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Abstract: This study aimed to examine the chemical makeup and antioxidant properties of hydroalcoholic
extracts obtained from Lonicera japonica Thunb. Thunb. (honeysuckle) flowers collected from two
geographically distinct regions of Romania: a mountainous region (Fagaras Mountainous, Brasov) and a coastal
region (Black Sea, Constanta). Our research revealed that the extracts from these two regions differed
significantly in terms of their total polyphenol, flavone, and phenolic carboxylic acid content, as well as their
antioxidant activity. These results suggest that climatic factors play a crucial role in shaping the phytochemical
profile and antioxidant activity of Lonicera japonica Thunb. Thunb. extracts. Therefore, these findings could
potentially contribute to the development of standardized herbal preparations and nutraceutical products.

Keywords: Lonicera japonica Thunb.; antioxidant; LC/MS; GC/MS

1. Introduction

Lonicera japonica Thunb., also known as Japanese Honeysuckle, is a species of honeysuckle
native to East Asia. The plant was first introduced to Europe in the 19th century as an ornamental
plant and has since become naturalized in many regions. In traditional East Asian medicine, Lonicera
japonica Thunb. was used to treat a variety of ailments, including fever, sore throat, and digestive
issues [1]. Modern research has explored the medicinal properties of the plant, confirming some of
its traditional uses and discovering new potential applications [2]. Lonicera japonica Thunb., is a species
of flowering plant in the honeysuckle family (Caprifoliaaceae). It is native to East Asia, including China,
Japan, Korea [3]. The species is widely used in Chinese Traditional Medicine with various
pharmacological activities. In recent years, research on the plant has focused on its antioxidant and
anti-inflammatory properties [4,5], which are attributed to its bioactive compounds such as
polyphenols, flavonoids, and polysaccharides [3,6]. A review article by Li et al. [7] summarized over
200 studies on the chemical constituents and pharmacological activities of Lonicera japonica Thunb.
extract. The review highlighted the potent antioxidant and anti-inflammatory effects of polyphenols
found in the extract, such as quercetin, kaempferol, and rutin. The authors suggested that Lonicera
japonica Thunb. has great potential in treating various diseases, such as respiratory infections,
diabetes, and cardiovascular diseases [7]. Another study investigated the anti-inflammatory effects
of Lonicera japonica Thunb. flower extracts and its active compound, chlorogenic acid. The study found
that both the flower extracts and chlorogenic acid exhibited anti-inflammatory effects by reducing
the production of inflammatory mediators and cytokines in LPS-induced RAW264.7 cells. The results
suggested that Lonicera japonica Thunb. flower extracts and their active compound, chlorogenic acid,
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could be developed as natural anti-inflammatory agents [5]. A review article by An et al. [8]
summarized the structures, biological activities, and industrial applications of polysaccharides
extracted from Lomnicera japonica Thunb. The authors concluded that Lomnicera japonica Thunb.
polysaccharides have great potential as functional food ingredients and therapeutic agents, but more
research is needed to fully understand their structures and activities [8]. A study by Tang et al. [9]
investigated the antioxidant and anti-inflammatory effects of Lonicera japonica Thunb. extract on HT-
29 colon cancer cells. The study found that the extract exhibited potent antioxidant activity and
inhibited inflammation in HT-29 cells, which was attributed to the presence of phenolic compounds
in the extract [9]. Finally, the in vitro and in vivo antioxidant properties of Lonicera japonica Thunb.
extract and its fractions were examined. The study found that the extract and its fractions had
significant free radical scavenging activity in vitro and in vivo, suggesting their potential as natural
antioxidants [4,6,10]. The authors have suggested that Lonicera japonica Thunb. is a promising
traditional Chinese medicine with potent antioxidant and anti-inflammatory properties. Further
studies are needed to determine the optimal dosages and potential side effects of Lonicera japonica
Thunb., as well as its efficacy and safety in animal and human trials. Nevertheless, the findings
highlight the potential of Lonicera japonica Thunb. as a natural alternative to conventional drugs for
the treatment of various diseases.

