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Abstract 

Aqueous extracts of Neolamarckia cadamba fruits prepared at different maturity stages were 

used for the analysis of various phytochemicals, and their antioxidant and antibacterial 

activities were determined. Ripe fruit extract had highest phenolics (3.14 mM GAE/ g fruit 

extract) with caffeic acid, tannic acid, syringic acid and quercetin as major phenolic 

compounds. The ripe fruit extract showed lowest IC50 values in DPPH radical scavenging 

assay (231.33 µg fruit extract/ mL), and highest ABTS radical scavenging activity (111.18 

M TEAC/ g). Immature fruit extract showed lowest minimum inhibitory concentration 

against tested bacteria, and the antibacterial activity was probably due to membrane 

permeation, as was evident by leakage of genetic material and reduction in propidium iodide 

uptake by bacterium; and by inhibition of sugar and amino acid uptake. The appreciable 

amount of phenolic compounds and biological activities in the aqueous extracts of N. 

cadamba fruits suggests a potential application as natural preservative.  
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Experimental 

Reagents  

Solvents used for extraction (AR grade) were purchased either from Qualigens Fine 

Chemical (Mumbai, India) or Sisco Research Laboratory (Mumbai, India). 1, 1-Diphenyl-2-

picryl-hydrazyl (DPPH) and phenolic acid standards for HPLC including tannic acid, gallic 

acid, catechin, caffeic acid, syringic acid, ferulic acid, rutin hydrate and quercetin were from 

Sigma–Aldrich (Bangalore, India).  

 

Preparation of fruit extract 

Fruits of N. cadamba (defined based on the size and colour of fruits) were collected from 

Kuchera, Faizabad, Uttar Pradesh, India. These fruits were classified into immature fruits 

(small green fruits), mature fruits (green fruits at physiological maturity), and ripe fruits 

(yellow to slight orange) based on their maturity stages. The fruits were identified by Dr. K. 

A. Sharvani, Assistant Professor, Department of Botany, Yuvaraja’s College, University of 

Mysore. The specimen has been deposited in the Herbarium Centre, Department of Botany, 

Yuvaraja’s College, University of Mysore, Mysore (Accession No. 0263). The fruits were 

washed, cut into pieces, dried in hot air oven at 60º C and ground to a coarse powder using a 

hammer mill (sieve size 0.32 inches). The powder of fruits of N. cadamba was extracted 

using water as solvent (1:10 w/v) at 121º C for 20 min. Extract thus obtained were filtered 

through Whatman filter paper No. 1 and filtrate was concentrated using rotavapor (Heidolph, 

Germany) at 40º C for 2 h. These crude extracts were dried under vacuum (25 mm Hg at 40 

ºC) for complete removal of solvent and stored in a desiccator. The dried extracts were 

dissolved in known volume of distilled water (25 mg/mL) for analysis. 

 

Screening of phytochemicals 

Phytochemical screening of N. cadamba fruit extracts at various maturity stages was carried 

out to check the presence of tannins, cardiac glycosides, saponins, steroids, flavonoids and 

terpenoids (Saeed et al., 2012). For tannins, 200 µL of sample was diluted with 10 mL 

distilled water and filtered. A 2 mL filtrate was added with 2 mL FeCl3 (0.1 %), and 

appearance of blue-black precipitate indicated the presence of tannins. The ability of saponins 

to produce froth with water was used for the screening test. To 0.5 mL filtrate, 5 mL distilled 

water was added and mixed thoroughly. Persistence of frothing indicated presence of 

saponins. The Keller-kiliani test was used for screening cardiac glycosides. The filterate (200 

µL of sample diluted with 10 mL distilled water and filtered) was mixed with glacial acetic 



acid (2:1, v/v), and 1 drop each of FeCl3 and conc. H2SO4 was added. Appearance of green-

blue colour indicated the presence of cardiac glycosides. Detection of steroids was done by 

the Liebermann-Burchard reaction. To 2 mL filterate (200 µL of sample diluted in 10 mL 

chloroform and filtered), 2 mL acetic anhydride and a drop of conc. H2SO4 was added. 

