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Abstract 
The present study was designed for isolation, purification, and chemical characterization of components 

from Cassia fistula responsible for antibacterial activity. The crude extract of leaves of Cassia 

fistula prepared using methanol as a solvent and phytochemical evaluation was done. An invitro 

antibacterial assay was conducted to evaluate the inhibitory activity of methanol extract against E. 

coli and B. cereus. The methanol extract was subjected to column chromatography with different mobile 

phases followed by TLC. HPLC of fractions showing maximum inhibitory activity against E. coli and B. 

cereus was performed. The chemical characterization of isolated compounds was achieved using FTIR 

and 1H NMR spectroscopy. Screening of antibacterial activity of methanol extract showed marked 

activity against both gram-positive and gram-negative bacteria. FTIR and NMR analysis data show the 

presence of various functional groups that correspond to potential bioactive compounds from phenolics 

(Rhein, Catechin), triterpenes (Hopane), and Flavonoids (Amentoflavone). This plant formulation may 

thereby provide an alternative solution to the current problem associated with the use of antibiotics. 
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1. Introduction 

Plants produce a diverse range of bioactive molecules, making them a rich source of 

medicines. Higher plants, a source of a medicinal compound have continued to play a 

dominant role in the maintenance of human health since ancient times. Over 50% of modern 

clinical drugs are of natural plant origin and natural products play important role in drug 

development programs in the Pharmaceutical industry. The medicinal value of plants lies in 

some chemical substances that produce a definite physiological action on the human body. The 

most important of these bioactive constituents of plants are alkaloids, flavonoids, and phenolic 

compounds that have important applications in the treatment of viral and bacterial diseases. In 

India, many plants extract use against many diseases in various areas of medicine like 

Ayurveda. Only a few of them have been scientifically explored. Pharmaceutical industries 

have produced several new antimicrobial drugs last year but resistance to these drugs by 

microbes has also increased. Interest in plants with antimicrobial property has revived as a 

result of the current problem associated with the use of antibiotics. Cassia fistula is 

traditionally used in Ayurveda medicine. They have various effects in combating 

inflammation, bleeding, GI disorder, etc. This plant is easily available as it grows in all 

climatic conditions. Although enough research has been conducted on the curative action of 

the bark, roots, and fruit. In the present work, we report phytoactive compounds from Cassia 

fistula leaves showing antibacterial activity [1-3].  
 

1.1 General Information 

Cassia fistula (Bahava) 

 Botanical name: Cassia fistula 

 Common name: Bahava, golden shower, kallober 

 Plant family: Fabaceae 
 

 
 

Fig 1: Cassia fistula (PC- Suresh Kale) 

www.florajournal.com


 

~ 135 ~ 

International Journal of Herbal Medicine http://www.florajournal.com 
Plant parts used: Leaves, seeds, Barks. 

Cassia fistula (Fig. 1) is a flowering plant in the 

family Fabaceae, native to southern Asia from southern 

Pakistan east through India to Myanmar and South to Sri 

Lanka. It is widely grown as an ornamental plant. It blooms in 

late springs. In ayurvedic medicine, C. fistula is known as 

Argvadha (Disease killer). 

 

1.1.1 Plant constituents: Laxative actions come from a group 

of documented compounds called Anthraquinones. Those are 

found in all Cassia plants in varying concentrations. Other 

compounds documented in the plant include Anthraquinones, 

glycosides, Methyl inositol, Luteolin, Pentacosane, 

Triacontane-1-ol, Fistulic acid, rhein, rheinglucoside, 

galactomannan, sennosides A and B, Tannin, phlobaphenes, 

oxyanthroquinones, emodine, chrysophanic acid, 

fistuacacidin, barbaloin, lupeol, beta–citosterol, hexacosanol, 

butanoic acid, 2-methyl-, Penthiophane (2H-Thiopyran, 

tetrahydro) and Isopropyl acetate (Acetic acid, 1-methyl ethyl 

ester) and phenolic compounds [4-13]. 

