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Synopsis

In this study, fabrication of chitosan/PVA blend films was fabricated, and their mechanical
properties and antibacterial efficacy were examined,

The maximum draw ratio of the chitosan/PVA blend films increased with increasing PVA content.
Only diffraction from PVA could be observed from a wide angle and X-ray diffraction measured from
the through view of drawn films. The diffraction arcs from PVA crystal planes (110) and ( 110) for the
composite with 22/78 composition ( A =7) become spots indicating high orientation of molecular chains
of PVA. Furthermore, the value of Young's modulus inereased significantly by elongation because of
the preferential orientation of PVA and chitosan crystallites with respect to the stretching direction.
The E' reached ca. 20GPa at room temperature for the 22/78 composite at draw ratio of 7 times which 1s
higher than the pure PVA film at A = 8.

The contact angle increased with increasing of the chitosan content, and the film became more
hydrophilic.

The antibacterial activity for the chitosan/PVA blend films was better for Staphylococcus aureus
NBRC 12732 (ATCC 6538P) rather than Escherichia coli NBRC 3972 (ATCC 8739) but the activity
became worse (less effective) with increasing draw ratio. The activity become more effective for
the blend films treated by quaternary ammonium chitosan and became hardly affected by the
neutralization. This indicates that the drawing of the treated blends provide the possibility to expand
the applications as industrial materials became of an increase in Young's modulus and tensile

strength.

Keywords: chitosan/PVA blend film, mechanical property, antibacterial efficacy, Staphylococcus aureus
NBRC 12732 (ATCC 6538P) , Escherichia coli NBRC 3972 (ATCC 8739)
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Fig. 1. Reaction of chitosan and glycidyl trimethyl
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Table 1. Preparation of chitosan/ PVAblend films
used for the antibacterial activity test.

Quaternary P
ammonium Neu:t;ﬂg.:tian

chitosan

Composition
Sin‘&ple (Chitosan/
nar PVA)

Untreated film
{Polyethylene A /!
fim)

N

la
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le
1d
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2h
3a
3b
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4b
de
4d
Ha
5b
5e¢
5d

ba
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100/0

60/40

50/50

Z 2 Z 9 Z

40/60

22178
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Z 1 Z o

-+ : Neutralized, —: Non- neutralized, N: No, Y: Yes.

L, B0 WIS AR L CIRAIL T BN
B S Ut REMMGHRIE, EMTHOMEIT Lic
L B CRIZE (T LAY, B L 7= B
ES iDL TR I,

3. 2. MEAMAEBRDT 1 IVLIER
FEMEHEIC W7 2 )V Ao AL, B
MRHC 3 B O E iR b3 R 2z
WL, PtERlE O 7 ¢ b B R i & [al R
DEETIT> fee ABUIEF MY (EfR(EF B
Yo EEE) IPVAT LY FT IV LI, FOk
4% H AV — ZKEERPIC 2R IR ELRE L T
flt%, ZZRUKTRSMEL, BRTHEE L. F
MY (EERieE b)) IPVAOT LY B
&, RUSRLUIC6ERE (M7 ¢« VL 2ED
19f8) (A L.

4. SHOMEENS KU HFEMEOREE ™

BRI, EARE (B WO RGSESE
(VES-F) # ML, — 150 ~ 300°C Ol i Fi e N %
FHEGEE 2°C fmin, FEPEEI0HZ IS % L THD K
LlliE Lz, M BoREy Bld40m, HEHEZ
FI1.5mmC fE Lz, BIRSTEORIER, 7 1
LAl 75 00 C e KZE T4 08 0.0025% 0D TE 5% i #idR
MazrsLoikc, RBRIFICRNZMNS L. §#Y
5 |sRakR 1 FICaRiE Uz, Bhrassii el aBR b Ic iR

IR % 5.2 5 12, DEhic Bk %
45 LIS S HllE L,

XER[E T ORE &, 12 Kw 0 (5] i (5 600X 57 4
Rigaku Electric (#%) B RAD-rAZZ L, 5
BE//70A—42-—TE/ 70t LTHIEL,
IEfg XHRElf (WAXD) [KIEiE, 200mA, 40kV O
T, CuK a8 (#120.15d nm) A AT %
FV, RIS & > TIE UTzo AR T Tt
BiL TV SETHUE, ERE2mm OVdda%E VT
PATICEE L, FFE—L%Z09mm X 0.9mm O
BRI A, Mt Ui, /v XEGEL (SAXS)
HpE, BEYR—Ia) A—2—RIc LB KA
YT A — AR Ko THIE L.

