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Abstract  

The green synthesis of silver nanoparticles using Cyamopsis tetragonoloba plant extract, and their photocatalytic and 

antibacterial properties is reported. Three precursor concentrations of 1 mM, 2 mM and 5 mM were used, and at two 

different ratios of 1:5 and 1:10 plant extract to the precursor. The formation of the nanoparticles was followed by the 

periodic study of surface plasmon resonance using the UV-visible spectroscopy, which revealed the formation of 

nanoparticles with regular bands after 45 min. of reaction. Fourier transform infrared spectroscopy was used to study the 

functional groups present in the plant biomolecules which aided the reduction and stabilization of the nanoparticles. 

Transmission electron microscopy analysis and X-ray diffraction pattern showed the particle sizes and crystalline 

structures, while the zeta potential values indicated the stability of the nanoparticles. The 5 mM concentration gave the 

largest particle sizes of about 12.90 nm and the most stable particles. The photocatalytic properties of the particles 

studied using Methyl red showed a low efficiency of 17.85% degradation achieved under 2 h. The antibacterial potency 

of the nanoparticles was screened against some Gram-negative and Gram-positive bacteria. The results showed that the 

nanoparticles have good antibacterial activities. Copyright © 2019 VBRI Press. 
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Introduction 

The diverse properties of nanoparticles and their 

applications continue to generate more interest, leading 

to exploring different synthesis route. Different metal 

nanoparticles have been reported, and interest continue 

to rise on the behaviour of several noble metal 

nanoparticles synthesized from many substrates that act 

as reducing, stabilizing and capping agents. 

Nanoparticles have interesting properties which are 

different from their bulk materials such as optical, 

electrical, thermal and catalytic properties [1, 2]. These 

properties also differ among the same type of 

nanoparticles depending on the method of preparation. 

Silver nanoparticles are interesting noble metal 

nanoparticles with wide range of applications including 

consumer products, cosmetics, medical, food, health 

care and industrial purposes [3-6]. The applications 

have necessitated for non-toxic methods of synthesis 

since the nanoparticles synthesized via the conventional 

methods using chemicals, as capping agents, could 

gradually release the agents into the consumer and 

health care products. Other methods of synthesis such 

as physical method could involve the use of furnace or 

spark discharge. Although the synthesis is characterized 

by short reaction time, the expensive nature, high 

energy reaction, low yield and non-uniform particle 

sizes have hindered the wider exploitation of this 

method [7]. 

 Biological method of nanoparticle synthesis 

involving the use of molecules such as proteins, sugars, 

vitamins, amino acids and various secondary 

metabolites (that have reducing, stabilizing and capping 

abilities towards the metal ions) have offered greater 

advantage than the chemical route [8, 9]. One of such 

secondary metabolites is the active polyphenols which 

are good natural antioxidants with great potency in 

nutraceuticals, drugs formulation and food additives 

[10]. This phytocomponent, along with other 

components, play important role in the reduction of 

metal ions and enhancing their biological activities in 

the synthesized nanoparticles. They are eco-friendly, 

cheap and aid the production of particles of similar 

sizes and shapes [11]. The biological synthesis of 

nanoparticles could either be the micro-organisms 

mediated method or the phyto mediated synthesis. The 
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later method involves the use of plant, and this method 

has attracted lots of interest due to their clean, simple 

and cost effectiveness. Almost all parts of a plant 

ranging from the bark, fruits, peels, pods, sap, petals 

leaves, roots, shoots can be utilised in the synthesis, and 

they are prepared either fresh or dried to act as the 

bioreductant [12, 13]. The natural biosurfactant 

molecules (saponins) in the plant aids in dispersion 

during the reaction and they are biocompatible, 

nontoxic and nonionic, which makes them the best 

alternative to synthetic surfactants and safe to the 

environment [14]. Other biomolecules present in the 

plant parts also offer capping and stabilizing ability by 

their interaction with the particle surface making it 

unnecessary for additional reagents to perform such 

functions [15]. The differences in the proportion of 

these biomolecules among most plants highlight the 

need for continuing investigation of different plants 

towards nanoparticle synthesis. For example, Neem 

plant contains high concentration of terpenoids and 

flavonoids [16, 17] which aids in the stability and 

capping effect when used in nanoparticle synthesis; 

whereas Reetha (Sapindus mukorossi) and Shikakai 

(Acacia concinna) have more saponnins (biosurfactant) 

which would cause more reducing property thereby 

leading to smaller nanoparticles [14]. Other plants 

could contain higher quantities of some other 

metabolites thereby placing them at a particular 

advantage over others. 

