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ABSTRACT  

Probiotics are nonpathogenic living 

microorganisms which confer health 

benefits on the host. Nowadays, probiotic 

Lactobacilli are frequently used in green 

chemistry approach for silver nanoparticle 

synthesis which is considered as an 

ecofriendly alternative way to other 

chemical and physical methods. This 

study was designed to investigate the 

biosynthesis of silver nanoparticles using 

Lactobacillus, isolated from commercially 

available set yoghurts in local market and 

to evaluate antibacterial and antioxidant 

potentials of synthesized silver 

nanoparticles. Five set yoghurt samples 

were purchased and cultured on MRS 

media. Thereupon Lactobacillus was 

phenotypically and biochemically 

identified using colony morphologies( on 

MRS agar) and biochemical tests(Gram    

staining,  acid-fast staining, endospore 

staining and catalase test), respectively. 

Then Lactobacillus mediated silver 

nanoparticle synthesis from silver nitrate 

was carried out by sunlight irradiation. 

Nanoparticles obtained were detected by 

means of UV-visible spectroscopy. 

Afterwards, DPPH(1,1- diphenyl-2-

picrylhydrazine)  radical scavenging assay 

and agar well diffusion assay were carried 

out to determine antioxidant and 

antibacterial activity of the synthesized 

silver nanoparticles. As results, mucoid 

white colonies with entire margins were 

observed in all samples. Bacterial colonies 

from all the samples showed positive 

results for Gram staining, negative results 

for acid fast staining, endospore staining 

and for catalase test. UV-visible 

absorption spectrum for each sample 

showed absorbance maximum between 

390nm-470nm, which is a characteristic of 

surface plasmon resonance of silver. In 

DPPH assay, silver nanoparticles showed 

significantly high(p<0.05) antioxidant 

activity (85.20%±2.6354) compared to 

Lactobacillus. In agar well diffusion 

assay, silver nanoparticles displayed 

considerable antibacterial 

activity(25.333±0.577mm for Escherichia 

coli and 21.333±0.577mm for 

Staphylococcus aureus) whereas 

Lactobacillus did not show any 

antagonistic effect against Escherichia coli 

and Staphylococcus aureus. Considering 

the findings of this study, it can be 

concluded that Lactobacillus can be used 

effectively in the production of silver 

nanoparticles which consist of antioxidant 

and antibacterial activity, for commercial 

and medical applications.  

Key words: Lactobacillus, Silver 

nanoparticles, Antioxidant, Antibacterial 
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INTRODUCTION 

Probiotics 

Probiotics are living microorganisms 

which confer health benefits on the host, 

when administered in adequate amounts. 

Probiotics were discovered by Elie 

Metchnikoff in 1908 and considered as 

nonpathogenic microorganisms(eg-: 

Lactobacillus,  Bifidobacterium) including 

some commensal bacterial flora(Morelli 

and Capurso, 2012). Generally, found in 

carbohydrate rich environments such as in 

fermented foods, cosmetic products and in 

dietary supplements. A study done by 

Islam(2016), has shown beneficial effects 

of probiotics on children with acute 

infectious diarrhea. Furthermore, 

Goderska, Pena and Alarcon(2018) have 

demonstrated probiotics induced 

protective mechanisms of the small 

intestine mucosal cells, as  the basis of 

using antibiotics combined with probiotics 

to treat Helicobacter pylori infection. In 

addition, Abraham and Quigley(2017) 

have indicated therapeutic applications of 

probiotics in ulcerative colitis and 

Chrohn’s disease.   

              Moreover, normalization and 

colonization of intestinal microbial flora, 

competitive prohibition of pathogens, 

bacteriocin production, metabolization of 

biliary salts, deactivation of xenobiotics, 

synthesis of short-chain fatty 

acids(SCFAs)  which intern produce wide 

range of effects; modulating insulin 

sensitivity, mucin production, cell 

adhesion and immune modulation are the 

reported several effects of probiotics on 

human health(Markowiak and Slizewska, 

2017). However, the exact mechanisms of 

action of probiotics are poorly understood 

yet. 

 

Characteristics of Lactobacillus 

 

Lactobacillus is a group of rod-shaped, 

Gram positive, oxidase and catalase 

negative, non-sporulating, facultative 

anaerobic lactic acid bacteria(LAB) which 

is generally recognized as safe(GRAS) 

(eg- : Lactobacillus acidophilus, 

Lactobacillus casei, Lactobacillus 

delbrueckii subsp. bulgaricus) ( Angmo, 

Kumari and Bhalla, 2016). Generally, 

found in fermented foods, plants and in the 

normal flora of the human. Lactobacillus 

is with fermentation ability which 

responsible for a diversification in the 

texture and flavor of fermented foods(Han 

et al., 2016). According to Basso et 

al.(2014), based on the end product of 

glucose fermentation, two types of 

Lactobacilli are present; homofermenters 

and heterofermenters. Homofermentative 

Lactobacilli ferment carbohydrates 

predominantly into lactic acid whereas 

heterofermentative Lactobacilli ferment 

carbohydrates predominantly into lactic    

acid, acetic acid and carbon dioxide. 

