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Abstract
Hornstedtia scyphifera (J.Koenig) Steud. represents a lesser-known member of the ginger family (Zingiberaceae) that is 
used in Malaysia as spice and traditional medicine. The phytochemical investigation of leaves from this species utilizing 
diverse analytical methods has provided comprehensive insights into its chemical profile for the first time. Headspace 
gas chromatography-mass spectrometry (HS-GCMS) and GCMS analyses of essential oil and nonpolar extracts verified 
α-pinene, camphene, p-cymene, and camphor as main volatile compounds. Metabolite profiling of the crude extract by 
ultra-high-performance-liquid chromatography-high resolution mass spectrometry (UHPLC-HRMS) unveiled terpenoids, 
flavonoids and other phenolics as major compound classes. Isolation and follow-up structure elucidation, involving 1D 
and 2D NMR, HRMS, UV and CD analysis, yielded two new sesquiterpenoids, (1R,5S,6S,7R,10R)-mustak-14-oic acid (1) and 
(1R,6S,7S,10R)-6-hydroxy-anhuienosol (2), along with 24 known compounds (seven terpenoids, seven flavonoids, ten 
phenolics), 21 of these never reported for H. scyphifera. Additionally, the crude extract and fractions from the purification 
process were screened for antibacterial and antifungal activity. This is supplemented by an extensive literature research 
for described bioactivities of all isolated compounds. Our results support and explain previously detected antimicrobial, 
antifungal and neuroprotective effects of H. scyphifera extracts and provide evidence for its potential pharmacological 
importance.
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1  Introduction

The Zingiberaceae family, commonly known as the ginger family, represents the largest family within the Zingiberales 
order and comprises 53 genera and over 1200 species [1]. The family is subdivided into four major tribes: Alpinieae, 
Globbeae, Hedychieae, and Zingibereae, distinguished by morphological features only [1]. They grow in tropical 
regions such as India, Asia, Africa, and Australia [1, 2], characterized as perennial herbaceous species with fleshy-
thickened rhizomes [3]. While many species have traditional applications as spices or ornamentals, they are also 
valued as herbal medicine [2]. The therapeutic properties of numerous members of this family are largely attributed 
to their abundant bioactive compounds [4, 5], such as terpenes, terpenoids, and flavonoids [6–8]. In the plant, some 
of these compounds serve to deter herbivores, combat microbial infections, or protect against solar radiation, while 
others attract pollinators through color or scent [6, 7, 9]. For humans, these secondary metabolites offer various 
pharmaceutical advantages. So far, extracts and isolates from Zingiberaceae members demonstrated antioxidative 
[10–12], antimicrobial [11], anti-inflammatory [10, 12] and anticancer [11, 12] properties or even neuroprotective 
activity [13], indicating considerable potential for application in contemporary medicine.

One of the lesser-known representatives of this highly potent family is Hornstedtia scyphifera (J.Koenig) Steud., also 
known as Amomum scyphiferum J.Koenig, Cardamomum scyphiferum (J.Koenig) Kuntze, Greenwaya scyphifer (J.Koenig) 
Giseke or Greenwaya scyphiferus (J.Koenig) Giseke [14]. The genus Hornstedtia comprises about 43 species found in 
tropical Southeast Asia from the Malay peninsula to the Himalayas [15, 16]. H. scyphifera is morphologically charac-
terized by a robust rhizome, positioned just below or at the ground surface and large leaf shoots reaching 2–5 m in 
height, adorned with green leaves covered at the base by sheaths. The plant bears short inflorescences with a series 
of scales surrounding the floral bracts. The red flowers open individually for one day and develop smooth, elongated 
fruits. H. scyphifera appears to be the most common species of the genus in Malaysia [15], where it is traditionally 
used as a spice and for insect repellency [15, 17]. The essential oils from various organs are well researched and 
predominantly consist of mono- and sesquiterpenes as well as terpenoids, such as camphor and germacrene D, but 
also borneol and β-selin [17]. However, studies on non-volatile compounds are lacking except for two brief reports 
describing the isolation of four flavonoids (quercetin, 5-hydroxy-3,7,4′-trimethoxyflavon, kumatakenin, 3,5-dimeth-
ylkaempferol), two phytosterols (stigmast-4-en-3-one, 6-hydroxy-stigmast-4-en-3-one) and a fatty acid (dodecanoic 
acid) from H. scyphifera leaves [18, 19]. Extracts of H. scyphifera leaves show promising antibacterial and antioxidative 
activities [18], as well as anti-inflammatory and neuroprotective properties [20]. These effects may be ascribed to 
a high concentration of sesquiterpenes, which have been linked to antidepressant and neuroprotective properties 
[13], although other substances may also be involved.

In this study, we conducted a comprehensive phytochemical investigation focusing on both the volatile com-
pounds and the isolation of the non-volatile compounds to fully evaluate the chemical composition and biological 
activity of H. scyphifera.

2 � Materials and methods

2.1 � General experimental procedures

Thin layer chromatography (TLC) analyses were performed on silica gel 60 normal phase (SG60), silica gel 60 reversed 
phase 18 F254 (Merck, Darmstadt, Germany) or silica gel 60 reversed phase 2 UV254 (Macherey–Nagel, Düren, Ger-
many) using different solvent systems. To visualize the compound spots, long-wavelength UV light (366 nm), short-
wavelength UV light (254 nm) and spraying with vanillin‐H2SO4 reagent, followed by heating or spraying with natural 
product spray reagent (1 g 2-aminoethyl diphenylborinate/200 mL methanol) were applied.

Low-resolution ESI–MS spectra were performed on a Sciex API-3200 instrument (Applied Biosystems, Concord, 
Ontario, Canada) combined with a HTC-XT autosampler (CTC Analytics, Zwingen, Switzerland). The UV spectra were 
recorded on a Jasco V-770 UV–Vis/NIR spectrophotometer (Jasco, Pfungstadt, Germany), using a 10 mm quartz glass 
cuvette. The specific rotation was recorded on a Jasco P-2000 digital polarimeter (Jasco, Pfungstadt, Germany), using 
the software Spectra Manager 2 (version 2.14.02). The circular dichroism (CD) spectra were recorded on a Jasco 
J1500 CD spectrometer (Jasco, Pfungstadt, Germany), using the software Spectra Manager 2 (version 2.15.04). The 
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ultrasound assisted extraction of plant material was performed on a Bandelin Sonorex RK 510 H (9.7 L) (Bandelin 
electronic GmbH & Co. KG, Berlin, Germany) at 35 kHz for 60 min per cycle.

The semi-preparative HPLC was performed on a Shimadzu prominence system which consists of a SPD-M20A diode 
array detector, a FRC-10A fraction collector, a CBM-20A communications bus module, a DGU-20A5R degassing unit, a 
LC-20AT liquid chromatograph, and a SIL-20A HT auto sampler. The following columns were used for separation: column 
1 (YMC Pack Pro C18, 5 µm, 120 Å, 150 × 4.6 mm I.D., YMC, USA), column 2 (YMC Pack Pro C18, 5 µm, 120 Å, 150 × 10.0 mm 
I.D., YMC, USA) and column 3 (Agilent Eclipse XDB-C18, 5 µm, 80 Å, 250 × 9.4 mm I.D., Agilent, USA). Water (A)/methanol 
(B) (solvent system 1) or water (A)/acetonitrile (B) (solvent system 2) each with 0.1% formic acid were used as mobile 
phases at a temperature of 25 °C applying different gradients.

1H and 13C NMR spectra were recorded on an Agilent DD2 400 NMR spectrometer at 399.917 and 100.570 MHz, respec-
tively. Chemical shifts are reported relative to TMS (1H NMR) or peaks of solvent. For samples with low concentration, 
1D 1H and 13C NMR spectra and 2D spectra (HSQC, HMBC, COSY, TOCSY, NOESY) were recorded on a Bruker Avance Neo 
500 NMR spectrometer at 500.234 and 125.797 MHz, respectively, using a 5 mm prodigy probe with the TopSpin 4.0.7 
spectrometer software or on an Agilent VNMRS 600 MHz NMR spectrometer equipped with 5 mm inverse detection 
cryoprobe, using standard CHEMPACK 8.1 pulse sequences implemented in Varian VNMRJ 4.2 spectrometer software.

2.2 � Plant material

The plant material of Hornstedtia scyphifera (J.Koenig) Steud. was taken from the greenhouse collection of the IPB in 
Halle (Saale). Dried voucher material is stored at IPB (Identification code DFK214 and DFK221). For the investigations, 
fresh leaves as well as dried leaves were used. Fresh leaves were washed with water after being harvested and used for 
extraction immediately. For storage, the leaves were frozen in liquid nitrogen, then kept in a freezer at − 22 °C and finally 
freeze-dried. The dry material was stored at room temperature until being used for further treatment.

2.3 � Extraction and isolation

2.3.1 � Isolation from fresh leaves

Fresh leaves (66.40 g) from H. scyphifera were ground, followed by an exhaustive ultrasound assisted extraction with 
methanol (5 × 500 mL) to give 7.18 g of dried crude extract after evaporation of the solvent. The extract was five times 
partitioned by liquid–liquid-extraction between water (450 mL) and ethyl acetate (5 × 500 mL) yielding the ethyl ace-
tate fraction (2.02 g) and the water fraction (2.90 g). The ethyl acetate fraction was submitted to a polyamide SC-6-AC 
column (l: 21 cm, d: 7 cm) and eluted according to the eluotropic series (n-hexane, ethyl acetate, acetone, methanol). 
The acetone fraction (320.5 mg) was further purified on a RP18 column (l: 10 cm, d: 7 cm) with an increasing methanol 
gradient (10–100% in water), followed by a preparative RP18 TLC (d: 1 mm, 40% methanol) and final purification by semi-
preparative reversed phase HPLC (column 1, solvent system 1, isocratic, 27.5 min, 15% B, flow rate of 1.6 mL/min) to yield 
compound 22 (p-hydroxybenzoic acid, 0.7 mg, Rt = 12.36 min, Rf = 0.67 in MeOH/H2O (1:1, v/v) on RP18). The methanol 
fraction of the polyamide column was submitted to a SG60 column (l: 9 cm, d: 5 cm) and eluted with an increasing 
methanol/chloroform gradient (5–100% MeOH, in 5% steps). Compound 12 (isokaempferid, 6.3 mg, Rf = 0.45 in MeOH/
CHCl3 (1:19, v/v) on SG60) eluted with 5% methanol. The fraction obtained with 10% methanol was further submitted 
to repetitive column chromatography on RP18 with an isocratic water–methanol-mixture (7:4, v/v) and finally purified 
by HPLC (column 1, solvent system 1, gradient 0–2.5 min, 30% B; 2.5–12,5 min, 30–50% B, isocratic for 2 min, flow rate of 
0.7 mL/min) to yield compound 8 (epicatechin, 0.6 mg, Rt = 11.82 min, Rf = 0.44 in MeOH/H2O (4:7, v/v) on RP18).

2.3.2 � Isolation from dried leaves

Dried pulverized leaves (92.00 g) from H. scyphifera were exhaustively extracted assisted by ultrasonication with 80% aq. 
methanol (6 × 1 L) to give 18.02 g of dried crude extract after evaporation. The extract was successively partitioned by 
liquid–liquid-extraction between water and n-heptane, followed by ethyl acetate. A water-insoluble residue was later 
combined with the n-heptane fraction due to TLC profiles. This resulted into three fractions: 1) n-heptane (3.03 g), 2) 
ethyl acetate (1.50 g) and 3) water (8.59 g).

The n-heptane fraction was submitted to a silica gel 60 column (l: 90 cm, d: 4 cm), eluted with an increasing ethyl 
acetate/n-hexane gradient (0–100% ethyl acetate in 10% steps, each 1.5 L). The fraction eluted with 20% ethyl acetate was 
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submitted to a preparative RP18 TLC (d: 1 mm, 10% methanol) to yield compounds 14 (5-hydroxy-3,7,4′-trimethoxyflavon, 
9.3 mg, Rf = 0.78 in n-hexane/EtOAc (3:2, v/v) on NP) and 9 (0.9 mg, Rt = 9.07 min, Rf = 0.51 in MeOH/H2O (9:1, v/v) on RP18). 
The fraction eluted with 70% ethyl acetate from the silica 60 column was further purified by preparative HPLC (column 
3, solvent system 2, gradient 0–3.0 min, 70% B; 3.0–23.0 min, 70–100% B (isocratic for 6.5 min), flow rate of 1.8 mL/min) 
to yield compound 3 ((E)−14,15,16-trinorlabda-8(17),11-dien-13-oic acid, 0.1 mg, Rt = 23.51 min).

The ethyl acetate fraction was submitted to a Sephadex LH20 column (l: 99 cm, d: 2 cm) with an isocratic dichlorometh-
ane-methanol-mixture (3:1, v/v) yielding seven fractions (A1–A7) based on the TLC profile (NP, toluol/EtOAc/FA, 10:5:3, 
v/v), of which A2 (Rf 0.57), A4 (Rf 0.42), A6 (Rf 0.37) and A7 (Rf 0.28) were further purified.

A2 was submitted to a RP18 column (l: 51 cm, d: 3 cm) and eluted with a mixture of methanol and water (7:3, v/v) 
which yielded six fractions (B1–B6) based on the TLC profile (RP18, MeOH/H2O, 7:3, v/v), of which B2 (Rf 0.70) and B6 (Rf 
0.06) were further purified. B2 was repeatedly submitted to reversed phase HPLC (column 3). The separation with solvent 
system 1 (gradient 0–3.0 min, 33% B; 3.0–23.0 min, 33–38% B) and a flow rate of 1.0 mL/min yielded compounds 18 (evo-
folin B, 0.6 mg, Rt = 15.39 min), 5 (cis-pinononic acid, 0.9 mg, Rt = 17.11 min), 21 (syringealdehyde, 1.6 mg, Rt = 18.82 min) 
and 20 (vanillin, 1.2 mg, Rt = 19.53 min). In addition, a second gradient system was applied (solvent system 1; gradient 
0–3.0 min, 30% B; 3.0–23.0 min, 30–52% B, flow rate of 1.4 mL/min) to yield compound 2 (6-hydroxy-anhuienosol, 2.7 mg, 
Rt = 9.42 min), compound 7 (2-oxo-3–4,5,5-trimethylcyclopentynyl acidic acid, 2.3 mg, Rt = 15.42 min) and compound 6 
(cis-pinonic acid, 2.2 mg, Rt = 16.85 min).

B6 was purified by preparative HPLC (column 2, solvent system 1; gradient 0–2.5 min, 80% B; 2.5–17.5 min, 80–100% 
B; flow rate of 2.64 mL/min) to yield compound 13 (kumatakenin, 2.3 mg, Rt = 9.16 min).

A4 was purified by preparative HPLC (column 3, solvent system 1; gradient 0–3.0 min, 35% B; 3.0–23.0 min, 35–100% B, 
flow rate of 1.8 mL/min) to yield compounds 19 (protocatechualdehyde, 3.6 mg, Rt = 11.38 min), 24 (vanillic acid, 3.2 mg, 
Rt = 13.87 min), 25 (protocatechuic acid methylester, 0.1 mg, Rt = 16.10 min) and 16/17 (trans- and cis-ferulic acid, 1.1 mg, 
Rt = 16.70 min).

A6 was submitted to a RP18 column (l: 36 cm, d: 2 cm) and eluted with a methanol–water-mixture (3:7, v/v) which 
yielded three fractions (C1-C3) based on the TLC profile (RP18, MeOH/H2O, 3:7, v/v), of which C1 (Rf 0.83) and C2 (Rf 0.80) 
were further purified by preparative HPLC. C1 was separated on column 3 using solvent system 1 (gradient 0–3.0 min, 
8% B; 3.0–20.0 min, 8–32% B, 20.5–28.0 min, 50 – 70% B) and a flow rate of 1.8 mL/min to yield compound 23 (protocat-
echuic acid, 2.8 mg, Rt = 16.60 min) and compound 26 (5-methoxy salicylic acid, 0.1 mg, Rt = 21.95 min). C2 was purified 
on column 2 using solvent system 1 (gradient 0–2.5 min, 40% B; 2.5–22.5 min, 40–100% B) and a flow rate of 4.4 mL/min 
to yield compound 1 (mustak-14-oic acid, 0.6 mg, Rt = 18.03 min).

A7 was purified by preparative HPLC (column 3, solvent system 1; gradient 0–3.0 min, 35% B; 3.0–23.0 min, 35–100% B, 
23.0–30.0 min, 100% B; flow rate of 1.8 mL/min) to yield the compounds 15 (E-p-coumaric acid, 3.5 mg, Rt = 16.60 min), 11 
(rutin, 2.3 mg, Rt = 17.86 min), 4 (verbenon-10-oic acid, 5.6 mg, Rt = 19.23 min) and 10 (quercetin, 2.5 mg, Rt = 21.71 min).

2.3.3 � Spectral data

(1R,5S,6S,7R,10R)-Mustak-14-oic acid (1): colorless oil; [α]20
D =  − 69 (c 0.0001, MeOH); UV (MeOH) λmax (log ε) 202 (4.00), 

225 (3.71), 277 (3.14); 1H NMR (500 MHz, Methanol-d4) and 13C NMR (obtained from HSQC and HMBC, Methanol-d4) see 
Table 2; HR-ESI–MS (Orbitrap) m/z [M − H]− 247.1338 (calc for C15H19O3

−, 247.1329); MS2-Fragmentation (CE =  − 30 V) m/z 
221 (8), 203 (100).

