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SHORT COMPARATIVE LITERATURE REVIEW OF THE PHENOLIC CONTENT
OF THE LEAVES OF SOME SALVIA SPECIES

Actuality. Sage is among the most significant medicinal plants due to its valuable biochemical composition. Phenolic compounds
Jform a broad class of organic substances that include a benzene ring and have a wide range of pharmacological effects. However,
the reserves of medicinal raw materials from all types of medicinal plants, including sage, are continually diminishing. This issue is
particularly pronounced now due to the impact of military operations on Ukraines environment and industrial capacity. Species within
the same genus, but differing in their genotype, also exhibit slight variations in their biochemical composition. Comparing species
that are systematically close to each other can help identify species suitable for use alongside commonly utilised ones and aid in
maintaining pharmaceutical production at a level that meets our country s needs.

The purpose of the study is to conduct a comparative analysis of the content of phenolic compounds in sage officinalis and five
wild sage species growing on the territory of Khortytsia Island, according to literary sources.

Material and methods. The study analysed the phenolic compound content in the leaves of six sage species: Salvia aethiopis,
Salvia nutans, Salvia austriaca, Salvia verticillata, Salvia nemorosa, and Salvia officinalis, based on literature sources. These species
were chosen for comparison because they are part of the natural flora of Khortytsia Island and the wider Zaporizhia region, and are
common, suggesting a significant potential supply of medicinal raw materials. The presence of Salvia officinalis in the natural flora of
Khortytsia Island was not documented. Literature sources on these species were analysed, and the most recent sources were selected.
Sources in which extraction and compound determination were carried out using the same methods were also chosen.

Research findings. The comparative study revealed that 18 phenolic compounds were detected across all examined species. Only one
compound — luteolin-7-O-glucoside — was present in all studied species. Two compounds — caffeic and rosmarinic acids — were found in five
of the six species. Four compounds were unique to a single species. Biochemically, Salvia verticillata was most like Salvia officinalis.

Conclusion. The most common phenolic compounds in the studied spices were luteolin-7-O-glucoside, caffeic acid, and rosmarinic
acid. Analysis found that Salvia verticillata is most similar to Salvia officinalis. So, this species needs more detailed analyses and,
probably, may be used to prepare products that use Salvia officinalis as a source of phenolic compounds. The lowest levels of phenolic
compounds were recorded in Salvia austriaca. Salvia nutans contained the most unique compounds in its composition, with two
compounds found only in its leaves.

Key words: medicinal plants, Salvia sp., phenolic compounds, comparison, genotypes.
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JAEAKHUX BUAIB I ABJIII

Axmyansuicme. [llagnia — ye 00na 3 HAUBANCIUBTUUX TIKAPCOKUX POCIUH, KA MAE Oyace yiHHuUl Oioximiunuil cknad. DenonvHhi
CROIYKU — Y€ GeNUKULL KILAC OP2AHIYHUX CROLYK, 00 CKLAQY SKUX 6X00umv 6en30ivhe Kitvye. Bonu marome wupoxuii cnekmp gapma-
Konoeiunoi 0ii. Ilpome 3anacu nikapcvbkoi cupoGuUHU 6CIX GUOIE TIKAPCOKUX POCIUH, SKTIOUAIOUU [ WAGTII0, NOCMIUHO 3MEHUWYIOMbCSL.
1 ocobruso ye siouysacmucsa 3apas uepes 6NaU8 GiliCbKOSUX Oill HA OMOouyioue cepedosunje ma NPOMUCIosi NOMY*CHOCMI Yrpainu.
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Buou, wo nanescams 00 00H020 pody, 00HAK, GIOPIZHAIOMbCA 30 CEOIM 2EHOMUNOM MAKOMb I 0eujo PI3HULL CKIA0 OIOXIMIUHUX PEUOBUH.
Tlopisenannsa cucmemamuyHo HAOIUNCEHUX 00UH 00 OOHO20 8UOIE 0ACHb 3MO2Y BUABUMU BUOU, K] MONCHA BUKOPUCIOBYEAMU NOPAO 13
WUPOKO 3ACMOCOSAHUMU, A OONOMOdICE NIOMPUMYBAMU BUPOOHUYMEO DAPMAYESMUYHUX NPENnapamis Ha O0CMAMHbOMY Ol nNompeo
Hawoi Kpainu pieHsXx.

