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Abstract: One of the plants used in Indonesian traditional medicine, namely, Patiwala (Lantana camara),
is traditionally used to treat some diseases, including itching, wounds, ulcers, swelling, eczema, tetanus,
malaria, tumors, rheumatism, and headaches. This study aimed to characterize the compound non-
polar fraction of Patiwala leaf capable of scavenging free radicals. The characterization of compound
was carried out using the Ultra-Performance Liquid Chromatography–tandem Mass Spectrometry
(UPLC-MS/MS) with positive ion method, while the antioxidant testing was carried out using the
radical DPPH (2,2-diphenyl-1-picrylhidrazyl) and FRAP (ferric reducing antioxidant power) methods.
The results showed that the nonpolar fraction of the methanol extract of L. camara leaves was very
strong toward DPPH radicals (IC50 34.65 ± 1.26 µg/mL and 40.23 ± 0.18 µg/mL), and FRAP radical
(IC50 4.93 ± 0.22 µg/mL and 12.79 ± 0.09 µg/mL). Nineteen compounds identified by UPLC-MS/MS
method were Resveratrol dimer, iso-humolones, oleuropein glucoside, quercetin-3-O-glycoside,
myricetin, oleuropein, 12-deoxy-16-hydroxy-phorbol, aloeresin A, humulones, ursolic acid, viniferin,
Epicatechin, oleanolic acid, 5-hydroxy-3′,4′,7-trimerthoxy-flavanone, Apigenin-6,8-di-C-β-D-glucoside,
procyanidin A2, caffeoyl-O-hexoside, tansihnone IIA, and phillyrin. The methanolic extract of L. camara
leaves can be developed as a source of antioxidants from natural ingredients.

Keywords: Lantana camara leaf; antioxidant; UPLC MS/MS; total phenolic; total flavonoid

1. Introduction

According to WHO, more than 80% of the world’s population relies on traditional
medicine for primary health care. The use of herbal medicines in Asian societies has a
long history of human interaction with the environment. Plants in traditional medicine
are used to treat chronic and infectious diseases [1]. The abundance of plant materials
that exist in nature causes the interest of researchers to seek new medicinal sources from
plants to increase. The plant contains chemical components that can provide certain
physiological effects on the human body, such as alkaloids, flavonoids, tannins, and other
phenolic groups [2].

One of the plants used in traditional medicine is Patiwala (Lantana camara). Patiwala
has been used traditionally to treat itching, wounds, ulcers, swelling, eczema, tetanus,
malaria, tumors, rheumatism, and headaches [3]. In addition, this plant is also used to treat
hypertension, asthma, ulcers, and cancer, carminative, diaphoretic, anti-inflammatory, and
antiseptic for wounds [4].

Several studies have shown that extracts of Patiwala exhibit the ability to inhibit radi-
cals. The extract of the younger leaves of Patiwala had stronger inhibitory power against
radicals than the older leaves [5]. In addition, the flower and root parts of Patiwala plant
have a very strong ability to inhibit free radicals [6,7]. This plant is reported to contain some
secondary metabolites, among others are phenolics, flavonoids, triterpenoids, steroids, and
saponins [8,9]. The presence of phenolic compounds in the Patiwala plant allows it to have
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antioxidant activity. The antioxidant activity in plants is generally related to the total phe-
nolic and flavonoid content [10]. The amount of phenolic compounds influence the strength
of antioxidant activity in the sample. Several studies on the antioxidant activity of phenolic
compounds suggest that their structure contributes to their activity. The structural activity
of phenolic groups depends on the number and location of hydroxyl groups that play a
role in scavenging free radicals [11]. Their antioxidant activity lays in their ability to donate
a hydrogen or electron and their ability to delocalize the unpaired electron within the aro-
matic structure. They can also protect biological molecules against oxidation [12]. Several
compounds have been isolated and identified in the leaves of L. camara, namely: lantandene
B, 5-hydroxy6,4′-dimethoxy flavon-7-O-glucopyranose [13], acacetin-7-O-β-D-rutinoside,
tricin, hispidulin, 3,5,7,8-tetra hydroxyl-6,3′-dimethoxy flavones, pectolinarigenin, ursolic
acid, lantanilic acid, icterogenin, betulonic acid, and betulinic acid [14]. Therefore, the
purpose of this study was to characterize the compounds contained in the extract and
the nonpolar fraction of Patiwala (Lantana camara) leaves using UPLC-MS, which have
antioxidant activity.

2. Materials and Methods
2.1. Plant Materials and Reagents

The leaves of fresh Patiwala (Figure 1) were obtained from community gardens in
Wakatobi Regency, Southeast Sulawesi Province, Indonesia, which grew wild, at coordinates
5.3802 S and 123.5895 E. The leaves of Patiwala were authenticated in the Laboratory of
Biology Departement, Faculty of Teacher Training and Education, Halu Oleo University.
The obtained Patiwala leaves were washed thoroughly with running water, stoned, and
dried in an oven at 50 ◦C. 2,2-Diphenyl-1-picryhidrazyl (DPPH), methanol, n-hexane, ethyl
acetate quercetin, gallic acid, trichloro acetate acid (TCA), FeCl3, and K3Fe(CN)6 were
purchased from Sigma-Aldrich (Darmstadt, Germany).

Figure 1. Photo of Patiwala herb.