 During the biosynthesis reaction, the reaction 

temperature, nature and concentration of substrate, and 

precursor concentration play crucial role in controlling 

the morphology, particle size and surface chemistry of 

the nanoparticles [18, 19]. As a result of this, there are 

continued efforts to explore different synthesis route in 

order to obtain smaller sizes of nanoparticles because 

they have shown to possess more improved properties 

[11]. 

 Nanosilver has wide applications especially in 

nanomedicine [20, 21]. They have been used in 

theranostics such as photothermal therapy to locate and 

destroy cancer cells, and as biosensor for detection of 

squamous cell carcinoma [22, 23]. Multifunctional 

silver-embedded magnetic nanoparticles have been 

used to locate breast cancer cells and leukemia [24], 

which reiterates the toxic potential of plant-based silver 

nanoparticles against carcinoma cells [8]. In recent 

times, infections in open wounds and chronic ulcers 

have been treated using nanosilver based dressings [25]. 

Other biological and medical applications include as 

antimicrobial [26, 27], anti-inflammatory, anti-viral, 

anti-angiogenesis and anti-platelet [28, 29] larvicidal 

agents [30]. Silver has also found applications in other 

areas; Etherigde et al. [31] reported the hybrid of silver 

nanoparticles with vanadium oxide which could 

enhance the battery performance in the next-generation 

active implantable medical devices. Another interesting 

field where AgNPs have found diverse use is in redox 

catalysis and photocatalysts where they promote 

electron transfer and give access to the low activation 

energy reaction [32]. As photocatalysts, they enhance 

the photo-degradation of organic pollutants in water 

thereby serving efficiently in water purification and 

environmental remediation [33, 34]. Other reports on 

plant mediated biosynthesis of silver nanoparticles 

include Nigella arvensis [35], Phyllanthus amarus [36], 

banana peels [37], Ocimum sanctum [38], Laminaria 

japonica [39], Andean blackberry fruit extract [40] etc. 

 In this research, we have synthesized silver 

nanoparticles using Guar bean leaf. Guar is a plant 

which originates from Africa, but it has been cultivated 

throughout Asia especially in India. This plant, which is 

also known as Cluster bean plant, has been much 

appreciated for its gum obtained from the endosperm of 

the seeds which has many applications in paper, food, 

mining, cosmetics, textile, oil and pharmaceutical 

industries [41]. Its flavonoid contains quercetin, 

daidizein, kaemferol, and 3-arabinosides [42]. Cluster 

bean (Cyamopsis tetragonoloba) is a rich source of 

soluble fibre and is recognized for its cholesterol 

reducing effect [43]. Guar gum – a galactomannan has 

been shown to be a potent hypocholesterolaemic agent 

in both normal and hypercholesterolaemic animals [44]. 

These cluster or guar beans are also helpful in building 

bones, teeth, maintaining blood pressure and resolving 

anaemia. The beans have antidiabetic effect, antiulcer, 

cytoprotective and anticholinergic effect, hypoglycemic 

and hypolipidemic effect, antiasthmatic and anti-

inflammatory activities on human body [45]. Here, the 

leaf extract of the plant was used with different 

concentrations of the precursor compound (AgNO3) in 

order to study the effect of the change in concentration 

on nanoparticle size and determine the antibacterial and 

photocatalytic properties of the as-synthesized silver 

nanoparticles. 

 

Materials and methods 

Preparation of aqueous Guar leaf extract  

The Guar plant was sourced from Mafikeng, South 

Africa and properly identified by a botanist at North 

West University. The leaves were washed to remove 

the dirts and soil debris. It was, thereafter, dried and 

blended into powder.  The powdered leaf was boiled at 

about 80 ᵒC using double-distilled water for an hour and 

filtered. The filtrate now served as the reaction 

substrate and was used for the synthesis of AgNPs.  

