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Anxiolytic Effect of Non-degassed Roasted Coffee Bean Extracts in Mouse

Yuki Washiya, Tomoaki Nishikawa and Tsuchiyoshi Fujino*

Biodevelopment Division, Central Institute Nagoya Seiraku Co. Ltd,,
310 Nakasuna-cho, Tempaku-ku, Nagoya-Aichi, 468-0065

The functional difference of non-degassed and degassed coffee bean extracts was clarified by examining the
anxiolytic effect of the two coffee bean extracts in mouse. We previously reported that degassing greatly decreased
the concentration of volatile compounds in coffee extracts and influenced the functional effect of coffee.
Anxiolytic-like behavior in mice was found to be significantly reduced (p <0.05) by the administration of non-
degassed roasted coffee bean extracts, whereas there was no effect following the administration of degassed roasted
coffee bean extracts. Moreover, the concentrations of two sulfur compounds, one pyrrole compound, and four
pyrazine compounds were decreased by degassing, and the anxiolytic-like behavior of mice was significantly
reduced (p <0.05). To elucidate the underlying mechanism, we examined the influence of a neurotransmitter
receptor antagonist on the anxiolytic effect. Our findings show that GABA 4 receptor and Dopamin D; receptor are

involved in the anxiolytic effect of non-degassed coffee.

(Received Mar. 31, 2016 ; Accepted Jun. 10, 2016)
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a2—¥ — /% (Coffea Arabica L) 3T FF ¥ T7EED
THAFROERECEFORTHOFREEINE T — 138
FEA L LTHAFTHLIR TS, ZORAOERIE
TP 900 FERICH Y, LRI B, RAET L, #ERE
HREDEELT, I —DBEFEZRULTHKHASRL T,
0%, B00FEHLVERLTKASNS L) TR,
1400 ERHPEICIEERICOIECBELENE L)k o T
/2, 2—b—OFERLSFRETIERE LT, EIGE
BTa—L—0BTFICEINLMEE U0 BREDPS
%ﬁ%~lof¢méh6 SHEREBRRS DEED
#ifon, ﬁ@“ﬁ&mwﬁﬁk;of 900 B4 Ll |
bOBFLESVRBENTWAY HE, BRESOERE
ﬁﬁ%%Bﬂkﬁoftb,wx U7772m%m&
E HEMRBRRANOMEZ 0T I EPHRESNTVS
FEELY, I-b—-FUIEINIBFRBRFTO—HETH
5 [E9 V8| #FERAPRS LTS, BEgA OB
HEAREIEHY o IgG & IgA DEAREERS T 7,
[MBENEYE| 22 FEL2AYRS L5, mMFD
IFN-y, IL-2, IL12 % E0H A b b 4 VIR + #HE
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1. a—kb—EMEHEEORS

LTV TMEE L TwhnwI— b —EHEHEE B
L -V FEL - o— e —BEREHB®I, DTo
FIETHREL /2.

I—b—EREIE a-v—&E (7Y V¥ MR No
2) % FKIEBERUE i-ROAST (Hearthware Home Products,
Inc #) I2X > T, 25 NDI001DP (H AT T HEHE)
WKEBBRAOLMEF; 221225 FTHERLL. -V 07
WHEEZ L TwARnwa—b R, BHRTHR 2725
WTFAMATIA M7 —F—i2 Lo TEESHE (—17C
PDF) %47, a—e—EHEORBEHRE L. 2FY
HE, S00mIBEDOT N I N FIEHES 30g $OKE
FRL, —30CICTHREL..

- —EHEOT -y SN, % EoRE
PEEEEICZS LD IAG L2707, ==YV
MEORBSREMEIT 28T E LT, BEBMEEFTLZE TR
B A R SE/21%, —30CIZ TR L2, 7 BALEEeE:
M, 2— v —EHEEXFERU IR LR, Z20OKEE
HAMHEPINEIRAEE 2 5% 6 BRICREL. T/
L=V BRI L REEA ADST OV I 8T FNIE
LAY, TABBEHITATREENHLZ LS, 24
BERIC 1B, T3S FROREES A % Bl L7e.

BT, LEOX)ICHAELAZa - —EHEL 5
W E AR L. - —BERERIRY vy 7 a—k—
& —BM650 (v F—a—k—<i— 8 2EH
L CTHMRE IcHn iz, 20%, HEAFE L WCTORGDL
ER110DELZLLHIZRALT, 25HBEEL.
BiER BAMEPEEBHELT, KELAZ200ml BNO=1
T FRAIAWNINR=N—28 (7 FNNV T v 7 TEEE, No.2
HRK) WMEL7-a—e—BET SRS L /2

2. BERRDORF

IJ— e —HHEPOFRRSOHSE, Bt~ 2
a7 74 ,5— (LLF, SPME 7 7 4 /3—)(Superco &, DVB
/Carboxen/PDMS) % a— b —HH#EIZRIEL T, BEL
7B % GC/MSIZTH#T L7z, $bb, 20ml B0 GC
BAAZ) 2—F vy TRENAL 7V (Gerstel #) (20—
e—iHEEMETH S 20ml, BLUAREEYE L L
T100ppm ¥ 7 O~FH/ — vz 5ul BEL T, BHE,
60T 20 4 BIFMRE L 72 0 — v —HiH#E+IZ SPME 7 7
AN—% 30 S ENRE L THILET OFRBES E REE,
B0CIZHRIELAA v — bR TIFHHE T/ GC
£ 7890 A, MS iZ 7000B (fftLd Agilent technology ),
#17 21F VE-WAXms(Varian 2 60m X025 mm X 0.39 mm,
025 um) & v 7z, GC ORBHEALRMIEA 7Y v P L X,
FIBGEMEE 40T 5 4R #f%, 100T F ¢k 2T /4, 100~
2301 8C /4, 230T 5 R L7z, MS OPIESMIZ A

