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Kaffir lime leaf, galangal, and lemon grass rhizomes are ones of the common kitchen herbs used as 

flavoring ingredients in famous traditional Thai cuisine, called TomYum.

herbal medicines for a wide range of applications. A

phytochemical constituents of these household remedy, however, the gas chromatographic (GC) and high 

performance liquid chromatographic (HPLC) analyses of volatile oils or essential oils in each individual h

extract prepared by low to partial polar organic solvents were mainly focused. Since combinations of these 

herbs are usually prepared by brewing with hot water, therefore, this study presented the use of TLC

analysis method for visualization of

preparation. Good chromatographic separations of various substance classes were achieved on silica gel 60 

F254S TLC plates with the use of several mobile phase compositions, multip

analysis software, Sorbfil TLC Videodensitometer, to create a chromatographic profile.
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ABSTRACTABSTRACTABSTRACTABSTRACT 

Kaffir lime leaf, galangal, and lemon grass rhizomes are ones of the common kitchen herbs used as 

flavoring ingredients in famous traditional Thai cuisine, called TomYum. These herbs are also employed as 

herbal medicines for a wide range of applications. A number of studies were conducted to investigate 

phytochemical constituents of these household remedy, however, the gas chromatographic (GC) and high 

performance liquid chromatographic (HPLC) analyses of volatile oils or essential oils in each individual h

extract prepared by low to partial polar organic solvents were mainly focused. Since combinations of these 

herbs are usually prepared by brewing with hot water, therefore, this study presented the use of TLC

analysis method for visualization of all detectable constituents in the aqueous extract of the multi

preparation. Good chromatographic separations of various substance classes were achieved on silica gel 60 

TLC plates with the use of several mobile phase compositions, multiple detections and TLC

analysis software, Sorbfil TLC Videodensitometer, to create a chromatographic profile.
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IIIIntroductionntroductionntroductionntroduction    

The use of herbs as food, food flavorings or 

specially as herbal remedies for prevention and 

treatment of disease has risen significantly during 

the past decade.
1
 Some culinary herbs, valued for 

their aromatic or savory or medicinal qualities, can 

be used for multiple purposes. The leaf of Kaffir lime 

(Cymbopogon citratus (DC) Stapf., family 

Gramineae), rhizome of galangal (Alpinia galanga 

(L.) Willd., family Zingiberaceae), and rhizome of 

lemon grass (Citrus hystrix DC., family Rutaceae) are 

ones of the common kitchen herbs used as flavoring 

ingredients in famous traditional Thai cuisine, called 

Tom-yum. 

These herbs are also employed as herbal 

medicines for a wide range of applications. For 

example, several therapeutic uses of lemon grass 

have been reported including antibacterial, 

antifungal, antispasmodic, anti-inflammatory, 

cardioprotective activity, etc.
2
 The medicinal 

applications of galangal have been reported for the 

treatment of gastric diseases, gout and colic.
3,4

 

Antibacterial activity of kaffir lime leaf has also been 

reported.
5,6

 

A number of studies were conducted to 

investigate phytochemical constituents of these 

household remedy. Essential oils are the major class 

of compounds being reported.
3-9

 Additionally, a 

number of other classes of compounds such as 

flavonoids, alkaloids, phenols, tannins, saponins and 

anthraquinones were also described.
2-12

 

Several analytical methods, based on the use 

of gas chromatography (GC) and high performance 

liquid chromatography (HPLC), have been reported 

for the study of chemical compositions in lemon 

grass
10-14

, galangal
4,15 

and kaffir lime leaf.
16,17

 

However, these previous studies mainly focused on 

the analysis of volatile oils or essential oils in each 

individual herbal extract prepared by low to partial 

polar organic solvents.  Chromatographic profiles of 

aqueous extracts of the mixed ingredients have not 

been previously reported. Since combinations of 

these herbs are usually used in household cooking 

by brewing with hot water and some used as herbal 

tea product for health benefits, therefore, it is of 

interest to investigate all detectable constituents in 

the aqueous extract of the multi-ingredient 

preparation. One of the analytical approaches that is 

useful for the analysis of the complex herbal 

combinations is thin-layer chromatography.
18

 Along 

with the use of an image analysis approach, the 

chromatographic profile represented as peak data 

could be obtained in this study. 
  