 

1.1.2 Medicinal use 
Its fruit pulp is used as a mild laxative against fever, arthritis, 

nervous system diseases, bleeding such as hematemesis or 

hemorrhages as well as cardiac condition & stomach 

problems, etc. It is also used as a remedy for tumors of the 

abdomen, glands, liver, stomach, throat for burns, cancer, 

constipation, convulsions, diarrhea, dysurea, epilepsy, 

hematuria, pimples, etc. The leaves are used for malaria, 

rheumatism & ulcers. Roots are used for adenopathy, burning 

sensation leprosy skin diseases syphilis &tubercular glands. 

Roots are also considered a very strong purgative & self-

medicinal or any use without medical supervision is strongly 

advised against Ayurveda texts [14-20]. 

 

2. Materials and Method  

2.1 Preparation of leaf extract by solvent extraction: The 

leaves of C. fistula were collected, then shed dried for at room 

temperature and powdered by using a mechanical grinder. 10 

g of powder was mixed in 150 ml methanol. The mixture was 

stirred well & left overnight for complete extraction. The 

suspension was then filtered & crude extract was obtained. 

The leaf extract was then concentrated using rotavapor at 42 

˚C till the maximum solvent was evaporated. The viscous 

extract was then taken on petriplates & evaporated 

completely. Powdered leaf extract was weighed and re-

dissolved in methanol [21]. 

 

2.2 Phytochemical screening of extract 

Methanolic extract was assessed for the existence of 

secondary metabolites such as flavonoids, tannins, saponins, 

alkaloids, steroids, and terpenoids [22-24]. 

 

2.2.1 Test for Flavonoids: 1 ml extract + few drops of conc. 

HCl +magnesium turnings, formation of Magenta red color 

within 3 min. indicate the presence of flavonoids [22-23]. 

 

2.2.2 Test for Tannins: 1 ml of leaf extract +2 ml FeCl3, 

formation of blue-black color indicate the presence of 

Tannins. 

 

2.2.3 Test for Saponins: 1 ml leaf extract +2ml distilled 

water, shake vigorously, the appearance of Honeycomb broth 

indicates the presence of saponins. 

 

2.2.4 Test for Alkaloids: 1 ml leaf extract + 2 ml of 2N HCl 

then incubate in a boiling water bath for 10 min, cooled then 

add few drops of Mayer reagent. The formation of 

precipitation or turbidity indicates the presence of Alkaloids. 

 

2.2.5 Test for Steroids: 1ml leaf extract + 1ml chloroform 

+2ml acetic anhydride +conc. H2SO4, formation of blue-

green color indicates the presence of steroids. 

 

2.2.6 Test for Terpenoids: 1ml extract +1ml chloroform 

+1ml acetic acid +conc.H2SO4 dropwise from side of the 

tube. Formation of red ring at interphase indicates the 

presence of terpenoids. 

 

2.3 Total protein by lowry’s method: The total protein 

content was estimated by Lowry et al. (1951) using BSA as a 

standard. The blue color developed was read at 660 nm in a 

spectrophotometer. The total protein content was expressed in 

mg/ml of sample extract [25-26]. 

 

2.4 Total reducing sugar by DNSA method: The total 

reducing sugar content was estimated by DNSA method using 

glucose as a standard. The orange color developed was read at 

530nm. The total reducing sugar content was expressed in 

mg/ml of sample extract [27-28]. 

 

2.5 Preparation of bacterial inoculums: The nutrient broth 

was prepared in 100ml volume & sterilized. After cooling, the 

pure culture of bacteria maintained on the slant was 

transferred to these broth flasks aseptically and incubate at 37 

˚C for 24 hrs. The broth culture obtained was used for the 

spread plate technique. 

 

2.6 Spread plate technique: Spread plate method is used to 

get uniform growth on the agar plate. 100µl of bacterial 

inoculum is added to the plate. This inoculum is spread 

evenly on the plate using a sterile glass spreader to get 

uniform growth. 

 

2.7 Well diffusion method: The antimicrobial activity was 

assessed using this method, where the wells are made on 

nutrient agar inoculated with the test bacteria, to get growth 

on incubation. The given drug is placed in the well which 

diffuses in the medium & inhibits bacterial growth around the 

well if it is effective this indicates the antibacterial activity of 

the drug. The larger the inhibition zone higher will be the 

activity. If the drug is not effective inhibition zone will not be 

observed.  

