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Abstract—Gold nanoparticles (AuNPs) have gained increasing 

interest in recent times. This is greatly due to their special features, 
which include unusual optical and electronic properties, high stability 
and biological compatibility, controllable morphology and size 
dispersion, and easy surface functionalization. In typical synthesis, 
AuNPs were produced by reduction of gold salt AuCl4 in an 
appropriate solvent. A stabilizing agent was added to prevent the 
particles from aggregating. The antibacterial activity of different 
sizes of gold nanoparticles was investigated against Staphylococcus 
aureus, Salmonella typhi and Pseudomonas pneumonia using the disk 
diffusion method in a Müeller–Hinton Agar. The Au-NPs were 
effective against all bacteria tested. That the Au-NPs were 
successfully synthesized in suspension and were used to study the 
antibacterial activity of the two medicinal plants against some 
bacterial pathogens suggests that Au-NPs can be employed as an 
effective bacteria inhibitor and may be an effective tool in medical 
field. The study clearly showed that the Au-NPs exhibiting inhibition 
towards the tested pathogenic bacteria in vitro could have the same 
effects in vivo and thus may be useful in the medical field if well 
researched into. 
 
Keywords—Gold Nanoparticles, Gomphrena celesioides, Prunus 

amygdalus, Pathogens. 

I. INTRODUCTION 
ANOTECHNOLOGY deals with processes that take 
place on the nanometer scale, that is, from approximately 

1 to 100nm. Properties of metal nanoparticles are different 
from those of bulk materials made from the same atoms. In 
recent years, so much attention is being given to research into 
noble metal nanoparticles which may be due to their unique 
optical, electronic, mechanical, magnetic, and chemical 
properties that are significantly different from those of bulk 
materials [1]. These special and unique properties could be 
attributed to their small sizes and large surface areas. For these 
reasons, metallic nanoparticles have found uses in many 
applications in different fields, such as catalysis, photonics, 
and electronics. Preparation of silver nanoparticles has 
attracted particularly considerable attention due to their 
diverse properties and uses, like magnetic and optical 
polarizability, electrical conductivity [2], catalysis, 
 

Abalaka, M.E., Daniyan, S.Y., and Damisa, D. are with theDepartment of 
Microbiology, Federal University of Technology, Minna, Nigeria(e-mail: 
modorc2005@yahoo.com, sydaniyan@gmail.com,damisaduro@yahoo.com).  

Adeyemo, S.O. is with the Department of Biochemistry, Ibrahim Badamasi 
University, Lapai, Nigeria (e-mail: shemelohim2006@yahoo.com). 

antimicrobial and antibacterial activities [3], [4], DNA 
sequencing [5], and surface-enhanced Raman scattering 
(SERS) [6] as cited by [7]. 

It is believed that due to their large surface areas 
nanoparticles have more penetration powers into 
microorganisms and if the active plant extracts can be 
delivered into the ‘interior’ of the microbes more activity 
could be recorded. Many chemical methods exist for synthesis 
of nanoparticles but have been found to be toxic since 
nanoparticles could be used in humans and other animals or 
plants which may eventually end up in human system [8]-[10]. 
It therefore, became extremely important to focus on the 
biological methods for the production of nanoparticles. 
Biological methods of nanoparticle synthesis using 
microorganisms [11]-[13], enzymes [14], fungus [15], and 
plants or plant extracts [16]-[18] have been suggested as 
possible ecofriendly alternatives to chemical and physical 
methods. In the opinion of [16], ‘sometimes the synthesis of 
nanoparticles using plants or parts of plants can prove 
advantageous over other biological processes by eliminating 
the elaborate processes of maintaining microbial cultures’. 

Microorganisms are responsible for infectious diseases in 
plants animals and humans. The microbes Staphylococcus 
aureus, Salmonella typhi and Pseudomonas pneumonia are 
bacterial pathogens that cause human diseases like 
opportunistic skin infection, typhoid fever and pneumonia 
disease in children as well as in the elderly. 

In this present research, gold nanoparticles synthesized 
from the two plants, Gomphrena celosioides and Prunus 
amygdalus, were used against the three bacterial pathogens to 
determine their susceptibility to the particles and to ascertain if 
this can useful in therapy formulation against the diseases 
caused by these pathogens.

