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Abstract: The chemical composition of essential oil extracted from the aerial parts of Ballota saxatilis
Sieber ex C.Presl from Jordan has been elucidated by gas chromatography–mass spectrometry (GC-
MS). Additionally, aqueous methanol (BsA), Butanol (BsB) and water (BsW) extracts were screened
for their total phenol content (TPC), total flavonoid content (TFC), and antioxidant activities using the
2,2 Diphenyl-1-picrylhydrazyl (DPPH) and 2,2-Azino-bis (3-ethylbenzthiazoline-6-sulphonic acid)
diammonium salt (ABTS) methods. The most potent extracts were screened for their phenolic acids
and flavonoid content using liquid the chromatography–mass spectrometry (LC-MS) technique. The
results indicated that the essential oil predominantly contained cis-pinane (14.76%), β-caryophyllene
(8.91%) and allo-aromadendrene epoxide (6.39%). Among the different extracts investigated, the
BsB fraction had the most TPC and TFC (455.79 ± 1.03 µg gallic acid/g dry extract; 272.62 ± 8.28 µg
quercetin/g dry extract, respectively) and had the best radical and radical cation scavenging activities,
as determined using the DPPH and ABTS methods. Quantitative and qualitative LC-MS analyses
of BsA and BsB using LC-MS revealed each of the kaempferol-3-O-rutinoside (30.29%), chrysoeriol-
7-glucoside (7.93%) and luteolin 7-o-glucoside (7.76%) as the main constituents of the BsA fraction.
The BsB fraction was rich in 7,4′-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4′-trimethyl
ether (29.17%) and corymbosin (9.66%) and lower concentration levels of kaempferol-3-O-rutinoside
(1.63%) and chrysoeriol-7-glucoside (0.51%).

Keywords: Ballota saxatilis; chemical composition; essential oil; antioxidants; LC-MS; kaempferol-3-
O-rutinoside; 7,4′-dimethoxy-3-hydroxyflavone

1. Introduction

The genus Ballota, which belongs to the Lamiaceae family, consists of approximately
33 species [1–3]. The Ballota species are known to be wide distributed in the Mediterranean
region, particularly in the Middle East and North Africa [2]. In Jordan, this genus is present
in three species: Ballota nigra, Ballota undulata and Ballota saxatilis [1,3]. The use of the Ballota
species as an herbal medicine has been reported for the treatment of many ailments, such
as whooping cough. In addition, other reports show their activity as being anti-ulcer, anti-
haemorrhoidal, antioxidant, antiemetic, antilisterial, and antimicrobial [4–7]. Reports have
also indicated interesting antifungal, antidiabetic and hepatoprotective properties [5,7].
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Several studies have been conducted to explore the essential oil and secondary metabo-
lite components of the Ballota species [4–14]. The results show that plants belonging to
this genus family contain flavonoids, diterpenoids, iridoids, and phenolic acids and their
derivatives, such as verbascosides, verminosides, and iridoids [4–14]. In addition, essential
oils of several of the Ballota species were found to contain germacrene D, caryophyllene,
caryophyllene oxide, α-cadinol, β-pinene, and hexacosanol, which possess interesting
anti-inflammatory and antimicrobial activity [15–18].

Ballota saxatilis Sieber ex C.Presl is one of the perennial herbs known to grow wild in
Jordan along the roadsides and waste places of mountainous regions of Irbid, Jerash, Al-
Salt, Amman and Al-Karak. This plant has been used as an herbal remedy for the treatment
of wounds, burns, coughing and inflammations of the respiratory and nervous systems [1].
Upon reviewing the literature, we found that phytochemical studies of B. saxatilis are quite
limited. Citoglu et al. reported the isolation of terpenoids and flavonoids from B. saxatilis, to
which it owes antimicrobial activity [11]. In addition, Bruno et al. reported the isolation of
18-hydroxyballonigrine from the aerial parts of B. saxatilis and investigated its antifeedant
activity [12]. The essential oil of B. saxatilis showed the highest percentages of oxygenated
monoterpenes and sesquiterpenes hydrocarbons [15]. In previous studies, the antioxidant
activities of the ethanolic extracts of Ballota species were examined for superoxide anion
scavenging activity and the inhibition of lipid peroxidation. The extracts of B. saxatilis subsp.
Saxatilis inhibited lipid peroxidation with IC50 values from 12 to 20 mg/mL [13].

Alcohols, phenols, aldehydes, esters, and ketones are among of the principal ingre-
dients in essential oils, along with hydrocarbon [19] There are various techniques for
extracting essential oils, but steam distillation is the most widely used method because it
does not require the use of organic solvents and provides a high extraction yield. Hydrodis-
tillation (HD), in particular, is the most widely used technique for obtaining essential oils
from plants for research purposes [20–23]. This method involves packing plant components
with enough water in a static compartment to boil. As an alternative, direct steam might be
injected into the plant sample.

As a continuation of our previous relevant work [24–30], this present study aims to
identify the chemical composition of essential oils obtained by hydrodistillation of the
aerial parts of B. saxatilis growing in Jordan using the GC-MS technique. Furthermore, we
aim to screen the extracts for their total phenolic content (TPC), total flavonoid content
(TFC), and antioxidant activities using the DPPH• and ABTS•+ assay methods. Phenolic
acids and flavonoids contents in the most active extracts will be identified using LC–MS.

2. Materials and Methods
2.1. Chemicals

The 2,2 Diphenyl-1-picrylhydrazyl (DPPH, purity≥ 97%), 2,2-Azino-bis (3-ethylben
zthiazoline-6-sulphonic acid) diammonium salt (ABTS, purity ≥ 98%), Iron (II) chloride
(purity 97%), Potassium persulfate (purity ≥ 99.0%), Sodium carbonate anhydrous (purity
≥ 99.5%), Aluminum chloride (purity 98%), Sodium hydroxide (purity 98%), Methanol
(purity 99.6%), n-Butyl Alcohol (purity 99.9%), Petroleum ether (purity 99%), Potassium
iodide (purity 99%), Iron (III) chloride (purity 99%), sulfuric acid (purity 96.9%), ammonia
(purity 99%), Mercury (II) chloride (purity 99%), and hydrocarbon mixture (n-alkanes,
C8-C20) were all products of Sigma-Aldrich,

2.2. Plant Material

The fresh aerial parts of B. saxatilis Sieber ex C. Presl. Were collected in July 2021, from
the Burqash forest in Ajloun, northern Jordan (N 32.443450; E 35.739591). The identity
of the plant was confirmed by Prof. Jamil N. Lahham at the Department of Biological
Sciences, Yarmouk University, Irbid, Jordan. A voucher specimen (YU/03/LB/1003) was
deposited in the herbarium of the Department of Biological Sciences at Yarmouk University,
Irbid, Jordan.
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2.3. Hydrodistillation of Essential Oil

The fresh aerial parts of B. saxatilis (250 g) were minced and suspended in distilled
water (250 mL) and then subjected to hydrodistillation with a Clevenger apparatus for
3 h [19–24]. The obtained oil was separated by extraction with diethyl ether (2.0 mL),
twice. After the evaporation of the diethyl ether, the resulting oil was dissolved in n-hexane
(GC-grade), dried over anhydrous sodium sulfate, and then stored in an amber glass vial at
4–6 ◦C.

