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To endow fabrics with an antibacterial property, polyethyleneimine (PEI), which has a strong cationic
characteristic, was physically immobilized onto a poly(ethylene terephthalate) (PET) fabric and the
antibacterial activity of the modified fabric was tested using two methods. Antibacterial modification of
the fabric was easily accomplished by simply immersing it in PEI solution for 1 min and the subsequent
post-treatment for 3 h at 60°C. The amount of the immobilized cation increased with the molecular
weight and the concentration of PEI. Wettability and lubricity of the PET fabric were slightly improved
by this PEI adsorption. The PET treated with PEI of molecular weight of 75,000 at 1 wt% concentra-
tion had excellent antibacterial activity for Staphylococcus aureus. In addition, an antibacterial effect of
the PET fabric was also observed for Klebsiella pneumoniae and MRSA. The antibacterial activity of the
PEI-treated fabric was maintained even after being washed ten times. Two different antibacterial tests
indicated that the antibacterial event occurred upon direct contact of the fabric surface with bacteria
without any significant fear of destruction of normal flora. A skin irritation test using a cultured human
skin model showed the modified fabric to be negative.
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% PEIL-75, » A\ i3 1wt% PEI-8 IC THE L 254
i, CoOEEETIIEEILSN A F4+  EMET
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Fig. 2. Effects of the PEI concentration (A)

immobilized cation
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R, WiEETHE LA PELBES B VI
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and M, (B) on the amount of

5F/A$25,000 3 X U 75,000 Tix 20 LT IC#m L
7o, thiBE% 10 @R YR L 7-% TIESF& 75,000 LAst
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Fig. 3. Frictional coefficient and contact angle of

fabrics treated with different PEI concentra-
tions

O: frictional coefficient, A: contact angle.
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EOLOMABRAMESICL DREICEA L ZZEM LA
bHbETITo 7. KRME PET b & UF PEI MLERAG
DRABRFETZ T PO — N EIFEAELT DL LWV,
WEEALCBATIIRELEEER NS, T4
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bOD, MTTREZELIZELIFRODGHIVBE IR
7o & 60T, 48 EEEE TS »ICHBEHIRD S
ni-.

Table 1. Antibacterial test of the fabrics treated with
PEI ©of different molecular weights (M,,) at 1
wt%

Number of bacteria after 18 h culture
M., of PEI Before After laundering
laundering 10 times
Control (nylon) 2.4%X107 —
800 7.6X102 1.3X10°
25, 000 <20 5.3%X10°
75, 000 <20. <20

Initial number of bacteria=1.7X 10*.

Table 2. Antibacterial test of the fabrics treated
with PEI-75 at different concentrations

Number of bacteria after 18 h culture

[PEI})/wt% Before After laundering
laundering 10 times
Control 1.6X107 —
0 2.4%X10° —

- 0.025 5.5X103 2.6X10*
0.25 1.4X10°8 5.4%10°3
0.50 1.1%x10° 1.1x10°
1.00 <20 <20

Initial number of bacteria=2.4X10*.

Table 3. Antibacterial test of the fabric treated with PEI-75 (1 wt%) using

various bacteria

Bacterla Initial number of bacteria Number of bacteria after 18 h
Staphylococcus aureus 2.6X10* 1.1X10°* (2.5%X107)
Klebsiella pneumoniae 2.5%10* 1.6X10° (2.4%X107)
MRSA 1.5%10¢ <20 (1.8%107)
( ); control nylon.
56 (364)

NI | -El ectronic Library Service



Japan soci ety of Home Economics

R LFUL A I VRGFBRHEDOTEE

4. £ =B PEIEL, 4FE 75000 D PEI 1 wt% &R THT L
(1) PEI &= BLARHORBEETEBEEILT I &5 5 PEI
PEI (22, { LEOEHKObDE, £ DG H DREBRZHEETHE, FRIEIH lem?B-0
NEDL 27000 H B, BBEIBEANKT, 1K 2 2.36pg&hd. Hlcm’OFRAME F0 T T HAL
BIBRTICOHEEIX]1:2: 1% oTBY, #0 L Tlem?e LTEETHIE, PEISREMEIIX 2.3 nm
BESPNE3~35BEEFITLICEL, RROSF L&), BEECHFELTVAILICR D, Lo
Bz LTWBEEWHR, I THMALL PELIZEA T, COLEDHVHREBRENIL, S oEGINEH
HTHD, SEEETHFF o HERT. LD L L 0B FROPEINEHEEICHFEL, BUESR

