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Wild apples leaves are under-utilized biomaterial, containing various bioactive
compounds. The aim of this work was to determine the components and min-
eral composition of the wild apple leaf infusion. The leaves originated from Svrljig,
NiSava District, Southern Serbia. The screening of bioactive components in the in-
fusion was performed by the UHPLC-DAD-MS/MS method, while its mineral con-
tent was analyzed by the ICP-OES method. The results indicated the presence of
quercetin, isoquercetin, hyperoside, rutin, citric and quinic acids, protocatechuic
acid, 3-O-p-coumaroylquinic acid, chlorogenic acid, procyanidin B2, phloretin and
phloretin-pentosyl-hexoside, while the most abundant elements were Ca, K, Mg
and Na. Therefore, wild apple leaves may be utilized for isolation of polyphenolic
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antioxidants and minerals and production of extracts with antioxidant activity.

Introduction

From the aspect of ethnopharmacology, various
plant species as an attractive source of bioactive in-
gredients are suitable for valorization and production
of herbal products, used in the food and pharmaceu-
tical industry, traditional and official medicine. Wild
apples (Malus sylvestris (L.) Mill., Rosaceae) are the
original apple trees, from which all cultivated apple va-
rieties (Malus domestica) originated. Unlike cultivated
varieties, wild apples always grow from seeds, and
each one is genetically unique. Both the skin and flesh
of the wild apple are rich in polyphenols and lipophilic
antioxidants such as lupeol and D-a-tocopherol [1].
Agro-industrial byproducts of wild apples can serve as
a potential source of valuable functional ingredients in
different industries [1,2]. The amount of phenolic com-
pounds in apples is influenced by fruits’ variety, climat-
ic conditions, and applied agrotechnological methods.
The most commonly identified biologically active phe-
nolic compounds in apples are hydroxycinnamic acid,
flavan-3-ols, flavonols, dihydrochalcones, and antho-
cyanins [2], whose presence determine apple’s color
shades, vegetative maturity and fruit quality. Phenolic
compounds protect DNA, proteins, lipids, and other
macromolecular structures from free radical damage
[3-8]. Consuming fruits high in phenolic compounds
daily lowers the risk of chronic and degenerative dis-
eases [3,4]. The wild apple fruit is especially a good

source of triterpenoids, flavonoids, organic acids, and
sterols, compounds demonstrating antioxidant, antimi-
crobial, and anti-carcinogenic activities [4].

Depending on the polarity of solvents (70% ethanol,
45% propylene glycol, 80% propylene glycol, distilled
water, olive or sunflower oil, and 96% ethanol in oil
solvent system) and the extraction technique (mac-
eration, percolation, Soxhlet, and ultrasonic-assisted),
the obtained wild apple fruit extracts had a wide range
of total phenolic, flavonoid and anthocyanin contents
[5]. The extraction of flavonoids and tannins from the
wild apple fruit originating from Serbia provided better
results with virgin olive oil as a non-polar solvent, with
higher total phenolic and tannin contents compared to
the aqueous extract, thus indicating a high potential of
the extracts as a natural source of polyphenols in skin
protection products against UV radiation [6]. Emul-
sions prepared with different aqueous and hydroalco-
holic apple fruit extracts presented beneficial dermal
effects (increased skin hydration, reduced irritation,
post UV radiation exposure protection and potential
for skin whitening) [4,5,8].

However, wild apple leaves are under-utilized and
cheap biomaterial, containing diverse bioactive com-
pounds. Therefore, this paper aimed to represent val-
orization of the wild apple leaves from the Southern
Serbia for the isolation of bioactive compounds and
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minerals. The main goal was providing information
obtained after screening of bioactive components in
the infusion by the UHPLC-DAD-MS/MS (ultrahigh
performance liquid chromatography coupled with di-
ode array and mass spectrometry detectors) analytical
technique, together with the mineral content analyzed
by the ICP-OES (inductively coupled plasma - opti-
cal emission spectrometry) method. To the best of the
authors’ knowledge, a detailed analysis of water infu-
sion made from wild apple leaves from the territory of
Southern Serbia regarding bioactive compounds and
mineral compositions has not been previously report-
ed in the literature. The findings of the study will aid
in the advancements and improvements regarding the
production and processing of wild apple.