 

2.8 Testing antibacterial activity of C. fistula leaf extract: 

Screening of Cassia fistula leaf extract was done using a well 

diffusion method. 24 hrs of bacterial cultures were used. The 

100µl of test bacterial suspensions were spread over the 

nutrient agar plates using a sterile glass spreader. Wells were 

made in plates using 1 ml micro pipette’s tip.100µl of leaf 

extract was added to the well. 100µl of antibiotic and 100µl of 

DMSO was added to the wells as a control. The plates were 

left for complete diffusion of the added sample. After that, 

they were kept in an incubator at 37 ˚C for 24 hrs. After the 

incubation period the inhibition zone was measured, studied 

were performed in duplicate, and the mean value was 

calculated. The negative control i.e. DMSO does not show 

any inhibition zone. Antibiotic Ampicillin shows an inhibition 

zone of 3.0 cm. The % RIZD (Relative Inhibition Zone 

Diameter) was calculated for the formula... 
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(IZD sample –IZD negative control) 

%RIZD =    X 100 

IZD antibiotic control 

 

It gives a comparative account of the antibacterial action of a 

given sample against that of standard antibiotic control. 

 

2.9 Thin layer chromatography of C. fistula leaf extract: 

The extract was spotted on silica-coated aluminium plate till 

saturation was achieved. The plate then dipped in the solvent 

system (Hexane:ethyl acetate 2:1). After the solvent run 

completely, the plate was dried & developed using a suitable 

reagent, it was also visualized under the UV. Rf values of 

components were calculated as follow: 

 

Distance traveled by substance 

Rf = 

Distance traveled by solvent 

 

2.10 Column chromatography of C. fistula leaf extracts 

using silica gel 

It was done using Hexane & Ethyl acetate solvent system in 

2:1 ratio.30 ml column was taken having 2 cm diameter, 

cleaned with water &then with acetone. A piece of glass wool 

was placed at the bottom of the column using glass rode. The 

column was then filled with a given solvent system till the 

top. Silica gel (60-120 mesh size) was sprinkled into the 

column from the top to achieved proper packing of the gel. 

Care was taken that no air bubbles should trap inside.2 ml of 

concentrated extract (153 mg/ml) was loaded on top of the 

column & allowed to run down. The separation of 

components can be observed in the form of distinct color 

bands. The solvent system was added continuously 

maintaining the level above the gel. The 2 ml fractions were 

collected in Eppendorf tubes. These fractions were then 

subjected to antimicrobial analysis. 

 

2.11 Identification of fractions showing antibacterial 

activity: The collected fractions were used for well diffusion. 

They were used directly in the same eluent system. The plates 

were incubated for 24 hrs at 37 ˚C. The zone of inhibition & 

RIZD value were measured. The fractions with maximum 

activity were given for HPLC to further fine separation of 

components in the fraction. 

 

2.12 HPLC of individual fractions: HPLC (High 

performance liquid chromatography) is a technique used for 

the separation of individual components from the mixtures. It 

has more sensitivity and accuracy as compared to TLC. We 

used C18 column (250mm X 4.6 mm, 5 µm) Detection 

wavelength was 220 nm and 254nm. The mobile phase 

consists of Methanol (A) & deionized Water (B). Linear 

gradient :- 0 -40 min (85%A), 40-60 min (85%A- 95%A). 

Flow rate – 1.0 ml/min. The column temperature was 

maintained at 30 ⁰C [29-32]. 

 

2.13 TLC of individual fractions: (13, 14, 25 & 28) Solvent 

system= methanol & water (70:30 ratio). Fraction 13 & 14 we 

get 3 bands which are similar in both. Fraction 25 & 28 we 

get a single band, then these fractions were given to FTIR and 

NMR. The fraction 13 was used for further separation by 

column chromatography using Methanol: water (70:30) 

solvent system. We used syringe column.10 fractions of 0.5ml 

were collected. Then similar color fractions were mixed, 

concentrated, and given to FTIR and NMR for further 

analysis. 

