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INTRODUCTION

Th e development of biosynthesized AgNPs as antibacterial 

agents are necessary as alternative and complement to antibiotics to 

overcome bacterial resistance towards antimicrobial issues [1]. Th e 

biosynthesized AgNP properties, such as crystallographic surface 

structures and high surface-to-volume ratios, made it possible to be 

an antibacterial agent along with the other promising nanomaterials 

such as gold, zinc, titanium and other metals [2]. Th e smaller particles 

with a larger surface-to- volume ratio have a higher antibacterial 

activity as compared to bigger particles [3]. Beside the size, the 

antibacterial activity of AgNPs is also infl uenced by shape. Th e 

synthesized AgNPs using diff erent saccharide types and other types 

of biomolecules and biological materials increased antimicrobial 

activity against bacteria, including highly multidrug-resistant strains 

such as methicillin-resistant Staphylococcus aureus, MRSA and 

Carbapenem-Resistant Enterobacteriaceae (CRE) [4-6]. Th e AgNPs 

usually interact with the Gram-negative organism such as Escherichia 

coli. Th e effi  cacy of the antimicrobial eff ects of AgNPs on Escherichia 

coli, Staphylococcus aureus and yeast was examined by Kim et al. 

[7] and showed that at low AgNP concentrations, complete growth 

inhibition was observed in Escherichia coli and yeast, whereas a mild 

eff ect was observed in Staphylococcus aureus. Th e effi  cacy of various 

antibiotics such as amoxicillin, clindamycin erythromycin, penicillin 

G, tetracycline, kanamycin, neomycin, gentamycin and vancomycin 

against diff erent type of bacteria was synergistically increased in the 

presence of biosynthesized AgNPs [5,8].

Acanthus ilicifolius has been used traditionally for several 

human medication. It is used as an aphrodisiac, blood purifi er, 

diuretics, asthma, diabetes, dyspepsia, hepatitis, leprosy, neuralgia, 

paralysis, ringworm, rheumatic, skin diseases, snakebite, abdominal 

pain, leucorrhoea and leukaemia [9-11]. In Ayurveda practice, this 

plant is currently being used to ease rheumatic problem and may 

also being used as antioxidant [12-14]. It is known that Acanthus 

ilicifolius contain bioactive compounds including alkaloids, 

triterpenoids, lignan, phenolic compounds, steroids, fl avonoid, and 

terpenoids [15,16]. Studies on the biological activities of Acanthus 

ilicifolius revealed that this plant has anti-parasitic (Leishmania 

spp), osteoblastic, hepatoprotective, anti-infl ammatory, antiulcer, 

antioxidant, anticancer, and antimicrobial activities. Kuppusamy 

et al. [17], biomolecules contained in Acanthus ilicifolius such as 

sugars, protein, alkaloids, triterpenoids, lignan, phenolic compounds, 

steroids, fl avonoid, and terpenoids may contributed to the reduction 

and antioxidant processes in AgNps biosynthesis.

Th is study focused on biosynthesis of AgNPs by Acanthus 

ilicifolius and evaluation of their antimicrobial activity. Physic-

chemistry characteristics of biosynthesized AgNps was also 

determined.

METHODS

Biosynthesis of AgNPs by using Acanthus ilicifolius

Acanthus ilicifolius extract powder reconstituted with distilled 

water to form 100 mg/ mL solution. Th e AgNPs were prepared by 

mixing 100 mg/ mL Acanthus ilicifolius solution with 5 mM silver 

nitrate (AgNO3) solution. A ratio of 1:10 (one part of 100 mg/ mL 

plant extract with another 9 parts of 5 mM silver nitrate) was used in 

the mixture. In this study, several incubation periods were selected 

at 0, 1, 6, and 24 hours. Th e mixture then incubated in an incubator 

shaker at 40°C with agitation of 150 rpm for 24 hours with minimal 

light exposed into the incubator shaker. Reduction of AgNO3 to 

Ag+ ions was confi rmed by the change of colour from clear (before 

mixing) to colloidal brown.

