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A. Non-Volatile and Volatile

Bioactives of Salvia officinalis L.,

Thymus serpyllum L. and Laurus nobilis

L. Extracts with Potential Use in the

Development of Functional

Beverages. Antioxidants 2022, 11,

1140. https://doi.org/10.3390/

antiox11061140

Academic Editor: Renan

Campos Chisté

Received: 20 May 2022

Accepted: 7 June 2022

Published: 10 June 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

antioxidants

Article

Non-Volatile and Volatile Bioactives of Salvia officinalis L.,
Thymus serpyllum L. and Laurus nobilis L. Extracts with
Potential Use in the Development of Functional Beverages
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Abstract: Functional beverages based on herbal extracts are highly demanded products due to the
presence of bioactives with promising health benefits and interesting and characteristic sensory
properties. Mediterranean medicinal and aromatic herbs contain a wide range of bioactives (non-
volatile polyphenols, volatile terpenes) that are important constituents of herbal extracts and essential
oils. The antioxidant capacity and potential health benefits of these bioactives could be associated
with their synergistic effects. Therefore, this study aimed to characterize the non-volatile and volatile
bioactives of sage (Salvia officinalis L.), wild thyme (Thymus serpyllum L.) and laurel (Laurus nobilis L.)
aqueous extracts and their two- and three-component mixtures as well as their antioxidant capacity.
The content of total phenols, flavonoids, hydroxycinnamic acids and flavonols was determined
spectrophotometrically. Individual polyphenols were analyzed by LC-MS/MS, the volatiles were
analyzed by HS-SPME/GC-MS, and the antioxidant capacity was analyzed by ORAC and DPPH
assays. The results showed that aqueous extracts of all examined herbs and their mixtures contained a
high content of phenolic compounds ranging from 0.97 to 2.79 g L−1 of the sample, among which the
most common were flavonols. At the same time, mono- and sesquiterpenes were the main volatiles.
All extracts showed high antioxidant capacity, especially L. nobilis (781.62 ± 5.19 µmol TE mL−1 of
the sample in the DPPH assay; 1896.10 ± 8.77 µmol TE mL−1 of the sample in the ORAC assay) and
the two-component mixture of L. nobilis and T. serpyllum (679.12 ± 5.19 µmol TE mL−1 in the DPPH
assay; 1913.38 ± 8.77 µmol TE mL−1 in the ORAC assay). Mixtures of herbal extracts have been
shown to possess additive or synergistic effects, consequently contributing to higher antioxidant
capacity. Therefore, two-component mixtures of herbal extracts showed promising potential for the
production of functional beverages.

Keywords: herbal extracts; functional beverages; antioxidant capacity; non-volatiles; volatiles; Salvia
officinalis L.; Thymus serpyllum L.; Laurus nobilis L.

1. Introduction

Medicinal and aromatic herbs represent a valuable source of phytochemicals that
have strong biological activities and health benefits [1]. Extracts of medicinal and aromatic
herbs are often added to functional food products, thus becoming desirable ingredients
for functional beverages to improve overall health conditions [2]. Functional beverages
based on herbal extracts contain a wide range of bioactive molecules responsible for po-
tential antioxidant, anti-inflammatory, anticholesterolemic, antitumor, and other beneficial
properties [3–6]. The selection of medicinal and aromatic herbs and the combination of
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several plant species in the production of herbal extracts is performed depending on the
composition and content of bioactive molecules, potential synergistic effects, and the type
of functional beverage to obtain high-quality beverages with increased antioxidant activity
and other effective properties [5,6]. Mediterranean herbs such as sage, wild thyme, and
laurel contain a specific composition of bioactive molecules (non-volatile polyphenols,
volatile terpenes) that could potentially contribute to the functional and sensory properties
of target products. A wide range of polyphenols found in these herbs includes various
flavonoids and phenolic acids [7–11], which have high solubility in water extracts. In
contrast, during the production of herbal extracts, only a small fraction of volatiles (mainly
from the essential oils) passes into aqueous extracts [12–14]. Their contribution to the herbal
extract biopotential is minor, but even at very low concentrations, they may contribute to
the sensory, especially the aromatic, properties of functional beverages.

Polyphenols are the most abundant non-volatile bioactives in sage, wild thyme, and
laurel that possess antioxidant, antimicrobial, anticarcinogenic, antifungal, antidiabetic, and
anti-inflammatory effects, and some of these effects can often be enhanced due to synergistic
effects among structurally diverse polyphenols [9,15–23]. The synergism of mixtures of
major or minor phenolics affects different pathways of the disease and contributes to faster
and more effective healing [24]. In addition, a synergistic effect between some volatile
constituents has also been observed, which is especially important in the production of
functional beverages as they can inhibit or reduce the natural oxidation process of the
products [25–28].

Although sage, wild thyme, and laurel extracts are recognized as rich sources of
polyphenols and specific volatile compounds, there is still insufficient data and necessary
knowledge about their potential synergistic effects and their application in the preparation
of functional beverages. Therefore, the aims of this study (first-time report) were to (a) char-
acterize the main bioactive molecules of sage, wild thyme and laurel; (b) determine the
biopotential of one-, two- and three-component extracts of selected herbs and (c) define the
formulations with the highest antioxidant capacity (DPPH radical scavenging and oxygen
radical absorbance capacity) for potential application in the enrichment or development of
a new functional beverage.

2. Materials and Methods
2.1. Chemicals

Formic acid and acetonitrile were HPLC grade, purchased from BDH Prolabo, VWR
(Lutterworth, England). Distilled water was Milli-Q quality (Millipore Corp., Bedford, NY,
USA). Fluorescein sodium salt was obtained from Honeywell Riedel-de-Haën (Bucharest,
Romania), Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was obtained
from Acros Organics (Thermo Fisher Scientific, Geel, Belgium), and 2,20-azobis
(2-amidinopropane) hydrochloride, DPPH-2,2′-diphenyl-1-picrylhydrazyl and aluminium
chloride were purchased from Sigma-Aldrich (Steinheim, Germany). A Folin–Ciocalteu
reagent was obtained from Fisher Chemical. Ethanol and sodium carbonate were obtained
from Gram-mol Company (Zagreb, Croatia). Hydrochloric acid was purchased from Carlo
Erba Reagents S.r.l. (Val-de-Reuil, France), and potassium acetate was purchased from
VWRChemicals (Radnor, PA, USA). Methanol (HPLC Chromasolv) was purchased from
Riedel-de Haën GmbH & Co. (Seelze, Germany).

A commercial phenolic compound of authentic standards of gallic acid, caffeic acid,
ferulic acid, chlorogenic acid, p-coumaric acid, kaempferol-3-rutinoside and quercetin-3-
glucoside was purchased from Sigma-Aldrich (Steinheim, Germany). Catechin, epicatechin,
epigallocatechin gallate, epicatechin gallate, procyanidin B1, apigenin, and luteolin were
purchased from Extrasynthese (Genay, France), and quercetin-3-rutinoside was purchased
from Acros Organics (Thermo Fisher Scientific, Geel, Belgium).



Antioxidants 2022, 11, 1140 3 of 20

2.2. Herbal Material

The samples of sage (Salvia officinalis L.) (S), wild thyme (Thymus serpyllum L.) (WT) and
laurel (Laurus nobilis L.) (L) leaves were purchased from Suban Ltd. (Strmec Samoborski,
Croatia), a certified collector and producer of medicinal and aromatic herbs. The herbs
were harvested in 2020, packaged in their original packages (paper bags) and stored in
a dark and dry place. Before the extraction, they were ground using an electric grinding
machine (WSG30, Waring Commercial, Torrington, CT, USA).

2.3. Herbal Extract Preparation

Ground dried sage, wild thyme and bay leaves (30 g) were extracted with distilled
water (200 mL) at 60 ◦C for 30 min on a horizontal water bath shaker (Memmert WB14,
SV1422, Schwabach, Germany). The extracts were filtered through Whatman no. 40 filter
paper (Whatman International Ltd., Kent, UK) and filled to a constant volume (200 mL).
Two-component and three-component mixtures were prepared in different ratios according
to Table 1. Prepared samples were used for the determination of polyphenols and antioxi-
dant capacity as well as for headspace solid-phase microextraction (HS-SPME). All samples
were prepared in duplicate and stored at 4 ◦C (no longer than 7 days).

Table 1. Preparation of two- and three-component herbal extract mixtures.

Herbal Extract and Mixtures Herbs Ratios (v/v) Label

One-component extract
Wild thyme (WT) WT

Sage (S) S
Laurel (L) L

WT + S 1:1 WTS11
WT + S 1:3 WTS13
WT + S 3:1 WTS31

WT + L 1:1 WTL11
Two-component mixtures WT + L 1:3 WTL13

WT + L 3:1 WTL31

S + L 1:1 SL11
S + L 1:3 SL13
S + L 3:1 SL31

WT + S + L 1:1:1 WTSL111
WT + S + L 1:2:1 WTSL121
WT + S + L 1:1:2 WTSL112

Three-component mixtures WT + S + L 1:2:2 WTSL122
WT + S + L 2:1:1 WTSL211
WT + S + L 2:2:1 WTSL221
WT + S + L 2:1:2 WTSL212

2.4. Determination of Total Phenol Content

The total phenol content (TPC) of the extracts was determined using a spectrophoto-
metric method based on the color reaction of phenols with Folin–Ciocalteu’s reagent [29].
The reaction mixture was prepared by mixing 100 µL of the herbal extract, 200 µL Folin–
Ciocalteu’s reagent (undiluted), 2 mL of distilled water and 1 mL of 20% sodium carbonate
solution, which was added after 3 min. The mixtures were mixed in a vortex and kept
at 50 ◦C in a water bath for 25 min. The optical density of the solution (absorbance) was
measured using a spectrophotometer (UV–1600PC, VWR International, Radnor, PA, USA)
at 765 nm. The measurements were carried out in duplicate, and distilled water was used in
the reaction as a blank. TPC was calculated according to the gallic acid standard calibration
curve (y = 0.0035x, R2 = 0.9995), and the results are expressed as as mean values ± standard
deviation of g L−1 of the sample (n = 2 replicates).
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2.5. Determination of Total Flavonoid Content

The spectrophotometric method to determine total flavonoid content (TFC) in herbal
extracts is based on the color reaction of flavonoids with aluminium chloride and potassium
acetate [30]. The reaction mixture was prepared by mixing 0.5 mL of the herbal extract,
1.5 mL of 96% ethanol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate
and 2.8 mL of distilled water. The measurements were carried out in duplicate, and the
blank was prepared using the same protocol with distilled water instead of the herbal
extract and 10% aluminium chloride. Prepared mixtures were kept at room temperature for
30 min, after which the absorbance was measured at 415 nm. The concentration of the TFC
was calculated using a calibration curve for quercetin (y = 0.0069x + 0.0002, R2 = 0.9977),
and the results were expressed as mean values ± standard deviation of g L−1 of the sample
(n = 2 replicates).

2.6. Determination of Total Hydroxycinnamic Acid and Flavonol Content

Total hydroxycinnamic acid (THCA) and flavonol content (TFLC) were determined
according to the method conducted by Howard et al. [31]. The reaction mixture was
prepared by mixing 250 µL of the extracts, 250 µL of 1 g L−1 hydrochloric acid (mixed
with 96% ethanol) and 4.55 mL of 2 g L−1 hydrochloric acid (mixed with distilled water).
Afterward, the absorbance was measured at 320 and 360 nm in duplicate. The blank was
prepared in the same way, with distilled water instead of the herbal extract. Quantification
of the THCA was made with the caffeic acid calibration curve (y = 0.0047x + 0.0231,
R2 = 0.9998), while the quantification of the TFLC was made with the quercetin calibration
curve (y = 0.0031x, R2 = 0.9975). The results are expressed as mean values ± standard
deviation of g L−1 of the sample (n = 2 replicates).

2.7. LC-MS/MS Chromatography

Separation of targeted phenolic compounds was performed by an ultra performance
liquid chromatography (UPLC) system (Agilent series 1290 RRLC instrument, Agilent,
Santa Clara, CA, USA) using a Fortis C18 column 100 × 2.1 mm with 1.7 µm particle size
(Fortis Technologies Ltd., Neston, UK). The eluent compositions and the gradient conditions
were previously described by Elez Garofulić et al. [32]. The identification and quantification
of phenolic compounds were performed on a 64,300 QqQ mass spectrometer (Agilent) in
both ionization modes. Briefly, the analytes were ionized by the ESI ion source with N2 as
a desolvation and collision gas at a flow rate of 11 L h−1 and temperature of 300 ◦C. The
nebulizer pressure was set at 40 psi, and the capillary voltage was set at +4 and −3.5 kV.
Agilent MassHunter Workstation Software (v. B.04.01) was used for instrument control
and data analysis. Quantitative determination was carried out using the calibration curves
of the standards as follows: (a) kaempferol rutinoside, kaempferol hexoside, kaempferol
deoxyhexoside and kaempferol pentoside were calculated according to kaempferol-3-
glucoside; (b) isorhamnetin hexoside, quercetin rhamnoside, quercetin pentoside were
calculated according to quercetin-3-glucoside; (c) apigenin-6-C-(O-deoxyhexosyl)-hexoside
was calculated according to apigenin; (d) luteolin-6-C-glucoside was calculated according
to luteolin; (e) epicatechin was expressed as catechin equivalents; (f) 3,4-dihidrobenzoic
acid hexoside was calculated as protocatechuic acid; and (g) p-hydroxybenzoic acid was
calculated as gallic acid. All analyses were performed in duplicate, and concentrations of
analyzed compounds are expressed as as mean values ± standard deviation of mg L−1 of
the sample (n = 2 replicates).

