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					ABSTRACT  

					ARTICLE INFO  

					Kaempferia parviflora (KP), commonly known as black ginger, is an aromatic plant native to  

					Thailand, notable for its richness in methoxyflavones—distinct compounds possessing potent  

					pharmacological properties. Despite its promising bioactivity, the development of KP as a  

					therapeutic agent remains insufficiently explored, with existing research yet to be fully integrated.  

					This narrative review seeks to bridge traditional knowledge with contemporary pharmaceutical  

					research by comprehensively examining the ethnomedicinal applications, extraction techniques,  

					phytochemical composition, pharmacological investigations, conservation strategies, and by  

					identifying research gaps and developmental challenges associated with KP. Relevant studies  

					were selected from original publications in English or Indonesian, dated between 1980 and 2025,  

					and sourced through the Scopus, PubMed, and Google Scholar databases. Findings indicate that  

					KP is widely distributed across Southeast Asia. The primary methoxyflavones identified include  

					5,7,4′-trimethoxyflavone, 5,7-dimethoxyflavone, 3,5,7,3′,4′-pentamethoxyflavone; along with  

					various essential oil constituents. Among conventional extraction techniques, maceration is  

					considered most suitable, whereas microwave-assisted extraction (MAE) proves most efficient for  

					isolating methoxyflavones, and supercritical CO₂ extraction is particularly effective for extracting  

					essential oils. Traditionally used as an aphrodisiac, KP has garnered modern scientific interest for  

					its anticancer, anti-obesity, and anti-inflammatory properties. Conservation efforts include in vitro  

					culture, vivipary, and shade management. This review highlights the potential of KP as a  

					promising source of novel therapeutic agents and emphasizes the need for further  

					multidisciplinary research to explore its bioactive compounds and promote their sustainable  

					utilization.  

					Article history:  

					Received 02 May 2025  

					Revised 12 June 2025  

					Accepted 25 June 2025  

					Published online 01 September 2025  

					Copyright: © 2025 Hardini et al. This is an open-  

					access article distributed under the terms of the  

					Creative Commons Attribution License, which  

					permits unrestricted use, distribution, and reproduction  

					in any medium, provided the original author and  

					source are credited.  

					Keywords:  

					Kaempferia  

					parviflora,  

					Black  

					ginger,  

					Phytochemicals,  

					Extraction,  

					Ethnopharmacology, Ethnobotany  

					The therapeutic efficacy of the rhizome is attributed to its bioactive  

					polymethoxyflavones (PMFs), which are frequently present in KP  

					compared to other Kaempferia species. 19 These polymethoxyflavones  

					are known for their powerful biological activities and play a central role  

					in KP’s medicinal value, including compounds such as 5,7-  

					dimethoxyflavone (DMF), 5,7,4′-trimethoxyflavone (TMF), and  

					3,5,7,3′,4′-pentamethoxyflavone (PMF).11,20–22 Despite its extensive  

					traditional use and notable pharmacological properties, KP remains  

					insufficiently explored, especially concerning its molecular  

					mechanisms and bioavailability. A variety of conventional and eco-  

					friendly (green) extraction techniques have been employed to improve  

					both the yield and efficacy of these compounds. This study, therefore,  

					presents an in-depth analysis of the extraction methods applied to KP,  

					encompassing both traditional and green technologies. It examines  

					optimal extraction conditions, maximum achievable yields, and offers  

					a critical evaluation of the advantages and disadvantages associated  

					with each method. Additionally, the review provides a comprehensive  

					comparison of these methods. To date, no publication has specifically  

					and comprehensively addressed these aspects. Other significant  

					elements of KP, including its phytochemical profile, pharmacological  

					activities, and conservation approaches, have been reviewed and are  

					current. Conducting a literature review is a vital step in gaining a  

					foundational understanding of a research area and serves as a reference  

					that compiles the most relevant primary sources.23 In research trends,  

					this method is essential for identifying existing studies, assessing the  

					progression of a specific field, and uncovering unresolved issues or  

					areas requiring further investigation.24  

					Introduction  

					Kaempferia parviflora (KP), commonly known as black ginger,  

					krachaidum, or Thai ginseng, is a rhizomatous herbaceous plant  

					belonging to the Zingiberaceae family. Naturally occurring in Southeast  

					Asia, particularly in Thailand, it is widely distributed across other  

					tropical and subtropical regions. Traditionally, KP has been used in  

					Southeast Asian folk medicine for a variety of purposes, including the  

					treatment of gastrointestinal disorders, allergies, and as a sexual  

					stimulant. The rhizomes are particularly valued for their health-  

					enhancing properties and are often incorporated into cooking and health  

					beverages.1 Pharmacologically, KP demonstrates a wide range of  

					bioactivities. Studies have shown its potential as an antioxidant,2,3  

					aphrodisiac,4,5 anti-inflammatory,6,7 anti-obesity,8,9 anticancer,10–12  

					antimicrobial,13,14 antidiabetes,15,16 and neuroprotective agent.17,18  
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					Within the context of research focused on KP’s pharmacological  

					properties, a comprehensive literature review offers a strategic  

					framework to deepen insights into how KP support health through its  

					biological activity. Ultimately, this review aims to enrich the existing  

					body of knowledge on KP and help chart a direction for future research.  

					A distinctive feature of these plants is their strong aroma, which is  

					primarily attributed to the high essential oil content present in the  

					rhizomes. However, essential oils are also found in other parts of the  

					plant, including the leaves.25 The Zingiberaceae family is  

					predominantly distributed in warm humid regions such as Asia, Africa,  

					and the Americas.26 Within this family, the genus Kaempferia is  

					particularly notable for its species diversity and widespread use in  

					traditional medicine. In total, the genus Kaempferia includes 70 species,  

					with 2/3 occurring in Asia and the remaining one-third in Africa.27  

					Among these, KP is one the most extensively studied species. The  

					botanical classification of KP is presented in Table 1. 28  

					Materials and Methods  

					This review presents a comprehensive analysis of the pharmacological  

					properties, ethnobotanical uses, extraction methods, chemical  

					composition, and conservation strategies of KP. The search strategy  

					was carefully designed to ensure  

					a

					thorough and systematic  

					examination of relevant studies published in both English and  

					Indonesian. Major academic databases, including Scopus, PubMed, and  

					Google Scholar, were utilized to locate original research articles  

					ranging from the earliest publication in 1980 to the most recent in 2025.  

					Relevant articles were identified using a variety of search terms and  

					their combinations, such as KP, black ginger, botanical aspects,  

					chemical compounds, polymethoxyflavones, conventional extraction,  

					green extraction, pharmacological activity, and conservation. The  

					retrieved search results were compiled and analyzed to extract  

					information relevant to the objectives of this review. The search process  

					was not limited by time frame or geographic location, with the aim of  

					including all available publications, whether published originally in the  

					target languages or translated.  

					Table 1: Taxonomy of Kaempferia parviflora.  

					Kingdom  

					Plantae  

					Phylum  

					Tracheophyta  

					Class  

					Lilopsida  

					Order  

					Zingiberales  

					Family  

					Genus  

					Species  

					Zingiberaceae  

					Kaempferia L.  

					Kaempferia parviflora Wall. Ex Baker  

					This herbaceous plant typically reaches a height of approximately 30–  

					40 cm and features an underground stem in the form of a rhizome. KP  

					propagates vegetatively through its rhizome rather than producing  

					seeds, forming dense clumps. The rhizome is fleshy, branched, and  

					somewhat rounded, with fine, slender root fibers.28–30 Internally, the  

					rhizome is dark purple to black, while the outer skin is brown, indicating  

					the presence of pigments or secondary metabolites. The rhizome tissue  

					contains essential oils, phenolic compounds, and flavonoids, all of  

					which contribute to its pharmacological properties.  

