Journal of
the Serbian
Chemical Society

JSCS-mfo(@shd.org.rs « www.shd.org.rs/JSCS

ACCEPTED MANUSCRIPT

This is an early electronic version of an as-received manuscript that has been
accepted for publication in the Journal of the Serbian Chemical Society but has not
yet been subjected to the editing process and publishing procedure applied by the
JSCS Editorial Office.

Please cite this article as S. S. Konstantinovi¢, D. Z. Troter, J. B. Zvezdanovi¢,
S. M. Petrovi¢, S. R. Savié, B. R. Danilovié, and J. Cirié, J. Serb. Chem. Soc. (2025)
https://doi.org/10.2298/JSC250619084K

This “raw” version of the manuscript is being provided to the authors and
readers for their technical service. It must be stressed that the manuscript still has
to be subjected to copyediting, typesetting, English grammar and syntax correc-
tions, professional editing and authors’ review of the galley proof before it is
published in its final form. Please note that during these publishing processes,
many errors may emerge which could affect the final content of the manuscript
and all legal disclaimers applied according to the policies of the Journal.



https://doi.org/10.2298/JSC250619084K




Journal of
the Serbian
Chemical Society

JSCS-info(@shd.org.rs » www.shd.org.rs/JSCS
J. Serb. Chem. Soc.00(0) 1-14 (2025) Original scientific paper
JSCS-13428 Published DD MM, 2025

Reishi (Ganoderma lucidum) tincture enriched with propolis or green
tea from Serbia: UHPLC-DAD-ESI-MS characterization, mineral
content and antibacterial activity

SANDRA S. KONSTANTINOVIC'*, DRAGAN Z.TROTER!, JELENA B.
ZVEZDANOVIC!, SANJA M. PETROVIC', SASA R. SAVIC!, BOJANA R. DANILOVIC!
AND JOVAN CIRIC?

"University of Nis, Faculty of Technology, Bulevar oslobodjenja 124, 16000 Leskovac, Serbia,
and *Toplica Academy of Vocational Studies, Department of Agricultural and Food Studies,
Cirila i Metodija 1,.18400 Prokuplje, Serbia.

(Received 19 June; revised 21 July; accepted 20 November 2025)

Abstract: The objectiveof the present study was to evaluate the differences in
chemical composition and mineral content of pure Reishi (Ganoderma lucidum)
tincture with those enriched with propolis or green tea. The chemical
composition and mineral content were analyzed by UHPLC-DAD-ESI-MS and
ICP-OES methods, respectively. Among all samples, Reishi/propolis tincture
contained a significant amount of polyphenols, with the dominant contribution
of flavonoids and phenolic acids. Regarding mineral content, P, K, and Na were
the most-abundant in all tinctures. Reishi/propolis tincture also demonstrated the
best- antibacterial activity, with P. vulgaris and P. aeruginosa as the most
sensitive bacteria.

Keywords: antibacterial activity; green tea; ICP-OES; propolis; reishi; UHPLC-
DAD-ESI-MS.

INTRODUCTION

Reishi, or Lingzhi (Ganoderma lucidum), is one of the most popular and
highly regarded medicinal fungi, demonstrating various biological and
pharmacological activities, e.g., anti-tumor, antimicrobial, antioxidative, anti-
inflammatory, anti-hyperglycemic, anti-hyperlipidemic, anti-tyrosinase and
antimutagenic, as well as cardio-, neuro-, hepato-, and renal-protective, etc.!?
Commercial G. lucidum products are available as powders, dietary supplements,
and tea obtained from its different parts, including mycelia, spores, and fruit
bodies. The main component of mushrooms is water (90% w/w), while proteins,
fats, carbohydrates, ash, minerals, and vitamins are the other 10% of the total
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content.> The fruit body of this fungus is a rich source of bioactive components,
such as polysaccharides, triterpenes, polyphenols, vitamins and different types of
secondary metabolites (phenolic compounds, polyketides, terpenes, steroids, and
phenols), including more than 140 different lanostane-type triterpenoids.'” Such a
versatile chemical composition explains a wide range of its pharmaceutical
properties.

Combining pure Reishi tincture with other natural and-biologically active
extracts can improve its biological and pharmacological activities. Propolis, a
resinous substance collected by bees from different plants, is another natural
product considered one of the best general panaceas since ancient times.* It is a
complex mixture, and its chemical composition is qualitatively and quantitatively
variable, depending on the bee species, geographical areas, and botanical source.>¢
Among natural compounds found in propolis, polyphenols are the most important,
mainly phenolic acids and flavonoids.*¢ These compounds are responsible for its
numerous activities, such as antimicrobial, antioxidant, anti-inflammatory,
antiproliferative, antihypertensive; spasmolytic, hepatoprotective, immune-
stimulant, etc.*® Propolis can be found in various cosmetics, beverages, food
products, and dietary supplements. Green tea, obtained from the leaves of Camellia
sinensis L., is a widely consumed beverage worldwide. It is rich in polyphenols
(particularly catechins), while its extract contains lower amounts of other
compounds, such as flavonoids and phenolic acids.’

Thus, the ‘aims' of the current study were to determine and compare the
chemical and mineral composition of pure Reishi tincture with those enriched with
propolis or green tea from Serbia, as well as to evaluate their antimicrobial activity
against eight bacteria. The chemical composition and mineral content were
analyzed by UHPLC-DAD-ESI-MS and ICP-OES methods, respectively. These
results could promote further development of the Reishi production industry in
Serbia and be useful for the food, pharmaceutical, and cosmetic industries.

EXPERIMENTAL
Material

Commercial ethanolic extracts obtained by triple extraction of pure Reishi (35%),
Reishi/Propolis (35%), and Reishi/Green tea (35% v/v) were analyzed. A total of 100 ml of each
tincture was evaporated by rotary evaporator at 40 °C to dryness and dried at 50 °C until
reaching constant weight. The total solid matter was 4 mg-mL™" of tincture.

