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Abstract: Chamomile and sage are common herbs that are mostly used as infusions due to their
beneficial properties. The aims of this study were to determine the total phenolic content, antioxidant
activity, and potential toxicity of chamomile and sage aqueous extracts prepared at three different
temperatures (25, 80, 100 °C) and finally, to detect their phenolic profiles at the optimum temperature.
In order to measure the total phenolic content and antioxidant capacity, Folin-Ciocalteu and
2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH) assays were applied, respectively. The extraction
temperature at 80 °C was the optimum, with maximal antioxidant activity and the highest total
phenolic content for both herbs. Luminescence-based assay demonstrated that all the examined
aqueous extracts possessed toxicity towards Vibrio fischeri. Microtox assay demonstrated no correlation
with the other two assays, which were positively correlated. The major phenolics of chamomile were
rutin trihydrate, ferulic acid, chlorogenic acid, and apigenin-7-O-glucoside; and major phenolics of
sage were rosmarinic acid, salvianolic acid K, and luteolin-7-O-glucuronide, as defined by LC-MS
of aqueous extracts at 80 °C. It can be concluded that the extraction of herbal aqueous extracts at
80 °C can provide significant bioactive and antioxidant compounds, but their consumption must be
in moderation.

Keywords: chamomile; sage; aqueous extracts; extraction temperature; total phenolic content;
antioxidant activity; toxicity; phenolic compounds

1. Introduction

Nowadays, herbal infusions are placed in most consumed beverages [1]. This consumption is
increasing worldwide due to their significant role in the human diet as a source of antioxidants. Herbal
infusions contain various bioactive phenolic compounds, which are considered beneficial for human
health [2]. Herbal infusions are consumed traditionally, without safety. Since “safety” and “natural”
are not synonymous and some phenolics have shown toxicity, it is essential to estimate and know their
potential toxicity [3,4]. The modern and cost-effective Vibrio fischeri bioluminescence inhibition test has
proved to be a reliable and sensitive method for the evaluation of acute toxicity of herbal infusions [5,6].

Chamomile (Matricaria chamomilla L., syn: Matricaria recutita) is a medicinal herb and one of the
most consumed single-ingredient herbal tea [7], considered as a source of important chemicals with
bioactive properties [8]. Chamomile is consumed as an infusion (with over a million cups per day),
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due to its healing benefits according to traditional medicine but also for its antioxidant, anti- nociceptive,
and anticancer activities [9,10]. These benefits are partly due to the phenolic content [7], specifically
the subfamily of flavonoids are the most responsible for its high antioxidant activity [2].

Sage (Salvia officinalis L.) is considered as one of the most popular herbs consumed widely
and traditionally as an herbaceous infusion [11,12]. The incorporation of sage infusion in the
daily diet can provide considerable benefits such as anti-mycotic [11], anti-carcinogenic [13,14],
antidiabetic, antimicrobial [14], anti-inflammatory, and anti-proliferative [15]. In addition to these
effects, sage infusion exhibits antiradical activity which correlates strongly with their high level of total
phenolic content [11,13].

In general, preparation of infusion differs, depending on the tradition of each region where it is
prepared with water at different temperatures. Habitually, according to the traditional use, the water
temperature in household conditions of infusion preparation usually ranges from 80 to 100 °C [16,17].
However, the application of water at low temperature is also nominated in comparison with boiling
water due to the feasibility to eliminate or diminish toxic components in the final obtained infusion [14].
Furthermore, there is no universal procedure for herbal infusion preparation that is proper for the
extraction of antioxidant compounds [18]. There are a few works reporting the influence of extraction
temperature on bioactivity [17,19] and acute toxicity [5] of herbal aqueous extracts.

There are no data, particularly for the preparation of chamomile and sage infusions, evaluating
antioxidant properties and toxicity based on the extraction temperature. Therefore, the objective of
this study is to evaluate the total phenolic content, antioxidant activity, and toxicity towards V. fischeri
at three different temperatures (25, 80, and 100 °C) using in vitro spectrometric assays in order to
define the optimum temperature. In addition, determination of phenolic profile of the optimum extract
was obtained.