					Results and Discussion  

					Botanical Description  

					The Zingiberaceae family, commonly known as the ginger family, is a  

					significant group of monocotyledonous angiosperms. This family  

					comprises approximately 50 genera and more than 1300 species of  

					aromatic herbaceous annual plants, characterized by creeping  

					horizontal rhizomes or tuberous forms.  

					Figure 1 illustrates the morphology of the KP plant.  

					Figure 1: Aerial parts (a), flower (b), leaf (c), and rhizome (d) of Kaempferia parviflora  

					Global Distribution and Traditional Uses  

					The leaves of KP range from one to several in number and measure  

					between 8 and 16 cm in length.28 The leaf blades are ovate to elongated,  

					with slightly asymmetric sides and undulating margins, often exhibiting  

					a reddish tint.  

					Black ginger is a plant native to Thailand and thrives across various  

					regions of Southeast Asia, including Malaysia and Indonesia,  

					particularly on the islands of Sumatra and Borneo.31,32 This region  

					exhibits the greatest diversity of KP, encompassing countries such as  

					Philippines, Singapore, Papua New Guinea, and Brunei. The species is  

					also found in other areas, including Myanmar, Cambodia, Bangladesh,  

					and Burma, where it is widely used in traditional medicine.33 The plant  

					is known by different names in various countries, such as Krachaidum  

					or Thai ginseng in Thailand, Nannwin Net/Sannwin Net in Myanmar,  

					Cekur hitam in Malaysia, Black Tumeric/Black Ginger in Japan,  

					Chakma- Kala halud in Betbunia (Bangladesh), and Kencur Hitam in  

					Indonesia.34–36  

					For centuries, KP rhizomes have been highly valued in folk medicine,  

					reflecting their long-standing effectiveness and therapeutic potential.  

					Among the Hmong mountain tribes, KP is believed to reduce fatigue,  

					enhance physical endurance, and improve the ability to climb hills.37 In  

					northeastern Thailand, local communities recognize the rhizomes for its  

					health-promoting properties, using it to treat colic disorders as well as  

					The leaf tips are pointed, and the bases are heart-shaped. The petioles  

					are short and tubular.29 The upper leaf surface is glossy and dark green,  

					while the underside appears reddish. KP produces small zygomorphic  

					flowers arranged in a central cluster. The petals are pale purple at the  

					edges and white at the center, creating a distinct color gradient. These  

					flowers emerge from the base of the leaves on slender, translucent  

					stalks. The plant’s reproductive structure reflects the typical  

					characteristics of monocotyledons, with floral elements arranged in a  

					tripartite pattern composed of sepals and petals. KP has a relatively brief  

					flowering season, lasting only two to three weeks, with peak blooming  

					occurring between April and September. This short flowering duration  

					is a common feature among Kaempferia species.30  
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					duodenal and peptic ulcers. Additionally, KP rhizome are processed  

					Phytochemistry  

					into tonic drinks and commercially sold as herbal mixtures aimed at  

					Krachaidum, or KP, is widely utilized as an herbal remedy for various  

					ailments, making its chemical constituents of significant interest for  

					scientific investigation. Studies examining the chemical profile of KP  

					plants have identified a range of natural compounds, including  

					phenolics, flavonoids, and terpenoids, each associated with diverse  

					biological properties. Among these, flavonoid compounds are the most  

					prevalent in KP, particularly a subclass known as polymethoxyflavones.  

					The polymethoxyflavones (PMFs) present in KP are structurally  

					distinct from those in other plants, as they contain methoxy groups  

					positioned specifically on the flavone structure at the carbon atoms C-  

					3, C-5, C-7, C-3', and C-4'.38 The structure and nomenclature of these  

					PMFs compounds are illustrated in Figure 2 and Table 2. 39–41  

					alleviating symptoms of impotence.1  

					In the traditional medicine practice of Suriname and Southeast Asia, the  

					rhizome is used to treat swelling, wounds, diarrhea, and colic disorders,  

					and is also regarded as an aphrodisiac. KP rhizomes and ginger roots  

					are commonly used as food ingredients and fermented to produce wine.  

					In Southeast Asia, it is customary to drink tea made from sliced black  

					ginger or alcohol infused with it.34 In Betbunia village, Bangladesh, a  

					paste made from KP rhizomes and leaves has long been applied to treat  

					venomous insect bites.36  

					Table 2: Naming of methoxiflavone compounds.  

					Substitution  

					No  

					1

					Compound  

					3

					5

					7

					3'  

					4'  

					5-hydroxy-7-methoxyflavone  

					5,7-dimethoxyflavone  

					H

					OH  

					OCH₃  

					H

					H

					2

					H

					OCH₃  

					OH  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					H

					H

					H

					3

					5,4'-dihydroxy-7-methoxyflavone  

					5-hydroxy-7,4'-dimethoxyflavone  

					4'-hydroxy-5,7-dimethoxyflavone  

					5-hydroxy-7,3',4'-trimethoxyflavone  

					5,7,4'-trimethoxyflavone  

					H

					H

					OH  

					4

					H

					OH  

					H

					OCH₃  

					OH  

					5

					H

					OCH₃  

					OH  

					H

					6

					H

					OCH₃  

					H

					OCH₃  

					OCH₃  

					H

					7

					H

					OCH₃  

					OH  

					8

					5-hydroxy-3,7-dimethoxyflavone  

					5-hydroxy-3,7,4'-trimethoxyflavone  

					5,3'-dihydroxy-3,7,4'-trimethoxyflavone  

					3'-hydroxy-3,7,4'-trimethoxyflavone  

					5,7,3',4'-tetramethoxyflavone  

					3,5,7,4'-tetramethoxyflavone  

					5-hydroxy-3,7,3',4'-tetramethoxyflavone  

					5,3',4'-trimethoxyflavone  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					H

					H

					9

					OH  

					H

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					H

					10  

					11  

					12  

					13  

					14  

					15  

					16  

					17  

					18  

					OH  

					OH  

					OH  

					OCH₃  

					H

					H

					OCH₃  

					OCH₃  

					OH  

					OCH₃  

					CH₃  

					H

					OCH₃  

					OCH₃  

					H

					OCH₃  

					H

					3,4'-dimethoxy-7-hydroxyflavone  

					3,5,7,3',4'-pentamethoxyflavone  

					3,5,7-trimethoxyflavone  

					OCH₃  

					OCH₃  

					OCH₃  

					OH  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					OCH₃  

					H

					Figure 2: Main structure of the polymethoxyflavone.  