(1R,6S,7S,10R)-6-Hydroxy-anhuienosol (2): yellow oil; [α]20
D =  − 17 (c 0.0001, MeOH); UV (MeOH) λmax (log ε) 202 (3.87), 

238 (3.63); 1H NMR (500 MHz, Methanol-d4) and 13C NMR (obtained from HSQC and HMBC, Methanol-d4) see Table 3; 
HR-ESI–MS (TOF) m/z [M + FA]− 313.1669 (calc for C16H25O6

−, 313.1651); MS2-Fragmentation (CE =  − 20 V) m/z 313 (12), 
267 (50), 209 (100), 191 (18), 121 (17).

2.4 � Computational CD spectral analysis

The absolute configuration of compounds 1–6, 8, and 9 was determined by aligning experimental electronic cir-
cular dichroism (ECD) spectra with calculated CD spectra obtained by quantum chemical calculation. The initial 3D 
structures for the molecules, including all possible stereoisomers, were built using Molecular Operating Environment 
(MOE) 2020 software and the accompanying ChemDraw add-in. All structures and conformational analyses were 
executed utilizing the Amber10:EHT force field [21]. The energy minimum structures obtained from the force field 
were subsequently optimized employing the DFT method (B3LYP/def2-TZVP) [22–25] with the ORCA 5.0 program 
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package [26], incorporating the conductor-like polarizable continuum model (CPCM) solvent field [25] for methanol. 
For the optimized structures CD spectra were calculated via the ORCA software. The first 25 excited states for each 
compound and stereoisomers were computed using the TD B3LYP [22–25] with the def2-TZVP basis set [27] and 
CPCM model for methanol. The SpecDis software (version 1.71) [28] was employed for visualizing and contrasting 
the calculated spectra with the experimental data. The best similarity factor for the different stereoisomers was 
calculated and the one with the highest similarity factor was used for comparison at the same shift and sigma fac-
tor for a Gaussian band shape.

2.5 � MS measurements

2.5.1 � High resolution

The UHPLC-ESI-HRMS spectra of compound 2, 3, 5–9, 12, 14, 18, 20–23 and 26 were acquired using a TripleTOF 
(time of flight) 6600–1 mass spectrometer (Sciex, Darmstadt) in positive and negative ion modes. Samples (2 µL) 
were loaded on an Waters Acquity UPLC® BEH C18 column (1.7 µm, 130 Å, 50 × 2.1 mm I.D., Waters GmbH, Eschborn, 
Germany) under isocratic conditions (3% eluent B, 1 min), and separated using a linear gradient from 3 to 95% elu-
ent B in 5 min. Separation was performed on an ACQUITY UPLC I-Class UHPLC System (Waters GmbH, Eschborn, 
Germany) with a flow rate of 0.4 mL/min and 55 °C column temperature. Eluents A and B were water and acetonitrile, 
with 0.1% formic acid. The mass spectrometer was equipped with an ESI-DuoSpray ion source (spray voltage: 5.5 kV 
(positive mode), 4.5 kV (negative mode), nebulizer gas: 60 psi, source temperature: 450 °C, drying gas: 70 psi, curtain 
gas: 55 psi) and was controlled by Analyst 1.7.1 TF software (Sciex, Darmstadt). Data acquisition was performed in 
MS1-TOF mode in a mass range of m/z 65 to 1250 with an accumulation time of 75 ms. The mass spectrometer was 
externally calibrated with calibration solutions provided by the manufacturer for positive and negative modes. For 
MS2-TOF mode the declustering potential was 35 V and the collision potential was 10 V, respectively. The product 
ion spectra (tandem mass spectra, MS/MS) were acquired in the high sensitivity mode (accumulation time 20 ms) in 
the m/z range of 50–1000 using unit Q1 resolution with mass resolution above 30,000. Collision potential (CE) was 
set from –80 to –20 V in negative ion mode and set from 20 to 80 V in positive ion mode, whereas collision energy 
spread (CES) was 15 V. The data were evaluated by Peak View 1.2.0.3 software (AB Sciex GmbH, Darmstadt, Germany).

The UHPLC-ESI-HRMS spectra of compounds 1, 4, 10, 11, 13, 15–17, 19, 24 and 25 were acquired using an Orbit-
rap Elite mass spectrometer (Thermo Fisher Scientific, Bremen, Germany), coupled with a UHPLC system (Dionex 
UltiMate 3000, Thermo Scientific) and a photodiode array detector (PDA, Thermo Scientific). The spectra as well 
as the collision-induced dissociation mass spectra (CID, collision induced dissociation) were recorded in positive 
and negative ion mode. Samples (3 µL) were loaded on an Waters Acquity UPLC® BEH C18 column (1.7 µm, 130 Å, 
50 × 2.1 mm I.D., Waters GmbH, Eschborn, Germany) under isocratic conditions (5% eluent B, 1 min), and separated 
using a linear gradient from 5 to 95% eluent B in 10 min. Separation was performed on an ACQUITY UPLC I-Class 
UHPLC System (Waters GmbH, Eschborn, Germany) with a flow rate of 0.4 mL/min and 40 °C column temperature. 
Eluents A and B were water and acetonitrile, with 0.1% formic acid. Ionization was carried out by electrospray 
ionization (HESI ion source; spray voltage 4.0 kV in positive ion mode, 3.5 kV in negative ion mode; nebulizing and 
auxiliary gas: nitrogen; evaporation temperature: 300 °C; capillary temperature: 325 °C, FTMS resolution Full MS: 
30,000; MSn: 15,000). The CID mass spectra were recorded automatically using a data-dependent fragmentation 
mode and a normalized collision energy (NCE) of 35%. The mass spectrometer was externally calibrated with cali-
bration solutions provided by the manufacturer for the negative and positive modes. The spectra were analyzed 
using Xcalibur 2.2 SP1 software (Thermo Fisher Scientific).

The MSn high-resolution electrospray mass spectra in negative ion mode of kumatakenin (13) were acquired 
using an Orbitrap Elite mass spectrometer (ESI ion source: spray voltage 4.0 kV, capillary temperature 275 °C, 
nebulizing gas: nitrogen, FTMS resolution 30,000). The sample solution was continuously injected using a syringe 
pump (flow rate: 5 μL/min). The mass spectrometer was externally calibrated (Pierce® ESI negative ion calibration 
solution, Product No. 88324, Thermo Fisher Scientific, Rockford, IL, 61,105 USA). The spectra were analyzed using 
Xcalibur 2.7 SP1 software. The CID-MSn measurements were acquired with relative collision energies: 25% for MS2 
of m/z 313 in the m/z range of 85–350, 25% for MS3 of m/z 298 in the m/z range of 80–325, 30% for MS4 of m/z 283 
in the m/z range of 75–300, 35%for MS5 of m/z 255in the m/z range of 75–300.
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2.5.2 � Headspace GCMS

The headspace GCMS method was adopted from Farhadi et al. [29] with modifications. Ground leaf powder (0.5 g) was 
submitted into 20 mL headspace vials and then incubated at 100 °C for 30 min with constant shaking in a headspace 
assembly of CTC GC PAL Injector (Shimadzu Deutschland GmbH, Duisburg, Germany). 500 µL head space of each sample 
were injected into a ZB-5MS capillary column (30 m × 0.25 mm ID, 0.25 μm film thickness, Phenomenex, Aschaffenburg, 
Germany) and analyzed by gas chromatography-electron ionization-quadrupole-mass spectrometry (GC-EI-Q-MS) using 
a GC2010 gas chromatograph coupled online to a quadrupole mass selective detector Shimadzu GCMS QP2010. The 
temperature program started at 50 °C kept constant for 5 min, then a ramp of 3 °C/min to 140 °C followed by the second 
ramp of 10 °C/min to 240 °C and finally kept constant for 10 min. MS detection was performed in positive ion mode in m/z 
range 40–500 Da. Analysis was performed under the control of GCMS Real Time Analysis software (Shimadzu Deutschland 
GmbH, Duisburg, Germany). The compounds were annotated using the NIST17 library.

2.5.3 � GC–MS of essential oil and n‑hexane extract

To obtain essential oil, dried leaf powder (10 g) of H. scyphifera was subjected to hydrodistillation in a Dean Stark Appara-
tus for 12 h adding 400 mL deionized water into a 1000 mL flask. The pale-yellow essential oil (1.2 mg) was picked using 
a micro pipette (10 µl, BLAUBRAND, Wertheim, Germany), transferred to a vial and stored in the fridge.

To obtain the n-hexane extract, dried leaf powder (8 g) of H. scyphifera was subjected to a cellulose thimble and trans-
ferred to a Soxhlet extractor. The extractor was filled with 150 mL of n-hexane and heated under reflux for 3 h. Afterwards, 
the solvent was carefully removed using rotary evaporator.

Samples (1 µL) were injected on ZB-5MS capillary column (30 m × 0.25 mm ID, 0.25 μm film thickness, Phenomenex, 
Aschaffenburg, Germany) and analyzed by gas chromatography-electron ionization-quadrupole-mass spectrometry 
(GC-EI-Q-MS) using a GC2010 gas chromatograph coupled online to a quadrupole mass selective detector Shimadzu 
GCMS QP2010. The temperature program was starting at 50 °C kept constant for 5 min, then a ramp 10 °C/min to 120 °C 
followed by the second ramp 5 °C/min to 300 °C and kept constant for 15 min. MS detection was performed in positive 
ion mode in m/z range 40–600 Da. The compounds were annotated using the NIST17 library.

2.6 � X‑Ray analysis

Single crystals of compound 13 (Kumatakenin, C17H14O6) were obtained by slow evaporation of the solvent from a con-
centrated methanolic solution in the cold. A suitable crystal was selected and fixed on a STOE IPDS II diffractometer. The 
crystal was kept at 170 K during data collection. Using Olex2 [30], the structure was solved with the SHELXT [31] structure 
solution program and refined with the SHELXL [32] refinement package using Least Squares minimization.

2.7 � Biological assays

2.7.1 � Antibacterial Assays

The compounds were evaluated against the Gram-negative Aliivibrio fischeri (DSM507) and the Gram-positive Bacillus 
subtilis 168 (DSM 10), as described by Kappen et al. [33] and Manurung, Kappen et al. [34]. The tests were performed in 
96-well plates based on the bioluminescence (A. fischeri) or absorption (B. subtilis) read-out. Chloramphenicol (100 µM) 
was used as a positive control to induce complete inhibition of bacterial growth. The results (mean ± standard deviation 
value, n = 6) are given in relation to the negative control (bacterial growth, 1% DMSO without test compound) as relative 
values (percent inhibition). Negative values indicate an increase in bacterial growth.

2.7.2 � Antifungal Assay

The antifungal activity was tested on the phytopathogenic ascomycetes Botrytis cinerea Pers. and Septoria tritici Desm. 
and the oomycete Phytophthora infestans (Mont.) de Bary in 96-well microtiter plate assays according to protocols from 
the Fungicide Resistance Action Committee (FRAC) with minor modifications as described by Ware et al. [35, 36]. Briefly, 
the isolated compounds were tested at the highest concentration of 500 µg/mL, while the solvent DMSO in buffer was 
used as a negative control (max. concentration 2.5%). The commercially used fungicides, epoxiconazole and terbinafine 
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(Sigma-Aldrich, Darmstadt, Germany), served as reference compounds. The pathogen growth was evaluated seven days 
after inoculation by measurement of the optical density (OD) at L 405 nm with a TecanGENios Pro microplate reader (five 
measurements per well using multiple reads in 3 × 3 square). Each experiment was carried out in triplicate.

3 � Results and discussion

3.1 � Characterization of crude extracts and volatiles

A first phytochemical investigation of the leaves from H. scyphifera involved multiple methodologies. An exhaustive 
extraction with methanol was performed to yield a crude extract, which was characterized by ultra high-performance 
liquid chromatography high-resolution mass spectrometry analysis (UHPLC-ESI-HRMS). Additionally, the volatile com-
pounds were screened on one hand by submitting ground plant material to a headspace gas chromatography-mass 
spectrometry-system (HS-GCMS) (Table S1) and on the other hand by extracting essential oil and a n-hexane extract 
from leaves to compare and verify results with published data (Table S2). Further, the crude extract was submitted to 
liquid–liquid partitioning and resulting fractions were screened by TLC and for bioactivity in selected assays.

The findings of the HS-GCMS analysis are largely consistent with existing reports on the characterization of the essen-
tial oils of H. scyphifera. Specifically, the main peaks were identified as α-pinene, camphene, p-cymene, and camphor, 
as reported by Hashim et al. in 2018 [17]. Notably, the presence of butylbenzene (Table S1, H6), constituting 18% of the 
composition, appears to be previously unreported based on available literature.

Analysis via GC–MS facilitated the tentative annotation of 71 compounds in total, while 49 are abundant in the essen-
tial oil (EO) and 24 compounds in the n-hexane extract from the leaves. Quantitatively relevant compounds in the EO 
included trans-dihydroagarofuran (14.91%, Table S2, G17), α-caryophyllene (6.77%, Table S2, G36) as well as cis-verbenol 
acetate (5.54%, Table S2, G53) and (E)−15,16-dinorlabda-8(17),11-dien-13-one (3.49%, Table S2, G48). The latter was 
previously isolated from the rhizome of Globba schomburgii by Suekaew et al. [37] but here is annotated for the first 
time in the EO of H. scyphifera. In the n-hexane fraction, cis-verbenone (13.49%, Table S2, G8), camphor (3.95%, Table S2, 
G4), camphene (4.23%, Table S2, G2), and α-pinene (1.49%, Table S2, G1) were the most abundant compounds. Most 
compounds identified through headspace analysis were also present in the n-hexane extract but were absent in the 
essential oil (EO). This might be attributed to the high volatility of these compounds, potentially resulting in incomplete 
condensation during EO distillation.

TLC screening of the crude extract and fractions from liquid–liquid-partitioning showed the highest variety of spots for 
the n-heptane and ethyl acetate fraction, corresponding to individual compounds (Fig. 1, lane 3). This indicated a complex 
matrix for these extracts suggesting challenging isolation and characterization. The TLC profile of the n-heptane fraction 
as well as the water insoluble residue of the crude extract (Fig. 1, 366 nm, lane 4 and 5) showed both bright yellow spots 
attributed to compounds 9 and 14 and were therefore combined for further isolation. Both the n-heptane and the ethyl 

Fig. 1   TLC of crude extract and fractions from liquid–liquid-partitioning of dried leaves after derivatization with natural product reagent. 
Numbered boxes correspond to isolated compounds
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acetate fractions exhibited strong activity against the Gram-negative bacterium Alliivibrio fischeri (complete inhibition 
at a concentration of 500 µg/ml) (Fig. S1.1.B) and were therefore considered for further isolation. All fractions inhibited 
the growth of the phytopathogenic fungus Botrytis cinerea (Fig. S1.2.B).

The UHPLC-HRMS analysis allowed for the annotation of 27 individual metabolites from the total ion chromatogram 
(TIC) of the crude extract (Table 1 and Fig. 2). The most intense signal at Rt 8.2 min (overlapping peaks P22 and P23) was 
assigned to the previously unknown mustak-14-oic acid (1) and the flavonoid kumatakenin (13). Further dominating 
signals could be attributed to ferulic acid derivatives (P9 and P11), the flavonol glycoside rutin (11) (P13) and the flavo-
noid isokaempferide (12) (P19). Most signals were assigned to compounds that could also be isolated and identified 
within the scope of this work. However, not all isolated compounds were detected in the crude extract. This could be 
due to matrix effects leading to ion suppression of individual substances in the complex crude extract, low solubility in 
the applied solvent methanol or low substance concentration. Since two thirds of the crude extract mass is allocated to 
the aqueous fraction, a relatively low concentration of nonpolar and middle polar compounds in the crude extract can 
be expected. In contrast, the compounds behind other detected peaks were not obtained by isolation, as e.g. P9 and 
P11 (Table 1 and Fig. 2), which exhibited identical mass and MS2 spectra and were thus attributed to cis and trans ferulic 
acid derivatives. This is supported by the isolation of both trans- and cis-ferulic acid (16 + 17). In conclusion, H. scyphifera 
possesses a multitude of metabolites, the majority of which can be classified into the three groups of (1) terpenes and 
terpenoids, (2) flavonoids and (3) other phenolics.