2.8. DPPH Radical Scavenging Activity

The spectrophotometric method was used to measure the ability of the extracts to
scavenge the DPPH radicals according to the previously defined method [29]. The herbal
extracts (0.75 mL) were mixed with the DPPH solution (0.2 mM in methanol) (1.5 mL),
shaken on a vortex mixer and kept in the dark at room temperature for 30 min. The decrease
in absorbance was measured at 517 nm in duplicate, and methanol was used as a blank. A
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Trolox calibration curve (y = –0.008x + 1.3476, R2 = 0.9948) was used, and the results are
expressed as as mean values ± standard deviation of µmol Trolox equivalent (TE) per mL
of sample (n = 2 replicates).

2.9. Oxygen Radical Absorbance Capacity (ORAC) Assay

The antioxidant capacity of the extracts was assessed by the oxygen radical absorbance
capacity (ORAC) assay according to the study of Elez Garofulić et al. [33]. The ORAC
procedure used an automated plate reader (BMG LABTECH, Offenburg, Germany) with
96-well plates, and the data were analyzed by MARS 2.0 software. The 2,2′-azobis(2-
methylpropionamidine) dihydrochloride (AAPH), fluorescein solution and different dilu-
tions of 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox) were prepared in
75 µM phosphate buffer (pH 7.4). Briefly, diluted samples were added to a 96-well black
plate containing a fluorescein solution (70.3 nM) and incubated for 30 min at 37 ◦C. After the
incubation, fluorescence measurements (the excitation at 485 nm and emission at 520 nm)
were taken every 90 sec. to determine the background signal. After three cycles, AAPH
(240 mM) was injected into each well to initiate the peroxyl radical generation. Different
dilutions of Trolox were used on each plate as the reference standard. The fluorescence
intensity was monitored over a total measurement period of 120 min. The measurements
were performed in duplicate, and the results are expressed as as mean values ± standard
deviation of µmol TE per mL of sample (n = 2 replicates).

2.10. Headspace Solid-Phase Microextraction and GC-MS (HS-SPME/GC-MS)

HS-SPME was conducted using a manual SPME holder and polydimethylsiloxane/
divinylbenzene (PDMS/DVB) fibre purchased from Supelco Co. (Bellefonte, PA, USA).
The fibre was conditioned using the instructions by Supelco Co. Samples of the herbal
extracts and their mixtures were placed separately in 5 mL glass vials immediately after
extraction (2 mL) and closed hermetically with PTFE/silicone septa. The vials were kept
in a water bath at 60 ◦C during equilibration (15 min) and HS-SPME (45 min) and were
partially submerged so that the liquid phase of the sample was below the water level. The
extraction was conducted under constant stirring (1000 rpm) with a magnetic stirrer. An
SPME fibre was withdrawn into the needle, removed from the vial, and inserted into the
injector (250 ◦C) of a gas chromatograph with a mass spectrometer (GC-MS). The extracted
volatiles were thermally desorbed directly to the GC column after 6 min. All extractions
(HS-SPME) were performed in duplicate (n = 2 replicates).

GC-MS analyses were performed on a gas chromatograph model 7890A (Agilent
Technologies, Palo Alto, CA, USA) and equipped with an HP-5MS capillary column (5%
phenyl-methylpolysiloxane, Agilent J and W; 30 m × 0.25 mm i.d., coating thickness
0.25 µm) and a mass selective detector (MSD) model 5977E (Agilent Technologies, Palo Alto,
CA, USA). The carrier gas was helium (He 1.0 mL min−1). The oven temperature was set
at 70 ◦C for 2 min; then, the temperature was increased from 70 to 200 ◦C (3 ◦C min−1) and
held at 200 ◦C for 15 min. The MSD (EI mode) was used at 70 eV with a 30–300 amu mass
range. The compounds’ identification was based on the retention indices (RIs) determined
relative to n-alkanes’ (C9–C25) retention times and their comparison with data in the
literature (National Institute of Standards and Technology), as well as by their mass spectra
compared with the spectra from Wiley 9 (Wiley, New York, NY, USA) and NIST 17 (D-
Gaithersburg) mass spectral libraries. The results are expressed as a percentage composition
as mean values ± standard deviation (n = 2 replicates).

2.11. Statistical Analysis

All extractions and measurements were performed in duplicate. The results were
expressed as mean values ± standard deviation, analyzed for statistical significance at
p ≤ 0.05, using the STATISTICA 8.0 software (StatSoft Inc., Tulsa, OK, USA). Continuous
variables were analyzed by one-way analysis of variance (ANOVA), and marginal means
were compared with Tukey’s HSD multiple comparison test. Dependent variables were
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TPC, TFC, THAC, TFLC, DPPH, ORAC and each of the polyphenol compounds detected
by HPLC.

3. Results and Discussion
3.1. Determination of Total Phenol, Flavonoid, Hydroxycinnamic Acid and Flavonol Content

In this study, S, WT and L extracts and their mixtures were analysed for TPC, TFC,
THCA and TFLC, and the results are shown in Table 2. The content of THCA and TFLC
did not differ significantly (p ≥ 0.05) between the herbal extracts and their mixtures, while
TPC and TFC values were significantly different (p ≤ 0.05).

Table 2. Content of total phenols, flavonoids, hydroxycinnamic acids, flavonols and antioxidant
capacity of laurel, wild thyme and sage extracts and their two- and three-component mixtures.

TPC
(g L−1)

TFC
(g L−1)

THCA
(g L−1)

TFLC
(g L−1)

DPPH
(µmol TE mL−1)

ORAC
(µmol TE mL−1)

p < 0.01 † p < 0.01 † p = 0.25 ‡ p = 0.39 ‡ p < 0.01 † p < 0.01 †

Laurel (L) 1.18 ± 0.04 a,b 0.14 ± 0.2 a 1.08 ± 0.21 a 1.06 ± 0.21 a 781.62 ± 5.19 j 1896.10 ± 8.77 h,i

Wild thyme (WT) 2.79 ± 0.04 j 0.56 ± 0.2 f,g,h 1.20 ± 0.21 a 0.96 ± 0.21 a 544.13 ± 5.19 f,g 1734.74 ± 8.77 d

Sage (S) 2.49 ± 0.04 i 0.62 ± 0.2 g,h 1.02 ± 0.21 a 0.93 ± 0.21 a 578.81 ± 5.19 h 1459.32 ± 8.77 c

WTS11 2.13 ± 0.04 f,g,h 0.66 ± 0.2 h 1.09 ± 0.21 a 0.94 ± 0.21 a 553.50 ± 5.19 g,h 1744.08 ± 8.77 d,e

WTS13 2.27 ± 0.04 g,h,i 0.64 ± 0.2 h 1.11 ± 0.21 a 1.01 ± 0.21 a 551.94 ± 5.19 g,h 1785.72 ± 8.77 e,f

WTS31 2.51 ± 0.04 i 0.63 ± 0.2 g,h 1.13 ± 0.21 a 0.95 ± 0.21 a 521.94 ± 5.19 d,e,f 1305.37 ± 8.77 b

WTL11 1.91 ± 0.04 e,f 0.41 ± 0.2 c 0.62 ± 0.21 a 0.50 ± 0.21 a 547.56 ± 5.19 f,g 1755.68 ± 8.77 d,e

WTL13 1.56 ± 0.04 c,d 0.26 ± 0.2 b 0.39 ± 0.21 a 0.35 ± 0.21 a 679.12 ± 5.19 i 1913.38 ± 8.77 i

WTL31 2.33 ± 0.04 h,i 0.50 ± 0.2 c,d,e,f 0.83 ± 0.21 a 0.65 ± 0.21 a 532.56 ± 5.19 e,f,g 1769.66 ± 8.77 d,e,f

SL11 1.79 ± 0.04 d,e 0.44 ± 0.2 c,d 0.58 ± 0.21 a 0.53 ± 0.21 a 469.44 ± 5.19 a,b 1304.70 ± 8.77 b

SL13 1.52 ± 0.04 c 0.30 ± 0.2 b 0.36 ± 0.21 a 0.32 ± 0.21 a 676.31 ± 5.19 i 1849.74 ± 8.77 g,h

SL31 2.04 ± 0.04 f,g 0.55 ± 0.2 e,f,g,h 0.76 ± 0.21 a 0.69 ± 0.21 a 506.94 ± 5.19 c,d,e 1229.36 ± 8.77 a

WTSL111 1.14 ± 0.04 a,b 0.49 ± 0.2 c,d,e,f 0.82 ± 0.21 a 0.74 ± 0.21 a 504.12 ± 5.19 c,d,e 1256.65 ± 8.77 a,b

WTSL121 1.20 ± 0.04 a,b 0.56 ± 0.2 f,g,h 0.81 ± 0.21 a 0.70 ± 0.21 a 539.44 ± 5.19 f,g 1810.04 ± 8.77 f,g

WTSL112 0.97 ± 0.04 a 0.44 ± 0.2 c,d 0.64 ± 0.21 a 0.56 ± 0.21 a 449.12 ± 5.19 a 1245.13 ± 8.77 a

WTSL122 0.99 ± 0.04 a 0.47 ± 0.2 c,d,e,f 0.71 ± 0.21 a 0.64 ± 0.21 a 506.31 ± 5.19 c,d,e 1260.94 ± 8.77 a,b

WTSL211 1.35 ± 0.04 b,c 0.51 ± 0.2 d,e,f 0.88 ± 0.21 a 0.74 ± 0.21 a 501.94 ± 5.19 c,d 1232.79 ± 8.77 a

WTSL221 1.45 ± 0.04 c 0.53 ± 0.2 d,e,f,g 0.85 ± 0.21 a 0.74 ± 0.21 a 490.69 ± 5.19 b,c 1301.07 ± 8.77 b

WTSL212 1.00 ± 0.04 a 0.45 ± 0.2 c,d,e 0.70 ± 0.21 a 0.61 ± 0.21 a 502.87 ± 5.19 c,d 1217.64 ± 8.77 a

TPC = total phenol content, TFC = total flavonoid content, THCA = total hydroxycinnamic acid content, TFLC = to-
tal flavonol content. Results are expressed as mean ± SD. † Statistically significant variable at p ≤ 0.05. ‡ Statisti-
cally insignificant variable at p ≥ 0.05. Values with different letters are statistically different at p ≤ 0.05.

