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This study investigated the antioxidant activity and total phenol content of six species from the
Lamiaceae family. We assessed the antioxidant capacity using two distinct methods: DPPH
radical scavenging and ferric reducing antioxidant power (FRAP) assays. Peppermint (Mentha
piperita L.) and Horsemint (Mentha longifolia (L.) Huds.) exhibited the strongest DPPH
scavenging activity, with 1Cso values of 100.7 £ 50.1 pg DW/mL and 80.9 + 39.1 pg DW/mL,
respectively. These species also demonstrated high FRAP values (49.9 + 0.8 pM/g DW and 40.7
+ 1.8 uM/g DW, respectively), further confirming their robust reducing power. In contrast, Desert
rod (Eremostachys laciniata (L.) Bunge), Thyme (Thymus deanensis Celak), and White
horehound (Marrubium vulgare L.) displayed considerably lower antioxidant activity in both
assays, indicating weaker radical scavenging and reducing capabilities. Salvia/Sage (Salvia
hydrangea DC.) showed moderate antioxidant activity, falling between the highly active mint
species and the less active group. Total phenol content, quantified as mg of catechin equivalents
per g of dry weight (mg CE/g DW), was also determined. Notably, Horsemint possessed the
highest total phenol content (20.9 + 1.8 mg CE/g DW), aligning with its strong antioxidant
activity. While a general trend was observed between higher total phenol content and increased
antioxidant activity, this correlation was not absolute, suggesting the involvement of other
antioxidant compounds or mechanisms. This comparative analysis highlights the diverse
antioxidant potential within the Lamiaceae family and identifies Peppermint and Horsemint as
promising sources of natural antioxidants, potentially valuable for applications in food,
pharmaceutical, and cosmetic industries.

Copyright © 2022 Union Medicinal Plants of Iran. All rights reserved.

1. Introduction

family includes a variety of species that exhibit
significant free radical scavenging activities, which are

The Lamiaceae family, widely recognized for its
aromatic herbs, plays a significant role in both culinary
and medicinal applications. This family includes well-
known species such as Ocimum basilicum (basil), Salvia
officinalis (sage), and Mentha spp. (mint), which are
celebrated not only for their flavor but also for their
health-promoting properties. A key aspect of these plants
is their rich content of phenolic compounds, which are
known to exhibit potent antioxidant activities. These
compounds are crucial in combating oxidative stress
caused by free radicals, which are implicated in various
chronic diseases, including cancer and cardiovascular
disorders (Jena et al., 2023). The increasing interest in
natural antioxidants has led to extensive research on the
Lamiaceae family, known for its rich diversity of
phytochemicals, particularly phenolic compounds. This

crucial for mitigating oxidative stress and its associated
health risks. Phenolic compounds, such as rosmarinic
acid, flavonoids, and hydroxycinnamic acids, are
recognized for their potent antioxidant properties and
play a vital role in the biological activities of these plants,
including  anti-inflammatory,  antibacterial, and
anticancer effects (Emam et al., 2024; Moshari-
Nasirkandi et al., 2023). Recent studies have
demonstrated that extracts from various Lamiaceae
species possess varying levels of total phenolic content
(TPC) and antioxidant capacity. For instance, the DPPH
(2,2-diphenyl-1-picrylhydrazyl) assay has been widely
employed to evaluate the free radical scavenging ability
of these extracts, revealing that some species, such as
Salvia multicaulis and Thymus vulgaris, exhibit
particularly high scavenging activities (Matkowski &
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Piotrowska, 2006; Oalde et al., 2020). The correlation
between TPC and antioxidant activity underscores the
importance of these compounds in enhancing the health
benefits associated with Lamiaceae plants (Babashpour-
Asl & Piryaei, 2021; Mehrnia et al., 2017; Sonboli et al.,
2010). This paper aims to explore the free radical
scavenging activity and total phenol content of selected
Lamiaceae species. By employing standardized assays
such as DPPH and Folin-Ciocalteu methods, we will
provide a comprehensive analysis of the antioxidant
potential of these plants. The findings are expected to
contribute to a deeper understanding of the health-
promoting properties of Lamiaceae species and their
potential applications in functional foods and
nutraceuticals.