Recently, several studies have reported 

that Lactobacillus can exhibit antibacterial 

activity through different mechanisms 

including production of anti-microbial 

metabolites(eg-: organic acids, hydrogen 

peroxide, bacteriocins), competition with 

harmful bacteria either for nutrients or for 

adhesion receptors(Islam et al., 2020). 

Apart from that Lactobacillus is known to 

have antioxidant activity due to its 

extracellular metabolites. Thus, minimize 

the oxidative stress and play a crucial role 

in the treatment of free-radicals induced 

diseases such as cancers. 

 

AgNPs Synthesis 

 

Nowadays, AgNPs are synthesized by 

various methods namely, chemical 

methods, physical methods and 

biosynthesis. Polyol process and precursor 

injection are the most commonly used 

chemical methods for AgNPs 

synthesis(Lin and Cheng, 2020; Nguyen, 

Tran and Nguyen, 2020). According to 

Goudarzi et al.(2016), physical methods 

including condensation, evaporation, 
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thermal-decomposition are time 

consuming, require high energy and not 

economical.  

  In green synthesis of AgNPs, 

precursor is reduced by natural products 

which obtained from living organisms(eg-

: bacteria, plant extracts) at room 

temperature. Jamkhande et al.(2019), has 

investigated that the plant extracts have 

low synthesis rate than bacteria. In present 

study, Lactobacillus has used as 

biofactories for AgNPs synthesis. 

According to Siddiqui et al.(2018) 

Lactobacillus is a best candidate for 

nanoparticle synthesis due to its ability to 

reduce heavy metal ions. However, the 

mechanisms involved in Lactobacillus 

mediated AgNPs synthesis are not 

elucidated yet. Majority of literature 

indicates biosynthesis as a highly 

economical, low energy consuming, 

efficient, high yield harvesting and highly 

reproducible simplest method for AgNPs 

synthesis(Khan et al., 2018 ; Palomo and 

Filice, 2016). Apart from that, 

biosynthesis of AgNPs considered as an 

eco-friendly approach, due to ability of 

bacteria to enzymatically degrade 

hazardious byproducts(Shams, Pourseyedi 

and Rafsanjani, 2014).  

 

Characteristics and Applications of 

AgNPs 

 

AgNPs are nanoscale (less than 100nm 

in size) metallic silver particles which 

generally contain 20 -15000 silver atoms. 

Because of the smallest size, surface area: 

volume ratios of AgNPs are extremely 

high. Depending on the method which 

used to synthesized AgNPs, size and shape 

can be vary (Anandalakshmi, Venugobal 

and Ramasamy, 2016). Most frequently 

AgNPs are spherical in shape. 

Furthermore, AgNPs are chemically stable 

metallic nanoparticles with catalytic 

activity and high electrical 

conductivity(Palomo and Filice, 2016). 

Moreover, Fahmy et al.(2017), have 

introduced localized surface plasmon 

resonance(LSPR) as a most important 

optical property of AgNPs. 

                Antifungal, antiviral, anti-

inflammatory, anti-angiogenic, 

antibacterial and antioxidant properties are 

some functional properties of AgNPs 

which currently used in medical 

field(Burdusel et al., 2018). Furthermore, 

Foldbjerg, Dang and Autrup (2011), 

reported about dose-dependent 

cytotoxicity of AgNPs in human lung 

cancer cells. Moreover, Acharya et 

al.(2020), reported that the influence of 

AgNPs on seed germination of water 

melon and corn in agricultural field.  

 

Antibacterial and Antioxidant 

Potentials of AgNPs 

 

Scientists have proposed several 

mechanisms through which AgNPs exert 

their antibacterial activity; adhesion of 

AgNPs onto the bacterial cell wall via 

bioactive molecules that are present on the 

surface of AgNPs, which then damage the 

genetic material, thus ultimately causing 

bacterial cell death(Duran et al., 2016; 

Keshari et al., 2018; Gurunathan, 2015). 

Nevertheless, according to Dakal et 

al.(2016), Ag+ ions interact with the 

sulphur or phosphorus containing proteins 

in bacterial cell wall and then convert it to 

a nonfunctioning cell wall, which may 

ultimately cause bacterial cell lysis.  

               In addition, alteration of 

permeability of cell membrane, generation 

of free radicals responsible for the damage 

of cell membrane, dissipation of the proton 

motive force resulting in the collapse of 

the membrane potential, are the other 

proposed mechanisms for antibacterial 

activity of AgNPs(Dasgupta and 

Ramalingam, 2016). However, the exact 

mechanism has not been fully deciphered. 

Nowadays, research are focusing on the 

development of broad-spectrum novel 

antibiotics to overcome multidrug 
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resistance using AgNPs(Beretta and 

Cavalieri, 2016). Furthermore, Kumar et 

al.(2018), have proved that the 

antibacterial potential of AgNPs have 

been used in wound healing. 

