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PE3IOME SUMMARY

Hactoswarta paspaboTka This study presents the
npeactaBa cb3fgaBaHe Ha uHoBaTuBHa | development of a novel functional
dyHKUMOHaNHa HanuTka OT 4epBeHa | beverage based on fermented

boposuHka (Vaccinium vitis-idaea L.) u
amBa MeHTa (Mentha pulegium L.) c
nogobpeHa TexHonorus. [MpoyyeHn ca
OCHOBHM OMOXUMWYHW MNapaMeTpu Ha
HanMTKaTa M M3MNon3BaHNTE CYPOBWHMU,

BKJIIOYUTENHO obLwm nonundeHonu,
KOHLEHTpauuM Ha Bbrmexugpatn u
ackopbuHOBa  KUCEenuHa, Kakto U

aHTMokcmaaHTHata aktmHoct no DPPH
n FRAP wmetog. [MonyyeHnaAT npoaykT
npencraensisa cnabo ankoxomnHa
depMeHTaLMOHHA HaNUTKa C OCBeXXaBalLl
BKYC W HaTypanHa opraHonenTtuka.
CuHeprmnyHarta KomMOuHaums oT

lingonberry (Vaccinium vitis-idea L.) and
wild mint (Mentha pulegium L.), obtained
through an optimized technological
process.

The main biochemical parameters of the
beverage and the raw materials used
were studied, including the
concentrations of total polyphenals,
carbohydrates, ascorbic, and antioxidant
activity by the DPPH and FRAP methods.

The final product contains very low
alcohol as a result of controlled
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pacTUTENHM  eKCTpakTM  npegnonara
noTeHuuanHn QyHKUMOHaNHN CBOWCTBA,
BKITOYBALLM CTUMynMpaHe Ha
XpaHocMunaTenHnTe npovecw,
aHTMOKCUOAHTHAa 3awmTa,
UMYHOCTMMYNMpaLy, edpexT, neko
CeJaTMBHO M penakcupawo AencTBue.
lMpenctaBeHa e TEXHOMNOMMYHa cxema 3a
Npon3BoACTBO Ha HanuTkaTta.
Paspabotkata uMma noTeHuwan 3a
NpunoxeHme B WHOyCTpuATa  Ha
PYHKUMOHANMHNTE  XpPaHW U HamnuTKW.
MonyyeHnTe pe3yntatm nNpenocTaBAT
Bb3MOXXHOCT 3a cb3gaBaHe Ha
30paBOCIIOBEH MNPOAYKT C pobaBeHa
CTOMHOCT M NpMpoaocbobpa3eH ChbCTas.

Knio4yoBu AyMuU; yepBeHa
OopoBMHKa, AMBa MeHTa, yHKLMOHaNHa
HanuTka

yBOa4

Hanocneabk ce Habniogaea Bce
No-rofiiM UHTEPEC KbM OYHKLMOHANMHUTE
HanuTkM, oborateHn C  HaTyparHu
pacTuTenHm CbCTaBKW, nopaau
Bb3MOXHOCTTa Ja CbyeTasiT OCBeXXaBalll
BKYC C OnaronpusTHM BbpXy 34paBeTo
edektn.  Vaccinium  vitis-idaea L.
(4epBeHa GOpOBMHKA) € LleHEH U3TOYHUK
Ha nonudeHonn, NpoaHToOUMaHUANHN W
aHTOLMAHM C M3paseHa aHTUOKCUOAHTHA
W MPOTMBOBB3NAnNMTENHa  aKTUBHOCT.
Mentha pulegium L. (auBa wMmeHTa)
cbabpxa eTepudHu mMacna "
dnasoHOUAM, JonpuHacsaLm 3a
yCrnokKosiBaLL, AHTUMUKPOOEH "
GnaronpuaTcTeay XpaHOCMUNaHETO
edexT. KombuHuMpaHeTo Ha  Te3u
pacteHMa U1 noanaraHeTo UMM Ha
depmMeHTaums, NpeaocTaBs Bb3MOXHOCT
3a nony4aesaHeTo Ha HOBMU
YHKUMOHANHN  HanUTKM C  BMCOKa
BGuonorMyHa CTOMHOCT.

YepaeHaTa 6opoBuHka (Vaccinium
vitis-idaea L.), lingonberry, e manbk
BEYHO3€eneH XxpacT, KOWTO paxaa
SipKOYEepPBEHN NMOAOBE, LIEHEHW 3apaau
TEXHUTE XPaHWUTENHW W 34PaBOCIOBHMU
CBOWCTBA. B nocnegHute  rognHu

fermentation and exhibits a refreshing
taste with naturally preserved bioactive
compounds.

The synergistic action of the herbal
extracts suggests potential health
benefits such as improved digestion,
enhanced antioxidant protection, immune
system support, and mild sedative
effects.

A technological flowchart for production is
proposed.

Key words: lingonberry, wild mint,
functional beverage

INTRODUCTION

Recently, there has been growing
interest in functional beverages enriched
with natural plant ingredients due to their
potential to combine refreshing taste with
beneficial health effects.

Vaccinium vitis-idaea L. (lingonberry) is a

valuable  source  of  polyphenals,
proanthocyanidins, and anthocyanins
with notable antioxidant and anti-

inflammatory activity.

Mentha pulegium L. (wild mint) contains
essential oils and flavonoids that
contribute to stress-releaving,
antimicrobial, and digestion-promoting
effects.

Combining these plants enables the
production of novel functional beverages
with high biological value.

Lingonberry (Vaccinium vitis-idaea
L.) is a small evergreen shrub that bears
bright red fruits valued for their nutritional
and health-promoting properties. In
recent years, interest in lingonberries has
increased, especially in the context of
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WMHTEpPECHbT KbM 4epBeHaTa OOpOBUHKA
HapacTBa, OCODEHO B KOHTEKCTa Ha
NMpoM3BOACTBOTO Ha HanuTku. Teau
NNogoBe Cca M3BECTHU CbC CBOETO BMCOKO
CbObpXaHne Ha AHTMOKCUAOAHTH,
BKIMIOYMTENHO (PEHOMHU CbeaUHEHUS U
BuTamuuu (Milkova-Tomova et al., 2018;
Kowalska, 2021). YepBeHnTe GOPOBUHKM
ca npu3HatM 3a 6e3onacHM ropcku
nnogoBe M MoraT ga ce KoHcymupar
npecHn unu ga ce TpaHcdgopmupar B
NMPOAYKTM  KATO  COKOBE,  HeKTapw,
KoHmTiopu U xeneta (Debnath and
Arigundam, 2020; Kowalska, 2021).

YepBeHaTa GopoBUHKa, M3BECTHA B
Bwnrapus ¢ HanmeHoBaHueTo BpycHuua
(V. vitis-idaea) 3a cera He ce u3nonsea
MacoBoO, 3alWoTo ce cbbupa OT AuBaTa
npupoga. WHTepecbT KbM Hea ce
3acunBa Ha 6asa HoBUTE Q[aHHM 3a
N3KMYMUTENHO BMCOKO CbObpXKaHWe Ha
AHTMOKCUOAHTHU CbeaVHEeHNS "
JOKa3BaHETO Ha peauua 3gpaBHU MON3W.
EctecTBeHMTE CbeOuHEHMS, OTKPUTM B
OpyCTHMUMTE  MpuTexaBaT  [AoKa3aHu
NPOTUBOBBb3NANUTENHN CBOWCTBA, KaTo
HamansBaT HMBaTa Ha  XPOHWYHO
Bb3narneHve, XapakTepHO 3a
3aTnbCTABaHETO. [lpnemMbT Ha 4yepBeHa
DbopoBwuHKa oKasBa MONOXUTENTHO
BMMSHME BbPXY MO3bKa M € MOMOLLHO
CpPencTBo npwm nevyeHneTo Ha
HeBpoOAEereHepaTnBHU 3abonsiBaHusA
(Kowalska, 2021). Hewage et al., (2021),
JokaseaT, 4Ye uJepBeHa OBopoBuHKa
ocurypsiea sawimrta cpelly YepHogpobHo
yBpexgaHe, 4pe3 nogobpssaHe Ha
yepHoapoOHaTa cTearto3a, oTcnabeaHe
Ha oKcuaaTMBHMS CTpec. Ta Moxe pfa
CMyXW KaToO noTeHuuanHa anTtepHaTusa
3a evyeHne Ha OMas3HeH uyepeH AOpob,
KOWTO HE € MPUYUHEH OT KOHCymauus Ha
ankoxon (Hewage et al., 2021).

Bbnpekn nonesHute MM CBOWCTBA,
XapaKTEPHUAT KUCENT W JIeK0 CTMN4YMB
BKYC Ha nnogoBeTe Moxe pfa 6bge
oTONbCKBALW, 3a HAKOM noTpebutenu,
KOETO MOXe Ja [oBefe A0 OrpaHuyeHa
KOHCyMauus. ApOMaTHO-BKYyCOBUTE
CbedVMHEHNs] Ca BaXHW MoKasaTenu 3a

beverage production.

These fruits are known for their high
content of antioxidants, including phenolic
compounds and vitamins (Milkova-
Tomova et al.,, 2018; Kowalska, 2021).
Lingonberries are considered safe wild
fruits and can be consumed fresh or
processed into products such as juices,
nectars, jams, and jellies (Debnath &
Arigundam, 2020; Kowalska, 2021).

In Bulgaria, lingonberry, locally
known as brusnitsa (V. vitis-idaea), is not
yet widely used because it is harvested
from the wild nature. Interest in the fruit is
increasing due to new findings about its
exceptionally high antioxidant content
and proven health benefits. The natural
compounds found in lingonberries have
confirmed anti-inflammatory properties,
reducing levels of chronic inflammation
associated with obesity.

