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Total phenolic content (TPC) and phenolic profiles of extracts of the aerial parts of coriander (Coriandrum sativum L.), lovage (Levisticum of-
ficinale Koch.), and tarragon (Artemisia dracunculus L.), and leaves of Indian borage (Plectranthus amboinicus) have been investigated. The extracts 
were prepared using 70% (v/v) ethanol and fresh or air-dried herbal material. Besides phenolic composition, DPPH• and ABTS•+ scavenging activity, 
and ferric-reducing antioxidant power (FRAP) were determined. The extracts from dried herbal materials exhibited higher TPC and more potent anti-
oxidant activity than those from fresh counterparts. The highest TPC (146.77 g GAE/kg extract) and antioxidant activity (0.491, 0.643, and 0.396 mol 
TE/kg extract in DPPH, ABTS, and FRAP assays, respectively) were detected for the extract from dried leaves of Indian borage, while the lowest values 
were determined for the extract from fresh aerial parts of coriander. Five phenolic acids (rosmarinic, chlorogenic, caffeic, ferulic, and neochlorogenic 
acids) and four flavonoids ((+)-catechin, rutin, hyperoside, and astragalin) were identified in the samples. Only caffeic acid was present in all extracts. 
Its content in the extracts of dried tarragon and Indian borage was lower than in those of the fresh material. A significant correlation was found be-
tween antioxidant activity and the content of phenolic acids. Rutin was found to be the major flavonoid in most extracts. Based on the present study 
results, the possibility of using the extracts obtained from both fresh and air-dried herbs as potential components for functional food formulation can 
be considered in the future.
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ABBREVIATIONS

TPC: total phenolic content; FRAP: ferric-reducing an-
tioxidant power; GAE: gallic acid equivalents; TE: Trolox 
equivalents.

INTRODUCTION

Plant materials, especially spices and  herbs, have been 
used as food sources since the  dawn of  time, and  their 
healing properties have been discovered with time as well. 
Nowadays, special attention is  paid to a  healthy lifestyle, 
diet as well as food products from organic farming where 
no chemicals are used. Due to this fact, a  growing interest 
can be  observed in  plant material potency in  the  treatment 
and  prevention of  certain diseases. Spices and  aromatic 
herbs are generally recognized by consumers as being safer 
for use in  food manufacturing and  processing, especially 

in dairy, meat, and bakery products, than synthetic food ad-
ditives [Słowianek & Leszczyńska, 2016; Ulewicz-Magulska 
& Wesolowski, 2019]. Both fresh and dried herbal materials 
are excellent additives to a variety of dishes, improving their 
appearance and  enhancing their taste and  aroma. Less de-
sirable ingredients, such as salt, sugar or fat, can sometimes 
be partially replaced by such herbal materials [Tapsell et al., 
2006]. Spices and herbs are cultivated in the open-field sys-
tems, quite often in home gardens as well as in pots or boxes 
on balconies and  terraces. In  this way, it  is  easy to obtain 
the raw herbal material of one’s own without unnecessary ex-
penditures. However, the quality of  the  raw herbal material 
is significantly influenced not only by the method of its cul-
tivation, climatic and genetic factors, but also by the method 
of drying and storage, especially with regard to the biologi-
cally active compounds it  contains, including e.g. phenolic 
compounds [Calín-Sánchez et al., 2020; Złotek et al., 2019]. 
Their presence in such a material may affect its antioxidant 
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properties, thus making it  a  viable ingredient for functional 
food formulations aimed to retard the process of lipid oxida-
tion [Kozłowska et al., 2014, 2019].

Herbal plants are an extremely vast group of medicinal, 
spicy, and melliferous plants, and those rich in essential oils. 
They are used in food and pharmaceutical industries because 
of  their strong antioxidant properties caused by  the  pres-
ence of  phenolic compounds [Pabón-Baquero et  al., 2018; 
Shahidi & Ambigaipalan, 2015], which are accumulated 
in various plant parts, including fruits, leaves, seeds, and rhi-
zomes, and can be classified into flavonoids, phenolic acids, 
stilbenes, lignans, and  tannins. Plant phenolics positively 
influence human health, by  inhibiting the  oxidation of  low 
density lipoproteins and the growth of bacteria, viruses, fungi, 
and by stimulating the growth of beneficial bacteria and ac-
tivating or inhibiting enzymes that bind a  specific receptor 
[Papuc et al., 2017; Shahidi & Ambigaipalan, 2015]. Spices 
and  herbs, but also beverages, fruits, and  cereal products 
are important sources of plant phenolics in the human diet. 
The average phenolic intake in an adult population was es-
timated at approximately one gram of  polyphenol per day 
[Zujko et al., 2012]. This may be important in reducing free 
radicals generation in a human body. 

