1FMIPA IPB

_ PROCEEDINGS
INTERNATIQNALSE_'NAR:;

BOGOR AGRICULTURAL UNIVERSITY
IPB International Conventxon Center
15 - 17 November 2013

Published By

E\X)or Wa ral Faculty of Mathernstics and
University Mt Scierees



ISBN : 978-979-95093-9-0
PROCEEDINGS
1SS 2013

International Seminar on Sciences 2013
"Perspectives on Innovative Sciences™
Bogor 15-17 November 2013

IPB International Convention Center

Published by

Faculty of Mathematics and Natural Sciences
Bogor Agricultural University




Copyright© 2014

Faculty of Mathematics and Natural Sciences, Bogor Agricultural University

Proceedings of International Seminar on Sciences 2013 "Perspectives on Innovative Sciences"
Bogor 15-17 November 2013.

Published by: FMIPA-IPB, Jalan Meranti Kampus IPB Dramaga, Bogor 16680

Telp/Fax: 0251-8625481/8625708

http://fmipa.ipb.ac.id

ix + 395 pages

ISBN: 978- 979-95093 9-0




Board of Editors

PROCEEDINGS
INTERNATIONAL SEMINAR ON SCIENCES 2013

Chief Editor:
Endar H. Nugrahani

Managing Editor:
Indahwati Nisa Rachmania

Managing Team:
Wisnu Ananta Kusuma Ali Kusnanto

International Scientific Committee:

Manabu D. Yamanaka (Kobe University, Japan)
Kanaya (Nara Institute of Science and Technology, NAIST, Japan)
Ken Tanaka (Toyama University, Japan)
Daniel Oosgood (Columbia University, USA)
Emmanuel Paradis (Institut de Recherche pour le Développement, IRD, France)
Rizaldi Boer (Bogor Agricultural University, Indonesia)
Antonius Suwanto (Bogor Agricultural University, Indonesia)

National Reviewer:

Kiagus Dahlan
Tania June
Sri Sugiarti
Miftahudin
Anja Meryandini
Imas Sukaesih Sitanggang
Farit Mochamad Afendi
Paian Sianturi
Husin Alatas
Heru Sukoco
Charlena
Suryani

iii



FOREWORD

The International Seminar on Sciences 2013, which had the main theme “Perspectives on Innovative
Sciences”, was organized on November 15™ -17", 2013 by the Faculty of Mathematics and Natural
Sciences, Bogor Agricultural University. This event aimed at sharing knowledge and expertise, as well

as building network and collaborations among scientists from various institutions at national and
international level.

Scientific presentations in this seminar consisted of a keynote speech, some invited speeches, and
about 120 contributions of oral and poster presentations. Among the contributions, 66 full papers

have been submitted and reviewed to be published in this proceeding. These papers were clustered in
four groups according to our themes:

A. Sustainability and Science Based Agriculture
B. Science of Complexity
C. Mathematics, Statistics and Computer Science

D. Biosciences and Bioresources

In this occasion, we would like to express our thanks and gratitude to our distinguished keynote and
invited speakers: Minister of Science and Technology, Prof. Manabu D. Yamanaka (Kobe University,
Japan), Prof. Kanaya (Nara Institute of Science and Technology, NAIST, Japan), Prof. Ken Tanaka
(Toyama University, Japan), Emmanuel Paradis, PhD. (Institut de Recherche pour le Développement,

IRD, France), Prof. Dr. Ir. Rizaldi Boer, MS (Bogor Agricultural University), and Prof. Dr. Ir. Antonius
Suwanto, M.Sc. (Bogor Agricultural University).

We would like also to extend our thanks and appreciation to all participants and referees for the
wonderful cooperation, the great coordination, and the fascinating efforts. Appreciation and special
thanks are addressed to our colleagues and staffs who help in editing process. Finally, we
acknowledge and express our thanks to all friends, colleagues, and staffs of the Faculty of
Mathematics and Natural Sciences IPB for their help and support.

