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Preparation and Evaluation of Electrospun nanofibers for bi-

odegradable polymer containing antibiotic materials.
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ABSTRACT

Evaluation and preparation of electrospun nanofibers utiliz—

ing antibiotic materials and biodegradable polymer.

Kim, Mi Jin
Advisor : Prof. In Hwa Lee, Ph.D.
Department of Environmental Engineering,

Graduate School of Chosun University

Electrospinning is a handy and cost-effective technique for producing nano-
webs where the fiber diameters are in the range of a few hundred nanometers
to a few microns. The technique is very promising and versatile since it facili-
tates the production of multifunctional nanofibers from various polymers, poly-
mer blends, sol gels, composites and ceramics, ete.!?

We made fiber out of the polymer solution which added silver, ampicillin,
streptomycin and herb extracts to poly lacticacid / (Methylene Chloride/Ethyl
alcohol)(80/20) solution through the electrospinning. Electrospinning conditions
was as fallows ; 100¢/min of flow rate, and 10cm of tip - to — collector dis-
tance(TCD), applied voltage was 15kV. After electrospinning precess, fiber mor-
phology was observed from Scanning Electron Microscope (SEM).

Antimicrobial activities of poly lacticacid fiber from added silver, ampicillin,
streptomycin and herb extracts was investigated by disc diffusion test and opti—

cal density test, colony counting test and vapor diffusion test against E. coll and

S. aureus. In case of antimicrobial activities of £. coli and S. aureus, the clean

_|><_



zone diameter was increase according to content of antimicrobial additive.

The average diameters of PLA nanofibers containing from 0.1 wt% to 0.5 wt%
of AgNQOs; ampicillin and streptomycin were from 1905nm to 799nm, from
2336nm to 1287nm and from 1802nm to 840nm. Bacteria reduction of silver -
PLA nanofiber, ampicillin - PLA nanofiber and streptomycin - PLA nanofiber
was 0.5 wt% silver— PLA nanofiber > 05 wt% streptomycin - PLA nanofiber >
0.5 wt2% ampicillin - PLA nanofiber for S. aureus by optical density test during
24 hours. Electrospun PLA nanofibers containing 05 wt% of silver showed
10096 bacterial activity against Staphylococcus aureus and Escherichia coli after

8 hours by colony counting test.
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2.2 PLA (polylactic acid)
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HAC }\ Catalyst+ CH; O CH; O
0 Heat | | ]
» 0—CH—C—-0—CH—C——
° I
CH3 11
0
Lactide Polylactide

Fig 1. Chemical structure of PLA
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Fig 2. Chemical structure of (a) ampicillin and (b) streptomycin
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test(disc diffusion test), broth dilution assay, shaking flask test®] 37}%] ®WH o] &
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Table 1. Composition of LB medium

Components

Trypton 10g
Yeast extract bg
NaCl 10g
Agar 15g
Distilled water 1.0L
Table 2. Composition of trypicase soy agar

Components

Pancreatic digest of casein 17¢g
Pancreatic digest of soybean meal 3.0g
NaCl 5.0g
KoHPO,4 2.5g
Agar 15g
Distilled water 1.0L
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3.2 | 'DJ Hl

= [elun =]

3.2.1. HARE A A=

PLA b5gel -&m]& Methylene Chloride ,Ethyl Alcoholg 80/202.% 3d}o] 45g2
AbEE] 10 wt%e o stekom Ao ebdd] &ad wirbA] FE3] anbele] &
AL Axstdtt. HrMEHFEE Ag, streptomycin, ampicillin 123l S ERFEES
AT Ags #H7Esk PLA €99 Az 0.0Me] AAE2(AgNOs)E o] &
Age 7lsEoZ 01, 02, 0.3, 04, 05 wt%2 FH7Fshe] wwkS AA|sSth o],
Age d7] o WA st A7) o] Fojx = Zl& WAsty] el WALR SIS
Az 7HFe] A ZA T streptomycin, ampicilling 3 71gF PLAS ] A 2=
PLA”|=22 01, 02, 0.3, 04, 05 wt%& <FF Imlel| = 5= Hrlste] FE3
S AAjsle] HRALE NS A FF T FHEFEE2 Lemon myrtle, Pine 2]
3l Thyme 9A] vFE7HA & PLA 715522 01, 02, 0.3, 04, 0.5 wt%E 3 7}8lH
A Z 38k v