The consumption of lingonberry positively
affects brain health and supports
treatment of neurodegenerative diseases
(Kowalska, 2021). According to Hewage
et al. (2021), lingonberry provides
protection against liver damage by
improving hepatic steatosis and reducing
oxidative stress.

It may serve as a potential alternative for
the treatment of non-alcoholic fatty liver
disease (NAFLD).

Despite their health benefits, the
characteristically sour and slightly
astringent taste of lingonberries can be
off-putting to some consumers, potentially
limiting their application in foodstuffs.
Flavor and aroma compounds are
important determinants of the sensory
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opraHonenTu4HuTe KayecTBa Ha
yepBeHaTa OOpOBMHKA M Ca BaXHU
dhakTopu npu pelweHndarTa Ha

notpebutenute 3a nokynka (Laaksonen
et al., 2016). HanuTkute, nponssegeHn ot
yepBeHa 0OOpoBWHKa, MoraTt ga Obaar
oborateHnn ¢ gobasku OT Apyrv nNnogose
unu Gunkn, 3a ga ce yBenuMuu TsxHaTa
XpaHWTENHa  CTOMHOCT W BKYCOBU
kadectBa (Amundsen et al., 2023), Tbi
KaTo Ba)KEH acrneKT Ha u3crnegBaHusaTa Ha
XpaHUTe € Bpb3Kata Mexgy BKyca U
XMMWYHUS CbCTaB Ha rOpCKWTE MroAoBe
(Wang et al., 2023).

lMpomMeHUTe B OpraHoNenTU4HUS
npodumn nNo BpeMme Ha hepmeHTaumnsa Ha
HanUTKW,  MNOMy4YeHW  OT  pasfn4YHu
nnogoBe morat Aa npegnoxar yHuKarneH
BKYC, KOeTo aa m Hanpagsu
npvenekatenHn  3a  notpebutenute
(Vilkickyté et al., 2019; Hewage et al.,
2021 ). Jobaskute ¢ YepeHa 6opoBUHKa
(Vaccinium vitis-idaea L.) npeactasnasat
LEeHEeH pecypC 3a NPOM3BOACTBOTO Ha
HanuTkM, ©OnarogapeHve Ha cBouTe
XPaHWUTENHN M 30paBOCIIOBHM CBOWCTBA.
Cb4yeTaBaHeTO Ha TPagMLMOHHU METOAM
Ha npepaboTka ¢ MHoBauuu B obnacTTa
Ha depMeHTaumaTa u gobaBkuTe Moxe
Ja [oBede OO HOBM M UHTEPECHMU
npoaykTu Ha nasapa (Kowalska, 2021).

KombnHupaHeTo Ha rOpPCKM
nnogoBe C AvBopacTAwM Ounky  npu
onpefeneHn KOHUEHTpauum BOgu 1o
nonyyaBaHe Ha (PyHKUMOHANHW HanNuTKMK,
KouTO OCBEH BMCOKMS cu
aHTMOKCUOAHTEH noTeHumarn,
npuTexasaT npuenekareneH BuAa, BKYC U
apomart (Burlingame et al.,2009).

HacTtoswoTo n3cnegBaHe
NpeacTaBs CpaBHUTENEH aHanmu3 Ha
OCHOBHUTE OUOXMMMYHM  OKa3aTenu,
XapakTepuaupalum hYHKUMOHANHNTE

CBOWCTBa Ha (pepMeHTauMOoHHa HanuTKa
OT yepBeHa BoposuHka (Vaccinium vitis-
idaea L.), kakTo 1 BapuaHTuK, oborateHm ¢
pacTUTENHN EeKCTpaKTW OT AMBa MeHTa
(Mentha pulegium L.) 1 wuHgpuwe
(Pelargonium roseum Willd.).

Oneata meHTa (Mentha pulegium

qualities of lingonberries and significantly
influence consumer purchasing decisions
(Laaksonen et al., 2016).

Lingonberry-based beverages can be
enriched with other fruit or herbal
additives to enhance their nutritional
value and flavor (Amundsen et al., 2023),
since a key focus of food research is the
link between taste and the chemical
composition of wild berries (Wang et al.,
2023).

Changes in the organoleptic profile
during fermentation of fruit-based
beverages can offer a unique taste that
appeals to consumers (Vilkickyté et al.,
2019; Hewage et al., 2021).

Lingonberry additives (Vaccinium vitis-
idaea L.) are a valuable resource for

beverage production, owing to their
nutritional and health-enhancing
properties. Combining traditional

processing methods with innovations in
fermentation and additive use can lead to
the development of new and interesting
market products (Kowalska, 2021).

Combining wild berries with wild
herbs at specific concentrations results in
functional beverages that, in addition to
their high antioxidant potential, possess
attractive appearance, taste, and aroma
(Burlingame et al., 2009; 2012).

This study presents a comparative
analysis of the main biochemical
indicators characterizing the functional
properties of a fermented beverage made
from lingonberry (Vaccinium vitis-idaea
L.), as well as variants enriched with plant
extracts from wild mint (Mentha pulegium
L.) and rose geranium (Pelargonium
roseum Willd.).

Wild mint (Mentha pulegium L.),
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L.), poa Mentha, cemerictBo Lamiaceae e
apoMaTHO M MHOFOroAMLIHO pacTeHne
(Rodrigues et al., 2013). Ta e
pasnpocTtpaHeHa B EBpona, bnuskusa
n3Tok n CesepHa Adpuka n ce agantupa
Npy pasnMyHM YCIOBMSI Ha OKOfHaTa
cpepa (Kumar et al., 2011). Salehi et al.,
(2018) ca ycrtaHoBMNM, 4e eTepudHUTE
Macra M eKCTpakTuTe OT MeHTa ce
n3nona3eat B KO3METUKaTa U B Pas3finyHu
dhapMaueBTUYHU npenaparu KaTo
AHTMCMA3MONUTUYHN n ra3oroHHu
cpenctsa (Gulluce et al., 2007; Anwar et
al., 2019). PacteHneto e u3nonssaHo
olle B APEBHOCTTA B rpbLiKaTa, pumckaTa
W  cpegHOBeKOBHaTa  KynTypa  KaTo
cpeacTeo nognomMaratio
XpaHocMmunaHeTo. N3non3eaHo e CbLo 1
KaTo NPOTMBOKALLINYHO U aHTUCENTUYHO
cpeacteo (Nickavar and Jabbareh, 2018;
El-Gazar et al.,, 2022). [locnegHute
npoydBaHusi nokasesaTt, 4e Mentha
pulegium L. moxe ga 6bae nonesHa npwu
XPOHUYHM 3abonsBaHnAa kato guabet u
HeBpoaereHepaTnBHn nartonorvn (Edris,
2007), 6GnarogapeHne Ha  HeWHWUTE
aHTnokenganTHu (Al-Rajhi et al., 2022),
aHTMBMpycHu (Parsania et al., 2017) un
aHTMbakTepuanHm cBovictBa (Mahboubi
and Haghi 2008; Barchan et al., 2016).
IdvnBata mMeHTa Hamupa Bce Mo-
LUMPOKO MNPUIIOXKEHNE B XpaHUTenHara
WMHOYCTPYS, MeauumHata 1 Ko3MeTukara.
PaspaboTtBaTt ce HayyHu nogxoau 3a
JoKasBaHe Ha neyebHOTO W [OencTeue,
nonesHuTe cBolcTtBa U ynotpeba B
pasnuyHn XpaHUTENHN NPOAYKTMH,
HanuTKM, Jo0aBkW, MeOVUMHCKU 1
KO3MEeTUYHM npogykTn. Jectunauusara Ha
eTepMyHM Macrna OT MeHTa 3ano4vsa B
AnoHna u AHMKNA, HO CTaBa BaXeH
nuayctpmaneH npogykt 3a CALL, Kutan,
WHoua v gpyrm abpxasu (Mahboubi and
Haghi, 2008). Cpen  neuyebHute
pacteHus, (BugoBeTe Mentha) nposiBaBat
MHOXECTBO MOMe3HM 3a  34paBeTo
CBOWCTBA, KaTO MpPEeBEHLMS OT passBuTune
Ha pak W NpOTUB 3aTNTbCTABaHe,
AHTMMUKPOOHKN, MNPOTMBOBBL3MANMUTENHM,
aHTMOMAbETHN U KApAMOMNPOTEKTMBHU

from the genus Mentha, family
Lamiaceae, is an aromatic perennial plant
(Rodrigues et al., 2013). It is distributed
across Europe, the Middle East, and
North Africa and adapts well to different
environmental conditions (Kumar et al.,
2011).

According to Salehi et al. (2018), the
essential oils and extracts from mint are
used in cosmetics and various
pharmaceutical preparations as
antispasmodic and carminative agents
(Gulluce et al., 2007; Anwar et al., 2019).
Historically, the plant has been used
since ancient times in Greek, Roman,
and medieval cultures as a digestive aid.
It has also been applied as an antitussive
and antiseptic agent (Nickavar and
Jabbareh, 2018; El-Gazar et al., 2022).

Recent studies show that Mentha
pulegium L. may be beneficial in
managing chronic conditions such as
diabetes and neurodegenerative
diseases (Edris, 2007), owing to its
antioxidant (Al-Rajhi et al., 2022), antiviral
(Parsania et al., 2017), and antibacterial
properties (Mahboubi and Haghi, 2008;
Barchan et al., 2016).

Wild mint is increasingly used in

the food industry, medicine, and
cosmetics. Scientific approaches are
being developed to validate its

therapeutic effects, beneficial properties,
and applications in various food products,
beverages, supplements, medicinal, and
cosmetic products.