II.MATERIALS AND METHODS 

A. Preparation of Stock Solution of Gold Chloride from 
Aucl4

To make 50ml of 10mM stock solution the following 
calculations were made: 

Molecular weight of AuCl4 = 393.83g 
1M =393.83g in 1 
To convert this to mM = 0.39383g/mM 
To convert g to mg = 393.83mg/mM /L 
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10mM = 10 × 393.85mg/L = 3938.5mg/L 
 

50ml = ��������	
	����
�����

= 196.925mg 
 
This (196.925mg AuCl4) was then dissolved in 50ml 

distilled water and stored in a dark brown bottle and labeled 
10mM AuCl4 

Now the working solution of 2.5mM was prepared using the 
formula,  
 

RV/O 
 
where R = required concentration, V = volume, O = original 
concentration 

Now, R =2.5mM 
V = 50ml 
O = 10Mm 

Then 
�����	�	����

	���
= 12.5ml	

 
Twelve point five (12.5ml) millilitre of stock solution taken 

and made up to 50ml with distilled water. 

B. Plant Synthesis of Gold Nanoparticles (AuNPs) 
Mature leaves of the plants Gomphrena celosioides and 

Prunus amygdalus were collected from around Bosso Campus 
of Federal university of Technology, Minna, Nigeria. The 
plants leaves were thoroughly washed and air-dried after 
which they were crushed in a mortar. 

One gram (1g) each of the powdered leaves of the plants 
was weighed and placed in a beaker into which 10ml of 
distilled water was added, mixed and filtered with Whatman 
filter paper. 

Two milliliter (2ml) each of the filtrate was pipetted into 
five (5) test tubes. The pH of each test tube was adjusted to 3, 
4, 7 and 8 using appropriate buffer solutions, the 5th test tube 
served as the control. 

Into each test tube 1ml of 2.5mM gold chloride was added 
(except the control). The test tube were mixed thoroughly and 
observed for color change. 

Ultraviolet light (UV) was used to carry out the 
spectrophotometric analysis to determine the wavelength. 
Gold has Plasmon resonance peak at 500–600nm. 

C.Antibacterial Assay of the AuNPs on the Test Organisms 

1. AuNps Discs 
The Whatman filter paper was perforated with paper 

perforator to obtain discs the size of standard antibiotic discs. 
About 25 pieces of the discs were counted into McCartney 
bottles into which 5ml of the standardized AuNPs from each 
of the plant was added, thoroughly mixed to give even 
distribution of the nanoparticles. This was allowed to fix and 
kept for further assay. 

2. Preparation of Test Culture 
The test organisms which include Staphylococcus aureus, 

Salmonella typhi and Pseudomonas pneumonia were obtained 

from Microbiology Department of National Institute for 
Pharmaceutical Research Development (NIPRD) Abuja and 
maintained on Nutrient Agar 37oC. The colonies of each pure 
culture were inoculated into 5ml sterile broth in a McCartney 
bottle and incubated over night at 37oC. 

3. Antimicrobial Assay   
The antimicrobial assay was conducted according to the 

method of [19]. The sterile paper discs (6mm) impregnated 
with gold nanoparticles derived from the two plants leaf 
extracts were suspended in sterile distilled water and were left 
to dry at 37°C for 24h in a sterile condition. The bacterial 
suspension was prepared by making a saline suspension of 
isolated colonies selected from nutrient agar plate, the agar 
plates were grown for 18 hours. Five milliliters (5ml) of sterile 
nutrient broth was inoculated with a loop-full of test organism 
and incubated for 24hrs. 0.2ml from the overnight culture of 
the organisms were dispensed into 19ml of sterile nutrient 
broth and incubated for 3-5hrs by using McFarland turbidity 
standard using the spectrophotometer of 600 nm to standardize 
the culture to 106cfu/ml. The surface of Muller Hinton Agar 
was completely inoculated using a sterile swab. The 
impregnated discs were then placed on the inoculated agar and 
incubated at 37°C for 24 hours. After incubation, the diameter 
of the growth inhibition zones was measured. 
Chloramphenicol (30�g) and Streptomycin (30�g) were used 
as the positive standards control. All tests were conducted in 
triplicate.  

III. RESULTS 

 
Fig. 1 UV- Vis absorption spectrum of gold nanoparticles (AuNPs) in 
aqueous solution of Gomphrena celosioides and Prunus amygdalus 

leaf extracts 
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Fig. 2 Susceptibility testing of AuNPs against one of the test 

organisms 

IV. DISCUSSION 
When each of the leaf extracts was mixed with the aqueous 

solution of the AuCl4, it began to change the color slowly. It 
was seen that the gold ion is being reduced to gold which 
indicates the formation of stable gold nanoparticles. The 
formation of gold nanoparticles was monitored periodically 
using UV-Vis spectroscopy. Gold has Plasmon resonance 
peak at 500–600nm therefore from Fig. 1 the peak of 500nm 
can be said to be gold nanoparticles. Reference [20] obtained 
similar results in their experiments on nanoparticles therefore 
the present gold nanoparticle synthesis in this research in 
agreement with theirs. 

