Heliyon 10 (2024) e25496

Contents lists available at ScienceDirect

52 CelPress Heliyon

journal homepage: www.cell.com/heliyon

Research article

Analyses of phytochemical compounds in the flowers and leaves of
Spiraea japonica var. fortunei using UV-VIS, FTIR, and
LC-MS techniques

a,c

Semra Yilmazer Keskin® ', Ayse Avci”, Haka Fajriana Febda Kurnia

@ Department of Chemistry, Sakarya University, Sakarya, Turkiye
Y Department of Food Engineering, Sakarya University, Sakarya, Turkiye
¢ Institute of Natural Sciences, Sakarya University, Sakarya, Turkiye

ARTICLE INFO ABSTRACT

Keywords: Spiraea japonica var. fortunei has been extensively used in traditional Chinese medicine and is
Spiraea japonica var. fortumel well-known for its alkaloids. However, there is no adequate study concerning the phenolic
P:yto(i].”lemlcals compounds. Therefore, this study aimed to investigate phenolic compounds found in the leaves
Pheno 1 compounds and the flowers of the plant both qualitatively and quantitatively. Extractions were performed
Flavonoids . N

FTIR either with ethanol or methanol, and methanol has shown better performance than ethanol. The

LC-MS leaves were a better source of phenolic compounds than the flowers. The total phenolic content of
the methanol extract of the leaves was 25.64 + 0.32 mg GAE/g dry matter, and antioxidant
activity, as determined with the DPPH method, was 69.76 + 0.34 %. UV-VIS spectrum and FTIR
analyses confirmed the presence of phenolic compounds. The phenolic profile was investigated
with LC-MS using both negative and positive ionization, and a total of 55 phenolic compounds
that are attractive for pharmaceutical and medical applications were observed.

1. Introduction

Phenolic compounds are phytochemicals containing at least one aromatic ring with an attached hydroxyl group [1]. They are the
secondary metabolites produced by many plants as defense mechanisms against insects, microorganisms, and dangerous chemicals
[2]. Due to high biological activity, phenolic compounds are important in traditional and complementary medicine [3]. One of the
most essential properties of phenolic compounds is that they possess an antioxidant property that helps prevent tissue injury by
removing free radicals. Antioxidants can function as reducing agents, free radical scavenging, and singlet oxygen quencher [4]. There
is an increasing interest in using natural antioxidants in foods as they are safer than synthetic ones [5]. Flavonoids are members of
phenolics composed of a 15-carbon atom phenylpropanoid core structured into three rings: A, B (six carbon atoms aromatic rings), and
C (heterocyclic ring containing three carbon atoms). They are together represented as C6-C3-C6 [6]. They include flavonols, flava-
nones, flavones, flavan-3-ols, and isoflavones. Flavonoids exhibit antioxidant and pro-oxidant properties due to the ortho or para
hydroxyl group in the 2-phenyl ring and free hydroxyl at the 5,7- positions, respectively [2,4].

Genus Spiraea belongs to the Rosaceae family, which comprises more than 100 species. Species of Spiraea grow in moderate climate
regions, especially in Asia [7,8]. Spiraea japonica is a perennial shrub with pink flowers widespread across East Asia. It is a complex of
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14 morphologically distinguished species depending on the leaf size and shape [9,10]. The plant is known to contain active compounds
such as alkaloids and phenolics. It has been used as a diuretic, detoxifier, anti-inflammation, pain reliever, and for treating coughs,
headaches, and toothaches in traditional Chinese medicine for a long time [11,12]. Alkaloids from S. japonica have been extensively
studied during the last two decades [13]. However, to our knowledge, there was no study about the phenolic and antioxidant prop-
erties of the plant. Therefore, this study aimed to determine phenolic compounds in S. japonica var. fortunei. The leaves and the flowers
of the plant were analyzed separately using two different extraction solvents (ethanol and methanol). Phytochemical constituents were
determined quantitatively and qualitatively with UV-VIS spectrophotometer and Fourier transform infrared spectrometer. Phyto-
chemical profiles were also examined with an LC-MS spectrometer.