3.2 � Purification and structure elucidation

The ethyl acetate and the n-heptane fraction obtained from successive liquid–liquid partition were further purified by 
different chromatographic techniques. This resulted in the isolation of 26 compounds (Fig. 3). Beside the two previ-
ously undescribed compounds mustak-14-oic acid (1) and 6-hydroxy-anhuienosol (2), the remaining 24 compound 
were identified as (E)−14,15,16-trinorlabda-8(17),11-dien-13-oic acid (3) [38, 39], (1S,5R)-verbenon-10-oic acid (4) [40, 
41], cis-pinononic acid (5) [42, 43], cis-pinonic acid (6) [44], 2-oxo-3–4,5,5-trimethylcyclopentynyl acetic acid (7) [45, 
46], epicatechin (8) [47, 48], (2S)-sakuranetin (9) [49, 50], quercetin (10) [51], rutin (11) [52, 53], isokaempferid (12) [54], 
kumatakenin (13) [19, 55], 5-hydroxy-3,7,4’-trimethoxyflavone (14) [19, 56], (E)-p-coumaric acid (15) [57], trans-ferulic 
acid (16) [58], cis-ferulic acid (17) [58], evofolin B (18) [59], 3,4-dihydroxybenzaldehyde (19) [60], vanillin (20) [61, 62], 
syringealdehyde (21) [63], p-hydroxybenzoic acid (22) [64], protocatechuic acid (23) [65], vanillic acid (24) [66], proto-
catechuic acid methyl ester (25) [67, 68] and 5-methoxy-salicylic acid (26) [69, 70], after comparison with NMR data from 
literature. Further, spectroscopic data, including NMR and MS for compounds 1 to 26 can be found in the supporting 
information. The absolute configuration of compounds 1, 2, 3, 4, 5, 6, 8, and 9 were verified by comparison of experi-
mental and calculated CD spectra (Fig. 4 and 7; Fig. S5–S10; Tables S5, S8–S14). To the best of our knowledge, this is the 
first report on isolation and identification of compounds 3–9 and 11, 12, 15–26 from H. scyphifera.

Interestingly, the monoterpene derivatives 5, 6 and 7 so far were never isolated from a plant source. Compounds 5 and 
6 were previously obtained as synthetic oxidation products from α‑pinene [42, 44] while 7 was described as degradation 
product of camphor, induced by plant pathogens [46]. Both potential precursors were abundant in the GC analysis (H4 
and H19 in Table S1; G1 and G4 in Table S2). At this point, the biological origin of 5, 6 and 7 in H. scyphifera is unknown. 
The compounds might be derived from plant biosynthesis or by involvement of associated microorganisms. Similarly, a 
biosynthetic connection of the isolated (E)−14,15,16-trinorlabda-8(17),11-dien-13-oic acid (3) and (E)−15,16-dinorlabda-
8(17),11-dien-13-one (G48, Table S2) detected in GC–MS experiments might be expected due to their structural similarity.

Compound 1 was isolated as a colorless oil in a poor yield of 0.6 mg from 92.0 g of dried material, which may be attrib-
uted to its volatile nature and the drying methods employed, e.g. rotatory evaporation and lyophilization. The molecular 
formula was determined as C15H20O3 from the molecular ion peak at m/z 247.1338 [M − H]− (calcd. for 247.1329), obtained 
from the HR-ESI–MS spectra. The 1H NMR spectra (Table 2) displayed a single signal for a proton attached to a conjugated 
double bond (δH 6.26, dd, brt, J = 1.6 Hz, H-3), three signals for protons in central positions (δH 2.72, brs, H-6; δH 2.69 
dd, J = 6.6, 1.3 Hz, H-1; δH 2.66 dd, J = 6.6, 0.9 Hz, H-5), followed by two multiplets encompassing six overlapping signals, 
later resolved by HSQC (δH 1.69–1.95, m, H-7, H-8b, H-9a, H-9b; δH 1.50–1.66, m, H-8a, H-11). Additionally, three signals 
annotated to CH3 groups emerged, with two displaying the same coupling constants, indicating an isopropyl group (δH 
0.98, s, H-15; δH 0.89, d, J = 6.8 Hz, H-13; δH 0.87, d, J = 6.8 Hz, H-12). Due to quantitative limitations, no 13C NMR spectra 
could be acquired. Therefore, 13C shifts were obtained from 2D NMR experiments, HSQC and HMBC, which confirmed 
the presence of all fifteen carbon atoms postulated by HRMS (Table 2). These included a carbonyl group signal (δC 209.0, 
C-2), signals indicative of a double bond (δC 124.3 for a CH group, C-3 and δC 168.3 for a quaternary carbon, C-4), and a 
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carboxylic group signal (δC 173.8, C-14). Additional signals observed comprised three CH3 groups (δC 20.8, C-15; δC 20.2, 
C-12and δC 19.9, C-13), two CH2 groups (δC 37.9, C-9 and δC 23.1, C-8), five more CH groups (δC 58.8, C-6; δC 57.0, C-1; δC 
53.5, C-5; δC 46.7, C-7 and δC 33.2, C-11), and one more quaternary carbon (δC 59.8, C-10). All 1D and 2D NMR spectra are 
shown in the supporting information (Fig. S2.1-S2.7).

Altogether, the NMR dataset of 1 exhibits a significant resemblance to a cadinane-type sesquiterpene [73] also found 
in the volatile fraction of H. scyphifera. However, the numerous strong HMBC correlations of H-5 and H-6 indicate an 
intramolecular third ring in accordance with a copaene skeleton [74]. One known copaene, trivially named mustakone, 
comprises NMR data with high similarity to 1. This compound has been first isolated from the essential oils of Cyperus 

Fig. 2   Total ion chromatogram (TIC), acquired from the methanolic extract obtained from leaves of H. scyphifera. Please note that peak 
numbers are not identical to compound numbers. See Table 1 for assignment

Fig. 3   Structures of all compounds isolated from H. scyphifera in this work
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rotundus L., an Indian nutgrass variety known as Mustaka in Sanskrit language, by Kapadia et al. in 1963 [75]. To date, it 
has only been found in five additional species, none of which belong to the Zingiberaceae family [76]. In this study, we 
could detect mustakone (G27, Table S2) in the n-hexane extract by GCMS. The structure of mustakone was primarily deter-
mined through chemical modification in combination with IR and 1H NMR [75], and a strong similarity with verbenone 
was noted. Full NMR data were later provided by Nyasse et al. [77]. Direct comparison of NMR data from compound 1 and 
mustakone revealed a missing CH3 group in 1 (at δH 2.02 and δC 20.2), as well as an additional significantly shifted carbon 
signal at 173.8 ppm. The molecular formula of 1 includes two additional oxygen atoms compared to mustakone, imply-
ing carboxylation of the methyl group at position 14. This is notable, as a carboxylated derivative of verbenone, (1S,5R)-
verbenone-10-oic acid (4), was also isolated, bearing the carboxyl function at the same position instead of methylation.

The cyclobutane ring in 1 exhibits increased ring strain due to the carbon–carbon bonds being required to adopt 
angles close to 90°, rather than the typical 109.5° angle of sp3 hybridized carbon in a tetrahedral configuration. This 
results in a highly rigid structure showing unique H–H couplings. A strong COSY coupling as observed between H-1 and 

Fig. 4   CD spectrum and calculated spectra of the four stereoisomers X1-X4 of compound 1 

Table 2   NMR data of 
compound 1 (MeOD, 
500 MHz, 25 °C)

No δC a δH (multiplicity, J) COSY NOESY HMBC

1 57.0, CH 2.69 (dd, 6.6, 1.3 Hz, 1H) 3, 5 8a, 12, 15 2, 3, 5
2 209.0, C
3 124.3, CH 6.26 (brt, 1.6 Hz, 1H) 1, 5 1, 5, 14
4 168.3, C
5 53.5, CH 2.66 (dd, 6.6, 0.9 Hz, 1H) 1, 3 7, 9a, 15 1, 3, 4, 6, 7, 9
6 58.8, CH 2.72 (brs, 1H) 7, 11, 12 2, 4, 5, 8, 10, 11, 15
7 46.7, CH 1.77 (m, 1H) 8a, 8b, 11 5, 8a, 13 1, 5, 12
8 23.1, CH2 a) 1.61 (m, 1H)

b) 1.83 (m, 1H)
7, 8b, 9a, 9b
7, 8a, 9a

1, 8b, 9b, 12
5, 8a, 13

10

9 37.9, CH2 a) 1.86 (m, 1H)
b) 1.90 (m, 1H)

8a, 8b, 9b
8a, 8b, 9a

5, 8a, 15,
1, 8a, 15

5, 10
7

10 59.8, C
11 33.2, CH 1.55 (m, 1H) 7, 12, 13 6, 8b, 12, 13 12, 13, 8, 7, 6
12 20.2, CH3 0.87 (d, 6.8 Hz, 3H) 11 1, 6, 11 13, 11, 7
13 19.9, CH3 0.89 (d, 6.8 Hz, 3H) 11 7, 11 7, 11, 12
14 173.8, C
15 20.8, CH3 0.98 (s, 3H) 1, 5, 9a, 9b 1, 5, 9, 10
a obtained from HSQC and HMBC
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H-5 (J = 6.6 Hz) can occur in case of a sterically fixed M or W-shaped arrangement of the coupling nuclei and is typical 
for 4JHH coupling of cis protons situated as bridgehead protons on the opposite side of cyclobutane rings [78, 79]. In 
contrast, COSY long-range couplings in saturated systems over more than 3 bonds typically have a J value of < 1 Hz and 
are therefore often undetected.

In 1 the signals of both bridgehead protons H-1 (δH 2.69, dd, 6.6, 1.3 Hz) and H-5 (δH 2.66 dd, J = 6.6, 0.9 Hz) appear 
consistent with the data from Nyasse et al. [77] on mustakone as doublet of doublets (dd) due to the long-range cou-
pling to H-3. H-3 appears as a pseudo broad triplet with a J value of 1.6 Hz, resulting from the overlaying effect of the 
theoretically possible doublet of doublet splitting. In contrast, H-6 appears like in mustakone as a broad singlet which 
implies in accordance with the Karplus curve an approximate angle of 90° between H-6 and all three neighboring protons 
H-1, H-5 and H-7. While this may pose a challenge for structure elucidation, it provides key information for the relative 
configuration of these compounds. Mustakone, like 1, features 5 stereocenters, which theoretically leads to 32 possible 
stereo isomers. However, due to the intramolecular cyclobutane ring, the associated steric constraints, and the multiplic-
ity of H-6, only 4 possible stereo isomers remain after geometrical optimization (Fig. 4, X1–X4). A Minimize Energy MM2 
calculation in Chem3D to optimize the spatial structure of the stereo isomers, followed by angle determination and cal-
culation of theoretical coupling constants, did not lead to the exclusion of any of the possible stereoisomers (Table S3).

For further determination of the relative stereochemistry, NOESY data were employed (Table 2, Fig. 5). Generally, 
NOESY coupling is possible for protons at distances less than 4 Å apart. Distances between selected protons and crucial 
NOESY couplings of compound 1 are shown in Fig. 5. Respective values of all four stereoisomers of 1 are summarized 
in Table S4. The observed strong NOESY correlation between H-1 and the isopropylic methyl group H3−12 (distance of 
2.6 Å, Table S4) can be only explained by the relative configuration of the enantiomers X2 (possessing 1S,5R,6R,7S,10S-
configuration) or X3 (possessing the 1R,5S,6S,7R,10R-configuration). To determine the absolute configuration, the CD 
spectrum of 1 was recorded and compared with calculated CD spectra of the possible enantiomers (Fig. 4), which verified 
X3 unequivocally as the correct structure. Thus, the new compound 1 has the absolute 1R,5S,6S,7R,10R-configuration and 
was given the trivial name mustak-14-oic acid. The absolute stereochemistry of 1 is in agreement with that of ( −)-musta-
kone, as described by Kapadia et al. [80].

Compound 2 was isolated as yellow oil in a yield of 2.7 mg. The molecular formula was determined as C15H24O4 from 
the formic acid adduct of the molecular ion peak at m/z 313.1669 [M + FA] − (calcd. for C16H26O6, 313.1651), obtained 
from the HR-ESI–MS spectra. The analysis of 1D and 2D NMR spectra (Fig. S2.1–S2.7.) implied that the basic structure 
of compound 2 is sesquiterpene-like and especially close to the structure of anhuienosol (C15H24O3) by comparison 
with literature data [81–83] (Table 3, Table S8). However, the CH2 group present in anhuienosol at position 6 (δC 28.6, δH 
2.91(brd, J = 13.7 Hz) + 1.94 (1H, br, J = 13.7 Hz)) (Table S8) [83] in 2 is replaced by an oxygenated CH group (δC 68.05, δH 
5.26 (d, J = 2.7 Hz, 1H) implying a hydroxylation at this position. With four stereocenters present in this molecule, theo-
retically, there could exist 16 possible stereoisomers. None of these can be eliminated based on geometric limitations. 
Nevertheless, targeted exclusion of isomers through NOESY correlations is attainable. The protons of the methyl group at 
position 14 (H3−14) exhibit NOESY correlations to only one hydrogen of each CH2 group at positions 2, 8, and 9, indicat-
ing the same spatial alignment of the respective protons 2a, 8a and 9a. Thus, the absence of NOESY correlation between 
H3−14 and H-1 necessitates an orientation in the opposite direction. This is further supported by NOESY correlations 
between H-1 and H-9b. Therefore, only either 1R,10R or 1S,10S configuration is possible. With two additional unspeci-
fied stereocenters at positions 6 and 7, eight potential structures remain (Y1–Y8, Fig. S4, Table S6). Following geometric 
optimizations and MM2 minimize energy calculations, 3D structures of all stereoisomers were created to measure the 
distances of protons and to compare with observed NOESY correlations The H3−15 methyl group appears relatively 

Fig. 5   2D NMR correlations for X3/compound 1 
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isolated and only displays NOESY correlation with H-6. Notably, the orientation of H-6 is irrelevant in this context, as the 
distance to H3−15 is less than 3 Å in all stereoisomers (2.0–2.4 Å, Table S6). In addition, H-6 shows NOESY correlations 
with H-7 (2.3–3.0 Å in all stereoisomers, Table S6) and H3−13 (2.1–2.3 Å in all stereoisomers, Table S6), but none with any 
of the ring-bound protons H-1, H-8a/b or H-9a/b. Therefore, an equatorial rather than an axial position for H-6 is sus-
pected. A comparison of distances between H-6 and all ring-bound protons for all stereoisomers revealed that only the 
enantiomers Y4/Y8 have consistently distances of > 4 Å and the expected equatorial position for H-6 and thus possess 
the correct relative configuration (Table S6). The elucidation of the absolute stereochemistry was done by comparison 
of experimental CD spectra with the calculated CD spectra of the possible stereoisomers (Fig. 6), which verified Y4 with 
the absolute 1R,6S,7S,10R configuration unequivocally as correct structure for the here isolated compound 2, trivially 
named 6-hydroxy-anhuienosol (Fig. 7).

Table 3   NMR data of 
compound 2 (MeOD, 
500 MHz, 25 °C)

a  obtained from HSQC and HMBC, b600 MHz, 160 scans

No δC a δH (multiplicity, J) COSY NOESY HMBCb

1 75.2, CH 3.66 (dd, 5.1, 13.1 Hz, 1H) 2a, 2b 2a, 2b, 9b 2, 9, 10, 14
2 43.0, CH2 a) 2.60 (dd, 13.1, 16.7 Hz, 1H)

b) 2.52 (dd, 5.1, 16.7 Hz, 1H)
1, 2b
1, 2a

1, 2b, 14
1, 2a

1, 3, 10
1, 3, 4, 10

3 201.1, C
4 132.1, C
5 161.8, C
6 68.0, CH 5.26 (d, 2.7 Hz, 1H) 7 7, 13, 15 4, 5, 7, 8, 10, 11
7 50.7, CH 1.30 (m, 1H) 6, 8a, 8b 6 8, 9, 13
8 16.6, CH2 a) 2.02 (m, 1H)

b) 1.70 (m, 1H)
7, 8b, 9b
8a

8b, 14
8a, 9a, 12

6, 7, 9
6, 7, 9, 10, 11

9 38.3, CH2 a) 2.15 (m, 1H)
b) 1.25 (m, 1H)

9b
8a, 9a

9b
1, 9a

5, 7, 8, 10, 14
8, 110, 14

10 41.5, C
11 73.8, C
12 27.9, CH3 1.27 (s, 3H) 8b, 13 7, 11, 13
13 28.2, CH3 1.38 (s, 3H) 6, 7, 12 7, 11, 12
14 17.7, CH3 1.31 (s, 3H) 2a, 8a, 9a 1, 5, 9, 10
15 9.9, CH3 1.85 (s, 3H) 6 3, 4, 5, 10

Fig. 6   CD spectra + calculated 
spectra of stereoisomers Y1-Y4 
of compound 2 
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Beside terpenoids and simple phenolics, flavonoids constitute a major compound class of H. scyphifera with kumatak-
enin (13) as main representative. In addition to structure identification by NMR data, (SI, Spectroscopic data of isolated 
compounds, No. 13), we describe here for the first time the structure of kumatakenin by X-ray crystallography. The X-ray 
analysis was performed on a crystal with the size of 0.295 × 0.029 × 0.015 mm (Fig. S11). It is a monoclinic crystal that 
shows a P21/c space group. From the data it was possible to obtain all atom bonding which results in verification of 
the molecular structure (Fig. 8). Nevertheless, due to the small dimension of the crystal, only a weak dataset could be 
achieved, which is visible among others in the Goof of 0.863 (Table S15).

