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Abstract 
Leafy vegetables are important for their nutritive and 

medicinal values. However, many of them are less 

explored and underutilized. The present study 

evaluates the antioxidant and antibacterial activities 

present in five underutilized leafy vegetables such as 

Alternanthera philoxeroides, Boerhavia diffusa, 

Enydra(=Enhydra) fluctuans, Glinus oppositifolius 

and Suaeda maritima. Methanolic extracts from leafy 

edible parts of these plants possessed diverse 

phytochemicals. Of these plants, the polyphenol 

contents like total phenolic (TPC), total flavonoid 

(TFC) and total tannin (TTC) were the highest in E. 

fluctuans with significant variations concerning other 

plants. Also, the antioxidant activities of E. fluctuans 

were greater comparing other plants; the parameters 

were the total antioxidant activity (TAA), ferric 

reducing power assay and ability to scavenge DPPH, 

ABTS and superoxide radicals. 

 

The effect of varying extract-quantities revealed the 

highest antibacterial activity of the E. fluctuans 

extracts with substantial inhibition zones against six 

bacterial strains. Accordingly, the E. fluctuans extracts 

showed the lowest MIC (2.75±0.35 mg ml-1) and MBC 

(3.50±0.71 mg ml-1), albeit with significant variations 

with ampicillin. The study highlights that these plants 

are the untapped repertoires of natural antioxidants 

and antimicrobials for dietary and therapeutic uses.  
 

Keywords: Antimicrobial, E. fluctuans, Leafy species, 

Phenolics, Radical scavenging. 

 

Introduction 
Leafy vegetables are a rich source of nutrition. Humans have 

used these from the early days of civilization as food and 

other well-beings.43 Among these leafy species, a large 

number of plants are still underutilized. The possible reasons 

are their restricted dietary usage in a particular area, lack of 

global recognition and limited exploitation of health 

benefits.51A vast majority of underutilized leafy species grow 

naturally as weeds in the fallow lands. These are cheaper in 

market value compared to commercially grown vegetables.8 

Due to the higher nutritional values of many such leafy 

vegetables, the underprivileged  ethnic  groups  in  rural  areas 

* Author for Correspondence  

traditionally use these plants, especially during scarcity of 

food.18  

 

Apart from their higher nutrient and micronutrient contents, 

these plants also possess an ample amount of natural 

antioxidants like vitamins, polyphenols etc. which minimize 

oxidative damage.47 A good number of studies also 

highlighted the health benefits of these leafy species in 

nutritional deficiency, digestive disorders, microbial 

infections, diabetic complications, hepatoprotection and 

cardiovascular diseases.22,25,31 

 

Antioxidant molecules scavenge reactive oxygen species 

(ROS) during oxidative stress of an organism is maintaining 

a balance between oxidation and anti-oxidation.13 The 

natural antioxidants primarily come from different plant 

parts. The leaves contribute a major share of it. The natural 

antioxidants of plant origin are mainly polyphenols (phenolic 

acids, flavonoids, tannins, anthocyanins, lignans and 

stilbenes), carotenoids and vitamins.16 Plant-derived 

antioxidants manifest diverse biological effects that include 

antibacterial, antiviral, anti-inflammatory, anti-analgesic, 

anticancer, anti-ageing etc.45 

 

Pharmacologically important plant-derived compounds, 

secondary metabolites, play an important role in plant 

defence against many bacterial diseases.17 Antibiotics are the 

prime therapeutic agents in combating bacterial infections for 

several decades. However, their indiscriminate use led to the 

development of various antibiotic-resistant bacterial 

strains.15 The situation has worsened in recent times due to 

the emergence of multidrug-resistant bacteria. 16  

 

It prompted the researchers to explore novel antimicrobials 

from plant origin. The phytomedicines from phytochemicals 

have emerged as the new therapeutic targets against 

microbes. These are safe, reliable and cheaper than synthetic 

drugs. Most importantly, these have few or no side effects.21 

 

The study includes five underutilized leafy plant species 

namely Alternanthera philoxeroides (Mart.) Griseb. (Family: 

Amaranthaceae), Boerhavia diffusa L. (Family: 

Nyctaginaceae), Enydra fluctuans DC. (Family: Asteraceae: 

= Enhydra fluctuans Lour.), Glinus oppositifolius (L.) Aug. 

DC (Family: Molluginaceae) and Suaeda maritima (L.) 