Bogor, March 2014

The Organizing Committee

International Seminar on Sciences 2013
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SYNTHESIS OF SILVER NANOPARTICLES BY USING
EXTRACELLULAR METABOLITES OF Lactobacillus
delbrueckii subsp. bulgaricus

Suryanil, Ridho Pratama’, Dimas Andrianto’

123) Department of Biochemistry, Faculty of Mathematics and Natural Sciences
Bogor Agricultural University, Indonesia
J1. Agatis, Kampus IPB Darmaga 16680, Bogor
E-mail : ani3110@yahoo.com

Abstract

The silver nanoparticles were used for many applications such as antifungal, anti bacterial, nanosensors, and
food wrappers. Synthesis of silver nanoparticles using microbes as well as metabolites have been developed with
consideration of the hazardous waste free environment. The aim of this research was to synthesize silver
nanoparticles by using extracellular metabolites of L. delbrueckii subsp. bulgaricus. T) he synthesis silver
nanoparticles was carried out by reacting the extracellular metabolites of L. delbrueckii subsp. bulgaricus with
silver nitrate (AgNO3) solution. Reduction of A g" ions occurred by interaction of the extracellular enzyme that
produced by L. delbrueckii subsp. bulgaricus. The silver nanoparticles was detected by UV-Vis
spectrophotometer based on specific absorption spectrum at the 400 nm wavelength. The result of Fourier
Transform Infrared (FTIR) analysz:s showed that organic component played an important role in the silver
nanoparticles formation. The enzyme was estimated as the organic component in the extracellular metabolites of
L. delbrueckii subsp. bulgaricus and had a role in the formation of silver nanoparticles. Furthermore, particles

size analysis conformed that average size of formed silver nanoparticles was 2.7 nm and considered as silver
nanoparticles.

Keywords: AgNO;, extracellular metabolites, Lactobacillus delbrueckii subsp. bulgaricus, synthesis of silver
nanoparticle

L INTRODUCTION

Silver nanoparticles have been used in various fields
such as antifungal (Vivek et al 2011), antibacterial
(Prasad et al 2011), nanosensor, pesticides, cleaners
for water and soil, food wrappers (Bouwmeester,

temperature and pressure (Reyes 2009). Therefore,
silver nanoparticles have great potential to be
developed in the future.

Synthesis of silver nanoparticles using the fungus

2007), also can reduce infections after surgery

(Kalishwaralal et al 2009).

- Silver nanoparticles can be synthesized by
~ Physically, chemically, and biologically (Kumar
011).  Synthesis of silver nanoparticles by
ysically and chemically have disadvantages for its
bility and aggregation (Kaliswaralal et al 2010)
llute the environment. Synthesis of silver
icles biologically is one of the alternative to
silver nanoparticles that more safe to the
onment. Silver nanoparticles can be obtained
duction of silver ions by microorganisms

1 as bacteria, yeast, or fungi (Tolaymat et al
5 ~ Synthesis of  nanoparticles  using
anisms are less expensive, non-toxic, high
livity, and easily adapted to the ambient

has also been reported by Sadowski et al (2008)
from Aspergillus niger as an agent biosynthesis.
Kumar & Mamidyala (2011) states that the
metabolites of Pseudomonas aeruginosa can be used
for extracellular biosynthesis of silver nanoparticles.
L. delbrueckii is a Gram positive, facultative
anaerobic, homofermentative, rod-shaped, not
sporulating, Synthesis of nanoparticles of this
bacterium needs to be studied.

This aim of this research was to synthesis of silver ’
nanoparticles by using extracellular metabolites of L.
delbrueckii subsp.bulgaricus. The result of this
research can-provide scientific information on the
biosynthesis of silver nanoparticles by reaction of
extracellular metabolites that safe for the



environment and can be applied in the field of
medicai and industries.

II. Methodology

a. Determination of Growth Curve
Lactobacillus delbrueckii subsp. bulgaricus was
refreshed on MRS medium and incubated at 42°C
for 16 hours at shaker incubator (120 rpm). The
growth curve was determined by calculating the
optical density (OD) of Lactobacillus delbrueckii
subsp. bulgaricus after incubated at 0, 4, 8, 16, 32,
and 64 hours and measured the absorbance at 620
nm wavelength.

b. Synthesis of Silver Nanoparticles (Saravanan
etal 2011)

The bacteria were incubated at 42 ° C with agitation
speed 150 rpm for 24 hours. Cells biomass and
medium were separated by centrifugation (16000 g,
10 min). The 100 mL of supematant culture were
mixed with 0.017 grams AgNO; and incubated in
dark chamber at room temperature. Mixture was
allowed to stand for 30 minutes until the color
changed from clear to brown as an indicator of the
reaction between the supernatant and AgNO;

c. Analysis of Silver Nanoparticles With UV-Vis
" *"-Spectrophotometer (Saravanan et al 2011)
Supernatant (reacted with AgNO;) was taken 2 mL
for analysis by UV-Vis spectrophotometer and
scanning at 200-800 nm wavelength. The formed
peak will be analyzed for indication of silver
“ nanoparticles.

d. FTIR Analysis for Silver Nanoparticles
(Kumar & Mamidyala, 2011)

Potassium bromide/KBr powder (200 mg) was made
into tablets. The supernatant was dripped into
potassium bromide tablet and then measured at
wavelength 400-4000 cm™. The results of frequency
spectrum measurement will further analyzed using
correlation to determine the chemical bonds in
organic compounds contained in the sample.

e. Analysis of of Silver nanoparticles Size by
Particles Size Analysis/PSA (Kim et al. 2006)

The refractive index and viscosity of solution that
contained silver nanoparticles were analyzed first
and then PSA. The average size of the silver
nanoparticles were known by compared with size
distribution of silver nanoparticles.