Synthesis of Guar leaf mediated silver nanoparticles 

(GAgNPs) 

Silver nanoparticles were biosynthesized using the 

reported literature method with little modification [46, 

47]. Aqueous solutions of the metal salts (1 mM, 2 mM 

and 5 mM) silver nitrate were prepared using double 

distilled water and added to the aqueous leaf extract.  

In each of the precursor concentration, the obtained 

nanoparticles were synthesized using the ratio of  

(1:5 and 1:10) leaf extracts to the metal ion solutions. 

The reaction mixture was stirred at the temperature of 

about 80 ᵒC for two hours with periodic sampling of the 
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nanoparticle solution to study the formation of silver 

nanoparticles. 

Characterisation of the silver nanoparticles 

UV–visible spectrophotometer was used to monitor the 

stages in the formation of the silver nanoparticles as 

aliquots were taken at regular time intervals. The 

particle sizes of the synthesized AgNPs were estimated 

using JEOL2100 Transmission electron microscopy 

(TEM) instrument (München, Germany) fitted with a 

LaB 6 electron gun at 5 kV, and images were captured 

using Ultrascan digital camera. The particle size 

distribution was obtained using Image J software. The 

samples were prepared by firstly sonicating for an hour, 

after which drops of the sample were placed on the 

TEM copper grids, followed by drying and evaporation. 

The functional groups present in the biocomponents 

involved in reducing, stabilizing and capping of the 

AgNPs were verified by the aid of Bruker alpha-P  

FT-IR spectrophotometer in the wavenumber range  

400 – 4000 cm-1. The surface charges and zeta potential 

values were determined using the laser zeta meter 

(Malvern zetasizer 2000, Malvern). The samples were 

dissolved in about 50 mL double distilled water, 

sonicated and filtered. The zeta potential was then 

measured at solution pH of 7. 

Photocatalytic studies of the GAgNPs 

The behaviour of the GAgNPs as photocatalyts in the 

degradation of methyl red was studied under UV 

irradiation. An aqueous solution of 20 mg/L of the 

methyl red was prepared and properly stirred. 

Afterwards, 100 mL was taken from the original stock 

solution of methyl red and 20 mg of GAgNPs was 

introduced into it. They were properly stirred in the 

dark for equilibration before being subjected to the UV 

irradiation. The solution was constantly stirred and 

aliquot of the samples were taken at intervals using 

UV-vis spectrophotometer to determine the extent of 

degradation of the methyl red.  

Antibacterial analysis of the as-synthesized GAgNPs    

The  GAgNPs  were  analysed for  their  antibacterial  

activity  using  the  agar well diffusion  method with 

slight modification from reported methods. The 

bacterial strains used were Gram-negative Escherichia 

coli, Klebsiella pneumonia and Gram-positive 

Staphylococcus aureus and Bacillus cereus. The 

organisms were seeded in agar plates using sterile 

Muller–Hinton agar (MHA, Sigma-Aldrich USA, 

97.5%) by the “pour plate” technique.  Five holes were 

made using a cork borer and GAgNPs solutions (0.05, 

0.1, 0.25, 0.5 mg/mL) were introduced. Ciprofloxacin, 

used as positive control, was introduced into one of the 

holes. They were all incubated for 24 h at 37oC and 

approx. 10 μL of 1.25 mg/mL 3-(4, 5-dimethylthiazol-

2-yl)-2, 5-diphenyltetrazolium bromide (MTT) was 

introduced into the samples to afford a purple 

colouration, indicating microbial growth. The formation 

of a clear zone around the hole is an indication of 

antibacterial activity, but values <6 mm do not portray 

antibacterial potentials. The experiments were repeated 

twice in order to get replicate results of zones of 

inhibition recorded in millimetres. The experimental 

results were given as mean ± S.D. of the two parallel 

measurements. 

 

 

 

Fig. 1. UV-visible spectra of the Ag nanoparticles synthesized using  

1 mM AgNO3 at (a) 1:5 and (b) 1:10 substrate to precursor.  

