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Abstract 

A significant global health concern is the increasing occurrence of multidrug-resistant (MDR) bacterial 

pathogens, which calls for the investigation of new natural antimicrobial agents. The current 

investigation compared the antibacterial activity of methanolic extracts from Mesua ferrea, Zingiber 

officinale, Solanum nigrum, and Pueraria tuberosa against MDR bacterial isolates recovered from 

bovine mastitis milk, including Staphylococcus aureus, Escherichia coli, Bacillus cereus, Bacillus 

paraanthracis, Alcaligenes faecalis, and Bacillus licheniformis. S. nigrum showed the strongest 

antibacterial activity among the tested extracts, and it was then thoroughly characterized in terms of 

phytochemistry and bioactivity. Alkaloids, flavonoids, phenolics, tannins, saponins, and terpenoids were 

confirmed by qualitative phytochemical screening, thin-layer chromatography (TLC), high-performance 

thin-layer chromatography (HPTLC), and gas chromatography-high-resolution mass spectrometry (GC-

HRMS). One of the main bioactive components was 1-propanol, 2-(1-methyl ethoxy)- [2-2-

isopropoxypropane]. Strong free radical scavenging ability (IC₅₀: DPPH 42.6 µg/mL; superoxide 49.2 

µg/mL) and catalase inhibition (IC₅₀ 56.1 µg/mL) were shown by antioxidant assays. Protein denaturation 

was significantly inhibited (78.4% at 100 µg/mL) and red blood cell membrane stabilization was 

comparable to diclofenac sodium, demonstrating the extract's concentration-dependent anti-inflammatory 

properties. Additionally, MCF-7 breast cancer cells were cytotoxically affected by S. nigrum extract (IC₅₀ 

78.5 µg/mL), exhibiting morphological characteristics that were consistent with apoptosis. Together with 

strong antioxidant, anti-inflammatory, and anticancer properties, S. nigrum's broad-spectrum antibacterial 

efficacy points to a variety of therapeutic possibilities. Its various phytoconstituents acting on various 

cellular targets most likely interact synergistically to produce these effects. The results taken together 

show that S. nigrum is a promising candidate for the development of plant-based antimicrobial and 

adjunct therapeutic agents against MDR pathogens, which calls for additional in vivo validation and the 

isolation of bioactive secondary metabolites by different bioassays. 

 

 
 

Keywords: Solanum nigrum, Multidrug-resistant bacteria, Phytochemicals, Antibacterial activity, 

Antioxidant activity, GC-HRMS, HPTLC 

 

1. Introduction 

Multidrug-resistant (MDR) bacterial infections have become a significant global public health 

concern because they reduce the effectiveness of traditional antibiotics and raise the risk of  
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treatment failure, prolonged illness, and mortality. The crisis 

continues to grow worse due to the slow rate of new antibiotic 

discovery and the quick emergence and spread of resistance 

determinants through spontaneous mutation, horizontal gene 

transfer, and biofilm formation [1, 2]. A rising percentage of 

human and veterinary infections, including mastitis, urinary 

tract infections, wound infections, and sepsis, are linked to 

clinically significant MDR bacteria, including Staphylococcus 

aureus, Escherichia coli, Bacillus cereus, Bacillus 

paraanthracis, Alcaligenes faecalis, and Bacillus 

licheniformis [3-6]. These infections often exhibit resistance to 

several antibiotic classes, which makes treatment plans more 

difficult and raises medical expenses.  

There is now more interest in plant-derived bioactive 

compounds as alternative or complementary therapies due to 

the increasing limitations of existing antimicrobial agents. 

Alkaloids, flavonoids, phenolic acids, saponins, tannins, and 

terpenoids are among the structurally diverse phytochemicals 

found in medicinal plants that are well-known for their 

antibacterial, antioxidant, anti-inflammatory, and anticancer 

properties [7, 8]. Multitarget mechanisms of action, such as 

disruption of microbial membranes, inhibition of protein and 

nucleic acid synthesis, suppression of efflux pumps, and 

interference with quorum sensing, are responsible for their 

pharmacological versatility [9, 10]. Furthermore, compared to 

many synthetic drugs, compounds derived from plants are 

usually more environmentally friendly, biodegradable, and 

have lower toxicity [11]. 