					[α-L-rhamnopyranosyl-(1→6)-β-D-glucopyranoside], rel-(5αS,10βS)-  

					5α,10β-dihydro-1,3,5α,9-tetrahydroxy-8-methoxy-6H-  

					benz[b]indeno[1,2-d]furan-6-one 5α-O-[α-L-rhamnopyranosyl-(1→6)-  

					Within the flavonoids category, the compounds 5,7-dimethoxyflavone  

					and 5,7,4'-trimethoxyflavone are the primary compounds found in the  

					KP root.39 HPLC analysis of the ethanol extract of KP confirmed that  

					5,7-dimethoxyflavone, and 3,5,7,3′,4′-pentamethoxyflavone are among  

					the major components.42 Additional flavonoid compounds identified in  

					KP include: (2R,3R)-(–)-aromadendrin trimethyl ether, tilianine,  

					tamarixetin 3-O-rutinoside, syringetin 3-O-rutinoside, (2R,3S,4S)-3-O-  

					[α-L-rhamnopyranosyl-(1→6)-β-D-glucopyranosyl]-30-O-methyl-ent-  

					epicatechin-(2α→O→3,4α→4)-(5αS,10βS)-5α,10β-dihydro-1,3,5α,9-  

					tetrahydroxy-8-methoxy-6H-benz[b]indeno[1,2-d]furan-6-one 5α-O-  

					β-D-glucopyranoside,  

					rel-(5αS,10βR)-5α,10β-dihydro-1,3,5α,9-  

					tetrahydroxy-8-methoxy-6H-benz[b]indeno[1,2-d]furan-6-one 5α-O-  

					[α-L-rhamnopyranosyl-(1→6)-β-D-glucopyranoside],  

					kaempferiaosides A, kaempferiaosides B, kaempferiaosides C, and  

					kaempferiaosides D. The acetophenone compounds found in KP  

					include kaempferiaosides E, kaempferiaoside F, and 2,4,6-  

					Trihydroxyacetophenone 2,4-di-O-β-D-glucopyranoside,.41  
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					The volatile organic compounds (VOCs) in the rhizomes and leaves of  

					KP were identified using headspace solid-phase microextraction (HS-  

					SPME) combined with gas chromatography-time-of-flight mass  

					spectrometry (GC-TOF-MS).  

					The reflux method has also been applied for the extraction of  

					polymethoxyflavone compounds. This method involves heating the  

					solvent and plant material together, allowing the solvent to evaporate  

					and condense back into the mixture, which enhances extraction  

					efficiency. A total of five polymethoxyflavones were extracted, with the  

					highest concentrations observed for TMF, PMF, DMF, 5-hydroxy-  

					3,7,4'-trimethoxyflavone, and 3,5,7,4'-tetramethoxyflavone, measuring  

					at 0.838%, 0.745%, 0.549%, 0.211%, and 0.296%, respectively.41 The  

					amount of polymethoxyflavones obtained through this method was not  

					significantly greater than that achieved via maceration. The application  

					of heat during the extraction process can lead to compound degradation,  

					resulting in lower yields. The conventional extraction methods  

					described above are often time-consuming and may not be effective for  

					extracting certain compounds. Standard heating devices, such as hot  

					plates, oil baths, and heating mantles, are inefficient for facilitating  

					optimal extraction due to inadequate temperature control. Additionally,  

					the extensive use of solvents poses environmental concerns. To address  

					these limitations, a more efficient and environmentally friendly method,  

					known as "green extraction," has been developed. This method offers the  

					ability to produce high-quality extracts while reducing solvent usage,  

					processing time, and energy consumption.56 Additionally, it is supported by  

					computational technology that can predict various extraction parameters and  

					optimal conditions. 57 The green extraction methods for KP are presented in  

					table 4.  

					In the leaves, the dominant VOCs belongs to the monoterpene group,  

					with α-pinene, bornyl acetate, β-myrcene, and carveol being the most  

					abundant. Conversely, the primary VOCs in the rhizomes are from the  

					sesquiterpene group, including caryophyllene, humulene, nerolidol,  

					caryophyllene oxide, and allo-aromadendrene epoxide.32 Analysis of  

					the volatile oil extracted from dried KP rhizomes using GC revealed at  

					least 20 compounds, with α-copaene, dauca-5,8-diene, camphene,  

					β-pinene, borneol, and linalool.43 The findings are consistent with  

					previous analyses of hexane extracts from KP rhizomes, which also  

					identified germacrene D, borneol, β-pinene, camphene, and α-copaene  

					as the dominant constituents.44  

					Extraction Method  

					The extraction process is a crucial step. Several methods are available  

					for extracting compounds from KP, broadly categorized into  

					conventional and green extraction techniques. The conventional  

					extraction methods for KP are presented in Table 3.  

					Conventional or traditional extraction techniques typically utilize  

					organic solvents, requiring large volumes and prolonged extraction  

					durations. Various types of solvents are used, with ethanol being the  

					most commonly used solvent for extracting compounds from KP  

					rhizomes.45 The primary techniques usually used to extract KP include  

					maceration, percolation, and soxhlet.41–43 Maceration is a widely used  

					conventional method for obtaining natural products from plant  

					materials, particularly KP. This technique is cost-effective and simple,  

					employing a solid-liquid extraction process. However, it has several  

					limitations, including long processing times, low extraction efficiency,  

					and high solvent consumption.46,47 Malakul et al. (2011) employed  

					maceration to extract compounds from KP rhizomes using 95% ethanol  

					as the solvent. The resulting concentrations of DMF, TMF, and PMF in  

					the KP extract were 283.42 ± 4.09, 106.19 ± 2.95, and 85.05 ± 0.79  

					mg/g, respectively.48  

					Other researchers also quantified PMF content in KP extract prepared  

					with 95% ethanol. The crude extract yield was reported at 5.13%, while  

					the concentrations of PMF, TMF, and DMF in the crude extract were  

					11.3%, 13.2%, and 12.7%, respectively.  

					The Soxhlet method is considered the most effective technique for  

					continuous extraction from solids using hot solvents. This technique is  

					regarded as reliable and effective compared to other conventional  

					Ultrasonic-assisted extraction (UAE) has recently emerged as an  

					effective method for extracting target compounds from various plant  

					materials. Ultrasonic-assisted extraction (UAE) or sonication-assisted  

					extraction (SAE), employs ultrasonic energy (20–120 kHz) to extract  

					bioactive compounds from plants.56,57 This technique improves  

					extraction efficiency by disrupting plant cell walls and accelerating  

					compound diffusion through cavitation events. The formation and  

					collapse of microbubbles that generate localized high temperatures and  

					pressures, thereby enhancing mass transfer.59 Compared to traditional  

					methods such as maceration and soxhlet extraction, UAE is faster,  

					requires less solvent and energy, and better preserves the quality of the  

					extract.57,60 According to a study by Chaisuwan et al. (2021), UAE  

					significantly shortened the extraction time. In that study, maceration  

					took 7 days to achieve a DMF content ranging from 1.11 to 48.10 g/100  

					mL extract, whereas SAE required only 15 to 45 minutes to yield a  

					DMF content ranging from 0.11 to 0.29 g/100 mL extract.59 In another  

					investigation, UAE was optimized using the Plackett–Burman  

					screening design (PBD) and the Box–Behnken Design (BBD) to predict  

					maximum extraction outcomes. Under optimal conditions, the total  

					extraction yield reached 16.95%, and the total methoxyflavone content  

					was 327.25 mg/g, with an extraction time of 15.99 minutes.57  

					extraction techniques, except when dealing with heat-sensitive  

					47  

					compounds.  

					Although it offers advantages such as the ability to  

					perform large-scale extractions, the reuse of solvents, and the  

					elimination of filtration after extraction, it is rarely employed for  

					extracting compounds with KP. This limited use is due to the high risk  

					of degradation of heat-sensitive compounds at elevated temperatures  

					and during extended extraction periods.53 The primary bioactive  

					compounds in KP, polymethoxyflavones, are secondary metabolites in  

					the flavonoid class that are sensitive to heat, making them prone to  

					degradation and reducing their biological activity.54 Pitakpawasutthi et  

					al. (2018) utilized the Soxhlet method to extract essential oil from KP  

					rhizomes. The main components of the resulting volatile oil were α-  

					copaene, dauca-5,8-diene, camphene, β-pinene, borneol, and linalool,  

					with concentrations of 11.68%, 11.17%, 8.73%, 7.18%, 7.05%, and  

					6.58%, respectively.43 The hydrodistillation method has also been used  

					to extract volatile oil from KP rhizomes. Hydrodistillation is a  

					traditional extraction technique commonly employed to obtain essential  

					oils and hydrolates from plant materials. This method uses water as a  

					solvent, eliminating the need for solvent recovery, thereby saving time  

					and energy, minimizing the loss of volatile compounds, and reducing  

					Another environmentally friendly method used for KP extraction is  

					Microwave-assisted extraction (MAE). MAE employs microwaves and  

					electromagnetic radiation with frequencies ranging from approximately  

					300 megahertz to 1000 gigahertz.61 This method is more efficient than  

					conventional methods, as it conserves energy and offered improved  

					heating control.56 Nisoa et al. (2022) examined the application of MAE  

					in extracting bioactive compounds from KP rhizomes, comparing it  

					with both UAE and soxhlet methods. Using UAE, the TPC and TFC  

					were 129.04 µg GAE/ml and 91.58 µg QE/ml, respectively, in 30  

					minutes. In contrast, MAE produced a TPC and TFC were 120.69 µg  

					GAE/ml and 258.81 µg QE/ml, respectively, in just 2.5 minutes.  

