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Evaluation of Disinfectant Efficacy of an Apatite-Coated

Titanium Dioxide Photocatalyst for Postharvest Application
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Abstract
We used an apatite-coated titanium dioxide photocatalyst (TiO,-Ap), and examined its disinfecting efficacy of Escherichia coli and
Batillus subtilis under UVA irradiation. Changes in the microbial populations of the E. coli and B. subtilis in the 15.0 % w/v TiO,-Ap
solution were assayed at 25°C (UVA intensity of 0.8 mW c¢m™). Microbial populations of the E. coli and B. subtilis with 15.0 % w/v
TiO,-Ap solution or with 0.0 % w/v TiO,-Ap solution combined with or without UVA irradiation were carried out. Remarkable
disinfection was indicated under the condition of 15.0 % w/v TiO,-Ap solution with UVA irradiation, however no significant disinfectant
was found in the other conditions. Results indicated that the rates of disinfection of E. coli and B. subtilis were defined as the slope of a
semi-logarithmic plot of the microorganism concentrations against irradiation time, and the D-value (decimal reduction time) of E. coli
and B. subtilis were determined as 23.5 and 8.4 min, respectively. The effects of radical scavenging agents of glutathione on the
disinfection were examined and it was considered that OH radicals appear to play a significant role in the mechanism of disinfection.
Furthermore, we trapped the airborne microorganisms into the glass bottles containing 15.0 % w/v TiO,-Ap solution at a postharvest
facility, and disinfection of bacteria, and moulds and yeasts, were examined under UVA irradiation. Results showed that most of the
microbial populations in the TiO,-Ap solution reduced to uncountable levels. Recently, new global standards such as Good Agricultural
Practices (GAP) have been introduced for agricultural facilities and there are strong demands for improvements in food safety,
occupational safety and environmental conservation in the facilities. Thus, our data provide basic information regarding reduction of

bacteria, and it can be considered that TiO,-Ap would be beneficial disinfection method in postharvest facilities.

[Keywords] disinfection, apatite-coated titanium dioxide photocatalyst, Escherichia coli, Batillus subtilis, postharvest

1. [ELSI= TeT NG A ML T 5 KR Otidl) 2 MAviud, fRE

SRR TER (GAP) D B—rYLARK V& — REIE,
RA IA—_Z N ITRRTHRLOEZEMN F, BEORE, i
LR EO LR - FTHIEAT O MRRAME X TETVD, THET
EHOIT EERR - ROZSMRER) ORI ES, H1
WOFEFIEORR%E (Koide et al., 2009; Koide et al,, 2011) Z1E®HT
&, T, BN OZE RO DRIEEIT) &
& BIT (Koideetal,2012) , BERELMEEZAWD Z L TRV IR
CLEFVRIPE R ZE I OEN TE  (Koideetal,, 2013) , &

iR FA SR DV & KPR DS ERE TKRE TE 5 2
LEWE FED, 2011 AL, 2012) Lz, B, SAATR
WNT ) o TEB T D & CHEBNICHAATL Z ENTE, A
KR, BEZ—EL LUTHERTAZ LN TE DT, FHZ
H RN L R BR BN COZE P O EIIR LT
BEITHY, SR AR CRRREE R T DO E &
WCAVTFUATEDZ ERRELE GTES, 2011; FTED,

2012) o Ko THMEYASIRIC L AREEAY, BEERR N DR =728

AP REREE KMT LA 3-18-8
#* . [E kO BRIE, B UL—U xRy HEEFEKX



44 BEARTHAEILZEHECR (2013)

REEEOTEL LTHAEGTHS EEZBND, AFEE, ok
fibght 2 PR V- BRI S B A AR AR EOE S B L LT,
TREFA MEBT BT VRO TR — NV CRERIER
T, BRETZEOREA D =X AEBRE LT, BIC, EROBER
B (BTG OB TS AR USRI e
% AT UVA BB OSRFD L & ok 2 380 7 0T
T2,