Taking into account the data presented in the literature, the present study aims to establish a
phytochemical profile and antioxidant capacity of extracts obtained from naturalized Lonicera japonica
Thunb. flowers, harvested from two distinct geographical regions of Romania.

2. Results

2.1. Total Flavonoid and Polyphenol Content

In this study, the phytochemical content of Lonicera japonica Thunb. extracts from coastal and
mountainous regions was investigated using three different solvents. The results showed that coastal
extracts had higher concentrations of polyphenols and flavonoids compared to mountain extracts
(Figure 1, Figure 2). However, the differences in polyphenol and flavonoid content between the
coastal and mountain extracts were not statistically significant for all solvents, suggesting that other
factors such as climate conditions, soil composition or extraction methods may play a larger role in
determining the concentrations of these compounds.
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Figure 1. Analysis of total polyphenols in Lonicera japonica Thunb. Extracts.
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Figure 2. Analysis of flavonoid in Lonicera japonica Thunb. extracts.

On the other hand, mountain extracts had a higher phenolcarboxylic acid content than coastal
extracts, with the highest concentration obtained using ethanol 70 as a solvent (Figure 3).

concentration
g

,WPQ =

coastal20 coastal50 coastal70 mountain20 mountain50 mountain70

typeextract
Figure 3. Analysis of phenol carboxylic acids in Lonicera japonica Thunb. Extracts.

2.2. Antioxidant Activity

The study conducted further analysis on the lyophilized extract using 70% ethanol as a solvent.
Two antioxidant assays, CUPRAC and DPPH, were employed to evaluate the antioxidant capacity
of the extracts obtained from both coastal and mountain sources. The results indicated that both
coastal and mountain extracts exhibited significant antioxidant activity, with the mountain extract
showing higher antioxidant activity compared to the coastal extract in both assays. These findings
are consistent with previous studies [11], highlighting the antioxidant efficacy of Lonicera japonica
Thunb. extracts. A correlation analysis was performed, establishing a relationship between the total
phenol content and the antioxidant activity. The summarized results of the antioxidant activity can
be found in Tables 1 and 2, with data expressed as the mean + standard error of the mean (n = 3).

Table 1. Calibration curve relationships for the determination of antioxidant activity.

Methods

li i E . N
DPPH assay Calibration Curve Equation
MMD extract y =16.513x +45.974 0.9555

ELFM extract y =29.649x + 7.0996 0.9827
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Table 2. Antioxidant activity of the tested Lonicera japonica Thunb. samples.

Samples DPPH CUPRAC

(ICso, pg/mL) (mM TE */g dry extract)
MMD extract 0.24 675
ELFM extract 1.45 637

2.3. LC/MS Analysis

LC/MS analysis of the extracts from the coastal and mountain regions yielded significant results,
which have been summarized in Table 3. Upon reviewing the data presented in Figures 4-11, it is
apparent that the peak resolution achieved was suitable for analysis. Moreover, the concentrations of
Apigenin, Carnosol, and Chrysin were found to be the highest for both extracts, as per the calculated
values, providing valuable insights into the composition of the ex-tracts and their potential
applications in various fields.
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Figure 5. The chromatogram of Arbutin from the coastal region.
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Figure 6. The chromatogram of Chrysin from the mountain region.
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Figure 7. The chromatogram of Chrysin from the coastal region.
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Figure 8. The chromatogram of Vitexin from the mountain region.
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Figure 9. The chromatogram of Vitexin from the coastal region.
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Figure 10. The chromatogram of 2-hydroxibenzoic acid from the mountain region.
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Figure 11. The chromatogram of 2-hydroxibenzoic acid from the coastal region.

Table 3. Compounds in Lonicera japonica ethanolic extracts.