Exemplarily, we performed an extensive MSn analysis of kumatakenin and present a fragmentation pathway (Fig. 9) in 
accordance with well researched fragmentation mechanisms of flavonoids [84–88]. From HRMS the molecular formula of 
C17H14O6 was known. The follow-up MSn experiments, performed in four steps from MS2 to MS5, showed the subsequent 
losses of methyl radicals followed by characteristic CO and CO2 elimination (Fig. 9).

3.3 � Considerations on biological activity

Most of the compounds isolated from H. scyphifera leaves are widely distributed in plants and known for decades. There-
fore, their biological effects were already exhaustively evaluated in previous studies. In addition, limitations in the yield 
of new compounds did not allow the submission to bioassays. Thus, we performed a literature review and focused on 
known sources and reported bioactivities for all 24 known compounds and on structurally related compounds for the 
two new isolates 1 and 2 (Table 4).

The Zingiberaceae family is known for various biological activities like e.g. anti-inflammatory and neuroprotective 
properties. Inflammatory and neurological diseases commonly arise in the presence of proinflammatory and prolifera-
tion-inducing cytokines, as well as through an escalation in the proliferation rate of immune system cells, or as a result 
of high levels of free radicals being released [20]. Cytokines are small proteins that act as messengers between cells, 
that are involved in the inflammatory response. In Zingiberaceae the pungent constituents like gingerols and shogaols, 
form one characteristic compound classes of this family, and are considered to be responsible for many pharmaceuti-
cal effects [89, 90]. These flavor components are phenolic ketones and structurally related to diarylheptanoids, like 
curcumin. Their anti-inflammatory effect arises from the inhibition of the synthesis of prostaglandins [91] as well as the 
inhibition of enzymes that produce NO radicals [92]. They also inhibit the synthesis and secretion of proinflammatory 
cytokines [90, 93, 94] such as interleukin-2 (IL-2). The extracts obtained from leaves of H. scyphifera were reported to 

Fig. 7   2D NMR correlations for Y4/compound 2 

Fig. 8   Structure of kuma-
takenin (13), obtained from 
X-Ray
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Fig. 9   Spectra and fragmentation pathway of the MSn analysis of kumatakenin (13) in negative ion mode
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inhibit the release of cytokine IL-2 from activated T-cells, reduce the proliferation rate of these T-cells and also minimize 
the release of nitric oxide radicals (NO) from activated microglial cells [20]. However, in our study of H. scyphifera we did 
not find any of the characteristic pungent compounds. Thus, the observed effects should result from other compound 
classes. We detected in H. scyphifera seven components known to occur in various species from the ginger family such 
as (E)−14,15,16-trinorlabda-8(17),11-dien-13-oic acid (3) from Zingiber ottensii [39], quercetin (10) from Zingiber officinale 
[95], isokaempferide (12) from Alpinia galanga [96] or H. reticulata [19], kumatakenin (13) from Curcuma aromatica [97] or 
H. scyphifera [19], 5-hydroxy-3,7,4’-trimethoxyflavone (14) from Kaempferia parviflora [98] or H. scyphifera [19], protocat-
echuic acid (23) from Roscoea purpurea [99], and protocatechuic acid methyl ester (25) from Amomum xanthioides [100]. 
These compounds reflect all three major compound groups identified in this study for H. scyphifera, namely terpenoids 
(3), flavonoids (10, 12, 13 and 14) and other phenolics (23 and 25). All three groups are known for anti-inflammatory 
effects [101]. Flavonoids such as epicatechin, sakuranetin, and quercetin are known to actively inhibit the release of 
cytokines like IL1β, and consequently passively suppress the IL1β-induced expression of NO radicals [102–104]. They 
are also able to trap radicals actively by donating phenolic hydrogen [105]. The same ability of free radical scavenging is 
reported for many phenolic compounds including isolates from H. scyphifera, namely ferulic acid (16, 17), vanillin (20), 
vanillic acid (24), p-coumaric acid (15) and protocatechuic acid (23) [106]. Recently, El Omari et al. [107] showed, that 
sesquiterpene lactones are able to reduce specifically the IL-2 secretion, like Zipp, Ullrich et al. [20] reported earlier for 
H. scyphifera extracts. The same effects might be attributed to the newly found sesquiterpene lactone mustak-14-oic 
acid (1). In conclusion, the presence of flavonoids, phenols and terpenoids in combination could explain the reported 
anti-inflammatory and neuroprotective activities of H. scyphifera extract [20].

There is also a number of reports concerning the antifungal and antimicrobial activity of H. scyphifera isolates which 
aligns with the results of the growth-inhibition assays against the Gram-negative bacterium A. fischeri (Fig. S1.1.B) and 
the fungus Botrytis cinerea (Fig. S1.2.B) in the present study and with reports from literature [18, 20]. These bioactivities 
probably arise mainly from flavonoids and phenolics. Antimicrobial compounds are 4 [40], 8 [101], 9 [108, 109], 10 [18, 
104], 13 [110], 14 [94, 110], 15 [111], 16 [112], 18 [113], 19 [114], 21 [115, 116], 22 [117], and 23 [118], and antifungal 
compounds are 9 [119], 13 [110], 14 [120], 19 [121], 20 [121], 21 [115, 116, 122]). However, terpenoids are often relevant 
for antifungal activity, like verbenon-10-oic acid (4) [40] and mustakone [77], a compound structurally closely related to 
sesquiterpenoid 1. Applications of 20 µg in standardized disc assays resulted in the inhibition of Candida albicans [40] 
and Penicillium crustosum [77].

Further potential effects H. scyphifera might exhibit based on the discovered constituents can be taken from the litera-
ture review (Table 4). Based on this, the species appears to be a promising study subject for more intensive investigations 
to unravel its full pharmaceutical potential. In summary, among the 26 isolated compounds, the predominant biological 
activities found so far cover antimicrobial and antifungal as well as anti-inflammatory and neuroprotective potentials, 
the latter effect often linked to the anti-inflammatory action. However, the high number of different active compounds 
suggests, that effects of the extract also might result from the combined powers of several active constituents, rather 
than being exerted by a single component with high specificity.

4 � Conclusion

In conclusion, the phytochemical investigation of H. scyphifera leaves using multiple analytical methods has provided 
valuable insights into its chemical composition. Through GCMS analysis of headspace and of the essential oil, the pres-
ence of common aroma components such as α-pinene, camphene, p-cymene, and camphor were confirmed, along with 
the identification of a previously unreported compound, butylbenzene. Further analysis via UHPLC-HRMS allowed for the 
annotation of additional metabolites, identifying flavonoids, terpenoids and phenolics as the major compound classes 
of H. scyphifera. Purification of the crude extract led to the isolation of the two new sesquiterpenoids mustak-14-oic acid 
(1) and 6-hydroxy-anhuienosol (2) along with 24 known compounds. Structural elucidation of these compounds was 
achieved through a combination of extensive spectroscopic techniques, including 1D and 2D NMR and HRMS as well as 
comparison with literature data. Furthermore, the determination of stereochemistry was facilitated by NOESY correlations 
and CD spectroscopy. As an example of the flavonoid class, a four step MSn analysis of kumatakenin (13) was performed 
and based on known fragmentation mechanisms, a full annotated fragmentation pathway could be established. This is 
also the first time that the keto acids 5, 6 and 7 were isolated from plant origin. While the possibility that they originate 
from plant-associated bacteria or fungi cannot be ruled out, the quantities observed strongly suggest a plant origin.
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Bioassays revealed antimicrobial and antifungal activities in fractions enriched with nonpolar isolated compounds. 
Intensive literature research of all isolated compounds showed that many of them are known for mild activities in such 
assays. For H. scyphifera activity, this implies an additive, maybe synergistic, combination of several constituents rather 
than one individual highly active compound with high selectivity being responsible. Along with the antimicrobial activ-
ity mentioned, there are further beneficial effects known for the isolated compounds, namely anti-inflammatory and 
neuroprotective activities which support observed effects of H. scyphifera extracts described in the literature. Overall, the 
comprehensive phytochemical investigation of H. scyphifera leaves has contributed to a deeper understanding of their 
chemical composition and increased the molecular basis for understanding its observed biological activities, laying the 
foundation for further studies on pharmacological and therapeutic applications.

Acknowledgements  The authors would like to thank M. Brode (IPB Halle) for the performance of antibacterial and antifungal bioassays. We 
are grateful to P. Stark, A. Porzel, and G. Hahn (IPB Halle) for NMR, CD, UV and specific rotation measurements, as well as to A. Laub, J. Schmidt, 
A. Soboleva, M. Hempel, and E. Kysil (IPB Halle) for HRMS measurements. We thank the colleagues/groups of Prof. F. Zipp (Magdeburg, now 
Mainz), Prof. O. Ullrich (Magdeburg, now Zürich) and Prof. J. Heilmann (Regensburg) for discussions on H. scyphifera effects prior to the project.

Author contributions  J.K. performed the main phytochemical investigations, data analysis and visualization and wrote the main manuscript. 
A.D. performed studies on volatiles and literature searches on biological activities of known compounds leading to Tables S2 and 4, respec-
tively. K.P., A.W. and I.W. contributed to the isolation and structure elucidation of constituents. D.D. and M.D. performed computational CD 
spectral analysis and prepared Figs. 6, S5, S6, S7 and Tables S3-S6; S9-S14. C.W. performed X-Ray crystallography of kumatakenin connected 
to Figs. 8, S11 and Table S15. K.F. was involved in data curation and validation and supervised the work. L.A.W. designed the study, acquired 
funding, provided resources and supervision. All authors reviewed and edited the manuscript.

Funding  Financial support for this study was provided by the project “Indonesian Plant Biodiversity and Human Health – BIOHEALTH” (BMBF 
grants no. 16GW0120K) to L.A. Wessjohann. J. Kappen and K. Franke were also funded within the frame of the project ProCognito by EFRE and 
the state Saxony-Anhalt (ZS/2018/11/95581). I. Ware was funded by the German Academic Exchange Service (DAAD grant number 57299294, 
ST34). We also thank the MOE Fellowship program of the Deutsche Bundesstiftung Umwelt (DBU) for the support of A. David.

Data availability  Data are included in the article and the supplementary material. The raw data supporting the conclusions of this article will 
be made available by the corresponding authors on request. The plant material is deposited at IPB, Germany. All primary data and reference 
compounds are stored at the IPB primary data storage for 10 + years, and in the compound depository to the extent available or stable.

Code availability  Not applicable.

Declarations 

Ethics approval and consent to participate  Not applicable.

Consent for publication   Not applicable.

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Kress WJ, Prince LM, Williams KJ. The phylogeny and a new classification of the gingers (Zingiberaceae): evidence from molecular data. 
Am J Bot. 2002. https://​doi.​org/​10.​3732/​ajb.​89.​10.​1682.

	 2.	 Pancharoen O, Prawat U, Tuntiwachwuttikul P. Phytochemistry of the Zingiberaceae. In: Rahman Au, editor. Studies in natural products 
chemistry bioactive natural products (Part D). Cambridge: Elsevier; 2000.

	 3.	 Wu D, Larsen K. Zingiberaceae. In: Wu Z, Peter HR, editors. Flora of China. Beijing: Science-Press Missouri Botanical Garden Press.; 2000.
	 4.	 Braga MC, Vieira ECS, Oliveira TF. Curcuma longa L. leaves: characterization (bioactive and antinutritional compounds) for use in human 

food in Brazil. Food Chem. 2018. https://​doi.​org/​10.​1016/j.​foodc​hem.​2018.​05.​096.
	 5.	 Alolga RN, Wang F, Zhang X, Li J, Tran LP, Yin X. Bioactive compounds from the Zingiberaceae family with known antioxidant activities 

for possible therapeutic uses. Antioxidants. 2022. https://​doi.​org/​10.​3390/​antio​x1107​1281.
	 6.	 Wink M. Plant breeding: Importance of plant secondary metabolites for protection against pathogens and herbivores. Theor Appl Genet. 

1988. https://​doi.​org/​10.​1007/​BF003​03957.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3732/ajb.89.10.1682
https://doi.org/10.1016/j.foodchem.2018.05.096
https://doi.org/10.3390/antiox11071281
https://doi.org/10.1007/BF00303957


Vol:.(1234567890)

Research	  
Discover Plants             (2025) 2:6  | https://doi.org/10.1007/s44372-024-00085-0

	 7.	 Wink M. Modes of action of herbal medicines and plant secondary metabolites. Medicines. 2015. https://​doi.​org/​10.​3390/​medic​ines2​
030251.

	 8.	 Pagare S, Bhatia M, Tripathi N, Bansal YK. Secondary metabolites of plants and their role: overview. Curr Trends Biotechnol Pharm. 
2015;9(3):293–304.

	 9.	 Lake JA, Field KJ, Davey MP, Beerling DJ, Lomax BH. Metabolomic and physiological responses reveal multi-phasic acclimation of Arabi-
dopsis thaliana to chronic UV radiation. Plant Cell Environ. 2009. https://​doi.​org/​10.​1111/j.​1365-​3040.​2009.​02005.x.

	 10.	 Souissi M, Azelmat J, Chaieb K, Grenier D. Antibacterial and anti-inflammatory activities of cardamom (Elettaria cardamomum) extracts: 
potential therapeutic benefits for periodontal infections. Anaerobe. 2020. https://​doi.​org/​10.​1016/j.​anaer​obe.​2019.​102089.

	 11.	 Dahham SS, Tabana YM, Iqbal MA, Ahamed MBK, Ezzat MO, Majid ASA, Majid AMSA. The anticancer, antioxidant and antimicrobial prop-
erties of the sesquiterpene β-caryophyllene from the essential oil of Aquilaria crassna. Molecules. 2015. https://​doi.​org/​10.​3390/​molec​
ules2​00711​808.

	 12.	 Menon VP, Sudheer AR. Antioxidant and anti-inflammatory properties of curcumin. Adv Exp Med Biol. 2007. https://​doi.​org/​10.​1007/​
978-0-​387-​46401-5_3.

	 13.	 Ge W, Li H, Zhao Y, Cai E, Zhu H, Gao Y, Liu S, Yang H, Zhang L. Study on antidepressant activity of sesquiterpenoids from ginseng root. J 
Funct Foods. 2017. https://​doi.​org/​10.​1016/j.​jff.​2017.​03.​057.

	 14.	 Govaerts R. The World Checklist of Vascular Plants (WCVP). The Royal Botanic Gardens. Kew. 2022. https://​www.​gbif.​org/​datas​et/​5e8ba​
9ca-​1cac-​4ddb-​88c8-​c14c0​98ad1​04#​citat​ion. Accessed 27 May 2024.

	 15.	 Holttum RE. The Zingiberaceae of the Malay Peninsula. The Gardens bulletin. Singapore. 1950.
	 16.	 Newman M, Lhuillier A, Poulsen AD. Checklist of the Zingiberaceae of Malesia. Nat Herbar Nederland Uni Leiden. Leiden. 2004.
	 17.	 Hashim SE, Sirat HM. Chemical composition, antioxidant, antimicrobial, and α-glucosidase activities of essential oils of Hornstedtia 

scyphifera (Zingiberaceae). Nat Prod Commun. 2018. https://​doi.​org/​10.​1177/​19345​78X18​01300​228.
	 18.	 John UI, Hauwa AU, Ojochenemi Y, Isaac UK. Isolation and characterization of chemical constituents, cytotoxicity antibacterial and anti-

oxidant activity of the isolates, crude extract from Hornstedtia scyphifera var leaf. GSC Biol Pharm Sci. 2020. https://​doi.​org/​10.​30574/​
gscbps.​2020.​10.2.​0027.

	 19.	 Hashim SE, Sirat HM, Yen KH, Ismail IS, Matsuki SN. Antioxidant and α-glucosidase inhibitory constituents from Hornstedtia species of 
Malaysia. Nat Prod Commun. 2015. https://​doi.​org/​10.​1177/​19345​78X15​01000​919.

	 20.	 Zipp F, Ullrich O. Extracts from the plant Hornstedtia scyphifera and immunosuppressive effects. EP2163253A1. 2008.
	 21.	 Suekaew N, Na Pombejra S, Kulsing C, Doungchawee J, Khotavivattana T. Bioassay-guided fractionation, chemical compositions and 

antibacterial activity of extracts from rhizomes of Globba schomburgkii Hook f. Chem Biodivers. 2020. https://​doi.​org/​10.​1002/​cbdv.​
20200​0173.

	 22.	 Songsri S, Nuntawong N. Cytotoxic labdane diterpenes from Hedychium ellipticum Buch Ham ex Sm. Molecules. 2016. https://​doi.​org/​
10.​3390/​molec​ules2​10607​49.

	 23.	 Akiyama K, Kikuzaki H, Aoki T, Okuda A, Lajis NH, Nakatani N. Terpenoids and a diarylheptanoid from Zingiber ottensii. J Nat Prod. 2006. 
https://​doi.​org/​10.​1021/​np060​3119.

	 24.	 Aihaiti K, Li J, Xu N, Tang D, Aisa HA. Monoterpenoid derivatives from Hyssopus cuspidatus Boriss and their bioactivities. Fitoterapia. 2023. 
https://​doi.​org/​10.​1016/j.​fitote.​2023.​105432.