ﬁd
il
iIE)
flo
il
o,
2
o
:<.>L_',
>
o
N
o
H1
fuiny
H1

vhatgolol B4l Folslr] 9] Arv]HE(electric  conductivity meter,
CM-11P, TOA Electroninc Ltd, Japan), H%=4(Model LVDV 11+, USA, 50rpm,
S.64), EHFHA(Kruss K11, Korea) & AR-&3ste] WARE oo o] WE &4 9
Hets SA46kh
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3.2.3. APAA

WA A AFEH AE FAE Fig. 19 el npel Zo] vhxbg oS
(syringe)dll U3l syringe pump(200 series, KD Scienrific Inc., US.A)E 9]
sto] dAS FEoz WARAFH O A AR A = Ho 50 kV7EA

+ 2+ DC power supplyE Ab&stg o, whag (+)d=2 10.00mme]

N
>
X

2
oX, o
to wt op

Zti= B2 A% Y (capillary tip)el AL, collectors F A 3le] (-)dZFo 7 31

2
of MPHE VxAFS WG FHor dy ol &I e FAE S Hok=
AWML 2fo] ThgsitteE ARlE HA AL Ut

o] HI7IEAS H7e WALg A S 5 mL FAR] ] 98] syringe pumpS
st oln)l WHE (HHEFE FA]S 1000 mme] AEE zte EAS §
L, AL GA st ()d=o8 sdrh 7P 15kV, FrAlEE
W2 100 ul/min, ©3I WAFEALO] Y] AZ(TCD)E 10 cm® 317 83 T

3.2.4. Aol dESHy 574

A7HALE B3] AlxE PLAY EEZ2AE FAPAAER A (FE-SEM,  S-4800,
Hitachi Ltd.,Japan)2. 2 &<ls}3it),
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Fig. 3 Schematic and photo of electrospinning apparatus.
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g
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S
a1
o
=)
crq
O
fou
_>|i
ald
of
v

W) Bstsler = A (Optical density test)

E. coli | S. aureus 2] AAS5HA¢] LB medium3} trypticase soy broth 100ml

of #% Iml% AT FFE brothol 747t BIEAL HH A7 WAL A
#o FFL NFOR SO FU BAs] AT F G NG HA A

FExHeE WA FAlel HFE AFEH 4AZE FASE UV-2401PC
spectrophotometer 2 640nmol Al ZA st 2279 H7MEAS i3 A7) ubar

gee waete e Y 479 broth 100mldl #5 ImlE AF® F A

At

05 & A7kskn ol WHe 2

t}) Colony counting test

i
L

gk o] o] FolXl #FE 34 AQl phosphate bufferg o]-&ste] <534

v

ofj
el

Hoz 10°%2 3 Asldct. 84®" #5F 1mlS phosphate buffer£9! 100mlel]
7bsle] 10°8) 2 s At saE &9 100mle] Z7te] H MRS Hrlste] A
ukate] &) AlxE A 05g2 H7Ist 4hr, 8hr, 12hr, 24hr ZFZ2 22 colony
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counting test® A Alsle] A

il

J |
2

off

2
38
)

2}) Vapour diffusion test

sabgt gk AARde Folol 9@ #Fe By

O 1=
o =
; ‘:l‘] A=Y E'] lemon, Thyme, Pinea ;:qz; 6_1 IIAA/\q
dlSllc] E&: y E]of" 2

INTE F EA B Fsksin,
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] o]0l PLAE ] Ag 01 wt% ~ 05 wi%E H7}ste] F&

A
ol
=X
)19
o

1

=

3 wEke AASFE Y. Ag, ampicillin Z12] 2 streptomycing -3 PLAYE E4

L AE xudge] ¥aksiAl ®rk Table 3. & AgH7FE
E PLA €99 A5 AVAEE xWdES S4% Z3}o|al Table 4. ¥ am-
picillin, Table 5. = streptomycinge #7}st PLA £9d9 A% AV[A=E ¥UF
Holt} Ag, ampicillin 18] 31 streptomycin® FH7}Eo] =758 HI g Ao
ANAEE, A% U] F7sle 3E& ¢ 4 20U ampicilling streptomy—
| Ao] FAloa] EFEE Aom wslshE ZlE o

cing #H7kst 4% 4

AT

’

Table 3. Properties of PLA in AgNOs; contained solution for various

concentration.
Conductivity(us/cm) | Vi ty(cP) Surface

n 1V1 S/cCm 1 1

onaue YMBIE SCOSIVAC Tension(mN/m)
0.1 wt% 20.7 480 30.9
0.2 wt% 36.1 492 31.1
0.3 wt% 39.8 498 31.5
0.4 wt% 40 546 31.6
0.5 wt% 39.8 552 31.77
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Table 4. Properties of PLA in ampicillin contained solution for various

concentration.
Conductivity(us/cm) | Vi ity(cP) Surface
S
onductvity(us/cm 1SCOSI1Ity\C Tension(mN/m)