III. RESULTS AND DISCUSSIONS

Growth curves of Lactobacillus delbrueckii subsp.
bulgaricus and AgNO; Treatment results

Biosynthesis of silver nanoparticles ~were started
with rejuvenation of Lactobacillus delbrueckii
subsp. bulgaricus in order to maintain the growth of
bacteria under optimum conditions. L. delbruecki

subsp. bulgaricus grown at 40-43°C as op;, ;
temperature. The culture of L. delbrueckii g
bulgaricus were grown on MRS medium whigy “§
indicated the changes of medium from cley, §
cloudy that caused by accumulation of biomasgg céll, i {

5

The aim of growth curves making is to detel'ming
optimum growth conditions of L. delbrueckii Subsp,
bulgaricus. Observation was done for 64 hours at t,
2,4, 8, 16, 32, 48, 64 hours after incubation (Figupe
1). The L. delbrueckii subsp. bulgaricus was still
clear after 2 hours incubation as considereq |
phase i.e the phase of bacterial adaptation to th,
growth medium. Cell biomass increased only
slightly during this phase that caused slightly
changed culture density. The log phase (exponential)
started after 8 hours up to 16 hours incubation which
indicated the optical density or turbidity valye
increased and reached 1,754 (Figure 1). In this phase
L. delbrueckii subsp. bulgaricus have been able 1
adapt to the medium and population growth
increased exponentially (Black 2008). Furthermore,
the stages of growth deceleration occurs after 16
hours incubation time. In this phase, changes of
nutrition and environmental caused limitation of
bacterial growth.

95
1.8 ° .
16+
130 s

=12 -
1

0.8 -
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0:2 -
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Figure 1. The turbidity growth curve of
Lactobacillus delbrueckii subsp. bulgaricus

before after

Figure 2. Reaction with AgNO; before additl:C’“"’f
AgNO; and addition of AgNO; after 30 minv
incubation




~ Harvesting of L. delbrueckii subsp. bulgaricus for
piosynthesis of silver nanoparticles were carried out
afier 24 hours incubation time when reached

_ gtatisioner phase. At the statisioner phase L.
delbrueckii  subsp. bulgaricus produced organic
compounds such as primary metabolites and
secondary metabolites more than at the exponential
phase (Kunaepah, 2008). The next stage was
separation of cell biomass of L. delbrueckii subsp.
pulgaricus with growth medium containing
compounds the metabolites. Supernatant that
containing metabolites of L. delbrueckii subsp.
bulgaricus then added with AgNO; (0.017 g/100
mL). There was color changes from clear to dark
prown and became turbid after incubation for 30
minutes (Figure 2). Reaction of reduction directly
observed by color changes of the solution (Kumar
2011). The color changes occurred due to the
reaction between organic compounds that
accumulate in the bacterial growth medium
contained AgNO; that indicated bioreduction. Then,
UV —vis analysis was conducted to confirm whether
the compound formed silver nanoparticles.

Biosynthesis of Silver Nanoparticles by
Lactobacillus delbrueckii subsp. bulgaricus
UV-Vis Spectrophotometer Analysis Result

The objectives for confirmation bioreduction of
AgNO; compound into silver nanoparticles was to
ensure that the color changes was biochemical
reaction that indicates the formation of silver
nanoparticles. Indication of nanoparticles formation
was known from peak absorption at 370-500 nm
wavelength (Solomon et al., 2007). In this research,
the formation of absorption peak was at 400 nm
wavelength (Figure 3).

g
g: 7
| =
©
£
E 5 0 aiad E..
b T
g ( ]
E
. Wavelength
Figure 3. Absorption spectrum of silver

nanoparticles by L. delbrueckii subsp. bulgaricus

The absorption peak at 400 nm wavelength indicated
lhét there had been formation of silver nanoparticles
using extracellular metabolites L. delbrueckii subsp.
bulgaricus. According to Solomon et al. (2007),
absorption of silver formed at range 370-500 nm
Wavelength.  Analysis of UV - Vis
Spectrophotometer (Figure 3) provided information

amount of nanoparticles formed. The higher

absorbance values can be assumed that the number
of nanoparticles formed. Absorption peaks were
very high that reached maximum absorbance value
was 4 that indicated formation of silver
nanoparticles in the solution.