FyrE—F, 44 VRERE 230C, 44 V{LEIE 70eV
& L7z BERSDOREZEIZE GC/MS A7 + v % PBM
FNTY) XA, NIST 7= N—2R, BIUEHFOEHE
MOTAANRY MWEZFNEFNRELTRE L. £
D¥—27 1) 7L, EWMETY 7+ (Agilent technology
#1  Mass Hunter Qualitative Analysis) = W TEH L7,

HFROOEER, MSOEIESRMAEEL LTSIME—-F2H
WG 2T o 72, BERGOSHERE, EEEHY 7 b
(Agilent technology #, Mass Hunter Quantitative Analysis)
THWTHREREMER LT, EEEZTo2. EHEER,
acetaldehyde 31 T8 2 35 trimethylfuran, 2-
ethyl-5-methylpyrazine, furfulylpropionate i3 7"~ 7 v
FU v, ZnDAOREIRFULE LERORELF
ALT, fAndEHI7L— xR,

3. HEREY

HABREWIZICR ~ Y A (58K, HMH) Z2HATZRAIV
VMRS SEAL, EiR23-25C, BES5E5%, 12
W (PRI 7 BE 30 S~ TR 30 4) OBEEET A 7 Lo
BETCTHELL. AT — 3R —RE2— Mg
B — (270mm X440 mm X 187 mm, E B 3EFRED, K
BE ANy T FRAL, r—Y440 56 ko<
A&WEL, AF LA KR (BEZ LV 7HCE2E
TEERD ITEBERE L-. REBEEWEIAFE 1 ABOB
LB 2 BT, BRI L7z,

% BARERTIE [EREYOAT I ICFEEL ICER
DEWIZETHERE (PR 184F 4 A 28 HEREAETRE 8B
)], BIUO DL - TEMERSICET LHRE
WP EREYWORABTRREFICETHERE ]| 2B8FL
TERL.

4. FARIR O

AHEBR TR, TEHERENFELHVC, SKREY VT
VB (n=8) DVARIIREFM L /2. ¥ /- FFHMAERIE,
FENEREE 200 V2 R, FiR 23-25C, B 55+5% O&EEE
TT, 13:00-17: 00 OESHFFICEMR L2, &GFF > Tnk
LT, ERAELICELTRE L -V Y R L T
ZwI—b—FREOHERE, -V 0B LIza—
L —REEOMBE, » 7oA VKEH (FAKESOFE
WL AHUETORBREICERI L, o72), BLUFRK
SEEGBEREHE L. BT INVORSEREICH T
h, dose VARV A% 3EME (25,5, LU 10ml/kgbw.)
BWEL, RBVARYADOE D72 10ml/kg bw. 2% 5
Z2& L7 5L, FFMRARO 0 SEICEVV Y TEH
WORBIREOR G £ 1To 7. F-0tBRERCIE, a—e—3
HE RS HA~OTRESE, BIURSHECE LD THREKE
w5 L7

1) =774 = FHRER

AHRICAVEEIL, EE60cm ORE7 1 —V FE
BICE & 50cm DBERBZCwa. HE7 14—V i, FH
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£1 I-J 7pmELTVAEVI—E—ENESHERFOZERRIBEY
TN—T% L&z EHIRE (ppm) TN—T% ey kA £ 8% (ppm)
aldehyde 38 | acetaldehyde 8.3 pyrazine 3§ pyrazine 0.6
pentanal 0.8 2-methylpyrazine 16.0
2-methylbutanal 2.3 2,5-dimethylpyrazine 5.0
3-methylbutanal 2.1 2,6-dimethylpyrazine 6.2
furan 38 furan 0.9 ethylpyrazine 4.8
25-dimethylfuran 0.1 2,3-dimethylpyrazine . 2.2
2,35-trimethylfuran 0.2 2-ethy1-5-me.thy1pyrazme ‘ 0.6
3-methyltetrahydrofuran 0.2 2-ethyl-3,5-dimethylpyrazine 0.2
2-acetylfuran 0.3 mE{LEYE dimethylsulfide 3.3
furfurylpropionate 0.2 thiophene 4.2
ketone 3 2,3-butandione 4.8 2-methylth%ophene 2.0
3-hexanone 0.1 S-methylth%ophene 1.9
2.3-pentanedione 21 4-methylthiazole 1.0
2-hexanone 0.1 pyridine/pyrrole 3 | 1-methylpyrrole 3.4
2-methyl-3-hexanone 0.7 3-methylphenol 3.5
pyridine 3.8
trimethyloxazole 1.0
25-dimethyl-1 H-pyrrole 1.2

ML—T v 7L (96 KH) IC& o Ta— b —HMBEP~DREEHN 80% LT IZ% o 7B

LFPRICERE 20cm, BLUEZR 40cm DTS L7
BE4AQcm OHONWE 74—V IFEBHEIZ 1658 L, B
Z4LOm OMANIHFICIFELS. Thbb74—N
FRIZER 20cm OFRMAE2EEHEM 25 KE L K5, &
BV IVERSLTHIL300H, ITAE T4 -
FrrRm~R L, 5 HMITEBELTo /. HEEE I,
XEREEHIIN T 5P REANOEABMBOHE L, &
ERBEE] 5 4 Mg & gt A O FEER R OBl % Rk
TEORKEE L. &% FARFLBEINALTTRAE
74— FHRREAETL Z L id %70, PROADHE
AREAZ, F AR ISRV ERERITEIANE
BLAEFEL:. $-EBRMEHEORELLT, XE
HMzBE) /- e L.