Results and discussions 

UV-visible spectroscopy analysis of the GAgNPs 

Figs. 1-3 show the absorption spectra of the GAgNPs 

obtained at different concentrations. In all the spectra, 

evidence of formation of AgNPs was noticed after 45 

min of the reaction. All the peaks were broad indicating 

polydispersity of the AgNPs, except in the particles 

prepared from 2 mM AgNO3 using 1:10 ratio. In all the 

formulations, the GAgNPs from 1 mM AgNO3 using 

1:5 ratio has the highest concentration of nanoparticles 

at 434 nm. Similar absorption peak was observed in the 

GAgNPs prepared from 1:10 ratio. In the particles 

prepared from 2 mM AgNO3 using 1:5, a higher peak 

(449 nm) was obtained compared to the spectrum 

obtained using 1:10 ratio (which has peak of absorption 

around 440 nm). The lower absorption peak of the 

samples from 1:10 ratio suggests smaller particle size 

[48]. In the GAgNPs from 5 mM concentration, the 1:5 

ratio has lower absorption peak of 447 nm compared to 

the 449 nm exhibited by the 1:10 ratio. This shows that 

the lower the wavelength, the smaller the nanoparticle 

size which is a common behaviour with metal 

nanoparticles. There is no specific order observed based 

on the different concentrations used in this study. 

Ideally, at higher concentration of the precursor 
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(AgNO3), an increase in the formation of nanoparticles 

is expected as more silver ions would be reduced; but in 

this work GAgNPs from 1 mM (1:5) showed maximum 

intensity which reflects larger number of particles. The 

nature of the surface plasmon bands (SPBs) displayed 

by the samples from 1 mM concentration using 1:5 

volume ratio shows wide spectra range and likely 

reveals high level of polydispersity with varying sizes 

of nanoparticles [49].  

 

 

Fig. 2. UV-visible spectra of the nanoparticles synthesized using  
2 mM AgNO3 at (a) 1:5 and (b) 1:10 substrate to precursor. 

 

 
Fig. 3. UV-visible spectra of the nanoparticles synthesized using  
5 mM AgNO3 at (a) 1:5 and (b) 1:10 substrate to precursor.  

  In the work of Amin et al. [50], in which silver 

nanoparticles were formed by using solanum 

xanthocarpum berry extract, it was observed that as the 

concentration of the extract increased, the SPBs became 

sharper and the number of nanoparticles also increased. 

They also observed that there was a limit to which the 

biomolecules ceased to act as capping agent and, in that 

case, an increase in bandwidth occurred which led to 

anisotropic or larger size particles.  

  

FTIR Spectroscopic analysis of the GAgNPs  

FTIR measurement of the plant and the silver 

nanoparticles obtained using the plant extract was 

carried out to identify the biomolecules that serve as 

reducing, capping and stabilizing agents in the 

synthesized silver nanoparticles. The spectrum of the 

plant extract (Fig. 4a) showed peaks at 3271, 2918, 

2854, 2206, 2089, 1726, 1614, 1540, 1417, 1240, 1018 

and 522 cm−1. The broad peak in the higher energy 

region (3272 cm-1) indicates the presence of the OH 

group in the extract of Cyamopsis tertagonoloba [51], 

while the sharp peaks at 2854 cm−1 and 2919 cm-1 could 

be due to the stretching vibration of C-H of the alkanes 

[52]. The weak peaks around 2206, 1462, 1571 cm-1 

could be ascribed to the unsaturated aromatic C=C 

bonds [53], while peaks around 1726 cm-1 corresponds 

to C=O of esters, ketone or acids. The 1018 cm-1 peak 

may be due to the stretching vibration of C-H from 

alkyl halides [54] and the peaks in the range 522 - 507 

cm−1 indicates C–Cl stretching of halide groups [55]. In 

the spectrum of GAgNPs (Fig. 4b), the peak positions 

are similar to that of the plant, but of lower intensity, 

which indicates capping of the synthesized 

nanoparticles by the plant extracts. All the absorption 

bands are summarised in Table 1.  

 

 
Fig. 4. FTIR spectrum of the (a) Guar Plant and (b) GAgNPs.  
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Table 1. Functional groups present in the guar plant and 

nanoparticles.  