The in vitro antibacterial activity of the samples was 
evaluated by utilizing the disc diffusion method using 
Müeller–Hinton Agar (MHA) with determination of inhibition 
zones in millimeter (mm), which conform to recommended 
standards of the [21]. Staphylococcus aureus, Salmonella typhi 
and Pseudomonas pneumonia were used for the antibacterial 
effect assay. The results as shown on table one suggest that all 
three bacteria were susceptible to the nanoparticles of the two 
plants extracts. Extracts of G. celesioides showed more 
activities on the test organisms compared to P. amygdalus. 

The bacterium, P. pneumonia was most susceptible to the 
extracts followed by S. aureus while the least susceptible was 
S. typhi. The zones of inhibition created by the gold 
nanoparticles of the plants extracts compared favorably with 
those of the two standard antibiotics employed as control in 
this study. That these nanoparticles have activity against these 
organisms is a welcome development. Reference [22] revealed 
the activities of gold and silver nanoparticles against 
Mycobacterium tuberculosis and Escherichia coli and 
suggested that these particles could be used to treat 
tuberculosis faster than the conversional drugs.  

The results of the present research could give a lead way to 
the use of gold nanoparticles from these plants to treat a lot of 
human ailments that have hitherto evaded other orthodox 
medications. We suggest more and extensive work is carried 
out on these plants and a host of other African herbs. Who 
knows, the solution to human disease problems is now on the 

horizon with the use of nanotechnology.   
 

TABLE I 
AVERAGE INHIBITION ZONE AND STANDARD DEVIATION FOR AUNPS 
DERIVED FROM GOMPHRENA  CELOSIOIDES AND PRUNUS  AMYGDALUS

 Zones of inhibition (mm) Control 
Bacteria G. celosioides P. amygdalus CTX STX 
S. aureus 
S. typhi 

P. pneumoniae 

16.65 ± 0.50 
14.67 ±0.30 
17.56 ±0.30 

14.78 ± 0.10 
12.44±0.30 

16.71 ± 0.10 

18.64 ± 0.20 
18.51 ± 0.49 
15.64 ± 0.30 

16.62 ± 0.30 
16.62 ± 0.30 
18.62 ± 0.30 

CTX, Chloramphenicol; STX, Streptomycin 

ACKNOWLEDGMENT 
The Authors wish to thank the STEP-B program, Centre of 

Excellence for Genetic engineering and Biotechnology, FUT, 
Minna, Nigeria for organizing the workshop on 
nanotechnology from where we got the inspiration for this 
work. We wish to acknowledge the TET fund for financing us 
to this conference. We also want to appreciate the resource 
persons at the workshop who gave us the AuCl4 used in this 
experiment. Finally, we are indebted to the Vice-Chancellor, 
Federal university of Technology, Minna, Nigeria, Prof. M.A. 
Akanji, for all the encouragements. 

REFERENCES 
[1] Mazur, M. (2004), “Electrochemically Prepared Silver Nanoflakes and 

Nanowires”, Electrochemistry Communications, 6, 400-403. 
[2] Chang, L.T. and Yen, C.C. (1995). “Studies on the Preparation and 

Properties of Conductive Polymers. VIII. Use of Heat Treatment to 
Prepare Metalized Films from Silver Chelate of PVA and PAN”.  J. 
Appl. Polym. Sci., 55, 371-374. 

[3] Baker, C., Pradhan, A., Pakstis, L., Pochan, D.J. and Shah, S.I. (2005). 
“Synthesis and Antibacterial Properties of Silver Nanoparticles”, J. 
Nanosci. Nanotechnol., 5, 224-249.  

[4] Shahverdi, A.R., Mianaeian, S., Shahverdi, H.R., Jamalifar, H. and 
Nohi, A.A., *2007) “Rapid Synthesis of Silver Nanoparticles Using 
Culture Supernatants of Enterobacteria: A Novel Biological Approach”. 
Process Biochem. 42, 919-923. 

[5] Cao, Y.W., Jin, R. and MirkinC.A.. (2001). “DNA-Modified Core-Shell 
Ag/Au Nanoparticles”, J. Am. Chem. SOC, 123,7961-7962.  

[6] Matejka, P., Vlckova, B., Vohlidal, J., Pancoska, P. and Baumuruk, V. 
(1992). “The Role of Triton X-100 as an Adsorbate and a Molecular 
Spacer on the Surface of Silver Colloid: A Surface-Enhanced Raman 
Scattering Study”.  J. Phys. Chem., 96, 1361-1366,  

[7] Mehrdad F. and Khalil F. (2010). Biological and green synthesis of 
silver nanoparticles. Turkish J. Eng. Env. Sci. 34:281 – 287. 