2.2. Extraction

Dried Patiwala leaves were powdered using a 240 W electric blender (SHARP) to ob-
tain Lantana camara leaf powder. Then, the extraction was carried out using the maceration
method in which 1000 g of leaf powder was soaked in 10 L methanol. Maceration was
carried out at room temperature for 3 × 24 h, filtered every 1 × 24 h using Whatman filter
paper. Furthermore, the filtrate obtained was concentrated using a rotary evaporator at a
temperature of 40 ◦C to obtain a thick extract of 119 g.

2.3. Fractionation Using Vacuum Liquid Chromatography (VLC)

The methanolic extract of L. camara leaf was exploited further in an attempt to isolate
the active components exhibiting the antioxidant activity. Different fractions were obtained
using vacuum liquid chromatography in the isolation procedure. A sintered glass Buckner
funnel attached to a vacuum line was packed with TLC grade silica gel. The silica gel was
compressed under a vacuum to achieve a uniform layer for better separation. The greenish
colored viscous methanol extract is dissolved in a suitable volatile solvent (methanol) and
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added to the same amount (60 g) of silica gel to make a smooth paste. The solvent is
evaporated to leave a dried extract which is adsorbed onto the silica gel. The dried extract
was then ground to obtain a uniform powder. This powder is transferred to the column
again under vacuum to ensure a uniform coating.

Hexane and ethyl acetate were used as mobile phases with increased polarity ratios
from hexane to ethyl acetate. The increased polarity ratios were different as shown in
Table 1. Each fraction was collected in a crucible. Fractions were monitored by thin
layer chromatography. Fractions having a similar TLC profile were pooled together. The
combined fraction is concentrated in a vacuum rotary evaporator. The concentrated fraction
was tested for its antioxidant activity against DPPH radicals and FRAP radicals.

Table 1. Eluent gradient system.

Sample
Eluents

Weight (gram)
n-Hexane (mL) Ethyl Acetate (mL)

Fraction A
100 0

0.62
90 10

Fraction B
80 20

3.75
70 30

Fraction C
60 40

5.63
50 50

Fraction D
40 60

9.43
30 70

Fraction E

20 80

11.0210 90

0 100
Note: nonpolar fraction: A and B, semipolar fraction: C, polar fraction: D and E.

2.4. Measurement of Radical Scavenging Activity Using the DPPH Method

Radical scavenging activity is a chemical test based on the ability of samples to scav-
enge synthetic free radicals, using a variety of radical generating systems and for detection
methods [15]. The radical scavenging activity of Patiwala leaves against DPPH radicals was
carried out according to [16,17]. Briefly, 3 mL of 0.6 mM DPPH solution was mixed with
2 mL of sample solution (concentration series 3 µg/mL, 6 µg/mL, 9 µg/mL, 12 µg/mL,
and 15 µg/mL), and then 3 mL of methanol was added. Furthermore, the mixture was in-
cubated for 30 min, and the absorbance was measured using UV–Vis spectrophotometer at
517 nm. As a positive control, ascorbic acid was used. The percentage of radical scavenging
activity was

% inihibition =
Ablank −Asample

Ablank
× 100%.

The IC50 value is obtained by replacing the y-axis with 50% in the linear regression
equation of y = bx + a; so that the value of x-value (IC50) is obtained.

2.5. Determination of Reducing/Antioxidant Power (FRAP)

Reduction capacity of a compound may serve as a significant indicator of its potential
antioxidant activity. Antioxidant compounds are able to donate electrons to reactive
radicals, reducing them into more stable and unreactive species [15]. The measurement
of antioxidant activity using the FRAP method was carried out according to [18] with a
few modifications. A-1 mL of the sample was added with 1 mL of 0.2 M phosphate buffer
(pH 6.6) and 1 mL of 1% K3Fe(CN)6 and incubated. Then, 1 mL of 10% TCA was added to
the potassium ferricyanide complex centrifuged at 3000 rpm for 10 min to speed up the
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precipitation process. After centrifugation, 1 mL of supernatant was pipetted into a test
tube and added with 1 mL distilled water and 0.5 mL of 0.1% FeCl3. The solution was
allowed to stand for 10 min, and the absorbance was measured at 724 nm.

2.6. Determination of Total Phenolic Content

Determination of the total phenolic content (TPC) was carried out using the Folin-
Ciocalteau method [19]. This method is an electron transfer-based assay and provides a
reduction capacity expressed as phenolic content. TPC of the sample and the yield depends
on the solvent selected for extraction. External calibration was carried out using different
concentrations of gallic acid, namely, 10, 20, 30, 40, and 50 µg/mL. Briefly, 1 mL of the
sample was placed in a test tube, and then 0.4 mL of Folin–Ciocalteau reagent was added,
then allowed to stand for 5–8 min. Then, 4 mL of 7% Na2CO3 solution was added and then
shaken until homogeneous. Then it was allowed to stand for 30 min at room temperature,
and then the absorbance was measured using a UV-Vis spectrophotometer at 750 nm. TPC
was calculated as milligram gallic acid equivalent (mg GAE)/g sample.