Bedlovicova et al.(2020), documented 

that the presence of functional groups on 

AgNP surface that are with redox 

properties which allow AgNPs to act as 

reducing agents, hydrogen donors, and 

singlet oxygen quenchers may directly 

contribute to antioxidant action. In 

addition, study done by Gajbhiye and 

Sakharwade (2016), has demonstrated 

about the ability of AgNPs to neutralize 

reactive oxygen species and thereby 

protect skin cells from oxidative damage 

which intern reduce pigmentation and 

wrinkles. Hence AgNPs are considered to 

have economical value in cosmetic 

industry.  

 

Scope and Significance of the study 

 

According to the literature, there is no 

sufficient evidence about antibacterial and 

antioxidant potentials of AgNPs 

synthesized by Lactobacillus isolated from 

Sri Lankan set yoghurts. Therefore, this is 

the first study in Sri Lanka that 

investigates both antibacterial and 

antioxidant potentials of green synthesized 

AgNPs which were synthesized by 

Lactobacillus isolated from set yoghurt 

samples. The main aim of this study was 

to investigate the biosynthesis of AgNPs 

using Lactobacillus which is found in 

commercial set yoghurts and to evaluate 

antibacterial and antioxidant potentials of 

synthesized AgNPs. Apart from that, this 

study was designed to culture Lactobacilli 

which found in set yoghurts on MRS(De 

Man, Rogosa and Sharpe) agar, to identify 

Lactobacilli using biochemical tests(Gram 

staining, acid-fast staining, endospore 

staining and catalase test), to synthesize 

AgNPs from isolated Lactobacilli via 

sunlight irradiation, to measure the 

absorbance of biosynthesized AgNPs 

using spectrophotometry, to assess 

antibacterial potential of AgNPs using 

agar well diffusion assay and to assess 

antioxidant potential of AgNPs using 

DPPH (1,1- diphenyl-2-picrylhydrazine) 

radical scavenging  assay. Majority of 

literature reported about various 

applications of AgNPs and benefits of 

Lactobacillus in green synthesis of AgNPs 

as an eco-friendly alternative way to other 

methods. Considering all aforementioned 

facts it can be well perceived that the 

antibacterial and antioxidant properties of 

AgNPs are not only with of industrial 

significance, but also of medical 

significance in nanomedicine field. 

 

Materials  

  

Reagents 

 

Absolute ethanol(VNR Chemicals), 

Distilled water, Immersion oil, Gram’s 

iodine(DAYTONA), Gram’s 

decolorizer(DAYTONA), Crystal 

violet(DAYTONA), 

Safranin(DAYTONA), Malachite 

green(DAYTONA), Carbol 

fuchsin(DAYTONA), Methylene 

blue(DAYTONA), AgNO3(0.5M – 

ResearchLab) , DPPH(ALDRICH), 

Gentamicin(ROTH), MRS(De Man, 

Rogosa and Sharpe) agar(HIMEDIA), 

MH(Mueller Hinton) agar(HIMEDIA), 

MRS broth(HIMEDIA), MH 

broth(HIMEDIA), BaCl2(LOBA 

CHEMIE), Absolute H2SO4(VNR 

Chemicals), Absolute HCl(VNR 

Chemicals), H2O2(30%-VNR Chemicals) 

  

                                                                                                                                                        

METHODOLOGY  

All the tests were carried out under 

aseptic conditions. 

 

Sample Collection   
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Commercially available set yoghurt 

products of five different brands( A,B,C,D 

and E), were purchased from local markets 

in Sri Lanka. In order to obtain highest 

viability of probiotics from each yoghurt 

sample, shelf life and the quality of 

probiotic yoghurts were examined using 

manufacture dates and expiration dates 

while purchasing. Apart from that plain 

yoghurts without any flavoring agents and 

with the least amount of extra ingredients 

were selected from each brand. 

Immediately after purchase, the samples 

were refrigerated until use. 

 

Sample preparation and 

homogenization 

  

Initially, 10.0g of each set yoghurt 

sample was transferred aseptically into 

10mL of saline and homogenized 

thoroughly, until obtained an uniform 

thickness throughout the sample. 

Culturing the samples on MRS agar 

First of all, 20mL of prepared MRS 

media was poured into an each petri plate 

and allowed to get solidified. Afterwards, 

the samples were cultured on MRS media 

using quadrant streaking method. All the 

cultures were incubated for 48hrs at 370C 

in the incubator. After 48hrs incubation, 

individual colonies of Lactobacillus were 

identified by their phenotypic appearance 

and observations(colony size, shape and 

color) were recorded. 

       

Morphological and biochemical 

identification of isolates 

 

Morphology of the colonies were 

examined. And colonies were 

biochemically identified using Gram 

staining, acid fast staining, endospore 

staining and catalase test. 

 

Preparation of a bacterial smear 

 

First, a drop of distilled water was 

placed on the each slide. Next, isolated 

bacterial colony was transferred from 

MRS media to the slide and was mixed 

with water droplet. The smear was air 

dried and heat fixed(without exposing the 

dried film directly to the flame). These 

bacterial smears were subjected to 

downstream staining procedures. 

 

Gram staining 

 

Initially, bacterial smears were flooded 

with crystal violet for 1 minute and 

followed by washing the slides with water. 

