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Analytical method of hinokitiol contained in antimicrobial-processed textiles and
enhancement of antimicrobial effects by photolysis
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Y0saka Prefectural Institute of Public Health
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Since an antimicrobial ingradient of hiba oil (Japanese cypress oil), hinokitiol, has a wide antimicrobial spectrum, it
has long been added to toothpaste and hair cosmetics. Hinokitiol is approved as a food additive for preservation.
Currently, hinokitiol is chemically synthesized. Recently, addition of hinokitiol and hinoki oil, as a safe natural
antimicrobial agent, to antimicrobial-processed textiles has rapidly increased. However, patients with allergic disor-
ders caused by hinokitiol and its teratogenicity have been reported, indicating that the safety of hinokitiol has not
been sufficiently established. First, we developed an analytical method for measuring the concentration of hinokitiol
used in commercially available antimicrobial products. There had been no reproducible methods for analysis of
hinokitiol due to its characteristics, such as photodegradability, sublimation ability, and high metal complex forma-
tion ability. We established a method for the detection of hinokitiol at a level of xg/ml by HPLC using a photodiode
array detector. We also established a method for the extraction of hinokitiol with methanol from fabric samples pre-
pared by treating with hiba oil, and a purification method using sodium dihydrogen phosphate buffer/cyclohexane
partition and a Cg cartridge column. We examined commercially available textiles with which processing with hiba
oil or hinokitiol was indicated by the analytic method, but did not detect hinokitiol in any sample.

To clarify the causes, we produced standard fabric samples by fixing microcapsules filled with synthesized hinoki-
tiol, hinoki oil, or hinoki leaf oil, performed the JIS light fastness test of the fabric samples, and examined the amount
of residual hinokitiol at intervals by HPLC. As a result, the major cause of the disappearance of hinokitiol was pho-
tolysis. We also examined the antimicrobial activity of hinokitiol by the new agar plate method using gram-positive
bacteria Staphylococcus aureus and gram-negative bacteria Klebsiella pneumoniae, and found that the hinokitiol-
treated fabric samples after photoirradiation showed higher antimicrobial activity, suggesting that degradation prod-
ucts of hinokitiol by photoirradiétion had higher antimicrobial activity. It will be necessary to evaluate the safety of

degradation products of hinokitiol by photoirradiation.
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3-2 ARHNIIA D SAM80 glCHN 16 g#BM L, SEHI46 g2 MA 7o THIC13%EEHIFI400 g & KL
TP TL05 gRiIBAELIZDDEMATz, BEOWIRE 20~30CIZHED LI IKE LD S, FE I F9— (FEpkig
LB 2 vy, BEEE 1200 rpmTIRE#EE L CHALL 720 MEBIEMECHRHIE L. KIZ, ZOAILH
(Emulsion) (ZRE{LHI30 g% i L 7KBRILT MU 7 AR (K40 g, KB LT MU A L5 g) 2INZ, WiEZ40TIC
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Z, AZFi=y a—FEo =va—v75+CWEHW,
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AL dHbE, TOBEWES mUCEMRL, BERINEOI10 mBBREICE -7, SHTEMET VT Y 2REMTIT
2mlUZRMEL, 740y —THBLTREBRERE L. BESBVHAIEAMLCTHPLCICEA L, 79 AHREH
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AT ANE—(G-2) THMBAL, 500 mIDFATFAIICE 572, 100 mIDRA Y ) —VTHTABEZE, HREIEs
W dbel, ZOBEMWE 10 mlICHEME L 50 mlEikE IcE b, 20 mM U YEETK#EF MU 7 A (pH=24) 15 mI KU
7ua~nFH 210 mEMAS55HEIEE 9 L3000 rpm. T50MEL Lize FOLBAE (7 0AFH V) %200 mlF
AT FADE o0 EHIZY T UnFF 10 mlE MR FABEOBRIEL 2HAT o720 Y7 UNFI V2 RMEL, 25/
=10 mUCEE L7z FOBMEE, TOFELZCh— M) v VI TAIAM L. EBKEAT LAY ) =20
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To7,
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B EFEAEKICER K (NAKARAL TESQ, BHMER) % L5%DBEICE D &) I, MARRE, SEEX
BELERTHMAAR LA, BARL-ERERECRBA2ES, BHE0]l mERSE, 37CT2RHEEELL.
RERA D 5 DB ORI LIS IEA o+ » RENEMH O tween 80 (Polyoxyethelene sorbitan monooleate, J IL{L#H)
% 02%& CREBH EBEAEAKE V2, KRG L7202% tween 805 A MEBREEMAIEKI0 mlH I HREA 2 AN,
T3y Yo Ed—CHE G, 20) Lz, vl LARIEREREE B CREARNL 2%, BEERTER
THEHEWE L7