The distillation of mint essential oils
began in Japan and England but later
became an important industrial process in
countries like the USA, China, India, and
others (Mahboubi and Haghi, 2008).
Among medicinal plants, Mentha species
exhibit many health benefits, such as
cancer prevention, anti-obesity effects,

antimicrobial, anti-inflammatory,
antidiabetic, and cardioprotective
properties.
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edektn. UbdTawumTe HaglemMHn 4YacTtu
Ha Mentha pulegium L. (Labiatae) ce
n3nona3eat nopagn aHTUCENTUYHUTE CU
CBOWMCTBA W 3a fieYeHne Ha NHMEKLMO3HN
3abonaeaHms  (Mahboubi and Haghi,
2008).

[vBaTta mMeHTa cbllo e boraTn Ha

PEHONHN CbedMHEHWsi, O0cobeHO Ha
deHonHn  KncennHnm 1M crnasoHonan
(Idrissi et al.,, 2001). Kato wuano,

OMOMNOrMYHMTE aKTUBHOCTM Ha MeHTaTa
ce OobrkaT NpeauMHo Ha nonudeHonute
N UTOXMMMKaNMTE B ETEPUYHOTO Macso
(Orhan et al.,2012; Elansary et al., 2016;
Bahadori et al., 2018). Mentha pulegium
TpsibBa Aa ce Ao3uWpa npeuns3Ho nopagu
CbAbpXKaHWETO Ha NyneroH — BeLLeCTBO C
XenaToTOKCM4YHU CBOWCTBa. TpsibBa aa ce
n36darea OT GPEMEHHHN N KbpPMELLN XXEHU
(Anderson et al.,, 1996; EMA- Herbal
Medicinal Products (HMPC).

WHopuweTo (Pelargonium
roseum), NpuMHaONEeXu KbM CEMEWNCTBO
Geraraniaceae (Avila, et al., 2013).
MponsxoabT Ha Pelargonium roseum e
KOxxHa Adppuka, a B EBpona e nosHaT oT
Hauyanoto Ha XVIII Bek (Roman et al.,
2023). OceeH, 4e ce oOTMexga kato
JeKopaTUBHO pacTeHue, BMOOBETE
Pelargonium ca Ba>KHU 3a
napdgiomMepumiHaTta UHOYCTpUS U ce
KynTMBMpaT W JAecTunuvpar  3apagu
apomatute cu. ETepuynute macna
n3sneyeHn ot BugoseTe Pelargonium ce
u3non3ear B apomartepanusTa M
MacaxHaTa Tepanusi (Dorman ant Deans,
2000; Tabari et al., 2019).

B ©OwnkoBata wmeguuuHa BUOBLT
Pelargonium ce u3nonsea nNpu YpPEBHU
npobnemn, paHn K pecnupaTopHu
3abonaeaHusa. Mpe3 nocnegHuTe rogmHK
B EBpona un CbegunHenuTe wWwatm 3a
fiedeHne Ha NpocTyaHu 3abonsaBaHus ce
pasnpocTpaHsaBaTt NeKapCcTBEHM
cpeactBa CbabpXawm — Macrno ot
Pelargonium. B HSAKOMNko mpoy4BaHus ce

cboOlllaBa, 4Ye MacrnoTo OT WHApwuLle
nognomara XOpMOHanHus 6anaHc,
yHKUMMTE  Ha  YepHua Opob u
ObOpeuuTe, U3IXBBLPNA TOKCUHUTE OT

The flowering aerial parts of Mentha
pulegium L. (Labiatae) are used for their
antiseptic properties and in the treatment
of infectious diseases (Mahboubi and
Haghi, 2008).

Wild mint is also rich in phenolic
compounds, especially phenolic acids
and flavonoids (Idrissi et al., 2001). In
general, the biological activities of mint
are primarily attributed to the polyphenols
and phytochemicals found in its essential
oil (Orhan et al., 2012; Elansary et al.,
2016; Bahadori et al., 2018).

Mentha pulegium must be dosed carefully
due to its content of pulegone — a
compound with hepatotoxic properties. It
should be avoided by pregnant and
breastfeeding women (Anderson et al.,
1996; EMA — Herbal Medicinal Products

(HMPC).
Rose geranium  (Pelargonium
roseum) belongs to the family

Geraniaceae (Avila et al., 2013).

The plant originates from South Africa
and has been known in Europe since the
early 18th century (Roman et al., 2023).
In addition to being cultivated as an
ornamental plant, Pelargonium species
are important to the perfume industry and
are grown and distilled for their aromatic

properties.

The essential oils extracted from
Pelargonium species are wused in
aromatherapy and massage therapy

(Tabari et al., 2019; Dorman and Deans,
2000).

In herbal medicine, Pelargonium
species are used to treat digestive
issues, wounds, and respiratory illnesses.
In recent years, medicinal products
containing Pelargonium oil have become
widespread in Europe and the United
States for the treatment of common
colds.

Several studies report that rose geranium
oil supports hormonal balance, liver and
kidney function, and detoxification of the
liver, which can contribute to overall well-
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yepHus aOpob, koeTo Moxe Ada Mosnusie
BbPXY USMOCTHOTO GraroCbCTOsiHME Ha

opraHuama. MNognomara
XpaHocMmunaTenHara, HepBHaTa "
KpbBOHOCHAaTa cuctema n nma

aHTMcenTn4HKM ceonctea (Dorman et al.,
2000; Dzamic et al., 2014).
Llenta Ha HacTOsiLlaTa Hay4Ha

paspabotrka e pgna ce onpeaenart
PUINKOXUMUYHUTE rokasaTenmu:
cbabpXaHue Ha obwmuTte  deHonu,
donasoHounaw, aHTOLMaHu "

aHTUOKCUOAHTHA aKTMBHOCT Ha FOPCKM
nnog u4epseHa OGoposuHka (Vaccinium
vitis-idaea L.) u Ha neyebHuTe 1
apomMaTnyHu pacTeHns gvsa meHTa (M.
puleguium L.) n uHgpuwe Pelargonium
roseum Willd, pacTawm 7]
noeHTnpmumpadm B bbrrapus. kakto u
Aa ce paspabotu TexHonorMa  3a
MPUroTBAHETO Ha HoBa (YHKUMOHANHa
HanuMTKa, KoATO Jda € npuroxuvma 3a
NPOMUNAKTUYHO N ONETUYHO XpaHeHe C

noteHuvaneH 6GnaronpusateH  edekT
BbpXY YOBELUKMAT OPraHn3bM.

e MaTtepmanu u metoam

e CyposuHu

- PacmumenHu

PacteHnara ca cbbupaHn KakTo
cnepga: yepBeHaTa OopoBwuHKa

Vaccinium vitis- idaea L. ot MecTHoCT
~KoHaunwara®“, obnact CmonsaH, aneara
mMeHTa Mentha pulegium L. oT ceno
Jlobua, obnact CwmonsH. Pelargonium
roseum Willd. (MHgpuwe) e gobut ot
WHpgycTpnanHa 3oHa cesep, oOOWuHa
Mnoeame. TexHuTe kKoopauHaTM  ca
nokasanu B Tabnuua 1.

being. It supports the digestive, nervous,
and circulatory systems and possesses
antiseptic properties (Dorman et al.,
2000; Dzamic et al., 2014).

Objective

The aim of this scientific study is to
determine the physicochemical
parameters—specifically, the content of
total phenols, flavonoids, anthocyanins,
and antioxidant activity—of the wild fruit
lingonberry (Vaccinium vitis-idaea L.) and
the medicinal and aromatic plants wild
mint (Mentha pulegium L.) and rose
geranium (Pelargonium roseum Willd.),
which grow and have been identified in
Bulgaria. The bioactive compounds
present in these medicinal plants are the
reason for developing a technology to
create a new functional beverage suitable
for preventive and dietary nutrition, with
potential beneficial effects on human
health.

¢ Materials and methods

e Raw materials

- Plant

Plants were collected as follows:
Lingonberry, Vaccinium vitis- idaea L.
from the locality “Konachishta”, district
Smolyan, Wild mint, Mentha pulegium L.
from the village Lyubcha, district
Smolyan. Pelargonium roseum Willd.,
Rose geranium was collected from the
Industrial Zone North, Plovdiv
Municipality. Their coordinates are shown
in Table 1.
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®ur.1. PactutenHu cypoBuH: A) Vaccinium vitis-idaea L.(MepBeHa 60poBuHKa),
B) Mentha pulegium L, (AuBa meHTta) n C) Pelargonium roseum Willd. (MHgpwuwe)
Fig.1l. Plant raw materials: A) Vaccinium vitis-idaea L. (Lingonberri), B) Mentha

pulegium L, (Wild mint) and C) Pelargonium roseum Willd. (Rose geranium)

Mnoposete Ha YyepBeHaTta
BopoBuHka ca cbbpaHu npe3 nepuoga
aBryct - centemBpn 2024 r. un ce
n3nonseat B MPSACHO CbCTOSHME 3a
NpuroTesiHe Ha dhepmMeHTaLMOHHa
HanuTka. [pyruTe [fOBe pacTUTenHu
CYpOBVMHW OMBa MeHTa W uHApUWeE ca
cbbpann tonu/asryct 2024 r. nscyweHu
Ha Bb3AyX Npu cTtanmHa Temnepatypa (20-
23°C), (durypa. 1) n ce nsnonaeat B Cyx0
CbCTOSHUE.

The lingonberry  fruits  were
harvested in the period August-
September 2024 and used fresh for the
preparation of a fermentation beverage.