The TPC for S extract content (2.49 g L−1 of the sample or 27.05 mg of gallic acid
equivalents (GAE) g−1 of dry herb) was higher than the 9.15 mg GAE g−1 in supercritical
fluid sage leaf extract reported by Pavić et al. [34], higher than 17.1 mg GAE g−1 in sage
methanol-acetone extract determined by Francik et al. [35], and higher than methanolic sage
extract in research conducted by Sytar et al. [36] and Hamrouni-Sellami et al. [37], reporting
2.23 mg GAE g−1 and 2.337 mg GAE g−1, respectively. Similar results (25.58 mg GAE g−1)
for the hydro-methanolic extract were reported by Doymaz & Karasu [38]. The TFC content
for S extract (0.62 g L−1 or 6.91 mg of quercetin equivalents (QE) g−1 of dry herb) was
higher than the 0.923 mg of QE g−1 determined by Hamrouni-Sellami et al. [37] and similar
to the 5 mg QE g−1 reported by Sytar et al. [36]. As for WT extract, the TPC content was 2.79
g L−1 or 15.05 mg GAE g−1. This value is higher than the 12.63 mg catechol equivalent (CE)
g −1 in methanolic extract determined by Goyal et al. [39] and similar to the values (15.06
mg GAE g−1) for thyme flower methanolic extracts reported by Jabri Karoui et al. [40]
and the 15.53 mg caffeic acid equivalents (CAE) g−1 for an aqueous decoction of Thymus
x citriodorus L. in the study conducted by Taghouti et al. [41]. The TFC for WT extract in
the present study was 3.17 mg QE g−1, which is higher than TFC (ranging from 1.412 to
2.076 mg QE g−1) in other Thymus species, such as Thymus trautvetteri extracts in different
solvents [42] and Thymus vulgaris L. methanolic extract (1.71 mg QE g−1) [43]. Regarding
the L extract, the TPC was 7.19 mg GAE g−1. This value is higher than the 2.34 mg GAE g−1

in an ethanolic extract in research conducted by Muñiz-Márquez et al. [44], higher than the
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2.272 mg GAE g−1 in the aqueous extract reported by Kashkouli et al. [45], higher than
in leaf extracts in different solvents ranging from 0.477 to 0.797 mg GAE g−1 according to
Tometri et al. [46] and higher than the 4.04 mg GAE g−1 in phosphate buffer (75 mM, pH 7.0)
extract reported by Zheng and Wang [47]. The TFC for L extract was 0.82 mg QE g−1, which
is higher than the leaf extracts in different solvents ranging from 0.193 to 0.399 mg CE g−1

recorded in research by Tometri et al. [46].
The current study results for one-component herbal extracts showed the highest TPC

in the WT extract, so it was expected that two-component mixtures with WT would also
have high TPC. Furthermore, low TPC in L is reflected in all two- or three-component
mixtures, with L as the dominant extract showing a lower amount of TPC. The values were
higher in two-component mixtures where L was not predominant, such as in the WTL31
(2.33 g L−1) and SL31 mixtures (2.04 g L−1), due to high TPC in the individual extracts of
S and WT. However, the highest TPC was determined in the WTS31 mixture (2.51 g L−1).
Malongane et al. [48] also reported TPC in two-component herbal teas. They studied the
TPC of honeybush (Cyclopia species), rooibos (Aspalathus linearis (Burm.f.) R.Dahlgren)
and special tea (Monsonia burkeana L.) in combination with bush tea (Athrixia phylicoides
Ker Gawl.). The results showed that the special tea contained the highest TPC of all one-
component herbal teas (1.10 mg GAE g−1 of the dry sample). Still, this content was higher
in the mixture with bush tea, where the ratio of the herbals was combined as 75% of special
tea and 25% of bush tea (1.44 mg GAE g−1 of the dry sample).

The current study results showed that three-component mixtures contained lower
TPC than two-component mixtures. The highest TPC was determined in the WTSL221
mixture (1.45 g L−1), which was expected considering that this mixture had a higher
amount of S and WT. However, this value was almost twice lower than the value of the WT
extract. A similar effect of a combination of more than two herbal extracts was obtained
by Studzińska-Sroka et al. [49]. They reported TPC in mulberry (Morus alba L.) leaves and
mixtures of mulberry leaves with other herbs, made as two-, four-, five-, and six-component
herbal tea blends, where the two-component herbal mixture composed of mulberry leaves
(70%) combined with cinnamon (Cinnamomum verum J.Presl) bark (30%) had the highest
content of polyphenols (16.06 mg GAE g−1 of the herbal blend). On the contrary, Cheminet
et al. [50] reported on two-, three-, four- and five-component decoctions containing yerba
mate (Ilex paraguariensis A.St.-Hil.) of different commercial brands combined with pep-
permint (Mentha x piperita L.), pennyroyal (Mentha pulegium L.), peperina (Minthostachys
verticillata (Griseb.) Epling), boldo (Peumus boldus Molina), melissa (Melissa officinalis L.) and
lemon verbena (Aloysia citrodora Paláu). Their study showed that the five-component mix-
ture had the highest TPC (45 mg GAE g−1 of yerba mate), but it was also the only mixture
containing melissa, contributing to higher TPC. There was no statistically significant differ-
ence between TFC in WT and S extract and their two-component mixtures in the current
study. The lowest TFC was determined in the L extract and its two- and three-component
mixtures. Our findings were not supported by Studzińska-Sroka et al. [49], whose results
of TPC in herbal tea blends correlated with a high content of flavonoids in the mixture
of mulberry leaves and cinnamon bark (70:30) (2.23 mg QE g−1 herbal blend). The results
were also different in research by Malongane et al. [48], where bush tea alone contained the
lowest flavonoid content, but the flavonoid content increased in two-component mixtures.

3.2. Polyphenolic Characterization of Sage, Wild Thyme and Laurel Herbal Extract and
Their Mixtures

A UPLC/MS-MS analysis was carried out to investigate the polyphenolic profile
of the L, WT and S herbal extracts and their mixtures. The results (Table 3) showed
27 phenolic compounds consisting of flavanols, flavonols, flavones, and hydroxycinnamic
and hydroxybenzoic acids.
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Table 3. Polyphenolic characterization (g L−1 of the sample) of sage, wild thyme and laurel herbal extract and their mixtures (Table 1).

Flavanols Flavonols

Compound 1 7 11 16 17 2 3 6 9 10 12 13 14 15

Tentative
Identifica-

tion

Procyandinin
Trimer

Epigallocatechin
Gallate

Epicatechin
Gallate Catechin Epicatechin Ruthin Kaempferol-

3-rutinoside
Quercetin-3-

glucoside
Quercetin-3-
rhamnoside

Kaempferol-
3-O-

hexoside

Quercetin-3-
pentoside

Kaempferol-3-
O-

deoxyhexoside

Kaempferol-
3-O-

pentoside
Myricetin

p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 *

Laurel (L) 1.21 ± 0.02 h 0.02 ± 0.00 a,b 0.10 ± 0.00
e,f

1.43 ± 0.03
l

1.26 ± 0.03
j

0.70 ± 0.20
a 1.10 ± 0.74 a 2.88 ± 0.16

d,e,f 3.91 ± 0.06 i 2.53 ± 1.58 a 1.42 ± 0.04 h 0.03 ± 0.00 h,i,j 0.72 ± 0.10 b 0.22 ± 0.02
a,b,c

Wild thyme
(WT) 0.32 ± 0.02 e 0.03 ± 0.00 a,b,c 0.05 ± 0.00 a 1.19 ± 0.03

i,j
1.22 ± 0.03

j
2.72 ± 0.20

b,c,d,e,f
10.80 ± 0.74

e
1.49 ± 0.16

a,b
0.61 ± 0.06

b,c 6.43 ± 1.58 a 0.22 ± 0.04 a 0.01 ± 0.00 b,c 4.51 ± 0.10
i,j

0.20 ± 0.02
a,b

Sage (S) 0.10 ± 0.02
a,b,c 0.05 ± 0.00 f,g 0.10 ± 0.00

d,e,f
0.36 ± 0.03

a
0.31 ± 0.03

a
4.24 ± 0.20

g,h,i
23.49 ± 0.74

f,g,h
2.95 ± 0.16

d,e,f 0.20 ± 0.06 a 137.04 ±
1.58 j 0.05 ± 0.04 a 0.03 ± 0.00 j,k 0.12 ± 0.10 a 1.06 ± 0.02

f

WTS11 0.06 ± 0.02 a 0.03 ± 0.00 b,c,d 0.11 ± 0.00
f,g

1.27 ± 0.03
j,k

1.30 ± 0.03
j

12.69 ±
0.20 k

40.67 ± 0.74
j

10.73 ± 0.16
h

0.87 ± 0.06
c,d

35.38 ± 1.58
d

0.77 ± 0.04
c,d 0.01 ± 0.00 a 1.73 ± 0.10

d,e
1.28 ± 0.02

g

WTS13 0.07 ± 0.02
a,b 0.08 ± 0.00 h 0.11 ± 0.00

f,g
1.18 ± 0.03

h,i,j
1.22 ± 0.03

j
13.21 ±
0.20 k

65.41 ± 0.74
l

12.72 ± 0.16
i

0.75 ± 0.06
b,c,d

45.74 ± 1.58
e,f

0.74 ± 0.04
b,c,d 0.02 ± 0.00 e,f,g 1.04 ± 0.10

b,c
1.69 ± 0.02

i

WTS31 0.09 ± 0.02
a,b,c 0.03 ± 0.00 c,d,e 0.06 ± 0.00 b 1.40 ± 0.03

k,l
1.44 ± 0.03

k
23.21 ±

0.20 l
48.87 ± 0.74

k
17.56 ± 0.16

j
1.35 ± 0.06

f,g
38.61 ± 1.58

d,e 1.54 ± 0.04 h 0.02 ± 0.00 d 7.39 ± 0.10 k 1.43 ± 0.02
h

WTL11 0.17 ± 0.02
b,c,d 0.03 ± 0.00 a,b,c 0.08 ± 0.00

b,c,d
0.70 ± 0.03

c,d
0.80 ± 0.03

d,e
1.97 ± 0.20

b,c
2.71 ± 0.74

a,b
3.09 ± 0.16

e,f 1.98 ± 0.06 h 35.20 ± 1.58
d 1.52 ± 0.04 h 0.03 ± 0.00 i,j,k 5.05 ± 0.10 j 1.25 ± 0.02

g

WTL13 0.56 ± 0.02 g 0.03 ± 0.00 b,c,d 0.11 ± 0.00 f 0.54 ± 0.03
b

0.54 ± 0.03
b

2.56 ± 0.20
b,c,d,e

3.95 ± 0.74
a,b,c 4.87 ± 0.16 g 3.65 ± 0.06 i 23.40 ± 1.58

b,c 2.42 ± 0.04 j 0.01 ± 0.00 a,b 4.15 ± 0.10
h,i

1.44 ± 0.02
h

WTL31 0.11 ± 0.02
a,b,c 0.04 ± 0.00 d,e 0.08 ± 0.00

c,d,e
0.97 ± 0.03

f,g
1.03 ± 0.03

f,g,h
5.19 ± 0.20

i,j
5.56 ± 0.74

b,c,d 3.61 ± 0.16 f 2.07 ± 0.06 h 56.45 ± 1.58
g,h 1.51 ± 0.04 h 0.02 ± 0.00 e 2.65 ± 0.10