Then the smears were flooded with 

Gram’s iodine for about 1 minute. Once 

again the slides were washed. Afterwards, 

few drops of Gram’s decolorizer was 

added onto the smears for 10 seconds and 

then the slides were washed. Next, the 

smears were flooded with safranin for 30 

seconds and the slides were washed. 

Finally, smears were air dried and 

examined under 100× magnification 

(Nagoba and Pichare, 2012). Observations 

were recorded. 

 

Catalase test 

Each bacterial colony which showed 

positive results in Gram staining was 

transferred onto the corresponding slide. A 

drop of 3% H2O2 was added on each 

bacterial colony and the observations were 

recorded(Nagoba and Pichare, 2012).

  

Acid fast staining 

First, bacterial smears were flooded 

with carbol fuchsin. Then the stain was 

heated until the stain get vaporized and 

allowed the heated stain to remain on the 

slide for 5 minutes. The slides were 

washed. Next, few drops of 3% acid 

alcohol was added onto smears and kept it 

for 5 minutes. Once again the slides were 

washed. Afterwards, the slides were 

flooded with methylene blue for 1-2 

minutes and followed by a washing step. 
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Finally, smears were air dried and 

examined under 100× 

magnification(Nagoba and Pichare, 2012). 

Observations were recorded. 

 

Endospore staining 

The wire gauze was placed on the 

waterbath with steaming water and the 

slides were placed on it. Afterwards, small 

piece of blotting paper was placed on the 

each smear and the paper was flooded with 

malachite green for 5 minutes. Then the 

smears were allowed to cool down to room 

temperature for 2 minutes. Next, the slides 

were gently rinsed with water and then the 

smears were flooded with safranin for 1 

minute. Once again the slides were 

washed. Afterwards, slides were blot 

dried, followed by air dry. Finally, the 

smears were observed under 100× 

magnification and the observations were 

recorded(Nagoba and Pichare, 2012).  

 

Subculturing the biochemically 

identified Lactobacillus in MRS broth  

First of all, 15mL of prepared MRS 

broth was transferred into each falcon. 

Then biochemically identified 

Lactobacillus pure colonies were 

subcultured in respective MRS broth. 

Afterwards, all the subcultures were 

incubated at 370C for 24 hours. 

  

Preparation of Lactobacillus 

subcultures for AgNPs synthesis 

Initially, 5mL of Lactobacillus 

subculture was transferred into respective 

falcon. Then 5mL of newly prepared MRS 

broth was added into each subculture. 

Afterwards, all the subcultures were 

incubated at 370C for 24 hours. 

 
Preparation of Lactobacillus cell 

intacts using Lactobacillus subcultures 

After incubation, all the subcultures 

were centrifuged at 4000rpm for 10 

minutes. Supernatants were discarded and 

1mL of autoclaved distilled water was 

added into each pellet. Then water was 

discarded and once again aforementioned 

washing step was repeated. Afterwards, 

1mL of autoclaved distilled water was 

added into each pellet and the pellets were 

mixed with water. Next, the number of 

Lactobacillus bacterial cells was adjusted 

to 108 CFU/mL by obtaining the 

absorbance of 0.2 at 600nm using a 

spectrophotometer (Azat et al., 2016). 

 

AgNPs synthesis 

First of all, 900µL of autoclaved 

distilled water was added into each test 

tube. Next, 100µL of Lactobacillus cell 

intact was transferred into respective test 

tube. Then 9mL of AgNO3(1mM) was 

added into each test tube. The initial color 

of AgNO3 solutions with Lactobacillus 

cell intacts was observed and then all the 

test tubes were placed under sunlight for 

24 hours(Garmasheva et al., 2016). After 

24hrs, observations were recorded and the 

absorbance values for each sample at 

340nm, 370nm, 400nm, 430nm, 460nm, 

490nm, 520nm, 550nm wavelengths were 

obtained. Finally, UV-visible absorption 

spectrum for each sample was plotted 

using excel. 

 

Assessing antioxidant activity 

Preparation of Lactobacillus 

subcultures for DPPH radical scavenging 

assay 

First, 5mL of Lactobacillus subculture 

was transferred into respective falcon. 

Then 5mL of newly prepared MRS broth 

was added into each subculture. 

Afterwards, subcultures were incubated at 

370C for 24 hours. 

  

Preparation of Lactobacillus cell 

intacts using Lactobacillus subcultures 

After incubation, all the subcultures 

were centrifuged at 4000rpm for 10 

minutes. Supernatants were discarded and 

4mL of autoclaved distilled water was 

added into each pellet. Then the pellets 
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were mixed with water and the number of 

Lactobacillus bacterial cells was adjusted 

to 108 CFU/mL by obtaining the 

absorbance of 0.2 at 600nm (Azat et al., 

2016). 