2.7. Determination of Total Flavonoid Content

Measurement of total flavonoid content (TFC) was carried out using the aluminum
chloride method according to [20–22]. This method is based on the reaction of AlCl3 with
a C-4 keto group and a C-3 or C-5 hydroxyl group of flavones and flavonols to form a
stable acid complex. In addition, it also forms labile acid complexes with ortho-dihydroxyl
groups on rings A or B of flavonoids. The external calibration curve was prepared using
a series of quercetin concentrations, namely, 20, 40, 60, 80, and 100 µg/mL. Briefly, 1 mL
of the sample was added with 3 mL of methanol, 0.2 mL of 10% AlCl3, and 0.2 mL of
1 M potassium acetate, and made up 10 mL with distilled water. The mixture was shaken
until homogeneous and incubated at room temperature for 30 min. Then, the absorbance
was measured using spectrophotometer at 417 nm. TFC was calculated as milligram of
quercetin equivalent (mg QE/g sample).

2.8. UPLC-MS Measurement

The separation procedure was carried out by ultra-performance liquid chromatogra-
phy (UPLC) using an Aquasil C18 column (Thermo Electron, Dreieich, Germany) with a
column size (150 mm× 3 mm, particle size 3 µm). The mobile phase (A) formic acid 0.1% in
water and (B) formic acid 0.1% in acetonitrile was used in gradient manner. The elution was
90% A: 10% B (0–20 min); 100% B (20–20.1 min); 90% A: 10% B (20.1–25 min), with running
re-equilibration time every 5 min. The mobile phase flow rate was 0.4 mL/min, and the
injection volume was 10 µL. The column temperature was maintained at room temperature.

LC-ESI-MS/MS analysis was performed using a triple quadrupole mass spectropho-
tometer (Waters, Acquity UPLC I-Class with Xevo G2-XF QTof) equipped with electrospray
ionization (ESI). The mass spectrometer operated in positive ion mode, full scan spectrum
from 100–1300, cone voltage 30 V, Capillary Voltage 3.0 kV, and Source temp 500 ◦C. All
LC-MS data were processed, peaked, and analyzed using the UNIFI informatics platform.
The intensity of each ion produces a matrix consisting of the m/z value, retention time (RT),
and peak area. The variables of interest were then identified using the UNIFI software [23].

2.9. Statistical Analysis

Analysis of variance followed a post hoc test, namely, the Fisher LSD method was
conducted to identify differences among means using Minitab® version 17 (Minitab Inc.,
State College, PA, USA). Statistical significance was declared at p < 0.05. All analyses were
conducted in triplicate.
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3. Results
3.1. Antioxidant Activities of Patiwala Leaves

Various studies have been conducted to find natural antioxidants such as flavonoid
and phenolic compounds. The antioxidant activities of plant extracts cannot be measured
using a single method due to the complex nature of the secondary metabolites present in
plants [24,25]. Therefore, in this study, the measurement of radical scavenging activities
was carried out to measure the ability of the sample to stabilize DPPH radicals.

DPPH is a stable free radical, purple in color, with a central nitrogen atom. When
the DPPH radical binds to an antioxidant, the color will fade. The radical scavenging
activity of DPPH has been widely used to evaluate the antiradical scavenging activity of
natural materials [26,27].

The increased radical scavenging activity was indicated by a decrease in the mea-
sured absorbance value. The lower the measured absorbance value indicates an increase
in the percentage of free radical inhibition. In addition, increased radical inhibition is
characterized by a decrease in the color intensity of free radicals. The level of color change
that occurs indicates the level of ability of the antioxidant compounds contained in the
sample to donate hydrogen atoms that are owned by binding to free radicals. The ability
of Patiwala (Lantana camara) to reduce DPPH can be used as material to study the ability
of Lantana camara to scavenge free radicals from a stable free radical [27]. The antioxidant
activity of the patiwala fraction leaf using the DPPH method is shown in Table 2. The
measurement results show the IC50 value of each fraction is different, with IC50 values
between 32.84± 0.09 µg/mL to 40.23± 0.18 µg/mL with ascorbic acid as a positive control.

Table 2. IC50 value of Patiwala (Lantana camara) leaf fraction using the DPPH and FRAP method.

Sample
IC50 Value (µg/mL)

DPPH FRAP

Methanol extract 24.80 d ± 0.52 21.61 b ± 0.26

Fraction A 34.65 b ± 1.26 4.93 f ± 0.22

Fraction B 40.23 a ± 0.18 12.79 e ± 0.09

Fraction C 40.22 a ± 0.58 15.32 d ± 0.32

Fraction D 34.69 b ± 0.39 18.31 c ± 0.40

Fraction E 32.84 c ± 0.09 22.67 a ± 0.23

ascorbic acid 4.96 e ± 0.03 3.82 g ± 0.02
Note: nonpolar fraction: A and B; semipolar fraction: C; polar fraction: D and E; values (means with different
index letter are significantly different p < 0.05 ± standard deviations)

Table 2 showed that the extract and fraction of L. camara leaves has very strong
antioxidant activity against DPPH radicals. This is in line with previous studies which
showed that the L. camara leaf showed strong activity as radical scavenging, including
the L. camara purple variety extract leaves [4], and crude extract of L. camara leaves [3,28].
However, there have been no studies showing the antioxidant activity of fraction of the
L. camara leaves.