Drying fresh spices and herbs reduces their water content, 
and thus contributes to their shelf life extension by slowing or 
inhibiting the growth of microorganisms and affects the  in-
tensity of  the  ongoing biochemical and  chemical reactions 
[Bourdoux et al., 2018; Calín-Sánchez et al., 2020; Roshanak 
et al., 2016]. This process can also lead to changes in the ap-
pearance and aroma of herbs due to the  loss of volatiles or 
the formation of new ones as a result of oxidation and esteri-
fication reactions [Calín-Sánchez et al., 2020]. Some changes 
in the composition of bioactive components of plant material, 
such as phenolic compounds, ascorbic acid, and  pigments, 
are also likely [Hossain et al., 2010; Roshanak et al., 2016]. 
Drying herbal material often requires finding the  optimal 
conditions for a particular plant species, so as not to cause 
significant loss of  color and  taste, and  to protect sensitive 
active ingredients [Calín-Sánchez et  al., 2020]. In  the  case 
of  mass production, the  use of  technical drying methods, 
such as convection oven, microwave, and  freeze drying, 
is necessary. The selection of an appropriate drying method 
depends on the efficiency and the frequency of its use to at-
tain optimal benefits without increasing costs and to assure 
the high quality of the dried material. However, the simplest, 
low-cost, and feasible for use at home method is natural dry-
ing in the shade, in a ventilated area or in the sunlight. Manu-
ally collected plants are dried by spreading them out in thin 
layers on trays or tying in  bunches and  hanging them with 
the  leaves down [Hossain et al., 2010]. This type of drying, 
without auxiliary energy, either in the open-field or in special 
places is usually preferred for drying small quantities of plant 
material. Naturally air dried food products are also preferable 
by consumers who search for commodities made of natural 
substances or by natural processes. The naturally dried form 
is  usually obtained from the  whole aerial part of  the  fresh 
plant material, irrespective of  the particular organs such as 
leaves, seeds or stems. 

In  the  presented research, such herbs as coriander, tar-
ragon, lovage, and Indian borage, were subjected to natural 
air drying, and the phenolic contents and antioxidant activity 
of  extracts of  the dried material and  the  fresh herbal mate-
rial were compared. Although the content of phenolic com-
pounds and  their composition in  these herb species had 
already been the  topic of  other publications [Al-Juhaimi & 
Ghafoor, 2011; Bhatt et al., 2013; Spréa et al., 2020; Tajner-
-Czopek et  al., 2020], they were often determined for indi-
vidual organs of herbs, not for the whole aerial part, either 
fresh or naturally dried. Therefore, the aim of this study was 
to determine the antioxidant properties and the phenolic com-
pound profile of  the  extracts of  aerial parts of  fresh herbal 
materials and material air-dried without sun exposure. 

MATERIALS AND METHODS

Reagents
The Folin-Ciocalteu’s phenol reagent, 2,2-diphenyl-1-pic-

rylhydrazyl (DPPH) radical, gallic acid, 6-hydroxy-2,5,7,8-
-tetramethylchroman-2-carboxylic acid (Trolox), 2,2’-azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt (ABTS), and 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ) were 
purchased from Sigma-Aldrich (Poznań, Poland). High per-
formance liquid chromatography (HPLC) standards were 
bought from Merck (Darmstadt, Germany) and  Chroma-
Dex® (Irvine, CA, USA). Other chemicals and solvents were 
obtained from Avantor Performance Materials (Gliwice, Po-
land). All of them were of analytical grade and were used as 
received, without further purification. 

Plant material
The  tested herbs included coriander (Coriandrum 

 sativum  L., family Apiaceae), lovage (Levisticum officinale 
Koch., family Apiaceae), tarragon (Artemisia dracunculus L., 
family Asteraceae), and Indian borage (Plectranthus amboini-
cus (Lour) Spreng; synonym: Coleus amboinicus, Coleus aro-
maticus, family Lamiaceae). All of them were purchased in pots 
at the beginning of July 2016 at the local market of Warsaw, Po-
land. Coriander, lovage, and tarragon came from a family busi-
ness located in the heart of Kujawy, near Włocławek, Poland. 
The fresh aerial parts of  these herbs, reaching approximately 
25 cm in length, were cut off and divided into two batches. One 
(fresh) was cut into 1  cm long pieces and  immediately used 
for extraction. The other batch of the fresh plant material was 
dried. For this purpose, several bunches of  the  tested herbs 
(approximately 1 cm in diameter) were prepared, which were 
subsequently hung upside down in a dry place without the sun 
exposure. The appropriate air flow and the average tempera-
ture of 25ºC remained constant throughout the drying process. 
In the case of Indian borage, only fresh leaves and leaves dried 
without the sun exposure in appropriate air flow at the average 
temperature of 25ºC, on trays covered with cotton sheets, were 
used for extraction. The leaves on the trays were occasionally 
tossed. When herbs began to crumple easily between the fin-
gers, they were crushed using mortar and pestle (particles pass-
ing through a 3 mm screen), packed, and stored in airtight con-
tainers until further use. The average moisture content of all 
dried herbal material was around 9.3±0.2 g/100 g. 
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Extract preparation
The extraction of the fresh and dried herbal material was per-

formed with 70% (v/v) ethanol based on the procedure reported 
by  Kozłowska et  al. [2015] with some modifications. Briefly, 
20 g of each herbal material was transferred into the flasks con-
taining 250 mL of aqueous ethanol. Then, the mixtures were 
stirred in a water bath for 10 h at 45ºC. The plant residues were 
filtered off through Whatman No. 1 paper filter, and ethanol 
was evaporated under vacuum on a rotary evaporator at 40ºC 
(Rotavapor R-200, Büchi Labortechnik, Flavil, Switzerland). 
Next, the resultant extracts were freeze-dried (Alpha 1–4 LSC- 
-plus, Osterode am Harz, Germany) and  stored frozen until 
further use (-20ºC). The  same extraction procedure was re-
peated for the new batch of the fresh and dried herbal material 
(20 g) using 70% (v/v) aqueous ethanol (250 mL). The extrac-
tion yield was evaluated based on the mass balance.

