MACHWK JABHOT 3[1PAB/bA

DOI: 10.5937/serbjph2503226V

npon3soan UHTEPAKLWUJE NOJIMOEHONA JOMATRMX YAJEBA CA MPOTEMHUMA
mMmory A UMAJY nNpPOoAYXEHO AHTUOKCUAATUBHO AEJCTBO

Mupocaasa Byjuuh,' Anexcanapa Mapreruh,’ Muian Mummuh,> 3opan Byjunh?

! Vuusepsurer y Beorpany, MHCTUTYT 3a XeMH]jy, TEXHOJIIOTH]Y K METAIYPTHjY
— MHcTuTyT 01 HaumoHaHOT 3Havaja 3a Penyonuky Cpowujy, beorpan, Cpouja

2 Vuusepsuter y beorpany, Xemujcku dakynrer, beorpaa, Cpouja

PRODUCTS OF INTERACTIONS OF DOMESTIC TEA POLYPHENOLS WITH PROTEINS

MAY HAVE A PROLONGED ANTIOXIDANT EFFECT

Miroslava Vuj¢i¢,' Aleksandra Margetic¢,! Milan Misi¢,> Zoran Vuj¢i¢?

! University of Belgrade, Institute of Chemistry, Technology and Metallurgy

CaxeTak

[okasaHo je ga 6urbHU YajeBu Koju ce TpagWLMOHANHO KOpUCTe y uUc-
XpaHu NO3WTUMBHO yTUYY Ha 34paBrbe rbyau. Tema oBor paja je ucrtpa-
XvBake ekcTpakata Tpu burbke n3 nopoguue Lamiaceae nopeknom u3
Cpb6uje: Satureja montana L. (pTawcku yaj), Salvia officinalis L. (xxandw-
ja), Menta spicata L. (avBrba HaHa), 4vju je TepaneyTCcku noTeHuujan
MO3HaT Kako y Hapogy Tako u 'y meauumHu. Mpunpemrbenn cy 10% (M/m)
BOJEHW eKcTpakTu burbaka. OpgpeheH je ykynHu cagpkaj nonudeHona,
TaHWHa 1 hnasoHonaa kopuwherwem PonnH-YrokanTeoBor peareHca n
Barosor npotokona. [lobujeHn pesyntatu cy nokasanu aa yKynad cagp-
Xaj nonudeHona 3HavajHo Bapupa y ucnutusaHnm burbkama, a Hajseha
Konu4ymHa je npoHaheHa y ekctpakTy Satureja montana L. 3a ogpehusa-
€ aHTUMOKCMAATUBHE aKTMBHOCTW BOAEHMX eKcTpakata burbaka kopu-
wheH je DPPH Tect. Cagpxaj nonudeHona, TaHnHa u dnasoHonga y
eKCTpaKTMMa Yy MO3UTWBHO] je Kopenaumju ca HUXOBOM aHTUOKCUAATUB-
HoMm akTuBHowwhy. Peayntatn UV/VIS ancopnumoHe cnekTpodoToMeTpuj-
CKe aHanuse Cy nokasanu noctojawe UHTepakuuja namehy nonndeHona
BOAEHNX BUIbHUX ekcTpakaTta ca roeefum cepymckum anbymyvHoMm, LITO
noTeHumnjanHo Moxe 06e36eanTn NPoaYXEeHO aHTUOKCUAATUBHO AEjCTBO
nonudpeHona.

KmbyyHe peuun: gomahu Yaj, aHTMOKCUAATUBHOCT, MHTEP-
akuuje nonudeHona ca npoteMHuMa

YBop,

[MocToju Benvkn gmBep3nTeT BUIbHUX BPCTa Koje ce Ko-
pUCTe 3a NCXpaHy rbyau 1y meagnumHn. Nako je ynotpeba
OVNJETETCKUX CynnemeHaTa, Koju MNpencTaBrbajy KOHLIEH-
TpOBaHe M3BOpe cacTojaka ca HYTPUTUBHUM Unn puano-
NOLIKNM AejcTBOM, BeOMa pacnpocTpaweHa [1], 4ajeBu cy
Hajuyewwhun obnmk gogaTka UCXpPaHM Koju ce KOpUCTU y npe-
BEHLMjU N NeYery Bonectn 1 umajy BULLECTPYKE HAMEHE.
Ynotpeba GurbHMX ekcTpakaTa je oA BEenUKOr 3Hadaja y
TpaguUMoHanHoj MegULMHU 1 NPAKTUKYje Ce LIMPOM CBeTa
CcTOTMHama roguHa. TOKOM BpemeHa pa3BUjeHO je BENnuKo
WCKYCTBO M HanpaBSbeH 3Ha4ajaH Hanpegak y uaeHtndpu-
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Abstract

It has been proven that herbal teas traditionally used for nutrition have
a positive effect on human health. The aim of this study was to examine
the extracts of three plants in the family Lamiaceae originating from Ser-
bia: Satureja montana L. (Rtanj tea), Salvia officinalis L. (sage), Menta
spicata L. (spearmint), whose therapeutic potential is known both in tradi-
tional and modern medicine. 10% (m/m) aqueous extracts of plants were
prepared. The total content of polyphenols, tannins and flavonoids was
determined using the Folin-Ciocalteu’s reagent and Bag’s protocol i.e.
aluminum-chloride method. The results obtained showed that the total
content of polyphenols varied significantly in the examined plants, and
the highest amount was found in the extract of Satureja montana L. The
DPPH assay was used to determine the antioxidant activity of aqueous
plant extracts. The content of polyphenols, tannins and flavonoids in the
extracts is positively correlated with their antioxidant activity. The results
of UV/VIS absorption spectrophotometry showed the presence of inter-
actions of polyphenols in aqueous plant extracts with bovine serum al-
bumin, which could potentially provide a prolonged antioxidant effect of
polyphenols.

Key words: domestic tea, antioxidant activity, polyphe-
nols-proteins interactions

Introduction

There is a great diversity of plant species used for human
nutrition and in medicine. Although the use of dietary sup-
plements, which are concentrated sources of ingredients
with nutritional or physiological effects, is widespread [1],
teas are the most common form of dietary supplements
used for the prevention and treatment of diseases for mul-
tiple purposes. The application of plant extracts is of great
importance in traditional medicine and has been practiced
worldwide for hundreds of years. Over time, a great deal of
experience has been developed and significant progress
has been made in the identification of medicinal substanc-
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Kaumju NekoBuUTUX MaTepuja, ogabuvpa burba, metoaga npu-
npeme, ogrosapajyhe obpage ovrba 1 nponucrBama gose
[2]. Mojam 4aj ce yrmaBHOM ogHOCKM Ha nuhe HamerseHO
yXKunBaky UM 3a nedere 6onectun Kao jegHa o antepHa-
TMBHMX OMLMja KOja ce KOPUCTHK Y nedeny bonectu v npea-
CTaBrba BOAEHW EKCTPaKT NEKOBMTOr Ourba, 0GUYHO HUCKE
KoHUeHTpauuje. Tpeba jacHo HarmacuTu ga ce y CBeTy noja
TEPMUHOM ,MpaBu Yaj” nogpasymeBa caMo eKCTPaKT Ourb-
ke Camellia sinensis (upHu, 3enexu, 6enun). Cee octano cy
herbal wnu fruit tea. Y oBom pagy, TepMuH Yaj he ce ogHo-
CUTU Ha eKCcTpakTe Ourbaka KopULWNEHNX y NCTPaXKUBakbY.