3.2. Reducing Power Assay (FRAP)

The Ferric Reducing Antioxidant Power (FRAP) method is used to evaluate the an-
tioxidant power of the Patiwala fraction leaf in reducing Fe3+ ions in an acidic medium to
produce Fe2+ ions, characterized by a color change to dark blue, which can be measured
at a wavelength of 587 nm and can be expressed as equivalent mg Fe2+ [16]. The results
of the measurement of antioxidant activity using the FRAP method are shown in Table 2,
with the order of: Fraction A (IC50 value 4.93 ± 0.22 µg/mL) > fraction B (IC50 value
12.79 ± 0.09 µg/mL) > fraction C (IC50 value 15.32 ± 0.32 µg/mL) > fraction D (IC50
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value 18.31 ± 0.40 µg/mL) > methanol extract (IC50 value 21.61 ± 0.26 µg/mL) > fraction
E (IC50 value 22.67 ± 0.23 µg/mL), respectively. Ascorbic acid was used as a positive control.

3.3. Determination of Total Phenolic and Total Flavonoids Content

Determination of total phenolic content was carried out to strengthen the antioxi-
dant activity test contained in the sample. The hydroxyl groups contained in phenolic
compounds act as active sites as antioxidants from these phenolic compounds. Phenolic
compounds have a unique structure and properties, namely, one or more hydroxy groups
attached to an aromatic ring. As a result, these compounds are easily oxidized. The ability
of phenolic compounds to form stable phenoxy in oxidation reactions causes them to be
used as antioxidant compounds [9]. The increase in antioxidant activity was determined
by the amount of hydroxyl contained in the compound. The more hydroxy groups, the
stronger the antioxidant activity of the sample. Meanwhile, the antioxidant activity of
flavonoid compounds is the hydroxy position on ring B. The hydroxy position that provides
higher stability against free radical scavenging is at the 3′, 4′-O-dihydroxy position on ring
B because the electrons are in the form of radicals at this position. The flavonoid structure
will undergo a delocalization process [16,29].

Table 3 showed that fraction E of patiwala leaf methanol extract has a highest phe-
nolic content compared to other fractions, with values of 98.81 ± 0.27 mg GAE/g sample
(fraction E), 82.78 ± 0.16 mg GAE/g sample (fraction D), 75.76 ± 0.82 mg GAE/g sample
(methanol extract), 60.43 ± 0.27 mg GAE/g sample (fraction C), 39.17 ± 0.56 mg GAE/g
sample (fraction B), and 20.25 ± 0.41 mg GAE/g sample (fraction A), respectively. Mean-
while, the flavonoid content in the methanol extract fraction showed the flavonoid content
of Fraction D > Fraction E > methanol extract > Fraction B > Fraction A, with values,
97.56 ± 0.62 > 82.04 ± 0.48 > 70.53 ± 0.63 > 61.31 ± 0.31 > 19.85 ± 0.65 mg QE/g sam-
ple, respectively.

Table 3. The total phenolic and flavonoid content of the methanol fraction of Patiwala (Lantana camara) leaves.

Sample Phenolic Total Content (mg GAE/g Sample) Flavonoid Total Content (mg QE/g Sample)

Methanol extract 75.76 c ± 0.80 70.53 c ± 0.62
Fraction A 20.25 f ± 0.41 19.85 f ± 0.65
Fraction B 39.17 e ± 0.56 38.19 e ± 0,31
Fraction C 60.43 d ± 0.27 61.31 d ± 0.31
Fraction D 82.78 b ± 0.16 82.04 b ± 0,48
Fraction E 98.81 a ± 0.27 97.56 a ± 0.63

Note: nonpolar fraction: A and B, semipolar fraction: C, polar fraction: D and E, values (means with different
index letter are significantly different p < 0.05 ± standard deviations)

The previous studies revealed that phenolic content of 80% methanol extract and absolute
methanol of L. camara leaves were of 18.37 ± 0.49 g/100 gDW and 12.48 ± 0.49 g/100 gDW,
respectively [30]. Another study also showed that the phenolic and flavonoid content of
L. camara leaf extract was 563.57± 2.49 mg GAE/g and 243.89± 1.30 mg QE/g, respectively [28].
The fact that different units were used in these studies makes it difficult to correlate these results
with our data. Moreover, these differences were due to some environmental factors including
plants grow, soil pH, climate, humidity, and intensity of sunlight.

3.4. Qualitative Characterization of Compounds Present in the Methanol Fraction of
Lantana camara Leaves

LC-ESI-MS/MS analysis was carried out in positive ionization modes to obtain max-
imum information about the composition of the polar fraction of the methanol extract
of Patiwala (Lantana camara) leaf. Compounds were characterized based on their mass
spectra, using precursor ions, fragment ions, and comparison of fragmentation patterns
with molecules described in the literature.
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Figure 2 shows the total ion chromatogram (TIC) of the nonpolar fraction of the leaf
extract of Lantana camara obtained in the positive ion mode. Peak 1 with a retention time
(tr) of 0.349 min (Table 4 and Figure 1) was proposed as a Resveratrol dimer that produces
[M + H]+ ions at m/z 453. In addition, fragment ions at m/z 397, m/z 290 and at m/z 274
were observed in the ESI-MS/MS spectrum.

Figure 2. Chromatogram of chemical constituents from fraction B of Patiwala extract.

