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1 L 3E M & A2 (Cryptomeria japonica) ®OMIZHTE T 2L VTGS s D
MR/ R E T2 TH D, ARUOEITHS A TR DL CRAF I D T E 72,
WK TIETA RV ARF—=RE) THDL I E WA — 7 -THDLR, BATIE
MEIDNEEIZEOND 2 LRI LN INIRE S 72 2 L7 E b 2O FH S
AT &E Tz, LR RICIE, THERGE DS AL U7l b — RKIHE O ~ A CTHELZ RS
D B AV TR 2NN X0 s CE XN 7z, S - SCBAINT IR Z O B4R 60 L L
2 bEofz (IR, 1980; HARMEE S ¥22,1972),

BIECIIEFOMR 2 E TOSEME S bW LMIEE AT 5 2 &3/l leofad, T
2B D K LD 2 BRI O I £ CIIAZIIEE Ok - (RIEA# & LT I
ENTEY (5%,1980), ZOZAETIRTE A EDOHBENERMICEE CH o7, 20
Xz, BEBREHRE L THEHSNTEZ LI o TAENTEETH L2, BHEAEEND
MR EZW LZBfECTHEIE TRONDIENC, EEEIOENLRD, RESEFD
MONWIZE ZATHIZAL R EICGEDRZ b ODRFEMEIN TR, K[ L2
ERTELLIITRH-oTV D,

MIEORE ICIIBEARAI R TH D0, TOMEE LTENLRBOEHEAFERCH
FEAUEFE (ORI S) OETHE L TWD &SN TE e (g, 1922; /1R, 1930), #
MEZEDERITIE. BEOHLIZIEWIREDR Do T2 2B (FBimIZih > 725 Codl v
L) iCosfeb O HWSIL, ZOMEHWEZ 20 R E O & oS EZTTTE
A THEDZA D T, BEER 2 EEZHOT L HRRBEETRDO SRVERESND,

M I B E S EN DDA T, BAFT ANV, U7 A8, /Y
T A PO NS L EENTND Z EBRb->Tnd (fak 5, 2002; Fak

1



5,2004; #27K 5,2008), F7o, ZAUD DT ITHEA REEREMEDR B D Z L BB H NI o
TBYH, BAXTASUHHO FTdH 5 d-cadinene 72 S I ITER~ 22 iAEMIZ 54 2 biEtE
(kS 5,2002) 23, BEAXT AR T Aa—VHO—FETHY, EHEOK S E LTHM
54 % B-eudesmol (21 H I EANHIZE (Nogami et al., 1986; Matsunaga et al., 2000) <CHgH5 D
EEEMAHF Ok 5, 2008; Sk, 2014) . MR T v * /L ThD TRPAL ZIHME(L L,
AN D SN thiiilés 52 5908 UM, 2012) 23, B AT A0 7 v a— VO —ff
T D torreyol 121V T v 7 A% BED,2013) 23, ZOIENITH VT AR UFHIZL D
KEEITxT DPEE (fak 5,2008), /v U 7 HEIZ K D PIRBEECH BIEHE (fa
K 5,2004) 7o ERHEE LTS,

ZO XKD, MBI R OZ < OMREMR Y N E EN TV D08 BN A R
YD Z L TRIET D720, BMF v TR EEZNWD56 LD &N & Rkt fg
NSO R ORI &0 O BIR TR ZE N, ZODITIZE A LD B
ST EE Lo T D, EBIT, HIXEHBEOZIEN KETZD D7D, EHYHEN O
TLEDT= R L kkx B CHAA ST 22y BIE Tl A% O ORI il X
ZEAERY, 2O, OGN SN TEEITIEE A EBEEINATND
D, BREEORGER EOBRIN D SOOI THIRMH SN D ZENFELY, £2T, ¥
MM OANEMN 2 BEE U, R85 ) & B S 70720 o FiE R 2§ 2t tEiz o
THET L7, E7o, HBEP CREFENEIMT 5 Z LIk 0| IFHPOlESE O 1% 12 O
BRBSEL D2 MDD, ZOBGIT TKED] LMHEINTEY . BIETHIMEEE 2N E
TS, HEE XA OFBEICHE R TREDL LI WeEEbhvd (HE 5, 1988)
B, ZHE ERO T ARV L SHEIRD —EDOFEEZ L TWNDL LB BND,
L, BEPIIECTARVEID B ZEOBAFTAXVERGENTEY, 512
D@ Y X T ARSI RMER T DEEN R S T DD,
AXT NI KIEHE KT D IE ROV T ORR &7 o7,

—07. ZAVE TITHBIZE £ DR OREREMEIC DWW Tk 4 IR s S T&E -



HOD, PP TH LM & > THEZRRLM E OB OV TIIIAETHIES TS
2hrolo, Fio, T —VEREE SO O W T ORPER ZRARILIZ E S W i b
D2, HBIFIEZ DS DRNREY DI, T ORI ZREDH-> ZWEMICH D &
SNTVDHZEbHDHTD, Ml L MIEE 2 < Gefih & ORI SO BRI 72 Dl
Rz, EHIC, HEEGOEDLZENZVIRICE > T bEERERDO -S> ThHDLH, §
BRI U CHHE 23 52 2 5B W T st & 17 o 72,

VL b, AR T IIHIE ORI & £ D Oy OFREMEZ I BT 5 L & blz, 2k
THANLNT I Ao lz, BilE &ML DEBNEOEICOWVWT ORI ERIZEHET 5 2 & %

HigLE L7z,



FB1E BEIIEENDIRTOBERE T rubrum (233 2 5TE %

B FES

ISR A AT 5 2 & TRE SN D, ZDTD% < OMERNEL L S D )3,
BUE CIREEITE S OITE & A ERIAMED e <. ZOZIBEFEINTND, L
L, BHEBEMTIZIZE AT T AR, OTARVE V) T T U EDZ L DR
INEENTEY . SBITPEME, Pt WRIR. VT v 7 ARk Sk 7
REPEZFf o> TV D Z LWL > TGS (FA7K B, 2004; 27K 5, 2008; Y& 5, 2013),
S HIT, [HEOEATEIZ X > TEEFICHE S D IEAD - ET, ZDIFEAEN
ZHLBEM ISR LT D,

—Ji. RREO—FETH L AE OB LV G EE I SN DKBUIHADEANTD 1/4
WREREL TS LEINTEY, ZLDOAEMEETND (INEJR, 2003),

T, RETIE, BUIEIZ & A MBI STV D IEE L& % OB 2 AR
L1, HBENRZVKBDOIERA~OIEM 2 I L, £ty o g o3 2 £ 5

FIEMEICOWTHRETT D & L bIZ, EDA = AL L THREE1T - 72,

H2H KBTI

1. KB 7> b O RS T o fhiH

MHEBEM 2 5- 10 mm /4 OF » 712 L, ARG L0 R L7z, SiHI3ZRRIE A2

BEMOERED 2512725 F TITV, EOREOMERHMOINEIL 0.1% (viw) Thoiz,



2. ARBRICHE U7k & Rk sy

T2 TARES b S boa vz, & /% (Chamaecyparis obtusa) . & 73
(Thujopsis dolabrata) . ¥ (Cryptomeria japonica) DF5MIL (BF) EFFOARTHALIZ L D
ZfiH L7z, 8-cadinene (27 ~7 /L KU »F), B-eudesmol (FIEAHE) |IHEHEMZ M L
72, epicubenol [ZHMIEI B A &/ — NV EEIEE LCU a—4)L 50C18 (Fehlidk)
FERL, &5 n- ~F YU 2EMEE LTYU a—4)0 C-300HG (FEMSE) CTHRREZTTH =

ETH, IO AFT LU OMEE X 90%LL ETH o 72,

3. AR
KBOFRHEE & L TEER GO & SNTWD, FRERE Trichophyton rubrum (NBRC5467)
RFEMV 2T FEIERW Th DKL T R U EKE Staphylococcus epidermidis (NBRC12993) % Hu»

7‘:,
—o

4. T rubrum 534~ REUETK D FHHL

T rubrum % 1/10 #2% 0 sabouraud dextrose & KKE7HI T 27 C, 1ML LR L, 5k
TR S W72, 534 1130.1% Tween 80 &4 U ERE T AL £ /K (PBS + Tween 80, pH 7.0)
IR T 5 Z & TR L7-, PBS + Tween 80 TUeif#%. BRI 2 B0 Br < 72 O LW 77—

BTHl L., n/ETFRRBRIR 5T,

5. ETICKT 2 A EIE M O R

WMEBAAMBUEIC LD . 96 XY = v ECR/NMEFIERE (MIC) ZHIES 22 & TIT
ST, MG U ISR 23 2 (54BR 51T 9.8- 10000 pg/ml (&R ) 12722 &
AL L 72 0.1%Tween 80 & Mueller-Hinton 54 4% 07 = /TN 2, & 2RI EE 23

2.5%x10° SAEF/mC/2 B X DI T rubrum 53 A FIGEWE 2N A4, 27 CT7 HREEE#E L,



7' L— K J — & — (Multiskan Ascent, Thermo Fisher Scientific Inc.) C 630 nm W3 4 1) &
LB BER LT oo (0AEFZRR L TOARWT o/ & [F CBROEE 2R LTD)
VDB, EbERWEOIREOEE MIC & LT,