2.4. Extraction and Fractionation

The aerial parts of B. saxatilis were collected (2.0 kg) during the full flowering season
and dried in a shadowed place for 10 days. In a Soxhlet extractor, the finely powdered
air-dried aerial parts of B. saxatilis were defatted in petroleum ether for 6 h. After the
defatting was completed, the plant residue was extracted in the same apparatus with
methanol for 12 h. The obtained alcoholic gummy residue was then partitioned, according
to the procedure described in the literature [24–30], between chloroform and water (1:1).
Polar compounds in the water were recovered by extraction with n-butanol, thus affording
the butanol (BsB) and water (BsW) fractions. The dried chloroform residue was subjected
to partitioning between 10% aqueous methanol and hexane (1:1) to obtain the aqueous
methanol (BsA) and hexane (BsH) fractions. The obtained different fractions were then
assayed for their total phenol content (TPC), total flavonoid content (TFC), and in vitro
antioxidant activities, according to the procedure listed in the literature [24–30].

2.5. Profiling Secondary Metabolite Classes by Chemical Methods

To determine the main classes of secondary metabolites, qualitative analysis was
performed on each crude fraction obtained after the partitioning approach described in
the preceding section, including butanol, aqueous methanol, and water extracts, using the
method described by Siddiqui and Ali [31].

2.6. Determination of TPC and TFC

The total flavonoid content of the B. saxatilis species in various extracts was evaluated
using an aluminium chloride assay, as described in the literature [24–30]. In a separate
volumetric flask (10 mL), an aliquot (1 mL) of extracts (1 mg/mL) was obtained, then
distilled water was added (4 mL), followed by sodium nitrite (0.3 mL, 5%, w/v), and the
mixture was allowed to stand for 5 min. After that, aluminium chloride was added (0.3 mL,
10%, w/v) and the mixture was incubated for 6 min. Sodium Hydroxide was then added
(2.0 mL, 1.0 M NaOH) and the final volume of solution was topped up to 10 mL with
distilled water. After approximately 15 min, the absorbance was measured at 510 nm. The
total flavonoid content (reported in mg/g quercetin equivalents) was calculated from the
equation: Y = 0.0003X + 0.0392, R2 = 0.9956, where Y is the absorbance at 510 nm and X is
the total flavonoid content in the extracts.

The total phenolic content was determined using the Folin–Ciocalteu technique [24–30].
A mixture of Folin–Ciocalteu reagent (2.5 mL, 0.2 N) and sodium carbonate (2.0 mL) was
added to the extract (0.5 mL). After approximately 15 min, the absorbance of the combined
solution was measured at 765 nm and compared to a blank solution of methanol. Gallic
acid was used as a calibration curve standard, and the absorbance was measured at various
concentrations (4–20 mg/mL). All of the measurements were reproducible within three
trials. The total phenolic content (mg/g gallic acid equivalents) was calculated from the
regression equation: Y = 0.0078X + 0.1042, R2 = 0.9981, where Y is the absorbance at 765 nm
and X is the total phenolic content in the extracts.

2.7. Evaluation of the Antioxidant Activity
2.7.1. DPPH• Free Radical Scavenging Activity

The total radical scavenging capacity of the extracts was determined and compared
to those of ascorbic acid and α-tocopherol as standards. To assess the DPPH• free radi-
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cal scavenging capacity of the extract, we adopted the method described by Al-Qudah
et al. [24–30], with slight modifications. A solution of DPPH• (0.1 mM in methanol) was
added (2 mL) to the samples of the extract solution (1.0 mL each) of different concentrations
(0.005, 0.01, 0.05, 0.1, 0.5 and 1.0 mg/mL). These solutions were incubated in the dark for
30 min. Then, the absorbance was measured at 517 nm against the blank samples and a
standard curve was constructed versus the different concentrations of DPPH•. The ability
to scavenge the DPPH• radical was calculated using the following equation:

DPPH•scavenging e f f ect (%) =

(
1− As

Ac

)
× 100 (1)

where AC is the absorbance of the blank and AS is the absorbance of the extract solution.
We observed that [DPPH•] decreases significantly upon the exposure to radical scavengers.
For an improved interpretation of the results, the IC50 values were determined by the linear
regression method from plots of the percent of antiradical activity against the concentration
of the tested compounds.

2.7.2. ABTS•+ Radical Scavenging Assay

The total antioxidant activity was evaluated using the radical cation (ABTS•+) decol-
orization test, refs. [23–26]. The ABTS•+ cation radical solution was prepared by reacting
similar quantities of 7 mM of ABTS and 2.4 mM of potassium per sulphate (K2S2O8) solu-
tions for 16 h at (2–3 ◦C) in the dark. Before use, this solution was diluted with distilled
water to obtain an absorbance of 0.75 ± 0.02 at 734 nm. The reaction mixture comprised
3 mL of ABTS•+ solution and 1 mL of extracts at different concentrations (0.005, 0.01, 0.05,
0.1, 0.5 and 1.0 mg/mL) and the absorbance was sample measured at 734 nm by using a
UV-Vis spectrophotometer. The blank was run in each assay and all measurements were
taken after at least 5 min. The ABTS•+ scavenging capacity of the extract was compared
with those of the ascorbic acid and α- tocopherol, and the percentage of inhibition was
calculated as:

ABTS•+scavenging e f f ect (%) =

(
1− As

Ac

)
× 100 (2)

where AC is the absorbance of the blank sample and AS is the absorbance in the presence of
the extract. The IC50 values were calculated by the linear regression method of plots from
the percent of antiradical activity against the concentration of the tested compounds.

2.8. Gas Chromatography-Mass Spectrometry (GC-MS) Analysis

GC-MS analysis of the hydrodistilled essential oil was performed according to the
procedure described in the literature [20–24]. Gas chromatography-mass spectrometry
(GC-MS) analysis was performed using Agilent 6890 series II–5973 mass spectrometers
interfaced with the HP chemstation (Agilent Technologies, Santa Clara, CA, USA). Briefly,
chromatographic analysis was performed utilizing the HP-5 MS capillary column (30 m,
0.25 mm, 0.25 mm). The oven temperature was kept at 60 ◦C for one minute, then ramped
to 240 ◦C at a rate of 3 ◦C/min, and maintained at 240 ◦C for another 3 min. The injector
and detector temperatures were 250 ◦C and 300 ◦C, respectively. The flow rate of the carrier
gas (helium) was 0.90 mL/min and the ionization voltage was set at 70 eV. A standard
hydrocarbon mixture (n-alkanes, C8-C20) was analyzed under the same chromatographic
conditions. The injection volume was 1.0 µL (split ratio 1:10). The mass spectra were
scanned in the range 35–500 amu, scan time 5 scans s−1.