2. Materials and methods
2.1. Materials

Spiraea japonica var. fortunei was collected (500 g) from Sakarya University Campus (40° 44'N, 30° 19°E, 217 m.a.s.l.) in August
2021. The flowers and leaves of the plant were dried separately in shadow at room temperature. Then, dried flowers and leaves were
ground in a Waring blender and sieved (18 mesh) to have a fine powder. The samples were stored in plastic bags at room temperature
until the analyses.

Sodium carbonate, methanol, ethanol, gallic acid, aluminum chloride, sodium nitrite, sodium hydroxide, and Folin Ciocalteau
reagent were purchased from Merck (Darmstadt, Germany), 1,1-diphenyl-2-picrylhydrazyl (DPPH) was obtained from Sigma-Aldrich
(St. Louis, USA).

2.2. Preparation of extracts

Both methanol and ethanol extracts of leaves and flowers were prepared. For this, 0.25 g of powdered samples were weighed, and
10 mL of 80 % (v/v) alcohol was added. The samples were stirred moderately on a magnetic stirrer (120 rpm) at room temperature for
24 h for the extraction. Then, the solution was centrifuged at 9320 x g for 10 min, the supernatant was collected for further analysis, and
the marc was discarded. The extracts were stored at —30 °C until the analyses.

The clear filtrate was dried under a vacuum at 40 °C to calculate the extraction yield using a rotary evaporator (IKA KS 400,
Switzerland). The resulting dry crude extract was weighed to calculate the extraction yield using the following equation (Eq. 1).

w
Extraction yield (%) = Wl %100 (Eq. 1)
2

Where W; was the weight of the extract after evaporation, and Wy was the amount of dried sample.

2.3. Determination of total phenolic contents

The total phenolic contents of the S. japonica var. fortunei extracts were determined by using the Folin Ciocalteau method [14]. For
this, 25 pL of the extract was mixed with 75 pL of an appropriate solvent (80 % methanol or ethanol), 200 pL of Folin Ciocalteau
reagent, and 2 mL of distilled water. Three minutes later, 1 mL of NayCOg solution (20 %, w/v) was added and allowed to stand for 1 h
in the dark. At the end of the reaction, the absorbance of the sample was measured at 765 nm using a UV-VIS spectrophotometer
(Agilent Model 8453 Diode Array Spectrophotometer). A standard curve was constructed using gallic acid (0-500 ppm). The total
phenolic content was expressed as mg gallic acid equivalent (GAE)/g dry matter of the sample [15].

2.4. Determination of total flavonoid content

Aluminium chloride colorimetric assay was used to determine the total flavonoid content [4]. Briefly, 100 pL of the extract was
mixed with 300 pL of distilled water and 30 pL of NaNO; (5 %, w/v) and left to stand for 5 min at room temperature. Then, 30 pL of
AlCl3 (10 %, w/v) was transferred into the reaction mixture. After 5 min, 200 pL of NaOH (1 mM) was added. Finally, the volume was
completed to 1 mL with distilled water and vortexed. The intensity of the orange-yellow color created by the flavonoids was measured
at 510 nm using a UV-VIS spectrophotometer. Quercetin standard (10-800 ppm) was prepared in the same conditions to calculate the
amount of flavonoids in the sample. The results were expressed as mg quercetin (QE)/g dry matter of the sample [16].

2.5. Determination of antioxidant activity by the DPPH method

Antioxidant activity was determined using DPPH radical scavenging activity with some modification [17]. Various amounts of
extracts (2.5, 5, 10, 50, and 100 pL) were added to the test tube, and the volumes were completed to 200 pL with 70 % methanol (v/v).
The samples were reacted with 3 mL of DPPH (0.051 mmol; in 70 % methanol) solution for 30 min at room temperature. Then, the
decrease in the absorbance compared to the control was monitored at 517 nm. The control sample contained 200 pL of 70 % methanol.
DPPH radical scavenging activity was calculated using the following equation (Eq. 2).
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Table 1
Extraction yields of different parts of Spiraea japonica var. fortunei extracted with ethanol and methanol.
Plant material Extraction Yield (%)*
Ethanol extract Methanol extract
S. japonica var. fortunei flowers 13.0 +£1.2% 17.1 £ 0.3¢
S. japonica var. fortunei leaves 25.9 + 0.9" 325+ 2.1¢

*The values represent the average + standard deviation of three independents results. The significant differences
between the samples were indicated with different letters (P < 0.05).

