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Investigation of Phytochemical Components and Bioautography of Garcinia 3 

mangostana L. Methanol Leaf Extract 4 

ABSTRACT: 5 

The aim of this work to identify chemical components of Garcinia mangostana leaves and 6 

test the antibacterial effect on Pseudomonas syringe pv. tomato and Xanthomonas oryzae pv. 7 

oryzae using bioautographic procedure. Phytochemical screening of methanolic extract 8 

showed that the leaf extract of G. mangostana rich in alkaloids, Flavonoids, Saponins, 9 

Tannins, Phenol, Terpenoids, Anthraquinone and Cardiac glycosides. A simple 10 

bioautographic procedure, involving spraying suspensions of the bacteria on thin layer 11 

chromatography (TLC) plates developed in solvents of varying polarities was used to detect 12 

the number of antibacterial compounds present in the extract. This activity was indicated by 13 

white spots against a red background on the TLC plates after spraying with 5% TTC aqueous 14 

solution. P. syringae and X. oryzae were inhibited by the most compounds separated on the 15 

TLC plates from the extract.  16 

KEYWORDS:  17 
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1. INTRODUCTION 20 

Since centuries, different kinds of herbs and plants found naturally have been used as the key 21 

ingredients in traditional remedies to treat various ailments; to this day, these are extensively 22 

used worldwide [1]. Phytochemicals that occur naturally in plants provide them with a 23 

characteristic protection mechanism. They are responsible for the colour, smell, and taste 24 
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found in fruits and vegetables. They are also used in the production of medicines and 25 

agrochemicals. The antimicrobial characteristics of plants are probably connected to their 26 

capability to produce  chemical compounds of fairly complicated structures with 27 

antimicrobial action, including flavonoids, alkaloids, taninins, isoflavaoids, saponin, cumarin, 28 

terpenoids, glycosides, phenol, and organic acids [2,3]. 29 

The secondary metabolites may be obtained with the help of various solvents and the active 30 

metabolites and their structures can be clearly understood through  different techniques [4].   31 

An important procedure used to evaluate phytochemical compounds is thin-layer 32 

chromatography (TLC).  With the help of different low-cost TLC procedures, which reveal 33 

many findings on the same TLC plate within a short period of time, phytochemicals in crude 34 

plant extracts can be isolated [5]. According to Sajewicz et al. [6], the TLC process of using 35 

silica gel is a critical supplementary  fingerprint technique to detect phenolic acids and 36 

flavonoids fractions from diverse species of sage. 37 

The laboratory procedure to identify elements that impact the growth rates of test organisms 38 

in complex compounds is called bioautography. This is just one of the many investigation 39 

techniques used to check for antimicrobial movement [7]. In bioautography, plant extracts 40 

and their uncontaminated phytochemical compounds are assessed alongside human 41 

pathogenic and plant pathogenic microbes [8]. One more antimicrobial procedure that 42 

provides valuable data of the position of active spots on TLC that constrain tested 43 

microorganisms is direct bioautography. This active position was identified and displayed 44 

with the calculation of retention factor (Rf) values [9]. A good division on TLC with good 45 

solvents will yield many bands and these active bands obtained can be tested against tested 46 

microoganisms [10]. The antimicrobil or inhibition spots will be characterised by clear white 47 

against purple red background [11, 8]. 48 
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Earlier studies indicated that mangosteen leaf extracts from its different parts comprises many 49 

secondary metabolites such as triterpenoids, flavonoids, benzophenones, prenylated, and 50 

oxygenated xanthones [12]. Earlier investigations of mangosteen have shown the occurrence 51 

of flavonoids, phenols, and triterpenoids [13, 14]. Hence, the present study aims were to 52 

determine the existence of phytochemicals compounds in mangosteen methanol leaf extract 53 

and limit the active antibacterial compounds from mangosteen methanol leaf extract on thin 54 