Dumort. (Family: Amaranthaceae), which are commonly 

used as green vegetables in different locales and are known 

for their medicinal values. 
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A. philoxeroides, a native of South America, grows profusely 

in Gangetic plains mostly as a marshy weed.9B. diffusa is a 

creeping herb and the leaves are used as a vegetable as well 

as herbal medicine in many parts of India. The Indian 

vernacular name of the plant is ‘punarnava’, which reflects 

its rejuvenating activity as mentioned in Ayurveda.2E. 

fluctuans is an aquatic or marshy herb with wider distribution 

in India and is used for its edible leaves. The plant also 

possesses immense therapeutic potential with folkloric uses 

to cure digestive complications and nervous disorders.24 G. 

oppositifolius is a much-branched annual herb that grows in 

dry areas as well as dried-up ditches, pools and rice fields. 

The leaves and young stems of the plant are slightly bitter 

and used for both food and medicine.28 S. maritima, an annual 

herb, grows as a salt marsh mangrove associate in 

Sundarbans and other coastal areas of India. The plant is 

edible as a leafy vegetable with a pleasant salty flavour and 

is often used in salads and seasonings.38 

 

The present work represents a detailed comparative study of 

these five plant species. It includes phytochemical analyses, 

diverse antioxidant assays and antibacterial properties using 

dose-dependent methanolic extract (3, 6 and 12 mg) 

treatments against three Gram-negative and three Gram-

positive bacteria. The work aims to screen lesser-known 

vegetables with potent antioxidant and higher antibacterial 

activities which can be exploited in the future for the 

development of natural antioxidants and novel 

antimicrobials. 

 

Material and Methods 
Plant specimens: Among the five studied plant species, A. 

philoxeroides, B. diffusa, E. fluctuans and G. oppositifolius 

were collected from the Kalyani University campus and 

adjoining area, Nadia, West Bengal (22.989132° N and 

88.447412° E, 11 m above sea level). We collected S. 
maritima from the salt marshes of Sundarbans at Bakkhali 

(21°33′47″N and 88°15′34″E, 4 m above sea level), South 

24-Parganas. We identified the plant specimens following 

the standard taxonomic manual and authentication from the 

Botanical Survey of India (BSI), Kolkata, West Bengal, 

India. The voucher specimens were deposited in the 

herbarium at the Department of Botany, University of 

Kalyani. 

 

Preparation of methanolic extracts: The aerial parts of the 

plants containing healthy leaves and young twigs were 

collected for the extraction of plant samples. The plant parts 

(10 g) were cleaned with water and soaked with tissue paper 

to remove the adherent water. The extractions were made 

with 90% methanol (v/v) keeping the sample to solvent at 

1:20 (w/v) ratio for 48 h. The extractions (cold maceration 

method) were performed at room temperature (RT; 30±1ºC) 

with shaking (40 rpm). The solvent extracts were filtered 

(Whatman No. 1), concentrated and dried using a rotary 

vacuum evaporator at 50ºC (Rotavapor R-II-HB; Büchi, 

Switzerland) and the resulting crude extracts were kept at 4ºC 

until further use.  

Phytochemical analyses 

Qualitative tests: Qualitative tests for different 

phytochemicals like sugars, phenolics, flavonoids, tannins, 

terpenes, alkaloids, saponins and iridoids in the crude 

extracts were carried out following different tests like 

Benedict’s test for sugars46, ferric chloride test for phenolics 

and tannins52, sodium hydroxide test for flavonoids52, p-

anisaldehyde test for terpenes19, Dragendorff’s test for 

alkaloids19, froth test for saponin20 and Trim-Hill test for 

iridoids53. 

 

Quantitative determination of phenolic components: 
Estimation of the phenolic components in the extracts like 

total phenolic content (TPC), total flavonoid content (TFC) 

and total tannin content (TTC) was performed following 

previously described methods of Ojha et al.33 Briefly, TPC 

was estimated by mixing 0.5 ml extract solution, 1 ml FC 

reagent (Folin-Ciocalteu reagent) and 2 ml Na2CO3 (0.7 M) 

incubated for 45 min in dark and absorbances were measured 

at 765 nm. The amounts of TPC were expressed as mg gallic 

acid equivalent (GAE)/ g extract. 

 

TFC was determined by sequential addition of 0.5 ml test 

sample, 1.5ml ddH2O, 0.2ml NaNO2 (5%), 0.2ml AlCl3 

(10 %) and 0.6 ml NaOH (1 N), mixed and incubated for 10 

min in dark. The absorbances were measured at 510 nm and 

the flavonoid contents were represented as mg quercetin 

equivalent (QE)/ g extract. 

