1” (Atago®, Tokyo, Japan) according to the
standard method ISO 2173:2003 [26]. In total, ten unprocessed fruit without stone or
20 pieces of DCF were selected and ground into a puree with the hand blender “SwissLine”
(Bamix®, Liechtenstein, Switzerland).

2.10.3. Apricot Fruit and Candied Fruit Titratable Acidity

Titratable acidity was determined using the standard method ISO 750:1998 [27] and
quantified by titration of 1 mL of juice using automatic titrator “DL 21” (Mettler Toledo®,
Greifensee, Switzerland) with 0.1 M NaOH to a pH of 8.1. The expended amount of
NaOH was expressed in the percentage of malic acid equivalent on a dry weight basis (%
MAE DW).

2.11. The HPLC-RID Conditions for Carbohydrate Analysis

A quantitative analysis of free mono- and disaccharides in apricot fruit and prepared
DCF was conducted using a “Waters Alliance”, high-performance liquid chromatography
(HPLC) system (Model No. €2695) coupled to a 2414 refractive index detector (RID) and a
2998 column heater (Waters Corporation, Milford, MA, USA) following the methodology
described by Radenkovs et al. [28].

2.12. Determination of Vitamin C Content

The content of vitamin C (Vit C) was determined using the standard method EN
14130:2003 [29]. The results were expressed as mg ascorbic acid equivalent per 100 g~! on
a dry weight basis (mg AA 100 g~! DW).
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100% MeOH
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Conditioning 1gin 10 mL acidified 30% MeOH
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Discard

acidified UPW sample with 6 mL UPW MeOH

60 mg

2.13. Solid-Phase Extraction of Free Phenolics from Prunus armeniaca L. Fruit and Products for
Analysis by LC-ESI-TQ-MS/MS

A solid-phase extraction (SPE) technique, i.e., isolation and purification of bioactive
compounds from apricot fruit and DCF matrix, ensured the following of the protocol
provided by “Supelco” with minor modifications. Briefly, 1.0 g of finely ground and frozen
fruit and DCF in triplicate was placed in 15 mL conical centrifuge tubes (Sarstedt AG & Co.
KG, Niimbrecht, Germany), and 10 mL acidified 30% MeOH (MeOH:H,O:HCOOH at a
ratio of 30:69:1 v/v/v) was introduced. Afterwards, the obtained mixture was subjected
to 1 min intensive vortexing using the “ZX3” vortex mixer (Velp® Scientifica, Usmate
Velate, Italy) followed by centrifugation at 10,000 rpm (10,280x g) for 10 min at 20.0 £1 °C
in a “Hermle Z 36 HK” centrifuge (Hermle Labortechnik, GmbH, Wehingen, Germany).
After centrifugation, the top organic layer was separated and filtered through a 0.20 pm
hydrophilized polytetrafluoroethylene (H-PTFE) membrane filter (Macherey-Nagel GmbH
& Co. KG, Dueren, Germany). The purification of phenolic compounds was taken with
a SPE “Supel™-Swift HLB” (57492-U) (Supelco, Bellefonte, PA, USA) column packed
with a hydrophilic modified, styrene-based sorbent (50-70 um, 80-200 A, 60 mg 3.0 mL)
(Figure 2). A steady flow (1.0 £ 0.2 mL min~') during analytes desorption was provided by
a “Chromabond® SPE” (Diiren, Germany) SPE vacuum manifold with an adjusted pressure
of 3.38 x 107 Pa.

@ Elute phenolics
with 1 mL

3 mL Load 3 mL Wash sample acidified

b
E%@@
U

0 0 0 0
Discard

Collect for LC-
MS

Figure 2. A schematic representation of simplified solid-phase extraction clean-up procedure for
phenolic compounds of apricot fruit and candied apricot products.

The conditioning /equilibration of the SPE column was conducted with a 1 bed volume
(3.0 mL) of pure MeOH followed by a 1 bed volume of acidified UPW (1.0% HCOOH,
v/v). The loaded extract (3.0 mL) was washed with 2 bed volumes of UPW. The flow-
through fractions were collected for qualitative and quantitative chromatographic analysis
of the presence of phenolic compounds and saccharides. The 1.0 mL acidified MeOH
solution (MeOH:HCOOH at a ratio of 99:1 v/v) was used as an eluate to elute phenolic
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compounds from the polymer. The resulting fractions were collected and analyzed with an
LC-ESI-TQ-MS/MS system.

2.14. The LC-ESI-TQ-MS/MS Analytical Conditions for Phenolics

The analysis was approached by a Shimadzu series “Nexera UC” supercritical fluid
extraction—supercritical fluid chromatography-mass spectrometry (SFE-SFC-MS) system
(Tokyo, Japan) coupled to Shimadzu triple quadrupole (TQ) mass-selective detector (TQ-
MS-8050) (Tokyo, Japan) with an electrospray ionization interface (ESI). The chromato-
graphic separation of phenolic compounds was carried out using a reversed-phase (RP)
“Shim-pack UC-RP” column (5.0 pm, 250 x 4.6 mm; Tokyo, Japan) operating at 45 °C and a
flow rate of 1.0 mL min—!. The mobile phases used were acidified UPW (1.0% HCOOH,
v/v) (A) and acidified MeOH (MeOH:HCOOH at a ratio of 99:1 v/v) (B). The compounds
were separated using the stepwise gradient elution program: elution started with 5% B to
obtain 10% B at 5 min, 60% B at 12-15 min, and 10% B at 18 min. Furthermore, MeOH injec-
tions were included as a blank run after each sample to avoid the carry-over effect. Data
were acquired using “LabSolutions Insight” LC-MS software version 3.7 SP3 (workstation),
which was also used for instrument control and processing. The ionization in both positive
and negative ion polarity modes was applied in this study, while data were collected in
profile and centroid modes, with a data storage threshold of 5000 absorbance for MS. The
operating conditions were as follows: detector voltage 1.8 kV, conversion dynode voltage
10.0 kV, interface voltage 3.0 kV, interface temperature 300 °C, desolvation line temperature
250 °C, heat block temperature 400 °C, nebulizing gas argon (Ar, purity 99.9%,) at flow
3.0 L min~!, heating gas carbon dioxide (CO,, purity 99.0%,) at flow10.0 L min—!, and
drying gas nitrogen (N, separated from air using a nitrogen generator system from “Peak
Scientific Instruments Ltd.” (Inchinnan, Scotland, UK), purity 99.0%) at flow 10.0 L min~!.
All phenolics were observed in the programmed and optimized multiple reaction monitor-
ing (MRM) mode (Supplementary Table S1). Representative chromatographic separation of
18 phenolic compounds is given in Figure 3.
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Figure 3. Extracted ion chromatogram (EIC) in multiple reaction monitoring (MRM) mode represents
the profile of 18 phenolic standards at the concentration of 1 g mL ™.
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2.15. Sensory Evaluation of Candied Apricot Fruit

Prepared samples of DCF were assessed according to sensory attributes. The quality
of the products was assessed by descriptive analysis utilizing a 12-point line scale, where
12 denotes “like very much”, 6—"neither like nor dislike”, and 0—"dislike very much”
according to the standard method ISO 13299:2016 [30]. The panelists considered such
characteristics as color, appearance, taste, sweetness, and sourness. As a complement, the
consumers’ preferences towards developed products were specified by applying a 5-point
hedonic scale, where 1 denotes “dislike very much”, 2—*dislike slightly”, 3—"neither
like nor dislike”, 4—"like slightly”, 5—*like very much”. In total, thirty trained panelists
were involved in assessing the sensory attributes. Before sensory evaluation, all analyzed
samples were coded and randomly served on a white tray with a glass of water.