Characterization of biosynthesis AgNPs

Ultraviolet Visible (UV-VIS) Spectroscopy analysis: Th e 

formation of biosynthesized AgNPs were monitored by observing 

the colour changes at 0, 1, 6 and 24 hours and the sample were 

analysed by UV-Vis Spectroscopy. Th e reduction of silver ions in the 

solution was monitored by measuring the absorbance value of 1 mL 

of biosynthesized AgNPs. Silver nitrate (5 mM) solution was used as 

a blank. Based on the result obtain from this analysis, samples at 24 

hours incubation time was selected for future characterization. Before 

analysis, the colloidal solution produced aft er 24 hours was divided 

into two parts: 1 part for analysis and 1 part for bioassay. Th e part for 

analysis was centrifuged at 12000x g for 15 minutes. Aft er that, the 

supernatant as discarded, and the pellet was resuspended with sterile 

water before being dried for 48 hours at 45°C in the oven. Another 

part for bioassay was stored in refrigerator at 4°C prior to use.

Zeta (Potential) Sizer analysis: Th e colloidal solution of 

synthesized nanoparticles was centrifuged at 5000x g for 10 minutes 

and the supernatant was then discarded. Th e pellet then was dried at 

60°C for 24 hours. Th e dried pallet then been used for Zeta (Potential) 

Sizer. Th e average size and zeta potential of silver nanoparticles 
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samples dispersed in diff erent water were characterized by using Zeta 

(Potential) Sizer Analyser. All analysis using Zeta (Potential) Sizer 

Analyzer was conducted at School of Materials and Mineral Resources 

Engineering, Engineering Campus of Universiti Sains Malaysia.

Antibacterial activity of biosynthesized AgNPs

Agar well diff usion method: Th e antibacterial activity of the 

biosynthesized AgNPs was determined by agar well diff usion 

method. 24-hours cultures grown on MHA medium were used to 

check the antibacterial activity of the tested. Th ree to four colonies 

of each bacteria strain was inoculated in 10 mL of MHB medium in 

culture tubes. Th e broth inoculums of bacteria were then adjusted 

to 0.5 McFarland standards. Using sterile cotton swab, the bacteria 

suspensions were then then inoculated by spreading a volume of 

the microbial inoculum over the entire agar surface. Th e wells then 

were made on the agar plate using 6 mm cork borer. Diff erent 

solution of the plant extract and synthesized nanoparticles were 

prepared and added to respective wells. Vancomycin 30 μg disc and 

Gentamycin 120 μg disc were used to respective Gram positive and 

Gram negative while sterile water was used as negative control. Th e 

eff ect of synthesized silver nanoparticles and plant extract against the 

bacteria strains were evaluated and compared with the control used 

in the study. Th e plates were then incubated at 37 ± 2°C for 24 hours. 

Th e antibacterial activity was calculated by measuring the zone of 

inhibition by using standard scale.

Antimicrobial Activity Determination by MTT Method: 

Staphylococcus aureus (ATCC 33591), Bacillus cereus (ATCC 14579), 

Escherichia coli (ATCC 33591) and Pseudomonas aeruginosa (ATCC 

27853) were cultured in Mueller-Hinton agar for approximately 24 

hours. Colonies of those bacteria were then being used to prepare 

separate bacterial suspension for the determination of antimicrobial 

activity. Bacterial suspension briefl y containing 0.5 McFarland 

(approximately 1.5 × 108 colony forming units/ mL) of organisms 

in MHB was added to various concentrations of Acanthus ilicifolius-

AgNPs aqueous extract ranging from 0.0039060 to 2.0000000 mg/ ml; 

and Penicilin-Streptomycin solution ranging from 78.125 – 78.125 

μg/ mL 10000 μg/ mL in 96-wells plates. Dilution of compound 

was done by double dilution manner. Th e plates were incubated 

at 37°C for 18-24 hours. Aft er incubation, fi ft een μl of [3-(4, 

5-dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium bromide], MTT 

solution (5 mg/ mL) was added to each single well and the 96-well 

micro-titer plates were incubated for 60 minutes at 37°C. Aft er 60 

minutes incubation with MTT solution, 100 μL of the MTT solution 

was carefully removed and discarded and being replaced with 100 

μL dimethyl sulfoxide. Minimum Inhibitory Concentration (MIC) 