(Ac — As)

DPPH radical scavenging activity (%) = 4A * 100 (Eq. 2)

C

Where Ac was the absorbance of the control, Ag was the absorbance of the sample.
The regression equation of the relationship between sample concentration and % free radical inhibition is used to find the 50 %
inhibitory concentration (ICs) of free radical activity [18].

2.6. Identification experiments

2.6.1. UV-VIS analysis

The leaf and flower extracts that were obtained with different solvents were subjected to UV-VIS scanning analysis. They were
diluted 30 times using the corresponding extraction solvent (ethanol or methanol) at ambient temperature. The absorbance spectra
were recorded between 200 and 800 nm wavelengths with a UV-VIS spectrophotometer.

2.6.2. FTIR analysis

To determine functional groups associated with the phenolic compounds have been detected with the help of a Fourier Transform
Infrared (FTIR) spectrometer with ATR technique (Shimadzu IR, Prestige 21, Nakagyo-ku, Japan). The extracts were dried using a
rotary evaporator under a vacuum at 40 °C for the measurements. The spectra were obtained at room temperature in the range of 4000
and 400 cm™L.

2.6.3. LC-MS analysis

The methanol extracts of the leaves and the flowers of S. japonica var. fortunei were analyzed using a Shimadzu LCMS-9030
spectrometer with a Q-TOF (Quadrupole-Time of Flight) analyzer. Electrospray lonization (ESI) was applied at both positive and
negative ionization modes, and the interface voltage was 3.0 kV. The mobile phase consisted of acetonitrile and formic acid at gradient
mode. A CN column (3 pm, 15 cm, 4 mm) was used as the stationary phase. Acetonitrile and 30 mM formic acid solution were used as
mobile phase in gradient mode. The linear gradient profile was: 0-8 min 5 % acetonitrile, 8-13 min 15 % acetonitrile, 13-18 min 30 %
acetonitrile, 18-20 min 35 % acetonitrile, 20-24 min 60 % acetonitrile, 24-27 min 80 % acetonitrile, 27-30 min 90 % acetonitrile,
30-32 95 % acetonitrile, and 32-35 min 5 % acetonitrile [19]. The injection volume was 10 pL. The peaks obtained at both negative
and positive ionization modes were analyzed using LCMS LabSolutions 5.109 software, and phenolic compounds were estimated. The
analyses were performed at Sakarya University Research Development and Application Center.

2.7. Statistical analysis

All the analyses were performed in triplicate, and the results were expressed as average + standard deviation. The data were
statistically analyzed with analysis of variance (ANOVA) using SPSS (version 11.5, SPSS Inc., USA). Duncan’s multiple range test with a
significance level of 0.05 (P < 0.05) was applied to determine the differences between the samples.

