



Review Article

Phytochemical and Ethano-pharmacological potentialities of Kaempferia galangal L.
Abstract: Kaempferia galangal L. belongs to Zingiberaceae family known as Ekangi or Aromatic zinger or Kencur is an important medicinal and aromatic plants withimmense ethnomedicinal, therapeutic, nutraceutical and economical potentialitiesdue to high content of nutrients, essential oil, phytochemicals, several bioactive compounds and antioxidants etc. Till date it is considered as unutilized medicinal herbs in spite of having different phytochemical and pharmacological properties like anti-inflammatory, anti-oxidant, anti-microbial, anti-diarrheal, anti-bacterial, analgesic, cytotoxic, nematocidal, insecticidal and anti-helmintic, larvicidal and repellent activities, sniffing,  amebicidal, antiprotozoal, anti-tuberculosis, anti-angiogenic, anti-cancer, osteolysis, hyperlipidemic, hypopigmentary, wound healing properties, vasorelaxant, anti-neoplastic, sedative, rheumatic, anti-nociceptive effect and several bioactive compounds like ethyl-p-methoxycinnamate, ethyl cinnamate, Kaempferol, Kaempferide, 3-Caren-5-one, Diarylheptanoids and Cystargamide etc. 
Traditionally, this medicinal herb has diverse use in the treatment of headache, hypertension, gastritis, diarrhea, vertigo, wounds, flatulence, joint fractions, rheumatic diseases, dandruff, pain disorders, skin diseases, antidote for snake venoms, inflammations, arthritis, toothache etc. In this context, this study provides a sneak peek view onmultidimensional potentialities of Kaempferia galangal throwing light on its current status, phytochemistry, ethanobotany, pharmacology, ethnomedicinal, nutraceutical qualities and toxicology etc. Although earlier research works and studies have provided extensive information of Kaempferia galangal but, more in-depth research works are still pending and utmost required for systematic evaluation as well as exploration of their potentialities and opportunities in future. 
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1. Introduction: “Kaempferia galanga Linn., belongs to Zingiberaceae is a rhizomatous, perennial and small, stem less monocotyledonous herb. Thisis one of the endangered medicinal herb widely used in medicine, particularly in Southeast Asia. It is well known for their highly aromatic rhizomes and used as condiments, cosmetics products and beverages. Genus Kaempferia are widely distributed in Africa, India and South East Asia” [1]. The generic name commemorates Engelbert Kaempfer (1651-1716), a German naturalist and physician [2]. K. galanga is endemic to India [24, 25, 26], Indonesia [3, 4], Laos [5], Sri Lanka [6, 7], China [8], Malaysia [9, 10, 23-26], Nigeria [11], Thailand [12, 13, 22, 23-26], Bangladesh [14], Japan [15], Sudan [16], Vietnam [17],Myanmar [22, 23], and Taiwan [23-26].
It commonly known as Ekangi, Sandy ginger, Sugandhvacha, Resurrection lily, Chandramula, Kencur, and Cekur [18–21]. Few species like K. galanga L., K. rotunda L. are found in South India. K. galanga L. has been identified in the name of katsjulakelenguin Rheede’s Hortus Malabaricus, as a drug source in Kerala in the 17th century [27]. K. galanga L. is distributed in Andhra Pradesh [35], Arunachal Pradesh [33], Assam [33], Karnataka [36], Kerala [28,29], Manipur[30, 31], Meghalaya [34], Odisha [32, 35] and West Bengal [37, 38]. Some parts is also famous for edible purpose due to presence of valuable bioactive compounds and phytochemicals. Different bioactive constituent have been extracted and isolated from Kaempferia galangalviz. ethyl-p-methoxycinnamate, ethyl cinnamate,  Kaempferol, Kaempferide, 3-Caren-5-one, Diarylheptanoids and Cystargamide etc and amongst them, most vital phyto-constituent are Ethyl-cinnamate and Ethyl-p-methoxy cinnamate found to be very effective.  
However, it is morphologically similar to other vegetative part of Zingiberaceae and there are no intra specific genetic variations in many Kaempferia sp. [41]. Now a days, this plant is considered as rare and threatened species in India and Bangladesh for it excessive use [42, 43]. Keeping in view based on above statement, we have made a comprehensive review and documented a brief and up to date reports regarding phytochemicals, pharmacological, ethanomedicinal and nutraceutical properties of Kaempferia galanga to highlight the benefits of this herb for exploration to the mass of people. We also have discussed about the limitations of research area and area of interest for further investigations and research in future. 
2. Phytochemistry and phytoconstituents: Different types of phytochemical constituents have been isolated from different parts viz. esters, phenolics, terpenoids, cyclic di-peptides, thio-urea derivatives, diarylhaptanoids, flavonoids, polysaccharides, essential oils mostly ethyl-cinnamate and ethyl-p methoxycinnamate, propanoic acid, pentadecane etc and hexane, ethyl cyclohexyl acetate, isopropyl cinnamate, dipentene dioxide, camphidine, δ-3-carene, α-pinene, camphene, cis-11 tetradecenyl acetate, α-terpineol, α- gurjunene, germacrenes, cymene, cadinenes, caryophyllenes, luteolin, tetradecane, 4-methyl isopulegone, β-pinene, cyclooctene, kaempferide, gamma elemente, eucalyptol, 9-hydroxy, 2-nonanone, 1,8-cineol, undecanone, δ-limonene,10-undecyn-1-ol, 3,7-dimethoxycoumarin, borneol, apigenin, methanol, 2,7 octadiene-1-yl acetate,  cinnamaldehyde, 8-heptade cane, kaempferol, di-cyclohexyl-propane- dinitrile etc [87-93]. Moreover, yet no phytochemical compounds have been isolated from this plant leaves. 
Table 1: Some important phytochemical constituents from Kaempferia galanga L.
	Sl. No.
	Phytochemical constituents
	Chemical formula
	References