Total phenolic content (TPC)
The  content of  total phenolics in  freeze-dried herbal 

extracts was measured using a  method given by  Single-
ton & Rossi [1965] with slight modification. A  stock solu-
tion of  the  herbal extract was obtained by  dissolving 1  mg 
of  each extract in  2  mL of  70% (v/v) ethanol. Then, 1  mL 
of  such prepared solution was diluted with distilled water 
(9 mL) and mixed with the Folin-Ciocalteu’s phenol reagent 
(0.5 mL). After 3 min, 5 mL of saturated Na2CO3 solution was 
added. The mixture was made up to 50 mL with distilled wa-
ter and stirred for about 1 min. The sample was stored for 1 h 
at room temperature in  the dark. Then the absorbance was 
recorded at 765 nm on a Shimadzu UV-1650 PC spectropho-
tometer (Kyoto, Japan) and used to calculate the TPC using 
gallic acid as a standard (0.2–5 mg/L). The results were ex-
pressed in g of gallic acid equivalents (GAE) per kg of extract. 

HPLC analysis
The  HPLC-DAD analysis of  the  phenolic compounds 

of  the  herbal extracts was performed using a  Shimadzu 
Prominence chromatograph equipped with a SIL-20AC HT 

autosampler, an SPD-M20A photodiode array detector, 
and  LCsolution 1.21  SP1  chromatography software (Shi-
madzu, Kyoto, Japan). Separation was performed using 
a C-18 column with a solid core and a porous outer layer (Ki-
netex™, 100Å, 2.6 μm, 100×4.60 mm i.d., Phenomenex, Tor-
rance, CA, USA) and binary gradient of acetonitrile (ACN) 
and deionized water, acidified to pH 2 with phosphoric acid 
(0 min – 12.5% ACN; 4.0 min – 23% ACN; 6.0 min – 50% ACN; 
6.01 min – 12.5% ACN; 10 min – stop) at flow rate 1.5 mL/min 
and  temperature 40ºC.  Herbal extracts (2  mg/mL), before 
injection (1 μL), were dissolved in 70% (v/v) ethanol and fil-
tered with 0.20 μm pore size PTFE Iso-Disc™ filters (Supelco 
Analytical™, Bellefonte, PA, USA). Commercially available 
standards were prepared according to the  ChromaDex’s 
Tech Tip 0003: Reference Standard Recovery and  Dilution 
[ChromaDex, 2016]. Six-point calibration curves were plot-
ted according to the  external standard method by  correlat-
ing concentrations of  the  solutions with the  obtained peak 
area. Parameters of method validation, such as linearity range  
(mg/mL), precision (expressed as coefficient of  variation  – 
CV, %), limit of  detection (LOD, μg/L), limit of  quantita-
tion (LOQ, μg/L), and recovery (%) were calculated accord-
ing to International Conference on Harmonization ICH Q2 
(R1) guidelines [2005] and their values are shown in Table 1. 
The  signal-to-noise ratio approach was used to determine 
LOD (S/N of 3:1) and LOQ (S/N of 10:1). The compounds 
present in the extracts were identified by comparing their re-
tention times and UV-VIS spectra (190–450 nm) with those 
of the standards, and quantified from the peak area according 
to the calibration curve equation of a respective standard.

DPPH radical scavenging activity
The  antiradical activity of  the  herbal extracts was mea-

sured using the  DPPH method according to Gow-Chin & 
Hui-Yin [1995] with a slight modification. The herbal extract 
solutions were prepared by  dissolving 3  mg of  each freeze- 
-dried extract in 2 mL of 70% (v/v) ethanol. A 1 mL aliquot 
of freshly prepared DPPH• methanolic solution (0.3 mM) was 

TABLE 1. Parameters of the HPLC method validation.