					Subsequently, the MAE method was compared with Soxhlet extraction  

					to evaluate polymethoxyflavone content in KP. Using soxhlet after 60  

					minutes, the dimethoxyflavone concentrations reached 339.48 mg/L,  

					whereas MAE, in only 2 minutes, yielded 382.56 mg/L. These results  

					suggest that MAE is more effective than both UAE and soxhlet methods  

					for extracting flavonoids, phenolics, and dimethoxyflavone  

					compounds.56  

					environmental impact.55 In  

					a

					study by Begum et al (2022),  

					hydrodistillation of KP rhizomes yielded linalool, endo-borneol, and  

					camphene as the main constituents, while other essential oil  

					components were present in lower concentrations.52 It can be concluded  

					from the two studies mentioned above that, despite using different  

					extraction techniques, the major essential oil components identified  

					were consistent across both methods.  
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					Table 3: Conventional extraction method for KP.  

					Extraction Method Solvent  

					Compounds  

					DMF, TMF, and PMF  

					Analysis Method  

					RP-HPLC/UV  

					Analysis Conditions  

					-Column: ODS (C18, 4.6 x 250 mm, particle size 5  

					References  

					42  

					Maceration  

					95% ethanol  

					µm),  

					-VWD detector with wavelength 245 nm  

					-Mobile phase: methanol (35:65 to 70:30)  

					-Column: A Luna RP-18 (150 mm × 4.6 mm, particle  

					size 5 µm) was used with a Phenomenex RP-18  

					guard column.  

					48  

					49  

					50  

					51  

					41  

					Maceration  

					95% ethanol  

					95% ethanol  

					Ethyl acetate  

					80% methanol  

					Methanol  

					DMF, TMF, 5-hydroxy-7-  

					methoxyflavone, 3,5,7-  

					RP-HPLC/PDA  

					RP-HPLC/UV  

					RP-HPLC/PAD  

					RP- LC/MS  

					trimethoxyflavone, 5-hydroxy-3,7-  

					dimethoxyflavone  

					-Detector wavelength 210 nm  

					-Mobile phase: methanol: water (70:30)  

					-Column: C18 (250 mm x 4.6 mm, internal diameter  

					5 μm)  

					Maceration  

					Maceration  

					Maceration  

					Reflux  

					3,5,7-trimethoxyflavone, TMF, PMF  

					-Detector wavelengths of 230, 280, and 355 nm  

					-Mobile phase: methanol and 0.5% acetic acid  

					(65:35)  

					DMF, TMF, PMF, 3,5,7-  

					trimethoxyflavone, 3,5,7,4'-  

					tetramethoxyflavone  

					-Column: XDB-C18 (4.6x 250 mm, particle size 5  

					μm)  

					-Detector wavelength 254 nm  

					Mobile phase: methanol and water with a gradient  

					system  

					3,7-dimethoxy-5-hydroxyflavone, 5-  

					hydroxy-7-methoxyflavone, 3,5,7-  

					trimethoxyflavone, 7,4′-dimethylapigenin,  

					9, 3,7,4′-trimethylkaempferol, dan 5-  

					hydroxy-3,7,3′,4′-tetramethoxyflavone  

					DMF, TMF, PMF, 5-hydroxy-7-  

					methoxyflavone, 5-hydroxy-7,4'-  

					dimethoxyflavone, 5-hydroxy-7,3',4'-  

					trimethoxyflavone, 5,3',4'-  

					Column: C18 (100x21 mm, particle size 5 μm)  

					RP-HPLC/UV  

					-Column: Inertsil ODS 3 (2.1 mm x 100 mm, particle  

					size 3 μm)  

					Detector wavelength 330 nm  

					-Mobile phase: methanol and water containing 0.1%  

					acetic acid with a gradient system  

					tetramethoxyflavone, 8, 5,3',4'-  

					trimethoxyflavone, 5-hydroxy-3,7,3',4'-  
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					trimethoxyflavone, 3,5,7,4'-  

					tetramethoxyflavone, 5-hydroxy-3,7,3',4'-  

					tetramethoxyflavone, 5-hydroxy-  

					3,5,7,3',4'-trimethoxyflavone  

					43  

					Soxhlet  

					95% ethanol  

					α‐pinene, camphene, β‐pinene, limonene,  

					linalool, borneol, bornyl acetate, α‐  

					copaene, β‐elemene, €‐β-caryophyllene,  

					α‐humulene, Dauca‐5,8‐diene, γ‐  

					GC/MS  

					-Column: BPX5 fused silica (length 30 mm, diameter  

					0.25 mm, film thickness 0.25μm)  

					-Mobile phase: Helium  

					-Split ratio: 10/1  

					gurjunene, β‐salinene, Δ‐cadinene,  

					Spathulenol, Caryophyllene oxide, Epi‐α‐  

					muurolol, α‐cadinol, Longiborneol acetate  

					52  

					Hydrodistillation  

					Water  

					Linalool, endo-borneol, camphene, bornyl GC/MS  

					acetate, α-pinene, benzenepropanol α-  

					methyl-acetate, β-pinene, D-limonene,  

					camphor, eucalyptol, 2-undecanone, α-  

					terpineol, tau-cadinol, ethyl 2-(5-methyl-  

					5-vinyltetrahydrofuran-2-yl)propan-2-yl  

					carbonate, copaene, terpinen-4-ol,  

					camphene hydrate, caryophyllene,  

					linalool oxide, caryophyllene oxide,  

					benzenemethanol α,α,4-trimethyl, p-  

					cymene, eudesm-7(11)-en-4-ol, β-  

					myrcene, δ-elemene, spathulenol,  

					acetophenone, 8-hydroxylinalool,  

					isospathulenol, γ-muurolene, and  

					humulene  

					-Column: 100% dimethyl polysiloxane (length 30 m,  

					diameter 0.32 mm, and film thickness 0.25 μm)  

					-Mobile phase: Helium  

					-Split ratio: 20:1  

					-Injector temperature: 180°C  
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					Table 4: Green Extraction Method for KP  

					Extraction Method  

					Microwave-Assisted  

					Duration  

					2.5 minutes  

					Solvent  

					Methanol  

					Optimum Condition  

					Temperature: 83̊C  

					Compounds  

					Yield  

					258.81 ± 1.01 µg  

					References  

					56  

					Total flavonoid compound (TFC)  

					Total phenolic compound (TPC)  

					DMF  

					Extraction (MAE)  

					QE/ml  

					120.69 ± 0.75  

					µg GAE/ml  

					382.56 mg/L  

					Yield: 2.8%  

					PMFs: 85%  

					58  

					Supercritical CO2  

					-

					CO2  

					Largest yield : 60̊C and  

					PMF  

					300 bar  

					DMF, TMF, PMF, 5,7,3',4'-  

					Largest PMF content: 200 tetramethoxyflavone, 5-hydroxy-  

					bar at 50̊C  

					7methoxyflavone, 5-hydroxy-3,7-  

					dimethoxyflavone, 5-hydroxy-3,7,3',4'-  

					tetramethoxyflavone, 3,5,7-  

					trimethoxyflavone, and 3,5,7,4'-  

					tetramethoxyflavone.  