(2) BHERTTFREAR

REBICHC - BREARBRRABEEIL, B2 30cm, 1R
5cm D2ARDT —AVEBEIICKRELZDOZHAWE ¥
72— A R7—L3ES 15cm ORENEDH Y, F—T
T—AdEE 2mm OF ) IEOFIEORBESRE LS. &
B, 2KRKO7 — AIREDS 0cm OB\ R ICHRELZ. &R
B, Yo7 aRS L THhS 305% TTAE2RD
T =AW RETSETFy FAR—4 (GemX5cm) EiZ, BE
B4 =7 T7—20FIAL &Ik, 55HITEE
BrfTol, ABERIZET — AOBEATDHIINT S
F =TT — A OFEARBOE S, BLUREREM 5
Bioxt 3 2 HERMOEG* RERTEHOREL L.
=TT b DEARBOEE, FIHERHOE
AHEEINT 512 EARLRRITENIDSRA L7 & 57 L 7z

5 FRRSOEE

B0 T — Y v S L o Ta— b — R E
BADBREED80% UTFTHo7z BEST (D 2R
ELT, BERTERBRBICL > TERFHTHE (1=
8) IIBIFBPIALRREZIREEL 7.

BEH Y TIVIE, R1CEREO 3T 2 ERERICE
DTE6ODTNV—FIZHFTTHEL. T7%bb, alde
hyde #8 (acetaldehyde, pentanal, 2-methylbutanal, £ & °
3-methylbutanal @ 4 fE{E &), pyrazine 38 (pyrazine, 2-
methylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethyl-pyrazine,
ethylpyrazine, 2,3-dimethylpyrazine, 2-ethyl-5-methylpyrazine,
2-ethyl-35-dimethylpyrazine @ 8 f&{E4&), pyridine/pyrrole
$8 (l-methylpyrrole, 3-methylphenol, pyridine, trimethyl-
oxazole, 3 X U'25-dimethyl-1 Hpyrrole ® 5 FEREE) (24
HUKBEERS L, SEESHRELERAKICERL
furan 38 (furan, 2, 5-dimethylfuran, 2,3, 5-trimethylfuran,
3-methyltetrahydrofuran, 2-acetylfuran & & U furfuryl-
propionate @ 6 f&iRE4A), ketone 38 (2,3-butandione, 3-
hexanone, 2 3-pentanedione, 2-hexanone, ¥ X U 2-methyl-
3-hexanone ® 5 FERA), B L UHE/LEYWE (dimethyl-
sulfide, thiophene, 2-methylthiophene, 3-methylthiophene
B & U 4-methylthiazole @ 5 FERE) CHHE L2, KiCHE
BHORTE, SEREMREL 0.1%CMC KBEBRIZTRL
T, FNEFNFBL 2. Bl ook5) Y 7viionT
G RIBRIC, 288K, 7212 01% CMC RSB EHE LT
RBL72. $BEE5EY Y IVORSERER, £1IORT
BEL L. 2BRICRTERMREER -V 7%
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Bz LTwiva—b —EREMNEROKBTOBRET
b, HEEQBEROBSE LESHEL, ERFELO
a—b —fEREICE T

6. PARDEOERABEORE

EHARIZESET5 GABAA, O =V 1A, F—¥
IUDy, BLUTTF Vv AA % E ORI EWEZE
D, T—YrrNEE L TWwiewa— e —ERE R
DPARHNENOEE L MEET 2720, KRB TIX, £%
BROBEVHI 2 BT, FIRRHELETLHHOHED
s, MRICESTLIZEELBRE L. Thbb,
GABA, BB OREHA (bicucurine, FYGHZETEE) |3
5mg/kghw., 0 b= 1A ZTEKROERHY (WAY
100135, b4t T 248 & 10mg/kgbw., F—/¥3 ' Dy
SEAEOREGH] (SCH23390, ¥ 7~ 7N FJ v FH) 11 30
ug’kgbw, BILUT7F /¥ v AA ZHEEOEHA
(SCH58261, ¥ 7= TV KV v F8) it 5Smg/kgbw., Th
FNREENRS- L, RRCHAEHREZAT 438 [
VyTHMEE L Thwhva - —EREHEE, $ouE
ELRAMES L LTRE LTRSS 7S DEESY [E
B GEE) : 2-methylpyrazine (16.0ppm), 2,5-dimethyl-
pyrazine (5.0ppm), 26-dimethylpyrazine (6.2ppm), ethyl-
pyrazine (48ppm), 2-methylthiophene (20ppm), 3-methyl-
thiophene (19 ppm), B & U 25-dimethylpyrrole (1.2 ppm) 1]
FHHIRORS LT 5 30 4, BEXTERBRERIC
Lo TS HHETEIEE T oz, FORE, MIALSERN
891k, BMIZBELAS, Ty ¥ LSBESHARR
RIZES T LWL 28, SFHoOMRBIIMAND »
=8 & L, FHEHEEIL4 (2) ORRBRICELL.

