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Effect of Chitosan Surface Treatment on the
Antibacterial Properties of Paper™

Chan-Ho Choi,"” Yang Jeon,” and Yung-Bum Seo™?

ABSTRACT

This study was to investigate the effect of chitosan molecular weight, its charge density, and
its surface coating treatment on the antibacterial properties of paper. For this study, E.coil was
used for antibacterial experiment.

Results obtained were as follows:

1. The antibacterial properties of chitosan was significant on the surface-treated sheet.

2. Antibacterial property surface treatment was appeared to be effective when film was
formed on the paper surface.

3. The antibacterial properties of chitosan-treated paper was dependent on the amount and
the molecular weight of chitosan used. The lower the molecular weight of the chitosan down
to 30,000 the better the antibacterial properties in this experiment.

4. Determination of the degree of chitosan-deacetylation by colloidal titration method was
consistent with the more complicated and conventional FT-IR method.
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2.1 3SAME

2.1.1 BAl Sheet

FAAMEEM AHE3 sheet= filter paper
No.42¢ A5 B 23R BAE #dst
o FABET. FAIE Fole HF 84.3g/m’

Table 1. Physical properties of sheet
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filter paper No.42, 134 g/m?9 PB-A,
116.3g/m?¢] PB-B 5§ 3%T/F& Ah&siion,
Eeld AL Table 13 2t

2.1.1 MeletE

Ae)kZzogr F1EA AIRE Sigmail Al
(gopdsl: 70%)S A A48 1,
WAl AL2E cationic starchEe (F)AZ
Lol A Ak A5 AE 60112 AHgslth

Hil l=l:l ofid

2.2 MUY
2.2.1 7€M Fu|

7182k HAY ol NNEAE 5% oAl
EA 80 2% (w/w)EEE st 3T W F
oF wHkIAA £3A17] o, BBy E8
ARl ARS ousla 4% FANES 49
< 7t FEAI7IHA ZW" gAslqg AHAE
< A2n $HFF — WEHE — JHZEoE A
AEE 60Tl 4hrest 745‘_‘3}01 chitosan A
£ A z=stR Tt

F1EAre] golEsl¥E HAE chitosan A
47%(W/V) NaOH #8822 604 30 min
(chitosan B), 1hr(chitosan C), 2hr(chi-
tosan D) #2lste] golM€sl(deacetylation)
& & Z2HE3 4 2 s oFdo] FAo]
%“37/‘}7‘] HkE ST o]olA 60TClA 4 hr U
HAzste 11]3:3}%9—‘11 oM B T AR
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Sample Basis weight Density Burst index Compressive Tensile index Cobb test
(g/m? (g/cm®) (kPa-m%g) index(N)  (mN -m%*g) (g/m?)
MD CD MD CD
Filter paper
No.42 84.3 0.38 22.43 12.08 121.21
PB-A ' 134 0.66 174.72 107.36 35.08 28.14 21.58

PB-B 116.3 0.68

4.79

106.40 91.84 71.35 44.78 25.94
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W28 T JIBEA A8 deos FUYAF
Z25F — gL — deagez AFLE 60C
i 4hr T AREA chitosan E, FE A2
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2.2.2 Hotulgstz ol £

ol gslze] #3& Kienzle-Sterzers9]
W] Fite] 1%2HEH ZAzte] F1EANS
0.8%2 &d&fsle] AdX 24hr B¢ X &F
A#ate] petri dishell #o1 60CAA 24hr &
¢t Azt 7)o 1IN NaOHS 718k 208
e AYsle FElet £ FRHFE FES wAg
o A2oAM HRAA 71EAHE E(chitosan
film)& A28l FT-IR spectroscope (model
Perkin-Elmer 1750. Fourier Transform
Infrared Spectrometer)2 AHERS 4L &
ofgfe] F2lel oAs] HolNEsl®(% degree
of deacetylation)& A4}

% Deacetylation= 1—%22— xﬁ X100
Auess © Apgssem tollA] ]

