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Abstract
Stachys officinalis L., Stachys palustris L., Stachys sylvatica L. (Lamiaceae) are widely used as herbal remedies. In this study, 
comparative assessment of the phenolic acids, flavonoids, anthocyanin, and tannins content, together with antioxidant 
activity of the extracts obtained from flowers, leaves and stems was performed. Phenolic acids determined by the HPLC 
method reached highest values in flower extract of S. palustris, stem extract of S. officinalis, and leaf extracts of S. sylvati-
ca. Flavonoids were found at values exceeding 100 mg quercetin equivalents (QE)/g dry weights in all three species, based 
on the spectrophotometric method. Anthocyanins were detectable only in extracts from flowers. S. officinalis stood out 
for the highest content of anthocyanins and tannins. Antioxidant activity was present in all three species studied, with S. 
palustris standing out for the most intense ferric reducing antioxidant power. The results obtained lead to the validation 
of applicability of these plants for curative and food purposes, given their variety and richness in bioactive compounds 
and antioxidants.
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1. Introduction
Many plants are known for their therapeutical effects 

in the treatment of certain diseases, but more and more are 
being discovered, and nowadays there is an ever-increas-
ing return to nature and what it has to offer. Advanced or 
classical extraction technologies of valuable components 
lead to the completion of information in this field, the re-
sults being visible both in the scientific and commercial 
areas.

One of the often refferened families in folk medicine 
is Lamiaceae, with genera and species identified world-

wide, most of them presenting exceptional curative prop-
erties. The genus Stachys is represented by 300–400 spe-
cies, native or acclimatized, natural or ornamental, their 
importance and complex chemical composition being val-
idated by the increasingly varied research that is being car-
ried out and the possibility of superior exploitation of their 
bioactive potential.1,2

Recent studies revealed antioxidant, enzyme inhibi-
tion, antidiabetic, anti-cholinesterase and anti-tyrosinase 
properties of Stachys cretica  subsp.  mersinaea (Boiss.) 
Rech.f., cytotoxic and antifungal activities of Stachys parv-
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iflora L., Stachys cretica subsp. bulgarica Rech.f. (SC), 
Stachys byzantina K. Koch (SB), Stachys thirkei K. Koch, 
antibacterial activity against Gram-positive microorgan-
isms of Stachys byzantina K.Koch, S. officinalis and S. syl-
vatica, nephroprotective, anti-inflammatory, hepatopro-
tective and anticancer properties of Stachys pilifera Benth, 
antiphlogistic effects of S. alpina, S. germanica, S. officinalis 
and S. recta antidepressant activity and apoptotic effect of 
Stachys pilifera Benth.3–11 Antioxidant activities were men-
tioned for all the above species. Nutritional value was also 
showed by a number of studies for species such as Stachys 
affinis Bunge, Stachys lavandulifolia Vahl. var. lavandulifo-
lia, Stachys sieboldii Miq. 12–14

The chemical composition of the extracts differs de-
pending on the species,6,9 on the solvent, on the different 
parts of plants used for extraction15 and the geographical 
area that the plants grow, 16,17 and so are the antioxidant 
and antimicrobial properties.16,18

In the central area of Romania (Sibiu County), seven 
species of Stachys genus have been identified so far: Stachys 
alpina L., present on the valleys and slopes of the Cibin 
and Făgăraș mountains; Stachys annua L. found on the 
montan hills at altitudes between 300 m and 700 m; Sta-
chys germanica L. found on hills and montan hills at altitu-
des of 320–550 m; Stachys officinalis L. identified in hi-
lly-mountain areas at altitudes between 330–1250 m; 
Stachys palustris L. growing sporadically at high altitudes 
between 300 m and 900 m; Stachys recta L. present in the 
hilly-mountainous area at altitudes between 260–800 m; 
Stachys sylvatica L. present frequent on mountain hills at 
high altitudes comprised 340–1470 m.19

Considering the therapeutic and nutritional potenti-
al of the species of the genus Stachys, this study provides a 
comprehensive and comparative evaluation of polyphe-
nols and antioxidant profile of extracts obtained from 
flowers, leaves and stems of the three species grown in the 
central area of Romania (Sibiu County): S. officinalis, S. pa-
lustris and S. sylvatica. Although other reports include 
chemical profile of Stachys sp., this is the first study that 
shows the chemical and antioxidant profile differentiated 
according to the aerial part of the plant and provide im-
portant clues regarding the optimal exploitation of plants, 
through the use of plant organs with abundant bioactive 
compounds.