	A.
	Saccharides:

	1.
	Glucose , Galactose, Mannose
	C6H12O6
	[80]

	2.
	Glucuronic acid, Galacturonic acid
	C6H10O7
	[80]

	3.
	Rhamnose, Fucose 
	C6H12O5
	[80]

	4.
	Xylose, Arabinose 
	C5H10O5
	[80]

	B.
	Fatty acids and Esters:

	1. 
	Linolenic acid
	C18H30O2
	[81]

	2. 
	Linoleic acid
	C18H32O2
	[81]

	3.
	Stearic acid
	C18H36O2
	[82]

	4.
	dec-5-enoicacid
	C10H18O2
	[82]

	4.
	2-tetradecenoic acid
	C14H26O2
	[82]

	5.
	Ethyl icosanoate
	C22H44O2
	[82]

	6. 
	Monopalmitin
	C19H38O4
	[82]

	7. 
	5,6-dimethylcitrate 
	C8H12O7
	[81]

	8.
	3-carboxyethyl-3-hydroxyglutaricacid1,5-dimethylester 
	C10H16O7
	[81]

	9.
	Trimethylcitrate
	C9H14O7
	[81]

	10.
	1,5-dimethylcitrate 
	C8H12O7
	[81]

	C. 
	Phenolics:

	1. 
	Trans ethyl cinnamate 
	C11H12O2 
	[82]

	2. 
	Cis ethyl p-methoxycinnamate 
	C12H14O3 
	[82]

	3.
	4-methoxy-benzyl (E)-3-(4-methoxyp-henyl) acrylate 
	C18H18O4
	[82]

	4.
	1-O-4-carboxylphenyl-(6-O-4-hydroxybenzoyl)-β-D-glucopyranoside
	C20H20O10
	[81]

	5.
	 p-methoxy benzoic acid 
	C8H8O3
	[81]

	6. 
	p-hydroxybenzoic acid 
	C7H6O3
	[81]