Individual components in the essential oil were identified based on the comparison of
their mass spectra with those in the NIST and Wiely-MS libraries, and by comparing their
calculated retention indices (RIs) with those of the available authentic standards and the
literature data [32,33]. Standard authentic samples of cis-pinane, α-terpinene, p-cymene,
Linalool, β-caryophyllene and germacrene D were also analyzed for confirmation purposes.
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2.9. LC-MS Analysis of Phytochemicals

To screen the secondary metabolites of interest utilizing direct injection, a Bruker
Daltonik (Bremen, Germany) Impact II ESI-Q-TOF system was employed in both positive
(M + H) and negative (M − H) electrospray ionization modes. High-resolution Bruker
TOF MS was utilized for the identification of m/z using ion source Apollo II ion funnel
electrospray. Drying temperature used was 200 ◦C, the capillary voltage of 2500 V, nebulizer
gas flow was 8 L/min, and the nebulizer gas pressure of 2.0 bar. The mass resolution was
50,000 FSR (Full Sensitivity Resolution) with mass accuracy of <1 ppm and TOF repetition
rate up to 20 kHz. A Bruker solo 2.0 C-18 UHPLC column (100 mm 2.1 mm 2.0 mm) was
used for elution with a flow rate of 0.51 mL/min and a column temperature of 40 ◦C.
The elution gradient consisted of a mobile phase A (water with 0.05% formic acid) and a
mobile phase B (acetonitrile). The gradient program applied was linear gradient 5–80% B
(0–27 min); 95% B (27–29 min), 5% B (29.1–35 min). Plant samples (1.0 mg) were dissolved
in DMSO (2.0 mL) and solution was topped up to 50 mL with acetonitrile. Each sample
was then centrifuged at 4000 rpm for 2 min and 3.0 µL of sample was injected. The
composition of the samples was identified based on the comparison of their mass spectrum
to a wide-range library that includes more than 60 natural compounds.

3. Results and Discussion
3.1. Essential Oil Composition

The hydro-distillation of the aerial parts of B. saxatilis afforded a yellowish colored oil
(yielded 0.06% v/w). The obtained essential oil was subjected to GC-MS analysis to reveal
its chemical composition, The results are shown in Table 1 and the compounds are listed
according to their elution order.

Table 1. Chemical composition and percentages of essential oil components from aerial parts of B.
saxatilis from Jordan.

No. RT (min) RI a

Literature [32,34] RIExp Name of Compound % Area
of Peak

Method of
Identification

1 3.55 859 862 (Z)-3-hexenol 0.16 MS b, RI
2 4.31 908 905 Santolina triene 0.08 MS, RI
3 4.78 929 924 Artemisia triene 0.12 MS, RI
4 4.94 930 930 α-Thujene 0.17 MS, RI
5 6.18 975 978 trans-Pinane 1.59 MS, RI
6 6.57 986 993 cis-Pinane 14.76 MS, RI, RC c

7 6.62 991 996 3-Octanol 0.82 MS, RI
8 6.74 1008 1000 dehydroxy-cis-Linalool oxide 1.45 MS, RI
9 7.23 1017 1014 α-Terpinene 0.25 MS, RI, RC
10 7.47 1024 1021 ρ-Cymene 0.15 MS, RI, RC
11 7.74 1029 1028 Limonene 3.83 MS, RI
12 7.93 1037 1034 (Z)-β-Ocimene 0.53 MS, RI
13 8.65 1050 1055 (E)-β-Ocimene 0.43 MS, RI
14 8.97 1059 1064 γ-Terpinene 0.13 MS, RI
15 9.06 1074 1066 Dihydro myrcenol 0.57 MS, RI
16 9.56 1083 1081 Artemisia alcohol 0.32 MS, RI
17 10.03 1088 1094 Terpinolene 0.16 MS, RI
18 10.28 1096 1101 Linalool 2.43 MS, RI, RC
19 10.36 1099 1103 α-Pinene oxide 0.27 MS, RI
20 11.86 1135 1140 dihydro Linalool 0.19 MS, RI
21 12.33 1149 1152 Myrcenone 0.27 MS, RI
22 12.84 1169 1164 Borneol 4.90 MS, RI
23 12.95 1171 1167 neo-iso-Isopulegol 4.22 MS, RI
24 13.34 1176 1176 trans Linalool oxide (pyranoid) 0.98 MS, RI
25 13.67 1184 1184 Thuj-3-en-10-al 0.73 MS, RI
26 13.93 1192 1191 cis-Dihydro carvone 1.69 MS, RI
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Table 1. Cont.

No. RT (min) RI a

Literature [32,34] RIExp Name of Compound % Area
of Peak

Method of
Identification

27 14.70 1219 1209 β-Cyclocitral 0.23 MS, RI
28 15.31 1225 1224 Citronellol 0.23 MS, RI
29 17.79 1285 1282 Bornyl acetate 0.53 MS, RI
30 18.12 1294 1290 Methyl myrtenate 0.78 MS, RI
31 20.85 1359 1354 Eugenol 0.70 MS, RI
32 21.21 1369 1363 dihydro-Eugenol 0.55 MS, RI
33 21.96 1388 1380 β-Bourbonene 0.44 MS, RI
34 23.50 1419 1417 β-Caryophyllene 8.91 MS, RI, RC
35 24.41 1433 1433 β-Gurjunene 0.34 MS, RI
36 24.78 1451 1449 α-Himachalene 0.72 MS, RI
37 24.98 1453 1453 trans-Muurola-3,5-diene 0.54 MS, RI
38 25.07 1454 1456 α-neo-Clovene 0.67 MS, RI
39 25.30 1460 1461 allo-Aromadendrene 0.04 MS, RI
40 25.65 1477 1470 β-Chamigrene 0.53 MS, RI
41 25.96 1479 1477 γ-Muurolene 3.40 MS, RI
42 26.13 1481 1482 Germacrene D 1.02 MS, RI, RC
43 26.51 1496 1491 Viridiflorene 0.48 MS, RI
44 26.73 1500 1496 Bicyclogermacrene 0.11 MS, RI
45 27.09 1500 1553 α-Muurolene 0.14 MS, RI
46 27.26 1512 1510 δ-Amorphene 0.32 MS, RI
47 27.33 1513 1511 γ-Cadinene 0.28 MS, RI
48 27.64 1523 1519 δ-Cadinene 0.54 MS, RI
49 29.39 1561 1564 Germacrene B 3.51 MS, RI
50 29.92 1578 1578 Spathulenol 1.23 MS, RI
51 30.30 1583 1587 Caryophyllene oxide 0.31 MS, RI
52 30.72 1600 1598 Rosifoliol 0.32 MS, RI
53 30.91 1607 1603 β-Oplopenone 0.47 MS, RI
54 31.68 1616 1624 β-Himachalene oxide 0.18 MS, RI
55 31.81 1632 1627 γ-Eudesmol 0.55 MS, RI
56 32.27 1641 1640 allo-Aromadendrene epoxide 6.39 MS, RI
57 32.46 1645 1645 2-epi-β-Cedren-3-one 1.59 MS, RI
58 32.70 1660 1651 Ageratochromene 0.65 MS, RI
59 33.50 1677 1673 Guaia-3,10(14)-dien-11-ol 0.38 MS, RI,
60 33.87 1684 1683 epi-α-Bisabolol 0.33 MS, RI
61 40.49 1864 1871 Cis-Thujopsenic acid 0.49 MS, RI
62 40.88 1887 1883 (5E,9Z)-Farnesyl acetone 0.92 MS, RI

Monoterpene Hydrocarbons (MH) 22.2
Oxygenated monoterpenes (OM) 21.04
Sesquiterpene Hydrocarbons (SH) 21.99
Oxygenated Sesquiterpenes (OS) 13.16
Aliphatic hydrocarbon
compounds (HC) 0.98

Phenolic compounds (PC) 0.65
Total 80.02

a RI refers to the retention index experimentally calculated using C8-C20 n-alkanes on HP-5MS capillary column.
b MS refers to identification by mass spectrum (NIST) and our locally generated libraries were used for all
MS comparisons. c RC is the identity of the major components was confirmed by injecting authentic reference
compounds on the same chromatography column.