Peak 2 and 3 at (Rt) 3.166 min and 3.66 min gave the molecular ion [M + H]+ at
701 (Figure 2, Table 4). When subjected to MS/MS, compounds (2) and (3) yielded fragment
ions at m/z 588, 397, and 340, which then correspond to Oleuropein glucoside and its
isomers (Figure 3a). This has also been reported in olive pulp and olive pomace species [31].
The ion spectrum production of compound 4 at m/z 464 (Rt 4.281 min) as shown in
(Figure 2, Table 4) resulted in a fragmentation pattern of m/z 302 [M + H−162]+ due to loss
of glucoside and m/z 274 [M + H−190]+, due to cleavage of the carbonyl group moiety.
A similar compound was obtained in the genus Prunus in a different pattern (at m/z 303
and 269), called quercetin galactoside [30]. Based on the pattern of the fragments, the
compound is temporarily referred to as Quercetin-3-O-glycoside (Figure 3b).

The quasi-molecular ion of the protonated compound 5 at m/z 319 [M + H]+ (Rt)
7481 min as shown in Figure 2, Table 4. When the compound was subjected to MS/MS, com-
pound (5) underwent fragmentation at m/z 274, caused by cleavage of the methyldehida
(C2H4O) molecule, and fragmentation at m/z 230, due to cleavage of the CO2 molecule.
Similar compounds were also obtained in Grapevine leaves [31]. Compound 5 is tentatively
declared as myricetin (Figure 3c) based on the argument above.

The proposed fragmentation pattern of the compound shown in compound 6, ap-
pearing at retention time (tR) 7.71 min has a molecular ion peak [M + H]+ at m/z 379
(Figure 2, Table 4), and ion fragmentation observed at m/z 362 [M-17 + H]+, due to loss
of hydroxyl ions. Further, fragmentation resulted in precursor ion yielding daughter ions
at m/z 290 [M-17-72 + H]+ indicating a loss of 2-butene-1-ol (C4H7OH) molecule. This
fragmentation pattern resembles the fragmentation pattern of compounds obtained from
olive leaf extracts [32]. Based on these data, compound 6 is predicted to be Oleuropein
aglycon (Figure 3d).
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Figure 3. Molecular structure of the nonpolar fraction of Lantana camara.
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Peaks 7, and 10 (Figure 2, Table 4) show the terpenoid group of compounds, where
peak 7 (tR) 8443 min, produces cation molecules at m/z 365 and diterpene MS fragments at
m/z 288 and MS/MS at m/z 244 and 203, indicating the presence of 12-deoxy-16-hydroxy-
phorbol [33]. Peak 10 yields a pseudomolecular at m/z 455 (Figure 2, Table 4), further
resulting in fragmentation at m/z 363 which caused by the loss of 2-butanol molecules and
water molecules (C4H10O and H2O), then MS/MS fragmentation at m/z 347 was caused
by loss of methyl molecules and H+ ions (CH3 + H+). Furthermore, it underwent further
fragmentation at m/z 277 indicating a loss of the 3-metyhl-1-butene molecule and methyl
molecule (C5H10). Based on these data, this compound was predicted to be an ursolic acid
compound (Figure 3e). Similar compounds were also found in Chinese herbs although
with slightly different fragmentation patterns (m/z 455; 407; 377; and 363) [34]. Peak
8 (Rt 10.392 min) with [M + H]+ at 541 is the molecular weight of aloeresin A. The daughter
fragment at m/z 393 is due to a molecular loss of 147 Da, indicating the loss of p-coumaroyl
groups attached to the Aloresin A glycosides. Similar compounds were also obtained in
methanol extract of Aloe species [35].

Table 4. Qualitative and quantitative phytochemical analysis of fraction B from methanol extract of
Lantana camara leaves.

Peak tR (min) [M + H] (m/z) Main Fragment Ions (m/z) Compound Prediction References

1. 0.35 453 397; 290; 274 Resveratrol dimer (phenolic groups) [43]
2. 3.16 701 588; 397; 340 Oleuropein glucoside (phenolic groups) [31]
3. 3.66 701 588; 397; 340 Oleuropein glucoside isomer (phenolic groups) [31]
4. 4.28 464 302; 274 Quercetin-3-O-glycoside (Flavonoid) [44]
5. 7.48 319 274; 230 Myricetin (Flavonoid) [37]
6. 7.71 379 363; 290; 274 Oleuropein (Phenolic) [32]
7. 8.44 365 288; 244; 203 12-deoxy-16-hydroxy-phorbol (diterpenes) [35]
8. 10.39 541 457; 411; 393 Aloeresin A (phenolic groups) [35]
9. 11.03 363 347; 277; 203 Humulones (Phenolic group) [36]
10. 11.31 455 363; 347; 277 Ursolic acid (triterpenoids) [34]
11. 11.57 363 347; 275; 203 Iso-humolones [36]
12. 11.98 453 279; 258; 205 Viniferin [37]
13. 13.74 291 275; 257 epicatechin [39]
14. 14.24 439 333; 293; 261 oleanolic acid [40–42]
15. 14.70 331 309; 83 5-hydroxy-3′ ,4′ ,7-trimerthoxy-flavanone (Flavonoid) [45]
16. 16.28 455 437; 291 Apigenin-6,8-di-C-β-D-glucoside (Flavonoid) [46]
17. 17.31 575 453; 407; 295 Procyanidin A2 (phenolic groups) [47]
18. 18.33 341 276; 243; 153 Caffeoyl-O-hexoside [38]
19. 18.86 295 263; 245; 165 Tansihnone IIA [48]
20. 19.90 557 407; 166; 152 phillyrin [48]

