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B B FRAINELR FINKUV-A, 395 nm)it AT RBAT B, 4RIIRIT A 4 69 RIFEVE R F 23 3%, 45 AT A mAe
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Abstract: The inactivation efficiencies of microorganisms were found to be enhanced by using silver solution together with
ultraviolet light (UV-A, 395 nm) irradiation. The inactivation efficiencies were improved remarkably especially in eukaryotic
microorganism. To make clear the inactivation mechanism of microorganisms by the combination effect of silver and ultraviolet light
irradiation, the resultant solution was characterized by ESR (Electron spin resonance, ESR). Scanning electron microscopy (SEM)
and the method for measuring enzyme activity of mitochondria for eukaryotic cells were used to conjecture the mechanism, by

Received: March 18, 2008; Accepted: April 10, 2008
Corresponding author: Jinshan He. Tel: +81-77-561-5854; Fax: +81-77-561-9359; E-mail: ka.kinzan@national.jp;
Yoshifumi Moriya. E-mail: moriya.yoshifumi@national.jp



1092 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

June 25, 2008 Vol.24 No.6

analysis of the morphological and physiologic changes in eukaryotic cells. It is proposed that silver oxide (Ag,0) can be activated by
ultraviolet light irradiation and react with water molecules to produce hydroxyl radical (*OH). Hydroxyl radical could damage cell
wall of eukaryotic microorganisms, and inactivate the enzyme activity of mitochondria of eukaryotic microorganism cells.
Accordingly, eukaryotic microorganism cells would die. In the experiment, Staphylococcus aureus was employed as the
representative of prokaryotic microorganisms, and Candida albicans and Trichophyton mentagrophytes as the representative of
eukaryotic microorganisms, respectively. Moreover, the results of the technology applied to washing machine were presented and

discussed.

Keywords: silver oxide, ultraviolet light, synergistic effect, hydroxy! radical, eukaryotic microorganisms, washing machine
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48 2K (Milli-Q 7K, Hd il ¥k & 100 ppm HY)
AgNO3 i, 1Fh AgNO3 i (pH7.0). 25 HITE
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Fig. 1 Effect of UV irradiation on the inactivation of
S.aureus by various concentrations of silver nitrate solution
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Fig. 2 Effect of UV irradiation on the inactivation of
C. albicans by various concentrations of silver nitrate solution
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Fig. 3 Comparison of the three microbial inactivation
under each experimental condition
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Fig. 4 hydroxyl radical was measured by ESR
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Fig. 5 Morphological changes in C. albicans cells (observed
by SEM)
a: untreated cells; b: treated cells with 1 ppm, AgNOs; c: treated
cells with 1 ppm, AgNO; and UV irradiation; d: cells observed at
25000 magnification. Cells of (a), (b) and (c) were observed at
5000 magnification
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Fig. 6 Comparison of the mitochondria activity of C. albicans
under each experimental condition
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Fig. 7 Schematic diagram of microbial inactivation mechanism

Silver producing device

/

=) T =)
B8 RN AEHEE

Fig. 8 Sketch map of the structure of washing machine
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FRTA: T 5k e BRI B A A i 3 51U
T v T 2 N A R0 Tk AR AR o

PLESERFRAT R B, AN AU 5 AR Ak 4 1Y
A AR VR R, T EL AT R ELAZ Lk W B R 3% R R
eI . IF H ESR Kl 2 B b ™ A F 0k A 2
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Fig. 9 Comparison of the sterilization effect in the washing

machine
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