	 25.	 Zhang JF, Zhong WC, Li YC, Song YQ, Xia GY, Tian GH, Ge GB, Lin S. Bioactivity-guided discovery of human carboxylesterase inhibitors 
from the roots of Paeonia lactiflora. J Nat Prod. 2020. https://​doi.​org/​10.​1021/​acs.​jnatp​rod.​0c004​64.

	 26.	 Passaro LC, Webster FX. Synthesis of the female sex pheromone of the citrus mealybug. Planococcus citri J Agric Food Chem. 2004. 
https://​doi.​org/​10.​1021/​jf035​301h.

	 27.	 Kukovinets OS, Zvereva TI, Kasradze VG, Galin FZ, Frolova LL, Kuchin AV, Spirikhin LV, Abdullin MI. Novel synthesis of Planococcus citri 
pheromone. Chem Nat Compd. 2006. https://​doi.​org/​10.​1007/​s10600-​006-​0082-x.

	 28.	 Bellcross A, Bé AG, Geiger FM, Thomson RJ. Molecular chirality and cloud activation potentials of dimeric α-pinene oxidation products. 
J Am Chem Soc. 2021. https://​doi.​org/​10.​1021/​jacs.​1c075​09.

	 29.	 Leisch H, Shi R, Grosse S, Morley K, Bergeron H, Cygler M, Iwaki H, Hasegawa Y, Lau PCK. Cloning, Baeyer-Villiger biooxidations, and 
structures of the camphor pathway 2-oxo-Δ(3)-4,5,5-trimethylcyclopentenylacetyl-coenzyme a monooxygenase of Pseudomonas putida 
ATCC 17453. Appl Environ Microbiol. 2012. https://​doi.​org/​10.​1128/​AEM.​07694-​11.

	 30.	 Bradshaw WH, Conrad HE, Corey EJ, Gunsalus IC, Lednicer D. Microbiological degradation of (+)-camphor. J Am Chem Soc. 1959. https://​
doi.​org/​10.​1021/​ja015​29a060.

	 31.	 Dungar S, Mahajan D, Giannousis PP, Singh V, Kapoor KK. A novel process for synthesis of polyphenols. EP2668176B1. 2012.
	 32.	 Shen CC, Chang YS, Hott LK. Nuclear magnetic resonance studies of 5,7-dihydroxyflavonoids. Phytochemistry. 1993. https://​doi.​org/​10.​

1016/​0031-​9422(93)​85370-7.
	 33.	 Piao S, Qi Y, Jin M, Diao S, Zhou W, Sun J, Jin X, Li G. Two new quinones and six additional metabolites with potential anti-inflammatory 

activities from the roots of Juglans mandshurica. Nat Prod Res. 2022. https://​doi.​org/​10.​1080/​14786​419.​2020.​18628​31.
	 34.	 Lee YJ, Cui J, Lee J, Han AR, Lee EB, Jang HH, Seo EK. Cytotoxic compounds from Juglans sinensis Dode display anti-proliferative activity 

by inducing apoptosis in human cancer cells. Molecules. 2016. https://​doi.​org/​10.​3390/​molec​ules2​10101​20.
	 35.	 Lou Y, Xu T, Cao H, Zhao Q, Zhang P, Shu P. Natural antioxidants, tyrosinase and acetylcholinesterase inhibitors from Cercis glabra leaves. 

Molecules. 2022. https://​doi.​org/​10.​3390/​molec​ules2​72486​67.
	 36.	 Oliveira DM, Siqueira EP, Nunes YR, Cota BB. Flavonoids from leaves of Mauritia flexuosa. Rev Bras Farmacogn. 2013. https://​doi.​org/​10.​

1590/​S0102-​695X2​01300​50000​61.
	 37.	 Fernandes FHA, Da Silva SS, Bekbolatova E, Boylan F, Salgado HRN. Pharmacological, toxicological and phytochemical analysis of Spondias 

dulcis parkinson. Nat Prod Res. 2024. https://​doi.​org/​10.​1080/​14786​419.​2023.​22102​54.
	 38.	 Costa AG, Yoshida NC, Garcez WS, Perdomo RT, Matos MC, Garcez FR. Metabolomics approach expands the classification of propolis 

samples from midwest Brazil. J Nat Prod. 2020. https://​doi.​org/​10.​1021/​acs.​jnatp​rod.​9b007​83.

https://doi.org/10.3390/medicines2030251
https://doi.org/10.3390/medicines2030251
https://doi.org/10.1111/j.1365-3040.2009.02005.x
https://doi.org/10.1016/j.anaerobe.2019.102089
https://doi.org/10.3390/molecules200711808
https://doi.org/10.3390/molecules200711808
https://doi.org/10.1007/978-0-387-46401-5_3
https://doi.org/10.1007/978-0-387-46401-5_3
https://doi.org/10.1016/j.jff.2017.03.057
https://www.gbif.org/dataset/5e8ba9ca-1cac-4ddb-88c8-c14c098ad104#citation
https://www.gbif.org/dataset/5e8ba9ca-1cac-4ddb-88c8-c14c098ad104#citation
https://doi.org/10.1177/1934578X1801300228
https://doi.org/10.30574/gscbps.2020.10.2.0027
https://doi.org/10.30574/gscbps.2020.10.2.0027
https://doi.org/10.1177/1934578X1501000919
https://doi.org/10.1002/cbdv.202000173
https://doi.org/10.1002/cbdv.202000173
https://doi.org/10.3390/molecules21060749
https://doi.org/10.3390/molecules21060749
https://doi.org/10.1021/np0603119
https://doi.org/10.1016/j.fitote.2023.105432
https://doi.org/10.1021/acs.jnatprod.0c00464
https://doi.org/10.1021/jf035301h
https://doi.org/10.1007/s10600-006-0082-x
https://doi.org/10.1021/jacs.1c07509
https://doi.org/10.1128/AEM.07694-11
https://doi.org/10.1021/ja01529a060
https://doi.org/10.1021/ja01529a060
https://doi.org/10.1016/0031-9422(93)85370-7
https://doi.org/10.1016/0031-9422(93)85370-7
https://doi.org/10.1080/14786419.2020.1862831
https://doi.org/10.3390/molecules21010120
https://doi.org/10.3390/molecules27248667
https://doi.org/10.1590/S0102-695X2013005000061
https://doi.org/10.1590/S0102-695X2013005000061
https://doi.org/10.1080/14786419.2023.2210254
https://doi.org/10.1021/acs.jnatprod.9b00783


Vol.:(0123456789)

Discover Plants             (2025) 2:6  | https://doi.org/10.1007/s44372-024-00085-0 
	 Research

	 39.	 Dao T, Nguyen T, Nguyen V, Tran T, Tran N, Nguyen C, Nguyen HH, Sichaem J, Tran CL, Duong TH. Flavones from Combretum quadran-
gulare growing in Vietnam and their α-glucosidase inhibitory activity. Molecules. 2021. https://​doi.​org/​10.​3390/​molec​ules2​60925​
31.

	 40.	 Lu K, Chu J, Wang H, Fu X, Quan D, Ding H, Yao Q, Yu P. Regioselective iodination of flavonoids by N-iodosuccinimide under neutral 
conditions. Tetrahedron Lett. 2013. https://​doi.​org/​10.​1016/j.​tetlet.​2013.​09.​051.

	 41.	 Ma T, Sun Y, Wang L, Wang J, Wu B, Yan T, Jia Y. An investigation of the anti-depressive properties of phenylpropanoids and flavonoids in 
Hemerocallis citrina Baroni. Molecules. 2022. https://​doi.​org/​10.​3390/​molec​ules2​71858​09.

	 42.	 Salum ML, Robles CJ, Erra-Balsells R. Photoisomerization of ionic liquid ammonium cinnamates: One-pot synthesis-isolation of Z-cinnamic 
acids. Org Lett. 2010. https://​doi.​org/​10.​1021/​ol101​9508.

	 43.	 Liu XY, Guo Q, Zhang YS, Tu PF, Zhang QY. Enantiomeric phenylpropanoids from Uncaria rhynchophylla. Chem Nat Compd. 2022. https://​
doi.​org/​10.​1007/​s10600-​022-​03860-1.

	 44.	 Jiang X, Chi J, Feng Q, Wu H, Wang Z, Dai L. Isolation and identification of antioxidant constituents from the flowers of Salvia miltiorrhiza. 
Nat Prod Res. 2023. https://​doi.​org/​10.​1080/​14786​419.​2023.​21987​10.

	 45.	 Mahnashi MH, Alyami BA, Alqahtani YS, Alqarni AO, Jan MS, Hussain F, Zafar R, Rashid U, Abbas M, Tariq M, Sadiq A. Antioxidant molecules 
isolated from edible prostrate knotweed: Rational derivatization to produce more potent molecules. Oxidative Med Cell Longev. 2022. 
https://​doi.​org/​10.​1155/​2022/​31274​80.

	 46.	 Chung C, Hsia S, Lee M, Chen H, Cheng F, Chan L, Kuo Y, Lin Y, Chiang W. Gastroprotective activities of adlay (Coix lachryma-jobi L var 
ma-yuen Stapf ) on the growth of the stomach cancer AGS cell line and indomethacin-induced gastric ulcers. J Agric Food Chem. 2011. 
https://​doi.​org/​10.​1021/​jf200​9556.

	 47.	 Chen Y, Hou J, Huang L, Khan A, Xing F, Zhang X, Han D, Yan S, Cao G, Jiao QY, Liu D, Zhu X, Hu Q, Lou H. Chemical constituents of Viscum 
coloratum (Kom) Nakai and their cytotoxic activities. Nat Prod Res. 2022. https://​doi.​org/​10.​1080/​14786​419.​2020.​18378​16.

	 48.	 Jung YW, Lee JA, Lee JE, Cha H, Choi YH, Jeong W, Choi CW, Oh JS, Ahn EK, Hong SS. Anti-adipogenic activity of secondary metabolites 
isolated from Silax sieboldii Miq on 3T3-L1 adipocytes. Int J Mol Sci. 2023. https://​doi.​org/​10.​3390/​ijms2​41088​66.

	 49.	 Meng Q, Li G, Luo B, Wang L, Lu Y, Liu W. Screening and isolation of natural antioxidants from Ziziphora clinopodioides Lam with high 
performance liquid chromatography coupled to a post-column Ce(IV) reduction capacity assay. RSC Adv. 2016. https://​doi.​org/​10.​1039/​
C6RA0​8588A.

	 50.	 Jeong GH, Kim TH. New anti-glycative lignans from the defatted seeds of Sesamum indicum. Molecules. 2023. https://​doi.​org/​10.​3390/​
molec​ules2​80522​55.

	 51.	 Hong SS, Choi CW, Choi YH, Oh JS. Coixlachryside A: a new lignan glycoside from the roots of Coix lachryma-jobi L var ma-yuen Stapf. 
Phytochem Lett. 2016. https://​doi.​org/​10.​1016/j.​phytol.​2016.​07.​004.

	 52.	 Castro-Vazquez D, Sánchez-Carranza JN, Alvarez L, Juárez-Mercado KE, Sánchez-Cruz N, Medina-Franco JL, Antunez-Mojica M, González-
Maya L. Methyl benzoate and cinnamate analogs as modulators of DNA methylation in hepatocellular carcinoma. Chem Biol Drug Des. 
2022. https://​doi.​org/​10.​1111/​cbdd.​14061.

	 53.	 Sangsopha W, Kanokmedhakul K, Lekphrom R, Kanokmedhakul S. Chemical constituents and biological activities from branches of 
Colubrina asiatica. Nat Prod Res. 2018. https://​doi.​org/​10.​1080/​14786​419.​2017.​13207​87.

	 54.	 Wang Y, Gevorgyan V. General method for the synthesis of salicylic acids from phenols through palladium-catalyzed silanol-directed 
C-H carboxylation. Angew Chem Int Ed Engl. 2015. https://​doi.​org/​10.​1002/​anie.​20141​0375.

	 55.	 He L, Hou J, Gan M, Shi J, Chantrapromma S, Fun HK, Williams ID, Sung HHY. Cadinane sesquiterpenes from the leaves of Eupatorium 
adenophorum. J Nat Prod. 2008. https://​doi.​org/​10.​1021/​np800​242w.

	 56.	 Menon LN, Shameer PS, Sarma J, Rameshkumar KB. Profiles of volatile chemicals from the leaves of six Garcinia species from North East 
India. Nat Prod Res. 2021. https://​doi.​org/​10.​1080/​14786​419.​2019.​16673​49.

	 57.	 Kapadia VH, Nagasampagi BA, Naik VG, Dev S. Structure of mustakone and copaene. Tetrahedron Lett. 1963. https://​doi.​org/​10.​1016/​
S0040-​4039(01)​90945-1.

	 58.	 Lian MY, Zhang YJ, Dong SH, Huang XX, Bai M, Song SJ. Terpenoids from Litsea lancilimba Merr and their chemotaxonomic significant. 
Biochem Syst Ecol. 2022. https://​doi.​org/​10.​1016/j.​bse.​2022.​104456.

	 59.	 Nyasse B, Ghogomu RBL, Sondengam T, Martin MT, Bodo B. Mandassidione and other sesquiterpenic ketones from Cyperus articulatus. 
Phytochemistry. 1988. https://​doi.​org/​10.​1016/​0031-​9422(88)​80055-4.

	 60.	 Friebolin H. Ein- und zweidimensionale NMR-Spektroskopie. 5th ed. Weinheim: Wiley-VCH; 2013.
	 61.	 Abraham RJ, Cooper MA, Salmon JR, Whittaker D. The NMR spectra and conformations of cyclic compounds V: proton couplings and 

chemical shifts in bridged cyclobutanes. Org Magn Reson. 1972. https://​doi.​org/​10.​1002/​mrc.​12700​40409.
	 62.	 Kapadia VH, Nagasampagi BA, Naik VG, Dev S. Studies in sesquiterpenes - XXII. Tetrahedron Lett. 1965. https://​doi.​org/​10.​1016/​S0040-​

4020(01)​82231-6.
	 63.	 Kawaguchi Y, Ochi T, Takaishi Y, Kawazoe K, Lee KH. New sesquiterpenes from Capsicum annuum. J Nat Prod. 2004. https://​doi.​org/​10.​

1021/​np030​5472.
	 64.	 Nie LX, Dong J, Huang LY, Qian XY, Lian CJ, Kang S, Dai Z, Ma SC. Microscopic mass spectrometry imaging reveals the distribution of 

phytochemicals in the dried root of Isatis tinctoria. Front pharmacol. 2021. https://​doi.​org/​10.​3389/​fphar.​2021.​685575.
	 65.	 Suresh G, Poornima B, Babu KS, Yadav PA, Rao MSA, Siva B, Prasad KR, Nayak VL, Ramakrishna S. Cytotoxic sesquiterpenes from Hedychium 

spicatum: Isolation, structure elucidation and structure-activity relationship studies. Fitoterapia. 2013. https://​doi.​org/​10.​1016/j.​fitote.​
2013.​02.​004.

	 66.	 Cuyckens F, Claeys M. Mass spectrometry in the structural analysis of flavonoids. J Mass Spectrom. 2004. https://​doi.​org/​10.​1002/​jms.​
585.

	 67.	 Fabre N, Rustan I, Hoffmann E, Quetin-Leclercq J. Determination of flavone, flavonol, and flavanone aglycones by negative ion liquid 
chromatography electrospray ion trap mass spectrometry. J Am Soc Mass Spectrom. 2001. https://​doi.​org/​10.​1016/​S1044-​0305(01)​
00226-4.

	 68.	 Frański R, Gierczyk B, Kozik T, Popenda Ł, Beszterda M. Signals of diagnostic ions in the product ion spectra of M - H- ions of methoxylated 
flavonoids. Rapid Commun Mass Spectrom. 2019. https://​doi.​org/​10.​1002/​rcm.​8316.

https://doi.org/10.3390/molecules26092531
https://doi.org/10.3390/molecules26092531
https://doi.org/10.1016/j.tetlet.2013.09.051
https://doi.org/10.3390/molecules27185809
https://doi.org/10.1021/ol1019508
https://doi.org/10.1007/s10600-022-03860-1
https://doi.org/10.1007/s10600-022-03860-1
https://doi.org/10.1080/14786419.2023.2198710
https://doi.org/10.1155/2022/3127480
https://doi.org/10.1021/jf2009556
https://doi.org/10.1080/14786419.2020.1837816
https://doi.org/10.3390/ijms24108866
https://doi.org/10.1039/C6RA08588A
https://doi.org/10.1039/C6RA08588A
https://doi.org/10.3390/molecules28052255
https://doi.org/10.3390/molecules28052255
https://doi.org/10.1016/j.phytol.2016.07.004
https://doi.org/10.1111/cbdd.14061
https://doi.org/10.1080/14786419.2017.1320787
https://doi.org/10.1002/anie.201410375
https://doi.org/10.1021/np800242w
https://doi.org/10.1080/14786419.2019.1667349
https://doi.org/10.1016/S0040-4039(01)90945-1
https://doi.org/10.1016/S0040-4039(01)90945-1
https://doi.org/10.1016/j.bse.2022.104456
https://doi.org/10.1016/0031-9422(88)80055-4
https://doi.org/10.1002/mrc.1270040409
https://doi.org/10.1016/S0040-4020(01)82231-6
https://doi.org/10.1016/S0040-4020(01)82231-6
https://doi.org/10.1021/np0305472
https://doi.org/10.1021/np0305472
https://doi.org/10.3389/fphar.2021.685575
https://doi.org/10.1016/j.fitote.2013.02.004
https://doi.org/10.1016/j.fitote.2013.02.004
https://doi.org/10.1002/jms.585
https://doi.org/10.1002/jms.585
https://doi.org/10.1016/S1044-0305(01)00226-4
https://doi.org/10.1016/S1044-0305(01)00226-4
https://doi.org/10.1002/rcm.8316


Vol:.(1234567890)

Research	  
Discover Plants             (2025) 2:6  | https://doi.org/10.1007/s44372-024-00085-0

	 69.	 Justesen U. Collision-induced fragmentation of deprotonated methoxylated flavonoids, obtained by electrospray ionization mass spec-
trometry. J Mass Spectrom. 2001. https://​doi.​org/​10.​1002/​jms.​118.