Mema 0ocnidrcenna — 3a nimepamyprumu 0xceperamu NPoGecmu NOPIGHANbHUL AHANI3 YMICHY (henonbHux CnoyK wasnii nikap-
cbKol ma n’simu QUKOPOCIUX Udi6 wWasii, wo 3pocmaronms Ha mepumopii ocmposa Xopmuyi.

Mamepian i memoou. Y podbomi 6yno npoananizo8ano 3a rimepanmypuumu 0dxcepenami 6Micm eHoNbHUX CROIYK Y TUCHI wecmu
6uoie wasnii, a came: Salvia aethiopis, Salvia nutans, Salvia austriaca, Salvia verticillata, Salvia nemorosa ma Salvia officinalis. L]i
6UOU OYNI0 8UOPANO ONIs NOPIGHAHHSA Yepe3 me, Wo B0HU 3yCMPILamsbcs y npupoonitl gnopi ocmpoea Xopmuyi ma y 3anopizekomy
pecioni y yinomy i € 00601l nowuperHuml, Mmoodmo NomenyiliHull 3anac Aikapcovkoi cuposunu docums enuxutl. Ipucymuicmo Salvia
officinalis y npupoowiii gpnopi ocmpoea Xopmuyi ne 6yn0 3agixcosano. llpoananizosano nimepanmypHi oxcepena 3 ingpopmayicio came
npo yi 6uou, UOUPATUCH HAUHOBIWI 31 3HATIOEHUX Odicepel. Bubpano mi djicepena, 0e ekempaxyisi ma 6U3HA4YeHHsL CNOLYK NPOGOOUTUCS
MUMU CAMUMU MEMOOAMU.

Pesynomamu 0ocnioxcennsn. Pesynomamu nopieHsanbH020 00CTIONHCEHHA GUABUIU, WO 3A2ATIOM Y 8CIX 00CIIOHCYBAHUX 8U0aX O)10
susigneno npucymuicmo 18 ¢enonvrux cnonyk. Jluwe oona cnonyka — nomeonin-7-0-2niko3ud — 0yaa npucymus y 8Cix 00CHiONCeHUxX
suoax. /[6i cnonyku — Kkasosa ma posmapuHo8a KUCI0mu — 3yCmpivaromscs y n’amu 3 wiecmu 6uodis. Yomupu cnonyku 0yau yHikanoHumu
071 AKO20CH UAY (3yCMPIYaIUca auuie y npeocmasHuKie 00Ho2o 6udy). 3a ceoim bioximiunum cknadom Salvia verticillata sussunacs
Haubinbu cxoxcoio i3 Salvia officinalis, konyenmpayis vacmunu CROIYK y Hill HAGIMb NEPEGUYYE KOHYEHMPAYTIO V UAGLLL NIKAPCHKILL.

Bucnoeku. 3azanom ymicm ghenonbHux cnoayk y OuKopociux euodie wiasenii, ki spocmaioms Ha o. Xopmuys, cxodxicuti Ha emicm
CRONYK y Wwasnii 1iKapcwvKoi, npome ixX KilbKicmb KOIUBAEMbCA AK Y OIK 3MeHuleHHs, mak i 6 Oix 30invuenns. Hatiuacmiwe 3ycmpi-
YaIOMbCs MpU CRONYKU: Tomeonin-7-0-eniko3uo, kasosa ma posmapunosa Kuciomu. Ilicis nposedenns ananizy 0yno 6UsieHo, ujo
wasnia kineuacma (Salvia verticillata) naii6inew nodiona 0o waenii nikapcbkoi ma modice 6ymu GUKOPUCIANA ONs BULOMOBTEHHS
npenapamia, 0Jia npueoNy8ants AKUX WABIs NiKapcbka eucmynae odcepenom genonvuux cnoayk. Hatimenwe genonvrux cnonyk 6yno
saghixcosano y Salvia austriaca. Illaenis nonuxna (Salvia nutans) mana y coemy cknaodi Haubinbute YHIKAIbHUX CROIYK (081 CROYKU

oyau auwe y it aucmi).

