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AASE SAAT. A AWEtE SdE INTE FH o5 doll A
Kubelka—Munk Aol o8  AFFXK/Sgh= FHsRa, ol
ZIgto g Ml TErE dEpdor AEFsFh AgAdol uE

Alge A3 7EE #HEFIHA (Limit of Detection; LOD) £}

B\

A=A (Limit of Quantification; LOQ) & AAkste] H] w&}3th.
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INT $kdo] 5=k, AMAAE o] &sliA ez Y=t dds]
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Bacteria " |
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Figure 1. Schematic illustration of the developed sensor membrane.



Table 1. Comparison of previously reported chromogenic sensor for bacterial detection.

Instr ; Bacteri LOD Total Time Ref
HSTHen acterta (CFU/ml) (h)
Electrochgmmal p—Bfenzoqulnone—medlated bioassay Dscherichia coli 103 1 9]
detection monitored by a three electrode system
' ' pH—Based sensing using aggregation of Escherichia coli 44 X 107 0.08 [10]
Colorimetric AuNPs
ti i . ) ) Sal /.
detection us'mg Oligonucleotide conjugated to AuNPs a nlzone' a 33 0.5 [11]
gold nanoparticles typhimurium
(AuNPs) Peptide' substrates' conjugated with Listeria 0 1x 102 0.01 [12]
magnetic nanoparticles monocytogenes
Microfluidic colorimetric chip using
Microfluidic chip manganese dioxide nanoflowers with Salmonella 44 0.75 [13]
smartphone app
Paper—based chromogenic response Escherichia colr 10 4 [18]
Colorimetric P.aper lgaded with bromothymol blue and Escberfch.]'a coli 104 4 [19]
nitrocefin (Drug resistant)
reagent Tet li based fib 1 i hi
etrazolium based fibrous polymeric Bscherichia coli 99 x 105 1 this
membrane study




A 2 2 o4 #|F
2.1 Iodonitrotetrazolium chloride] 23} 4k

B dTelA Aol A A5E AFEE iodonitrotetrazolium
chlorideINT)= HEZEF 99 dFo=, AA FE&AIH[20].
&= Aellls A2z dak
F=vkzt(formazan) PEE FAH7] wEe]  thAF 7INE EA o
ARG E 7 &= sk [21].

A 3% AFEelA AA RREAIE] 284, YIHolnpol=
oteld HrEdeEH= T2 (NADH), el obel
tol 28l R Bte| = (FADHp) ol &al A= A3 Wes  wet
AgEv HFHOo T Abiol REETH22, 23] (Figure 2). o] 7oA
Az F#EAQ] INTZF st Alxz5E s g58ka, INTY
S8t HEgE 1212 N-N Ago] &7 Addv[24] (Figure 3).
INT a2 A diakel #dd a4 Ao bgar] gid,
drobols AlRtel AFstE 93 d&ER AREE F slom, Aolsle
Al A s ZErpd N AeE AT Jlors R4

A2l ol &2 & ArH(25, 26].
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N N
=
| | | > + H" + 2¢
NH; S H NH;
Oxidation
NADH s NAD*
(Reduced form) (Oxidized form)
|
H,C N HLC N
x + 2H" + 2¢
HaC N w’J§ﬁ3 HaC N" N7 0
H R H R
Oxidation
FADH, _— FAD
(Reduced form) (Oxidized form)

Figure 2. Oxidation of NADH and FADH, to NAD+ and FAD[27].

N*
JO RN
N N-N
@‘( o cr @ H
NﬁN} :: N=N
| N

Reduction
INT > Formazan

(Yellow) (Magenta)

Figure 3. Reduction of INT.
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2.2 1% ¢ 9 I 3A8TY 54

(peptidoglycan) &= FA | QlaL, o]= ofv|Y], 7t25A7], H
ol FHste] g FEEo] EAEH(28]. wkdA, SHA|NE, %
AT FATel HEEZERte]l  gkAl dew  fl¥(outer
membrane) o] A AT (lipopolysaccharide;  LPS)7F  E£A435}1H7]

w] ol 5 (lipophilic) 3t EA< 7}ATH29] (Figure 4). ol#lst Al

Gram-positive Gram-negative

Figure 4. Schematic structure of gram—positive and gram—negative

bacteria.