PR FHIC T A & RN TAT & b &3ME AL T, BHHIZOFHMEE & o7 MBEITRMTA H) CH
WOl mZzZER ST ERICERL -BROTHEEL L. HEHOFMIEREE a2, BEERORMIAOREE Db,
RKEBAOBEBEcETHE, a<c<blNITEHEIENE (Bacteriostatic Activity, SA) &L, & (1) ZHWTHH L
F72, a>cliud, REIEM Bactericidal Activity, CA) &L, & (2) #HWTHEH L7,

SA (%) = {(b-¢) / (b=a)} x 100 ---- (1)
CA (%) = {(a—c) /a}l X100 -+c-reemee 2
HRRUZE
1. HPLC %€

1-1 #&H : Fig. 1ICHNOILEEELRT. HNOSHE: L LT, tHSHHEN OSHTEREASROPH 5o T
CIHHN & 3fliogkA + v Sz AA LT, TR 55D S—Ric v bR TELD, ZOHEREREE
LIEMETHEWEOWHEDBEIKENOHPLCIC L 2 EREVRIT SN TE L, Lo L, HNE#ETIEREA A
VERBIEKERRT LY s lhs, BEBICRIFRAZUT N IAIBONENI LD S ol HED
PR LEBBRON S AOBMCS RIFR 2 US b7 T ADBOREWEEEH >, I T, HPLCOBEHIZH
A R EMLTEET o HED 2, MU IV A uRuy LGSV 7 VAR LA E LERT 555 &
EAHESNTWS, LAL, SALDHEDL, SBA 4 v EBICHEL 5210, JUSREIEMETH S, Wi
REOHN 2 5120, WEE COMLEELLETHY, LErMBHNEIERSNDL, €2 TR HRERER
%70 F FHPLCCIETE B HENEE L, BEIXHRY, 2BAF Y ORBOL R WHPLCERER /7 AFHUR S
NTETVD, T2 CHAME LR, ZROMICERLABEBROY I ALY REBNRIFR2 7 0< b7 T A0
L7 (Fig 2)o X, MMELLTRZ Y M I LY -7 OREMANTESL 74 bF A+ —F7 LA BRIBEBEZH
7o D% 0, HNAHEARILZ F0 %4 86240 nm K 07320 nm O ETERE L, HN &R URFREORE -2 0k
Ex A%y v LRAERRTL I E LT
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Fig. 1 Chemical Structure of Hinokitiol
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Fig. 2 HPLC Chromatogram of Hinokitiol (100 ng) at 320 nm and 240 nm UV Wavelength
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Fig. 3 Neutral Ingredients of Hiba Qil
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Fig. 5 HPLC Chromatogram of Hiba Oil (100 times dilute solution) at 320 nm and 240 nm UV Wavelength

1-3 HREH 10 ug/mOHANEREEIO 412 HPLCIZfE L, SHEBVELERICIVEEL RO A, EE
240 nm COEIRBUIY — 7 HHE T31%, ¥—27EHET43%TH Y, §#HE320 nm TOEBREIY — 7 HHE T34%,
=/ EBET41%TH YT =27 HROIE ) FEREERFTH o, 22T, E—7HEKIZLZREME R
Wk AH2~100 ug/mIOFHETH TN D BIF 2 EHRMEE R L7 (R%=09980 F)o %7240 nm TOMBBRRIES/

N=54LT3ngTHhY, 320 nm COMMBRFIZS/N=5& LT10ngTdh o7
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Bk ERE L7z,

