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Purpose: In this study, to produce antibacterial eyeglass frames, silver nanoparticles, an antibacterial material, were
synthesized in green through a biological synthesis method, and the antibacterial properties were investigated by coating the
eyeglass frame materials. Methods: Silver nanoparticles were synthesized using oregano extract as a reducing agent and
stabilizer. The characteristics of the synthesized samples were analyzed using a UV-visible spectrophotometer, scanning
electron microscope SEM, and energy dispersive spectroscopy EDS measuring instrument, and the antibacterial properties
were evaluated using the paper disk diffusion method. The synthesized silver nanocolloids were coated on a plastic eyeglass
frame material (Ultem [PEI]) and metal eyeglass frame materials (titanium and stainless-steel). The coating properties and
antibacterial properties were evaluated. Results: The surface plasmon resonance (SPR) peak of the green synthesized
sample appeared in the characteristic absorption wavelength band of the silver nanoparticles, and the formation of the silver
nanoparticles was confirmed through SEM and EDS. Additionally, the synthesized sample showed antibacterial activity
against three types of bacteria and two types of fungi, confirming the possibility of use as an antibacterial material. As a
result of confirming the antibacterial properties of the coating film after coating it on the spectacle frame material substrate,
it showed a reduced rate of bacteria compared to the control group for Escherichia coli, Pseudomonas aeruginosa, and
Bacillus subtilis. Conclusions: Silver nanocolloids synthesized using oregano extract showed antibacterial activity against
bacteria and fungi. Furthermore, as a result of coating the substrate of the eyeglass frame materials, the antibacterial activity
of the coating film was confirmed, confirming the possibility of manufacturing an antibacterial functional eyeglass frame.
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2H(AgNO;5)S Sigma-Aldrich A2 2 AR8-8}991, Ultrapure
Water Purification System(Milli-Q Direct 16, MILLPORE,
France)® 2 #2]3t 25 AME3IT] $Hdol B3tk 3
A, RFFAZ Oregano =S G523t AME3I

e A= Zekg el 2AQ] Ultem(PEI) 7]
S 7= 25 mm x A E 25 mm x 57 3T, 7}F= 50 mm x
A2 50 mm x 7| 3TZ ATate] AMg-stH o, 54 <t
748 2409 Titanium3} Stainless-steel 7]¥H2 7}2 25 mm
x A2 25 mm x 57 1T, 7}= 50 mm x A 50 mm x 5
A 1TE Adete] AHgstnt. 28 5S4 H7F Al 712
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(KCTC 7965), Aspergillus brasiliensisc(KCTC 6196)E -
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& R}

< e A AFEEQ] AeS 0.05M TR &
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1.1. AlZH& a3 UV-visible spectra
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Fig. 1. Color difference of silver nanocolloids synthesized
using oregano extract by temperature. A. 0.05M Silver
nitrate solution, B. oregano extract + 0.05M silver
nitrate solution, C. room temperature, D. 45°C, E.
60°C, F. 90°C.
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Fig. 2. Absorbance spectra of oregano-silver nanocolloids
according to the synthesis temperature. a. 0.05M
silver nitrate solution, b. room temperature, c. 45°C,
d. 60°C, e. 90°C.

J Korean Ophthalmic Opt Soc.



126 Young Mi Kim and Ki Hong Kim

= ¢F 436 nm, 60°CollA] /3t AlZE= F 434 nm, 90°C
oA A8 AlEE oF 423 nmollA] Ho) &4 9327} U
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1.2. SEM(scanning electron microscopy) / EDS(energy
dispersive x-ray spectroscopy)

Oregano =2 A5l 255 galshe] A3
e 4Ake] e 8 2718 FARIRFY (SEM)
A 23 8T & e A= TRoIlen AR
P & e dAle] Z7)= oF 10.81~43.97 nm, 45°Co]
e 9F 13.11~44.04 nm, 60°COlA= <F 13.52~42.22 nm,
90°Col M= oF 8.11~47.53 nme] Y= BEE HYT}(Fig.
3). T3 Fig. 49} Zo] 2= E 493 A|89] EDS 24
ERS AR 2(Ag) 94 =27} sl AAEHE A
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S RN F Aok A2dA FA AlE= 20] 86.49
Wi% 2 S350 1, 45°Co| A= 75.92 wt%, 60°Col|A]
£ 88.77 wi%, 90°CollAE 89.85 wt%= AZEo] & 1}
= QA FAENSS W] & 7 AT olHg 4
HE F3l Oregano 21& FEdo] & = JAE A3t
o A, AR aHH o Z 2Y F S RIS
At

1.3. gfddst A|l29| &7y "It

t2= FLPEE 3l 90°C 25004 #4338k Oregano-
< WeFRo|=9] deAS H7IsH A Fig. 59 Z0]
BE AR #FdAM 548 xSl BvE SR
Oregano FEN& £5:3 o)y v FHOR It A
A FHo] YepA] ettt HFH Escherichia colidll
tiate] oA tzT9l PVP-& Y Z2o|=2 B33 ¥
o]y Yz FHdle taza A7 3 oF 10.8£0.16 mm
o] o 4374 oAl FHol U™ Oregano-& WeZ &
ol=% of 103+0.12mm] 7 47 A FGo] bt
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Fig. 3. SEM images of the silver nanoparticles synthesized using oregano extract at various temperatures. A. room temperature,

B. 45°C, C. 60°C, D. 90°C.
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Fig. 4. EDS component analysis spectra of samples synthesized with oregano extract. A. room temperature, B. 45°C, C. 60°C,