DSC (differential scanning calorimetry) |,
A a— () B EXTRA6000 %Ly, 5°C /min
DFRIRIE T 40 ~ 260°CORERFANZRE L fz.
Ziiotrid, BE () WOXBOLEFLL?
S HTEEiE ESCA-85072 Ly, 30mA, 8kVDZEft F
T, Mg Ka 5 GEAEIE0.06V/s) 5 X Tifll
i3 0% fat

Hemhfg i3, RIARmRE () o FACE ¥l
5t CA-XRZHWTlE L7,

5. MEMEERSGZE
5. 1. 1§ i

Al 5% #5013 0E 2 K RS M (NA (Nutrient
Agar) F5Hh), $ERERAICIEZEET « 3 o H
(NB (Nutrient Broth) 5Hi), Bt LIS
(3 SCDLP (Soybean-Casein Digest Broth with
Lecithin & Polysorbate) Kb, A= &) flicid
e s (SA (Standard Agar) BiHh) %7
NZRNHNGE

5. 2. HERE

ark B (. T ME 0 B8 B Y — BB AR
B ik - U S R JIS Z 2801:2000) E AR T ¢
WLEBECHEENTWVS TS LBEEO
Staphylococcus aureus NBRC 12732 (ATCC
6538P) & ' T LIETEHE O Escherichia coli NBRC
3972 (ATCC 8739) ZHW =",

_3_



iy

5. 3. ABREDEELEFRARDAR

{#{FE A NA (Nutrient Agar) SHfiksic &
fiit%, 35 ~37°CT16~ 24WFRREE L7z, AKSHE
ik ER [ 7 NA (Nutrient Agar) FHtic 194&
HgHit4. 35~ 37°CT 16 ~ 20 WEIG & L 7=l
B & Lz, RIS, NB (Nutrient broth)
HEH 2 R Bk T 500 I AR L. pH 7.0 £ 0.2
I 8 L 721/500 NB (Nutrient broth) 15z,
ATESEE L il 2 —Ic i S B 8 02 5k
MHER & Uiz,

5. 4. HEBRAE

PrE TSR, DREHED TR I TS — Fus il
JiiE - FUERE JIS Z 2801°"™ ) (cHEL, HUHIEIE
iz sRkapiz "9,

AiEld, K2R ESIC50 = 2m (EE 10mm
L) OIEA I EMT U 7= kB & hn Tk
B (FaliiE, [—ahicoE, LR
Freffk, nTi{@A 3mikERf V) &2, Zh
FNWE > v — LHic AN, A i B
0. 4mlZ 4 G5 ERHZ P THEM L. F0 Llic
 (RUVTFLE) T4V AZHETy—L
DE# LIz, TNBAVFaRZ—AHDRIY I
RYEEZ L, 35 £ 1°C, MR 90% LL Lo
SAF T 24 REM AR RS L 72,

ic, AERGIIERRETR & 356 & 1°C T 24 BEREES
EHEOMN TABRF 2 ik Lo L /=
T IV LN FF L TW0 A% SCDLP (Soybean-
Casein Digest Broth with Lecithin & Polysorbate)
HFH10ml Z W T v — LIS Falc i | L
feo OV LK lml tho 4% | SA (Standard
Agar) Ktz O TEIFMHGE (35 £ CT40 ~
A8 MEIRS ) THEEBUERHIIL 72,

IEES
"“S‘M\ _HHM bactenal snepension Mm"udofl'om dish
1 == I
VAR 7700775
Peta dizh / a0t2 |
Filim L~ \\
ﬂljlf:wl:;?ogal]mh 7 ///‘/// ?” \ J
[
/%. é ) % H sizeoftent picce
/ % Size of cover film
Test piece / 7 l
' /i

Petri dish

Fig. 2. Dropping test bacterial suspension to test

piece and cover of film,
%}-— Fan

Plastic case with lid

] } Petri dish
[Ep— | p—— "

™ Test sample

U]
I
ﬂ

Water

[ncubation at 35£1°C

Fig. 3. Device in incubator to control the humidity.