Material and methods

Plant material preparation

“Previously picked and sun-dried wild apple leaves
were donated from company D.O.0O. “Jeligor” doo,
Svrljig, Serbia (43°24'55.4"N 22°07'12.4"E).” The
leaves were preserved in a sealed paper bag.

Chemicals and reagents

The used chemicals were formic acid, purified
distilled water and methanol (all HPLC grade, Fish-
er Chemical) and concentrated nitric acid (65%, p.a,
Merck).

Wild Apple Leaves Infusion Preparation

A water infusion was prepared traditionally; 200
mL of boiling water was poured over one tablespoon
of dried and chopped leaves, left for 15 minutes, and
strained.

UHPLC-DAD-MS/MS Analysis

The infusion sample (4 yL) was filtered through
0.45 um filter and subjected to the chromatographic
separation, performed at 25 °C on Hypersil gold C18
column (50 x 2.1 mm, 1.9 um) using a Dionex Ulti-
mate 3000 UHPLC + system with a diode array detec-
tor (DAD) and LCQ Fleet lon Trap Mass Spectrometer
(Thermo Fisher Scientific, USA). The mobile phase
consisted of a mixture of two solvents: (A) 0.1% for-
mic acid in water and (B) 0.1% formic acid in methanol,
with a gradient mode of operation at an eluent flow
rate of 0.25 mL/min. “The linear gradient was 10-30%
B for the first two minutes, then 35-40% B from 4 to 5
min, 40-60% B from 5 to 8 min, 60—-90% B from 8 to 11
min, followed by an isocratic segment of 90% B from
11 to 14 min, 90 - 10% B from 14 to 14.1 min, ending
with an isocratic segment of 10% B until 20 min.” Ab-
sorption UV-Vis spectra were recorded on DAD (total
spectral range A = 200-800 nm). Mass spectrometric
analysis was performed using a 3D-ion trap with elec-
trospray ionization (ESI) in negative ionization mode.
The ESl-source parameters were: source voltage 4.5
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kV, capillary voltage and temperature -41 V and 350

°C. Xcalibur software (version 2.1) was used for instru-

ment control, data acquisition and processing.

ICP-OES Analysis

The infusion sample was prepared by the wet di-
gestion process. Accurately determined mass/volume
of the sample was poured with 2.5 mL of concentrated
nitric acid. After that, the mixture was heated in a wa-
ter bath until the solution became colorless and the
steaming stopped. The solution was topped up with
distilled water up to the mark in a normal 25 mL ves-
sel. After preparation, the sample was filtered through
0.45 pm filter and subjected to the quantitative ICP-
OES analysis (ARCOS FHE12, SPECTRO, Germany),
according to the manufacturer's instructions. Argon
5.0 (purity 99.999%) was used as carrier gas. The in-
strument conditions and determined parameters were:
plasma power 1400 W, coolant and auxiliary gas flow
13 and 0.80 L/min, cross-flow nebulizer with 0.95 L/min
flow rate and 30 rpm of pump speed. Multi-standard
IV — multi elemental standard solution (Merck), con-
taining Ag, B, Cd, Co, Cr, Cu, Fe, Li, Mn, Na, Ni, Pb,
TI, and Zn in concentrations of 1000 ppm, was used
for preparing the calibration solution and obtaining the
calibration diagrams within the range of the expected
concentrations of the analyzed elements. Ca, K, Mg,
P, S, Sr and Si were determined using specific calibra-
tion standards (1000 ppm), respectively. Parameters
of the calibration lines for the determined elements
are presented in Supplement material.