					38  

					57  

					Supercritical liquid  

					CO2  

					-

					CO2  

					Pressure of 300 bars at a  

					temperature of 60 degrees  

					Maximum yield: 54.24%  

					Ethanol v/v and a solvent-  

					to-solid ratio of 49.63  

					mL/g; Maximum PMFs:  

					95.00% v/v Ethanol and  

					solvent-to-solid ratio of  

					50 mL/g  

					PMFs  

					88.9% (wt%)  

					Ultrasonic Assissted  

					Extraction (UAE)  

					25.25 minutes  

					(maximum yield)  

					15.99 minutes  

					(maximum  

					Ethanol  

					PMDF, TMF, and DMF  

					Yield 16.95%  

					total methoxyflavone  

					content of 327.25  

					mg/g  

					methoxyflavone  

					content)  

					59  

					32  

					Ultrasonic Assissted  

					Extraction (UAE)  

					Headspace solid-  

					15-45 minutes  

					Ethanol 95%  

					-

					40 kHz Ethanol 95% for  

					45 minutes  

					DMF  

					0.29 g/100 mL extract  

					-

					Twenty minutes (plus  

					Using a 50/30-μm  

					Monoterpene (α-pinene, bornyl acetate, β-  

					myrcene, carveol).  

					phase microextraction 10 minutes of  

					(HS-SPME) incubation)  

					DVB/CAR/PDMS  

					preconditioned solid-  

					phase microextraction  

					(SPME) fiber  

					Sesquiterpene (caryophyllene, humulene,  

					nerolidol, allo-aromadendrene epoxide,  

					caryophyllene oxide)  

					3471  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, August 2025; 9(8): 3465 - 3479  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					Besides MAE and UAE, the supercritical CO₂ extraction method has  

					been increasingly utilized for isolating compounds from plants. The  

					core principle of this technique is to replace the organic solvents used  

					in traditional methods with supercritical fluid CO₂ as the solvent.62 This  

					approach yields a concentrated, food-grade extract in which compounds  

					are not subjected to thermal decomposition or contamination from toxic  

					organic solvents.58 With a solvent polarity similar to that of hexane,  

					supercritical CO2 is well-suited for extracting hydrophobic components  

					such as PMFs. This statement is supported by research conducted by  

					Wongsrikaew et al. (2012), who reported that supercritical CO2 extracts  

					of KP exhibit stronger antiproliferative activity than ethanol extracts.  

					This is attributed to the higher concentration of PMFs in the  

					supercritical CO2 extract (71.5–88.9 wt%) compared to extracts  

					obtained through maceration (69.8 wt%), SAE (69.9 wt%), and reflux  

					(55.3 wt%).38  

					Currently, headspace solid-phase microextraction (HS-SPME) has  

					emerged as an innovative and widely used method for preparing  

					samples for volatile compound screening in aromatic and medicinal  

					plants. HS-SPME is a rapid and selective technique that utilizes highly  

					effective fibers, requires no solvents, is easily automated, operates  

					efficiently with minimal sample sizes.63 A significant finding was  

					reported in a study by Thawtar et al (2023), which investigated the  

					volatile oils in the rhizomes and leaves of KP. This identified more  

					compounds than previous studies, approximately 98 in rhizomes and 78  

					in leaves. Although temperature-sensitive volatile compounds can  

					degrade under high-temperature conditions during analysis, HS-SPME  

					effectively prevents such degradtion.32 Other studies have also  

					confirmed that HS-SPME detects  

					a

					broader range of volatile  

					components than hydrodistillation in various plant species.64  

					Additionally, the same study revealed the presence of semivolatile  

					compounds, including oxygenates and certain hydrocarbons, which had  

					not been previously reported. These results emphasize the advantages  

					of HS-SPME in analyzing VOCs in plants, especially in KP.32  

					Pharmacological Activity  

					Researchers have investigated several pharmacological activities based  

					on the reported ethnomedicinal uses. According to previous studies, KP  

					extract and the three primary polymethoxyflavones, DMF, TMF, and  

					PMF, are largely responsible for its pharmacological activity. However,  

					the effects are not limited to the extract and these three components;  

					other polymethoxyflavone are also known to contribute to the treatment  

					of various diseases. The most comprehensive pharmacological  

					evaluations conducted are detailed below (Figure 3).  

					Figure 3: A schematic representation of Kaempferia parviflora (KP), including its main isolated compounds and associated  

					pharmacological activities.  

					Antimicrobial  

					dermatophytes, including Trichophyton mentagrophytes, Trichophyton  

					Dichloromethane, ethyl acetate, and acetone extracts have been shown  

					to effectively inhibit Cutibacterium acnes. Ethyl acetate extract has also  

					demonstrated inhibitory effects against Staphylococcus epidermidis.13  

					Similar antibacterial activity was observed with ethanol extract from the  

					KP rhizome, where concentrations of 250 and 500 μg/mL were capable  

					of fully inactivating Propionibacterium acnes and Staphylococcus  

					aureus.65  

					The antibacterial effects against S. aureus was further studied using  

					electrospun shellac fibers containing KP extract, achieving 88.07%  

					inhibition within 6 hours, indicating their potential use as antibacterial  

					wound dressings.66 Additionally, a PMF-rich ethanolic KP extract at 64  

					μg/mL was shown to enhance the efficacy of gentamicin against  

					resistant strains such as carbapenem-resistant Klebsiella pneumoniae,  

					Acinetobacter baumannii, and Pseudomonas aeruginosa.49 Research on  

					antibiofilm activity showed that KP extracts effectively inhibit biofilm  

					formation by Streptococcus mutans, a major contributor to dental  

					caries.67 In addition to antibacterial effects, KP extracts also  

					demonstrated strong antifungal activity against common  

					rubrum, and Microsporum gypseum.68  

					Polymethoxyflavones in KP extract, such as TMF and 5,7,3′,4′-  

					tetramethoxyflavone, have also shown activity against Plasmodium  

					falciparum. Furthermore, KP extract inhibited the growth of  

					Toxoplasma gondii, with an IC50 (Inhibition Concentration 50) value  

					lower than that of sulfadiazine.14 An additional in vitro study evaluated  

					the anti-herpes simplex virus type 1 (anti-HSV-1) effect of KP extracts,  

					revealing that the methanol extract exhibited the highest inhibition rate  

					at 6.0 µg/mL, with an EC₅₀ (effective concentration 50) value of 4.49  

					µg/mL.69 From the findings research above, it can be concluded that  

					both KP extracts and PMFs possess significant potential as agents for  

					inhibiting the growth of a wide range of microbial organisms.  