0.1 wt% 0.94 594 31.17
0.2 wt% 1.82 630 31.2
0.3 wt% 2.53 630 31.2
0.4 wt% 3.16 642 31.23
0.5 wt% 4.39 756 31.3

Table 5. Properties of PLA in streptomycin contained solution for various

concentration.
Conductivity(us/cm)| Vi ity(cP) Surface
onauctivi S/CcCm 1SCOS1 C
s Y Tension(mN/m)

0.1 wt% 0.29 634 30.3
0.2 wt% 0.35 636 30.33
0.3 wt% 0.37 636 30.66
0.4 wt% 0.45 684 31.96
0.5 wt% 0.81 708 31.53
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AgNOsE H7be PLA &°12 <17bd¢t 15 kV, WA & 100 ub/min, TCD 10
emz sl WANAE ANGUT Fig 4 & A71Ael o8] Qo H4E
FARAAAN AL Bl Afe] FHE BAT Aotk Agel el 0.1 wi%
+ A 7ol 1906nm, 0.2 wt2% 1337nm, 0.3 wt%+ 1087mn, 0.4 wt%+ 915nm,
05 wi% T9nm= AH A7) sl AL HAT £ AU Hh A
Aol AAsolAE A Agl B FhE A% Fol8 AARES FAE 9
ANPAG ] AGEAL Anssel, AA AFUYEE F7HA Al A7)

7heol A= e & Stk

o]

Fig 4. SEM images of AgNOs - PLA fibers electrospun from 10
wt2% PLA solutions : (a)PLA fiber, with different amounts of
AgNO; @ (h)0.1 wt%, (c)0.2 wt%, (0.3 wt%, ()04 wt2, (£0.5
wt2%
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i

Fig 5. + ampicilling 73 PLAS NS A7FAS 156 kV, WA 100 4l
/min, TCD 10 em® A7|WAF sto] Alxd d5 FARAAA A S S8ho] A
o HHlE AT ampicillin®] $Ee] 01 wt%+ 2385.6nm, 02 wt%
1931.7nm, 0.3 wt% T 1789.1nm, 04 wt%T 14185nm, 0.5 wt%+ 1286.5nm=

78 7hEoiA Al Zdehy] dde Blth

o,

Fig 5. SEM images of ampicillin — PLA fibers electrospun from 10
wt?% PLA solutions : (a)PLA fiber, with different amounts of
ampicillin : (h)0.1 wt2, (¢)0.2 wt%, (d)0.3 wt%, (e)0.4 wt%, (£)0.5
wt26
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2
Ho
ol
—
>

Fig 6. & streptomycing #7}s PLAS N2 17FASE 15 k 0
/min, TCD 10 cm® &t AxH AFE FAAAEARE S St Aol HH
7

.
o
n

kst o o) PLA A-FXt} Streptomycin® o] 01 wtdw =
1802.4nm, 0.2 wt%+< 1652.6nm, 0.3 wt?s< 11099nm, 04 wt%+ 1057.3nm, 0.5

wtlo= 840nm= Ao AAe] hEelx = e #dd ¢ AL, Ak S

Bt

Fig 6. SEM images of streptomycin - PLA fibers electrospun from
10 wt% PLA solutions : (a)PLA fiber, with different amounts of
streptomycin : (b)0.1 wt%, (c)0.2 wt%, (d)0.3 wt%, ()04 wt%,

(0.5 wt%
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4.1.2. Disc diffusion test

7t Ag

A7 o8] Alxzd Agdf PLAS 7mm 9 ¢4
. coli, S. aureus7t =EE v Ao QFERAA w7 A 36Tl A 244 HE
i & vlYe dug e Falo] 443

H71e PLAA

(d)

9 E. colidl W& Z3}o],
et} E. coli®t S. aureusE W] g
th. Ag $H+ PLA
of E3d Agel Abst7F WASHA wHol e

Q@ & uurh

=

AL =

A3 E. colidl] izt 3

3 A7) S0mgl® A&

?l_

55 st Fig 7. & Ags
Fig 8. & AgE #H7}3s PLAASY S

Y

A o7l FelA wAehd A9

(e)