Tpu HajnosHaTuje Gurske n3 nopoauue Lamiaceae nope-
knowm m3 Cpbuje, 3a Koje je nokasaHo Aa umajy TepaneyT-
CKM noTeHuwmjan, cy: Satureja montana L. (pTakCcku yaj),
Salvia officinalis L. (xandwja) n Menta spicata L. (amBrba
HaHa).

Satureja montana L. je nony3um3seneHa rpmonuka burbka,
Koja je ayToxToHa y pernoHuma JyxHe EBpone u Megum-
TepaHa [3]. CTaHuwTe oBe Burbke y Cpbuju je nnaHuHa
PTam. JluctoBe oBe Beoma apomatnyHe Ourbke Hapog je
0f AaBHUHA KOPMCTMO Kao 3a4MH MUnu 3a npunpemy 4aje-
Ba. Satureja montana uma Benvky BapujabunHocT y xemuj-
CKOM cacTaBy, YaK 1 yHyTap UCTe nonynauuje, Koja pacrte
Ha uctom nogpyujy [4, 5]. HajsactynreeHuje cyncrtaHue cy
pasnuunTa GUONOLLKM aKTUBHA jeAuHeHa Kao LUTO Cy Tep-
nexun [6] n nonudeHonHa jeamwemna [5, 7]. EkcTpaktn u
eTrapcka yrba oBe burbke Mmajy aHtmokcugatusHa [7—10],
aHTUMKKpoOHa [11], anypeTtnyka [12], aHTumMHdNamaTopHa
[13] n aHTMXONMHecTepasHa cojcTea [14].

Kandwja (Salvia officinalis L.) je jeqHa of HajBaxHWjuX
apomaTtuM4yHMX IeKoBUTMX Ourbaka, kKoja ce raju LuMpom
cBeTa 300r cBor boraTor ykyca M OMOMOLLKMX KapakTepu-
CTUKa — kao gobap M3BOp CeKyHOapHUX meTabonuTta kao
LITO CYy NONUMEHONM 1 TepneHun, Koju nmajy 1 eKOHOMCKM
3Havaj [15]. XKandwja je ayToxToHa Ourbka u pacnpocTpa-
HeHa je Ha uenom MeguTtepaHy. Pacte n Ha Teputopuju
BankaHa, nocebHo y Cpbuju, bocHn n XepuerosuHu, Ce-
BepHOj MakepoHuju n Xpsartckoj [16—18]. MNonudeHonu
13 xandwuje cy npupogHN aHTUOKCUOAHCU N KOpUCTe ce Yy
npexpambeHoj 1 KO3METUYKO] MHAYCTPUjK, a cMaTtpa ce aa
UMajy 3HavajHe NpegHOCTU Y OOHOCY Ha CUHTETUYKE Nonu-
cheHone, ynpaBo 360r CBOr NpMpoAHOr nopekna. Ynpaso
cy 6bpojHa nonudeHonHa jeankera pasnor UHTEH3NBHE
OvornoLllke akTMBHOCTU oBe burbke [19, 20]. Y nuctoBmMma
Xandwje yTBpheHo je NpucycTBo KoenHcke, ranHe, p-xXu-
OpOKcMBeH30eBe, P-KyMapuHCKe, BaHUMMHCKE U XIOPOreH-
CKe KMCENWHE, Kao 1 MpuUcycTBO riaBoHomaa (anureHvH,
NYTEOHVH U HuxoBw rmukosuan) [15, 21]. Kandwuja nma
3HayajHa aHTUdyHranHa, aHTManepreHa, aHTMbuoTcka u
xunornvkemujcka ceojctea [15, 16, 19]. Yajesn op xan-

es, selection of plants, methods of preparation, appropriate
processing of plants and dosage prescription [2]. The term
tea generally refers to a beverage intended for enjoyment
or as one of the alternative options for the treatment of dis-
eases, being an aqueous extract of medicinal herbs, usu-
ally of low concentrations. It should be clearly emphasized
that the term “true tea” globally refers only to the extract of
the Camellia sinensis plant (black, green, white). All others
are called herbal or fruit teas. In this paper, the term tea will
refer to the extracts of plants used in the study.

The three most famous plants in the Lamiaceae family, na-
tive to Serbia, which have been shown to have therapeutic
potential, are: Satureja montana L. (Rtanj tea), Salvia offic-
inalis L. (sage) and Menta spicata L. (spearmint).

Satureja montana L. is a semi-evergreen shrub, native to
the regions of southern Europe and the Mediterranean [3].
The habitat of this plant in Serbia is Rtanj Mountain. The
leaves of this highly aromatic plant have been used since
ancient times as a spice or for preparing teas. Satureja
montana shows high variability in its chemical composition,
even within the same population growing in the same area
[4, 5]. The abundant substances are various biologically
active compounds such as terpenes [6] and polyphenolic
compounds [5, 7]. Extracts and essential oils of this plant
have antioxidant [7—10], antimicrobial [11], diuretic [12], an-
ti-inflammatory [13] and anticholinesterase properties [14].

Sage (Salvia officinalis L.) is one of the most important
aromatic medicinal plants, grown worldwide for its rich
flavor and biological characteristics — as a good source
of secondary metabolites such as polyphenols and ter-
penes, which also have economic importance [15]. Sage
is an indigenous plant which is widespread throughout the
Mediterranean. It also grows in the Balkans, especially in
Serbia, Bosnia and Herzegovina, North Macedonia and
Croatia [16—18]. Sage polyphenols are natural antioxidants
used in the food and cosmetic industries, which are con-
sidered to have significant advantages over synthetic poly-
phenols due to their natural origin. Numerous polyphenolic
compounds are precisely the cause of this plant’s intense
biological activity [19, 20]. The presence of caffeic, gallic,
p-hydroxybenzoic, p-coumaric, vanillic and chlorogenic ac-
ids, as well as the presence of flavonoids (apigenin, lutein
and their glycosides) has been determined in sage leaves
[15, 21]. Sage has significant antifungal, antiallergenic,
antibiotic and hypoglycemic properties [15, 16, 19]. Sage
teas are mainly used externally, while internal consumption
is recommended in small quantities due to the presence of
some potentially toxic compounds.
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duje ce yrmaBHOM KOPUCTE 3a CMoOrbHY ynoTtpely, AoK ce
KOH3ymMauuja npenopyyyje y Manum KonmdnHama 36or npu-
cycTBa ogpeheHnx NnoTeHumnjanHo TOKCUYHUX jeantbetsa.

Hajno3sHatnja u HajnonynapHuja Gurbka u3 nopoguue
Lamiaceae je pusrba HaHa (Menta spicata L.). OHa je
jeaHa oA HajKynTMBUCAHUjUX apoMaTU4HUX burbaka [22].
[uerea HaHa ce yrnaBHoM y3raja y Esponu n Asuju. Kopu-
CTW Ce Kao 3a4uH y npunpemmn xpaHe, a TpaguumoHarHo
N Kao 4aj, rge ce ynotpebrbaBajy HeHU OCYLUEHUN JINCTO-
Bu. [lopen CBOjMX OpraHoNenTUYKNX KapaKkTepucTuka, 3dor
BMCOKOI cagpxaja nonudeHona v TepreHa, AMBrba HaHa
Ce KOPUCTU N Kao aHTUMWKPOBHO CPeacTBO Y 3alTuTU
XpaHe 1 NpoTUB OKcUAaTuBHe Aerpagauuje [15, 22]. Etap-
CKO yIbe HaHe ce cacToju oA kapBoHa (22—37%) n nnumo-
HeHa (8—-31%), a y MawbMM KOHLEHTpauunjama ce cacTtoju
O, MeHTOHa, MeHTOona 1 eykanunTona [23], a noceayje n
aHTUMWUKPOOHO CBOjCcTBO [24]. HajsacTynrbeHuja xemujcka
jeanterba Koja ce Hanase y BOAEHOM eKCTPaKTy HaHe cy
nonndeHosHa jeantbera, Kao LWTO Cy py3MapuHCcKa Kuce-
nvHa, fepvsaTtun fyTeonvHa 1 anureHnHa, 3a Koje je noka-
3aHO Ja MMajy aHTUOKCMOATUBHY aKTUBHOCT [25—27].