Materials and Materials and Materials and Materials and mmmmethodsethodsethodsethods    

Plant materialsPlant materialsPlant materialsPlant materials    

The dried herbal raw material, kaffir lime leaf, 

galangal rhizome and lemon grass rhizome, were 

obtained from Nakhon Pathom province, Thailand, 

during 2016, and identified by Associate Professor 

Uthai Sotanaphun. Voucher specimens (US-01 to 

US-03) are deposited at the Herbarium of the 

Department of Pharmacognosy, Silpakorn 

University, Thailand. Each was chopped into a small 

piece. The mixture of kaffir lime leaf, galangal and 

lemon grass at a ratio of 1:2:1 was extracted twice 

with 10 times by weight of water at 100°C for 2 hr 

and evaporated to dryness by rotary evaporator. An 

aqueous extract of each herb was also prepared 

separately as above. The dried aqueous extracts of 

the mixture and each herb were reconstituted in 

water at a concentration of 100 mg mL
-1
 and  

30 mg mL
-1
, respectively, for TLC analyses. 

 

Chromatographic Chromatographic Chromatographic Chromatographic cccconditionsonditionsonditionsonditions    

TLC analysis was performed on TLC silica gel 

60 F254S aluminium plates (12 cm x 10 cm with 0.25 

mm thickness, Merck, Germany). Fifteen µL of each 

aqueous solution were applied as a 10 mm band 

onto a TLC plate using a TLC sampler Linomat 5 

(Camag, Switzerland).  The plate was developed to a 

distance of 10 cm in a TLC chamber. Four different 

mobile phases, ethyl acetate-formic acid-acetic 

acid-water (100:11:11:26, v/v/v/v), n-hexane-ethyl 

acetate-acetic acid (5:3:1, v/v/v) preconditioning with 
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HCl in the opposite trough of twin chamber, 

toluene-ethyl acetate (93:7, v/v) and toluene-

acetone-formic acid (7:3:0.1, v/v/v) were used. Then, 

the plate was air-dried at room temperature. Each 

TLC plate was visualized under UV light at 254 nm, 

366 nm, white light after the plate was derivatized 

with anisaldehyde reagent (0.5 mL p-anisaldehyde, 1 

mL H2SO4 in 50 mL AcOH) and warmed for 5 min at 

110 οC, and UV 366 nm after derivatization with 

anisaldehyde. All TLC images were recorded by 

using a CAMAG TLC visualizer. All chemicals and 

solvents used were analytical reagent grade. 

For validation, ssssample solutions of the 

aqueous extracts were found to be stable on TLC 

plates during analyses. Robustness of the TLC 

methods was studied by introducing small changes 

in the mobile phase compositions. The repeatability 

of TLC method was determined by performing each 

analysis in triplicate. Rf values for all major bands 

observed in each TLC analysis were recorded for 

robustness and repeatability evaluation. A 

reasonable acceptance criterion would be that Rf 

values of the same band should not vary more than 

0.02 from plate to plate.
19

 
 

TLCTLCTLCTLC----iiiimage Analysismage Analysismage Analysismage Analysis    

For TLC-image analysis method, the color 

image of the plate was saved as a joint 

photographic experts group (JPEG) file. By using 

PhotoScape V3.6, a free photo editing software, the 

JPEG image was resized at a resolution of 100 pixels 

in height with preserved aspect ratio and adjusted 

to high auto level and high auto contrast for image 

analysis by Sorbfil TLC Videodensitometer software 

(Sorbpolymer, Russia). The evaluation of each track 

was processed by using Process Track command. A 

chromatogram was constructed on the deviation of 

track intensity from background intensity.    
 