(0

72 0)

control

0.1 wt%

0.2 wt%

0.3 wt%

0.4 wt%

0.5 wt%

Diameter

(mm)

(a)7.0

1)7.0

(c)7.0

(d)7.5

(e)7.8

(£)8.0

Fig 7. Antimicrobial effect of electrospun AgNOs-PLA fibers in silver

various contented on E. coli by disc diffusion test.
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(c)

(@ () 0
control| 0.1 wt% | 0.2 wt% | 0.3 wt% | 0.4 wt% | 0.5 wt%
Di t
ameter 7ol 7.0 | ©70 | @70 | @73 | (8.1
(mm)

Fig & Antimicrobial effect of electrospun AgNOs-PLA fibers in silver

various contented on S. aureus by disc diffusion test.
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1. ampicillin

A71RkALe] 9l 8] Alz2E Ampicillin € PLAE 7mm ¢ 443 A27] 50mgl =
A8 S E coli, S. aureus 7} =2 wjA o] oFEA]A w7 Oﬂ/ﬂ 36T A 244
Eet wg F HYe dAnAE Fstel SAAAGY] F5E et Fig 9.
= ampicilline #7}s PLAY -SG9 E coli o g Z3to] a1 Fig 10. 2 ampicillin
S #H7bek PLAY R S aureus 9 "3 Aaolrt
E. coli®t S. aureus & SAAX S-S Hlws A3 E coli o4 ampicillin® < A
9] S aureus NAKRTF &2 & F AU

(d

(e)

(0

control

0.1 wt%

0.2 wt%

0.3 wt%

0.4 wt%

0.5 wt%

Diameter

(mm)

(a)7.0

7.0

(c)7.0

(d7.0

(e)8.4

(£)9.8

Fig 9. Antimicrobial effect of electrospun ampicillin-PLA fibers in

ampicillin various contented on E. coli by disc diffusion test.
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@ (e) )
control| 0.1 wt% 0.2 wt% 0.3 wt% 0.4 wt% 0.5 wt%
Di t
ameter 7o | 7.0 (©)7.0 (@)7.0 (©)8.0 (8.2
(mm)

Fig 10. Antimicrobial effect of electrospun ampicillin-PLA fibers

ampicillin various contented on S. aureus by disc diffusion test.
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t}. streptomycin

d7]ukAte] 98] A xW streptomycing $HF3 PLAE 7mm ¢ 4AH3 =V
S0mgl. 2 A2 = E coli, S. aureus 7} =8 H ¥ o
oA 24AZbEet M = HIYle v EE Foted FAAAEY FFE gelet
t}. Fig 11. & streptomycine #7}3F PLAM 2 E coli ©| ™3 Z3}o]a1, Fig
12. &+ streptomycing A7} PLAX 9 S, aqureus ©| dlsh Aapolr},

streptomycin®] 3ol &4 E FAAREY AV|E SRS B ¢ Qdglow,

==
2
2,
o
e
>
o
=)
==
o
0,
N
2
S
(o]
(@)

E. colioll 4] streptomycine $HF3F PLAA S 04 wt% 7} 10.4mm , 0.5 wt% 4+
7} 125mmelal |, S. aureus A streptomycin = €3 PLA - 04 wt% 7}
11.5mm , 05 wt% A7F 12mmd 2 2 u 73

m&‘i

e u|=she ok 2= 9lot).

(d (e) ()

control| 0.1 wt% 0.2 wt% 0.3 wt% 0.4 wt% 0.5 wt%
(a)7.0 b)7.0 (©)7.0 (d)9.3 (e)10.4 (H12.5

Diameter

(mm)

Fig 11. Antimicrobial effect of electrospun streptomycin—-PLA fibers in

streptomycin various contented on E. coli by disc diffusion test.
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(d

(e)

(0

control

0.1 wt%

0.2 wt%

0.3 wt%

0.4 wt%

0.5 wt%

Diameter

(mm)

(a)7.0

7.0

(c)7.0

(d)8.7

(e)11.5

(012.0

Fig 12. Antimicrobial effect of electrospun streptomycin-PLA fibers in

streptomycin various contented on S. aureus by disc diffusion test.
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4.1.3. Optical density test