In Ayurvedic medicine, Mesua ferrea L. (Nagkesar), an 

evergreen tree in the Calophyllaceae family, has been 

extensively used to treat microbial infections, inflammation, 

skin conditions, and bleeding piles. Xanthones, coumarins, 

and flavonoids with strong antimicrobial and antioxidant 

qualities have been found through phytochemical studies [12, 

13]. Traditional medicine makes extensive use of Zingiber 

officinale Roscoe, or ginger, a member of the Zingiberaceae 

family, to treat inflammatory, respiratory, and gastrointestinal 

conditions. Bioactive substances like gingerols, shogaols, and 

paradols, which have been shown to have antibacterial and 

anti-inflammatory properties, are abundant in its rhizomes [14, 

15]. The hepatoprotective, antimicrobial, and anticancer 

properties of Solanum nigrum L. (Makoy), a member of the 

Solanaceae family, have been attributed to its flavonoids and 

steroidal glycoalkaloids [16, 17]. The Fabaceae family's 

Pueraria tuberosa (Roxb. ex Willd.) DC. (Vidarikand) is 

commonly used as a restorative tonic because it contains 

saponins, triterpenoids, and isoflavonoids that have 

antibacterial, anti-inflammatory, and antioxidant qualities [18, 

19]. A comparative study of these plants' antibacterial efficacy 

against clinically relevant MDR bacterial isolates, especially 

those derived from mastitis cases, is still lacking, although 

each plant has a well-established medicinal potential. A 

significant financial burden on the dairy industry, mastitis is 

an inflammatory condition of the mammary gland that can 

spread through contaminated milk. The urgent need for new 

antimicrobials that are effective against these pathogens is 

highlighted by recent studies that used whole-genome 

sequencing (WGS) to identify a variety of antibiotic 

resistance genes in bacteria linked to mastitis [20]. The 

pathogenic profile observed among the current MDR isolates 

is further supported by metagenomic analyses of bovine 

mastitis milk, which have revealed decreased microbial 

diversity and enrichment of opportunistic pathogens [21, 22] 

The current study aimed to compare the antibacterial activity 

of methanolic extracts from Mesua ferrea, Zingiber officinale, 

Solanum nigrum, and Pueraria tuberosa against MDR 

bacterial isolates (S. aureus, E. coli, B. cereus, B. 

paraanthracis, A. faecalis, and B. licheniformis) found in 

clinical mastitis milk using WGS. Using gas chromatography-

high-resolution mass spectrometry (GC-HRMS), thin-layer 

chromatography (TLC), high-performance thin-layer 

chromatography (HPTLC), and qualitative tests, the plant 

extract with the strongest antibacterial activity was further 

exposed to phytochemical profiling. To give a thorough grasp 

of its therapeutic potential, antioxidant and anti-inflammatory 

properties were also evaluated. This study aims to find 

promising plant-based bioactive compounds for the 

construction of novel antimicrobials to fight MDR pathogens 

by combining microbiological, phytochemical, and bioactivity 

analyses. 

 

2. Materials and Methods 

2.1 Collection and Authentication of Plant Materials 

In the Anand district of Gujarat, India, between March and 

April 2024, fresh, healthy portions of Mesua ferrea (stems), 

Zingiber officinale (rhizomes), Solanum nigrum (leaves), and 

Pueraria tuberosa (tubers) were gathered from local markets 

and verified botanical gardens. The plant specimens were 

verified by Dr. Kalpesh Inshnava, a botanist from Sardar Patel 

University's Department of Biosciences in Vallabh 

Vidyanagar, Anand, Gujarat, India. 

 

2.2 Preparation of Methanolic Extracts 

Following a thorough washing, each plant sample was ground 

into a coarse powder and allowed to dry in the shade at room 

temperature. 500 milliliters of methanol were used to cold 

macerate 50 grams of powder from each plant for 72 hours, 

stirring occasionally. When the methanol in the extract 

evaporated, the extracts were concentrated and dried after 

being filtered through Whatman No. 1 filter paper [23].  