MIC JERITRNEED B L TR o727 = /4725 100 pl 372 % potato dextrose FER K7
Ml L, 27 ‘CT3 HRER®RT 5 2 & T, /REERE (MFC) ZHlE L7, 2ERET
i ECTESROREN R SN >Teb DD Db e IRV IR EDEZ MFC & L7z,

S. epidermidis DAEFHEFIGEVE S RO T IETIT o 7253, MIC OFFlE 30 “C, 24 FFfE

8T, /ARERE (MBC) ORHliiE 30 °C, 3 HBOREE CTITo 7=,

6. WK D AEFHEIEEORFHE

RGN OB RIZRT 5 4 B I EEMEOFEAMG L Inouye H D F7{% (Inouye et al., 2007) %2
B LTIz, T72bb, BHE8em DY ¥ — LT 15 ml @ potato dextrose Hi i (38K 3%
GA) Mz THEOZT L— b~ RICyE B (1.0x 1004 7) 2% AL, 27 C, 3
AR Lz, BB EB L7 L — M b a7 R —T7—CHA Tmm OEXRT v 7 %
Ao, EEICEADEE LIZERT7 2y 7 % 10 ml O 1% dimethyl sulfoxide (DMSO)
GHWEK (2> br—1) . & L< T 1%DMSO & H SR (50, 100 pg/ml) (2
RIE L. 27, 37, 42 CT20 /rHiFHE Lz, RIELE%, K72 v 7 % 10 ml AEFRREHEK
THEF L, A TR KD EREL, BANAET LTS % 112 LT sabouraud dextrose
FERE M FICEE, 27 CT8 HIMIEE L7z, AR Lcan=—0EREL EELY / ¥ X TH
EL, BREEREHTADEEEEH Uiz, FEREHICAR L TS5z HEE
TH0, FL—hH20 1.0x10°, 10%, 10°, 10° 10734 FE2®ALIZ T L— kb5
K7 v v 7 & HH X sabouraud dextrose FEXKIGH FC Fil & RARICE R L. AT L

HERROMENOREREER LTz, 2o 0BRIE 4 BT 2To 7,



7. DNA fREEE R PH ETEE O FHE

Potato dextrose 2 KEFHIZAE L7z T rubrum OB R 5 mg 28I L, 1 mM EDTA, 5 mM 2-
mercaptoethanol, 15% glycerol, 1 pug/ml leupeptin, 100 uM phenylmethylsulfonyl fluoride (PMSF)
&4 50 mM Tris- HCl #EEZ (pH 7.5) 2 ml CRE I A 17T - 72, w0k (16,000 x g,
10 min, 4 °C) LTI T rubrum OFEFE A& T i % PC #EE#K (50 mM Tris- HCI (pH
7.5). 1 mM EDTA. 5 mM 2- mercaptoethanol, 15% glycerol) TR L. DNA s
DI V=,

DNA R U AZ—¥ DNA hRA Y AT—FII, IMPTt Ru/r—8, R X7LA4F
K& —8, TAXTVRXZ LT —ED invitro TOIENERHKIL 37 CORESMETI N
FTCOREBDITITo72 (Fig. 1.1) UKdh D, 1996; Kt o, 1997; Kih 6, 1999; Kih b,

2000; Kbk 5, 2007), FERIZZLEH0.05U0 H =,

Pre- incubation

SH. dTTP T
Nucleotide (ANTP) |- T e "
substrates *7 T _l*T " i ""
0.05
T 1= e b

1 *r *T . / Inhibitors
‘ DNA polymerase
DNA

LT
T FTET @
template- primer ??T??T?TTTTTT L 1 1.} ]

Poly (dA) oligo (dT),5

Measure *H radioactivity

by liquid scintillation \—
/’\\

LA L L
*

]
I I TTX TEy S 4y "y %y
T

Fig. 1.1 In vitro DNA polymerase inhibitor assay scheme.

In this study, we used essential oils extracted from Japanese woods as DNA polymerase
inhibitor.



8. MRSy DT

Kl o 7T n-~F P T 1000 AR L, WL LT & ) — VICHEM LT
R-(-)-carvone & Iz, S3HPIZLA FITRTRIFETIT o 72,

777 2 : ULBON HR-SS-10 ({3 f1{k. 1., 0.25 mm x 50 m)

H 7 HNIEE 60 C (1 min) — 5 ‘C/min — 220 C (7 min)

717 LYt 1 2.0 ml/min He

HEARIRE : 220 C

A A UPFIREE < 230 C

A Al - EAEEA A ARTE (ED

A F ALELE 70 eV

BIH EBRERLESR

1. ¥EMO T rubrum (253 5 A F BHETEM

13 U ORI IIEIC L0 . RO T rubrum (23 5 AEFREEMZ /i, €
DOFER, MIC, MFC & H1Z 313 pg/ml & 720 | WilkDF (C. japonica) OAE N HFF BT
Kl & RSO AFREEMEN R b7z (Table 1.1), A EIEER L 7=k 3 FOREH O 720
Tl e (T dolabrata) OARIBOIEM T T rubrum (23T 2 e b 3RO AE B BLETE GRS 5
o, TOWICKEOARE O] (RS ET), Rb8\EP-T20nt /% (C obtusa) D
KE O TH o7 (Table 1. 1), I HIZ, MFC/MIC A RLD & v M E g (2
A2 S Te) T L0 o722, 2O ORMITREENICH O TV b L H
2Bz, —J7, B/ XORMTIE MFCMIC R 2.0 LLETH Y | FFEERICE T

HLBEZ BT,



Table 1.1 7. rubrum MIC and MFC values of essential oils.

The cedar cask oil was extracted from sake-cask by the steam distillation method, and the others were
commercially available essential oils extracted from xylem by the same method.
MIC test : The microbroth dilution method was applied. Mueller Hinton broth containing 0.1% Tween
80 inoculated with microconidias in the micro plate was incubated at 27 “C for 7days followed by the
measurement of absorbance at 630 nm.
MEC test : After the MIC tests, 100 pl broth were transported to a new potato dextrose agar plate and
incubated at 27 “C for 3 days.
Reprinted from Takao et al., 2012.

essential oils MIC (ug/ml) MFC (ug/ml)
Used cedar cask 5
(Japanese cedar) 313 3
Cryptomeria japonica 313 313
(Japanese cedar)
Chamaecyparis obtuse 625- 1250 2500
(Japanese cypress)
Thujopsis dolabrata 78.1- 156 156

(False arborvitae)

2. KEMIZE D T rubrum 0 DNA RV 2 7 —BIEPERLE

WAKEM D T, rubrum \Zxt 3 2 FALFTENE % in vitro THIZ & 2 A #2885 100 ug/ml T
T rubrum H5R70 51550072 DNA RV A 7 —BOFEMEZBLE L, 50%MERE (ICs) 1% 21
pg/ml TH o7z (Fig. 1.2), F7=. HHKEIO 5 HAZEMCIIAZ LRI & 7% 0 PRETEM: &
AL, AEERBR LD 5 BTk e SO EEE R bM< . RICEREBT, &/
FREMA I b3 o 72, FEMIZ XD T rubrum DNA R Y 27—V EEMET R L T
rubrum £ E PLFETEERBR OFE R & ILETEEOBE N —EH L T\ e, ZRHORRLY ., 1
M XD T rubrum OAEFHFILZDNA R Y A T —BIHEHOHEFER FERJRRIC/L>TnD &

Ez b,



|

Used cedar cask |_|
(Japanese cedar)

Cryptomeriajaponica |_'
(Japanese cedar)

Chamaecyparis obtusa |—|
(Japanese cypress)

Thujopsis dolabrata |"
(False arborvitae)

| ' I . I L I L 1 ! 1
0 20 40 60 80 100
DNA polymerase relative activity (%)

Fig. 1. 2 Inhibitory effects of essential oils on the activity of 7. rubrum DNA polymerase.
DNA polymerase activity (0.05 units) in the absence of essential oil was taken as 100%, and relative
activity is shown. Date are presented as the means + standard error (n =3).

Reprinted from Takao et al., 2012.

3. T rubrum WSR2 A2 0O A4 B PRLEE M

ASEER ORI OBLEIN G | AFE IR E R A B E . MERIMO T rubrum
FSR T 5 A BRLEEME 2 <72, Inouye & D Ji{k (Inouye et al., 2007) #5352 L, T
rubrum WA A AE SHTEERT 7y 7 HEREIMEIRIZE L7251 bAF T 2wk liao
BEPELIZEZ A, 50, 100 pg/ml DZAEREGHEE T T 27, 37, 40 CT 20 s EAH T 5
Z & T, AT A L (Fig. 1.3), 50 pg/ml AZHLRE I H C 20 sy AR 42 =
& CTHSRMIIEOAAFHEIL 27 CT 5.2%, 37 CT 16.0%, 42 CT 10.4% & iEmWiREE (37 °C,
42 C) LV HEWVERE (27 C) TEWEBHEBEESHEE S, —JF, FlERAIE L
TR FORRIERFIALT ENTWDHA b7 3F Y —/L % § pg/ml W 25521

R (27 C) IHATEWRE 37 C. 42 C) TrWWERMEEIEHERS S iz,
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Fig. 1.3 Effects of immersion in essential oil of used cedar cask solution on the viability
of T. rubrum mycelia.