The other two botanicals wild mint and
indris were collected in July/August 2024
and air-dried at room temperature (20-
23°C) (Figure 1) and used in the dry
state.
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Ta6bnuua 1. Mpousxoa Ha pacTteHusaTa Vaccinium vitis-idaea L. (YepBeHa
6opoBuHkKa), Mentha pulegium L, (OuBa meHTa) u Pelargonium roseum Willd.

(UHapwvwe)

Table 1. Origin of the plants Vaccinium vitis-idaea L. (Lingonberri), Mentha
pulegium L, (Wild Mint) and Pelargonium roseum Willd. (Rose geranium)

GPS
Pactenue/ Pervon/ O6nact/ KoopguHaTtun Hapmopcka /
Plant Region District GPS/ BucoLMHa, m
) Altitude, m
Coordinates
Vaccinium vitis- O6wwuHa focnar,
idaea L. MecTHoCT oppr
YepseHa JKoHaunwara®/ CwmonsiH / ;1101622‘/ 1275
6oposuHka/Vacci | Dospat Municipality, Smolyan 41°66'N 24°16'E
nium vitis-idaea "Konachishtata"
L. (Lingonberry) locality
Mentha pulegium O6wwuHa focnar, 41°37'N
L. Ouea meHTa/ Ceno Jliobyal/ CmonsH/ 24°05' E/ 1170
Mentha pulegium Dospat Municipality, Smolyan 42°10'N 24°43'E
L. (Wild Mimt) Lyubcha village
Pelargonium O6wuHa MNnoeave,
roseum Willd. WHpycTpuanHa 3oHa 42°10'N
WHppuwe/Pelarg Cesep/ Mnosaus/ 24°43' E/ 164
onium roseum Plovdiv Municipality, Plovdiv 42°10'N 24°43'E
Willd. (Rose North Industrial
Geranium) Zone

- Bopa u3BopHa, u3nonseaHa 3a
depmeHTUpana Hanutka oT YepseHa
OopoBMHKa

- Bopa penonHmsupaHa 3a
OunKoBM eKcTpakTM oT [MBa MeHTa U
Mugpuwe

- Moacnaguten cteBus / eputpon
KpucTanu.

depMeHMayUOHHa Hanumka oT
HoposuHka (Vaccinium vitis- idaea L).

OT nnogoBeTe Ha JepBeHaTa
OopoBMHKA Ce MNPUroTBA OCHOBHAaTa
depMeHTaUNOHHA HanuTKa.

MouncteHuTe nnogoBe ce 3anuBaT C
n3BopHa Boga npu xugpomogyn 1:2,
nogpexaar ce Ha nnacTtoBe B AbpBeHa
ObyBa, KaTo Mexdy TaAX ce nocTaBaT
ceMe OT cuHan (Sinapis). HanuTkaTa
oTnexaBa Ha 3allUTeHO OT CBEeTNMHa
MSICTO C npoabimkutenHoct Ha 30 gHu
npy Temnepatypa Ha Bb3gyxa or 18°C
0o 20°C, npu exegHeBHO pa3bbpKkBaHe U

- Spring water used for fermented
lingonberry beverage

- Deionized water
extracts from pennyroyal
geranium

- Sweetener:
crystals

herbal
rose

for
and

stevia/erythritol

Fermented Beverage from
Lingonberry (Vaccinium vitis-idaea L.)

The base fermented beverage was
prepared from lingonberry fruits. The
cleaned fruits were soaked in spring
water at a hydromodule of 1:2 and
layered in a wooden barrel, with mustard
seeds (Sinapis) placed between the
layers.
The beverage was left to ferment in a
dark and cool place for 30 days at an
ambient temperature of 18°C to 20°C,
with daily stirring and aeration.
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aepuvpaHe.

Memodu 3a aHanu3s

lpuzomesiHe Ha ekcmpakmu

Cywenute 6unkm Mentha pulegium
L. (amBa meHTa) n Pelargonium roseum
Willd (vHgpviwe) ca ¢uHO cmneHn ¢
nomouita Ha bnengep. BogHn ekcTpaktu
(MHy3MA) ca nonyyYeHu 4ypes 3anveaHe
Ha 10 g OT cMneHua cyx marepuan c
Knsila — gectunuvpaHa  Boga  Mpu
xngpomoayn 1:50 3a wnHopuwe v guea
mMeHTa. EkcTpakumsita e npoBegeHa B
npoabIKEHNE Ha 30 MUHYTW.
MonyyeHuTe ekcTpakTn ca UATpUpaHu
npe3 UNTbpHa XapTUA U CbXPaHABaHM
npu 4°C 0O BpeMeTO 3a aHamnu3, HO He
noeevye oT 24 4yaca unu ca 3amMmpaseHu
npu -18C° npu no-AbABr CPOK Ha
CbXpaHeHue.

Pu3uKOXUMUYHU aHau3u

DUBNKOXUMUYHUTE
XapakTepUCTUKN Ha nsbpaHnTe pacteHns
Ca OUEHeHM CbIflacHO  cregHuTe
Obnrapcku Obp>KaBHU cTaHdapTu:
cbaobpxaHne Ha Brnara - BAC
15437:1982, CbobpkaHue Ha nenen —
BOC 7646:1982, sbrnexuagpatn — BJIM
3:2023, npotennn — BAC 14431:1978, n
ackopbuHoBa kucenvHa (ButamuH C) -
BOC 11812: 1991.

O6w0 ¢heHONHO cCbOBLPXKAHUE

O6woTo heHonHO CcbabpKaHue
(TPC) e onpegeneHo Cc mnomowTa Ha
peakTuea Ha Folin-Ciocalteu.
PeakumoHHaTa cmec, cbaobpxawa 1 mi
oT peaktmBa Folin-Ciocalteu (Sigma-
Aldrich, Merck, 'epmanusa), 0,8 ml 7,5%

HaTpreB KapboHat (Sigma-Aldrich,
Merck) n 0,2 ml ot pactutenHus
EKCTPaKT, Cce [ObpXW Ha TbMHO Mpu

cTaliHa TemnepaTtypa B NPOAbIKEHNE Ha
20 min. AbcopbumsaTa e usmepeHa CbC
cnektpocdotometbp Camspec  M107
(Spectronic-Camspec Ltd.,
BenukobpuTtanns) npu 765 nm cnpsimo
npasHa npoba (gectunupaHa Boaa).
Pesyntatute 6sixa npeacTaBeHn kaTo mg
€KBMBANeHT Ha ranoea  KucenuHa
(GAE)g cyxo Terno (dw) Ha npobGata

Methods of Analysis

Preparation of Extracts

The dried herbs Mentha pulegium
L. (Wild Mimt I) and Pelargonium roseum
Willd. (Rose geranium) were finely
ground using a blender. Aqueous extracts
(infusions) were obtained by pouring
boiling distilled water over 10 g of the
ground dry material at a water-to-plant
ratio (hydromodule) of 1:50 for both rose
geranium and pennyroyal. The extraction
was carried out for 30 minutes. The
resulting extracts were filtered through
fiter paper and stored at 4°C until
analysis, but for no longer than 24 hours,
or were frozen at -18°C for longer
storage.

Physicochemical Analyses

The physicochemical
characteristics of the selected plants
were evaluated according to the following
Bulgarian state standards: moisture
content — BDS 15437:1982, ash content
— BDS 7646:1982, carbohydrates in-
house laboratory method VLM 3:2023,
proteins — BDS 14431:1978, and ascorbic
acid (vitamin C) — BDS 11812:1991.

Total Phenolic Content

The total phenolic content (TPC)
was determined wusing the Folin—
Ciocalteu reagent. The reaction mixture,
consisting of 1 ml of Folin—Ciocalteu
reagent (Sigma-Aldrich, Merck,
Germany), 0.8 ml of 7.5% sodium
carbonate (Sigma-Aldrich, Merck), and
0.2 ml of plant extract, was kept in the
dark at room temperature for 20 minutes.
Absorbance was measured at 765 nm
using a Camspec M107
spectrophotometer (Spectronic-Camspec
Ltd., UK) against a blank sample (distilled
water).

Results were expressed as mg gallic acid
equivalents (GAE)/100 ml of the sample
(lvanov et al., 2014).
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(lvanov et al., 2014).

O6wo cbObpKaHue Ha
¢hrnasoHoudu

ObuwoTo CbabpKaHune Ha
dnasoHongn (TFC) e oueHeHo no

mMeToda, onucaH ot Ivanov et al., (2014).
AnunksoTHa 4YacTt oT 1 ml oT pacTutenHua
ekcTpakt ce pgobaea kbMm 0,1 ml 10%
Al(NO3)3, 0,1 ml 1 M CH3COOK (Sigma-
Aldrich, Merck) n 3,8 ml pgectnnunpana
Boga. Cneg wvHKyOupaHe npu cTanmHa
TemnepaTtypa B npoagbikeHne Ha 40 min,
abcopbumsta e namepeHa npu 415 nm.
KBepueTMHbT €  M3Mon3BaH  KaTo
CTaHOapT, a pe3ynratute ca M3paseHu
KaTo mg eKBMBaANIEHTU Ha KBEPLETUH
(QE)/g, dw.(cyxo Terno) ot npobata .

O6wo cbOBbpXKaHue Ha
aHmouyuaHu
ObuwoTo CbabpKaHune Ha

aHTouMaHuHu Belue oueHeHO C nomoLuTa
Ha pH andepeHunaneH meTod, CbrnacHo
Lee et al., (2005). MNMpo6ute (0,2 ml) ce
cmecBat ¢ 6ydepu npu pH 1,0 n 4,5 (1,8
ml) n abcopbumsata ce namepsa CnpsiMo
npasHa npoba npu 520 nm u 700 nm,
N3nona3sankm CNEKTPOOTOMETHP
Camspec M107 (Spectronic-Camspec
Ltd., UK). PesyntatuTe ca nspaseHu kato
Mg  eKBMBaneHTM Ha  UMaHWAOWH-3-
rnvko3nam (mg cyd-3-glu)/100 ml npob6a.