2-1 M FT, CONHTEMCHTFOL NNHOER 2RO L2010, C/THEEMCE~ vy 7 VERTRILL
(1100C, 4FH), FRo BB S ERZ RO L ZH483% ThH o7z (MBRERE) o TDOEKMAETIE, NHDI8Y%
MHEL, €I Iy 7 BMCIEB%HIRETHDT, LNHAEEMCHO L N\MERIZIZITESTHLERGD o7
KIZ, MCHOLHNAZIMT 570 0MMEHE K HBEEZRET Lize A5/ —VEO7E =PI VER, RED
M, BEEMEE, REMEE (70C) 0Zm e BB L. 2OBE, BEOMBMEEE, 25/ —VvEiHV,
70C, 1RGSR L2RZB o, e2lPOHENEA R (04%) ROMCOEERYSFHET 2L, ToMilishE
1%, 70-80% (n=5) Tdh o 7o

2-2 HEBMDEORE  ABOX Y ) - VBRI S RICHEWEIRET 5. 22 TEY, HEBEEWED
BrED7-ODW - WA EL R Lo HN 10 ugRU100 g% A5 /=10 mHUZiRML, 20 mM Y YBEZkFEF b
)7 A (pH=24) KEB 15 mIK Y 7 OAFH 10 mEMASHEIRE 5 Lz ZAT0~85%DHAND Y 7 B AF
YHIEBITLTWA I LG Dotz £ZT, Y7 UNFHY - KGBIC L 2BUEWEOREZITIZLE L, 2D
ML BELZ3ET-o 28 2 A, 90~98%DEINELE LN, b, MMEEL L Tn-~FH¥, Y2702y}
BET L722%, SHRERE Y 7 un® Y U —F R o7z, S 510, BEOKEBE LT01 MERE &SR LAatY
YERZARFET MUY A (pH=24) KBEEFABOBRETH o720

2-3 Ch— MU YIHILICLDHEHBEBUEHEDRE I 10ug kU100 ug®HN X ¥ ) — ViFiHl ml%, T
REL7ZCls =PIy VHTACEBEL, HFLICAY /=10 mI$2100 mlzZHE L 10E 5% E7. FOKEREY
D25 (20 ml) FTICELELDRENHN D 100%BEHTE/Z, 22T, AF /=130 mITH T L05HNZEH X
THrZ kb L

2-4 E/NEMIAFROHENOME D HN 10 ug R O100 pg 2 R EAAICHML, EBROBAFIZHE L2 RELT
2t Ih, WTNDRETHEIERIZI0%TH o720 KIS, FMLBE 1%, 2%, 4%, 8%, 16%ML) O%i%,
FIBOBEHFETHBLMELZLZA, 4~16 ug/ gD HNDPRIBTE 22 (BBEORHEN=3), FEROFHRKL
HNIREIZIEIBI U dr o 7228, Z OB, MTERARE L MCOM I T H2HERILTLOELFIL 2w
EEZLND, APLHEBEROTRREIATbR TV AMTHERTMTIEBE TH 5, OMIAIIMERET CI0E
HBRIEL, HNOREZITo /oo B T, MITHEIELREE L CTBW M ITA I, ICHN DT 5 2 & 23950
277

2-5 RABEUREER @ Table 41237378 HENoS5 (¥ — Y A3 —) ([CATEDOEHEER (10 g K TT100 p gD HNEW, 10
pgBRUI00 ugDHNZ EH T 5 LA 2@mL, EEZH, EEROBSEICHR L2z RMEEICHE - TRMENNE
BRaiTolIsh, Wb 10 ugi®miiTI0~14%, 100 ugi®ilT40~55%DELE LGS ah o 2o F 72E
FOFBEDL B b olos FHAEEM TORNEIRGT LD, —EOERMELIT) LENRIE G, ZOHEHE L
TUTOZENEZONS, QHNIZNHIC X D ERFETHM LR Vo 10 g/ mIEH OB L REBE O X0 F
LTWwbIebbhb, LaL, ~HOSRELT) LERNTRLETET, 25ICERELELIELL TERT S
CLIERHETHL7DIHND TR L Tnd, OBMERMICEFE SN TV I HNRMETLY L X EWEOBRZ Y
Hp7zd, BEREZMEILEZTRER OV, 25, HNREEUI H L7720 (FO0M R 5 %),
IRARERICHE L TS, OFBAF v T CIHAREZBELTLE ) 20REHICEFE LTV IMEDOSE & Lk
REESTERLTLESTWD, HoTINDL) ZRABICB T AEEEOHNOERST I 2V EEETHL, Lo
L, BRELEREL GREICITAE, 10 ugBEOANEEMTIRTREEZZ N5,