2. MHEBLVRIESE
(1) ##t
1) HEE
Escherichia coli NBRC 3301 (Cl#%, KAEE & ¥r3) & Batillus subtilis
(LI, FEEE EFRT) NBRC3009% AV Vi, BRIV G
B IHBEHTRSRE M AT 7 Ju P 2B AFE LT,
FIGEIIBTCOREIZT 2485HBHI (Brain Heart Infision) #&{&
HEHIC, FEETENIS7TCOEBEEIC T 24B5RINA (Nutrient agar) @ik
BRGNS L, 3000 pm, 10 ATCEOSBEL, LB
DR B B =%, PBS (Phosphate-Buffered Salines) %7l
ZTHREDFA AL, BERRMECOELOEELTT > THEEEH L,
10%2° U B —A%EH S EPBSIZ T —20°C T/ B u—
by s UTIRELT,
2) AL SIMRT A b
SRREEE T N F A N T E{L T ¥ YR (Nanowave,
NSP-P001, Japan) (LM%, Ap-TiO,& BT 2V, TNt
W, ZEMETF IO BRI OFEIS, T/ YA ADT 8
¥4 MEREPESETH SRS E T 2 o 7 2EAMETH
% (Koide and Nonami, 2007) , #4M#37 72754 b (367nm,
14W) & FVTUVARREH Lz, AREE CIIUVASRIIREIT08
mW/em? & KEEYE R VETIR RE L L,
(2) BIEFE
1) KIBER S URERE A RR%
a. RIBHORETER
7V Ea—VA by Ul KIGE & BHIREEHIZ C37 (CT24
BRI, BB A ER L A REABRAEKICTIO
CFUML & 725 X IS B —h—NTHEIRFIR L7, &KIZ, Ap-TiO,
ERELS Yo wiv ERDBIDIGHELE, v b—tEET oV
PIRT ANKTU— N U, 0%, IWEORES 2 CIRBE
FRL G, DT ORISR TR LA RIE L
OHEBRBIE + Ap-TiO,+ 7T v 7 74 MBS CHilR) , O
BT + Ap-TiO, + MRSt Ctfifii= ho—X) , OIS
W+ TS5y sS4 MER Uvar br—RK) , QERER - 1
BEM (v he—RX) , OFBREE +ApTiO+ 77 v o754
MBS + TNBFAY (TNEFEEINR : TNETF A RE
350mM) .
b. FEEE OB ER
ZVEr— R by LT EE A NATRRREIZ T37 CT24
REHIREE, BRI A VER LIREAEERE/KIZTIO CFU/ML &
2B LI —NTHIGRIEE U, SNEBRESe, I 794
VIR, FERE-ERTIEIARR & FRETH B,
2) BRENEROZSRERTE % AV o AR

BERRNOBRERRAICEEAEAEK0 mLOASTET 25
AEFFLIAE, A Yy —iE Koideetal,2013) BTz
VIR AR L7, [ 1 |2 O O & oy,
EEREEY, ZEMAR Y = F 2T, AU —, Bl
2 (Kofloc, RK1710) , =7 —R>7 (57 /&#, C-SBH) =&
DRERL LT, T B4 B Py — R LUV AR K300
mLIEFoA— b7 L= VEEL, VT2 2B UFa—7
W75 %7 Aa— TR Ui, MEERROZERIL, WEFHTL Y10
LmintZ3E LT, EEBEEBEOT —RAIC L VEENIZE | x
AATE, TERRIII00 E Ui, T OB R - 55
EIZRA L, SRR E30mLEER LT, Ap-TiO, #IEEL15 %
WNETRBE AN, 7Ty T4 MBS (08 mWiem?) Lizd
DENAMEAFRX & LT, JITERORH & 24RE O—ARAERI
Y - BERORE LT,

3) WA ORHADSIE

KAGH, FEETE & BITITEAIR) s R U R & e
ZIRL, TSAZGHN REBEINAKEHD WWBELT, Thi37Co
et T4 L, FOCFUM AR (CFUML) ZEHL
7oo WHFRFUTI0CFU/ mMLTHh o7z, 475k § 13, WEUTsiEL
7=