	7. 
	Vanillic acid 
	C8H8O4
	[81]

	8.
	Methyl 3,4-dihydroxybenzoate 
	C8H8O4
	[81]

	9. 
	 4-methoxybenzyl-O-β-D-glucopyranoside 
	C14H20O7
	[81]

	10.
	Methyl (2R,3S)-2,3-dihydroxy-3-(4-methoxyphenyl) propanoate 
	C11H14O5
	[81]

	11. 
	Ethyl (2R,3S)-2,3-dihydroxy-3-(4-methoxyphenyl) propanoate 
	C12H16O5
	[81]

	12. 
	Trans ethyl p-methoxycinnamate 
	C12H14O3
	[81]

	13.
	Ferulic acid 
	C10H10O4
	[81]

	14.
	Trans p-hydroxycinnamic acid 
	C9H8O3
	[81]

	15. 
	Trans p-methoxycinnamic acid
	C10H10O3
	[81]

	D.
	Flavonoids: 

	1. 
	Kaempferol, luteolin
	C15H10O6
	[82]

	2. 
	Kaempferide
	C16H12O6
	[83]

	E.
	Terpenoids:

	1.
	Kaemgalangol A 
	C20H30O3
	[84]

	2.
	6β-hydroxypimara-8(14),15-diene-1-one
	C20H30O2
	[84]

	3.
	Sandaracopimaradien-6β,9α-diol-l-one 
	C20H30O3
	[84]

	4.
	(-)-Sandaracopimaradiene
	C20H32
	[84]

	5.
	Sandaracopimaradiene-9α-ol 
	C20H32O
	[84]

	6.
	Kaempulchraol I 
	C20H32O
	[84]

	7.
	Kaempulchraol E 
	C20H32O2
	[84]

	8.
	8(14),15-sandaracopimaradiene-1α,9α-diol 
	C20H32O2
	[84]

	9.
	Kaempulchraol L 
	C21H34O2
	[84]

	10.
	2α-acetoxy sandaracopimaradien-1α-ol 
	C22H34O3
	[84]

	11. 
	1,11-dihydroxypimara-8(14),15-diene
	C20H32O2
	[84]

	12.
	(3R,4R,6S)-3,6-dihydroxy-1-menthene
	C10H18O2
	[81]

	13.
	(1R,2S,4R)-p-menth-5-ene-1,2,8-triol
	C10H18O3
	[81]

	14.
	Oxyphyllenodiol B
	C14H22O3
	[81]

	15.
	Hedytriol
	C15H28O3
	[81]

	16.
	3-caren-5-one
	C10H14O
	[85]

	17.
	6β,14α-dihydroxyisopimara-8(9),15-diene 
	C20H32O2 
	[86]

	18.
	6β,14β-dihydroxyisopimara-8(9),15-diene
	C20H32O2 
	[86]

	19.
	1α-hydroxy-14α-methoxyisopimara-8(9),15-diene
	C21H34O2
	[86]

	20.
	1α,14α-dihydroxyisopimara-8(9),15-diene
	C20H32O2
	[86]

	21.
	6β-acetoxysandaracopimaradiene-9α-ol 
	C22H34O3
	[86]

	22.
	6β-acetoxysandaracopimaradiene-9α-ol-1-one
	C22H32O4
	[86]

	23.
	6β-acetoxysandaracopimaradiene-1α,9α-diol
	C22H34O4
	[86]

	24.
	6β-acetoxy-1α-14α-dihydroxyisopimara-8(9),15-diene
	C22H34O4
	[81]