Chemicals and reagents

Ethanol, 96% (Centrochem, Zemun, Serbia), and quercetin, rutin, and apigenin standards
(Sigma-Aldrich, St. Louis, USA) were used. Distilled water and aqueous NaCl solution (0.9%)
were provided from Zorka Pharma d.o.o. (Sabac, Serbia). Dimethylsulfoxide (DMSO) (> 99%)
was purchased from Sigma-Aldrich (Munich, Germany). Solvents used in the UHPLC
experiments were of HPLC or LC/MS grade. Concentrated nitric acid (65%, Merck) and
distilled water (HPLC grade, Fisher Chemical) were used for ICP-OES analysis.
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UHPLC-DAD-ESI-MS analysis

The chromatographic separation was performed on a Hypersil Gold C18 column (50%2.1
mm, 1.9 pm) at 25 °C using a Dionex Ultimate 3000 UHPLC+ system equipped with a diode
array (DAD) detector and LCQ Fleet Ion Trap Mass Spectrometer (Thermo Fisher Scientific,
USA). A mobile phase consisted of two solvents, 0.1 %, v/v, formic acid in water and methanol,
with a gradient program at 0.25 mL-min™' flow rate.® The injection volume was 1 ul. Absorption
UV/Vis spectra were recorded on a DAD-detector with a total spectral range between 200 and
800 nm. The mass spectrometric analysis was performed using a 3D-ion trap with electrospray
ionization (ESI) in negative ion mode. The ESI-source parameters were as follows: source
voltage 4.5 kV, capillary voltage -41 V, tube lens voltage -95 V, capillary temperature 350 °C,
nitrogen sheath and auxiliary gas flow 32 and 8 arbitrary units. MS spectra were acquired by
full range acquisition of m/z 130—1300, with a tandem mass spectrometry analysis performed
by a data-dependent scan — the collision-induced dissociation (CID) of detected molecular ion
peaks ([M-H]") with normalized collision energy set at 25 eV. The ESI-source parameters for
positive ion mode also used for detection of pure Reishi tincture were source voltage 5.0 kV,
capillary voltage 49 V, tube lens voltage 100 V, capillary temperature 350 °C, and 32 and 8
units for the auxiliary and sheath gas flow, respectively; in the full range, 130-1200, and data-
dependent scan with CID set at 25 eV of detected [M+H]", or cationized [M+Na]* molecular
ion peaks. Xcalibur software (version 2.1) was used for instrument control, data acquisition,
and data analysis.

ICP-OES analysis

The quantitative analysis was carried out using ICP-OES (Inductively Coupled Plasma -
Optical Emission Spectrometry, ARCOS FHE12, SPECTRO, Germany), following the
manufacturer's guidelines. All samples from the solid (Reishi, propolis, and green tea powders)
and liquid (tinctures) materials were prepared through a wet digestion procedure with
concentrated nitric acid, as detailed in the literature.>'° Argon 5.0 (99.999%) purity served as
the carrier gas. In addition to the analytical sample, calibration standards were prepared
beforehand. The calibration solution was created using Multistandard IV — a multi-elemental
standard solution from Merck, which includes Ag, B, Cd, Co, Cr, Cu, Fe, Li, Mn, Na, Ni, Pb,
T1, and Zn at concentrations of 1000 ppm. Parameters of the calibration lines for the determined
elements are presented in Supplementary material (Table S-I.).

Antimicrobial activity

The antimicrobial activity was evaluated using the following microorganisms: S. aureus
(ATCC 25923), P. aeruginosa (ATTC 27853), E. coli (ATCC 25922), K. pneumoniae (ATCC
700603), L. monocytogenes (ATCC 19166), P. vulgaris (ATCC 8427), B. cereus (ATCC11778)
and B. luteus in haus strain. Microorganisms were from the Microbiology Laboratory, Faculty
of Technology, Leskovac. Mediums used for the growth of the microorganisms were Antibiotic
agar no. 1 for microbiology (Merck, Darmstadt, Germany) and nutrient agar (Torlak, Belgrade,
Serbia) for bacterial growth. The agar disc diffusion method was used for testing the
antibacterial activity.!' The mediums were sterilized in an autoclave at 121 °C under 110 kPa
for 25 min. The suspension was prepared with overnight culture and adjusted to 0.5 McFarland
standard. The prepared suspension contained 1-2-10® CFU-mL"' (CFU — colony-forming unit).
The inoculum of 0.1 mL of suspension was added to 10 mL of medium and poured into the Petri
dishes. For screening, sterilized filter paper disks (9 mm in diameter, Schleicher & Schuell)
were placed on the surface of inoculated mediums and impregnated with 50 pL of the extract
sample (evaporated ethanolic extract dissolved in DMSO, concentration 100 mg-mL™). Pure
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DMSO was used as a negative control. Plates were incubated for 24 h at 37 °C and results were
expressed as the diameter of inhibition zones (mm). The presence of the inhibition zone (1Z)
indicated the activity of the tested samples against the tested microorganisms. The following
commercial standardized discs with predetermined amounts of antibiotics were used-as positive
controls: Ciprofloxacin (5 ug), Ipinem (10 ug), Penicillin (6 ug, 10 IU),
Trimethoprim/sulfamethoxazole (1.25/23.75 ug), Clindamycin (2 ug), Ceftriaxone (30 ug),
Gentamicin (10 xg), Amoxicillin + clavulanate (20/10 ug), and Cefoxitin (30 xg) (BD Sensi-
Disc, GmbH, Heidelberg). All experiments were performed in triplicate.

Statistical analysis

All results were reported as mean value + standard deviation from three measurements.
Statistical comparisons were carried out by one-way ANOVA (analysis of variance) followed
by Tukey’s multiple comparison test by software SPSS 23.0 (IBM, USA). Differences are
reflected as significant at p < 0.05.