layar chromatography using direct bioautography. 55 

2. MATERIALS AND METHODS 56 

2.1 Preparation of mangosteen leaf extract 57 

The Mangosteen leaves powder was immersed in 250mL of methanol and shaken with a 58 

shaker for 48 hours. The macerate was filtered with Whatman no. 1 filter papers (ALBERTR) 59 

after 2 days of immersion. Finally, the extract was purified and vaporised utilising a rotary 60 

evaporator and stored at 4oC for further use [15]. 61 

2.2 Primary phytochemical screening 62 

2.2.1 Alkaloids 63 

  For the Alkaloids screening, 200 mg of plant extract was dissolved in 10ml methanol 64 

followed by filtration using gauze. 1 ml of the  filtrates was then mixed with 2-3 drops of 65 

Wagner’s reagent (dissolved 2 g of iodine and 6 g of KI in 100 mL of water). Creamish, 66 

 brownish red or orange precipitate indicated the presence of Alkaloids [16].  67 

2.2.2 Anthraquinones 68 

 For the Anthraquinones screening, a mixture of 0.5 g of the extract and then 1 mL of H2SO4 69 

was heated and filtered while it was still hot about 5 mL of chloroform was added to this 70 

filtrate and mixed well. The chloroform layer was transferred into another test tube with a 71 
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pipette and 1 mL of dilute ammonia was added to it. The solution thus obtained was checked 72 

for any change in colour. 73 

2.2.3 Terpenoids (Salkowski test) 74 

A mixture of 0.5g of the extract and 2mL of chloroform was prepared and 3mL of 75 

concentrated H2S04 was then slowly added to form a layer. A reddish brown coloration of the 76 

interphase shows the existence of terpenoids. 77 

2.2.4 Shinoda’s test for Flavonoids   78 

Approximately 500mg of the extract was added to 5 mL of ethanol and was slightly heated 79 

and then filtered. Few pieces of magnesium chips were added to the filtrate along with a few 80 

drops of concentrated HCl. An orange, pink, or red to purple coloration was considered as 81 

validation for the occurrence of flavonoids [1].  82 

2.2.5 Saponins 83 

A mixture of 1 g of powdered extract dissolved in 10 mL of distilled water was boiled and 84 

then filtered. The filtrate was then mixed with 3 ml of distilled  water with stirring for about 5 85 

minute. Formation of foam after shaking was considered as validation for the presence of 86 

saponins [17]. 87 

2.2.6 Tannins 88 

A mixture of 500mg of extract with 10 mL of distilled water was filtered and then a few 89 

drops of 1% ferric chloride solution were added to it. Occurrence of a blue-black, green, or 90 

blue-green precipitate shows the existence of tannins. 91 

 92 

2.2.7 Cardiac glycosides (Keller-Killiani test) 93 
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About 0.5g of extract dissolved in 5 mL of water was mixed with 2 mL of glacial acetic acid 94 

and one drop of ferric chloride solution. This mixture was then added to 1mL of concentrated 95 

sulphuric acid. A brown ring at the interphase shows the occurrence of a deoxy sugar typical 96 

of cardenolides. A violet ring may be present under the brown ring, whereas a greenish ring 97 

may appear in the acetic acid layer just above the brown ring and slowly spread all through 98 

this layer.  99 

2.2.8 Phenol 100 

A mixture of a few drops of ferric chloride solution and 2mL of the test solution was 101 

prepared. Bluish green or red colour shows the existence of phenol [18]. 102 

2.3 Thin Layer Chromatography (TLC) Analysis 103 

For the sake of standardisation in the testing, identical  TLC plates measuring 2 x 5cm were 104 

obtained by cutting 60 F254 (Marck) silica gels of size 20 x 20cm into small bits. Every small 105 

plate was measured and denoted with 0.5cm at the bottom and the top with a pencil and ruler, 106 

that left a loading space of 4 cm. Various solvent systems with diverse polarities were made 107 

and TLC  evaluation was performed to choose the solvent that displays the best resolution. 108 