 

2.14 Structural characterisation of individual component 

using FTIR and NMR 

2.14.1 FTIR spectroscopy: Fourier Transform Infrared 

spectroscopy (FTIR spectroscopy) deals with the infrared 

region of the electromagnetic spectrum. Infrared spectroscopy 

exploits the fact that molecules have specific frequencies at 

which they rotate or vibrate corresponding to discrete energy 

levels (vibration mode). IR spectrum of the sample can be 

obtained by passing the IR rays through it. Examination of 

transmitted light shows much energy is absorbed in each 

wavelength from this transmittance or absorbance spectrum 

can be produced, showing at each I.R wavelength. The sample 

analysis of these absorption characteristics reveals details 

about the molecular structure of the sample. This technique 

works almost exclusively on samples with a covalent bond. 

Simple spectra are obtained from samples with few I.R active 

bonds and high levels of purity. The most complex molecular 

structure leads to more absorption bands and more complex 

spectra. The technique has been used for the characterization 

of very complex mixtures. Scanning range 400-4000 cm-1 

with a resolution of 4-1 was used [33-38].  

 

2.14.2 NMR: Nuclear magnetic resonance In NMR 

spectroscopy we study the interaction of the magnetic 

component of the electromagnetic radiation with the nuclei of 

certain atoms in the molecule. In NMR study, nuclei do not 

absorb at the same applied magnetic field and effective 

strength is different. For different nuclei, absorbance is 

measured at monochromatic radio frequency in a varying 

magnetic field. The spectra plot of energy absorbed vs. 

magnetic field strength applied. No. of singlet indicates 

different sets of equivalent protons where peak height or area 

under peak indicates no. of proton in each set [39]. 

 

3. Results 

3.1 Phytochemical Tests 

 

 
 

Fig 2: Phytochemical tests for 1) Alkaloids 2) Tannins 3) Flavanoids 

4) Terpenoids 5) Steroids 6) Saponins. 

 

The result shows the presence of all of the above 

phytochemicals except steroids. 

 

3.2 Total protein content by Lowry’s method. 
We got 5.52 mg/ml of protein in methanol extract. 

 

3.3 Total reducing sugar by DNSA method.  

We got 2.6 mg /ml of reducing sugar in methanol extract. 

 

3.4 Thin layer chromatography of Cassia fistula leaf 

extract: TLC of crude extract performed using Haxane and 

Ethyl acetate (2:1) solvent systeme. (Rf= 0.50 to 0.90) (Fig. 3 

A)  
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A   B 
 

Fig 3 A: Chromatogram Developed in Hexane Ethyl acetate solvent 

system(10 bands were observed, Better visualisation under UV). B: 

column chromatography of Bahava- Methanol extract using silica 

gel. Showing different colour during elution. 
 

3.5 Column Chromatography of C. fistula leaf Extract  

Different fractions were collected using Hexane Ethyl acetate 

solvent system by silica gel column (Fig. 3 B). 

 

3.6 Identification of fractions showing Antibacterial 

activity. 

 

  
 

Fig 4: Shows maximum activity of fraction number 13 and 14 on A) 

E. coli and B) B. cereus. 

 

  
 

Fig 5: Shows maximum activity of fraction number 25 and 28 on A) 

E. coli and B) B. cereus 

 

Results shows that the fraction no. 13&14 showing maximum 

inhibition zone against E. Coli & B. cereus (Fig 5 A). Fraction 

no. 25 & 28 showing maximum inhibition zone against E. coli 

& B. cereus. (Fig 5 B). Fraction no. 13,14,25 &28 collected 

from C. fistula leaf extract using Hexane Ethyl acetate solvent 

system shows significant antibacterial activity (Table no. 1). 

This indicates that these fractions contain the compounds 

having antibacterial activity. It can also possible that the 

antimicrobial activity is due to synergistic effects of 

compounds present in the fraction. These fractions further 

analysed using FTIR spectroscopy for functional group 

present in the compounds and HPLC is done for further 

fractionation of compounds. 