RESULTS AND DISCUSSION

UHPLC-DAD-ESI-MS analysis

The typical UHPLC-DAD chromatograms recorded from DAD-signal at 4 =
320 nm are shown in Fig. 1(a-c).
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Fig. 1. UHPLC-DAD chromatograms of all tinctures (a-pure Reishi, b-Reishi/Green tea and c-
Reishi/Propolis) at DAD signal A4 = 300 nm. The corresponding peaks assignments (in the
chromatograms labeled by numbers) are listed in Tables S-1, S-II and S-III, respectively.

The list of all compounds detected with their MS/UV/Vis spectral data is
shown in Tables S-II-S-IV. For some detected compounds, the absorption and
MS/MS spectra are shown in Supplementary Data (Figs. S-1 and S-2). Mass
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spectra and fragmentation patterns, the order of elution from the chromatographic
system, together with literature data,'*?® allowed the identification of some
detected compounds.

Basic physiologically active components in G. lucidum are polysaccharides,
peptidoglycans, and triterpenes.!? Among 13 registered DAD-signals in pure
Reishi tincture (Fig. la, Table S-II), signal 10 was identified as 12-
acetoxyganoderic acid F, according to [M-H]", m/z 569, while ganoderic acid G
type A ((M-H]", m/z 531 in negative mode and [M+Na]", m/z 555 in positive mode)
was assigned to peak 12.' Those ganoderic acids (related to triterpenoids) are the
most representative components in G. lucidum, responsible for different biological
activities. An appropriate MS/MS-fragmentation pattern in positive mode for the
same compound (Fig. S-1a) confirmed the suggested compound, with cationized
adducts at m/z 555 [M+Na]" and corresponding fragment ions. The corresponding
UV/Vis spectrum (Fig. S-1a) of the ganoderic acid G type A exhibits an absorption
maximum at 258 nm.'® The triterpenoid often present in G. lucidum, lucidone A,
was tentatively identified by confirming with Yan et al.'®

The dominant class of compounds in both Reishi/propolis and Reishi/green
tea tinctures are flavonoids. Rutin (Fig. 1b, Table S-III; peak No. 11), quercetin
(Fig. 1c, Table S-1V; peak No. 9), and apigenin (Fig. 1c, Table S-1V; peak No. 14)
were identified by their standard methanolic solutions. Hydroxybenzoic acid,
caffeic acid, p-coumaric acid, caffeic acid derivate, and dihydroquercetin (Fig. 1c,
Table S-III; peaks No. 1, 2, 3, 4, and 5, respectively) were identified by using
MassBank Record.!”” For qualitative analysis of all detected signals, mass
spectrometry combined with collision induced dissociation of molecular ions in
data-dependent mode MS/MS was used, together with a comparison with the
corresponding literature (Tables S-1II and S-1V).

Reishi/green tea tincture is rich in catechin, epicatechin, gallocatechin,
epigallocatehin, and flavan-3-ols, characteristic of green tea. Gallocatechin is
detected as signal No. 2 in the UHPLC-DAD chromatogram (Fig. 1b, Table S-III)
and confirmed by the MS/MS-fragmentation pattern in negative mode and
corresponding fragment ions (Fig. 2b). The UV/Vis spectrum of gallocatechin
(Fig. S-1b) exhibits an absorption maximum at 287 nm.'®? Reishi/green tea
tincture also contains flavonols: kaempferol 3-O-rutinoside, kaempferol-O-
glycoside, quercetin-glycoside and its quercetin-3-O-rutinoside derivative rutin
(Fig. 1b, Table S-III; peaks No. 13, 14, 12, and 11, respectively) and flavones such
as apigenin-glucosides: apigenin 6 (or 8)-C-xyloside-8(or 6)-C-glucoside (known
as vicenin 1, IUPAC name 5,7-dihydroxy-2-(4-hydroxyphenyl)-8-
[(2S,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]-6-
[(2S,3R,4S,5R)-3,4,5-trihydroxyoxan-2-yl[chromen-4-one) and apigenin 6-C-
glucosyl 8-C-(2"-O-dihydroferuloyl)-glucoside (IUPAC name 5,7-dihydroxy-2-
(4-hydroxyphenyl)-6-[(2S, 3R, 4R, 58, 6R)-3, 5-trihydroxy-6-



CHARACTERIZATION OF ENRICHED REISHI TINCTURES 7

(hydroxymethyl)oxan-2-yl]-8-{[2R,3R,4S,5S,6R)-2-[3-(4-hydroxy-3-
methoxyphenyl)propanoyl]oxy-3.4,5-trihydroxy-6-(hydroxymethyl)oxan-2-
yl]}chromen-4-one) (Fig. 1b, Table S-III; peaks No. 9 and 10, respectively).
MS/MS fragmentation pattern in a negative mode for vicenin 1 (Fig. S-1¢) presents
molecular ions at m/z 563, 443, 383, and 353. These neutral losses are
characteristics of glucosyl and pentosyl residues. The fragmentation signals at m/z
383 and 353 are also typical for di-C-glycosylflavones. UV/Vis spectra of vicenin
1 (Fig. S-1c) exhibit two absorption maxima at 272 and- 334 nm, which is in
accordance with the literature.”® Quercetin-glycoside (Fig. 1b, Table S-III; peak
No. 12) is detected as quercetin-7-O-glycoside, since the fragment ion at m/z 301
is rather abundant in 7-O-glycoside than in 3-O-glycoside (Fig. S-1d). Moreover,
UV/Vis absorption maxima at 271 and 349 nm are in the range for this class of
flavonols.?!

