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ABSTRACT
In this study, decoctions (herbal tea) of sage (Salvia officinalis L..) and
lemon balm (Melissa officinalis 1), two of the important medicinal
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plants, were analysed for antioxidant activity, antioxidants, and Received ©15.10.2020
minerals (K, Na, Mg, Ca, Fe, Ba, Ag and Ga) were determined in each Accepted :03.12.2020
sage and lemon balm dry leaves as well as decoctions by inductively

coupled plasma-mass spectrometry (ICP-MS). The antioxidant Keywo.rds

activities of decoctions were evaluated by scavenging activities Decqctlon .

against 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and hydrogen Mg]zssa officinalis
peroxide (H202) radicals, and varied from 19.4 to 109.1 mg trolox Mlne.ral L.
equivalent (TE) cup for DPPH and from 35.0 to 168.0 mg ascorbic g igg;ﬁf“ﬂa]l‘g

acid equivalent (AAE) cup! for H2O2. The highest antioxidant activity
and antioxidants such as total phenolic, flavonoid and flavanol
contents were found in the decoction of lemon balm. The analysed
minerals were most efficiently observed in sage decoctions. The study
also showed that the best sample amount in terms of the minerals was
3 g for both species, but decoction time was statistically insignificant
for sage and 10 min more effective for lemon balm. As a result, it was
tried to determine the most appropriate sample amount and decoction
time for the decoctions of both species according to the analysed
parameters.

Tibbi Adagayr ve Ogul Otu Dekoksiyonlarinin Fitokimyasallar1 ve Antioksidan Aktiviteleri Uzerine
Ornek Miktar1 ve Dekoksiyon Siiresinin Etkisi

OZET Aragtirma Makalesi

Bu calismada, 6nemli tibbi bitkilerden olan tibbi adacayr (Salvia

officinalis L.) ve ogul otu (Melissa officinalis L.) dekoksiyonlarinin Makale Tarihgesi
antioksidan aktivitesi ve antioksidantlar: analiz edilmistir. Ayrica bu Gelig Tarthi  :15.10.2020
tiirlerin yaprak ve dekoksiyonlarindaki mineral icerikleri (K, Na, Mg, Kabul Tarihi :03.12.2020

Ca, Fe, Ba, Ag and Ga) indiiktif eslesmis plazma kiitle spektrometresi
(ICP-MS) tarafindan tespit edilmistir. Dekoksiyonlarin antioksidan

Anahtar Kelimeler

aktivitesi 1,1-difenil-2-pikril-hidrazil (DPPH) ve hidrojen peroksit Dekoksiyon
(H202) radikalleri ile belirlenmis, DPPH radikalli icin 19.4 - 109.1 mg Melissa officinalis
trolox esdegeri (TE) / fincan ve H2Oz radikali i¢in 85.0 - 168.0 mg Mineral

askorbik asit esdegeri (AAE) / fincan! arasinda degismistir. En Salvia officinalis
yiksek antioksidan aktivite ve toplam fenolik, flavonoid ve flavanol Fenolikler

gibi antioksidantlar ogul otu dekoksiyonlarindan elde edilmigtir.
Analiz edilen mineraller en verimli tibbi adacgay1 dekoksiyonlarinda
gozlenmigtir. Ayrica mineraller agisindan en iyi 6rnek miktarinin her
iki tiir i¢cin 3 g oldugu, ancak dekoksiyon siiresinin tibbi adagayi igin
istatistiksel olarak 6nemsiz ve ogul otu igin 10 dk uygulamanin daha
etkili oldugu saptanmistir. Sonug olarak, analiz edilen parametrelere
gore her iki tirlin dekoksiyonlar: i¢in en uygun 6rnek miktar1 ve
kaynatma siiresi belirlemeye ¢aligilmigtir.
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INTRODUCTION

Natural botanical resources have long been used as
therapeutical, disease preventive or refreshment, in
many forms of traditional medicine, usually in the
form of herbal teas which known also as tisanes
(Biiyiikbalci and El, 2008; Poswal et al., 2019). Herbal
teas are infusions or decoctions made from flowers,
leaves, roots, seeds or twigs of herbs, spices, or other
plants in hot water, usually devoid of caffeine. Since
the infusions or decoctions are rich in antioxidants,
their consumption is becoming more and more
preferred among health-conscious people (Ivanova et
al., 2005). They are usually consumed individually or
as a mixture of herbs (Guimarées et al., 2011).