Results and discussion

UHPLC-DAD-MS/MS analysis of the wild apple leaf

infusion

UHPLC chromatogram recorded from the MS (A)
and DAD-signal at A=320 nm (B) is shown in Figure
1. Table 1 displays a list of the detected compounds in
the sample along with the associated chromatography,
UV-Vis, MS/MS, and assignments data. UHPLC-DAD-
MS/MS analysis of the extract indicated the presence
of flavonoids, phenols, phenolic acids and different
natural acids and their derivatives. Some of the main
detected compounds are shown in Figures 2-4.
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Figure 1. Representative MS (A) and DAD (B) UHPLC chromatograms of the infusion

Table 1. List of detected components in the infusion by using UHPLC-DAD-MS/MS analysis

tr, min Amax, Molecular MS/MS fragment ions Identified
Peak No. MS nm ion compounds
[M-H] (references)
173,129,117,85(100%), Quinic acid
0.76 - 191 73,57 [46]
0.78 - 195 129(100%) -
Citric acid
0.95 - 191 173,111(100%),99 (standard)
220 Protocatechuic acid
4 2.18 261 153 109(100%) [47]
297
305 3-O-p-
5 4.10 337 267,249(100%),163 coumaroylquinic acid
286sh 48]
6 487 515 455,425,353(100%),191 Dicaffe°{"1%‘]‘i“i° acid
325 Chlorogenic acid
7 5.28 303sh 353 191(100%) (standard)
8 5.60 278 577 425,407(100%),289 Pr°°y[a‘1r”7'?'” B2
305 Chlorogenic acid,
9 5.73 353 191(100%),179,173,135 isomer
303sh
(standard)
10 6.32 281 289 245(100%),205/203,179 (-) Epicatechin
,161 [49]
313 +0p-
11 6.59 337 191,173(100%),163 coumaroylquinic acid
296sh (50]
12 6.87 334 563 517(100%) -
13 7.40 362 483 437(100%),305 -
Hyperoside
258 o (quercetin-3-0O-
14 8.93 356 463 301(100%) galactoside)
(standard)
Isoquercitrin
258 (quercetin-3-O-
15 9.03 356 463 301(100%) glucoside)
(standard)
Rutin
258 (quercetin-3-O-
16 9.07 355 609 B rutinoside)
(standard)
Phloretinpentosylhex
17 9.30 287 567 273(100%) oside
[51]
354 Quercetin pentoside
18 9.73 258 433 301(100%) [51]
Quercitrin
258 (quercetin-3-0O-
19 9.90 352 447 301(100%) thamnoside)
[52]
257 Quercetin
20 11.17 372 301 229,179(100%),151 (standard)
21 11.80 - 273 167(100%),123 Ph;gﬁ“”

*n.i. — not identified
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Quinic acid (with molecular ion m/z 191) as well
as its derivatives, 3-O-p-coumaroyl-quinic acid and
4-0O-p-coumaroyl-quinic acid (both with molecular ion
m/z 337) were detected. 4-O-p-coumaroyl-quinic acid
with [M-H]- at m/z 337 with also intensive ions at m/z
191,173(100%), and 163 in the MS/MS spectrum, was
detected under the peak No.11 in UHPLC chromato-
gram (Table 1, Figures 1 and 2); the corresponding UV/
Vis spectrum with absorption maximum at A _ = 313
nm was shown as inset in Figure 2. These compounds
express antifungal, antiviral, anti-neuroinflammatory,
antioxidative and radioprotective activities [9-11].
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Figure 2. Mass spectrum of 4-O-p-coumaroyl-quinic acid
(comp. No. 11, Table 1); the corresponding absorption UV-Vis
spectrum was shown as inset in the figure

Chlorogenic acid as a caffeoylquinic acid deriva-
tive with molecular ion [M-H]- at m/z 353 and intensive
ions at m/z 191(100%) in the MS/MS spectrum was de-
tected under the peak No.7 in UHPLC chromatogram
(Table 1, Figures 1 and 3). The corresponding UV/Vis
spectrum with absorption maximum atA__ = 325 nm was
also shown as inset in Figure 3. Chlorogenic acid and
its isomers (various caffeoylquinic acids such as 3-, 4-,
5-O-caffeoylquinic acids) have been found to exhibit an-
tioxidant, antibacterial, antitumor, anti-inflammatory, an-
tidyslipidemic, antihypertensive, antidiabetic and neuro-
protective effects [23-26].