2. Materials and Methods

2.1 Plant Material

The plant specimens were gathered from various
locations within the East Azerbaijan province of Iran
during the period of March to June. They were then
identified by the herbarium of the Faculty of Pharmacy
(Tabriz University of Medical Sciences, Tabriz, Iran).
The aboveground portions of the plants were air-dried,
finely ground, and kept in a dark environment.

2.2 Chemicals and Reagents

Acetic acid glacial, ferrous sulfate heptahydrate, ferric
chloride, Folin-Ciocalteu reagent, methanol, sodium
acetate, sodium carbonate, and 2,4,6-tripyridyl-s-triazine
(TPTZ) were obtained from Merck (Darmstadt).
Catechin hydrate, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), and 32% hydrochloric acid were acquired from
Sigma-Aldrich (St. Louis). Trolox and quercetin were
purchased from Acros Organics (Geel, Belgium).

2.3 Extraction

The plant materials were extracted using a
methanol/water (90/10) solvent mixture. Specifically, 7.5
g of the dried and defatted plant matter was macerated in
200 mL of the solvent mixture for 2 days, with the solvent
being replaced after the first day. The extract was then
filtered and concentrated using a rotary evaporator in less
than 10 minutes. Afterward, the extracts were freeze-
dried overnight in a lyophilizer. The resulting powdered
extracts were weighed to determine the yield and then
stored at -20°C until needed for analysis. Prior to each
experiment, the lyophilized powder was dissolved in
methanol at the required concentration and tested for
antioxidant activity and total phenolic content
(Babashpour-Asl and Piryaei, 2022).

2.4 DPPH free radical assay
The DPPH radical scavenging activity of the plant
extracts was measured using a modified version of a

previously described method (Brand-Williams et al.,
1995; Hwang et al, 2001). Briefly, different
concentrations of the plant extracts dissolved in methanol
were incubated with a methanolic solution of DPPH (100
uM) in 96-well microplates. The specific concentrations
used for each plant extract were carefully selected to
produce an appropriate dose-response curve, typically
ranging from 1.6 to 100 pg/mL. After 30 minutes of
incubation in the dark at room temperature, the
absorbance at 490 nm was measured using a microplate
reader (Bio-Rad, model 680). The percentage inhibition
(%) for each concentration was calculated using the
formula:

%I = [(ADPPH — AS)/ADPPH] x 100

where ADPPH and AS are the absorbance values of the
DPPH solution containing methanol and the sample
extract, respectively.

The dose-response curve was plotted using R software
version 4.4.2, and the 1Cso values for the extracts were
calculated. These 1Csp values were then divided by the
extract yield (%) to determine the 1Cso value for the dry
plant material.

2.5 Ferric reducing antioxidant power (FRAP) assay
The FRAP assay was performed following a previously
described method (Benzie & Strain, 1996; Firuzi et al.,
2006). The FRAP solution was freshly prepared by
mixing 10 mL of 300 mM acetate buffer (pH 3.6), 1 mL
of 20 mM ferric chloride hexahydrate dissolved in
distilled water, and 1 mL of 10 mM 2,4,6-tripyridyl-s-
triazine (TPTZ) dissolved in 40 mM HCI. The plant
extract dissolved in methanol (40 pL) at a concentration
of 1 mg/mL was then mixed with 4 mL of the FRAP
solution. The absorbance was measured at 595 nm after
6 minutes of incubation at room temperature using a
spectrophotometer. Quercetin, tested at a final
concentration of 10 uM, was used as the reference
compound. The FRAP values, expressed as uM quercetin
equivalents per g of dry weight of the plant (DW), were
calculated using the following formula:

FRAP value = (AAP / AAQ) x Y x 1000

Where AAP and AAQ are the absorbance changes of the
FRAP solution in the presence of the plant extract and
quercetin, respectively, and Y is the extract yield.

2.6 Total Phenol Content

The total phenolic content was determined using the
Folin-Ciocalteu reagent, following a modified version of
the method described by Singleton et al. (1999). A 0.25
mL aliquot of the extracts, appropriately diluted, was
mixed with 0.25 mL of the Folin-Ciocalteu reagent and 2
mL of distilled water. After 3 minutes at room
temperature, 0.25 mL of a saturated sodium carbonate
(NaCO3) solution was added, and the mixture was
incubated at 37°C in a water bath for 30 minutes. The
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absorbance was then measured at 750 nm using
UV/visible spectrophotometer. Catechin was used as the
reference standard, and the results were expressed as mg
of catechin equivalents per g DW.