Functional 

group  

Frequency (cm-1)  Intensity  

  Guar plant  GAgNPs    

OH   3272  3215  Strong, broad  

Alkane -C-H   2854, 2919    strong  

-C≡C-   2206  2110  Variable  

C=C   1571  1540  Medium-weak  
multiple bands  

C=C   1462  1417  Strong  

C=O   1739  1726  Strong  

C-O   1018    Two bands or more  

C-Cl  522  507  Strong  

 

TEM Analysis of the GAgNPs  

There were variations in the TEM micrographs of the 

three different concentrations of the precursor used for 

nanoparticle synthesis as shown in Figs. 5-7 and  

Table 2. However, in all, nearly spherical shape 

nanoparticles were obtained. The samples from 2 mM 

using 1:10 ratio gave the least nanoparticles size, 

whereas the samples from 5 mM using 1:10 gave the 

largest size. The lower size ranges of nanoparticles 

which are monodispersed were mostly recorded with 

both 1:10 volume ratio of samples obtained from the  

1 mM and 2 mM AgNO3. However, there was a 

striking appearance of agglomeration in the particles 

obtained from 2 mM when 1:10 ratio was used. The 

images obtained in all the concentrations corroborate 

the results of the UV-vis spectra which showed broad 

peaks, an indication of polydispersity, except for the 

particles from 2 mM AgNO3 using 1:10 volume ratio. 

The clustered peaks shown by the SPBs of the samples 

from 1 mM (1:5) illustrate colour changes that lead to 

varying particle sizes of the nanoparticles which were 

also confirmed by the TEM image [56]. The samples 

obtained from 1 mM using 1:5 ratio have the highest 

number of lower sized nanoparticles which was also 

shown by the wavelength of absorption compared to 

other concentrations. However, on the average, the 

samples from 2 mM (1:10) were recorded to have 

lowest size of nanoparticles. The mechanism was such 

that the rate of nuclei formation was higher than the 

nanoparticle growth rate, thereby giving rise to a large 

number of smaller particles [57]. In the growth system 

observed in the particles from 1 mM (1:5), oriented 

attachment seem to occur as against secondary growth 

due to Ostwald ripening observed in the particles from 

5 mM using 1:10 plant extract to precursor ratio.  

  The samples obtained from 5 mM using 1:10 ratio 

have the largest particle size compared to other 

concentrations used. Different plants behave differently 

and it could be observed that, in this synthesis, the large 

size could be due to the low concentration of the 

substrate (1:10) and the high concentration of the 

precursor (5 mM). This is comparable to the work of 

Shukla et al. [58], in which the size of the nanoparticles 

increased with increase in the concentration of the 

silver nitrate. The amount of active biocomponents that 

transform the precursor to their nanoparticles, 

determines the formation rate of the Ag/AgCl nuclei, 

the collision rate and general reaction mechanism.  

 
Table 2. Size distribution at different precursor and substrate 

concentrations of the synthesized GAgNPs. 

Concentration  

of Precursor 

(AgNO3) (mM)  

Ratio of 

Substrate  

to precursor  

Average size  

of AgNPs (nm)  

Size   

Range  

(nm)  

1  

  

1:5  5.21  2.03-9.36  

1:10  8.67  3.71-13.66  

2  1:5  11.00  6.98-15.27  

1:10  3.61  1.85-7.39  

5  1:5  10.02  4.23-21.19  

1:10  12.92  6.83-23.43  

  

 

 

Fig. 5. TEM image and the respective particle size distribution 

histogram of the nanoparticles obtained from 1 mM AgNO3 using  

(a) 1:5 and (b) 1:10 volume ratio of aqueous plant extract: AgNO3. 

 

 

 

Fig. 6. TEM image and the respective particle size distribution 
histogram of the nanoparticles obtained from 2 mM AgNO3 using (a) 

1:5 and (b) 1:10 volume ratio of aqueous plant extract: AgNO3.  
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Fig. 7. TEM image and the respective particle size distribution 

histogram of the nanoparticles obtained from 5 mM AgNO3 using  

(a) 1:5 and (b) 1:10 volume ratio of aqueous plant extract: AgNO3. 