Dicaffeoylquinic acid showed anti-inflammatory, an-
tiviral and antiretroviral effects in biochemical assays
[10,12,13]. Citric acid demonstrated anti-inflammatory
and antioxidant effect on the brain, as well as hepato-
protective activity [14]. Citric acid is safe at lower con-
centrations since it is rapidly metabolized in the liver and
muscles to bicarbonate. In some patients on hemodi-
alysis, citric acid derivates are present in the dialysate
and are found to have certain beneficial effects, such as
improved dialysis performance, fewer episodes of hypo-
tension, lower risk of blood coagulation and better nutri-
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tional status [15]. Protocatechuic acid and its derivatives,
have shown exceptional importance in the prophylaxis
of a large number of diseases associated with oxidative
stress, showing various biological activities (antibacte-
rial, antiviral, antitumor, antiulcer, antiaging, antifibrotic,
anti-sclerotic, neurological and hepatoprotective) [16-
18]. Procyanidin B2 is a proanthocyanidin expressing
anti-inflammatory, antioxidative, hepatoprotective and
anti-allergy effects [19-22], while epicatechin had anti-
aging effects [27].
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Figure 3. Mass spectrum of chlorogenic acid (comp. No. 7,
Table 1); the corresponding absorption UV-Vis spectrum was
shown as inset in the figure

Quercetin and its derivatives, isoquercitrin (quercetin-
3-0O-glucoside), rutin (quercetin-3-O-rutinoside), querce-
tin pentoside, quercitrin (quercetin-3-O-rhamnoside)
have been shown to have excellent bioactivities such
as antioxidant, anti-inflammatory, anti-obesity and an-
ti-cancer [28]. Apart from its anti-inflammatory effect,
quercetin is also capable of modulating the immune sys-
tem and stabilizing the mast cells, whereas it expresses
cytoprotective activity in the gastrointestinal system [29].
Quercetin is also known to have beneficial effects on pa-
tients with different autoimmune diseases. In vivo stud-
ies on mice showed that quercetin improves symptoms
in rheumatoid arthritis and reduces arthritic scores by
reducing blood levels of proinflammatory cytokines and
inhibiting the migration of neutrophils. In vitro studies
showed that quercetin reduces levels of peripheral blood
cells in multiple sclerosis, and modulates levels of circu-
lating cytokines. Quercetin was also shown to express
immunomodulatory activity in atopic dermatitis and sys-
temic lupus erythematosus [30]. In addition, quercetin
has anticancer properties by inhibiting cell proliferation,
promoting apoptosis and altering different parts of the
cell cycle, which was found in both in vivo and in vitro
studies [31]. Quercetin can also be used in patients with
asthma, rhinitis and atopic dermatitis due to its anti-aller-
gic properties [32]. Quercetin has also been used alone
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and together with vitamin C for both the prophylaxis and
treatment of COVID-19 infection, and it was shown it has
beneficial effects on the outcome of the infection, even
when administered in critically ill patients [33].

Isoquercitrin is a glycoside and a conjugated form of
quercetin. It expresses anti-inflammatory, antidiabetic,
neuroprotective, anticancer and antioxidant activity, but
its poor solubility in water and other hydrophilic media
reduces its bioavailability. Recently, isoquercitrin has
been enzymatically modified with far greater bioavail-
ability, reducing systolic blood pressure and expressing
atheroprotective effects in rodents [34], while aiding in
muscle mass increase [35]. Hyperoside (quercetin-3-O-
galactoside) with molecular ion [M-H]- at m/z 463 and
intensive ions at m/z 301(100%) in the MS/MS spectrum
was detected under the peak No.14 in UHPLC chro-
matogram (Table 1, Figures 1 and 4), with maximum at
A= 258 nm and 356 nm in the corresponding UV/Vis
spectrum (Figure 4). Hyperoside possesses antioxidant,
anti-inflammatory, hepatoprotective, and anti-arthritic ac-
tivities [36-38].
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Figure 4. Mass spectrum of hyperoside (comp. No. 14, Table
1); the corresponding absorption UV-Vis spectrum was shown
as inset in the figure

Rutin, a polyphenolic bioflavonoid, expressed anti-
inflammatory, antioxidant, anticancer, antidiabetic, neu-
roprotective, cardio-protective and antidepressant activi-
ties [39-42]. Phloretin is a dihydrochalcone, expressing
antioxidant, anti-inflammatory, antidiabetic, antiprolifera-
tive, antimetastatic and antiangiogenic activities [43-45].
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Minerals Obtained from the Wild Apple Leaf