2. Experimental
2. 1. �Plant Samples and Description of the 

Area of Interest

Plant samples: Stachys officinalis L. (hemicrypto-
phyte, Eurasia), Stachys palustris L. (hemicryptophyte, cir-
cumpolar), and Stachys sylvatica L. (hemicryptophyte, 
Eurasia) were collected in July 2022, in the maximum 
flowering period from depression Mărginimii groups. The 

area that was studied is located between coordinates: 
45°45'23"N 23°55'28"E and 45°45'58"N 23°54'29"E, at an 
altitude between 560 m and 610 m that covers the media 
between villages Fântânele (Cacova) and Sibiel from 
Mărginimea Sibiului.

Depression Mărginimii groups is located at the foot-
hills of Mountains Cindrel and is formed by two depres-
sions, one of Sibiu and the other of Săliște, separated by 
Măgura Beleuța with an altitude of 630 m. Depression is 
characterized by gradually hill Miocene aged at the foot-
hills of mountains, meadows, and terraces, attributes that 
frame it in the contact area. The climate is distinguished 
according to the landscape, with the depression area show-
ing warm sides, rich in precipitation, and more significant 
in winter. The solar radiation exceeds 115 kcal/cm2 /year 
overall. Air temperature oscillates depending on the land-
scape, depression area presenting an annual average tem-
perature of 9 °C and northwest winds. Rainfall totals over 
600 mm, with summer showers. Woody and herbaceous 
species are specific to the foothill area. The xerophiles 
meadows from the Depression Mărginimii (of Săliște) 
stand out through boreal plant diversity, dominated by 
plants original from Eurasia, followed by those Europeans 
and Central-European. Floristic species from this area 
were botanically researched with results that led to a very 
thorough and complete inventor.19

Plant samples of S. officinalis, S. palustris, and S. syl-
vatica were recorded within the CCBIA from L. Blaga Uni-
versity, Sibiu, Romania under no. 314/1, 314/2, and 314/3 
respectively.

2. 2. Chemicals and Reagents
The chemicals and reagents used in the process were 

sodium nitrite (NaNO2) 5%, aluminum chloride hexa-hy-
drate (AlCl3 . 6H2O) 10%, sodium hydroxide (NaOH) 1M, 
quercetin, potassium chloride (KCl) 0.025M, sodium ace-
tate (CH3COONa) 0.4M, hydrochloric acid (HCl), cyani-
din-3-glucoside, reagent Folin-Ciocâlteu, sodium car-
bonate (Na2CO3) 20%, tannic acid, casein, 0.5% formic 
acid in H2O, methanol (CH3OH), ferric-tripyridyltriazine 
(Fe3+-TPTZ), Trolox (6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid) from Fluka (Germany) and Sig-
ma-Aldrich (Germany). The HPLC standards were caffeic 
acid, chlorogenic acid, p-coumaric acid, ferulic acid, 
m-coumaric acid, sinapic acid, trans-cinnamic acid, ben-
zoic acid, ellagic acid, gallic acid, p- hydroxybenzoic acid, 
rosemarinic acid, syringic acid, and vanillic acid from Sig-
ma-Aldrich (Germany).