Reishi/Propolis tincture is rich in phenolic acids. Caffeic acid was detected as
peak No. 2 in the UHPLC-DAD chromatogram (Fig. 1c, Table S-IV), while the
corresponding UV/Vis spectrum (Fig. S-2a) contains two absorption maxima at
290 and 323 nm. An appropriate MS/MS-fragmentation pattern in negative mode
(Fig. S-2a) confirmed the suggested compound with molecular ion at m/z 179 [M-
H] and corresponding fragment ion at m/z 135."% Caffeic acid derivatives were
detected by peaks No. 4, 20, 21 and 22 (Fig. lc, Table S-IV).!%23-2528
Reishi/Propolis  tincture . also contains quercetin and its derivatives
dihydroquercetin or taxifolin, quercetin-O-rhamnoside quercetin-3-methyl-ether
and quercetin-3-dimethyl-ether (Fig. 1c, Table S-IV; peaks No. 9, 5,7, 11 and 19)
with molecular ion peaks found at m/z 301, 303, 447, 300, and 329, respectively.
The corresponding UV/Vis spectrum of taxifolin (Fig. S-2b) contains two
absorption maxima at 298 and 323 nm, while an appropriate MS/MS-
fragmentation pattern in negative mode (Fig. S-2b) confirmed the suggested
compound.'®? Genistin, a well-known isoflavone, is identified as a peak No. 8
([M=H]", m/z 431) (Fig. 1c, Table S-1V). Corresponding UV/Vis spectrum (Fig. S-
2¢) contains two absorption maxima at 290 and 322 nm, typical for this compound.
The product ion mass spectrum of [M—H] ™ ions (Fig. S-2¢) shows neutral losses of
the glycan residue (162 Da) and of the glycan residue +He (163 Da) by
rearrangement and cleavage, respectively, which is expected since, structurally,
genistin represents genistein 7-O-/D-glucoside.!®? Reishi/propolis tincture is
also rich in dihydroflavonol pinobanksin, its 5-methyl-ether derivative and 3-O-
derivatives (acetate, butyrate, propionate, and pentanoate), as well as methoxy-
chrysin, luteolin-methyl-ether, galangin-5-methyl-ether and isorhamnetin 3-O-
rutinoside.?*?%?® The tincture also contains flavanone pinocembrin (Fig. lc, Table
S-1V; peak No. 23), a natural precursor of pinobanksin. The corresponding UV/Vis
spectrum (absorption maxima at 291 and 356 nm) and MS/MS-fragmentation
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pattern (Fig. S-2d) confirmed its presence.?® Peaks No. 12, 13, 18 and 26 were
unidentified derivatives of phenolic acids and flavonoids.

Mineral content

ICP-OES analysis results are presented in Table 1.

TABLE 1. Concentrations of macro- and microelement in samples®

Solid material ¢ / pg-g™! Tincture ¢/ mg-L!
Reishi ~ Green Tea  Propolis Reishi  Reishi/green tea Reishi/propoli
Ag 6‘45La OKb ONb OKb OOb Of/lb
B 6.05 M® 3.54 G¢ 31.77 42 0Ke 3.28 B4 oMe
Ca 00¢ 112.1 8% 76043 P2 0Ke 00 o Me
Cd 00¢ 6.8 F2 oNe ofe 00¢ 0.0251°
Co OOb 0'03Ka ONb OKb OOb OMb
Cr 4476’4  0.45'K® oN¢e oKe 00 oMe
Cu 77.02 F2 2.45 He 8.491L° 0.15 't 0.83'¢ 0.47e
Fe 1071.78 €= 2.2H¢ 26.43 10 oke 0.43 L4 o Me
K 2.02 Nf 11Ee 2659.07 B2 89.78 BP 49.33 Be 26.25 ¢4
Li 174.6 &2 2.2 1P 1.21 Me 0.17%¢ 0.13 Md 0.1 ke
Mg 00¢ 3204 383.12°F@ 49Ec 2.9564 2,054
Mn 739.11 P2 0.5 %Ke 15.28 '® oKe 0.075 N4 oMe
Na 0°f 93 ¢b 318.14F2  356¢d 48.23 ¢ 3448 A¢
Ni 13.31 k2 23510 oNe oke 00c¢ o Me
Pb 45,161 1151 oNe oKe 1.451° 0.25 "4
Sr 00¢ oKe 11.4%2 0.53 He 0.73 k® 0.5 Hd
Tl 47.18 e 0,53 1Kb oNe 0Ke 00 oMe
Zn 48.79 62 0.3 Kf 36.13 6° 2.386¢ 2.35H4d 1.7 6¢
Si 5657.26 A 2.25Hf 35.89 G® 3.45F4 3.08 F¢ 3.85F¢
P 159476 8% 0.88 T 8692.054* 238.484° 117.58 44 31.15 B¢
S 0°f 202500 124491¢  26.2P¢ 21.88 P4 6.53 B

2 column values (different capital letters) and row values (different small letters) are
significantly different (p < 0.05) by Tukey’s multiple range test

The difference in mineral content between crude samples and tinctures is
evident, not only in a qualitative but also in a quantitative manner. A total of 21
elements was determined. Tested Reishi powder is notable for its high content of
Si(5657.26 ug-g), P (1594.76 ug-g™"), Fe (1071.78 ug-g'), and Mn (739.11 pg-g
", while propolis was rich in P (8692.05 ug-g"), K (2659.07 pg-g™), S (1244.91
ng-gh), and Ca (760.43 pug-g'), followed by Mg (383.12 pg-g') and Na (318.14
ng-g!). Among all crude samples, green tea powder contained the least amount of
minerals, with Mg as the most abundant element (320 pg-g"'), followed by
significantly lower quantities of Ca (112.1 pug-g'), Na (93 ug-g'), and S (29.25
ug-g'). Although the mineral content of plants depends upon soil structure,
climatic conditions, and plant species, the basic elements are more or less present
in the same species. According to literature, Reishi contains minerals like Cu, Zn,
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Se, K, Ca, P, Mg, and Fe.*® Propolis possesses Ca, K, Al, Cu, Mg, Fe, and Zn in
the highest amounts.>! The most abundant minerals found in green tea are P, K,
Ca, Mg, Fe, M, Al, S, Si, followed by Zn, Cu, and F.3? In all Reishi tinctures, the
most common minerals are P, K, and Na, which are very important macroelements
and have a large impact on the human body. P plays a crucial and vital part in the
creation of bones, teeth, nucleic acids, phosphoproteins, growth, and the control of
different repair processes. Its role in the conversion of food- into energy, in the
metabolism of lipids and carbohydrates, in lessening arthritis pain, and in restoring
proper kidney and cardiac function is also essential.*¥ As two essential
macroelements, K and Na are important to maintain body cellular homeostasis and
metabolism, since most metabolic processes are dependent on or affected by these
electrolytes. Also, these electrolytes maintain normal pH levels in extracellular
fluid, regulate osmotic pressure, act as cofactors for many enzymes, and are
involved in oxidation-reduction reactions.** Compared to crude samples, in all
Reishi extracts, toxic elements were not found or were present in insignificant
amounts, such as Cd and Pb.