2.16. Statistical Analysis

The results obtained are shown as means =+ standard deviation of four replicates
(n = 4) for primer groups of compounds (total phenolics, flavonoids carotenoids, vitamin
C soluble solids and organic acids) and two replicates (n = 2) for individual sugars and
phenolics. A p-value of < 0.05 was used to indicate significant differences between mean
values determined using one-way analysis of variance (ANOVA) and Duncan’s multiple
range test performed using “TBM® SPSS® Statistics” version 20.0 (SPSS Inc., Chicago,
IL, USA).

3. Results and Discussion
3.1. Physical-Chemical Characteristics of Apricot Fruit and Its Candied Products

The analysis of the physical-chemical characteristics of apricot fruit revealed relative
fluctuations in total soluble solids content (TSS). The content of TSS ranged from 11.3 to
14.8 Brix%, with cv. ‘Boriss” having the highest TSS and with cv. ‘Dimaija’ having the lowest
(Table 2). In this instance, differences in TSS are primarily due to the genetic background of
apricot cultivars and, to a lesser extent, the maturity stage. The content of TSS in selected
apricot cultivars is substantially lower than that reported by Cirillo et al. [31] for apricot cul-
tivars grown under Southern conditions and consistent with those of Rampackov4 et al. [32]
reported for apricot cultivars originating from Central Europe, Central Asia, and the USA.
Analyzing the TSS of developed DCF products, a statistically higher (p < 0.05) amount was
found in cv. “Velta’ followed by cv. ‘Gundega’ and ‘Dimaija’; the values corresponded to
78.6,76.7, and 76.1 Brix%, respectively. Abu-Shama et al. [33] indicated a nearly similar
TSS content for jelly candies made from red and yellow prickly pear fruit (Opuntia spp.)
juice and sucrose. The observed TSS values indicate that apricot fruit, through synergistic
processing, were saturated with a solution with a high sugar content during soaking in a
hypertonic solution along with the loss of water from the cells by a counter-current mass
transfer of water from the cytoplasm to hypertonic solution. A subsequent drying under
convective conditions reduced the moisture average by 69.2%, thus additionally concentrat-
ing the dry matter content. Kuo et al. [34], under experimental and response surface model
conditions, confirmed a reduction in moisture and an increase in dry matter by vacuum
osmotic dehydration of watermelon rind by 31.0% and 32.0%, respectively. The importance
of sucrose concentration and time of watermelon-rind immersion in the hypertonic solution
has been highlighted by the authors. Velescu et al. [7] reported a similar drying kinetics,
achieving 70.9% and 74.3% moisture loss after the convective drying of apricot fruit at 50
and 80 °C for 12.5 and 8 h, respectively.
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Table 2. Physical-chemical characteristics of apricot fruit (raw material) and developed candied
fruit, DW.

Raw Material Dried Candied Fruit
Indicator

S se g p , P , o ey Market e se g s , P , o ey Market

Dimaija Velta Gundega Boriss (Greece) Dimaija Velta Gundega Boriss (Greece)
TSS, Brix% 11.3+0.1°¢ 115+0.1¢ 13.6+01° 1484012 11.84+02¢ 761 +0.7> 786+1.62 767+0.1° 69.6+07¢ 764+08"
TA, % 240+3.0P 3594452 200+20P 145+15°¢ 138+16°¢ 554012 594012 574012 39+01P 42+01P
Moisture, % 89.0+1.32 89.1+132 874+13P 874+13P 893+132 302+13> 2524+13°¢ 3294012 21.8+139 258+13¢

MI 47+06 32402 68406 1024+01 85+04 - - - - -

Note: Values are means =+ SD of quadruplicates (n = 4). DW—the concentration expressed on a dry weight basis;
TSS—total soluble solids; TA—titratable acidity; MI—maturity index. Means within the same indicator, separately
for raw and candied fruit, with different superscript letters (*°) are significantly different at p < 0.05. Maturity
index was calculated as the TSS/TA ratio as proposed by Melgarejo et al. [35].

The total acid content (TA) was found to be statistically higher (p < 0.05) in the apricot
fruit of cv. “Velta’ followed by cv. ‘Dimaija’, the values corresponded to 35.9% and 24.0%
malic acid equivalent (MAE DW), respectively. The lowest TA content was observed
in apricot fruit from the market (of Greek origin used as a control) and the cv. ‘Boriss’,
corresponding to 13.8% and 14.5% MAE DW), respectively. A relatively lower content
of TA in the market and cv. ‘Boriss’ fruit indicates a more pronounced maturity stage
than the other three apricot cultivars. This observation was supported by maturity index
(MI) values calculated as proposed by Melgarejo et al. [35], showing the highest MI for cv.
‘Boriss” apricot fruit and those obtained from the market. However, it should be noted
that the TSS content in apricot fruit from the market was among the lowest, indicating
a possible oxidative breakdown of sugars in respiration, which initiated the catabolic
processes triggering the cleavage reaction of sugars [36]. The obtained TA results are
in close agreement with data reported by Leccese et al. [37], who performed a study
involving 18 apricot genotypes of the Italian and international germplasm. The authors
noted substantial variation in the content of TA for fresh apricots from 0.6% to 2.2%
MAE FW. The lowest TA values were found for apricot cultivars, those of late ripening
of Greek origin. Additionally, the results can be supported by TA values reported by
Melgarejo et al. [35], indicating the lowest TA value of 0.8% MAE FW for ‘Mirlo Blanco’
fruit with MI 13.1 and the highest of 2.4% MAE FW fruit with MI 5.5. The highest TA
content with no statistically significant differences (p > 0.05) was found in DCF products
developed from apricot cv. “Velta’, ‘Gundega’, and ‘Dimaija’, corresponding to 5.9%, 5.7%,
and 5.5% MAE DW, respectively. The observed values are consistent with those reported
by Madrau et al. [38] for apricot cv. ‘Pelese” and cv. ‘Cafona’ of Italian origin. The loss of
organic acids is due to migration from partially solubilized and disrupted cells of apricot
fruit to the hypertonic solution of Japanese quince (JQ) (Chaenomeles japonica) syrup rather
than degradation [39].