2. Materials and Methods

2.1. Chemicals

The following chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA):
2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH), Folin—Ciocalteau phenol reagent, caffeic acid,
and rosmarinic acid. Methanol (LC-MS grade), water (LC-MC grade), and sodium carbonate were
purchased from Fischer Scientific (Loughborough, UK). Formic acid and 6-hydroxy-2,5,7,8-tetramethyl
chroman-2-carboxylic acid (Trolox) were obtained from Panreac (Barcelona, Spain) and Acros Organics
(Morris Plains, NJ, USA), respectively. Standard compounds chlorogenic acid, kaempheride, gallic
acid, salvianolic acid B, 7-O-glucosides of apigenin, and luteolin were supplied by Extrasynthese
(Genay, France); whereas, rutin trihydrate, myricitrin, ferulic acid, and p-coumaric acid were supplied
by Fluka (Steinheim, Germany). All authentic compounds had an average purity of 95%. Syringe
filters (25 mm, CA membrane 0.45 pm) were purchased from Macherey-Nagel (Diikel, Germany).
For the acute toxicity test, the stock reagents: test organisms Vibrio fischeri, formerly known as
Photobacterium phosphoreum (NRRL, No B-11177), diluent (sterile 2% sodium chloride), reconstitution
solution, and osmotic adjusting solution 22% sodium chloride (OAS) were obtained from Strategic
Diagnostic INC (Newark, DE, USA).

2.2. Plant Material

Two herbs, commonly consumed as infusions, were studied: Chamomile (M. chamomilla) and
sage (S. officinalis), belonging to different botanical families, Asteraceae and Lamiaceae respectively.
Plant nomenclature follows Euro+Med (2006-). Voucher specimens were accessioned for each herb and
were deposited in the Laboratory of Chemistry, Agricultural University of Athens under the ascension
numbers MC1 and SO2. Dry plant materials of chamomile and sage were obtained from Elis, Western
Greece and Thessaloniki, Central Macedonia, respectively, by local Greek producers. Each species is
endemic of each region. In the case of sage, leaves were used, while for chamomile flowering parts
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were used. The plant materials were ground to a powder in a mechanic grinder before the extraction
and were stored in a cool place in the dark.

2.3. Sample Preparation

In order to simulate preparation of infusion to traditional household procedure, 2 g of dry plant
material were extracted in 200 mL of distilled water for 10 min. Extraction was performed at 3 different
temperatures (25, 80, and 100 °C) using a hotplate (Heidolph, MR 3001, Sigma-Aldrich). The extraction
temperature at 25 °C was chosen to exclude the negative effect of temperature. The extraction
temperature at 80 °C was chosen because it is recommended for foliar herbs. The extraction temperature
at 100 °C was chosen since it is the most common temperature for preparation of infusions. For each
temperature, extractions were completed in triplicate. Each extract was filtered using filter paper.
Aqueous extracts were further filtered using a syringe CA filter, cooled at room temperature, and stored
at —22 °C, until LC analysis and bioactivity assays were performed.

2.4. Determination of Total Phenolic Content

Total phenolic content (TPC) in aqueous herbal extracts was determined spectrophotometrically
according to the modified Folin-Ciocalteu assay as previously described [20,21]. A calibration curve
was performed with aqueous solutions of gallic acid in concentrations 300-2300 pM, in triplicate. Briefly,
at well plates to a volume of 25 L of tested sample, 125 pL Folin-Ciocalteu’s reagent and 1500 uL of
distilled water were added. After 3 min, 375 uL 20% Na,COj3 were also added and diluted to 2.5 mL
with distilled water. Standard solutions of gallic acid and a control solution containing distilled water
were treated the same way and all well plates were stored in the dark for 2 h. By the end of the storage
period, each sample was transferred with a cuvette and measured at 725 nm using a spectrophotometer
reader (V-1200, VMR International Europe BVBA, Leuven, Belgium). Quantification of total phenolic
content in each sample was obtained by interpolation of the absorbance against the calibration curve
of gallic acid. Three individual preparations of each aqueous extract were subjected to determination
of TPC and values were expressed as mg gallic acid equivalents per mL of each aqueous extract
(GAE/mL).