Agar blocks implanted with 7. rubrum were immersed in 1% DMSO solution containing 0, 50
or 100 ug/ml of essential oil extracted from used cedar cask for 20 min at (A) 27 C, (B)
37 C, (C) 42 C. Surviving cells (%) = viable sells / initial inoculum x 100 + standard error
(n=4).

Reprinted from Takao et al., 2012.

4. FEMIZ X D S epidermidis (213 D A FHEENE
PEFGRECAAET 2 RICFAEREIR LA TBIEICT 2 2 L R LIk SN S O
B ORASCEIMUC L 2 FEZIE | REOREZ EFICHROEEZ R LT\ D (Cogen et

al.,2010; Lai e al, 2010), % Z°C, FHMAREELEREIT G 2 2 EIZHOW TR L2010,
b NREEEEO T TH D S. epidermidis |33 2 £ FEAG O MIC, MBC i % HIE L7,
ZOFER, bR RIEIROAEBLEENE (MIC 1 156-312 ug/ml, MBC : 5000 pg/ml) % Rt
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72PN, RHDRS I 2 & Teth O XS TUE S, epidermidis DEE ZE L7227v>7- (Table 1.2), #£
DIEDKEMIZZ < & £ % a-pinene =° sabinene 72 & DE / T A~ HFHITONEN A7 5 U 7
R LT D RE & A AEM TR LT MIC 25- 500 pg/ml DFRWABILEEMEN B 5 2 L AN
HINTWD (Chaeral,2007) 73, AEMEH L72ZHS L <ITERIIAZO L0 6
HH LB THY, B/ TAXVHEEIZEAEE £\ 28 (Cheng et al., 2005) ., S.
epidermidis \ZxF 3 ZEIGEN RO 2 ho 7o B2 b5, £, S epidermidis ® DNA
RY AT =PRIk HHEEEICIB DTS, b2 SEI TSSO LETEES R S 7z
(ICs0 : 60 ug/ml) . LRGN TIEBLFEREER R S edr 572 (ICs : >1000 pg/ml) . Z 4L 5
OFER LV . BRI T rubrum (259 2 2B EFIEIEIZS WA, B MREOMAED# %

B0z PUEETBHRIZE LTV D alaErEs &,

Table 1.2 S. epidermidis MIC and MBC values of essential oils.
Reprinted from Takao et al., 2012.

essential oils MIC (ug/ml) MBC (ug/ml)

Used cedar cask

(Japanese cedar) > 10000 -0
Cryptomeriajaponica 040 > 10000
(Japanese cedar)
Chamaecyparis obtuse ~ 10000 = 10000
(Japanese cypress)
Thujopsis dolabrata 156- 312 5000

(False arborvitae)

12



5. Mo RO

IR L OMIRE RO GCMS & W20 X0 (14 FEO & 2 %7 L~ FD
AEHT (Table 1.3), HEREMIZE EN 5 AX T AU ORBEIITROZIE T & %0
¥7p 5 T3, S-cadinene, epicubenol DIATE K FENTND 72 E | FAITIEFIZ L <
izt D ThH o7, TDTHIZ, DNA KU A 7 —BHERRICB W TEH, ZERH & ik

AMIZR S O EEEZ R Lz & B2 b,

Table 1.3 Sesquiterpenoids composition of essential oils extracted from Japanese cedar.

Reprinted from Takao et al., 2012.

Essential oil of Commercial essential oil
Compound used cedar cask (C. japonica)
ug/ml % ug/ml %
d-cubebene 24.05 3.03 17.16 2.05
g-muurolene 73.85 9.29 65.74 8.51
o-cadinene 206.13 2594 190.98 22.84
gleenol 17.15 2.16 11.34 1.36
cubenol 50.07 6.30 38.68 4.63
epicubenol 91.81 11.55 71.14 7.86
elemol 22.99 2.89 56.35 6.74
T-cadinol 3.58 0.45 14.87 1.78
y-eudesmol 12.98 1.63 18.00 2.15
torreyol 30.23 3.80 19.95 3.58
d-eudesmol 19.53 2.46 32.54 3.89
B-eudesmol 36.77 4.63 48.36 5.78
kongol 335 0.67 6.38 0.76
cryptomerione 19.69 248 39.70 4.75
Not identified b.u’f look identical 180,50 297 195.11 2332
to sesquiterpenes

total 794.68 100.00 826.30 100.00

6. KM SE LY AT ARVED T rubrum £ EE
X 5T, EEEMCEEND EER3FEO® AFT LM, §-cadinene, epicubenol,
B-eudesmol (Fig. 1.4) @ T rubrum (Zxt3 5 EFBHLEFTEMEZRIE L 7= (Table 1. 4), & OfE R,

AR O ZXT LD 55 11.55%% D % epicubenol Tl MIC {73 250- 500 pg/ml

13



L b mWEBETEMENRD v, ZHEIMIC R S 2% < & 15 8-cadinene TIXZ4L LY
55 < | B-eudesmol 3 b IFWVAEFHEIG AR Lz, ZORBR Chie b mWABRREIEMZ
7k L7z epicubenol [ZHE~, HIIEMNIE X HICEWABLEEM: (MIC : 313 pg/ml) /R L7
Z L, EERINIAER O ORI LY T rubrum D/EFTZREL TND LB R

b7,

PN

Fig. 1.4 Structures of the sesquiterpenoids present in essential oil of used cedar cask.
(A) 8-cadinene, (B) epicubenol and (C) -eudesmol
Reprinted from Takao et al., 2012.

Table 1.4 T. rubrum MIC values of sesquiterpenoids from essential oil of used cedar cask.

Reprinted from Takao et al., 2012.

Compound MIC (pg/ml)
S-cadinene 500
epicubenol 250-500
B-eudesmol 1000

7. M SELNTZE AFT VO Torubrum DNA TR SETE ML E
F1EIFH6HEORRTH AW IO TEEE R X T VAU HHD T rubrum DNA R Y A5
—BIHEEMEAE R & 2 A, ICs 7S epicubenol, 8-cadinene, B-eudesmol DJIE T - 7=

(Table 1.5), Z OFEFRIZHE 1 3 3 H 6 HOABHEFEMABROMM R L IEICAHEI L Tz,

14



%72, epicubenol & RGO T rubrum DNA 7R U A T —FIZx4 25 [Csp Ml IZENEh 42,
21 pg/ml & 72> Tk Y (Fig. 1.2), ZHERGHF T DNA R Y A 7 —BHFICFERER Z R
7o D—>1% epicubenol THDH EBE X HND, —F, THHDORSIEDNA FARA V2
Z—EI, IMP 7Tt Fult—t, K X7 LAF KT —8 TAF VA7 LT —F

LW T2 Torubrum 7> 5 45 5072 DNA (NilEER I B2 5 2 o T2,

Table 1.5 1Cs, values of sesquiterpenoids from essential oil of used cedar cask

against the activities of DNA metabolic enzymes from 7. rubrum.

Reprinted from Takao et al., 2012.

Compound (ug/ml)

Eozme §-cadinene epicubenol  p-eudesmol
DNA polymerase 90 42 185
DNA topoisomerase II =1000 =1000 =1000
IMP dehydrogenase =>1000 >1000 >1000
Polynucleotide kinase >1000 >1000 =1000
Deoxyribonuclease =>1000 =>1000 >1000

8. BE

SR 7 B & 72K IZ 1T epicubenol R°8-cadinene 72 & D A % T L~ U HHAE <
GEATRY ., INOIEREEERICEEL 525 2 L2, BERRENOEE 2 IHH
TOHZEPHLMNIRoTe, ZOT EnE . R BRI U 7oA 3K Bk
DENRIRFIEL 720 D DBz bz, BT, BIBERIZHH S 22008051
WMIZHARTEZREROBMP IS, ZOBLES b EIERA SN Z EREE LY,

72, ZOHRICEV CXEFEMHE® T O DNA R U 2 7 —BiHMEE in vitro O THIE
THHEERA Lz, ZOFEIT3IRMUNE WO BRI TRETTI e nh, Pl

WRADAY V== TIZBWTAHR TR 5 5 B 2o,

15



Hag ER

A RIS % (T FEHE S 2 IABEEM DR NTEH O 72 FHEBEM 7> DA L 72 A2 DRl o
KEADOFERFRE T D T rubrum (259 HAEFREFEEICOW TN, TOMRE,
FERSIE T rubrum (23 L CRIWABREFEIGHEEZ AT H L L bi2, b MNEREICHIEL, K8
DIRAEZ IEF ITROEEN 2 72 LTV D RBECE R & L CEER S. epidermidis 13t LTI
ABFEEZ RSN ERH B L o7z, E61T, DNARY A —E7: £ DNA
{RHIEER OTEMELE 2~ Z LTk 0 ARIAS NI o T2ZHRE IO T rubrum (255
5 A BRLEIEVE ARG AN T rubrum @ DNA R ) A 77—V Z2AETSH 2 & N EEARERE

ThoLBALNT,
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F2E HECEENDIHTOREE T HHEME

B FES

THEREE XA CR TIT N 5720, kRx RIC K D8 AT 205, THEBEPITR R
EBTLHABEEOBINC LD, HWEOABSBR AT SR ZJTBETHD kL] 138
ETHFEEER ZMEE TV D,

RITHE T T OFBEIZ R TAED LIZK W ESDNTWA 2 (HEH G, 1988), =
BV T ARVERFE LTS ZEBRHLNIR->TWD (lak b, 2008), —77, 14
FEHOFEET VR TH D AT T AR OWT SR RIS 5w M
HwE STV D (M5, 2002),