	25.
	Boesenberol I 
	C20H32O2
	[84]

	26.
	Boesenberol J
	C20H32O2
	[84]

	F.
	Cyclic Dipeptides:

	1.
	Cyclo-(L-Val-L-Phe) 
	C14H18N2O2
	[81]

	2.
	Cyclo-(L-Leu-L-Ile)
	C12H22N2O2
	[81]

	3.
	Cyclo-(L-Val-L-Leu)
	C11H20N2O2
	[81]

	4.
	Cyclo-(L-Val-L-Val)
	C10H18N2O2
	[81]

	5.
	Cyclo-(L-Ala-L-Ile)
	C9H16N2O2
	[81]

	6.
	Cyclo-(L-Ala-L-Leu)
	C9H16N2O2
	[81]

	7.
	Cyclo-(L-Ala-L-Phe)
	C12H14N2O2
	[81]

	8.
	Cyclo-(L-Val-L-Ala)
	C8H14N2O2
	[81]

	9.
	Cyclo-(L-Phe-L-Tyr) 
	C18H18N2O3
	[81]

	10.
	Cyclo-(L-Leu-L-Tyr) 
	C15H20N2O3
	[81]

	11.
	Cyclo-(L-Val-L-Tyr) 
	C14H18N2O3
	[81]

	12.
	Cyclo-(L-Asp-OCH3-L-Phe)
	C14H16N2O4
	[81]

	13.
	Cyclo-(L-Tyr-L-Ile)
	C15H20N2O3
	[81]

	14.
	Cyclo-(L-Pro-L-Tyr) 
	C14H16N2O3
	[81]

	15.
	Cyclo-(L-Leu-L-Phe)
	C15H20N2O2
	[81]

	16.
	Cyclo-(L-Glu-OCH3-L-Phe
	C15H18N2O4
	[81]


Various volatile essential oils isolated from rhizome are composed of esters, terpenoid compounds and hydrocarbons having pharmacological and therapeutic potentialities.  Rhizomes contain essential oil (2-4%), esters (ethyl p-methoxycinnamate, ethyl cinnamate), terpenes (3-carene, pentadecane, borneol, bornyl acetate, δ-selinene, camphor and α-pinene etc) [101]. Rhizome essential oil are aromatic that contains flavoring phytochemicals traditionally uses as food, spices ingredients and condiments, cosmetics and therapeutic agents etc [102]. 
Table 2: Chemical composition of some important volatile constituents isolated from Kaempferia galanga L.

	Sl. No.
	Chemical composition
	Plant part
	Isolated from
	References

	1.
	Ethyl trans-p-methoxycinnamate (52.5%), ethyl trans cinnamate (26.3%), pentadecane (4.9%) and 1,8-cineole (2.4%).
	Rhizome
	Kerala,  

South India
	[94]

	2.
	Ethyl trans-cinnamate (31.12%), ethyl trans p methoxycinnamate (14.3%), 1,8-cineole (10.57%), δ-3 carene (5.12%) and n-pentadecane (4.8%).
	Rhizome
	India
	[95]

	3.
	Ethyl trans p-methoxycinnamate (28-70%) and trans ethyl cinnamate (11.5-26.6%), pentadecane (6-16.5%), δ-3-carene (0.1-6.5%), 1,8-cineole (0.2-5.2%) and borneol (1-2.4%).
	Rhizome
	South India
	[96]

	4.
	Ethyl cinnamate (29.48%), ethyl p-methoxycinnamate (18.42%), γ-cadinene (9.81%).
	Rhizome
	Uttarakhand,  India
	[97]

	5. 
	Ethyl p-methoxycinnamate (59.53 and 58.50%), ethyl cinnamate (20.89% and 20.79%) followed by 3-carene (8.99 and 8.96%), pentadecane (2.04 and 1.98%) and borneol (1.49 and 1.40%).
	Rhizome
	Odisha,India
	[98]

	6. 
	Iso-Amyl p-methoxycinnamate (42.8%, 27.5%), n pentadecane (21.6%, 32.8%), ethyl cinnamate (16.1%, 17.1%), cyperene (2.0%, 3.4%) and p-methoxystyrene (1.6%, 2.6%).
	Rhizome
	China 
	[99]

	7. 
	Ethyl p-methoxycinnamate (58.47%), isobutyl β-2 furylacrylate (30.9%) and hexyl formate (4.8%).
	Rhizome
	Malaysia
	[100]