2.5. Determination of Antioxidant Capacity

Determination of antioxidant capacity of aqueous herbal extracts was performed by a simple
assay using the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. The extracts were analyzed
according to previously reported methods [22,23]. In brief, the samples (30 uL) were mixed with 3 mL
of methanolic DPPH solution (4% w/v) into well plates. After incubation at room temperature for
60 min, the absorption of the reaction mixture was measured at 517 nm using a spectrophotometer
(V-1200). Each sample was analyzed in triplicate. The results were calculated and expressed as the
percentage of reduction (inhibition) of the DPPH (I %), which is described by following expression:
[ =100 X (Acontrol — Asample)/Acontrol, Where Acontrol i8 the initial absorbance and Agample is the value of
the absorbance after the reaction. Finally, Trolox was used as a standard compound and the inhibition
of DPPH by aqueous extracts was finally expressed as ng Trolox equivalents (TE) per mL of sample.
A Trolox calibration curve was prepared with concentration range of 2 to 60 mM Trolox.

2.6. Microtox Assay

Acute toxicity was estimated by determining the bioluminescence inhibition of the marine
Gram-negative bacterium V. fischeri (strain NRRL B-11177) after 15 min exposure to the different
aqueous herbal extracts. Preparation and reconstitution of freeze-dried bacterium were carried out
according to the device protocols, using a special reconstitution solution for rehydration. Optimum
conditions of analysis were set by adjusting osmolality to 2% and pH at 6-8. Microtox M500 analyzer
(AZUR Environmental Company) was used for measuring the light emission of bacterium V. fischeri
in contact with each sample. The analysis was held according to the Basic Test Protocol (81.9%) and
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the data were obtained using the Microtox Omni Software. Toxicity estimations were expressed as
the effective concentration (ECsp), which is designated as the 50% of light inhibition from of sample.
Each value was presented as EC5y mg of dry plant material/mL of aqueous extract.

2.7. Statistical Analysis

All the experiments were performed using three independent preparations and all the assays
were carried out in triplicate. The medians and ranges were presented, and non-parametric methods
were applied, since the data did not fit to a normal distribution. Medians values were evaluated
using the Kruskal-Wallis test to determine the significance of difference medians, followed by p-value
calculation, which was set at p < 0.05. To elucidate the possible correlation between the studied assays,
the assays were subjected to Spearman’s correlation analysis. All statistical analyses were carried out
using Statgraphics software (17.2.0.0, Statistical Graphics Corp., Rockville, MD, USA).

2.8. LC-MS Analysis of Phenolic Compounds

Qualitative and quantitative (%) characterization of herbal aqueous extracts were performed
on a Shimadzu LC-MS-2010A equipped with a LC-10ADvp binary pump, a DGU-14A degasser,
a SIL-10ADvp auto sampler, a SPD-M10Avp Photo Diode Array Detector (DAD), and a quadrupole
mass detector (MSD) with an electron spray ion source (MS-ESI, ElectroSpray Ionization, negative
mode). Separation was achieved using a reversed phase column Supelco Discovery HS C18 (250 mm
x 4 mm, 5 pm) (Bellefonte, PA, USA) at 25 °C. The mobile phase consisted of water +0.1% formic
acid (A) and methanol (B), that were used in the following gradient elution: 75% A, 25% B; 2 min
75% A, 25% B; 40 min 10% A, 90% B; 45 min 10% A, 90% B; 50 min 75% A, 25% B; 60 min 75% A,
25% B (60 min duration). The flow rate was set to 0.4 mL/min and the detection wavelengths to
260, 280, and 330 nm. The injection volume was 20 uL and was performed for each of the three
repetitions. The processing of analysis and chromatographs was carried out using Lab Solutions
software (Shimatzu version 3.40.307). The relative percentages of the individual phenolic components
were qualitatively determined from relative peak areas (%). Phenolic compounds were identified
according to the corresponding spectral characteristics: molecular ion, mass spectra, characteristic
fragmentation, and retention time. Identification of most compounds in the samples was achieved by
comparison of their spectral characteristics with the standard compounds, while some of them were
identified tentatively.