					Anti-obesity  

					KP has been extensively investigated for its promising potential in  

					combating obesity, making it a key area of study for effective weight  

					management solutions. The extract of KP and its PMFs significantly  

					suppress the expression of two major transcription factors,  

					CCAAT/enhancer-binding protein alpha (C/EBPα) and peroxisome  
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					proliferator-activated receptor gamma (PPARγ), which play crucial  

					roles in lipid accumulation and adipogenesis.8 Another in vitro study  

					using 3T3-L1 cells reported similar findings: KP extract inhibits both  

					adipogenesis and lipogenesis, and after differentiation, it activates  

					lipolysis and thermogenesis.70  

					hydroxy-3,7,3',4'-tetramethoxyflavone, exhibited potent antiallergic  

					activity, suppressing the efficacy of ketotifen fumarate.79  

					Anti-cancer  

					The dichloromethane extract of KP exhibits potent activity against  

					malignant melanoma by inhibiting proliferation, invasion, and cell  

					migration through the induction of cell cycle arrest and apoptosis, with  

					an IC50 value below 20 µg/mL.10 Subsequent research evaluated the  

					compound TMF, derived from KP, for its effectiveness in colorectal  

					cancer (CRC) cells. TMF reduces PD-L1 expression in CRC cells via  

					the ubiquitin-proteasome pathway and stabilize the ubiquitin ligase  

					HMG-CoA reductase degradation 1 (HRD1), which plays a crucial role  

					in enhancing the immune response against tumors. Consistent with the  

					in vitro findings, in vivo experiments in mice demonstrated that TMF  

					exerts antitumor effects by promoting T-cell activation and reducing in  

					suppressive cell populations.11  

					The anticancer activity of KP has also been investigated in MCF-7  

					breast cancer cells and 4T1, a highly metastatic breast cancer cell line.  

					The KP component 5-hydro-7,8,2′-trimethoxyflavanone (HTMF) is  

					predicted to exhibit strong cytotoxic activity by binding tightly to the  

					Bcl-2 receptor. Notably, HTMF features a unique methoxy group  

					substitution pattern compared to typical PMFs found in KP. This  

					prediction is based on in silico analysis; thus, further investigation is  

					required to confirm its activity.12  

					Research on the ethanol extract of KP have shown both cytotoxic and  

					antimetastatic effects in SKOV3 ovarian cancer cells. KP significantly  

					enhances the activity of caspase-3, caspase-7, and caspase-9, key  

					enzymes involved in apoptosis, and inhibits the phosphorylation of  

					extracellular signal-regulated kinase ½ (ERK1/2) and AKT, thereby  

					suppressing cell proliferation. Its anti-invasive potential is supported by  

					the downregulation of MMP-2 and MMP-9.80 In addition to PMFs,  

					anthocyanidin from KP has demonstrated the ability to inhibit cell  

					proliferation by up to 53% in high-grade serous ovarian cancer (HGSC)  

					(OV-90) and clear cell ovarian cancer (ES-2) cells. The observed  

					increase in apoptosis and mitochondrial dysfunction is believed to result  

					from the accumulation of reactive oxygen species (ROS) and  

					intracellular calcium ions.81 Another study showed that KP extract  

					inhibited the proliferation of the TOV-21G cell line, a derivative of  

					OCCC known for its low responsiveness to conventional platinum-  

					based therapy. This effect occurs through the suppression of cell  

					proliferation, the inhibition of proinflammatory cytokines (IL-6 and  

					MCP-1), and the downregulation of the nuclear factor kappa B (NF-  

					κB), AKT, and ERK1/2. Additionally, KP contributes to reducing the  

					tumor microenvironment that supports cancer progression.82  

					KP has also been studied for its effects on cervical cancer, showing  

					strong potential in inhibiting proliferation, migration, and invasion in  

					HeLa cervical cancer cells. The underlying mechanisms include the  

					induction of apoptosis via activation of caspase-7 and caspase-9,  

					suppression of IL-6 cytokines and epidermal growth factor receptor,  

					and the inhibition of the IL-6/STAT3, MAPK, and PI3K/AKT signaling  

					pathways, including ERK1/2, AKT, and Elk1, all of which are involved  

					in cancer cell survival and growth.83,84Anticancer activity has emerged  

					as the most extensively studied pharmacological activities of KP.  

					Although not all cancer types have been explored, the findings to date  

					suggest that both KP extracts and active PMF compounds hold strong  

					potential as cytotoxic agents capable of in inhibiting proliferation and  

					migration in various cancer cells.  

					In addition to downregulating C/EBPα and PPARγ, further findings  

					show that KP inhibits adipocyte formation by suppressing other  

					regulatory factors such as sterol regulatory element-binding protein-1c  

					(SREBP-1c), acetyl-CoA carboxylase 1 (ACC1), ATP-citrate lyase, and  

					fatty acid synthase. KP’s mechanism of action is also supported by its  

					ability to promote lipolysis through the upregulation of hormone-  

					sensitive lipase and carnitine palmitoyltransferase 1 (CPT1).71 Another  

					study investigated the anti-obesity effects of two active KP components,  

					DMF and 5-hydroxy-7,4-dimethoxyflavone, and found that both  

					bioactive compounds enhance brown adipocyte differentiation by  

					activating genes such as uncoupling protein 1 (UCP-1), a key molecule  

					involved in metabolic thermogenesis. This effect was nearly twice as  

					strong compared to that of the extract.72  

					Consistent with in vitro studies, administration of KP extract to mice  

					fed a high-fat diet exhibited the same anti-obesity mechanism,  

					downregulating PPARα and genes associated with lipolysis,  

					lipogenesis, and cholesterol metabolism.9 In human studies, a 12-week  

					clinical trial on overweight and pre-obese Japanese subjects showed that  

					KP extract significantly reduced visceral, subcutaneous, and total  

					abdominal fat compared to a placebo. The study also confirmed that  

					consumption of the extract caused no significant changes in physical,  

					biochemical, or hematologic parameters.73 It is evident that research  

					into the anti-obesity activity of KP has made significant progress, even  

					reaching the preclinical testing stage. This foundation provides strong  

					evidence for KP’s potential as a novel candidate compound for obesity  

					treatment.  

					Anti-arthritis  

					The anti-arthritis potential of KP has been investigated in several  

					studies, focusing on its effects on rheumatoid arthritis (RA) and  

					osteoarthritis (OA). The ethanol extract of KP was tested in vitro by  

					inducing proinflammatory cytokines in SW982 cells, a human synovial  

					sarcoma cell line. The results showed a reduction in the expression of  

					tumor necrosis factor alpha (TNF-α) and interleukin-1 beta (IL-1β), two  

					major inflammatory cytokines. In addition, the anti-inflammatory  

					activity of KP was demonstrated through the inhibition of p38 mitogen-  

					activated protein kinase (p38 MAPK), signal transducer and activator  

					of transcription 1 (STAT1), and signal transducer and activator of  

					transcription 3 (STAT3) signaling pathways.74 The anti-arthritis effect  

					of KP was further validated in vivo, where administration of the KP  

					extract significantly reduced paw swelling in rats induced with  

					complete Freund’s adjuvant. 75  

					The effects of KP on osteoarthritis have also been explored in multiple  

					studies. KP extract exhibited chondroprotective properties by  

					preserving proteoglycans and suppressing the release of sulfated  

					glycosaminoglycans in cartilage explant models. 75 KP extract reduced  

					pain and the severity of osteoarthritic cartilage lesions in rats.  

					Active components of KP, such as DMF and TMF, were shown to  

					inhibit the expression of matrix metalloproteinases (MMPs), which are  

					enzymes that damage cartilage collagen.76 In addition to its activity  

					against RA and OA, KP extract has demonstrated potential in treating  

					gouty arthritis. A study by Julianti (2022) reported that KP extract  

					inhibits the xanthine oxidase enzyme with five times greater potency  

					than K. galanga.77  

					Anti-diabetic activity  

					The antidiabetic effects of KP have been evaluated up to the preclinical  

					stage. In a type 2 diabetes group, fasting blood glucose levels  

					significantly decreased after five days of KP capsule consumption, with  

					no hypoglycemia or other adverse effects reported.15 A study using  

					streptozotocin-induced diabetic rats showed that the methoxyflavone-  

					enriched extract (MKE), administered at doses of 150–300 mg/kg,  

					reduced blood glucose levels comparably to glibenclamide.  