 

2.3 Preliminary Antibacterial Screening  

The in-vitro antibacterial study employed multidrug-resistant 

clinical isolates of Bacillus paraanthracis, Bacillus cereus, 

Bacillus anthracis, Bacillus altitudinis, Staphylococcus 

aureus, Escherichia coli, Alcaligenes faecalis, and Bacillus 

licheniformis from maternal milk with mastitis [20]. Before 

use, these strains were standardized to a 0.5 McFarland 

standard after being resurrected and subcultured on nutrient 

agar. Using the agar well diffusion assay, bacterial 

suspensions were seeded onto Mueller-Hinton agar plates. 

100 µL of extract (250-1000 µg/mL) was added to wells (6 

mm). Zones of inhibition were measured in millimeters after 

plates were incubated for 24 hours at 37 °C. DMSO served as 

the negative control and tetracycline as the positive control 
[24]. Serial dilutions of extracts in nutrient broth determined 

MIC. After adding culture inoculum test tubes were incubated 

at 37°C for 24 hours. The lowest concentration with no 

turbidity was recorded as MIC. To determine MBC, 10 µL 

from wells without visible growth were subcultured onto 

nutrient agar. MBC was recorded as the lowest concentration, 

showing no colony growth [24, 25]. 

 

2.4 Phytochemical Screening 

The extract of Solanum nigrum exhibited the most potent 

antibacterial properties among the four species and was 

chosen for additional examination. Conventional qualitative 

chemical tests were carried out to identify the presence of 

alkaloids, flavonoids, saponins, tannins, terpenoids, and 

phenolic compounds [26, 27]. 
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2.5 Thin-Layer Chromatography (TLC): TLC was used to 

separate the phytoconstituents on silica gel 60 F254 plates. A 

capillary tube was used to apply the extracts, and plates were 

created in an ideal solvent mixture that included toluene, 

water, and formic acid (10:5:1) [28]. Separated bands were 

visualized using UV light at 254 and 366 nm. 

 

2.6 High-Performance Thin-Layer Chromatography 

(HPTLC) 

HPTLC was used to quantify selected chosen phytochemicals. 

The extract and standard solutions were applied using a 

CAMAG Linomat 5 sample applicator. A CAMAG TLC 

Scanner was used to scan the plates at a suitable wavelength 

following their development had been developed in a twin-

trough chamber. Standard calibration curves served as the 

basis for quantitative analysis [29]. 

 

2.7 Gas Chromatography-High-Resolution Mass 

Spectrometry (GC-HRMS) 

A Thermo Scientific Q Exactive GC Orbitrap system was 

used to perform GC-HRMS analysis on the chemical 

composition of Solanum nigrum extract. The detection of 

compounds was accomplished through contrasting mass 

spectra with standard libraries like NIST and Wiley, and 

confirmation was obtained using retention indices [30]. 

 

2.8 Antioxidant Activity Assays 

2.8.1 DPPH Radical Scavenging Assay: The plant extract at 

different concentrations was combined with a 0.1 mM DPPH 

suspension in methanol to determine the DPPH free radical 

scavenging activity. After 30 minutes of incubation in the 

dark, absorbance was determined at 517 nm. The ascorbic 

acid standard was compared to the results [31]. 

 

2.8.2 Superoxide Radical Scavenging Assay 

The alkaline DMSO strategy was used to measure the 

superoxide radical scavenging activity. Absorbance was 

measured at 560 nm after reaction mixtures were incubated. 

The standard reference was ascorbic acid [32]. 

 

2.8.3 Catalase Activity Assay 

The extracted compounds were incubated with hydrogen 

peroxide in phosphate buffer to measure catalase activity. 

Spectrophotometric measurement was used to determine the 

absorbance drop at 240 nm. It was determined what 

percentage of the enzyme was inhibited [33]. 

 

2.9 In-vitro Anti-inflammatory Activity 

2.9.1 Inhibition of Protein Denaturation 

The protein denaturation method, as identified by Mizushima 

and Kobayashi (1998) and Sakat et al. (2010) with minor 

modifications [34, 35], was utilized to determine the anti-

inflammatory activity of plant extracts. The test extract and 

1% aqueous bovine serum albumin (BSA) were added to the 

reaction mixture, and 1 N HCl was used to adjust the pH. 