and Minimum Bactericidal Concentration (MBC) were determined 

by the MTT Assay. Th e MIC concentration of tested compound is 

defi ned as the lowest concentration visible purple blue color whereas 

MBC concentration of tested compounds of bacteria aft er overnight 

incubation of cultures at. Th e MBC value is the lowest concentration 

of compounds tested which do not change the color of MTT to purple 

blue. MBC is the lowest concentration of a tested compound that 

results in killing 99.9% of the bacteria being tested [18-20].

RESULTS

Herbarium voucher specimen identifi cation

Th e plant material was identifi ed as Acanthus ilicifolius Wallich, 

N from a family of Acanthaceae. A copy of the herbarium voucher 

specimen was numbered as USM Herbarium 11756 at Universiti Sains 

Malaysia. Th is plant is a kind perennial herb plant that is widely found 

in mangrove swamps and marshes near sea level. Th is plant is an erect 

herb, and may grow up to 2.5 m tall, with spiny, oft en yellowish stem. 

All the leaves like those holly with leaf blade dark green, slightly too 

deeply lobed with spine at each tip. Th e infl orescence of the plant are 

large and showy petal those neatly organized -spike at branch tips. In 

addition, the light violet capsules squares and slightly fl attened and 

will explode when ripe.

Biosynthesized AgNPs

Th e formation of Acanthus ilicifolius-AgNPs can be observed 

according to the colour change in the mixture. Upon mixing of 100 

mg/ mL of Acanthus ilicifolius aqueous extract with 5 mM silver 

nitrate solution in 1:10 ratio, the solution turned to pale yellow from 

colourless solution. Th e solution change to yellowish brown within 

1 hour. Th e colour continued to become darker as further being 

incubated. Figure 1 shows the colour change observed in mixture of 

Acanthus ilicifolius aqueous extract and 5 mM of silver nitrate aft er 6 

hours of reaction and the colour remain aft er 24 hours visually.

UV-Vis spectroscopy analysis

Figure 2 shows the UV-Vis spectra recorded from Acanthus 

ilicifolius aqueous extract reaction with silver nitrate solution at 

diff erent time intervals. Th e spectrum showed maximum absorption 

peaks around 440 nm.

Figure 1: 5 mM silver nitrate addition of plant aqueous extract 100 mg/ mL of 
Acanthus ilicifolius aqueous extract solution. A-Biosynthesized AgNPs after 
6 hours of incubation 
B-Biosynthesized AgNPs after 24 hours. The changes of the solution colour 
was highlighted after 24 hours.

Figure 2: UV-Visible spectra recorded for mixture of 100 mg/ mL Acanthus 
ilicifolius with 5 mM silver nitrate at ratio of 1:10 incubated at different time 
interval.
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Zeta (Potential) Sizer analysis

Th e stability of Acanthus ilicifolius-AgNPs in solution was 

determined by using zeta potential analysis in measuring electrical 

charges on the surface of Acanthus ilicifolius-AgNPs. As shown in 

fi gure 3 and table 1, the zeta potential value of Acanthus ilicifolius-

AgNPs was – 4.08 mV with a peak area of 100% intensity. Th e potential 

of synthesized silver nanoparticles is specifi ed in water as dispersant. 

Particles obtained are polydisperse. Mixed with sizes within 10 to 400 

nm, the average diameter of the particles were obtained 94 nm by zeta 

sizer analysis.

Antimicrobial activity of biosynthesized AgNPs

Th e antimicrobial activity of silver nanoparticles synthesized by 

plant extracts has been studied against various pathogenic organisms 

such as Staphylococcus aureus, Bacillus cereus, Escherichia coli and 

Pseudomonas aeruginosa by well- diff usion method. Th e diameter of 

the zones of inhibition (mm) around each was synthesized with silver 

nanoparticle, Acanthus ilicifolius aqueous, Vancomycin 30 μg disc 

and Gentamycin 120 μg disc shown in table 2.