3. Results and Discussion

3.1. Total Phenolic Content

The first inquiry of the study focuses on the impact of the extraction temperature on the total
phenolic content of the studied herbal aqueous extracts. Total phenolic content of chamomile and sage
aqueous extracts affected by extraction temperature are presented in Table 1.

Among the studied chamomile extracts, the aqueous extract at 80 °C presented higher total phenolic
content in comparison with the extract at 100 °C, which contained the half-value, whereas at 25 °C
did not detect phenolic content. Previously published data also reported that in cases of chamomile
infusions at different temperatures total phenolic content was decreased in the following order: 80 °C
> 100 °C > 60 °C [1]. In contrast to the obtained results in this investigation, another study reported
that chamomile infused at 100 °C exhibited significantly higher total phenolic content than chamomile
infused at 80 °C, but also reported that aqueous chamomile extracts had maximum total phenol
concentration and minimum turbidity when extracted at 90 °C for 20 min [24]. Moreover, the obtained
value of total phenolic content of chamomile aqueous extract at 80 °C (0.165 mg GAE/mL) was higher in
comparison with the results of other literature sources’ reports on chamomile aqueous extracts prepared
at 100 °C with 0.102 mg GAE/mL, 0.115 mg GAE/mL, and 0.123 mg GAE/mL, respectively [25-27].
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Concerning sage aqueous extracts, the extraction temperature had an effect on total phenolic
content, showing that the most abundant content (between the temperatures 25, 80, and 100 °C)
was obtained at 80 °C. In comparative studies, aqueous extracts of sage prepared at 100 °C had also
demonstrated less total phenolic content in relation to the tested aqueous extract of sage at 80 °C [13,25].
In addition, extraction with hot water (80 °C) differs significantly from other sage infusion preparation
techniques in total phenolic content [5]. Dent at al. concluded that total phenolic content in water
extracts of sage increased slightly with the increase of extraction temperature [12]. Sage aqueous
extract yielded higher total phenolic content at 25 °C than at 100 °C. Water as a polar solvent at
room temperature can extract polar compounds. Moreover, due to the decrease of water polarity
at higher temperatures, its capability to dissolve polar compounds is reduced [18]. In all the cases,
increasing the extraction temperature from 25 °C to 80 °C caused extracts yielded with higher phenolic
content. These results were explained by Dent at al. who also studied sage aqueous extracts, reporting
that the mass fraction of total polyphenols significantly depends on the extraction temperature [12].
An earlier research paper demonstrated that an increase in water temperature also causes a reduction
in surface tension and viscosity, so the diffusion rate and the rate of mass transfer during extraction
was increased [28]. Lim and Murtijaya also mentioned that cool water extracted significantly less
polyphenols than boiling water from dried Phyllanthus amarus plant material [29].

A previous study on the effect of extraction temperature on polyphenol yield of papaya leaves
aqueous extracts showed that the extraction yield of polyphenols increased when the extraction
temperature increased from 50 to 70 °C. The yield however decreased when the temperature was raised
to 100 °C, a result that may be linked to thermally-induced decomposition [30]. Vuong et al. explained
the effect of elevated temperatures on the decrease of total phenolic content by trigger competing
processes (decomposition and epimerization) [31]. Additionally, the vaporization of water at boiling
point, by increasing the temperature, affects the ability of extraction of some phenolic compounds [32].

All these explanations could justify the above results and the fact that greater total phenolic content
was demonstrated at higher temperatures, but not at boiling temperature. Concerning the different
values of the two herbs, the obtained results are in accordance with previous ones, which demonstrated
higher total phenolic content of sage infusion in comparison with chamomile infusion [25]. As a result,
the extraction of total phenolic compounds from aqueous extracts of herbs was significantly affected
by the temperature of extraction, but also by the species of plant material.

Table 1. Total phenolic content and antioxidant activity of chamomile and sage aqueous extracts
obtained at different temperatures.