3.2. The Composition of Individual Sugars in Apricot Fruit and Its Candied Products

Quantitative analysis of free mono- and disaccharides in apricot fruit and prepared
DCEF is depicted in Table 3. Generally, four individual sugars were identified in apricot
fruit, with sucrose as the most abundant sugar representative. The sucrose concentration
in five apricot samples selected in this study fluctuated from 23.2 to 55.0 g 100 g~! DW.
The highest concentration was observed in the apricot fruit of cv. ‘Boriss’, whereas
the lowest concentration was found in fruit from the market. The observed values are
consistent with those reported by Drogoudi et al. [40], indicating a fluctuation from
28.4 to 47.1 g 100 g~! DW among 29 apricot cultivars of Greek and American origin.
The second prevalent monosaccharide of apricot fruit was glucose; the values ranged
from 5.4 to 11.5 g 100 g~} DW, with cv. ‘Boriss’ fruit having the highest value and with
cv. ‘Velta’ having the lowest. Fructose, as the third sugar representative, was found in
the range from 3.4 to 8.3 g 100 g~! DW, with cv. ‘Gundega’ having the highest value
and cv. ‘Velta’ having the lowest. Interestingly, the amount of fructose in apricot fruit
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obtained from the market was detected at a trace level below the limit of quantification
(BLQ), which can indicate the overripening of these fruit and the gradual process of
senescence causing the decrease in fructose and sucrose contents [41]. Sorbitol as a sugar
alcohol representative was also observed in all five apricot samples ranging from 3.3 to
14.5 g 100 g~! DW, with fruit from the market having the highest value and cv. ‘Dimaija’
having the lowest. It should be noted that the sorbitol content in the fruit obtained
from the market was found to be 3.1 times higher than the content observed in apricot
cultivars grown in Latvia. The presence of sorbitol in fruit at high concentrations might
indicate that the fruit were subjected to stress conditions during growing or post-harvest
that perhaps induced sorbitol transport genes or promoted sorbitol metabolism, ensur-
ing cold tolerance and alleviating a chilling injury of the fruit [42]. This statement can
be reinforced by an observation made by Reis et al. [43], emphasizing that one of the
main functions of sorbitol is an osmotic adjustment in cell cytoplasm under various
abiotic stresses, such as drought, chilling, and salinity. Inositol was the fifth sugar found
exclusively in apricot fruit originating from Greece. The concentration of this sugar
alcohol was close to that of sorbitol, corresponding to 23.6 g 100 g ~! DW. Farag et al. [44]
reported the presence of inositol in apricot fruit and its kernels in the range from 0.02
to 0.17 g 100 g~! FW. It is worth noting that the group from CEBAS-CSIC under the
leadership of Martinez-Gémez applying nuclear magnetic resonance spectroscopy (‘H-
NMR) has successfully identified one of nine inositol stereoisomers myo-inositol in two
apricot genotypes grown under Southern conditions [45]. The range of myo-inositol fluc-
tuated from 0.029 to 0.046 g 100 g~! FW. Due to technical limitations, the identification
of inositol stereoisomers in this study was not possible. Drogoudi et al. [40] reported the
presence of inositol in Greek and American apricots. Overall, the content of individual
sugars identified in apricot cultivars grown in Latvia was similar to that reported by
Schmitzer et al. [46] for 13 cultivars of apricots grown in Central Europe conditions. The
highest content of total individual sugars was found in the apricot fruit of cv. ‘Boriss’,
followed by fruit obtained from the market, corresponding to 78.7 and 71.1 g 100 g !
DW, respectively. The lowest content was found in the apricot fruit of cv. ‘Dimaija’ and
‘Velta’, corresponding to 59.0 and 59.9 g 100 g~! DW, respectively. The difference in
sugars can be explained by the fruit’s degree of ripeness and the cultivar. As in the
case of apricot fruit, sucrose also prevailed in DCF products and fluctuated from 18.4 to
31.4 g 100 g~ ! DW, respectively, with a product made from market apricots having the
highest value, with a product made from cv. ‘Gundega’ apricots having the lowest value.
The content of glucose and fructose in developed DCF products was found in almost
equivalent quantities, which is due to the inversion of sucrose presented in the JQ syrup
caused by thermal processing to eliminate the presence of native microflora and enzymes
before being applied as a hypertonic solution. A statistically higher glucose and fructose
content was detected in DCF products from cv. ‘Gundega’ apricot fruit, corresponding
to 25.5 and 25.8 g 100 g~ ! DW, respectively. In all products developed from apricot fruit,
glucose and fructose contributed up to 70% of the total sugar content on average. The
highest concentration of total sugars was found in DCF produced from apricots of cv.
‘Gundega’, amounting to 69.7 g 100 g~! DW. The lowest content of total sugars was
found in DCF made from market apricots, corresponding to 55.5 g 100 g~! DW.
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Table 3. The concentration of free mono- and disaccharides in apricot fruit (raw material) and
developed candied fruit, g 100 g~! DW.

Saccharide

Raw Material Dried Candied Fruit

‘Dimaija’

“Velta’

P , o ey Market e se g s , P , o ey Market
Gundega Boriss (Greece) Dimaija Velta Gundega Boriss (Greece)

Ribose
Fructose
Glucose
Sorbitol
Sucrose
Inositol

Unknown

ZSugars

BLQ
65+ 03P
98 +04P
33+014
393 +29¢

n.d.

n.d.

n.d.

BLQ n.d. n.d. n.d. n.d. n.d. n.d. n.d.

34+009 83+102 58+0.1° BLQ 2314+03° 247+01P 2554042 126+069 98+02¢
544+02°¢ 95+30P 115+002 97+03P 221+03° 237+1.0P 2584092 135+09d9 99+01¢
424+04° 59404 52403 1454032 nd. n.d. n.d. nd. 41+0.1

469 +00P 41.0+05°¢ 55.0+1.72 232+129 201+03°¢ 201+05° 184+09d 275+1.1P 314+1.62

n.d.
n.d.

BLQ n.d. 23.6 £09 n.d. n.d. n.d. n.d. n.d.
n.d. 1.34+0.0 BLQ n.d. n.d. n.d. n.d. n.d.

59.0+3.69 5994059 647449 7874212 71.1+27P 653+£1.0° 684+1.6° 69.7+ 222 53.6+£27°¢ 5554209

Note: Values are means £ SD of quadruplicates (1 = 4). BLQ—observed concentration is below limit of quan-
tification; DW—the concentration expressed on a dry weight basis; n.d.—not detected. Means within the same
saccharide, separately for raw and candied fruit, with different superscript letters (*°) are significantly different
atp <0.05.

Overall, the content of total individual sugars was similar to that reported by
Naryal et al. [47], indicating a fluctuation from 31.4 to 59.8 g 100 g~! DW among dried
apricot fruit of 108 genotypes. The presence of natural sugars makes the developed
products attractive as snacks, and consumers are expected to prefer them due to the
absence of artificial sweeteners and health benefits.

3.3. The Content of Phenolics in Apricot Fruit and Its Candied Products

The data in Table 4 show that the highest phenolic content (TPC) was found in
the apricot fruit of cv. ‘Dimaija’ followed by cv. ‘Gundega’, corresponding to 2795.3
and 1843.2 mg GAE 100 g~! DW, respectively. The observed values align with those
reported by Gomez-Martinez et al. [48], demonstrating a diverse fluctuation of TPC among
13 apricot genotypes of Spanish origin. The lowest TPC content was found in the apricot
fruit of cv. ‘Boriss” followed by fruit from the market; the values corresponded to 216.4
and 582.0 mg GAE 100 g~ ! DW, respectively. The observed values are interconnected to
data on the MI, which further reinforce the importance of the maturity stage on the TPC
content. A significant decrease (p < 0.05) in TPC content was observed after applying
osmotic dehydration, followed by convective drying. The TPC content in DCF ranged from
114.4 to 723.9 mg GAE 100 g~ ! DW, which on average is 62.7% lower than that observed
in raw material. By and large, the same trend in the content of TPC was observed in
developed DCF products, with cv. ‘Gundega’ followed by cv. ‘Dimaija’ and cv. ‘Velta’
fruit having the highest TPC amounts, corresponding to 723.9, 702.1 and 639.2 mg GAE
100 g1 DW, respectively. The significant fluctuations in the content of TPC were reported
by Wani et al. [49], indicating the range of TPC losses from 26.9 to 37.3% after apricot drying
by convection at 65 °C.