Sage (Salvia officinalis 1..) and lemon balm (Melissa
officinalis 1.), well-known medicinal herbs of
Lamiaceae commonly used as herbal tea since very
early times, are aromatic plants and are still in wide
use today. Although well-established traditional uses
of sage and lemon balm include the treatment of
various cancers, respiratory and cardiovascular
problems, diabetes, and as a memory enhancer,
sleeping aid, cardiac tonic, and antidepressant (Walch
et al., 2011; Shakeri et al., 2016). Especially, the
decoction of lemon balm is consumed due to these
ethnopharmacological benefits and other uses in many
countries such as Brazil, Greece, Kosova and Turkey
(Walch et al., 2011).

The therapeutic properties of sage and lemon balm are
generally related to their phytochemical content such
as phenolics, flavonoids, triterpenes and volatile
compounds as the main active constituents. Most of the
polyphenolic compounds consist of rosmarinic acid,
quercetin, rutin, caffeic acid, chlorogenic acid and
gallic acid in both sage and lemon balm (Ghorbani and
Esmaeilizadeh, 2017; Shakeri et al., 2019). These
compounds are related to impressive many health
benefits, such as antidepressant, improved brain
health and support memory, reduce blood sugar levels
and cholesterol (Fonteles et al., 2016; Alagawany et al.,
2017; Ghorbani and Esmaeilizadeh, 2017; Asadi et al.,
2018; Khedher et al., 2018). These are especially due
to the high antioxidant and inflammatory activities of
these compounds (Nunes et al., 2017; Shinjyo and
Green, 2017). Antioxidant compounds help fortify your
body’s defenses, reducing the harmful effects of free
radicals that are related to many diseases (Khansari et
al., 2009).

Also, sage and lemon balm herb parts are rich sources
of minerals like potassium, sodium, magnesium,
calcium and iron. The minerals have many effects on
human health. Potassium is an important mineral of
cell and body fluids, which helps control heart rate and
blood pressure (Nowak et al., 2019). Magnesium acts
as a cofactor for many enzymes (Al Alawi et al., 2018).

There are many studies on the leaves of these species
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and their herbal teas (Arceusz et al., 2013; Herrera et
al., 2018). There are no comprehensive reports about
the variations in antioxidant activities, antioxidants
and minerals of decoctions made from sage and lemon
balm prepared with different sample amount and
decoction time. Therefore, the aim of this study is to
investigate the effect of different sample amounts and
decoction time on the antioxidant activities,
antioxidants and mineral compositions in decoctions of
sage and lemon balm.

MATERIAL and METHOD
Plant material

Cultivated and exported populations of the lemon balm
(Melissa officinalis 1) and sage (Salvia officinalis L.)
species grown in Yalova province of Turkey were used
to prepare herbal teas. The fresh leaves of the plants
containing thirty individuals of each species were
harvested at the end of flowering in 2018, mixed and
used to prepare herbal tea.

Preparation of Decoctions

The fresh leaves of both species were dried and
powdered. As indicated in Fig. 1, the decoctions for
both species were prepared by adding two different
amounts (2g and 3g) in 100 ml of distilled water and
heated (heating plate, Mipro MHP Series) until
boiling. The mixtures of each amount were left to stand
at boiling temperature for two different decoction
times (5 min and 10 min) in order to determine the
optimum decoction time, and at room temperature
until cooled (Guimaraes et al., 2011). Each experiment
was conducted for 4 replicates. Each decoction
obtained was filtered through Whatman filter papers
and kept at -20 °C until the analyses. The samples
were diluted 1/1 before mineral analysis.

Analysis of Antioxidant Capacity

The antioxidant capacity was evaluated by DPPH (1,1-
diphenyl-2-picryl-hydrazyl) and H20: (hydrogen
peroxide) radical scavenging activities, according to
procedures previously described by the authors
(Yaman et al., 2019 and Ruch et al., 1989).

DPPH and H:0:2 radical scavenging activities of
decoctions were calculated from the graphs of trolox
and ascorbic acid standards, respectively. The results
were expressed as equivalents of trolox (TE) cup* (150
ml) and equivalents of ascorbic acid (AAE) cup? of
decoction.

Evaluation of Antioxidants

Total phenolics, flavonoids (Yaman et al., 2019) and
flavanol (Quettier-Deleu et al., 2000) in the decoctions
of lemon balm and sage were measured following
spectrophotometer assays described by the authors.
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Total phenolics and flavonoids were calculated using
gallic acid and quercetin to obtain the standard curves.
The results were expressed as mg gallic acid
equivalents (GAE) cup! (150 ml) and mg quercetin
equivalent (QE) cup! of decoction sample, respectively,
for phenolics and flavonoids. The flavanol content was
calculated on the basis of the calibration curve of
authentic catechin and the results were expressed as
ug catechin equivalent (CE) cup™ of decoction sample.