MonudpeHonn cy oaroBOpHU 3a ropYMHY M ONopocT Burba-
Ka, a Takofhle 1 3a HMXOBa aHTUOKCUMOATMBHA CBOjCTBA.
YnpaBo oBa ocobuHa Gurbaka je kopucHa y 6opbu npoTtvs
GonecTn Koje KapakTepuLle CTake OKCMOATUBHOr CTpeca,
Kao LUTO Cy pak, kapavoBacKyrnapHe GonecTu n ctapeme.
Crtyavje cy nokasane ga nonudeHonn y durbkama ,xBa-
Tajy” aKTMBHE BPCTE KUCEOHMKa MU edMKacHO crnpevaBajy
okcupaatuBHa owTtehewa henuvja, a pefoBHO y3umane
Yaja MOXe CMahUTU MOryRHOCT HacTajaka Hekmx 6onecTtu
[28]. 3apaBcTBEHN edhbekTn nonmdeHona 3aB1ce 04 HMXo-
Be OMONOLIKE PacnofnoXMBOCTU, Ha KOjy yTUYY XeMujcka
CTPYKTYypa 1 eduKacHOCT ancopnuuje, a U eH3mmm jeTpe,
Kao 1 cacTaB LpeBHe MUKpOdnope y Ibyackom Teny [29,
30]. Takohe je no3HaTo Aa nonudpeHonHa jegnksera, no-
CcebHO TaHWHK, CTYMajy Y UHTEpPaKLMjy ca NpoTEMHMMA Ha
pasnuuuTe HaunHe [31].

loBefhu cepyMcku anbBymnH No CTPYKTYpU OoAroBapa xyma-
HOM cepyMcKoM anbymuHy Koju je jeqaH of Haj3acTynrbe-
HUjUX LIMPKYNaTOPHUX NpoTenHa y Kpeu. fosehn cepymcku
anbymuH (BSA, eHrn. Bovine serum albumin) ce yobu4aje-
HO KOPWCTU Kao NPOTEVNHCKM Mofen 300r CBOje BUCOKe CTa-
BunHocTn, 4OBPO nos3HaTUX PUNYKO-XEMUJCKNX 0coBMHa
N BUCOKE CTPYKTYpPHE XOMOSOrunje ca XyMaHnM CepymMCKUM
anbymvHoM. BSA je MynTudyHKUMOHANHM NPOTEUH ca Be-
NVKUM KanauMTeTOM Be3vBawa nuraHaga, LWTo ra YuHu
TPaHCMOPTHUM MOSIEKYNIOM 3a pasnuuute meTtabonute,
NeKoBe, XpaHrbuBe matepuje, MeTane v apyre Morekyrne.

OsBa cTyauja je 6una ycMepeHa Ha UCMUTUBakE KapakTe-

The best-known and most popular plant in the Lamiace-
ae family is spearmint (Menta spicata L.). It is one of the
most widely cultivated aromatic plants [22]. Spearmint is
mainly grown in Europe and Asia. It is used as a spice
for food preparation, and its dried leaves are traditionally
brewed as a tea. In addition to its organoleptic properties,
and due to its high content of polyphenols and terpenes,
spearmint is also used as an antimicrobial agent to pre-
serve food and natural antioxidant to combat oxidative
degradation [15, 22]. Spearmint essential oils are primarily
composed of carvone (22-37%) and limonene (8-31%),
with lesser amounts of menthone, menthol and eucalyp-
tol [23], and they also have antimicrobial properties [24].
The most abundant chemical compounds in the aqueous
extract of spearmint are polyphenolic compounds, such as
rosmarinic acid, luteolin and apigenin derivatives, which
demonstrate potent antioxidant activity [25-27].

Polyphenols are responsible for the bitterness and astrin-
gency in plants, but they also possess powerful antioxidant
properties that help combat oxidative stress and reduce
the risk of diseases such as cancer, cardiovascular dis-
ease, and aging-related disorders. Studies have shown
that polyphenols in plants “neutralize” reactive oxygen spe-
cies and effectively prevent oxidative damage to cells, and
regular tea consumption may reduce the risk of developing
some diseases [28]. The health benefits of polyphenols de-
pend on their bioavailability, which is heavily influenced by
the absorption and chemical structure of these plant com-
pounds, as well as by the action of liver enzymes and the
composition of the intestinal microflora in the human body
[29, 30]. Polyphenolic compounds, especially tannins, are
also known to have interactions with proteins in various
ways [31].

Bovine serum albumin is structurally similar to human se-
rum albumin, which is one of the most abundant circulating
proteins in human blood. Bovine serum albumin (BSA) is
commonly used as a model protein due to its high stability,
well-known physicochemical properties, and high struc-
tural homology similar to human serum albumin. BSA is
a multifunctional protein with a high ligand-binding capac-
ity, making it a transport molecule for various metabolites,
drugs, nutrients, metals, and other molecules.

This study was focused on investigating the characteristics
of aqueous extracts of herbal teas of local origin (freshly
harvested Satureja montana L., Mentha spicata L. and Sal-
via officinalis L.), which are known to have different amounts
and types of polyphenolic compounds. The aim of this pa-
per was to determine the total concentration of polyphenolic
compounds, tannins and flavonoids, their antioxidant activi-
ty and to examine their interactions with BSA protein.
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puUCTVKa BOOEHMX eKcTpakaTa OurbHMX 4YajeBa nokarHor
nopekna (ceexe ybpaHe Satureja montana L, Mentha
spicata L. and Salvia officinalis L.), 3a koje ce 3Ha fa nmajy
pasnuyuTe KONMYnHe 1 BpCcTe NOoNnMEHONHUX jeantbersa.
Linms paga je 6uo ga ce yTBpAM YKynHa KOHLEHTpaLmja no-
NMAEHONHUX jeantbena, TaHWHa 1 onaBoHOMAA, HMXOBa
AHTMOKCMOATMBHA aKTMBHOCT M [ia Ce UCMUTa HUXOoBa WH-
Tepakumja ca BSA npotenHom.

MaTtepujan n metoge
MaTepumjan v UHCTPYMEHTU

Cse xemuKkanuje u peareHcu KopuwheHn y oBOoM pagy
cy Gunu aHanuTUuKOr KBanuTeTa M NPOM3BOA CYy KOMMa-
Huje Mepk (OQapmwTar, Hemaduka). burbke cy npoussog
WHctutyTa 3a npoydaBamwe nekouTor 6urba ,[dp Jocud
Manunh”, ocum Satureja montana L koja je cakynrbeHa Ha
o6poHumMa nnaHnHe Ptaw (Cpbuja).

UV/VIS cnektpodoTtomeTpuja je ypaheHa Ha UV-1800
Shimadzu cnekTpodoTOMETPY KOju MOKpUBa oncer Tana-
cHux ayxwuHa 200 go 800 nm y kBapuHuM henujama, ay-
XuHe ontuykor nyta 1,0 cm. 3a ogpehumBame aHTUOKCHAa-
TMBHE aKTUBHOCTM KOpULIAEH je unTad MUKpoTMTap nrova
Appliskan (Thermo Fisher Scientific) ca codTBepckMm na-
ketoMm Thermo Scientific Scanlt Software 2.3.