 

TTC contents were detected by preparing reagent mixtures 

consisting of 0.5 ml sample, 8 ml ddH2O, 0.5 ml FeCl3 (0.1 

M) and 0.5 ml potassium ferricyanide (8 mM). The mixtures 

were incubated at RT for 10 min, the absorbances were 

recorded at 720 nm and expressed as mg GAE/ g extract. 

 

Antioxidant assays 

Total antioxidant activity (TAA): The assay was 

performed33 based on the phospho-molybdenum method in 

which 0.5ml extract sample was mixed with 3 ml reagent 

solution containing 28 mM sodium phosphate, 600 mM 

H2SO4 and 4 mM ammonium molybdate and incubated at 

90±1ºC for 1½ h in a water bath. The absorbances were 

recorded at 695 nm and represented as mg ascorbic acid 

equivalent (AAE)/ g extract. 

 

Ferric reducing antioxidant power (FRAP): The reducing 

power assay by Benzie and Strain7 was modified33 with the 

preparation of assay mixture consisting of 0.2 ml extract 

solution (5mg/ml) and 1.8 ml FRAP reagent, containing 0.3 

M sodium acetate buffer (pH 3.6); 10 mM 2,4,6-tripyridyl-s-

triazine (TPTZ) and 20 mM FeCl3. The mixtures were kept 

for 5 min at 37°C, absorbances were recorded at 594 nm and 

the FRAP values were expressed as mM Fe2+/ mg of sample. 

Ascorbic acid was used as the reference standard (positive 

control) in the assay. 

 

DPPH radical scavenging assay: This assay was performed 

by the previously documented method of Ojha et al.33 
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Different concentrations of extract samples (100 µl) were 

mixed with 1.2 ml 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

solution (6×10-5 M), incubated at RT for 15 min in dark and 

the absorbances were monitored at 517 nm. The percent 

scavenging of the DPPH• radical was represented by: 

 

Scavenging activity (%) = 

 
 

where Acontrol = absorbances of the control and Asample = 

absorbances of test samples. 

 

The IC50 values of the radical (representing 50 % scavenging) 

were determined from the percent scavenging activities of 

increasing extract concentrations and reference control 

ascorbic acid. 

 

ABTS radical scavenging assay: The ABTS•+ scavenging 

assay described by Re et al41 was also modified by Ojha et 

al33 in which increasing concentrations of extract samples 

(100 µl) were added with 900 µl of the 2,2´-azino-bis-

3ethylbenzothiazoline-6-sulphonic acid (ABTS) solution 

(generated by mixing 7 mM ABTS in water with 2.45 mM 

potassium persulfate; diluted with ethanol to obtain 

absorbance of 0.70) and the absorbances were recorded at 

734 nm. The percent scavenging activity and IC50 value of 

the extracts and reference (ascorbic acid) were calculated 

from the obtained data.  

 

Superoxide (SO) scavenging activity: The SO assay33 

based on the previously described method of Beauchamp and 

Fridovich6 was performed by adding 1 ml sample solution, 

1.8 ml sodium phosphate buffer (50 mM; pH 7.6), 20 μl 

riboflavin (2.66 mM), 80 µl ethylenediaminetetraacetic acid 

(EDTA) (12 mM) and 100 µl nitro blue tetrazolium (NBT) 

(1.22 mM). The reaction was induced by light, kept for 90 

seconds at RT and the absorbances were measured at 590 nm 

in comparison with a blank (non-illuminated reaction). 

Results were represented as IC50 values from the percent 

scavenging of the varying extract concentrations and 

quercetin as reference. 

 

Antibacterial assay 
Bacterial strains, media and growth conditions: The 

bacterial strains used as test organisms are Escherichia coli 

MTCC 443, Salmonella enterica serovar Typhi C-6953, 

Vibrio cholerae N16961, Bacillus subtilis MTCC 121, 

Staphylococcus aureus ATCC 25923 and Staphylococcus 

epidermidis MTCC 3086. All the strains were preserved in 

glycerol (40%) supplemented with NB (HiMedia) at -80ºC. 

Before commencement of experiments, bacteria were 

cultured aerobically either in NB or TSB (HiMedia) at 37ºC 

with agitation (60 rpm) or on nutrient agar (NA) / tryptone 

soya agar (TSA) plates. During antibacterial assays, the 

strains were grown in Mueller-Hinton agar (MHA) media or 

in Mueller-Hinton broth (MHB) at 37ºC. 

 

Disc diffusion assay: The assay was performed essentially 

following Kirby-Bauer method5 with minor modifications. 