	 70.	 Schmidt J. Negative ion electrospray high-resolution tandem mass spectrometry of polyphenols. J Mass Spectrom. 2016. https://​doi.​
org/​10.​1002/​jms.​3712.

	 71.	 Ashraf K, Sultan S, Shah SAA. Phytochemistry, phytochemical, pharmacological and molecular study of Zingiber officinale roscoe: a review. 
Int J Pharm Pharm Sci. 2017. https://​doi.​org/​10.​22159/​ijpps.​2017v​9i11.​19613.

	 72.	 Ali BH, Blunden G, Tanira MO, Nemmar A. Some phytochemical, pharmacological and toxicological properties of ginger (Zingiber officinale 
Roscoe): a review of recent research. Food Chem Toxicol. 2008. https://​doi.​org/​10.​1016/j.​fct.​2007.​09.​085.

	 73.	 Kiuchi F, Iwakami S, Shibuya M, Hanaoka F, Sankawa U. Inhibition of prostaglandin and leukotriene biosynthesis by gingerols and diar-
ylheptanoids. Chem Pharm Bull. 1992. https://​doi.​org/​10.​1248/​cpb.​40.​387.

	 74.	 Aktan F, Henness S, van Tran H, Duke CC, Roufogalis BD, Ammit AJ. Gingerol metabolite and a synthetic analogue capsarol inhibit mac-
rophage NF-kappaB-mediated iNOS gene expression and enzyme activity. Planta Med. 2006. https://​doi.​org/​10.​1055/s-​2006-​931588.

	 75.	 Grzanna R, Lindmark L, Frondoza CG. Ginger-and herbal medicinal product with broad anti-inflammatory actions. J Med Food. 2005. 
https://​doi.​org/​10.​1089/​jmf.​2005.8.​125.

	 76.	 Grzanna R, Phan P, Polotsky A, Lindmark L, Frondoza CG. Ginger extract inhibits beta-amyloid peptide-induced cytokine and chemokine 
expression in cultured THP-1 monocytes. J Altern Complement Med. 2004. https://​doi.​org/​10.​1089/​acm.​2004.​10.​1009.

	 77.	 Ahmed N, Karobari MI, Yousaf A, Mohamed RN, Arshad S, Basheer SN, Peeran SW, Noorani TY, Assiry AA, Alharbi AS, Yean CY. The anti-
microbial efficacy against selective oral microbes, antioxidant activity and preliminary phytochemical screening of Zingiber officinale. 
Infect Drug Resist. 2022. https://​doi.​org/​10.​2147/​IDR.​S3641​75.

	 78.	 Tungmunnithum D, Tanaka N, Uehara A, Iwashina T. Flavonoids profile, taxonomic data, history of cosmetic uses, anti-oxidant and anti-
aging potential of Alpinia galanga (L) Willd. Cosmetics. 2020. https://​doi.​org/​10.​3390/​cosme​tics7​040089.

	 79.	 Sharma V, Singh V. Phytochemical characterization of Curcuma aromatica (rhizome). Eur Chem Bull. 2023. https://​doi.​org/​10.​48047/​ecb/​
2023.​12.​si4.​584.

	 80.	 Thao NP, Luyen BTT, Lee SH, Jang HD, Kim YH. Anti-osteoporotic and antioxidant activities by rhizomes of Kaempferia parviflora Wall ex 
Baker. Nat Prod Sci. 2016. https://​doi.​org/​10.​20307/​nps.​2016.​22.1.​13.

	 81.	 Srivastava S, Misra A, Kumar D, Srivastava A, Sood A, Rawat A. Reversed-phase high-performance liquid chromatography-ultraviolet 
photodiode array detector validated simultaneous quantification of six bioactive phenolic acids in Roscoea purpurea tubers and their 
in vitro cytotoxic potential against various cell lines. Pharmacogn Mag. 2015. https://​doi.​org/​10.​4103/​0973-​1296.​168944.

	 82.	 Jung WC, Kim KH, Il Kyun L, Choi SU, Lee KR. Phytochemical constituents of Amomum xanthioides. Nat Prod Sci. 2009;15(1):44–9.
	 83.	 Prakash M, Basavaraj BV, Chidambara KN. Biological functions of epicatechin: plant cell to human cell health. J Funct Foods. 2019. https://​

doi.​org/​10.​1016/j.​jff.​2018.​10.​021.
	 84.	 Kim MJ, Ryu GR, Kang JH, Sim SS, Min DS, Rhie DJ, Yoon SH, Hahn SJ, Jeong IK, Hong KJ, Kim MS, Jo YH. Inhibitory effects of epicatechin 

on interleukin-1beta-induced inducible nitric oxide synthase expression in RINm5F cells and rat pancreatic islets by down-regulation 
of NF-kappaB activation. Biochem Pharmacol. 2004. https://​doi.​org/​10.​1016/j.​bcp.​2004.​06.​031.

	 85.	 Taguchi L, Pinheiro NM, Olivo CR, Choqueta-Toledo A, Grecco SS, Lopes FDTQS, Caperuto LC, Martins MA, Tiberio IFLC, Lago JHG, Prado 
CM. A flavanone from Baccharis retusa (Asteraceae) prevents elastase-induced emphysema in mice by regulating NF-κB, oxidative stress 
and metalloproteinases. Respir Res. 2015. https://​doi.​org/​10.​1186/​s12931-​015-​0233-3.

	 86.	 Rajesh RU, Dhanaraj S. A critical review on quercetin bioflavonoid and its derivatives: Scope, synthesis, and biological applications with 
future prospects. Arab J Chem. 2023. https://​doi.​org/​10.​1016/j.​arabjc.​2023.​104881.

	 87.	 Mendoza-Wilson AM, Glossman-Mitnik D. Theoretical study of the molecular properties and chemical reactivity of (+)-catechin and 
(−)-epicatechin related to their antioxidant ability. J Mol Struct. 2006. https://​doi.​org/​10.​1016/j.​theoc​hem.​2006.​01.​001.

	 88.	 Mathew S, Abraham TE, Zakaria ZA. Reactivity of phenolic compounds towards free radicals under in vitro conditions. J Food Sci Technol. 
2015. https://​doi.​org/​10.​1007/​s13197-​014-​1704-0.

	 89.	 El Omari N, El Menyiy N, Zengin G, Goh BH, Gallo M, Montesano D, Naviglio D, Bouyahya A. Anticancer and anti-inflammatory effects of 
tomentosin: cellular and molecular mechanisms. Separations. 2021. https://​doi.​org/​10.​3390/​separ​ation​s8110​207.

	 90.	 Valdes E, Gonzalez C, Diaz K, Vasquez-Martinez Y, Mascayano C, Torrent C, Cabezas F, Mejias S, Montoya M, Cortez-San MM, Munoz MA, 
Joseph-Nathan P, Osorio M, Taborga L. Biological properties and absolute configuration of flavanones from Calceolaria thyrsiflora Graham. 
Front pharmacol. 2020. https://​doi.​org/​10.​3389/​fphar.​2020.​01125.

	 91.	 Dos Grecco S, Dorigueto AC, Landre IM, Soares MG, Martho K, Lima R, Pascon RC, Vallim MA, Capello TM, Romoff P, Sartorelli P, Lago JH. 
Structural crystalline characterization of sakuranetin–an antimicrobial flavanone from twigs of Baccharis retusa (Asteraceae). Molecules. 
2014. https://​doi.​org/​10.​3390/​molec​ules1​90675​28.

	 92.	 Çitoğlu GS, Sever B, Antus S, Baitz-Gács E, Altanlar N. Antifungal flavonoids from Ballota glandulosissima. Pharm Biol. 2008. https://​doi.​
org/​10.​1080/​13880​20030​89513​39.

	 93.	 Boz H. p-Coumaric acid in cereals: presence, antioxidant and antimicrobial effects. Int J Food Sci Tech. 2015. https://​doi.​org/​10.​1111/​ijfs.​
12898.

	 94.	 Rezaeiroshan A, Saeedi M, Morteza-Semnani K, Akbari J, Hedayatizadeh-Omran A, Goli H, Nokhodchi A. Vesicular formation of trans-
ferulic acid: an efficient approach to improve the radical scavenging and antimicrobial properties. J Pharm Innov. 2021. https://​doi.​org/​
10.​1007/​s12247-​021-​09543-8.

	 95.	 Oluleye IO, Folahan FF, Nabuike CP, Ahmed MM. Antibacterial activity and phytochemical screening of leaf extracts of Sida acuta from 
North-Central Nigeria. Res Square. 2022. https://​doi.​org/​10.​21203/​rs.3.​rs-​12062​14/​v1.

	 96.	 Syafni N, Putra DP, Arbain D. 3,4-Dihydroxybenzoic acid and 3,4-dihydroxybenzaldehyde from the fern Trichomanes chinense L isolation, 
antimicrobial and antioxidant properties. Indones J Chem. 2012. https://​doi.​org/​10.​2146/​ijc.​21342.

	 97.	 Thakur K, Kalia S, Kaith BS, Pathania D, Kumar A. Surface functionalization of coconut fibers by enzymatic biografting of syringaldehyde 
for the development of biocomposites. RSC Adv. 2015. https://​doi.​org/​10.​1039/​C5RA1​4891J.

	 98.	 Youssef ASA, Hemdan MM, Azab ME, Emara SA, Elsayed GA, Kamel RM. Syringaldehyde as a scaffold for the synthesis of some biologically 
potent heterocycles. J Heterocycl Chem. 2020. https://​doi.​org/​10.​1002/​jhet.​3850.

https://doi.org/10.1002/jms.118
https://doi.org/10.1002/jms.3712
https://doi.org/10.1002/jms.3712
https://doi.org/10.22159/ijpps.2017v9i11.19613
https://doi.org/10.1016/j.fct.2007.09.085
https://doi.org/10.1248/cpb.40.387
https://doi.org/10.1055/s-2006-931588
https://doi.org/10.1089/jmf.2005.8.125
https://doi.org/10.1089/acm.2004.10.1009
https://doi.org/10.2147/IDR.S364175
https://doi.org/10.3390/cosmetics7040089
https://doi.org/10.48047/ecb/2023.12.si4.584
https://doi.org/10.48047/ecb/2023.12.si4.584
https://doi.org/10.20307/nps.2016.22.1.13
https://doi.org/10.4103/0973-1296.168944
https://doi.org/10.1016/j.jff.2018.10.021
https://doi.org/10.1016/j.jff.2018.10.021
https://doi.org/10.1016/j.bcp.2004.06.031
https://doi.org/10.1186/s12931-015-0233-3
https://doi.org/10.1016/j.arabjc.2023.104881
https://doi.org/10.1016/j.theochem.2006.01.001
https://doi.org/10.1007/s13197-014-1704-0
https://doi.org/10.3390/separations8110207
https://doi.org/10.3389/fphar.2020.01125
https://doi.org/10.3390/molecules19067528
https://doi.org/10.1080/13880200308951339
https://doi.org/10.1080/13880200308951339
https://doi.org/10.1111/ijfs.12898
https://doi.org/10.1111/ijfs.12898
https://doi.org/10.1007/s12247-021-09543-8
https://doi.org/10.1007/s12247-021-09543-8
https://doi.org/10.21203/rs.3.rs-1206214/v1
https://doi.org/10.2146/ijc.21342
https://doi.org/10.1039/C5RA14891J
https://doi.org/10.1002/jhet.3850


Vol.:(0123456789)

Discover Plants             (2025) 2:6  | https://doi.org/10.1007/s44372-024-00085-0 
	 Research

	 99.	 Chaudhary J, Jain A, Manuja R, Sachdeva S. A comprehensive review on biological activities of p-hydroxy benzoic acid and its deriva-
tives. Int J Pharm Sci Rev Res. 2013;22(2):210.

	100.	 Semaming Y, Pannengpetch P, Chattipakorn SC, Chattipakorn N. Pharmacological properties of protocatechuic acid and its potential 
roles as complementary medicine. Evid Based Complement Alternat Med. 2015. https://​doi.​org/​10.​1155/​2015/​593902.

	101.	 Omosa LK, Amugune B, Ndunda B, Milugo TK, Heydenreich M, Yenesew A, Midiwo JO. Antimicrobial flavonoids and diterpenoids 
from Dodonaea angustifolia. S Afr J Bot. 2014. https://​doi.​org/​10.​1016/j.​sajb.​2013.​11.​012.

	102.	 Çitoğlu GS, Sever B, Antus S, Baitz-Gács E, Altanlar N. Antifungal diterpenoids and flavonoids from Ballota inaequidens. Pharm Biol. 
2005. https://​doi.​org/​10.​1080/​13880​20049​09026​26.

	103.	 Mulvena D, Webb EC, Zerner B. 3,4-Dihydroxybenzaldehyde, a fungistatic substance from green Cavendish bananas. Phytochemistry. 
1969. https://​doi.​org/​10.​1016/​S0031-​9422(00)​85436-9.

	104.	 Kalyani AG, Jamunarani R, Pushparaj FJM. Oxidation of salicylaldehyde by alkaline hexacyanoferrate (III)-A kinetic and mechanistic 
study. Int J Chemtech Res. 2015;7:251–8.

	105.	 Labute P, Williams C. Application of Hückel theory to pharmacophore discovery. CICSJ Bull. 2015. https://​doi.​org/​10.​11546/​cicsj.​33.​
33.

	106.	 Becke AD. Density-functional thermochemistry I the effect of the exchange-only gradient correction. J Chem Phys. 1992. https://​doi.​
org/​10.​1063/1.​462066.

	107.	 Becke AD. Density-functional thermochemistry III the role of exact exchange. J Chem Phys. 1993. https://​doi.​org/​10.​1063/1.​464913.
	108.	 Lee C, Yang W, Parr RG. Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density. Phys Rev 

B Condens. 1988. https://​doi.​org/​10.​1103/​physr​evb.​37.​785.
	109.	 Vosko SH, Wilk L, Nusair M. Accurate spin-dependent electron liquid correlation energies for local spin density calculations: a critical 

analysis. Can J Phys. 1980. https://​doi.​org/​10.​1139/​p80-​159.
	110.	 Neese F, Software update: the ORCA program system, version 4.0 (2018)
	111.	 Weigend F, Ahlrichs R. Balanced basis sets of split valence, triple zeta valence and quadruple zeta valence quality for H to Rn: design and 

assessment of accuracy. Phys Chem Chem Phys. 2005. https://​doi.​org/​10.​1039/​B5085​41A.
	112.	 Bruhn T, Schaumlöffel A, Hemberger Y, Pescitelli G, SpecDis version 1.71 (Berlin, Germany, 2017)
	113.	 Farhadi F, Iranshahi M, Taghizadeh SF, Asili J. Volatile sulfur compounds: The possible metabolite pattern to identify the sources and 

types of asafoetida by headspace GC/MS analysis. Ind Crops Prod. 2020. https://​doi.​org/​10.​1016/j.​indcr​op.​2020.​112827.
	114.	 Dolomanov OV, Bourhis LJ, Gildea RJ, Howard JAK, Puschmann H. OLEX2: A complete structure solution, refinement and analysis program. 

J Appl Crystallogr. 2009. https://​doi.​org/​10.​1107/​S0021​88980​80427​26.
	115.	 Sheldrick GM. SHELXT—integrated space-group and crystal-structure determination. Acta Crystallogr A. 2015. https://​doi.​org/​10.​1107/​

S2053​27331​40263​70.
	116.	 Sheldrick GM. Crystal structure refinement with SHELXL. Acta Crystallogr C. 2015. https://​doi.​org/​10.​1107/​S2053​22961​40242​18.
	117.	 Kappen J, Manurung J, Fuchs T, Vemulapalli SPB, Schmitz LM, Frolov A, Agusta A, Muellner-Riehl AN, Griesinger C, Franke K, Wessjohann 

LA. Challenging structure elucidation of lumnitzeralactone, an ellagic acid derivative from the mangrove Lumnitzera racemosa. Mar 
Drugs. 2023. https://​doi.​org/​10.​3390/​md210​40242.

	118.	 Manurung J, Kappen J, Schnitzler J, Frolov A, Wessjohann LA, Agusta A, Muellner-Riehl AN, Franke K. Analysis of unusual sulfated con-
stituents and anti-infective properties of two Indonesian mangroves, Lumnitzera littorea and Lumnitzera racemosa (Combretaceae). 
Separations. 2021. https://​doi.​org/​10.​3390/​separ​ation​s8060​082.