For the analysis of MTT results showed no penicillin: streptomycin 

(10000 unit: 10000 μg/ mL solution) concentrations had an eff ect on 

S. aureus as well as in the plant extract. While Acanthus ilicifolius-

AgNPs inhibited completely tested bacteria (Staphylococcus aureus, 

Bacillus cereus, Escherichia coli and Pseudomonas aeruginosa) were 

found to be 0.0843 μg/ mL. MIC and MBC value of biosynthesized 

AgNPs, Acanthus ilicifolius of aqueous extract and penicillin-

streptomycin solution on tested bacterial is shown in table 3.

DISCUSSIONS

Green biological method of AgNPs biosynthesis is the chosen 

method as wide variety of plant can be exploited for this purpose. 

Apart for being abundantly found anywhere and cheap source, the 

plants contain a lot of active metabolites and safer as compared to 

hazardous chemicals in producing AgNPs. In addition, utilizing 

plants to produce AgNPs is a simple procedure and able to produce 

a rapid and high yield of AgNPs as plants possess higher reducing 

capabilities on silver ion.

Acanthus ilicifolius

We use Acanthus ilicifolius Wallich, N, a plant that is usually 

found in mangrove swamp to syntheses the AgNPs. Th is plant was 

collected from Northern West Malaysia. According to the villagers, 

the plant has prevented the infection of the poultry from Newcastle 

Disease Virus when the epidemic spread. Th e plant has also been 

utilized for dyspepsia, paralysis, asthma, headache, and rheumatism, 

antidote for snakebite and skin diseases traditionally [12]. In addition 

to medicinal properties, this plant may serve as bio- indicator of 

contamination to the swampy area Venkatesalu et al. [21] as this 

plant may accumulates heavy metals such as copper, cadmium, zinc 

and mercury into their system and the heavy metals content could be 

analyzed in the laboratory to indicate the severity of contamination 

in the area. Apart form that the property of bioaccumulation, it is also 

potential to be employed for bioremediation of the contaminated area 

[21-24]. Acanthus ilicifolius is sometimes misidentifi ed as Acanthus 

ebracteatus, a plant growing in swamps like Acanthus ilicifolius 

because of its almost identical appearance. Both Acanthus ilicifolius 

and Acanthus ebracteatus are not clearly distinguished from each 

other [25]. Acanthus ilicifolius and Acanthus ebracteatus diff er due 

to the presence and absence of bracteoles, the fl ower colour and the 

position of infl orescences and direction of the axial spines of the stem 

[26]. Acanthus ilicifolius was suggested to contain phenols, fl avonoids, 

alkaloids, terpenoids, sterols, tannins, glycosides, saponins, quinones, 

coumarins and several other metabolites including sugars, proteins 

Figure 3: Zeta potential distribution of AgNPs synthesized from Acanthus 
ilicifolius aqueous extract. This is to highlight the zeta-potential of the 
biosynthesized AgNPs and the value is -4.08 mV.

Table 1: Zeta potential measurement of synthesized Acanthus ilicifolius-AgNPs.

Zeta Deviation 3.46

Polarity Negative

Conductivity 1.09 (mS / cm)

Table 2: Zone of inhibition of Acanthus ilicifolius-AgNPs, Acanthus ilicifolius of aqueous extract and antibiotic disc on tested bacteria in well diffusion method. For 
vancomycin and gentamycin, standard antibiotic discs were used.

Bacterial Strain Inhibition Zone (mm)

Test Negative Control Positive Control
5.39 μg/ mL A.

ilicifolius
AgNPs

20 mg/ mL Acanthus 
ilicifolius aqueous 

extract
Sterilized Water Vancomycin Disc 30 μg Gentamycin Disc 120 μg

Staphylococcus aureus ATCC 33591 
(MRSA)

16 15 n.a. 15 n.d.