Antimicrobial activity

The results of the disc diffusion testing are presented in Table II. The DMSO
or sterile water negative controls showed no inhibition effects. The inhibition
zones reveal different susceptibility of different bacteria to all tinctures.

None of the tinctures was antibacterial against K. pneumonia. While pure
green tea tincture failed to express any antibacterial activity, both the pure Reishi
and propolis tinctures demonstrated similar potential against P. aeruginosa, E.
coli, and P.vulgaris. However, propolis tincture was more active against S. aureus,
and was the only pure tincture deemed as antibacterial against L. monocytogenes,
B. cereus and B. luteus. The antibacterial potential of different Reishi tinctures is
reported in earlier studies.’>-¢

Compared to the pure Reishi extract, the Reishi/green tea tincture exhibited
improved antibacterial effect, while Reishi/propolis tincture showed the highest
activity against all tested strains, especially against S. aureus and L.
monocytogenes. Somewhat improved antibacterial activity of Reishi/green tea
tincture compared to the pure Reishi and pure green tea tinctures can only be
explained by the possible synergistic effect of the components present in Reishi
and green tea. Specifically, the main catechins present in green tea (epicatechin,
epicatechin-3-gallate, epigallocatechin and epigallocatechin-3-gallate) are known
antimicrobials®’; these catechins are detected in prepared Reishi/green tea tincture.

Interestingly, the addition of propolis in the Reishi tincture enabled it to
express activity against L. monocytogenes, B. luteus and B. cereus. Previous
studies confirmed the antibacterial potential of propolis tinctures from Serbia
against L. monocytogenes, S. aureus and E. coli***° Although the chemical
composition of propolis is quite complex, its source causes only minor variations
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regarding its antimicrobial activity.** Antimicrobial activity of propolis was
associated with the presence of phenolic compounds, such as caffeic acid,
quercetin, luteolin, apigenin, p-coumaric acid, kaempferol, and pinobanksin.*’
Since these phenolic components are also present in Reishi/propolis tincture; its
improvement in antibacterial capacity is explained by both the presence of various
phenolic compounds originating from Reishi and propolis, as well as their
synergistic effect.

Although the Reishi/propolis tincture exhibits moderate antibacterial activity
compared to some commercial options, its use may still be justified due to the
multiple other potential health benefits associated with its constituents. Previously
reported immunomodulatory, anti-inflammatory, and antioxidant properties of
both Reishi'~ and propolis*® could contribute to overall wellness.

TABLE II. Values of zones of bacterial growth inhibition (mm)?

Tincture SA PA EC KP LM BC BL PV
R 9%+0.57' 124051 10+0.5%° NJGd NJHd NIFd NI 15+0.5%
GT NIKa NI NIHa NG NHe NI NI NHa
P 1740.57™ 1340.581b¢ 1240.59F¢ NI 16£0.5192 14+0.53F> 1240.55H¢ 134£0.5560¢
R/GT  1140.55% 15+0.48%% 1241 NI NIHd 13£0.57%> NI 16+0.5%F
R/P  2140.58% 1740.40™ / 15+0.57" NJCd 20+0.53% 17+0.15P> 15+0.29%¢ 1740.5%
Antibiotic
CPF  2630.57PF¢ 40+0.544 ~ 40£0.574 31£0.76%¢ 36£0.57%> 304144 28+1Pde 2640.58C¢
2\;‘;/ NTKb NI® NTHb NTG® NTHe NTF  21+0.57F2  NTH
PCL 32+41B4 16+0487CGc  NTHe 11£17  1640.57% 13+0.48%4¢  29+1Pb 31+]1.05B2b
CDM  2240.76%G*  NI* NTHe NTG  1840.53™  NT NT* NTHe

CTX 28%1.056Pb 3240.465 3240.58%2 2240.53¢Pc 2740290 21+1.05% 14+1.05% 31+0.295
IPN 40£140 224104 2740.57%  26+0.558¢ 424140 2640.58B¢ 46+0.554% 4240.54°
GTC  24+0.76%F%> 20+0.485d 22+1.05Pb¢ 20+1.0554 254+0.58P* 21+0.58%4 26+0.565 19+0.5Pd
ACI\\/II)T(/ 30£0.56%CP 26+0.55¢¢  12+1F¢ 21£1PEd 2640.55CP¢ 2141.05% 4440.58B2 42+1.054

28+0.57¢:P0

CEX 26+1C  2240.46P4¢ 23+0.45C4 20+1.05% 22+0.48Cd° 40+0.48%  30+1BP

BACTERIA: S4 - S. aureu; PA - P. aeruginosa; EC - E. coli; KP - K. pneumoniae; LM - L.
monocytogenes; BC - B. cereus; BL - B. luteus; PV - P. vulgaris

