J. of Korean Oil Chemists’ Soc.,
Vol. 21, No. 4. December, 2004. 327~334

2% dE] §4 L FAAE Yo AT AT
A7z - 3NA

WAL o TR} BhetF e}
(20043 99 39 A4 ; 20043 11€ 164 AH)

A Study on Synthesis and Antimicrobial Activity of Rubber Mat
Ki—Jun Kim' - Ki-Chun Sung

Department of Chemical Engineering, Dae Jin University,
Pochun 487-711, Korea
"e-mail : kjkim@daejinackr
(Received September 3, 2004 ; Accepted November 16, 2004)

Abstract : Cysteine-silver complexes were prepared and investigated the antimicrobial
activity on rubber mat manufactured with waste rubber. We are exposed to harmful
bacteria and fungi all the time. We manufactured antimicrobial mat to be imposed to mats
that it can prevent generation of bacteria and microorganisms, and restrict their
reproduction. Infection of medical devices causes significant morbidity and mortality. For
aim of this study, we measured the antimicrobial mat manufactured with cysteine-Ag
complex by CCD, FT-IR and NMR. The effect of mole ratio of cysteine-Ag complex on
antimicrobial activity to bacteria and fungi is investigated. Reduction rate is evaluated
using the Quinn method. Antimicrobial activity of complex on mole ratio 1:4 was
effectively inhibited. The complexes had a better antibacterial activity than antifungal

activity on rubber mat.
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Fig. 1. Manufacture apparatus of antimicrobial

mat
(a) cooling pipe (b) upper plate (c)
shape plate (d) forming hole (e) die

(f) exhaust hole
(h) amber groove
heater.

(g) auxiliary plate
(i) lower plate (j)
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Fig. 2. IR spectra of mole ratios of cysteine
and AgNOs;
(a)cysteine AgNOs = 11, (b)
cysteine : AgNOs - 1:2,
(c) cysteine AgNOs - 1:3, (d)
cysteine : AgNQOs - 1:4,

Fig. 32 cysteine®} AgNQOs;2l E4H|(5:1, 41,
31, 2Dl 9% CCD 2HE"ESZA 3400
em NN (@9 FAt A @A Jehded,
o]& cysteineo] ®olFo] wel -NH, 1§
-OH 289 stretching vibrationol ¢}s] WA
et ¥H  Hart FUksiddn 24
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Fig. 3. IR spectra of mole ratio of cysteine
and AgNOs
(a)cysteine AgNO; = 51, (b)
cysteine : AgNQOs - 41, (c) cysteine :
AgNO3 = 31, (d) cysteine : AgNO3 =
2:1.
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Fig. 4. 'H NMR spectra of (a) cysteine-Ag
complex, (b) rubber mat bound with
Cystein-Ag complex.
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Fig. 5. Change of antimicrobial activity by
mole ratios of cysteine and AgNOs
complexes in rubber pad.
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Fig. 6. Number of Escherichia coli and
Straphylococcus aureus on carpet in
rubber mat. (a) Escherichia coli on
carpet with cysteine-Ag complexes
and - reference samples without
cysteine-Ag complex,

(b) Aspergillus niger on carpet with
cysteine-Ag complexes and reference
samples without cysteine-Ag complex.

- 331 -



6 37E-A474

Fig. 7& JA|¥ Straphylococcus aureus
ATCC 65382] antibacteral activity® &A%
AL 2 (a)= Cysteine-Ag complex7} 85 A
%S dElo]o] nFEELE LT WEY 74
F&o] 237%=2 YEh}tl (b)x Cysteine-Ag
complexo] $F¥ HEelolo] nRELS L3
WjEe] did =teejol 79 reduction rateo]
816%YS Holxu gir}t. o]AL Cysteine-Ag
complex°] @ H-¥ ILFuES antibacterial
activity’} g€ % &dolt} Fig. 8L FAFY

(a)

Lot bl 0

Aspergillus niger$} Chaetomium globosum<]
antifungal activity& ASTM G-214 ¢j&ff &3
g Aotk ASTM G-21¢) 9 $FL& vhew
2. 59 02 FAFE AF AgA Eiis
AHoln, 57 12 ANHHAA 10% o]ste &
AlgEe] Aetes FHE 9ndg, 55 2= A
HYAA 10 ~ 30% olstZ FA|FEo]l A&}
W, B9 32 AlEYNA 30 ~ 60% o3z F
AlgEe] A3, 55 4 AAYAA 60%
oA} FAFEECl 43S viehdd,

(b)

Fig. 7. Test of antibacterial activity of Stranphylococcus aureus on carpet in rubber mat. (a)mat
carpet without cysteine-Ag complex, (b)mat carpet with cysteine-Ag complex.

(a)

(b)

Fig. 8 Test of antifungal activity of Aspergillus niger and Chaetomium globosum on
carpet in rubber mat. (a)mat carpet without cysteine-Ag complex, (b)mat carpet with

cysteine-Ag complex.