Appearance of blue-green ring indicated the presence of steroids. Presence of terpenoids was 

checked by mixing 1 mL (0.5g/ mL) of sample with 400 µL of chloroform, followed by 

addition of 600 µL of concentrated H2SO4. A reddish brown colouration of the interface 

indicated the presence of terpenoids. Presence of flavonoids was tested by adding 5 mL of 

dilute ammonia solution to 10 mL of filtrate (200 µL of sample diluted in 100 mL of distilled 

water and filtrate). Appearance of yellow colouration after addition of few drops of 

concentrated H2SO4 confirmed the presence of flavonoids. 

 

Determination of total polyphenol content 

The total polyphenol content (TPC) was estimated spectrophotometrically using Gallic acid 

as standard, according to the method described by Singleton and Rossi (1965). Briefly, 1.0 

mL of the diluted extract was transferred in triplicate to separate tubes containing 1.0 mL of 

1:10 dilution of Folin-Ciocalteu’s reagent in water. The contents were mixed and 2.0 mL of 

sodium carbonate solution (10% w/v) was added. The contents were allowed to stand at room 

temperature for 20 minutes and absorbance was measured against reagent blank at 760nm 

using UV-visible spectrophotometer (Shimadzu UV-1600, Kyoto, Japan).  The gallic acid 

standard curve was prepared (10-80 µg), and TPC was expressed as Gallic acid equivalents 

(GAE) in mM/ g fruit extract. 

 

Identification of phenolics by HPLC 

The individual phenolics of aqueous N. cadamba fruit extracts were separated by liquid 

chromatography (Shimadzu SPD-M10A PDA detector at 280 and 320 nm) according to the 

method of Bhatt et al. (2013) with slight modification. A supelco C18 (5 µm) column of 15 

cm length and 4.6 mm id (Supelco, Bellefonte, PA, USA) was used for separation and 

identification of phenolics. The samples were dissolved in methanol, and 20 µL sample was 

used for chromatographic separation. The samples were eluted according to gradient program 

with flow rate 1.2 mL/ min; distil water with pH 2.8 using acetic acid (A) and 80% 

acetonitrile in A (B). The following conditions for HPLC were applied: 0.01-35 min, 0% of 

B; 35-40 min, 50% of B; 40-45 min, 100% of B; and 45-60 min, 0% of B. Total duration for 



chromatographic analysis was 60 min. All solvents used for HPLC were degased using 

vacuum filter. Various phenolic standards were used for identification of individual 

phenolics, and quantification was done using standard curve prepared by injecting mixture of 

all the standards (0.1-0.7 mg/ mL).  

 

Determination of antioxidant activity of fruit extracts 

Total antioxidant capacity of fruit extracts  

The total antioxidant capacity of the extracts was determined by phosphomolybdate method 

as described by Preito et al. (1999). Briefly, 0.3 mL of extract was mixed with 3 mL of 

reaction mixture (1M sulfuric acid, 100 mM sodium phosphate and 33.3 mM ammonium 

molybdate). The mixture was incubated at 94°C for 1 hour and cooled to room temperature. 

The absorbance was read at 695 nm using a spectrophotometer against blank (methanol in 

place of extract). A calibration curve was prepared using a standard solution of ascorbic acid 

(1.5- 20 µg), and the total antioxidant capacity was expressed in mM of ascorbic acid 

equivalents (mM AAE) / g of fruit extract. 

  

DPPH free radical scavenging assay  

The antioxidant activity of different extracts of the N. cadamba fruit was evaluated using the 

DPPH free radical scavenging assay (Blois 1958). Different concentrations of the extract 

(0.1–1.2 mg in 1.0 mL distilled water) were added to 2.0 mL 0.1 mM DPPH solution in 

methanol. After vortexing, the mixture was incubated for 20 min at room temperature in the 

dark and the absorbance was measured at 517 nm using methanol as blank. Butylated 

hydroxyl anisole (BHA) was used as standard (0.5-2 µg). The IC50 value (the concentration 

required to scavenge 50% DPPH free radicals) was calculated from the graph of 

concentration vs % inhibition, and it was determined in triplicate. 