f,g
0.22 ± 0.02

a,b,c

SL11 0.09 ± 0.02
a,b,c 0.03 ± 0.00 c,d 0.11 ± 0.00

f,g
0.66 ± 0.03

b,c
0.70 ± 0.03

c,d
1.77 ± 0.20

a,b
8.69 ± 0.74

d,e
1.88 ± 0.16

a,b,c
1.35 ± 0.06

f,g
55.52 ± 1.58

g,h
0.87 ± 0.04

d,e 0.01 ± 0.00 c 0.90 ± 0.10 b 0.28 ± 0.02
b,c

SL13 0.23 ± 0.02
d,e 0.05 ± 0.00 f,g 0.09 ± 0.00

c,d,e
0.56 ± 0.03

b,c
0.63 ± 0.03

b,c
1.73 ± 0.20

a,b
7.16 ± 0.74

c,d,e
3.26 ± 0.16

e,f 3.81 ± 0.06 i 45.81 ± 1.58
e,f 1.84 ± 0.04 i 0.03 ± 0.00 f,g,h 1.58 ± 0.10

c,d
0.20 ± 0.02

a,b

SL31 0.13 ± 0.02
a,b,c,d 0.02 ± 0.00 a 0.13 ± 0.00

h,i
0.35 ± 0.03

a
0.31 ± 0.03

a
4.70 ± 0.20

g,h,i
22.80 ± 0.74

f,g,h
2.55 ± 0.16

c,d,e
1.08 ± 0.06

d,e,f
140.19 ±

1.58 j
1.05 ± 0.04

e,f 0.03 ± 0.00 k 1.01 ± 0.10 b 0.60 ± 0.02
e

WTSL111 0.06 ± 0.02 a 0.03 ± 0.00 c,d,e 0.08 ± 0.00
b,c

1.06 ± 0.03
g,h,i

1.06 ± 0.03
g,h,i

2.90 ± 0.20
c,d,e,f

20.05 ± 0.74
f 0.96 ± 0.16 a 0.60 ± 0.06

b,c
47.46 ± 1.58

e,f,g 0.51 ± 0.04 b 0.01 ± 0.00 b,c 2.16 ± 0.10
e,f

0.22 ± 0.02
a,b,c

WTSL121 0.19 ± 0.02
c,d 0.03 ± 0.00 c,d,e 0.07 ± 0.00

b,c
1.04 ± 0.03

g
1.16 ± 0.03

h,i,j
4.89 ± 0.20

h,i
45.51 ± 0.74

k
3.04 ± 0.16

e,f 1.45 ± 0.06 g 103.56 ±
1.58 i

1.32 ± 0.04
g,h 0.03 ± 0.00 g,h,i 3.17 ± 0.10 g 0.34 ± 0.02

c,d

WTSL112 0.43 ± 0.02 f 0.05 ± 0.00 g 0.18 ± 0.00 j 0.88 ± 0.03
e,f

0.86 ± 0.03
e

6.09 ± 0.20
j

28.39 ± 0.74
i 5.30 ± 0.16 g 2.26 ± 0.06 h 30.49 ± 1.58

c,d 2.56 ± 0.04 j 0.01 ± 0.00 c 4.64 ± 0.10
i,j

0.44 ± 0.02
d

WTSL122 1.21 ± 0.02 h 0.04 ± 0.00 e 0.15 ± 0.00 i 0.95 ± 0.03
e,f,g

1.01 ± 0.03
f,g

3.11 ± 0.20
d,e,f

24.30 ± 0.74
g,h,i

1.26 ± 0.16
a,b

0.89 ± 0.06
c,d,e

58.77 ± 1.58
h

0.67 ± 0.04
b,c,d 0.02 ± 0.00 e,f 1.93 ± 0.10

d,e
0.44 ± 0.02

d

WTSL211 0.06 ± 0.02 a 0.04 ± 0.00 d,e 0.13 ± 0.00
g,h

1.27 ± 0.03
j,k

1.17 ± 0.03
i,j

2.20 ± 0.20
b,c,d

25.68 ± 0.74
g,h,i

2.08 ± 0.16
b,c,d

1.22 ± 0.06
e,f,g

60.88 ± 1.58
h

0.90 ± 0.04
d,e 0.01 ± 0.00 a,b,c 4.12 ± 0.10

h,i
0.25 ± 0.02

b,c

WTSL221 0.06 ± 0.02 a 0.05 ± 0.00 f 0.10 ± 0.00
e,f

1.04 ± 0.03
g,h

1.01 ± 0.03
f,g,h

3.60 ± 0.20
e,f,g

26.12 ± 0.74
h,i 1.15 ± 0.16 a 0.47 ± 0.06

a,b
20.88 ± 1.58

b
0.53 ± 0.04

b,c 0.02 ± 0.00 d 2.53 ± 0.10 f 0.13 ± 0.02
a

WTSL212 0.09 ± 0.02
a,b,c 0.04 ± 0.00 e 0.11 ± 0.00 f 0.82 ± 0.03

d,e
0.89 ± 0.03

e,f
3.83 ± 0.20

f,g,h
21.52 ± 0.74

f,g
2.43 ± 0.16

c,d,e
1.22 ± 0.06

e,f,g
52.83 ± 1.58

f,g,h
1.17 ± 0.04

f,g 0.02 ± 0.00 e 3.93 ± 0.10 h 0.21 ± 0.02
a,b
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Table 3. Cont.

Flavones Hydroxycinnamic Acids Hydroxybenzoic Acids

Compound 8 18 19 20 21 24 25 27 22 23 26 28 29

Tentative
Identifica-

tion

Luteolin-6-
C-

Glucoside
Luteolin Apigenin Rosmarinic

Acid
Chlorogenic

Acid
Ferulic
Acid

Caffeic
Acid

p-Caffeic
Acid

3,4-
Dihidrobenzoic

Acid
Hexoside

Syringic
Acid Gallic Acid Protocatehuic

Acid

p-
Hydroxybenzoic

Acid

p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 * p < 0.01 *

Laurel (L) 1.11 ± 0.03 i 1.09 ± 0.10 a 0.94 ± 0.19 a 0.14 ± 0.05
a

0.19 ± 0.06
a

1.23 ± 0.07
b

2.34 ± 0.10
c,d

2.79 ± 0.08
g,h,i 0.50 ± 0.01 h 0.14 ± 0.00

g,h,i 6.06 ± 0.05 i 92.80 ± 0.97 i 5.38 ± 0.09 i

Wild thyme
(WT) 0.08 ± 0.03 a 5.07 ± 0.10 i,j 6.28 ± 0.19

c,d,e
1.45 ± 0.05

e
4.54 ± 0.06

g
0.30 ± 0.07

a
17.72 ± 0.10

i
13.27 ± 0.08

k
0.27 ± 0.01

c,d,e
0.15 ± 0.00

h,i
0.25 ± 0.05

a,b 13.55 ± 0.97 b 3.80 ± 0.09 h

Sage (S) 0.37 ± 0.03 b 2.21 ± 0.10 b 3.33 ± 0.19 b 2.00 ± 0.05
g

0.09 ± 0.06
a

4.47 ± 0.07
m 9.76 ± 0.10 h 1.86 ± 0.08

a,b
0.34 ± 0.01

f,g 0.01 ± 0.00 a 0.13 ± 0.05 a 0.00 ± 0.97 a 1.43 ± 0.09 a

WTS11 0.37 ± 0.03 b 3.96 ± 0.10 f,g 8.15 ± 0.19
g,h

4.34 ± 0.05
i

3.45 ± 0.06
f

4.44 ± 0.07
m 7.67 ± 0.10 f 2.69 ± 0.08

f,g,h
0.32 ± 0.01

d,e,f 0.16 ± 0.00 i 0.18 ± 0.05 a 26.53 ± 0.97 e,f 2.20 ± 0.09
c,d

WTS13 0.35 ± 0.03 b 5.15 ± 0.10 i,j 9.72 ± 0.19 i 3.97 ± 0.05
h

2.21 ± 0.06
d

5.94 ± 0.07
n 8.27 ± 0.10 g 2.13 ± 0.08

b,c,d,e 0.38 ± 0.01 g 0.02 ± 0.00
a,b 0.16 ± 0.05 a 15.80 ± 0.97 b 1.61 ± 0.09

a,b

WTS31 0.85 ± 0.03
g,h 4.31 ± 0.10 g,h 13.08 ± 0.19

j
4.75 ± 0.05

j
5.99 ± 0.06

h
3.16 ± 0.07

j,k,l 7.11 ± 0.10 f 3.16 ± 0.08 i 0.50 ± 0.01 h 0.19 ± 0.00 j 0.18 ± 0.05 a 40.14 ± 0.97 h 2.97 ± 0.09
e,f,g

WTL11 0.98 ± 0.03
h,i 2.97 ± 0.10 c,d 9.78 ± 0.19 i 1.56 ± 0.05

e,f
2.88 ± 0.06

e
1.12 ± 0.07

b
2.32 ± 0.10

c,d
2.38 ± 0.08

d,e,f,g
0.25 ± 0.01

c,d
0.14 ± 0.00

f,g,h,i
0.82 ± 0.05

e,f 27.08 ± 0.97 e,f 2.25 ± 0.09
c,d

WTL13 1.54 ± 0.03 k 4.63 ± 0.10 h,i 6.77 ± 0.19
d,e,f

1.80 ± 0.05
f,g

1.46 ± 0.06
c

1.49 ± 0.07
b,c 1.15 ± 0.10 a 1.94 ± 0.08

b,c
0.23 ± 0.01

b,c
0.13 ± 0.00

f,g 2.01 ± 0.05 g 33.25 ± 0.97 g 3.08 ± 0.09
f,g

WTL31 0.83 ± 0.03
g,h 3.33 ± 0.10 c,d,e 13.88 ± 0.19

j
1.45 ± 0.05

e
3.36 ± 0.06

f
1.51 ± 0.07

b,c
2.68 ± 0.10

d,e
2.35 ± 0.08

c,d,e,f
0.26 ± 0.01

c,d 0.12 ± 0.00 f 0.40 ± 0.05
a,b,c 26.65 ± 0.97 e,f 2.40 ± 0.09

c,d

SL11 0.56 ± 0.03
d,e,f 3.71 ± 0.10 e,f 2.62 ± 0.19 b 0.17 ± 0.05

a
0.10 ± 0.06

a
2.17 ± 0.07

e,f
2.17 ± 0.10

c,d 1.45 ± 0.08 a 0.17 ± 0.01 a 0.04 ± 0.00
b,c,d

0.80 ± 0.05
d,e,f 23.80 ± 0.97 e,f 2.06 ± 0.09

b,c

SL13 1.33 ± 0.03 j 3.41 ± 0.10 d,e,f 2.44 ± 0.19 b 0.31 ± 0.05
a,b,c

0.06 ± 0.06
a

2.49 ± 0.07
f,g,h

1.35 ± 0.10
a,b 4.78 ± 0.08 j 0.23 ± 0.01

b,c
0.04 ± 0.00

b,c,d 3.42 ± 0.05 h 42.95 ± 0.97 h 4.98 ± 0.09 i

SL31 0.67 ± 0.03
e,f 5.40 ± 0.10 j 6.32 ± 0.19

c,d,e
0.76 ± 0.05

d
0.10 ± 0.06

a
3.50 ± 0.07

l 3.13 ± 0.10 e 2.03 ± 0.08
b,c,d

0.34 ± 0.01
f,g 0.05 ± 0.00 d 0.51 ± 0.05

b,c,d
17.98 ± 0.97

b,c,d
2.59 ± 0.09

d,e

WTSL111 0.44 ± 0.03
b,c,d 2.92 ± 0.10 c,d 5.69 ± 0.19

c,d
0.22 ± 0.05

a,b
0.32 ± 0.06

a
1.69 ± 0.07

c,d
2.33 ± 0.10

c,d
2.38 ± 0.08

d,e,f,g
0.32 ± 0.01

e,f
0.03 ± 0.00

a,b,c
0.30 ± 0.05

a,b,c 15.77 ± 0.97 b 2.10 ± 0.09 c

WTSL121 0.71 ± 0.03
f,g 4.40 ± 0.10 g,h 8.21 ± 0.19

g,h
2.03 ± 0.05

g
1.49 ± 0.06

c
2.76 ± 0.07

h,i,j 3.01 ± 0.10 e 2.52 ± 0.08
e,f,g

0.36 ± 0.01
f,g

0.02 ± 0.00
a,b

0.41 ± 0.05
a,b,c

21.60 ± 0.97
c,d,e

2.59 ± 0.09
d,e,f

WTSL112 1.55 ± 0.03 k 3.43 ± 0.10 d,e,f 6.54 ± 0.19
c,d,e,f

1.53 ± 0.05
e,f

2.14 ± 0.06
d

3.36 ± 0.07
k,l

2.59 ± 0.10
d,e

1.94 ± 0.08
b,c

0.32 ± 0.01
e,f 0.31 ± 0.00 k 1.01 ± 0.05 f 27.87 ± 0.97 f,g 3.28 ± 0.09 g

WTSL122 0.54 ± 0.03
c,d,e 3.30 ± 0.10 c,d,e 5.58 ± 0.19 c 0.17 ± 0.05

a
0.20 ± 0.06

a
1.97 ± 0.07

d,e
1.42 ± 0.10

a,b
2.30 ± 0.08

c,d,e,f
0.19 ± 0.01

a,b
0.04 ± 0.00

b,c,d
0.41 ± 0.05

a,b,c 16.93 ± 0.97 b,c 3.14 ± 0.09 g

WTSL211 0.65 ± 0.03
e,f 7.69 ± 0.10 k 8.54 ± 0.19 h 0.58 ± 0.05

c,d
1.60 ± 0.06

c
2.71 ± 0.07

g,h,i
1.79 ± 0.10

b,c
2.64 ± 0.08

f,g,h
0.24 ± 0.01

b,c,d 0.09 ± 0.00 e 0.29 ± 0.05
a,b,c

22.96 ± 0.97
d,e,f

2.38 ± 0.09
c,d

WTSL221 0.40 ± 0.03
b,c 3.28 ± 0.10 c,d,e 7.41 ± 0.19

f,g
0.26 ± 0.05

a,b
0.99 ± 0.06

b
2.31 ± 0.07

e,f,g
2.20 ± 0.10

c,d
3.02 ± 0.08

h,i
0.28 ± 0.01

d,e,f
0.04 ± 0.00

c,d
0.24 ± 0.05

a,b 15.59 ± 0.97 b 2.31 ± 0.09
c,d

WTSL212 0.85 ± 0.03
g,h 2.80 ± 0.10 c 6.97 ± 0.19

e,f
0.47 ± 0.05

b,c
1.97 ± 0.06

d
3.01 ± 0.07

i,j,k
1.42 ± 0.10

a,b
2.60 ± 0.08

f,g,h
0.34 ± 0.01

f,g
0.13 ± 0.00

f,g,h
0.57 ± 0.05

c,d,e 33.17 ± 0.97 g 2.05 ± 0.09
b,c

Results are expressed as mean ± SD. * Statistically significant variable at p ≤ 0.05. Values with different letters are statistically different at p ≤ 0.05.
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Among flavanols, compounds 16 and 17 were identified by comparison with authentic
standards such as catechin and epicatechin. Catechin and epicatechin were mainly found
in the extract of L and WT, while in two-component and three-component mixtures, the
highest amount was in WTS31 and WTSL211. These flavanols were previously found in the
herbal extracts of laurel [51,52] and wild thyme [53–55] in varying amounts.