3. Result and discussion
3.1. Effect of different solvents on the extraction yield

Extraction yield is a measure of the effectiveness of the solvent and the extraction method to extract certain components from the
plants. The dried flowers and the leaves of the S. japonica var. fortunei having dry matters of 76.44 and 73.37 %, respectively, were
extracted separately by using both ethanol and methanol to determine the effect of different solvents (Table 1). Extraction yields of
S. japonica var. fortunei leaves were significantly higher than the flowers with both solvents (P < 0.05). The highest extraction yield was
obtained from the leaves (32.5 £+ 2.1 %) extracted with methanol, and the lowest from the flowers (13.0 & 1.2 %) extracted with
ethanol (P < 0.05). When methanol was used, the extraction yields of the flowers and the leaves were increased by 31.5 and 25.5 %.
The extraction yield and quality of the extract are greatly influenced by the type of solvent, the characteristics of raw material, and the
method used [20,21]. Various researchers reported different extraction yields from different raw materials. Mostafa et al. [22] used
ethanol as the extraction solvent for five different plant species (Syzygium aromaticum, Thymus vulgaris, Punica granatum, Zingiber
officinales, and Cuminum cyminum) and determined that the yields ranged from 3.12 to 9.74 %. Ethanol extract of Hibiscus sabdariffa
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Table 2
Total phenolic and flavonoid contents of the extracts obtained with different solvents.
Plant Material Solvent Total Phenolic (mg GAE/g dry matter)* Total Flavonoid (mg QE/g dry matter)*
S. japonica var. fortunei flowers Ethanol 11.08 + 0.13° 16,98 + 3.07°
Methanol 19.33 + 1.24° 22.68 + 2.63%
S. japonica var. fortunei leaves Ethanol 18.13 + 1.61° 46.46 + 2.96¢
Methanol 25.64 + 0.32¢ 28.35 + 3.54"

*The values represent the average + standard deviation of three independents results. The significant differences between the samples were indicated
with different letters (P < 0.05): lower case letters are for the total phenolic contents, and uppercase letters are for the flavonoid contents of the
samples.
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Fig. 1. Antioxidant activities of the extracts at varying concentrations determined by DPPH radical scavenging method. All the data were expressed
as average =+ standard deviation of three independent samples. Different letters indicate the significant statistical differences at P < 0.05. Lower case
letters represent the significant differences between ethanol and methanol extracts of flowers and leaves at the same concentration; upper case letter
represents the significant differences between the different sample concentrations.

was reported to be 21 % [23].
3.2. Total phenolic and flavonoid contents

The total phenolic and flavonoid contents of the extracts are depicted in Table 2. Significant differences between the flavonoid
contents of ethanol extracts of flowers and leaves have been detected (P < 0.05). On the other hand, there was no significant difference
between the flavonoid contents of methanol extracts (P > 0.05). The lowest flavonoid content was observed with the ethanol extract of
the flowers (16.98 + 3.07 mg QE/g dry matter), while the highest (46.46 + 2.96 mg QE/g dry matter) was with ethanol extract of the
leaves. The total phenolic contents of the ethanol and methanol extracts of the flowers and leaves were significantly different (P <
0.05). The lowest total phenolic content was obtained with ethanol extracts of the flower (11.08 + 0.13 mg GAE/g dry matter), and the
highest was with methanol extracts of the leaves (25.64 + 0.32 mg GAE/g dry matter). Similar total phenolic contents were deter-
mined with the methanol extracts of the flowers and the ethanol extracts of the leaves (P > 0.05). Shirshova et al. [24] investigated the
total phenolic content of the leaves and flowers of S. media using the aqueous and ethanol extracts, and they obtained higher phenolic
compounds in the leaves than in the flowers. Keskin et al. [3] have reported higher total phenolic compounds in the leaves (5.45 and
4.75 mg GAE/g dry matter) than in the flowers (4.75 mg GAE/g dry matter) of S. nipponica with methanol extraction. Similar results
have been reported by Boucheffa et al. [25] on Pistacia lentiscus leaves.

3.3. Antioxidant activity

The antioxidant potentials of the extracts were determined with DPPH radical scavenging activity. The DPPH is a free radical, stable
at room temperature, and the most frequently used for determining antioxidant activity. The DPPH method is simple and based on only
the reaction between the DPPH radical and the antioxidant [26]. Fig. 1 shows the DPPH radical scavenging activities of the extracts at
varying concentrations. All the concentrations tested displayed antioxidant activities, and they increased significantly with concen-
trations up to 3.125 mg/mL (P < 0.05). However, at 6.25 mg/mL, there was no significant increase in the ethanol extracts (P > 0.05).
Antioxidant activities of ethanol and methanol extracts of the flowers and the leaves at the lowest concentration (0.156 mg/mL) were
determined as 12,3 4+ 0.79, 21.6 + 1.80, 29.4 4+ 4.30 and 30.0 + 0.67 %, while they were 66.43 + 0.11, 69.76 + 0.34, 65.71 + 0.90
and 69.29 + 2.58 % at the highest concentration (6.25 mg/mL), respectively. The antioxidant activity of the leaves was significantly
higher than the flowers at 0.156 mg/mL concentration (P < 0.05). The DPPH results also indicated that methanol was more efficient
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Fig. 2. Absorption spectra of the ethanol and methanol extracts of S. japonica var. fortunei leaves and flowers (a), Spectra of gallic acid and quercetin
standards in ethanol and methanol (b).