2.3 1832 Y U g ALA

% gy L SHEe AR Aolel we Am slAw B
31514 S4o] ot LAYl dEts ATES ve muE o (31,
32], ¥W AFA/AFA, ¥HW U, ®E A 5L ADY
RAY] GFS WAL FL AAER AFECBL, 33]. B AT
w9 wheobg mER dwdel wejelole] A7 05~2 gmz

ZRol= QQAel frAbgtel weh, FRol=9 ®W ko] A AR

A= AARE0] Zhe= o F oA (excess energy) & 2ulsh, A&
e 2247 A3 (wettability) & A7g3skAl dch[34]. A9 29

qIARG £ #W dUAES 7 ZHe Afede He40l

BinAhmed et al.(2018) 2] AFoAE vlo]leAES A 5= 1
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fluorescens) S ©]&3sto] ¥ o tid AESH 299 %7 ©HA
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AoAdAd 3

Al 1A AR B A

Mt AAE d8g2E INT(MedChemExpress, U.S.A) S AR 11
o]= £-3)3}7] 938 ethanol¥} acetone(Daejung Chemicals, Korea)<

H7rekg . Al 71" 382 A4 polyurethane (PU, Estane

o,

2103—80AE) (Lubrizol Advanced Materials, Korea), I
T

o

cellulose acetate(CA) (Daejung Chemicals, Korea),
poly (vinylpyrrolidone) (PVP) (Sigma—Aldrich, Korea)S A},
9 1EAES £3A1717] Y& H7] &9 N N-dimethylformamide
(DMF) 2} N,N—dimethylacetamide (DMAc) (Daejung Chemicals,
Korea) & #7}tst3ltt.

% YA Micrococus luteus KCTC 1056 (M. luteus) ¥ 1% 573
Escherichia coli KCTC 1039(E. col) (Korea Collection for Type
Culture, Korea)+ Lennox LB ®JA] (ATS Korea, Korea) ol 37° C

ol A wjekEom, A FEN FE= phosphate—buffered saline

(PBS) (Thermo Fisher Scientific, Korea) & Z43}3t}.
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A 22 NE AR
2.1 A7|%A 9 A=

INT7F =909 Al e INTS nEA7 238 gas
A7 AHESR200PR2D, NanoNC, Korea) 8to] #A| %3ttt PU al&A+=
DMFelA 17% (w/v), CA TEA+= F-3H] 1:22 DMAc® acetone©]

A= DMFelA 17% (w/v) €]
sEZ g3isilth. PU/CA &3 19 A9, 4 PU % CA 1#A

fHNS F33to] PU/CA =FHH|7} 2:1 == 5:10] HE= dith CA9

&3tE fujo] 18%(w/v), PVP &

ARl AR xHo® Qs 84 PVPE F7het dede

m
(]

132 PU/CA/PVP &3 1S 7+ PU, CA ¥ PVP 18z §HS
1:1:19 Zu2 AZatgder. A7) 23 g0 60° CollA] 12413

ok wRrskgled, Ax® Af fe] 542 sVl Table 20|

Fyn] 2:19 ey ofME =3 Euo INTE 2% (w/v) 9
g AZBAL SRR gl Ealol
WAlsl )l INT7) 8h0® mRA Sae 29 Aolx 7w 24

mL/h, At 17~19 kV Z71o| A AT}

Z

=

X

k

Jo
i

@)

>

e,

P52 82 FN(25 w/wh INT/CA)S
30% F9F ~9 FE (MIDAS spin coater, SPIN—1200D, Korea) 3}
AzsAT. EE 92 JAF fuE A7) f8] 24413 <t

23° ColMd A¥ AZX3AT
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Table 2. Composition and characteristics of INT sensor membranes.

Polymer wt ratio in

electrospun membrane thickness (mm) basis weight (g/m?) porosity (%)

membrane
PU 100% PU 0.08 22 79
PU/CA 2:1 2:1 (PU:CA) 0.08 23 77
PU/CA 5:1 5:1 (PU:CA) 0.08 24 77
PU/CA/PVP 1:1:1 (PU:CA:PVP) 0.07 22 75