Bacterial suspension (100 µl) of each strain containing 

approximately 2×108 colony forming units (CFU)/ml 

(prepared from overnight cultures) was uniformly spread on 

MHA plates. In the meantime, plant extracts of different 

concentrations (3, 6 and 12 mg) were prepared from a stock 

solution in methanol (200 mg ml-1; w/v), applied on sterile 

paper discs (5 mm) and allowed to dry. Methanol (60 µl) was 

used as vehicle (negative) control while ampicillin (2, 4 and 

6 µg in 20µl double distilled water) was used as a positive 

control. Finally, the sample and control discs were aseptically 

placed over the bacteria seeded MHA plates and incubated 

for 24 h at 37ºC. The diameter of the inhibition zones was 

measured at 24 h. All the treatments were determined in 

triplicate. 

 

Determination of the minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC): 
A modified micro-well dilution method23 was used for the 

determination of MIC and MBC of plant extracts against six 

bacterial strains. The extract solutions were serially diluted 

with MHB (0.5-15 mg ml-1) and dispensed in the wells of a 

micro-well polystyrene plate (Tarsons, India). Overnight 

grown bacterial cultures (10 µl) were added in each well to 

reach the final volume of 200 µl in each well containing 

inoculum of 1×107 CFU/ml. Different concentrations of 

antibiotic (ampicillin) were used similarly as a positive 

control. The extract-control (medium with extracts of 

different dilutions) and inoculum control (medium with the 

only inoculum) were used as negative controls.  

 

Following the treatments (in triplicate), the micro-plates 

were covered by a lid and incubated for 18 h at 37°C with 

gentle shaking (40 rpm). MIC was determined by estimating 

the lowest concentration of the extract or antibiotic that 

inhibited the apparent growth of the bacteria. The bacterial 

growth was assessed by their absorbances at 620 nm using a 

microplate reader (ELx800, BioTek, Switzerland). 

 

MBC was estimated using the same setup for MIC 

determination and a loop full of bacterial suspension (10 µl) 

from each well was taken and streaked on properly labelled 

MHA plates.29 The plates were incubated for 24 h at 37°C 

and the presence or absence of bacterial growth on the 

streaked area was observed and recorded. MBC was 

calculated by determining the lowest concentration of the test 

sample at which all the inoculated microorganisms were 

killed. 

 

Statistical analyses: The experiments were carried out in 

triplicate and represented as mean ± standard error (SE). 

Results obtained for quantitative analysis of phenolic 

components, antioxidant assays, MIC and MBC were 

analyzed using One-way Analysis of Variance (ANOVA) 

with post hoc Tukey’s multiple comparison test (p<0.05).  

 

Critical difference (CD) was performed to determine a 

significant level (p<0.05) if any, between/among the 

different extract concentrations in disc diffusion assay. All 

(Acontrol – Asample) 
 

         Acontrol 
× 100 
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statistical analyses were performed with Microsoft Excel and 

SPSS version 20 (IBM, USA). 

 

Results and Discussion 
Phytochemical analyses: The qualitative analyses of 

phytochemicals (Table 1) from methanolic extracts reveal the 

presence of total phenolics, flavonoids, tannins and alkaloids 

in all the plants at high to moderate levels. E. fluctuans 

extract contains higher phenolics and flavonoids while higher 

tannin and alkaloid contents are observed in B. diffusa. 

Terpenes manifest higher presence in E. fluctuans and S. 

maritima, however, it is low in G. oppositifolius and absent 

in the other two species. Iridoid glycosides and sugars are 

present in all the species except S. maritima whereas saponin 

is detected only in A. philoxeroides and G. oppositifolius at 

moderate and higher levels respectively. 

 

Methanol is used as an extraction solvent in the study due to 

its higher polarity index (5.1) which is better suited for 

extracting polar phytoconstituents.49 Occurrence of diverse 

phytochemical groups in these plants is affirmed by the 

previous reports2,14,28,40,44 in different solvent extracts. 

However, methanolic extractions are reported to yield higher 

amounts of phytochemicals in different plants like Paederia 

foetida33 and Cajanas cajan27. 

The quantitative estimation of total phenolics (GAE/g), 

flavonoids (QE/g) and tannins (GAE/g) from plant extracts is 

presented in figure 1. Results reveal that the highest estimates 

of TPC (4.65±0.29), TFC (1.92±0.07) and TTC (4.75±0.31) 

are observed in E. fluctuans with significant (p<0.05) 

differences from other studied plant species. In comparison, 

the TPC and TTC estimates in different plants are in the order 

of E. fluctuans>B. diffusa>A. philoxeroides>G. 

oppositifolius>S. maritima while the order in TFC alters as 

the estimate of B. diffusa is lower than A. philoxeroides and 

G. oppositifolius.  

 

All the plant species under study are reported to contain 

TPC, TFC and TTC in varying amounts.9,24,28,34,35 However, 

the present study highlights the comparison of polyphenol 

contents among the five leafy vegetables. It represents the 

superiority of E. fluctuans. The richness of phenolics in 

leaves is associated with its photosynthetic ability as 

evidenced by the up-regulation of phenolic compounds in 

photosynthetic tissues.55 This observation may justify the 

lower yield of phenolics in G. oppositifolius and S. maritima 

with reduced leaf area than the other three plants. 