Standard Calibration equation R2 (n=6) Linear range (mg/mL) LOD (μg/L) LOQ (μg/L)

Neochlorogenic acid
(5-O-caffeoylquinic acid) y=1809.0x+1539.8 0.9996 0.39–392.00 0.02 0.06

(+)-Catechin y=8216.4x-6069.3 0.9998 0.95–950.00 0.01 0.36

Chlorogenic acid
(3-O-caffeoylquinic acid) y=6517.4x-12016.6 0.9997 0.40–39.46 0.21 0.70

Caffeic acid
(3,4-dihydroxycinnamic acid) y=2592.9x+379.6 0.9996 1.00–998.40 0.03 0.08

Ferulic acid
(4-hydroxy-3-methoxycinnamic acid) y=2424.6x-1856.9 0.9995 0.40–99.68 0.11 0.35

Rutin
(quercetin 3-O-rutinoside) y=1434.0x-5093.0 0.9999 0.91–90.67 0.07 0.25

Hyperoside
(quercetin 3-O-galactoside) y=3435.5x-6882.2 0.9999 0.38–38.40 0.04 0.12

Astragalin
(kaempferol 3-O-glucoside) y=2104.5x-2426.3 0.9999 0.41–81.91 0.33 1.10

Rosmarinic acid y=2017.9x+1100.4 0.9999 0.43–434.02 0.03 0.09
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added to 3.8 mL of methanol and 0.2 mL of particular herbal 
extract. The samples were vortexed and incubated for 10 min 
at room temperature in the dark. Then, the absorbance was 
recorded using a Shimadzu UV-1650 PC spectrophotometer 
at 517 nm. The results were expressed as mol Trolox equiva-
lents (TE) per kg of extract. Trolox was used as a reference 
standard (linear range 8–40 μM). 

ABTS radical cation scavenging activity
The  radical scavenging activity of  extracts was also 

analyzed using ABTS•+ according to the method proposed 
by Re et al. [1999]. First, the ABTS radical cations were pro-
duced by mixing 5 mL of 14 mM ABTS solution with 5 mL 
of 4.9 mM potassium persulfate. Next, the mixture was al-
lowed to stand for 12–16  h in  the  dark at room tempera-
ture before use. For the analysis, the obtained solution was 
diluted with water to the final absorbance of 0.70±0.02 at 
734 nm. Then, 4 mL of  the ABTS•+ working solution was 
mixed with 40 μL of the herbal extract prepared by dissolv-
ing (3  mg) in  70% (v/v) ethanol (2  mL). The  mixture was 
vortexed and left to stand at room temperature in the dark. 
After 6 min, the absorbance of  the samples was measured 
at 734 nm using a Shimadzu UV-1650 PC spectrophotom-
eter. Trolox was used as a reference standard (linear range 
0–20 μM). Results were expressed as mol Trolox equivalents 
(TE) per kg of extract. 

Ferric-reducing antioxidant power (FRAP)
The  ferric-reducing antioxidant power assay was per-

formed according to Benzie & Strain procedure [1996] with 
a minor modification. The FRAP reagent consisted of 10 mM 
TPTZ solution in  40  mM HCl, 300  mM acetate buffer  
(pH 3.6), and 20 mM FeCl3 solution in proportions of 1:10:1 
(v/v/v). The  FRAP solution (3  mL) was used in  the  reac-
tion with the herbal extract of an appropriate concentration 
(1.5 mg/mL). The reaction was carried out for 10 min at room 
temperature. Then, the absorbance of the samples was mea-
sured at 593 nm using a Shimadzu UV-1650 PC spectropho-
tometer. Results were reported as mol Trolox equivalents (TE) 
per kg of extract. A standard curve was prepared using Trolox 
in the concentration ranging from 80 to 500 μmol/L.

Statistical analysis
All the  analyses were performed at least in  triplicate 

and the data were expressed as mean ± standard deviation. 
The results were analyzed using the analysis of variance (ANO-
VA) with post-hoc Tukey’s HSD test at the  confidence level 
p<0.05 (Statistica 13, Statsoft, Tulsa, OK, USA). The Pear-
son’s test was used to find the correlation between the  total 
phenolic content, antioxidant activity determined by  DPPH, 
ABTS, and FRAP assays, and sums of phenolic acids and fla-
vonoids from the HPLC analysis of the herbal extracts. 

RESULTS AND DISCUSSION

Extraction yield and total phenolic content 
The  results presented in  Table  2  show that the  yield 

of the extraction process of the herbal material ranged from 
1.69% to 31.89%, with the lowest value found for the extracts 
obtained from the fresh leaves of Indian borage (P. amboini-
cus) and  the  highest one for dried aerial parts of  tarragon 
and coriander. Generally, 7–15  times higher yields were ob-
served for the  extracts obtained from air-drying than from 
fresh herbal materials. However, Indian borage leaves, not 
only the fresh but also the dried ones, gave the aqueous etha-
nolic extracts with the  lowest yield. Among the  freeze-dried 
aqueous ethanolic extracts prepared from the  fresh herbal 
material, the  highest yield showed the  one from coriander. 
The differences in yields of the extraction processes may stem 
from the  water content in  the  initial material or from how 
the material was crushed or chopped. 

The  TPC of  freeze-dried aqueous ethanolic extracts 
of  the herbal material determined using the Folin-Ciocalteu 
method is  presented in  Table  2. The  TPC of  the  extracts 
obtained from air-dried material was 1–1.8  times higher 
than that of the fresh herbal extracts. Among extracts made 
of both dried on air and fresh herbal materials, the extracts 
of  Indian borage leaves had the  highest TPC reaching 
146.77  and  84.67  g GAE/kg, respectively. In  turn, the  low-
est TPC was determined for the coriander extracts obtained 
from fresh material. In  the  case of  dried herbal materials, 
the  tarragon extract had the  lowest TPC.  The  total pheno-
lic contents of tarragon and lovage 80% methanolic extracts 

TABLE 2. Extraction yield and total phenolic contents (TPC) of the herbal extracts.