Knruogi cnosa: nikapcoki pociunu, wasnis, peHonvHi CROTYKU, NOPIBHAHHSA, 2eHOMUNU.

Introduction. Medicinal plants are a vital part of
the plant kingdom. According to the World Health
Organisation (WHO), 80% of developing countries
and 60% of the global population rely on medicinal
herbs (Mahajan et al., 2020). Herbal remedies have
been utilised for over 5000 years. About 60% of plants
were reported to possess medicinal properties in the
post-Neolithic era (Chen et al., 2015). The biologi-
cal effectiveness of medicinal plants varies by organ.
These plant species are also employed in the beauty
sector as cosmetics, perfumes, and soaps, as well as in
the food industry (Efferth & Greten, 2012). Only 5000
plant species out of 250,000-300,000 have been thor-
oughly studied for their therapeutic potential (Payne et
al., 1991). The World Health Organisation (WHO) has
listed 21,000 therapeutic plants from around the globe
(WHO, 2015). According to the International Union
for Conservation of Nature and the World Wildlife
Fund, over 50,000 plant species are used for medicinal
purposes worldwide (Chen et al., 2016; Kumar et al.,
2018; Prakash et al., 2023).

Salvia is the largest genus in the Lamiaceae family,
with approximately 700-900 species of shrubs, herba-
ceous perennials, and annuals. Many species are used
as herbs, ornamental plants (usually for flower interest),
and sometimes for their decorative and aromatic foli-
age (Kalnyuk et al., 2025). Some species of Salvia have
been cultivated worldwide for use in folk medicines and
for culinary purposes. The genus Salvia is known to
be a rich source of flavonoids and phenolic acids, with
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more than 160 polyphenols identified (Lu, Foo, 2002).
However, nowadays, we can notice that the areas of the
S. officinalis is disappeared and amount of the medical
raw materials is decrease. The problem with decreasing of
the raw materials is very actual. So, it is essential to find
new alternative sources for the pharmacological industry.
One of the possible ways to solve this problem is use new
wild nature species related to the official medical species.
That’s why very important to investigate those species
and to compare their content with medical plants.

The aim of the study is to compare the phenolic
content of the leaves of five Salvia species: Salvia aethi-
opis, Salvia nutans, Salvia austriaca, Salvia verticillata,
Salvia nemorosa growing on Khortica Island with that of
the main medicinal species, Salvia officinalis L., based
on a literature review.

Materials and methods. A comparison was con-
ducted of five Salvia species growing on the island of
Khortica — Salvia aethiopis, Salvia nutans, Salvia austri-
aca, Salvia verticillata, Salvia nemorosa (Okhrimenko
et al., 2016) — with Salvia officinalis L., based on liter-
ature sources. The sources used for the analyses span
from 2012 to 2025 and were selected according to the
focus of their studies. All of them investigate the species
central to this review, utilising leaves as the initial mate-
rial to prepare a 70% ethanolic extract and employing
HPLC methodology to detect phenolic compounds.

Salvia aethiopis (fig. 1a), commonly known as Medi-
terranean sage, is a biennial or short-lived perennial herb
with very woolly leaves.
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Salvia nemorosa (fig. 1b), also known as woodland
sage, Balkan clary, blue sage, or wild sage, is a peren-
nial plant. The leaves vary in shape, making them heter-
ophyllous.

Salvia verticillata (fig. 2a), the lilac sage or whorled
clary, is a perennial herb. It has a leafy base of mid-green
leaves covered with hairs, with leaf-covered stems that
bear inflorescences up to 0.91 m tall.

Salvia austriaca (fig. 2b), or Austrian sage, is a
perennial species. The leaves are predominantly basal,
ovate, elliptical, or oblong. Usually, there is one or two
pairs of stem leaves, which are small, elliptical, obtuse,
sessile, often deeply incised and nearly lobed.

Salvia nutans (fig. 2c¢), commonly known as nod-
ding sage, is a perennial species. The basal leaves are
ovate-cordate and have a twice-serrated margin. They are
glabrous on the upper surface and short, densely pubes-
cent on the underside. There is one pair of cauline leaves.