 
Table 1: Antibacterial activity of different fractions against bacteria 

E. coli and B. cereus. 
 

Fraction no. 
Zone of inhibition in cm %RIZD 

E. coli B. cereus E. coli B. cereus 

13 2.5 2.0 83 66 

14 2.5 2.0 83 66 

25 2.3 2.2 76 73 

28 2.5 2.1 83 70 

 

3.7 TLC of individual fractions to know total no. of 

components in each fraction using different solvent 

system: Solvent system: -methanol and water (70:30). 

 

  
 

Fig 6: TLC of fractions with crude extract. Fraction no. 13 (A) and 

14 (B) Fraction 13 & 14 shows 3 bands. Hence three components are 

responsible for antibacterial activity. Antibacterial activity may be 

due to synergistic effect of components. 

 

  
 

Fig 7: TLC of fractions with crude extract. Fraction no.25 (A) and 

28 (B). Fraction 25 & 28 shows single band. Hence only one 

component is responsible for antibacterial activity. Then structural 

features of this component then analysed by IR and NMR. 

 

3.8 HPLC Analysis: HPLC of crude extract shows 5 major 

peaks which indicate 5 compounds in the leaf extract. The 

peak at 23 & 24 min shows the presence of two compounds in 

a major amount. Another peak indicates other compounds in 

crude extract present in fewer amounts (Fig 8 A). HPLC of 
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fraction 13 shows one major peak at 23 min. indicates the 

presence of one component in a major amount. Other peaks at 

41, 42 & 43 indicate the presence of other three compounds in 

less amount (Fig 8 B). HPLC of fraction 14 shows one major 

peak at 23 min. indicates the presence of one component in 

major amount (fig 8 C). HPLC of fraction 25 shows only one 

peak at 23 min (Fig 8 D). HPLC of fraction 28 shows only 

one peak at 23 min (Fig 8 E). 

 

  
 

  
 

 
 

Fig 8: HPLC results of fractions A) crude sample B) Fraction no. 13 C) Fraction no. 14 D) Fraction no.25 E) Fraction no.28. 

 

3.9 FTIR Analysis 
Fraction 13 further separated by silica gel in a syringe column 

using methanol: water (70:30) solvent system. Four fractions 

were collected, concentrated & used for FTIR and NMR. 

Fraction 25 & 28 analyzed as it is by IR and NMR. 

 

3.9.1 Fraction 1: Peak at 3384 indicates O-H stretching due 

to Alcohol or Phenol. The peak at 2922 indicates C-H 

stretching due to saturated alkanes. The peak of 1738 is due to 

Aldehyde. The peak at 1079 indicates C-O stretching due to 

Alcohol (Fig 9 A). 

 

3.9.2 Fraction 2: Peak at 3374 indicates O-H stretching due 

to Alcohol or Phenol. The peak at 2922 indicates C-H 

stretching due to saturated alkanes. The peak of 1719 is due to 

Aldehyde. A peak at 1455 is due to NO₂ group. The peak at 

1080 indicates C-O stretching due to Alcohol (Fig 9 B). 

 

3.9. Fraction 3: Peak at 3355 indicates O-H stretching due to 

Alcohol or Phenol. The peak at 2922 indicates C-H stretching 

due to saturated alkanes. The peak of 1713 is due to 

Aldehyde. A peak at 1456 is due to NO₂ group. The peak at 

1080 indicates C-O stretching due to Alcohol (Fig 9 C). 

 

3.9.4 Fraction 4: Peak at 3387 indicates O-H stretching due 

to Alcohol or Phenol. The peak at 2922 indicates C-H 

stretching due to saturated alkanes. The peak of 1736 is due to 

Aldehyde or ester. A peak at 1078 indicates C-O stretching 

due to Alcohol (Fig 9 D). 

 

3.9.5 Fraction 25: Peak at 2919 indicates C-H stretching due 

to saturated alkanes. The peak of 1708 is due to a carboxylic 

acid. A peak at 1459 is due to NO₂ group (Fig. 9 E). 

 

3.9.6 Fraction 28: Peak at 2919 indicates C-H stretching due 

to saturated alkanes. The peak of 1706 is due to a carboxylic 

acid. The peak at 1459 is due to NO₂ group (Fig. 9 F). 
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Fig 9: FTIR spectroscopy of fractions A) 1, B) 2, C) 3, D) 4, E) 25, F) 28. 