5. 5. FHEE
24 G 2R O SN TAKER T & hn TalER e Lo
LEBD B, X2 DT RRE A 2B L
FNOOFIHEEAEZROFM L 720 AFTAMGHEHE
1. HIEGIEM (R) A0, FCHiEMSE a7
%,
TG (R)
=Log (B/A)—Log (C/A) =Log (B/C)
AN TEER T O BRSO 1 plate 47z D
DL (RS S]]
B : HEANTRAER Y D 24 R RS £ D 1 plate X
7= 0 OO T
C T atBR o 24 REH RS 3% D | plate % 7:
D O E O FH

BREER

1. SET7 1 ILLOYE

b PVAT LY RT 2V LORKREEMEH
E. R2ILRT XS ICPVASHROMINICE ST
KB E L o fes FHTT LY FHB0M0ODT 10V

_4_



E' (GPa)

w9 9 4 & 4

E’" (GPa)

M E LTOF MY /PVAT LY FD

Table 2. Density of chitosan/PVA blend films.

Composition Density
(Chitosan/PVA) (glem®)
100/0 ' 1431
61/39 1.366
50/50 1.357
40/60 1.335
30/70 1.321
22178 1.316
0/100 1.277
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Fig.4. WAXD patterns (through view) for
chitosan/PVA blend drawn films.
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Table 3. Antibacterial activity value and bacterial numbers after 24 h incubation on chitosan/PVA
blend films inoculated with Staphylococeus aureus NBRC 12732 or Escherichia cili NBRC

3972,
- Staphylococeus aureus Escherichia coli
Sample C(ﬁ??;;;?;] Neutralization  Baeterial Ar;*.il;;ctel'ia] F Bacterial Antibacterial :
code PVA) status numbers activity E\;ils":ﬁr'?n numbers activity Eva]ﬁﬁiﬂ?“
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2a 60/40 — < 10" 5.93 6.0 x 10! 3.21 O
2h 4= 5.0 x 10 1.26 (x) 2.1x 10° 1.07 X
da 50/50 = 2.7 x 10! 4.15 ®) 8.6 x 10! 2.96 O
3b + 2.9x10° Lo4 X 25x10° 106 X
4a 40/60 — 53 x 10! 3.44 @) 1.1 x 10¢ 2.80
4b + 34 x 108 1.07 >< 3.1 x 10° 1.04 _><. .
Ha 99/78 = 4.6 x 10° 2.23 0 9.3 x 10¢ 1.44 (x)
5b + 5.5 x 107 1.03 ® 32x 10° 1.04 X
6a 07100 = 8.4 x 10° 1.00 X 5.0x 10° 1.00 %
6h + 8.5 x 107 1.00 X 5.1 x 107 1.00 *
-+ : Neutralized, —: Non- neutralized, N: No, Y: Yes. *:Not detected (Detection limit: < 10%). -

Neutralized, —: Non- neutralized, N: No, Y: Yes.

Initial bacterial numbers of S. aureus on untreated film were 2.4 x 107 cfu/plate. Initial bacterial
numbers of E. coli on untreated film were 1.9 x 10°
cfu/plate. "' R (Ratio of increase and decrease of bacterial numbers) =log (B/A) — log (C/A) = log (B/C)