2. 3. Preparation of Stachys sp. Extracts
Flowers, stems, and leaves of S. officinalis, S. palus-

tris, and S. sylvatica were dried separately at a temperature 
of 40 °C until the constant mass. Each 50 g of shredded 
dried material was soaked in a 500 mL solution of aqueous 
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80% methanol for 3 days at a temperature of 18 °C in a 
covered container. The samples were decanted, filtered 
with a Buchner vacuum pump (Whatman filter paper No. 
1001 090), and concentrated in a rotary evaporator. The 
dry extracts were resuspended in distilled water to a con-
centration of 1:1 mg/ml.

2. 4. Determination of Phenolic Acids (PAs)
PAs were quantified through the HPLC method pro-

posed by Baczek et al.20 slightly modified, and by consult-
ing other methods that were already applied on plant ex-
tracts.21,22 Phenolic acids were identified following the 
HPLC system Smartline, KNAUER GmbH (Berlin, Ger-
many), equipped with a quaternary pump, automatic in-
jection and DAD detector, set to the following λ wave-
lengths: 280 nm, 320 nm, 360 nm. Briefly, C18 columns 
(Zorbax SB – Aq: 250 mm × 4.6 mm i.d., 5.0 μm p.s) were 
used. For the mobile phase, a solution of deionized H2O 
and phosphoric acid (pH 3.5) was used as eluent A, and 
acetonitrile (pH 3.5) as eluent B, with the follows ratio: 
0.00 min – 20% B; 0.45 min – 20% B; 5.50 min – 30% B; 
5.55 min – 90% B; 6.50 min – 95% B; 6.51 min – 20% B; 
15.00 min – STOP. A volume of 2 µL extract was injected 
into the column for chromatographic analysis, and the 
flow rate was 1 mL/min, at the temperature of 35 °C and 15 
min total time of analysis. The identification and quantifi-
cation of phenolic acids was achieved by comparison with 
selected standards, using calibration curves for each indi-
vidual compound. The experiments were performed in 
triplicate and the results were expressed in µg/g extract.24

2. 5. �Determination of Total Flavonoid 
Content (TFC)
Flavonoids were determined based on the spectro-

photometric method described by Popescu et al.23 The 
aqueous extracts (5 mL) were homogenized with 5% Na-
NO2 solution (0.3 mL) and incubated for 5 minutes. Later 
a solution of AlCl3 . 6H2O 10% (0.5 mL) was added and the 
mixture was left to react in darkness. After 15 minutes of 
reaction 2 mL of 1M NaOH solution was added and made 
up to 10 mL with distilled water. The samples were read 
with UV-1900 SHIMADZU spectrophotometer (Shimad-
zu Corporation, Kyoto, Japan) at a wavelength of 510 nm. 
The TFC was expressed in mg quercetin equivalents /gram 
of dry weight (mg QE/g DW).

2. 6. �Determination of Total Monomeric 
Anthocyanin Pigment Content
The colorimetric method based on the difference of 

absorbance of anthocyanins at a change in pH (pH 1 and 
pH 4.5) was applied for determination of total monomeric 
anthocyanin  pigment  (MAPC) content.24  Depending on 
their concentration, the difference in the absorbance of 

MAPC was read at a wavelength of 520 nm, respectively 
700 nm, using UV-1900 SHIMADZU spectrophotometer 
(Shimadzu Corporation, Kyoto, Japan). Results obtained 
in mg/L cyanidin-3-glucoside were converted into mg/g.24

2. 7. �Determination of Total Tannin Content 
(TTC)
For the assessment of TTC, comparative quantifica-

tion of total polyphenols determined through Folin-Ci-
ocâlteu method and express the results in µg tannic acid 
equivalents/ml (µg TAE/ml) and polyphenols residuals in 
casein was applied. The difference between the total level 
of polyphenols and polyphenols residuals represents the 
TTC expressed in mg tannic acid equivalents /g dry weight 
(mg TAE/g DW).25,26

2. 8. �Determination of Ferric Reducing 
Antioxidant Power (FRAP)
Antioxidant properties of the extracts were evaluat-

ed based on the reduction of Fe3+ -TPTZ in Fe2+-TPTZ by 
antioxidants ingredients from the samples. FRAP was 
monitored using the spectrophotometric method de-
scribed by Lachowicz-Wisniewska et al.27 Briefly, 1 mL of 
each aqueous extracts was homogenized with 3 mL Fe3+ 

-TPTZ, absorbance being read at a wavelength of 593 nm 
with UV-1900 SHIMADZU spectrophotometer (Shimad-
zu Corporation, Kyoto, Japan), after 10 minutes of incuba-
tion. The results are expressed in mg Trolox equivalents/g 
of dry weight (mg TE/g DW).

