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Evaluation of Antibacterial Ability of Some Pure Metals

Yasuyuki MIYANO, Kunihiro KOYyAMA, K. R. SREEKUMARI, Yoshihiro Sato and Yasushi KIKUCHI

Synopsis : The biohazard in the medical treatment or the food industry sometimes is a matter of serious concern. Recently, the corrosion or degradation

due to microbial activity is also coming to consider as one of significant problems in the industrial technology. In these biohazards, the prolif-

eration and colonization of microbes on the material surfaces is recognized as the precursor. From a point of view of this point, the utilization

of antibacterial material is considered as one of effective approach to control the activation of harmful microbes and to create a hygiene life

space. Although there are so many commercial products with antibacterial ability, they are gencrally plastics, clothing fivers or ceramics.

While, antibacterial metals (commercial products of metals with antibacterial ability) are not so popular as former. Moreover, there are some

researches for antibacterial ability of silver or copper metal, the substance which is more paid attention as antibacterial agent is organic sub-

stances rather than inorganic ones. In this study, the interaction of some pure metals and microbes was examined by two experimental meth-

ods, the film contact method and the shaking flask method. Through these experiments, we evaluated the anti-bacterial ability of some pure

metals and investigated the possibility of utilization for alloy ¢lement.

Key words: antibacterial metals; pure metal; corrosion; degradation; microbes.
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Table 1. Chemical components of test metals.

Material | Purity (mass%)
Zn 99.5
Ni 99.7
Pb 99.9
Sn 99.5
Ti 99.5
Co 99.9
Zr 99.7
Mo 99.95
Cu 99.9

BELEY (JI1S 72801 1C#ERL) , B KUY -2 7727
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AR FE fti 1% O PR & 3B @ TV E T SRR (TEM) TRIR T %
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WA T T, L 728, FRICHL 2, PiE
MORBEELTIHNL2E, EREAHDAZ RV, B
D HDRKE R (T, Control & &iC.) & LTH
BL7,

P MEEHE LoSE 3 B M 2o Tid, JIS Z 2801012 #E
WL, 77 sEEHEOEE T P EKE (Staphylococcus au-
reus)& , 2" T LHPEMER O KIGE (Esherichia coli)® —FifH %

iz, RERTIE, BEEAN REWEM»SAF L,
W@ T F IR (Staphylococcus aureus: IFO No. 12732 DUF,

S. aureus) &, KWFE (Esherichia coli: IFO No. 3972 LT
E. coli) ZREBRIZHL 72, Zh 6O BRI L, FHliakERo
BEMEASHTEOL2 S, DMTIORT &S aFkt, "R
TOREEEHE 4 FEHE L 72, Neutrient Broth (@71 I
B Difcott® @ DIT, NB&FiL.) TERL -EXRE
R SERBEME B HERG L, 52 Pk
EWCEEL (—REE) Lk, Bxsh4Em%s
NBWEAS I (&ML, SHaAMEY OMEEE
WAERE (CRE®R), BEOLZMAE, WThERE
303x1K, BRI 16~24h& L 7=, NBO{LER S MK %
Table 2 12777

2.2 HEMETEEER

AMFRIZE T BHEMFM O 20 DREBEFHRIZDODNT

58

Table 2. Chemical composition of Nutrient Broth.

Component Amount
Nutrient Broth 8.0g
(Beef extract) (3.0g)
(Peptone) (5.0g)
Distiled Water 14
Cover film

Biologically active solution

(b)

Fig. 1. Schematic illustration of the film contact method.
(a) Covering the biologically active solution on
metal surface. (b) Flushing the film by SCDLP
medium.
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Table 3. Chemical composition of SCDLP medium.

Component Amount
SCDLP 38g
Polypeptone(Casein (179)
Polypeptone(Soy bean) (39)
Nacl (59)
KH,PO, (2.59)
Glucose (2.59)
Lecithin(Soy bean) (19)
Polysolbate80 (79)
Distiled Water 12
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Fig. 2. Schematic illustration of shaking flask method. (a)

Inserting test coupon into the flask. (b) Shaking
flask at 85 rpm in an incubator.

Table 4. Chemical composition of phosphate buffer solu-

tion.
Component Amount
R Na,HPO, 9.6
Distiled Water 10
B KH,HPO, 9.1g
Distiled Water 10
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Tested metals
(b)

Experimental result of film contact method. (a) In
the case of Staphylococcus aureus. (b) In the case
of Esherichia coli.