Bacillus cereus
ATCC 14579

15 12 n.a 12 n.d

Escherichia coli
ATCC 35218

14 18 n.a n.d. 25

Pseudomonas aeruginosa ATCC
27853)

20 20 n.a n.d 27

n.a.: Not Appearing; n.d.: Not Done.
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and fatty acid [14,16].Th ose biomolecules in the plant may be 

suggested to facilitate the biosynthesis of the AgNPs. 

Biosynthesized AgNPs

According to previous studies done by other researchers, 

some use fresh leaves to prepare the plant extract for getting silver 

nanoparticles biosynthesis while others preferred to use the extract 

prepared using dried powder or minced dried plant directly for 

synthesizing nanoparticles or studying the bioactive compound of the 

plant or bioactivity. Ahmed et al. [27] produced AgNPs using aqueous 

extract of Azadiracta indica. Th e aqueous extract was prepared by 

boiling the chopped dried leaves in water. While another study done 

by Radhiyatul et al. [28], aqueous extract of Vernonia cinera was 

prepared by boiling the dried ground plant coarse powder in water 

and the extract was utilised to produce AgNPs. Musa et al. [29], 

employed the same methods of AgNps syntheses with Radhiyatul et 

al. by replacing plant with mushroom Pleurotus sajor- caju. In this 

study, we prepare the plant extract by using the dried powder of raw 

plant then the extract was subjected to freeze drying and maceration 

to fi ne powder by maceration in mortar and pestle (with addition 

of liquid nitrogen to facilitate the maceration). We suggested this 

method of using the fi nal fi ne powder as compared to previously 

done [28-30]. With this method, the plant extract preparation was 

properly prepared with exact amount and content being used. 

Th is maybe one component of the plant or herbal standardization. 

According to Bezerra et al. [31], standardized extracts consisting 

of high quality plant-based preparations with relatively constant 

reference compounds and stringent quality controls throughout the 

production process. Standardization is not only ensure the quality, 

eff ectiveness and reliability of phytomedicine in uniform and stable 

active ingredient, but also improve the yield during the extraction 

process. Reduction of Ag+ in the silver nitrate solution during the 

reaction with the compound present in Acanthus ilicifolius aqueous 

extract was observed by colour change from pale yellow immediately 

aft er mixing and to yellowish brown aft er 1 hour. When the mixture 

further incubated for 2 hours and up to 24 hours the colour solution 

become darker (dark brown-greyish) due to silver ions reduction 

indicating the formation of AgNPs [32]. Similar colour change was 

observed using other plant extract [33-35]. Th e characteristic of dark 

brown colour of AgNPs provided an easier visual signature indicating 

the formation of biosynthesized AgNPs.

UV-Vis spectroscopy and zeta (potential) sizer

UV-Vis spectrometry and zeta (potential) sizer are the examples 

methods used to confi rm or verify the formation of biosynthesized 

AgNPs. UV-Vis Spectrometry has been utilized widely to characterize 

electronic structure and optical properties of the forming AgNPs. 

Surface Plasma Resonance (SPR) occurs when charged nanoparticles 

oscillate in electron clouds to absorb electromagnetic radiation 

released during the process at certain frequencies recorded as 

magnetic wavelength in the UV-Vis, and it is heavily infl uenced by 

the size and shape of the particles. For example, spherical particles 

are known to indicate peak in the wavelength range of 415-490 

nm [29]. UV-Vis spectra recorded from the plant extract showed 

maximum peak within 440 nm aft er 24 hours incubation could 

be considered as spherical particles as mention earlier. Th e Zeta 

potential measurements of silver nanoparticles synthesized was – 

4.08 mV with a peak area of 100% intensity. While Zeta sizer was 

used to analyse the diameters of the biosynthesized AgNPs. Th e size 

mix within 10 to 400 nm with the average of 94 nm. Th e zeta potential 

measurements of biosynthesized AgNPs, which revealed negative 

charge of biosynthesized AgNPs was completely instable and tend to 

rapid coagulation or fl occulation of the nanoparticles produced. Th e 

higher value of either negative or positive zeta potential, AgNPs is 

more stable and have the stronger the prevention of biosynthesized 

AgNPs from its aggregation. Th e stability of biosynthesized AgNPs 

colloid with zeta potential value less than 5 is tend to coagulate and 

fl occulate rapidly while the values ranging from 10-30 is incipiently 

instable. AgNPs colloid which having the zeta potential value greater 

than 40 may be considered stable [36,32].Th e Zeta potential measures 

the electrostatic potential of the double electric layers that surround 

the nanoparticles in a solution [29].