2. 9. Multivariate Analysis
In order to explain the significant correlations be-

tween quality parameters (phenolic acids data), principal 
component analysis (PCA) was the main approach of mul-
tivariate statistical analysis. In order to display data as sin-
gle point for each variable and to reveal the correspond-
ence between the principal component and the direction 
of maximum variance, the data were mean-centered. Pear-
son correlations (p < 0.05 and p < 0.01) were used to iden-
tify correlations between all variables included in the data-
set. All statistical analyzes were performed using Addinsoft 
XLSTAT software, version 2014.5.03 (Addinsoft Inc., New 
York, NY, USA).

3. Results and Discussions
3. 1. Phenolic Acids in Stachys Extracts

Through their anti-cancer, anti-inflammatory and 
antimicrobial action5,28–31 or through their positive effects 
on curing neurodegenerative diseases such as Alzhei-
mer’s,3 phenolic acids represent bioactive plants secondary 
metabolites with important preventive and curative acti-
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ons. Seven hydroxybenzoic acids and eight hydroxycinna-
mic acids were identified in Stachys flower extracts, with 
very low (0.01 µg/g trans-cinnamic acid) or generous val-
ues (27970.53 µg/g benzoic acid).

The results presented in Table 1 indicate that benzoic 
acid accumulates significantly especially in flower of S. syl-
vatica (19071.32 µg/g) and S. palustris (27970.53 µg/g) and 
leaves of S. officinalis (4564.43 µg/g). The lowest values of 
benzoic acid were observed in extracts of stems, varying 
between a minimum of 282.28 µg/g in S. palustris and a 
maximum of 1270.16 µg/g in S. officinalis. At a significant-
ly lower detected concentration (3080 μg/g extract), ben-
zoic acid was indicated as one of the most abundant phe-
nolic compound of S. cretica subsp. Mersinaea.3

The ellagic acid has been identified in the flowers ex-
tracts in quantities between 18.02 µg/g for S. palustris and 
32.01 µg/g for S. sylvatica, the obtained values for the stems 
extracts being below 7 µg/g, and those for the leaves ex-
tracts reaching a maximum of 21.12 µg/g in S. sylvatica. 
Uneven amounts of gallic acid were found in the studied 
extracts. Gallic acid was found in values below 10 µg/g in 
flower extracts and it was undetected in stems. In compar-
ison, higher content of 16.59 mg gallic acid equiv./g dry 
matter in Stachys lavandulifolia Vahl.32 or 900.61±0.06 mg 
gallic acid equivalent /100 g in dried herb in Stachys aleur-
ites Boiss. & Heldr. was reported.33 The p-hydroxybenzoic 
acid was identified at significant values in the flower ex-
tracts of S. sylvatica (83.15 µg/g) and in the leaves extracts 
of S. officinalis (73.43 µg/g). Salicylic acid was found in 
trace, with amounts between 0.22µg/g – 9.42 µg/g in flow-
ers extracts, and with subunit values in extracts of stems 
and leaves (0.27 µg/g – 0.96 µg/g), irrespectively of the spe-
cies. Significantly lower amount of p-hydroxybenzoic acid 

(0.006 mg g−1 DW) and significantly higher amount of sa-
licylic acid (0.168 mg g−1  DW) were found in methanol 
extracts of leaves of S. byzantina, in comparison with 
leaves and flower extracts in our study.34 These results sug-
gest a species-specific phenolic acid pattern.