Analysis of Mineral Content

Method for digestion of the samples as reported by
Turksoy et al. (2019) was used to solubilize leave of the
sage and lemon balm with a few modifications. 200 mg
of samples were weighed and added to microwave
Teflon tubes. After adding 5 ml suprapure HNOs, 2 ml
H20:2 and 3 ml ultrapure water to the samples, the caps
were closed and digested with Microwave Digestion
System (Milestone Stat D). The tubes cooled to the
room temperature. On the other hand, their herbal tea
samples were analyzed directly (without digestion).
The digested samples were diluted to 1/1 with distilled
water. Appropriately diluted samples were measured
by an ICAPQc ICP-MS (Thermo Scientific, USA). The
internal standard (Hafnium, Hf) for the minerals was
used, and all analyses were performed at least three
times. Calibration curves of all tested minerals were

found at least R2>0.9918 for all minerals.
Determination of the minerals in sage and lemon balm
as well as their herbal teas and were analyzed using
ICP-MS with the following operating conditions: RF
power, 1550 W; RF matching, 1.80 V; carrier gas, 0.97
1 min'l; spray chamber temperature, 2.7 °C.

Statistical Analysis

The results were expressed as mean values and
standard deviations (=SD). The experiments of total
bioactive contents and antioxidant activities were
conducted by using one-way analysis of variance
(ANOVA). Differences between the means were
compared by Duncan’s multiple range tests using
SPSS (IBM SPSS 20.0 statistical software) computer
program. The Pearson correlation analysis (p < 0.05)
was used to evaluate the correlation between
antioxidant activities and total phenolic contents, as
well as minerals of the two species.

RESULTS and DISCUSSION
Antioxidant Capacity

The antioxidant capacities of decoctions prepared from
sage and lemon balm with different sample amounts
and decoction time were evaluated by two different
assays: DPPH and H20: radical scavenging activities
(Figure 1).

Lemon balm H202 (mg AAE/cup)
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Figure 1. Antioxidant capacities of decoctions obtained from sage and lemon balm prepared with different sample

amount and decoction times

Sekil 1. Farkli 6rnek miktar: ve dekoksiyon siiresi ile hazirlanan tibbi adagay1 ve ogul otu dekoksiyonlarinin

antioksidan kapasiteleri

Antioxidant activities of the decoctions were ranged
from 19.4 to 109.1 mg TE cup® for DPPH, and 35.0 to
168.0 mg AAE cup! for H2O2. Among the decoctions of
both species, the highest DPPH and H20:2 radical
scavenging activities were observed in the decoctions
prepared with 3 g sample amount and 10 min decoction
time. In addition, the decoction of lemon balm for both
radicals exhibited a very stronger antioxidant activity
than the sage decoction. Many researchers reported
the similar results on the antioxidant activity of their
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teas or extracts of both species (Atanassova et al.,
2011; Albayrak et al., 2013; Toydemir et al., 2015).

Sage and lemon balm teas have very strong
antioxidant activity because of rich phenolic
components (especially, rosmarinic acid) (Lima et al.,
2005; Petkova et. al., 2017). Lemon balm contains
higher rosmarinic acid than sage (Nicolai et al., 2016).
However, previous studies have noticed that some
samples with higher rosmarinic acid exhibit no higher
antioxidant activity than the samples with lower
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content (Nicolai et al., 2016; Petkova et al. 2017). This
can be attributed to the presence of other compounds
or their synergistic effects that have an important
effect on antioxidant activity.

Interestingly, the differences in antioxidant activity
between 5 and 10 min decoction times in 2 or 3 g
sample amounts of sage were higher than that of 2 and
3 g sample amounts in 5 min or 10 min decoction times.
The decoction time was more effective than the sample
amount on the antioxidant activity of sage. On the
contrary, increasing the amount of sample used for
lemon balm was found to be more important on its

antioxidant power.

Antioxidants

Infusion and decoction of medicinal plants are
important sources of polyphenolics in the human diet
and for the treatment of diseases as these compounds
are among the most widely occurring phytochemicals
in plants (Balasundram et al., 2006). Antioxidant
compounds such as phenolics, flavonoids and flavonol
in decoctions obtained from sage and lemon balm
prepared with different sample amounts and decoction
times are given in Table 1.