T, ARETIE, BEPIIROE L EENDEAXT LA UFHO KEEHE IR 2 H5H
MEE ARG Uiz, £o. 2 E CHEIFEIZ X 2R ST edo 7o, THiEH

D7 )V TRRIZONT S &1 -7,

H2H KBTI

1. &7

W ARSI 72 L A SF RO 4 SEICEE T2\ L2 02 HH LT,

2. PO 7 VT EEOFRIE
ABE S ml IZHEBA =T 1 ml 22 T L < B L. =00 Bl (CHERE = T )V g % B DR
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BREFICIRD | O AR L — & — TR L7, BB ) 20 % 20 pl N2 Toe it L
7o, U AF UL (TMS) fbakdE (BSTFA:TMCS =99:1) 20 pul /1% C TMS b L 7=,
iz GCMS (QP2010 plus, i RUERT) TLURIORTRIETHI &7 -7,

# 7 2 2 DB-IMSUI (Agilent, 30 m x 0.25mm¢, fF/E 0.25 pm)

7T KIWE 150 C (4 ‘C/min) — 280 °C (5 min)

717 LYt 1 2.0 ml/min He

HEARIRE : 250 C

A A PFIRIE 1 230 C

A Al - EAEEA A ARTE (ED

A F AL 70 eV

3. T VTBOER

7 =)L 71X HPLC (Agilent 1200 series) & T, LUTFICART 44 T Tl @A LIS
FOERLEZ, 72 IBEYE a7 oL IBNRE LI — 2 2 MEL, 7 VTR
THER L7ZREREHNT, 7oV IBREVE KRR 7 2 L IBROKRESY 7 = LIRS &L
LT&ELL,

717 2 : XDB-C18 (Agilent, $if% 1.8 um, 4.6 x 50 mm)

717 LR : 40 C

WEERA : 72 =KV L

FREER B+ 50 mM FERRRE @K (pH 4.0)

77T b AB%VN) : 0-5 min (95/5%), 5-30 min (100/0% — 70/30%), 30-40 min
(100/0%)

Kk 280 nm

4, M DT 2 XTI HEHO S B S

18



WAL O 2R L TR &2 R LKERRAR 2179 2 & T MM bR A /7,
U a—/%7L 50C18 (Feflisk) ZF L7 7 A5 F A (EYELA, 30cmx2cm) (T, il
BT TTA L, AL —LTIHRBEES 2L THERZ{T- 72, AERIIY -2
C-300HG (FnyefliZk) # Fedf L7clmlh 7 MTHEEY 2 B L, IREEIG 427 n-
A~ L FER T TV OIRGIR (95:5-70:30) TR 2 2 & TIio7z, B DRIEIX~

AARY VORI X V1T o7,

5. MR OEAFZT ASUHEHODNHT - B

B3 ml 2 n-~F 2 150 pl 38 K0V 200 mg/L D R-(-)-I VAR & ETex & J—)L 20 ul
ZINZTHMLIREG L, mEODEEEO n-~F 3 U JEE GOMS It U7z, ofridss 1 & 2 f&i
SIHIZ/R L= TIT o 72, BB AXT AU HHOE EITNEEEE CTITV), B-eudesmol &

LTE#E L],

1}&

6. N—/X—TF ( A7 IEIZ L HHUKIEE AR
1) A ERR
B k% B & U C Lactobacillus  fructivorans (ATCC8288), ‘K %M LW H & L C

Lactobacillus hilgardii (ATCC8290), Lactobacillus paracasei (JCM8130) % L7z,

) E
epicubenol, cubenol, cryptomerione {35754 TR L7-H D% #H L7, d-cadinene (Sigma

Aldrich), B-eudesmol (FIYEHlF) BEL T = /L THE (FOEHE) 1 EER 26 H L=,

3) N R—=F 4 AT D
F—h 7 L —T7%E 512 135 CTHEWRE LT7-_—/—F 1 A7 (ADVANTEC J&F 8

mm) (2, Fix DB AT IR UMHEETe 40 mg/L X J —)VIRIE 20 pl &9 B L, JEEL L
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Too MYT 47 a2 bu—L & LT 1000 mg/L 7> & ~ A ¥ Uil KinigE, 20T 47

a2 k=L E LTCH ) — L ER——F ¢ A7 ZENEN 20 pl il T, i s,

4) B

HEREZ 110%™ % / — /L&A SHRIRE: L (Fa7k 5, 2008) CHiEF#E L, H5281K 10 pl & 10%
TR ) —)VEA ST ERIGHICHA L2, FiRD_—R—F ¢ 27 255 Bic o, 74 %
7K LEBESE, T L— N E TR EIC L CRAREICAIL0 CT7 HEEE L,

F 4 A7 JEHVICTE P 28122 LT,

7. T T OPUK T R
1) i I #R
Lactobacillus fructivorans (JCM1198)35 JL ORSZATEE NI ST L V0 s =) 7=

Lactobacillus hilgardii (H-34)Z i L 7=,

2) fiatin'E

6 THCRLE L7=W'E ® 5 & epicubenol, §-cadinene 33 & U'B-eudesmol z HF L 7=,

3) PG
Y HEARBREE O E R 2 = % ) — VIR 10%ICFR L. WE A L7z b 02 LTz,

4) WEOME

T H ) —)L 6% A ST ZER LG (FA7K &, 2008) (2 AR L 72 EREE &k 2 e L. 30 C

TH#EER, 2o=—KE3H L7,
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5) 5P TOKIEHERTE

KEWEE =2 ) —V 10%E A SHIRIEE L (Fak ©,2008) THi~E38 L, £ D 10 pl &34
2 ml IZHERE L, R 21T o7, B R ERIZ i LSRRGSR O EI N2 7 U 73
T 2 O CHERREE P CRHII L, AESBRIR (=4 7 —/L 10%118) 12 3.0 x 10° ff/ml (272 %

LR L7, B5RI34e T30 CTiro T,

BIH EBERLER

1. Mo 7 =)L T BEOFRE

HEhO7 =V J (Ve Fa 7o VI BEET) OFELZEI D 57201, HPLC % H
WY B O T 21T o 72, BT 7 =V RIS T 5 Ty a v A4 AT
E— 7 BRI DK LT OHIZRTER L WOV WEE CIE B — 27 23389 b vz - 7= (Fig.
2. e Flo, 74 MEAF— 7 LA BRBERZBWNT, #lEO7 = V7RIS T 58—
I DWHALT Mvh 7 o VTSRO L O EHEPIL T\, &5, 20— RN T =
NWIBTHDHZ LR T 7O, ZomgamIRL, TMS{EL72#%., GC/MS & W\ T
W EAT 5 T2, TMS B D GC/MS Z3HTIZE T Mikminid 7 = /v 7 BRI & A UA7E
WL, 20— O~ AAXRY ML 7 2 LT EITIE LT (Fig.2.2), 2OZ &

Mo, BT 7 =2V TRES L G0 E PR TE T,
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Ferulic acid

e e e e e S N

Ferulic acid

Fig. 2.1 HPLC analysis of ferulic acid (including dihydroferulic acid) in sake.
(A) Regular sake (not stored in a cedar cask). (B) 7aru-sake (stored in a cedar cask).
(C) Authentic preparation of ferulic acid

Reprinted from Takao ef al., 2012 (in Japanese).
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Fig. 2.2 Mass spectrum of ferulic acid in GC/MS analysis.

The fraction corresponding to the peak at 13.8 min in HPLC analysis of taru- sake (Fig.

2. 1) (A) and an authentic ferulic acid (B) were subjected to GC/MS analysis, following

trimethylsilylation.

Reprinted from Takao et al., 2012 (in Japanese).

2. HHTE O T =L T BROBN

W, BEE SN IEE TR R D 7 = )V TERNFET D, L, fEMER A &

DIEEED 7 =V TEEDIZE AV EDRRESNTLE I T2,

ITIEEAEFELRY (WA S, 2006),

THE LS I bR~ = v T

PR TICIEE T O 7 = )V T ERHEIN 2 2 & 2 FED D72, 4t EEEEGE 72 L &

4 SHHEZEE D T, EIR T 2 M L. HPLC ZHW T DM OMIFEp D 7 = L T BEIEE O

RERFZAL 2 o HT LTe, € ORR, HRTREHT O EEEH It Shph- 77 =LV 7 5
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FRRFROIZE N L, Bk 13 H B Tk, 15 mg/L LA LIC#ET 5 2 L3 -7z (Fig. 2.3), =
DD, HEPO7 2V FRBITEBIZHR L TND EE X HD,

ARHOMIZHTR SN DT Vv a—VEERE LT, REMR DO TIEVA ZAF—U A U3
HIFLNDLR, ZABIE KA =7 M OBICITR SN D, ZNETIS, VA hoF
— 7 fHRD 7 = VT BEOAEIT A ST % (M. del Alamo Sanza et al., 2004) 23, 44
OIS NI T NV a— VBB O 7 = LV ZERIZ OV TIEHE S v Tunen, i 2
B AR U7-BRIC 7 = L T i S D 2 L3 ST Y (Saka S. et al., 2006) |
P HRLE TR W T, BEHPIZHET 2 7 2V ZBENEBERICBIT T 6B 265,

iz, BIRO L YT, HHERAEETDH 2 ETIEE AL OWERET = LT BRI R E S
NTLEI D, BH, ®WiE LTOFEBETITE 7 =V IBITIT L A EEEN TR,
L2vL, MBS T I CUILIBTE & BT I TR MR IR A3 L 72 e il & LTo

I 7 =V TRPFET S 2 L DR S iz,

16 -

12 -

Ferulic acid (mg/L)

0 5 10 15
Storage period (days)
Fig. 2. 3 Time course of the ferulic acid (including dihydroferulic acid) content in taru-
sake.
Sake was stored in a Japanese cedar cask at room temperature for 2 weeks. Ferulic acid

content in sake was measured by HPLC.