After 15 minutes of incubation at 37 °C, the samples were 

heated for five minutes at 70 °C. A spectrophotometer was 

used to measure the turbidity at 660 nm after the mixture had 

cooled to room temperature. The results were presented as the 

percentage inhibition of protein denaturation in comparison to 

the control. 

 

2.9.2 Heat-induced Hemolysis 

The heat-induced hemolysis method was used to measure 

membrane-stabilizing activity [36]. Healthy volunteers who 

had not taken NSAIDs for at least two weeks prior to 

sampling had their fresh human blood drawn. After 

centrifuging the blood for 10 minutes at 3000 rpm, the packed 

cells were rinsed three times with regular saline. The cells 

were reconstituted in saline as a 10% (v/v) suspension. Equal 

amounts of plant extracts and RBC suspension (100-500 

µg/mL) were combined for the assay, using diclofenac 

sodium as the standard medication and saline as the control. 

To calculate the percentage of inhibition of hemolysis, the 

mixtures were incubated for 30 minutes at 56 °C, cooled, 

centrifuged for 5 minutes at 2500 rpm, and the absorbance of 

the supernatant was measured at 560 nm. 

 

2.10 Anticancer Activity 

The MTT assay was used to evaluate the destructive effects of 

Solanum nigrum extract on breast cancer cells. After being 

seeded in 96-well plates, cells were exposed to varying extract 

concentrations (25-200 µg/mL) for a full day. Absorbance 

was measured at 570 nm following treatment with MTT 

reagent. The outcomes were contrasted with those of 

untreated control groups [37]. 

 

2.11 Statistical Analysis 

Three duplicates of each assay were run. Mean ± standard 

deviation is used to express the data. To ascertain statistical 

significance, one-way analysis of variance, or ANOVA, was 

used. Statistical significance was determined at a p-value of 

less than 0.05.  

 

3. Results and Discussion 

3.1 Comparative Antibacterial Screening of Plant Extracts 

Initially, the antibacterial activity of all four methanolic plant 

extracts was tested against clinical bacterial isolates that were 

resistant to multiple drugs. With inhibition zones varying 

from 14.3±0.5 mm to 20.2 ± 0.7 mm, depending on the test 

organism, Solanum nigrum exhibited the most significant 

activity among them. Zingiber officinale outperformed Mesua 

ferrea and Pueraria tuberosa by a small margin, while the 

other three extracts displayed moderate to low inhibition. 

Active phytoconstituents like alkaloids and flavonoids, which 

have been shown to break down bacterial cell walls and 

prevent the synthesis of nucleic acids, may be the cause of 

Solanum nigrum's superior antibacterial activity [38]. 

 

3.2 Phytochemical Screening 

The identification of alkaloids, flavonoids, tannins, 

terpenoids, phenolic compounds, and saponins in the S. 

nigrum extract has been determined by the qualitative 

phytochemical analysis. The consistency of the findings has 

been confirmed by earlier studies that found a similar 

phytochemical profile in various plant parts, such as leaves, 

fruits, and roots [8]. Primarily isolated from S. nigrum, 

alkaloids like solanine and solamargine are known to have 

antimicrobial and anticancer effects by disrupting cellular 

signaling and inducing apoptosis [39]. Flavonoids, which are 

commonly found in extracts from S. nigrum, are known to 

scavenge reactive oxygen species, inhibit microbial efflux 

pumps, and provide protection against oxidative stress [39]. 

The antimicrobial potential was further enhanced by the 

presence of tannins, which precipitate microbial proteins and 

inhibit survival-critical enzymes. Additionally found in our 

investigation, terpenoids have been linked to pathogenic 

microorganisms' disruption of membranes and have been 

shown to contribute to anti-inflammatory activity in related 

species. According to previous quantitative assessments, 
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phenolic compounds which are especially prevalent in S. 

nigrum fruits have potent radical scavenging activity that is 

directly correlated with the total phenolic content. Moreover, 

S. nigrum saponins have been connected to antimicrobial 

activities through membrane permeabilization as well as 

cytotoxicity against tumor cells [40, 41]. Collectively, the 

phytochemical profile found in our extract validates earlier 

findings and helps to explain, at least in part, the biological 

activities linked to S. nigrum. 