 

DPPH (1,1- diphenyl-2-

picrylhydrazine) radical scavenging 

assay 

This assay for each sample was 

performed with triplicates. First, 1mL of 

each cell intact and AgNPs were 

transferred into the corresponding “cell 

intact” and “AgNPs” test tubes, 

respectively. Then 2mL of 50µmol/L 

DPPH was added into each test tube. All 

the reaction mixtures were stored in the 

dark place for 30 minutes. The color 

change was observed and absorbances for 

each DPPH reaction mixture at 571nm 

were recorded. Next, DPPH radical 

scavenging activity for each reaction 

mixture was calculated according to 

following given formula (Azat et al., 

2016) (Asample – Absorbance of sample, 

Ablank - Absorbance of blank, Acontrol - 

Absorbance of control). 

 

DPPH scavenging activity (SADPPH) = 

[1- (Asample- Ablank)/Acontrol] × 100% (Azat 

et al., 2016) 

 
Statistical interpretation by analysis 

of variance (ANOVA) 

The statistical analysis was carried out 

using SPSS software (version 21.0). The 

comparison between the means of the 

antioxidant activity were performed by 

one way analysis of variance (ANOVA) at 

significance level of p<0.05.  

 

Assessing antibacterial activity 

Subculturing the Escherichia coli and 

Staphylococcus aureus  

 

First of all, 5mL from each Escherichia 

coli and Staphylococcus aureus 

subcultures were transferred into 

respective falcon. Then 5mL of newly 

prepared Mueller Hinton broth was added 

into each subculture. Finally, the 

subcultures were incubated at 370C for 24 

hours.  

 

Preparation of inoculums of indicator 

for agar well diffusion assay 

First, 3mL of autoclaved distilled water 

was added into two test tubes. Then 

Escherichia coli and Staphylococcus 

aureus (from 24hour subculture) were 

inoculated into respective test tube until 

the turbidity of both inoculums get equal 

to 0.5 McFarland standards’ turbidity. 

 

Preparation of Lactobacillus 

subcultures for agar well diffusion 

assay 

First of all, 5mL of Lactobacillus 

subculture was transferred into respective 

falcon. Then 5mL of newly prepared MRS 

broth was added into each subculture. 

Afterwards, subcultures were incubated at 

370C for 24 hours.  

 

Preparation of Lactobacillus cell 

intacts using Lactobacillus subcultures 

After incubation, all the subcultures 

were centrifuged at 4000rpm for 10 

minutes. Supernatants were discarded and 

4mL of autoclaved distilled water was 

added into each pellet. Then the pellets 

were mixed with water and the number of 

Lactobacillus bacterial cells was adjusted 

to 108 CFU/mL by obtaining the 

absorbance of 0.2 at 600nm (Azat et al., 

2016). 

 

Agar well diffusion assay 

This assay was performed with 

triplicates to examine antimicrobial 

effectiveness of whole bacteria culture 

(cell intact) and synthesized AgNPs. 

Escherichia coli and Staphylococcus 

aureus were used as inoculums of 

indicator.  The detailed procedure was as 
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follows: First, 20mL of prepared Mueller-

Hinton media was poured into each petri 

plate and allowed to get solidified. After 

solidification, Mueller-Hinton media in 

each petri plate was inoculated with 

Escherichia coli and Staphylococcus 

aureus inoculums. Next, in each petri plate 

four wells (for cell intact, AgNPs, positive 

control and negative control) were created 

in the media. Afterwards, 100µL of 

autoclaved distilled water and 100µL of 

gentamicin(1g/mL) were loaded into 

“negative control” and “positive control” 

wells, respectively. Then 100µL of 

corresponding AgNPs were filled into 

respective wells. Next, 100µL of each 

Lactobacillus cell intact was filled into 

corresponding wells. Finally, all the 

cultures were incubated at 370C for 24 

hours(Benakashani et al., 2016). After 

incubation, diameter of each inhibition 

zone was measured and antimicrobial 

activity was characterized.

RESULTS 

Sample culturing 

 
 
 
 
 
 
 
 
 
 
 

Figure 1.0: Growth of Lactobacillus on MRS agar, after 48 hours incubation at 370C 

Observations –: Small convex, smooth glistening mucoid white colonies with entire 

margins   were observed in all samples. 

Gram staining 
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Figure 2.0: Photomicrographs of Gram-stained Lactobacillus, under 100x magnification 

Observations-: Gram positive (purple 

color), rod shaped bacilli arranged in a 

single, pairs or short chains were 

observed. 

Catalase test 

 
 
 
 
 
 

Figure 3.0: Catalase test results for 

sample A, B, C, D and E 

 
Observations -: All the samples were 

catalase negative. Bubbles were not 

observed. 

 

Acid fast staining 

 
 
 
 
 
 
 
 
 
 
 

Figure 4.0: Photomicrographs of acid-

fast stained Lactobacillus, under 100x 

magnification. 

 

Observations-: Acid fast negative 

(light blue color), rod shaped bacilli 

arranged in a single, pairs or short chains 

were observed. 

 
 

 
 

Endospore staining 

 
 
 
 
 
 
 
 
 

Figure 5.0: Photomicrographs of 

endospore stained Lactobacillus, under 

100x magnification 

 
Observations-: Endospore negative( 

reddish pink color), rod shaped bacilli 

arranged in a single, pair or short chains 

were observed. Only the vegetative cells 

were observed and endospores were not 

observed. 