Table 4. The concentration of biologically active compounds in apricot fruit (raw material) and
developed candied fruit, mg 100 g~! DW.

Compound

Raw Material Dried Candied Fruit

‘Dimaija’

‘Velta”

} , P Market Pimaiia’ - . P ’ ‘Boriss’ Market
Gundega Boriss' (Greece) ‘Dimaija Velta Gundega Boriss (Greece)

TPC

TFC

Vit C
Carotenoids

2795.3 -+ 285.7 @
2270.5 + 231.52
1483 +£25.72
168 +1.8°¢

1566.3 =+ 237.1 ¢ 18432 + 1567 P 2164 +26.1¢ 582.0 + 63.14 7021 £ 359 6392 4+19.7¢ 7239 +39.72 1144 +10.6 € 1648 +13.09
1197.4 + 149.0 ¢ 1536.0 + 246.7 P 1222457¢€ 1388 + 2254 674.6 +36.22 584.6 +30.2 ¢ 652.7 + 261 647 +£4.2¢€ 1083 + 294
1204+ 136 € 126.4 +201P 753+ 14.1¢€ 855+ 924 44+05b 1.6+00¢ 42+01b 8.6+0232 39+02b
2444300 130+ 134 287+ 142 304 403 19+02b 344002 21+00P 30+042 31+012

Note: Values are means + SD of quadruplicates (1 = 4). TPC—the content of phenolics; TFC—the content of
flavonoids; Vit C—the content of vitamin C; DW—the concentration expressed on a dry weight basis. Means
within the same compound, separately for raw and candied fruit, with different superscript letters @ are
significantly different at p < 0.05.
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In the present study, the enzymatic oxidation of TPC caused by polyphenol oxidase
(PPO) can be excluded since, before convective drying, the apricot fruit were soaked in
a hypertonic solution derived from JQ with a pH close to two, which appears to be far
from optimal for PPO as reported by Yang et al. [50]. However, the migration of phenolic
compounds from the partially degraded fruit cells to the hypertonic solution may have
occurred, as it was reported by Mufioz-Farifia et al. [51] and Kucner et al. [39] for Viburnum
opulus L. and Ribes uva-crispa L. fruit, respectively.

3.4. The Content of Flavonoids in Apricot Fruit and Its Candied Products

The results of the flavonoid content (TFC) of fresh apricots and processed products
developed by osmotic dehydration and convective drying are given in Table 4. According
to the results, the fresh apricot contained from 122.2 to 2270.5 mg CE 100 g~! DW of TFC,
with cv. ‘Dimaija’ followed by cv. ‘Gundega’ fruit having the highest amounts and with
fruit from the market and cv. ‘Boriss” the lowest. The lowest TFC values indicate a later
ripening stage corresponding to commercial maturity. The observed values are considerably
higher than those reported by Bousselma et al. [52] for the apricot cv. ‘Rosé de Manaa’
grown in Algeria. The difference in TFC is primarily due to the geographical origin of the
fruit, including meteorological conditions that affected the synthesis and accumulation of
secondary metabolites during the vegetation period. This observation can be reinforced by
relatively low values of TFC reported by Alajil et al. [11] for apricot genotypes grown under
soft meteorological conditions in India. More severe weather conditions contribute to a
more intense synthesis of secondary metabolites, which promote the resistance to abiotic
stress [53]. The obtained results revealed a significant (p < 0.05) decrease in the content of
TFC caused by osmotic dehydration coupled with convective drying. The TFC content in
the DCF ranged from 64.7 to 674.6 mg CE 100 g_1 DW, with cv. ‘Dimaija’ followed by cv.
‘Gundega’ and cv. “Velta’ fruit having the highest amounts, corresponding to 674.6, 652.7,
and 584.6 mg CE 100 g~! DW, respectively. Substantially lower TFC values were reported
by Canadanovi¢-Brunet et al. [54] for dried apricots originating from Serbia. The average
decrease in TFC in the developed DCF products for all cultivars was 49.6%, 13.1% lower
than the decrease observed for TPC. The report of Mileti¢ et al. [55] emphasized no changes
in the TFC content for cv. “Valjevka’ plums and only a slight increase in cv. ‘Mildora’ after
convective drying at a 90 °C temperature. Interestingly, the most severe reduction in the
content of TFC in the guava fruit was reported by Petal et al. [56], subjecting the fruit
to osmotic dehydration, while a significantly lower reduction after oven drying at 54 °C
and freeze drying corresponded to 63.4%, 48.0% and 52.5% loss, respectively. As in the
case of TPC content, the lowest TFC values were found in DCF products made from the
apricot cv. ‘Boriss’ and fruit from the market. The observed TFC values can additionally
be supported by data reported by Srednicka-Tober et al. [12], highlighting the superiority
of organically produced dried apricot fruit over conventional ones. However, the values
found are significantly higher than those reported by Ouchemoukh et al. [57] for dried
apricot fruit originating from Algeria.

Due to the relative abundance of biologically active compounds retained after osmotic
dehydration and convective drying, including TPC and TFC, the developed DCF products
can be treated as functional food; however, given the high sugar content, their consumption
should be in moderation.

3.5. The Content of Vitamin C in Apricot Fruit and Its Candied Products

According to the literature, the Vit C in fresh apricot fruit varies from 2.5 to 20 mg
100 g~! FW [58,59] or 20.6 to 96.8 mg 100 g~! DW [60], depending on the extraction
and analytical methods used. As shown in Table 4, the concentration of Vit C in apricot
fruit varied from 75.3 to 148.3 mg AA 100 g~! DW, with cv. ‘Dimaija’ and ‘Gundega’
having the highest amount, with market fruit and cv. ‘Boriss’ having the lowest. The
substantially lower amount of Vit C after conversion FW values to DW was observed by
Munzuroglu et al. [59] and by Fratianni et al. [61] in apricot varieties grown under southern
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conditions of Turkish and Italian regions, respectively. However, Karatas [62] reported
almost equal Vit C levels (ascorbic acid) observed in wild apricot fruit grown in Turkey; the
concentration varied from 167.8 to 215.2 DW or 18.4 to 23.6 mg 100 g~! FW. The relative
fluctuations in Vit C content are due to different analytical approaches used for estimation
and, to a greater extent, geographic area, environment, and cultivation techniques, which
influence the synthesis of secondary metabolites during the vegetation period [63]. After
drying, the losses of Vit C due to heat treatment were the most noticeable in the DCF
products of cv. ‘Velta’, ‘Dimaija’, and ‘Gundega’, corresponding to 98.7%, 97.0%, and 96.7%
losses, respectively. The average decrease in Vit C in the developed DCF products for all
cultivars was 95.3%, and the observed percentage losses are substantially higher than those
reported by Vega-Galvez et al. [64] in apricots dehydrated by convective drier at 40-50 °C
than at 80 °C temperature. The authors indicated that longer drying time is the leading
cause of the loss of this metabolite. A similar observation was made by Velescu et al. [7],
highlighting a decrease in the content of Vit C by 76.10% after apricot fruit drying at a
temperature of 80 °C. Interestingly, Sakooei-Vayghan et al. [65] observed a positive effect of
synergistic drying, which has been ensured by the indirect transfer of heat energy using a
water bath and osmotic dehydration by immersing coated with ascorbic and citric acids
apricot fruit in a liquid sorbitol (35 Brix%) as an osmotic agent that allowed to preserve up
to 46.50% of Vit C.