. A: Average bacterial number per plate in the

untreated film at 0 h. B: Average bacterial number per plate in the untreated film after 24 h
incubation. C: Average bacterial number per plate in the

chitosan/PVA blend film after 24 h incubation. * Antibacterial activity value has an antibacterial
efficacy in the value of above 2.0, (): Antibacterial
activityvalue was above 2.0, X : Antibacterial activity value was below 2.0,
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SRR ERETD, ABREOUUENEEN
%, LAL, Lim, S HE"™ &1 —275R
i & RIS, 0.3 mmol OF s ) EEREE AR
(ASTM E2149-01, American Society for Testing
and Materials™") % W THEEIER G L T
W, TOLI ICARBEIIHRED (HRE) I
HEEH 5, BIET « L LOFHEERRIX,. &
JISiE (7R HE ST B hn T8 5 — HUE ka8 ik -
P EhI JIS Z 2801%" ) THIEIEMEZ i d 5
KICHEEN TS, Eie. LEBzEIT 3
FERIETER L, ODFl~* ML (Halo) DERE
i ST K BB THIM G Z FFI L TV 5 8
FMZNEN U LAKREBR TR, EBIETEH
Boatild 2 TRkHETTR b 805 — S kit
i« PUAEHE JIS Z 2801 12 & - THIEiEN#
Al L 7z

EHRICF Y PVAT LY B 7 4 VLRI T
I OBRE 210 L, 4R[S E LG 804
U, < 10 ~ 8.4 X 10° cfu /plat DfE%ERL,
PVASZHROBINCH > TEL &7 FRIL
7AW LAOEREIELT X 104 ~ 85 X 107 cfu
iplatDfZER L, FRILTWIEWTZ 4 VAED E
L., HHNOBRTHEETH - - ABET
(. HERA S5 A THML LS C, HiF
IEEMEAS 2.0, L CHIEMRZGT A Lick S,
COMBENEGEEM (R) TERT B L, 100
~140DfEERD ., 20LLF (XHIOF ) TH-
feo HRILTWIRWF M /PVATL Y F 7 ¢
VL& WIS ORIOFHE THIE TS A 2.0 L
0223 ~5.93D &R LTz, LD K S ICHIH]
7 AV LOFEHAME T LFERE, fi'™ T
6 L 72 & 5 e gl U223 b id b L,
IKBEVDREIEIC K> TEER/A L TBR LIS
N SRR L, BRI N GlElE T
/) 1B (M4EBE) Li/lofiEst:
EMETF LIz EZ 5h 53,

cmog ool CH:0H
OH 0~ ~ ~KOH 0~
NH: Alkalicrextnsng NH3CHsC00~
Chitosan Chitosan acetate

[ig. 14. Reaction of chitosan and organic acid".

Tsurugai et al."*” BXUTHINIS™ &, HilkEk
TF b2 L TR UPSRIESF MY 2 hi
WIERZRTEREL TV, LML, #OHho
VOB (LS B ik, JKEE(E T B U D LOoKiETE
AL THRMRISEE 2 LT S / B2 B L,
FUSIEEPME T L7t 6 5%,

ABRE S. aureus DG EFREIC, SBRE E. coli
DOFEFREED 1.9 x 107 efu /plat & 725 & 5 |1
L71/500= = ' x> b Burouth 0D % i it
0.4mlZ L, 35 = 1°C. MHRHEE90%LL o
ST C24RFMISE Lz, INT T ¢ )V LICHE
L7z BB m U 7= U 2.0 X 10° cfu /plate
TH-otz, Thie 24 RIS L i-RoEEEuLs.2
X 107 cfu /plat & x> 7z, [FRICF Y /PVAT
LY F7 4 v LTt L CHEEOMERE 2 Al L,
4RGSR LB A0S REEE. <10 ~5.0 X
10° cfu /plat DR L. PVASHROMINCH -
TELEolz, FRILIE 7AWV ADERRIE 1.4 X
10° ~ 5.1 X 10° cfu /plat DfEZRL, FHIL T
TWT I LEDEEh Tz, TORRZE IS
Al (R, Log (C/D)) THRd 5 &, 1.00~ 1.11
DL b, 20LLF (XHIOFE) TH-o7z. C
2 L7zfdEmid, A5 S. aureus I L7z3E LD
LHETH >z, FRHIL TWEWLF MV /PVAT
LY F74NVLIE, FhH2OT LY FHANE
Wikl ba (22/78) DT 4 )b L2 [RE OHIOFHH T,
PTG (R) H2.0LL ED2.80 ~ 5.72DfE &7
L7