Herbal material Latin name Extraction yield (%) TPC (g GAE/kg extract) 

Fresh 

Coriander Coriandrum sativum L. 3.35±0.39c 28.07±0.85f

Tarragon Artemisia dracunculus L. 2.06±0.25d 32.91±0.68e

Lovage Levisticum officinale Koch. 2.83±0.31d 51.04±0.72c

Indian borage Plectranthus amboinicus (Lour) Spreng 1.69±0.49e 84.67±0.45b

Dried 

Coriander Coriandrum sativum L. 30.19±0.98a 50.57±1.59c

Tarragon Artemisia dracunculus L. 31.89±1.21a 42.53±0.93d

Lovage Levisticum officinale Koch. 22.28±0.95b 52.01±0.77c

Indian borage Plectranthus amboinicus (Lour) Spreng 21.97±1.05b 146.77±2.05a

GAE, gallic acid equivalents. Means with different letters in the column are statistically different according to Tukey’ test at p<0.05.
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prepared using dried spices were determined by Słowianek & 
Leszczyńska [2016]. The reported values, 41.2 and 17.8 mg 
GAE/g, respectively, were related to those in  our study for 
dried tarragon but lower for lovage extracts. Differences may 
be due to the use of a different type of solvent and, first of all, 
a different part of  the herbal material in  the extraction pro-
cess. Ethanol, methanol, ethyl acetate, and acetone are com-
monly used for the extraction of phenolics from herbal mate-
rials [Sepahpour et al., 2018; Swamy et al., 2017]. The high 
polarity of these solvents can promote solubility of phenolic 
compounds and thus boost their extraction yield. According 
to Sepahpour et al. [2018], 80% acetone was considered to 
be  the best solvent for extracting TPC from turmeric, torch 
ginger, and lemon grass, whereas 80% ethanol was the most 
appropriate solvent for extracting phenolic compounds from 
curry leaf. In  the  case of  herbs analyzed in  our study, that 
aqueous ethanol was twice as effective as hot water in extract-
ing total phenolic compounds from lovage [Spréa et al., 2020]. 
Similarly, Tajner-Czopek et  al. [2020] noted a  higher con-
tent of caffeic acid derivatives in aqueous ethanolic extracts 
of several herbs, including lovage and tarragon, compared to 
the water extracts. Furthermore, Swamy et al. [2017] reported 
that the TPC of a methanolic extract of Indian borage leaves 
was higher than that of the acetone and hexane extracts. How-
ever, Wangensteen et al. [2004] reported that ethyl acetate was 
a more preferred than diethyl ether and n-butanol solvent for 
phenolic extraction from coriander leaves and, also that this 
extract had higher TPC and better antioxidant properties than 
the extract from seeds. In turn, Al-Juhaimi & Ghafoor [2011] 
showed that stems and leaves of coriander, parsley, and mint 
were good materials to produce extracts rich in phenolic com-
pounds and  effectively scavenging free radicals. They also 
reported that extracts of  leaves from these herbs featured 
a higher TPC and higher antioxidant activity than the extracts 
from stems. In  our study, the  TPC of  the  aqueous ethano-
lic extracts obtained from dried coriander leaves and  stems 
was higher compared to fresh coriander material extracts 
(Table 2) but lower to those reported by Harsha & Anilaku-
mar [2014]. The 70% ethanol extract of the Coriandrum sa-
tivum prepared from leaves dried for three days in the shade 
containing 7% of water, evaluated by these authors, resulted 
in total phenolics at 133.74 μg GAE/mg extract. 

Changes in the content of biologically active constituents 
in  herbs may be  caused by  the  technological processes ap-
plied, such as drying and freezing. Herb drying inhibits micro-
bial growth [Bourdoux et al., 2018] and leads to a stable, eas-
ily moveable product that is available throughout the year, but 
it may also change the content of phenolics [Hossain et al., 
2010; Roshanak et al., 2016]. In our research, an increase was 
noticed in the TPC of extracts obtained from the dried materi-
als compared to their fresh counterparts except from lovage 
(Table 2). In the case of this spice, drying did not cause sta-
tistically significant changes (p≥0.05) in the content of these 
biologically active compounds. Contrary to the presented re-
sults, Tomsone & Kruma [2014] revealed that fresh lovage 
leaves and stems had higher TPC than dried samples. Also 
Slimestad et al. [2020] reported that commercially available 
fresh herbs had a  higher content of  total phenolics com-
pared to dried herbs offered as a  ground product by  local 