As shown in Table 1, a total of 62 components, which represent 80.02% of the total oil
composition, were identified. The essential oil was dominated by three different classes
of terpenoids, including monoterpene hydrocarbons (MH, 22.20%), sesquiterpene hydro-
carbons (SH, 21.99%), and oxygenated monoterpenes (OM, 21.04%). The MH class mainly
contained cis-pinane (14.76%), limonene (3.83%), and trans- pinane (1.59%). The main rep-
resentatives of SH included each of the β-caryophyllene (8.91%) Germacrene B (3.51%), and
γ-muurolene (3.40%). Moderate concentration levels of oxygenated monoterpenes were



Separations 2023, 10, 114 7 of 11

detected (13.16%), while aliphatic hydrocarbons and phenolic compounds were detected in
low concentration levels (0.98%, 0.65%, respectively).

While looking through the relevant reports in the literature, we found one report
related to the chemical composition of essential oil obtained from different parts of B.
saxatilis from Jordan [15]. We compared the reported results to ours; they found both
hydrocarbons and oxygenated derivatives of sesquiterpenes with equal concentration levels.
In addition, the report uncovered that the essential oil was dominated by β-caryophyllene
and germacrene D (7.90% and 7.60%, respectively). We hypothesize that the chemical
composition variability among the reported values and our results are due to environmental
factors [34].

3.2. Profiling Secondary Metabolite Classes by Chemical Methods

The results of the phytochemical screening tests on the different extracts obtained
from the aerial parts of B. saxatilis are shown in Table 2. These indicate that both the BsA
and BsB fractions were rich in tannins, terpenes, and flavonoids. Additionally, the BsA also
contained alkaloids and saponins, while the BsB fractions showed a positive test for the
presence of glycosides. However, among the different classes of secondary metabolites,
the water fraction (BsW) predominantly contained tannins and flavonoids. Our results
were consistent with previous studies, which show the diversity of the phytochemical
components of the Ballota species, in which they contained flavonoids, phenylpropanoids,
terpenoids, glycosides, and iridoids [4–18].

Table 2. Major phytochemical classes detected in B. saxatilis different extracts.

BsA BsB BsW

Alkaloids + - -
Tannins + + +
Terpenes + + -

Flavonoids + + +
Saponins + - -

Anthraquinone - - -
Glycosides - + -

3.3. TPC, TFC and Antioxidant Activity

The results of the TPC, TFC and antioxidant activity are listed in Table 3. These results
clearly indicate that the BsB fraction had the highest TPC and TFC (455.79 ± 1.03 mg/g
gallic acid equivalents; 272.62 ± 8.28 mg/g quercetin equivalents, respectively). This
fraction also had the highest DPPH• and ABTS•+ activity (IC50: 0.037 ± 0.001 mg/mL)
when compared to the positive controls (Table 3). The results obtained are in line with the
results of the TPC and TFC.

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50

(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan.

Extract TPC TFC
IC50 (mg/mL)

DPPH• ABTS•+

BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002

Ascorbis acid - - (1.8 ± 0.06) × 10−3 (1.9 ± 0.06) × 10−3

α-tocopherol - - (2.3 ± 0.04) × 10−3 (1.8 ± 0.01) × 10−3

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites

The results of the LC-MS analysis of the BsA and BsB extracts are summarized in
Table 4. Both extracts were screened qualitatively and quantitatively for the presence of
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the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of
23 compounds were detected in the BsB fraction, whilst 22 compounds were found in the
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in
the BsB fraction, which makes up 75.92% of the total composition. This high concentration
level of flavonoid derivatives explains the high antioxidant activities we observed. This
fraction mostly contained 7,4′-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4′-
trimethyl ether (29.17%), and corymbosin (9.66%).

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA
and BsB extracts from B. saxatilis from Jordan.

#
Rt

[min]
Compound Formula Formula

Structure
Mode Mwt Exp.

m/z

% Peak Area

BsA BsB

1 3.15 Vanillic acid, C8H8O4
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compared to the positive controls (Table 3). The results obtained are in line with the results 
of the TPC and TFC. 

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50 
(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan. 

Extract TPC TFC 
IC50 (mg/mL) 

DPPH• ABTS•+ 
BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005 
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001 
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002 

Ascorbis acid - - 
(1.8 ± 0.06) × 

10−3 
(1.9 ± 0.06) × 

10−3 𝛼-tocopherol - - 
(2.3 ± 0.04) × 

10−3 
(1.8 ± 0.01) × 

10−3 

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites 
The results of the LC-MS analysis of the BsA and BsB extracts are summarized in 

Table 4. Both extracts were screened qualitatively and quantitatively for the presence of 
the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of 23 
compounds were detected in the BsB fraction, whilst 22 compounds were found in the 
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in 
the BsB fraction, which makes up 75.92% of the total composition. This high concentration 
level of flavonoid derivatives explains the high antioxidant activities we observed. This 
fraction mostly contained 7,4’-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4’-
trimethyl ether (29.17%), and corymbosin (9.66%). 

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA 
and BsB extracts from B. saxatilis from Jordan. 

# Rt  
[min] 

Compound 
Formula 

Formula 
Structure 

Mode Mwt Exp. 
m/z  

% Peak Area  
 BsA BsB 

1 3.15 Vanillic acid,  C₈H₈O₄ 

 

[M + H]+ 168.0417 169.0495 0.30 - 

2 3.41 Salicylic acid C₇H₆O₃ 
 

[M + H]+ 138.0287 139.0390 0.06 - 

3 3.64 
Sinapoyl malate-1’-methyl 
ester  C₁₆H₁₈O₉  [M + H]+ 354.0951 355.1024 - 5.98 

4 4.45 Syringic acid C₉H₁₀O₅ 
 

[M + H]+ 198.0533 199.0601 0.18 - 

5 4.46 Kaempferol-3-O-
rutinoside 

C₂₇H₃₀O₁₅ 
 

[M + H]+ 594.1535 595.1657 1.63 30.9 

6 4.48 Isoferulic acid C₁₀H₁₀O₄  [M − H]- 194.0536 193.0464 - 0.43 

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C₁₀H₁₂O₄ 

 
[M + H]+ 196.0716 197.0808 0.15 0.71 

8 5.50 Luteolin 7-O-glucoside  C₂₁H₂₀O₁₁ 
 

[M + H]+ 448.1003 449.1078 0.57 7.76 

[M + H]+ 168.0417 169.0495 0.30 -

2 3.41 Salicylic acid C7H6O3
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compared to the positive controls (Table 3). The results obtained are in line with the results 
of the TPC and TFC. 

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50 
(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan. 