R4+ MY U BRUHEEILSF R /PVAT L
> BT 4 v Lot B R it L TR L 7z,
A b R R LIPVAT LY R 7 2V
&, HRIL TEHEBEME T LIS L S
PEfE (R) AP2.0LL Lo fizRL, OHID £ 1S
Tzo PURALF Y2 IPVAT LY B 7 4 IV LD
PTG (R) &, AAEREE S, aureus Z{H L 1215
By HRILTE L TH 2.0 Lo 5.93 Ofii &R
L. HEHROETHRDENEh > RERH
E. coli 2] L 7= OFIEEEM (R) &,
LTWiagkikF b4V /PVAT L2 R T ¢ )V L
AFhE5.72, FMLIEZEDT 1V LH4.39 ~
5.720MZm L, & FHEEEIZE T LM, 2.0
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ey

D Eofizrl,. OROFEZS Tz, FIZET L
Y FHA060D 7 4 VLT, (L L THhiznadk
HoETLYFL, ML S EHEDT LY
F7 1)V GAEl4a) OFBEIEMEME (R) 14344,
L7 2L GEFb) TIE1L0TEAD, HiL
BIETEME (R) BM1B2E T L. LaL., gl
FrHETLYFLEGAE PRILTE LA
CTETLYF7 40 GARlde £ 4d) DOFLHATE
1 (R) 795.93% /R L. AR UL L Tz
WS Z2T7 L2 LT 2L A GlE4a) ©
PLATETEE (R) 0344 &L T, BLAEWL
iR Llize £l F MY VPVAT L7400
LOHEEEE., S aureuslc¥tdT 25D E E. coli
MEL . RAWKCART LI ICPVADT L FibhviE
{IRBITHES TREBICK T I AL R E 1,
ChHOERE, hEOFAEMEEME hEA
EA R T 34T0E QB/T 2591°7) ™ & H#kd %
&, RILAWT () TR LUTIEFTOFFRE FA
Bixk. $abb, WEE, HER (%=(B-C0C)
/BTEHEL. 1:99%LLE GRWHIEERSH D).

0:90%LL L (FUEERSB D). 89%LL FIXHii(F
WL, CiHiLTwad, TTT, B /5290
IR AL, C: T A T 0D SR [l N iR
RS, WHEOFEETME G, DA EOEMNT
B — AR T ik - PURRD SIS Z 2801°°" %
Z L TWAIEHREMTVS,

( ) TRULIFHERO X AIOEAIE. HE
O, iR (%) THMiTs L. &
3R LTS, aureusDIHE T, i 1b& 26 F
NFN98.0L %94.2%,. E. coiDIFHHE Tt fl5ah
100.0% L2 b, T:90% L (idifER &S D) @
AHiS RS, P REA TSI LICERS, &
bEC OMRIE. HHEOJIIS Z 2801:2000 DR
BRaTAM /7 i E O QBIT 25917 K b & ik LAt
flifits s C LA EMK L, HARRBOME - £t
OFEZRMLTWVAD: BB, HHELPEOH
BN 72 AF v & WO ML Oz ki
BILTiE, 32HK35) ZBIEEEAV =L,

F YT A VAITBWTH E. coli lctHd 41
RS, aureus X O {727, Flo O

Table 4. Antibacterial activity value and bacterial numbers after 24 h incubation on chitosan or
guaternary ammonium chitosan/PVA blend films against Staphylococcus aureus NBRC
12732 or Escherichia cili NBRC 3972 using JIS Z 2801:2000 (Film Adhering Method).

Staphylococeus aureus

Escherichia coli

Composition  Quaternary Neutralization

Sample p : : : ; o
code (Chiown/ ammanium e A alation s Antibactrial Bvaluston
chitosan ) lbed)
' (cfu/plate) value (R)"  results (cfu/plate) Activity results
Untreated ' '
(Polyethylene 7 ra & 8.6 x 10° ra 7 5.2x 10° P ¥
film) .
la N — < 10* 5.93 < 10* 5.72
Ib — : 4 1.7 x 10* 1.40 (i)_ 14 x 109 1.11 X
le v — < 10* 5.93 O < 10% 5,72 O
1d + < 10* 5.93 O < 10* 5.72 C
4a N = 5.3 x 10 3.44 &) 1.1 x 10% 2.801 Q
4b 40/60 + 34 x 100 1.07 X 3.1 x 107 1.041 X
de v = < 10* 5.93 Q < 10% 5.72 O
4d + < 10* 5.93 O 1.8x 10! 4,56 O
ba N = 4.6 x 10 2.23 9] 9.3 x 10 1.441 (x)
5b 93178 + 5.5 x 109 1.03 X 3.2x 108 1,04 x
be v — < 10* 5.93 @] < 10% 5.72 O
5d -+ < 10* 5.93 )] 2.0x 10 4.39 O