- 332 -



Vol. 21, No. 4 (2004)

& 189 A (a)= Cysteine-Ag complex7}
FHHA ¢ Helojo] nEEAL G837 v
E9 FARZE&Y FF0) 42 FAHNLH, (b)

Cysteine-Ag complex®] #¥ HElo]o]
FR4s 43 vEY 44389 530
2 Z2AHAT.

o kool

4. 3 B

g mEE Fetolole] nFEEE 0] 835t
Azsle=d HEepolo] nF Bdd 433 £
ol HMElY nFRIE gAsisdd
FavES R H= FAHL RSS #1, 41
5 B9 cysteine-Ag complex, %, 7H&3
A & A Fo} siskstd APt
Cysteine-Ag complex< cysteine® AgNO;&
AHEE A A FH AT o] & o] &3t e ot}
FBo] #Fo] BE antimicrobial activityS A
3t et weba] cysteine-Ag complexE A
of &3t A¥Fgoz mE f - U A
TF 2 FZo7t AysA Eeeg g3 A
o] & o wWE cysteine-Ag complexes &
2 6 g S8 ZlgEh

o]Z Al&3te] mAJEo| thd antimicrobial
activity® A9% 2¥ g7 2L A28 o
At
1. Cysteine—Ag complex< 7254 7]} ofnl

718 R oimixitoezA F& o2F

complexes® # A4 om cysteined

AgNQOs9l B4 14014 EF &o] M3 &

g 4 UA
2. Cysteine-Ag complex©] &#=Hol FAE o

Edx nFdE $o FEH JIHES] 3

ge FFuFWY= B antimicrobial

activity7b 2-8& UERRATH
3. Cysteine-Ag complex’} §H-%8 A& tj&

o] F}HE 9} cysteine-Ag complexes’t vlg

8 JMEEY F}HAL  cysteine-Ag

complex7} &#¥ %ol 304 Fol 9%

&0 $713 48 RoFHATh
4. Escherichia  coli® @3 antimicrobial

activity®] Straphylococcus aureuso] Uit

antimicrobial activity 2.t} €488 ¢ 4

Atk

% dEe) $4 2 FUI4E BHA BE A7 7

A2

1. S. Ahmad, Md. M. Haque, and S. M.
Ashraf, Urethane Modified Boron Filled
Polyesteramide : A Novel Anti-microbial
Polymer from a Sustainable Resource,
.European Polymer J., 40, 2097 (2004).

2. T. Nakashima, Y. Sakagami, H. Ito, and

M. Matsuo, Antibacteral Activity of
Cellulose Fabrics Modified with Metallic
Salts, Textile Research J, 7T1(8), 688
(2001).

3. M. Akermoun, E. Testet, C. Cassagne,
and J. J. Bessoule, Inhibition of the
Plastidial Phosphatidylcholine Synthesis by
Silver, Copper, Lead and Mercury
Induced by Formation of Mercaptides with
the Lyso-PC Acyltransferase, Biochimica
et Biophysica Acta, 1581, 21 (2002).

4. Z. Zhang, L. Chen, J. J, Y. Huang, and D.
Chen, Antibacterial Properties of Cotton
Fabrics Treated with Chitosan, Textile
Research ], 73(12), 1103 (2003).

5. C. Zhou and Y. Meng, Modified Quinned
Method Testing Antibacterial Finishing
Cotton Fabrics, Dyeng Finishment, 22(7),
33 (1996). ,

6. J. W. Kim, J. E. Lee, S. J. Kim, J. S. Lee.
J H Ryu J Kim, and S. H. Han,
Synthesis of Silver/Polymer Colloidal
Composites from Surface-functional
Porous Polymer Microspheres, Polymers,
45, 4741 (2004).

7. M-L. Lohombo-Ekomba, P. N. Okusa, O.
Penge, C. Kabngo, M. 1. Choudhary,
and O. E. Kasende, Antibacterial,
Antifungal, Antiplasmodial, and Cytotoxic
Activities of Albertisia Villosa, J of
Ethnopharmacology, 93, 331 (2004).

8. X. Wang, Y. Du, and H. Liu, Preparation,
Characterization and Antimicrobial
Activity of Chitosan-Zn Complex,
Carbohydrate Polymers, 56, 21 (2004).

9. J. K Baveja, G. Li, R. E. Nordon, E. B.
H. Hume, N. Kumar, M. D. P. Willcox,
and L. A. Poole, Biological Performance

- 333 -



10.

11.

12.

13.

A71E - 438

of a Novel Synthetic Furanose-based
Antimicrobial, Biomaterials, 25, 5013
(2004).

K. J. Kim and K. W. Yoon, Kor. Patent,
415,987 (2004).

I. M. Helander, E. Nurmiaho, R.
Ahvenainen, J. Rhoades, and S. Roller,
Chitosan Disrupts the Barrier Properties
of the Outer Membrane of Gram-negative
Bacteria, Inter. J. of Food Microbiology,
71, 235 (2002).

A. Speciale, R. Musumeci, R. Blandino,
and G. Milazzo, Minimal Inhibitory
Concentrations and Time-kill
Determination of Morifloxacin against
Aerobic Isolates, Inter. J. of Antimicrobial
agents,. 19, 111 (2002).

E. Simhi, C. Henry, E. Z. Ron, and E.
Rosenberg, Effect of the Adhesive
Antibiotic TA on Adhesion and Intial
Growth of E. coli on Silicone Rubber,
FEMS Microbiology Letters, 92, 97
(2000).

14.

15.

16.

17.

- 334 -

BEMLEEEE

E. Rosenberg, J. Porter, P. Nathan, and A.
Manor, Antibiotic TA An Adherent
Antibiotic, Biotechnology, 2, 796 (1984).

J. W. Warren, Catheter-associated Urinary
Tract Infections. Infection Clinic of
North America, 11, 609 (1997).

Y. J. Jeon and S. K. Kim, Production of

Chitooligosaccharides Using an
Ultrafiltration Membrane Reactor and
Their Antibacterial Activity,

Carbohydrate Polymers, 41 133 (2000).

T. C. Henninger, X. Xu, D. Abbanat, E.
Z. Baum, B. D. Foleno, ]J. J. Hilliard, and
K. Bush, Synthesis and Antibacterial
Activity of C-6 Carbamate Ketolides, a
Novel Series of Orally Active Ketolide
Antibiotics, Bioorganic and Medicinal
Chemistry Letters, 14, 4495 (2004).