 

3.3 Antibacterial activity 

The agar well diffusion method was used to assess the 

antibacterial activity of the methanolic extracts of the chosen 

plants against six multidrug-resistant bacterial isolates: 

Staphylococcus aureus, Escherichia coli, Bacillus cereus, 

Bacillus paraanthracis, Alcaligenes faecalis, and Bacillus 

licheniformis. All bacterial strains demonstrated substantial 

zones of inhibition, though the isolates' levels of susceptibility 

differed. The inhibition zones for S. aureus ranged from 18.5 

± 0.6 mm to 22.1 ± 0.8 mm, demonstrating the highest 

sensitivity to the extracts and the significant antibacterial 

activity of the methanolic extracts against Gram-positive 

cocci. This result is in line with earlier studies showing the 

effectiveness that plant-derived compounds are at combating 

the multidrug-resistant pathogen S. aureus [7, 42]. 

Among the Gram-negative bacteria, the zones of inhibition 

for A. faecalis and E. coli ranged from 12.3 ± 0.4 mm to 16.7 

± 0.5 mm, indicating moderate sensitivity. A potential reason 

for these Gram-negative strains comparatively lower 

susceptibility is their protective outer membrane barrier, 

which prevents some phytochemicals from penetrating [8, 43]. 

Responses to the extracts varied among the Bacillus species, 

including B. cereus, B. paraanthracis, and B. licheniformis. 

Inhibition zones for B. cereus ranged from 15.2 ± 0.5 mm to 

19.0 ± 0.6 mm, while zones for B. paraanthracis and B. 

licheniformis showed moderate activity, ranging from 13.5 ± 

0.3 mm to 17.4 ± 0.7 mm. The methanolic extracts appear to 

have promising antibacterial activity against Bacillus species, 

which are significant opportunistic pathogens, according to 

these findings [44]. The investigated methanolic plant extracts 

have broad-spectrum antibacterial activity, according to the 

results, and are more effective against Gram-positive bacteria 

than Gram-negative bacteria. The presence of bioactive 

phytoconstituents like alkaloids, flavonoids, and phenolic 

compounds which are known to damage bacterial membranes, 

prevent enzyme activity, and obstruct the synthesis of nucleic 

acids is responsible for this antibacterial potential [8]. To 

identify the precise chemicals causing this activity and 

thoroughly assess their mechanisms of action, more research 

is necessary. 

 

3.4 Thin-Layer Chromatography (TLC) Analysis 

The varied chemical composition of the extract was 

confirmed by TLC profiles, which displayed clear bands at 

254 and 366 nm when exposed to UV light. Multiple 

secondary metabolites have been determined to be detected 

based on the separation efficiency. Following ferric chloride 

spraying, the bands observed showed the existence of 

phenolic compounds. Fractions of interest were identified 

using TLC as a dependable initial technique, and HPTLC and 

GC-HRMS were used to quantify and characterize them later. 

 

3.5 High-Performance Thin-Layer Chromatography 

(HPTLC) Quantification: A fast and reproducible technique 

for measuring phytochemicals in intricate plant matrices was 

HPTLC. Using a reference standard, HPTLC analysis 

measured one of the extract's essential components. 1.28% 

w/w was the concentration of the marker compound, such as 

orcinol. The marker's retention factor (Rf) matched that seen 

in the extract lanes, and the calibration curve displayed good 

linearity (R2= 0.998). 

 

3.5 GC-HRMS Characterization 

Orcinol, hexadecanoic acid, methyl linoleate, and phytol were 

among the several compounds found by GC-HRMS analysis. 

Earlier investigations have reported the antimicrobial and 

anti-inflammatory properties of each of these 

compounds separately. One phenolic compound that has been 

shown to have antibacterial activity against both Gram-

positive and Gram-negative bacteria was orcinol. Such 

compounds have been found in S. nigrum, which increases its 

therapeutic relevance and validates its observed biological 

properties. 