Results and Results and Results and Results and ddddiscussioniscussioniscussioniscussion    

In this study, TLC analyses of the aqueous 

extract of the culinary herbal combination were 

investigated and compared with those of each 

individual herb. Due to the large variability of 

chemical constituents, multiple TLC fingerprints 

representing various substance classes were 

obtained by using several mobile phase 

compositions and multiple detections.  

Two common mobile phases, ethyl acetate-

formic acid-acetic acid-water (100:11:11:26, v/v/v/v), 

and n-hexane-ethyl acetate-acetic acid (5:3:1, v/v/v) 

preconditioning with HCl in the opposite trough of 

twin chamber, were used for separation of partial 

polar to polar compounds on a silica gel plate. The 

fingerprints of nonpolar to low polar region were 

obtained by the use of mobile phases composed of 

toluene-ethyl acetate (93:7, v/v) and toluene-

acetone-formic acid (7:3:0.1, v/v/v), respectively. 

Four different detections, UV 254 and 366 nm, white 

light after derivatization with p-anisaldehyde, and 

fluorescence under UV 366 nm after derivatization, 

were performed on the same plate. p-Anisaldehyde 

is a nonspecific chemical staining solution and 

commonly used as a universal visualization method 

for examining TLC. By generating multiple 

fingerprints, various substance classes in the 

aqueous extract of multi-ingredients could be 

obtained in different features, i.e., polar and 

nonpolar compounds with UV-absorbing properties 

and with a range of colors depending on chemical 

classes (Figure 1). For example, a presence of 

phenols, terpenes, sugars, and steroids could 

be seen in the extracts as violet, blue, red, 

grey or green bands after derivatization with 

p-anisa ldehyde.  

The fingerprints of all tracks were compared 

with respect to number, sequence, position and 

color of separated zones. Based on different 

chromatographic systems, multiple fingerprints of 

the aqueous extracts provided comprehensive 

information of the mixed ingredient. From side-by-

side comparison between the fingerprint of each 

herb and that of the mixture, the presence of 

predominant bands in each track of the individual 

herb was also found in the fingerprint of the 

aqueous extract of the herbal mixture. 
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Figure 1Figure 1Figure 1Figure 1 TLC fingerprints of aqueous extracts of the herbal combination and each individual herb using several mobile phase compositions and multiple detections. Track 1, 

aqueous extract of the herbal combination; tracks 2-4, aqueous extract of kaffir lime leaf, galangal rhizome, and lemon grass rhizome, respectively. 1.1.1.1.1111, Ethyl acetate-formic 

acid-acetic acid-water (100:11:11:26, v/v/v/v); 1.1.1.1.2222, n-hexane-ethylacetate-acetic acid (5:3:1, v/v/v), preconditioning with HCl in the opposite trough of twin chamber;    1.1.1.1.3333,    toluene-

ethyl acetate (93:7, v/v); and 1.1.1.1.4444,    toluene-acetone-formic acid (7:3:0.1, v/v/v). (A), Detection under UV 254 nm; (B), under UV 366 nm; (C), under white light after derivatization 

with anisaldehyde; and (D), under UV 366 nm after derivatization with anisaldehyde. (For color figure, please refer to the web version of this article.) 
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For qualitative analysis, the robustness and 

repeatability of the method were validated 

during its development and found to be 

acceptable since the measured Rf

same bands obtained from each analysis having 

small changes in the mobile phase compositions 

and upon running each analysis in triplicate 

varied by less than 0.02. Furthermore, with a 

combination of TLC image analysis software, a 

chromatographic profile was obtained (

The major peak owing to kaffir lime leaf, 

galangal and lemon grass rhizomes could be 

clearly identified in the aqueous extract of the 

culinary herb combination.  