Syringic acid was fluctuated in flower extracts between 
389.41 µg/g in S. officinalis and 569.78 µg/g in S. palustris, in 
stems extracts between 11.24 µg/g in S. palustris and 126.32 
µg/g in S. sylvatica, and in leaf extracts between 9.29 µg/g in 
S. palustris and 111.11 µg/g in S. sylvatica. A syringic acid 
derivative was found in ethanol extract of dried roots of 
Stachys geobombycis C.Y.Wu.35 Vanillic acid was not detected 
in the stems and leaves of studied extracts, and was identified 
only in the flower extracts at values between 266.78 µg/g (S. 
officinalis) and 343.21 µg/g (S. palustris).

Among the hydroxycinnamic acids identified, the 
most significant amounts were found in the case of chloro-
genic acid with values varying in the flower extracts be-
tween 1011.78 µg/g (S. officinalis) and 7132.29 µg/g (S. 
palustris). Chlorogenic acid was also identified in stems 
(125.37 µg/g – 333.25 µg/g) and in leaves (113.48 µg/g – 
452.65 µg/g) in all three species. Chlorogenic acid and 
vanillic acid were predominant in aerial parts extracts of 
Stachys cretica L. subsp. vacillans Rech. Fil.30 Syringic acid 
and vanillic acid were identified in Stachys sp. aff. Schim-
peri whole plant extract.36

Caffeic acid was identified in the flower extracts at 
values over 100 µg/g, but in leaf and stems extracts the val-
ues were only subunit, or undetectable in the stems ex-
tracts of S. officinalis. Caffeic acid was found as major phe-
nolic compound for Stachys tmolea Boiss.37 The p-coumaric 
acid was detected in all Stachys extracts, values being sig-
nificantly identified in the flower extracts (35.66 µg/g – 

Table 1. Phenolic acids identified and quantified in extracts obtained from flowers, stems and leaves of S. officinalis, S. palustris, S. sylvatica

Phenolic acid		  S. officinalis (µg/g)			   S. palustris (µg/g)			   S. sylvatica (µg/g)		
	 Flowers	 Stems	 Leaves	 Flowers	 Stems	 Leaves	 Flowers	 Stems	 Leaves

Hydroxybenzoic acid									       
Benzoic acid	 12464.34	 1270.16	 4564.43	 27970.53	 282.28	 2225.44	 19071.32	 347.79	 3447.22
Ellagic acid	 24.25	 4.56	 12.34	 18.02	 1.27	 2.97	 32.01	 6.96	 21.12
Gallic acid	 7.33	 n.d	 0.27	 2.48	 n.d	 0.22	 9.34	 n.d	 n.d
P-hydroxybenzoic acid	 25.39	 2.11	 73.43	 49.27	 8.54	 57.14	 83.15	 n.d	 4.04
Salicylic acid	 5.23	 0.96	 0.35	 9.42	 0.27	 0.22	 1.22	 0.29	 0.77
Syringic acid	 389.41	 34.12	 22.44	 569.78	 11.24	 9.29	 487.76	 126.32	 111.11
Vanillic acid	 266.78	 n.d	 n.d	 343.21	 n.d	 n.d	 312.22	 n.d	 n.d
Hydroxycinamic acid									       
Caffeic acid	 102.56	 n.d	 0.01	 176.53	 0.02	 0.15	 149.28	 0.04	 0.11
Chlorogenic acid	 1011.78	 125.37	 452.65	 7132.29	 234.23	 217.02	 2119.69	 333.25	 113.38
P- coumaric acid	 35.66	 10.21	 12.92	 46.22	 9.22	 16.78	 55.19	 22.33	 24.21
Ferulic acid	 821.32	 247.77	 293.99	 916.16	 196.78	 241.39	 441.02	 133.44	 188.07
M-coumaric acid	 5.66	 1.21	 2.92	 4.22	 n.d	 n.d	 5.19	 2.33	 4.21
Rosmarinic acid	 9.56	 n.d	 n.d	 4.93	 n.d	 n.d	 4.55	 n.d	 n.d
Sinapic acid	 7.99	 n.d	 n.d	 3.23	 n.d	 0.03	 7.13	 n.d	 0.05
Trans-cinnamic acid	 0.01	 n.d	 n.d	 n.d	 n.d	 n.d	 n.d	 n.d	 n.d
Total	 15177.27	 1696.47	 5435.75	 37246.29	 743.85	 2770.65	 22779.07	 972.75	 3914.29 