2.7 Statistical Analysis

All measurements were taken in triplicate, and the results
are presented as arithmetic mean + standard deviation
(SD). The means comparison among the different species
of the Lamiaceae family was conducted using Duncan's
multiple range test. In order to evaluate the strength of
the relations between variables, Pearson's correlation
coefficients were calculated and regression curves were
drawn with using R software ver. 4.4.2.

3. Results

Based on the Table 1 Mentha piperita and Mentha
longifolia exhibit the highest antioxidant activity: They
have the lowest ICso values for DPPH scavenging (100.7
+ 50.1 and 80.9 + 39.1 ug DW/mL, respectively) and
high FRAP values (49.9 £ 0.8 and 40.7 = 1.8 uM/g DW,
respectively). This suggests that these mint species are
potent sources of antioxidants. Mentha longifolia shows
the highest total phenol content: It has a total phenol
content of 20.9 + 1.8 mg CE/g DW, significantly higher
than other species in the table. This aligns with the
understanding that phenolic compounds contribute to
antioxidant activity. Eremostachys laciniata, Thymus
deanensis, and Marrubium vulgare display relatively
lower antioxidant activity: They have higher ICs values
for DPPH scavenging and lower FRAP values compared
to Mentha piperita and Mentha longifolia. Their total
phenol content is also lower. Salvia hydrangea shows
moderate antioxidant activity and total phenol content: It
falls between the high-activity mint species and the
lower-activity species. There is a general trend of higher
antioxidant activity correlating with higher total phenol
content, particularly evident when comparing horsemint
with the other species. However, this correlation is not
always perfect. For instance, peppermint has a similar
total phenol content to desert rod but much higher
antioxidant activity. This suggests that other factors, such
as the specific types of phenolic compounds present and
the presence of other non-phenolic antioxidants, also
contribute to the overall antioxidant capacity.

Table 2 presents Pearson's correlation coefficient values,
which measure the linear relationship between variables.
A strong negative correlation exists between 1C5o/DPPH
and FRAP. As ICso/DPPH increases, FRAP decreases
significantly. This suggests that higher antioxidant
activity (lower ICs,) is strongly associated with increased
FRAP values. A moderate negative correlation exists
between 1C5o/DPPH and TPC (Total Phenolic Content).
Higher antioxidant activity (lower ICs,) tends to

correspond to higher phenolic content, but the
relationship is not as strong as with FRAP. This is
expected as phenolics often contribute to antioxidant
activity. A moderate negative correlation is observed
between 1C5o/DPPH and extract yield. This indicates that
higher antioxidant activity (lower 1Cs,) tends to be
associated with higher extract yield. A weak positive
correlation exists between FRAP and TPC. Higher
phenolic content slightly corresponds to higher FRAP
values, but the relationship is not strong. This could
imply that factors other than phenolic content contribute
to the FRAP values. A moderate positive correlation
exists between FRAP and extract yield. Higher extract
yields are associated with higher FRAP values,
suggesting that the quantity of extract influences its
antioxidant capacity. There is almost no correlation
between TPC and extract yield. This indicates that
phenolic content is not directly related to the amount of
extract obtained (Fig. 1-3). This analysis underscores the
importance of phenolic compounds and extract yield in
influencing antioxidant activity and reducing power,
though the strength of these relationships varies

4. Discussion

The observed antioxidant activities can be attributed to
the high TPC found in the extracts, suggesting a moderate
correlation between phenolic content and free radical
scavenging ability. These findings are consistent with
recent literature, which emphasizes the role of phenolic
compounds in mitigating oxidative stress and their
implications for chronic disease prevention (Jena et al.,
2023; Emam et al., 2024). This is also consistent with
established theories that posit phenolic compounds as
key contributors to antioxidant activity due to their ability
to donate electrons and neutralize free radicals (Singleton
etal., 1999). Notably, the high 1C50 values calculated for
some extracts indicate a potent capacity for inhibiting
oxidative stress, which is particularly relevant given the
increasing prevalence of oxidative stress-related
diseases. Surprisingly, some extracts exhibited greater
scavenging activity than anticipated based on their TPC
levels. This could suggest the presence of synergistic
effects among various phytochemicals within the extracts
or the influence of non-phenolic compounds that enhance
antioxidant activity (Babashpour-Asl & Piryaei, 2021;
Firuzi et al., 2006). Further investigation into these
interactions may provide deeper insights into the
mechanisms underlying the antioxidant properties of
Lamiaceae species. The correlation observed between
total phenolic content and antioxidant activity aligns with
previous studies, further validating the importance of
these phytochemicals in promoting health (Matkowski &
Piotrowska, 2006; Mehrnia et al., 2017). However,
discrepancies in antioxidant capacities reported in other
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Table 1. Antioxidant activity and total phenol content of some Lamiaceae family species

