CHAPTER 3

RESEARCH METHODOLOGY :(’)

Synthesization of silver nanoparticles-kaempferol (AgNOs + kaempferol)

e Ultrapure water as solvents
o Kaempferol purchased from Indofine, USA

L S ’\vf",v

Characterization of silver nanoparticles-kaempferol

e UV-Visible (UV-Vis) spectroscopy

Zetasizer analysis

e Transmission electron microscope (TEM)

e Scanning electron microscope X-ray spectrometer (SEM-EDX)
e X-ray diffraction (XRD)

e Fourier transform infrared spectroscopy (FTIR) Analysis

Rat IR

Anti-bacterial screening test

e Disc diffusion assay (DDA)
e Minimum inhibitory concentration (MIC)
e Minimum bactericidal concentration (MBC)

,@.4 DE

Time-kill assay of AgNP-K against MRSA

LS >3

Statistical data analysis

e ANOVA statistical test

Figure 3.1: Flowchart of research methodology.
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3.1  Synthesizing and Optimization of silver nanoparticles kaempferol

In this study, green synthesis method was applied with some modifi %X:m
Yakop et al., (2018) and Mat Yusuf et al., (2020) with different cm&ﬁations of
kaempferol (Indofine, US) by 1.0 mMol and 2.0 mMol in 1 litre Wtion (H20).
Briefly, 1.0 mMol of kaempferol was added dropwisely (titratWo continuously
stirred 1.0 mMol of silver nitrate (AgNO3) (Nacalai Tes nCyJapan) as showed in

Figure 3.2. Certain amount of heat (RT, 40 °C, 60 °C 80 °C) de in oven

and kept for 168 hours. % J ! _\"}
s Nt

- X
Kaempferol AgNO, :
(molar mass=304.26) (molar mass=169.87) ( Formula
1 mMol of 100 mL (H,0) 1.0 mMol of 900 mL |, Molarity
kaempferol solution (H,0) AgNO; solution M=mole/Litre
I mMol =0.001 M 1 mMol =0.001 M mole=
0.001 M=mole/0.1 0.001 M=mole/0.9 mass/molar
X N/
mole=1x104X 30426 N mole=9x10*X 169.87

k 4 w} *é\\
:%gure 3.2: cufationzfor kaempferol and AgNOz needed for 1 mMol
\ concentration.
: E In the beginning, 1.0 mMol (100 mL H20) of kaempferol was prepared by
e

ighing 30.43 mg of kaempferol powder and added with 100 mL of H-O, continuously
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stirred. Both AgNO3z powder and kaempferol were as shown in Figure 3.3. Then 153.00

mg of AgNOz powder was weighed and added into 900 mL of H-O. Y'

First of all, 1.0 mMol (100 mL H20) of kaempferol was added d Iy into

continuously stirred 1.0 mMol (900 mL H20) of silver nitrate (AgNO )&ept at RT

until 168 hours as shown in Figure 3.4. Every 24 hours, the sa S analyzed by

UV-Vis to observe the formation of AgNP-K. The steps were with heat at 40
Y:“Z

mMoI in 1 litre

Sy

°C, 60 °C and 80 °C and changes the concentration of kaem

of solution (H20). Colour changes to brown solution was 0 i

Figure 3.3:

psy esls qf'%gNP -K. Figure 3.3 (a) showed silver nitrate
n

Wder used: Figure 3.3 (b) and Figure 3.3 (c)

Tesque |
shoijferol powder (tndoﬂ(re us).
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AN

She timization method@gre obtained from applying heat and period during

t S@Ehesis of AgNP-K in ord\:’to obtain the highest amount of AgNP-K synthesized

green synthesis technique. Optimization on synthesis AgNP-K was done in

Q:ordance with the UV-Vis spectroscopy analysis. Table 3.1 showed all of the samples
synthesized with set parameters.
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Table 3.1: List of samples synthesized with selected parameters. Samples Withw

highlight were chosen to further testing and analysis. q

Parameters
Ratio Temperature | Time Sample specs Sample name
concentration (°C) (hours)
Of AgNO3 ‘Ld
@
and \Y'
k ferol ' —{ﬂ
aempfero
- , \5'
1 le A

11 168 | AgN 1&(@& ﬁnp
ST ) =X
168 N -K 1:1 40/ Q‘SampleB
168 | AgNP-K 1:160/168 Sample C
4 AgNP-K F180/168 Sample D
o Vs

RQQ‘ L2RT/168 |  Sample W
| N
%F-@mmes Sample X

1:1

'—\

N
r pu) (o) (o)) N pu)
- o o o 4

(BN

()]

b ®

L

1:2 60 168 | AgNP-K 1:260/168 Sample Y
1:2 80" \‘\1?' AgIIP-K 1:2 80/168 Sample Z
A’\\ N (O