Reprinted from Takao ef al., 2012 (in Japanese).
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3. BAXTARUPEKLNT =V T EEO K VKB BN 2 S
KEERNTK U THIRINEI I R 2 R T e AR T AR OR 7 ) —=v 72 A& LT,
N R=T 4 AT ETRREERRZI T o7, EAFTAXUEO S bEEPOEENRE
\ 8-cadinene, epicubenol, cubenol, B-eudesmol 35 & TN cryptomerione, f#EHIZAFET H 2 &
DN 725727 = VT ERIZDOUWTC, L. fructivorans, L. hilgardii 35 X O L. paracasei |Z%f
L CRRZIT o7, £ OFER% Table 2.1 1T 7, BAFXT AU HHDOH Tl epicubenol 73
e & R ENHI N R 23R < . RV Cd-cadinene DR E -T2, D 2 DDA R
BRIZHE U 7e 3 B KA TIZRB W CHLIE 23 8lEt S 7z, B-eudesmol 1X L. fructivorans &
L. paracasei CTIIPHIEFINEE SNT=78, L. hilgardii TIIBIEL SN 722> 72, cubenol &
cryptomerione (X L. paracasei TOHPAIEFNBIEINTZ, —)7, 7=V TRBIIETOEICE
WCRHIE ORI BEE S 2o Tz,
Table 2. 1 Antibacterial activity of sesquiterpenoids and ferulic acid against hiochi

bacteria in paper disk agar plate method.

Reprinted from Takao ef al., 2012 (in Japanese).

L. paracasei L. fructivorans L. hilgardii
d-cadinene 16.30 = 1.10 10.80 + 0.61 10.87 = 0.24
epicubenol 2497 = 1.20 873 =£0.71 9.77 £ 043
Sesquiterpenoids cubenol 19.20 = 0.80 n. d. n.d.
p-eudesmol 15.97 =292 1093 = 1.44 n.d.
cryptomerione 10.53 = 1.15 n. d. n.d.
Ferulic acid n. d. n. d. n.d.
Control (gentamicine sulfate) 18.62 = 0.75 1565 £ 1.16 29.03 &= 2.01

Antibacterial activity was evaluated as the diameter of growth inhibitory area. Each value is

represented as the mean diameter = standard error (mm) (n = 8).

WA, R—=/X—F ¢ 27 L CHIFEINE RN @ o 727 A7 LU FH T H 5 S-cadinene,

epicubenol,  B-eudesmol (ZDVT | JEBEF TP L. fiuctivorans & L. hilgardii (2% % FE5EHN
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B RE AT, Eio, 7 2V TRRITA—/S—F ¢ A7 ECEIIRHIR R MK D5 7203,

D CORENRE AT AR TREWS & SO ILEREIZ % 2 HrE s E o3
WA SNTWD (U, 2007) Z &6, FRRICIHBY COMBRZ1T 572, L. fructivorans |Z
9 HBROMIR A Fig. 2. 4 1R LTz, N—"—7F 1 27 ETEWEIR %R L728-cadinene
& epicubenol (ZZ ORBETHLR L IENE L, 2 mg/L TH 10 HATCFU R 072> TH
V. L. fructivorans 1 Z DIRETIFEB TE W L0 o7-, LirL, B-eudesmol % s
MU 722 Tl 10 mg/L THFEIHIS B SN 7228, 6 mg/L TIEIF & A A IH S d,

d-cadinene < epicubenol & Fb~7% LRI o7, —FH, 7 = /L FEETIL 100 mg/L IKINT

PEREIHIZD RN L O NI B AT R E R D & BRI R IE B K

7o
108 108 7
—+—control —— control
==2.0 mg/L —~2.0mg/L
6 6
10 ——4.0 mg/L 10° { —=4.0mg/L
z —=<3.0mgL = ——8.0mg/L
= " 5 4
E 10 g 10
Q &)
P
10* 10% 1
10° = 10° 5
0 3 6 9 12 15 0 3 6 9 12 15
Days Days
108 - 108 -
—— control —+#—control
={F2.0mg/L ={=50 mg/L
10° 10 ]
—r—6.0mg/L =/r—=100mg/L
z =><=10.0 mg/L ot —=200mg/L
5 10t ] 5 104 |
= =
Q O
102 ] 107 3
10° T T T T J 10° o
0 3 6 9 12 15 0 3 6 9 12 15
Days Days

Fig. 2. 4 Growth inhibition effects of sesquiterpenoids and ferulic acid on hiochi
bacteria (L. fructivorans) in sake (adjusted 10% ethanol concentration).

(A) d-cadinene; (B) epicubenol; (C) B-eudesmol; (D) ferulic acid

Reprinted from Takao ef al., 2012 (in Japanese).
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L. hilgardii \ 2559 50 R A T~k R % Fig. 2. 5128 L7z, L. fructivorans Ok F & [FlkE
|2, 8-cadinene & epicubenol (X HNHIZNF A3 < 2 mg/L CHIFEMNHIZHHE 0 FL & 417, B-eudesmol
l% L. fructivorans D56 L HA D & S0R0MIRN RS @ MBI 28 AL B 7172728, 8-cadinene 36 -
Wepicubenol & L% ERNFITIKRD -T2, Fo. 7 = /L TEEIL 50 mg/L THIHIZIR DGO 6

VT3, L. fructivorans DY & [FlkkE X % 7 L~ FUT A THiRD TR MK o 72,

108 108 ]
—¢— control =—+—control
~=2.0mg/L ={F2.0mg/L
106 40mgL 10° 1 =r=—4.0mg/L
z —=<=8.0 mg/L ~ —=8.0mg/L
£
5 4 5 4
E 10 E 10
&} Q
10° 1 10% 1
100 T T Y —HK— X 100 T T T T T T X
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Days Days
108 - 105 -
=4—control =—¢—control
==2.0mgL ==50 mg/L
10° | 10°
=/r=6.0 mg/L =/+=100 mg/L
z ==10.0 mg/L z ——200mg/L
5 104 | 5 10* J
= =
&) @]
107 102 ]
10° T T T T T T =8 10° T T T T T T -4
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Days Days

Fig. 2. 5 Growth inhibition effects of sesquiterpenoids and ferulic acid on hiochi
bacteria (L. hilgardii) in sake (adjusted containing a final concentration of 10% ethanol).
(A) d-cadinene; (B) epicubenol; (C) B-eudesmol; (D) ferulic acid

Reprinted from Takao et al., 2012 (in Japanese).

4. &

bl

HEIE IR L TRV E OTFRICEE R TRE DS LI W2 G s Tng (Il

H 5, 1988), HLEH D 2T VD KIS L CHEEMEIZN R 2 45 2 & (kb
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2008) ABEICHRE STV DA, AR THEBET OFEET A ThHDH, BEAFT L
NUBIS IR N DD Z LB E oo, S HITEAF T AN RITHATER
RS OO D7 = VT 6 KIEE OB 2 MK 5 2 LB hoTz, Bl K%
LLIZK WEWIHIBIGIIZ N 6D OEGHI DR OFRER BT b SN2 b D EE BN

7:,
—o

B ER

MEIIAZIC RS 5 2 L CRES D20, Bl 13 E<E&En 015, Zh
F CICHEIIIE R R Y E L TE AT ARVERV T ASVEAREREGE TR TS
Z LD io TWED, AR T, HIEITETIZ 7 =L TIN5 2 L 3D b
72

—J. ZNETITBBEICEEND VT AEO—EICIE, EETCHINL, iHEOS
fbZEEa< 2 & THBALTWD KEE IR 2 HFMSI RS RS STz, eI
VTNRUVFELD B EENTOVDEARAXTT SO KIEH I 2 B INSI h S %
FH7= & Z A, S-cadinene. epicubenol THRVMEFEHNIA BAGHER St-, S HI2, ARFE
THIETIAFET D 2 E MR SN 7 2 L FBIZHONT S, RO AR T~ HHIF

ETIFRNb OO, KIERIH 2 HIEIHINREH 5 2 LS S iz,
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FIE MEESRSERMECRETRE

B FES

ZAVE TR TR SR D A X T SRV T SR EOT LR U,
JNY TR, 2 BTHLSNI T = VTR ES L OGS PFET H 2 EBNH B M
2o TG (IAK 5, 2002; FAK 5, 2008; FAK 5, 2004; FED,2012), EICEEND 2R
LMD DB, V) 7T CREITIEHIRR GO BIEE (A k 5, 2004) 28, BEAXT
VR UH O —FETH 5 B-eudesmol X° elemol (ZIXPUIEEIEME (Nogami M. et al, 1986;
Matsunaga T. et al., 2000) 73, B-eudesmol |[ZITM IS AT ¥ 1R/ T D TRPA 1 ZIEME(L L |
O EZHREE 2 D298 UNRG,2012) RO T 52 & TRMIA N L 2ARTREO