AHmMuoKcudaHmHa akmueHocm

DPPH mecm

PeakumoHHaTa cmec, cbabpxalla
2,85 ml DPPH peareHT (2,2-gndenHnn-1-
nukpunxugpasun) (Sigma-Aldrich, Merck)
n 0,15 ml or TecTBaHMs pacTUTeneH
eKCTpakT, ce uHkybupa npm 37°C 3a 15
MUHYTU. AbcopbuuaTa e namepeHa npu
517 nm crnpsimo (meTaHon).
AHTMOKCHOAHTHaTa aKTMBHOCT e
nspaseHa kato mM Trolox ekBuBaneHTn
(TE)/g dw npo6a (Ivanov et al., 2014).

FRAP mecm (XKenszo-
pedyyupawama aHmMuokcudaHmHa
cuna)

PearenteT FRAP ce npurotss
npsicHo ¢ 300 mM auetateH G6ydep ¢ pH
3,6, 10 mM 2,4,6-Tris(2-pyridyl)-s-triazine

Total Flavonoid Content

The total flavonoid content (TFC)
was assessed using the method
described by Ivanov et al., 2014. An
aliquot of 1 ml of plant extract was added
to 0.1 ml of 10% AI(NO3);, 0.1 mlof 1 M
CH3;COOK (Sigma-Aldrich, Merck), and
3.8 ml of distilled water.

After incubation at room temperature for
40 minutes, absorbance was measured
at 415 nm. Quercetin was used as the
standard, and results were expressed as
mg quercetin equivalents (QE)/100 ml of
the sample.

Total Anthocyanins

The total anthocyanins content was
estimated using the pH differential
method according to Lee et al. (2005).
The samples (0.2 ml) were mixed with
buffers at pH 1.0 and 4.5 (1.8 ml), and
the absorbance was measured against a
blankat 520 nm and 700 nm using a
Camspec M107  spectrophotometer
(Spectronic-Camspec Ltd., UK). The
results were expressed as mg cyanidin-3-
glycoside equivalents (mg cyd-3-glu)/ 100
ml of sample.

Antioxidant Activity

DPPH Radical
Assay

The reaction mixture, containing
2.85 ml of DPPH reagent (2,2-diphenyl-1-
picrylhnydrazyl) (Sigma-Aldrich, Merck)
and 0.15 ml of the tested plant extract,
was incubated at 37°C for 15 minutes.
Absorbance was measured at 517 nm
against a methanol blank. Antioxidant
activity was expressed as mM Trolox
equivalents (TE)/100 ml of the sample
(lvanov et al., 2014).

Ferric Reducing
Power (FRAP) Assay

Scavenging

Antioxidant

The FRAP reagent was freshly
prepared using a 300 mM acetate buffer
(pH 3.6), 10 mM 2,4,6-Tris(2-pyridyl)-s-
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(TPTZ) B 40 mM conHa kucenuHa n 20
mM >xeneseH (lll) xnopug xekcaxvagpat
(Sigma-Aldrich, Merck) B gectunupaHa
Boga B CbOTHOLLEHNe 10:1:1.
PeakunonHaTta cmec (3 ml FRAP peareHt
m 0,1 ml pactuteneH ekcTpakr) ce
nHKkybupa npu 37 °C 3a 10 min Ha TbMHO.
AbGcopbuusta ce namepsa npm 593 nm
cnpsiMo npasHa npoba (mectunvpaHa
Bogda). AHTMOKCMAAHTHATa aKTUBHOCT €
n3paseHa kato mM TE/g ot dw npoba
(lvanov et al., 2014).

PE3YNTATU N OBCBXXOAHE

OnpegeneHn ca  NPOUEHTHUTE
KOHLEHTpauum cyxo BellecTBo, obuwa
nenen, BbrAexugpatu W MPOTEUHN 3a
BCAKO €dHO  OT  AMBOpacTawuTe
pacTeHus. OnpepgeneHo e "
CbObPXaAHNETO Ha aHTUOKCMAAHTM B
CYpPOBMHUTE W B TOTOBUA MPOAYKT.
HanpaBeHa e TexHOnorns 3a nory4yaBaHe
Ha PyHKUMOHanNHarta HanuTKa, B KOSITO Te
Cca MOOXOOALO CbYeTaHu 3a [ocTuraHe
Ha JOOBP BKYC, LBAT U KOHCUCTEHLNS.

o DU3IMKOXMMMUYHM  MoOKasaTenu
Ha CypOBUHUTE

B Tabrnmua 2 ca npepctaBeHn
pesyntatute  oT  (PUIMKOXUMUYHUTE
rnokasatenn Ha  TpuTe  pacTeHus.
KoHcTaTupaHu ca Heronemu pasnuku no
OTHOLLIEHNE Ha CbObPXaHWETO Ha Cyxo
BELLEeCTBO, Menen u npoTenHW, JoKaTo
OTHOCHO BbIMexugpaTtHna CbCTaB MU
cbaobpXaHneto Ha ButammH C ce
HabrogaBaT  CbLUECTBEHU  pasnuMyns
MexXay HsSKoM OT cypoBuHuTe. Tesu
napameTpyM Oka3BaT MpPsSKO BAUSHUE
BbpXy (PYHKLUMOHANHUTE CBOWCTBA U
XpaHuTenHata CTOMHOCT Ha KpanHus
NPOAYKT.

triazine (TPTZ) in 40 mM hydrochloric
acid, and 20 mM ferric chloride
hexahydrate (Sigma-Aldrich, Merck) in
distilled water in a ratio of 10:1:1.

The reaction mixture (3 ml FRAP reagent
and 0.1 ml plant extract) was incubated in
the dark at 37°C for 10 minutes.
Absorbance was measured at 593 nm
against a distiled water blank.
Antioxidant activity was expressed as mM
TE/100 ml of the sample (lvanov et al.,
2014).

RESULTS AND DISCUSSION

The percentage concentrations of
dry matter, total ash, carbohydrates, and
proteins were determined for each of the
wild-growing plants. Antioxidant content
was also evaluated both in the raw
materials and in the final product. A
technological process was developed for
obtaining the functional beverage, in
which the components were suitably
combined to achieve good taste, color,
and consistency.

Physicochemical Parameters of
the Raw Materials

Table 2 displays the results of the
physicochemical analyses of the three
plants. Minor differences were observed
in terms of dry matter, ash, and protein
content, while significant differences were
found in carbohydrate composition and
vitamin C content among some of the raw
materials.

These parameters directly influence the
functional properties and nutritional value
of the final product.
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Ta6nuua 2. PM3MKOXMMUYHU NMOKa3aTenun Ha pacTeHusita Vaccinium vitis- idaea
L.(MepBeHa 6opoBuHka), Mentha pulegium, (OuBa meHTa) n Pelargonium roseum
Willd (MHapwve)
Ta6bnuua 2. Physicochemical indicators of the plants Vaccinium vitis- idaea
L.(Lingonberry), Mentha pulegium, (wild mint) and Pelargonium roseum Willd
(Rose geranium)

Cyxo
BELLECTBO, O6wa nenen Bbrnexvgpatn
%/Dry Matter %/ %/Carbohydrates

(%) Total Ash (%) (%)

ButamuH C
MpoTennun, %/ mg/100 g/
Proteins (%) Vitamin C
(mg/100 g)

Bup Ha pactenuneTo/
Plant Species

YepBeHa
H6opoBuHKa*
Vaccinium vitis-

idaea 86,94+0,02 1,05+£0,00 37,09+ 1,29 3,88 £ 0,05 207,0+0,54

L.*/Lingonberry *

Vaccinium vitis-
idaea L.*

MenTa
Mentha puleguium
L./ 75,2510,2 2,7+0,003 4,42+0,2 2,74+0,04 1484+4.,4
Wild mint Mentha
puleguium L.

WHppuwe
Pelargonium roseum
willd./

Rose geranium 84,09+0,4 1,850,002 2,65+0,1 0,42+0,06 1335 £3,9
Pelargonium roseum
willd.

*pe3ynmamume 3a YepseHa 6oposuHka*Vaccinium vitis- idaea L.*ca ny6nukysaHu 8 Tumbarski et al., 2025
* Results for lingonberry* Vaccinium vitis- idaea L.*are published in Tumbarski et al., 2025

Cyxo BeluecTBO Dry Matter

lNo OTHOLIEHVE Ha CbAbPXKAHWETO In terms of dry matter content, the
Ha CyX0 BeLlecTBO Han-BMCOKa CTOMHOCT highest value was observed in
ce Habnioaasa npu HepBeHara | lingonberry (Vaccinium vitis-idaea L.) at
GoposuHka (86,94%), koeTo € | 86.94%, which is characteristic of ripe,
XapakTepHo — 3a  3penm,  MIOAOBW | )it hased raw materials rich in soluble
CYpOBUMHI ~ C BUCOKO CBbAbPXAHUE HA | o4)iqg  (sugars, organic acids, and
pasTBOpUMK  Cyxv BeluecTsa  (3axapy, phenolic compounds). Rose geranium

OpPraHWYHW  KUCENMUHM U heHOmMHM . :
ChenMHeHNs!), (Pelargonium  roseum  Willd.) and

MHOpWLWETO M MeHTaTa nokassaT mMo- pennyroyal (Mentha pulegium L.) showed
HUCKM CTOMHOCTU (84,09% U 75,25%), lower values (84.09% and 75.25%,

CLOTBETCTBAWM Ha TsxHata Ounkosa | fespectively), corresponding to their
CTPYKTYpa U BOAHO  CbAbpXKaHue. herbaceous structure and higher water
MoeuweHaTta BnaxHocT npu  Mentha | content. The increased moisture content
pulegium e BaxeH (aktop npu | in Mentha pulegium is an important factor
eKcTpakumsiTa Ha Bogopasteopumu | for the efficient extraction of water-soluble
OMOaKTUBHU KOMMOHEHTN. bioactive components.
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O6wa nenen

O6woTo cbabpxaHMe Ha nenen e
nokasaten 3a MuHepanHoTo 6oraTrcTBo
Ha pacteHndata. MeHTaTa nokasBa Hau-
BMCOKO MenesiHo cbabpxaHne (2,7%),
3HauUUTENHO Hapg ToBa Ha GopoBMHKaTa
(1,05%) v wHgpuweto (1,85%). Toea
npegnonara BUCOKO CbAbpXaHue Ha
MMKPO M MaKpOEeneMeHTN B MeHTaTa KaTo
Kanuun, Kanuvn, MarHesamm u Xensso,
KOUTO He camo fJornpuHacaT  3a
oboraTsiBaHe Ha XpaHUTenHata CTOMHOCT
Ha HanuMTKata, HO CbLIO Taka BNUAAT
BbpPXY aHTMOKCMAAHTHAaTa N aKTUBHOCT.