Fig. 3.
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Fig. 4. Valiation of TVC during shake flask method. (a) In
the case of Staphylococcus aureus. (b) In the case Fig. 6. TEM micro photograph of the shape of Staphylo-
of Esherichia coli. coccus aureus after film contact method.

(a)

l 50Em |

l SOHm |
Zn Sn

Fig. 5. Photomicrograph of the bacterial cell adhered on test coupon stained with dual stainning kit after shaking flask method.
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Table 5. Analysis of dissolved ion concentration by atomic
absorption spectroscopy after 48 and 72h expo-
_sure.

(ppm)

48hr 72hr

Sampler—> Sn* cu® Zn* Sn” cu®
Control| <1.0 <1.0 <0.1 <1.0 <1.0 <0.1
Zn 2.41 — — 4.69 - -
Sn - <1.0 - - <1.0 -
Cu — — 0.46 - — 1.06
g 5.0 I g
I 4—Cu 2
z 40 bof~<~2n &
K] —>—8Sn Cu -
E=3 \ ©
] S~ :5“
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g +4—Cu 2
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(b)

Fig. 7. Anti-bacterial revitalization value of shaking flask
method. (a) In the case of Staphylococcus aureus.
(b) In the case of Esherichia coli.
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Fig. 8. Variation in hydrogen ion concentration as a func-
tion of time. (a) In the case of Staphylococcus au-
reus. (b) In the case of Escherichia coli.

63

B 1S O U PR

22T, A tEmE U, S aureus & E. coli DEFE
W EINBpHIZHEHT S &, ZOHMIZE &% 6.0~85
DEWMTH 5, pHIZ, BE, BERRE, RBFELELMH
RICEFRBEARET 2 EHELHTH S, SHD LS IS
pHA L EE WS LA E TRIRICEB L7 — 2T
&, BN IC X 3O RBLS, BROT LAY
L& s BIROZIZ & - TRAEMOKE HHE X -]
BEMREZ NS, T XD EMBOBEBIZES Kb,
MR OREN, REAM ORI E W lE» 5, HEO”
BMELTEMBTLEZEE LVEDOTR RV, FELOHE
DRRPRERT B,

PERUZ, BILEEA A v OFBE, BlfEme U CTER
ENBTVHNLDRE, LR EROBHIZEE LS
pHOZELDHEL, WTh  MEWBRIEADEBOE
e L-TEELIRIRTHD, TORD, /B LA

IR EABRMOMBRIEE NS Y 2 — 2 75 2T

3, T4 L LEHEHREEL T, REOEOFHEATX &
WHRHEIE B Lo NhDE, Thabb T 4 L AEGLEE
Vx =277 ZETHIRMEAHE U ZZBE, W5 ORI
BT U HBMERER S Wb 522z onTid, —o
DFHEFEOEBRFHOEND, B L-EDLELZ LN
%,

4-1-2 BEAMEMOBOARERIC RIE T

EERIZIE, S aureus & E. coli &S T REFAD W 4 4 1
L7=A%, PLiEvEREn ZFOME O — iz Ur iR Ehis
WIREREEON TS, ZhiZDoVWTiE, “oOMEDE
R BN HE L RN ZE L 5 h b,

S. aureus & E. colild, MlgEBHEOEWIIE X #
heh, 77 LBMEE Y 7 sRMEICSHEI NS, 75
LPBMERE, MBREEOXTF F 20 7 v ENEERIC,
10~50umDJEXIZHELTHD, ThiHkE L-—#
BRGEHREAF ODCODDBRMTH B, ZOEIL, BT
DZALIZFRIZHIL L, #fBOBRAWIET 2012683 &
ENd, FR, 77 LBMEIE, BHEEZ L2 GBE -

HEFFEDZAL) 1T DS ENZ LAMEh Tk D,

COFMELBEDT TH SN TN 319, —f, 754K
PRE, RTF T HVBIZIEL T B WA, ALK
BEME L 72D DIFIZ & - T, £RBTHEMABEES
FroTW 2 DOMITH S, 77 sBMHEIZ, (LEHR