3.6. The Content of Carotenoids in Apricot Fruit and Its Candied Products

According to the results shown in Table 4, the concentration of carotenoids in apricot
fruit varied from 13.0 to 30.4 mg B-carotene 100 g~ ! DW. The observed values are in partial
alignment with those reported by Deng et al. [66] and by Ali et al. [67], demonstrating
average values of 22.4 and 14.7 mg B-carotene 100 g~! DW for apricots originating from
China and northern areas of Pakistan, respectively. Relative fluctuations in the content
of individual carotenoids were reported by Dragovic-Uzelac et al. [68], emphasizing the
highest content in apricot fruit with commercial maturity and the lowest in immature fruit.
This observation can be reinforced by data obtained in the current research, revealing that
fruit of cv. ‘Boriss’ and those from the market with MI 10.2 and 8.5 contained the highest
carotenoid amount, and fruit with MI 3.2 (cv. “Velta’) and 4.7 (cv. ‘Dimaija’) contained the
lowest. The importance of the fruit maturity stage has been highlighted by Pintea et al. [69],
revealing the relationship between fruit color, maturity, and carotenoid content in 11 apricot
cultivars originating from Romania. Dehydration using a hypertonic solution followed by
convective drying decreased the carotenoid content in apricot products by an average of
87.6% for all cultivars. The carotenoid concentration varied from 1.9 to 3.4 mg f-carotene
100 g~! DW, with cv. “Velta’ apricot fruit having the highest amount, with cv. ‘Dimaija’
and ‘Gundega’ the lowest. However, considering the content of carotenoids in developed
products individually, it can be seen that in some cases, there was an 83.7% decrease, such as
in the DCF product from cv. ‘Gundega’ fruit, whereas in some instances, there was an 89.9%
decrease, such as in the product made from the market fruit. Up to 60% carotenoid loss was
reported by Wani et al. [70] for apricot fruit subjected to convective drying for 60 h at 65 °C.
The decrease in the content of carotenoids is conditioned by the nature of carotenoids,
i.e., the susceptibility of specific carotenoid representatives to degradation [71] and the
presence of other constituents responsible for antioxidant activity and the prevention of
carotenoids from decomposition through enzymatic and non-enzymatic oxidation. This
statement can be reinforced by early observations made by Pénicaud et al. [72] and Morais
et al. [73], demonstrating a direct involvement of ascorbic acid in preventing these thermo-
and light-labile molecules from oxidation. Moreover, due to vicinal diols in the B ring,
representatives of flavan-3-ols, such as catechin and epicatechin, were reported to have the
highest lipoxygenase inhibitory activity [74,75].
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3.7. The Content of Individual Phenolic Compounds in Apricot Fruit and Its Candied Products

The non-specificity of the Folin-Ciocalteu method for the estimation of TPC has been
tremendously reported by [76,77], indicating that such non-phenolic reducing constituents
as amino acids or mono- and disaccharides can interact with Folin-Ciocalteu, skewing
the results of TPC. Moreover, the results of TPC from the Folin—Ciocalteu method are
usually interpreted as the total amount of phenolics, which is not entirely correct since
most representatives of up to 50-95% in fruit and vegetable are presented in bound
forms [78]; therefore, they need to be released from the matrix by either alkaline or acid
hydrolysis before being extracted. According to the results indicated in Table 5, a total of
13 individual, free polyphenolic compounds were detected after the purification of apricot-
derived extracts by taking advantage of the SPE technique using SPE “Supel™-Swift HLB”
column packed with a hydrophilic modified, styrene-based sorbent. The SPE was applied
as the sample matrix, rich in carbohydrates and other high-molecular-weight compounds
greatly influencing the phenolic compounds’ recovery and correct quantification. The
LC-ESI-TQ-MS/MS fingerprint of the apricot-derived extracts showed the presence of
hydroxycinnamic and hydroxybenzoic acid derivatives, such as vanillin (VN), gallic
acid (GA), neochlorogenic acid (NCGA), protocatechuic acid (PCA), chlorogenic acid
(CGA), caffeic acid (CA), synaptic acid (SA), trans-ferulic acid (t-FA), flavonols, such as
quercetin (QTC), rutin (RT), luteolin (LUT-7G), and flavan-3-ols, such as catechin (CT)
and epicatechin (E-CTC). The concentration of individual phenolic compounds in apricot
fruit and developed DCF products varied from 0.1 to 1249.4 ug g~! DW and from 0.3 to
587.4 ug g~ ' DW, respectively.

According to the results, the most prevailing compound identified in the apricot fruit
is rutin (RT), varying in concentrations from 89.5 to 1249.4 pg g~! DW, while cv. ‘Dimaija’
apricot fruit contained the highest amount and cv. ‘Boriss’ fruit contained the lowest
(Table 5 and Supplementary Figure S1). The dominance of RT in four apricot cultivars and
one wild genotype grown in the Igdir region in Turkey was reported by Karagelik [79],
indicating the range from 24.7 to 696.5 g g~! DW. This observation is reinforced by
data provided by Cirillo et al. [31], emphasizing the relative abundance of RT over other
phenolic compounds in 12 apricot genotypes of Italian origin. Apricot dehydration through
osmosis followed by convective drying resulted in a substantial reduction in the RT in
apricot products by an average of 63.8% for all cultivars. Considering the content of RT
in DCF products individually, it is seen that the highest decrease was observed in the
DCEF product made from cv. ‘Dimaija’, ‘Gundega’, and ‘Velta’ apricots, whereas the lowest
in the DCF made from cv. ‘Boriss’ apricots, corresponding to a 77.5% and 26.5% loss on
average, respectively. However, the observed RT values are close to those reported by
Gundogdu et al. [80] for fresh fruit of Turkish origin, indicating the range from 57.86 to
426.57 ug g~ DW. Comparing the effect of temperature on the biochemical profile of
apricot fruit, Vega-Galvez et al. [64] observed that drying at 50 °C is the most acceptable
since an increase in the content of RT by 30.6% appeared, whereas a decrease of 11.13%
at 60 °C occurred. The authors attributed the decrease to more prolonged exposure to
temperature, which caused a gradual decomposition of thermolabile compounds.
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Table 5. The concentration of individual phenolic compounds in apricot fruit (raw material) and developed candied fruit, ug g~' DW.