  

ABTS radical scavenging assay 

The spectrophotometric method was used to determine the ABTS radical scavenging activity 

of different fruit extracts (Re et al. 1999). ABTS radical cation was produced by reacting 

ABTS stock solution (7 mM) and potassium persulfate (2.45 mM) and allowing the mixture 

to stand in the dark at room temperature for 12 to 16 h before use. The ABTS radical cation 

solution was diluted with distilled water to an absorbance of 0.70 (±0.02) at 734 nm. Fruit 

extract (15-150 µg) or Trolox (1.5-35 nM) in 300 μL of quantity was added to 2.7 mL of 

diluted ABTS radical cation solution, vortexed and after 6 minutes, absorbance was taken at 



734 nm using UV-visible spectrophotometer (Shimadzu UV-1600, Kyoto, Japan).  ABTS 

radical scavenging activity was expressed as Trolox Equivalent Antioxidant Capacity 

(TEAC). 

 

Determination of antibacterial activity of fruit extracts 

Determination of minimum inhibitory concentration 

The antibacterial efficacy of extracts was carried out against Bacillus cereus (F 4810, Public 

Health Laboratory, London, UK), Staphylococcus aureus (FRI 722, Public Health 

Laboratory, Amsterdam, The Netherlands), Listeria innocua (CFR 1309, maintained in 

culture stock at CSIR-CFTRI, Mysore, India), Escherichia coli (ATCC 25922, American 

Type Culture Collection, Minnesota, USA), Pseudomonas aeruginosa (ATCC 27853, 

American Type Culture Collection, Minnesota, USA) and Yersinia enterocolitica (MTCC 

859, Microbial Type Culture Collection, Institute of Microbial Technology, Chandigarh, 

India) by broth microdilution assay (CLSI 2015). Ampicillin was used as a standard drug. 

Wells without extracts/ drug were used as control and wells with equal quantity of sterile 

water served as negative control to check the effect of the solvent on bacterial growth. All the 

wells were inoculated with 5 log cells of bacterial culture. The plate was incubated at 37 °C 

for 24 h, and observed for visible growth. The inhibition of growth was confirmed in 

minimum of 4 experiments, and minimum inhibitory concentration (MIC) was defined as the 

concentration at or above which no visible growth of the organism was observed. 

 

Determination of cell membrane damage 

Integrity of cell membrane: Integrity of cell membrane was analysed in terms of leakage of 

genetic material by measuring the absorbance at 260 nm after incubation with fruit extracts 

(Carson et al. 2002).  E. coli and L. innocua cells were grown to the cell density of 

approximately 10
7
 cfu/ mL.  The cells were harvested by centrifugation at 10,000× g for 10 

min.  Supernatant was discarded, and the cell pellet was washed with phosphate buffered 

saline (PBS, pH 7.4).  Cell pellets were suspended in 1 mL PBS, and 100 L of cell 

suspension was incubated with selected fruit extracts at concentration equivalent to their 

MIC. Untreated and treated cells were incubated for 1 h, and at various time intervals, 50 L 

of cell suspension was withdrawn for absorbance measurement at 260 nm using UV-visible 

spectrophotometer (Shimadzu UV-1600, Kyoto, Japan). The leakage in treated samples was 

expressed in terms of increase in absorbance values at 260 nm over untreated controls. 



 

Membrane fluorescent intensity measurement: Cell membrane damage was estimated by the 

measurement of membrane fluorescent using propidium iodide (PI) influx assay (Hwang et 

al. 2010). Fluorescence reading was recorded using Spectrofluorometer (RF5301, Shimadzu, 

Japan). Cell pellets of E. coli and L. innocua prepared as above, were suspended in 1 mL PBS 

and selected fruit extracts were added at concentration equivalent to their MIC. Untreated and 

treated cells were incubated for 1 h and centrifuged at 10,000 × g for 10 min after incubation. 