Table 1. Antioxidants of decoctions obtained from sage and lemon balm prepared with different sample amount

and decoction times

Cizelge 1. Farkli ornek miktar1 ve dekoksiyon stiresi ile hazirlanan tibbi adagay1 ve ogul otu dekoksiyonlarinin

antioksidantlari

Treatments (Uygulamalar)

The sample amount (Ornek miktari)

2g 3g

The decoction time (Dekoksiyon siiresi)

5 min (5 dk)

10 min (70dk) 5 min (5dk) 10 min (10 dk)

Abbreviated name of decoction herbal teas

Sage . Dekoksiyon herbal ¢aylarin kisaltilmis ismi
Tibbi adagay:
S1 S2 S3 S4

Total Phenolics (mg GAE cup12) 81.7+0.05d 106.1+0.26b 92.9+0.25¢ 191.7+0.18a
Toplam fenolikler (mg GAE/ fincan-!)
Total Flavonoids (mg QE cup) 18.1+0.20d 25.6+0.07b 22.3+0.34c 55.1+0.95a
Toplam flavanoidler (mg QE/ fincan™)
Total Flavanol (ug CE cup™) 0.56+0.03b 0.62+0.03b 0.99+0.06a 1.11+0.06a
Toplam flavanol (ug CE/ fincan'1)
Lemon balm Abbreviated name of decoction herbal teas
Ogul otu Dekoksiyon herbal ¢aylarin kisaltilmis ismi

LB1 LB2 LB3 LB4
Total Phenolics (mg GAE cup2) 201.8+0.28d 228.6+0.08c 232.1+0.25b  234.6+0.17a
Toplam fenolikler (mg GAE/ fincan-"
Total Flavonoids (mg QE cup) 58.9+0.20d 77.3£0.27¢ 86.6+0.46b 98.2+2.11a
Toplam flavanoidler (mg QE/ fincan)
Total Flavanol (ug CE cup™) 1.18+0.06b 1.18+0.04b 1.38+0.02b 1.91+0.13a

Toplam flavanol (ug CE/ fincan)

Statistically, each line was evaluated separately and indicated in small letters (<0.01)

acup(fincan)=150 ml

Clearly, all the decoctions investigated exhibited a
generally high total phenolic (81.7 - 234.6 mg GAE cup’
1), flavonoid (18.1 - 98.2 mg QE cup!) and flavonol
contents (0.56 - 1.91 pug CE cup). All decoctions of
lemon balm had higher antioxidants than all
decoctions of sage. Similarly, Atanassova et al. (2011)
reported that methanolic extract of lemon balm had a
higher total phenolic and flavonoids than that of sage.
The highest antioxidants for both species were
recorded in decoctions prepared with 3 g sample
amount and 10 min decoction times.
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On the other hand, the lowest antioxidants were
recorded in decoction prepared with 2 g sample amount
and 5 min decoction times. Similar to the antioxidant
activity of decoction samples, the decoction time for
sage and the sample amount for lemon balm was
remarkably effective on antioxidants.

Polyphenol compounds react with active oxygen
radicals such as superoxide anion, hydroxyl and lipid
peroxyl radicals (Afanasiev et al., 1989; Hussain et al.,
1987), therefore, have a broad spectrum of biological
activities including radical scavenging properties. The
antioxidant capacity measured by DPPH and H202
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radicals was a highly positive correlation with the
polyphenols (except total flavanol) for the decoctions of
sage and lemon balm (r2>0.891)(Table 2). Total
flavanol displayed a high correlation, but lower than
other antioxidants (0.690< r2<0.851). Previous studies
on sage and lemon balm reported a strong correlation
between phenolic content and antioxidant activity
(Boneza and Niemeyer, 2018; Albayrak et al., 2013).

Mineral content in leaves and decoctions of sage and
lemon balm

The knowledge of minerals in plants or traditionally
used plant teas is essential for knowing their
nutritional importance, considering the vital role of
minerals in the human health. The composition of
macrominerals (K, Mg, Ca, Na) and microminerals (Fe,
Ba, Ga, Ag) in leaves and their decoctions of sage and

lemon balm are detailed in Table 3.

Table 2. Correlation between antioxidant activity and
antioxidants of sage and lemon balm
decoctions

Cizelge 2. Tibbi adagay1 ve ogul otu dekoksiyonlarinin

antioksidantlar1 ve antioksidan aktiviteleri
arasindaki korelasyon

o Sage Lemon balm

jntl.o)]ild.z;nts] Tibbi adagay: Ogul otu

ntioksidantlar DPPH — HsOs DPPH HaO»
T. phenolic
T fenolik 0.997 0.999 0.891 0.980
T. flavonoid
T flavonoid 0.998 0.998 0.960 0.959
T. flavanol
T flavanol 0.719 0.700 0.851 0.691

Table 3. The concentrations of major (ppm) and minor (ppb) minerals in leaves and their decoctions of sage and

lemon balm

Cizelge 3. Tibbi adagay1 ve ogul otu'nun yapraklar: ve onlarin dekoksiyonlarindaki major (ppm) ve minor (pph)

minerallerin konsantrasyonlari

Minerals (Mineraller) K Ca Mg

Na Fe Ba Ga Ag

ppm (mg kg?)