Peaks 9 and 11 (Figure 2, Table 4) with a retention time (Rt) of 11.073 min and 11.567 min
were the peaks of the hop bitter acid group. These compounds have a [M + H]+ fragment
at m/z 363, which is the molecular weight of the Humulones compound (Figure 3f) and its
isomer [36]. When this compound is subjected to MS/MS, it undergoes fragmentation at
m/z 347, which suggests a loss of molecular oxygen (O), m/z 275, which indicates a loss of
iso-butenyl (C4H7) and hydroxy compounds (OH), and m/z 203 which indicates the loss of
iso-butenyl (C4H7) and hydroxy compounds (OH) molecules has occurred again. However,
there was a slight difference with the compounds that came out during the retention time
(tR 11.073 min), namely, MS/MS at m/z 277, which indicated a loss of C4H6O molecules. Sim-
ilar compounds were also obtained from various classes of Czech beer and hop extracts [36].

Peak 12 (Rt 11.984 min) with [M + H]+ at 453 (Figure 2, Table 4) represents the molecular
weight of veniferin. The daughter fragment at m/z 258 was due to a molecular loss of
195 Da, indicating the loss of the O-glycoside compound bound to the flavonoid aglycone
and accompanied by the loss of oxygen atoms in the C ring. Subsequently, fragmentation
was again at m/z 205. This occurred because of the loss of 53 Da, indicating a loss of
C3H2OH molecules in ring A. Therefore, the compound at peak 12 was predicted as a
veniferin compound (Figure 3g). The pattern of fragmentation of this compound is similar
to the pattern of fragmentation of compounds obtained from Grapevine Leaves [37].

Peak 13 with a quasi-molecular ion at m/z 291 shows the diagnostic product ion at m/z 257
and 203 (Figure 2, Table 4), which originates after the splitting of an oxygen atom and an H2O
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molecule in ring C. The presence of two ions: m/z 257 [M + H-16]+ and 203 [M + H-34]+ indicated
the cleavage of the ether group and the hydroxy group contained in ring C, which was a marker
of flavan-3-ol. Based on the above, compound 13 is predicted to be epicatechin (Figure 3h).
This compound is also obtained from the plant male flowers of Phoenix dactylifera [38], dan
green tea [39].

The spectrum of peak 14 (Rt 14.239 min) indicates the spectrum of saponin compounds
with the parent nucleus producing characteristic fragment ions at m/z 439 (Figure 2,
Table 4). With a positive ESI spectrum, this compound produces characterization fragment
ions at m/z 333, m/z 293, m/z 261. Previous studies [40–42] have also reported that
oleanolic acid is the parent that produces fragment ions characteristics at m/z 439. Saponins
with different parent nuclei produce different characteristic ions. Thus the compound is
characterized as an oleanolic acid compound (Figure 3i).

4. Conclusions

This study identified nineteen compounds in the nonpolar fraction of Patiwala
(Lantana camara) leaves, which were determined using Ultra Performance Liquid Chromatog-
raphy tandem mass spectrometry (UPLC MS/MS). The nineteen proposed compounds are
resveratrol dimer, iso-humolones, oleuropein glucoside, quercetin-3-O-glycoside, myricetin,
oleuropein, 12-deoxy-16-hydroxy-phorbol, oleoresin A, humulones, ursolic acid, viniferin,
epicatechin, oleanolic acid, 5-hydroxy-3′,4′,7-trimethoxy-flavanone, apigenin-6,8-di-C-β-D-
glucoside, procyanidin A2, caffeoyl-O-hexoside, tanshinone IIA, and phillyrin. This study
also showed that extract and fractions of Lantana camara had very strong antioxidant activity
so that it could be used as a source for natural antioxidants.

Author Contributions: Conceptualization, R. and A.R.; methodology, R.; software, A.R.; valida-
tion, I.; formal analysis, Y. and I.; investigation, Y.; resources, R.; data curation, Y. and N.A.R.;
writing—original draft preparation, Y. and A.R.; writing—review and editing, I.; visualization, I.;
supervision, R.; project administration, N.A.R.; funding acquisition, R. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Directorate of Higher Education, Ministry of Education
and Culture Republic of Indonesia, grant number 3445/UN29.2.1/KU/2020 awarded to Ruslin.

Institutional Review Board Statement: Not applicable for studies not involving humans or animals.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank the Directorate of Higher Education, Ministry of Education
and Culture Republic of Indonesia for financial support during this research via Project grand of
Basic Research with contract number: 3445/UN29.2.1/KU/2020.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ramesh, P.; Subramani, A. Effect of antimicrobial activity of Eupatorium odoratum against clinical microbes. Int. J. Sci. Res. Biol. Sci.

2018, 5, 30–35.
2. Ifeanyi, N.; Aliga, C.; Ukogo Ifeoma, U.C.F. In-Vitro Antibacterial Effect of Crude Extract of Chromolaena odorata Leaves on Wound

Isolates. IOSR J. Pharm. Biol. Sci. 2016, 11, 49–52.
3. Mahdi-pour, B.; Jothy, S.L.; Latha, L.Y.; Chen, Y.; Sasidharan, S. Antioxidant activity of methanol extracts of different parts of

Lantana camara. Asian Pac. J. Trop. Biomed. 2012, 2, 960–965. [CrossRef]
4. Kumar, S.; Sandhir, R.; Ojha, S. Evaluation of antioxidant activity and total phenol in different varieties of Lantana camara leaves.