[Hobunjawe OUIbLHUX eKkcTpakaTta

MamepeH je 1,00 g nnucToBa Gurbaka, OCyLUEHUX U YCUTHE-
HUX 0O npaxa Yy koje je pogaTto 10,00 mL kreyyane Boge.
HakoH ekcTpakumje og 15 muH. Ha 60 °C y3 noBpeMeHOo
Melake ysopuu cy ueHTpudyrmpaHn Ha 10000 rpm.
OpBojeHn cynepHaTaHTK Cy O3HA4Y€HM Kao eKCTPaKTU Yaja.
[obunjeHn ekCTpakTu Cy NOAESbEHN Ha anuKBOTE U YyBaHU
Ha —20 °C po ncnutmeaka u pasbnaxueaHu y ckragy ca
3axTeBUMa CBaKOr eKCriepuMeHTa.

OppehuBame cagpkaja yKynHux nonucgeHona n TaHuHa

Capgpxaj ykynHux nonudeHona y ekcTpakTuma Ourbaka
onpeheH je konopumeTpujckom Metogom no donuH-Yu-
okantey [32]. KopuwheH je komepuujanHo goctynaH do-
nuH-YumokanTteoB peareHc. Y enpysete ca 100 yL craH-
[apAHor pacTBopa uUnu ekcTpakta 4vaja gogato je 0,5 mL
peareHca (npeTxogHo pasbnaxkeHor Bogom y ogHocy 1:10)
n 400 pL 7,5% pactBopa HaTpujym-bukapboHata. Peak-
LMOHe cMelle cy MHKyOupaHe 1 h y mpaky. AncopbaHua
nobwujeHor pactBopa nnaee 0oje je MepeHa Ha CheKTpo-
doTomeTpy Ha 765 nm. Kao ctaHaapa kopuwheH je Boge-
HW pacTBOp ranHe kucenvHe (KoHUeHTpauuja 12,5; 25; 50;
75; 100 n 150 mg/L). KonnunHa nonndeHonHux jeantexa
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Material and methods
Material and instruments

All chemicals and reagents used in this study were of ana-
lytical grade and manufactured by Merck Company (Darm-
stadt, Germany). The plants were obtained from the Insti-
tute for the Study of Medicinal Plants “Dr. Josif Panci¢”,
except for Satureja montana L., which was collected on the
slopes of Rtanj Mountain (Serbia).

UV/VIS spectrophotometry was performed using a Shi-
madzu UV-1800 spectrophotometer covering a wavelength
range from 200 nm to 800 nm and employing quartz cells,
with a 1.0 cm optical path length. An Appliskan (Thermo
Fisher Scientific) microplate reader with the Thermo Sci-
entific Scanlt Software 2.3 software package was used to
measure antioxidant activity.

Obtaining herbal extracts

Dried and powdered plant leaves were weighed (m = 1.00
g) and then 10.00 mL of boiling water was added to the
leaves. After 15 min-extraction at 60°C with occasional
stirring, the samples were centrifuged at 10,000 rpm. The
separated supernatants were labeled as tea extracts. The
obtained extracts were divided into aliquots and stored at
—-20°C until testing and were diluted in accordance with the
requirements of each experiment.

Determining total phenolic and total tannin content

The total phenolic content in plant extracts was determined
using the Folin-Ciocalteu colorimetric method [32]. A com-
mercially available Folin-Ciocalteu’s reagent was used.
0.5 mL of reagent (previously diluted with water in a ratio
of 1:10) and 400 pL of 7.5% sodium bicarbonate solution
were added to test tubes containing 100 pL of standard
solution or tea extract. The reaction mixtures were incu-
bated for 1 h in the dark. The absorbance of the resulting
blue-colored solution was measured at 765 nm using a
spectrophotometer. An aqueous solution of Gallic acid (of
the following concentrations 12.5; 25; 50; 75; 100 and 150
mg/L) was used as a standard. The amount of polyphe-
nolic compounds (g/L) was calculated in gram equivalents
of Gallic acid. To determine the amount of tannins in plant
extracts, tannic acid was used as a standard substance
of the concentrations of 20, 40, 60, 80 and 100 mg/L, and
the tannin content was expressed as gram equivalents of
tannic acid (g/L).

Determining flavonoid content

229

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 99  NUMBER 3

SEPTEMBER 2025



MACHWK JABHOT 3[1PAB/bA

Mupocnasa Byjuuh, Anekcangpa Mapretuh, Munan Muwwh, 3opaH Byjunh

(g/L) n3padyHarta je kao rpaMm eKBMBaneHTu ranHe Knucenu-
He. 3a ogpehunBarbe KonuunHe TaHnHa y ekcTpakTma ou-
Ibaka kao cTaHdapgHa cyncrtaHumja kopuwheHa je TaHuH-
CKa KucenuHa y KoHueHTpaumjama og 20, 40, 60, 80 n 100
mg/L, a cagpXaj TaHUHa je n3pakeH Kao rpamM eKBMBaneHT
TaHVHCKe kucenuHe (g/L).

OppehunBawe cagpxaja ¢onaBoHouaa

Cappxaj cnaBoHomaa opgpehuBaH je npema BbaroBom
npotokony [33]. PyTuH je kopuwheH kao ctaHaapa, a pe-
3ynTaTn Cy U3paXKeHW Kao ekBmBarneHTn pytuHa (UM). 3a
npunpemy kanubpaunoHe kpuse, 100 puL pyTvHa KOHUEH-
Tpauuja 4, 8, 10, 20, 40, 60, 80 n 100 yg/mL y 80% eTa-
Hony (V/V) je nomewaHo ca 300 pL 95% etaHona (V/V),
20 pL 10% anymuHunjym-xnopuga (V/V), 20 yL 1 M kanu-
jym-auetarta n 560 uL Boge. 3a ogpehuBare hnaBoHouaa
y y3opuuma kopuwheHo je 100 L ptanckor Yaja (ekcTpakT
je 200 nyTta pasbnaxeH Bogom), xandwuje (ekctpakT je 100
nyTa pa3bnaxeH BogoM) unu HaHe (ekctpakT je 100 nyTa
pasbnaxeH Bogom). [Nocne nHkybaunje Ha cobHoj Temne-
patypu Tokom 30 MUHYTa, MepeHa je ancopbaHua peakuu-
OHe cMmeLLie Yy 0O4HOCY Ha crieny npoby Ha 415 nm.

OppehluBawe aHTUOKCMAATMBHE aAKTUBHOCTM Y €K-
CTpakTMMa GUIbLHOr Yaja

3a ogpehuBar-e aHTMOKCMAATUBHE aKTUBHOCTM KopuwheH
je DPPH (a-gudennn-B-nukpunxmapasvn) tect [34]. Pac-
T8op DPPH y metaHony (360 M) npunpemMrbeH je CBex.
KopvwheHe KoOHUeHTpauuwje CcTaHOapaHuX pacTBopa
ackopbuHcke kucenvHe oune cy 12,5; 25; 50, 75 n 100
MM. EkcTpakTu pTamsckor Yaja pasbnaxenu cy 500 nyTa, a
eKkcTpakTn xandguje n HaHe 100 nyta. PeakuymoHe cmelue
y MUKpoTuTap nnovu ca 96 byHapa gobujeHe cy mewa-
tem 10 uL ysopka nnu ctangapga n 190 yL DPPH pea-
reHca. OBa cmella je MHKyBupaHa 15 MUH. y Mpaky y3 me-
LWake, HAaKoH Yera je mepeHa ancopbaHua Ha 520 nm Ha
Appliskan yitavy. HakoH mepena JobujeHn pesynTtatu cy
n3paxkeHn kao UM ekBMBanNeHTn ackopOMHCKE KMCENUNHE.