ppb (pg kg1

Sage 34171.2" 10731.3" 2935.9" 430.0" 428.7  9.8" 469  3.00
Leaves Tibbi adagay:
Yapraklar L bal
P CMONDAMN 197184 84563 21665 60.8 4354 2.4 461  2.86
Ogul otu
p <0.01 <0.01 <0.01  <0.01  0.602  <0.01 0.703  0.085
ppm (mg 1) ppb (ug 1)
Decoctions Sage 469.80  69.28 306.89" 77.25"  4.36 0.95** 1.61  0.20
(Average) Tibb1 adagayi
Dekoksiyonlar Lemonbalm o0 59 g g9 167.67 56.67  4.41 0.32 1.37  0.20
(Ortalama) Ogul otu
P 0.248 0.194 <0.01  <0.01  0.921  <0.01 0.081  0.929

p<0.01. **; p<0.05.*

As can be seen from Table 3, K is the major element
detected in sage and lemon balm leaves as reported in
Pytlakowska et al. (2012) and in their decoction with
469.80 and 429.09 mg 1!, respectively. Ozcan et al.
(2008) noted that lemon balm had higher K content in
its decoction than that of many medicinal plants such
as Sideritis spp., Salvia fruticosa, and Rosmarinus
officinalis.

In spite of the high Ca content of leaves of both plants,
Ca content reported to decoction was very low (69.28
mg 1 for sage and 60.60 mg 1" for lemon balm). The Ca
content in decoction sage and lemon balm is more
higherthan that in infusion and decoction of Fragaria
vesca's wild roots (3.65 and 3.24 mg 100 ml7,
respectively) (Dias et al., 2015) and in infusions and
decoctions from stems and flowers of Crithmum
maritimum L. (2.93-4.13 mg 200 ml1), but it is lower
than the decoction of C. maritimum leaves (19.9 mg
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200 ml?) (Pereira et al., 2017).

In terms of macromineral content, Mg in leaves of both
plants after K and Ca minerals were detected with
noticeable amounts, followed by Na and Fe. However,
the contents of Ag and Ga were detected as trace and
toxic elements in the decoction of both plants.
Interestingly, the Mg contents in the decoction of sage
and lemon balm (306.89 and 167.67 mg 17,
respectively) are higher than that in the herbal teas
from stems, leaves, flowers of Crithmum maritimum L.
(1.69-55.5 mg 200 ml!) (Pereira et al., 2017) and in
decoctions of Fragaria vesca L. (2.32-7.30 mg/100ml).
Ozcan et al (2008) reported that herbal tea of lemon
balm (20.11 mg 100 ml') had higher Mg content than
Salvia fruticosa, Rosa canina, Camelia sinensis (black
tea), Coriandrum sativum, Matricaria chamomilla,
Sideritis spp., Artemisia dracunculus, Foeniculum
vulgare, Pimpinella anisum, and lower than
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Rosmarinus officinalis, Ocimum basilicum, Thymbra
spicata, Casia angustifolia, Urtica dioica. Ca in leaves
of both plants was the mineral with the highest content
after K whereas it was less than the Mg content in the
decoction.

The analyzed minerals had a higher concentration in
sage leaves than in lemon leaves except for Fe.
Chizzola (2012) reported that Fe consent in leaves of
lemon balm was higher than that of sage. On the
contrary, the decoction of sage had a lower
concentration of analysed minerals than the decoction
of lemon balm. Sage was found to accumulate the
minerals better than lemon balm, also the
concentrations of the minerals in the decoction of sage
were higher than lemon balm except for Fe.

Although the concentrations of minerals in sage leaves
are higher, no statistical difference was found between
the concentrations of K and Ca minerals in decoction
samples of both species. This indicated that there was
a greater transition amount of those minerals from
lemon balm leaves to decoction samples than sage.

Recommended dietary intakes of minerals were 4500—
4700 mg day! for K, 1200-1500 mg day! for Na, 1000-
1300 mg day! for Ca, 240—420 mg day! for Mg, 8-18
mg day! for Fe (Ross et al., 2011). In general, people
take in less mineral than the recommended daily
amount. For example, the average dietary Ca intake in
most societies is between 500 and 800 mg day’
(Wimalawansa et al., 2018). Thus the herbal teas are
likely to be a significant source of dietary minerals.

When effects of the sample amount and decoction time
on minerals in decoctions are examined (Table 4), it
could be inferred that the application of a sample
amount of 3 g significantly affects the mineral
concentration in decoction of sage and lemon balm
than 2 g application. Although, the decoction time had
no statistically significant effect on mineral content in
sage decoctions, the 10 min decoction time exhibited a
higher effect on the concentration of minerals in the
decoction of lemon balm than the 5 min duration.