Coastal region sample Mountain region sample

Concentration Retention time Concentration Retention time
Mean (mg/mL)*+ SD Mean (min)’+# SD Mean (mg/mL)*+ SD Mean (min)® + SD

Identified compound

Caffeic acid 19.76 +0.30 16.4+0.02 19.66 + 0.30 16.0+0.04
Chlorogenic acid 827.79+12.40 13.9+0.05 781.41 +11.70 13.7+0.01
Gallic acid 0.05+0.01 8.4+0.01 0.12 +0.02 8.2+0.07

Rosmarinic acid 0.19+0.03 23.5+0.01 0.89 +0.01 23.4+0.03
2-hydroxybenzoic acid 6.05+0.09 27.2+0.04 2.98 +0.05 26.9+0.03
trans-p-coumaric acid 13.31+0.20 20.8+0.01 12.26 +0.20 20.5+0.01
Apigenin 5.35+0.08 29.8+0.03 4.68 +0.07 28.2+0.07
Arbutin 0.10+0.02 10.8+0.09 0.008 +0.01 10.7+0.02
Carnosol 3.20+0.05 31.7+0.01 0.80 +0.01 31.6+0.01
Chrysin 0.30+0.01 31.1+0.01 0.23 +0.01 31.0+0.04
Hesperetin 0.58+0.01 28.7+0.02 0.39 +0.01 28.6+0.02
Hyperoside 28.62+0.40 22.9+0.01 34.65 +0.50 22.8+0.06
Kaempferol 1.31+0.02 28.9+0.11 0.95 +0.010 28.8+0.04
Luteolin-7-O-glucozid 34.37+0.50 22.2+0.01 33.88 +0.50 22.1+0.02
Luteolin 8.19+0.10 28.9+0.01 7.68 +0.10 28.8+0.09
Myricetin 12.88+0.20 13.8+0.06 23.04 +0.30 13.5+0.04
Naringenin 0.72+0.01 28.7+0.01 0.93 +0.01 28.6+0.02
Quercetin 5.03+0.08 28.4+0.05 3.71 +0.06 28.3+0.04
Rutoside 319.80+4.80 22.7+0.03 277.19 +4.20 22.7+0.11
Vitexin 0.01+0.01 24.1+0.11 0.01 +0.01 23.9+0.01
Esculetin 207.61+3.10 15.4+0.01 168.66 + 2.50 15.1+0.09
n-hexadecanoic acid 6.61+0.02 5.11+0.02 0.01 +0.01 5.10+0.03
n-decanoic acid 5.21 +0.01 24.09+0.01 0.01 +0.01 24.06+0.01
thyamine 1.71 +0.01 5.58 +0.02 0.01 +0.01 5.57 +0.01

2each value is the mean (mg/100 g of dry sample) of three replications + standard deviation. ®each value is the
mean (min) of three replications + standard deviation.

Also, the LC/MS analysis was able to separate and identify additional bioactive compounds in
Lonicera japonica extracts, namely gallic acid, 2-hydroxybenzoic acid, trans p-coumaric acid,
carnosol, myricetin, vitexin, 4'5,7-trihydroxyflavone (apigenin), and 8-C-glucoside. These
compounds have not been mentioned in the existing literature.

It was found that, except for gallic acid, rosmarinic acid, hyperoside, naringenin, and myricetin,
all other compounds exhibited higher concentrations in the species harvested from the coastal area
compared to the mountain area. This suggests that environmental factors play a role in the
production of these compounds. Specifically, lower temperatures and heavier rainfall in mountain
areas, in contrast to coastal areas, are the main climatic factors influencing the production of phenolic
compounds in plant tissues [12,13].
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2.4. GC/MS Analysis

GC/MS analysis was carried out on the mountain extract, identifying three compounds with a
high degree of certainty, as depicted in Figures 12-17 . From these results, the presence of n-
hexadecenoic acid, n-decanoic acid, and thymine can be observed with remarkable values compared
to the literature [14,15], as shown in Table 4.
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Figure 14. The chromatogram of MMD extract hightlighting the presence of n-decanoic acid.
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Figure 16. The chromatogram of MMD extract hightlighting the presence of thymine.
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Figure 17. Interpretation of the chromatogram for the MMD extract.

Table 4. Compounds from the mountain region sample GC/MS.