The methanol leaf extract sample was smeared on pre-coated TLC plates with the help of 109 

capillary tubes and  developed in a TLC chamber with appropriate mobile phase. These 110 

developed TLC plates were air dried and  viewed under ultra violet light UV at 254nm and 111 

366 nm. The retention factor (Rf) values which indicate the activity of the analysis were 112 

considered for different samples. The below formula was used to compute Rf value: 113 

                                               Distance travel by solute 114 
 Retention factor (Rf) =  115 
                                               Distance travel by solvent 116 

 117 
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All the TLC plates were  observed right after drying using UV at 254 nm and 366nm in a 118 

UVTLC viewer. The Rf  value of the different pots which were viewed was measured [19].  119 

2.4 Bioautography  120 

About 10mg/mL of methanol extract was added onto the TLC plates in a narrow band and 121 

eluted with two mobile solvent systems – hexane and acetone. The developed plates were 122 

then dried under a stream of fast moving air for two days to get rid of any traces of solvent on 123 

the plates. Overnight cultures of bacterial tests developed on MH broth and bacterial 124 

organism with a density of approximately 2×106 cfu/mL were utilised for P. syringae pv. 125 

tomato and X. oryzae pv. oryze. The procedure of thoroughly spraying the prepared 126 

chromatograms with the bacterial suspension was done in a Laminar flow cabinet. The TLC 127 

plates were then cautiously put into sterilised petri dishes packed with wet tissues to keep the 128 

moisture within and incubated for 24 hours at 30 ºC. On the completion of  24 hrs, the TLC 129 

plates immunised with the bacterial suspension were exposed to 5% TTC aqueous solution 130 

and kept in a laminar flow cabinet for 3 hrs so that TTC could mark the TLC plate 131 

background with sustainable bacteria cell into red, and the background of the inhibition zones 132 

would remain white. The inhibition zones denoted by certain Rf values were measured and 133 

selected as the active compound capable of preventing bacteria growth [11]. 134 

3. RESULTS 135 

3.1 Primary phytochemical screening  136 

The qualitative approximation of phytochemical components in the mangosteen methanol 137 

leaf extract had shown the existence of anthraquinones, carbohydrates, terpenoids, saponins, 138 

flavonoids, glycosides, tannins, and phenol as presented in Table 1.  139 

The active constituents of the raw material, the nature and polarity of extraction solvent, and 140 

 separation procedure are the features that confirmed the activity of natural plant extracts [20]. 141 
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In the extraction of bioactive compounds, the key factor to be considered is solvent  polarity – 142 

the solubility of phenolic compounds [21] is better if the polarity is higher. Polar compounds 143 

that have a high degree of solubility in high polarity  solvent are called phenolic compounds 144 

[22]. To extract phenolic  from fresh products, the regularly used solvent is methanol [23, 24]. 145 

Phenolic compounds are one of the main families  of secondary metabolites in plants. A large 146 

number of the active compounds are situated in the vacuoles  inside plant cells, in the polar 147 

soluble division which is removed quite effortlessly using polar solvents such  as methanol 148 

[25]. 149 

Flavonoids are ubiquitous in photosynthesising cells and therefore occur widely in the plant 150 

kingdom. Several previous studies performed had proved flavonoids possess the ability of 151 

being  antimicrobial agents against pathogenic microbe [26].Terpenoids are a large family of 152 

natural products belong to the group of saponin exhibiting a wide  range of biological 153 

activities such as antibiotics, anti-inflammatory, anti-HIV and anti-tumor effects;  hypotensive 154 

agents; sweeteners; insecticides; anti-feedants; phytotoxic agents; perfumery intermediates; 155 

 and plant growth hormones [27]. 156 

Table 1 Phytochemical screening of mangosteen methanol leaf extract 157 

 Chemical Constituent Positive results Methanol 
leaf extract 

Alkaloids Creamish, preciptate  + 

Anthraquinone Yellowish + 

Terpenoids Reddish brown + 

Flavonoids Orange + 

Saponins Small bubbles + 

Tannins Blue-green + 

Phenol Bluish green + 

Cardiac glycosides Brown ring + 
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+ = Detected 158 