3. Ethano-pharmacological potentialities: K. galangal L. has wide range of pharmacological activities for preventing a number of human ailments and they have diverse use in folk medicinal system of Ayurveda, Siddha, and Unani. It’s rhizomes,root stocks and leaves are bitter, aromatic, thermogenic, carminative, depurative, diuretic, digestive, antidote, flatulence, expectorant, vulnerary, anti-helmintic, febrifuge and stimulant. 
Recent investigation in respect of beneficial ethano-medicinal and pharmacological uses demonstrated that the extracts and bioactive compounds identified from various parts of K. galangal exhibited comprehensive phytochemical activities viz. anti-tumor, anti-tuberculosis, anti-diarrheal, anti-microbial, anti-thrombotic, anti-cancer, anti -angiogenic, anti-helmintic, anti- nociceptive, anti-protozoal, cytotoxic, anti-allergic, anti-neoplastic, anti-nociceptive effect, anti-bacterial, vasorelaxant, larvicidal, rheumatic, nematicidal, sedative, sniffing, insecticidal,  wound healing and repellent properties for stored grain pests, mosquitoes etc. Different parts of this plant are traditionally used for dyspepsia, leprosy, skin diseases, hypertension, gastritis, vertigo, wounds, flatulence, joint fractions, rheumatic diseases,asthma, cough, bronchitis,ulcers, tongue blisters in infants, helminthiasis, fever, cold,antidote snake venoms, inflammations, pain disorders, blood vomiting, toothache, mouth sores, dandruff, headache, stomachache etc [103].
Table 3.: Ethano-pharmacological and therapeutic potentialities of Kaempferia galanga L.
	Sl. No.
	Traditional uses
	Plant parts uses
	References

	1.
	Used as antibacterial, treatment for diseases like hypertension, asthma, indigestion, headache, abdominal pain, rheumatism etc.
	Rhizome
	[39-40]

	2.
	Used as cardiotonic and CNS
	Dried rhizome
	[44]

	3.
	Used for treatment in phlegm, helps in digestive heat restoration and blood circulation.
	Rhizome
	[45]

	4.
	Used to treat wounds and applied to rheumatic region.
	Oil prepared from Rhizome
	[46]

	5.
	Used to treat cholera, contusion, constipation, and stomachache in Chinese medicines. 
	Rhizome
	[47]

	6.
	Used for several ailments of fever, amoebiasis, bruise, dandruff, dyspepsia, headache, menstrual disorder, rheumatism, toothache, abdominal pain, cold and chest pain in traditional Thailand medicines. 
	Rhizome
	[48]

	7. 
	Essential oil is used in vinegar for fragrance, flavoring agent in foods, hair conditioned, cosmetics and beverages in Bangladesh medicines.
	Rhizome, leaves
	[49]

	8. 
	In Indonesia and Malaysia, traditional herbal preparation, known as ‘Makjun’ and ‘Jamu’, used as beneficial drugs. 
	Rhizome
	[50]

	9.
	Used to treat in muscular swelling and rheumatism in Indian Ayurvedic formulations like Karpuardyarka, Sutasekara rasa and Karchuratailam. 
	Rhizome
	[50]

	10.
	Rhizome extracts are applied hot in rheumatism and for fostering tumors, relieve irritation produced by stinging caterpillars.
	Rhizome
	[51]

	11.
	Used as a flavoring agent, cosmetics, spices, and condiments.
	Rhizome 
	[52-54]

	12. 
	Used in the treatment of ear inflammation indigestion, stomach pain, blood vomiting, whooping cough, intestinal wounds, toothache, rheumatism, flatulence, headaches, mouth sores, dandruff, sore throat, body aches, diarrhea, and snake poison antidote by local tribes in Northeast and South India (Kuruma, Manipur, Malayali, Kurichiya, Mullukuruma, and Meghalaya). 
	-
	[55]

	13. 
	Used in cough, asthma, joint fractures, rheumatism, diabetes, hypertension, vertigo, and intestinal injuries.
	-
	[56-58]