 

3.10 NMR Analysis 

3.10.1 Fraction no1: Peak at 1.4δ indicates the CH2-C group. 

The peak at 1.6δis of 3 protons of CH3-C=C. The peak at 7.3δ 

indicates the presence of H-Ar. The peak at 3.7δ indicates the 

presence of the CH-O- group (Fig. 10 A). 

 

3.10.2 Fraction no2: Peak at 1.6δ is of 3 protons of CH3-

C=C. The peak at 2.1δ indicates CH3-CO- group. The peak at 

7.3δ indicates the presence of H-Ar. The peak at 3.7δ 

indicates the presence of the CH-O- group (Fig 10 B). 

 

3.10.3 Fraction no3: Peak 0.9δ indicates the presence of 

CH3-C.The peak at 1.6δis of 3 protons of CH3-C=C. The 

peak at 2.1δ indicates CH3-CO- group. The peak at 7.3δ 

indicates the presence of H-Ar. The peak at 3.7δ indicates the 

presence of the CH-O- group (Fig. 10 C). 

 

 

3.10.4 Fraction no4: Peak 0.9δ indicates the presence of 

CH3-C. The peak at 1.6δis of 3 protons of CH3-C=C. The 

peak at 2.1δ indicates CH3-CO- group. The peak at 7.3δ 

indicates the presence of H-Ar. The peak at 3.7δ indicates the 

presence of the CH-O- group (Fig. 10 D). 

 

3.10.5 Fraction no25: Peak 0.9δ indicates the presence of 

CH3-C. Peak ranges from 1-3δ indicate the presence of the C-

N group. The peak at 1.6δis of 3 protons of CH3-C=C. The 

peak at 2.1δ indicates CH3-CO- group. The peak at 7.3δ 

indicates the presence of H-Ar. The peak at 3.7δ indicates the 

presence of the CH-O- group (Fig. 10 E). 

 

3.10.6 Fraction no28: Peak 0.9δ indicates the presence of 

CH3-C. Peak ranges from 1-3δ indicate the presence of the C-

N group. The peak at 1.6δis of 3 protons of CH3-C=C. The 

peak at 2.1δ indicates CH3-CO- group. The peak at 7.3δ 

indicates the presence of H-Ar (Fig. 10 F). 
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Fig 10: NMR spectroscopy of Fractions A) 1, B) 2, C) 3, D) 4, E) 25, F) 28. 

 

4. Discussion 

Screening of antibacterial activity of C. fistula leaf extract 

revealed that it has marked activity against both gram-positive 

and gram-negative bacteria. TLC of crude Extract shows 

better separation by Hexane: Ethyl Acetate (2:1) solvent 

system. Column chromatographic separation using the above 

solvent system fractions are collected which shows 

antibacterial activity. Fraction no. 13, 14, 12 &28 shows 

maximum activity. TLC of these fractions in methanol: water 

(70:30) solvent system shows 3 bands in 13&14 fraction and a 

single band in 25 &28 fractions. HPLC analysis of fraction 13 

& 14 shows mainly three compounds responsible for 

antibacterial activity. And fraction 25 & 28 shows only one 

compound responsible for antibacterial activity. Fraction 13 

further separated by methanol: water (70:30) solvent system. 

FTIR and NMR analysis data show various functional groups 

correspond to bioactive like Hopane (triterpene) [40], Rhein, 

and Catechin (phenolic) [41-42] Amentoflavone (flavonoid) [43]. 

 

5. Conclusions 

This study showed that Cassia fistula (Bahava) has significant 

antimicrobial activity against gram-positive and gram-

negative bacteria. They are thereby extremely effective as 

compared to standard antibiotics. Further research on this 

plant can lead to the formulation of unique drugs that can be 

used on various bacterial infections. This plant formulation 

may thereby provide an alternative solution to the current 

problem associated with the use of antibiotics. The FTIR and 

NMR analysis shows that triterpene, phenolic, and flavonoid 

compounds are responsible for antibacterial activity. Further 

studies will be included the incorporation of active 

compounds to 13C NMR and GC-MS.  
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