Among the flavonols, compounds 2 and 15 were identified as rutin and myricetin com-
pared with the authentic standards. The compounds 3, 10, 13 and 14 were characterized by a
specific fragment ion at m/z 287 comparable with kaempferol. They were tentatively recog-
nized due to specific fragment loss as kaempferol-3-rutinoside (rhamnose −146 amu; glucose
−162 amu), kaempferol-3-O-hexoside (glucose −162 amu), kaempferol-3-O-deoxyhexoside
(deoxyhexose −146 amu) and kaempferol-3-O-pentoside (pentose −132 amu) [33]. The com-
pounds 6, 9 and 12 were tentatively assigned due to the characteristic fragment ion at m/z 303
and specific loss of sugar moieties as quercetin-3-glucoside (glucose −162 amu), quercetin-
3-rhamnoside (rhamnose −146 amu) and quercetin-3-pentoside (pentose −132 amu). The
results of the current study showed that flavonols were the most abundant compounds in
the extract of S, which was previously noted by Marchica et al. [56]. Flavonols, primarily
kaempferol-3-O-hexoside and kaempferol-3-rutinoside, were also present in high amounts in
the mixtures where S was dominant, but kaempferol-3-rutinoside was higher in most mixtures
with S than in the one-component S extract. Its amount was dominant in the WTS13 mixture,
and kaempferol-3-O-hexoside was found in the highest concentration in the two-component
SL31 mixture. Rutin was dominant in all two-component WTS mixtures, while its presence
was lower in their one-component extracts.

Among the flavones, compounds 18 and 19 were identified by comparison with au-
thentic standards such as luteolin and apigenin. Apigenin was the dominant compound
in the S extract and mixtures of WT with S and L (in the ratio of 2:1). In varying amounts,
apigenin was also detected in all three-component mixtures. Luteolin was the most abun-
dant in the S extract, but its amount was higher in the SL31 mixture. All detected flavones
have previously been found in the WT, S and L extracts [9,10,20,52,57,58]. Among the
hydroxycinnamic acids, the compounds 20, 21, 24, 25 and 27 were identified through com-
parison with authentic standards as rosmarinic, chlorogenic, ferulic, caffeic and p-caffeic
acid. Caffeic acid dominated the WT and S extracts and their two-component mixtures.
Except for caffeic acid, p-caffeic acid was also the dominant acid in the WT extract. The
presence of these acids was remarkably higher in the WT extract than in any other WT
mixtures. On the contrary, the presence of rosmarinic acid was higher in two-component
WT mixtures than in the WT extract. Ferrulic acid was the most dominant in the S and
two-component S mixtures. All detected hydroxycinnamic acids were found in previous
studies of laurel [7,52,59,60], wild thyme [20,54,57,61] and sage extracts [8,19,56,61,62].

As for hydroxybenzoic acids, the compounds 22, 23, 26, 28 and 29 were identified
through comparison with authentic standards as 3,4-dihydrobenzoic acid hexoside, syringic,
gallic, protocatechuic and p-hydroxybenzoic acids. Among them, protocatechuic acid was
by far the most dominant. It was found in all extracts and mixtures, except for the S extract,
where no presence of protocatechuic acid was detected. The amount of protocatechuic acid
was the highest in the L extract, and its presence was reported in previous research [7,52].

3.3. Headspace Solid-Phase Microextraction (HS-SPME/GC-MS)

In the herbal extracts of S, WT, and L, volatile headspace compounds were isolated
and analyzed by HS-SPME/GC-MS, and the results are shown in Table 4.
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Table 4. The headspace chemical composition of sage, wild thyme and laurel herbal extract and their mixtures (Table 1) as determined by HS-SPME/GC-MS analysis.

1,8-Cineole Linalool β-Thujone α-Thujone Camphor Thymol Carvacrol Methyleugenol Thymoquinone Geraniol

Laurel (L) 34.61 ± 0.57 17.75 ± 0.53 - - - - - 14.43 ± 0.30 - -
Wild thyme (WT) - - 1.19 ± 0.06 - 2.87 ± 0.06 11.9 ± 0.28 19.24 ± 0.18 - 11.3 ± 0.21 11.7 ± 0.42

Sage (S) 13.08 ± 0.09 1.48 ± 0.02 32.73 ± 0.53 17.99 ± 1.04 14.42 ± 0.29 - - - - -
SL11 20.94 ± 1.20 9.41 ± 0.22 21.39 ± 1.70 11.34 ± 0.24 9.89 ± 0.63 - - 6.22 ± 0.16 - -
SL13 24.58 ± 1.05 14.56 ± 0.43 12.36 ± 0.34 6.44 ± 0.24 6.21 ± 0.15 - - 10 ± 0.14 - -
SL31 17.73 ± 0.62 3.98 ± 0.07 30.72 ± 0.35 18.03 ± 0.33 10.89 ± 0.69 - - 2.22 ± 0.15 - -

WTL11 19.72 ± 1.32 10.16 ± 0.68 - - 1.37 ± 0.26 5.95 ± 0.25 10.08 ± 0.40 6.62 ± 0.43 1.75 ± 0.07 5.28 ± 0.20
WTL13 29.32 ± 0.93 14.27 ± 0.83 - - - 2.61 ± 0.08 4.58 ± 0.27 9.84 ± 0.98 - 2.35 ± 0.05
WTL31 10.45 ± 0.42 6.56 ± 0.52 - - 1.87 ± 0.15 7.62 ± 0.74 12.64 ± 0.77 2.87 ± 0.40 2.78 ± 0.13 6.66 ± 0.46
WTS11 9.00 ± 0.09 2.03 ± 0.02 21.73 ± 0.93 11.28 ± 0.42 10.57 ± 0.75 4.37 ± 0.12 7.45 ± 0.25 - 2.05 ± 0.07 3.52 ± 0.10
WTS13 11.68 ± 1.11 1.43 ± 0.16 30.55 ± 1.64 17.52 ± 1.64 11.66 ± 0.80 2.16 ± 0.11 3.67 ± 0.18 - - 1.55 ± 0.04
WTS31 5.06 ± 0.15 2.31 ± 0.08 13.78 ± 1.79 7.54 ± 0.38 6.34 ± 0.56 7.1 ± 0.18 11.74 ± 1.01 - 2.44 ± 0.10 5.68 ± 0.18

WTSL111 16.23 ± 0.73 5.77 ± 0.47 18.09 ± 0.70 10.1 ± 0.49 7.05 ± 0.60 3.22 ± 0.16 5.53 ± 0.37 3.95 ± 0.59 - 2.4 ± 0.10
WTSL121 15.51 ± 1.08 4.23 ± 0.16 23.36 ± 1.27 12.73 ± 1.08 9.00 ± 0.35 2.13 ± 0.09 3.75 ± 0.53 2.41 ± 0.22 - 1.54 ± 0.05
WTSL112 23.29 ± 1.62 8.92 ± 0.65 13.66 ± 0.88 6.83 ± 0.58 6.35 ± 0.65 2.14 ± 0.10 3.87 ± 0.54 5.87 ± 0.54 - 1.49 ± 0.05
WTSL122 18.85 ± 1.24 6.48 ± 0.33 20.79 ± 1.41 11.71 ± 1.13 7.8 ± 0.49 1.88 ± 0.25 3.27 ± 0.12 4.24 ± 0.09 - 1.32 ± 0.02
WTSL211 11.66 ± 1.10 5.37 ± 0.20 13.41 ± 1.10 7.22 ± 0.25 6.53 ± 0.11 4.99 ± 0.05 8.33 ± 0.15 2.52 ± 0.10 1.31 ± 0.05 3.71 ± 0.07
WTSL221 15.84 ± 1.82 4.75 ± 0.31 20.11 ± 1.98 10.34 ± 1.01 9.3 ± 0.45 3.67 ± 0.05 6.2 ± 0.10 2.07 ± 0.10 - 2.89 ± 0.02
WTSL212 17.73 ± 1.10 7.6 ± 0.20 11.96 ± 0.98 6.52 ± 0.45 5.14 ± 0.36 4.22 ± 0.15 7.18 ± 0.22 4.83 ± 0.11 - 3.26 ± 0.10

Eugenol Borneol 4-Terpineol α-Terpineol α-Terpinyl
acetate Oct-1-en-3-ol (E)-Citral

1,4-Dihydroxy-
2,5-di-tert-

butylbenzene
γ-Terpinene Veridiflorol Menthol

Laurel (L) 4.13 ± 0.10 - 4.81 ± 0.15 6.39 ± 0.20 7.54 ± 0.33 - - - - - -
Wild thyme (WT) - 6.12 ± 0.21 6.25 ± 0.34 1.12 ± 0.10 - 2.29 ± 0.12 - 7.66 ± 0.98 2.29 ± 0.08 - -

Sage (S) - 3.71 ± 0.12 1.55 ± 0.20 - - - - - - 1.63 ± 0.10 -
SL11 1.66 ± 0.05 2.77 ± 0.01 3.12 ± 0.04 3.18 ± 0.08 2.22 ± 0.09 - - - - - -
SL13 2.63 ± 0.06 2.1 ± 0.07 4.34 ± 0.10 5.23 ± 0.15 3.6 ± 0.20 - - - - - -
SL31 - 2.59 ± 0.20 1.81 ± 0.17 1.2 ± 0.05 1.42 ± 0.09 - - - - - -

WTL11 1.99 ± 0.10 3.01 ± 0.17 5.28 ± 0.11 3.38 ± 0.06 4.19 ± 0.08 1.18 ± 0.05 - 8.73 ± 0.58 - - -
WTL13 2.67 ± 0.15 1.85 ± 0.07 5.21 ± 0.18 4.9 ± 0.20 6.87 ± 0.87 - - 3.47 ± 0.10 - - -
WTL31 1.58 ± 0.04 4.03 ± 0.15 5.52 ± 0.25 2.13 ± 0.08 2.03 ± 0.05 1.55 ± 0.03 1.55 ± 0.02 18.51 ± 1.89 1.4 ± 0.02 - -
WTS11 - 4.07 ± 0.02 3.05 ± 0.08 - - 1.21 ± 0.05 1.28 ± 0.06 10.46 ± 1.20 - - -
WTS13 - 3.26 ± 0.15 2.06 ± 0.05 - - - - 4.96 ± 0.29 - - -
WTS31 - 4.03 ± 0.15 3.88 ± 0.12 - - 1.43 ± 0.05 1.62 ± 0.06 16.75 ± 1.88 1.01 ± 0.05 - -

WTSL111 1.52 ± 0.10 2.78 ± 0.08 - 1.95 ± 0.05 2.23 ± 0.22 - - 6.77 ± 0.20 - - 3.27 ± 0.11
WTSL121 1.08 ± 0.05 3.03 ± 0.05 2.44 ± 0.58 1.37 ± 0.09 1.48 ± 0.15 - - 6.7 ± 0.33 - - -
WTSL112 2.01 ± 0.07 2.71 ± 0.06 4.03 ± 0.10 3.24 ± 0.08 1.78 ± 0.16 - - 4.82 ± 0.14 - - -
WTSL122 1.35 ± 0.05 2.57 ± 0.08 3.04 ± 0.10 2.15 ± 0.03 2.62 ± 0.19 - - 2.88 ± 0.05 - - -
WTSL211 1.39 ± 0.04 3.61 ± 0.10 3.93 ± 0.23 1.82 ± 0.05 1.31 ± 0.20 1.19 ± 0.07 1.81 ± 0.10 12.48 ± 1.99 - - -
WTSL221 1.34 ± 0.04 3.63 ± 0.07 3.74 ± 0.11 1.62 ± 0.05 - 1.08 ± 0.05 - 2.1 ± 0.08 - - -
WTSL212 1.92 ± 0.02 2.97 ± 0.05 4.08 ± 0.25 2.61 ± 0.10 2.76 ± 0.11 - - 5.5 ± 0.18 1.01 ± 0.05 - -

Results are expressed as percentage composition as mean ± SD.
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Monoterpenes were the most common isolated volatile organic compounds in the
examined extracts. The oxygenated monoterpenes β-thujone (32.73%), α-thujone (17.99%),
camphor (14.42%) and 1,8-cineole (13.08%) were the major constituents in the aqueous
extract of S. These monoterpenes are well known for their antimicrobial, anti-inflammatory
and antioxidant properties [63] and were also previously reported as the major constituents
in sage hydrolate [12,64,65] and in much higher concentrations in a sage essential oil [66–69].
Additionally, Baydar et al. [12] compared distilled and extracted products of sage and
determined that 1,8-cineole and camphor were present in greater quantities in the hydrolate
in comparison to the essential oil, which can be explained by their better solubility in
water. The essential oils containing thujones are believed to have potential neurotoxic and
hepatotoxic effects that are not necessarily related only to thujone content but also to the
presence of other components in the essential oils [66,70,71]. However, since thujones are
less soluble in water, their minor presence in aqueous extracts could be associated with
the mentioned toxic effects. However, it is still necessary to determine possible toxicity
levels in herbal infusions because the trend of consuming them daily is growing [71,72].
Furthermore, the presence of thujones, camphor and 1,8-cineole also contribute to sensory
features, providing minty and fresh odors and eucalyptus aromas, which is significant for
functional beverages production [73,74].