Extract TPC TFC 
IC50 (mg/mL) 

DPPH• ABTS•+ 
BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005 
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001 
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002 

Ascorbis acid - - 
(1.8 ± 0.06) × 

10−3 
(1.9 ± 0.06) × 

10−3 𝛼-tocopherol - - 
(2.3 ± 0.04) × 

10−3 
(1.8 ± 0.01) × 

10−3 

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites 
The results of the LC-MS analysis of the BsA and BsB extracts are summarized in 

Table 4. Both extracts were screened qualitatively and quantitatively for the presence of 
the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of 23 
compounds were detected in the BsB fraction, whilst 22 compounds were found in the 
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in 
the BsB fraction, which makes up 75.92% of the total composition. This high concentration 
level of flavonoid derivatives explains the high antioxidant activities we observed. This 
fraction mostly contained 7,4’-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4’-
trimethyl ether (29.17%), and corymbosin (9.66%). 

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA 
and BsB extracts from B. saxatilis from Jordan. 

# Rt  
[min] 

Compound 
Formula 

Formula 
Structure 

Mode Mwt Exp. 
m/z  

% Peak Area  
 BsA BsB 

1 3.15 Vanillic acid,  C₈H₈O₄ 

 

[M + H]+ 168.0417 169.0495 0.30 - 

2 3.41 Salicylic acid C₇H₆O₃ 
 

[M + H]+ 138.0287 139.0390 0.06 - 

3 3.64 
Sinapoyl malate-1’-methyl 
ester  C₁₆H₁₈O₉  [M + H]+ 354.0951 355.1024 - 5.98 

4 4.45 Syringic acid C₉H₁₀O₅ 
 

[M + H]+ 198.0533 199.0601 0.18 - 

5 4.46 Kaempferol-3-O-
rutinoside 

C₂₇H₃₀O₁₅ 
 

[M + H]+ 594.1535 595.1657 1.63 30.9 

6 4.48 Isoferulic acid C₁₀H₁₀O₄  [M − H]- 194.0536 193.0464 - 0.43 

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C₁₀H₁₂O₄ 

 
[M + H]+ 196.0716 197.0808 0.15 0.71 

8 5.50 Luteolin 7-O-glucoside  C₂₁H₂₀O₁₁ 
 

[M + H]+ 448.1003 449.1078 0.57 7.76 

[M + H]+ 138.0287 139.0390 0.06 -

3 3.64 Sinapoyl malate-1′-methyl
ester C16H18O9 [M + H]+ 354.0951 355.1024 - 5.98

4 4.45 Syringic acid C9H10O5
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compared to the positive controls (Table 3). The results obtained are in line with the results 
of the TPC and TFC. 

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50 
(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan. 

Extract TPC TFC 
IC50 (mg/mL) 

DPPH• ABTS•+ 
BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005 
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001 
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002 

Ascorbis acid - - 
(1.8 ± 0.06) × 

10−3 
(1.9 ± 0.06) × 

10−3 𝛼-tocopherol - - 
(2.3 ± 0.04) × 

10−3 
(1.8 ± 0.01) × 

10−3 

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites 
The results of the LC-MS analysis of the BsA and BsB extracts are summarized in 

Table 4. Both extracts were screened qualitatively and quantitatively for the presence of 
the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of 23 
compounds were detected in the BsB fraction, whilst 22 compounds were found in the 
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in 
the BsB fraction, which makes up 75.92% of the total composition. This high concentration 
level of flavonoid derivatives explains the high antioxidant activities we observed. This 
fraction mostly contained 7,4’-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4’-
trimethyl ether (29.17%), and corymbosin (9.66%). 

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA 
and BsB extracts from B. saxatilis from Jordan. 

# Rt  
[min] 

Compound 
Formula 

Formula 
Structure 

Mode Mwt Exp. 
m/z  

% Peak Area  
 BsA BsB 

1 3.15 Vanillic acid,  C₈H₈O₄ 

 

[M + H]+ 168.0417 169.0495 0.30 - 

2 3.41 Salicylic acid C₇H₆O₃ 
 

[M + H]+ 138.0287 139.0390 0.06 - 

3 3.64 
Sinapoyl malate-1’-methyl 
ester  C₁₆H₁₈O₉  [M + H]+ 354.0951 355.1024 - 5.98 

4 4.45 Syringic acid C₉H₁₀O₅ 
 

[M + H]+ 198.0533 199.0601 0.18 - 

5 4.46 Kaempferol-3-O-
rutinoside 

C₂₇H₃₀O₁₅ 
 

[M + H]+ 594.1535 595.1657 1.63 30.9 

6 4.48 Isoferulic acid C₁₀H₁₀O₄  [M − H]- 194.0536 193.0464 - 0.43 

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C₁₀H₁₂O₄ 

 
[M + H]+ 196.0716 197.0808 0.15 0.71 

8 5.50 Luteolin 7-O-glucoside  C₂₁H₂₀O₁₁ 
 

[M + H]+ 448.1003 449.1078 0.57 7.76 

[M + H]+ 198.0533 199.0601 0.18 -

5 4.46 Kaempferol-3-O-rutinoside C27H30O15
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compared to the positive controls (Table 3). The results obtained are in line with the results 
of the TPC and TFC. 

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50 
(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan. 

Extract TPC TFC 
IC50 (mg/mL) 

DPPH• ABTS•+ 
BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005 
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001 
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002 

Ascorbis acid - - 
(1.8 ± 0.06) × 

10−3 
(1.9 ± 0.06) × 

10−3 𝛼-tocopherol - - 
(2.3 ± 0.04) × 

10−3 
(1.8 ± 0.01) × 

10−3 

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites 
The results of the LC-MS analysis of the BsA and BsB extracts are summarized in 

Table 4. Both extracts were screened qualitatively and quantitatively for the presence of 
the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of 23 
compounds were detected in the BsB fraction, whilst 22 compounds were found in the 
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in 
the BsB fraction, which makes up 75.92% of the total composition. This high concentration 
level of flavonoid derivatives explains the high antioxidant activities we observed. This 
fraction mostly contained 7,4’-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4’-
trimethyl ether (29.17%), and corymbosin (9.66%). 

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA 
and BsB extracts from B. saxatilis from Jordan. 

# Rt  
[min] 

Compound 
Formula 

Formula 
Structure 

Mode Mwt Exp. 
m/z  

% Peak Area  
 BsA BsB 

1 3.15 Vanillic acid,  C₈H₈O₄ 

 

[M + H]+ 168.0417 169.0495 0.30 - 

2 3.41 Salicylic acid C₇H₆O₃ 
 

[M + H]+ 138.0287 139.0390 0.06 - 

3 3.64 
Sinapoyl malate-1’-methyl 
ester  C₁₆H₁₈O₉  [M + H]+ 354.0951 355.1024 - 5.98 

4 4.45 Syringic acid C₉H₁₀O₅ 
 

[M + H]+ 198.0533 199.0601 0.18 - 

5 4.46 Kaempferol-3-O-
rutinoside 

C₂₇H₃₀O₁₅ 
 

[M + H]+ 594.1535 595.1657 1.63 30.9 

6 4.48 Isoferulic acid C₁₀H₁₀O₄  [M − H]- 194.0536 193.0464 - 0.43 

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C₁₀H₁₂O₄ 

 
[M + H]+ 196.0716 197.0808 0.15 0.71 

8 5.50 Luteolin 7-O-glucoside  C₂₁H₂₀O₁₁ 
 

[M + H]+ 448.1003 449.1078 0.57 7.76 

[M + H]+ 594.1535 595.1657 1.63 30.9

6 4.48 Isoferulic acid C10H10O4
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compared to the positive controls (Table 3). The results obtained are in line with the results 
of the TPC and TFC. 