Bwrnexuaparu

OTHoCHO BbIMNEXVapaTHNs
npodomn, YyepBeHaTa BGopoBuHKa
cbabpxka Han-ronsiMo KOnM4ecTBO
Bbrnexvgpatn  (37,09%), koeto e

oYaKBaHO 3a NnofoBsa cyposuHa. Tosa s

npasu NOAXOAsLL, cybcTpar 3a
depmeHTaLumMsl, KaTo HanuMuMeTo Ha
npoctn 3axapu (rMwoko3a, dpykTo3a)
nognomara pasBUTUETO Ha
depmeHTaTMBHaTa  MuKpodriopa. 3a

pasnuka OT Hes, MmeHTata (4,42%) u
nHapuweTto (2,65%) umat 3Ha4MTENnHO
MO-HMUCKO CbAbPKaHME Ha Bbrnexugparu,
KOETO OrpaHMyaBa TEXHUSI MPUHOC KbM
hepMEHTALMOHHNS MPOLEC, HO T MpaBu
LEHHN KaTo HUCKOeHepruiHu gobaeku c
PYHKUMOHAINHN KavyecTBa.

MpotenHun

[MpoTenHoBOTO CbAbpXaHWe e
Han-Bucoko npu 6GoposuHkata (3,88%),
cnegBaHa oT MeHTaTa (2,74%).
VHapuweTo ce oTnu4aesa C MHOMO HUCKO
cbaobpxaHne Ha npotenHn (0,42%).
Bbnpekn ye, pactutenHuTe NpoTemHn He
ca OCHOBEH (hoKyc npu paspaboTBaHETO
Ha HacToswaTa yHKLMOHanHa HanuTka,
TAXHOTO MPUCBLCTBME UMaA 3HAYeHue 3a
XpaHuTenHara " CTOMHOCT "
noTeHumanHara n GnoaKkTMBHOCT.

ButamuH C (AckopbuHoBa
KUcernuHa)

M3KMounTenHoO BUCOKNM CTONMHOCTM
Ha BuTamunH C ca yCTaHOBEHM B MeHTaTa
(1484 mg/100 g) n WHAPULLETO
(1335mg/100 g), 3HauMTenHO Hag Ta3u

Total Ash

Total ash content is an indicator
of the mineral richness of the plants. Wild
mint showed the highest ash content
(2.7%), significantly exceeding that of
lingonberry (1.05%) and rose geranium
(1.85%). This suggests a high
concentration of micro- and
macroelements in pennyroyal, such as
calcium, potassium, magnesium, and
iron, which not only enhance the
nutritional value of the beverage but also
influence its antioxidant activity.

Carbohydrates

Regarding carbohydrate profile,
lingonberry had the highest carbohydrate
content (37.09%), as expected for a fruit-
based material.

This makes it a suitable substrate for
fermentation, as the presence of simple
sugars (glucose, fructose) supports the
development of fermentative microflora.
In contrast, pennyroyal (4.42%) and rose
geranium (2.65%) had significantly lower
carbohydrate contents, which limits their
contribution to the fermentation process
but makes them valuable as low-calorie
additives with functional properties.

Proteins

Protein content was highest in
lingonberry (3.88%), followed by wild mint
(2.74%). Rose geranium had a notably
low protein content (0.42%).

Although plant proteins are not a primary
focus in the development of the current
functional beverage, their presence
contributes to its nutritional value and
potential bioactivity.

Vitamin C (Ascorbic Acid)

Extremely high levels of vitamin C
were found in wild mint (M. pulegium L.)
(1484 mg/100g) and rose geranium (P.
roseum Willd.) (1335 mg/100 g),
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Ha 6oposuHkata (207 mg/100g). Toau
pesyntaT Moka3Ba, 4Ye MeHTata MU
WHOPULWETO ca W3KtounTenHo 6Goratu
M3TOYHULUM Ha ackopbuHoBa KucenuvHa —
MOLLEH BOAOPA3TBOPMM aHTUOKCUAAHT,

KOWTO He camo yBenvyaea
dyHKUMOHanHaTa CTOMHOCT Ha
HanuTkata, HO W cTabunuaupa apyru
OMOaKTUBHMU CbeAMNHEHNS KaTo
aHToLMaHuTE. MpucbcTBMETO Ha

BuTamuH C B TakoBa BMCOKO KONMYECTBO
MOXe na [onpuHece " 3a
UMYHOCTMMYNMpaLus edekT Ha
npoaykTa.

e OOWM nonudceHonu,
¢naBoHOMAM, aHTOLUMAHMN n
aHTUOKCMAOAHTHA aKTUBHOCT
onpepgeneHa no DPPH n FRAP meToau

Ha CYpOBMHUTE U TOTOBUA NPOAYKT

HacTtoswoTo n3cnegBaHe
NpeacTaBs CpaBHUTENEH aHanu3 Ha
OCHOBHUTE OUOXMMMUYHM  TOKa3aTenu,
XapakTepuaupalum hYHKUMOHANHNTE

CBOWCTBa Ha (pepMeHTauMOoHHa HanuTKa
oT yepBeHa BoposuHka (Vaccinium vitis-
idaea L.), kakTo 1 BapuaHTuK, oborateHm ¢
pacTUTENHN eKCTpakTu OT AMBa MeHTa
(Mentha pulegium L.) u wuHgpuwe
(Pelargonium roseum Willd.).
M3mepeHnTe napameTpu BKNoYBaT
CbObpXaHne Ha obwm nonudeHonu,
donasoHoOUay, aHToLMaHn "
aHTUOKCUOAHTHA akKTUBHOCT, onpeaeneHa
ype3 DPPH n FRAP metogu. AHanusbT
uenn ga  yctaHoBsm edpekta  OT
pJobaBsaAHeTo Ha OWMNKOBM KOMMOHEHTU
BbpXy (YHKUMOHaNHMs npodwmn  Ha

HanuTKaTa.

Pesyntatute o1 onpegeneHute
oo deHonu, dnasoHONAM,
aHToLUMaHNHK " aHTUOKCUaaHTHa

aKTUBHOCT Ha TpuTe neyvyebHu pacTeHus
ca oTpaseHu BbB durypu 2 n 3.

significantly exceeding that of lingonberry
(Vaccinium vitis-idaea L.) (207 mg/100 g).
This result indicates that pennyroyal and
rose geranium are exceptionally rich
sources of ascorbic acid—a powerful
water-soluble antioxidant that not only
enhances the functional value of the
beverage but also stabilizes other
bioactive compounds, such as
anthocyanins. The presence of vitamin C
in such high amounts may also contribute
to the immunostimulatory effect of the
product.

Total Polyphenols, Flavonoids,
Anthocyanins, and Antioxidant
Activity (DPPH and FRAP) in the Raw
Materials and Final Product

This study presents a
comparative analysis of the key
biochemical parameters that characterize
the functional properties of the fermented
beverage based on lingonberry
(Vaccinium vitis-idaea L.), along with
versions enriched with plant extracts from
wild mint (M. pulegium L.) and rose
geranium (P. roseum Willd.).

The measured parameters
include total polyphenol content,
flavonoids, anthocyanins, and antioxidant
activity, determined using the DPPH and
FRAP methods. The analysis aims to
assess the effect of incorporating herbal
components on the functional profile of
the beverage.