L2 (BEOMERMEDOZEN) 10 SIS E
ZEBHBERTNS!9,

HITET, Po &AM & LA, pHBSAZL 7L A
VAN 7 by 58 = AR L, BRI LD, ek
VIOERE WA U RS SR A N, TS kg
HTTR, BEOELKEAEIZD, OH BER E 1,
BEIA T A VMEIEDS S L F 58 MEAE AT
LDLBbND, v x—2 75 23 FTi, Sk
DEREPMEGAM I U THAc k2000, ek

63 I



- 64

$ &8 Tetsuto-Hagané Vol. 93 (2007) No. 1

DpHBKREL TAAVIZEITE I L@ Baro7n, 7
S LBHETH B S, aureus'd, R ENB0H 12T 5

2NV A, ThbBLFERNZ L ANOERZER G2,

AR AR TTE A, -8 DEEZ LIS,
4.2 EEEEOMEM

HEEBOVEMELGHE L, MHBRARE LB 272012
Z, MEMOBEDINS, EOROES O %17 5
ZryEELEZONS, U LOBE 2L, GBS RESD
IS B A, TOVEER, &M+ vickEEIhd
BHWEZFTIdEL, EBRERICK Y 2MEY L OXRE
R EOBEROEELHLEDEEZEA N, L2L,
A2 EEBANRIZ, ThoDBERA A v ORERIET S
b, BIUBHA A VI3 MEMOIERE , KRS
12 & BMAEOFE A B 2 IZFHIE S 5 Z & I3 IERICIREE S
Ezbohbd, 22T, 74N LEEEIEFOMEDD
RO DB & B & OB A & LD, &FESEOI
HHEDERIIONTHRETT S Z & & Lz, M, itk
W& LTS aureus &, ML, Co, Ni, Cu, Zn,
Zr, Mo, PbD 7REMHOMEIE A HH L 72,

Fig. 912 iRBREF 259 2 AEM D LW BOZEL 217,
ShDGREREFEI LINIC, 2 TORM TARBAPHIEIRTA &
ENBMIZE THAD T HMF AR SNz,

7, MERRIZES E TOEEKY LR xORFRO
@, L2 TiEHBD, FglollBURL &S kil
BWBRTEMTAZ M TE, 2ThoDRERIERFO
R, KSR y=Mexp(—Mx) OB TS 5.
22T, MyB3WIREEK, M EEBOMEIRGET 3 ERK
Th5b,

ZORED, BEHBT, BMEVOBEELEAL 1710123
BEEO R (min) % K& 72, ZOMEIE, BRE OO T
& %%, Di#(Decimal Reduction Value)' " &) $DTH 5,
ZZTR, 74N LEEEEE T TORMEED, PUAO
VR RTlE LCHEE S D, RESRODIEERT Y
77 % FiglliTRT, 77 78V 0D, T&bbDiEH
INEVEDIEEPIEEICENZ T, SBEICKE L%
MHBIENbhr o7,

4.3 HERREEZOZEEETFEBBRTEM)ICE 5
BOREELHRE

TEMIZ & 2 fliE O MaEl R o/BE, MEEDOH 2 &&E
IZIBEE L2 OISR RENE L T HH S
e otz, TORELL, MO, & 50 idHiao
fEkEs 1K & A2 b aVE T B DIAMT, MR ORERE oy B
BRAELZD, IS U E EDOORAE LS BIREOE
FHESN, TOEIEEHRIL, &RA 4V HBEHD
EHHEIZWE L, ZOREFETHEALPORIBEIBILEZD,
& B DI A R LAIRENIC A DA Z L ick 5 T
% (ZOBAE, WHWEOK) #4E U EETH5
MERETSEEDTH S, 5%, TEMBERIZITTRITO

64

! - -+-- Control
U | A o
Control - N
@ Cu
83 - Zn
-0-- Zr

—-/— Mo
~N- b

Total Viable count (cfu/ml)

Antibacterial Positive

10

Experimental Time (hr)

Fig. 9. Valiation of TVC as a function of experimental
time.

y=Mgexp(-M;x)
T T T Mo M,
Co_ [193x10°| = 9.763

193%10°
1.93%10°
193x 10°

193%10°
193x 10°

lngm“

Total Viable count (cfu/ml)

Experimental Time (hr)

Valiation of TVC during film contact method in
the case of Staphylococcus.

Decimal Reduction Value

Tested Metals

Decimal reduction value of each tested metals es-
timated through film contact method.

Fig. 11.