Table 2. Concentrations of minerals in the infusion

Element Extract

Element Extract Element Extract Element Extract

(Hg/mL) (ng/mL) (Hg/mL) (Hg/mL)
K 34.43 Mg 5.32 Cu 0.13 Bi, Cd 0
P 22.66 Si 0.73 Sr 0.11 Co, Cr 0
Ca 18.55 Zn 0.26 Pb 0.1 Li, Mn 0
Na 16.8 Ag 0.14 As 0 Ni, TI 0
s 9.56 Ba 0.13 B 0 Hg, Ce 0

K was detected in the highest concentration of all
analyzed macroelements, while Zn was detected in the
highest concentration of the group of microelements.
The infusion is also rich in Ca, Mg, Na, P, and S (Table
2). Ca, found in the concentration of 18.55 ug/mL, is nec-
essary for the proper development of bones and teeth,
maintaining muscle strength, exchanging nerve mes-
sages between the brain and the body [53]. Ca was also
reported to reduce levels of LDL (low density lipids) and
increase levels of HDL (high density lipids), reduce the
number of hypertensive disorders in pregnancy, lower
blood pressure among younger people and reduce the
risk of colorectal adenomas [54]. K, detected in concen-
tration of 34.43 ug/mL, is important for the proper func-
tion of the kidneys, heart, and muscles and in the trans-
mission of messages through the nervous system [55].
Proper intake of K protects against hypertension and
could even be beneficial in improving bone health [56].
Mg, found in concentration of 5.32 ug/mL, is necessary
for the normal functioning of the body, in terms of regu-
lating blood pressure and heart rhythm [57]. Na (16.8 ug/
mL), is one of the most important electrolytes necessary
for blood pressure regulation and most important ion in
the extracellular fluid [58], while P (22.66 pyg/mL) is in-
cluded in different metabolic processes in human organ-
ism [59]. S is present in this extract in concentration of
9.56 pug/mL. This mineral is extremely important for the
normal functioning of numerous processes in the organ-
ism, such as repairing and building DNA and protecting
cells from damage [60]. Among analyzed heavy met-
als (As, Cd, Hg, Pb), only Pb was detected in negligible
amount.

Conclusion

Wild apple leaves infusion contained a variety of bio-
active compounds such as quercetin, isoquercetin, hy-
peroside, quercetin pentoside, rutin, citric acid, quinic
acid, protocatechuic acid, 3-O-p-coumaroylquinic acid,
chlorogenic acid, procyanidin B2, phloretin and phlo-
retin-pentosyl-hexoside. Also, this infusion is a good
source of K, P, Ca and Na, while toxic elements are not
found, or their concentrations are negligible. According
to the obtained results, it can be concluded that wild ap-
ple leaves have the potential to be used as a raw mate-
rial for extraction of bioactives and minerals. Therefore,
further detailed experiments and analyses must be con-
ducted, in order to ensure the most optimal valorization
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of this under-utilized biomaterial.
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HEMIJSKI SASTAV INFUZIJE LISTA DIVLJE JABUKE
(Malus sylvestris (L.) Mill.)
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Listovi divlje jabuke predstavijaju nedovoljno iskoriS¢en biomaterijal, koji sadrze
razliCita bioaktivna jedinjenja. Cilj ovog rada je utvrdivanje komponenti i mineralnog
sastava infuzije listova divljie jabuke. Listovi su poreklom iz Svrljiga, okruga NiSava,
Juzna Srbija. Skrining bioaktivnih komponenti u infuziji uraden je UHPLC-DAD-MS/
MS metodom, dok je mineralni sadrzaj analiziran ICP-OES metodom. Analiza in-
fuzije je pokazala prisustvo kvercetina, izokvercetina, hiperozida, rutina, limunske
kiseline, kininske kiseline, protokatehinske kiseline, 3-O-p-kumaroilkininske kiseline,
hlorogenske kiseline, procijanidina B2, floretina i floretin-pentosil-heksozida, dok su
Ca, K, Mg i Na bili elementi prisutni u najve¢oj koncentraciji. Stoga se listovi divije
jabuke mogu iskoristiti za izolaciju polifenolnih antioksidanata i minerala, kao i za

proizvodnju ekstrakata sa antioksidativhom aktivnoS¢éu.
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