7. fREHE

FEBROT— 7 I3 FHE I EERE TR L. HEHLE
F—TRES ST (ANOVA) 2L o TESHE0FE
% #EFR L /2%, Post-hoc 3 EXIZIE Dunnet 3%, /-1t
Tukey B AV CTHAREREZTo72. BEZOHER,
p<0.05 DKETITo72. %8B, FHEHLEIZIL Excel #aT
Ver.50 2 L7

RRERBLUER

1. &F3—b—EREhEBRORTRDROKREE

- —EDEHBOL -V Yy FRBIZL - T, a—
v —ERERHBEFOZ L OFRES IR T 50 £
ITCL— Y BN T - e — BRI RO AL R
NRIETEEARET 520, TV Y ZRELTWERW
I—-e—BEHEOMEEUT, n-Y L Twnhva—
b—), T—-YUFMBL-a—-v T oMBE (L
T, T=I Y7 Lza—e =) xEFhFhT Y AR
A5 LT, =7 74—V FEE BIUEESTE
RERBRIC L o THALHE LRI L. 2B, a—v—
WP EINDE T 7 24 V8, AREHRL L OB

REICEETHINRENH LI LS, a—v— LRIEE
DA Tz EBRLEBEOEES BRI

(1) A—Fr 74— FE

I—-JrFLTwhwa—v—, =Y Lza—
b—, BIUOKLOI-—MBEHELFREON 724V
KBEWE <7 ACHERORS LT s 3051, 59M
TEHEETo7. &P, TV VIDEEIZLST
O—b—hDh T M VEFICERIZEL, WEIKICL0
mg/100ml T o 7.

REBEOBE ERNEHE L T REMBH L, =—
Dy LTwWhirnva—e—, -V Lza—-k—, B
TUH 7 2 A VIKBEOMNERS LBIBNTY, &
WL BT L ErRMMSR O N, AELRERR
BDoNhhol Fi, WNORBREIIELXIIFAETH-
72 (H1A). ZoZirsb, HEHBOBEVITYT ADE
BRICEFL I W LN Gho T

WICAEFITEOFMMIETIE, =V V7L Twhiny
- —%HE5 LLEE 74—V FFRAICBITAHE
RHOBAPNRECHEFRICHML. —F, =V
YLz a—-e—%HE5LTh, PREICBIT L HEERH
DEGITNBE, ST 7oA VKBHEEEFESETH-
7o, B, PRA~OEARBOE G, EHEIUAORE
WCHEERSED b, WNEIX 3B CRETH
(K 1B, C).

Dbz bt -V 708 r L Tnina—t—
DOROHEIC L o T, VAT RE AT I LATRBEE N,
—h, TV IRBOAEICEDLLT, Ik K
DI L o T, HRHA~DEAR, BLUBEBRWGEE
BIZEIMERAFRD Oz, T 7oA YREEE, &
I—e LA L AROEmSRO NI e, R
EITEORPEII 724 VICLBEBLEEILNDS, H
7 Ay OERE, BEOAREA N ABREHFEL DL
LY BHEEBEZLESEDLLOMEND YV R
OFEREEFNLOHE L FHL T,

(2) BN FHREHER

F—7 74—V B L FERE, &FA T mERORS
LTA5 30 B %IC 5 S MITEERE+To /.

BEOREE -V rr7Ltwhvwa-—v—%2H5 L7
B, HRELEELT, -7 T OEARK
BIUHBERHOEESFNEFNEEIEMLE. —F
T—=TV U Liza—e—%&5 Lo, WREICHS
=TT - ANOHEREOEECEFERER RV
BIMERARD b, #7724 VKBBRTHRBOKERT
Hotz (F2).

Dok, =—I 7 LTvivna—e—id 2 EE
OEBITEFNRFTFMAEIZL - T, HREHREREETS
ZEPmRBER, —F, -V rrLliza—-e—itBw
TH, EPICARERTEEZBM L2, hidh 74>
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() B
250 8
2
ey - g
g 200 = = = S g T
ks ] 13}
& 150 + - £ un Tﬂ
] © 4
< (=] -4 —
§ 100 +— - "
=] .:
— -
50 11 — 521 T
RS
0 T T T * 0 . . r
blank non-  degassed caffeine blank non- degassed caffeine
degassed degassed
©
3

Do
L

—_

% of time spent in center circle

AL

blank non- degassed caffeine
degassed

(=1

R 1 #—=727 1 -0 FHERIC K 2L E O
IV UYFMBLTWREVWI— b —EHEOMBE (nondegassed), T— VY FMBE Lza—- - EHE0MBE
(degassed), Ha—e—MHBE L F CIBEDOH 7 = 4 VKRB (caffeine) % SRR ORS 30 H1EBEIZ 5 S HFHHI T o /2.
(A) RERBER T
(B) &EXEOBRBEIREEICHT 5 HRA~DEATMBOE G [(RRA~OEATE & XE~OFEEXBIE) X100 (%)]
(C) FBREMIC G 2 R R ERH O &
LM CoWAERE (F) /28RS (300 %) x100] (%)
BT 7I3FME L IEREREXE (n=8) %K L7 post-hoc BERIZ Dunnet ¥ WA EERELERL T, WEBE (blank) &
DOEIZEEZE (p<005) PFFEOLNAFC %] 2L FHEREL 2HEML 2.