Salvia officinalis (fig. 2d), known as common sage or
simply sage, is a perennial, evergreen subshrub with
woody stems. The leaves are oblong. They are grey-
green, rugose on the upper surface, and almost white
underneath due to numerous short, soft hairs.

Results and discussion. According to the literature,
the phenolic content of the leaves of six different Sal-
via species was analysed. All these species are peren-
nial plants. However, they all have different genotypes
because they are different species, and these differences

UGA0021072

a
https://en.wikipedia.org/wiki/Salvia_aethiopis

also may affect the biochemical composition of their
leaves.

Eighteen phenolic compounds were identified in
the studies investigated. They include: apigenin, api-
genin-7-O-glucoside, apigenin derivatives, luteolin,
luteolin-7-O-glucoside, luteolin derivatives, catechin,
chlorogenic acid, caffeic acid, rosmarinic acid, salvia-
nolic acid, rutin, hydroxycinnamic acid, flavone, his-
pidulin, cirsimaritin, vicenin-2, and 6-hydroxyluteo-
lin-5-glucoside.

It is interesting to observe that only one compound —
luteolin-7-O-glucoside — was present in all six species.
Four compounds were unique and were identified in
only one species (fig. 3). Apigenin derivatives were
found only in S. aethiopis. Rutin — a potential antioxi-
dant — was detected only in the common medicinal spe-
cies — S. officinalis.

As shown in the bar chart above, two acids — caffeic
and rosmarinic — were present in five of the six species.
Only Salvia nutans lacks these acids. Instead, it con-
tains its own two unique compounds — vicenin-2 and
6-hydroxyluteolin-5-glucoside.

It was observed that S. verticillata is most similar to
S. officinalis in phenolic content; they share the presence
of 9 compounds: apigenin, apigenin-7-glucoside, luteo-
lin, luteolin-7-glucoside, catechin, chlorogenic acid, caf-
feic acid, rosmarinic acid, and salvianolic acid. Myha et
al. (2020) revealed that the sum of phenolic compounds

b
https://en.wikipedia.org/wiki/Salvia_nemorosa
https://www.inaturalist.org/photos/304085905

Fig. 1. Salvia aethiopis (a) and S. nemorosa (b)
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a
https://en.wikipedia.org/wiki/Salvia_verticillata https://en.wikipedia.org/wiki/Salvia_austriaca
https://www.inaturalist.org/photos/133349080

https://en.wikipedia.org/wiki/Salvia_nutans https.//en.wikipedia.org/wiki/Salvia_officinalis
https://www.inaturalist.org/photos/511369646

Fig. 2. Salvia verticillata (a), S. austriaca (b), S. nutans (c) and S. officinalis (d)
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Number of Salvia species containing phenolic compounds
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Fig. 3. Number of Salvia species containing phenolic compounds

in terms of gallic acid was even higher in S. verticillata
(3,17 £ 0,02) than in S. officinalis (2,31 + 0,05). There-
fore, this species may potentially be used similarly to
S. officinalis to produce medicinal products. However,
this issue needs to be studied in more detail.

Overall, the polyphenolic contents of these species
are shown in table 1.

As shown in table 1, Salvia austriaca contains a
minimal number of polyphenolic compounds (only 4).
The amounts of these substances in Salvia nemorosa
and Salvia nutans are the same (8), while Salvia verticil-
lata has a slightly higher amount of polyphenolic com-
pounds (9). Salvia officinalis — the primary medicinal
species — has ten polyphenolic compounds, and finally,
Salvia aethiopis contains 11 compounds.

Salvia nutans contains two distinctive compounds
(vicenin-2 and 6-hydroxyluteolin-5-glucoside) that are
not found in other species. Therefore, this species may
be regarded as the most different from others.

In summary, we can state that the phenolic com-
pounds of species in the genus Salvia are very similar
and are probably due to shared genes. But this sugges-
tion needs further investigation by geneticists. How-
ever, given the environmental conditions in the regions

®dirtotepanis. Yaconuc

where these species grow, they exhibit distinct charac-
teristics.

Conclusions. For the first time, the phenolic con-
tent of the leaves of five Salvia species native to the
island of Khortica — Salvia aethiopis, Salvia nutans,
Salvia austriaca, Salvia verticillata, Salvia nemorosa —
was compared with Salvia officinalis.