Temperature Herb
of Extraction Chamomile Sage
Total phenolic content expressed as mg of gallic acid equivalents
(GAE)/mL of extract
Median  Range Median Range
25°C Nd! Nd! 0.222 0.019
80°C 0.165 0.007 0.207 0.018
100 °C 0.041 0.006 0.079 0.005

Antioxidant activity expressed as ug Trolox equivalents (TE)/
mL of extract

Median Range Median Range

25°C Nd! Nd! 6.39 0.331
80 °C 462 0.616 11.9 1.80
100 °C 253 0.022 5.84 0.022

1 Nd: Not detected.
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3.2. Antioxidant Capacity

The second inquiry of our study addresses the contribution of the extraction temperature on
antioxidant capacity of the chamomile and sage aqueous extracts. The main conclusions are provided
above and presented in Table 1.

Antioxidant activity of chamomile extracts increased when the extraction temperature increased
from 80 to 100 °C. However, at 25 °C antioxidant capacity was not observed. This is similar to the
current work studying water extracts of Matricaria flos, where the antioxidant activity decreased at the
highest temperature [19]. HorZi¢ et al. also reported that chamomile infusion at 80 °C reached higher
antioxidant capacity than at 100 °C [1]. The absence of antioxidant activity in the aqueous extract of
chamomile at 25 °C was due to the fact that the intense heat was able to release cell wall phenolics
or bound phenolics by breaking down cellular constituents, thus causing more polyphenols to be
extracted [33].

In the case of sage aqueous extracts, antioxidant capacity was increased from 25 to 80 °C,
but between 80 and 100 °C there was a reduction. Hence the highest antioxidant capacity was
obtained at 80 °C. The temperature of extraction procedure appears to affect total phenolic content,
obtaining higher activity at 85 °C in comparison with room temperature at sage aqueous extracts [5].
Ollanketo et al. focused on the effectiveness of the extraction of antioxidative compounds from sage
water extracts and found that higher temperatures, when water becomes significantly less polar,
affect the extraction and thus antioxidant activity [32].

For the temperature-dependent antioxidant capacity, the best extraction determined in this study
was at 80 °C. Intense thermal treatment is responsible for a significant loss of antioxidants, as most of
these compounds are relatively unstable. In accordance to this result, a research by Vuong et al. also
indicated that the antioxidant activity of the of papaya leaf extracts increased when the extraction
temperature increased to 70 °C, and subsequently decreased when the extraction temperature exceeded
90 °C [30].

In agreement with the differentiation of antioxidant activity between chamomile and sage,
in comparative studies with aqueous extracts, sage also showed higher antioxidant capacity in relation
to chamomile [25], which contained a low content of antioxidants [16].

According to the above results of aqueous herbal extracts antioxidant activity, a temperature-dependent
extraction relationship was identified, which is also dependent on the species of the plant material.

3.3. Evaluation of Acute Toxicity towards Vibrio fischeri

Another topic of this research was the evaluation of toxicity towards V. fischeri using
bioluminescence inhibition of chamomile and sage aqueous extracts performed at the three temperatures.
The results are presented in Figure 1.

The ECs of extracts towards the bioluminescence photobacterium V. fischeri ranged between 0.032
and 1.264 mg/mL. Chamomile aqueous extracts showed a higher capacity to inhibit bioluminescence
of V. fischeri than sage aqueous extracts. Specifically, the obtained values of EC5y for chamomile
extracts at 80 and 100 °C indicated high toxicity whereas the aqueous extract at 25 °C exerted lower
toxicity. In the case of sage aqueous extracts, toxicity towards V. fischeri increased as the extraction
temperature increased.

There are no studies reporting bacterial toxicity to the bioluminescent bacteria V. fischeri from
chamomile extracts, since most studies examined other herbal species [6,24]. However, scarce literature
exists for toxicity towards V. fischeri of sage aqueous extracts associated with bioluminescence bioassay.
In a previous study reporting inhibition of bioluminescence from sage aqueous extracts at different
extraction temperatures, the data showed lower values than the obtained values, which could be
explained by the differences in growing conditions, regions, and sage plan genotype, but indicated
the same trend concerning the temperature [5]. The experimental values of sage infusion at boiled
water showed good agreement with those estimated by Sotiropoulou et al. who reported the ECy
of inhibition [25].
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Some phenolic compounds are toxic to V. fischeri, revealing the bacterial bioassay as sensitive to
monitoring their toxicity [4]. In a previous study, the main compound of chamomile extract, ferulic
acid, as shown in the Table 2 below, was found to be toxic using the Microtox biotest [26]. Concerning
sage infusions, synergistic action between water soluble compounds and volatile compounds towards
V. fischeri has been presented. Moreover, this study reported that toxicity cannot be attributed to
rosmarinic acid [5], which is the main compound of sage aqueous extract, according to Table 2.