Compound Retention time, min. Sample area = Content by normalization, %
n-hexadecanoic acid  5.20 4.254.87 66.00
thymine 5.60 329505.20 5.10
n-decanoic acid 24.20 112038.00 1.70

3. Discussion

The relationship between the content of phenolcarboxylic acids in Lonicera japonica Thunb. and
climate has not been extensively explored in scientific literature. However, climate can indirectly
impact the phenolcarboxylic acid content by influencing plant growth, physiology, and secondary
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metabolism [16]. Various climate factors such as temperature, sunlight, rainfall, soil moisture, and
stress factors can affect the content [17] or the phenolcarboxylic acid content [17,18.19]. Drought,
extreme temperatures, and high humidity can induce stress responses in plants, triggering the
synthesis of phenolcarboxylic acids as defense mechanisms against environmental stressors [20,21].
Additionally, the soil composition, with coastal areas having chalky soil and mountainous regions
having acidic soil, can partially explain the observed differences in phenolcarboxylic acid content
[22].

Overall, studies have suggested that plants cultivated in mountainous regions may possess
greater antioxidant capacity compared to those in coastal areas, attributed to variations in sunlight
intensity, climate, soil composition, and altitude. Previous research has explored the antioxidant
capacity of Lonicera japonica species but without specific comparisons between harvesting areas and
the antioxidant potential of the species. Antioxidant capacity is associated with secondary
metabolites, including phenolic compounds, flavonoids, aromatic compounds, and compounds with
hydroxyl groups [9,11,23-25].

In literature, several studies have mentioned the separation and quantitative determination of
various compounds in the Lonicera species. Caffeic acid has been mentioned in studies conducted by
Wang et al. [3], Chaowuttikul et al. [26], Li et al. [27], and Tang et al. [9]. Chlorogenic acid has been
studied by Wang et al. [9], Lin et al.[5], Chaowuttikul et al. [26], Liu [28], Cai et al. [29], and Tang et
al. [9]. Rosmarinic acid has been investigated by Chaowuttikul et al. [26], while apigenin has been
mentioned in studies by Wang et al. [3] and Cai et al. [29]. Arbutin has been studied by Wang et al.
[3], hesperidin by Hsu et al. [4], and hyperoside by Cai et al. [29] and Li et al. [27]. Kaempferol has
been analyzed by Cai et al. [29] and Shang et al. [30], luteolin 7-O-glucoside by Li et al. [31], and
luteolin by Lin et al. [5], Tang et al. [9], Liu et al. [22], Cai et al. [29]), and Hsu et al. [4]. Naringenin
has been mentioned by Li et al. [31], quercetin by Tang et al. [9], and Shang et al. [30]. 6,7-
dihydroxycoumarin has been identified in other Lonicera species by Xiang et al. [32], and chrystin has
been identified in the leaves of the species, but not in flowers, by Kumar et al. [33].

Extracts obtained from both coastal and mountainous regions of Lonicera japonica Thunb. were
subjected to analysis using three distinct solvents to evaluate their content of polyphenols, flavonoids,
and phenol carboxylic acids. The results revealed a higher concentration of polyphenols and
flavonoids in the coastal extracts, whereas the mountain extracts exhibited a higher content of phenol
carboxylic acids. These findings are consistent with previous research that has observed variations in
the phytochemical composition of Lonicera japonica Thunb. extracts derived from different regions and
employing diverse extraction methods.

The findings strongly indicate the potential use of these extracts in the treatment of pathological
conditions associated with oxidative stress. Moreover, a notable correlation between the antioxidant
activity of these extracts and their polyphenolic composition has been revealed. In-depth analysis
employing LC/MS and GC/MS techniques has unveiled the presence of several compounds,
including Apigenin, Carnosol, Chrysin, n-hexadecenoic acid, n-decanoic acid, and thymine, which
exhibit promising therapeutic effects. These results are consistent with previous studies that have
identified similar compounds in extracts derived from Lonicera japonica Thunb.

Additionally, the outcomes derived from the LC/MS and GC/MS analyses provide compelling
evidence supporting the abundance of bioactive compounds in Lonicera japonica Thunb., thus
underscoring its potential as a valuable natural source of antioxidants and anti-inflammatory agents.
These findings open up promising avenues for further exploration of the therapeutic properties
associated with this particular plant species.