D. 90°C.

Table 1. Comparison of antibacterial activity of silver nanocolloids synthesized using oregano extract

Unit.: mm

Inhibition zone

Negative control (D.W)

Oregano extract

Positive control Oregano-silver nanocolloids

Escherichia coli 8.0+0.00
Pseudomonas aeruginosa 8.0+£0.00
Bacillus subtilis 8.0+0.00
Candida albicans 8.0+0.00
Aspergillus brasiliensis 8.0+0.00

8.0+0.00
8.0=0.00
8.0+0.00
8.0=0.00
8.0+0.00

10.8+0.16 10.34£0.12
11.5+0.29 11.240.56
13.240.22 12.240.21
12.8+0.34 12.5+0.41
20.3+0.51 19.3+0.54

= ¢F 11.5£0.29 mm, Oregano-2 W=FZo|=x °F 11.2
+0.56 mme] T A3 A o] YEREO ™ Bacillus subtilis
o tiste] PVP-& UkFZo|=E+ 9F 13.2+0.22 mm,
Oregano-< YxZZo|=& oF 1224021 mme] # A%
A d o] YeEIT FE3SF Candida albicans®ll t )<
PVP-2 Wp=FZol== ¢F 12.840.34 mm, Oregano—= L}
=EZol=e oF 1252041 mme] F AR oA Jgo] 1}
E}k O™ Aspergillus brasiliensis®ll tjste] PVP-2 YT
FZo]=&= ¢F 20.3+0.51 mm, Oregano-& eI Zo|=x oF
19.3+0.54 mme] F 4474 A G o] el TH(Table 1).
B A Ay} §43F Oregano-S WeF2olee I3 S
3 M3t Escherichia coli, Pseudomonas aeruginosa, 13 /3
M+t Bacillus subtilis, 217 Candida albicans, Aspergillus
brasiliensisol] gt gt&/do] Yep H7FH &t I8
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A 8o Agelra serEt),

2. YTte| 54 WI}
2.1. AFM(automic force microscopy)
SR WS 3DE HY3 o|n|AE AWEE =
2=¥] FE &A1 Ultem(PED) 7192 S5 QHAH A

K

E

¢l Titanium, Stainless- steel 7| S|4 FE-S 31X
2 2ol W =3 vl IHS 3 7| 3d
o] &kl AL AT = vtk 3EH AZ7] 3k RMS
AE B3 Ultem(PED) 7124 thZ&7¢] RMS 34 3

TF 9.808+2.68 nm, IZE T 7|#HS] RMS #2 1.336+
0.05 nm= AZ7| gto] TAg AS IRIg = AT =
3} Titanium 7]¥Ho|l A 272 RMS 36 Bt 48.704+
12.60 nm, ZE3F 7|79 RMS ZE 2.23440.18 nm= =
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Fig. 5. Comparison of the diameter of the inhibiton zone of the silver nanocolloids synthesized using oregano extract against
gram-negative bacteria, gram-positive bacteria, fungi. A. Escherichia coli, B. Pseudomonas aeruginosa, C. Bacillus
subtilis, D. Candida albicans, E. Aspergillus brasiliensis. a. negative control (distiled water), b. oregano extract, c.
positive control (PVP-silver nanocolloids), d. oregano-silver nanocolloids

AE QO™ Stainless-steel 7] oA thET] RMS ZH
¥t 55.815+8.33 nm, ZH S 7] RMS #h2 3.469+
0.90 nm= A&7] gro] 74k S gR1E 5= AUt o]
3t A7E nigo g F8o] dnks] & ¥ AS I
T UAATHFig. 6).
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¢
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Cross-cut tape testZ ZAAFSH A3} whg] &/go] veh}
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Control

o 3

Coated substrate

Fig. 6. Surface roughness images of eyeglass frame substrates coated with oregano-silver nanocolloids (3D image of the

surface of 5 um x 5 um).
A. Ultem (PEI), B. Titanium, C. Stainless-steel.

=

7% Evlol] Bes & 2Asel 9e-S AT 4 9

A

CE:

3. ZEOte| & Wt

Oregano—= WeZZo| =5 FA|2 ARE-3te] A E|
22?1 Ultem(PEI), Titanium¥} Stainless-steel 7]l Z&
g & IR S BEEAHORE Bk Aol
t}. Oregano-& WH=Z 20| =7} 5%, 3%, 1% H7tE RE
FE oA 13k 343 Al Escherichia coli, Pseudomonas
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Table 2. Antibacterial activity of Ultem (PEI), titanium, and
stainless-steel eyeglass frame substrates coated
with oregano-silver nanocolloids

Reduction ratio of bacteria

CFU/mL  Antibacterial agent addition
amount 5%, 3%, 1%

Strain number

Escherichia coli 1.0x10° 99.9%
Pseudomonas aeruginosa 1.0x10° 99.9%
Bacillus subtilis 1.2x10° 99.9%
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aeruginosa, 13 Yd ATt Bacillus subtilis®l] thale] o227+
v o ZAE0] 99.9%= VERT & A3 A7 53
Oregano-< YT Z0|= 1% FFTFC.Z % Escherichia
coli, Pseudomonas aeruginosa, Bacillus subtilis®l] O] ¢+ &t
go] 58S FAE 4= UK Table 2).

51*?_7‘1] o}ﬁxﬂi /\]‘9“3}04 ‘)r‘— A
s =4 d’ "6] Sttt st A5 1 FEEE 3
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