3.2 TLC analysis of methanol crude extract  159 

In this evaluation, the methanol crude extract of mangosteen leaf was portioned and divided 160 

with TLC with a mixture of acetone and hexane in the ratio of 4:6 (v/v) as solvent system. 161 

This produced a reasonable separation of methanol crude extract with visible bands in normal 162 

light without any visualisation aid as represented in Fig 1 (A). The effectively developed 163 

TLC plates were also observed with short and long UV light (254 and 365nm)   respectively 164 

and the divisions attained are represented in Fig 1 (A) and (B), respectively. 165 

The leaves of G. mangostana were  reported to comprise polar compounds established by the 166 

extract yields [28].  Earlier research showed that acetone and n-hexane are the good mobile 167 

phases for TLC investigation [29, 30].  168 

 169 

  170 

Figure 1 TLC spot visualization under daylight (normal light) (A), short UV wavelength (245 171 

 nm) (B), and long UV wavelength (365 nm) (C).  172 

Table 2 illustrates that when various visualisation techniques are used, different ranges of Rf 173 

value are obtained. The Rf value for TLC visualisation under normal light fell in the range of 174 

0.16 and 0.93. Whlile under short UV wavelength (254 nm), the Rf value fell in the range of 175 
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0.26 and 0.93 and under long UV wavelength (365 nm), the Rf value fell in the range of 0.26 176 

and 0.86. 177 

In this research, acetone and hexane in the ratio of 4:6 respectively was a great mobile phase 178 

as it allowed to distinguish each band which characterised different phytochemicals 179 

effectively. This mobile phase revealed ten bands under short UV wavelength, eight bands 180 

under long UV wavelength and eleven bands under normal light with different Rf values 181 

while some were similar distance. 182 

Table 2 The retention factor (Rf) for G. mangostana L. methanol leaf extract with different 183 
 visualization techniques 184 

No. of band  Rf 

Normal light Short UV wavelength 
(254nm) 

Long UV 
wavelength(365nm) 

1 0.93 0.93 0.86 

2 0.86 0.86 0.83 

3 0.73 0.83 0.76 

4 0.66 0.76 0.73 

5 0. 53 0.73 0.63 

6 0.46 0.66 0.53 

7 0.43 0.56 0.33 

8 0.36 0.53 0.26 

9 0.33 0.46  

10 0.23 0.43  

11 0.16 0.26  

 185 

3.3 Direct TLC bioautography assay 186 

In this testing, a good separation brought about with a proper solvent system of TLC 187 

presented many inhibition zone spots with various retention factor (Rf) values on 188 

chromatograms as represented in Fig 2. The testing was carried out for P. syringae pv. tomato 189 

and X. oryzae pv. oryzae.  190 
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The inhibition zone spot range denoted by Rf values detected for antibacterial activity in 191 

contrast to P. syringae was at 0.33, 0.46, 0.66, and 0.86. The inhibition zone spot noted only  192 

for P. syringae pv. tomato under the Rf  values at 0.33 and 0.66 while Rf  values at 0.16, 0.36, 193 

and 0.93 were detected only for X. oryzae pv. oryzae. From the test, practically both the Rf  194 

values recorded at 0.46 and 0.86 were shown as inhibition zone spots for both of the plant 195 

pathogenic bacteria tested. 196 

 197 

Figure 1 Direct bioautography of G. mangostana L. methanol leaf extract against P. syringae 198 