(A) (B)
16
“ 40 g
= 30 2 12
[ [=]
B =
2 90 - r_f. I %’ 8
8 2
'E :f +
§ 10 A E 4
s 5 l |
=) : : : ® 0 . ; .
blank non- degassed caffeine blank non- degassed caffeine
degassed degassed

2 EEXTFERSRICL INAFRMREOSE
I-VVIMBLTCWRVWI— L —EHEOMEE (hondegassed), =— Y Y VAL LAa——EHEToMHEE
(degassed), KT — v —JHHE L F CBEOH 7 x4 VKEH (caffeine) % MHEORS- 30 5B 5 SBFHNE1T 5 72,
(A) &7 — b ~OREAFBIIN T DA — T2 7 — 2~ OEARMBDOEE
[((F =T YT — A ~ODEAEE/ KT — A~OFEAE L) X100 (%)]
(B) #BEMICLGD s — T 7T — A EREOEE
(4 =77 — A TOWERRE (B)/3EBRFE (300 ) xX100] (%)
BT 73 FHELERERSE (n=8) %/~ L7>. posthoc FEIZ Dunnet % HWEEERELEM L T, XBHE (blank) &
DOEIZEEZ (p<005) FEDONABEIC %] 24 L. FHEBRIL2HERL .
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(A) . 50

5 40 x

o

S Eq % %

; oo

Q

2 20 1 T T T

E

e 10 1

(=]

=

0 T T T T T T T
blank non-  aldehyde pyrazine sulfur piridine/ furan ketone

degassed pyrrole
coffee

2 15

B) E s »

5 12 I = #

0

g 9 3

- o T

@ —

E 3

3

X O T T T T T T T

blank non- aldehyde pyrazine sulfur piridine/ furan ketone

degassed pyrrole
coffee

3 EERX1TFERBEBRICEL PRI EOFEM
non-degassed coffee (L— I ¥ B L T I —k —), aldehyde (acetaldehyde, pentanal, 2-methylbutanal,
B X U 3methylbutanal @ 4 #E &), pyrazine (pyrazine, 2-methylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethyl-
pyrazine, ethylpyrazine, 2,3-dimethylpyrazine2-ethyl-5-methylpyrazine, # & U° 2-ethyl-3,5-dimethylpyrazine @ 8
HEIREY), sulfur (dimethylsulfide, thiophene, 2-methylthiophene, 3-methylthiophene, 3 & UF 4-methylthiazole &
5E{EAY), piridine/pyrrole (1-methylpyrrole, 3-methylphenol, pyridine, trimethyloxazole, 3 & U 25-dimethyl-
1H-pyrrole @ 5 #&{E &%), furan (furan, 2 5-dimethylfuran, 2,3,5-trimethylfuran, 3-methyltetrahydrofuran, 2-
acetylfuran ¥ X U furfurylpropionate @ 6 #E£{E &%), ketone (2,3-butandione, 3-hexanone, 2,3-pentanedione, 2-
hexanone, # X UF 2-methyl-3-hexanone @ 5 ERAY) % s&KIEORE 30 5B 5 S HEHIZ 1T o 7.
(A) B87 — AOBREABBIIHT B4 — T2 7T — 2~ OFARBOEE [((F—F > T7T—r~DOEAEL/ %
T — ANOREARED) X100 (%)]
(B) #EEMIZ S0 F — 7 VT — LA BEREOEES
(A =77 — A TORFERR () /3EREEH (300 %) X100 (%)]
B7 9 7 3 FYHEEIEREE (n=8) %/~ L7:. posthoc ZERIC Dunnet % VWA BEZMRELERL T, ITHEE
(blank) & DOHIZEEE (p<005) HEDOLNLFIC [X] 24 L7, BEHIBRIL2RHERKL 2.

OHBLEEZLN, -V LTwEVI—E—DL)
LBEELRHMRERD LN oM, =T TILoT
I— —OPAEHEPEEIET LA s, -9
YR o TRHAT HEHEAD, ZORMRICHELETH
ENEZ LN,

2. BMRDORE

BRSO REE, BRTI -V IUEIc L o Ta—
SR GHETRIC BT AREEN 80% LT Tdh o7z 33
B (R 2xge LTRABRETTo 2. BBBG 2 EARER
WZHEDTE 6 DDTN—TIZHT T, IARERE IR L 7.
9 7% b b, aldehyde 38 (acetaldehyde, pentanal, 2-methyl-
butanal, 3 & ¥ 3-methylbutanal @ 4 ¥R &), pyrazine
$5 (pyrazine, 2-methylpyrazine, 2,5-dimethylpyrazine, 2,6-
dimethylpyrazine, ethylpyrazine, 2,3-dimethylpyrazine, 2-
ethyl-5-methylpyrazine, 3 & U 2-ethyl-35-dimethylpyrazine