The samples were washed twice with PBS to remove debris, and the cells were resuspended 

in PBS. The PI was added to the final concentration of 3 μM, and samples were incubated for 

10 min in the dark and washed twice with PBS (1 mL) to remove excess dye.  Final pellets 

were suspended in PBS (1 mL), and fluorescence was measured in spectrofluorometer at an 

excitation wavelength of 493 nm and an emission wavelength of 630 nm. Absorbance values 

obtained were used as indicator of cell membrane damage. The cells were photographed in a 

florescence microscope (BX 51, Olympus Microscope, Japan), and picture were saved in jpg 

format.  

 

Inhibition of sugar and amino acid uptake 

Chemically defined medium (CDM) containing various concentrations of extracts were used 

to study the effect of extracts on sugar and amino acid requirements of E. coli and L. innocua. 

CDM for E. coli was prepared according to the method of Synder and Koch (1966) and L. 

innocua CDM preparation was as described in Premaratne et al (1991), and overnight 

cultures adjusted to 1x10
7
 cfu/mL were used. To investigate the effect of extracts on 

carbohydrate requirement, the CDM containing extract and various concentrations of 

glucose, fructose and trehalose were used, whereas peptone was used as a source of amino 

acids. Bacterial culture (10 μL) was added to each well, and it was observed for growth after 

incubation at 37°C for 24 h. The minimum concentration of each sugar and peptone that 

showed visible bacterial growth was confirmed in minimum of three experiments. 

 

Statistical analysis 

Data were presented as mean value ± standard deviation. ANOVA was performed and means 

were compared using Tukeys test at 5% level of significance.  
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Figure S1: HPLC chromatogram of phenolic standards and N. cadamba fruit extracts  

 

 

 

 

Chromatogram for Phenolic standards (A), Ripe (B), mature (C) and immature (D) fruit extracts  

1=Tannic acid, 2=Gallic acid, 3=Catechine, 4=Caffeic acid, 5=Syringic acid, 6=Ferullic acid, 7=Rutin and 8=Quercetin 
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Figure S2: Effect of N. cadamba fruit extracts on bacterial cell membrane 

 

Leakage of 260 nm absorbing material from E. coli (A) and L. innocua (B) after treatment with MIC of ripe, 

mature and immature fruit extracts of N. cadamba. 

 

Propidium iodide uptake by E. coli (C) and L. innocua (D) after treatment with MIC of ripe, mature and 

immature fruit extracts of N. cadamba. 

 

Values followed by same letter for a particular time in figures A and B are not significantly (p<0.05) different 

from each other. 

 

Values followed by same letter in figures C and D are not significantly (p<0.05) different from each other. 
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Figure S3: Uptake of propidium iodide by E. coli and L. innocua after treatment with N. 

cadamba fruit extracts 

 

E. coli (Left panel) and L. innocua (right panel)  

Ripe fruit extract (Top), mature fruit extract (Middle) and Immature fruit extracts (Bottom) 



Table S1: Effect of N. cadamba fruit aqueous extracts on sugar and amino acids requirement 

of E. coli and L. innocua 

 Minimum concentration required for growth of bacteria
a
  

Extract and 

Concentration
b
  

Glucose (mM)  Fructose  (mM)  Trehalose (mM) Amino acids
c 

(mg/ mL) 

 E. 

coli 

L. innocua E.  

coli 

L. innocua E.  

coli 

L. 

innocua 

E. 

coli 

L. 

innocua 

Control 

 

12.5 10 12.5 10 12.5 10 150 1.2 

Ripe  

MIC/ 2 

NG
d
 NG NG NG NG NG NG NG 

Ripe  

MIC/ 4 

12.5 NG 12.5 NG 12.5 10 150 1.2 

Mature  

MIC/ 2 

12.5 10 12.5 10 12.5 10 150 NG 

Mature  

MIC/ 4 

12.5 10 12.5 10 12.5 10 150 1.2 

Immature  

MIC/ 2 

12.5 NG 12.5 NG 12.5 NG 150 NG 

Immature  

MIC/ 4 

12.5 10 12.5 10 12.5 10 150 1.2 

a
Result of 3 separate experiments  

b
No growth was observed at MIC even at highest concentration (50 mM sugar or 300 mg/ mL peptone)

  

c
Peptone was used as a source of amino acids

  

d
NG- No growth was observed even at highest concentration of sugar or peptone

 

 

  