BMC Res. Notes 2014, 7, 560. [CrossRef] [PubMed]
5. Jagtap, S.; Katariya, T.; Pharate, M.; Najan, A. A Review on Mmedicinal Properties of Lantana camara. World J. Pharm. Pharm. Sci.

2018, 7, 288–294.
6. Ramkumar, R.; Balasubramani, G.; Karthik, R.; Raja, M.; Govindan, R.; Girija, E.K. Lantana camara Linn root extract-mediated

gold nanoparticles and their in vitro antioxidant and cytotoxic potentials. Artif. Cells Nanomed. Biotechnol. 2017, 45, 748–757.
[CrossRef] [PubMed]

http://doi.org/10.1016/S2221-1691(13)60007-6
http://doi.org/10.1186/1756-0500-7-560
http://www.ncbi.nlm.nih.gov/pubmed/25145266
http://doi.org/10.1080/21691401.2016.1276923
http://www.ncbi.nlm.nih.gov/pubmed/28064507


Separations 2022, 9, 75 11 of 12

7. Venkatappa, A.H.; Amrutanand, T.; Majumdar, S.P.; Harish, M. Asian Journal of Biological Sciences Research Article Application
of Lantana camara Flower Extract as a Natural Coloring Agent with Preservative Action. Asian J. Biol. Sci. 2020, 13, 361–369.

8. Saraf, A.; Quereshi, S.; Sharma, K.; Khan, N.A. Antimicrobial activity of Lantana camara L. J. Exp. Sci. 2011, 2, 50–54.
9. Santoni, A.; Kartika, M.Z.; Aziz, H. Antioxidant activity and total phenolic contentof ethyl acetate extract and fractions of

Lantana camara L. leaf. Der Pharma Chem. 2016, 8, 92–96.
10. Wojdyło, A.; Oszmian’ski, J.; Czemerys, R. Antioxidant activity and phenolic compounds in 32 selected herbs. Food Chem. 2007,

105, 942–949. [CrossRef]
11. Rahman, N.F.; Nursamsiar, N.; Megawati, M.; Handayani, H.; Suares, C.A. Total Phenolic and Flavonoid Total Phenolic and

Flavonoid Contents and Antioxidant Activity of Kembang Bulan Leaves (Tithonia diversifolia (Hemsley) A. Gray). Indones. J.
Pharm. Sci. Technol. 2021, 1, 57–65. [CrossRef]

12. Hayati, E.K.; Ningsih, R.; Latifah, L. Antioxidant Activity of Flavonoid from Rhizome Kaemferia galanga L. Extract. ALCHEMY J.
Chem. 2015, 4, 127–137. [CrossRef]

13. Suryati; Mardiah, E.; Efdi, M.; Mz, K.; Sari, Y.M. Bioactivity of compounds isolated from the leaves of the Lantana camara Linn
plant. J. Chin. Pharm. Sci. 2019, 28, 360–368.

14. Patil, G.; Khare, A.B.; Huang, K.-F.; Lin, F.-M. Bioactive chemical constituents from the leaves of Lantana camara L. Indian J. Chem.
2015, 54B, 691–697.

15. Bursal, E.; Köksal, E. Evaluation of reducing power and radical scavenging activities of water and ethanol extracts from sumac
(Rhus coriaria L.). Food Res. Int. 2011, 44, 2217–2221. [CrossRef]

16. Mistriyani; Riyanto, S.; Rohman, A. Antioxidant activities of rambutan (Nephelium lappaceum L) peel in vitro. Food Res. 2018, 2,
119–123.

17. Olszowy, M.; Dawidowicz, A.L. Is it possible to use the DPPH and ABTS methods for reliable estimation of antioxidant power of
colored compounds? Chem. Pap. 2018, 72, 393–400. [CrossRef]

18. Kusumawati, N.; Haryoto, H. Antioxidant Activity of Extract and Fraction from Boesenbergia pandurata Rhizome by FRAP Method.
In International Summit on Science Technology and Humanity; Universitas Muhammadiyah Surakarta: Jawa Tengah, Indonesia, 3–4
December 2019; pp. 630–634.

19. Noreen, H.; Semmar, N.; Farman, M.; Mccullagh, J.S.O. Measurement of total phenolic content and antioxidant activity of aerial
parts of medicinal plant Coronopus didymus. Asian Pac. J. Trop. Med. 2017, 10, 792–801. [CrossRef]

20. Bag, G.C.; Devi, P.G.; Bhaigyabati, T. Assessment of Total Flavonoid Content and Antioxidant Activity of Methanolic Rhizome
Extract of Three Hedychium Species of Manipur Valley. Int. J. Pharm. Sci. Rev. Res. 2015, 30, 154–159.

21. Sembiring, E.N.; Elya, B.; Sauriasari, R. Phytochemical screening, total flavonoid and total phenolic content and antioxidant
activity of different parts of Caesalpinia bonduc (L.) Roxb. Pharmacogn. J. 2018, 10, 123–127. [CrossRef]

22. Sahumena, M.; Andriani, R.; Manangkara, M.; Yamin, M. In vitro antioxidant activity test and determination of phenolic and
flavonoid content of Moringa oleifera pulp and seeds. Food Res. 2021, 5, 59–65.