than ethanol for extraction as with the total phenolic contents. ICs is the concentration of compounds or extracts with antioxidant
activity that can inhibit free radicals (DPPH) by 50 % and is derived from a linear regression equation that indicates the relationship
between % DPPH activity and the concentration of compounds or extracts. The smaller the ICsy values, the better the antioxidant
activity of the compound or extract [27]. In this study, ICso values of ethanol and methanol extracts of the flowers and the leaves were
estimated as 0.57 + 0.06, 0.48 + 0.01, 0.43 £ 0.01, and 0.45 + 0.00 mg/mL, respectively. The extracts from the leaves had lower ICsg
values than those from flowers, which correlated with the total phenolic contents of the same samples. It is known that the antioxidant
activity of plant extracts is influenced by the phenolic contents, especially flavonoid compounds [28,29]. ICs values of S. japonica var.
fortunei were in accordance with the ICs value of S. prunifolia which was reported as 320 pg/mL [30]. On the other hand, ICs, values of
S. japonica var. fortunei were reasonably lower than those obtained from S. media with a different solvent, which was between 4.80 and

14.25 mg/mL [24].
3.4. Identification of the bioactive compounds

3.4.1. UV-VIS spectra of the extracts of S. japonica var. fortunei
UV-VIS spectra of the extracts were determined to confirm the presence of phenolic compounds, which absorb light in the UV
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Fig. 3. FTIR spectra of the raw S. japonica var. fortunei leaves (a), ethanol (b), and methanol extracts (c) of the leaves.

100
L
>

| Y
86 ~ & L
)| N

& g

100
'_
X
s
>

b P

30] = g

25 , . . :

4000 3500 3000 2500 2000 1500 1000 500 400

cm-1

Fig. 4. FTIR spectra of the raw S. japonica var. fortunei flowers (a), ethanol (b), and methanol extracts (c) of the flowers.

region due to the n-7* electronic transition of aromatic moieties and chromophores [1]. Thus, absorption peaks in the UV-VIS region
indicate the presence of alkaloids, flavonoids, phenolic acids, and tannins in plant extracts [2]. Absorption spectra of the ethanol and
methanol extracts of S. japonica var. fortunei leaves and flowers are given in Fig. 2a. In general, three distinct absorption peaks were
detected in all samples. The first peak was at 206-230 nm which differed based on the solvent used. The peaks were obtained at shorter
wavelengths with the ethanol extracts. The second and third peaks were adjacent, of which one was detected at 270-293 nm, and the
other at 314-320 nm. A slight increase in absorbance has also been observed at 384-422 nm. To compare, gallic acid and quercetin
spectra were also determined in ethanol and methanol (Fig. 2b). Gallic acid displayed two peaks at 216-219 nm and 260-271 nm,
while quercetin exhibited four peaks at around 204-219, 256-272, 305-322, and 374-382 nm. The peaks in the UV region (210-320
nm) confirmed the presence of phenolic compounds in S. japonica var. fortunei flowers and leaves extracts. Similar UV-VIS spectra were
reported by the extract of bearberry leaves, Dillenia pentagyna, Physalis [1,2,31]. It was shown that plant extracts having higher
antioxidant capacities generally have higher absorbance peaks at 280 and 358 nm [1]. Flavonoids act as UV filters to protect plants
from biotic and abiotic stresses [32]. All flavonoids have an absorption peak at 240-290 nm owing to conjugated ring A, and the
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Fig. 5. FTIR spectra of gallic acid (a), and quercetin (b).
flavonoids having conjugated rings B and C exhibit an absorption peak at 300-500 nm [33].