 

Measurement of zeta potential 

Due to the small size and high surface reactivity, 

attraction or repulsion of the nanoparticles during 

reaction could occur, thus leading to either 

agglomeration or dispersion. Zeta potential explains 

this phenomenon, describes the stability and the surface 

potential of the nanoparticles [59]. The particles are 

adjudged stable when their zeta values are more 

positive than +30 mV or more negative than −30 mV 

[60]. In the three synthesized nanoparticles with 

different precursor concentrations, 1 mM, 2 mM and  

5 Mm, the zeta potential values are -13.6, -14.2 and  

-15.4 mV respectively as shown in Figs. 8(a-c). These 

values reflect less stability of the nanoparticles and 

possibility of agglomeration which is a reflection of the 

inability of the surface charges to hinder the particles 

from coalescing. The negativity of the values showed 

the nanoparticles were capped by the plant 

biomolecules and also stabilized, although not very 

efficiently [61]. From the recorded values, stability of 

the nanoparticles seems to be increasing with higher 

concentration of the precursor. More so, the type of 

capping agent or ligand groups used in the nanoparticle 

synthesis also affects the values of the zeta potential. 

The knowledge of the degree of stability of 

nanoparticles aids in their application, thus, very stable 

nanoparticles would be very useful in pharmaceuticals 

formulation. 

 

Photocatalytic behaviour of the GAgNPs  

The photocatalytic process was monitored at specific 

time intervals, and the decrease in intensity of 

absorption at 438 nm was recorded. The percentage 

degradation was calculated using the equation,  

% Dye degradation = 
𝐶𝑜−𝐶𝑡

𝐶𝑜
 × 100               (1)  

where, Co and Ct are the concentration of the dye at 

initial and specific time t, respectively. Since 

absorbance is proportional to concentration, the value 

of the concentrations of the methyl red at the different 

times were derived from the absorbance peak value at 

438 nm.  Methyl red (C15H15N3O2) is an azo dye, thus 

carcinogenic and harmful to living organisms [62]. 

Within the aquatic system, they pose great danger to all 

living organisms. The mechanism of the photocatalytic 

reaction could be explained thus:  

Fig. 8. Surface zeta potential graph of GAgNPs synthesized using                              

(a) 1 mm, (b) 3 mM and (c) 5 mM precursor concentration. 

 

 The nanoparticles absorb ultraviolet radiation, 

causing the surface to be activated and electrons are 

excited; these photogenerated electrons interact with the 

dissolved oxygen molecules to yield O2- radicals that 

can degrade the organic dye [63]. 
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Fig. 9. Degradation of methyl red using GAgNPs obtained from  
(a) 1 mM and (b) 5mM AgNO3 using 1:5 volume ratio of AgNO3 to 

aqueous leaf extract. 

 

  At 438 nm, the % degradation recorded for the 

samples obtained from 1 mM AgNPs was 17%,  

while for the 5 mM samples, it was 14% after 90 min 

reaction as shown in Figs. 9 a and b, and  

presented in Table 3. The values show low percentage 

degradation compared to other literature reports. 

Perhaps, there was no effective activation of the 

surfaces of the silver nanoparticles and therefore, 

intermediate molecules such as the dissolved oxygen 

radicals which could lead to efficient degradation were 

not sufficiently produced. The results recorded here 

reiterate the fact that photocatalytic behaviour of 

nanoparticles is prominently due to their band  

structure [64].  

Table 3. Percentage photocatalytic degradation recorded at 438 nm at 

different time intervals  

 

Time 

(min)  

1 mm (1:5)   5 mm (1:5)  
 

 Absorbance %  

degradation 

Absorbance % 

degradation 

0 0.8556 - 0.7651  

20 0.8421 1.58 0.7307 4.50 

40 0.8088 5.47 0.7305 4.52 

60 0.7804 8.79 0.7076 7.52 

90 0.7049 17.61 0.6562 14.40 

120 0.7050 17.62 0.6285 17.85 

Antibacterial analysis  

The antibacterial studies of the nanoparticles was 

carried out using some selected bacteria that pose lot of 

challenges to health and the results are presented in 

Table 4. Silver has great antibacterial properties, 

likewise some plant extracts. It is, therefore, believed 

that the synergistic antibacterial property would arise 

from the combination of the silver, the plant extract in 

the nanoparticles, in addition to the positive effect of 

the small sizes. The mechanism of the activity is such 

that there is penetration of the small nanoparticles into 

the disease causing microorganisms, thereby binding 

with the cell membrane and quenching their activities. 