 

3.7 Antioxidant Activity 

Across all tests, the extract exhibited concentration-dependent 

antioxidant activity. For superoxide scavenging, the IC₅₀ 

value was 49.2 µg/mL, whereas for the DPPH assay, it was 

42.6 µg/mL. The optimum inhibition of 65.3% of catalase 

activity was observed at 200 µg/mL. The findings indicate the 

presence of potent phytoconstituents that donate electrons and 

can neutralize free radicals, thereby preventing oxidative 

stress. S. nigrum antioxidant activity corresponds to 

accordance with previous research by Shailabi et al. (2024), 

which linked these benefits to polyphenolic components [44]. 

Similar findings were published by Nithiyanantham et al. 

(2012), who showed a significant association between DPPH 

and ABTS values and the total phenolic and flavonoid content 

of S. nigrum extracts [45]. Further study confirmed the 

significance of flavonoids and tannins in this species' 

antioxidant potential by showing that methanolic leaf extracts 

had strong hydroxyl radical scavenging and ABTS 

scavenging activity [46]. In addition, it was demonstrated that 

saponin-enriched fractions of S. nigrum fruits exhibited strong 

radical scavenging properties (DPPH IC₅₀ = 38.2 µg/mL), 

indicating that saponins contribute to antioxidant capacity in 

addition to phenolics [41]. Together, these results show that 

several classes of phytochemicals work in synchrony to 

produce S. nigrum's antioxidant activity, which was in 

accordance with the high activity observed in our tests. 

 

3.8 Anti-inflammatory Activity 

The ability of the plant extracts to prevent protein 

denaturation and maintain erythrocyte membrane stability 

under heat-induced stress was used to gauge their anti-

inflammatory effectiveness. All tested extract showed a 

significant, concentration-dependent inhibition of albumin 

denaturation in the protein denaturation assay. The prevalent 

pathway in inflammatory processes, protein denaturation, was 

prevented by the extract, as evidenced by the maximum 

inhibition, which varied from 60% to 85%. These findings 

align with past research showing that bioactive substances 

derived from plants, like flavonoids and phenolics, stabilize 

proteins by avoiding thermal denaturation [34, 35]. When 

denaturation causes inflammation and tissue damage, the 

inhibition of protein denaturation raises the possibility of 

therapeutic benefits. 
Heat-induced hemolysis was used to determine the 
membrane-stabilizing effect, and the results showed that the 
extracts significantly protected red blood cells (RBCs). 

https://www.phytojournal.com/
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Comparable to the common anti-inflammatory medication 
diclofenac sodium, the percentage inhibition of hemolysis 
ranged from 55% to 80%. This protection suggests that the 
extracts have anti-inflammatory qualities because they can 
stabilize lysosomal membranes and prevent the release of 
inflammatory mediators [47]. These results are consistent with 
the known function of phytochemicals in preserving the 
integrity of membranes under stress, and membrane 
stabilization serves as crucial for shielding cells from harm 
during inflammatory responses. 
Furthermore, the plant extracts effectiveness to reduce 
inflammation has been proven by the observed inhibition of 
membrane stabilization and protein denaturation. The findings 
support earlier studies showing the importance of plant 
secondary metabolites, including flavonoids, alkaloids, and 
saponins, in regulating inflammatory pathways [35]. To 
completely clarify the therapeutic relevance of these extracts, 
more research would be beneficial, including in vivo studies 
and the identification of active constituents. 
 

3.9 Anticancer Activity  
The MTT assay was used to assess the destructive effect of S. 
nigrum extract on human cancer cell lines. Considering an 
IC₅₀ value of 78.5 µg/mL on MCF-7 breast cancer cells, the 
extract demonstrated significant activity. Under a microscope, 
cellular changes revealed apoptosis-mediated cell death. 
These findings demonstrate S. nigrum's potential as a source 
of anticancer agents and confirm earlier reports of its 
destructive nature [48, 49]. 
 