F3] wHko] o] F ol PLAE Y 2 01, 0.2, 0.3, 04, 05 wt¥% == #H7}s)
of FEF unkE § & AV|HANE AAste] AgE 3 PLAARE AXSHA
ok 01 wt% ~ 05 wt% Ag g3t PLAM R 05gel dldst= Agel €32 05M
o] AgNOs& $Hbsto] Bulk A El= stel E coli o H7bskslar, xI®&B]| &7l A4
HA Asxdem A FH A FF: ARPFE O 4AZE AL
spectrophotometer2 640nmeoll 4 43 237} Fig 13. o|t}. Fig 14. © Ags
ShA-3F PLAA ol oist datoltt Fig 156, & 0.1 wt% ~ 05 wt% AgE i3
PLA 44 05gel 3E3she Age d#e 05Me] AgNOs= $H4Este] Bulk A HI =
2718k S, Aureus A9 Aol Fig 16. & AgZE #3 PLAY ] W3k S
aureus o412 ZAz}o]t},
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—e— 16mg/L
O— 32mg/L
5 - v— 48mg/L
—v— 64mg/L
—&— 80mg/L
—{— control
4_
£
=
S
© m
o 3
(@)
2_
1_
0
0O 4 8 12 16 24 28 32 36 44 48
Time(hr)

Fig 13. Antimicrobial effect of silver contained solution for various
concentration on E. coli by optical density test as a function of

culture time.
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—o— 16mg/L
O— 32mg/L
5 1 v— 48mg/L
—v— 64mg/L
—— 80mg/L
—{— control
4_
£
=
S
© 4
a 3
(@)
2_
1 4
O[r' 1 1 1 1 1 1 1 1 1 1
0O 4 8 12 16 24 32 36 40 44 48
Time(hr)

Fig 14. Antimicrobial effect of electrospun silver-PLA fiber in
silver contained solution for various concentration on E. coli by

optical density test as a function of culture time.

_29_



—o— 16mg/L
O— 32mg/L
v— 48mg/L

1 — 64mg/L

—&— 80mg/L

—{— control

4
£
=
s
© m
o 3
o
2_
1_
O I I I I
0 4 8 12 16 24 28 32 36 44 48
Time(hr)

Fig 15. Antimicrobial effect of silver contained solution for various
concentration on S. aureus by optical density test as a function of

culture time.
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6
5_
4
£
=
s
© 4
a 3
o
2_
—e— 16mg/L
O— 32mg/L
v— 48mg/L
T —v— 64mg/L
—&— 80mg/L
—{— control
O[r' 1 1 1 1 1 1 1 1 1 1
0O 4 8 12 16 24 28 32 36 40 48

Time(hr)

Fig 16. Antimicrobial effect of electrospun silver-PLA fiber in
silver contained solution for various concentration on S. aureus by

optical density test as a function of culture time.
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3.2 ampicillin

01 wt% ~ 05 wt% Ampicilling &-+3F PLA A+ 05g°l d9st= ampicillin
o) s oz Fatste] Bulk AElE &9 E coli ol A7begAh WEE)ok
7oA HA AgAom wEAFT FA FF AIRE AANZT A oE
spectrophotometer®  640nmel| 4] A A7t Fig 17. ©|tf. Fig 18 &
ampicilling 3% PLAM ol dist dajelt} Fig 19. + 0.1 wt% ~ 05 wt%
ampicilling 33 PLA A 05gol d)l3st= ampicillin® e fdo =z 3
Abste] Bulk AEl® #7718 S aureus o A1e] Aol Fig 20. & ampicilling
3 PLAM ol st S aureus ol A19] ZAa}o|th,
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—o— 10mg/L
O— 20mg/L
5 w— 30mg/L
—v— 40mg/L
—— 50mg/L
—{— control
4 A
£
=
s
© 4
a 3
o
2_
1 4
O 1 1 1 1
0O 4 8 12 16 24 28 32 36 44 48
Time(hr)

Fig 17. Antimicrobial effect of ampicillin contained solution for
various concentration on FE. coli by optical density test as a

function of culture time.
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—o— 10mg/L
O— 20mg/L
51 | —w— 30mg/L
—v— 40mg/L
—&— 50mg/L
4. —{— control
£
$
a 3]
(@)
2_
1 1
O 1 1 1 1 1
0 4 8 12 16 24 28 32 36 40 48
Time(hr)

Fig 18. Antimicrobial effect of electrospun ampicillin-PLA fiber in
ampicillin contained solution for various concentration on E. coli by

optical density test as a function of culture time.
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—&— 10mg/L
O— 20mg/L
5 v— 30mg/L
—v— 40mg/L
—&— 50mg/L
—{O— control
4 A
£
g
a 3]
o
2_
1 4
O | | | |
0O 4 8 12 16 24 28 32 36 44 48
Time(hr)