Asgso @ Asgsoem 1ol F4n]

g 24L& g ez AT, 7|
Bt FAAESFE JIEAE 0.2M acetic
acid+0.1M NaCl+4.0M Urea £ £3§212)
¥ Ostwald®s AEAE o] 83ld 25TF/dl
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o] 45 5439 oo ¥MyE Staudinger?
o Ry BaFE Altsiirt, 1012

(M=K - Mw*
M=3THd= (d/g)
K=8.93%10"* (cm® - mol/g?)
Mw=8x}3
a=0.71

2.2 4 MslEH(Colloidal titration)

A2 (F)dzdAN Y44gd PVSK
(S5432), DADMAC(S5430), Test Rea-
gentsE SO 5431& ol &3l 7t 71E4ke] A9
Hatg SAstqih

2.2.5 ZHxz|

A a o] AzE 71E4HA, D, E) £ 1%
acetic acid solutioneoll &3A]Zl & Aadd9
S g Bo FPAES ALSele Fo|EW =
Falged, B4 33t9 6% cationic starchol
el Azd Zzte] 71BA 9L 1%, 5%.
10%2 &E4% A 6% cationic starchel] o
o] AzE A7ty JIEAS 9L 1%, 5%.
10%, 20% =2 &3l 2313 A F7HA] e
2 34 sheet?l filter paper No.42€ H%
5g/m? PB-A ¢ PB-Be #% 8g/m’ez %
HAg stk WHAEs} obd IWAeE A
3 ol WHAl AEd] B8 %9 F|EA] A
f5ojof FHENE Ve 7B A9 7}
Ax JUFHoZ vay] gt 4 sEER
A" NEE A4 3cmE AE & AH(UV)3
3 FAPAETSS 9% AJEE ALEEAT

2.2.6 TAMIFELS

YA Gl A8 #lA= Table 29 22
279 WA E ARgslglon, dF2e 299 A
gdezM HAgHH HFe FAANE oPlshe
oAg] 7R AEFAT s dEs) 9
dlo] FAIEFQ E. coli® AHERHT E. colid
LB mediadl ol4jste] ehgejolA 37CAN 54
T owjkstn 239 MAEE FH I3da
(Tmm)& e I8 o8 24 $EU2 89

Table 2. LB media for the E. coli

Medium g/Liter
Bacto - tryptone 10
Bacto - yeast extract 5
NaCl 10
Agar 15

Temperature, T 37
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Table 3. Molcular weight and degree of deacetylation of chitosan samples used

Sample Molecular weight(g/mol) Degree of deacetylation(%)
Chitosan A 2.8x10° 73.3
Chitosan B 2.2x10° 77.3
Chitosan C 2.1x10° 77.9
Chitosan D . 1.4x10° 79.7
Chitosan E 0.3x10° 73.2
Chitosan F 0.2x10° 76.8
A" ANE AZ 3emE wlA FYd 2HEn Table 4. Colloidal titration of chitosan sam-
#FLHRE o] AE FYo HEFF image ples and cationic starch used
analyzer® 12hr, 24hr, 48 hr. 72 hr,
’ ’ S 1 Charge( L)
96 hr W2 FAAE WAL 2] FAARE Ch,amp eA gz :;eq/
_g‘_/_;l\_ = ‘?}733 }j—}{}:‘ Abslod itosan +4.
SHES WAL fatstel Adath Chitosan B +4.81
Chitosan C +5.09
- Chitosan D +5.22
a
3. Zz ¢ nE Chitosan E +4.59
Chitosan F +4.64

3.1 EotMEstr el £

Az Azte] F1BANE Hd BFENEY F4ol delE(pellet) 2 AE AU 71 EAF P
ZAL3E golAdsl=E Table 3o yehd uheh S Azse IR ~FHE#H 1,655cm1e o}
Zt}. Table 394 Rt ule} o] 47% NaOH 7] AEF e o =9 3 450cm™e] FAF
gdo2 2hr(chitosan D)AIAL wWl 7} & 7] A&z gol o3 wsslo] Fu|g BE go}
& golEs e S Yehch . A3 =5