4. Materials and Methods

4.1. Plant Material and Reagents

The flowers of Lonicera japonica Thunb. were collected from two distinct geographical locations
in Romania, namely the mountainous region of Fagaras (geographic coordinates: eastern longitude
24°58’17”, northern latitude 45°50’32”), samples named MMD (mountains region flowers) and the
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coastal area of Constanta (geographic coordinates: east longitude 28°38’18”, north latitude 44°10°24”),
samples named EFLM (coastal region flowers). The flowers of Lonicera japonica Thunb. were gathered
in September 2023 from the mountainous location and in July 2023from the coastal region, followed
by drying under controlled humidity of 50% in the dark until a constant weight was achieved. The
plants were identified at the Pharmacognosy, Phytochemistry, and Phytotherapy Department of the
Faculty of Pharmacy, and a voucher specimen was deposited at the Laboratory.

The dried flowers were extracted by refluxing for 30 minutes using ethanol of 20%, 50%, and
70% (v/v). The hydroalcoholic extracts, with a concentration of 25 mg/mL, were preserved in
borosilicate glass containers at 2-8°C until further analysis. Merck Romania SRL, a subsidiary of
Merck KGaA, Darmstadt, Germany, was consulted to provide reference compounds of gallic acid,
quercetin, and chlorogenic acid for comparison purposes in the evaluation of total phenolic content,
total flavonoid content, phenol carboxylic acids, respectively. Six extracts were prepared: three
hydroalcoholic extracts of Lonicera flowers collected from the mountainous location with 20%, 50%,
and 70% ethanol (v/v), and three hydroalcoholic extracts of Lonicera flowers collected from the coastal
area with 20%, 50%, and 70% ethanol (v/v).

Based on the results, the hydroalcoholic extract with 70% ethanol concentration exhibited the
most favorable balance of polyphenols, flavonoids, and carboxylic acids and was therefore selected
for further investigation. The MMD (mountain region flowers) extract and the EFLM (coastal region
flowers) extract underwent lyophilization and were analyzed via liquid chromatography/mass
spectroscopy (LC/MS) and gas chromatography-mass spectrometry (GC/MS). Additionally, the
DPPH and CUPRAC methods were employed to determine the total antioxidant activity of the
extracts.

4.2. Total Phenolic Content

The total phenolic content of the hydroethanolic extract was determined using a modified
version of the method described by Mihai et. al. [34] as a quick and easy way to determine the TPC
of a wide variety of materials, including plant extracts.

Briefly, six dilutions of gallic acid (50, 75, 100, 150, 250, and 500 pg/mL) were prepared in
hydroalcoholic solvent and the absorbance of each dilution was measured at 760 nm using a UV-Vis
spectrophotometer (UV-6300PC, VWR, Wien, Austria) to draw a standard curve. The plant extract
was assayed using the same procedure, with 100 pL of the extract being vortexed with 500 pL of
double distilled water and 100 pL of Folin-Ciocalteu reagent, and the resulting mixture being
incubated for 6 minutes. 1 mL of 7% sodium carbonate and 500 uL of double distilled water were
then added to the reaction mixture and allowed to stand at room temperature for 90 minutes. The
absorbance of the samples was measured at 760 nm, and the total phenolic content was calculated as
gallic acid equivalents (ug/mL). The assay was performed in triplicate, and all results are reported as
mean * standard deviation.

4.3. Total Flavonoid Content

To accurately determine the total flavonoid content of a plant extract, the method described by
Mihai et al. [34] was employed. This method used quercetin as a reference compound, which allowed
for the results to be expressed as quercetin equivalents present in the sample.

Briefly, a standard solution of quercetin was prepared by dissolving 1 mg of quercetin in a
hydroalcoholic solvent. From this solution, five dilutions were prepared at concentrations of 50, 250,
500, 750, and 1000 ug/mL. 100 uL of each standard sample was added to 500 pL of double distilled
water and 100 uL of a 5% sodium nitrate solution. The mixture was vortexed for 2 minutes and then
incubated for 6 minutes. After the incubation period, 150 uL of a 10% aluminium chloride solution
was added and allowed to react with the solution for 5 minutes. Finally, 200 puL of a 1M sodium
hydroxide solution was added, and the absorbance was measured at 510 nm using the
spectrophotometer. The absorbance of each dilution was measured at 510 nm using a UV-Vis
spectrophotometer. The same working protocol was applied to all plant extracts.
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The total flavonoid content of the plant extract was then calculated based on the standard curve
created using the dilutions of quercetin. All experiments were performed in triplicate, and the results
were reported as the mean + standard deviation.