UHTepakumje yajeBa ca npoTenHMma

3a cnekTpodoToMeTpujcko Mepemne, pactsopy BSA (15
MM y 40 mM Hatpujym-6ukapboHatHom nydpepy pH 8,0)
popato je 15 uL pasbnaxeHor ekcTpakTa pTakCKOr 4Yaja,
Xandwuje unn HaHe npeTxogHo pasbnaxenux 10, 4 nnm
2 nyTta, pecnekTMBHO. PeakumoHe cmelle cy MHKyOupaHe
Ha cobHOj TeMnepaTypu y3 NoBPEMEHO MeLlake Ha BOp-
TEeKc-Melanmum TokoM 1 cata U CHUMIBEHW CYy CMEKTPMW.
CnekTtparnHe npomeHe cy ogpeheHe 13 jegHaumHe (1) [35]:

[(€gs AtED) — /etp] /(€ tp) x 100

BSA BSA

The flavonoid content was determined using Bag’s proto-
col i.e. aluminum-chlorine method [33]. Rutin was used as
a standard, and the results were expressed as rutin equiv-
alents (uM). A calibration curve was prepared by mixing
100 L of rutin of the concentrations of 4, 8, 10, 20, 40, 60,
80 and 100 pg/mL in 80% ethanol (V/V) with 300 pL of 95%
ethanol (V/V), 20 yL of 10% aluminum chloride (V/V), 20
pL of 1 M potassium acetate and 560 uL of water. To de-
termine flavonoid content in the samples, 100 L of Rtanj
tea (extract diluted 200 times with water), sage (extract di-
luted 100 times with water) or spearmint (extract diluted
100 times with water) were used. After incubation at room
temperature for 30 minutes, the absorbance of the reac-
tion mixture was measured at 415 nm against the blank
sample.

Determining the antioxidant activity in herbal tea ex-
tracts

The DPPH (a-diphenyl-B-picrylhydrazyl) assay [34] was
used to determine the antioxidant activity. A (360 uM) solu-
tion of DPPH in methanol was prepared fresh. The con-
centrations of standard ascorbic acid solutions used were
12.5; 25; 50, 75 and 100 uM. The Rtanj tea extracts were
diluted 500 times, and the extracts of sage and spearmint
were diluted 100 times. The reaction mixtures were formed
by combining 10 uL of a sample or standard and 190 pL of
a DPHP reagent in a 96-well microtiter plate. This mixture
was incubated in the dark for 15 minutes with stirring, and
afterwards the absorbance was measured at 520 nm using
an Appliskan reader. After measurement, the obtained re-
sults were expressed as uM equivalents of ascorbic acid.

Tea-protein interactions

For spectrophotometric measurements, 15 yL of diluted
extracts of Rtanj tea, sage, or spearmint previously diluted
10, 4, or 2 times, respectively, were added to a BSA solu-
tion (15 yM in 40 mM sodium bicarbonate buffer at pH 8.0).
The reaction mixtures were incubated at room tempera-
ture for 1 hour, mixing occasionally with a vortex mixer,
and then the spectra were recorded. The spectral changes
were determined from the following equation (1) [35]:

[(sBSA+£tp) BSA/atp]/(sBSA )x100 (1)

where €, €, and eBSA/s.t are the extlnct|on coefficients

for BSA, free tea polyphenols and tea polyphenols bind-
ing to BSA.

Statistical analysis of the results

Three extracts of each herbal tea sample were prepared
and all analyses were performed in triplicate. Calibration
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TAE CY gy, € W sBSA/z‘:tp KoeduUuMjeHTN ekCTUHKLMje BSA,
cnobogHux nonudeHona Yyaja 1 nonudeHorna vaja Be3a-

Hux 3a BSA.
CraTtucTtuyka obpaga pesynrara

lMpunpemrbeHa cy Mo TpU eKCTpakTa CBaKor y3opka burb-
HOr Yaja n cBe aHanuse ypaheHe cy y Tpunnukaty. Kanu-
OpaunoHe kpvBe 3a KBaHTUdMKaLMjy cy Takohe pafheHe y
Tpunnukaty. NpumapHn cnekTpu cBUX CnekTpodoToMe-
TPUjCKMX Mepena cy obpaheHn y codTBEpCKOM Makety
OriginPro 2018.

Pe3ynTtaTtn
YKynaH cagpxaj nonudeHona u chnaBoHonaa

YKynHu cagpxaj nonudgpeHona Tpu gomaha 4aja 1u3 nopo-
ovue Lamiaceae y Cpbuju (Satureja montana L., Salvia
officinalis L. n Menta spicata L.) y 10% (npepadyHaTo Ha
CyBy Macy) BOOEHOM eKCTpakTy Gurbaka ogpeheH je u3
jeoHaunHe kanmbpaumoHe kpuse (y = 0.0091x + 0.255 (R?
=0.9994)). obujeHn pe3ynTaTi U3paxkeHn cy Kao ekB1Ba-
neHTu ranHe kucenuxe, EMK (g/L), Tabena 1. CnnyHo, ykyn-
HW TaHWHW Y eKcTpakTMMa Yaja oapeheHn cy kopuwherwem
TaHWMHCKE KUCcenuHe kao ctaHgapga (y = 0.0125x + 0.0155
(R? =0.9991)). Pe3yntatu cy M3paxKeHW Kao eKBMBaNeHTu
TaHuHcke kucenuHe, ETK (g/L). JobGujeHn pesynatu cy
npvikasaHu cy y Tabenu 1. Y Tabenu 1 je Takohe gat u yky-
naH cagpxaj drnaBoHonaa y ekCTpakTuma, U3paxeH Kao
ekBmBaneHTn pytuHa, EP (UM). Cagpxaj donasoHoumzaa je
ogpeheH ynotpebom pyTuHa (rMuko3naa KBepLeTuHa) kao
cTaHpapaa w3 kanvubpaumoHe kpuse (y = 0.0049x + 0.0151
(R?=0.9987)).

Ta6ena 1. Cagpxaj yKynHux nonmdeHona, TaHnHa u
¢onaBoHoOMAa y ekcTpakTMma gomahux Yyajesa

Miroslava Vujci¢, Aleksandra Margeti¢, Milan Misi¢, Zoran Vuijcic

curves for quantification were also performed in triplicate.
Primary spectra of all spectrophotometric measurements
were processed using the OriginPro 2018 software pack-
age.

Results
Total phenolic and total flavonoid content

The total phenolic content of three domestic teas in the
Lamiaceae family in Serbia (Satureja montana L., Salvia
officinalis L. and Menta spicata L.) in 10% aqueous plant
extract (calculated on a dry weight basis) was determined
from the calibration curve equation (y = 0.0091x + 0.255
(R? =0.9994)). The obtained results were expressed as
gallic acid equivalents, GAEs (g/L), Table 1. Similarly, total
tannins in tea extracts were determined using tannic acid
as a standard (y = 0.0125x + 0.0155 (R? =0.9991)). The
results were expressed as tannic acid equivalents, TAEs
(g/L). The results obtained are presented in Table 1. Table
1 also shows the total flavonoid content in the extracts,
expressed as rutin equivalents, REs (uM). To determine
the flavonoid content, rutin (a quercetin glycoside) was
used as a standard for the calibration curve (y = 0.0049x +
0.0151 (R? =0.9987)).