Dried Candied Fruit

Raw Material
Phenolic
Compound ‘Dimaija’ “Velta’ ‘Gundega’ “Boriss’ Market ‘Dimaija’ “Velta’ ‘Gundega’ “Boriss’ Market
(Greece) (Greece)
VN 09£0.0°¢ 1.9+0.0P 08+£00°¢ 108 +04° 09+01¢ 1.7 +04° 3.8+03? 1.140.2b¢ 0.8£0.0°¢ 1.1+02b¢
QCT 2.5+£0.3P¢ 154+00¢ 1.7 +£0.1b¢ 267 +£1.1°2 14+01°¢ 6.5+0.0° 6.0+£09°2 24+07° 20+£02P BLQ
NCGA 550.2 +8.472 4639 +35°P 849 +41°¢ 1.0+00¢€ 2140049 136.6 £ 2.7 1912 £10.22 351+1.0°¢ 524+02¢€ 6.9+ 0.84
PCA 04+002 0.6+012 03+0.02 03+002 01+0.0? 07+022 04+002 03+0.0? 03+002 BLQ
CGA 384.8 +7.7b 1129.1 +1042 1598 £79°¢ 21.3+13°¢ 4194314 147.1 £ 4.6° 587.4 +20.62 93.1+1.2°¢ 4044014 243 +25¢
CT 3733+ 1542 10.0£25¢ 94.6 4 14.8° 35+£01°¢ 6.0 +0.44 1788 £ 4472 189 +0.1°¢ 1024 29" 1154094 73+04¢€
E-CTC 313£37°¢ 388 +£33P 1705+ 652 134004 1.940.34 592 £12°¢ 86.0 +1.0P 269.6 £2.2°2 12.0 +£0.74 6.1+£03¢
CA 1.3 +0.0 BLQ BLQ n.d. nd. 40+£052 40+032 BLQ 1.4 +02b n.d.
SA n.d. BLQ BLQ BLQ BLQ n.d. BLQ BLQ BLQ BLQ
RT 12494 +15.0° 7714 +7.6° 300.5 £ 4.1°¢ 89.5+0.8°¢ 1400 £429 2603 +44% 1849 +48P 683+05¢  658+149 558+00°
t-FA 1.8+04°¢ 2.0 4+0.2b¢ 3.0+£0002 34+012 14+0.00°¢ 32+012 334022 40+£01¢% 3.9+02¢2 09+00°¢
LUT-7G 08+0.02 BLQ 1.0+0.02 BLQ n.d. n.d. BLQ 1.2+£0.0 BLQ BLQ
RHM n.d. BLQ BLQ n.d. BLQ n.d. BLQ BLQ n.d. BLQ
) Total 2596.9 + 51.0 2 2419.2 +27.6°  817.0 +37.6 ¢ 1579 +3.9¢ 195.7 +-8.24 798.0 +18.6 > 10859 43852 577.249.0¢ 1432+399 1023443°€
Note: Values are means =+ SD of duplicates (n = 2). BLO—observed concentration is below limit of quantification; DW—the concentration expressed on a dry weight basis; n.d.—not

detected; Means within the same phenolic compound, separately for raw and candied fruit, with different superscript letters (*~°) are significantly different at p < 0.05; VN—vanillin;
QCT—quercetin; NCGA—neochlorogenic acid; PCA—protocatechuic acid; CGA—chlorogenic acid; CT—(=)-catechin; E-CTC—(—)-epicatechin; CA—caffeic acid; SA—sinapic acid;

RT—rutin; t-FA—trans-isomer of ferulic acid; LUT-7G—luteolin-7-O-glucoside; RHM—rhamnetin.



Horticulturae 2024, 10, 205

18 of 28

The second prevailing bioactive compound identified in the apricot fruit is chlorogenic
acid (CGA), varying in concentrations from 21.3 to 1129.1 pg g~! DW, with cv. ‘Velta’
apricot fruit having the highest amount and cv. ‘Boriss” having the lowest (Table 5). The
observed values partially agree with those reported by Madrau et al. [38], indicating
the range of CGA in two south apricots cv. ‘Pelese” and cv. ‘Cafona’ of Italian origin,
from 24.1 to 50.5 ug g~! DW, respectively. Gottingerova et al. [81] reported the range of
CGA from 7.30 to 209.10 ug g~ ! FW within 15 apricot cultivars originating from Central
Europe of the Czech Republic, which, after a conversion to dry weight, are very close to
values observed in the present study. The highest concentration of CGA was found in
cv. ‘Velta” apricot fruit, followed by cv. ‘Dimaija’ and cv. ‘Gundega’. As in the case of
group compounds, the lowest CGA value was observed in cv. ‘Boriss’ fruit and those
from the market. Dehydration using a hypertonic solution followed by convective drying
substantially reduced the content of CGA in apricot products by an average of 20.8%
for all cultivars. The highest concentration of CGA was found in the produced DCF
from apricot cv. “Velta’, followed by cv. ‘Dimaija’; the values corresponded to 587.4 and
147.1 ug g~ ! DW, respectively (Supplementary Figure S2). Evaluating the content of CGA
in the developed DCF products individually, it is seen that there was a 61.8% decrease
in some cases, such as in the cv. ‘Dimaija” product, while in some instances there was an
89.4% increase, such as in cv. ‘Boriss” product. The increase in the content of CGA was due
to moisture loss. The results of the current study are in complete agreement with those
reported by Wani et al. [49], highlighting an increase of chlorogenic acid by 6.9% and 27.2%
after apricot fruit freezing and canning and a decrease by 36.3% after convective drying
at 65 °C, respectively. Madrau et al. [38] observed a decrease in CGA content, revealing
a loss of 38.6% and 24.7% CGA after apricot drying in a tangential air-flow cabinet at 55
and 75 °C. The authors emphasize the activity of PPO as the leading cause of CGA loss,
which is more apparent at lower temperatures. In both cases, the authors did not note the
presence of caffeic acid (CA) or quinic acid, which are CGA’s decomposition products that
appear after PPO action [82].

The third most abundant compound from apricot fruit isolated and successfully
quantified, was neochlorogenic acid (NCGA). The concentration of NCGA varied from 1.0
to 550.2 pug g~ ! DW. Among the five apricot samples investigated, the highest concentration
of NCGA was observed in cv. ‘Dimaija’ fruit followed by cv. “Velta” (Table 5). The observed
concentrations of NCGA in cv. ‘Boriss’” and fruit obtained from the market are consistent
with those reported by Roussos et al. [83], for cv. “‘Bebecou’ apricot fruit grown at southern
latitudes of the Greek region, whereas observed values in the fruit of cv. ‘Dimaija” and
‘Velta” are many folds higher. Similar NCGA content was displayed in the work of Gémez-
Martinez et al. [48], reporting a diverse fluctuation of NCGA among 13 apricot genotypes
of Spanish origin. The influence of growing conditions on the accumulation of secondary
metabolites can be additionally reinforced by the relatively lower value of NCGA reported
by Jan et al. [84] for apricot fruit originating from India, in which the highest value of NCGA
was only 197.9 ug g~! DW (expressing 21.77 on a dry weight basis). After subjecting apricot
fruit to osmotic dehydration and convective drying, the content of NCGA in certain DCF
products was significantly increased and varied from 5.2 to 191.2 ug g~ DW, with cv. ‘Velta’
product having the highest amount and with cv. ‘Boriss” having the lowest. Comparing
the NCGA content in DCF after drying with fresh fruit, it can be seen that, on average, it
was increased by 87.1% with the cv. ‘Boriss” product having the highest increase and cv.
‘Dimaija” having the highest decrease. Minor changes in the content of NCGA due to drying
conditions were reported by Wani et al. [49], indicating the loss as only 2.51%, 4.67%, and
2.47% for CITH-1, CITH-2, and New Castle apricot varieties, respectively. NCGA losses
were also reported by Mileti¢ et al. [55] for cv. “Valjevka” and ‘Mildora’ plums subjected to
convective drying at 90 °C, corresponding to 25.23% and 12.78% compared to the initial
content, respectively. However, in the present study case, the average NCGA loss for three
cv,, i.e., ‘Dimaija’, “Velta’, and ‘Gunta’, was 64.2%. A credible explanation for obtaining a
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higher loss of NCGA and CGA has been given by Yu [85], confirming the physical migration
of blueberry constituents to the hypertonic solution during osmotic dehydration.