13 J—'! . 1_]| Jl



A71HAL el 3 5L FAPEANERH (FE-SEM, JSM-—

7800F, JEOL Ltd., Japan) o2 &3 on, RE Ag:= A

ok

ZElelA 20 mAClA 1202 F<F WPy o2 A¥E 39 (108 Auto

Sputter Coater, Cressington Scientific Inc., UK. 3l+= A2 #4 &

AR TS Image] 22X E 9] (v.1.53k, National Institutes of Health,

USA)E Agsle] SEM A& %a 299 olmAzrE 442

zErpd JAE A% INTS &d ibgs #Rlshy] 9d
attenuated total reflection(ATR) 4] ¢] Fourier transform infrared
spectroscopy = (FTIR—ATR) (Tensor27, Bruker, Germany) &
AFg3EFe] 4,000~400 cm™'e FGolA 04 cmt AR AHEHS

Aok o AR 29 F U2 A% Fu wskE 1) 9

JlNr

Fx7A ol FAF &w| 7 (confocal laser scanning microscope)
(Zeiss LSM 900, Carl Zeiss, Inc., Germany) &2 %3} t}.

o] ¥ ASAL H=FZE 4 7] (SmartDrop Lab, Femtobiomed,
Inc., Korea)® <79 L

oz Ak 2+ AZ g Hx 53 ol ZHHE Al

&
=
N
ofo
_l%
rU o

3.0 LA Azt & 1%

14 q L- ] &



Al 3 A Al v

= AN B2 ¥ A M luteus®t 17 S E. coli HES
o s ALon, F # 25 600 nm 3|4 38 X (optical
density) & F73F% ODgoo=1.29 w #jtS FTE3IATE o]+
colld 2.7 x 107 CFU/mL Z¥a M. luteusold 59 x 107

&

CFU/mL FFo|t}. ul¢f A= BE 75 (stock culture) & 1% Ef
Agld LB #iAe]l  H=E(inoculate)dto], 250 rpm< &
vl eF7] (shaking incubator)olA 37° Coll 2047+ F<F wiksFA T},
ke dAE e PBSE A ste] £ colis (6.4 x 107)~(2.7 x 107

CFU/mL, M. luteus= (1.7 x 105~(5.9 x 10° CFU/mLY =%

HAZE e Azl
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Al 42 A8 ¥4 Rkg A4

4

g AEfellA Aol ol Sdd ZEwpRe FHEE
3333 % Al (microplate spectrophotometer) (BioTek Synergy HI,
Agilent, U.S.A) & 470nm 33 F4= ot

A4 o) Awss e w1 Wl veelel dgae Aot
1,2, 4, 8,12 ARt st 715 E 0T Ak F7Hs Kubelka—Munk
WA (A DeERE K/S Fh(unitless) 2 TAZ2H L3 (CIE)

-

L'ad" 327 (color system) (4] 2)ZHE Aa'(unitless) & =33

kK _ (-R)?
AT (D
Aa* = /(a* — a})? (2)

2l 1oM Ke &3 A5 K), St Ad A4, RS 480 nmeollA
H  ZEdkAbE o]t (Figure 5). K/S ZHe  SpectraMagic NX

Ay
o

TEO A AH 7 mme spectrophotometer (CM—2600d,
Konica Minolta, Japan)& AF&ste] SAst9ow, Zt =49 H&

53] AZs SAsd. INT AZeAd 4" 2= K/S @2

16 ___:rx | _k:i_ -I_-]i
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Figure 5. K/S value wavelength of different polymer compositions

with formazans and the average of all membranes.
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A3 Ay U uF

A 1A Aol oig INTS 39 2 A 9hg

= Al g2 AAsgAEA INT 84 wkes &8sk,

INTE dabdow 24se uegol Axe Az 444 o
geEo] A

x|

2okzke YAJSeH(38, 39]. AE 5 A
NADH dehydrogenase®} succinate dehydrogenase? #8072 Z+
NADH®} FADHp7F Absheof Axpzh gtk [24, 40]. o=@ A}
F& AN AxrE HF AAFEACd AdEHr] Adel, INT7F
Medstel  Alzets 7EdY ddEHs AR (EeDE LA

sk EH41] (Figure 6).
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Cytoplasm

A FaDH, NaDr "
S ,
4 dehyg,% v

Inner . e
[ membrane \

L 1 ]

Intermembrane

Figure 6. Schematic illustration of

electron transport of viable bacteria[42].

19 s Ao sl



INTo| A FdstE w= HEZE 119 (tetrazole ring) v A2
ME 35 FHozHYH HAEdd HAFo 9 7R3 (ring—opening)
ghgo] dojddri[43]. ojHd Azt T A= INTE YER7| (-
NOy oM = #&Ew, e HAxje] s ofl7] (-NHy) & g9t
[44] (Figure 7).