Table 1. Content of total polyphenols, tannins and flavo-
noids in the domestic tea extracts

EkcTpakT 4aja ErK (g/L) ETK (g/L) EP (uM)

Tea extract GAE (g/L) TAE (g/L) RE (uM)
Satureja montana L. 11,74 8,55 2,24
Salvia officinalis L. 4,58 2,32 2,13
Menta spicata L. 3,97 2,90 1,50

ElK — ekBMBaneHT ranHe KucenuHe
ETK — ekBMBaneHT TaHWHCKE KUCENUHE
EP — exkBuBaneHT pyTuHa

AHTMOKCMOATMBHA aKTUBHOCT
MeTtoga kopuwheHa y oBoMm pagy 3a ogpehuBarbe aH-

TMokcugatueHe aktuBHoctn je DPPH  (a-andenun-B-
nukpunxugpasun) tect [34]. Y Tabenu 2 npukasaHu cy pe-

GAE — gallic acid equivalent
TAE — tannic acid equivalent
RE — rutin equivalent

Antioxidant activity
The method used in this study to determine antioxidant ac-

tivity is the DPPH (a-diphenyl-B-picrylhydrazyl) assay [34].
Table 2 shows the results obtained for the extracts of the
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3ynTatn AobuvjeHn 3a ekcTpakTe Tpu ucnutMeaHa gomaha
Yaja.

Tabena 2. AHTUOKCMAATVBHA aKTUBHOCT Y eKCTpaKkTuma
Jomahux YajeBa

EkcTpakT yaja
Tea extract

Satureja montana L.
Salvia officinalis L.

Menta spicata L.
WHTepakumja ekcTpakaTta 4aja ca BSA

Yntparbybuyacta-sugrousa (eHrn. UV/VIS) ancopnuyuoHa
CMEeKTpOoCKomncka MeToda je KopuwheHa 3a MCnuTMBahe
WHTEepakuunja BoOeHUX ekcTpakata Satureja montana L.,
Salvia officinalis L. n Menta spicata L. ca BSA. CHumaHun
Cy ancoprumMoHy CNEKTPK Yaja npe 1 nocne uHkybauuje ca
BSA. Kao wrTo je npukasaHo Ha cnvum 1, UV/VIS cnek-
Tap BSA (upHe kpuBe Ha cnuum), Nokasao je MakCumym
ancopbaHue Ha TanacHoj AyXuwHu 278 nm, 4yemy cy Ao-
npuHene apoMaTtnyHe aMUHOKMUCENUHe (TpunTodaH u Tu-
PO3UH). Y NpyMeH-eHUM eKCcrnepMMeHTanHMM ycnosmma, y
UV/VIS cnekTpuma CBMX eKCTpakaTa 4aja yodeHe cy ABe
OOMWHaHTHE ancoprnuuoHe Tpake (3ereHe KpvBe Ha Crnu-
um 1). MpBK NUK ca ancopnuMOHNM MakKCMMyMOM Ha 283
nm y cnektpuma Satureja montana L. (cnvuka 1A) u Salvia
officinalis L. (cnuka 1B6) n Ha 280 nm y cnektpy Menta
spicata L. (cnuka 1Ll) npBeHcTBEHO ce npunucyje naeo-
HoHmMa. [pyrv nuk Koju je y cnekTpuma Satureja montana
L. (cnuka 1A), Salvia officinalis L. (cnuka 1B6) n Menta
spicata L. (cnuka 1Ll) getektoBaH Ha 327 nm, 328 nm un
330 nm, pecnekTnBHO, NOTUYE of PeHonHe kucenunHe [36].
Takohe, y cnekTpyma ekcTpakTa HaHe 1 xanduje geTekTo-
BaHa je ancopnuuoHa Tpaka ca MakcumymMoMm ancopbaHue
Ha 270 nm, Koja noTuye o ranHe kucenuHe [18]. HakoH
nHkybauuje pactsopa BSA ca ekcTpakTuma vajeBa, (nnaee
KpuBe Ha cnuum 1), nobmjenn UV/VIS cnektpu 3a Satureja
montana L., Salvia officinalis L. n Menta spicata L. (cnvike
1A, 16 1 1L, pecnekTuBHO) Nokasyjy MakcumMyMm ancopbaH-
ue Ha 278 nm 1 WKUpoKe ancopnuMoHe Tpake ca ancopr-
unoHnM Makcumymuma Ha 330 nm. Takohe, ancopnunoHe
Tpake y 06nvky pameHa ce npumehyjy y Buareusom geny
Ha oko 360—460 nm, a HajuspaxeHunja je y cnektpy BSA/
ekcTpakT xanduje. Kako BSA 1 ekcTpakTy 4aja nokasyjy
3HauvajHy ancopbaHuy y oncery og 200 go 300 nm u gona-
31 4O npeknanaka, fobunjeHn UV/VIS cnektpu 3a BSA/uaj
cy ynopeheHu ca u3padyHaTtum BpegHocTMMa ancopbaH-
un 3a BSA+yaj (upBeHe kpuBe, cnivka 1). Hajsehe cma-
bere ancopbaHue BSA Ha 278 nm (3a 27%) nobujeHo je
HaKOH MHTepakuuje ca ekctpaktoM Salvia officinalis L., y

three domestic teas examined.

Table 2. Antioxidant activity in the domestic tea extracts

ExBuBanHeT ackopbuHcke kucenuHe (mM)
Ascorbic acid equivalent (mM)

11,50
2,41

2,02
Interactions of tea extracts with BSA

Ultraviolet-visible (UV/VIS) absorption spectroscopy was
used to investigate the interactions of aqueous extracts of
Satureja montana L., Salvia officinalis L. and Menta spi-
cata L. with BSA. The absorption spectra of tea were re-
corded before and after incubation with BSA. As shown in
Figure 1, the UV/VIS spectrum of BSA (black curves in the
Figure) showed an absorbance maximum at a wavelength
of 278 nm, which was contributed by aromatic amino acids
(tryptophan and tyrosine). Under the applied experimental
conditions, two dominant absorption bands were observed
in the UV/VIS spectra of all tea extracts (green curves in
Figure 1). The first peak with an absorbance maximum at
283 nm in the spectra of Satureja montana L. (Figure 1A)
and Salvia officinalis L. (Figure 1B) and an absorbance
maximum at 280 nm in the spectrum of Menta spicata L.
(Figure 1C) is primarily attributed to flavones. The second
peak detected at 327 nm, 328 nm and 330 nm in the spec-
tra of Satureja montana L. (Figure 1A), Salvia officinalis L.
(Figure 1B) and Menta spicata L. (Figure 1C), respectively,
arises from phenolic acid [36]. Also, an absorption band
with an absorbance maximum at 270 nm was detected in
the spectra of spearmint and sage extracts, which arises
from gallic acid [18]. After incubation of BSA solutions with
tea extracts (blue curves in Figure 1), the UV/VIS spec-
tra obtained for Satureja montana L., Salvia officinalis L.
and Menta spicata L. (Figures 1A, 1B and 1C, respec-
tively) showed an absorbance maximum at 278 nm and
broad absorption bands with an absorbance maximum at
330 nm. Also, shoulder-shaped absorption bands can be
seen in the visible region at around 360—460 nm, and the
most pronounced one is found in the spectrum of BSA/
sage extract. Since BSA and tea extracts showed signifi-
cant absorbance in the 200-300 nm range with overlapped
absorption bands, the obtained UV/VIS spectra for BSA/
tea were compared with the calculated absorbance values
for BSA+tea (red curves, Figure 1). The largest decrease
in BSA absorbance at 278 nm (by 27%) was obtained after
interaction with the extract of Salvia officinalis L., compared
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nopefetry ca BpeaHOCTNMa CMarera ancopbaHLe HakoH
WHTepakumje ca ekctpaktuma Menta spicata L. (3a 18%)
n Satureja montana L. (3a 3%). OBe npomeHe y ancop-
BaHuama npaheHe cy XnMNepxpomMmsMom, Yuja je BpeaHoCT
naHocuna -37%, -14% v -3%, pecnekTuBHoO.