Hifia#8AT 5 Z Lok, Mo, &5 3
HaNOEBTTEODRHAIZDONTHREET 5 Z & T, ZOHHE
MARIFL TWE-NWEEZI TS,

5 &5

(1) ZANLEHHEIZKD, Ti, Co, Ni, Cu, Zn, Zr,
Mo, Sn, PboD 9fd oD% IE DU E B % 5T L 7= &5 R,
S aureus =%t LTI Co, Ni, Cu, Zn, Zr, Mo, PbD 778
DMi&IE T, E colitzxt UTIHETi, Co, Ni, Cu, Zn, Zr,



Mo, PbD SHOMER CHEM /R I N,

(2) Yxz—27IA2a@kiz&k, Ti, Co, Ni, Cu, Zn,
Zr, Mo, Sn, Pb®D 9D MEIE DI MERE % 5FMf L 7245
R, S aureus X LTI, PbT, E colilZxf L Tt Co,
Zn CHIRMERE A R S h 7z,

(3) Y x—2 77 AEEMHFORBRBI D E. coli
DI EOT % | ZHERENEE FI W 22 8B ER
CEDEHM L& 25, HiEMEEE AT 5 @BOKRE T,
WAATE L TR TV HEE IR S Iz,

(4) 74 NLEHKIZES Co, Ni, Cu, Zn, Zr, Mo,
PbD 7TFEXEADFEIRD S, aureus 25T 2 FMEDES % |
Difie LTHEE L2, ZHICKD, BEMIZHS AT
SBOPURHNE % 2RI FT % B TR R L7z,

(5) PiEMEZET2EBATETIRBICAB I
7HIE OMA XS, BB EAERLTWART4
TEMBEIZ X D FER L 7=,

AW, FRIEAN HARGRH 2 % AF 75 1 8 Bl &
(F1400]) 23722 & 2050 LIRS 5,

WMAYMBaO EFEBIRAE R A & £ 12, e OME R W
A RYAPN TN =l A3 SR PR ESE SR T NS
+, PVIETEORHMIZBE U THIETaR 22 220 2 BARKRZEEY
BEFERE T S —E Lo ER s 2#E AR T, B
P & B HEEERIZ T/ D 2 E D e KBRS A BEET
ZE SRR fEMAUERISHE AR T, A

65

HEWTzi2nTz, RIRR AR A RET R

S AERS B O PR PR

B AR =Tl

XERBEICHEERT.

1)
2)
3)
4)
5)
6)

7)
8)

9)
10)

11)

12)

13)
14)

15)
16)
17)

X B

H.Kourai: Boukin-Boubai (Jpn.), 26 (1998), 571.

Y.Kikuchi: J High Temp. Soc. Jpn., 2 (2003), 43.

M.Inoue: J. Jpn Inst. Light Met., 16 (1966), 37.

Y.Miyano and Y.Kikuchi: J 4dhes. Soc. (Jpn.), 40 (2004), 75.
S.Suzuki, K.Shiokawa and N.Hiramatsu: Boukin-Boubai (Jpn.), 29
(2001), 433

T.Yokota, M.Tochihara, K,Takao, S.Sato and H.Yamashita: Materia
Jpn., 40 (2001), 85.

F.Ishiguro, T.Nishikawa, R.Amano and T.Oyanagi: 38 (1999), 64.
H.Kanematsu, H.Ikigai, Y.Kikuchi and T.Oki: Trans. Inst. Met. Fin-
ish., 83 (2005), 205.

JIS Z 2801 MBI L& R —EMERB AL - DR,
(2000),2, 7, 8.

Zig W HTEDOIBMEORBENE, T VAT A,
(1999), 40.

RYAZ =X EBAXL—FTAN—2_  JLA VT4, ML.
4=V HF (EE B, AROE, FEES, KBE
Z, sl J6ER) - B AR, RSEEE, (2001), 16,
96, 291.

SRR — | MBI ERSE, #7142,
(1194), 265.

WEPT BBk~ o 7 L% 24, (2001).

M.Kumada, R.Akada, S.Kobuchi, T.Matsuo, Y.Todoroki and K.Nao-
tori: J. JCBRA (Jpn.), 40 (2001), 126.

Pegfhth @ KBRRZEMB LA, (2001), 37.

K.Isobe: J Surf. Sci. Soc. Jpn., 22 (2001), 653.

Selie B B ESRE L5, eIk, (1983), 80.

65 I