The results for total phenalics,
flavonoids, anthocyanins, and antioxidant
activity of the three medicinal plants are
presented in Figures 2 and 3.
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Total polyphenols, flavonoids and antocyanins

147.38
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140

120

100
80
60
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10.69 10.10 10.48 )
117 T 153 T 143 0.00 . 0.00
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Lingonberry Lingonberry + Mint Lingonberry + Mint Mint extract Rose geramium

extract + Rose
geranium

extract extract

B Total polyphenols (mg GAE/100mL) M Flavonoids (mg QE/100mL) ® Anthocyanins (mg cyd-3-glu/100mL)

®dur. 2. O6wm nonudceHonu, conaBoHoMaMn, aHTouMaHm B Vaccinium vitis- idaea
L.; Mentha puleigum L. u Pelargonium roseum Willd
Fig. 2. Total polyphenols, flavonoids, anthocyanins in Vaccinium vitis- idaea L.;

Mentha puleigum L. u Pelargonium roseum Willd

O6wu nonudeHonu

JaHHuTe 3a KOHUEeHTpauusaTa Ha
obwm nonudeHonu (u3paseHo kato mg
GAE/100 mL) pgemoHcTpmpar  SCHO
n3paseHn pasnuunus Mexgy OTAenHuTe
npo6wu. Hai-Hncka CTOMHOCT e
peructpupaHa npu  depmeHTMpana
HanuMTKa, cbabpXawa camo OGopoBMHKa
(20,51 £ 0,05), pokato Hal-BMCOKa
CTOMHOCT € YCTaHOBEHa Mpu eKcTpakTa
oT m™meHTa (147,38 + 1,40), KoeTO
noTBbpXgaBa, Ye AuBaTta MeHTa e
nsknounTenHo Gorata Ha  EHOMHM
cbeauHeHusi. [obaBAHETO Ha MEHTOB
EKCTPAaKT N EeKCTPaKT OT WHAPULLE KbM
BGopoBnHKOBa 6asza 3Ha4YMTENHO
nosuwasa oOWOTO CbabpXaHWe Ha

Total Polyphenols

The data on the concentration of
total polyphenols (expressed as mg
GAE/100 mL) demonstrate clearly
pronounced differences between the
individual samples.

The lowest value was recorded in the
fermented beverage containing only
lingonberry (20.51 = 0.05), while the
highest value was found in the mint
extract (147.38 = 1.40), confirming that
wild mint is exceptionally rich in phenolic
compounds. The addition of mint and
rose geranium extracts to the lingonberry
base significantly increased the total
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nonncgpeHonn po (50,04 + 0,32 mg
GAE/100 mL). Tosan pbCT MOXe ga ce
0BSICHM CBbC CUHEpPrn4HMsa edekT mexagy
KOMMOHEHTUTE N BMCOKOTO CbAbpKaHue
Ha deHonn B pgobaBeHuTe OUNKOBU
EKCTpaKTL.

dnasoHouau

UHTepeceH e pesyntaTtsT no
OTHOLIEHME Ha KOHUEeHTpaumsata Ha
dnaBoHOMON, NPU KOUTO Han-BMCOKaTa
CTOMHOCT OTHOBO ce Habmiogasa npu
EeKCTPaKTbT OT AnBa MeHTa (37,46 + 0,12
mg QE/100 mL). ToBa e B cbOTBETCTBUE
C NUTepaTypHUTE OaHHW, crnopen KOUTO

Mentha spp. cbabpXkaT 3Ha4YMTENHU
KonuyecTBa cdhnaBoHonau KaTo
nyTeonuH, anureHuH u  ap. [pw

HanUTKUTE, cCbabpXawu 6GOpoBMHKA C
pgobaBeHa MeHTa 7] nHapuLle,
cTonMHocTMTe ocTtaeat cxogHu (10-10,5
mg QE/100 mL), koeto npegnonara, 4ye
no BpeMe Ha hepMeHTaUNoHHMSA NpoLec

yactT oT (pnaBoHOMOMTE WM ce
pasnagat, wiM He ce  wm3Bnu4ar
eeKkTUBHO B KpanHus NpoOAOYKT,

BEPOATHO Mopagn CBbp3BaHe C Opyru

CbeOUHEHNA WM HecTabunHOCT npu
KncenunHHa pH cpega.

AHTOUMAHMN

CbaObpXaHMETO Ha  aHTouMaHu

nokasea no-manku Bapuauumm. Ham-Hucka
€ CTOMHOCTTa npu  depMeHTMpana
foposwuHka (1,17 £ 0,01 mg cyd-3-glu/100
mL), a Han-Bucoka — npu gobassHe Ha
meHTa (1,53 + 0,01). ToBa noackasea, ye
NPUCBCTBMETO Ha MEHTOBM KOMMOHEHTU
MOXe Oda cTabunusvpa aHTouuaHoBUTE
MUIMEHTH, Bb3MOXHO e ypes
KoMnnekcoobpasyBaHe nm ypes
noenusiaHe Ha pH wn pepgokc cpepata.
Mpn npobata ¢ gobaBeHO MHAapuLe ce
HabrogaBa nek cnaj Ha aHToUMaHOBOTO
cbaobpxanve (1,43 = 0,01), koeto ©6m
MO0 Ja Ce AbIDKU Ha B3aMMogencTene
C TEPMNEeHOBN CbeAMHEHMS OT MHOPULLETO,
KOUTO MOTEHLMANHoO moraTt ga BrssaT B
KOHKYpPEHLNS 3a cTabunuanparym
KOMMJIEKCH.

polyphenol content to 50.04 + 0.32 mg
GAE/100 mL. This increase may be
explained by a synergistic effect between
the components and the high phenolic
content of the added herbal extracts.

Total Flavonoids

An interesting result was
observed regarding the flavonoid
concentration, where the highest value
again appeared in the wild mint extract
(37.46 + 0.12 mg QE/100 mL). This is
consistent with literature data indicating
that Mentha spp. contain substantial
amounts of flavonoids such as luteolin,
apigenin, and others.
In the beverages containing lingonberry
with added mint and rose geranium, the
values remained similar (10-10.5 mg
QE/100 mL), suggesting that during the
fermentation process, part of the
flavonoids may either degrade or are not
effectively extracted into the final
product—likely due to binding with other
compounds or instability in an acidic pH
environment.

Total Anthocyanins

Anthocyanin  content  showed
smaller variations. The lowest value was
found in the fermented lingonberry
sample (1.17 £ 0.01 mg cyd-3-glu/100
mL), while the highest was observed
upon addition of mint (1.53 + 0.01). This
suggests that the presence of mint
components may help stabilize
anthocyanin pigments, possibly through
complex formation or by influencing the
pH and redox environment. A slight
decrease in anthocyanin content was
observed in the sample with added rose
geranium (1.43 = 0.01), which may be
due to interactions with terpene
compounds from the rose geranium that
potentially compete for stabilizing
complexes.
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AHTUMOKCMOAHTHA aKTUBHOCT MO
DPPH v FRAP metoau

AHTUOKCMOAHTHAaTAa aKTUBHOCT,
namepeHa ype3 DPPH, nokasea ocobeHo
oTyeTnmea TeHgeHuus. (durypa 3). Han-
BMCOKA € aKTMBHOCTTa MNPU MEHTOBMS
ekctpakT (1911,59 £+ 16,05 mM TE/100
mL), cnegBaHa ot ungpuwe (350,36 +
1,35 mM TE/M00 mL) wu npobure,
cbabpKaLLm " nBete CbCTaBKW.
3abenexutenHo e, 4Ye HanuTkata C
OOpOBMHKA, MeEHTa W uHOpUle uMa
DPPH cronHoct 361,30 + 1,67 mM
TE/100 mL, KOETO HaaBuLWaBa
3HAUUTENHO KakTo doepMeHTMpanara
OoOpoBMHKA, Taka W BapuMaHTa camMoO C
MEHTa. MoooGHa TengeHums ce
notebpxgaea u ot FRAP aHanusa, npu
KOWTO KOMOWHMpaHaTa HanuTka gocTtura

fgo 38534 + 350 mM TE/M00 mL.
Cu1HepruyHoTo yBenuyeHne Ha
aHTWOKCMOAHTHATa  aKTUBHOCT  Mpw
KOMOMHVMpaHe Ha TpUTE KOMMOHEHTA
npeanonara, ye pasnuyHuTe
AHTUOKCMOAHTHM  MOIeKynn  (doeHonw,
donasoHouaw, TepneHu) B3aUMHO

ycuneaTt CBOETO [OeNCTBue, NOKpuBanku
PasnMyHN MEXaHM3MW Ha peayKkums u
ynaBsiHe Ha cBOb6oaHUTE pagukanm.

Ha ©Gaszata Ha onpegeneHute
PUBNKOXMMUYHM  MNoKasaTtenu:  obwim
deHonu, dnaBoHOMAW, aHToUuMaHu W
aHTUOKCMOAHTHa aKTUBHOCT Ha
yepBeHaTa OOpPOBUHKA, AMBaTa MEHTa C
unm 6e3 gobaBeH eKCTpaKT OT MHApWULLE
e npeanoxeHa TexHonorms 3a
NPUroTBsHE Ha dyHKUMOHaNHa
depmeHTaumoHHa Hanutka. O4akBa ce
TS Aa nputexaBa 34paBoOCIiOBEH ediekT
BbPXy 4YOBELUKAS OpraHMsbM W pa e
NPaKTUYeCcKn npunoXxmma B
NPoUNaKTUYHOTO N ONETUYHO XpaHEHE.

Antioxidant Activity by DPPH

and FRAP Methods

The antioxidant activity measured
by the DPPH method shows a particularly
pronounced trend (see Figure 3). The
highest activity was recorded for the mint
extract (1911.59 £ 16.05 mM TE/100
mL), followed by rose geranium (350.36 +
1.35 mM TE/100 mL) and the samples
containing both ingredients.
Notably, the beverage containing
lingonberry, mint, and rose geranium
showed a DPPH value of 361.30 + 1.67
mM TE/100 mL, significantly exceeding
both the fermented lingonberry and the
variant with mint alone.
A similar trend is confirmed by the FRAP
analysis, where the combined beverage
reached 385.34 + 3.50 mM TE/100 mL.

The synergistic increase in antioxidant
activity upon combining all three
components suggests that the different
antioxidant molecules (phenolics,
flavonoids, terpenes) mutually enhance
each other's effect, covering various
mechanisms of reduction and free radical
scavenging.