3.4.2. FTIR spectra of the extracts of S. japonica var. fortunei

Fourier transform infrared analyses of the extracted samples of S. japonica var. fortunei were performed to identify the functional
groups associated with the phenolic compounds. In addition, FTIR spectra of the raw flower and leaf samples and standard gallic acid
and quercetin were determined to compare with the extracts.

Fourier transform infrared spectra of the raw leaf powder and its ethanol and methanol extracts are given in Fig. 3a, b, and c,
respectively. The characteristic peaks of broad O-H stretching vibration were observed at 3300-3200 em~linall the samples attributed
to phenolic compounds and alcohols [34,35]. Intense peaks at 2849 and 2916 cm ™! were detected in raw leaves representing the
stretching vibration of the non-aromatic C-H group. However, they were very slight or disappear in the extracts. The carbonyl group
(C = 0) stretching peaks appeared at 1735 cm™Y, 1684 em™!, and 1661 ecm ™! in the raw leaves, ethanol, and methanol extracts,
respectively. The peak at 1602 cm ™! indicated aromatic C=C group vibration in the raw leaves, and the vibration peaks appeared at
1602 and 1587 cm ™! in ethanol and methanol extracts, respectively. The region 1500-500 cm ™! refers to a fingerprint that is unique for
a specific compound and provides information about the molecular structure [2,36]. Almost similar spectra were obtained with
ethanol and methanol extracts from the leaves in the fingerprint region, while it was slightly different in the raw leaf sample. The peaks
at 1019 and 1241 cm ™! in that region indicate the stretching vibration of the C-O group. The peaks at around 1300 cm ™! suggested the
bending vibration of the O-H group. The peaks at around 1200 and 1000 cm ™! were assigned to the stretching vibration of the C-O-C
group [2,37].

Fourier transform infrared spectra of raw flowers and their ethanol and methanol extracts that were shown in Fig. 4a, b, and c,
respectively, were almost identical to the leaf samples. Hence it indicated the presence of the same functional groups in both leaves and
flowers. However, the intensity of the O-H stretching vibration (3300-3200 cm™?) in the raw leaves was higher than in the raw flower.
On the contrary, the peaks related to the raw flowers at 2917 and 2849 cm™! were more intense than those of the raw leaves.

In the gallic acid spectrum (Fig. 5a), the peaks at 3493, 3345, and 3267 cm ™! are characteristics of gallic acid and were attributed to
different O-H groups in the molecule [38]. The stretching vibration peak of the carbonyl group of gallic acid was observed at 1701
cm™L. The peaks at 1608 and 1540 cm ™! belonged to the stretching vibrations of G-C bonds in the aromatic ring in the molecule. The
1300-1000 cm ™! peaks could be attributed to the stretching vibration of C-O and the bending vibration of O-H bonds of gallic acid
[39]. In the quercetin FTIR spectrum (Fig. 5b), the stretching and bending vibrations of the O-H group appeared at 3272 and 1349
cm ™}, respectively. The peak at 1664 cm ™! was assigned to the C=0 group. The aromatic C=C and C-C group’s vibration peaks were
observed at 1608 and 1559 cm ™!, respectively. The peaks at 1241 and 1090 cm ™! were assigned to C-O group vibration [2].

3.4.3. LC-MS analysis of the flavonoids

Profiles of metabolites from the methanol extracts of the leaves and the flowers of S. japonica var. fortunei were determined with LC-
MS applying both positive and negative ionization. LC-MS chromatograms regarding the negative ionization modes of flower and leaf
extracts are given in Fig. 6a and b, respectively. Almost identical peaks were observed in both samples, indicating their chemical
contents were similar. A total of 36 compounds were observed in the extracts at negative ion mode. Epigallocatechin, chlorogenic acid,
3,5,7,3,4-pentahydroxy-6,8-dimethoxyflavone, isoquercetin, and avicularin were only detected in the leaf extracts, while agestricin D
was found only in the flower extract. The rest of the compounds were present in both extracts. Fig. 6¢ and d shows the LC-MS
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Table 3

Profile of polyphenols detected in the methanol extract of S. japonica var. fortunei by LC-MS.