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50 
(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan. 

Extract TPC TFC 
IC50 (mg/mL) 

DPPH• ABTS•+ 
BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005 
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001 
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002 

Ascorbis acid - - 
(1.8 ± 0.06) × 

10−3 
(1.9 ± 0.06) × 

10−3 𝛼-tocopherol - - 
(2.3 ± 0.04) × 

10−3 
(1.8 ± 0.01) × 

10−3 

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites 
The results of the LC-MS analysis of the BsA and BsB extracts are summarized in 

Table 4. Both extracts were screened qualitatively and quantitatively for the presence of 
the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of 23 
compounds were detected in the BsB fraction, whilst 22 compounds were found in the 
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in 
the BsB fraction, which makes up 75.92% of the total composition. This high concentration 
level of flavonoid derivatives explains the high antioxidant activities we observed. This 
fraction mostly contained 7,4’-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4’-
trimethyl ether (29.17%), and corymbosin (9.66%). 

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA 
and BsB extracts from B. saxatilis from Jordan. 

# Rt  
[min] 

Compound 
Formula 

Formula 
Structure 

Mode Mwt Exp. 
m/z  

% Peak Area  
 BsA BsB 

1 3.15 Vanillic acid,  C₈H₈O₄ 

 

[M + H]+ 168.0417 169.0495 0.30 - 

2 3.41 Salicylic acid C₇H₆O₃ 
 

[M + H]+ 138.0287 139.0390 0.06 - 

3 3.64 
Sinapoyl malate-1’-methyl 
ester  C₁₆H₁₈O₉  [M + H]+ 354.0951 355.1024 - 5.98 

4 4.45 Syringic acid C₉H₁₀O₅ 
 

[M + H]+ 198.0533 199.0601 0.18 - 

5 4.46 Kaempferol-3-O-
rutinoside 

C₂₇H₃₀O₁₅ 
 

[M + H]+ 594.1535 595.1657 1.63 30.9 

6 4.48 Isoferulic acid C₁₀H₁₀O₄  [M − H]- 194.0536 193.0464 - 0.43 

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C₁₀H₁₂O₄ 

 
[M + H]+ 196.0716 197.0808 0.15 0.71 

8 5.50 Luteolin 7-O-glucoside  C₂₁H₂₀O₁₁ 
 

[M + H]+ 448.1003 449.1078 0.57 7.76 

[M −H]− 194.0536 193.0464 - 0.43

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C10H12O4
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compared to the positive controls (Table 3). The results obtained are in line with the results 
of the TPC and TFC. 

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50 
(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan. 

Extract TPC TFC 
IC50 (mg/mL) 

DPPH• ABTS•+ 
BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005 
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001 
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002 

Ascorbis acid - - 
(1.8 ± 0.06) × 

10−3 
(1.9 ± 0.06) × 

10−3 𝛼-tocopherol - - 
(2.3 ± 0.04) × 

10−3 
(1.8 ± 0.01) × 

10−3 

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites 
The results of the LC-MS analysis of the BsA and BsB extracts are summarized in 

Table 4. Both extracts were screened qualitatively and quantitatively for the presence of 
the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of 23 
compounds were detected in the BsB fraction, whilst 22 compounds were found in the 
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in 
the BsB fraction, which makes up 75.92% of the total composition. This high concentration 
level of flavonoid derivatives explains the high antioxidant activities we observed. This 
fraction mostly contained 7,4’-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4’-
trimethyl ether (29.17%), and corymbosin (9.66%). 

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA 
and BsB extracts from B. saxatilis from Jordan. 

# Rt  
[min] 

Compound 
Formula 

Formula 
Structure 

Mode Mwt Exp. 
m/z  

% Peak Area  
 BsA BsB 

1 3.15 Vanillic acid,  C₈H₈O₄ 

 

[M + H]+ 168.0417 169.0495 0.30 - 

2 3.41 Salicylic acid C₇H₆O₃ 
 

[M + H]+ 138.0287 139.0390 0.06 - 

3 3.64 
Sinapoyl malate-1’-methyl 
ester  C₁₆H₁₈O₉  [M + H]+ 354.0951 355.1024 - 5.98 

4 4.45 Syringic acid C₉H₁₀O₅ 
 

[M + H]+ 198.0533 199.0601 0.18 - 

5 4.46 Kaempferol-3-O-
rutinoside 

C₂₇H₃₀O₁₅ 
 

[M + H]+ 594.1535 595.1657 1.63 30.9 

6 4.48 Isoferulic acid C₁₀H₁₀O₄  [M − H]- 194.0536 193.0464 - 0.43 

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C₁₀H₁₂O₄ 

 
[M + H]+ 196.0716 197.0808 0.15 0.71 

8 5.50 Luteolin 7-O-glucoside  C₂₁H₂₀O₁₁ 
 

[M + H]+ 448.1003 449.1078 0.57 7.76 

[M + H]+ 196.0716 197.0808 0.15 0.71

8 5.50 Luteolin-7-O-glucoside C21H20O11
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compared to the positive controls (Table 3). The results obtained are in line with the results 
of the TPC and TFC. 

Table 3. Results for TPC (mg/g gallic acid equivalents), TFC (mg/g quercetin equivalents), and IC50 
(mg/mL) for the antioxidant activity of the different fractions of B. saxatilis from Jordan. 

Extract TPC TFC 
IC50 (mg/mL) 

DPPH• ABTS•+ 
BsA 72.21 ± 1.19 55.11 ± 2.37 0.279 ± 0.003 0.122 ± 0.005 
BsB 455.79 ± 1.03 272.62 ± 8.28 0.037 ± 0.001 0.037 ± 0.001 
BsW 91.17 ± 0.52 139.55 ± 2.37 0.126 ± 0.002 0.092 ± 0.002 

Ascorbis acid - - 
(1.8 ± 0.06) × 

10−3 
(1.9 ± 0.06) × 

10−3 𝛼-tocopherol - - 
(2.3 ± 0.04) × 

10−3 
(1.8 ± 0.01) × 

10−3 

3.4. LC-MS Profiling of Phenolics, Flavonoids and Other Metabolites 
The results of the LC-MS analysis of the BsA and BsB extracts are summarized in 

Table 4. Both extracts were screened qualitatively and quantitatively for the presence of 
the selected phenolic acids, flavonoids, selected terpenoids, and fatty acids. A total of 23 
compounds were detected in the BsB fraction, whilst 22 compounds were found in the 
BsA fraction. A careful inspection of the results indicates that 11 flavonoids can be seen in 
the BsB fraction, which makes up 75.92% of the total composition. This high concentration 
level of flavonoid derivatives explains the high antioxidant activities we observed. This 
fraction mostly contained 7,4’-dimethoxy-3-hydroxyflavone (34.68%), kaempferol-3,7,4’-
trimethyl ether (29.17%), and corymbosin (9.66%). 

Table 4. LC-MS data for phenolics, flavonoids, selected terpenoids and acids in detected in the BsA 
and BsB extracts from B. saxatilis from Jordan. 