S =1log,(N/N,)

T ZIT, N AR N IR TTH D,

BN COFETFBRIIR TS, — AR I ai
BEARL, 001 mLAEERREEHNCEER L, Zhe37Ch%
HETCASEIETE L, ZOCFUMNL—IRAEEHER (CFUmML) #EH
L7c, e BT, R 501 mLEPDASSHNCEAR L, =
NESBERSCORM T CREEL, TOCFULENLAREEND
CFUMLEEH U7,

(3) ettt

ET S MOBEEREL, SHEBII TukyO5EE, 28
ik Istudent > ¢ FRTER V2, BEAEIS%E L,

Air 1. Vinyl tube

\ / 2. Impinger (TiO solution)
¥V V3. Filter

Inlet 4. Flow meter

5. Airpump

2 Sterile distilled water, 300mL

1 BN ORI EEOMSERE OREEN



A ATE TS - BE WA P—RR NADIEBE B LT S A MEB BT & R O R R O S 45

3. NEHRBIUER
(1) RGEER JOWEEZ AV REsRORBE
Ap-TIOIREELS.0 % wiv (Zd1) DFERBRORER A 2 OKGHE
A ERE LI5E) L3 (REEOSHE) 1077, RI2ZER
% &, FEBGMOONAMER CIIERE L 2B ESRORY
BRON, tho 35 ERFHO~®) TIHETHLN-EK
TR & R L CEERERR Do T, HEEOEAD,
SIRBND &5 I FBRGHRDONAREIX T, HEC L 28
BRSO RR O, Es, o34t (EREHO~D)
CIRAIE TS SV EEIIIE & R U CERR IR bR )
ofz, ZOM2BIURSITRUEAIESRE: EREHO~D)
OREFREEIZOWTCHEITIZEE LS BT 5,
1) TREA MAEEICE X DR
FIFGU AN AP TION B SN TND T /37 A MIk Fax
T RE A FCao(POY (OH), TH Y, EO Bl T o WE
ThdH, ZOT 854 FORHRE LT, # o \0BEHT 27
I BEORERRENET NS (B, 1993) . Lo T, HEEHR
KENZT 35 A MIERET 5 LHERRICEEL 5222 bbb
DI, EREHQORTEIZ L 0 738 4 M EIIC B2 AR
FREIE LT, SERGHQORERE RD &, SEOBIE TR &
U B ORI & i U CRE BT R b2
D3ole GEREMQ) o, Lo THRIDBEFRTIL, 7/ 4 M
L OEOWEOH IR TEDLDEELD,
2) UVASSNSEREIC 52 AR
2EMBERD L, KEHR S UREREOBEROREL (3
BREHD) 130 & i U CREREIIR bV, 1B,
254nmfHE O R OESUIR BIAE 10558 3, AEER L7
UVASESMNRT 1 D OEERII36mm TH 5, 6055 DUVALRSH
(365nm, 15W) ZREH L CHRIBEROEBICRL 520
WOE (Kithnetal,2003) $& 1, ABEEUIRT G ERROMER
BNELNT
3) VAR DSRITE R ORI O 5% B 5
EBRFOORBR (2 £ 3) % Ab L, AEIORERFCIL,
KB L UM OB ORI LIS L R U THER
EIIR bW e, — 0, FRIRICROWT Y T TR &
& HITHEET 308, ANREIREIRSCTho7n2 & &, REREN
TRI05y T o7 Z LinbKIEH, WEHE & bICF & ~FE
IR BN DT,
4) ToREA VEEE BT F RO A = K
HLDOFERGHD, @, @, @DERL O T35 4 M OFER,
UVASSNROREE, WRBEOHEZZTH I &72<, UVARS
T TAp TIOHTEEHIO B ORBERE A TE 2 2 LR Eh
7o WRICAp-TIOOHEE A 1 = X L AR - BET 5, —fRT, =
BT & L ORPREICRIT DREA A=A AT FrF Ty
ANEDIEMRREEE L LT UINVERIC X DEENREN
L &END (Dadjouretal, 2006) , %2 CTABBE TRV BILDAP-TIO,
DA = AN TEYET & el & R CH A E T
DT L& LT, Tabb, FEHRGHODIMMHERIZ T T H VAT~
P —TH DI NE T A RN U ERAOORRE R
BET LT, 205 PHNARAR P v—Id, ENSEER RS