groceries. They explained that a lower TPC in dried material 
of the studied species might be a result of a long-term storage 
of dried products versus fresh herbs. In our study, the lower 
TPC of extracts of fresh plant material compared to air-dried 
samples may indicate that the enzymes present in fresh sam-
ples may have caused the degradation of these compounds. 
On the other hand, due to the low water activity in the dried 
samples, enzymes were inactivated, and high amounts of phe-
nolic compounds remained in the extract. Moreover, during 
the drying process of herbs, the loss of moisture may be per-
ceived as stress, which the  plant responds to by  activating 
the defense mechanism, including the production of phenolic 
compounds [Isah, 2019]. Similarly to the presented research, 
air-dried herbs from the Lamiaceae family had higher total 
phenolics and  rosmarinic acid contents than fresh, freeze- 
-dried and  vacuum oven-dried their counterparts [Hossain 
et al., 2010]. Roshanak et al. [2016] also reported that dried 
green tea showed higher total phenolic and  flavonoid con-
tents than fresh material. 

HPLC analysis
Five phenolic acids and  four flavonoids were identified 

by HPLC in the extracts of herbal materials (Table 3). Caffeic 
acid was the phenolic acid present in all the tested extracts. 
Its content in  the  extracts obtained from the  fresh herbal 
material, was higher than in  the dried material with the ex-
ception of  the coriander and  lovage extracts. The coriander 
extract from the dried material had a higher content of caffeic 
acid than its counterpart obtained from the  fresh material. 
The highest and the lowest contents of caffeic acid were de-
termined in the aqueous ethanolic extracts of Indian borage 
and lovage, respectively, which is consistent with the literature 
data [Bhatt et  al., 2013; Złotek et  al., 2019]. In  turn, Melo 
et al. [2005] found caffeic acid as the essential phenolic com-
ponent of  aqueous coriander extract fractions. Apart from 
caffeic acid, rosmarinic and  chlorogenic acids were present 
in six out of the eight extracts tested. Ferulic acid was iden-
tified in  five studied extracts and  neochlorogenic acid only 
in  two extracts obtained both from fresh and  dried lovage. 
The  highest content of  rosmarinic acid was determined 
in  the  aqueous ethanolic extracts of  Indian borage, while 
the extract from the fresh lovage showed the lowest content. 
The dried leaf extract of Indian borage was richer in rosma-
rinic acid and poorer in caffeic acid than its fresh counterparts 
The rosmarinic acid is a widespread phenolic acid found as 
dominant in many herbs of the Lamiaceae family [Slimestad 
et al., 2020; Yashin et al., 2017], which includes Indian bor-
age [Bhatt et al., 2013]. In our study, drying the aerial part 
of tarragon and lovage, resulted in 23 and 2 times higher ros-
marinic acid content respectively compared to the non-dried 
material. In turn, lovage drying caused the content of chloro-
genic acid in the obtained extract to be almost 1.2 fold lower 
than its content in  the  extract from the  fresh lovage. Chlo-
rogenic acid was also the  most predominant phenolic acid 
in the coriander extracts, especially, when dried material was 
used in the extraction process. The dried coriander herb also 
contained less caffeic acid (0.714 g/kg of extract) and ferulic 
acid (0.006 g/kg of extract). Previously, chlorogenic acid was 
determined as the major phenolic acid in lovage extracted with 
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various solvents (aqueous ethanol, water, methanol) [Spréa 
et  al., 2020; Tajner-Czopek et  al., 2020; Złotek et  al., 2019] 
as well as commercially available fresh and dried coriander 
and  tarragon [Slimestad et al., 2020]. In Rajeshwari & An-
dullu [2011] studies, methanolic extracts of coriander seeds 
showed a higher content of chlorogenic and caffeic acids than 
their ethanolic counterparts. Phenolic acids tentatively identi-
fied in coriander leaves by high-performance liquid chroma-
tography coupled to mass spectrometric were caffeic acid de-
rivatives, including 5-feruloylquinic and 5-p-coumaroylquinic 
acids [Kaiser et al., 2013]. The mono- and dicaffeoyl quinic 
acid isomers as well as derivatives of  sinapic, ferulic, and 
p-coumaric acids were also detected in  lovage and tarragon 
[Spréa et al., 2020; Tajner-Czopek et al., 2020; Tvrda et al., 
2019; Złotek et al., 2019].

Four flavonoids, including astragalin (kaempferol 3-O-
-glucoside), hyperoside (quercetin 3-O-galactoside), rutin 
(quercetin 3-O-rutinoside), and (+)-catechin were identified 
in  the  extracts (Table  3). Astragalin was detected in  small 
amounts in the coriander extracts from both fresh and dried 
material and in a slightly higher level in the lovage and Indian 
borage extracts. It  is  a  natural flavonoid present in  differ-
ent medicinal plants, known for its various pharmacological 
properties such as anti-inflammatory, antioxidant, antidia-
betic, and anticancer activities [Riaz et al., 2018]. Rutin was 
identified in  the  lovage, tarragon, and  coriander extracts  
(Table 3). Among phenolic compounds, it was the predomi-
nant chemical compound detected in  the  lovage extracts 
prepared from both fresh and  dried material. In  this case, 
no significant differences (p≥0.05) were found for the  rutin 
content in both types of lovage extracts. The presence of rutin 
as the major flavonoid of  the methanol lovage extracts was 
also confirmed by Tvrda et al. [2019] and Złotek et al. [2019]. 
These authors also found other flavonoids, such as querce-
tin, cynarosid, apigenin, kaempferol, and/or their glycosides. 
TLC qualitative study indicated that 70% (v/v) ethanolic ex-
tract from tarragon contained rutin among flavonoids [Pirvu 
et al., 2014]. The presence of rutin in tarragon and coriander 
extracts was also reported by Slimestad et al. [2020].