AgNPs synthesis 

 
 
 
 
 
 
 
 
 
 
 
 

Observations-: Brownish color change 

was observed in sample A and E. Sample 

B was with yellowish color. Sample C and 

D were with mild pinkish color. 
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Figure 8.0 : UV-visible absorption 

spectra for AgNPs of sample A,B,C,D and 

E. 

In UV-visible absorption spectra for 

AgNPs, all the peaks were observed 

between 390-470nm and it confirmed the 

presence of Lactobacillus mediated 

biosynthesis of AgNPs in all the samples. 

 

Statistical Analysis 

 
 
 
 
 
 
 
 
 

Figure 9.0: Bar chart depicting the 

comparison of antioxidant potential 

between Lactobacillus and AgNPs, 

including error bars representing 

standard error of the mean 

 
Table 1.0: Statistical analysis by the 

POST HOC test for statistical significance 

of the difference between subjects effects 

by SPSS (version 21.0) using one-way 

ANOVA. 

 
 
 
 

 
 
 
 

The obtained p value which was less 

than 0.05 indicated that there is a 

significant difference between the 

antioxidant activity of Lactobacillus cell 

intacts and AgNPs. 

 
Agar well diffusion assay 

Against Staphylococcus aureus 

 
 
 
 
 
 
 
 
 
 

Figure 10.0 : Antibacterial activity of 

Lactobacillus and AgNPs against 

Staphylococcus aureus. PC- positive 

control, NC- negative control, NPs- 

AgNPs, Lac- Lactobacillus cell intact. 

 
Observations-: Inhibition zones were 

observed around AgNPs and positive 

control wells. No inhibition zones were 

observed around Lactobacillus and 

negative control wells. 
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Table 2.0: Mean inhibition zone 

diameters against Staphylococcus aureus 
 

Sample AgNPs(mm) Positive control(mm) 

A 18.333±0.577 18.000±1.732 

B 17.667±0.577 17.000±1.000 

C 18.333±1.528 16.667±1.528 

D 19.667±0.577 16.667±1.155 

E 21.333±0.577 19.000±2.646 

 
Against Escherichia coli 

 
 
 
 
 
 
 
 
 

 

Figure 11.0 : Antibacterial activity of 

Lactobacillus and AgNPs against 

Escherichia coli. PC- positive control, 

NC- negative control, NPs- AgNPs, Lac- 

Lactobacillus cell intact. 

 
Table 3.0: Mean inhibition zone 

diameters against Escherichia coli 

 
 

 

Observations-: Inhibition zones were 

observed around AgNPs and positive 

control wells. No inhibition zones were 

observed around Lactobacillus and 

negative control wells. 

 
 

 

 

 

 

 

 

 

 

 

 
 

Sample AgNPs(mm) Positive control(mm) 

A 25.333±0.577 21.333±3.055 

B 18.667±0.577 17.667±0.577 

C 18.667±0.577 17.333±2.082 

D 18.667±0.577 17.667±1.528 

E 19.333±0.577 20.333±4.726 
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DISCUSSION 

As most commonly found probiotic in 

set yoghurts, Lactobacillus is with vast 

number of probiotic properties; bile 

tolerance, antibacterial and antioxidant 

potentials etc(Jiang et al., 2016). Majority 

of literature indicated that the 

Lactobacillus found in dairy products are 

with ability to biosynthesize AgNPs(Sani, 

Aminu and Mukhtar, 2017; Gomora et al., 

2017).  This study was carried out to 

investigate the biosynthesis of AgNPs, 

using Lactobacillus found in five 

commercial set yoghurt samples and to 

evaluate antibacterial and antioxidant 

potentials of synthesized AgNPs. 

MRS agar consists of nutrients and 

favourable pH(6.5) for Lactobacillus 

growth(Yang et al., 2018). Therefore, for 

sample culturing MRS media, a selective 

media for Lactobacillus was used. 

Nevertheless, according to Renschler et 

al.(2020) other lactic acid bacteria(eg-: 

Streptococcus, Pediococcus) also grow in 

MRS media. Therefore, Greppi et 

al.(2017) suggested that the supplement 

the media with CaCO3 may enhance the 

selectivity of media. The optimal growth 

temperature for Lactobacillus is ranging 

from 300C- 400C(Bengoa et al., 2018). 

According to Yang et al.(2018), growth 

time of Lactobacillus is between 25 to 

several hundred minutes. Hence, in order 

to obtain sufficient bacterial growth, 

cultures were incubated at 370C for 48 

hours.  

In present study, identification of 

Lactobacillus by phenotypic traits were 

proceeded by assessing colony 

morphology. Riley(2017) has defined 

convex, mucoid white colonies with entire 

margins, as colony morphology for 

Lactobacillus which was grown on MRS 

media. Therefore, observed bacterial 

colonies on MRS media indicated the 

presence of Lactobacillus in selected 

samples. 