					Additionally, MKE improved the condition of the islets of Langerhans  

					and increased insulin density in the pancreas.16 One of the active  

					compounds in KP, 5,7,3',4'-tetramethoxyflavone, exhibited the  

					strongest antidiabetic activity through α-glucosidase inhibition. The KP  

					Anti-allergy  

					PMFs compounds isolated from KP have shown promising antiallergic  

					activity. Specifically, 5-hydroxy-3,7,4′-trimethoxyflavone and 5,3′-  

					dihydroxy-3,7,4′-trimethoxyflavone  

					degranulation in RBL-2H3 rat basophilic leukemia cells stimulated with  

					dinitrophenyl-human serum albumin (DNP-HSA). This was evidenced  

					by a reduction in β-hexosaminidase release, decreased phosphorylation  

					of PLCγ1 and Syk proteins, inhibition of calcium ion influx that  

					facilitates the release of allergic mediators, and suppression of the high-  

					affinity IgE receptor 1 (FcεRI), the key receptor in type 1 allergic  

					reactions.78 In a similar experimental model, another compound, 5-  

					significantly  

					suppressed  
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					extract also showed antimutagenic activity, indicating additional  

					benefits in preventing genetic mutations associated with diabetes.85  

					similar effects by reducing MMP-1 production, stimulating collagen  

					synthesis, and suppressing both inflammatory cytokine expression and  

					ROS levels.97  

					Anti-gastrointestinal disorder  

					The dermatoregenerative properties of KP components are attributed to  

					several polymethoxyflavone compounds such as DMF, TMF, and PMF.  

					These compounds show anti-aging activity by restoring the expression  

					of critical extracellular matrix elements, including fibrillin-1, collagen  

					type I, and hyaluronic acid. Polymethoxyflavones also increase  

					epidermal thickness, enhance epidermis-dermis stability, and inhibit  

					age-related inflammation.20 KP extract is an effective ingredient in  

					cosmeceutical products aimed at skin protection and repair. Its ability  

					to inhibit tyrosinase and elastase highlights its potential use in skin  

					whitening and anti-aging formulations.98  

					The ethyl acetate extract of KP exhibits promising anti-inflammatory  

					properties in the treatment of gastric disorders related to Helicobacter  

					pylori infection. The extract not only inhibits the production of IL-8, a  

					key proinflammatory cytokine, but also suppresses the chemotaxis of  

					monocytes and neutrophils to the infected area.86 The KP extract  

					significantly enhances NO production via the endothelial nitric oxide  

					synthase (eNOS) pathway, without activating inducible nitric oxide  

					synthase (iNOS), which is linked to inflammation and oxidative stress.  

					NO contributes to vascular health and gastrointestinal function by  

					improving endothelial performance, which is crucial for proper blood  

					circulation to the digestive organs.87  

					Antioxidant  

					The gastroprotective effect of KP extract is demonstrated by its ability  

					to reduce gastric ulcer formation in rats, by enhancing mucus secretion  

					in the stomach lining.88  

					The methanol extract of KP rhizome has been evaluated using various  

					antioxidant measurement methods. One isolated compounds, 4'-  

					hydroxy-5,7-dimethoxyflavone, demonstrated higher antioxidant  

					effects in the oxygen radical absorbance capacity (ORAC) test  

					compared to 2-methoxyanthraquinone, with an ORAC value of 8.47 ±  

					0.52 µM at a 10.0 µM concentration.99 In addition to PMFs, the essential  

					oil from KP rhizome also shows notable antioxidant activity. At a  

					concentration of 10 mg/mL, the essential oil yielded IC50 values of  

					0.451 mg/mL and 0.527 mg/mL in the 2,2-Diphenyl-1-Picrylhydrazyl  

					(DPPH) and 2,2′-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)  

					(ABTS) tests, respectively, indicating a relatively high capacity for free  

					radical scavenging, comparable to ascorbic acid.3  

					The antioxidant properties are often attributed to the phenolic and  

					flavonoid contents. Based on the Folin-Ciocalteu method, KP contains  

					higher levels of phenolic and flavonoid compounds than K. galanga,  

					with values of 52.33 mg GAE/100g and 144.2 mg QE/100g,  

					respectively. Accordingly, KP also shows superior free radical  

					scavenging activity compared to K. galanga, as indicated by the IC50  

					value (DPPH method): 547.202 ± 3.88 µg/mL for KP and 626.308 ±  

					5.06 µg/mL for K. galanga.100  

					Neuroprotective  

					Krachaidum has been extensively studies for its neuroprotective and  

					antineurodegenerative properties. KP extract protects mouse HT-22  

					neuronal cells from glutamate-induced toxicity by inhibiting  

					cytotoxicity, preventing apoptosis, and reducing ROS. It also decreases  

					ERK phosphorylation and restores levels of brain-derived neurotrophic  

					factor.89 In rats exposed to chronic restraint stress, KP extract mitigates  

					cognitive impairments and increases hippocampal neuron density.90  

					Furthermore, it protects against cognitive decline and reduced cell  

					proliferation induced by valproic acid.91 When combined with  

					Myristica fragrans essential oil, KP extract enhances levels of  

					neurotransmitters such as serotonin, norepinephrine, and dopamine, and  

					boosts proteins like synaptosomal-associated protein 25 kDa (SNAP25)  

					and bridging integrator 1 (BIN1) in the hippocampus. It also increases  

					glutathione S-transferase and antioxidant enzymes such as superoxide  

					dismutase 2 (SOD2), thereby reducing oxidative stress.92  

					Both KP extract and its PMFs show potential as therapeutic agents for  

					neurodegenerative diseases. The ethanol extract of KP showed  

					antidepressant activity comparable to fluoxetine.93 Major PMFs from  

					KP, including DMF, TMF, and PMF, have demonstrated anti-  

					Alzheimer potential by strongly inhibiting beta-site APP cleaving  

					enzyme 1 (BACE1), a key enzyme in β-amyloid formation.94 KP extract  

					also reduces inflammation and oxidative stress induced by amyloid beta  

					42 (Aβ42) and restore neurogenesis.17 In Parkinson’s disease, KP and  

					its active compound, DMF, modulate key signaling pathways such as  

					abnormal DAuer formation-16 (DAF-16) and skinhead-1 (SKN-1),  

					reduce ROS accumulation, and delay paralysis in transgenic strains.18  

					The antioxidant effect of KP synthesized into gold nanoparticles (BG-  

					AuNPs) has been shown to surpass that of KP rhizome extract alone.  

					BG-AuNPs demonstrated an IC50 of 94.5 mg/mL, reflecting 4.6 times  

					greater antioxidant efficiency than the KP extract.2 This findings  

					suggest that nanoparticles can significantly enhance a compound’s  

					efficacy and opens new possibilities for applying this approach to other  

					pharmacological activities.  

					Anti-inflammation  

					KP’s anti-inflammatory properties were evaluated using RAW264.7  

					macrophage cells induced by lipopolysaccharide (LPS) and human  

					keratinocyte cells (HaCaT) induced by cytokines.  