The results obtained for the WT extract showed that the main volatile compound
was carvacrol (19.24%), while thymoquinone, geraniol and thymol were present at con-
centrations of 11.3, 11.7 and 11.9%, respectively. Previously, the studies reported carvacrol
and thymol as the most abundant compounds in wild thyme essential oil [75–77]. At the
same time, thymol is also reported as the main compound of wild thyme hydrolate [78]
and hydrolates of other Thymus species such as Thymus mastichina L. [79], T. vulgaris and
Thymus zygis Loefl. ex L. [80]. Carvacrol and thymol are monoterpene phenols with pow-
erful antiseptic, antibacterial, antioxidant, antifungal, anti-inflammatory and anticancer
properties [81–86]. Furthermore, the current study results have shown the presence of
geraniol and thymoquinone as the compounds found in lower concentrations but with
similar biological properties as carvacrol and thymol [87–90]. The application of thymol
or carvacrol in food products inhibits quality loss of the product, but their addition at
high levels can affect the sensory properties. Therefore, special attention should be paid to
sensory analysis [91], especially because thymol is the most active compound of the WT
extract that contributes to the aromatic profile, providing a pungent and herbaceous aroma
and characteristic thyme odor [14,92].

In the L aqueous extract, 1,8-cineole (34.61%), linalool (17.75%) and methyl eugenol
(14.43%) were the major compounds. These results confirmed the compounds mentioned
above as the main constituents of laurel hydrolate [64,93] and essential oil [94,95] in varying
amounts. It is considered that methyl eugenol is a limiting factor that allows the use of
laurel essential oil in food applications [96] and, along with linalool, exhibits antioxidant,
antimicrobial, anti-inflammatory and anticancer properties [94,97–102] and various effects
on the central nervous system [98,103,104]. These compounds are the primary compounds
responsible for the aroma of laurel leaves [105]. Still, the low water solubility of linalool and
methyl eugenol is a severe limit to their application in an aqueous environment [106,107].

Almost all of the previously mentioned compounds (1,8-cineole, linalool, β-thujone,
α-thujone camphor and carvacrol) were present in lower abundance in the two- and
three-component mixture headspace, depending on the ratio of the herbal extracts. It
was predicted that two-component mixtures of S and L would have the highest amount
of 1,8-cineole since the abundance of 1,8-cineole was the highest in their extracts, but
the obtained results did not match our expectations. Although a modest abundance of
1,8-cineole was found in the WT extract, it was the most abundant headspace constituent
in the WTL13 mixture (29.32%). Linalool was also detected in two-component mixtures
where L was dominant, primarily in SL13 and WTL13 (14.56 and 14.27%, respectively),
whereas it was absent in three-component mixtures in concentrations higher than 10%.
β-thujone and α-thujone are related to S mixtures, so the abundance of these molecules
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was higher in two-component mixtures where S predominated, for example, SL31 and
WTS13 (30.72%; 30.55% for β-thujone and 18.03%; 17.52% for α-thujone). The percentage of
α-thujone was slightly higher in the SL31 mixture than in the pure extract of S (17.99%).
In three-component mixtures, the abundance of these compounds is still high (23.36 and
12.73% in WTSL121 for β- and α-thujone), but because of a lower amount of the S extract,
these values were expectedly lower. Camphor and carvacrol are more specific for S and
WT, whereas the presence of these molecules was not established in the L extract. However,
carvacrol was still found in the mixtures of L, with the highest amount in WTL31 (12.64%).
On the other hand, the highest abundance of camphor was found in the WTS13 mixture
(11.66%), followed by the SL31 mixture (10.89%).

Aside from the already described compounds, HS-SPME/GC-MS analysis showed
the presence of other bioactives that also contributes to sensory properties, although they
are represented in lower percentages. One of them is α-terpineol, the most commercially
important monoterpene alcohol in the flavor industry with a floral, typically lilac odor [108].
Obtained results showed the presence of α-terpineol in the herbal extracts and mixtures,
but it was mainly specific to L (6.39%) and mixtures where L dominates, such as SL13
(5.23%), WTL13 (4.9%) and WTSL112 (3.24%). Borneol is another compound that occurs in
lower abundance and can contribute to the aromatic profile. Borneol is a compound that
provides a fragrant, spicy and cool flavor [109]. Analysis showed the presence of borneol
in the extracts of WT and S (6.12%; 3.71%) and their two-component mixtures, where
the highest percentage of borneol was found in the WTS11 mixture (4.07%), followed by
WTSL221 (3.63%) in the three-component mixture. 1,4-Dihydroxy-2,5-di-tert-butylbenzene
occurred in a lower percentage in the WT extract (7.66%) and a much higher percentage in
the two-component WTL31 and WTS31 mixtures (18.51 and 16.75%).

3.4. Antioxidant Capacity

All polyphenols determined in the current study are known as bioactive molecules
with health-promoting benefits, such as influencing several types of cancer, inflammation,
autoimmune and neurodegenerative disease [110–113]. Still, they also have antioxidant
properties, which are crucial in functional beverage development. The most frequent
in vitro assays that have been used to evaluate antioxidant capacity are DPPH and ORAC.
The ORAC assay is a fluorescence method that involves a hydrogen atom transfer mecha-
nism. The DPPH assay is a spectrophotometric method based on a single electron-transfer
reaction and hydrogen atom transfer [114]. The results of antioxidant capacity in herbal
extracts of S, WT, and L and their two- and three-component mixtures determined by the
DPPH and ORAC methods are presented in Table 2. Both methods showed a high antioxi-
dant capacity for the L extract. Although two-component mixtures with the L extract had
lower TPC and TFC content, they had a higher antioxidant capacity (DPPH and ORAC),
as proven by both assays. These results can be explained by the high content of hydroxy-
benzoic acids in the L extract and potentially synergism with other compounds (such as
flavonols and hydroxycinnamic acids) that contributed to antioxidant capacity due to their
chemical structure and are determined to be present in high amounts in the current study.
Electron donor groups of phenolic acids (phenolic hydroxyl and carboxylic acid groups)
may reduce the dissociation energy of the phenolic hydroxyl bond, thus amplifying the
ability to remove free radicals. Additionally, the increasing number of phenolic hydroxyl
and methoxy groups in phenolic acids enhances antioxidant activity [115]. The number
and configuration of hydroxyl groups in flavonoids and condensed tannins substantially
influence antioxidant activity. The structures of flavonoids that possess catechol structure
and hydroxyl groups at the 3’-, 4’-, and 5’-positions in the B-ring, and 2,3 double bond
combined with a 3-OH and 4-oxo group in the C-ring, are considered to be associated with
more significant antioxidant activity [116].

When comparing the antioxidant capacity of S and WT based on DPPH analysis, a
slightly higher value was present in the S extracts (578.81 ± 5.19 µmol TE mL−1), followed
by WT (544.13 ± 5.19 µmol TE mL−1). These results are consistent with previous research
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reported by Brezoiu et al. [61]. They confirmed more effective radical scavenging activity of
S extracts (180.81–236.43 mg TE g−1 extract and 3.42–7.08 g TE 100 g−1 herbal) compared
to the WT extracts (161.61–185.89 mg TE g−1 extract and 1.90–2.65 g TE 100 g−1 herbal) for
the DPPH assay.

The results obtained using the ORAC assay also pointed to the L extract possessing
the highest antioxidant capacity (1896.10 ± 8.77 µmol TE mL−1). Zheng and Wang [47]
reported ORAC analysis of 27 culinary herbs and 12 medicinal herbs, including L, S and
some other herbs from the genus Thymus, such as T. vulgaris and Thymus × citriodorus. L
showed higher antioxidant capacity than S (31.70 ± 0.97 µmol g−1 of fresh weight and
13.28 ± 0.40 µmol g−1) and all Thymus species.

As far as we know, there is still no research about synergistic interactions between
the L, S and WT extracts. Still, some studies have reported a synergic interaction between
bioactive molecules in some other herbal extracts. Ydyrys et al. [117] reported synergism
between the S, WT and ziziphora (Ziziphora bungeana Juz.) extracts with black or green
tea. The mixtures resulted in an increased antioxidant effect. Studzińska-Sroka et al. [49]
demonstrated the highest antioxidant capacity for an herbal extract made of mulberry
leaves and a mixture of mulberry leaves and cinnamon bark. An increase in the number
of herbal mixtures resulted in a decrease in the antioxidant capacity. Thus, it was the
lowest in the four- and five-component mixtures. However, they reported high antioxi-
dant capacity in a six-component mixture. The present results also demonstrated lower
antioxidant capacity in three-component than in two-component mixtures or single herbal
extracts. One explanation could be the interactions between the compounds present in the
herbal mixtures that can create complexes and potentially decrease polyphenols’ electron
donation capacity, thus reducing their antioxidant activity. Another possible explanation
for lower antioxidant capacity in herbal mixtures is the dilution effect—a greater amount
of herbals that participated in the combinations resulted in less bioactive molecules, which
are important for antioxidant capacity. Some of these bioactive molecules are previously
mentioned (flavonols and phenolic acids) as well as the volatile compound 1,8-cineole
with strong antioxidant properties [118]. The presence of 1,8-cineole was highest in L and
two-component mixtures with L. This may contribute to the higher antioxidant capacity
of L and its mixtures, probably because of synergism with phenolic compounds. L con-
tained a higher amount of hydroxybenzoic acids when compared to S and WT, in which
hydroxycinnamic acid extracts were more present. It was previously reported that gallic
acid, one of the acids whose amount was higher in L compared to S and WT, showed the
highest DPPH scavenging activity in relation to hydroxycinnamic acids [119]. Gallic acid
also indicated a synergistic interaction with protocatechuic acid, resulting in their higher
antioxidant capacity [120,121]. High antioxidant capacity was also demonstrated in the
synergistic action between gallic acid and caffeic acid [18], which was mainly found in the
WT extract in the current study. It was expected that the WTL mixture should also provide
high antioxidant capacity. A contribution to the antioxidant capacity in the two-component
WTL mixture certainly was provided by the presence of catechins, which is related to
their hydroxyl groups in their molecular structures [51,122]. There is a study about their
synergistic antioxidant effect when supplemented with whole green tea extract [123] and
synergism with protocatechuic acid in antibacterial and antioxidant activities [124,125].
Catechins also impact sensory properties, enhancing the bitterness and astringency of the
beverage models [122]. For a better understanding and determination of the biopotential of
herbal extracts, it is important to know the composition of individual phenolic and volatile
compounds since not all groups contribute equally to antioxidant capacity.

4. Conclusions

Herbal extracts of sage, wild thyme and laurel showed great antioxidant capacity due
to the rich composition of non-volatile (flavanols, flavonols, flavones, hydroxycinnamic
and hydroxybenzoic acids) and volatile (mono- and sesquiterpenes) bioactive molecules.
An aqueous extract of wild thyme showed the highest TPC content (2.79 ± 0.04 g L−1), and
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an extract of laurel had the highest antioxidant capacity (781.62 ± 5.19 µmol TE mL−1 in
the DPPH assay and 1896.10 ± 8.77 µmol TE mL−1 in the ORAC assay). Two-component
mixtures with wild thyme as a dominant extract had a greater TPC content than three-
component mixtures. More effective antioxidant capacity was recorded in two-component
than three-component mixtures where laurel dominates due to better synergistic interac-
tions between bioactive molecules, primarily protocatechuic acid, gallic acid, caffeic acid,
kaempferol-3-O-hexoside, 1,8-cineole, β-thujone and carvacrol. Therefore, two-component
mixtures have promising potential in the production of functional beverages. Still, future
studies should be conducted on their sensory analysis to be accepted by consumers.
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8. Dent, M.; Dragović-Uzelac, V.; Penić, M.; Brncic, M.; Bosiljkov, T.; Levaj, B. The Effect of Extraction Solvents, Temperature and
Time on the Composition and Mass Fraction of Polyphenols in Dalmatian Wild Sage (Salvia officinalis L.) Extracts. Food Technol.
Biotechnol. 2013, 51, 84–91.
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38. Doymaz, İ.; Karasu, S. Effect of Air Temperature on Drying Kinetics, Colour Changes and Total Phenolic Content of Sage Leaves
(Salvia officinalis). Qual. Assur. Saf. Crops Foods 2018, 10, 269–276. [CrossRef]