To conclude, the extraction temperature of herbal aqueous extracts affected the toxicity towards
V. fischeri. Moreover, besides the different values EC5; of the examined aqueous extracts, all of them
exerted a toxic effect on V. fischeri, showing antimicrobial capacity and potent self-defense.

1.4

# Chamomile

& Sage

EC50 (mg/mL) after 15 min incubation time

80 100

Temperature

Figure 1. Concentration of chamomile and sage aqueous extracts that causes 50% of V. fischeri
luminescence inhibition, presented as medians.

3.4. Statistical Data and Correlation between Examined Assays

The results showed that at all tested assays differences among treatments were not considered
to be significant. The total phenolic content indicated a strong correlation with antioxidant capacity
of chamomile and sage aqueous extracts prepared at all temperatures, as described by Spearman’s
correlation coefficient (r = 0.90). The correlation is presented in Figure 2. In addition, there was
a statistically significant relationship between the two assays, considering that the p-value was less
than 0.05.
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Figure 2. Box plots and scatterplots, presented as medians and ranges, concerning Folin—Ciocalteu
(total phenolic content (TPC)) and 2,2-diphenyl-I1-picrylhydrazyl hydrate (DPPH) assays.

Reportedly, there is a relationship between total polyphenols concentration and DPPH radical-
scavenging activity in chamomile and sage teas (correlation factor 0.950) [27]. This correlation is also
in line with Jimenez-Zamora et al., who studied antioxidant capacity and total phenolic content of
chamomile and sage as infusions [28]. Other studies on herbal aqueous extracts also indicated that
antioxidant activity was positively correlated with total phenolic content [5,13,18,29-33]. However,
according to Rivas Romero et al., the total content of antioxidants of an herbal extract, including
aqueous extracts of chamomile and sage, is not bi-univocally related to its antioxidant capacity, because
the distinct components of the extracts can have very different antioxidant capacities [16]. Moreover,
total antioxidant activity of tea herbs is linked not only to the presence of phenols, but also to the
presence of other free radical scavenging compounds [34].

In contrast, acute toxicity of herbal aqueous extracts is not correlated to their total phenolic content
and antioxidant capacity. Similar results for herbal infusions previously indicated no association of
bioluminescence inhibition either with total phenolic content or with antioxidant activity [5].

3.5. Determination of Phenolic Compounds

The analyses to determine the phenolic composition of chamomile and sage aqueous infusions
were performed at 80 °C, which was found to be the optimal temperature concerning bioactivity.
In Table 2, the phenolic compounds of both aqueous extracts are presented.

Thirteen main phenolic compounds were detected in chamomile aqueous extracts and 11 were
identified. Chamomile extract contained six flavonoids including flavone glycosides (apigenin-7-O-
glucoside and luteolin-7-O-glucoside) and flavonols (kaempferide and rutin trihydrate). Phenolic
acids as caffeic, chlorogenic, cis-3,5-O-dicaffeoylquinic, trans-3,5-O-dicaffeoylquinic, and ferulic
acid were also detected in the chamomile infusion, as shown on Figure 3. Compounds 4 and 5
yielded both the same ion [M-H]™ at m/z 515, which allowed tentative identification as cis and
trans isomers of 3,5-O-dicaffeoylquinic acids, respectively. These phenolic acids presented similar
fragmentation pattern to the ones previously reported by Caleja et al. Compounds 10 and 11 were
identified as apigenin-7-O-acetyl glucoside and the other derivative apigenin 7-O-glucuronide,
by comparison of mass spectrums with literature data [18,35]. Rutin trihydrate, ferulic acid,
chlorogenic acid, and apigenin-7-O-glucoside were the dominant compounds of chamomile infusion.
Apigenin-7-O-acetyl glucoside and trans-3,5-O-dicaffeoylquinic acid followed. At lower and similar
amounts, apigenin 7-O-glucuronide, cis-3,5-O-dicaffeoylquinic acid, caffeic acid, kaempferide,
and luteolin-7-O-glucoside were identified.
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Figure 3. Phenolic profile characterization by LC-MS of chamomile aqueous extract obtained at 80 °C.