					Aphrodisiac and treatment of sexual dysfunction  

					The ethyl extract of KP significantly inhibited NO production,  

					decreased the expression of mRNA for IL-1β, IL-6, IL-17, IL-22, IL-  

					23, TNF-α, iNOS, and cyclooxygenase-2 (COX-2), and inhibited  

					activation of the NF-κB pathway, ERK1/2 phosphorylation, c-Jun N-  

					terminal kinase, and p38 MAPK, while preventing IκB-α  

					degradation.101  

					Even more effective results were observed with active compounds such  

					as DMF and 5-hydroxy-3,7,3′,4′-tetramethoxyflavone, which, at a  

					concentration of 50 μM, nearly completely suppressed transcriptional  

					production of inflammatory mediators like TNF-α, IL-4, and MCP-1 102  

					A combination of KP and Momordica charantia extracts produced a  

					synergistic effect. At a dose of 250 mg/kg body weight, this mixture not  

					only inhibited the NF-kB pathway but also acted as a protective agent  

					against oxidative stress.7  

					KP has been traditionally used as an aphrodisiac in various cultures.95  

					Research supports this traditional use, showing that its key compound,  

					DMF, stimulates testosterone production in rat testis-derived tumor  

					cells (I-10) by activating the cyclic adenosine monophosphate/cAMP  

					response element-binding protein (cAMP/CREB) pathway through  

					phosphodiesterase inhibition.5 The alcohol extract of KP has also shown  

					to enhance sexual function by increasing sexual activity and improving  

					blood flow to the reproductive organs, without affecting membrane-  

					associated binding protein (mABP) or heart rate.96  

					In cases of sexual dysfunction due to diabetes, KP demonstrated  

					restorative activity in male rats induced with streptozotocin. These  

					effects included increased weights of the testes, epididymis, and  

					seminal vesicles, along with significant improvements in sperm count,  

					serum testosterone levels, and ejaculation frequency compared to the  

					diabetic control group.4  

					Physical fitness  

					A randomized clinical trial involving football players who consumed  

					180 mg of KP extract daily for 12 weeks revealed significant  

					improvements in hand muscle strength and a slight increase in  

					cardiovascular capacity (VO2 max).103 A similar study conducted on  

					adolescent sports school students who consumed 360 mg of KP extract  

					per day over the same period, showed improvements in lower back and  

					hand grip strength, enhanced maximum oxygen consumption (VO2  

					max), and a reduced time to complete a 50-meter sprint.104  

					Dermatoprotective and dermatoregenerative  

					KP shows great potential as a therapeutic agent for dermatoprotection,  

					particularly through the compound 3,5,7-trimethoxyflavon. This  

					compound exhibits protective effects against skin damage in normal  

					human dermal fibroblasts induced by TNF-α, reducing ROS, MMP-1  

					secretion, and the expression of proinflammatory cytokines, including  

					IL-1β, IL-6, and IL-8.21 Another KP compound, TMF, demonstrates  
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					KP’s effect on physical fitness and oxidative status were also evaluated  

					in elderly individuals. Participants who consumed 90 mg of KP daily  

					showed improved lower extremity muscle strength and  

					cardiopulmonary endurance. At this dosage, KP significantly increased  

					the activities of antioxidant enzymes (CAT, SOD, and GSH-Px) and  

					reduced malondialdehyde (MDA) levels, indicating decreased  

					oxidative stress after eight weeks.105 In animal trails, KP extract  

					increased muscle endurance and accelerated fatigue recovery during  

					forced swimming tests.  

					At the cellular level, KP extract increased mitochondrial quantity and  

					the peroxisome proliferator-activated receptor gamma coactivator 1-  

					alpha (PGC-1α) expression, reduced TNF-α and IL-6 expression in the  

					soleus muscle, and elevated glycogen content in muscle tissue.106  

					the plant and is recognized for its broad spectrum of pharmacological  

					activities. Its primary bioactive constituents, polymethoxyflavones  

					(PMFs), play a pivotal role in numerous therapeutic mechanisms  

					targeting various health conditions. Despite its considerable  

					pharmacological and economic significance, this species remains  

					relatively under-investigated in scientific research.  

					This review aims to presents a comprehensive overview of the  

					ethnobotany, phytochemistry, extraction methods, pharmacological  

					activities, and conservation strategies associated with KP. It is intended  

					to provide a robust scientific foundation and serve as a valuable  

					reference for researchers seeking to determine future research directions  

					and further explore the plant’s potential.  

					Looking ahead, KP shows promising potential for development as a  

					high-value natural resource in the pharmaceutical, food, and cosmetic  

					industries, particularly through the refinement of green extraction  

					techniques such as microwave-assisted extraction (MAE) and  

					supercritical CO₂ extraction, which efficiently yield key PMFs like  

					DMF, TMF, and PMF. As research advances into the preclinical stage  

					and further elucidates the mechanisms of action at the transcriptional  

					level, KP is well-positioned to be developed into a standardized modern  

					Anti-cardiovascular disease  

					Black ginger demonstrates significant vasorelaxant, antioxidant, and  

					cardioprotective properties, particularly against ischemia-reperfusion  

					injury in rat hearts. The vasorelaxation mechanism was evidenced in  

					methoxamine-pre-constricted aortic rings of male rats, mediated by NO  

					and COX-dependent prostanoid pathways, inhibition of extracellular  

					Ca²⁺ influx, and activation of K⁺ channels.107 The bioactive compound  

					DMF has also been shown to exert vasorelaxant effects by inhibiting  

					phenylephrine-induced contraction and inducing relaxation in isolated  

					rat aortic rings through increased NO and cGMP levels.108  

					Similar vasorelaxation mechanisms were observed in rat hearts and  

					ventricular myocytes.109 Furthermore, KP reduces ROS levels in the  

					aortae of diabetic rats,48 aligning with other findings that KP extract  

					improves endothelial impairment by lowering ROS and increasing  

					eNOS levels.87,110 KP also inhibit monocyte adhesion to endothelial  

					cells and reduces levels of proinflammatory cytokines.110  

					phytopharmaceutical.  

					Furthermore,  

					the  

					implementation  

					of  

					biotechnology-based conservation strategies, including in vitro  

					propagation, vivipary, and shading techniques, will be crucial to  

					ensuring a sustainable raw material supply while simultaneously  

					supporting biodiversity conservation.  
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					KP’s slow growth and long dormancy period, requiring approximately  

					12 months to mature.32  

					The authors hereby declare that the work presented in this article is  

					original and that any liability for claims relating to the content of this  

					article will be borne by them.  

					Acknowledgements  

					Previous studies suggest KP adapts well to conditions in Indonesia,  
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					Various strategies have been proposed to enhance conservation in  

					aquaculture. In vitro propagation is considered the most effective  

					method for increasing seed availability, particularly because of the  

					rhizome buds prolonged dormancy. Regeneration using murashige and  

					skoog (MS) media supplemented with benzyladenine (BAP) and silver  

					nitrate (AgNO₃) has proven effective in promoting seedling growth.  

					Successful outcomes depend on proper sterilization, with optimal  

					results achieved using Clorox®, ethanol, and mercuric chloride.112,113  

					Another promising methods involves the transverse thin cell layer  

					(tTCL) system, in which shoot tip explants are cut at the meristem and  

					cultivated in MS media. This approach significantly improves shoot  

					production compared to traditional shoot tip culture.114  

					Vivipary, a phenomenon where seedlings develop directly from fruit  

					without soil, has also shown promise. Transplanted viviparous  

					seedlings formed rhizomes within one season, although their yield was  

					about 30% lower than that of normal plants. Nonetheless, this offers an  

					alternative method for regenerating valuable medicinal plants.115  

					Labrooy, et al.116 highlighted additional conservation strategies such as  

					shade management to reduce plant stress and controlled cultivation to  

					maintain the concentration of bioactive compound. Their findings  

					indicate that Kaempferia parviflora (KP), a semi-shade plant, thrives  

					and accumulates secondary metabolites optimally under 30% shade  

					conditions. Selecting cultivars like the Malaysian KP, which has higher  

					flavonoid content, further supports sustainable use and conservation.  
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