Catechin (TC) and, to a lesser extent, epicatechin (E-CTC) were observed as the leading
representatives of flavan-3-ols in the four apricot cultivars investigated, fluctuating from
3.5 to 373.3 ug g~ ! DW and from 1.3 to 170.5 pg g~ DW, respectively (Table 5). To a
greater extent, the values observed are similar to those reported by Madrau et al. [38].
The highest value of CT was found in cv. ‘Dimaija” apricot fruit and the lowest in the
fruit of cv. ‘Boriss” and those of Greek origin (market), corresponding to 373.3, 3.5, and
6.0 ug g1 DW, respectively. In turn, the highest concentration of E-CTC was observed
in cv. ‘Gundega’ fruit, whereas the lowest concentration was observed in market fruit
and apricots of cv. ‘Boriss’ with no statistically significant differences (p > 0.05), corre-
sponding to 170.5, 1.9, and 1.3 pg g~ ! DW, respectively. An investigation conducted by
Gottingerova et al. [81] revealed comparable E-CTC values after conversion of FW to DW
for over 15 apricot cultivars originating from the South Moravian region of the Czech
Republic. Drying by osmosis coupled with convection positively affected the content of
both CT and E-CTC. The content of CT and E-CTC in DCF products increased by an average
of 59.5% and 255.6%, respectively. The concentration of these compounds in DCF products
fluctuated from 7.3 to 178.8 ug g~ DW and from 6.1 to 269.6 ng g’1 DW. The outstanding
biological value of cv. ‘Dimaja” followed by cv. ‘Gundega’, and cv. ‘Velta” apricot fruit
can be highlighted regarding CT and E-CTC levels. The observed behavior of CT and
E-CTC towards drying does not coincide with those of early findings of Madrau et al. [38],
reporting a substantial reduction in these biactives after convective drying of apricot fruit
at 55 and 75 °C. This is the first report highlighting the increase of bioactives, CT and
E-CTC, in particular, observed after apricot fruit osmotic dehydration and convective
drying. However, an increase in the concentration of individual bioactives as a result of
convective drying was noted by many authors in fruit such as kiwi (Actinidia deliciosa),
pepino (Solanum muricatum Aiton) [86], black rosehip (Rosa pimpinellifolia) fruit [87], as well
as Xuan-Mugua (Chaenomelis Fructus) [88], and avocado (Persea americana Mill.) [89].

Along with the compounds mentioned above, other polyphenol representatives such
as vanillin (VN), quercetin (QCT), protocatechuic (PCA) and caffeic (CA), trans-ferulic
(t-FA) acids were also found in both raw materials and developed DCF products (Table 5),
which are also underlined in other articles [83,90]. However, these compounds can only
be considered minor due to their relatively low concentrations. The low flavonol values
observed in the purified apricot extracts are due to weak solubility in water or aqueous
MeOH solution (30%), which was used as a solvent during the extraction.

Opverall, osmotic dehydration coupled with convective drying variedly influenced the
content of biologically active compounds of DCF products. The decrease in the content of
phytochemicals was primarily due to the physical migration of the intracellular compo-
nents, such as CGA and NCGA, to the osmotic solution. An increase in cell wall-bound
phytochemicals such as CT and E-CTC was caused by partial disruption of cell membranes,
thus facilitating their release into extraction solvent during subsequent ultrasound-assisted
extraction [49,64]. Applying a hypertonic solution derived from JQ with a pH close to two
seems feasible as it eliminates the impact of PPO responsible for the oxidation of phenolic
compounds during drying within 50-60 °C temperature [50].

3.8. The Antioxidant Activity of Apricot Fruit and Its Candied Products

The DPPH?* radical scavenging activity of the apricot fruit showed values ranging
between 556.4 and 5149.2 mM TE 100 g_l DW, with cv. ‘Dimaija’ apricot fruit having the
highest AOA, with cv. ‘Boriss” apricot fruit having the lowest (Figure 4A). The observed
values are inconsistent with those reported by Cirillo et al. [31] for 12 Vesuvian apricot
accessions. The decrease in the content of hydrophilic and lipophilic antioxidants resulted
in weak AOA of the elaborated DCF products. The DPPH® radical scavenging activity
of the DCF showed values ranging between 76.8 and 1396.8 mM TE 100 g~! DW, with
product from cv. ‘Dimaija” apricot fruit having the highest AOA and product from market
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apricot fruit having the lowest. The results are inconsistent with those reported by Madrau
et al. [38], highlighting a substantial increase in the AOA of dried apricot fruit compared
with fresh fruit. The authors attributed the increase in AOA of dried apricots to the increase
in phenolic compounds and the formation of Maillard reaction products, which are known
to have remarkable antioxidant activity. However, the formation of these products at a
temperature of 50 °C and pH 2 is unlikely due to the relatively low reactivity between
the sugar and the amino group [91]. In a study by Vega-Galvez et al. [64], a decrease in
AOA was observed after subjecting apricot fruit to drying by convection in the range of
40-80 °C temperature, where the most severe decline in AOA was observed after 80 °C
temperature exposure.
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Figure 4. Antioxidant activity of Prunus armeniaca L. fruit and candied fruit methanolic extracts
according to the determination method, i.e., DPPH® (A) and FRAP (B). Note: Values are means + SD
of quadruplicates (n = 4). Means within the same antioxidant activity screening method with different
superscript letters (°~¢) are significantly different at p < 0.05. DW—the antioxidant activity expressed
on a dry weight basis.

The results of DPPH® values were shown to have a strong positive correlation
with TPC and TFC of DCF products, corresponding to regression coefficients equal to
2 =0.9653 and 2 = 0.9792, respectively (Figure 5A). The weakest negative correlation
was observed between DPPH* values and the content of Vit C in DCF products, corre-
sponding to 7 = 0.2582 (Figure 5C). This observation is reinforced by an earlier report by
Dominguez-Perles et al. [92], revealing a negative correlation between Vit C and DPPH*
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values of broccoli byproducts and a strong positive correlation between DPPH® values
and those of phenolics obtained by chromatographic analysis.
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Figure 5. Correlation plots between FRAP (A,C) and DPPH* (B,D) mM Trolox 100 gfl values
and total phenolic (TPC), flavonoid (TFC), and vitamin C (C,D) contents in developed candied
apricot products.

When analyzing FRAP values, relatively lower but still significant AOA is observed.
The AOA of the apricot fruit ranged between 26.2 and 638.2 mM TE 100 g~! DW, with cv.
‘Dimaija’ fruit having the highest AOA and cv. ‘Boriss’ fruit having the lowest (Figure 4B).
The observed FRAP values align with those reported by Davarynejad et al. [93] for nine
apricot cultivars grown under soft meteorological conditions in Hungary. As in the case of
DPPH?®, the AOA estimated that using the FRAP approach revealed a substantial negative
effect of osmotic dehydration and convective drying on the AOA of apricot fruit. The AOA
in developed DCF products varied from 21.7 to 160.0 mM TE 100 g~ ! DW, with product
from cv. ‘Dimaija’ fruit having the highest value and cv. ‘Boriss’ having the lowest. The
observed AOA are substantially lower than that reported by Deng et al. [66] for apricots
dried by hot air impingement dryer at 65 °C. The results of FRAP values additionally
support the AOA acquired by the DPPH® screening method, revealing a strong positive
correlation between TPC and TFC of DCF products with FRAP values, corresponding to
regression coefficients equal to r? = 0.9943 and r? = 0.9982, respectively (Figure 5B). The
correlation between FRAP values and the content of Vit. C in DCF products similar to
DPPH® remains negative and weak, corresponding to r* = 0.3319 (Figure 5D).