	14.
	Used as an expectorant, stimulant, diuretic, carminative, antipyretic.
	-
	[59]

	15.
	Used to treat chest pain, abdominal pain, cholera, headache, toothache in Indian medicines. 
	Rhizome
	[60-61]

	16.
	Leaves are used as a perfume in washing hairs in Indian localities.
	Leaves
	[62]

	17. 
	Rhizome’s extract used for treatment of osteoarthritis, in minor Recurrent Aphthous Stomatitis (RAS) in Indonesia.
	Rhizome
	[63]

	18. 
	For treatment in diarrhea in India.
	Rhizome
	[64]

	19. 
	For treatment of ulcer in India.
	Rhizome
	[65]

	20.
	Used in the treatment of ophthalmia, sore throat in Thailand.
	Leaf
	[66]

	21.
	Used as herbal tea in West Java. 
	Rhizome
	[67]

	22.
	 Used as a beneficial drink during pregnancy in Bangladesh.  
	Leaf
	[68]

	23. 
	Used in the treatment of dyspepsia and to relieve anxiety in China.  
	Rhizome
	[69-70]

	24. 
	Used in hepato-protection and in the treatment of hypolipidemic in India.
	Rhizome
	[71-72]

	25.
	Parts used for treatment of tumor, coughs, rheumatism and hypertension in Malaysia.  
	Rhizome and Leaf
	[73-76]

	26. 
	Used as cardiotonic and as stimulants for central nervous system (CNS) in Thiland.  
	Rhizome
	[77-78]

	27.
	Used as smooth muscle relaxation in Japan.
	Rhizome
	[79]


Chart 1: Ethno-medicinal uses, phytochemicals, and pharmacological profile of the plant

Ethano-medicinal properties:                        Pharmacological activities: 
Pharmacological potentialities:
                                               Phytochemical constituents: 

4. Conclusions and further prospects:
This review summarizes the diverse potentialities of K. galangal L. in traditional drugs and folklore medicine that dealt with its comprehensive analysis on ethanomedicine, phytochemistry and pharmacology. Different multifunctional bioactive compounds viz. terpenoids, phenolics, cyclic dipeptides, flavonoids, essential oils and esters, diarylheptanoids, polysaccharides, diarylheptanoids, cyclic lipodepsipeptide, phenolic acids, glucosides etc from different plant extracts have been proved as beneficial due to their potential structural diversity in chemicals that exhibited multiple ethano-pharmacological activities. 
Although latest researches have reported that several beneficial crude extracts and phytochemicals isolated from the rhizomes and root stocks but scientific reports from leaf extracts not yet published which would be explored in future for further studies and clinical trials. However, most of the phytochemistry and pharmacological studies concentrated on its crude extracts (essential volatile oil, ethanol extracts etc) but mechanisms of action based on pharmacological as well as molecular aspects are still unexplored. Thus, further research is required to elucidate the molecular and pharmacological relationship that provide new research directions for further studies and prove these phytochemicals as benefitted drugs. 
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Kaempferia galangal L.








Hypertension, gastritis, diarrhea, vertigo, wounds, flatufence, joint fractions, rheumatic diseases, dandruff, headache, cough, cold, fever, pain disorders, skin diseases,  antidote snake venoms, inflammations, pain disorders, blood vomiting, toothache, mouth sores.








Anti-inflammatory, anti-oxidant, anti-microbial, anti-diarrheal, anti-bacterial, analgesic, cytotoxic, nematocidal, insecticidal and anti-helmintic, larvicidal and repellent activities, sniffing,  amebicidal, antiprotozoal, anti-tuberculosis, sniffing,  amebicidal, anti-tuberculosis, anti-angiogenic, anti-cancer, osteolysis, hyperlipidemic, hypopigmentary, wound healing properties, vasorelaxant, hyperlipidemic, hypopigmentary, anti-neoplastic, antiallergic,  sedative, rheumatic, anti-nociceptive effect.





Ethyl cinnamate, Ethyl-p-methoxycinnamate, Kaempsulfonic acid, Kaemgalangol A, Kaempferol, Kaempferide, Polysaccharides, 3-Caren-5-one, Diarylheptanoids, Cystargamide.