AEAPRE OB 2 MET 2R RH D Z ERHRESNTHD UNRED, 2013), £72. V7

s

SV~ D sandaracopimarinol X° ferruginol, ¥ 2 % 7 /L~ ¥ 0D S-cadinene., epicubenol 72 &
I 1 |EHE 2 ETHLSNL I, KERHREICKT 20EIENR 5 2 L b5
2725 T % (FA7k B, 2008; & D, 2012; Takao Y. et al,, 2012), Z D K 5 (ZHEEH D[Sy
DOREREMEIC DWW TEZNE TEL OREDRH D05, T b DA BHEE OO WG &
DI RIETHEBIZ OV THIZ E A ERRLN TR,

FOBEE B DFIMEICB L T, v —m AT RIS O BRI R TR R & o
Mo ZWESEDHMENRRWE S TWDH A, Fal % OJRK O— 21 1IN OMAE % By
MTARES THLZENMESINTND (K5, 2010, KIS, 2011), ZD X 5T, HEW
JEBHHSRI P CThH 2R Y 7= /) — N7 Ex2 L L EHT 2HEHZB W THENMIED ¥ + »
VaRRENT LD BIECRAS & S T NI L RO R B TE 5 L E
Z bz,
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T TCAETE, MEEZZ L G0RMERATZHBO O PEN ORI 23 KIE 3 2
SOWTERMMEZTTS & & bic, Wil WEOHOBMMEZRETHZ LICXy, EBlED

HIEN D o v & 2 UV TR L7z,

B2l EBRGIE

1. ko7
ABEXEIRUE CGeIEE) & U < I3ABESE R 2 S 2o AR (721) (I2=IE T 7 H T

L7oiEl () 2o & ) — VR 15%I 25 U TR BRI L7,

2. ERERHm Tk

FRERFAMNIE 16 A SR U R Mk L TRORHY v 7L 2 3R 3 D IEE 2 2 C 2 [19°o1T
STz, MiEZZ<GRRME LT IX—XEHA, HEHII XTI L T4 —F— =X
— VIR 15%\ZHHE U 7o BB £ 72 13l 2 F e, &5 7 nidd 57 L oilBrEmIC
CERFEIEE . IREFE UICo7c 2 & AR LT U7c, b Bl & il o X123 T &
BN, TonN=r T2, BBROMERE T, — X7 ) v 725N LTHH
ST, WHRFIT~IAF—X 15 g #EBR L, O 30 BRIZAE 10 ml 2 10 B2 TR
L. 30 i&ic T~ax—X0k), HEIRE-S> TWDE L] @2 SO NPENER % 5 BT

M L7,

3. @ik oRE ik

SR EREEE (CBVP-A3, APk tt) 2 Huv T, Wilhelmy plate 1%
(KI5, 2011; Ono N. et al., 2009) TaBRAAT o7z, BEH 7 MZiE= & 7 —/LIREE 10%
(ZHRRE L 7okt BRI & M 2 7=, E 72, BB O B-eudesmol  (FEAIRE T3k 4h)
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BLOT7 = VT8 (FOEMZE T3NS (TERES % | epicubenol 135 2 & 2 &i 4 THC/R
L7eHETHERLEZb0E TN Y ) —/VICEM L. 1 mg/L 12725 X 9 Ik REICIR
AL TRBCE U, WiEY 7 iEmilko a— 2l R, A U — 7, FRfaahix
TnEhT A a2z U (EPA) & L IE Fat~xd = (DHA) #Z< G067
% 2 fla Az,

ARBRIE 100 ml B — 0 —ITTHE S L < VMRS 2 if S E 7o il 2@ S 1em 1272 5 &
NTMA. ZOEICHIEZE S 1.5 em (2725 & O IENICHE L7ztk, A&7 L— M &l
fEHIcER N Icitd iz, BE—=h—%po< D & RiZ@h L, MERmE A4S L — b FHiss

WISl EAEN D N 2WE Lz, WBRIT 25 CTIT o 72,

B3I KBERLEH

1. BERER

23 O EN DREIZ 5 2 DB AR D720 Bl Z T o7z 2 A, T3 x—
DOBR], TS TWDIE T OO NENERIZOWT, S Rx TV T+ —F—L 0%t
WA, KHRRIE X 0 M TR ME S 2 BB RS T, S BIT, TIAES TV B L
TIEI X TV —F— LN, BEOBICHEERAENR LN (Fig. 3. 1), 723, R
BT oNR—=TFRL )= V) T HANT 3 miSIEC X D EREM ATV, % IR
EHEN KB TERNT & 2 MERE LT,

ZOXOITE MCX2EREFMIZIHW T, S RIEIC A THEBE Z S L72% 013 9 25,
~ AR — RN XD HENIZIT 2 M OEFEREME T 2R A8 bz, ZORER

1T, BENOHIEOHEWNTEEINRT EDOEICLI > TELTWE EEZ BT,
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Mayonnaise aftertaste Greasy aftertaste

Fig. 3.1 Measurement of perceived intensity of mayonnaise and greasy aftertaste after
drinking sake.
n = 32, mean + standard error, *p < 0.05

Reprinted from Takao et al., 2014 (in Japanese).

2. IH &R 0O FUE R )

G DVEWIE ST S IFWEA 2 oz, Wil & OFHAL LT I BEAKRL TG &
EZRBND, I T, kRx RlRIZx3 2 kN & HE O FALBE DBV DWW TN D 2
LlzL7z,

BRI E =& 7 — VIREE 10%IZ 5% U 72 1% 18 D[R O St sk /1 % Wilhelmy plate (2 K 0
ELTeEZA, AEER Lca—l, Ko, AU —7 3~ TZBW T, il
BEIVAEBIEWMVEZ R L (Fig.3.2), L L, UV —7WmEHWZEE, TOET/NS
Mo lo, —MRHNZ 20— e KRBT 7 2 LRI S 28, T Z st %1%
< ORRITRARTREZ TS (KR, 1999; MEE, 2001), ZiucxtL <, U —7il
1IA Y —7 OEE LR ICEHE ., A2 LZboThHo Onig, 2001), 7 FHic
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NTRRES MRV, 20704 Y =7 W iIAHim» £ <. R oEPR NS 2o

’CLiOkE?&g\iéﬂéo
18 - * *
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Ei14_
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g 8-
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=
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0 _

Soybean

Olive oil
oil

Corn oil

Fig. 3.2 Interfacial tension between cooking oils and sake.
n = 10, mean + standard error, *p < 0.05 O: regular sake, B /aru-sake

Reprinted from Takao et al., 2014 (in Japanese).

KRG A~ THEE X, A & OO REIRI DN S W Z E BB BN R 572D T,
WIZHM A2 W2 R 21T o 7o, BREORWAEMZHWS & AV —7 M ToO/RRO X
T, RN LN WATREMEN B 2 & B 2 HL7zD T, FAZ2 iV CRBR &2 17
STz, FOREE, BRI TOME L FEKIZ, EPA, DHA 22 Eh£ < Gt 2 HOFRMA
& HIT, SRR A~ T & OB O R mEN DA BT LTz (Fig. 3.3),

ZOX ST, MR RA & ORI EIE, HHEOIZ D BRI L VRS RS 2 L
MW GMNTe o T2, REEIDMERNZ L% 2 2OWEOMOIALRRZ o302 & AR

LCTHY MG EFAS, 7 —r VKR EDH TOHALREN DENRHE STV D (K 5, 2010,
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ABE5,2011), ZDZ ENnD, BREHE T~ = 32— X2 X 5 HEN O R 58 A3 6 B 12 H
ANTHECIE T LW 72D iX, #8i0E Crmis & OREEIMEL  EA LT WD,

FEN O TN TEVVTE ST VIRFEIC 2 > TWA 2 EM—2DFIN & L ORI ST,

16 ol
@14— *
‘_?_
2 12
=
=
:10-
=
2 8
2
E 6 -
2
T 4 -
2
g 5.
0 .
Refined Refined
fish oil A fish oil B

Fig. 3.3 Interfacial tension between refined fish oils and sake.
Refined fish oil A containing abundant EPA and B containing abundant DHA.
n =10, mean + standard error, *p <0.05 O : regular sake, B : taru-sake

Reprinted from Takao et al., 2014 (in Japanese).

3. HHHCREGY & O StmE )

P ITIREICE NI T, B AXT AR EOBHER D13 E £
NTND, ZAHME & fE oM OSRERIME FICBER L T2 &EE 2 Zihkasy
EMOCTRABEORBR AT o7z, BIHIZZEENDERAFT L UFHD epicubenol ,
B-eudesmol & 7 = VT A ENEITH J — VIR 10%IZFRFE U 7= GBI 2 S 7214
KEMEDOMDORmENZPE LTz, L LARBG, ZHb OIS OFINZ X -
T, KREhE OBORERD DK FIdBE s eh -7 (Fig.3.4),
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M IR SRS & LT, SERBRICH W - AT AU T =V T RS
WZh, UTARVERS NV UL EENTWD Z ERHLMMNIR > TV D, 18l &
TSR O R e DAL TP O CF LR ) VY T F U Y. BEAF T LRy

BT =V T RUN DR, b L <IT I bR OMFEMRICE > TEZ -

TWarHDEEZLND,
16 -
T 14 1
L
2 12
z
= 10 -
=
Z 8-
3
g 6
3
44
2
= 24
0
Regular
sake Ethanol Epicubenol P-eudesmol Ferulic acid

Fig. 3. 4 Interfacial tension between soybean oil and regular sake added with a
taru-sake specific constituent.