Table 3: MIC and MBC of tested compound against bacteria by MTT Assay.

Tested Compound

Microorganism
A. Ilicifolis-AgNPs 

(Initial concentration 
5.39 μg/ mL)

A. Ilicifolis aqueous extract 
(Initial concentration 2 

mg/ mL)
Penicillin 10000 units/mL-Streptomycin 10000 μg/mL solution

MIC MBC MIC MBC MIC MBC

S. aureus (MRSA) n.a.* 0.0843 n.a.** n.a*** 10000 units/ mL-10000 μg/mL n.a.****

B. cereus n.a.* 0.0843 2 mg/ mL n.a*** 156.25 units/ mL-156.25 μg/mL 312.5 units/ mL-312.5 μg/ mL

E. coli n.a.* 0.0843 3 mg/ mL n.a*** 156.25 units/ mL-156.25 μg/mL 312.5 units/ mL-312.5 μg/ mL

P. aeruginosa n.a.* 0.0843 4 mg/ mL n.a*** 156.25 units/ mL-156.25 μg/mL 312.5 units/ mL-312.5 μg/ mL

n.a.* lower concentration shall be used as completely inhibition up to 0.0078125 mM n.a.**, n.a.*** and n.a.**** higher concentration of the tested compound shall be 
used as no inhibition of the growth found with the tested concentration.

Figure 4: Antibacterial activity AgNPs evaluation by well diffusion methods. 
Staphylococcus aureus ATCC 33591 was evaluated with well 1 was loaded 
with 5.39 μg/ mL of biosynthesized AgNPs, while well 2 was loaded with 
20 mg/ mL of the aqueous extract of Acanthus ilicifolius. Well 3 and 4 were 
loaded with sterile water. The clear zones were observed surrounding the 
well 1 and 2 as well clearing zone surrounding vancomycin Va 30 antibiotic 
disc was measured in millimetre.
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Antimicrobial activity of Acanthus ilicifolius-AgNPs

Staphylococcus aureus and Bacillus cereus were used as 

representative of Gram negative bacteria while Pseudomonas 

aeruginosa and Escherichia coli were used as representative for Gram-

negative bacteria. Apart from this, those bacteria were chosen as they 

are the commonly pathogen found in skin and in gastrointestinal 

tract. Current study was done by well diff usion method, showed that 

both biosynthesized AgNPs and 2 mg of Acanthus ilicifolius extract 

solution inhibited growth of all bacteria strains tested which were 

Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa 

and Bacillus cereus. It was found that Gram-positive bacteria, 

which were Staphylococcus aureus and Bacillus cereus was more 

eff ective than standard antibiotic (vancomycin) used as their zone 

of inhibition larger than vancomycin 30 μg disc. While for Gram- 

negative bacteria, the zone of inhibition of biosynthesized AgNPs was 

14 mm for Escherichia coli, and 20 mm for Pseudomonas aeruginosa 

whereas 18 mm and 20 mm respectively for 2 mg Acanthus ilicifolius 

extract. Th e fi nding showed smaller zone of inhibition as compared 

to Gentamycin antibiotic disc 120 μg (27 mm for Pseudomonas 

aeruginosa and 25 mm for Escherichia coli).

Th e inhibition of bacteria by biosynthesized AgNPs is comparable 

with previously done recently by other researchers. El-Naggar et 

al. [37] reported the their AgNPs synthesized by using intracellular 

protein of cyanobacteria showed 16 mm and 21 mm of zone of 

inhibition on Staphylococcus aureus and Escherichia coli respectively. 