3. MRRMHSROI R

BIR D HT PRI & ) T S % AT L 7= R, 28R 5 HNAKREB S hid o 72 SHT 85 IE Table 4127
WL7:o HNOERIZHE L V25, BENTA OGN R OEMELERE R 5 F 2T, BFOBRETHLTEMHNA10
ugPl b (REFOEHBEICTLE2ug/glE) BELTOIITRHBITEETH 5. £oT, SESHF LARSIImM
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TLTWwRWA, MILZE LTHHNDEELTLE A DEEZ LN,
4 HFHJOT—UIREERS 5 ERRICLSHNORD

B L7251, HNIMT & RROH 5 HBRMHERRS AR L S LA L 25, TXTORED 5 HNHHRI Sl
oo HNZNe R, BN, SEABREOUMEZED. HROELRFERELES O GERRZ TV, RETH%
OFFPHNE % B L7,

FF, MIHET CIOEREEL TV 1%MToOe MM TA, @&RANNIA, @t/ FEMMIA, £43
BOBFHOHNE 2 EROBAFCER LA HECI VSR L2, L/ lMIAICIX54 1g/g, ABRHNMNIAIZIZ
457 ug/gDHNDHM EN7=A%, v FEMMIA S SBBRHB SN 572, HNEZELCAORRBOTFIZER S
NTEBY, B/ FEMIIDEILEFREINT VWD LEEZOND,

K2, &/ U7 =7 iThRERS ) ERER (HEHRER) %305 MITo &4 3MOAHOHNELZ ER L2, e
MWINTACIBRE ST, SRHENMIA TIE457 ug/gh 504 ug/gE B L TW7ze S 51T, 1K E 10O F
X UT - IR BERA D) ERRETo A FOANEZ ER Lz Th o OMRFREH T, £ToMIAd 5HN
BRH SR hotz, K4 DERMRE Table 1R,

Table 1 Analytical Results of Hinokitiol Residual Amounts in Processed Fabric after Photoirradiation

Photoirradiation time (Xenon lamp) 0 min 30 min 1 hour 10 hours
Hiba Oil 54 ug/g N.D. N.D. N.D.
Synthetic Hinokitiol 457 ug/g 04 ug/g N.D. N.D.
Hinoki Leaf Oil N.D. N.D. N.D. N.D.

N.D. : Not detected

COMBERS, MTALLRHANGEPL LR, b LRBFECL > THRT LI LB DP o7 EHIT, Wk
HREIE AL AN —F L/ 00V yI54 79I H A= —) NORFRELWE L2 2529CTHY, MCH
HEHD10T LERTLIA R VEVERETH L7720, AECLLHERRIPEVERDNL, it THERERIZEICKS
LB DDLEZBND, SHOYMES ) ERBRTORE AT O20RMHBAIE, KBEECLLIERORAPIHS
(0B MIAREE) O BARRSICHYST 5, 6o TIORMBEIZEHS GRH) TH D, 0TMHETEILALHETSEW
IO, FEITHORLIETHL, ORI, HHREMD S HNIRI S vk - - FEETT .

5. EAER

HNERSML, MIAF»SHET LI P o7 HNOERICLY, HORBEMRIELTLLEER bz,
ZZC, BEEBROMIA IR IFMZ 1T 720

5-1 F&7 FYRRACHT 2R ENFTHE (Table 2)

Table 2 Antimicrobial Activity Evaluation for Processed Fabrics to S.aureus after
Photoirradiation

Photoirradiation time (Xenon lamp) 0 min 30 min 10 hour
Hiba Oil 0 0 0
Synthetic Hinokitiol SA 99% SA 99% CA 91%
Hinoki Leaf Oil 0 SA 17% 0
The Mineral Oil (Control) 0 0 0