It was found that Salvia verticillata shows signif-
icant similarity in phenolic content to S. officinalis,
which is why it can be used similarly for medicinal
purposes. Four species have their own unique com-
pounds. Only one compound — luteolin-7-O-gluco-
side —was found in all six species, and two compounds
(caffeic and rosmarinic acids) were identified in five
of the six species. Therefore, we can suggest that
these acids are more common across Salvia species
overall. The amount of the polyphenolic compounds
in native for the Khortica Island species in compari-
son with the S. officinalis is different. In some cases, it
is even bigger then in S. officinalis (for example, lute-
olin-7-O-glucoside or caffeic and rosmarinic acids).
Salvia austriaca has the fewest phenolic compounds
among these species, and Salvia aethiopis has the
most significant number.
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Polyphenolic compounds of some Salvia species

Table

Ne Species

Polyphenolic compounds

Number of
polyphenolic
compounds

References

1 | Salvia aethiopis

apigenin, apigenin-7-O-glucoside, apigenin
derivatives, luteolin-7-O-glucoside, luteolin
derivatives, caffeic acid, rosmarinic acid,
hydroxycinnamic acid, flavone, hispidulin,
cirsimaritin

11

Afzal et al., 2025
Anagnostou et al., 2025
Balasoiu et al., 2023
Bilginoglu et al., 2025
Koshovyi, O. M., 2012a
Koshovyi, O. M., 2012b
Luca et al., 2023

Myha et al., 2021

Myha et al., 2020

Myha et al., 2019

2 | Salvia nemorosa

luteolin-7-O-glucoside, luteolin
derivatives, caffeic acid, rosmarinic acid,
hydroxycinnamic acid, flavone, hispidulin,
cirsimaritin

Afzal et al., 2025

Anagnostou et al., 2025
Balasoiu et al., 2023

Koshovyi, O. M., 2012a
Koshovyi, O. M., 2012b

Luca et al., 2023
Moshari-Nasirkandi et al., 2024
Myha et al., 2021

Myha et al., 2020

Myha et al., 2019

3 | Salvia verticillata

apigenin, apigenin-7-O-glucoside, luteolin,
luteolin-7-O-glucoside, catechin, chlorogenic
acid, caffeic acid, rosmarinic acid, salvianolic
acid

Afzal et al., 2025
Anagnostou et al., 2025
Balasoiu et al., 2023
Emre et al., 2021
Koshovyi, O. M., 2012a
Koshovyi, O. M., 2012b
Luca et al., 2023

Mervic et al., 2022
Myha et al., 2021

Myha et al., 2020

Myha et al., 2019
Stankovi¢ et al., 2020
Stavropoulou et al., 2024

4 | Salvia austriaca

luteolin-7-O-glucoside, caffeic acid,
rosmarinic acid, hydroxycinnamic acid

Koshovyi, O. M., 2012a
Koshovyi, O. M., 2012b
Myha et al., 2021
Myha et al., 2020
Myha et al., 2019

5 | Salvia nutans

apigenin-7-O-glucoside, luteolin, luteolin-
7-O-glucoside, luteolin derivatives,
flavone, hispidulin, cirsimaritin, vicenin-2,
6-hydroxyluteolin-5-glucoside.

Afzal et al., 2025
Anagnostou et al., 2025
Hanganu et al., 2019
Koshovyi, O. M., 2012a
Koshovyi, O. M., 2012b
Luca et al., 2023

Myha et al., 2021

Myha et al., 2020

Myha et al., 2019

6 | Salvia officinalis

apigenin, apigenin-7-O-glucoside, luteolin,
luteolin-7-O-glucoside, catechin, chlorogenic
acid, caffeic acid, rosmarinic acid, salvianolic
acid, rutin

10

Afzal et al., 2025
Akrimi et al., 2025
Anagnostou et al., 2025
Koshovyi, O. M., 2012a
Koshovyi, O. M., 2012b
Males et al., 2022
Mascoloti Sprea et al., 2022
Myha et al., 2021

Myha et al., 2020

Myha et al., 2019

Silva et al., 2023
Tsitsigianni et al., 2023
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