Furthermore, the mangrove associate herb S. maritima 

grows under salinity stress28 with special adaptive growth 

parameters which may account for lower phenolic yield.1 

 

Table 1 

Qualitative estimation of phytochemicals in methanolic extracts of five leafy vegetables. 
 

Plant Species Phytochemicals 

Sugars Phenolics Flavonoids Tannins Terpenes Alkaloids Saponins Iridoids 

A. philoxeroides ++ + + +  + + ++ 

B. diffusa + + + ++  ++  ++ 

E. fluctuans + ++ ++ ++ ++ +  + 

G. oppositifolius ++ + + + + + ++ + 

S. maritima  + + + ++ +   

‘++’ High, ‘+’ Moderate, ‘’ Absent 

 

 
Figure 1: Quantitative estimation of Total Phenolic Content (TPC), Total Flavonoid Content (TFC)  

and Total Tannin Content (TTC) in five leafy vegetables. 

Different alphabets used in figure represent significant differences (p<0.05) as calculated by Tukey’s test 
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Antioxidant activities: The antioxidant activities of the 

plant species assessed by five different assays are presented 

in table 2. TAA activity (µg AAE/mg) is maximum in E. 

fluctuans (5.99±0.63) followed by A. philoxeroides 

(3.72±0.31), B. diffusa (3.34±0.28), G. oppositifolius 

(2.92±0.14) and S. maritima (2.27±0.18). Among the five 

plants, TAA activity of E. fluctuans is noticeable (1.6, 1.8, 

2.2 and 2.6-fold more than A. philoxeroides, B. diffusa, G. 

oppositifolius, S. maritima respectively) and shows 

significant variations (p<0.05) from other studied species. 

 

Among the different extracts, maximum reducing power 

activity by FRAP (mM Fe2+/ mg) assay is also found in E. 

fluctuans (28.23±2.80) which is much closer to the activity 

of reference control ascorbic acid (34.46±1.04), though 

differing significantly. The FRAP activity of S. maritima is 

also noteworthy with a sufficiently higher estimate 

(19.37±1.91) than A. philoxeroides (14.73±1.23), G. 

oppositifolius (10.38±1.45) and B. diffusa (8.72±1.05) with 

significant variations (p<0.05). 

 

The DPPH, ABTS and SO radical scavenging assays are 

represented with their IC50 (µg ml-1) values. In all scavenging 

assays, lower IC50 values of E. fluctuans among all 

methanolic extracts reflect its high antioxidant potential. The 

IC50 value of E. fluctuans (113.84±2.73) detected in DPPH 

assay is closer to the standard antioxidant ascorbic acid 

(28.69±1.50) than the other leafy vegetables like S. maritima 

(444.80±48.89), A. philoxeroides (758.55±46.42), G. 

oppositifolius (869.41±24.49) and B. diffusa (981.17±14.59). 

However, the estimates are significantly (p<0.05) different 

from each other. A similar trend is observed in ABTS assay 

with a minimum IC50 value in E. fluctuans (98.84±8.85) 

followed by S. maritima (446.55±28.77), A. philoxeroides 

(586.34±38.17), G. oppositifolius (712.26±19.39) and B. 
diffusa (747.80±10.19) showing significant variations 

(p<0.05) between each other excepting between G. 

oppositifolius and B. diffusa. 

In SO assay, the highest activity is observed in E. fluctuans 

extract. The lower IC50 values of E. fluctuans (146.91±13.14) 

and S. maritima (252.98±22.85) reflect their greater 

antioxidant activities when compared with the reference 

standard quercetin (267.35±11.33). It is worth mentioning 

that significant variations (p<0.05) exist between E. fluctuans 

and quercetin though the variation between S. maritima and 

quercetin is nonsignificant (p>0.05). The IC50 values of A. 

philoxeroides (659.70±33.91), G. oppositifolius 
(716.48±10.46) and B. diffusa (801.42±3.95) also vary 

significantly (p<0.05) from E. fluctuans and S. maritima.  