HJ AL A A 224 INTE] gk el A7) Sl Al o] whg-
HEol INT §f CA ZEANT/CA L&A 25 w/wh)e #AE71&
FT-IR ~FEHS Fal 40t (Figure 8). INTS YE=zHA
(nitro—benzene)> INT 23} INT7} ¥

)

i

CA

1530 em™'¥} 1535 cm™! FZolAd N-09 A% AFow golsk 4=
UTH INT7F g8 CA 55 HAPATR E coli @Al IAE 5,
A5 A gglor, N-09 @9 A3 Ao Yelux S
gHlskgith. o] A= MFOZNE HAE wol YEEAAS NO,7L
NH, = 2 ZS g + on, INT7F s 7[nitew Ao
Wes AARsTh o] glofl, CASt INT7F $i¥ CAZEolMd:E C-H
(2943-2894 cm™"), C=0(1734 cm™), CH3(1437—1367 cm™Y)
71571l sldsts 574 daE0] YErsth
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Transmittance (%)
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Table 3. Surface energy of solid substrates and liquids.

solid liquid (20° C)
¢ }
surtace PU CA PVP Distilled water LB solution PVP Wth
energy LB solution
(mJ/m?)
45.4 [46] 57.0 [47] 72.8 [48] 73 (£ 0.039) 48 (£ 0.145) 45 (£ 0.108)
Table 4. Contact angle measurement of membranes.
contact angle (° ) PU CA/PU CA/PU/PVP
. . . 78 1),
Distilled water 114° (+4) 88" (+5) 5% 9 0
. 82" (x4, 73" (*5),
LB solution 113" (£5) 5% 9 0 5% 9 0
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2.2 A wjA o] tjg Mg A3

2.5 w/w% INT7} stfd A4 €4S sk wjX] (agar plate)°ll
HlAEsto] INTSF Alwte] Aazargel st 2 wkg-3k A
HEE AFsAT. vk 255 E colis) B F-& 3 (mesophiles) 9
#HA Y 229 37 CE AAsITH49]. A= 102 oldel
ZEN B 1AL, TAIRE Feol ARt A4S v v 4= (PU/CA 211,

= A ArE YJeydth. Figure 9adld EE2npde PU o]
vhegjobel HEE A Hol g o WrHol 3k A S B
PUS AFdt 5402 < wiE%S B3 A Axe HF7
A= 7] witoll PU 19 oo A

sk wiAle] os 5% ojulE  ¢kxs] 22 PU/CA 2:1%
PU/CA/PVPE]  7-f, Aol HAFE 3Fdd wvitfd E5FoA
Ezupgo]l oA =4 FAAHEUGY 53] F& AR AHFT F
PU/CA/PVPU S 874 PVP7F &alidel wet Af Fi7E st
AR Aot (Figure 9¢). olEAl &3 & PVPel ol o] wj$-
obaf#] 7] wjEo] 1S Qs AT AL Aot}
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Figure 9. Chromogenic evolvement of (a) PU, (b) PU/CA, and (c) PU/CA/PVP

in contact with E. coli of 6.2 x 10° CFU/cm? on agar plates.
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LB wAels Wepg whelelol Webel xS Asksto]l AA el wa

HAA ka1, At oo W&o FHE AR sHE At A
gAdstadtt. Figure 10a% 52 SEM olu|AlefAl Af 75l
dstA A weeel wehs HolFa glomn, o] Agate g
AW L7 A o] Aty FleAwt P

W2, PU/CA 2:1 99 A9, Al 448°] 1 ecm X 1 cm AZel
a2A HAEA T T AA A AFS et (Figure
10b).