HiE nle} Zo] golAgaleel Matete] w3

TAE 7 ol JIEAMS AAAK]Y A&

3.2 EX2t - & Ao Ha) &3 AR FLA AHEstn JE A
3224 (colloidal titration method)& At

STEEHeR ST JEANY FAFLS 831} ZolAEs g AlARITHE Bl £47)

Table 3¢ vehd nie} 2t gopEsEs 78 ¢ dvka AEr
3.3 Hst5d 5.3
5.2 y=0.094x-2.3155 "
Azg ztzte] Yolddstd 7NENE col- T 5 Re=0.9074
loidal titration methodel &J3) HstE %3t g 5.0
Row 1 23 Table 43 Zo| vepiigic}, > :-2'
o)) .
8 47
. - O 46
3.4 SotMEstTel Matetel 1) "
: 72 73 74 75 76 77 78 79 80
F1Ede] PolEstzel 5o gl fEA Deacetylation (%)
9] WMHe Robert £9] BHio] 7|28 Aog ¥ Fig. 1. Plots for colloidal charge versus

5
“ BT
23 ZEE%y 37 7)|EA Bug 0 2 degree of deacetylation.
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Fig. 2. Typical effect of CS-A,D,E addition level on the growth of E. coli in nutrient broth,

(AFilter paper No. 42: after 96 hr)
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rier) € A8t 1 A7F JElWr] wEolg
vidaedicl PB—BQI BAYE 2L AL 2
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e *MXJ 227l & PB-A ¢ PB-B 9 3
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10%H7IAdle CS-E ) CS-D ) CS-A&2
YElIRT. 20% A7 9E CS-D ) CS-A )
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AolA 20% - 7HAlodl& Z7]of W

4, 24hr °o]% ¥ o]
A5 x, PB-A 3 PB- B7} 75—3— 73S Bo
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o] A AR e AgdA A 9l
ojxe] A= FAHEl9 cationic starchA
2], CS-F(filter paper No.42)= 96 hre] A
UE AlGAEQ #AAE SHEAT AlelA A2zt
¥ PB-A # PB-B9 A%l Table 594 B
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Fig. 3. Typical effect of CS-A addition level on the growth of E. coli in nutrient broth.(PB-A :
after 96hr)

Fig. 4. Typical effect of CS-D addition level on the growth of E. coli in nutrient broth.(PB-A :
© after 96hr)



FIEAY FEEHEIT Folol ikl vlx & g 65

Contiol

Fig. 5. Typical effect of CS-E addition level on the growth of E. coli in nutrient broth.(PB-A:
after 96hr)

Fig. 6. Effect of CS-A addition level on the growth of E. coli in nutrient broth.(PB-B)
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Fig. 8. Effect of CS-E addition level on the growth of E. coli in nutrient broth.(PB-B)
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Table 5. Antibacterial activity of chitosan samples against E, coli

Culture time(hour)

Sample
12 24 48 72 96
Ca-starch G G G G G
Control G G G G G
CS-F G G G G G
CS- A G G NG NG NG
CS-D G G NG NG NG
CS-E G NG NG NG NG

*E. coli was cultured in LA media at 37C for 96 hr.

(Each chitosan samples addition level 20%)

(CS-F, Ca-starch + Chitosan A, D. E + Filter paper No.42
CS-A. Ca-starch + Chitosan A + PB-A/PB-B:

CS-D. Ca-starch + Chitosa: D + PB~A/PB-B:

CS-E. Ca-starch + Chitosan E + PB-A/PB-B)
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Fig. 9. Effect of chitosan samples addition Fig. 10. Effect of chitosan samples addition
level(5%) on the growths of E. coli in level(10%) on the growths of E. coli
nutrient broth(PB-A). in nutrient broth(PB-A).
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£; E s
0 7 @ 7
£ £
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Fig. 11. Effect of chitosan samples addition Fig. 12. Effect of chitosan samples addition
level(20%) on the growths of E. coli level(5%) on the growths of E. coli in

in nutrient broth(PB-A). nutrient broth(PB-B).
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Fig. 13. Effect of chitosan samples addition
level(10%) on the growths of E. coli
in nutrient broth(PB-B).
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