Flavone glycosides (apigenin-7-O-glucoside and luteolin-7-O-glucoside), chlorogenic acid, caffeic
and ferulic acid derivatives were previously identified in chamomile water extracts [18]. Moreover,
the presence of apigenin-7-glucoside as the main flavonoid of aqueous chamomile extracts was described
by different authors [10,36,37]. Luteolin-7-O-glucoside, chlorogenic acid, and dicaffeoylquinic acids
have also been detected in aqueous extracts (infusions, decoctions) of chamomile flower heads and
leafy flowering stems [8]. Rutin (trihydrate) (quercetin-3-O-rutinoside), as far as we know, has not
been cited in aqueous extracts of chamomile, although other derivatives of quercetin were found in
chamomile infusions [18,35,38]; although other studies detected rutin at aqueous chamomile obtained
by supercritical extraction [19,39]. The decoctions of M. recutita presented significant contents of caffeic
acid, 7-O-glucosides of apigenin, and luteolin [35]. Raal with co-authors also investigated chamomile
infusions. The major phenolic compounds in the chamomile infusions were also chlorogenic acid,
dicaffeoylquinic acids, apigenin glycoside and acetyl glucoside, ferulic acid glycoside, and at low
content glucoside of luteolin [38]. Remarkable contents of chlorogenic and caffeic acid were found in
chamomile infusions, whilst ferulic acid was found at low contents. Moreover, glucosides (7-O) of
apigenin and luteolin were identified [32]. Another study also examined chamomile aqueous extract
at 80 °C, and demonstrated ferulic, caffeic, and p-coumaric acids as the main compounds, followed by
lower content of chlorogenic acid [1].

In the case of sage aqueous extracts, 11 phenolic compounds were found. Up to 10 different phenolic
compounds, consisting of four phenolic acids and six flavonoids, were identified in sage aqueous extract,
as presented in Figure 4. The flavonoids were composed of myricitrin, apigenin-7-O-glucuronide,
hispidulin glucoside, and luteolin derivatives (7-O-glucoside, 7-O-glucuronide, and 7-O-rutinoside).
Phenolic acids determined in sage aqueous extract were p-coumaric, rosmarinic, salvianolic B and
K acids. Compound 6 was assigned as luteolin-7-O-rutinoside, following the criteria reported by
Cvetkovikj et al. Phenolic compound 7 at retention time 30.75 presented a pseudomolecular ion [M-H]~
at m/z 461, allowing its tentative identification as a luteolin-7-O-glucuronide as previously reported [11].
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Compounds 8 ([M-H]™ at m/z 555) and 10 ([M-H]™ at m/z 445) were tentatively assigned as salvianolic
acid K and apigenin-7-O-glucuronide, respectively, based on the spectroscopic data described by
Cvetkovikj and colleagues [40]. Compound 11 was identified as hispidulin glucoside by comparison
of its UV and mass spectrums with literature data [11,40]. The major compounds determined
in sage aqueous extract were rosmarinic acid, salvianolic acid K, and luteolin-7-O-glucuronide.
Apigenin-7-O-glucuronide, salvianolic acid B, hispidulin glucoside, and luteolin-7-O-rutinoside were
less abundant phenolic compounds, followed by myricitrin, luteolin-7-O-glucoside, and p-coumaric
acid at lower percentages (Table 2).

The presence of both compounds, rosmarinic acid and luteolin-7-O-glucoronide, has been reported
in other studies [11,13,40] as the main phenolics in infusion of S.officinalis. Luteolin-7-O-glucoside and
salvianolic acid were also detected in significant amounts [11]. Our findings are generally in agreement
with the study of Kaliora et al., which reported that rosmarinic acid is the dominant compound in
the infusion of S.officinalis; p-coumaric, rutinoside, and glucoside of luteolin were also detected [13].
Cvetkovikj et al. found rosmarinic acid to be the component with the highest content and variability in
all analyzed infusions of S. officinalis, S. fruticosa, and S. pomifera. Moreover, salvianolic acid K, luteolin,
and apigenin derivatives were the most frequently detected components and occurred in most of the
examined Salvia populations [40]. According to many studies, rosmarinic acid is the most abundant
phenolic compound in infusions of Salvia species [13,40].
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Figure 4. Phenolic profile characterization by LC-MS of sage aqueous extract obtained at 80 °C.
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Table 2. LC-DAD-MS characteristics and quantification (%) of phenolic compounds identified in
chamomile and sage aqueous extracts prepared at 80 °C.