Values are expressed as mean (n = 3), n.d = not detected
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55.19 µg/g), and lower in stems and leaves (9.22 µg/g – 
24.21 µg/g). In all assessed extracts a significant amount of 
ferulic acid were quantified. The values determined in the 
flower extracts varied between 441.02 µg/g and 916.16 
µg/g, and in the stem extracts up to a maximum of 247.77 
µg/g. Ferulic acid were identified in other species, such as 
Stachys germanica L.,38 Stachys pumila Banks & Sol.,39 S. 
byzantine34 and in Stachys thirkei K. Koch was found as 
major phenolic compounds along with chlorogenic acid, 
caffeic acid and rosmarinic acid.37

In the extracts obtained from flowers have been de-
tected m-coumaric acids (4.22 µg/g – 5.66 µg/g), ros-
marinic acid (4.55 µg/g – 9.56 µg/g), sinapic acid (3.23 
µg/g – 7.29 µg/g), trans-cinnamic acid (0.01 µg/g for 
Stachys Officinalis L). Other authors analyzed phenolics 
compounds, respectively PAs from various Stachys ex-
tracts, results being noted in the case of species S. officina-
lis, 20,40,41,42 S. palustris,12,41 S. sylvatica,12,38 Stachys cretica 
ssp. anatolica Rech. Fil.,31 Stachys lavandulifolia Vahl.,43 
Stachys tmolea Boiss.44

3. 2. �Total Flavonoid Content in Flower, Stem 
and Leaf Extracts
Flavonoids are important bioactive compounds 

identified in all extracts, irrespective of plant species or or-
gan used. As noted in table 2, the highest value of 51.66 mg 
QE/g DW were identified in flower extract of S. palustris, 
followed by flower extracts of S. officinalis (45.36 mg QE/g 
DW) and S. sylvatica (39.48 mg QE/g DW). TFC was lower 
in the extracts obtained from the stems and leaves regard-
less of the species. Similar or lower TFC was identified by 
other authors in Stachys species. Sarikurkcu et al. reported 
a TFC between 39.24 mg Re/g extract (routine equiva-
lents) and 47.70 mg Re/g for S. byzantina extract,45 and 
Ahmadvand et al. referenced a TFC of 17.09 mg QE/g ex-
tract and 31.18 mg QE/g for Stachys inflata Benth extract.46

3. 3. �Anthocyanins Content in Flower, Stem 
and Leaf Extracts
Anthocyanins are water-soluble, colored and bioac-

tive compounds, associated with the red color of the flower 
petals of the three studied species. In this study, anthocya-
nins were identified at an average value of 32.61 mg/g ex-
tract in Stachys officinalis flowers, 19.88 mg/g extract in 
Stachys palustris flowers and 27.72 mg/g extract in Stachys 
sylvatica flowers. Table 2 shows the lack of anthocyanins in 
the extracts from stems and leaves. Anthocyanins were al-
so detected by Lachowicz-Wisniewska et al.27 in the flowers 
of the species Stachys palustris at an average amount of 20 
mg/100 g d.m. or by Bursal et al.47 in the extracts of Stachys 
annua at an average value of 34.3 μg/g, but also by other 
authors who highlighted their antioxidant and anti-in-
flammatory qualities.48

Table 2. Flavonoids, anthocyanins, tannins and antioxidant activity 
of S. officinalis, S. palustris, S. sylvatica

Species	 Aerial 	 Total	 Antho-	 Total	 FRAP
	 part	 flavonoids	 cyanins	 tannins
		  (mgQE/g	 (mg/g	 (mg TAE/	(mg TE/
		  DW)	 DW)	 g DW)	 g DW)