  (A), and X. oryzae (B).  Inhibition zones were circled due to low light quality during the 199 

photography session.  200 

4. Conclusion:  201 

In this current investigation, the mangosteen leaves comprise possibly antibacterial 202 

constituents that are beneficial for the growth of natural bactericide.   203 

References: 204 

[1] Al-Daihan S, Al-Faham M, Al-shawi N, Almayman R, Brnawi A, shafi Bhat R. 205 
 Antibacterial activity and phytochemical screening of some medicinal plants commonly  used 206 
in Saudi Arabia against selected pathogenic microorganisms. J King Saud  Uni-Sci. 2013; 207 
25(2): 115-120.  208 



11 
 

[2] Omojate Godstime C, Enwa Felix O, Jewo Augustina O, Eze Christopher O.  Mechanisms 209 
of antimicrobial actions of phytochemicals against enteric pathogens–a  review. J Pharm 210 
Chem Biol Sci. 2014; 2(2): 77-85.  211 

[3] Asif M. Pharmacological activities and phytochemistry of various plant containing 212 
 coumarin  derivatives. Cur Sci. 2015; 1(3): 77-90.  213 

[4]Tiwari V, Roy R, Tiwari M. Antimicrobial active herbal compounds  against  Acinetobacter 214 
baumannii and other pathogens. Fron Micro. 2015; 6: 618.  215 

[5] Ignat I, Volf I, Popa VI. A critical review of methods for characterisation of  polyphenolic 216 
compounds in fruits and vegetables. Food Chem. 2011; 126(4): 1821-1835.  217 

[6] Sajewicz M, Staszek D, Waksmundzka-Hajnos M, Kowalska T. Comparison of  TLC and 218 
HPLC Fingerprints of Phenolic Acids and Flavonoids Fractions Derived from  Selected Sage 219 
(Salvia) Species. J Liq Chro Rel  Techn. 2012; 35(10): 1388-1403.  220 

[7] Choma IM, Grzelak EM. Bioautography detection in thin-layer  chromatography. J Chrom 221 
A. 2011; 1218(19): 2684-2691.  222 

[8] Das K, Tiwari RKS, Shrivastava DK. Techniques for evaluation of medicinal  plant 223 
products as antimicrobial agent: Current methods and future trends. J  Medi Pla Res. 2010; 224 
4(2): 104-111.  225 

[9] Sherma J. Thin-Layer Chromatography of pesticides-a review of applications for 2002-226 
  2004. Acta Chrom. 2005; 15: 5.  227 

[10] Rodriguez-Amaya DB. A guide to carotenoid analysis in foods (2001; 65). Washington, 228 
 DC: ILSI press.  229 

[11] Suleiman MM, McGaw LI, Naidoo V, Eloff J. Detection of antimicrobial  compounds by 230 
bioautography of different extracts of leaves of selected South African  tree species. Afr  J 231 
Trad Compl Alter Medi. 2010;  7(1).  232 

[12] Gutierrez-Orozco F, Failla ML. Biological activities and bioavailability of  mangosteen 233 
xanthones: a critical review of the current evidence. Nutr. 2013; 5(8): 3163-  3183.  234 

[13] Obolskiy D, Pischel I, Siriwatanametanon N, Heinrich M. Garcinia mangostana L.:  a 235 
phytochemical and pharmacological review. Phyto res. 2009; 23(8): 1047-1065.  236 

[14] Manimekalai I, Sivakumari K, Ashok K, Rajesh S. (). Phytochemical Profiling Of 237 
 Mangosteen Fruit, Garcinia Mangostana. Wor J Pharm  Pharmac Scie. 2015;5(2): 221-252.  238 

[15] Rashid TS, Sijam K, Kadir J, Saud HM, Awla HK, Zulperi D, Hata EM. Screening for 239 
active compounds in Rhus coriaria L. crude extract that inhibit the growth of Pseudomonas 240 
syringae and Ralstonia solanacearum. Ind J Agri Res. 2016; 50(1), 15-21. 241 