3.9. Sensory Evaluation of Candied Products

Sensory evaluation utilizing a 12-point line scale and a 5-point hedonic scale was
performed to assess the color, appearance, taste, sweetness, sourness, texture, and overall
acceptability of DCF developed by osmotic dehydration and convective drying. The
12-point line scale evaluation results are given in Figure 6, whereas overall acceptability is
depicted in Figure 7. From the obtained results, it could be seen that all quality attributes
of apricot product made from the market fruit and fruit of the cv. ‘Boriss” except texture,
received scores greater than 8, ranging from “neither like nor dislike” and “like very much”.
The panelists highlighted that the DCF from the market had remarkable flavor with a



Horticulturae 2024, 10, 205

22 of 28

distinctive honey taste and good texture, which is neither hard nor soft. In some cases, the
predominance of taste brought from JQ, not the apricots themselves, was noted, conditioned
by using JQ syrup as a hypertonic solution during osmotic dehydration. The panelists
noted the rich color and overall appearance of this product. Positive feedback was also
received regarding the DCF product from the cv. ‘Boriss’ fruit, with an average score of
8.6 points. The panelists indicated a good balance between sourness and sweetness, with a
distinct taste. However, the hardness of the developed DCF product was marked in most
cases. The panelists also recognized this product as attractive due to its intense color and
distinctive taste. The DCF product made from the cv. ‘Gundega’ fruit received lower scores
due to remarkable sourness, but it was 8.3 points on average. The panelists underlined
remarkable color and appearance. In some cases, bitterness and sharpness were indicated.
Astringency and bitterness are the taste properties most often associated with phenolic
compounds [94,95]. In a more detailed chemosensory analysis of Soares et al. [96], the
contribution of E-CTC among six polyphenol compounds towards the activation of three
receptors, TAS2R4, TAS2R5, and TAS2R39, those responsible for the bitter taste in humans,
has been highlighted. According to this statement and following the data obtained while
profiling individual phenolic compounds, the bitter taste of DCF product made from the
fruit of the cv. ‘Gundega’ might be assigned to E-CTC, which was found to be the most
prevalent compound in both fruit and product.
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Figure 6. Average scores of dried candied apricot fruit sensory attributes according to a 12-point line
scale evaluation.

The developed DCF product from the cv. ‘Dimaija’ fruit was highlighted for its
remarkable color and appearance; however, such attributes as taste, sweetness, sourness,
and texture received 6.5 points on average, corresponding to “neither like nor dislike”.
The product lacks a fruity taste and aroma, and a bitter taste takes prevalence. Along
with E-CTC, this product also contains high amounts of CGA and NCGA acids, which are
also responsible for the bitter taste [97]. The DCF product developed from the cv. “Velta’
fruit was assessed similarly to a product made from cv. ‘Dimaija’ fruit, corresponding to
7.4 points on average. The panelists unanimously noted this product’s strong, distinctly
sour taste with a spicy aftertaste. Moreover, it was also highlighted that the product
resembles marmalade. In general, the panelists preferred the product developed from
apricot fruit obtained from the market, followed by the fruit of cv. “Boriss’. The overall
acceptability values corresponded to 3.6 and 3.2 points, respectively (Figure 7).



Horticulturae 2024, 10, 205

23 of 28

5
4_
2
E sl
=%
2_

3.63
3.20

2.70 2.90

2.53

——

B Dimaija’ B 'Velta' O'Gundega' M 'Boriss' M Market

Figure 7. Overall acceptability of dried candied apricot fruit according to a 5-point hedonic
scale evaluation.

It should be admitted that the rated by panelists products from apricot fruit of cv. ‘Di-
maija’, “Velta’, and ‘Gundega’ have the lowest scores due to distinctive bitterness and spice
aftertaste attributed to bitter- and astringe-related compounds. These compounds are also
responsible for outstanding radical scavenging activity, as reported by Radenkovs et al. [23],
conducting an on-line HPLC-DPPH?® analysis of individual polyphenolic compounds.

4. Conclusions

The analysis of the physical-chemical characteristics of apricot fruit revealed relative
fluctuations in total soluble solids and acids content. According to the determined maturity
index, the apricot fruit of the cv. ‘Boriss” and those obtained from the market of Greek
origin were the most mature compared to the cv. “Velta” and cv. ‘Dimaija’. Osmotic
dehydration and convective drying caused the substantial depletion of organic acid in
dried candied fruit products (DCF), primarily due to migration from partially solubilized
and disrupted cells of fruit to the hypertonic solution of Japanese quince syrup. The
abundance of sucrose and, to a lesser extent, glucose, fructose, and sorbitol in apricot fruit
and developed DCF was confirmed. The highest content of total sugars was found in DCF
made from apricots of cv. ‘Gundega’ and the lowest content was found in cv. ‘Boriss’ fruit.
The remarkable composition of group compounds, i.e., phenolics, flavonoids, and vitamin
C, was observed in the cv. ‘Dimaija’, followed by ‘Gundega’ and “Velta’ grown in Latvia,
whereas the lowest values were found in cv. ‘Boriss” and fruit from the market. Apricot
drying resulted in the loss of phytochemicals, especially those susceptible to decomposition
under thermal exposure. The most considerable loss was observed for vitamin C and total
carotenoids, corresponding to 95.3% and 87.6%, respectively. Amongst the 13 individual
phenolics detected, the catechin and epicatechin content due to osmotic and convective
drying increased by 59.5% and 255.64% compared with the raw fruit, respectively. In turn,
the content of rutin and chlorogenic acid decreased by 63.8% and 20.8%, respectively, on
average. The decrease in the content of hydrophilic and lipophilic compounds confirmed
by total phenolics, flavonoids, and carotenoids values resulted in weak antioxidant activity
of the elaborated DCF products. The decline in the content of phytochemicals was also
conditioned by the physical migration of the cell components to the hypertonic solution.
Overall, panelists responded positively to the main quality attributes of the developed
dried candied fruit. However, the outstanding quality has been highlighted for DCF made
from the market fruit, followed by the fruit of the cv. ‘Boriss’ and ‘Gundega’. The distinctive
bitterness of DCF made from apricot fruit of cv. ‘Dimaija’ and ‘Velta” was emphasized by
panelists. Given the results obtained, one can conclude that the elaborated products can be
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regarded as functional food; however, due to the high sugar content, their consumption
should be in moderation. The continuation of this study is needed to address the impact of
meteorological conditions on the content of phytochemicals in apricot fruit. Moreover, the
influence of hypertonic solutions with different compositions for fruit dehydration must
be elucidated.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/horticulturae10030205/s1, Figure S1: Extracted ion chromatogram
(EIC) in multiple reaction monitoring (MRM) mode represents the profile of major phenolic com-
pounds detected in raw apricot fruit of cultivar ‘Dimaija’; Figure S2: Extracted ion chromatogram (EIC)
in multiple reaction monitoring (MRM mode represents the profile of major phenolic compounds
detected in dried candied apricot product of cultivar ‘Velta’; Table S1: Multiple reaction monitoring
(MRM) transitions, collision energy, Q1, Q3 and dwell time for investigated phenolic compounds.
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