TINCTURE: R — Reishi; GT - Green tea; P — Propolis

ANTIBIOTICS: CPF - Ciprofloxacin; TMF/SMT - Trimethoprim/sulfamethoxazole; PCL — Penicillin;
CDM - Clindamycin; CTX — Ceftriaxone; IPN — Ipinem; GTC — Gentamicin; AMX/CVT - Amoxicillin/
clavulanate; CFX - Cefoxitin;

2 column values (different capital letters) and row values (different small letters) are significantly
different (p < 0.05) by Tukey’s multiple range test; NI-no inhibition; NT-not tested. *According to
the CLSI protocol microorganisms can be consider resistant if the inhibition zone iz lower than 14
mm, intermediate or susceptible-dose dependent for the zone 15-19 mm and susceptible for the
zone bigger than 20 mm'!
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CONCLUSION

The chemical composition and mineral content of pure Reishi tincture and
those enriched with propolis or green tea were compared. Among all samples,
Reishi/propolis tincture contained a significant amount of polyphenols, with the
dominant contribution of flavonoids and phenolic acids. Regarding mineral
content, P, K, and Na were the most abundant in all tinctures: Reishi/propolis
tincture also exhibited the best antibacterial activity compared to the other extracts.
Based on reported chemical compositions and antimicrobial activities, these
Reishi-based tinctures have promising prospects as food and health supplements.
The high levels of polyphenols, flavonoids, phenolic.acids, and essential minerals
may contribute to antioxidant, immunomodulatory, and general wellness-
promoting effects. Enrichment with propolis or green tea further enhances the
bioactive profile, potentially supporting cardiovascular, metabolic, and immune
health. Therefore, even if the antibacterial activity is moderate compared to
commercial products, the combined health benefits and nutritional value make
these tinctures valuable candidates for dietary supplementation. Further studies on
bioavailability, dosage, and clinical effects would help to fully realize their
potential in human health applications.

SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website:
https://www.shd-pub.org.rs/index.php/JSCS/article/view/13428, or from the corresponding
author on request.
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H3BOJ

TUHKTYPA PEUIITUJA (Ganoderma lucidum) OBOTAREHA TTPOITIOJIMCOM UJIU 3EJIEHUM
YAJEM U3 CPEUJE: UHPLC-DAD-ESI-MS KAPAKTEPU3ALIUJA, MUHEPAJTHU CACTAB U
AHTHUBAKTEPUJCKA AKTHUBHOCT

CAHJIPA C. KOHCTAHTUHOBUWR!, IPATAH 3. TPOTEP!, JEJIEHA B. 3BE3JAHOBUR!, CAFbA M. IIETPOBUR!, CAIIA
P. CABUR!, BOJAHA P. IAHWIOBUR' U JOBAH RUPUR?

"Texnonowxu paxynimen, Ynueep3uiieis y Huwy, Bynesap ocnobohewa 124, 16000 Jleckosay, *Totinuuka
axkagemuja cupykosnux ciyguja, Ogcex 3a tiomotipuspegHo - ipexpambdene ciyguje, Rupuna u Mewwioguja 1,
18400 IIpoxytuime.

Lluss oBor paja 6o je mpolleHa pas3ivka Y XeMHUjCKOM CacTaBy U MUHEpPalIHOM caipXKajy
yucte penin (Ganoderma lucidum) THHKType ca THHKTypama oboraheHUM IMPOTOTUCOM WU
3€JIeHMM 4YajeM. XEMUjCKHM cacTaB MU Cafp)kaj MHUHEpala Cy aHaJWu3WPaHU IPUMEHOM TEYHe
xpomarorpaduje Beoma BUCOKHUX NMepdOopMaHCH Yy KOMOWHALUjU ca JeTeKTOPOM YMpEXEeHHX
¢doroprona U enexTpocIpej joHU3anMja-MmaceHom criekrpomerpujom (UHPLC-DAD-ESI-MS) u


https://www.shd-pub.org.rs/index.php/JSCS/article/view/13428
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ONTHYKOM EMHCHOHOM CIIEKTPOMETPHjOM Ca HMHIOYKTHBHO crpernytom miasmom (ICP-OES),
pemom. Mehy oBUM y30pliMa, PEeUILIN/TIPOINONUC THUHKTypa CALpKK 3HAUajHY KOMUUMHY
nonugeHona ca JOMHUHAHTHUM yneqoM ¢aBoHOMZA M (DEHONHMX KHUCENMHA. Y IIONIENy
MuHepasHor cactasa, P, K u Na cy HajBullle NpUCYTHH y CBUM TUHKTypama. Peuin/mpormnonuc
TUHKTYpa jée MokKasajla X Hajoo/y aHTHOAaKTEPUjCKy aKTUBHOCT, NIpU 4yemy cy P. vulgaris u P.
aeruginosa duie HajoCET/bUBHUje DaKTepHje.

(TTpumsseHo 19. jyHa; peBunupaHo 21. jyna; npuxsaheHo 20. Hosembpa 2025.)

REFERENCES

1. S. Wu, S. Zhang, B. Peng, D. Tan, M. Wu, J. Wei, Y. Wang, H. Luo, Food Sci.
Hum. Wellness 13 (2024) 568 (https://doi.org/10.26599/FSHW.2022.9250051)

2. K. Sulkowska-Ziaja, M. Balik, A. Szczepkowski, M. Trepa, G. Zengin, K. Kata, B.
Muszynska, Diversity 15 (2023) 882 (https://doi.org/10.3390/d15080882)

3. S. Wachtel-Galor, J. Yuen, J.A. Buswell, 1. F. E. Benzie, Ganoderma lucidum
(Lingzhi or Reishi): A Medicinal Mushroom, in Herbal Medicine: Biomolecular and
Clinical Aspects second edition, 1.[E. F. Benzie, S. Wachtel-Galor, Ed(s)., CRC
Press/Taylor & Francis, Boca Raton, Florida, USA, 2011, pp. 175-200
(https://doi.org/10.1201/b10787)