4.4. Phenol Carboxylic Acid Content

The phenol carboxylic acid content of the plant extract was determined using a method in which
chlorogenic acid served as the reference compound [35].

To begin the assay, a standard solution of chlorogenic acid was prepared by dissolving 1 mg of
the compound in a hydroalcoholic solvent. From this solution, six dilutions were made at
concentrations of 0.25, 0.5, 0.625, 1.25, 2.5, and 3.5 pg/mL.

To perform the assay, 1 mL of each dilution was mixed with 1 mL of 0.5 M HC], 1 mL of Arnow
Reagent, 1 mL of 1 M NaOH, and 1 mL of double distilled water. The mixture was vortexed and
allowed to react for 5 minutes. The absorbance was then measured at 510 nm using a UV-Vis
spectrophotometer.

The plant extract was then subjected to the same assay conditions, and the absorbance was
measured at 510 nm. The phenol carboxylic acid content of the plant extracts was calculated based
on the standard curve drawn using the dilutions of chlorogenic acid. The results of the assay were
expressed as the chlorogenic acid equivalents. All experiments were performed in triplicate, and the
results were reported as the mean * standard deviation.

4.5. DPPH Antioxidant Assay

The antioxidant assay was conducted using the method proposed by Brand-Williams et. al. with
slight alterations [36].

Briefly, a solution of 25 mM 1,1-diphenyl-2-picrilhidrazil (DPPH) in methanol was prepared and
mixed with samples plant extract of varying concentrations. These samples were prepared by
diluting a stock solution. Three different dilutions were prepared, with volumes of 0.3 mL, 0.6 mL,
and 0.9 mL of the stock solution being brought to a total volume of 10 mL with methanol. These
dilutions were then mixed with 5 mL of the 25 mM DPPH solution, resulting in a final volume of 10
mL. The mixtures were placed in a water bath for incubation at 40°C for 30 minutes.

The blank solution was prepared by mixing 5 mL of the 25 mM DPPH solution with 5 mL of
methanol. This reference solution is used as a baseline for comparison to the samples, and its
absorbance is measured at 517 nm using a spectrophotometer.

After the incubation period, the absorbance of the samples and the blank solution were
measured and used to calculate the percentage inhibition of the free DPPH free radical. The
percentage inhibition (I1%) is calculated using the following equation:

%l =100
where Ar is the absorbance of the blank solution and As is the absorbance of the samples. By plotting
the concentration versus percentage inhibition, the concentration of the antioxidant required to
inhibit 50% of the DPPH radical (IC50 value) was determined.

4.6. CUPRAC Antioxidant Assay

The CUPRAC assay was performed using the method proposed by Ozyiirek M. et al [37], with
minor alterations. Briefly, a sample solution was prepared by diluting a stock solution of plant extract
to a final volume of 100 mL with 70% ethanol. The CUPRAC reagent was prepared by mixing 1 mL
of 7.5 mM Neocuproine solution, 1 mL of 10 mM copper chloride solution, and 1 mL of ammonium
acetate buffer (pH 6.8). A known volume of the sample solution was mixed with water to a final
volume of 1.1 mL and then combined with 3 mL of the CUPRAC reagent. This mixture was incubated
at room temperature for 30 minutes. A blank solution, consisting of water in place of the sample
solution, was also prepared and incubated in the same manner. After the incubation period, the
absorbance of the samples and the blank solution was measured at 450 nm using a UV-VIS
spectrophotometer.
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The antioxidant activity was calculated in units of mM Trolox equivalent per 100 mL extract,
using a calibration curve based on known concentrations of Trolox.