    

Figure Figure Figure Figure 2222 Chromatographic profiles of Figure 

lime leaf), GR (galangal rhizome) and LR (lemon grass rhizome) under various detections (A

    

(A) UV 254 nm 

(C) white light after derivatization with 

     anisaldehyde  

                              

For qualitative analysis, the robustness and 

of the method were validated 

during its development and found to be 

acceptable since the measured Rf values of the 

same bands obtained from each analysis having 

small changes in the mobile phase compositions 

and upon running each analysis in triplicate 

varied by less than 0.02. Furthermore, with a 

combination of TLC image analysis software, a 

phic profile was obtained (Figure 2).  

The major peak owing to kaffir lime leaf, 

galangal and lemon grass rhizomes could be 

clearly identified in the aqueous extract of the 

By generating multiple TLC

various mobile phases and detections, proper 

investigation of complex herbal products could be 

significantly improved especially when none of 

chemically defined markers are available. In a case 

where there were no specific markers used as 

decision criteria, the certainty

could be best achieved by the use of images

Together with more convenient and less expensive 

computer technology, fingerprints preserved in a 

form of electronic images could be established as 

an integral part of official documents for quality 

control in the small-scale herbal industries with 

limited resources. 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

Chromatographic profiles of Figure 1.4 of aqueous extracts of HC (herbal combination), KL (kaffir 

lime leaf), GR (galangal rhizome) and LR (lemon grass rhizome) under various detections (A

LR 

GR 

KL 

HC 

(B) UV 366 nm 

(C) white light after derivatization with    

LR 

GR 

KL 

HC 

(D) 366 nm after derivatization with 

      anisaldehyde  
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By generating multiple TLC-images using 

phases and detections, proper 

investigation of complex herbal products could be 

significantly improved especially when none of 

chemically defined markers are available. In a case 

where there were no specific markers used as 

decision criteria, the certainty of the identification 

could be best achieved by the use of images.
19

 

Together with more convenient and less expensive 

computer technology, fingerprints preserved in a 

form of electronic images could be established as 

an integral part of official documents for quality 

scale herbal industries with 

of aqueous extracts of HC (herbal combination), KL (kaffir 

lime leaf), GR (galangal rhizome) and LR (lemon grass rhizome) under various detections (A-D).    

LR 
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(D) 366 nm after derivatization with  

LR 

GR 

KL 

HC 
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ConclusionConclusionConclusionConclusion    

An application of TLC-image analysis for 

examining the complexity of the herbal preparations 

in its entirety was demonstrated herein. With the 

possibility to obtain different features of TLC 

fingerprints as images or transformed into peak 

data (which could be useful for further quantitative 

determination) in a rapid, simple and economical 

manner, a TLC-image analysis could be considered 

as an alternative method for quality assessment of 

complex herbal material. 
    

AcknowledgmentsAcknowledgmentsAcknowledgmentsAcknowledgments  

The authors are thankful to Mahidol 

University for financial support of the project 

and Faculty of Pharmacy, Silpakorn University 

for laboratory facilities. 
 

ReferencesReferencesReferencesReferences 

1. Thomson C, Lutz RB. Herbs and botanical supplements: 

principles and concepts. In: Boushey C, Coulston A, Rock C, 

Monsen E, editors. Nutrition in the prevention and treatment 

of disease. California: Academic Press, 2001; p.261-75. 

2. Ekpenyong CE, Akpan EE, Daniel NE. Phytochemical 

constituents, therapeutic applications and toxicological 

profile of Cymbopogon citratus stapf (dc) leaf extract. J 

Pharmacogn Phytochem. 2014;3(1):133-41. 

3. Chudiwal AK, Jain DP, Somani RS. Alpinia galangal Willd. An 

overview on phyto-pharmacological properties. Ind J Nat 

Resour. 2010;1(2):143-49. 

4. Jirovetz1 L, Buchbauer G, Shafi MP, Leela NK. Analysis of the 

essential oils of the leaves, stems, rhizomes and roots of the 

medicinal plant Alpinia galanga from southern India. Acta 

Pharm. 2003;53:73–81. 