23. Yuk, J.; Patel, D.N.; Isaac, G.; Smith, K.; Wrona, M.; Olivos, H.J.; Yu, K. Chemical Profiling of Ginseng Species and Ginseng Herbal
Products Using UPLC/QTOF-MS. J. Braz. Chem. Soc. 2016, 27, 1476–1483. [CrossRef]

24. Salah, H.B.; Smaoui, S.; Abdennabi, R.; Allouche, N. LC-ESI-MS/MS Phenolic Profile of Volutaria lippii (L.) Cass. Extracts and
Evaluation of Their In Vitro and Antibacterial Activities. Evid. -Based Complementary Altern. Med. 2019, 2019, 9814537.

25. Hu, L.; Yu, W.; Li, Y.; Prasad, N.; Tang, Z. Antioxidant Activity of Extract and Its Major Constituents from Okra Seed on Rat
Hepatocytes Injured by Carbon Tetrachloride. Biomed. Res. Int. 2014, 2014, 341291. [CrossRef]

26. Sabarudin, R.; Zubaydah, W.O.S.; Sartinah, A.B.S. Antiradical activity, total phenolic, and total flavonoids extract and fractions of
pumpkin (Cucurbita moshata Duch) leaves. Food Res. 2021, 5, 348–353. [CrossRef]

27. Manurung, H.; Kutiawan, W.; Kusuma, I.W.; Marjenah. Total flavonoid content and antioxidant activity in leaves and stems
extract of cultivated and wild tabat barito (Ficus deltoidea Jack). AIP Conf. Proc. 2017, 1813, 020007.

28. Mansoori, A.; Singh, N.; Dubey, S.K.; Thakur, T.K.; Alkan, N. Phytochemical Characterization and Assessment of Crude Extracts
From Lantana camara L. for Antioxidant and Antimicrobial Activity. Front. Agron. 2020, 2, 1–14. [CrossRef]

29. Fan, M.; Chen, G.; Zhang, Y.; Nahar, L.; Sarker, S.D.; Hu, G.; Guo, M. Antioxidant and Anti-Proliferative Properties of Hagenia
abyssinica Roots and Their Potentially Active Components. Antioxidants 2020, 9, 143. [CrossRef]

30. Anwar, F.; Shaheen, N.; Shabir, G.; Ashraf, M.; Alkharfy, K.M.; Gilani, A.-H. Variation in Antioxidant Activity and Phenolic and
Flavonoid Contents in the Flowers and Leaves of Ghaneri (Lantana camara L.) as Affected by Different Extraction Solven. Int. J.
Pharmacol. 2013, 9, 442–453. [CrossRef]

31. Cardoso, S.M.; Guyot, S.; Marnet, N.; Renard, C.M.G.C.; Coimbra, M.A. Characterisation of phenolic extracts from olive pulp and
olive pomace by electrospray mass spectrometry. J. Sci. Food Agric. 2005, 85, 21–32. [CrossRef]

32. De Nino, A.; Lombardo, N.; Perri, E.; Procopio, A.; Ra, A.; Sindona, G. Direct Identification of Phenolic Glucosides from Olive
Leaf Extracts by Atmospheric Pressure Ionization Tandem Mass Spectrometry. J. Mass Spectrom. 1997, 32, 533–541. [CrossRef]

33. Leyva-padrón, G.; Vanegas-espinoza, P.E.; Villar-martínez, A.A. Del Chemical analysis of callus extracts from toxic and non-toxic
varieties of Jatropha. PeerJ 2020, 8, e10172. [CrossRef] [PubMed]

34. Chen, Q.; Zhang, Y.; Zhang, W.; Chen, Z. Identification and quantification of oleanolic acid and ursolic acid in Chinese herbs by
liquid chromatography-ion trap mass spectrometry. Biomed. Chromatogr. 2011, 25, 1381–1388. [CrossRef] [PubMed]

http://doi.org/10.1016/j.foodchem.2007.04.038
http://doi.org/10.24198/ijpst.v1i1.36900
http://doi.org/10.18860/al.v4i2.3203
http://doi.org/10.1016/j.foodres.2010.11.001
http://doi.org/10.1007/s11696-017-0288-3
http://doi.org/10.1016/j.apjtm.2017.07.024
http://doi.org/10.5530/pj.2018.1.22
http://doi.org/10.5935/0103-5053.20160189
http://doi.org/10.1155/2014/341291
http://doi.org/10.26656/fr.2017.5(2).529
http://doi.org/10.3389/fagro.2020.582268
http://doi.org/10.3390/antiox9020143
http://doi.org/10.3923/ijp.2013.442.453
http://doi.org/10.1002/jsfa.1925
http://doi.org/10.1002/(SICI)1096-9888(199705)32:5&lt;533::AID-JMS506&gt;3.0.CO;2-9
http://doi.org/10.7717/peerj.10172
http://www.ncbi.nlm.nih.gov/pubmed/33240600
http://doi.org/10.1002/bmc.1614
http://www.ncbi.nlm.nih.gov/pubmed/21465498


Separations 2022, 9, 75 12 of 12

35. El Sayed, A.M.; Ezzat, S.M.; El Naggar, M.M.; El Hawary, S.S. In vivo diabetic wound healing effect and HPLC—DAD—ESI—MS/MS
profiling of the methanol extracts of eight Aloe species. Rev. Bras. Farmacogn. 2016, 26, 352–362. [CrossRef]
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