4.7. Liquid Chromatography/Mass Spectrometry (LC/MS) Analysis

The LC/MS analysis was performed following the method proposed by Stan et al. [38] in their
study on the antioxidant and anti-inflammatory properties of a Thuja occidentalis mother tincture
for the treatment of ulcerative colitis.

The LC/MS method was performed on a Shimadzu Nexera I LC/MS - 8045 (Kyoto, Japan)
UHPLC system equipped with a quaternary pump and autosampler respectively an ESI probe and
quadrupole rod mass spectrometer.

The separation was carried out on a Luna C18 reversed-phase column (150 mm x 4.6 mm x 3
mm, 100 A), from Phenomenex (Torrance, CA, USA). The column was maintained at 40 °C during
the analysis.

The mobile phase was used in a gradient, made from methanol (Merck, Darmstadt, Germany)
and ultra-purified water prepared by Simplicity Ultra Pure Water Purification System (Merck
Millipore, Billerica, MA, USA). As an organic modifier, formic acid was used (Merck, Darmstadt,
Germany). The methanol and the formic acid were of LC/MS grade. The flow rate was of 0.5
mL/minute. The total time of an analysis was 35 minutes.

A mixed standard solution with a concentration of 1mg/mL was prepared by accurately
weighing 25.00 mg of each 7 phenolic compounds into a 25 mL volumetric flask and making up to
volume with absolute methanol.

The standard solution was diluted to different concentrations (2, 4, 6, 10, 26, 50, 75, 100, 150, and
200 pg/mL) by diluting the appropriate volume of stock solution with methanol in a volumetric flask.
All solutions were stored at 4°C before injection.

The detection was performed on a quadrupole rod mass spectrometer operated with
electrospray ionization (ESI), both in negative and positive multiple reaction monitoring ion mode
(MRM). The interface temperature was set at 300 °C. For vaporization and drying, nitrogen gas was
used at 35 psi with a flow rate of 10 L/min. The capillary potential was set to +3000 V.

The samples MMD and EFLM were prepared with 1g dry extract with 10 g ethanol 70%, they
were vortexed for an hour and then filtered, to form the stock solution. A dilution of 1:5 with
methanol absolute was made, and 10 pL of the sample was injected.

The standards employed included: caffeic, chlorogenic, gallic, rosmarinic, 2-hydroxybenzoic,
trans p-coumaric acids, 4',5,7-trihydroxyflavone (apigenin), hydroquinone [-D-glucose (arbutin),
hesperetin, hyperoside, kaempferol, luteolin-7-O-glucoside, luteolin, myricetin, naringenin,
quercetin, rutoside, vitexin, apigenin-8-C-glucoside, 6,7-dihydroxycoumarin, esculetin, n-
hexadecanoic acid, n-decanoic, thyamin (Phytolab, Vesrenbergsgreuth, Germany) and 5,7-
dihydroxyflavone (chrysin) (Merck, Daarmstadt, Germany). The identification was performed by
comparison of MS spectra and their transitions between the separated compounds and standards.
The identification and quantification were made based on the main transition from the MS spectra of
the substance. For quantification purposes the calibration curves were drawn using the standards.

4.8. Gas Chromatography/Mass Spectrometry (GC/MS) Analysis

The GC/MS analysis was conducted by the methodology presented by Stan et. al. [38]. The GC-
MS method was performed on a Dani Master GC-MS system along with SH-Rxi-5ms columns with
dimensions of 30 cm x 0,25 mm x 0,25 mm and nitrogen as the carrier gas, with a 10 mL/min flow rate
and a gradient temperature. The electrospray ionization mass spectrometer (ESI MS) identified the
compounds with molecular weights from 50 to 600 Daltons, and the ion source was operated at 200
°C. The compounds were identified with a match factor of 758, 679, and 749 using the National
Institute of Standards and Technology (NIST MS) 2.2 spectra database.
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4.9. Statistical Analysis

All experiments were performed in triplicate, and the results were reported as the mean +
standard deviation. This helps to ensure the accuracy and reliability of the results.

The statistical analysis was conducted using the software IBM SPSS Statistics and involved the
application of a two-way ANOVA test. To determine significant differences among the samples, a
Tukey's test was performed at a significance level of 0.05.
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