BIIBWTHERTCEWINGE ), MEICEET

somple BIETERENLbDLHESND,
Amumf§ (2) HEEH

PEGEEIPERE (K—RBR%k) THEONER
#HHBEEMME (bacteriostatic activity) & FREIE
MA{E (bactericidal activity) 2 XA LEBHTEX 5.
b B T I M »
=log (FEHEA O 18 BERIRE BRI AL L 2B B/

TA7 @ 18 BEBE % O B UNEE) (1)
Fig. 4. Antibacterial activity of the fabric treated ﬁﬁ%ﬁ@‘ )
with PEI-75 (agar plate method, Staphy- =log (EHEM DBIEE & UL L 7 E/ LA
lococcus aureus) 7 18 B[RS O [ENE ) (2)
Control Untreated PET PEL-75 PMAAc+Cu

Incubation

time 24 h

48h

Fig. 5. Dyeing of living cells using the MTT method

Table 4. Antibacterial activity of the fabrics treated
with PEI of different molecular weights (M)

M, of PEI 'Bacteriostatic activity Bactericidal activity

800 4.5 (2.3) 1.4 (-0.9) -
25,000 >6.0 (1.7) >2.9 (-1.5)
75, 000 >6.0 (>6.0) >2.9 (>2.9)

( ); after laundering 10 times.
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Fig. 6 1%, PEI-75 OMERE L PLETEM & DR E
RL7-bDTHA., RETIIERTE o2l E
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HHEARRICREN-BREEELZTRL. 1W%T
B L 72356103, BEIEEEST 6 L, REEHMED
29LEE, REEERL. BELX 1I0@EDEL
TR, BEA0.25WB AT TIX, BFHEEHMED
BEEMEOET L. 0.5 W% ETEHsEE®Y
B LTOHHMBERICELRED O NS, SREMARD
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Fig. 6. Antibacterial activity of the fabrics treated
with PEI at different concentrations

(O, @) bacteriostatic activity, (&, A) bactericidal activity.
Open marks: before laundering, closed marks: after
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Table 5 (X[ #kIZ, 1 wt% D PEL-75 TME L7/ D
HIEMLT (FEfE) ORBREE I T APHEE
HERLZDIDTHE, WTFROBEIIH L THENE
HEFRDO SN, TOMBEIFHENL BFERE)
WOEELRZ Edbhs, X562, Na—REFERD
LZOPEIMIAOHESREIMEROBLRIZLSD
TE%L, BEMIMALEOEEERIILZLNTHD,
BEREBONT Y AEBEIATENED 2 WINTLE
Ewvz b, Fig. TIIMTT 5% W TR - HIBEAER
KERLTWS, TORBRTIE, EFEN 24 BFHE
ET5 55 80%L L, 2048 BEfEETS50% L L
AL L, 4BMEET02580%LE, D
48 BREIRERE T 50% LA T & 551, 24 ReRIREE T 50%
DTFamLTAEETHESNTNS, ZOHEHEIC
#£o<¢ L, PEILEAIZVWTNOBRHTH Y, EFH
BOEBOTH L nEnz s, B, TTITEFRLTWY
v AS, B 1wt% PEI KSR % 58 €7V IS
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Fig. 7. Cell viability measure with the MTT assay

O, untreated fabric; A&, fabric treated with PEI-8; (1, fabric

laundering ten times. treated with PEL-75; O, fabric treated with MAAc+Cu.

Table 5. Antibacterial activity of the fabric treated with PEI-75
' (1 wt%) using various bacteria

Bacteria Bacteriostatic activity = Bactericidal activity
Staphylococcus aureus 4.3 1.4
Klebsiella pneumoniae 4.2 1.2
MRSA >6.0 >2.9
58 ' (366)
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