In the current study, biochemical 

identification of Lactobacillus was 

performed by Gram staining, endospore 

staining, acid-fast staining and catalase 

test. Gram staining categorises bacteria on 

the basis of cell wall composition; the 

bacteria with thick layer of peptidoglycan 

in cell wall retain primary dye(crystal 

violet) and stained in purple 

color(positive) whereas the bacteria with 

thin layer of peptidoglycan are not able to 

trap primary dye and stained with 

secondary dye(safranin) in 

red/pink(negative) (Boyanova, 2018; 

Rohde, 2019) . A study done by Herreros 

et al.(2003) has observed Lactobacillus as 

purple colored bacilli in Gram staining. 

Therefore, in Gram staining, purple 

colored rods were identified as 

Lactobacillus. 

Catalase test differentiates bacteria 

based on the presence or absence of 

catalase enzyme activity which catalyses 

the breakdown of H2O2 into H2O and O2. 

Lactobacillus lack catalase enzyme( 

Konig and Frohlich, 2017). Therefore, the 

bacteria do not produce bubbles in catalase 

test(negative). In this study absence of 

bubbles during catalase test confirmed the 

presence of Lactobacillus in each sample. 

Jain, Jain and Jain(2020) demonstrated 

that the acid-fast staining differentiates 

bacteria based on the presence or absence 

of mycolic acid in cell wall; the bacteria 

with mycolic acid allow primary 

stain(carbol fuchsin) to enter the 

cytoplasm and stained with red(positive) 

whereas the bacteria lack of mycolic acid 

get easily decolorized and stained in blue 

with secondary dye(methylene 

blue)(negative). According to Gurung et 

al.(2018) Lactobacillus was observed as 

light blue colored bacilli  in acid fast 

staining. Therefore, light blue colored 

bacilli which was observed in acid fast 

staining was recognized as Lactobacillus.         

Atrih and Foster(2002) defined 

bacterial endospores as alternative life 

forms that are produced by some Gram-
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positive bacteria, which support bacteria 

to endure the unfavourable environmental 

conditions. Furthermore, Logan et 

al.(2011) introduced genus bacillus as the 

most commonly studied endospore 

producing bacteria. Nevertheless, Petrova 

et al.(2017) revealed that the Lactobacillus 

is non-sporulating. According to 

Beveridge, Lawrence and Murray(2007), 

in endospore staining, primary 

dye(malachite green) stained endospores 

in green while vegetative cells are stained 

in red/pink with counter stain(safranin). 

Shen and Zhang(2017) has elucidated that 

the Lactobacillus stained in reddish pink 

color in endospore staining(negative). 

Hence, the reddish pink colored bacilli 

which observed in endospore staining was 

identified as Lactobacillus. Further, no 

endospores were observed in endospore 

staining. Selected bacterial colonies from 

all the samples, rendered positive results 

for Gram staining, negative results for 

endospore staining, acid fast staining and 

catalase test. Therefore, all the obtained 

biochemical test results confirmed that all 

the samples were rich in Lactobacillus. 

In biosynthesis of AgNPs by sunlight 

irradiation, the color of AgNO3 solution 

turned into brown. This color change has 

been previously observed by Mathew, 

Prakash and Radhakrishnan(2018) and 

suggested that the color change appeared 

due to surface plasmon resonance of 

deposited AgNPs. In current study, the 

brownish color change was observed in 

sample A and E. Sample B was with 

yellowish color whereas sample C and D 

were with mild pinkish color. A study 

done by Lee and Jun(2019) observed that 

AgNPs which are <100nm were with 

brownish or yellowish color, while AgNPs 

which are >100nm were with pinkish color 

or colorless. In the same concern, Zhang et 

al.(2016) demonstrated that the pinkish 

color could be due to destabilization of 

nanoparticles or aggregation or 

precipitation of nanoparticles which then 

leads to elevation in diameter of 

nanoparticle. Raj et al.(2016) reported that 

the UV-visible absorption spectrum for 

AgNPs is in the range of 390-470nm and 

this may vary due to size, shape and 

distribution of nanoparticles. Considering, 

UV-visible absorption spectra for AgNPs, 

all the peaks were lyed between 390-

470nm and it confirmed the presence of 

AgNPs. 

In this study it was found to that the 

AgNPs were able to act as antibacterial 

and antioxidant agents more efficient than 

Lactobacillus. Further, Duran et al.(2016) 

demonstrated that the AgNPs possess 

greater antibacterial and antioxidant 

activity due to the presence of bioactive 

molecules on the surface of AgNPs and 

high surface area. DPPH reaction mixtures 

with Lactobacillus were with mild yellow 

color, whereas DPPH reaction mixtures 

with AgNPs were with yellowish orange 

color. In DPPH assay, antioxidants’ 

reaction with the stable DPPH radicals 

may cause either color change from violet 

to yellow or discoloration of the solution. 

Among five samples, AgNPs and 

Lactobacillus cell intact of sample-C 

showed highest antioxidant potential. 