Th e fi nding was parallel with the current study on Staphylococcus 

aureus but contrarily they obtained larger zone of inhibition on 

Escherichia coli. Karimipour S.N. and Tanomand A [38] tested the 

commercially available AgNPs on Pseudomonas aeruginosa and 

reported that AgNPs inhibited the growth of Pseudomonas aeruginosa 

by well diff usion method with the zone of inhibition ranging from 

10-15 mm depending on concentration and the particle size of 

commercial AgNPs used. Biosynthesized AgNPs was suggested to be 

having slightly better antibacterial activity compare to commercial 

biosynthesized AgNPs against Pseudomonas aeruginosa.

Biosynthesized AgNPs was found to have antibacterial activity 

against Staphylococcus aureus by having 16 mm zone of inhibition 

comparable to standard antibiotic disc of vancomycin used in this 

study with 15 mm of inhibition zone. Other study was done by El-

Naggar et al. [37] using biosynthesized AgNPs as mentioned earlier 

obtained similar zone of inhibition with current study while Buszewski 

et al. obtained smaller zone of inhibition against Staphylococcus 

aureus. Th ey also claimed the zone of inhibition by well diff usion 

method increased when AgNPs combined with gentamycin 

against Staphylococcus aureus as well as Bacillus subtilis, Klebsiella 

pneumoniae and Pseudomonas aeruginosa tested. Aqueous extract of 

Acanthus ilicifolius also found to have antibacterial activity on tested 

bacteria. Th e inhibition zone obtained by using this extract against 

all tested bacteria were comparable to AgNPs as well as standard 

antibiotic disc used. Contrary, the aqueous extract was found to have 

greater zone of inhibition which was 18 mm against Escherichia coli 

than AgNPs (14 mm). We suggest this fi nding shall be repeated and 

validated in the future as this maybe a questionable fi nding obtained. 

We also suggest to further study on the potential of this aqueous 

extract and possible resistance trait arising if the similar pattern of 

fi nding obtain in the future against Escherichia coli.

Interestingly, we found our synthesised nanoparticles inhibit 

methicillin resistant Staphylococcus aureus (MRSA) strain (ATCC 

33591) used in this study. Staphylococcus aureus is a Gram-positive 

bacterium. Th is coagulase producing bacteria that is commonly 

regarded as a normal fl ora or commensal of the skin and human 

nasal cavity and various animal species. MRSA is one of the major 

risk pathogenic bacteria associated with the antimicrobial agent 

resistance evolution [39]. Most MRSA strain produce penicillinase 

enzyme (β-lactamase) that it is main cause of resistance to antibiotics 

as well as other enzyme produced by their counterparts [40]. While 

these resistant bacteria cause wide range of infections with diffi  cult 

to be inhibited by ordinary drugs, we may employ this green 

synthesized silver nanoparticles in order to combat those resistant 

microorganisms.

Evaluation antimicrobial activity of Acanthus ilicifolius-AgNPs 

and Acanthus ilicifolius aqueous extract were also been done by 

MTT Assay in addition to well diff usion method. In this study, 

MTT method was choose over other methods such as broth micro 

dilution and colourimetric assay (resazurin). Grela et al. [41] in their 

review described currently the MTT assay become more popular due 

to its advantages. Th is test is rapid, executed properly and accurate 

compared to other methods. A lot of sample maybe placed in the 

microplate and maybe considered cost eff ective compared to other 

method mention previously. So far, the MTT assay off ers possibility 

of replacing conventional standard colony counts of MIC/MBC 

to modifi ed MTT based MIC/MBC evaluation in determination 

of bacteria susceptibility and optimal doses of drug or natural 

compound to inhibit microorganism. Th e absorbance value obtained 

under optimum condition is proportionally with the count of living 

cell [42].

CONCLUSION

Our results indicated that Acanthus ilicifolius extracted can be 

used for effi  cient synthesis of AgNPs using inexpensive, eco-friendly 

and non-toxic method. Furthermore, the obtained biosynthesized 

AgNPs exhibited unique physicochemical and biochemical 

properties. Our fi nding provides insight into the development of 

new antimicrobial agents with enhancement of the antibacterial 

mechanism against clinical bacteria.
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