S. officinalis 	Flowers	 45.36	 32.61	 87.55	 71.34
	 Stems	 39.45	 n.d	 77.39	 56.38
	 Leaves	 31.22	 n.d	 84.27	 83.22
	 Total	 38.67	 10.87	 83.07	 70.31
S. palustris 	 Flowers	 51.66	 19.88	 75.54	 93.76
	 Stems	 19.78	 n.d	 44.97	 66.09
	 Leaves	 32.67	 n.d	 71.76	 76.21
	 Total	 34.70	 19.88	 64.09	 78.68
S. sylvatica 	 Flowers	 39.48	 27.72	 101.33	 87.54
	 Stems	 29.07	 n.d	 56.39	 63.27
	 Leaves	 31.63	 n.d	 51.15	 75.77
	 Total	 34.70	 27.72	 69.62	 75.52

3. 4. Determination of Total Tannin Content
Tannins are phenolic compounds produced as sec-

ondary metabolites by terrestrial and aquatic plants.49 Ta-
ble 2 stands out the fact that tannins vary in the flower 
extracts from 75.54 mg TAE/g DW to 101.33 mg TAE/g 
DW, the significantly higher value being attributed to S. 
sylvatica. In the extracts derived from stems, TTC was 
quantified to a value of 44.97 mg TAE/g DW and 77.39 mg 
TAE/g DW, the lowest value being defining for the species 
S. palustris. Lachowicz-Wisniewska et al. identified 36 hy-
drolysable tannins in S. palustris flower extracts, 32 in 
stem extracts and 31 in leaf extracts.27 TTC varied between 
the level of 1.72% and 2.91% pyrogallol equivalent in S. 
officinalis, depending of the vegetative stage of plant devel-
opment.20

3. 5. �Principal Component Analysis of 
Flowers, Stems and Leaves Sample of S. 
Officinalis, S. Palustris and S. Sylvatica
The results obtained through HPLC method were 

analyzed and interpreted to explain and to identify the re-
lationships and the patterns of chemical compounds char-
acteristic of S. officinalis, S. palustris and S. sylvatica flow-
ers, leaves and stems. The first principal component (PC1) 
corresponds to 68% of the total variation, while the second 
principal component (PC2) explains only approximately 
11% (Figure 1). The analysis of the PCA from flowers, 
leaves and stems showed a separation of the samples de-
pending on their chemical composition, leaves and stems 
of S. sylvatica, stems of S. officinalis being located on the 
negative semiaxes. The location of the S. officinalis flower 
sample in quadrant II, away from the other samples, sug-
gests the highest content of anthocyanins, flavonoids, ros-
marinic acid, M-coumaric acid, etc. A similar content of 
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PAs are indicated by the close location of samples from 
flowers of S. palustris and S. sylavtica in the first quadrant, 
on the one hand, and samples from leaves of S. palustris 
and S. officinalis in the IV quadrant, on the other side (Fig-
ure 1a). The main components of positive side of PC1 were 
p-coumaric acid, flavonoids, ellagic acid, rosmarinic acid, 
anthocyanin, salicylic acid, syringic acid, sinapic acid and 
trans-cinnamic acid, while the positive side of the PC2 is 
identified with vanillic acid, tannins, caffeic acid, ferulic 
acid, p-hydroxybenzoic acid (Figure 1b).

The results are confirmed by the Pearson correlation 
coefficient. In the heatmap presented in Figure 2, a signifi-
cant positive correlation can be observed between the 
chemical variables identified in the analyzed samples, very 
rarely being identified a weak negative correlation between 
the chemical components, such as between trans-cinnam-
ic acid and P-hydroxybenzoic acid or FRAP.

nua L. that FRAP values varied between 334.5 mg TE/g 
extract and 1409.5 mg TE/g extract.50 Other studies re-
vealed that FRAP values of Stachys thirkei K. Koch. and 
Stachys turcomanica Trautv. extracts varied depending on 
the solvent type and on the concentration of the solvent 
used for extraction, respectively.5, 51