Fig 19. Antimicrobial effect of ampicillin contained solution for
various concentration on S. aureus by optical density test as a

function of culture time.
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6
5_
4 A
£
=
s
© 4
o 3
o
2_
—e— 10mg/L
O— 20mg/L
w— 30mg/L
1 1 —v— 40mg/L
—&— 50mg/L
—{— control
O 1 1 1 1 1 1 1
0O 4 8 12 16 24 28 32 36 40 48

Time(hr)

Fig 20. Antimicrobial effect of electrospun ampicillin-PLA fiber in
ampicillin contained solution for various concentration on S. aureus

by optical density test as a function of culture time.
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3.3 streptomycin

01 wt% ~ 05 wt% streptomycing 33 PLAA R 05gell d3st=
streptomycin® 3L foloZ FAE Bulkk FHIE A E coli o H71EF
o ' A HA Az ow wEARF SAll AF ARPEE 4ARE
A o 2 gpectrophotometer® 640nmell~] A3 237} Fig 21. ¢|tk.  TFig 22.
T streptomycing -3 PLAA R/l gt A3}o|r} Fig 23. < 0.1 wt% ~ 05
wit% streptomycing &3k PLA A+ 05gel &9 sl= streptomycin® &S
Aoz FAsted Bulk FHIZ H7Fe S oaureus olA9 Aol Fig 24 +
streptomycing 3 PLAA ] W3 S aureus oA 4ot}
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5
4_
3_
£
5
3
a
o
2_
—e— 10mg/L
O— 20mg/L
v— 30mg/L
11 —v— 40mg/L
—&— 50mg/L
—{— control
O T T T T T T
0 4 8 12 16 24 28 32 36 40 48

Time(hr)

Fig 21. Antimicrobial effect of streptomycin contained solution for
various concentration on FE. coli by optical density test as a

function of culture time.
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4 -
3_
£
S
g
(@]
o
2_
—o— 10mg/L
O— 20mg/L
1 v— 30mg/L
—— 40mg/L
—&— 50mg/L
—{~ control
O | | | | | | | |
0O 4 8 12 16 24 28 32 36 40 48

Time(hr)

Fig 22. Antimicrobial effect of electrospun streptomycin—-PLA fiber
in streptomycin contained solution for various concentration on E.

coli hy optical density test as a function of culture time.
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6 o
—e— 10mg/L
O— 20mg/L
w— 30mg/L
S 1 =—v— 40mg/L
—— 50mg/L
—{— control
4 .
£
S
a 3]
o
5 | 9o
(@)
1 .
O I I I
0O 4 8 12 16 24 28 32 36 40 48

Time(hr)

Fig 23. Antimicrobial effect of streptomycin contained solution for
various concentration on S. aureus by optical density test as a

function of culture time.
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5_
4_
£
=
S
© 4
a 3
o
2
—o— 10mg/L
O— 20mg/L
v— 30mg/L
11 —v— 40mg/L
—&— 50mg/L
—O— control
O I I I I I I I I I
0O 4 8 12 16 24 28 32 36 40 48

Time(hr)
Fig 24. Antimicrobial effect of electrospun streptomycin—-PLA fiber

in streptomycin contained solution for various concentration on S.

aureus by optical density test as a function of culture time.
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4. Colony counting test

S. aureus, E. coli °| g Zzt7+o] A9 3482 colony counting < ©|
&ote] FA-sIA T S o] o] Fofxl ZF #FE 34 Q] phosphate buffer

1 1l
2 ol43dle] dEaaWor 10° HlZ 34e9rt 84" #5 1mlES phosphate

buffer&©] 100mlo] 7bsted 10°W)s 845k gieh. 10782 3145 &} 100mle] 2
2ol Qb2 7S AlRAe ol Azd A% 05 W7hehed 4nr, g,
12hr, ZFH 2.2 colony counting & AA|ste] A +& glstA ).

oo

colony counting 23, S. aqureus °|4 05 wt% 22 &3 PLAA oA+ +F
A7 GAEHXK gkom E coli AT AAZEA 9876%<] YA &L et
0.5 wt% streptomycin €] A% S. aureus ANA= 12A17HA 99.33%, E. coli 4 8
A ZEA 99.99%9] AAl&E WEFH A, 05 wt% ampicilin® - 8A|ZEA S
aureus °\| X 99.76%, E. coli S1 X1+ 99.88% 9 A& vtebyith
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control