PU/CA/PVP & Alzte] AudA PVP7E &35, ol& Al

-

ofyz} PVP 12 3 sEo®E Qs E=Erpie B A
o718ttt [50]. ¢l Figure 11¢l4 PUSt PU/CA 2:1¢ H]3|
PU/CA/PVP? %<& K/S #% Ad'ez2  gRlHgivh.  whebA
PU/CA/PVP=  AZs AF we]AM=ZMN= &857] ojfdun

Abe T,
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Figure 10. Fiber morphology, fiber size distribution, and color response of

PU, (b) PU/CA 2:1, and (c) PU/CA/PVP membranes after 12 h of the bacteria suspension drop—test.
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Figure 11. Colorimetric response measurement of (a) K/S and (b) CIE Aa”

for PU, PU/CA 2:1, and PU/CA/PVP with 3.5 x 107 CFU/cm? of E. coli.
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Figure 12. Color response with INT concentrations in the

PBS solution with 3.5 x 107 CFU/20 gL of E. coli.
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Figure 13. Screenshot comparison of time—lapse video recording the
color change of PU and PU/CA 5:1 (5.0 w/w% INT/polymer)
with E. coli of 3.5 x 10° CFU/cm?® for 1 h.
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Figure 14. Chromogenic response after 1 and 2 h of dispensing

20 pL of varied concentrations of (a, b) E. coliand (c, d) M. luteus.
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3.3 AA A UAE Fr}

i 2AE el digk wy W= HEA(LOD) 9
A LOQ el 28 7= Atk (Table 5). # =wo)A LODE ¢
dAG Ak Aol &gk B AR FAIE hH] A7 7hed
HA K/S #e guldti[51]. &, LODEG @3 K/S g A3
22 (noise) .7 7H5F¥E T LOD(CFU/cm?) = 4 307 AArE gl ow,

¢

o714 SDhye FARE 83 ol wHE 54T K/S @E9

ANEEE Zka FFEU 7hsd HA K/S #he gulsith LOQ AlAkE
2140 98] AAERoH, 7E A5 #HA AZ(K/S )9
INEY AZ(SDYE vHudS wW Az o 387} LODY A¢

3.3:1, LOQY A% 10:1=2 24852, 53].

LOD (CFU/cm?) = 3:3%5Db

- Slope of Calibration Curve

(3)

LOQ (CFU/cm?) = 105D (4)

- Slope of Calibration Curve

LOD+ A= stshs Yehd7] wijifel, As% v glol o] olA
A48E FRg HJAZFA4Y 7127 (slope of calibration curve)
o] g-3te] LOD#S HaAdS FHadch(Figure 15). A 71871,
A% o 354, LOD 3 LOQel gt Alitgk Table 5 WERA ST
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Table 5. LOD and LOQ calculation for different sensor membranes.

AL Zk PU PU/CA 5:1 PU/CA 2:1
standard deviation of the 3.35D, (K/S) 0.0075 0.0070 0.0077
blank sample 105D, (K/S) 0.0227 0.0211 0.0233
slope of lower range E. col 0.016 0.016 0.015
calibration M. luteus 0.007 0.013 0.013
LOD E. coli 4.7%x10° 4.4%x10° 5.1x10°
(CFU/cm?) M. luteus 1.1x10° 5.4%10° 6.0%10°
E. col 0.009 0.01 -
slope of the linear range
M. luteus 0.005 0.005 -
LOQ E. coli 2.5%10° 2.1x10° -
(CFU/em?) M. luteus 4.5%10° 4.2%10° =

*LODO AFA ] 7l&7]= e w59 vrHelof WelelA r8kglar, LOQe AAlAdo] gtxd
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Figure 15. LOD estimation by the correlation between CFU and K/S values

at the lower concentrations of (a) E. colf and (b) M. [uteus.
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LOD¢} LOQE= HZFAAL 717l vhdetE=Z 7&717F 575
LODS LOQ7F #rAaste] wlA AMzmxel w7t dAdh Figure
1529l E. colidl WAl 71&7E Al 9 25 FAEHA vERdel
w2l LODZ T3 ~51 x 10° CFU/em® HAER M]3 gho]
A= ATk M. luteus2] 79 X143 ) PU/CA 5:1 ¥ PU/CA 2:1¢]4]
A 71€717F ¥ =9k7] wliEe] LOD(~6.0 x 10° CFU/cm?®) 7}

O,

wn et Egvh ol A% Fel FRE W=
AERS F2 TR gR, A4 W W 155N 2 P
uhelglo} b JE Aol §olabd Uoluhs Aoz AR5, 551,

o, PU/CA 2:1 19 AFANLE E colidl thsl] Agdge 2bx] Ha}o
Z7 4% H7b= PUS PU/CA 5:1 ol thafjAl vt A A|8k3it.