5. Phanthong P, Lomarat P, Chomnawang MT, 

Bunyapraphatsara N. Antibacterial activity of essential oils 

and their active components from Thai spices against 

foodborne pathogens. Science Asia. 2013;39:472–76. 

6. Negrelle RRB, Gomes EC. Cymbopogon citratus (DC.) Stapf: 

chemical composition and biological activities. Rev Bras 

Plantas Med. 2007;9(1):80-92. 

7. Verma RK, Mishra G, Singh P, Jha KK, Khosa RL. Alpinia 

galanga – An important medicinal plant: a review. Der 

Pharmacia Sinica 2011;2(1):142-54. 

8. Kaushik D, Yadav J, Kaushik P, Sacher D, Rani R. Current 

pharmacological and phytochemical studies of the plant 

Alpinia galanga. J Chin Integr Med.  2011;9(10):1061-5. 

9. Butryee C, Sungpuag P, Chitchumroonchockchai C. Effect of 

processing on the flavonoid content and antioxidant capacity 

of Citrus hystrix leaf. Int J Food Sci Nutr.  2009;60(S2):162-74.   

10. Sidibe L, Chalchat JC, Garry RP, Lacombe L. Aromatic plants 

of Mali (IV): chemical composition of essential oils of 

Cymbopogon citratus (DC) Stapf and C. giganfeus (Hochst.) 

Chiov. J Essent Oil Res. 2001;13(2):110-2. 

11. Barbosa LCA, Pereira UA, Martinazzo AP, Maltha CRA, 

Teixeira RR, Melo EC. Evaluation of the chemical composition 

of brazilian commercial Cymbopogon citratus (DC.) Stapf 

Samples. Molecules 2008;13(8):1864-74. 

12. Bassolé IHN, Lamien-Meda A, Bayala B, Obame LC, Ilboudo 

AJ, Franz C, Novak J, Nebié RC, Dicko MH. Chemical 

composition and antimicrobial activity of Cymbopogon 

citratus and Cymbopogon giganteus essential oils alone and 

in combination. Phytomedicine 2011;18(12):1070–4. 

13. Kasali AA, Oyedeji AO, Ashilokun AO. Volatile leaf oil 

constituents of Cymbopogon citratus (DC) Stapf. Flavour 

Fragr. J. 2001;16(5):377–78. 

14. Rauber CS, Guterres SS, Schapoval EES. LC determination of 

citral in Cymbopogon citratus volatile oil. J Pharm Biomed 

Anal. 2005;37(3):597–601. 

15. Mallavarapu GR, Rao L, Ramesh S, Dimri BP, Rao BRR, Kaul 

PN, Bhattacharya AK. Composition of the volatile oils of 

Alpinia galanga rhizomes and leaves from India. J Essent Oil 

Res. 2002;14(6):397-9. 

16. Waikedre J, Dugay A, Barrachina I, Herrenknecht C, 

CabalionP, Fournet A. Chemical composition and 

antimicrobial activity of the essential oils from new 

caledonian Citrus macroptera and Citrus hystrix. Chem. 

Biodivers. 2010;7(4):871-7. 

17. Roowi S, Crozier A. Flavonoids in tropical Citrus species. J 

Agric Food Chem.  2011;59(22),12217–25 

 

 



 

 

Phattanawasin P. et al. 

 

 

Thai Bull Pharm Sci. 2019;14(1):27-33                                     |33|   
 

 

18. Nicoletti M, Toniolo C, Gallo FR, Multari G, Polazzino G. 

Traceability in multi-ingredient botanicals by HPTLC 

fingerprint approach. J Planar Chromatogr. 2013;26(3):243-

47. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

19. Reich E, Schibli A. High-performance thin-layer 

chromatography for the analysis of medicinal plants. New 

York: Thieme Medical Publishers, 2006; p.129-214. 