» 8 EEA), pyridine/pyrrole #8 (1-methylpyrrole, 3-
methylphenol, pyridine, trimethyloxazole, 8 & ¥ 2,5-
dimethyl-1 H-pyrrole @ 5 iR A), furan $ (furan, 2,5
dimethylfuran, 2, 3, b-trimethylfuran, 3-methyltetrahydro-
furan, 2-acetylfuran B & U' furfurylpropionate @ 6 & {&
4, keton 38 (2,3-butandione, 3-hexanone, 2,3-pentanedione,
2hexanone, 3 & UF 2-methyl-3-hexanone @ 5 &EE), B
X U BEE LAY (dimethylsulfide, thiophene, 2-methyl-
thiophene, 3-methylthiophene B & UF 4-methylthiazole @ 5 &
BE) D6 20T V—T70, EERBUSBEEGOBREYE~
TAEEG L, BENTFRERBRE A TRATEE
BEEL 72, %BHRS L-E&FBOBGBE R, K18
BHoOI—Ty FMES L TWina — b — RS R
DERFTEFRCBEE L, ESERETEEWIIRBITS,
BT FABERRICBIT 5~ 7 ADRLHRITENIT 5
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(A) pyrazinefH® (B) pyrazinef8®

4 ERITZEBRFRCLIATLTVDEOTE FBREBEICHDZ4—7' 27— LRERAOEES)
(A) pyrazine 3 @ : pyrazine (P), 2-methylpyrazine (2MP), 2, 3-dimethylpyrazine (2,3DMP), 2,5-dimethyl-
pyrazine (25-DMP)
(B) pyrazine 3 @ : 26-dimethylpyrazine (26-DMP), ethylpyrazine (EP), 2-ethyl-5-methylpyrazine (2ESMP),
2-ethyl-3,5-dimethylpyrazine (2E35DMP)
(C) W& - dimethylsulfide (DS), thiophene (Th)
2-methylthiophene (2-Mth), 3-methylthiophene (3-Mth), 4-methylthiazole (4-Mthiaz)
(D) piridine/pyrrole 38 : 1-methylpyrrole (1-Mpy)
2,5-dimethylpyrrole (25-DMP), pyridine (Py), trimethyloxazole (TMOx), 3-methylphenol (3-Mphe)
I—J VMBI TwiWwa—k — (nondegassed coffee), F 73 EEFRHSERZHBIROKXS L THL 3045
BRI 5 e 24T o 7.
(A =77 —ATOWHERE &)/ KB (300 #) x100] (%)
TS 71 FIHE B (n=8) %KL 7. posthoc REXIZ Tukey B2 HWAEERELFERL T, B bE

12} W
E 15 - E 15 -
§ 12 = § 12 T
[=]
£ 9 be d ; 9 be
= T - 1] d d
02 6 ad ad s 6 ad a
o 1
o a 1] _I_ ° a 1
2 3- ERER }—
S 0 1 . : . . T . 8 0 . , . . .
® blank non- P 2MP 2,3DMP 2,5DMP  ® blank non- 2,6DMP EP 2E5MP 2E3,5DMP
degassed degassed
coffee coffee
a (C) mE¥{beatEm " (D) pyridine,/pyrrole}H
515 E 15
<
$12 r® £ 12 b
=) (=3
E 9 bC - Z 9 bC
= ac -
g 6 ac P zz_c 5 6 ac -I- T ac f}f
a B 1
@ T a
A HTHH EH b P
B e oy
® blank non- DS Th 2-Mth 3-Mth 4-Mthiaz e blank non- 1-Mpy 2,5- Py TMOx 3-Mphe
degassed q
coffee egail:fssed DMPy
coffee

XFMICAEE (p<005) Hh e L HHRARIZE2EE/L .

BB R REE L7k R, pyrazine B, REALEWEIIB VT,

=TT — ANOTHERR B L EARBOEE, &
BEICLTEEICHEDL A (K 3A). F 72 pyridine/
pyrrole B2 B W T b EAERM OEEH, MEBEEICLRE
BizEmLz (B3B). —7h, ehlAorv—7128R
XERD NG o7z, LLEOKEE,S, pyrazine FHO 8 B
4, WELEWE O 5 K45, pyridine/pyrrole D 5 K4
DNDH, PIARRRICEG T HEER bz, 22T,

WICTIAEHRICES T WRBEOH 2 FFRS 18 B
%, TNENRTYRHES LT, BEATERERBRICT
BESOPALCHREERE L. 28, HS5ICH LK
SEHROEER, RIZROEHROL-V 7L TWERY
a—-v—LRCRESL L. BHRSTOMUEEDD 2K
FOWRAERREEZIRIE L 2R, pyrazine o 5 5, 2-
methylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine,
ethylpyrazine @ 4 f&4H, WHILEW H H, 2-methylthio-

phene, 3-methylthiophene @ 2 ##4f, 2 5-dimethylpyrrole
DTHEEBEEZFNFRESTILILILE o T, ABEICH
L, =77 —A~OHERMOEGEREICEINL:
(& 4). F 7= 2-methylpyrazine, 2, 6-dimethylpyrazine, 2-
methylthiophene, 2,5-dimethylpyrrole iZ2E»> T, #—7
7= ANOHEARKOEES, SRR LAEIIRM
L7 (K5).
DEokHiz, m—-V V7B L Twina—k—
DOENTHARSEICIE, pyrazine EOH &, 2-
methylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethyl-
pyrazine, ethylpyrazine ® 4 f&%E, WME/LLEW DI b 2-
methylthiophene, 3-methylthiophene @ 2 &8, 2 5-
dimethylpyrrole @&t 7 AP EELR BRI LHEE XN
72, TRFELREAEBS DS B, 25dimethylpyrazine,
ethylpyrazine, 3 X U' 3-methylthiophene ® 3 4%, H
—HBEOEY, T—-T LTI -be—XhdE