4. A.K. Balasubramaniam, A. Elangovan, M. A. Rahman, S. Nayak, D. Swain, H. P.
Babu, A. Narasimhan, V. Monga, Fitoterapia 183 (2025) 106526
(https://doi.org/10.1016/].fitote.2025.106526)

5. N. Bhatti, Y. A. Hajam, S. Mushtaq, L. Kaur, R. Kumar, S. Rai, Discov. Sustain. 5
(2024) 185 (https://doi.org/10.1007/s43621-024-00375-3)

6. A. Sarapa, A. Peter, A. Buettner, H. M. Loos, Eur. Food Res. Technol. 251 (2025)
1331 (https://doi.org/10.1007/s00217-025-04708-y)

7. 1. Sun,S. Dong, J. Li, H. Zhao, Food Sci. Hum. Wellness 11 (2022) 1143
(https://doi.org/10.1016/j.fshw.2022.04.008)

8. V. Tadi¢, I. Arsié, J. Zvezdanovi¢, A. Zugi¢, D. Cvetkovi¢, S. Pavkov, J.
Ethnopharmacol. 199 (2017) 138 (https://doi.org/10.1016/j.jep.2017.02.002)

9. - S.V.Donc¢i¢, J. B. Zvezdanovié, S. M. Petrovi¢, S. R. Savi¢, 1. B. Konstantinovic,
D. Z. Troter, J. M. Jovanovi¢ Mirkovi¢, S. S. Konstantinovié, Adv. Technol. 13
(2024) 5 (https://doi.org/10.5937/savteh2401005D)

10. S. Savié, S. Petrovi¢, M. Petronijevié, A. Cvetanovié, 7. Petronijevié, Adv. Technol.
8 (2019) 27 (https://doi.org/10.5937/SavTeh1901027S)

11. CLSI Performance Standards for Antimicrobial Susceptibility Testing. 30th ed.
CLSI supplement M100, Wayne PA: Clinical and Laboratory Standards Institute,
2020

12. D. H. Ryu, J. Y. Cho, N. B. Sadiq, J.-C. Kim, B. Lee, M. Hamayun, T. S. Lee, H. S.
Kim, S. H. Park, C. W. Nho, H.-Y. Kim, Food Chem. 335 (2021) 127645
(https://doi.org/10.1016/j.foodchem.2020.127645)

13. R.J. Robbins, J. Agric. Food. Chem. 51 (2003) 2866
(https://doi.org/10.1021/jf026182t)

14. E. de Rijke, P. Out, W. M. A. Niessen, F. Ariese, C. Gooijer, U. A. Th. Brinkman, J.
Chromatogr. A 1112 (2006) 31 (https://doi.org/10.1016/j.chroma.2006.01.019)

15. Z.Yan, B. Xia, M. H. Qiu, D. L. Sheng, H. X. Xu, Biomed. Chromatogr. 27 (2013)
1560 (https://doi.org/10.1002/bmc.2960)



https://doi.org/10.26599/FSHW.2022.9250051
https://doi.org/10.3390/d15080882
https://doi.org/10.1201/b10787
https://doi.org/10.1016/j.fitote.2025.106526
https://doi.org/10.1007/s43621-024-00375-3
https://doi.org/10.1007/s00217-025-04708-y
https://doi.org/10.1016/j.fshw.2022.04.008
https://doi.org/10.1016/j.jep.2017.02.002
https://doi.org/10.5937/savteh2401005D
https://doi.org/10.5937/SavTeh1901027S
https://doi.org/10.1016/j.foodchem.2020.127645
https://doi.org/10.1021/jf026182t
https://doi.org/10.1016/j.chroma.2006.01.019
https://doi.org/10.1002/bmc.2960

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

CHARACTERIZATION OF ENRICHED REISHI TINCTURES 1 3

T.-Q. Chen, C. Yang, J.-G. Wu, J.-Z. Wu, J. Chem. Pharm. Res. 8 (2016) 730
(https://www.jocpr.com/articles/total-triterpenoids-from-the-ultrasoniccirculating-
extract-powder-of-ganoderma-lucidum-and-its-antioxidant-activity-in-v.pdf)

C. C. Wyrepkowski, D. L. M. Gomes da Costa, A. P. Sinhorin, W. Vilegas; R. A. De
Grandis, F. A. Resende, E. A. Varanda, L. C. dos Santos, Molecules 19 (2014)
16039 (https://doi.org/10.3390/molecules191016039)

D. H. Markowicz Bastos, L. A. Saldanha, R. R. Catharino, A. C. H. F. Sawaya, 1. B.
S. Cunha, P. O. Carvalho, M. N. Eberlin, Molecules 12 (2007) 423
(https://doi.org/10.3390/12030423)

MassBank Record, http://www.massbank.jp (accessed 13 May 2025)

Z. Benayad, C. Gémez-Cordovés, N. E. Es-Safi, Int. J. Mol. Sci. 15 (2014) 20668
(https://doi.org/10.3390/ijms151120668)

H.-Y. Zhao, J.-H. Sun, M.-X. Fan, L. Fan, L. Zhou, Z. Li, J. Han, B.-R. Wang, D.-A.
Guo, J. Chromatogr. A 1190 (2008) 157
(https://doi.org/10.1016/j.chroma.2008.02.109)

X. Jiang, Y. Liu, W. Li, L. Zhao, F. Meng, Y. Wang, H. Tan, H. Yang, C. Wei, X.
Wan, L. Gao, T. Xia, PLoS One 8 (2013) e62315
(https://doi.org/10.1371/journal.pone.0062315)

J.-P. Cornard, C. Lapouge, J. Phys. Chem. A 110 (2006) 7159
(https://doi.org/10.1021/jp060147y)