 

The study highlights the significant antioxidant potential of 

five leafy vegetables using total antioxidant, reducing power 

and radical scavenging assays as it has been evidenced that 

the efficacy of antioxidant is better judged through different 

assays based on distinct principles.39 Presence of antioxidant 

activities at varying amounts in E. fluctuans42, S. maritima28, 

A. philoxeroides9, G. oppositifolius3 and B. diffusa34 has been 

reported earlier. However, a comparative account of 

antioxidant activities among five leafy greens in this study 

reveals the superiority of E. fluctuans in different antioxidant 

assays. In radical scavenging assays like DPPH and ABTS, 

the efficacy of E. fluctuans extract is much closer to the 

reference standard (ascorbic acid) and in SO assay, even the 

activity is greater than the reference (quercetin).  

 

It suggests the potent antioxidant nature of E. fluctuans 

among the five plants. Such robust activity in E. fluctuans 

can be attributed to their rich phenolic contents as 

polyphenols are considered as one of the major contributors 

of antioxidants in plants.36,50 Apart from E. fluctuans, the 

antioxidative efficacy of S. maritima is also notable. In 

reducing and in radical scavenging assays, the activity is 

substantially high. However, in TAA it is not at par with the 

other extracts.

 

Table 2 

Antioxidant activities of methanolic extracts from five leafy vegetables 
 

Antioxidant assays 

Plant species  
Reference 

standard* 
A. 

philoxeroides 

B. 

diffusa 

E. 

fluctuans 

G. 

oppositifolius 

S. 

maritima 

TAA 

mg AAE/g of extract 
3.72±0.31b 3.34±0.28bc 5.99±0.63a 2.92±0.14bc 2.27±0.18c - 

FRAP 

mM Fe2+/ mg of 

extract 

14.73±1.23c 8.72±1.05d 28.23±2.80b 10.38±1.45d 19.37±1.91b 34.46±1.04a 

DPPH 

IC50 value (µg ml-1) 
758.55±46.42d 981.17±14.59f 113.84±2.73b 869.41±24.49e 444.80±48.89c 28.69±1.50a 

ABTS 

IC50 value (µg ml-1) 
586.34±38.17d 747.80±10.19e 98.84±8.85b 712.26±19.39e 446.55±28.77c 34.92±3.97a 

SO 

IC50 value (µg ml-1) 
659.70±33.9c 801.42±3.95e 146.91±13.14a 716.48±10.46d 252.98±22.85b 267.35±11.33b 

Different alphabets within a row represent significant differences (p<0.05) as calculated by Tukey’s test. 

* Ascorbic Acid (FRAP, DPPH, ABTS); Quercetin (SO) 
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The antioxidative activities of S. maritima are implicated in 

polyphenolics1 and an increase in antioxidant phenolics like 

quercetin during salt stress is exemplified.26 The plausible 

explanation for greater reducing and radical scavenging 

activities in S. maritima may be due to an enrichment of 

antioxidant phenolics and their synergy in the extract35 albeit 

with lower phenolic contents. 

 

Antibacterial activities: The antibacterial activities of 

methanolic extracts (3, 6 and 12 mg) from five leafy 

vegetables measured by disc diffusion assay against six 

bacterial strains are depicted in table 3. The plant extracts are 

inhibitory to the test organisms at varying degrees, though 

foreseeably manifestation of inhibition is maximum at their 

highest concentration (12 mg). The effect is dose-dependent 

and the variations among the extract concentrations are most 

significant (p<0.05). 

 

E. fluctuans represents the highest inhibitory activity (Table 

3, Figure 2) among the five plants with maximum inhibition 

zone (mm) against B. subtilis (21.30±0.66) followed by E. 

coli (19.10±1.43), S. epidermidis (16.20±0.53), S. aureus 
(13.20±0.89), V. cholerae (11.90±0.98) and S. Typhi 

(10.20±0.43). The effect is visible from the starting 

concentration (3 mg) and shows significant (p<0.05) increase 

in activity with increments in extract concentrations. 

 

The efficacy of S. maritima is also marked (Table 3) and 

represents the second-highest among the five plants. It shows 

a maximum inhibition zone against B. subtilis (21.30±0.66) 

and a minimum against V. cholerae (8.20±1.43). However, 

significant variations (p<0.05) of inhibition zones are only 

evident at higher extract concentrations (6 and 12 mg). The 

other three plant species G. oppositifolius, B. diffusa and A. 

philoxeroides show significant inhibitory effect only at their 

highest treatment concentrations (12 mg). However, at lower 

concentrations, the inhibition zones are either undetected or 

insignificantly present. 