However, among those two AgNPs 

rendered higher scavenging 

activity(85.20%±2.6354) than 

Lactobacillus(70.96%±0.5194). Similarly, 

AgNPs of other samples showed greater 

antioxidant potentials compared to 

respective cell intact. Bedlovicova et 

al.(2020), documented that the presence of 

functional groups on AgNP surface that 

are with redox properties, may contribute 

directly to antioxidant action. 

Furthermore, unlike Lactobacillus, AgNPs 

are thermally stable and chemically inert 

which facilitate exploiting the 

immobilization of antioxidants(Xu et al., 

2012).  

Moreover, degree of antioxidant 

activity varied among Lactobacillus cell 

intact samples. This can be due to genetic 

variations among different Lactobacillus 

species which resulting in variations of 
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cell membrane components(Wang et al., 

2017). Further, antioxidant activity of 

AgNPs of different samples also varied. 

This can be due to alterations in chemical 

composition, surface charge, particle size, 

shape and surface to volume ratio(Bhakya 

et al., 2016). 

In agar well diffusion assay, AgNPs 

showed considerable inhibition of 

Escherichia coli and Staphylococcus 

aureus growth. In general, inhibition zone 

diameter ranged from 16-26mm, which 

represents the strength of antibacterial 

activity. Sample-E AgNPs were with 

highest (21.333±0.577mm) antibacterial 

activity against Staphylococcus aureus, 

whereas sample A-AgNPs were with 

highest (25.333±0.577mm) antibacterial 

activity against Escherichia coli. Similar 

to these observations Ghiuta et al.(2018) 

observed zones of inhibition when the 

synthesized AgNPs were tested against 

Escherichia coli, Salmonella typhii, 

Pseudomonas aeruginosa. No antagonistic 

activity for Lactobacillus against 

Escherichia coli and Staphylococcus 

aureus was detected in contrast to Shah et 

al.(2016). Further, inhibition zone 

diameter among AgNPs of different 

samples were vary. This also could be due 

to alterations in nature, chemical 

composition, surface charge, surface to 

volume ratio(Bhakya et al., 2016). 

Additionally, technical errors(eg-: loading 

errors) could be a possible reason for these 

variations. Moreover, Raza et al. (2016), 

investigated that the antibacterial activity 

of the AgNPs is dose and size dependent. 

In fact, according to Garmasheva et 

al.(2016), smaller AgNPs possess greater 

antibacterial potential than larger 

nanoparticles.    

Many authors have reported that, due to 

the small size and crystallographic 

structure surface, the interaction of the 

nanoparticle is better with the targeted 

pathogen. Thus compared to 

Lactobacillus, AgNPs are more effective 

as antibacterial agents (Keshari et 

al.,2018). Apart from that, high affinity of 

silver for sulfur or phosphorus compounds 

which are abundantly found throughout 

the cell membrane of pathogens, could be 

a possible reason for its greater 

antibacterial activity(Dakal et al., 2016). 

Further, Liao et al.(2019) reported that the 

AgNPs are with ability to penetrate 

bacterial cell wall due to small size and 

ultimately cause DNA damage to 

pathogenic bacteria. According to Kang et 

al.(2017) large size(compared to 

nanoparticles) and  depletion of cell 

viability with the time could be possible 

reasons for absence of antibacterial 

activity and  low antioxidant activity of 

Lactobacillus cell intacts.  

One of the limitations of this study is the 

number of samples used. Therefore, the 

study can be further improved by using 

more number of samples to draw more 

solid. Further, in addition to biochemical 

identification of Lactobacillus, molecular 

biological detection of Lactobacillus can 

also be carried out by using 

PCR(Polymerase Chain Reaction) and  

sequencing. Furthermore, further 

characterization of synthesized AgNPs 

can be performed by scanning electron 

microscopy(SEM) and transmission 

electron microscopy(TEM).  

 

CONCLUSION 

The aim of this research was to 

investigate the biosynthesis of AgNPs 

using Lactobacillus isolated from set 

yoghurts and to evaluate antibacterial and 

antioxidant potentials of synthesized 

AgNPs. Biochemical tests results 

confirmed that all the selected samples 

were rich in probiotic Lactobacillus. 

Considering DPPH radical scavenging 

assay results, it can be concluded that, 

AgNPs are with significantly high(p< 

0.05) antioxidant potentials compared to 

Lactobacillus. Out of five samples, sample 

C-AgNPs showed highest antioxidant 

activity. Moreover, in agar well diffusion 
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assay, AgNPs of all the samples displayed 

considerable antibacterial activity against 

Escherichia coli and Staphylococcus 

aureus whereas Lactobacillus did not 

showed any antagonistic effect against 

Escherichia coli and Staphylococcus 

aureus. Sample A-AgNPs and sample E-

AgNPs showed highest antibacterial 

activity against Escherichia coli and 

Staphylococcus aureus, respectively. 

AgNPs showed more effective properties 

compared to Lactobacillus in this study. 

However, more research is needed to 

exploit other potential properties of 

AgNPs. The knowledge gained from this 

study can be used in industrial and 

nanomedicine fields ; to enhance the 

probiotic qualities of dairy products, to 

develop antibiotics against multidrug 

resistance and to develop nano-antioxidant 

mediated treatments, respectively.  
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