# Rt  
[min] 

Compound 
Formula 

Formula 
Structure 

Mode Mwt Exp. 
m/z  

% Peak Area  
 BsA BsB 

1 3.15 Vanillic acid,  C₈H₈O₄ 

 

[M + H]+ 168.0417 169.0495 0.30 - 

2 3.41 Salicylic acid C₇H₆O₃ 
 

[M + H]+ 138.0287 139.0390 0.06 - 

3 3.64 
Sinapoyl malate-1’-methyl 
ester  C₁₆H₁₈O₉  [M + H]+ 354.0951 355.1024 - 5.98 

4 4.45 Syringic acid C₉H₁₀O₅ 
 

[M + H]+ 198.0533 199.0601 0.18 - 

5 4.46 Kaempferol-3-O-
rutinoside 

C₂₇H₃₀O₁₅ 
 

[M + H]+ 594.1535 595.1657 1.63 30.9 

6 4.48 Isoferulic acid C₁₀H₁₀O₄  [M − H]- 194.0536 193.0464 - 0.43 

7 4.77 3,5-Dimethoxy-4-
hydroxyacetophenone C₁₀H₁₂O₄ 

 
[M + H]+ 196.0716 197.0808 0.15 0.71 

8 5.50 Luteolin 7-O-glucoside  C₂₁H₂₀O₁₁ 
 

[M + H]+ 448.1003 449.1078 0.57 7.76 [M + H]+ 448.1003 449.1078 0.57 7.76

9 5.65 Rutin C27H30O16
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9 5.65 Rutin C₂₇H₃₀O₁₆ 

 

[M + H]+ 610.1541 611.1607 - 3.14 

10 5.73 Spiraeoside C₂₁H₂₀O₁₂ 
 

[M − H]- 464.0942 463.0879 - 4.36 

11 5.98 3-Rha-7-Rha Kaempferol  C₂₇H₃₀O₁₄  [M − H]- 578.1619 577.1548 - 1.95 

12 6.08 Apigenin-7-O-glucoside  C₂₁H₂₀O₁₀ 
 

[M + H]+ 432.1043 433.1129 - 3.59 

13 6.12 7-Glu Chrysoeriol C₂₂H₂₂O₁₁ 
 

[M + H]+ 462.1147 463.1235 0.51 7.93 

14 7.52 Chrysoeriol C₁₆H₁₂O₆ 
 

[M + H]+ 300.0612 301.0707 0.76 3.32 

15 7.67 Luteolin C₁₅H₁₀O₆ 
 

[M + H]+ 286.0482 287.0550 1.00 4.00 

16 7.81 3-O-Methyl Quercetin C₁₆H₁₂O₇  [M + H]+ 316.0583 317.0656 0.31 2.93 
17 8.43 Apigenin C₁₅H₁₀O₅  [M + H]+ 270.0602 271.0601 - 4.90 

18 8.73 
5,7-Dihydroxy-3’,4’-
dimethoxyflavanone C₁₇H₁₆O₆ 

 
[M + H]+ 316.1020 317.1020 5.29 - 

19 9.30 Eupatilin C₁₈H₁₆O₇ 
 

[M + H]+ 344.0971 345.0969 6.42 - 

20 10.18 5,7-Dihydroxy-2’-
methoxyflavone 

C₁₆H₁₂O₅ 
 

[M + H]+ 284.0636 285.0757 0.43 - 

21 11.38 Corymbosin C₁₉H₁₈O₇ 
 

[M + H]+ 358.1127 359.1125 9.66 - 

22 12.00 7,4’-Dimethoxy-3-
hydroxyflavone 

C₁₇H₁₄O₅ 
 

[M + H]+ 298.0914 299.0914 34.68 - 

23 12.12 α-Linolenic acid  C₁₈H₃₀O₂  [M + H]+ 278.2322 279.2319 2.93 5.26 

24 12.24 
Kaempferol-3,7,4’-
trimethyl ether C₁₈H₁₆O₆ 

 
[M + H]+ 328.1025 329.1020 29.17 0.65 

25 12.72 9Z, 11E-Linoleic acid C₁₈H₃₂O₂ 
 

[M + H]+ 280.2399 281.2475 1.89 4.26 

26 13.08 (Z)-3-Hydroxyoctadec-7-
enoic acid  

C₁₈H₃₄O₃  [M + H]+ 298.2508 299.2581 1.71 4.04 

27 13.89 9-trans-Palmitelaidic acid C₁₆H₃₀O₂  [M + H]+ 254.2324 255.2319 0.33 0.76 

28 14.19 Arachidonic acid C₂₀H₃₂O₂ 
 

[M + H]+ 304.2482 305.2475 0.29 - 

29 14.88 Taraxasterol C₃₀H₅₀O 
 

[M + H]+ 426.3932 427.3934 0.73 -- 

30 15.00 Heneicosanoic acid C₂₁H₄₂O₂  [M + H]+ 326.3264 327.3258 - 0.84 
31 15.36 Stearic acid C₁₈H₃₆O₂  [M + H]+ 284.2715 285.2788 0.46 1.20 

The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 610.1541 611.1607 - 3.14

10 5.73 Spiraeoside C21H20O12
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M − H]− 464.0942 463.0879 - 4.36

11 5.98 3-Rha-7-Rha Kaempferol C27H30O14 [M − H]− 578.1619 577.1548 - 1.95

12 6.08 Apigenin-7-O-glucoside C21H20O10
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31 15.36 Stearic acid C₁₈H₃₆O₂  [M + H]+ 284.2715 285.2788 0.46 1.20 

The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 432.1043 433.1129 - 3.59

13 6.12 7-Glu Chrysoeriol C22H22O11
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 462.1147 463.1235 0.51 7.93

14 7.52 Chrysoeriol C16H12O6
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 300.0612 301.0707 0.76 3.32

15 7.67 Luteolin C15H10O6
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31 15.36 Stearic acid C₁₈H₃₆O₂  [M + H]+ 284.2715 285.2788 0.46 1.20 

The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 286.0482 287.0550 1.00 4.00
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Table 4. Cont.

#
Rt

[min]
Compound Formula Formula

Structure
Mode Mwt Exp.

m/z

% Peak Area

BsA BsB

16 7.81 3-O-Methyl Quercetin C16H12O7 [M + H]+ 316.0583 317.0656 0.31 2.93
17 8.43 Apigenin C15H10O5 [M + H]+ 270.0602 271.0601 - 4.90

18 8.73 5,7-Dihydroxy-3′,4′-
dimethoxyflavanone C17H16O6
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[M + H]+ 462.1147 463.1235 0.51 7.93 

14 7.52 Chrysoeriol C₁₆H₁₂O₆ 
 

[M + H]+ 300.0612 301.0707 0.76 3.32 

15 7.67 Luteolin C₁₅H₁₀O₆ 
 

[M + H]+ 286.0482 287.0550 1.00 4.00 

16 7.81 3-O-Methyl Quercetin C₁₆H₁₂O₇  [M + H]+ 316.0583 317.0656 0.31 2.93 
17 8.43 Apigenin C₁₅H₁₀O₅  [M + H]+ 270.0602 271.0601 - 4.90 