Absorption spectrum was very important indicator to
determine the formation of silver nanoparticles in
the bioreduction of silver (Ag’) ions. Visual
observation of the color changes was not enough to

prove whether or not the silver nanoparticles
formation.

FTIR Analysis Result for the detection of

Functional Groups in Formation of Silver
Nanoparticles

FTIR analysis results indicated that there were
several strong absorption peaks, i.e at wavelengths
of 3432, 1642.1401, 1124 cm™. The peak indicated
the bond contained in organic compounds in solution
of silver nanoparticles (Figure 4). Organic
compounds released by L. delbrueckii subsp.
bulgaricus had an important role in the bioreduction
of silver nitrate compounds. Spectrum with a
wavelength of 3432 cm” showed the content of
organic compounds with the N-H bond of amines
and amides compounds with moderate intensity.
Shaligram et al. (2009) stated that presence of amine
group indicated presence of proteins in biosynthesis
of silver nanoparticles, because this compound was a
peptide bond that linked amino acids to form
proteins. FTIR analysis results indicated that there
was an organic compound that played an important
role during formation of silver nanoparticles
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Figure 4. Spectrum of FTIR in silver nano particles solution

These compounds had role in reducing and wrap
silver nanoparticles to form stable and homogen
sizes of nanoparticies. Protein suspected as one of
organic component that had role in the formation of
silver nanoparticles. Further analysis is needed to
determine specific protein or other organic



compounds that play a role in formation of silver
nanoparticles. Reactions that occurred in formation
of silver nanoparticles are oxidation and reduction
that there was electron transfer between oxidation
and reduction agent. The silver (Ag") ions was
positively charged ions if reacted with organic
compounds that produced by metabolic processes of
bacteria will release electrons. This condition will
change silver (Ag") ions turn into Ag’. The enzyme
binded to the nitrate compounds from silver nitrate
(AgNO:;) and using nitrate as substrate. The enzyme
was nitrate reductase that played a role in the
reduction of nitrate became nitrite.

The Size of Silver Nanoparticles by PSA

Analysis of the nanoparticles size was performed by
using PSA (Particle Size Analysis). PSA was
considered more accurate than Scanning Electron
Microscope  (SEM).  Transmission  Electron
Microscope (TEM) and Scanning Force Microscope
(SFM), especially for samples in the order of
nanometer and submicron which usually have a high
agglomeration tendency (Lidiniyah 2011). PSA
measurement result in the form of distribution can
be used to determine the overall particle size.
Measurements were performed at 25°C using
refractive index 1.3390 and viscosity samples were
- 2.1700 cp. Value of refractive index and viscosity
will improve the accuracy of PSA measurement.

Based on the PSA analysis, it was known that
average size of silver nanoparticles was 2.7 nm and
PI (Polydispersity Index) was 0.351. PI value
describes of the width of the size distribution of
particles. If PI value less than 0.3, it indicated that
particle size distribution is narrow and more
homogeneous particle size, whereas PI values
greater than 0.3, it indicated wide distribution and
particle size tended more varied (Figure 5). The
silver nanoparticles had PI value 0.351 that indicated
silver nanoparticles had homogen particles size. It
was proven that the metabolites of L. delbrueckii
subsp. bulgaricus had ability to synthesis of silver
nanoparticles when reacted with AgNO;_

Differential Number (%)

Diameter (nm)

Figure 5. Distribution of silver nanoparticles size

IV. CONCLUSIONS

Metabolites of Lactobacillus delbrueckii g
bulgaricus had ability to synthesize of g
nanoparticles when reacted with AgNO,, The
absorption peak of silver nanoparticles occurreg u :
400 nm wavelength. The organic molecules had
role in formation of silver nanoparticles by redyc;
AgNO; into silver nanoparticles. The size of silver
nanoparticles was 2.7 nm.

ilver

ACKNOWLEDGEMENT
We would like to thank for Directorate of Genep
Higher Education Indonesia (DIKTI) that provideg
this funding research (in 2012).