Rt Amax Molecular

. Ion [M HI- Proposed Compound Chamomile % Sage %

(min) (nm)
(m/z)
19.78 327 353 Chlorogenic acid 126 +0.2
20.75 222’2‘2198’ 179 Caffeic acid 29+05
23.53 242,323 193 Ferulic acid 13.3+04
24.44 325 Ni? 57+0.2
27.68 235, 309 163 p-Coumaric acid 0.42 +0.05
28.21 23;’;56’ 463 Myricitrin 1.6+04
28.55 220, 326 515 cis 3,5-O-Dicaffeolyquinic acid! 31+02
28.69 255, 349 447 Luteolin-7-O-glucoside 25+0.1 0.37 +£0.02
28.83 220, 328 515 trans 3,5-O-Dicaffeolyquinic acid! 4.4 +0.05
29.17 255, 356 609 Rutin trihydrate 15.1 £ 0.1
253, 286, . L
29.30 308 717 Salvianolic acid B 41+04
29.87 268, 337 593 Luteolin-7-O-rutinoside! 32+04
30.75 348 461 Luteolin- 7-O-glucuronide1 15+1
31.19 229,328 Ni? 31+02
31.72 232’2%86’ 555 Salvianolic acid K 154 £ 0.4
32.89 245;'3%)89’ 359 Rosmarinic acid 15+1
32.94 242’32867’ 431 Apigenin-7-O-glucoside 9.1+0.1
33.62 445 Apigenin- 7-O-gh,1curonide1 3.8+0.6 5+0.3
33.74 235,322 Ni? 1.3+0.1
TR 475 Hispidulin glucuronide! 45+04
35.62 23?’3;67’ 473 Apigenin-7-O-acetylgluc0side1 6.9 +0.2
242,254, 2

42.66 312 Ni 52+03
47.32 262’6:;24’ 299 Kaempferide 2.8+03

! Tentative identification. 2 Ni: Not identified.

4. Conclusions

The effect of extraction temperature on the bioactivity of herbal infusions is very important. This
study provides results regarding total phenolic content, antioxidant capacity, and toxicity of aqueous
extracts of chamomile and sage at different extraction temperatures. All the examined assays of
bioactivity indicated influence of the extraction temperature. The highest total phenolic content and
maximum antioxidant capacity of aqueous extracts of chamomile and sage at tested temperatures (25, 80,
and 100 °C) were achieved at 80 °C. Toxicity of both herbal aqueous extracts, causing bioluminescence
inhibition of V. fischeri, was increased along with extraction temperature. Chamomile showed higher
capacity to inhibit bioluminescence in comparison with sage. For all the aqueous herbal extracts,
total phenolic content was significantly correlated with antioxidant activity; however, there was no
link between toxicity and these two examined assays. The analyses of phenolic profiles of both
aqueous extracts at 80 °C confirmed the presence of different flavonoids and phenolic compounds.
The dominant compounds of chamomile aqueous extract were rutin trihydrate, ferulic acid, chlorogenic
acid, and apigenin7-O-glucoside. Rosmarinic acid, salvianolic acid K, and luteolin-7-O-glucuronide
were detected as the main phenolic compounds of sage aqueous extract. Eventually, the effect of not
only the extraction temperature but also other parameters such as time of extraction and amount of
solvent play an important role in the evaluation of the beneficial properties and for monitoring the
safety of herbal infusions. Overall, and despite the need for further studies to elucidate the optimal
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infusion preparation of the tested herbal extracts, it is possible to conclude that aqueous extracts of
chamomile and sage at 80 °C could be regarded as health-promoting antioxidant beverages but their
use should be moderated to ensure safe consumption.
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