YETHY, ARV THApTIONC L o TREMEEIND
TEMERSEEA TR T 2 & LCTEA L Dadjour etal,, 2006)

om a 2
6 o

Z O AR (EBR A D)
Z -] - Qb O¥ehRiEE= L ko — LK (ERALD)
Yy oUVI Y bk — A (EBRLEHE®)
=2 ® 2 n— L E(EREHD)
2 WL E T A RME(ERENE)
w2 o]
™
E g
E -3
w

-4 T : T

0 0.5 1 1.5 2

Treatment time [h]

B2 AAOKESREICE T SEROBREL CURE)
E: BHITAT7 Ay MEICEEEDY (p<003)

o é § g

OYEAIILI (BB 4 14D)

=
Z
Z -1 A Oefidd = o b — LK (FEER G D)
&b UV v b LK (FEBRREG)
= % @ b — LK (EBREMHD)
.g ) W5 F A O RINE (SR ARN®)
2 9
-
3 2
£
» Ob

“'4 L] T T

0 0.5 1 1.5 2

Treatment time [h]

E3 Nk cBT 2EBOBEE L HER)
L ERLTILI Ry MEITEREESHY (p<005)

1 BRERROEHEEREMHE L EREREAL:

Ap-Ti0, DKEREEERDER
7 # St
R 3234030  ND(9/10)
(logio CFU/mL)
e 310£002  ND(8/10)
(logyo CFU/mL)

7 : ND OOWERER SN2 ND ofigE5Rd
HND SIFEDE R &SN ol D L ER T



46

BERR THES AL ERHR 605 (2013)

EREHOORIEERE RD &, I FA AN I
TEICHE U THEERENR D e ole (®2) , £, HEH
ORI U TEERERR LIV - (F3) Zen
b, INEZFAL O, BERSEEELLEVZD, 20T
b, ApTiOyh ZEEbT & L el L [FE, BEOFEA =
ALY FaX LI U NVEOTRREBTREL XL LT VIVE
THD I LRSS,

5) DIEIZDVWT

2 LY RERBROT—F RS R L TRIBEODE
FRDiL T A, 235 mink B I, 723 L VAEEREOD
fERE8 4 min L FHE SN, TIET, Fald, EERASEORE
B E UVARRR T CApTIO ZAVWTERE L L &1,
Ap-TIOREEIZ K- GRS ER D L HE (@5, 2011 L
7S, SIRIFAP-TIOIREDFRESIERIC 5 X DT DWW TUVARK
ERRRE RSO THICRET L, Sl e R R OV TRE
LizneEZD,

(2) BEENROZEFEAITE % B\ RO R

L ITHERENERR N COZE PR O A A AV VR ERR O
BEERT, R1OBRER? &, BRUERPO—AVERER L
UH - BERHE, 24RFEIDAP-TIONT L B/K R CIRIFRE T&
T2 EINGINB,

Pk, AW LT RAr— M TAp-TIODRRE A = X LA R
BAL, F72Ap-TiOO AR OB o DO CEE
MAFE L bOTH D, ZhE THE DIIFERORERR S
B U7 e P OB U OSSR ERER Z 1T, ApTIOE A
WA I EIT L D REEEMEER DR U - BRI B AR B - R
BTEDZEEWMEL TS (FED, 2011) , AFERRL, FHUc
MA CEBOBREMR OB CEPREEE M v 7L,
Ap-TiO, & W TOHOK PR OSEERRZIT, AT 7k
& (Ap-TiO, EUVARRET R A7) v R & LT3R 248E LR
B COISHENFREDEREE LTS DO TH D, Ap-TiO A okH
AL, BESROE COREFEE UUSHANTRETH D L E X
b,