[16] Mariita RM, Orodho JA, Okemo PO, Kirimuhuzya C, Otieno JN, Magadula JJ.    242 
Methanolic extracts of Aloe secundiflora Engl. inhibits in vitro growth of  tuberculosis and 243 
diarrhea-causing bacteria. Pharma Res. 2011; 3(2): 95-99.  244 

[17] Bhandary SK, Kumari NS, Bhat VS, Sharmila KP, Bekal MP. Preliminary 245 
 phytochemical screening of various extracts of Punica granatum peel, whole fruit and  seeds. J 246 
Heal Sci. 2012; (4): 35-38.  247 

[18] Khaleel AI, Sijam K, Rashid TS, Ahmad KB. Phytochemical Determination and 248 
Antibacterial Activity of Punica granatum Peel Extracts against Plant Pathogenic 249 
Bacteria. Amer J Pla Scie. 2016; 7(1), 159-166.  250 



12 
 

[19] Biradar SR, Rachetti BD. Extraction of some secondary metabolites & thin layer 251 
 chromatography from different parts of Centella asiatica L.(URB). Amer J  Life Sci. 2013; 252 
1(6): 243-247.  253 

[20] Sasidharan S, Chen Y, Saravanan D, Sundram KM, Latha LY. Extraction,  isolation and 254 
characterization of bioactive compounds from plants’ extracts. Afr  J Trad Compl Alter Medi. 255 
2011; 8(1).  256 

[21] Naczk M, Shahidi F. Phenolics in cereals, fruits and vegetables: Occurrence,  extraction 257 
and analysis. J pharm biom anal. 2006; 41(5): 1523-  1542.  258 

[22] Dai J, Mumper RJ. Plant phenolics: extraction, analysis and their antioxidant and 259 
 anticancer properties. Mole. 2010; 15(10): 7313-7352.  260 

[23] Hasmida MN, Nur Syukriah AR, Liza MS, Mohd Azizi CY. Effect of  different 261 
extraction techniques on total phenolic content and antioxidant activity of  Quercus infectoria 262 
galls. Int Food Res J. 2014; 21(3): 1039-1043.  263 

[24] Rispail N, Morris P, Webb KJ. Phenolic compounds: extraction and analysis.  In Lotus 264 
japonicus handbook (2005; 349-354).  265 

[25] Dall'Agnol R, Ferraz A, Bernardi AP, Albring D, Nör C, Sarmento L, ...  Schapoval 266 
 EES.    Antimicrobial activity of some Hypericum species. Phytomed.   2003; 10(6), 511-516.  267 

[26] Bhatti HN, Khera, RA. Biotransformations of diterpenoids and triterpenoids:  a  review. 268 
Journal of Asia nat prod res. 2014; 16(1): 70-104.   269 

[27] Alsultan QMN, Sijam K, Rashid TS, Ahmad K B. Gc-Ms Analysis and Antibacterial 270 
Activity of Mangosteen Leaf Extracts against Plant Pathogenic Bacteria. Amer J Plant 271 
Sci. 2016; (07): 1013-1020. 272 

[28] Móricz Á, Horváth G, Ott P.  Direct bioautographic detection of antibacterial 273 
 components of clary sage and spearmint essential oils. JPC-  Chrom-Mod TLC. 2015; 28(2): 274 
173-177.  275 

[29] Cheenpracha S, Jitonnom J, Komek M, Ritthiwigrom T, Laphookhieo S. 276 
 Acetylcholinesterase inhibitory activity and molecular docking study of steroidal  alkaloids 277 
from Holarrhena pubescens barks. Stero.  2016; 108: 92-98. 278 

[30] Kowalska T, Sajewicz M, Sherma J. Planar  Chromatography-Mass  Spectrometry. Chem 279 
Rubber  Co (CRC) press. 2015; 380pp.   280 