Number

0.5 wt%
(80mg/L)
AgNOs

05 wt%
(50mg/L)
strepto

mycin

0.5 wt%
(50mg/L)
ampicilli

n

Fig 25. Numbers of S. aureus colonies of fibers as a function of culture

time.(10° cfu/ml)
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control

Number

12hr

0.5 wt2

(80mg/L)
AgNOs

05 wt%
(50mg/L)
strepto

mycin

0.5 wt%
(50mg/L)
ampicilli

n

Fig 26. Numbers of E. coli colonies of fibers as a function of culture

time. (10° cfu/ml)
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5. MIC(Minimum inhibitory concentration)

S. aureus, E. coli ©| 3 Z+7te] A9 &t2-8-E colony counting W& ©]

Sote] SAsA FEE o] ol Folxl 74 #FE 34 ]l phosphate buffer

Srh. 34" 5 1mlE phosphate

3] AE & 100mlel 7}
O

=

29 HAES WSl AAtel 8 AzE A%

12hr, 7+2 2 2 colony counting & A Alste] A

2
EN
i

Fa=ds T AF BEF ANDA 50%7F de T APEES BT
ool 0.025 wt26, 0.05 wt%, 0.5 wt2eel tfslA] 30+, 1A1%E, 2A1%%, 3A1%F 24 o
% colony countinge 57} AAletAtt. E coli o ¥ AgNOs, ampicillin “72] 3L
streptomycine Fig 27., Fig 28, Fig 29., Fig 30., Fig 31., Fig 32. o] vehd az,
S. aureus o W3 AgNOs;, ampicillin 28] 31 streptomycin< Fig 33., Fig 34., Fig
35., Fig 36, Fig 37., Fig 38. o YEJ ST}
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100

—8— 0.025 wt%
—o— 0.05 wt%
—8— 0.5 wt%
80 A
< 60-
c
]
il
Q
=]
2
o 40 A
20 -
O T 1 I
0 1 2 3

Time(hr)

Fig 27. Antimicrobial effect of electrospun AgNOs;-PLA fiber in
silver contained solution for various concentration on E. coli by

colony counting test as a function of culture time
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100

—&— 5mg/L
—O=— 10mg/L
B 20mg/L
O— 40mg/L
—aA— 80mg/L

80

< 60

c

o

it

o

=

3

& 0
20

—

0 4 8 12
Time(hr)

Fig 28. Antimicrobial effect of electrospun AgNOs;-PLA fiber in
silver contained solution for various concentration on E. coli by

colony counting test as a function of culture time
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Fig 29. Antimicrobial effect of electrospun ampicillin-PLA fiber
in ampicillin contained solution for various concentration on E.

coli by colony counting test as a function of culture time.
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TFig 30. Antimicrobial effect of electrospun ampicillin-PLA fiber
in ampicillin contained solution for various concentration on E.

coli by colony counting test as a function of culture time.
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Fig 31. Antimicrobial effect of electrospun streptomycin-PLA
fiber in streptomycin contained solution for various concentration

on E. coli by colony counting test as a function of culture time.
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Fig 32. Antimicrobial effect of electrospun streptomycin-PLA
fiber in streptomycin contained solution for various concentration

on E. coli by colony counting test as a function of culture time.
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Fig 33. Antimicrobial effect of electrospun AgNOs;-PLA fiber in
silver contained solution for various concentration on S. aureus

by colony counting test as a function of culture time.
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Fig 34. Antimicrobial effect of electrospun AgNOs;-PLA fiber in
silver contained solution for various concentration on S. aureus

by colony counting test as a function of culture time.
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TFig 35, Antimicrobial effect of electrospun ampicillin-PLA fiber
in ampicillin contained solution for various concentration on S.

aureus hy colony counting test as a function of culture time.
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TFig 36. Antimicrobial effect of electrospun ampicillin-PLA fiber
in ampicillin contained solution for various concentration on S.

aureus hy colony counting test as a function of culture time.
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Fig 37. Antimicrobial effect of electrospun streptomycin-PLA
fiber in streptomycin contained solution for various concentration

on S. aureus by colony counting test as a function of culture

time.
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Fig 38. Antimicrobial effect of electrospun streptomycin-PLA
fiber in streptomycin contained solution for various concentration

on S. aureus by colony counting test as a function of culture

time.
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42 slpFE=

4.2.1. Vapour diffusion test

2 F2E 5 7P a7 £39 lemon myrtle, Thyme, PineE 3 7}3)
PLA A& AZsHAAL 747he] 542 th& Table 6. 3 £t}

Table 6. Properties of PLA in aroma oils contained solution for various

concentration.