18 8.73 
5,7-Dihydroxy-3’,4’-
dimethoxyflavanone C₁₇H₁₆O₆ 

 
[M + H]+ 316.1020 317.1020 5.29 - 

19 9.30 Eupatilin C₁₈H₁₆O₇ 
 

[M + H]+ 344.0971 345.0969 6.42 - 

20 10.18 5,7-Dihydroxy-2’-
methoxyflavone 

C₁₆H₁₂O₅ 
 

[M + H]+ 284.0636 285.0757 0.43 - 

21 11.38 Corymbosin C₁₉H₁₈O₇ 
 

[M + H]+ 358.1127 359.1125 9.66 - 

22 12.00 7,4’-Dimethoxy-3-
hydroxyflavone 

C₁₇H₁₄O₅ 
 

[M + H]+ 298.0914 299.0914 34.68 - 

23 12.12 α-Linolenic acid  C₁₈H₃₀O₂  [M + H]+ 278.2322 279.2319 2.93 5.26 

24 12.24 
Kaempferol-3,7,4’-
trimethyl ether C₁₈H₁₆O₆ 

 
[M + H]+ 328.1025 329.1020 29.17 0.65 

25 12.72 9Z, 11E-Linoleic acid C₁₈H₃₂O₂ 
 

[M + H]+ 280.2399 281.2475 1.89 4.26 

26 13.08 (Z)-3-Hydroxyoctadec-7-
enoic acid  

C₁₈H₃₄O₃  [M + H]+ 298.2508 299.2581 1.71 4.04 

27 13.89 9-trans-Palmitelaidic acid C₁₆H₃₀O₂  [M + H]+ 254.2324 255.2319 0.33 0.76 

28 14.19 Arachidonic acid C₂₀H₃₂O₂ 
 

[M + H]+ 304.2482 305.2475 0.29 - 

29 14.88 Taraxasterol C₃₀H₅₀O 
 

[M + H]+ 426.3932 427.3934 0.73 -- 

30 15.00 Heneicosanoic acid C₂₁H₄₂O₂  [M + H]+ 326.3264 327.3258 - 0.84 
31 15.36 Stearic acid C₁₈H₃₆O₂  [M + H]+ 284.2715 285.2788 0.46 1.20 

The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 316.1020 317.1020 5.29 -

19 9.30 Eupatilin C18H16O7
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 344.0971 345.0969 6.42 -

20 10.18 5,7-Dihydroxy-2′-
methoxyflavone C16H12O5
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31 15.36 Stearic acid C₁₈H₃₆O₂  [M + H]+ 284.2715 285.2788 0.46 1.20 

The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 284.0636 285.0757 0.43 -

21 11.38 Corymbosin C19H18O7

Separations 2023, 10, x FOR PEER REVIEW 10 of 12 
 

 

9 5.65 Rutin C₂₇H₃₀O₁₆ 

 

[M + H]+ 610.1541 611.1607 - 3.14 

10 5.73 Spiraeoside C₂₁H₂₀O₁₂ 
 

[M − H]- 464.0942 463.0879 - 4.36 

11 5.98 3-Rha-7-Rha Kaempferol  C₂₇H₃₀O₁₄  [M − H]- 578.1619 577.1548 - 1.95 

12 6.08 Apigenin-7-O-glucoside  C₂₁H₂₀O₁₀ 
 

[M + H]+ 432.1043 433.1129 - 3.59 

13 6.12 7-Glu Chrysoeriol C₂₂H₂₂O₁₁ 
 

[M + H]+ 462.1147 463.1235 0.51 7.93 

14 7.52 Chrysoeriol C₁₆H₁₂O₆ 
 

[M + H]+ 300.0612 301.0707 0.76 3.32 

15 7.67 Luteolin C₁₅H₁₀O₆ 
 

[M + H]+ 286.0482 287.0550 1.00 4.00 

16 7.81 3-O-Methyl Quercetin C₁₆H₁₂O₇  [M + H]+ 316.0583 317.0656 0.31 2.93 
17 8.43 Apigenin C₁₅H₁₀O₅  [M + H]+ 270.0602 271.0601 - 4.90 

18 8.73 
5,7-Dihydroxy-3’,4’-
dimethoxyflavanone C₁₇H₁₆O₆ 

 
[M + H]+ 316.1020 317.1020 5.29 - 

19 9.30 Eupatilin C₁₈H₁₆O₇ 
 

[M + H]+ 344.0971 345.0969 6.42 - 

20 10.18 5,7-Dihydroxy-2’-
methoxyflavone 

C₁₆H₁₂O₅ 
 

[M + H]+ 284.0636 285.0757 0.43 - 
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 358.1127 359.1125 9.66 -

22 12.00 7,4′-Dimethoxy-3-
hydroxyflavone C17H14O5
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 

[M + H]+ 298.0914 299.0914 34.68 -

23 12.12 α-Linolenic acid C18H30O2 [M + H]+ 278.2322 279.2319 2.93 5.26

24 12.24
Kaempferol-3,7,4′-
trimethyl
ether

C18H16O6
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
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[M + H]+ 328.1025 329.1020 29.17 0.65

25 12.72 9Z, 11E-Linoleic acid C18H32O2
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The analysis of the BsA fraction revealed significant differences in its flavonoids con-
tent compared to the BsB fraction. Interestingly, the main component detected in the BsA 
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Further-
more, Kaempferol-3,7,4’-trimethyl ether was detected in much higher concentration levels 
in the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was 
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The analysis of the BsA fraction revealed significant differences in its flavonoids
content compared to the BsB fraction. Interestingly, the main component detected in the BsA
fraction, kaempferol-3-O-rutinoside (30.29%), was not seen in the BsB fraction. Furthermore,
Kaempferol-3,7,4′-trimethyl ether was detected in much higher concentration levels in
the BsA fraction (29.17%) compared to the BsB fraction (0.65%). The BsA fraction was
found to be dominated by kaempferol-3-O-rutinoside (30.29%), 7-glu chrysoeriol (7.93%),
and luteolin 7-O-glucoside (7.76%). Additionally, the BsA fraction was found to have
higher levels of non-phenolic α-linolenic acid, 9Z, 11E-linoleic acid, (Z)-3-hydroxyoctadec-
7-enoic acid, and 9-trans-palmitelaidic acid compared to the BsA fraction. Such differences
could be attributed to the solubility of these compounds in the solvents used during the
extraction process.

4. Conclusions

A comprehensive phytochemical analysis and antioxidant activity of B. saxatilis es-
sential oil, obtained from the aerial parts collected in Jordan, revealed the dominance of
sesquiterpene and monoerpene hydrocarbonsm, among which cis-pinane, β-caryophyllene,
and allo-aromadendrene epoxide were detected as the main components. Additionally, the
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comparative evaluation of the BsB, BsW, and BsA fractions of B. saxatilis revealed that the
BsB had the highest TPC, TFC, and antioxidant activity, as determined using the DPPH
and ABTS methods. This was further confirmed by the detection of high concentration
levels of several floavonoids and phenolic acid derivatives in the LC-MS analysis of the
investigated BsB and BsA fractions. It could therefore be inferred that the presence of
these phytochemicals, particularly phenols and flavonoids, in the crudes of B. saxatilis
therefore justify the medicinal usefulness of this plant against free radicals or oxidative
stress-induced ailments.
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