During the analysis, there was no inhibition seen below 

20 μg/mL nanoparticle solution but at concentration of 

about 25 μg/mL, the growth of the micro-organisms 

was inhibited. The bacterial strains then become 

vulnerable and the nanoparticles became active.  

  E. coli and K. pneumonia which are gram negative 

organisms gave the highest zone of inhibition compared 

to Staphylococcus aureus and Bacillus cereus which 

are gram positive bacteria (Table 4). The reason is 

attributed to the cell wall of the gram positive bacteria 

being more robust and therefore tends to be resistant to 

attacks [65, 66].  The antibacterial activity of the silver 

nanoparticles in this research may be considered to be 

effective when compared with some literature reports 

[67]. The extracts from Guar leaf have been reported to 

be active against bacteria organisms [68], but the 

AgNPs have higher activity due to the surface 

characteristics of the nanoparticles which enables the 

isolates to be absorbed on the surfaces.  

 
Table 4. Antibacterial results of AgNPs (Zone of inhibition in mm).  

 

Samples   Staphylo-
coccus  

aureus 

Bacillus  
cerues 

Klebsiella. 
pneumonia 

Escherichia.  
Coli 

GAgNPs  10.5 ± 0.0 8.2 ± 0.7 11.2 ± 0.3 14.7±1.2 

Ciprofloxacin  20.0 ± 1.4 25.8 ± 0.0 23.0 ± 0.0 25.0±0.7 

Water  R R R R 

Values (in mm) represent the mean of double replications and their 

standard deviation; standard drug (Ciprofloxacin) was used as 
positive control for antibacterial studies, water was used as negative 

control and showed no activity, R = resistant. The well diameter was 

6 mm, and any activity below 6 mm was considered resistant.   

 

  Table 5 shows the minimum inhibitory 

concentrations (MIC) of the samples, and it shows that 

the MIC against S. aureus and E.coli are lower than 

0.05 mg/mL which was the same concentration as the 

control drug, ciprofloxacin. In general, the 

nanoparticles showed some great potency towards 

inhibition of bacterial growth especially E.coli but the 

control drug was more active. 

Table 5. Minimum inhibitory concentration (MIC).  

Samples   Staphylococcus 
aureus  

Bacillus 
cerues  

Kleb.  
pneumonia  

E. Coli  

AgNPs  <0.05  0.1  0.1  <0.05  

Ciprofloxacin  <0.05  <0.05  <0.05  <0.05  
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Conclusion  

The extensive research on plant mediated synthesis of 

noble metal nanoparticles is due to the different degrees 

of the constituent plant biomolecules and the ability of 

the synthesized nanoparticles to offer various 

applications. In this investigation, the synthesis of silver 

nanoparticles using guar plant as substrate increased the 

already existing information on various silver 

nanoparticles made by different plants. In addition, 

reaction conditions were varied in order to explore the 

behaviour of the nanoparticles and how their properties 

are affected. Three different precursor concentrations 

(1 mM, 2 mM, 5 mM) were used in the synthesis and 

two volume ratios (1:5, 1:10) of plant extract to the 

precursor. The obtained results indicated that the 5 mM 

precursor concentration gave rise to larger particle 

sizes, while the 1 mM concentration has the smallest 

particle sizes. Slight agglomeration of particles 

occurred which suggested some attraction, resulting in 

low stability, with the nanoparticles obtained from  

5 mM of the precursor being the most stable. The 

photocatalytic behaviour against methyl red is low 

based on the duration of time studied but are promising. 

Nanoparticles may act differently as photocatalysts 

depending on the pollutants or dyes and also on the 

time of reaction.  The nanoparticles showed some 

antibacterial activity, against four different bacteria 

strains with E. coli being the most vulnerable.  
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