CA : bactericidal activity SA : bacteriostatic activity

EXRREOMIA (3t v 7— 74 RFREOLA) OB T, SRANNTAOMMIEFHEER (SA 9%) 5RH LN
7oo MOMIAIIZMBEIEEIZED bR ole RIZ, ¥/ V7 — o0 REEAL 5 EREE, 300K 10RH
FFo=MTAH LCOMBNRBEE T o720 RBEA I ERERE 30517 o ABRHANI AT, 7o T AW LAg
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EFBREOVREFE;RO LN, & 5ICI0RHEAT- 2MITABREEE (CA 91%) £TIHEAP LA L TV, I
vTREE, HNRBRFEL T AW b ST, 5 7HREZOIZI OB LTIE, HEN?EL kol 3t
FINTA GEAMOAOIMTIA) &, R IMEEEIRO Ao, 2F ), HNDAOMEHEH ORBECHE
EHEERA LW &390 o7,

oD 2RO TA S B L Z2ME N OE LT AL, WIRBHEEEREIRO N d oz, TOBWIIHLTIE, &
Nl ) FEMICE TN MORS OWEEREIVbOEEZ N5,

5-2 FRHSPABEICKHT ZREHETE (Table 3)

Table 3 Antimicrobial Activity Evaluation for Processed Fabrics to K.pneumoniae
after Photoirradiation

Photoirradiation time (Xenon lamp) 0 min 30 min 10 hour
Hiba Oil SA 55% SA 33% SA 63%
Synthetic Hinokitiol SA 39% 0 0
Hinoki Leaf Oil SA 71% SA 29% SA 67%
The Mineral Oil (Control) SA 23% 0 0

SA : bacteriostatic activity

WSRO IAT (F ) ¥ 7 — 7 RRBHOH) Tl&, LB ITA ICHEIENE (SA 55%, 39%, 71%, 23%)
RO LNz, FRIMTA (HNERMMERNTA) 2RO bz, RIS, Fv/ 07— 7 REaRA ) ERRE
3050 B U 10 B IIAF o 72 & AU TAT R OF e 3 Rl T\ i M M A8 o 2%, 2B HIN T AR J O B TA 1
EHEIEEERDS B h o 72 BWOREN 2R THEGEEEZFT— 5 0OFRED B 2Wnnil, HE2ERZBRICL
WS, BN ) FEHFOAERSICE T, COBICKHTARENIREINTVEOND LRV,

5-3  THRREUETN T #HE 5L IR 77 5

B4 GBI RRREA (HN, £ M 0%) fH L HR7d 5 1R E P L SER G 20 AN ORE M E TV,
TR R A BRI A B & TR AT 2o A 5 L7219 4, FUNAPHET, SR (HNM
TEERRPD DA, HNIIBRB SN h o 2585) OMBENFFE LT o720 ZOKE, 18G EEL N N-) ZBATF
TEREICH L, FFEITRVBIREELE (CA 100%) /R L7z (Table 4)0 ZOEBIIZHNDANOFEH OFERIZ Ao
7zo CORRITHHL VIS, MOEHEFICE > THENPBE IR TR 20%, b L, HNOXSHEY IR
EHERELTWAIEL—HELTEILON,

Table 4 Antimicrobial Activity Evaluation for Marketing Antimicrobial/Deodorant Processed Textile Products
(There was a label, when these products were processed using hinokitiol)

Sample Material Labelling SEK mark * S.aureus  K.pneumoniae

1 Underwear Cotton Antimicrobial/insectcidal ~ Not indicated SA 42% SA 28%
(for babies) processing, Hinokitiol

2 Socks Cotton, Acryl Antimicrobial/deodorant Not indicated SA 99% SA 60%
Nylon, Polyurethane processing, Hinokitiol

3 Toilet seat Acryl 85% Antimicrobial/deodorant Indicated CA 100% " SA 35%
cover Nylon 15% processing, Hinokitiol

4 Dish towel Cotton Antimicrobial/deodorant Indicated SA 39% SA 49%
processing, Hinokitiol

5 Bedding cover Cotton Antimicrobial/insectcidal Indicated 0 0

processing, Hiba oil

CA : bactericidal activity SA : bacteriostatic activity
* SEK mark : A designated label used with permission of Japanese Association for the Function Evaluation of Textiles
(JAFET).
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L OEBHE R S ANIEGER PR 225, SROBECHE O L - T, BICHEEEIE 252
LARM S i, BEE CHNOWMBHRES V0 0@3si® 1 2 2 il L TH L ol d b, FOHENEERA
LCAESEIDIC S FTERTVE0Y, BRFOHN DL IEHMET S L0RED bbb, Lo L, HIHWED
LIS OB 2 B HERR, MR CHBIEES LA o 72 OMBEE RS 725 % v HNIC K 2R 2t
DEBEAN=A L%, KSBREDS EDTHMIHH L THL I 2D, SHOBEE L TR,
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