¢
S
. &
% meters .of ying‘-@t at 60 °C for 168 hours was determined as the
Y—v

opti conditions to synthe@(gNP-K under this study. Lastly, the sample will be

f &ried with a freeze dryer machine (Christ, Alpha 1-2 LDPIlus, Germany) shown

& igure 4.2 to obtain the AgNP-K powder.
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3.2  Characterization of silver nanoparticles-kaempferol (AgNP-K)

The formation of AgNP-K was monitored from the reduction proces{%g+ -
AgP®) using UV-Visible spectroscopy. UV-Vis observed the formatioE (@NP-K

through the synthesization process every 24 hours. This was measured”from the

absorbance peak of AgNP-K in the range of 300 nm to 900 nn%xmength using

Spectramax ID3 (Molecular Device, USA). About 150 uL o -K solution was

aliquoted out to 96 well-plate (Biologix Plastic, Changzho

nanoparticles with the machine. The absorbance parameter Was set from am Q.QOO
N

nm of its wavelength. The absorbance peak for articles was al'y‘ﬁ)ﬁed in

{ %
range 390 nm - 530 nm (Deng et al., 2021; YaY'! al.,"2018 -V@Cted as the

first screening method to determine whetEMP-K \%‘as essﬁil%ynthesized or

B2
The sample was diluted water ( ngfor the measurement of

9 Q

average size, zeta potential, i r\%jjex (PD1) using zetasizer analyzer
N

ye{n@ Sample was diluted and tested

vice versa.

/

obtained. A few parameters such as the

refractive index Q&{[e (2.330), vi 8872 cP) and temperature (25 °C) were

set before pro ee\fh
) &
% ile, tr‘an mi ‘I'O eleé?'on microscope (TEM) was used to determine the

shapes,szes, and morphologieg“%@ he nanoparticles through the cross-section of each
\

oparticle, thus giving the actual size of the AgNP-K. The sample was diluted with
illed water and dropped on a copper grid. Usually, TEM gave a different result from

Qﬁasizer due to the procedure of the instruments itself.
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The surface morphology of the nanoparticles was measured by scanning
electron microscope with a dispersive X-ray spectrometer (SEM; Quanta FW
attached with X-Max 50 energy dispersive X-ray spectrophotometer) (E%\dord
Instrument, Abingdon, UK) by placing the sample on the holder then Ioﬂ;mwe sample
onto the chamber. The images shown were adjusted by increasing the‘wagnification to

get clearer images in the area of interest. This analysis also QEWhe composition

AgNP-K was placed on the glass sample, plate“holder Min nd

X
compressing the sample as the same height as the r. The holder n‘ouh‘.ﬁ?d onto
4
ave/Was b

X
standard sample stages in the sample chamber.?ﬁ(-ra imed, and the

scattered intensity was measured by the ilﬁl’ ts. X%fay i
Rigaku Miniflex 600) was used to rrw its crystalli

N0 ) A

angular degree. XRD also detecte %Stenﬁv atgeompound by referring
@
to the silver database for XRI:K Sis. A(S'
N
Fourier transtﬁ iRared (FTIR) _analysis~was conducted using Thermo

Scientific™ Nicolet™ iS5 IR% etE’réobserve the presence of a functional

group in the nanq@w i ,1 is hydr group (OH). AgNP-K was placed on
N
the diamond @nd ouch i %O%/touchpoint probe. This was to ensure the
@,
S wer

synthesiz nanoparti Sccessfully incorporated with kaempferol.

A""z‘
S
S

percentages of silver contained in the AgNP-K from EDX

racti XRD machine

&

ty an ases to a certain
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3.3  Antibacterial activities of silver nanoparticles-kaempferol (AgNP-K)

against MRSA Yn
3.3.1 Disc diffusion assay (DDA) ! %

MRSA (ATCC, 33591) bacteria showed in Figure 3.5 (b) Werred in BHI
hty Ap

broth (Oxoid, USA) and incubated in an incubator at 37 °C overni proximately

0.5 Mc Farland (Oxoid, USA) shown in Figure 3.5 (a) t bimandard of MRSA

bacteria was used in this analysis. .\d
@
A sterilized cotton swab was used to spread the'diluted MRSA .S,Moégxgnd)
-
re the a

on MH (Mueller Hinton) agar (Oxoid, USA) btii ppli€ation of 5 @m paper
discs (Whatmann No. 1) impregnated With% f S%ngN}%X;. 1, AgNP-K
1:2, commercial AgNP, and kaempfe %‘ucentrat twi "40 mg/mL — 1.25

gémycin (30 U) (Sigma,

S

US) was used as a positive cong% { “
Zones of inhibition riveti ﬁejin ibition zone diameter around the
ate r

mg/mL. Sterilized water was used a$ negative c a‘d

Qhours.