39. Goyal, S.; Pandey, H.; Guleria, K.; Tewari, G. Variation in Antioxidant Activity and Antioxidant Constituents of Thymus serpyllum
L. Grown in Different Climatic Conditions of Uttarakhand Himalayas. Def. Life Sci. J. 2021, 6, 109–116. [CrossRef]

http://doi.org/10.1007/s13197-015-2144-1
http://www.ncbi.nlm.nih.gov/pubmed/27413222
http://doi.org/10.3390/antiox9090814
http://doi.org/10.1080/03235408.2021.1922169
http://doi.org/10.3390/plants8030055
http://doi.org/10.1515/pjfns-2017-0020
http://doi.org/10.3390/ijms20143510
http://doi.org/10.1016/j.molstruc.2019.126967
http://doi.org/10.1016/j.amsu.2020.11.051
http://www.ncbi.nlm.nih.gov/pubmed/33520200
http://doi.org/10.3390/molecules21070901
http://www.ncbi.nlm.nih.gov/pubmed/27409600
http://doi.org/10.29252/JABR.05.04.03
http://doi.org/10.1016/j.indcrop.2018.11.006
http://doi.org/10.1016/j.jtcme.2016.12.014
http://doi.org/10.17546/msd.482929
http://doi.org/10.1016/j.meatsci.2014.07.001
http://doi.org/10.38212/2224-6614.2748
http://doi.org/10.1002/jsfa.1532
http://doi.org/10.1111/1750-3841.14368
http://doi.org/10.3390/foods9111556
http://www.ncbi.nlm.nih.gov/pubmed/33121196
http://doi.org/10.3390/plants8010016
http://www.ncbi.nlm.nih.gov/pubmed/30634542
http://doi.org/10.3390/ma13245811
http://www.ncbi.nlm.nih.gov/pubmed/33352787
http://doi.org/10.1016/j.sjbs.2016.01.036
http://doi.org/10.1007/s11947-012-0877-7
http://doi.org/10.3920/QAS2017.1257
http://doi.org/10.14429/dlsj.6.15759


Antioxidants 2022, 11, 1140 17 of 20

40. Jabri Karoui, I.; Msaada, K.; Hammami, M.; Marzouk, B. Research on the Phenolic Compounds and Antioxidant Activities of
Tunisian Thymus capitatus. J. Funct. Foods 2012, 4, 661–669. [CrossRef]

41. Taghouti, M.; Martins-Gomes, C.; Félix, L.M.; Schäfer, J.; Santos, J.A.; Bunzel, M.; Nunes, F.M.; Silva, A.M. Polyphenol Composition
and Biological Activity of Thymus citriodorus and Thymus vulgaris: Comparison with Endemic Iberian Thymus Species. Food Chem.
2020, 331, 127362. [CrossRef]

42. Ghandchi, S.; Jamzad, M. Total Flavonoids Contents and Anti Bacterial Activity of the Extracts of Two Labiateae Species: Nepeta
menthoides and Thymus trautvetteri. J. Med. Plants-Prod. 2015, 4, 77–82. [CrossRef]

43. Hossain, M.A.; AL-Raqmi, K.A.S.; AL-Mijizy, Z.H.; Weli, A.M.; Al-Riyami, Q. Study of Total Phenol, Flavonoids Contents and
Phytochemical Screening of Various Leaves Crude Extracts of Locally Grown Thymus vulgaris. Asian Pac. J. Trop. Biomed. 2013, 3,
705–710. [CrossRef]

44. Muñiz-Márquez, D.B.; Wong-Paz, J.E.; Contreras-Esquivel, J.C.; Rodríguez-Herrera, R.; Aguilar, C.N. Bioactive Compounds from
Bay Leaves (Laurus nobilis) Extracted by Microwave Technology. Z. Naturforsch—Sect. C J. Biosci. 2018, 73, 401–407. [CrossRef]
[PubMed]

45. Kashkouli, S.; Jamzad, M.; Nouri, A. Total Phenolic and Flavonoids Contents, Radical Scavenging Activity and Green Synthesis
of Silver Nanoparticles by Laurus nobilis L. Leaves Aqueous Extract. J. Med. Plants-Prod. 2018, 7, 25–32. [CrossRef]

46. Tometri, S.; Ahmady, M.; Ariaii, P.; Soltani, M. Extraction and Encapsulation of Laurus nobilis Leaf Extract with Nano-Liposome
and Its Effect on Oxidative, Microbial, Bacterial and Sensory Properties of Minced Beef. J. Food Meas. Charact. 2020, 14, 3333–3344.
[CrossRef]

47. Zheng, W.; Wang, S.Y. Antioxidant Activity and Phenolic Compounds in Selected Herbs. J. Agric. Food Chem. 2001, 49, 5165–5170.
[CrossRef]

48. Malongane, F.; McGaw, L.J.; Mudau, F.N. Topic: Chemical Compositions and Mineral Content of Four Selected South African
Herbal Teas and the Synergistic Response of Combined Teas. Br. Food J. 2020, 122, 2769–2785. [CrossRef]
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82. Jarić, S.; Mitrović, M.; Pavlović, P. Review of Ethnobotanical, Phytochemical, and Pharmacological Study of Thymus serpyllum L.
Evid. Based Complement. Alternat. Med. 2015, 2015, 101978. [CrossRef] [PubMed]

83. Kachur, K.; Suntres, Z. The Antibacterial Properties of Phenolic Isomers, Carvacrol and Thymol. Crit. Rev. Food Sci. Nutr. 2020, 60,
3042–3053. [CrossRef] [PubMed]

84. Mahmoodi, M.; Amiri, H.; Ayoobi, F.; Rahmani, M.; Taghipour, Z.; Ghavamabadi, R.T.; Jafarzadeh, A.; Sankian, M. Carvacrol
Ameliorates Experimental Autoimmune Encephalomyelitis through Modulating Pro- and Anti-Inflammatory Cytokines. Life Sci.
2019, 219, 257–263. [CrossRef] [PubMed]

85. Nagoor Meeran, M.F.; Javed, H.; Al Taee, H.; Azimullah, S.; Ojha, S.K. Pharmacological Properties and Molecular Mechanisms of
Thymol: Prospects for Its Therapeutic Potential and Pharmaceutical Development. Front. Pharmacol. 2017, 8, 380. [CrossRef]
[PubMed]

86. Sharifi-Rad, M.; Varoni, E.M.; Iriti, M.; Martorell, M.; Setzer, W.N.; del Contreras, M.M.; Salehi, B.; Soltani-Nejad, A.; Rajabi, S.;
Tajbakhsh, M.; et al. Carvacrol and Human Health: A Comprehensive Review. Phytother. Res. 2018, 32, 1675–1687. [CrossRef]
[PubMed]

87. Acimovic, M.; Pezo, L.; Jeremic, J.S.; Cvetkovic, M.; Rat, M.; Cabarkapa, I.; Tesevic, V. QSRR Model for Predicting Retention
Indices of Geraniol Chemotype of Thymus serpyllum Essential Oil. J. Essent. Oil Bear. Plants 2020, 23, 464–473. [CrossRef]

http://doi.org/10.3390/plants11030349
http://www.ncbi.nlm.nih.gov/pubmed/35161330
http://doi.org/10.3390/medicines4030047
http://www.ncbi.nlm.nih.gov/pubmed/28930262
http://doi.org/10.1002/cbdv.201200131
http://www.ncbi.nlm.nih.gov/pubmed/23081929
http://doi.org/10.5897/JMPR12.1003
http://doi.org/10.1016/j.fct.2017.04.044
http://www.ncbi.nlm.nih.gov/pubmed/28472675
http://doi.org/10.12944/CRNFSJ.4.Special-Issue-October.21
http://doi.org/10.1016/j.yrtph.2010.08.012
http://doi.org/10.1080/10412905.2007.9699256
http://doi.org/10.1021/acs.jafc.6b03042
http://www.ncbi.nlm.nih.gov/pubmed/28060498
http://doi.org/10.3390/plants10071416
http://www.ncbi.nlm.nih.gov/pubmed/34371619
http://doi.org/10.1007/s42452-020-2938-2
http://doi.org/10.1016/j.lwt.2012.06.003
http://doi.org/10.1080/0972060X.2014.935071
http://doi.org/10.3390/molecules27030694
http://www.ncbi.nlm.nih.gov/pubmed/35163959
http://doi.org/10.1007/s11356-017-9429-z
http://doi.org/10.1080/01913123.2020.1740366
http://www.ncbi.nlm.nih.gov/pubmed/32183603
http://doi.org/10.1155/2015/101978
http://www.ncbi.nlm.nih.gov/pubmed/26265920
http://doi.org/10.1080/10408398.2019.1675585
http://www.ncbi.nlm.nih.gov/pubmed/31617738
http://doi.org/10.1016/j.lfs.2018.11.051
http://www.ncbi.nlm.nih.gov/pubmed/30472298
http://doi.org/10.3389/fphar.2017.00380
http://www.ncbi.nlm.nih.gov/pubmed/28694777
http://doi.org/10.1002/ptr.6103
http://www.ncbi.nlm.nih.gov/pubmed/29744941
http://doi.org/10.1080/0972060X.2020.1790428


Antioxidants 2022, 11, 1140 19 of 20

88. Butt, A.; Nisar, N.; Ghani, N.; Altaf, I.; Mughal, T. Isolation of Thymoquinone from Nigella Sativa L. and Thymus vulgaris L., and
Its Anti-Proliferative Effect on HeLa Cancer Cell Lines. Trop. J. Pharm. Res. 2019, 18, 37. [CrossRef]

89. Butt, A.S.; Nisar, N.; Mughal, T.A.; Ghani, N.; Altaf, I. Anti-Oxidative and Anti-Proliferative Activities of Extracted Phytochemical
Compound Thymoquinone. JPMA J. Pak. Med. Assoc. 2019, 69, 1479–1485. [CrossRef]

90. Salmani, J.M.M.; Asghar, S.; Lv, H.; Zhou, J. Aqueous Solubility and Degradation Kinetics of the Phytochemical Anticancer
Thymoquinone; Probing the Effects of Solvents, PH and Light. Molecules 2014, 19, 5925–5939. [CrossRef] [PubMed]

91. Rathod, N.B.; Kulawik, P.; Ozogul, F.; Regenstein, J.M.; Ozogul, Y. Biological Activity of Plant-Based Carvacrol and Thymol and
Their Impact on Human Health and Food Quality. Trends Food Sci. Technol. 2021, 116, 733–748. [CrossRef]

92. Morsy, N.F.S. Production of Thymol Rich Extracts from Ajwain (Carum copticum L.) and Thyme (Thymus vulgaris L.) Using
Supercritical CO2. Ind. Crops Prod. 2020, 145, 112072. [CrossRef]

93. Lira, P.D.L.; Retta, D.; Tkacik, E.; Ringuelet, J.; Coussio, J.D.; Van Baren, C.; Bandoni, A.L. Essential Oil and By-Products of
Distillation of Bay Leaves (Laurus nobilis L.) from Argentina. Ind. Crops Prod. 2009, 30, 259–264. [CrossRef]

94. Belasli, A.; Ben Miri, Y.; Aboudaou, M.; Aït Ouahioune, L.; Montañes, L.; Ariño, A.; Djenane, D. Antifungal, Antitoxigenic, and
Antioxidant Activities of the Essential Oil from Laurel ( Laurus nobilis L.): Potential Use as Wheat Preservative. Food Sci. Nutr.
2020, 8, 4717–4729. [CrossRef] [PubMed]

95. Fernandez, C.; Rosa, M.; Fernandez, A.; Lorenzetti, F.; Raimundo, K.; Cortez, D.; Gonçalves, J.; Simões, M.; Colauto, N.; Lobo,
V.; et al. Larvicidal Activity against Aedes aegypti of Essential Oil of Laurus nobilis Leaves Obtained at Different Seasons. J. Essent.
Oil Res. 2018, 30, 379–387. [CrossRef]

96. Nenadis, N.; Papapostolou, M.; Tsimidou, M.Z. Suggestions on the Contribution of Methyl Eugenol and Eugenol to Bay Laurel
(Laurus nobilis L.) Essential Oil Preservative Activity through Radical Scavenging. Molecules 2021, 26, 2342. [CrossRef] [PubMed]

97. Fidan, H.; Stefanova, G.; Kostova, I.; Stankov, S.; Damyanova, S.; Stoyanova, A.; Zheljazkov, V.D. Chemical Composition and
Antimicrobial Activity of Laurus nobilis L. Essential Oils from Bulgaria. Molecules 2019, 24, 804. [CrossRef] [PubMed]

98. Kamatou, G.P.P.; Viljoen, A.M. Linalool—A Review of a Biologically Active Compound of Commercial Importance. Nat. Prod.
Commun. 2008, 3, 1183–1192. [CrossRef]

99. Kim, M.-G.; Kim, S.-M.; Min, J.-H.; Kwon, O.-K.; Park, M.-H.; Park, J.-W.; Ahn, H.I.; Hwang, J.-Y.; Oh, S.-R.; Lee, J.-W.; et al.
Anti-Inflammatory Effects of Linalool on Ovalbumin-Induced Pulmonary Inflammation. Int. Immunopharmacol. 2019, 74, 105706.
[CrossRef]