REFERENCES
[1].Black, JG. Microbiology: principles apg
exploration. 7th edition. Canada John Wiley §
Sons. 2008
[2].Bouwmeester H, Dekkers S, Noordam M,
Hagens W, Bulder A, De Heer C, Ten V5,
Sijnhoven S. Health impact of nanotechnologies
in food production. RIKILT Institute of Food
Safety. University of Wageningen. RIKILT
/RIVM Report 2007.014
[3].Kalishwaralal K, Banumathi E, Pandian SBRK,
Deepak V, Muniyandi J, Eom SH. Silver
nanoparticles inhibit VEGF induced cell
proliferation and migration in bovine retinal
endothelial cells. Colloids. Surf. 73:51-7. 2009
[4] Kalishwaralal K. Deepak V, Pandian,
KottisamyM, Barathmanikanth S, Kartikeyan B,
Guranathan S. Biosynthesis of silver and gold
V' nanoparticles using  Brevibacterium  casei.
Colloids and Surfaces. 77 :257-262. 2010
[5].Kim et al. Retinol-encapsulated low molecular
water soluble chitosan nanoparticles.
o International Journal of Pharmaceutics 319
130-138. 2006.
[6].Kumar CG, Mamidyala SK. Extracellular
_ synthesis of silver nanoparticles using culture
v supernatant of Pseudomonas aeruginosa. Coloid
and Surface B Biointerfaces 84: 462-466. 2011.
[7).Kunaepah U. Pengaruh lama fermentasi dan
konsentrasi  glukosa  terhadap  aktivitss
antibakteri, polifenol total, dan mutu kimia kcﬁf
susu kacang merah. Semarang: Magister Gin
Masyarakat. Universitas Diponegoro. 2008.
[8].Lidiniyah. Peningkatan jumlah nanopamk"'l
kitosan terisi ketoprofen berdasarkan rag®
surfaktan dan kondisi ultrasonikasi ([skripsi)
Bogor. Sekolah pascasarjana. Institut Pertania®
Bogor. 2011.
[9].Prasad KS, Pathak D, Patel A, Dalwadi P, Pfasa“f
R, Patel P, Selvaraj K. Biogenic synthesis °
, silver nanoparticles using Nicotiana tobaccim
Teaf extract and study of their antibacterial effect
African Journal of Biotechnology. 10: 812
8130. 2011. i
[10]. Reyes LR, Idalia G, Ma. TG. Biosynthesis %
cadmium sulfide nanoparticles by the fus,
J

an* i B




Fusarium sp. International Journal of Green [14].Shaligram SN, Bule M, Bhambure R, Singhal
Nanotechnology:  Biomedicine. ~ 1:B90-B95. SR, Singh K.S, Szakacs G, Pandey A.
2009. Biosynthesis of silver nanoparticles using
[m,Sadowski Z, Maliszewska HI, Grochowalska B, / aqueous extract from the compactin producing
polowczyk I, Kozlecki T. Synthesis of silver fungal. Process Biochemistry. 44: 939-943.
V nanoparticles using microorganisms, Materials 2009.
Science-Poland, 26: 419-424.2008. [15]).Solomon SD, Bahadory, Jeyarajasingam M,
[12].Saravanan M, Vemu AK, Barik SK. Rapid Rutkowsky, Boritz SA & Mulfinger L. Synthesis
biosynthesis of silver nanoparticles from Bacillus v and study of silver nanoparticles. Journal of
megaterium (NCIM 2326) and their antibacterial Chemical Education 84(2): 322-325. 2007.
v activity on multi drug resistant clinical [16]).Tolaymat T, El Badawy A, Genaidy A,

pathogens. Colloid Surf B Biointerfaces. 1;88
(1): 325-31. 2011.

[13].Saravanan M, Nandan A. Lactobacillus
delbrueckii  mediated synthesis of silver
nanoparticle and their evaluation of antibacterial
efficacy against MDR clinical pathogens.
Proceeding of International Conference on
Nanosscience, Engineering and Technology
(ICONSET 2011). Tamilnadu, India, 28 — 30

Scheckel K, Luxton T, Suidan M. 2010. An
evidence-based environmental perspective of
manufactured silver nanoparticle in syntheses
and applications: A systematic review and
critical appraisal of peer-reviewed scientific
papers. Sci. Tot. Environ. 5: 999-1006. 2010.

[17}.Vivek M, Kumar PS, Steffi S, Sudha S.

Biogenic Silver Nanoparticles by Gelidiella
acerosa Extract and their Antifungal Effects.

November 2011. ISBN : 978-1-4673-0071-1. Karpagam Avicenna J Med Biotechnol.

Jul;3(3):143-8. 2011

e,
& R