	119.	 Ware I, Franke K, Dube M, El Ali EH, Wessjohann LA. Characterization and bioactive potential of secondary metabolites Isolated from 
Piper sarmentosum Roxb. Int J Mol Sci. 2023. https://​doi.​org/​10.​3390/​ijms2​40213​28.

	120.	 Ware I, Franke K, Hussain H, Morgan I, Rennert R. Wessjohann LA bioactive phenolic compounds from Peperomia obtusifolia. Molecules. 
2022. https://​doi.​org/​10.​3390/​molec​ules2​71443​63.

	121.	 Gardner DR, Panter KE, James LF. Pine needle abortion in cattle: metabolism of isocupressic acid. J Agric Food Chem. 1999. https://​doi.​
org/​10.​1021/​jf981​322d.

	122.	 Win NN, Ito T, Ngwe H, Win YY, Prema Okamoto Y, Tanaka M, Asakawa Y, Abe I, Morita H. Labdane diterpenoids from Curcuma amada 
rhizomes collected in Myanmar and their antiproliferative activities. Fitoterapia. 2017. https://​doi.​org/​10.​1016/j.​fitote.​2017.​08.​006.

	123.	 Yasodha S, Halijah I, Audra S, Palian SAA, Nurur R, Awang K. A new bis-labdanic diterpene from the rhizomes of Alpinia pahangensis. 
Planta Med. 2013. https://​doi.​org/​10.​1055/s-​0033-​13510​75.

	124.	 Lu Y, Foo LY. Antioxidant and radical scavenging activities of polyphenols from apple pomace. Food Chem. 2000. https://​doi.​org/​10.​
1016/​S0308-​8146(99)​00167-3.

	125.	 Shay J, Elbaz HA, Lee I, Zielske SP, Malek MH, Huttemann M. Molecular mechanisms and therapeutic effects of (-)-epicatechin and other 
polyphenols in cancer, inflammation, diabetes, and neurodegeneration. Oxid Med Cell Longev. 2015. https://​doi.​org/​10.​1155/​2015/​
181260.

	126.	 Zhang R, Wang J, Xia R, Li D, Wang F. Antioxidant processes involving epicatechin decreased symptoms of pine wilt disease. Front Plant 
Sci. 2022. https://​doi.​org/​10.​3389/​fpls.​2022.​10159​70.

	127.	 Shah ZA, Li RC, Ahmad AS, Kensler TW, Yamamoto M, Biswal S, Dore S. The flavanol (-)-epicatechin prevents stroke damage through the 
Nrf2/HO1 pathway. J Cereb Blood Flow Metab. 2010. https://​doi.​org/​10.​1038/​jcbfm.​2010.​53.

	128.	 van Praag H, Lucero MJ, Yeo GW, Stecker K, Heivand N, Zhao C, Yip E, Afanador M, Schroeter H, Hammerstone J, Gage FH. Plant-derived 
flavanol (-)epicatechin enhances angiogenesis and retention of spatial memory in mice. J Neurosci. 2007. https://​doi.​org/​10.​1523/​JNEUR​
OSCI.​0914-​07.​2007.

	129.	 Awas E, Omosa LK. Antioxidant activities of flavonoid aglycones from Kenyan Gardenia ternifolia Schum and Thonn. Int J Pharma Bio Sci. 
2016. https://​doi.​org/​10.​9790/​3008-​11030​41361​41.

	130.	 Modak B, Rojas M, Torres R, Rodilla J, Luebert F. Antioxidant activity of a new aromatic geranyl derivative of the resinous exudates from 
Heliotropium glutinosum Phil. Molecules. 2007. https://​doi.​org/​10.​3390/​12051​057.

	131.	 Del Barrio G, Spengler I, García T, Roque A, Álvarez Á, Calderón JS, Parra F. Antiviral activity of Ageratina havanensis and major chemical 
compounds from the most active fraction. Rev Bras Farmacogn. 2011. https://​doi.​org/​10.​1590/​s0102-​695x2​01100​50001​59.

https://doi.org/10.1155/2015/593902
https://doi.org/10.1016/j.sajb.2013.11.012
https://doi.org/10.1080/13880200490902626
https://doi.org/10.1016/S0031-9422(00)85436-9
https://doi.org/10.11546/cicsj.33.33
https://doi.org/10.11546/cicsj.33.33
https://doi.org/10.1063/1.462066
https://doi.org/10.1063/1.462066
https://doi.org/10.1063/1.464913
https://doi.org/10.1103/physrevb.37.785
https://doi.org/10.1139/p80-159
https://doi.org/10.1039/B508541A
https://doi.org/10.1016/j.indcrop.2020.112827
https://doi.org/10.1107/S0021889808042726
https://doi.org/10.1107/S2053273314026370
https://doi.org/10.1107/S2053273314026370
https://doi.org/10.1107/S2053229614024218
https://doi.org/10.3390/md21040242
https://doi.org/10.3390/separations8060082
https://doi.org/10.3390/ijms24021328
https://doi.org/10.3390/molecules27144363
https://doi.org/10.1021/jf981322d
https://doi.org/10.1021/jf981322d
https://doi.org/10.1016/j.fitote.2017.08.006
https://doi.org/10.1055/s-0033-1351075
https://doi.org/10.1016/S0308-8146(99)00167-3
https://doi.org/10.1016/S0308-8146(99)00167-3
https://doi.org/10.1155/2015/181260
https://doi.org/10.1155/2015/181260
https://doi.org/10.3389/fpls.2022.1015970
https://doi.org/10.1038/jcbfm.2010.53
https://doi.org/10.1523/JNEUROSCI.0914-07.2007
https://doi.org/10.1523/JNEUROSCI.0914-07.2007
https://doi.org/10.9790/3008-110304136141
https://doi.org/10.3390/12051057
https://doi.org/10.1590/s0102-695x2011005000159


Vol:.(1234567890)

Research	  
Discover Plants             (2025) 2:6  | https://doi.org/10.1007/s44372-024-00085-0

	132.	 Moon JH, Nakata R, Oshima S, Inakuma T, Terao J. Accumulation of quercetin conjugates in blood plasma after the short-term ingestion 
of onion by women. Am J Physiol Regul Integr Comp Physiol. 2000. https://​doi.​org/​10.​1152/​ajpre​gu.​2000.​279.2.​R461.

	133.	 Brito A, Ramirez JE, Areche C, Sepúlveda B, Simirgiotis MJ. HPLC-UV-MS profiles of phenolic compounds and antioxidant activity of fruits 
from three citrus species consumed in Northern Chile. Molecules. 2014. https://​doi.​org/​10.​3390/​molec​ules1​91117​400.

	134.	 Hadidi M, Keshavarz SA, Mohammad SM, Mahboob SA, Rashidi MR. Effects of parsley (Petroselinum crispum) and its flavonol constitu-
ents, kaempferol and quercetin, on serum uric acid levels, biomarkers of oxidative stress and liver xanthine oxidoreductase activity in 
oxonate-induced hyperuricemic rats. Iran J Pharm Res. 2011;10:811.

	135.	 Bagalagel AA, El-Hawary SS, Alaaeldin R, Elmaidomy AH, Altemani FH, Waggas DS, Algehainy NA, Saeedi NH, Alsenani F, Mokhtar FA, 
Elrehany MA, Al-Sanea MM, Abdelmohsen UR. The protective and therapeutic anti-alzheimer potential of Olea europaea L cv picual: An 
in silico and in vivo study. Metabolites. 2022. https://​doi.​org/​10.​3390/​metab​o1212​1178.

	136.	 Milutinović M, Miladinović M, Gašić U, Dimitrijević-Branković S, Rajilić-Stojanović M. Recovery of bioactive molecules from Hypericum 
perforatum L dust using microwave-assisted extraction. Biomass Conv Bioref. 2024. https://​doi.​org/​10.​1007/​s13399-​022-​02717-5.

	137.	 Hu D, Wang HJ, Yu LH, Guan ZR, Jiang YP, Hu JH, Yan YX, Zhou ZH, Lou JS. The role of Ginkgo Folium on antitumor: bioactive constituents 
and the potential mechanism. J Ethnopharmacol. 2024. https://​doi.​org/​10.​1016/j.​jep.​2023.​117202.

	138.	 Salehi B, Machin L, Monzote L, Sharifi-Rad J, Ezzat SM, Salem MA, Merghany RM, El Mahdy NM, Kilic CS, Sytar O, Sharifi-Rad M, Sharopov 
F, Martins N, Martorell M, Cho WC. Therapeutic potential of quercetin: new insights and perspectives for human health. ACS Omega. 
2020. https://​doi.​org/​10.​1021/​acsom​ega.​0c018​18.

	139.	 Li Y, Yao J, Han C, Yang J, Chaudhry MT, Wang S, Liu H, Yin Y. Quercetin, inflammation and immunity. Nutrients. 2016. https://​doi.​org/​10.​
3390/​nu803​0167.

	140.	 Dajas F. Life or death: neuroprotective and anticancer effects of quercetin. J Ethnopharmacol. 2012. https://​doi.​org/​10.​1016/j.​jep.​2012.​
07.​005.

	141.	 Pu F, Mishima K, Irie K, Motohashi K, Tanaka Y, Orito K, Egawa T, Kitamura Y, Egashira N, Iwasaki K, Fujiwara M. Neuroprotective effects 
of quercetin and rutin on spatial memory impairment in an 8-arm radial maze task and neuronal death induced by repeated cerebral 
ischemia in rats. J Pharmacol Sci. 2007. https://​doi.​org/​10.​1254/​jphs.​fp007​0247.

	142.	 Ghorbani A. Mechanisms of antidiabetic effects of flavonoid rutin. Biomed Pharmacother. 2017. https://​doi.​org/​10.​1016/j.​biopha.​2017.​
10.​001.

	143.	 Kreft S, Knapp M, Kreft I. Extraction of rutin from buckwheat (Fagopyrum esculentum Moench) seeds and determination by capillary 
electrophoresis. J Agric Food Chem. 1999. https://​doi.​org/​10.​1021/​jf990​186p.

	144.	 Shahrajabian MH. A candidate for health promotion, disease prevention and treatment, common rue (Ruta graveolens L.), an important 
medicinal plant in traditional medicine. Curr Rev Clin Exp Pharmacol. 2022. https://​doi.​org/​10.​2174/​27724​32817​66622​05101​43902.

	145.	 Satari A, Ghasemi S, Habtemariam S, Asgharian S, Lorigooini Z. Rutin: A flavonoid as an effective sensitizer for anticancer therapy; insights 
into multifaceted mechanisms and applicability for combination therapy. Evid Based Complement Alternat Med. 2021. https://​doi.​org/​
10.​1155/​2021/​99131​79.

	146.	 Chua LS. A review on plant-based rutin extraction methods and its pharmacological activities. J Ethnopharmacol. 2013. https://​doi.​org/​
10.​1016/j.​jep.​2013.​10.​036.

	147.	 Janbaz KH, Saeed SA, Gilani AH. Protective effect of rutin on paracetamol- and CCl4-induced hepatotoxicity in rodents. Fitoterapia. 2002. 
https://​doi.​org/​10.​1016/​s0367-​326x(02)​00217-4.

	148.	 Selloum L, Bouriche H, Tigrine C, Boudoukha C. Anti-inflammatory effect of rutin on rat paw oedema, and on neutrophils chemotaxis 
and degranulation. Exp Toxicol Pathol. 2003. https://​doi.​org/​10.​1078/​0940-​2993-​00260.

	149.	 Yang J, Guo J, Yuan J. In vitro antioxidant properties of rutin. Food Sci Technol. 2008. https://​doi.​org/​10.​1016/j.​lwt.​2007.​06.​010.
	150.	 Costa-Lotufo LV, Jimenez PC, Wilke DV, Leal LKAM, Cunha GMA, Silveira ER, Canuto KM, Viana GSB, Moraes MEA, Moraes MO, Pessoa 

C. Antiproliferative effects of several compounds isolated from Amburana cearensis A. C Smith J Biosci. 2003. https://​doi.​org/​10.​1515/​
znc-​2003-9-​1014.

	151.	 Saeidnia S, Gohari AR, Ito M, Kiuchi F, Honda G. Bioactive constituents from Dracocephalum subcapitatum (O Kuntze) Lipsky. J Biosci. 
2005. https://​doi.​org/​10.​1515/​znc-​2005-1-​204.

	152.	 Fattahi M, Nazeri V, Torras-Claveria L, Sefidkon F, Cusido RM, Zamani Z, Palazon J. Identification and quantification of leaf surface flavo-
noids in wild-growing populations of Dracocephalum kotschyi by LC-DAD-ESI-MS. Food Chem. 2013. https://​doi.​org/​10.​1016/j.​foodc​
hem.​2013.​03.​019.

	153.	 Forgo P, Zupko I, Molnar J, Vasas A, Dombi G, Hohmann J. Bioactivity-guided isolation of antiproliferative compounds from Centaurea 
jacea L. Fitoterapia. 2012. https://​doi.​org/​10.​1016/j.​fitote.​2012.​04.​006.

	154.	 Leal LK, Canuto KM, Da Silva Costa KC, Nobre-Junior HV, Vasconcelos SM, Silveira ER, Ferreira MV, Fontenele JB, Andrade GM, de Barros 
Viana GS. Effects of amburoside A and isokaempferide, polyphenols from Amburana cearensis, on rodent inflammatory processes and 
myeloperoxidase activity in human neutrophils. Basic Clin Pharmacol Toxicol. 2008. https://​doi.​org/​10.​1111/j.​1742-​7843.​2008.​00329.x.

	155.	 El Sohly HN, El Feraly FS, Joshi AS, Walker LA. Antiviral flavonoids from Alkanna orientalis. Planta Med. 1997. https://​doi.​org/​10.​
1055/s-​2006-​957713.

	156.	 Woo JH, Ahn JH, Jang DS, Lee KT, Choi JH. Effect of kumatakenin isolated from cloves on the apoptosis of cancer cells and the alternative 
activation of tumor-associated macrophages. J Agric Food Chem. 2017. https://​doi.​org/​10.​1021/​acs.​jafc.​7b015​43.

	157.	 Zhang XY, Shen J, Zhou Y, Wei ZP, Gao JM. Insecticidal constituents from Buddlej aalbiflora Hemsl. Nat Prod Res. 2016. https://​doi.​org/​10.​
1080/​14786​419.​2016.​12470​80.

	158.	 Lefahal M, Zaabat N, Djarri L, Benahmed M, Medjroubi K, Laouer H, Akkal S. Evaluation of the antioxidant activity of extracts and flavo-
noids obtained from Bunium alpinum Waldst & Kit (Apiaceae) and Tamarix gallica L (Tamaricaceae). Curr Issues Pharm Med Sci. 2017. 
https://​doi.​org/​10.​1515/​cipms-​2017-​0001.

	159.	 Ndolo VU, Beta T. Comparative studies on composition and distribution of phenolic acids in cereal grain botanical fractions. Cereal Chem. 
2014. https://​doi.​org/​10.​1094/​CCHEM-​10-​13-​0225-R.

	160.	 Gorinstein S, Lojek A, Číž M, Pawelzik E, Delgado-Licon E, Medina OJ, Moreno M, Salas IA, Goshev I. Comparison of composition and 
antioxidant capacity of some cereals and pseudocereals. Int J Food Sci Tech. 2008. https://​doi.​org/​10.​1111/j.​1365-​2621.​2007.​01498.x.

https://doi.org/10.1152/ajpregu.2000.279.2.R461
https://doi.org/10.3390/molecules191117400
https://doi.org/10.3390/metabo12121178
https://doi.org/10.1007/s13399-022-02717-5
https://doi.org/10.1016/j.jep.2023.117202
https://doi.org/10.1021/acsomega.0c01818
https://doi.org/10.3390/nu8030167
https://doi.org/10.3390/nu8030167
https://doi.org/10.1016/j.jep.2012.07.005
https://doi.org/10.1016/j.jep.2012.07.005
https://doi.org/10.1254/jphs.fp0070247
https://doi.org/10.1016/j.biopha.2017.10.001
https://doi.org/10.1016/j.biopha.2017.10.001
https://doi.org/10.1021/jf990186p
https://doi.org/10.2174/2772432817666220510143902
https://doi.org/10.1155/2021/9913179
https://doi.org/10.1155/2021/9913179
https://doi.org/10.1016/j.jep.2013.10.036
https://doi.org/10.1016/j.jep.2013.10.036
https://doi.org/10.1016/s0367-326x(02)00217-4
https://doi.org/10.1078/0940-2993-00260
https://doi.org/10.1016/j.lwt.2007.06.010
https://doi.org/10.1515/znc-2003-9-1014
https://doi.org/10.1515/znc-2003-9-1014
https://doi.org/10.1515/znc-2005-1-204
https://doi.org/10.1016/j.foodchem.2013.03.019
https://doi.org/10.1016/j.foodchem.2013.03.019
https://doi.org/10.1016/j.fitote.2012.04.006
https://doi.org/10.1111/j.1742-7843.2008.00329.x
https://doi.org/10.1055/s-2006-957713
https://doi.org/10.1055/s-2006-957713
https://doi.org/10.1021/acs.jafc.7b01543
https://doi.org/10.1080/14786419.2016.1247080
https://doi.org/10.1080/14786419.2016.1247080
https://doi.org/10.1515/cipms-2017-0001
https://doi.org/10.1094/CCHEM-10-13-0225-R
https://doi.org/10.1111/j.1365-2621.2007.01498.x


Vol.:(0123456789)

Discover Plants             (2025) 2:6  | https://doi.org/10.1007/s44372-024-00085-0 
	 Research

	161.	 Zhu H, Liang QH, Xiong XG, Wang Y, Zhang ZH, Sun MJ, Lu X, Wu D. Anti-inflammatory effects of p-coumaric acid, a natural compound 
of Oldenlandia diffusa, on arthritis model rats. Evid Based Complement Alternat Med. 2018. https://​doi.​org/​10.​1155/​2018/​51985​94.