Table 4. The effect of sample amount and infusion time on concentrations of minerals in decoctions of sage and

lemon balm

Cizelge 4. Tibbi adagayi ve ogul otu dekoksiyonlari i¢indeki minerallerin konsantrasyonlari tizerine ornek miktari

ve dekoksiyon siiresinin etkileri

Sage (T1bbi adagay1)

Minerals (Mineraller) K Ca Mg Na Fe Ba Ga Ag
ppm (mg 1') ppb (ug 1)
Sample
amount Infusion time
Ornek Dekoksiyon stiresi
miktari
2g 419.19 58.61 264.08 75.27 3.61 0.82 1.41 0.33
3g 520.42 79.96™ 349.69" 179.23 5.11* 1.08™ 1.8" 0.07"
D 0.13 <0.01 <0.01 0.568 <0.01 <0.01 0.023 0.039
5 min (5 dk) 461.35 64.37 290.24  80.01 4.19 0.89 1.53 0.16
10 min (70 dk) 478.26 74.2 323.53 74.49 4.53 1.01 1.69 0.25
p 0.722 0.302 0.363 0.423 0.589 0.320 0.405 0.507
Lemon balm (Ogul oud)
Minerals (Mineraller) K Ca Mg Na Fe Ba Ga Ag
ppm (mg 1Y) ppb (ug 1Y)
S::;lglli Infusion time
Ornek Q'ekolfszy on
. stiresi
miktari
2g 365.44 51.51 144.22 51.75 3.65 0.28 1.16 0.20
3g 492.75" 69.70" 191.117 61.59" 5.16" 0.37" 1.57" 0.19
D <0.01 0.041 0.045 0.049 0.011 0.012 0.020 0.761
5 min (5 dk) 370.19 49.11 136.69 49.86 3.65 0.28 1.15 0.21
10 min(70 dk) 488.00" 72.09™ 198.65 63.48™ 5.16" 0.37 1.58" 0.18
p 0.015 <0.01 <0.01 <0.01 0.011 0.017 0.012 0.468

<0.01. **; p<0.05.*
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CONCLUSION

The sample amount and decoction durations had
different effects on antioxidant activity, antioxidants
and minerals of decoctions of sage and lemon balm
plants. The decoctions of lemon balm had higher
antioxidant activity and antioxidants than that of
sage, however, were lower in terms of mineral content.
Especially, the decoctions of sage contained high
amounts of Mg. The most efficient antioxidant activity
and phytochemicals for decoctions of both species were
observed in their decoctions prepared with 3 g sample
amount and 10 min decoction time. As the sample
amount increased, the mineral content analysed in
decoctions of both plants increased. The 10 min
decoction of lemon balm was enough for the most
efficient minerals, and 5 min decoction of sage was
statistically found to be enough to prepare a mineral-
rich tea. In this study, antioxidants and antioxidant
activities and important minerals of decoctions of sage
and lemon balm that are beneficial for human health
were investigated. In future studies, analysing
whether different chemical formations in decoctions of
plants that occur during the boiling of plant decoction
samples used for human consumption may be harmful
to human health, will shed light on human health.

Author’s Contributions

All contributions in authorship, design of the article,
conducting and interpretation of the research belong to
the author.

Statement of Conflict of Interest
Authors have declared no conflict of interest.

REFERENCES

Afanasiev IB, Dorozhko Al, Brodshi AV, Kostyak VA,
Potaporitch AI 1989. Chelating and Free Radical
Scavenging Mechanisms of Inhibitory Action of
Rutin and Quercetin in Lipid Peroxidation.
Biochemic Pharmacol 38: 1763-9.

Al Alawi AM, Majoni SW, Falhammar H 2018.
Magnesium and Human Health: Perspectives and
Research Directions. International Journal of
Endocrinology 2018:1-17.

Alagawany M, El-Hack MEA, Farag MR, Gopi M,
Karthik K, Malik YS, Dhama K 2017. Rosmarinic
Acid: Modes of Action, Medicinal Values and Health
Benefits. Animal Health Research Reviews 18:167—
176.

Albayrak S, Aksoy A, Albayrak S, Sagdic O 2013. In
vitro antioxidant and antimicrobial activity of some
Lamiaceae species. Iranian Journal of Science &
Technology Al: 1-9.

Arceusz A, Occhipinti A, Capuzzo A, Maffei ME 2013.
Comparison of Different Extraction Methods for
The Determination of a- and B-thujone in Sage

731

(Salvia officinalis L.) Herbal Tea. Journal of
Separation Science 36:3130-3134.

Asadi A, shidfar F, Safari M, Malek M, Hosseini AF,
Rezazadeh S, Rajab A, Shidfar S, Hosseini S 2018.
Safety and Efficacy of Melissa officinalis (lemon
balm) on ApoA-I, Apo B, Lipid Ratio and ICAM-1 in
Type 2 Diabetes Patients: A Randomized, Double-
Blinded Clinical Trial. Complementary Therapies
in Medicine 40:83-88.