+: Neutralized, —: Non- neutralized, N: No, Y: Yes. *:Not detected (Detection limit: < 10%) , +:

Neutralized, —: Non- neutralized. N: No, Y: Yes.

Initial bacterial numbers of S. aureus on untreated film were 2.4 x 10° cfu/plate. Initial bacterial
numbers of E. coli on untreated film were 1.9 x 107 cfu/plate.

R (Ratio of increase and decrease of bacterial numbers) =log (B/A) — log (C/A) = log (B/C) , A:
Average bacterial number per plate in the untreated film

at 0 h. B: Average bacterial number per plate in the untreated film after 24 h incubation. C: Average
bacterial number per plate in the chitosan or quaternary

ammonium chitosan/PVA blend film after 24 h incubation. * Antibacterial activity value has an
antibacterial efficacy in the value of above 2.0. (: Antibacterial

activity value was above 2.0, X : Antibacterial activity value was below 2.0.
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G T7 + VLA TEETH >, E. coli ICHT
HETEENS. aureus & D EEWEE, SFET
DFERFERD S I LI % 1 LA R > T
Lagb N,
PEEEE. LR X9 kmifdes by o7
LYRTmEL, fRILTE LTV AL LT
LU THRICIE T Lah o7, 2Okt
FrHOT LY FiE fEEEOm Licss L
(K422, IECROABRIIEAO X S ICHR)
TR, FIEBHRN< A BTHEL, N
MRTE, LHALFREICL->THELERABRS
WA R L, HUBRBRESIC Bl 2 5 2 0B LWL
BRI Ex %, £/2, F 2T VAR, PVA
HTLY Rd BT LIk > THEMEFEDmE L,
W aME L L TORBIEOIARS MR E NS,
BH, THOLEREEETAF R PVAT LY
R7 4 )V LAOESRFF L TR, 51ERER
R WSS %0

f&

B

AfHgEE, F Y OEMEEN ZA LEE ST
b, PVAZRBA LT LY R7 4 )V LIEilE L.
FDT LY RT 4 IV IO & HETE
BLTHRE L, UFORREZE

FRYUPVAT LY KT g )b LD RS
HFld, PVAZHREOEMC K-> TEL<EDb, 7L
Y RH22T8D 7 4 WINTTRICETEREL =, A
A X & D ZORBHEPVAT 7 LLO8FE
THEMR L 7zit kbt & ZIEF LR Z - LTV 5,
—f. FrHUhoOFEZEITFIEBRTET.
F b roOfEEEREWT LAREE N,

ARIE AR O RHER (B) & F >
(100/0) 7 1 IV LA EE <. PVAZH RO
WKLo TIRTFLER, 7L RH22m8 Dt & 7
fEETIEMLIZT L LAEBOT, BiRTOMFHE
FPERIL 20GPa ICE THEEL, MstERMEE L
TORERMTRME N, iz, ZOMHIE—150C~
220°COEMEFKTIZ, 1 =8DPVAT 1)LLK
HhE -7z,

A MY EEROBIMICHE-> TREL

. BOKEAA L.

F Y VIPVAT LY BT 1 )b LOFEELR,
Staphylococeus aureus | Xd % X D & Escherichia
colitMKL, PVAD T L > FEEDEL RBIciE-
TR T L7z, R T oiaid b7 « )b L TH#E
THo Tz, MHRILF M OT LY R THIBEEYE
A B U watERIE NS % Pk kY >/ /PVA
TLY F7 4 v LOFEEEEGEE < BRIl T
LPIEEEA RSN L -7z,

AR, TR 16 4EEE~ A 17 4R EERM 2R L
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