 

The MIC and MBC of the leafy species extracts against six 

bacteria are determined to assess their antimicrobial potency 

and presented in figure 3. The minimum inhibitory effect of 

plant extracts ranges from 2.75±0.35 mg ml-1 to 12.00±0.71 

mg ml-1 and bactericidal efficacy ranges from 3.50±0.71 mg 

ml-1 to 13.00±0.71 mg ml-1. Among the five plants, E. 

fluctuans extract demonstrates the highest activities against 

both B. subtilis and E. coli (MIC/MBC: 2.75±0.35/ 

3.50±0.71) followed by S. epidermidis (MIC/MBC: 4.25 ± 

0.35/5.25 ±0.35), both S. Typhi as well as V. cholerae 

(MIC/MBC: 5.25±0.35/6.25±0.35) and S. aureus 

(MIC/MBC: 5.75±0.35/6.75±0.35).  

 

These estimates show significant variation (p<0.05) among 

the other plant extracts as well as with reference antibiotic 

ampicillin. The ampicillin as positive control demonstrates 

the lowest MIC and MBC with significant differences 

(p<0.05) among all the treatments.

 

Table 3 

Antibacterial activities of methanolic extracts of five plant species against six bacteria by disc diffusion assay 
 

Bacterial 

strains 

Inhibition zone (mm) at different extract concentration (mg) in plant species 

A. philoxeroides B. diffusa E. fluctuans G. oppositifolius S. maritima CD 

(p<0.05) 

3 6 12 3 6 12 3 6 12 3 6 12 3 6 12  

E. coli 6.30 

± 

0.90 

6.80 

± 

1.10 

7.70 

± 

0.23 

5.80 

± 

1.12 

8.20 

± 

1.56 

10.10 

± 

0.81 

11.20 

± 

0.31 

13.90 

± 

0.89 

19.10 

± 

1.43 

5.80 

± 

1.11 

7.80 

± 

0.67 

10.80 

± 

0.23 

9.10 

± 

0.78 

9.50 

± 

0.33 

12.30 

± 

0.65 

 

1.66 

 

V. cholerae ND ND 5.80 

± 

0.32 

ND ND 7.20 

± 

0.56 

5.80 

± 

0.43 

8.80 

± 

0.54 

11.90 

± 

0.98 

ND ND 6.20 

± 

0.32 

ND 6.20 

± 

1.05 

8.20 

± 

1.43 

1.21 

S. Typhi ND ND 7.30 

± 

0.65 

ND ND 6.30 

± 

0.76 

6.00 

± 

0.65 

7.80 

± 

0.54 

10.20 

± 

0.43 

ND 5.90 

± 

0.26 

7.20 

± 

0.45 

5.80 

± 

0.75 

6.70 

± 

0.54 

9.90 

± 

0.78 

 

0.81 

 

B. subtilis 7.20 

± 

0.75 

7.30 

± 

0.76 

9.20 

± 

0.43 

ND 5.80 

± 

0.84 

7.20 

± 

1.12 

13.10 

± 

0.34 

16.20 

± 

0.67 

21.30 

± 

0.66 

ND 5.80 

± 

0.98 

6.30 

± 

0.89 

7.30 

± 

0.52 

12.20 

± 

0.56 

16.20 

± 

0.78 

 

1.36 

 

S. 

epidermidis 

ND ND 7.30 

± 

0.78 

ND ND 8.20 

± 

0.65 

6.20 

± 

0.78 

11.20 

± 

0.67 

16.20 

± 

0.53 

ND ND 8.30 

± 

0.56 

ND 7.30 

± 

1.14 

9.30 

± 

0.89 

 

1.01 

 

S. aureus ND ND 6.80 

± 

0.56 

ND ND 7.90 

± 

0.23 

6.40 

± 

0.98 

10.20 

± 

0.87 

13.20 

± 

0.89 

ND 6.20 

± 

0.56 

9.20 

± 

0.67 

ND 7.20 

± 

0.67 

10.20 

± 

0.56 

 

0.94 

 

ND: Not detected; CD: Critical difference 
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Figure 2: Growth inhibition zones of different bacterial strains by varying methanolic extract concentrations  

(3, 6 and 12 mg) of E. fluctuans (E); C represents vehicle control. 