4. Conclusion 
The methanolic extract of S. nigrum is thoroughly evaluated 
in this study, starting with a comparative antibacterial 
screening of the extract among a few chosen ethno-medicinal 

species and continuing with in-depth phytochemical 
identification and biological activity evaluation. S. nigrum 
showed the strongest antibacterial activity against bacteria 
that were resistant to multiple drugs among the plants that 
were tested. The presence of various phytochemicals was 
verified by later analyses, which were identified by GC-
HRMS and quantified by HPTLC. The extract exhibited 
significant cytotoxic effects against human cancer cell lines in 
addition to strong antioxidant and anti-inflammatory qualities. 
According to these results, S. nigrum represents a rich source 
of bioactive compounds with many potential uses and could 
be a good natural candidate for the production of substitute 
remedies. The subsequent research should focus on in vivo 
validation and bioassay-guided fractionation to comprehend 
entirely the mechanisms of action of its active ingredients. 
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Table 1: Preliminary antibacterial screening of four plant extracts against MDR bacterial strains 

 

Plants Solanum nigrum Zingiber officinale Mesua ferrea Pueraria tuberosa 

Antibacterial Activity (mg/mL) 

Bacterial isolates MIC MBC MIC MBC MIC MBC MIC MBC 

Staphylococcus aureus 6.5 10 15 22 22 33 30 45 

Escherichia coli 8 12 18 27 25 38 35 52 

Bacillus cereus 7.5 11 16 24 23 35 32 48 

Bacillus paraanthracis 7.8 12 17 26 24 36 34 51 

Alcaligenes faecalis 9 14 20 30 28 42 40 60 

Bacillus licheniformis 8.2 12 18 27 25 38 36 54 

 
Table 2: Phytochemical screening of plant extracts 

 

Plant Solanum nigrum Zingiber officinale Mesua ferrea Pueraria tuberosa 

Alkaloids ++ - - - 

Carbohydrates ++ + - + 

Glycosides + - - - 

Tannins +++ ++ ++ ++ 

Saponins ++ + - + 

Steroids ++ - - - 

Fixed oils and fats + + ++ - 

Flavonoids +++ ++ +++ + 

Phlobatannins + + + + 

Terpenoids - - - ++ 

Cardiac glycosides - + + + 

Phenol +++ +++ ++ ++ 

 
Table 3: Antioxidant activities of S. nigrum extract (IC₅₀ values) 

 

Assay IC₅₀ (µg/mL) 

DPPH scavenging assay 42.6 ± 1.3 

Superoxide scavenging 49.2 ± 1.5 

Catalase inhibition assay 56.1 ± 2.0 
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Figures 

 

 
 

Fig 1: Error-bar plot (mean ± SD, n = 3) comparing inhibition-zone diameters (mm) for Mesua ferrea (stems), Zingiber officinale (rhizomes), 

Solanum nigrum (leaves), and Pueraria tuberosa (tubers) extracts against Bacillus paraanthracis, Bacillus cereus, Bacillus anthracis, Bacillus 

altitudinis, Staphylococcus aureus, Escherichia coli, Alcaligenes faecalis, and Bacillus licheniformis bacteria isolated from human lactational 

mastitis milk samples. 

 

 
 

Fig 2A: Representative thin-layer chromatography (TLC) profile of S. nigrum extract under UV light at 254 nm and after derivatization, 

showing separation of major phytoconstituents. B. High-performance thin-layer chromatography (HPTLC) densitogram of S. nigrum extract, 

indicating the peak corresponding to the quantified phytochemical with a retention factor (Rf) value 0f 0.06. 

 

 
 

Fig 3A: GC chromatogram of the isolated band of methanolic extract of S. nigrum L, B. Mass spectrum of the isolated band of methanolic 

extract of S. nigrum L, C. Mass spectrum of the identified compound from the isolated band of methanolic extract of S. nigrum L 
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Fig 4: Dose-response curves of S. nigrum extract in antioxidant assays, A. DPPH, and B. Superoxide scavenging. 

 

 
 

Fig 5A: Inhibition of protein denaturation by S. nigrum extract, illustrating its anti-inflammatory potential compared to diclofenac sodium, B. 

Heat-induced hemolysis by S. nigrum extract, illustrating its anti-inflammatory potential compared to diclofenac sodium. 
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Fig 6: Cytotoxic effect of S. nigrum extract on MCF-7 breast cancer cells, A. Untreated cells, B. Cells treated with S. nigrum extract, C. 

Untreated control shows faint basal fluorescence, and D. Cells treated with S. nigrum extract exhibit intense green fluorescence (arrows) 

showing elevation of ROS. 
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