Based on the determined
physicochemical parameters (total
phenolics, flavonoids, anthocyanins, and
antioxidant activity) of lingonberry, wild
mint, with or without the addition of rose
geranium extract, a technology has been
proposed for the preparation of a
functional fermented beverage. The
beverage is expected to have health-
promoting effects on the human body and
to be practically applicable in preventive
and dietary nutrition.
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Antioxidant activity
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Rose granium
extract

Mint extract
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dur. 3. AHTUOKCHMAAHTHA aKTUBHOCT Ha eKCTpakTu oT Vaccinium vitis- idaea L.;
Mentha pulegium L. n Pelargonium roseum Willd. Mo DPPH (mM TE/100mL);
FRAP(mM TE/100mL)

Fig. 3. Antioxidant activity of extracts of Vaccinium vitis- idaea L.; Mentha
pulegium L. and Pelargonium roseum Willd. By DPPH (mM TE/100mL); FRAP(mM

TE/100mL)

e TexHonorusa 3a nony4vyaBaHe Ha

hyHKUMOHanNHa HanuTka oT
pacteHmaTa Vaccinium vitis- idaea
L.(MepBeHa 60opoBUHKa), Mentha
pulegium L., (AvBa MeHTa) MU
Pelargonium roseum willd.
(Mupgpuwe).

TexHonornyHaTta cxema Ha
NpuroTBsiHE Ha depMeHTaUMOHHa

dyHKUMOHanNHa Hanutka OT u3bpaHuTe
AVBOPAacCTALLM pacTeHUs1 e MnokaszaHa Ha
durypa.4.

Technology for the Production
of a Functional Beverage from
Vaccinium vitis-idaea L. (Lingonberry),
Mentha pulegium L. (Wild Mint), and
Pelargonium roseum Willd. (Rose
Geranium).

The technological scheme for the
preparation of the fermented functional
beverage from the selected wild plants is
presented in Figure 4.
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M3sopHa sopal YepeeHa 00pOBUHKA [MBa MeHTa [Lleii "
; =H2DOPOEY eiloHu- Hopuwe P. Moacnagy
Spring water Vacciniumvitis-idaea Mentha pulegium || aupana roseumwilld. TENCTEBUA N
L. (nnog)/ L. (ugat)y gonal (nucray/ eputpon 1:1/
Lingonberry Wild mint Deionize Rose.
Vacciniumvitis-idaea Mentha pulegium || d water geraniume. Sweetener
L. (fruit) i roseumwilld. stevia:eritrol
‘ ‘ 14
MouncTeane u uammeane! Cleaning and
Cleaning and washing <
¥ '
v
[MocTaeAHe HaNNoaa e abpeeHa Obyea
Ha NNAcT0Be, CbC CHHANEHO CEMe MexTay 3anueane, xugpomogyn 1:50/
nnactoeete/ Placing the lingonberriesin Extractlon in solid to solvent ratio
layers, sinap seeds betweenin between 1:50
L3 54 T
+ HarpaeaHe, t=100°C/ Heating,

3anueaHe, xugpomogyn 1:2/ Pouring
spring water in fruits to water ratio 1:2

1
OTne)«*aaaHe,'30 aHK, t1=18-20°C, npu
perynAapHo aepupaHe/ Aging, 30 days,
t=18-20°C, regular stirring and aeration

1

v -
AMNKOXONHA ) epMEHTaUMA, CKPaWHO

-
WHpyaua, t=100°C,
npogbn#MTenHoct 30 min/
Infusion, t=100°C, for 30 min

v
duntpupane! Filtration

* !

CbObp¥aHue Ha ankoxon 0,9%/ Alcochol BoneH ekcTpakr

fermentation, final alcochol content 0,9% oo Water. || Bomew excrpaxs
} mint extract ”Hn%‘:;"n% ﬁose

HanuTka oT yepeeHa GopoBUHKa/ gextraa

Functional lingonberry beverage

I T

MonyyaeaHe Ha G YHKUWMOHANHW HANWUT KN:
Hanuka 1. cMecBaHe Ha HanuTKaTa oT YepeeHa DOPOBMHKA C |«
BOMEH EKCTPAKT OT AWBA MEHT3, CbOTHOW eHue 9:1

Hanutka 2. Hanutka 1 ¢ go0aeka Ha 3% eKCTpakT oT uHapuwe/
Beverage 1. A mixture of the fermented lingonberry beverage with

rose geranium

¥
OxnaxqgaHe, t=20°C/ Cooling, t=20°C

.

[oaupaHe n 6ytunupane, t=20°C/ Packaging,
t=20°C
1

XnagunHo cbxpaHenue | t=7 °C/ Storage
under refrigeration conditions, t=7°C

®dur.4. TexHonorMyHa cxema 3a NPou3BOACTBOTO Ha (hyHKLMOHanHa depMeHTaLMOHHa
HanuTKa OT YepBeHa 6opoBuHKa V. vitis- idaea L. (nnoa) n guBa meHTa Mentha pulegium
(uBsaT), (Hanutka 1) ¢ pobaBka Ha eKkcTpakT oT umHapuwe P. roseum Willd. (nucTa),
(HanuTKa 2).

Fig.4. Technological scheme for the production of functional fermentation beverage from
lingonberry V. vitis- idaea L. (fruit) and wild mint Mentha pulegium (flower), (Beverage 1)
with the addition of Rose geranium extract P. roseum Willd. (leaves), (Beverage 2).
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n3sogu

depmMmeHTUpanata HanuTka  oT
OOpoBMHKA WMMa HaW-HUCKA CTOWHOCTMU
npy BCWMYKM  MOKasaTenun, KoeTo e
OYaKkBaHO, KaTo ce wma npeasug
OFPaHNYEHOTO ChAbPXaHME Ha (PEeHONHM
CbedVHEeHNs B 4epBeHaTa OOpPOBUHKA,
CrpsIMO OUITKOBUTE EKCTPaKTU.

[obaBAaHETO Ha MEHTa 3HaYNTENHO

yBenuyasa CbAbpPXaHNETO Ha
nonundeHonu 7 aHTUOKCMaaHTHaTa
aktmBHoct, kato DPPH wu FRAP

CTOMHOCTMTE Ha HanmuTKaTa C MeHTa ca
MoYTN OBOWHO MO-BMCOKU B CPaBHEHWE C
©a3oBVsi BApuaHT.

HobaBaHeTO Ha uHApWLLE BOAM A0
OOMbIHUTENHO noBuLLIaBaHe Ha
aHTMOKCUOAHTHUSA NOTeHUMarn, makap u B
no-manka CTeneH, CnpsiMO MEHTOBMS
edekT. ToBa Npeanonara, Ye MHOPULLETO
oborataBa HanuTkata C OOMbIHUTENHU
aHTMOKCUOAHTH.

EkcTpaktnte oT MeHTa 1 uHgpuie
B camocTtosiTenHa dopma nokassat
W3KIMYMUTEINTHO BUCOKM aHTUOKCUOAHTHM
CTOMHOCTM, KOeTo nogyepTasa
noTeHuMana WM Kato (YHKLUUOHAIHM
CbCTaBKM B 34PaBOCIIOBHN HaNuUTK.

KombuHauusaTta oT yepBeHa
OopoBMHKa, AMBa MEHTA N MHAPUWLLE BOOU
00 byHKUMOHaneH nNpoaykT ¢ oborarteH
deHorneH npodwmn n noBuLIEHA
aHTMOKCUOAHTHA aKTMBHOCT.
HabniogaBaHnte cuHeprnyHn  edektu
MexXay  KOMMOHEHTUTEe  nogdepTtasat
BaXXHOCTTA Ha pacTutenHute
KOMOMHaumm B pas3paboTBaHETO Ha
YHKUMOHANMHN  XpaHW U HamnuTKW.
WacnegBaHeTo NnoTBbPXXAAaBa, ye
HaTypanHuTe pacTUTESNHN EKCTPaKTU He
caMo fJornpuHacaTt 3a nogobpsiBaHe Ha
OpraHonenTUYHNTE XapaKTEPUCTUKM, HO U
3HaYMTENHO NogobpsiBaT BUOXMMNYHUA U
30paBOCIOBEH MNpodunIyT  Ha  KpanHus
NPOAYKT.

CONCLUSIONS

The fermented lingonberry
beverage exhibited the lowest values
across all indicators, which is expected
given the comparatively limited content of
phenolic compounds in lingonberries
compared to the herbal extracts.

The addition of mint significantly
increased the polyphenol content and
antioxidant activity, with the DPPH and
FRAP values of the mint-infused
beverage being nearly twice as high as
those of the base variant.

The inclusion of rose geranium led
to a further increase in antioxidant
potential, though to a lesser extent than
the effect observed with wild mint. This
suggests that rose geranium enriches the
beverage with additional antioxidants.

Mint and rose geranium extracts in
their pure forms showed exceptionally
high antioxidant values, highlighting their
potential as functional ingredients in
health-promoting beverages.

The results of the present study
demonstrate that the combination of
lingonberry, wild mint, and rose geranium
leads to a functional product with an
enriched phenolic profile and enhanced
antioxidant activity.

The observed synergistic effects between
the components  emphasize  the
importance of plant combinations in the
development of functional foods and
beverages. The study confirms that
natural plant extracts not only contribute
to improved organoleptic properties but
also significantly enhance the
biochemical and health-related profile of
the final product.
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BNArOQAPHOCTU

MpoBexaaHeTo Ha m3cnenBaHETO
CTaHa Bb3MOXHO OnarogapeHve Ha
HauunoHanHata nporpama ,Mnaau ydenu
W nocTooktopaHtn - 2 [lpoekTbT ce
n3nbnHsaBa B 6GasoBaTa opraHusauus -
WHCTUTYT MO KOHCepBMpaHe N KavyeCTBO
Ha XpaHuTe - rp. Mnosaus,
CenckocTonaHcka akagemus, benrapus.
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