[8] Pileni, M.P. (2000). “Fabrication and Physical Properties of Self-
Organized Silver Nanocrystals”, Pure Appl. Chem., 72, 53-65. 

[9] Sun, Y.P., Atorngitjawat, P. and Meziani, M.J. (2001). “Preparation of 
Silver Nanoparticles Via Rapid Expansion of Water in Carbon Dioxide 
Microemulsion into Reductant Solution”. Langmuir, 17, 5707-5710.  

[10] Henglein, A. (2001). Reduction of Ag(CN)�2 on Silver and Platinum 
Colloidal Nanoparticles”, Langmuir, 17, 2329-2333, 2001. 

[11] Klaus, T., Joerger, R., Olsson, E. and Granqvist, C.G.(1999). “Silver-
Based Crystalline Nanoparticles, Microbially Fabricated”. J. Proc. Natl. 
Acad. Sci. USA, 96, 13611-13614. 

[12] Nair, B. and Pradeep, T. (2002). ”Coalescence of Nanoclusters and 
Formation of Submicron Crystallites Assisted by Lactobacillus Strains”. 
Cryst. Growth Des, 2, 293-298. 

[13] Konishi, Y. and Uruga, T. (2007). “Bioreductive Deposition of Platinum 
Nanoparticles on the Bacterium Shewanella algae”. J. Biotechnol., 128, 
648-653. 

[14] Willner, I., Baron, R. and Willner, B. (2006).“Growing Metal 
Nanoparticles by Enzymes”, J. Adv. Mater., 18, 1109-1120, 

[15] Vigneshwaran, N., Ashtaputre, N.M., Varadarajan, P.V., Nachane, R.P., 
Paraliker, K.M. and Balasubramanya, R.H. (2007) “Biological Synthesis 

World Academy of Science, Engineering and Technology
International Journal of Bioengineering and Life Sciences

 Vol:8, No:4, 2014 

350International Scholarly and Scientific Research & Innovation 8(4) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 B
io

en
gi

ne
er

in
g 

an
d 

L
if

e 
Sc

ie
nc

es
 V

ol
:8

, N
o:

4,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
79

77
.p

df



 

 

of Silver Nanoparticles Using the Fungus Aspergillusflavus”, Mater. 
Lett. 61, 1413-1418. 

[16] Shankar, S. S.; Rai, A.; Ankamwar, B.; Singh, A.; Ahmad, A.; Sastry, 
M. (2004). “Biological Synthesis of Triangular Gold Nanoprisms,” 
Nature Materials, 3; 482-488. 

[17] Chandran, S.P., Chaudhary, M., Pasricha, R., Ahmad, A. and Sastry, M. 
(2006) “Synthesis of Gold and Silver Nanoparticles Using Aloe Vera 
Plant Extract”, J. Biotechnol. Prog., 22, 577-583. 

[18] Jae, Y.S. and Beom, S.K. (2009), “Rapid Biological Synthesis of Silver 
Nanoparticles Using Plant Leaf Extracts”, Bioprocess Biosyst. Eng., 32: 
79-84.  

[19] KamyarShameli, Mansor Bin Ahmad, SeyedDavoudJazayeri, Parvaneh 
Shabanzadeh, ParvanhSangpour, HosseinJahangirian and Yadollah 
Gharayebi (2012). Investigation of antibacterial properties silver 
nanoparticles prepared via green method. Chemistry Central journal. 
6(73):1-10  

[20] Lokina, S. and Narayanan, V. (2013). Antimicrobial and Anticancer 
Activity of Gold Nanoparticles Synthesized from Grapes Fruit Extract. 
ChemSci Trans. 2(S1): S105-S110 

[21] Clinical and Laboratory Standards Institute, CLSI, (2000). Protocols for 
Evaluating Dehydrated Mueller-Hinton Agar; Approved Standard-
Second Edition. CSLI document M6-A2.  

[22] Yan Zhou, Ying Kong, SubrataKundu, Jeffrey D Cirillo, and Hong 
Liang (2012). Antibacterial activities of gold and silver nanoparticles 
against Escherichia coli and bacillus Calmette-Guérin. BioMed Central. 
10(19):1-9  

World Academy of Science, Engineering and Technology
International Journal of Bioengineering and Life Sciences

 Vol:8, No:4, 2014 

351International Scholarly and Scientific Research & Innovation 8(4) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 B
io

en
gi

ne
er

in
g 

an
d 

L
if

e 
Sc

ie
nc

es
 V

ol
:8

, N
o:

4,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
79

77
.p

df