1z 59

— R
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(A) pyrazineJ5®

g 50

= b

= 40

g —I— abc

(=} 30 ac

L 1 ac
8 20 2 -]:' ac
u

E

e

xR

" _I—I- B3
0 . T T T T
blank non- P 2MP 2,3DMP 2,5DMP

degassed
coffee

(C) BRELAYER

50
40 b
30 H be

ac

T

blank non- DS Th 2-Mth 3-Mth 4-Mthiaz
degassed
coffee

% of entries to open arms

X5

% of entries to open arms

(B) pyrazine®

50
b
40
30 b
£l
20 a. a a a
e3ls3

10

0

blank nom- 2,6DMP EP 2E5MP 2E3,5DMP
degassed
coffee

(D) pyridine, pyrroleff

o

b

_I_ be

a2 ac

(=1

DN W s G
(== T ]

a

e H e

blanky non- ‘l—Mpyl 2,5- ' Py ITMOx ‘3—Mphe
degassed DMPy
coffee

—
(=
1

% of entries to open arms

ERATFRBHRICL ZHTRRIROFE (B7 - LANOBEARRICHT 54— 7> 7 - AAQEABROES)

(A) pyrazine ¥ @ : pyrazine (P), 2-methylpyrazine (2MP), 2, 3-dimethylpyrazine (2,3DMP), 2,5-dimethyl-

pyrazine (2,5-DMP)

(B) pyrazine 3§ @ : 26-dimethylpyrazine (26-DMP), ethylpyrazine (EP), 2-ethyl-5-methylpyrazine (2E5MP),

2-ethyl-35-dimethylpyrazine (2E35DMP)

(C) Wi bAWiH - dimethylsulfide (DS), thiophene (Th)
2-methylthiophene (2-Mth), 3-methylthiophene (3-Mth), 4-methyithiazole (4-Mthiaz)

(D) piridine/pyrrole 3 : 1-methylpyrrole (1-Mpy)

2,5-dimethylpyrrole (25-DMP), pyridine (Py), trimethyloxazole (TMOx), 3-methylphenol (3-Mphe)
IV 7MEL T\ — — (nondegassed coffee), F 3B HELMSBRZ BHEORSLTHS 305

FEBIRNZ 5 T HFH 24T o 2.

(=TT — AOEABB/ET — 2 OKBEAEE) X100 (%)]
W9 73 FHEHBERE (n=8) 2R L7z, posthoc RERIC Tukey 2 VWEERERELERL T, B4 5%
XEMIZEEZE <005 dh e L7z BEREABRES2EE/L.

B (M4,5), ROBIICEREPFTEDLNZ. 20
£, BHESGE—OHREP LT T LT irva—
L—05iR LD SEN Ehs, B S EHERSIHM
2T — b —DRARRICES T2 LEZ N5,

3. {ERABOBRE

WL, =V VI LTwiwa—k— BIU, EHK
SR INIERRS TRSOREY AR GBE) @ 2-
methylpyrazine (160 ppm), 25-dimethylpyrazine (5.0 ppm),
2,6-dimethylpyrazine (62ppm), ethylpyrazine (48ppm),
2-methylthiophene (20ppm), 3-methylthiophene (1.9ppm),
B X U 25-dimethylpyrrole (1.2ppm)1 OB % st
L7z, B0 fEsfiEIcid GABA, €0 b=, F—83
Vi EOMBIEEDE, BLUFOZEEIEETEIE
PHILNTWS, 22T, =Y Uy LTwihwni—k—
DRAREHR, EORBEEIFEGT I, EXBEORE
PiF 2 AV THREE L 72,

ZDFER, GABAp ZBAEOREYIH bicuculine (5mg/kg
ip), F—,%3 v D, ZBEOREHH SCH23390 (30 ug/kg
ip) 2HRETBHI LI ST, =Ty LTwhvwa—
—, FREBARIREETEERES T RS DOREY
DOFRITEE L (K6A,C, M7A,C). —F, vub=
v 1A ZEFORHH WAY100135 (10mg/kgip), 77
J ¥V AA ZFREORYHI SCH58261 (5mg/kgip.) DI
B, I v LTwiva—r—, 7230 ARY
REBETLERRS THAOREWORIN T2 E 8IS
BOoNEro7z (H6B,D, E7B D).