	162.	 Tehami W, Nani A, Khan NA, Hichami A. New insights into the anticancer effects of p-coumaric acid: focus on colorectal cancer. Dose 
Response. 2023. https://​doi.​org/​10.​1177/​15593​25822​11507​04.

	163.	 Lou Z, Wang H, Rao S, Sun J, Ma C, Li J. p-Coumaric acid kills bacteria through dual damage mechanisms. Food Control. 2011. https://​
doi.​org/​10.​1016/j.​foodc​ont.​2011.​11.​022.

	164.	 Zavala-Lopez M, Flint-Garcia S, Garcia-Lara S. Compositional variation in trans-ferulic, p-coumaric, and diferulic acids levels among 
kernels of modern and traditional maize (Zea mays L.) hybrids. Front Nutr. 2020. https://​doi.​org/​10.​3389/​fnut.​2020.​600747.

	165.	 Rezaeiroshan A, Saeedi M, Morteza-Semnani K, Akbari J, Gahsemi M, Nokhodchi A. Development of trans-ferulic acid niosome: an 
optimization and an in-vivo study. J Drug Deliv Sci Technol. 2020. https://​doi.​org/​10.​1016/j.​jddst.​2020.​101854.

	166.	 Agarwal UP, Atalla RH. Formation and identification of cis/trans ferulic acid in photoyellowed white spruce mechanical pulp. J Wood 
Chem Technol. 1990. https://​doi.​org/​10.​1080/​02773​81900​80502​35.

	167.	 Wu H, Haig T, Pratley J, Lemerle D, An M. Allelochemicals in wheat (Triticum aestivum l): Variation of phenolic acids in root tissues. J 
Agric Food Chem. 2000. https://​doi.​org/​10.​1021/​jf000​6473.

	168.	 Laili ER, Aminah NS, Kristanti AN, Wardana AP, Rafi M, Rohman A, Insanu M, Tun KNW. Comparative study of Sida rhombifolia from 
two differnent locations. Rasayan J Chem. 2022. https://​doi.​org/​10.​31788/​rjc.​2022.​15165​88.

	169.	 Thu Hau NT, Thi HL. Chemical constituents of Caesalpinia bonduc. J Sci Nat Sci Technol. 2022. https://​doi.​org/​10.​25073/​2588-​1140/​
vnunst.​5500.

	170.	 Kono R, Nomura S, Okuno Y, Nakamura M, Maeno A, Kagiya T, Tokuda A, Inada K, Matsuno A, Utsunomiya T, Utsunomiya H. 3,4-Dihy-
droxybenzaldehyde derived from Prunus mume seed inhibits oxidative stress and enhances estradiol secretion in human ovarian 
granulosa tumor cells. Acta Histochem Cytochem. 2014. https://​doi.​org/​10.​1267/​ahc.​14003.

	171.	 Kim EA, Han EJ, Kim J, Fernando IPS, Oh JY, Kim KN, Ahn G, Heo SJ. Anti-allergic effect of 3,4-dihydroxybenzaldehyde isolated from 
Polysiphonia morrowii in IgE/BSA-stimulated mast cells and a passive cutaneous anaphylaxis mouse model. Mar Drugs. 2022. https://​
doi.​org/​10.​3390/​md200​20133.

	172.	 Arya SS, Rookes JE, Cahill DM, Lenka SK. Vanillin: a review on the therapeutic prospects of a popular flavouring molecule. Adv Tradit 
Med. 2021. https://​doi.​org/​10.​1007/​s13596-​020-​00531-w.

	173.	 Sinha AK, Sharma UK, Sharma N. A comprehensive review on vanilla flavor: extraction, isolation and quantification of vanillin and 
others constituents. Int J Food Sci Nutr. 2008. https://​doi.​org/​10.​1080/​09687​63070​15393​50.

	174.	 Ma W, Zhang Q, Li X, Ma Y, Liu Y, Hu S, Zhou Z, Zhang R, Du K, Syed A, Yao X, Chen P. IPM712, a vanillin derivative as potential antitu-
mor agents, displays better antitumor activity in colorectal cancers cell lines. Eur J Pharm Sci. 2020. https://​doi.​org/​10.​1016/j.​ejps.​
2020.​105464.

	175.	 Taguchi L, Sawano T, Yazama F. Antioxidant properties of ethyl vanillin in vitro and in vivo. Biosci Biotechnol Biochem. 2011. https://​
doi.​org/​10.​1271/​bbb.​110524.

	176.	 Guo W, Liu B, Hu G, Kan X, Li Y, Gong Q, Xu D, Ma H, Cao Y, Huang B, Fu S, Liu J. Vanillin protects the blood-milk barrier and inhibits 
the inflammatory response in LPS-induced mastitis in mice. Toxicol Appl Pharmacol. 2019. https://​doi.​org/​10.​1016/j.​taap.​2018.​12.​
022.

	177.	 Wu Q, Cai H, Yuan T, Li S, Gan X, Song B. Novel vanillin derivatives containing a 1,3,4-thiadiazole moiety as potential antibacterial agents. 
Bioorg Med Chem Lett. 2020. https://​doi.​org/​10.​1016/j.​bmcl.​2020.​127113.

	178.	 Salau VF, Erukainure OL, Ibeji CU, Olasehinde TA, Koorbanally NA, Islam MS. Vanillin and vanillic acid modulate antioxidant defense sys-
tem via amelioration of metabolic complications linked to Fe2+-induced brain tissues damage. Metab Brain Dis. 2020. https://​doi.​org/​
10.​1007/​s11011-​020-​00545-y.

	179.	 Gasparetto JC, de Francisco TM, Campos FR, Pontarolo R. Development and validation of two methods based on high-performance liquid 
chromatography-tandem mass spectrometry for determining 1,2-benzopyrone, dihydrocoumarin, o-coumaric acid, syringaldehyde and 
kaurenoic acid in guaco extracts and pharmaceutical preparations. J Sep Sci. 2011. https://​doi.​org/​10.​1002/​jssc.​20100​0792.

	180.	 Belkheiri N, Bouguerne B, Bedos-Belval F, Duran H, Bernis C, Salvayre R, Nègre-Salvayre A, Baltas M. Synthesis and antioxidant activity 
evaluation of a syringic hydrazones family. Eur J Med Chem. 2010. https://​doi.​org/​10.​1016/j.​ejmech.​2010.​03.​031.

	181.	 Cheplogoi PK, Mulholland DA, Coombes PH, Randrianarivelojosia M. An azole, an amide and a limonoid from Vepris uguenensis (Rutaceae). 
Phytochemistry. 2008. https://​doi.​org/​10.​1016/j.​phyto​chem.​2007.​12.​013.

	182.	 González-Sarrías A, Li L, Seeram NP. Anticancer effects of maple syrup phenolics and extracts on proliferation, apoptosis, and cell cycle 
arrest of human colon cells. J Funct Foods. 2012. https://​doi.​org/​10.​1016/j.​jff.​2011.​10.​004.

	183.	 Sircar D. Mitra A Accumulation of p-hydroxybenzoic acid in hairy roots of Daucus carota 2: Confirming biosynthetic steps through feed-
ing of inhibitors and precursors. J Plant Physiol. 2009. https://​doi.​org/​10.​1016/j.​jplph.​2009.​02.​006.

	184.	 Huang C, Xu L, Jin-Jing S, Zhang Z, Fu M, Teng H, Yi K. Allelochemical p-hydroxybenzoic acid inhibits root growth via regulating ROS 
accumulation in cucumber (Cucumis sativus L). J Integr Agric. 2019. https://​doi.​org/​10.​1016/​s2095-​3119(19)​62781-4.

	185.	 Latreche K, Rahmania F. High extracellular accumulation of p-hydroxybenzoic acid, p-hydroxycinnamic acid and p-hydroxybenzaldehyde 
in leaves of Phoenix dactylifera L affected by the brittle leaf disease. Physiol Mol Plant Pathol. 2011. https://​doi.​org/​10.​1016/j.​pmpp.​2011.​
08.​001.

	186.	 Cho JY, Moon JH, Seong KY, Park KH. Antimicrobial activity of 4-hydroxybenzoic acid and trans 4-hydroxycinnamic acid isolated and 
identified from rice hull. Biosci Biotechnol Biochem. 1998. https://​doi.​org/​10.​1271/​bbb.​62.​2273.

	187.	 Merkl R, Hrádková I, Filip V, Šmidrkal J. Antimicrobial and antioxidant properties of phenolic acids alkyl esters. Czech J Food Sci. 2010. 
https://​doi.​org/​10.​17221/​132/​2010-​CJFS.

	188.	 Luecha P, Umehara K, Miyase T, Noguchi H. Antiestrogenic constituents of the Thai medicinal plants Capparis flavicans and Vitex glabrata. 
J Nat Prod. 2009. https://​doi.​org/​10.​1021/​np900​6298.

	189.	 Ghareeb MA, Sobeh M, Rezq S, El-Shazly AM, Mahmoud MF, Wink M. HPLC-ESI-MS/MS profiling of polyphenolics of a leaf extract from 
Alpinia zerumbet (Zingiberaceae) and its anti-inflammatory, anti-nociceptive, and antipyretic activities in vivo. Molecules. 2018. https://​
doi.​org/​10.​3390/​molec​ules2​31232​38.

https://doi.org/10.1155/2018/5198594
https://doi.org/10.1177/15593258221150704
https://doi.org/10.1016/j.foodcont.2011.11.022
https://doi.org/10.1016/j.foodcont.2011.11.022
https://doi.org/10.3389/fnut.2020.600747
https://doi.org/10.1016/j.jddst.2020.101854
https://doi.org/10.1080/02773819008050235
https://doi.org/10.1021/jf0006473
https://doi.org/10.31788/rjc.2022.1516588
https://doi.org/10.25073/2588-1140/vnunst.5500
https://doi.org/10.25073/2588-1140/vnunst.5500
https://doi.org/10.1267/ahc.14003
https://doi.org/10.3390/md20020133
https://doi.org/10.3390/md20020133
https://doi.org/10.1007/s13596-020-00531-w
https://doi.org/10.1080/09687630701539350
https://doi.org/10.1016/j.ejps.2020.105464
https://doi.org/10.1016/j.ejps.2020.105464
https://doi.org/10.1271/bbb.110524
https://doi.org/10.1271/bbb.110524
https://doi.org/10.1016/j.taap.2018.12.022
https://doi.org/10.1016/j.taap.2018.12.022
https://doi.org/10.1016/j.bmcl.2020.127113
https://doi.org/10.1007/s11011-020-00545-y
https://doi.org/10.1007/s11011-020-00545-y
https://doi.org/10.1002/jssc.201000792
https://doi.org/10.1016/j.ejmech.2010.03.031
https://doi.org/10.1016/j.phytochem.2007.12.013
https://doi.org/10.1016/j.jff.2011.10.004
https://doi.org/10.1016/j.jplph.2009.02.006
https://doi.org/10.1016/s2095-3119(19)62781-4
https://doi.org/10.1016/j.pmpp.2011.08.001
https://doi.org/10.1016/j.pmpp.2011.08.001
https://doi.org/10.1271/bbb.62.2273
https://doi.org/10.17221/132/2010-CJFS
https://doi.org/10.1021/np9006298
https://doi.org/10.3390/molecules23123238
https://doi.org/10.3390/molecules23123238


Vol:.(1234567890)

Research	  
Discover Plants             (2025) 2:6  | https://doi.org/10.1007/s44372-024-00085-0

	190.	 Li X, Wang X, Chen D, Chen S. Antioxidant activity and mechanism of protocatechuic acid in vitro. Funct Foods Health Dis. 2011. https://​
doi.​org/​10.​31989/​ffhd.​v1i7.​127.

	191.	 Yu YS, Hsu CL. Yen GC anti-inflammatory effects of the roots of Alpinia pricei Hayata and its phenolic compounds. J Agric Food Chem. 
2009. https://​doi.​org/​10.​1021/​jf901​327g.

	192.	 Lende AB, Kshirsagar AD, Deshpande AD, Muley MM, Patil RR, Bafna PA, Naik SR. Anti-inflammatory and analgesic activity of protocat-
echuic acid in rats and mice. Inflammopharmacology. 2011. https://​doi.​org/​10.​1007/​s10787-​011-​0086-4.

	193.	 Chou TH, Ding HY, Hung WJ, Liang CH. Antioxidative characteristics and inhibition of alpha-melanocyte-stimulating hormone-stimulated 
melanogenesis of vanillin and vanillic acid from Origanum vulgare. Exp Dermatol. 2010. https://​doi.​org/​10.​1111/j.​1600-​0625.​2010.​01091.x.

	194.	 Ghareib HRA, Abdelhamed MS, Ibrahim OH. Antioxidative effects of the acetone fraction and vanillic acid from Chenopodium murale on 
tomato plants. Weed Biol Manage. 2010. https://​doi.​org/​10.​1111/j.​1445-​6664.​2010.​00368.x.

	195.	 Yrbas ML, Morucci F, Alonso R, Gorzalczany S. Pharmacological mechanism underlying the antinociceptive activity of vanillic acid. 
Pharmacol Biochem Behav. 2015. https://​doi.​org/​10.​1016/j.​pbb.​2015.​02.​016.

	196.	 Sindhu G, Nishanthi E, Sharmila R. Nephroprotective effect of vanillic acid against cisplatin induced nephrotoxicity in wistar rats: a 
biochemical and molecular study. Environ Toxicol Pharmacol. 2015. https://​doi.​org/​10.​1016/j.​etap.​2014.​12.​008.

	197.	 Chang WC, Wu JS, Chen CW, Kuo PL, Chien HM, Wang YT, Shen SC. Protective effect of vanillic acid against hyperinsulinemia, hypergly-
cemia and hyperlipidemia via alleviating hepatic insulin resistance and inflammation in high-fat diet (HFD)-fed rats. Nutrients. 2015. 
https://​doi.​org/​10.​3390/​nu712​5514.

	198.	 Ameeramja J, Kanagaraj VV, Perumal E. Protocatechuic acid methyl ester modulates fluoride induced pulmonary toxicity in rats. Food 
Chem Toxicol. 2018. https://​doi.​org/​10.​1016/j.​fct.​2018.​05.​031.

	199.	 Yelliantty Y, Kartasasmita RE, Surantaatmadja SI, Rukayadi Y. Identification of chemical constituents from fruit of Antidesma bunius by 
GC-MS and HPLC-DAD-ESI-MS. Food Sci Technol. 2022. https://​doi.​org/​10.​1590/​fst.​61320.

	200.	 Ono M, Ito Y, Nohara T. A labdane diterpene glycoside from fruit of Vitex rotundifolia. Phytochemistry. 1998. https://​doi.​org/​10.​1016/​
S0031-​9422(97)​00863-7.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.31989/ffhd.v1i7.127
https://doi.org/10.31989/ffhd.v1i7.127
https://doi.org/10.1021/jf901327g
https://doi.org/10.1007/s10787-011-0086-4
https://doi.org/10.1111/j.1600-0625.2010.01091.x
https://doi.org/10.1111/j.1445-6664.2010.00368.x
https://doi.org/10.1016/j.pbb.2015.02.016
https://doi.org/10.1016/j.etap.2014.12.008
https://doi.org/10.3390/nu7125514
https://doi.org/10.1016/j.fct.2018.05.031
https://doi.org/10.1590/fst.61320
https://doi.org/10.1016/S0031-9422(97)00863-7
https://doi.org/10.1016/S0031-9422(97)00863-7

	Exploring Hornstedtia scyphifera: an extensive multimethod phytochemical investigation reveals the chemical composition and bioactive potential
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 General experimental procedures
	2.2 Plant material
	2.3 Extraction and isolation
	2.3.1 Isolation from fresh leaves
	2.3.2 Isolation from dried leaves
	2.3.3 Spectral data

	2.4 Computational CD spectral analysis
	2.5 MS measurements
	2.5.1 High resolution
	2.5.2 Headspace GCMS
	2.5.3 GC–MS of essential oil and n-hexane extract

	2.6 X-Ray analysis
	2.7 Biological assays
	2.7.1 Antibacterial Assays
	2.7.2 Antifungal Assay


	3 Results and discussion
	3.1 Characterization of crude extracts and volatiles
	3.2 Purification and structure elucidation
	3.3 Considerations on biological activity

	4 Conclusion
	Acknowledgements 
	References