N ICs0 DPPH FRAP Total phenol ¢ ¢ yield
Common name Scientific name scavenging (UM/g DW) content (mg (%)
(ueDW/mp) M€ CE/g DW)
Desert rod Eremostachys laciniata (L.) Bunge ~ 989.1+14.8% 119+15¢ 35+05¢ 8.5¢
Peppermint/Black mint ~ Mentha piperita L. 100.7£50.1®¢ 49.9+0.8°? 35+124 1212
Horsemint/Brookmint Mentha longifolia (L.) Huds. 809+39.1F 407+18° 209+18°? 109°
Salvia/Sage Salvia hydrangea DC. 300.1+33.19 321+05°¢ 11.1+08° 95¢
Thyme Thymus deanensis Celak. 505.8+37.8¢ 249+0.89 109+15"° 7.94
White horehound Marrubium vulgare L. 560+40.1° 219+09¢ 7.9+08° 116"
/Common horehound
Table 2. Pearson's correlation coefficient for the variables
ICs0/DPPH FRAP TPC Extract yield (%)
ICs0/DPPH 1.000
FRAP -0.948™ 1.000
TPC -0.513" 0.272" 1.000
Extract yield (%) -0.591" 0.642" 0.005" 1.000
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studies suggest that further research is warranted to
explore the variability in phytochemical profiles across
different species and environmental conditions
(Moshari-Nasirkandi et al., 2023). Despite these
promising findings, some limitations must be
acknowledged. The sample size was relatively small and
limited to specific regions in Iran, which may affect the
generalizability of the results. Additionally, variations in
environmental conditions during plant growth could
influence phytochemical composition and antioxidant
capacity (Mehrnia et al., 2017). Future studies should
aim for larger sample sizes and include a wider range of
environmental conditions to validate these findings.
Furthermore, while we employed standardized assays
such as DPPH and FRAP to assess antioxidant activity,
additional methods could provide a more
comprehensive evaluation of phytochemical profiles
and their biological activities (Benzie & Strain, 1996).

5. Conclusion

In conclusion, this study underscores the significance of
Lamiaceae species as valuable sources of natural
antioxidants. The implications extend beyond academic
interest; they suggest practical applications in dietary
interventions aimed at reducing oxidative stress-related
health risks. By promoting the consumption of these
plants, we can leverage their health-promoting
properties while contributing to a more sustainable
approach to nutrition. This research not only enriches
our understanding of plant-based antioxidants but also
paves the way for future studies that could lead to
innovative applications in health and wellness. To
explain the variability in antioxidant activity and total
phenol content among Lamiaceae species, future
phytochemical analyses could include the following
approaches:

Comprehensive  Phytochemical Profiling:  Utilize
advanced techniques such as High-Performance Liquid
Chromatography (HPLC) and Gas Chromatography-
Mass Spectrometry (GC-MS) to identify and quantify a
broader range of phytochemicals present in the extracts.
This will help determine the specific compounds
contributing to antioxidant activity beyond just phenolic
content.

Isolation and Characterization of Bioactive Compounds:
Isolate individual phytochemicals from the extracts,
such as flavonoids, rosmarinic acid, and other phenolic
acids, to evaluate their specific contributions to
antioxidant properties. Characterizing these compounds
will provide insights into their mechanisms of action.
Synergistic Effects Analysis: Investigate potential
synergistic effects between different phytochemicals
within the extracts. Conducting combination studies can

reveal how various compounds interact to enhance
overall antioxidant capacity.

In Vivo Studies: Complement in vitro findings with in
vivo studies to assess the biological relevance of the
antioxidant activities observed. This can include
evaluating the effects of Lamiaceae extracts on
oxidative stress markers in animal models.

By implementing these future phytochemical analyses,
researchers can gain a deeper understanding of the
factors contributing to variability in antioxidant activity
among Lamiaceae species, ultimately leading to more
effective applications in food, pharmaceuticals, and
nutraceuticals.
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