 

In S. maritima, the activities are substantial but lower than E. 

fluctuans showing significant variation (p<0.05) and differ in 

the order of bacterial susceptibilities like B. subtilis 

(MIC/MBC: 5.00±0.71/6.00±0.71), E. coli (MIC/MBC: 

5.25±0.35/6.25±0.35), S. epidermidis (MIC/MBC: 

6.00±0.71/7.00±0.71), S. aureus (MIC/MBC: 8.25±0.35/ 

9.00±0.71) and both S. Typhi and V. cholerae (MIC/MBC: 

8.50±0.71/9.50±0.71). The extracts of the other three leafy 

species show reduced activities and comparisons among 

them (p<0.05) reveal a better activity of B. diffusa than G. 
oppositifolius and A. philoxiroides. The least activity 

representing the highest MIC/MBC among all the treatments 

is observed in A. philoxiroides against V. cholerae 

(12.00±0.71/13.00±0.71). 

 

The methanolic extracts of five leafy vegetables manifest 

substantial antibacterial efficacy against Gram-positive and 

Gram-negative bacteria. The inhibitory activity of plant 

microbials is reported to be conferred by a different group of 

secondary metabolites.11 In this study, E. fluctuans extract 

shows significant activity representing the highest among 

the five plants which indicates higher amounts of bioactive 

phytochemicals in the extract.44  

 

Studies on microbial inhibition by E. fluctuans are meagre, 

however, available reports indicate moderate inhibition with 

methanolic extract24 and toluene extract18 against various 

microorganisms. The superior activity of E. fluctuans in this 

study may be attributed to the phenolic contents as it 

possesses the highest TPC, TFC and TTC estimates than the 

other tested plant extracts. The role of phenolic components 

in antibacterial activity is also substantiated from various 

plants.4,12  

The activity of S. maritima is also remarkable with the 

second-highest MIC and MBC values among the studied 

plants; however, its phenolic contents are significantly low. 

The effectiveness of the methanolic extracts30 and its hexane 

fraction32 against various bacteria and even non-polar solvent 

extracts54 of the species is documented for antibacterial 

activities. It points towards diverse antimicrobials in S. 

maritima with distinct solubility in different solvents. 
 

The enrichment of methanol extractable bioactive 

compounds, particularly phenolics, may be attributed to the 

observed activities in the present study against the variety of 

bacteria. The role of polyphenols in inhibiting bacterial 

growth has also been found in different studied plants.10  

 

The other three species B. diffusa, G. oppositifolius and A. 
philoxiroides represent better antibacterial activities only at 

higher concentrations against the bacteria under study. 

Relatively lower activities by these plants may be due to the 

reduced amount of the bioactive antimicrobials in the solvent 

extracts which is in conjunction with the studies showing 

low to moderate antimicrobial activities using methanolic 

extracts of these three species.2,28,40  

 

Comparison among bacterial strains highlights a higher 

degree of susceptibility towards normal laboratory strains 

like B. subtilis and E. coli followed by Gram-positive 

pathogens S. epidermidis and S. aureus while Gram-negative 

clinical isolates like S. Typhi and V. cholerae are less 

susceptible. The cell wall architectures of the Gram-positive 

organisms make them more susceptible to antimicrobial 

compounds than the Gram-negative ones.37  
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Figure 3: MICs and MBCs of methanolic extract of five leafy vegetables (Ap = A. philoxeroides, Bd = B. diffusa,  

Ef = E. fluctuans, Go = G. oppositifolius, Sm = S. maritima) and ampicillin (Amp) against six bacterial strains  

(E. coli: A, V. cholerae: B, S. Typhi: C, B. subtilis: D, S. epidermidis: E, S. aureus: F)." 

Different alphabets used in figure represent significant differences (p<0.05) calculated by Tukey’s test. 
 

However, the greater susceptibility of laboratory strains than 

clinical isolates may develop due to repeated freeze-thaw 

cycles during their recurrent culture over a longer period.48 

Thus, comparisons among five plants for their 

phytochemical contents, antioxidant and antibacterial 

activities highlight the pre-eminence of E. fluctuans.  

 

Conclusion 
The study manifests the phytochemical diversity and 

phenolic contents in five leafy vegetables from their 

methanolic extracts. Antioxidant efficacy of these plants 

measured by total antioxidant, reducing power and radical 

scavenging assays reveals substantial activities in E. 
fluctuans and S. maritima. These five plants also represent 

antibacterial activities against Gram-positive and Gram-

negative bacteria showing maximum efficacy in E. 
fluctuans.  

 

The superiority of E. fluctuans in antioxidant and 

antibacterial activities is evident among the five leafy 

vegetables which may be corroborated with the higher 

phenolic contents of the plant. The potent antioxidant and 

higher antibacterial efficacy of E. fluctuans can be utilised 

for the development of cost-effective natural antioxidants 

and novel plant-derived antimicrobials for effective dietary 

and therapeutic uses. 
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