Miroslava Vujci¢, Aleksandra Margeti¢, Milan Misi¢, Zoran Vuijcic

to the values of absorbance decrease after interactions
with the extracts of Menta spicata L. (by 18%) and Satureja
montana L. (by 3%). These changes in absorbance were
accompanied by hyperchromicity, the value of which was
-37%, -14% and -3%, respectively.

2.0, (A1 A) 2.0 (61B) 2.0 (u/c)
1.5 1.5 1.5-
88 S8 85
S'§ 1.0 s § 1.0 s § 1.0
SRS SRS RS
<= <= <=
0.5 0.5 0.5
0.0 T T 7 v 0.0 T T 7 1 0.0 T T ]
200 300 400 500 600 200 300 400 500 600 200 300 400 500 600

TanacHa ayxuHa (nm)
Wavelength (nm)

Cnuka 1. lNpomeHe y UV/VIS cnektpuma BSA (upHa kpu-
Ba) nocrne uHTepakuunje ekctpakata Satureja montana L.
(manen A), Salvia officinalis L. (naHen b) n Menta spicata L.
(nanen Ll). 3eneHe kpuBe 03Ha4aBajy cnekTpe burbHMX Ya-
jeBa, LpBeHe KpuBe 03Ha4aBajy nspadyHare cnekrtpe (BSA
+ 4aj), a NnaBe Kp1Be 03Ha4YaBajy CHUMIbEHE CreKTpe Ha-
KOH UHTepakumje BSA/vaj.

Ouckycuja

MonudeHonn cy BeomMa 3acTymibeHW Yy XpaHu GurbHor
nopekna, koja npeAcTaBiba OCHOBY CaBPEMEHE MCXpaHe.
Wmajy Benuku 3Hayaj y npeBeHumju MHorux 6onectu, 36or
CBOjUX U3PAKEHUX aHTUOKCUOATMBHUX OocobMHa. BehuHa
nonundgeHona Koju ce Hanase y rbyACKOj XpaHu cy doeHorn-
He kucenuHe n cnasoHonam [36], Aok cy 4vajeBu Goratu
ranHom kucenvHom [30]. Y OBOM MCTpaxuBaky cagpxaj
YKYMHUX nonudeHorna, TaHuHa u naBoHouaa y BOAEHUM
ekcTpaktuma Satureja montana L., Salvia officinalis L. n
Menta spicata L. ogpeheH je metogom no donuH-Ynokan-
Tey [32] kopuwherwem ranHe KucenuHe kao ctaHgapga.
Kao wTo ce moxe 3akrbyyuntu M3 gobujeHux pesyntaTa
npukasaHux y Tabenun 1, Satureja montana L., ogHOCHO
pTakCKM Yaj, cagpXu 3HadajHO Behy KOMMYUHY YKYMHUX
nonunceHona, kKao U TaHMHa n nasoHouaa, y nopehemy
ca gpyre aese burbke u3 nopoguue Lamiaceae nopeknom
n3 Cpbuje. Takohe, nobujeHe BpegHOCTM Cy Yy carfnacHo-
CTu ca pesyntatuma Yytosuh n aytopa [37] Koju cy Heaas-
HO Mokasanu fa cy mauepaTtu eKCriepuMeHTarHo rajeHor
pTakCKOr Yaja Beoma boratn peHONMHUM jeauHernsuma u
dnasoHomanma. YTBpheHa KonumumHa yKynHux nonndeHo-
nay HaHu 1 xandwujn ynaga y oncer BpegHocTu gobuje-
HUX aHann3om nHdy3wnja burbaka 3 poga Salvia, O4HOCHO
Menta [38]. Cagpxaj nonuceHona y YajeBumMa m3paxeH
NpeKko ranHe KUCeNWHe Huje ancormyTHa KonuvymHa mno-
nudeHona Koju ce mory Hahu y yajeBuma u 36or Tora je

TanacHa ayxuHa (nm)
Wavelength (nm)

TanacHa AyxuHa (nm)
Wavelength (nm)

Figure 1. Changes in UV/VIS spectra of BSA (black curve)
after interaction with the extracts of Satureja montana L.
(panel A), Salvia officinalis L. (panel B) and Menta spicata
L. (panel C). Green curves indicate the spectra of herbal
teas, red curves indicate the calculated spectra (BSA +
tea), and blue curves indicate the spectra recorded after
BSA-tea interactions.

Discussion

Polyphenols are abundant in many plant-based foods,
which represent a foundation for modern nutrition. They
play an important role in the prevention of various diseas-
es, due to their pronounced antioxidant properties. Most
polyphenols found in human diet are phenolic acids and
flavonoids [36], while teas are rich in gallic acid [30]. In
this study, the content of total polyphenols, tannins and
flavonoids in aqueous extracts of Satureja montana L.,
Salvia officinalis L. and Menta spicata L. was determined
by the Folin-Ciocalteu method [32] using gallic acid as a
standard. As it can be concluded from the obtained results
shown in Table 1, Satureja montana L., or Rtanj tea, con-
tains a significantly higher amount of total polyphenols, as
well as of tannins and flavonoids, compared to two oth-
er plants in the Lamiaceae family originating from Serbia.
Also, the obtained values are in accordance with the find-
ings of Cutovi¢ et al. [37] who has recently showed that the
macerates of experimentally grown Rtanj tea are very rich
in phenolic compounds and flavonoids. The amount of total
polyphenols found in spearmint and sage falls within the
range of values obtained by analyzing infusions of plants in
the genus Salvia i.e., Menta [38]. The content of polyphe-
nols in teas expressed as Gallic acid is not the absolute
amount of polyphenols that can be found in teas, which
is why their antioxidant activity was determined (Table 2).
The content of polyphenols, tannins and flavonoids in the
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ogpehuBaHa HMXoBa aHTUOKCUAATMBHA aKTMBHOCT (Ta-
6ena 2). Cagpxaj nonudpeHona, TaHnHa u nasoHomaa y
NCMUTUBAHUM OUIbHUM eKCTpaKTMma No3UTUBHO Kopenupa
ca pesyntatuma DPPH TecTta, wTto notephyje yyewhe ek-
CTpakTa burbaka y yknawary pagukana, a pTakCku 4aj
ce nokasao kao Hajborbu ,xBaTay” crnobogHux pagukana.
OBge je 3Ha4ajHO HaNnoOMeHyTU Aa Cy paHuja ncTpaxveama
nokasana kopenauujy uameny cagpxaja peHona y ourbka-
Ma 1 KUXOBE aHTMokcuaaTmeHe mohn [36, 39].