The  aqueous ethanolic extracts obtained from fresh 
and air-dried lovage, and dried coriander were richer in flavo-
noids than in phenolic acids (Figure 1). In turn, phenolic ac-
ids were the major compounds of the extracts from the fresh 
and air-dried leaves of Indian borage and from the air-dried 
aerial part of tarragon. It was also observed that the extracts 
from dried coriander and Indian borage contained more flavo-
noids and phenolic acids than those obtained from their fresh 
counterparts. On the other hand, extracts from the fresh tar-
ragon had a slightly higher content of flavonoids compared to 
the extracts prepared from dried material. In turn, the content 
of phenolic acids in the extracts from air-dried tarragon was 
over 3  times higher than the one determined in  the extracts 
from fresh raw material. However, a similar amount of flavo-
noids and phenolic acids was observed in the lovage extracts 
obtained from both dried and fresh herbal material. Among 
the  fifteenth herbs analyzed by  HPLC and  mass spectrom-
etry, the  highest contents of  flavonoids, measured as agly-
cones after acid hydrolysis, were found in lovage, mint, dill, 
and parsley [Justesen & Knuthsen, 2001]. However, it should TA
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be mentioned that the contents of both flavonoids and phe-
nolic acids in herbal material may depend on plant cultiva-
tion conditions, harvest time as well as on genetic and onto-
genetic factors. As an example, Karamać et al. [2020] found 
that the content ratio of flavonoids to phenolic acids in aerial 
parts of Camelina sativa changed significantly across the plant 
growth cycle. In turn, flavonoid content was lower in tarragon 
herb harvested at the beginning of September compared to 
the tarragon harvested at the beginning of July [Zawiślak & 
Nurzyńska-Wierdak, 2014]. 

Antioxidant activity
The  antioxidant properties of  the  herbal extracts are 

shown in Table 4. They were determined by DPPH, ABTS, 
and  FRAP assays. All herbal extracts showed the  ability to 
scavenge the  ABTS•+ and  DPPH•, and  to reduce Fe(III). 
The results of antiradical activity determination indicated that 
the  extracts from air-dried herbal material had significantly 
(p<0.05) higher both DPPH• and  ABTS•+ scavenging ac-
tivities than those made of the fresh raw material. In the case 
of FRAP, only the dried tarragon aerial parts and Indian bor-
age leaves yielded extracts with higher antioxidant activity 
than the  fresh plants. FRAP of  other dried herbal material 
extracts did not differ significantly (p≥0.05) from the  cor-
responding extracts of  fresh plants. The  type of  herb was 
also a factor differentiating antioxidant activity. The highest 
DPPH• and  ABTS•+ radical scavenging activity and  FRAP 
was reported for the  Indian borage leaf extracts. The  anti-
oxidant activity of other extracts obtained from fresh mate-
rial decreased in the following order: Indian borage > lovage 
> coriander > tarragon, regardless of  the  assay used for 
its determination. In  the case of extracts obtained from air- 
-dried plants, the order of their antioxidant activity changed 
as follows: Indian borage > lovage > tarragon > coriander 
in  the  ABTS assay, Indian borage > lovage > tarragon = 

coriander in the DPPH assay, and Indian borage > lovage = 
tarragon > coriander in the FRAP assay.

The  high antioxidant activity of  Indian borage extracts 
compared to that of the other extracts examined may be due 
to the  high content of  rosmarinic acid in  this herbal ma-
terial (Table  3  and  4), which is  a  strong antioxidant and, 
among hydroxycinnamic acids, exhibited high scavenging 
activity due to the  fact that its molecule contains four hy-
droxyl groups in structure [Chen & Ho, 1997]. Our results 
are consistent with the  earlier report showing that rosma-
rinic acid was predominantly responsible for the  radical 
scavenging activity of  Indian borage [Bhatt et  al., 2013]. 
This acid significantly contributes to the antioxidant activ-
ity of many other plants of the Lamiaceae family, like sage, 
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FIGURE 1. Phenolic acid and flavonoid contents of the herbal extracts. Significantly different values are marked with different letters above the bars 
(separately A-F and a-g) at p<0.05.

TABLE 4. Antioxidant activity of the herbal extracts (mol TE/kg extract). 

