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1. Surfactant
2. Photocatalyctic
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1. Agglutination
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Figure 1. Schematic design of cellulose nanocrystal production process (16).
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1. Transmission Electron Microscopy
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Figure 2. Optical microscopic images of a) banknote surface without coating, b) banknote surface coated with

cellulose nanocrystal and chitosan nanofiber.

ol s s aia ) Cele A e 31 il
Al il L sl ks g ol )
slad Gas p wl Ly b S el
055 J3 5V Jslome st WUl 52 4 Gl
b oSS s o 5 el bl L
S A gLl 5 edalie for LSy
S e CES 5 3l w plSl Lol
DFLSSN 5o s el e iS Glakases 3 L S
G 5 g8 als oS oS sl axs YA

AL
Pl slitasy 1) > Gl s SRale]
slobed B Ao Coules o bl
Slacsess s ol SOL glacsiss il
b sy 2S5 5 (S e V) Jasle SIS
ssba il glajles W LS gl 2 1S
55 5 ek ey L5 gl glacdy s Sl
Ly Vo Lis ol S sl a3 WYY gl L IS gl
S S K g el b xal 4i3s V0 des
ol SO glacSns JolS (goluaziel aiss Ve
Sl g b by Gos sl
S PP NN PR NCH I RN

53 el ¥ 51 e s sl Jlasl S8l b

va

G ol 53 5815 S5 g ple C2S e g
Sy B aSssle i gk
Ceo b Gliolen sbagld) Syl slaz B
she Vo B Lt g 3 eslind (b
b 5L el s slalame 51 ol
Sy glaanS 53 1) WSU Ll 5 Ol les
bl & ce o« s Ls)ﬂ@e- |2
Pl ahowsts o LAS JiTe (6555 S
0 S NOY Je sl 39558 e iST
5oty S b Ghis T 20 s NaCl
A ol S b Sl 5SS S s
Sl S8 Glalae g5y p b oS
o3l SlaS [ stees bl oS S 8T55 20855 L
S Sk sl s bl s 0l 4 (S )
o el IS 2 s 0 VT i bagg St s,
WYY Gles s IS o1 s 5 s wblsl CiS e
aids V0 Cdeay Lig VO LIS :\;u:;’l,w a5
YO ssdm 53 OAE St Sl e s sdis S il
b oas, bl slacd 0555 58 e s
wdd s Gl aen o (Malr) ais Lo
GAISElE oS S e arps YA LS s



WAV () o lows (Y0) s US> 5 92 (509U 5 gl (S sidbg5y 4y ol

oLy SU eSS s e dhe s ol
o OES O U deae Sk Jon S
A astls e sl slacble

solal VS el 4 s S S0 Olaseis
<y $6gly L TEM Sy S 5l ol
s 0L Olss SU 5L 5 sk Jles S
oo sladlis S 9L oS sl olis TEM 5las
Yo s Job 5 Y B0 esgdoen s g,k L Aile
L ke o S50 & ol ol Sile 25l 00
el b ol el g a5l ke
S 3l 0L (s 9 S Sy S ) bl
sepl 80 (g had . Sls glils Ol OUI 5L

305555 OUI S (0 P sb S S 13 6 (I TEM oKy Kt goai ¥ K5

Soo s i el IS s 5 S5 2se o5
Liys o s edd s LS sba S
Lo ol und bl 3 eslizad (gl L 2l
o B Sl lS 5l e A5 (e 5
23k 03U SAS a5 ole Al Gl s el
o3ls b CUS el 4y CiS lakase (69,
win )\ Sdeas 318 sl a3 YA SLSTl s
2 S S e ) e S IS il S
Bl SSdnsd o Aoy fl slad
Sesteal b 5 (Ghie OF 23 55 NaCl o S A0)
5 Resl 0T mge Uik s ety Sl oSans
S sl V0V Sy s LB S 5 a3 e e
A e sy se el (il e lag )l
bl 5SS Gl Ss8 Sl bl Sl ey
53 ol S mle s YA les s ciS slalass
s ok (IS Cele YU S 5L ST

by

Figure 3. TEM images a) cellulose nanocrystals, b) chitosan nanofiber.
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1. Aspergillus niger
2. Aspergillus flavus
3. Rhizopus

4. Mucor

5. Alternaria

6. Cladosporium

7. Penicillium
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Figure 5. Blank disks used as control (-) and the disks with Clotrimazole used as control (+). Number (0): The disks
coated with cellulose nanocrystals 3 wt% without chitosan nanofiber, Number (1): The disks coated with cellulose
nanocrystals 3 wt% and chitosan nanofiber 1 %, number (2): the disks coated with cellulose nanocrystals 3 wt% and
chitosan nanofibers 4 %.
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Abstract

Background and objectives: The banknote is one of the most important ways to transfer of the
many of microbes to human and also human diseases. In this study, the anti-fungal effect of
cellulose nanocrystal alone and with chitosan nanofiber on the common paper banknotes have
been examined.

Materials and Methods: Cellulose nanocrystals have been prepared using acid hydrolysis by
H,SO, from cotton linter. The diameter of the prepared cellulose nanocrystals and chitosan
nanofibers was characterized by transmission electron microscopy (TEM). Firstly, the fungal
contamination of the banknotes from four centers (bakery, butchery, passenger terminal and
hospital) was evaluated. Then, in order to consider the antifungal activity of cellulose
nanocrystals and chitosan nanofiber compound, stable emulsions with 1%, 2%, 4% and 6%
concentrations have been prepared and then coated to the surface of banknotes using rolling
coating method.

Results: According to the TEM images, the diameter for cellulose nanocrystals and chitosan
nanofiber was 5-20 nm and 45 nm, respectively. It can be concluded that the cellulose
nanocrystals have been successfully prepared from cotton linter. The results showed most
fungal spices found in banknotes from bakery, butchery, passenger terminal and hospital) are
Aspergillus, Aspergillus niger and Penicillium respectively. Anti-fungal examination of paper
banknotes covered with cellulose nanocrystals at concentration of 3% shows no significant anti-
fungal activity on Penicillium fungi on paper banknotes from the hospital. In addition, the
results also show that adding chitosan nanofiber at 1%, 2% and 4% concentrations have no anti-
fungal effect on the surface of banknotes from bakery, butchery, passenger terminal and
hospital, but adding chitosan nanofibers at 6% concentration shows the significant anti-fungal
effect. The results show that cellulose nanocrystals had no antifungal effect alone effect alone
on the banknote species, but it could improve the antifungal effect, adhesion, and stability of
cellulose nanocrystals on the banknote surfaces.

Conclusions: This study suggested a new approach to decrease the infection spreads through
banknotes.
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