Heliyon 10 (2024) e25496

Peak No Retention time (min) Compound ESI mode MW (amu) Leaf and/or Flower
1 4.67 Epigallocatechin - 306.27 L

2 5.70 Casticin + 374.00 F

3 5.79 Catechin 7-O-a-L-rhamnopyranoside + 436.41 F/L
4 6.87 Catechin-7-a-L-arabinofuranoside - 422.38 F/L
5 6.87 Cichoric acid - 474.37 F/L
6 8.12 Chlorogenic acid - 354.31 L

7 37.63/9.33 Syringic acid —/+ 198.17 F/L
8 9.76 Quercetin 3,5-0-diglucoside - 626.52 F/L
9 9.76/17.80 3,5,7,3',4"-pentahydroxy-6,8-dimethoxyflavone —/+ 362.00 L
10 9.80/18.91 Centaureidin + 360.00 F/L
11 10.22/16.53 Coumaroyl-quinic acid —/+ 338.31 F/L
12 10.57 Quinic acid - 192.17 F/L
13 10.57 4-0-caffeoylquinic - 354.31 F/L
14 10.60 3-hydroxy-5,6,7,4- tetramethoxyflavone + 358.00 F/L
15 11.04 3',4',5,7-tetrahydroxy-3,6,8-trimethoxyflavone + 376.00 F/L
16 11.11 5-O-feruloylquinic acid - 368.34 F/L
17 11.92 Caffeic acid - 180.16 F/L
18 12.33 Isorhamnetin 3-O-rhamnoside - 462.40 F/L
19 12.58 4',5,6,7-tetramethoxyflavone - 342.34 F/L
20 13.67 Luteolin-4-O-rutinoside - 596.53 F/L
21 13.69/29.43 Kaempferol-3-O-rutinoside —/+ 594.00 F/L
22 15.06/13.70 Isoquercetin —/+ 464.00 L
23 14.42/14.80 7-hydroxy-3,3',4,5,6,8-hexamethoxyflavone —/+ 418.00 F/L
24 15.06 Hyperoside - 464.38 F/L
25 15.49 1,5-dicaffeoylquinic acid - 516.45 F/L
26 16.68/16.69 Quercetin 3-O- p -D-2-glucosyl-rutinoside —/+ 772.66 F/L
27 16.69 Narcissin - 624.54 F/L
28 17.80 5,3,5-trihydroxy-3,6,7,4-tetramethoxyflavone + 390.00 F/L
29 18.10 Amentoflavone + 538.00 F/L
30 20.35 Kaempferitrin + 578.52 L
31 23.56 Catechin - 290.27 F/L
32 23.88/25.92 3',4',5,6,7-pentahydroxy-3-methoxyflavone —/+ 332.00 F/L
33 24.19 Agestricin D - 346.33 F
34 24.19 Nevadensin - 344.32 F/L
35 25.58/24.70 Ombuin —/+ 330.00 F/L
36 24.72 Rhamnazin - 330.29 F/L
37 24.72 Subscandenin - 316.31 F/L
38 25.23 Avicularin - 434.35 L
39 25.92 Marionol + 388.37 F/L
40 25.92 4-hydroxy-5,6,7,8,3-pentamethoxyflavone + 388.00 F/L
41 25.92 Salicylic acid + 138.12 F
42 26.42 Apigenin 5,7-dimetyhyl ether + 298.00 F/L
43 26.44 Isorhamnetin + 316.00 F/L
44 30.81/27.35 Diosmetin —/+ 300.00 F/L
45 27.35 Padmatin - 318.28 F/L
46 27.35 Homoeriodictyol + 302.28 F/L
47 28.49 Persicogenin + 316.31 F/L
48 28.50 Cirsimaritin - 314,29 F/L
49 28.85 Kumatakenin - 314.00 F/L
50 29.40 Quercetin + 302.00 F
51 29.43 Aromadendrin-4-methyl ether + 302.28 F
52 29.45 Tiliroside + 594.52 F/L
53 29.93 Gossypetin + 318.00 L
54 30.81 Rhamnocitrin - 300,26 F/L
55 32.06 Rhamnetin-3-O-p-p-glucopyranoside + 478.40 F/L