Surface

Conductivity(us/cm) | Viscosity(cP)
onc e Y Tension(mN/m)

20 wt% lemon

myrle 1.1 420 29

20 wt% Pine 1.06 415 28.67

20 wt% Thyme 0.99 342 27.87
A7 ukALe] 218 A" 20 wt% herb extracts 3+ PLAE 15g o2& A& &
E. coli, S. aureus 7} E=d wjR o] o WES & w|gr|elA] 36Tl 2443
e MY = wde dnAdE Foto o e &4 fAFE st dAFE
gelelr] et T Fo] ol Fozl #FE wF7F EAUA &2 WA E o]
gate] A&s Ao 10° 10°M 2 S4skeeh S48 &l 100uE st i
AFeE EAsH. 2 A3 E coli ¢ 7%, Lemone 93.3%, Pine< 64.4%,

Thyme 70.2%¢ AA&S HAow S aqureus ¢ -9 Lemone 955%, Pines
58.2%, Thyme< 92% ¢ A&L BIAY. E coli, S. aureus ¥+ o+ EF

Lemon®] 74 %2 9A&L 71HS <4 F AATt
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Fig 39.

Numbers of E. coli colonies of PLA fibers

as a function of culture time.(10° cfu/ml)

added herb extracts
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Fig 40. Numbers of S. aureus colonies of PLA fibers added herb
extracts as a function of culture time.(10° cfu/ml)
S. )
lemon Thyme Pine
aureus
PLA
counting 111 134 163
PLA +
20 wt%
herb
extracts
counting 5 56 13
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4.2.2. MIC(Minimum inhibitory concentration)
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oo Zqaarh 27e 8

42 colony counting H2 ©]
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S s E coli © gt

bulk¥ ®j = Fig 36.91 WeEPH AT, S. aureus o H

o e HHel FREIE

Fig 35. o Wetugla,
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Fig 41. Antimicrobial effect of electrospun herb extracts—PLA
fiber 1n herb extracts contained solution for various

concentration on S. qureus by colony counting test.
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Fig 42. Antimicrobial effect of herb extracts contained solution

for various concentration on S. aureus by colony counting test.
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Fig 43. Antimicrobial effect of electrospun herb extracts—PLA
fiber 1n herb extracts contained solution for various

concentration on S. qureus by colony counting test.
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Fig 44. Antimicrobial effect of herb extracts contained solution

for various concentration on S. aureus by colony counting test.
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A5 A&

o]

B Ao A= Ag, streptomycin, ampicillin 59 S EZ 3} | lemon myrtle,
Pine, Thyme¥} 2 3|H FZES FH7Fs PLAY A7|APH] 93] Alxzd Y=
el BY WE 2 54 stefsa, A/ RS FFE} L FEASY
o thste] e,

FAEAS kst A7HAM T+ 2395 (Dise diffusion test), “33}etE
= (Optical density test), Colony counting test, Vapour diffusion test
Eato] FudAdS AMEAT.

L E coli o gt HF F 247%ko] A#HgE Foll vt ad= 05 wt¥% Ag >

0.5 wt% streptomycin > 05 wt% ampicillin 3t PLA A -f<o =2 eyt

2. E. coli |~ 05 wt% streptomycing- 3
wt% , 0.2 wt%, 0.3 wt% Bulk Bt} %& 588 ner}.

3. Colony counting 23 S. aureus 1+ 05 wt% 22 g
o] WANZA gter, E coli oAe AANTEA 9876%< G A&E vEW
=

4. Colony conting 23} 0.5 wt% streptomycin & 4-%- S. aureus A+ 124 74
99.67%, E. coli °|Al 8AIZEA 99.88%<] + AAAgA&EES e, 05 wt%
ampicilin® 7% (A S aqureus ANA T 99.76%, E. coli A= 99.88%2] I
A A &S VERT

5. E. coli 91419 herb extracts®] MIC 2449 Z3 10 wt% Lemong &-F3aL 9

= PLAAS7F 8.85% , 20wt% Pines ¥-F3tal 9+ PLAA 7} 99.59% % 1.25
wt%, 2.5 wt%, 5.0 wt%estsrt 2435 o A oA &e B
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6. S. aureus A2l herb extracts®] MIC 2% A3 125 wt%e Lemon,
Thyme 1¥]3l Pine2 &3 PLAA 7} 69.36%, 70.52% 123l 60.69% %= 50%

olde w A YAES B

7. vapor diffusion test A3} | E. coli, S. aureus 7+ T FolA A H SFE Lemon

> Thyme > Pine £22 7 A% dA&< B}
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