4. Conclusions
Extracts obtained from flowers, leaves and stems of 

S. officinalis, S. palustris, S. sylvatica have a chemical com-
position rich in phenolic compounds. The comparative 
analysis has completed the literature data with new and 
comprehensive information about the phenolic and anti-
oxidant profile. Compared to stems and leaves, these bio-
active compounds are more abundant in flowers, but to-

(a) (b)

3. 6. �FRAP of Flower, Stem and Leaves 
Extracts
In the flower, stem and leaf extracts of S. officinalis, S. 

palustris, S. sylvatica, FRAP values varied between 56.38 
mg TE/g DW and 93.76 mg TE/g DW (Table 2). It is noted 
that this activity is more significant for flower extracts ob-
tained from S. palustris, followed by S. sylvatica, and then 
by S. officinalis. Regarding the leaf extracts, a more pro-
nounced activity is on S. officinalis (83.22 mg TE/g ex-
tract), followed by S. palustris (76.21 mg TE/g extract) and 
S. sylvatica (75.77 mg TE/g extract). Significant values 
were also obtained on Stachys cretica L. extract (12.98±0.11 
mg TE/g extract, 236.44±2.96 mg TE/g extract, 254.40±8.58 
mg TE/g extract, 127.20 mg TE/g extract).3,29,30,31,47 Cüce 
et al. established for micropropagated plants of Stachys an-

Figure 1. Differentiation of flowers, leaves and stems sources based on the compositional profile; (a) PCA score plot illustrating differentiation of 
flowers, leaves and stems sources based on the compositional profile. Colored symbols correspond to the flowers, leaves and stems of the three spe-
cies addressed in this study (So – S. officinalis, Sp – S. plustris and Ss – S. sylvatica). The first two principal axes explained approximately 79% of the 
variance; (b) PCA loading plot showing the multivariate variation among the flowers, leaves and stems of the three species in terms of chemical 
compositional variables

gether they create a generous profile. Flavonoids, ant- 
hocyanins and tannins are found in the most significant 
amounts in S. officinalis, followed by S. palustris and S. syl-
vatica. The PCA analysis revealed significant differences in 
chemical composition of flowers, leaves and stems. Valua-
ble elements such as hydroxybenzoic or hydroxycinnamic 
acids, the plenteous load of natural antioxidants in the as-
sessed extracts, place them in the recommended list for 
their further use in pharmaceutical, cosmetic and food 
industries.
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Povzetek
Stachys officinalis L., Stachys palustris L., Stachys sylvatica L. (Lamiaceae) se pogosto uporabljajo kot zdravila rastlinskega 
izvora. V tej raziskavi je bila opravljena primerjalna ocena vsebnosti fenolnih kislin, flavonoidov, antocianinov in taninov 
ter antioksidativne aktivnosti izvlečkov, pridobljenih iz cvetov, listov in stebel. Fenolne kisline, določene z metodo HPLC, 
so dosegle najvišje vrednosti v izvlečku cvetov S. palustris, izvlečku stebla S. officinalis in izvlečku listov S. sylvatica. Na 
podlagi spektrofotometrične metode so bile pri vseh treh vrstah ugotovljene vrednosti flavonoidov, ki so presegale 100 
mg ekvivalentov kvercetina (QE)/g suhe snovi. Antocianini so bili zaznani le v izvlečkih iz cvetov. S. officinalis se je od-
likoval z najvišjo vsebnostjo antocianinov in taninov. Antioksidativna aktivnost je bila prisotna pri vseh treh proučevanih 
vrstah, pri čemer se je vrsta S. palustris odlikovala z najintenzivnejšo antioksidativno sposobnostjo reduciranja železovih 
ionov. Dobljeni rezultati so zaradi raznolikosti in bogastva bioaktivnih spojin in antioksidantov pripeljali do potrditve 
uporabnosti teh rastlin v zdravilne in prehrambene namene.