chromatograms of flower and leaf extracts, respectively, at positive ion mode. Among 30 compounds determined at positive ion mode,
casticin, salicylic acid, quercetin, and aromadendrin-4’-methylether were detected in the flower extracts. On the other hand, 3,5,7,3,4'-
pentahydroxy-6,8-dimethoxyflavone, isoquercetin, kaempferitrin, and gossypetin were found in the leaf extracts. All of the phenolic
compounds determined from LC-MS chromatograms are elucidated in Table 3, and their ion chromatograms, along with the chemical
structures, are given in Supplementary File (S1).

Among the various phenolic compounds detected in the leaves of S. japonica var. fortunei, some specific ones have been shown to be
crucial for human health. Casticin, which was only detected in the flower sample, is a crucial flavonoid known for its analgesic, anti-
inflammatory, antiasthmatic, and antiangiogenic characteristics. Recently its antineoplastic properties were also reported as a potent
natural anticancer treatment agent. Casticin was also determined in Vitex trifolia, V. negundo, Psiada trinervia, Daphne genkw and
Pluchea quitoc [40]. The presence of casticin in the flowers of S. japonica var. fortune was ascertained for the first time in this study.
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Aromadendrin-4-methylether has been shown to possess antimicrobial and antioxidant activities [41]. Quercetin is the most abundant
flavonoid that was also detected in the flower extract, while it was in the form of isoquercetin in the leaf extract.

Ombuin is known for its pancreatic a-amylase inhibitory effect and was offered as a therapeutic candidate for treating diabetes
mellitus [42]. Centaureidin can activate Rho, which leads to cytoskeletal reorganization and dendrite retraction and decreases
melanosome transfer from melanocytes [43]. Cichoric acid is widely used in drugs, nutritional supplements, and functional foods due
to its promising pharmacological effects in regulating glucose and lipid metabolism [44]. Salicylic acid is used for peeling acne due to
the exfoliating ability of the stratum corneum [45]. Hyperocyte exhibits various pharmacological effects, such as protecting blood
vessels, regulating the digestive system, and protecting against oxidation, aging, and cancer [46]. Cirsimaritin has been reported to
possess multiple biological effects, including antimicrobial, anti-inflammatory, and antiproliferative properties. It can also be used as
an antidiabetic [47]. Isorhamnetin has an extensive pharmacological effects such as cardiovascular protection, anti-inflammation,
anti-tumor, anti-oxidation, anti-bacterial, and anti-virus. It also can potentially prevent neurodegenerative diseases such as Alz-
heimer’s disease [48]. Amentoflavone has been reported to display numerous biological activities, including anti-inflammatory,
antibacterial, antifungal, antivirus, anti-oxidative, antiangiogenesis, neuroprotection, osteogenesis, anti-arthritis, radioprotection,
antidiabetic, and antidepressant [49]. Diosmetin is an important flavonoid having anti-cancer, anti-inflammatory, antioxidant, and
oestrogenic activities [50]. Anticancer activities of persicogenin, and homoeriodictyol were reported by Saquib et al. [51].

4. Conclusion

Phenolics and flavonoids in the leaves and flowers of S. japonica var. fortunei were investigated both qualitatively and quantitatively
for the first time in this study. Notable amounts of total phenolic and flavonoids were detected in the leaves and flowers. However, the
plant leaves were richer in bioactive compounds than the flowers. Methanol was the better extraction solvent. Both the leaves and the
flowers had antioxidant activities. The bioactive compounds in the extracts were also identified and confirmed with FTIR and UV-VIS
spectra analyses. LC-MC analyses showed that the plant contained valuable flavonoids such as casticin, ombuin, centaureidin, iso-
rhamnetin, diosmetin, persicogenin, homoeriodictyol, and amentoflavone that have outstanding therapeutic properties. Hence, this
study revealed that S. japonica var. fortunei is a promising source of some specific flavonoids and can be a potential candidate for
pharmacological and therapeutic applications.
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