Final concentration of each additional constituent is 1 mg/L.

n =10, mean =+ standard error

Reprinted from Takao et al., 2014 (in Japanese).

ARETITMAE & OMORmEE) AT S ELEBEF O A RET 2 Z LI TE R
7o REHOHREICLDE. v—a VRITITWIEOHAMERBED DN HB, v—r %k
H1o> 717 % (epigallocatechin, epigallocatechin gallate) (Z-2WCIEHALICEAR L TR LT,
U —n AR OMIRDOHAGIZEI L3 5 B ERE STV ORIBES, 2011), F72,
DIET NI U PR DN HNE & O OFALHERTREN @V Z & 2 G LTV D0, £ OKF

35



WZOWTIEHEMNT > Ty (EES, 2013), 2D X 9512, BN X 2 s DHAVIE
HIiZoWT, WS ONDOHRERHLLOD, F5 L TWBTOHFIZ W TR S
TR, INHERIATHZ I35 BOMETH D08, REiEErER O & 5 h ko

WY 7= )= VEHREDEGNRTRIND,

Fai ER

I I IRERRR N E S EENTND Z LN oTHDHR, T OGS A R
LM & B OBRREDORHICE I DEEBIZOVWTUIINE TIZHARLN T 2o T,
I &> ZWES ORI OV TIHANL 720z, EEX 2L G RmE LTy I x—
R W THERHMEi 21T o072 & 24, ~ 33— XEEUL I I 2 0 L5 A ic e~ T
I 2 8O0 L 725 A X AN OB ERAFRDME T 2 m s bz, ZORRNG,
S PRI L P~ T 1M AR & OBIFIMED B T2 DI OPEN OIIE Z Wit LT 0 &8 %
BT, Wilhelmy plate %% W CIEE & WAEO RO Rk 2~ 7= & Z A, Hkx e H
M, RN & o[ TR IZ B TR I R R A BICIR 72> TB YD . MBI
flig & OBFMERE N LR ENTZ, TNHOFEENS | MIE XM & BRI R <
HFENOIAE 2 TV ST WRIZT 5700, DENOMIEERFKZ KT S8, #o 2
WEMZ S o1E0 EBNSELLEER LN,
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F4E BEIEHOBRICKIETRE

B FES

T3 — UL FRC ISR TIE E Wb D b OIS E 5T Al & ORIPEIZIEFIC
HERLLOTHD, BPEO—FEOU A » TiIRMEOHMEET~ ) 7T—Y 2t Sbh, —
REZHR T A EREE, AU A & LRBBAR COMERRBWE END, L, 20X
DIRT IV 3 — VR E B OFRMEE B FRNR LIz 1307, B A v EE S
DRI ZIERBBHD Z LB LIEED R ONLRE Th o7 (Fujita A. et al., 2010,
Tamura T. et al., 2009).,

%3 BT & MEZ 2 < L RMOHEMEICOWTHRAELTZ2, BElERD I<ED
FONDOIE, FESLHHERER L LD EHEVHEEZZ HOWRWIIETH L, —
Ti. MO A2 RFICT 23060, 2O HWS L B Y A, A 2773
EDOFEWRIMN IV I U MY v A (ML, 1909) A 2 o UNE,1913), 77 =
VR (EH, 1960) THDHZ L EFERLIZONTXTHRAANTHLZ bbb LI,
MBIZL > THROEERERDO —DIIFERTHD LWV D,

Z ZCARETIE, Bl & BROBEMEICOWTHREORNOG S 7 I r—F 3572012,
& A2 72 i & RIRFICHB L L 72 R ORI ~ OB 2 <7, BRERHG I 2 TRFEO
FRIRHN 252 Y — /L & L TR SO TV D BRGEIRIEE 2 VT, 50 LT

VNV & OHERZITV. TORRICHG- L TV D O 21T 72,
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B2 ERFIE

1. ko7
AREEFE GFHRE) . K OVEBEZROARME (72 L) (1R T3 HFIR U 72 ARG RE

(M) %, ThZnes ) —/VIRE 15%ICi0% L CARRER It L7,

2. EERIRUROEREAM

BTN ELTHIS Y OWERLDOA—T"5 ml I L 72 5 B0k B £ 72 1 X0
AL, EESH#ZOEWEEL 1~5 O 5 BMETHMIL, 0 BHROEELZE LI Z &I
£V 5,10 RO EWMRE 2RI Uz, BaeaEMoBITid, ke &l o XRIR3T& 72
Wk oz, TR =7 I 2V, BROREBRE T —X27 ) v TEEMLTHL-
7o

BRI O B RER AR ER 2N B 7 AT BT B 6 4 TL 5 MOMBRAIT o 72, 7RE.
HIVOPEALDA—TBLOFIFEET 7 idd 60 CORBRENIC - ERFHE X, &

&R T2z 2 & ZHEE LT bakRicfit L7z,

3. DRERERIEE A F 2 B RIA IR O R

BRI ORMEIIL, HREREE SA402B (Rt A TV Y= bV —T T
nY—) MW, NTHREBRRRE 2o —IXEWtE ¥ — (SB2AAE) O A% MW, £
#E (30 mM KC1, 0.3 mM ilAHR) (2t o —%i8 L CIRENL Vr ZJIE Liztk, &t
TR =212 UCIEEN Vs ZHIE LTz, Tk, Brh—%2EHED L ITRHER
TYRE L, OSSR OB Vi Z3E L7z, BWRIERE Vi 1X Vs 205 Vr &, Bk
BRME Va i Vi’ 7205 Ve 225 LWz s L7z (Fig. 4. 1), RBRIZRB TIT 7228, KER
20 ‘CLLF ORFCIIMRFRFRIEE O v 7 WARFRIR /31 30 COK AR S W7,
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(MDMeasure the @Measure the @ Sensor wash @Measure the
electric potential electric potential electric potential
: Vr (standard) :Vs :vr

—y

Standard Cleaning Standard
solution solutior solution

‘ Sake or standard \

Umami initial taste (Va) = Vs—Vr
Umami aftertaste (Vi) = Vr'—Vr

Fig. 4.1 Procedure of umami initial taste and aftertaste measuring by taste sensor.
After the standard electric potential measuring, umami sensor is soaked in food sample then it is
soaked in cleaning solution, finally remaining aftertaste is measured in the standard solution. We

set this procedure in the same way as we eat foods then drink sake.

4, BREERRISELICHLT 2RV T UVIRE VB R 7 UIR O R

ZIEODIEfE, HEIVDEALDA—TL L L D PITONTIL 10 fFICAREKTHRL
TH LTz, 2 EomnEhis, <A, FAF—FEAEROKRKENZ T
T F— FREY =T A P —DX-8 (HARHERUED) 2 MW THRE T =T A X (5000 rpm,
147, 2iR) ., #0508 (10000 x g, 10 min, 4°C), A#t (7 RN T v 7 No. 5C) Aiatk,
HikaESHARHNIEDOEE, DRI ONTREE LA T —FIIREAKTERLTH 10 f5,
4 fEICAIR L TR L7z,

BRY U TMRE LT 2 I T Y A (ROEHEE) . ansi =) N U v La (fn

JHEER) . A e T R U A (Sigma-Aldrich) . 7 =4 ) U A (REbk T
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¥) Z5.0mM b LL<IE25mMIZ2D K912 1.0mMKCHIZIEfRLT-H D& LT,

5. &igshiby ol

TH ) —VETIX 20% T X/ —/L 400 ml FIZ 3 x 4 em A OMW R 3 Jr A 30 T, 24 I
FREL., By ) — i 7213218 20% =%/ — iz L, Znbo
PPN AR K N A T ) — LR 15%I i L CRRBRIC it L7,

B /K 400 ml FIZ 3 x 4 em A OIEWIR/ 3 &R L. 30 COA »F aX—X —HZ
24 WFEIFHE L, IGBUKILY 2 - Lz, Zofitic&kiKkeE =y ) —rzinz, =
& — VIR IR & $12 15%ICFHE L CRliRIc it L7,

6. AT IRAEIR O

TEP O RV 7y O WM TG & O J5iE - (FEJR 5, 1964) ICHEIL LT, T72b b, 1EHEIC
BREOVIF NI =T )L« XU ARG 2: 1) ZMAT 2 BHhMEZITV, iR
BAKEMZ TR ) —NEREH, 35 CEERMFIZBNTr—% I —2 /KL —&—(C X
D300 fFIZIRME Lz, £o, m—& UV —= KL —X—&FH T, 60 C, BIESRMICE

WTTHEBEZ 10 f2 1014 LT RERMEm S & L7,

7. BRXFT LD/ - B

H2E2HISHEITR LI HETITo T2,
8. MARY 7=/ —LEOHIE

Folin- Ciocalteu £ CHIE L7z, 3725, ¥ 7 /L 1 ml IZ Folin- Ciocalteu ¥A#Z 1 ml. 10%
R U 7 AR 1l ml 200z, IR T 1 REEEE. 700 nm OWEEZRIE L, e+

fgl LTRHRLE,
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9. ZHEOHlE
7 = ) —/)VEilglE (Dubois M. etal., 1956) THIEL7=, 372bbH, o704 1mliZ 5%7 =
J =LK 1 ml 2Nz, F ZICIREREE 5 ml 200 % T 490 nm OWSEEZRE L., 7=