Herbal material
DPPH• 

scavenging 
activity

ABTS•+ 
scavenging 

activity
FRAP

Fresh 

Coriander 0.092±0.003f 0.097±0.005f 0.067±0.005d

Tarragon 0.037±0.002g 0.051±0.005g 0.042±0.010e

Lovage 0.159±0.001d 0.204±0.004d 0.109±0.003c

Indian 
borage 0.288±0.006b 0.435±0.009b 0.205±0.007b

Dried 

Coriander 0.129±0.005e 0.137±0.004e 0.059±0.006de

Tarragon 0.156±0.003d 0.151±0.003e 0.092±0.005c

Lovage 0.191±0.004c 0.227±0.004c 0.103±0.004c

Indian 
borage 0.491±0.009a 0.643±0.006a 0.396±0.014a

TE, Trolox equivalents; FRAP, ferric-reducing antioxidant power. Means 
with different letters in the column are statistically different according to 
Tukey’s test at p<0.05.
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thyme, oregano, basil, and marjoram [Yashin et al., 2017]. 
Studies on the  antioxidant activity of  Indian borage also 
showed that the extract from the stem was a more effective 
DPPH• scavenger than the  leaf extract [Bhatt et al., 2013; 
Kumaran & Karunakaran, 2006]. In our study, also lovage 
extracts showed significant antioxidant activity, which corre-
sponds to the report by Spréa et al. [2020] who demonstrat-
ed better results regarding antioxidant properties of aqueous 
ethanolic extracts obtained from the  edible aerial parts of 
L. officinale (leaves and stems) in comparison with decoc-
tion extracts. It  may be  related to a  higher concentration 
of  phenolic compounds in  hydroethanolic extracts that 
in decoction extracts. In turn, phenolic acids, especially caf-
feic acid, were considered as principal components respon-
sible for the  antioxidant activity of  the  aqueous coriander 
extract [Melo et al., 2005]. The antioxidant activity of caf-
feic acid is  attributed to its chemical structure, including 
inter alia the  presence of  hydroxyl groups ortho-substitut-
ed in  a  benzene ring, and  the  existence of  an unsaturated 
aliphatic chain, which increases the stability of the phenoxy 
radical by  resonance [Chen & Ho, 1997]. The  total anti-
oxidant capacity of herbal material may depend not only on 
the  content of  the  phenolic compounds and  their activity, 
but also on the presence of other antioxidants, such as vita-
min C, and possible synergistic or antagonistic interaction 
between phenolic antioxidants [Shahidi & Ambigaipalan, 
2015; Yashin et al., 2017]. Drying methods are also among 
the factors that may affect the changes in the content of bio-
logically active compounds in plants, thus influencing their 
antioxidant potential [Calín-Sánchez et al., 2020]. 

The  coefficients of  Person correlation between antioxi-
dant activity and the phenolic contents in  the  tested herbal 
extracts are shown in Table 5. A strong correlation was found 
between DPPH• scavenging activity (r=0.978), ABTS•+ 
scavenging activity (r=0.976), FRAP (r=0.983), and  TPC. 
A positive correlation was also found between results of all 
antioxidant activity assays and the content of phenolic acids. 
On the other hand, negative correlations were determined be-
tween the antioxidant activities of extracts and their flavonoid 
contents. In turn, the results of all antioxidant activity assays 
correlated significantly with each other (r=0.976–0.983). 

An excellent correlation between the  total phenolics con-
tent and  the % inhibition of DPPH• was previously shown 
for the  coriander leaf-supplemented bread samples [Das 
et al., 2012]. Positive correlations between TPC of the seed 
and leaf coriander extracts obtained using different solvents 
and  antiradical activity against DPPH• were also reported 
by Wangensteen et al. [2004]. A high linear correlation was 
also achieved between the  results of  the ABTS and DPPH 
assays for the ethanolic extracts from 23 different dried herbs 
and spices commercialized in Brazil [Mariutti et al., 2008]. 
This indicates that the average reactivity of the compounds 
present in  different extracts towards both radicals could 
be  considered similar. A  strong correlation was observed 
by Kozłowska et al. [2016] between TPC and radical scav-
enging activity of  seed oil samples from anise, coriander, 
caraway, white mustard, and  nutmeg, and  the  methanolic 
extracts derived from these oils. 

CONCLUSIONS

The presented research demonstrated the high total phe-
nolic contents and  potent antioxidant activity, measured as 
DPPH• and ABTS•+ scavenging activity and FRAP of aque-
ous ethanolic extracts of coriander, lovage, and tarragon aeri-
al parts, and Indian borage leaves. Generally, the higher total 
content of phenolic compounds and better antioxidant activ-
ity were found for the extracts prepared from air-dried herbal 
materials compared to those from fresh plants. Phenolic acid 
content in the herbal extracts significantly correlated with an-
tioxidant activity. Caffeic acid was present in all extracts but 
its content was higher in  the  extracts from fresh than dried 
material for most plants. In turn, rosmarinic acid was the pre-
dominant phenolic acid in  dried material in  comparison to 
fresh counterparts. In brief, the drying of leaves and the aer-
ial parts of  herbal material did not cause any loss of  phe-
nolic compounds and did not reduce the antioxidant activity 
of  their extracts. Therefore, extracts of  both fresh and  air- 
-dried herbs can serve as potential components of functional 
food formulations.
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*Significant correlation at p<0.05. FRAP, ferric-reducing antioxidant 
power.
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