o] AFA 49 Aol oF 4 x 10" CFU/em®7HA|
Ae Grst7] wiEe] o] A& Wl (valid range) el HolHE
oj-gste] PUCl et LOQE F4st3itt(Figure 16a, 17a). ©] A
Hels 2t dHlEel F=0 4 x 107 CFU/em®) oA K/Sgke]
Aol Are Asert goldth old K/S#e FAF FrES
eluto]l sk LPS®E A9 % 54 E. coli®t 2573 ) e Ae

T3 Al Sl 7]dske Ao HITH29

56]. F2d At AExE AE I ASE Hdds

—|~
rlr
4
o
[‘—_>‘34
oX,
a
c
@]
=
c
=]

sensing) & E3] U145 (conditioning film) o HFAS AN Z
T Aem[30] (Figure 18), A#AAo=wE AFA 9 At FH&
7hESIAIA EEuzEe] dhgF AARS TAAI 4 gk v PU el
gt M. luteus®] 75, & ATolA A= '
CFU/cm*7bA] A4 9] w#AAE Ho|ERE ko] 715 zo=
ALE ® U}
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——y =0.010x, R?>=0.99
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E. coli (x10° CFU/20 ul) 1 h

Figure 16. LOQ estimation by the correlation between CFU and K/S values after 1 h of reacting with (a) Z. coli and (b) M. luteus.
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Figure 17. Correlation of K/S measurement and bacteria concentration of (a) Z. co/i and (b) M. luteus after reacting for 2 h.
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Figure 18. SEM images of PU, PU/CA 5:1, and PU/CA 2:1 loaded with
1.1 x 107 CFU/cm? of E. coli and 2.6 x 107 CFU/cm? of M. luteus.
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Distilled water E. coli M. luteus

Figure 19. Demonstration of practical application taken after 1 h of spraying.

(a) Horizontal spray test, (b) blank sample, (c) £. coli sprayed, and (d) M. luteus sprayed to PU/CA 5:1.
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Abstract

Sensor Membrane for Colorimetric
Detection of Bacteria

Eugene Song
Department of Textiles, Merchandising and
Fashion Design

The Graduate School

Seoul National University

Protective equipment for detecting biological contamination has
been in high demand, along with increased awareness in public health
and hygiene, since the advent of COVID—19. Herein, an electrospun
sensor membrane embedded with iodonitrotetrazolium chloride (INT)
was developed for the general purpose of detecting viable bacteria
and investigated for its adherence properties and chromogenic
response of Gram—positive Micrococcus luteus (M. luteus) and
Gram— negative Escherichia coli (E. coll).

The sensor membranes were prepared with varied ratios of
polymers with different wetting properties including polyurethane
(PU), cellulose acetate (CA), and polyvinylpyrrolidone (PVP). The
chromogenic response was induced by loading 20 pL of bacterial
suspension onto the sensor membrane and measured by the light
absorption coefficient to the scattering coefficient (K/S) using the
Kubelka—Munk equation. The colorimetric sensitivities of different
membranes were examined by calculating the limit of detection (LOD)

and the limit of quantification (LOQ) based on the correlation between
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the bacterial colony forming unit (CFU) and K/S values.

Regardless of the wettability gradients of the membranes, INT
reduction was completed within an hour of loading bacterial
suspension. The results demonstrated that the chromogenic
response depended on the interaction of Gram—positive and Gram—
negative bacteria with the wetting properties of membranes.
Hydrophilic M. Iluteus showed higher K/S values for hydrophilic
membranes due to their cell walls being predominantly composed of
peptidoglycan, which features abundant hydrophilic functional groups
such as carboxyl, amino, and thiol groups. On the other hand,
hydrophobic membranes showed excessive Interactions at high
concentrations of Gram—negative E. coli, whose cell membranes are
lipophilic. The membrane blended with hydrophobic and hydrophilic
polymers displayed linear colorimetric responses for both Gram-—
negative and Gram-—positive bacteria strains, demonstrating a
reliable sensing capability in the range of the tested bacteria
concentration.

This study developed a wearable bacteria sensor that is readily
applicable to various fields and conducted explorative
experimentations to conceive a proof of concept of a fiber—based
bacteria sensor. We expect that this work could contribute to the
improvement of public health and hygiene as the wearer and medical
personnel are able to monitor biological contamination through visual

indication and initiate their disinfection and sterilization protocols.

Keywords : Iodonitrotetrazolium chloride, sensor, bacteria,
electrospinning, protective textile
Student Number : 2021-25218
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