Atanassova M, Georgieva S, Ivancheva K 2011. Total
Phenolic and Total Flavonoid Contents,
Antioxidant Capacity and Biological Contaminants
in Medicinal Herbs. Journal of the University of
Chemical Technology and Metallurgy 46(1): 81-88.

Balasundram N, Sundram K, Samman S. 2006.
Phenolic compounds in plants and agri-industrial
by-products: Antioxidant activity, occurrence, and
potential uses. Food Chemistry 99:191-203.

Boneza MM, Niemeyer ED. 2018. Cultivar affects the
phenolic composition and antioxidant properties of
commercially available lemon balm (Melissa
officinalis L.) varieties. Industrial Crops and
Products 112:783-789.

Biytikbalci A, E1 SN 2008. Determination of In Vitro
Antidiabetic Effects, Antioxidant Activities and
Phenol Contents of Some Herbal Teas. Plant Foods
Hum Nutr 63:27-33.

Chizzola R 2012. Metallic Mineral Elements and
Heavy Metals in Medicinal Plants. Bulletin of the
Chemists and Technologists of Bosnia and
Herzegovina 6:39-53.

Dias MI, Barros L, Morales P, Sanchez-Mata MC,
Oliveira MBPP, Ferreira ICFR 2015. Nutritional
Parameters of Infusions and Decoctions Obtained
from Fragaria vesca L.. Roots and Vegetative Parts.
LWT - Food Science and Technology 62:32—38.

Fonteles AA, Souza CM de, Sousa Neves JC de,
Menezes APF, Santos do Carmo MR, Fernandes
FDP, Aratjo PR de, Andrade GM de 2016.
Rosmarinic Acid Prevents Against Memory Deficits
in Ischemic Mice. Behavioural Brain Research
SreeTest Contentl 297:91-103.

Ghorbani A, Esmaeilizadeh M 2017. Pharmacological
Properties of Salvia officinalis and Its Components.
Journal of Traditional and Complementary
Medicine 7:433—440.

Guimaries R, Barros L, Carvalho AM, Ferreira ICFR
2011. Infusions and Decoctions of Mixed Herbs used
in Folk Medicine: Synergism in Antioxidant
Potential. Phytotherapy Research 25:1209-1214.

Herrera T, Aguilera Y, Rebollo-Hernanz M, Bravo E,
Benitez V, Martinez-Sdez N, Arribas SM, Castillo
MD del, Martin-Cabrejas MA 2018. Teas and
Herbal Infusions as Sources of Melatonin and Other
Bioactive Non-Nutrient Components. LWT 89:65—
73.

Hussain SR, Cillard J, Cillard P 1987. Hydroxyl



KSU Tarim ve Doga Derg 24 (4): 725-732, 2021
KSU J. Agric Nat 24 (4): 725-732, 2021

Arastirma Makalesi
Research Article

Radical Scavenging Activity of Flavonoids.
Phytochemistry 26: 2489-91.

Ivanova D, Gerova D, Chervenkov T, Yankova T 2005.
Polyphenols and Antioxidant Capacity of Bulgarian
Medicinal Plants. Journal of Ethnopharmacology
96:145-150.

Khansari N, Shakiba Y, Mahmoudi M 2009. Chronic
Inflammation and Oxidative Stress as a Major
Cause of Age- Related Diseases and Cancer. Recent
Patents on Inflammation & Allergy Drug Discovery
3(1): 73-80(8).

Khedher MRB, Hammami M, Arch JRS, Hislop DC,
Eze D, Wargent ET, Kepczynska MA, Zaibi MS
2018. Preventive Effects of Salvia officinalis Leaf
Extract on Insulin Resistance and Inflammation in
a Model of High Fat Diet-Induced Obesity in Mice
That Responds to Rosiglitazone. Peerd 6:€4166.

Lima CF, Andrade PB, Seabra RM, Fernandes-
Ferreira M, Pereira-Wilson C 2005. The Drinking of
a Salvia officinalis Infusion Improves Liver
Antioxidant Status in Mice and Rats. Journal of
Ethnopharmacology 97:383—389.

Nicolai M, Pereira P, Vitor RF, Reis CP, Roberto A, Rijo
P 2016. Antioxidant Activity and Rosmarinic Acid
Content of Ultrasound-Assisted Ethanolic Extracts
of Medicinal Plants. Measurement 89:328—-332.

Nowak D, Goslinski M, Wesotlowska A, Berenda K,
Poptawski C 2019. Effects of Acute Consumption of
Noni and Chokeberry Juices vs. Energy Drinks on
Blood Pressure, Heart Rate, and Blood Glucose in
Young Adults. Evidence-Based Complementary
and Alternative Medicine. URL:
https://www.hindawi.com/journals/ecam/2019/6076
751/ [accessed February 2020].