— A & L//Cdj/% l/f:o

BIH KBERLEH

1. BEZEOE R

b E D DAL DA—T ZRATERITHE 2 RA TZ 5 A 1T, SRS 2 A 723 A1
T, 5B, 10 %O ERIRENAEICHR 2> TWZ(Fig. 4. 2), 2D b, HHHEIC
IR L TR WRTIRIE L D O EWRAIR L, EWREAZKC M2 R < T 5%
RRbHDEEBEZ NI,

B, HOELUD 2 SEBNEICED, ToN—=TFRE ) =X Y v T EHWEGAEIC
IE. IR S HE DGR T E RN L AR L TV D,

T DEFRITEE > TORVE, HRLICEY a7 0ERPRES LTS (RS,
2012) 1E7, (RAREMARLICE D aZIconToRENH D (KK, 2003; =, 2007),
INoOWEICEID L, BRICEHMENO DL Z L, IRV RHDHZEFT 7O Nn5, =
DT ENL, BEWBEHEPEL DNLORHINRSRD T EIT—IICa s Wz 5 E&E25

o,
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Fig. 4. 2 Umami aftertaste in the broth of steamed clams using a sensory evaluation
technique.

After tasting the broth followed by rinsing in the mouth with regular sake () or taru-sake (H),
the umami aftertaste of the broth was evaluated on scale of 1 to 5 in 0, 5, and 10 seconds. A
student's t-test was used to determine any significant differences between zero time and 5/10
seconds after. n = 30, the bars indicate mean =+ standard error, *p < 0.05

Reprinted from Takao et al., 2015 (in Japanese).

2. BRERFEEE A T B RO
1) RO ERERIC T THEBO 2R

AR N OBETE & [RIAR DR B PR 2 R OBRT 2 o — 3B %8 £ 41TV % (Kobayashi
Y. et al., 2010), ZHHDOWRE L Y—0HB L LTEWKE P —%201L LTETFLE. A
Mtk x B 2 Bk & L TEMT 20 LRBRIC, Bt o —I38EOWEIZH L To
BT 2O TIFHRLS, FNVEZIVBET RN LI A VBT M) UL HRIST D
LWV o o D RIKGEIRMEZ F5D, T O L 9 A FF O & o —131Ek D N[ & %f
K& UIEREAHI CRIBE & 72 50 BBRAE OIRFIONBAFIZ K 2B EZZ T Wiz, IRO%
BRI 2155 > —L & L TR ST Y | A DD 7 (Hayashi N. et al., 2006; Hayashi

N., et al., 2008; Uchiyama Y. et al., 2011) | 35 D57 (Ishizaka T. et al., 2007) DFHi7e & D
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ERD D, T2, T a— R E B OFMEIC OV T LR Y —Z& W - #aE (Fujita
A.etal,2010) &5,

ZDXD AR OWRRE U — 2 AT D REMEE A AV, HS D OIFALDA—
T DOERERIC KT ITHEORELTM L& 25, RERICHESTOHEBE e —% 1k
W95 2 LIk BREWE (Va) BN EICHES 725 2 ERbho 7o (Fig. 4.3A), F£72. %t
R R TR 2 2 & 22 h . Va DA RIS 72> Tz, RIS, &0 B2 igak
O E LTEE2PEHWTREORBR AT Z o7& 2 A, BIER, 15% % 7 —)L,
SR, M ONEIZ, Va DA BICHL 725 Z v ENT- (Fig. 4.3B), &HIZ&MET
TNELT, E<SHORE &S REDONITBEZITOWVT G LTz & 2 ARBEDOE R 15
Biv, SIS THEE T =200 5 & AEIC VaBiR< 72D 2 LR TE
7=(Fig. 4.3 C, D),

L2rL72en s, L)@, BEXOFAT—FnoifiE L= o Iz i is
WZIE, I &R OMIC Va OEBRPRBD bienole (F—24AHME), ZO/RRICDON

TULASY DRI Y > TV OFRBEITEORE L bEZ DD, SROWME 2 E T 5,
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Fig. 4.3 Quantitative evaluation of umami aftertaste using an artificial taste sensor.

Steamed clams (A), seasoning soy sauce (B), broiled eel (C), and raw tuna (D) were used for food
samples, and regular sake or taru-sake was used as substitutes for the reference solution when
rinsing a sensor for aftertaste (Va) measurement. Bars not sharing a letter are significantly different
according to the Tukey test (*p < 0.05). n = 6, and bars indicate mean + standard error.

Reprinted from Takao et al., 2015 (in Japanese).

Fig. 4.3 OFFITERERHMOMEREZ T H L EZ D, HIVOBEAR LT o, F
SAHDRNE . 972 EDNNIBEE 72 & DI LA 4 R ICEI L 256, i L
VMBI AR TR O EHRERZTR R A AR O b, a7 LTUE UL b DL
s b, ANEEE VA VERBEDETZGE, &K« 2 SHRERNICTE WAL 5
NHZENRHY, TORRKRNRT A HIZE EN LM A A TH D Z L BHE S
T\ 2% (Fujita A. et al., 2010; Tamura T. et al., 2009) , EBEIZF W TXZN S OFNHE D

RN I & ORPED B BT TIX BRI AR T 2R A s %,
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2) EME D B RS RIC R IEIEIE ORI

WAL E 2 W, & EHAE DY THNE Lo & &, 0 & X HIE O T Va ~D 5L
IR 22RO LN VRN D Z Ll OV T Rk L, ZoBHE LT, HEOR
OIRNERME ORI L > TR RTINS, 22T, BHEL LT, 7
NE I, TTENE, AR angBORT N v LAEE RN LoD
DAZAEA U, M E 7 13k Bl S A G b7 &0 Va2 IE LT, ZOREH, 77 =1
fea > T LT GBI ORME OHBEAENRD v, OERYEIZB N UIAE
FEMHRO LIRS T2 b OO, MO T Va 2350 E HEM N A Sz (Fig. 4. 4), L7z)
o T, BALO BWREIRITK S 2 00 O 8 4 B o B WM E T 2 1EH OEW O 5 THL

452 L3 L <. BRa R S EENICEE L TnD &b s,
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Fig. 4.4 Evaluation of aftertaste of umami- tasting solutions using a taste sensor.

5 mM monosodium glutamate (A), 5 mM disodium succinate (B), 2.5 mM disodium 5'-inosinate
(C), and 2.5 mM disodium 5'-guaniate (D) were used for aftertaste (Va) measurement, and 15%
ethanol, regular sake, or taru-sake was served in place of the reference solution for rinsing a sensor.
Bars not sharing a letter are significantly different according to the Tukey test (*p < 0.05). n =6, and
bars indicate mean + standard error.

Reprinted from Takao et al., 2015 (in Japanese).
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Table 4.1 Total sesquiterpenoid contents in faru-sake preparations.

Reprinted from Takao et al., 2015 (in Japanese).

Total sesquiterpenoids (mg/L)

Taru- sake 1.975
Ether- pentane extract (300- fold conc.)* 1.182
Vacuum- concentrate (10- fold conc.)* N.D.

Ethanol extract of cedar wood** 8.030

Hot water extract of cedar wood** 0.375

*Preparations for the experiment described in Fig. 4. 5
**Preparations for the experiment described in Fig. 4. 4
N. D. : Not detected
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of cedar of cedar

Fig. 4.5 The effect of cedar extract on aftertaste measurement of seasoning soy sauce using
a taste sensor.

Fifteen percent ethanol, hot water extract, and ethanol extract from cedar chips (Both final ethanol
concentrations were adjusted to 15%) were used for rinsing a sensor as mentioned above. The
asterisk shows a significant different according to the Tukey test (*p < 0.05). n = 6, and bars
indicate mean =+ standard error.

Reprinted from Takao et al., 2015 (in Japanese).
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Fig. 4. 6 The effect of additive sake concentrate on aftertaste measurements of seasoning
SOy sauce using a taste sensor.

A volatile fraction (ether- pentane extract) of 300 times concentrated regular sake ([0) and
taru-sake (H) were added to seasoning soy sauce by 0.083%, 0.167% and 0.33%, and initial
taste (Vi, A) and aftertaste (Va, B) of umami were measured according to the instruction of the
taste sensors. A nonvolatile fraction (vacuum- concentrate) of 10 times concentrated regular sake
(O) and taru-sake (W) were added to seasoning soy sauce by 2.5%, 5.0% and 10.0%, and Vi (C)
and Va (D) were measured according to the instruction of the taste sensors. Bars indicate mean +
standard error. n = 6, *p < 0.05.

Reprinted from Takao et al., 2015 (in Japanese).
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Table 4.2 Total polyphenol and total sugar contents in sake.
Reprinted from Takao ef al., 2015 (in Japanese).

Total polyphenol (mg/L)  Total sugar (g/L)

Regular sake 62.9 434

Taru- sake 75.0 43.0

Concentrationof total polyphenol was measured by the Folin Ciocalteu
method and expressed as gallic acid equivalent. Concentration of total
sugar was measured by the phenol-sulfuric method and expressed as
glucose equivalent.

Reprinted from Takao et al., 2015 (in Japanese).
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