disk after incubating t
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hd

% 5

for @Xgrd turbidity
Ho@* Tuanku Ja’afar

Figure 3.5: Figure 3.5 (a) 0.5 McFarIand‘%o'

and Figure 3.5 (b) ATCC MRSA b g@)
A

Seremban (ATCC, 33591). \
%“) NP
en n

0)
3.3.2 Minimum inhibitory

\ ration ( di@Mmlmum bactericidal
concentration (MBC) Y.. ' l? ‘é\

'S

MRSA (ATCC, 33591) bacteria eﬂ&jlgure 3.5 (b) were cultured in BHI

broth (Oxoid, US ch t]atedl anin or at 37 °C overnight. Approximately

0.5 Mc Farla id, USA) s }h m_%réure 3.5 (a) turbidity standard of MRSA
an

@0
:%imlmum |nh|b|tQ'w)3§)ncentratlon (MIC) and minimum bactericidal

; ation (MBC) was performed using the two-fold serial dilution method
r

bacteria in thi

ibed by (Hanafiah et al., 2019). MIC was performed using sterile 96-well plate.

QC test was conducted to determine the lowest concentration of test samples (AgNP-
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K, commercial AgNP, and kaempferol) to prevent bacterial growth or known

bacteriostatic. T

Diluted 0.5 McFarland test bacteria (100 pL) was added into e c%l plate
containing diluted samples (AgNP-K, AgNP, and kaempferol) with sterile broth to

reach a final volume of 100 pL/well. Ultrapure water was used a%; ive control and

vancomycin 10 mg/mL with serial dilution was used as positi\vol.

Then the plate was incubated at 37 °C for 24 n aliq@ pL of 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) siay‘égﬁ)id,

N
USA) was added and the colour changes to pu‘ﬁwas ogse ed MIC‘? ue was

Mowth Ea\t{eria. MTT

changé from yellow to

determined as the lowest concentration that inhibR the vi

assay was added as indicator for bacterial .M

purple indicated the presence of ba tm ue ?
D imp.

N
redox enzymes while the remain 0 co“) S no@eterial growth. (Oh and
q <2:
Hong, 2022). i
\ S

Minimum bact% oncentition Bq§as done to determine the lowest
d the

d s
concentration that kiK ow baé}icidal. The method was determined

by culturing 10 { ote
i ecf 0

onto MH aga cub

uc‘t_lan process by cellular

Is thé%dlibited no bacterial growth in MIC wells

!
ight C%’l °C. MBC values was defined as the lowest

: AN
concent% at prev bt_%te ial th.
"
N
A\ S

N
N
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3.3.3 Time kill assay

Time-kill assay of the AgNP-K, AgNP, and kaempferol were assessw rred

to the method described by Hanafiah et al., (2015) and Abd Ghafar et ahi(m;) with
r24

modification. MRSA bacteria was grown in BHI broth at 37 °C fo urs. The
turbidity of the bacteria culture was adjusted to 0.5 McFarland tand; (= 1.5 x 108

CFU/mL) in sterile fresh MH broth. AgNP-K sample with C(Ydiation of MIC and

MBC value was prepared. '
An aliquot of 100 L fresh sterile MH brothfwas added into 9 'ell‘rtl}ﬁ"and
followed by 100 pL of treatment for performin ial dil}ti . After tI@.\MRSA
Y

bacteria with the amount of 100 pL was added ini that \ g X~

Next, 10 pL of treated sampl@e plate iqu@ut, then added to

second 96 well plate filled with 90 @ of sterile t @ferm 101,102, 10%, 10*
. . oW .
dilution factors. The dilution fa re déhe by aklr@m MH agar in every four
&
(4) hours interval (0, 4, 8, 12, M 2 M a@vas incubated at 37°C for 24
hours. Colonies on in%izmes were c mb@xpressed as number of colony

‘&

4
forming units/ml (C%L ; \ QO
Ay 1D &
The kilw ai inedg)@plotting logarithm of the viable colony

counts (C mg against «ti {RaQi_,et al.,, 2017). From the observation, the
7Kt

)

<

S
charact cs, of the' @s MRSA could be determined either it was

bac

N
N

tic or bactericidal. \c'}'
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3.4  Statistical analysis

The data was analysed by using Statistical Package for the Socia{%ces
(SPSS) Statistics. All three antibacterial activities assays were done in sge. The

diameter of the inhibition zone with different concentrations (1.25, 2.5, 5.0'and 10.0

ined zing One-Way

mg/mL) of AgNP-K and control against MRSA were deter

ANOVA. The statistical test was used to find the signifi

is less than 0.05 (p < 0.05). The significance was acknowledged at 0:05+-Data

- bah
presented were analyzed using ANOVA and valu ven as meafi® SD ahd means

%
O
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