4. B E

KAGE L B G & UTT 38 o MIEETBMLTF & %
filfls (Ap-TiO,) OFEA W =X LDMBAEIERTH L L biT, 7%
BUSEOFHEE 5 R A — VT ToTn, BT, ERRDEERmSY &
WIRTIRARR) BB CZE Sl A e L7 BRI et L C,
Ap-TIO % FIVTUVARER D & Sk P s i, 20
B, UTOMmREE-,
1) ApTIOZER VUMD EE B A = AL, I
MHERREIZ L2 b LHEIN,
2)  ARFESHECBIT D RIBHE, MEEEOMREEREODEILE
NFN23.5min, 84minTh Y, ApTiODEXBEGIE I fediii: A
WTGREITE 5 2 L AVRENT,
3) FEROBYITERENRR OB TR e L2
IREIRI R LG, Ap-TiO % V- CUVARRS O b & ek i
ERBIRER, WEPO—BARB IO Y - BERHY, 4RO
Ap-TIOSZ X B/ ClRTHE T 7,

AEGELNIHRIL, SEORENGRRNORENEZE Ly
A ORE B OB E T DHREEA D bDEEZD,

5. B
FFEO—ERE, FISEERREhe (GEEITRC), 70292175)
DRI L W EESN=bOTH D, T, T/ VoAt TS
785 A M BT 2 iRt 3 L UBSED s
RS OWMH 2B, B, AFREREREY i ER s
OEWAIIISERRBAZRTEN., IR L THELERT,

2

6. BEH

1) Koide, S., Takeda, J., Shi, J, Shono, H., Atunguly, G.G., 2009,
Disinfection efficacy of slightly acidic electrolyzed water on fresh cut
cabbage., Food Control, 20, 294-297.

2) Koide, S., Shitanda, D., Note, M., Cao, W., 2011, Effects of mildly
heated, slightly acidic electrolyzed water on the disinfection and
physicochemical properties of sliced carrot, Food Control, 22,
452-456.

3) Koide, S., Yasokawa, D., Omoe, K., Uchino, T., 2012. Concentration
of airborme microorganisms in a rice storage facility., Journal of ISAM,
T4(3), 244-246.

4) Koide, S., Nakagawa, A., Omoe, K., Takaki, K., Uchino, T., 2013,
Physical and microbial collection efficiencies of an electrostatic
precipitator for abating airborne particulates in postharvest agricultural
processing., Jounal of Electrostatics, 71, 734-738.

5) FTEARHE, NHEZ, REH—, b 2011 BEEERIC
BT DZEPIERIFA OB D EREROTST, 3R

FRFASHASHEESR, 13-14.

6) FERH, NHET, JEERE, WNEFERI, 2012 7851 b
BB LTS SR OB O &, FORA
=2 DG, BRI THEERE012FEFAR
FHREESE (PDF-version, ISSN 1880-2087)

7) Koide, S., Nonami, T., 2007. Disinfecting efficacy of a plastic container
covered with photocatalyst for postharvest., Food Control, 18, 1-4.

8) BHAFET, 1993. b MERY LV EOEH A FuF7a
FA D, HERHEFSE, 56,459-474.

9) Kiihn, K.P., Chabemy, LF., Massholder, K., Stickler, M., Benz, V.W,,
Sonntag, H.G., Erdinger, L., 2003. Disinfection of surfaces by
photocatalytic oxidation with titanium dioxide and UVA light,
Chemosphere, 53, 71-77.

1 0) Dadjour, M.F., Ogino, C., Matsumura, S., Nakamura, S., Shimizu,
N., 2006. Disinfection of Legionella pneumophila by ultrasonic
treatment with TiO,., Water Research, 40, 1137-1142.