Nunes S, Madureira AR, Campos D, Sarmento B,
Gomes AM, Pintado M, Reis F 2017. Therapeutic
and Nutraceutical Potential of Rosmarinic Acid—
Cytoprotective Properties and Pharmacokinetic
Profile. Critical Reviews in Food Science and
Nutrition 57:1799-1806.

Ozcan MM, Unver A, Ucar T, Arslan D 2008. Mineral
Content of Some Herbs and herbal Teas by Infusion
and Decoction. Food Chemistry 106:1120-1127.

Pereira CG, Barreira L, Rosa Neng N da, Nogueira
JMF, Marques C, Santos TF, Varela J, Custddio L
2017. Searching for New Sources of Innovative
Products for the food industry within Halophyte
Aromatic Plants: In vitro Antioxidant Activity and
Phenolic and Mineral Contents of Infusions and
Decoctions of Crithmum maritimum L. Food and
Chemical Toxicology 107:581-589.

Petkova N, Ivanov I, Mihaylova D, Krastanov A 2017.
Phenolic Acids Content and Antioxidant Capacity of
Commercially Available Melissa officinalis L. Teas
in Bulgaria. Bulgarian Chemical Communications
49: 69-74.

Poswal FS, Russell G, Mackonochie M, MacLennan E,
Adukwu EC, Rolfe V 2019. Herbal Teas and their

732

Health Benefits: A Scoping Review. Plant Foods
Hum Nutr 74:266-276.

Pytlakowska K, Kita A, Janoska P, Polowniak M,
Kozik V 2012. Multi-element Analysis of Mineral
and Trace Elements in Medicinal Herbs and Their
Infusions. Food Chemistry 135:494-501.

Quettier-Deleu C, Gressier B, Vasseur J, Dine T,
Brunet C, Luyckx M, Cazin M, Cazin J-C, Bailleul
F, Trotin F 2000. Phenolic Compounds and
Antioxidant Activities of Buckwheat (Fagopyrum
esculentum Moench) Hulls and Flour. Journal of
Ethnopharmacology 72:35—42.

Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon
PM, Clinton SK, Durazo-Arvizu RA, Gallagher JC,
Gallo RL, Jones G, Kovacs CS, Mayne ST, et al
2011. The 2011 Report on Dietary Reference
Intakes for Calcium and Vitamin D from the
Institute of Medicine: What Clinicians Need to
Know. J Clin Endocrinol Metab 96:53—58.

Ruch RJ, Cheng S, Klaunig JE 1989. Prevention of
Cytotoxicity and Inhibition of Intercellular
Communication by Antioxidant Catechins Isolated
from Chinese Green Tea. Carcinogenesis 10:1003—
1008.

Shakeri A, Sahebkar A, Javadi B 2016. Melissa
officinalis L. — A Review of Its Traditional Uses,
Phytochemistry and Pharmacology. dJournal of
Ethnopharmacology 188:204—228.

Shinjyo N, Green J 2017. Are Sage, Rosemary and
Lemon Balm Effective Interventions in Dementia?
A Narrative Review of the Clinical Evidence.
European Journal of Integrative Medicine 15:83—
96.

Toydemir G, Capanoglu E, Kamiloglu S, Firatligil-
Durmus E, Sunay A, Samanci T, Boyacioglu D
2015. Effects of Honey Addition on Antioxidative
Properties of Different Herbal Teas. Pol J Food
Nutr Sci 65:127-135.

Turksoy VA, Tutkun L, Gunduzoz M, Oztan O, Deniz
S, Iritas SB 2019. Changing Levels of Selenium and
Zinc in Cadmium-Exposed Workers: Probable
Association with the Intensity of Inflammation. Mol
Biol Rep 46:5455-5464.

Walch SG, Ngaba Tinzoh L, Zimmermann BF,
Stihlinger W, Lachenmeier DW. 2011. Antioxidant
Capacity and Polyphenolic Composition as Quality
Indicators for Aqueous Infusions of Salvia
officinalis L. (sage tea). Front Pharmacol 2.

Wimalawansa SJ, Razzaque MS, Al-Daghri NM 2018.
Calcium and Vitamin D in Human Health: Hype or
Real? The dJournal of Steroid Biochemistry and
Molecular Biology 180:4—14.

Yaman C, Ulukug D, Tugay O 2019. Baz1 Ruta L.
Ekstraktlarimin Biyoaktif Madde Igerikleri ve
Radikal Kovucu Aktiviteleri. Kahramanmaras
Siit¢ii Imam Universitesi Tarim ve Doga Dergisi
22:193-201.