F. Pellati, G. Orlandini, D. Pinetti, S. Benvenuti, J. Pharm. Biomed. Anal. 55 (2011)
934 (https://doi.org/10:1016/j.jpba.2011.03.024)

M. Ye, W.-Z. Yang, K.-D. Liu, X. Qiao, B.-J. Li, J. Cheng, J. Feng, D.-A. Guo, Y .-
Y. Zhao, J. Pharm. Anal. 2 (2012) 35 (https://doi.org/10.1016/j.jpha.2011.09.009)

J. M. Fuentes-Alventosa, S. Jaramillo, G. Rodriguez-Gutiérrez, P. Cermefio, J. A.
Espejo, A. Jiménez-Araujo, R. Guillén-Bejarano, J. Fernandez-Bolanos, R.
Rodriguez-Arcos, J. Agric. Food. Chem. 56 (2008) 6977
(https://do1.org/10.1021/jf8009766)

F. Sanchez-Rabaneda, O. Jauregui, I. Casals, C. Andrés-Lacueva, M. Izquierdo-
Pulido, R. M. Lamuela-Raventds, J. Mass Spectrom. 38 (2003) 35
(https://doi.org/10.1002/jms.395)

S.1. Falcdo, M. Vilas-Boas, L. M. Estevinho, C. Barros, M. R. M. Domingues, S. M.
Cardoso, Anal. Bioanal.Chem. 396 (2010) 887 (https://doi.org/10.1007/s00216-009-
3232-8)

J. Sun, F. Liang, Y. Bin, P. Li, C. Duan, Molecules 12 (2007) 679
(https://doi.org/10.3390/12030679)

M. F. Ahmad, A. Alsayegh, F. A. Ahmad, M. S. Akhtar, S. S. Alavudeen, F. Bantun,
S. Wahab, A. Ahmed, M. Ali, E. Y. Elbendary, A. Raposo, N. Kambal, M. H.
Abdelrahman, Heliyon 10 (2024) ¢25607
(https://doi.org/10.1016/j.heliyon.2024.e25607)

D. S. Ghallab, E. Shawky, M. M. Mohyeldin, A. M Metwally, R. S. Ibrahim, J. 4dv.
Pharm. Sci. 2 (2025) 76 (https://doi.org/10.21608/japs.2025.336494.1032)

M. Radeva-Ilieva, S. Stoeva, N. Hvarchanova, K. D. Georgiev, Foods 14 (2025) 745
(https://doi.org/10.3390/foods14050745)

A. A. H. Ali, J. Trace Elem. Miner. 4 (2023) 100076
(https://doi.org/10.1016/].jtemin.2023.100076)

M. A. Farag, B. Abib, Z. Qin, X. Ze, S. E. Ali, Curr. Res. Nutr. Food Sci. 6 (2023)
100450 (https://doi.org/10.1016/j.crfs.2023.100450)



https://www.jocpr.com/articles/total-triterpenoids-from-the-ultrasoniccirculating-extract-powder-of-ganoderma-lucidum-and-its-antioxidant-activity-in-v.pdf
https://www.jocpr.com/articles/total-triterpenoids-from-the-ultrasoniccirculating-extract-powder-of-ganoderma-lucidum-and-its-antioxidant-activity-in-v.pdf
https://doi.org/10.3390/molecules191016039
https://doi.org/10.3390/12030423
https://doi.org/10.3390/ijms151120668
https://doi.org/10.1016/j.chroma.2008.02.109
https://doi.org/10.1371/journal.pone.0062315
https://doi.org/10.1021/jp060147y
https://doi.org/10.1016/j.jpba.2011.03.024
https://doi.org/10.1016/j.jpha.2011.09.009
https://doi.org/10.1021/jf8009766
https://doi.org/10.1002/jms.395
https://doi.org/10.1007/s00216-009-3232-8
https://doi.org/10.1007/s00216-009-3232-8
https://doi.org/10.3390/12030679
https://doi.org/10.1016/j.heliyon.2024.e25607
https://doi.org/10.21608/japs.2025.336494.1032
https://doi.org/10.3390/foods14050745
https://doi.org/10.1016/j.jtemin.2023.100076
https://doi.org/10.1016/j.crfs.2023.100450

35.

36.

37.

38.

39.

40.

KONSTANTINOVIC et al.

M. N. Djide, Sartini, L. Rahman, N. Hasyim, Int. J. Sci. Technol. Res. 3 (2014) 15
(http://www.ijstr.org/final-print/jan2014/Antibacterial-Activity-Of-Various-Extracts-
From-The-Fruiting-Bodies-Of-Ganoderma-Lucidum-Growing-At-Samanea-Saman-
jacq-Merr-Trunk.pdf)

J. Singh, S. Gupta, S. Malviya, B. Ahrwar, Int. J. Adv. Res. 2 (2014) 460
(https://www.journalijar.com/uploads/31 IJAR-3328.pdf)

W. C. Reygaert, Front. Microbiol. 5 (2014) 434
(https://doi.org/10.3389/fmicb.2014.00434)

S. Ivancaji¢, I. Mileusni¢, D. Ceni¢-Milosevi¢, Arch. Biol. Sci. 62 (2010) 915
(https://doi.org/10.2298/ABS1004915T1)

P. Ristivojevi¢, 1. Dimki¢, J. Trifkovi¢, T. Berié, 1. Vovk, D. Milojkovi¢-Opsenica,
S. Stankovi¢, PLoS One 11 (2016) e0157097
(https://doi.org/10.1371/journal.pone.0157097)

S. Stepanovié, N. Anti¢, I. Daki¢, M. Svabi¢-Vlahovié, Microbiol. Res. 158 (2003)
353 (https://doi.org/10.1078/0944-5013-00215).



https://doi.org/10.3389/fmicb.2014.00434
https://doi.org/10.2298/ABS1004915I
https://doi.org/10.1371/journal.pone.0157097
https://doi.org/10.1078/0944-5013-00215