PasnnunTe nctpaxusayke rpyne 6asune cy ce HTepakum-
jama npupoaHMx nonmdeHona ca NpoTemHnma u3 ycHe gy-
Nibe U BUXOBUM YTULLAjeM Ha YKYC, Kao 1 e(DEKTOM YNCTUX,
XEMUJCKN CUHTETUCaHNX nonudeHona Ha ucTe npotevHe
[31, 40]. Y oBoM pagy akueHaT je 61Mo Ha ncnMTUBakYy MH-
Tepakumja cBexe npunpemMrbeHuUX ekcTpakata gomahux
yajeBa u3 nopoguue Lamiaceae nopeknom 3 Cpbuje ca
npotevHuma. Oa 6u ce wcnuTane wHTepakuuje 4dajeBa
ca BSA, UV/VIS ancopnunoHa cnekTpockorncka aHanvaa
eKcTpakTa Yaja npe v nocrne nHkybaumje ca BSA ypahe-
Ha je y 40 mM HaTpujym GukapboHaTHoM nydepy (pH 8).
BukapboHaTHM nydep je jeaaH og HajBaxHujux uanono-
LWKMX nydpepa, a weroB nydepcky kanaumteT nokpmea pH
oncer of 5,4 po 7,4. [lobujeHe NpomMeHe y ancopnuMoHUM
Tpakama Ha 278 nm npaheHe xunepxpomMuamuma (Crnvka
1) yKkasyjy Ha CTpykTypHe npomeHe monekyna BSA, ycnen
dopmMmuparba kKomnnekca unaMmehy MNpUCYTHUX jeauHena
y YajeBMMa un npoteunHa. Kao wTo je og paHuje nosHato,
rmaBHa rpyna npupogHuX MONMMEHOMHUX jedunhera U3
Oburbaka koja cTynajy y MHTepakuujy ca npoTeMHnuma cy Ta-
HUHWM [41]. Nako je Hajehu cagpikaj YKynHMX nonudeHona
yTBpfHEeH y pTakCKoM 4ajy, eKCTpakT xanduje je nokasao
Hajsehy uHTepakuujy ca BSA. OBo moxe 6utn nocneguua
WHTepakuuje ca TaHUHUMA, KOju Y Cnyyajy pTaHCKOor 4vaja,
360r cBOje BenuKe KOMuYvMHe, AoBode A0 AeNVMUYHOT
Tanoxewa monekyna BSA. lNpomeHe y BUABLUBOM Aeny
crnekTapa ykasyjy Ha 3HayajHe MHTepakumje nonudeHona
1 NnpoTeunHa.

3akrby4ak

YajeBun koju cy BEKOBMMA NO3HATK 1 Y ynoTpedu y Cpbuju
A0Ka3aHOo NO3MTUBHO YTUYY Ha 34paBribe Sbyau, a He 3axTe-
Bajy AoAaTHy npepagy Kao HMp. UpHM Yaj (Takohe cagpxu
N KO(PeunH, Koju orpaHnyaBsa 4O3BOSbEHM YHOC OBOr 4aja).
Y nuTepaTypy MMa Mano nogartaka Koju ce ogHOCe Ha aH-
TMOKCUAATUBHU NOTEHLMjan BOAEHMX eKCcTpakaTa ourbaka
Satureja montana L., Salvia officinalis L. n Menta spicata
L., Koju cy HajnorogHujn 1 Hajuyewhe kopuwheHu Kao vaje-
BV Y UCXPaHW 1 MPEBEHUMjN. YIMaBHOM CE UCTpaxuBaha
oHOCe Ha eKCTpakTe OBWX Ourbaka ca pasnuyuTuM op-
raHcKMM pacTteapauuma [4, 8, 16]. lNopen No3HATUX aHTU-
OKCUOATMBHUX NPEeaHOCTU, MONNMEHONM U3 OBUX BUIBHUX

examined plant extracts positively correlates with the re-
sults of the DPPH assay, which confirms the participation
of plant extracts in radical scavenging activity, and Rtanj
tea proved to be the best “neutralizer” of free radicals. It
is important to note here that earlier studies have shown a
correlation between the phenolic content in plants and their
antioxidant capacity [36, 39].

Various research groups have investigated the interactions
of natural polyphenols with oral proteins and their influence
on taste, as well as the effect of pure, chemically synthe-
sized polyphenols on the same proteins [31, 40]. In this
study, the emphasis was on examining the interactions of
freshly prepared extracts of domestic teas in the Lamiace-
ae family originating from Serbia with proteins. To investi-
gate the interactions of teas with BSA, UV/VIS absorption
spectroscopy of tea extracts was performed before and
after incubation with BSA in 40 mM sodium bicarbonate
buffer (at pH 8). Bicarbonate buffer is one of the most im-
portant physiological buffers, and its buffer capacity covers
the pH range from 5.4 to 7.4. The changes found in the
absorption bands at 278 nm accompanied by hyperchro-
micity (Figure 1) indicate structural changes in the BSA
molecule, due to the formation of complexes between the
compounds present in teas and proteins. As previously
known, tannins are a major group of naturally occurring
polyphenolic compounds found in plants that interact with
proteins [41]. Although the highest content of total poly-
phenols was determined in Rtanj tea, sage extract showed
the highest interaction with BSA. This may be a result of
the interaction with tannins, which in the case of Rtanj tea,
and due to their large amount, lead to partial precipitation
of BSA molecules. The changes seen in the visible region
of the spectra indicate significant polyphenols-proteins in-
teractions.

Conclusion

Teas, known and used in Serbia for centuries, have proven
to have a positive effect on human health, and do not re-
quire additional processing, such as black tea (it also con-
tains caffeine, which limits the permissible intake of black
tea). In the literature, there is little data on the antioxidant
potential of aqueous extracts of the plants Satureja mon-
tana L., Salvia officinalis L. and Menta spicata L., which are
the most suitable and most commonly used as teas for nu-
trition and prevention. Most research deals with extracts of
these plants with various organic solvents [4, 8, 16]. In ad-
dition to the well-known antioxidant benefits, polyphenols
in these herbal teas interacting with bovine serum albumin
indicate their capacity for a prolonged effect in the body.
Therefore, studies on the interactions of tea polyphenols
with BSA open up the field of future research on human
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YajeBa y UHTepakuuju ca roBefum cepymcknm anbyMmmHom
yKa3syjy Ha HUXOBY CMOCOBHOCT 3a NPOAYXeHO AeroBare
y Teny. CTora, nctpaxuBawe MHTEpakuuje nonudeHona
yajeBa n BSA oTBapa norbe 6ygyhux nctpaxunsara Ha Xy-
MaHOM CepyMCcKOM anbymMuHy. PTarCcku Yaj je nocebHo 3a-
HUMIBUB jep je Beoma Gorat nonudpeHonnma. OH ce moxe
KOH3yMMPATUN y BEMWKNM KOMNMYMHaMa, Yak U Kao KOHLEH-
TPOBaHW EKCTPaKT, jep Hema LUTETHMX edekaTa.

®uHaHcupawe: OBO NcTpaxuame je puHaHcupano Mu-
HMCTapPCTBO 3a HayKy, TEXHOSOLLKN pa3Boj n nHosauuje Pe-
nybnuke Cpbuje, yroBop 6poj 451-03-136/2025-03/200168
n 451-03-136/2025-03/200026.

Miroslava Vujci¢, Aleksandra Margeti¢, Milan Misi¢, Zoran Vuijcic

serum albumin. Rtanj tea is especially interesting since it
is very rich in polyphenols and it can be consumed in large
quantities, even as a concentrated extract, because there
are no adverse effects.

Funding: This study was funded by the Ministry of Science,
Technological Development and Innovation of the Republic
of Serbia, contract no. 451-03-136/2025-03/200168 and
451-03-136/2025-03/200026.
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