100. Peris, I.; Blázquez, M.A. Comparative GC-MS Analysis of Bay Leaf ( Laurus nobilis L.) Essential Oils in Commercial Samples. Int.
J. Food Prop. 2015, 18, 757–762. [CrossRef]

101. Sun, X.B.; Wang, S.M.; Li, T.; Yang, Y.Q. Anticancer Activity of Linalool Terpenoid: Apoptosis Induction and Cell Cycle Arrest in
Prostate Cancer Cells. Trop. J. Pharm. Res. 2015, 14, 619–625. [CrossRef]

102. Yi, J.-L.; Shi, S.; Shen, Y.-L.; Wang, L.; Chen, H.-Y.; Zhu, J.; Ding, Y. Myricetin and Methyl Eugenol Combination Enhances the
Anticancer Activity, Cell Cycle Arrest and Apoptosis Induction of Cis-Platin against HeLa Cervical Cancer Cell Lines. Int. J. Clin.
Exp. Pathol. 2015, 8, 1116–1127. [PubMed]

103. Caputo, L.; Nazzaro, F.; Souza, L.F.; Aliberti, L.; De Martino, L.; Fratianni, F.; Coppola, R.; De Feo, V. Laurus nobilis: Composition
of Essential Oil and Its Biological Activities. Molecules 2017, 22, 930. [CrossRef] [PubMed]

104. Wang, Z.-J.; Tabakoff, B.; Levinson, S.R.; Heinbockel, T. Inhibition of Na v 1.7 Channels by Methyl Eugenol as a Mechanism
Underlying Its Antinociceptive and Anesthetic Actions. Acta Pharmacol. Sin. 2015, 36, 791–799. [CrossRef] [PubMed]

105. Reis, P.M.C.L.; Mezzomo, N.; Aguiar, G.P.S.; Senna, E.M.T.L.; Hense, H.; Ferreira, S.R.S. Ultrasound-Assisted Emulsion of Laurel
Leaves Essential Oil (Laurus nobilis L.) Encapsulated by SFEE. J. Supercrit. Fluids 2019, 147, 284–292. [CrossRef]

106. Waykole, P.; Badekar, R.; Lokhande, R.; Nemade, H.G. Structural Studies of Novel Synthesized Compounds from Methyleugenol
with Various Acid Derivatives of Indole. Adv. Innov. Res. 2018, 5, 25–28.

107. Zhou, Y.; Ye, Y.; Zhang, W.; Li, S.; Chen, J.; Wang, S.; Li, D.; Mu, C. Oxidized Amylose with High Carboxyl Content: A Promising
Solubilizer and Carrier of Linalool for Antimicrobial Activity. Carbohydr. Polym. 2016, 154, 13–19. [CrossRef]

108. Molina, G.; Pessôa, M.G.; Bicas, J.L.; Fontanille, P.; Larroche, C.; Pastore, G.M. Optimization of Limonene Biotransformation for
the Production of Bulk Amounts of α-Terpineol. Bioresour. Technol. 2019, 294, 122180. [CrossRef]

109. Yu, H.; Ren, X.; Liu, Y.; Xie, Y.; Guo, Y.; Cheng, Y.; Qian, H.; Yao, W. Extraction of Cinnamomum Camphora Chvar. Borneol Essential
Oil Using Neutral Cellulase Assisted-Steam Distillation: Optimization of Extraction, and Analysis of Chemical Constituents. Ind.
Crops Prod. 2019, 141, 111794. [CrossRef]

110. Hazafa, A.; Rehman, K.-U.; Jahan, N.; Jabeen, Z. The Role of Polyphenol (Flavonoids) Compounds in the Treatment of Cancer
Cells. Nutr. Cancer 2019, 72, 386–397. [CrossRef] [PubMed]

111. Maleki, S.J.; Crespo, J.F.; Cabanillas, B. Anti-Inflammatory Effects of Flavonoids. Food Chem. 2019, 299, 125124. [CrossRef]
112. Rengasamy, K.R.R.; Khan, H.; Gowrishankar, S.; Lagoa, R.J.L.; Mahomoodally, F.M.; Khan, Z.; Suroowan, S.; Tewari, D.; Zengin,

G.; Hassan, S.T.S.; et al. The Role of Flavonoids in Autoimmune Diseases: Therapeutic Updates. Pharmacol. Ther. 2019, 194,
107–131. [CrossRef]

113. Solanki, I.; Parihar, P.; Mansuri, M.L.; Parihar, M.S. Flavonoid-Based Therapies in the Early Management of Neurodegenerative
Diseases. Adv. Nutr. 2015, 6, 64–72. [CrossRef] [PubMed]

http://doi.org/10.4314/tjpr.v18i1.6
http://doi.org/10.5455/JPMA.302643156
http://doi.org/10.3390/molecules19055925
http://www.ncbi.nlm.nih.gov/pubmed/24815311
http://doi.org/10.1016/j.tifs.2021.08.023
http://doi.org/10.1016/j.indcrop.2019.112072
http://doi.org/10.1016/j.indcrop.2009.04.005
http://doi.org/10.1002/fsn3.1650
http://www.ncbi.nlm.nih.gov/pubmed/32994933
http://doi.org/10.1080/10412905.2018.1473294
http://doi.org/10.3390/molecules26082342
http://www.ncbi.nlm.nih.gov/pubmed/33920599
http://doi.org/10.3390/molecules24040804
http://www.ncbi.nlm.nih.gov/pubmed/30813368
http://doi.org/10.1177/1934578X0800300727
http://doi.org/10.1016/j.intimp.2019.105706
http://doi.org/10.1080/10942912.2014.906451
http://doi.org/10.4314/tjpr.v14i4.9
http://www.ncbi.nlm.nih.gov/pubmed/25972998
http://doi.org/10.3390/molecules22060930
http://www.ncbi.nlm.nih.gov/pubmed/28587201
http://doi.org/10.1038/aps.2015.26
http://www.ncbi.nlm.nih.gov/pubmed/26051112
http://doi.org/10.1016/j.supflu.2018.11.018
http://doi.org/10.1016/j.carbpol.2016.08.030
http://doi.org/10.1016/j.biortech.2019.122180
http://doi.org/10.1016/j.indcrop.2019.111794
http://doi.org/10.1080/01635581.2019.1637006
http://www.ncbi.nlm.nih.gov/pubmed/31287738
http://doi.org/10.1016/j.foodchem.2019.125124
http://doi.org/10.1016/j.pharmthera.2018.09.009
http://doi.org/10.3945/an.114.007500
http://www.ncbi.nlm.nih.gov/pubmed/25593144


Antioxidants 2022, 11, 1140 20 of 20

114. Bao, Y.; Ren, X.; Zhu, Y.; Zhang, Y.; Peng, Z.; Zhou, G. Comparison of Lipid Radical Scavenging Capacity of Spice Extract in Situ
in Roast Beef with DPPH and Peroxy Radical Scavenging Capacities in Vitro Models. LWT—Food Sci. Technol. 2020, 130, 109626.
[CrossRef]

115. Chen, J.; Yang, J.; Ma, L.; Li, J.; Shahzad, N.; Kim, C.K. Structure-Antioxidant Activity Relationship of Methoxy, Phenolic Hydroxyl,
and Carboxylic Acid Groups of Phenolic Acids. Sci. Rep. 2020, 10, 2611. [CrossRef] [PubMed]

116. Russo, D. Flavonoids and the Structure-Antioxidant Activity Relationship. J. Pharmacogn. Nat. Prod. 2018, 4, e109. [CrossRef]
117. Ydyrys, A.; Zhaparkulova, N.; Aralbaeva, A.; Mamataeva, A.; Seilkhan, A.; Syraiyl, S.; Murzakhmetova, M. Systematic Analysis

of Combined Antioxidant and Membrane-Stabilizing Properties of Several Lamiaceae Family Kazakhstani Plants for Potential
Production of Tea Beverages. Plants 2021, 10, 666. [CrossRef]

118. Cai, Z.-M.; Peng, J.-Q.; Chen, Y.; Tao, L.; Zhang, Y.-Y.; Fu, L.-Y.; Long, Q.-D.; Shen, X.-C. 1,8-Cineole: A Review of Source,
Biological Activities, and Application. J. Asian Nat. Prod. Res. 2021, 23, 938–954. [CrossRef]

119. Cos, P.; Rajan, P.; Vedernikova, I.; Calomme, M.; Pieters, L.; Vlietinck, A.J.; Augustyns, K.; Haemers, A.; Vanden Berghe, D. In
Vitro Antioxidant Profile of Phenolic Acid Derivatives. Free Radic. Res. 2002, 36, 711–716. [CrossRef]

120. Kaewnarin, K.; Suwannarach, N.; Kumla, J.; Lumyong, S. Phenolic Profile of Various Wild Edible Mushroom Extracts from
Thailand and Their Antioxidant Properties, Anti-Tyrosinase and Hyperglycaemic Inhibitory Activities. J. Funct. Foods 2016, 27,
352–364. [CrossRef]

121. Palafox-Carlos, H.; Gil-Chávez, J.; Sotelo-Mundo, R.R.; Namiesnik, J.; Gorinstein, S.; González-Aguilar, G.A. Antioxidant
Interactions between Major Phenolic Compounds Found in ‘Ataulfo’ Mango Pulp: Chlorogenic, Gallic, Protocatechuic and
Vanillic Acids. Molecules 2012, 17, 12657–12664. [CrossRef]

122. Xu, Y.-Q.; Gao, Y.; Granato, D. Effects of Epigallocatechin Gallate, Epigallocatechin and Epicatechin Gallate on the Chemical and
Cell-Based Antioxidant Activity, Sensory Properties, and Cytotoxicity of a Catechin-Free Model Beverage. Food Chem. 2021, 339,
128060. [CrossRef]

123. Malongane, F.; McGaw, L.J.; Mudau, F.N. The Synergistic Potential of Various Teas, Herbs and Therapeutic Drugs in Health
Improvement: A Review. J. Sci. Food Agric. 2017, 97, 4679–4689. [CrossRef] [PubMed]

124. Bernal-Mercado, A.T.; Vazquez-Armenta, F.J.; Tapia-Rodriguez, M.R.; Islas-Osuna, M.A.; Mata-Haro, V.; Gonzalez-Aguilar, G.A.;
Lopez-Zavala, A.A.; Ayala-Zavala, J.F. Comparison of Single and Combined Use of Catechin, Protocatechuic, and Vanillic Acids
as Antioxidant and Antibacterial Agents against Uropathogenic Escherichia coli at Planktonic and Biofilm Levels. Molecules 2018,
23, 2813. [CrossRef] [PubMed]

125. Mandalari, G.; Bisignano, C.; D’Arrigo, M.; Ginestra, G.; Arena, A.; Tomaino, A.; Wickham, M.S.J. Antimicrobial Potential of
Polyphenols Extracted from Almond Skins. Lett. Appl. Microbiol. 2010, 51, 83–89. [CrossRef] [PubMed]

http://doi.org/10.1016/j.lwt.2020.109626
http://doi.org/10.1038/s41598-020-59451-z
http://www.ncbi.nlm.nih.gov/pubmed/32054964
http://doi.org/10.4172/2472-0992.1000e109
http://doi.org/10.3390/plants10040666
http://doi.org/10.1080/10286020.2020.1839432
http://doi.org/10.1080/10715760290029182
http://doi.org/10.1016/j.jff.2016.09.008
http://doi.org/10.3390/molecules171112657
http://doi.org/10.1016/j.foodchem.2020.128060
http://doi.org/10.1002/jsfa.8472
http://www.ncbi.nlm.nih.gov/pubmed/28585285
http://doi.org/10.3390/molecules23112813
http://www.ncbi.nlm.nih.gov/pubmed/30380712
http://doi.org/10.1111/j.1472-765X.2010.02862.x
http://www.ncbi.nlm.nih.gov/pubmed/20497495

	Introduction 
	Materials and Methods 
	Chemicals 
	Herbal Material 
	Herbal Extract Preparation 
	Determination of Total Phenol Content 
	Determination of Total Flavonoid Content 
	Determination of Total Hydroxycinnamic Acid and Flavonol Content 
	LC-MS/MS Chromatography 
	DPPH Radical Scavenging Activity 
	Oxygen Radical Absorbance Capacity (ORAC) Assay 
	Headspace Solid-Phase Microextraction and GC-MS (HS-SPME/GC-MS) 
	Statistical Analysis 

	Results and Discussion 
	Determination of Total Phenol, Flavonoid, Hydroxycinnamic Acid and Flavonol Content 
	Polyphenolic Characterization of Sage, Wild Thyme and Laurel Herbal Extract and Their Mixtures 
	Headspace Solid-Phase Microextraction (HS-SPME/GC-MS) 
	Antioxidant Capacity 

	Conclusions 
	References