PEn Xz, =TI v 7 LTniva——0HA%E
BEIZ, GABAA ZHWE, LTI F—33 ¥ D ZFHD
MR iIhs -V LTwiwnwa—kb—tH
¥k, GABAp &K, BN F—/33 ¥ D, ZEKIFHES
L, IAREHEERTHSELT, Y75V OEELE
K5 safranal®™ %2, FHHRO T + 5T F FB-
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m)gm - m)éw . -
g 12 T 5 £ 12 = b b
2 2, palli=a
B §=
L a a T w3 _4|+.|,*
5] <
E LT 1 : g0 ' ' '
e blank non- non- flavor (-} flavor (+) R blank non- non- flavor(-) flavor (+)
S degassed (-) degassed (+) *® degassed (-) degassed (+)
w o
@)gm {ﬁ ®)§15 %ﬂ 5 5
] b T L -
g 12 g 12 R &
) = 5
s g 9
2 6 T 4 t 6
2.1 2 == Bl 1
Q 5]
£, | E |
- ’ v T -~ 0 - T T
8 blank non- non- flavor{-) flavor(+) RS blank non- non- flavor(-) flavor(+)
e degassed (-) degassed (+) ® degassed (-) degassed (+)

6 HREEZEHEHIFOFRSCLIRAARDREANOHE (EREMIICEDD A —7 07— LBERKEOEE)
IV B E L TRV — —BHEOMEE (non-degassed), B XU EELAMS (2-methylpyrazine, 2,5-
dimethylpyrazine, 2,6-dimethylpyrazine, ethylpyrazine, 2-methylthiophene, 3-methylthiophene, ¥ & UF 25-dimethylpyrrole
O 7TERAY (flavor) OYPARLHEIHN TS, MEEENEZFBAEOREIH % BENES L 2BoBELRIE L/

[(=) - FEAIRIRE, () @ FEHARS]

(A) GABAA SHMAREHHKIO bicuculine (5mg/kgip.), (B) ko b= 1 A SHEAEREHHI O WAY100135 (5mg/kgi.
p), (C) F—s¥3 ¥ Dy ZAKEEIHA © SCH23390 (0pg/kgip), BV (D) 7TF/ ¥ ¥ A A ZBERERFIO

SCH58261 (5mg/kg ip.)

[F =77 — A TOMERM (7)) /3BE (300 #) 1001 (%)]
BT 71 E LR (n=8) &R L7z posthoc HERIC Tukey 3 FHVWAEBERESLEML T, BLIEXE
BICREBEEZDY (p<005) & L7z BHRABRIIE 2EEHL:.

Lactotensin'® 2881 5T 5. safranal i3, GABAA &%
HREEWALL, F—233 P OBFRNZEET LI & THRA
BRHRERTZEPHEINTVWE., TAKELTWwWEW
I—-—ZBWThH, RROERBELR T 2 WEESD
B, FlHConTE, SRELICKREMPLETHS. F
TR AOVERBERE LT, BARERIERNE T
MAA~FAT L, MR % @8 U TR O iR~ E
BEX,TAEE, S BRRSERICBACREMER
DRIFL % 8 U CTHARREFER ) & 2T 5 BB E 2
biE, SEEMESE LTRHELZ 7T RGOS NENRE

F25FE 0 FEDESFEWETHL Z L5, MK
FBEf % @8 L, EERNICER T L%¥2 005, #4
e ERE S MIIT A 720120, TERSHE L B, &
DI RREPLETH S,
INFTIZa-——2RELT TR, FHERSZE
WEoTd) Ty 7 AP HBON, FREEZRFETEDR
B2H 5 LIIEBRHICMONTBY, mETido—k—
DERMERGZBR T LI Lo THALHED R + L AR
TERZ BT 52 Z LAME SN TW2Ds, ARG 1ER
BEIHLL TR o7 SH, I——DHARRRIC
M52 FELERRS, B UCHREEDEZEEDO—

WAE S P02l B2k 5T, I—b—DIERFEE
HOEEPBRESNLRENYICRBEZEZONS,

= #

WO I — b —EEIZI, BEL—Y Y RIS
NTHBY, TOMBIZE-T, a—b—HHEEFOELD
BEERIPRPT A2 TR, BREECIEETLZL
PHLPIZE > TETWE, FITRMETIEY R
IV UV IMBEE L TWwWhwa—b —8HE, Tl
28T, 96 R c— Yy VB L a—- e —EBRIErLZEN
ZIA L7z 0 — v —HHEIR 5 & 2HIARRNR & WREE
L7

BARNTEZREARICB 2 AL R L KEE L 724
B IV TMEE LT VWI - — R EOMME
DEBRAERTHEEECBIT LI LIRB SN,
ZOWMAERFICE, HEEY 2 Bisr, pyrolle 3 1 B
5, B L pyrazine {4 maBENENEES L, b
I—=V Y TMBIZE > TRV TIRGTH o7z,

PEDERDS, BHEFZOI— v —EHEOMmBRIC
RO LNIFHBPARERRE, BRTOL—-Y v JREIC
o THETAZ EN Do/, S5, ==V 7NHE
LTWwRWI——ORAZERCET S AT T —F —
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a
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b
£ 40 F
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non- non-  flavor(-) flavor (+)
degassed (-) degassed (+)

blank

8 b

g : -

a

11 T

non- non-  flavor(-) flavor (+)
degassed (-) degassed {+)

blank

(B)

(D)

% of entries to open arms

% of entries to open arms

N W s Ol

[
[==} [} (= [=) < [s]
)

o

<‘—P

blank

non- non- flavor (-) flavor (+)
degassed (-) degassed (+)

50
b

40

i ' 2
20 T

10 _<|+
0

blank

Ho

non- non-  flavor(-) flavor(+)
degassed (-) degassed (+)

7 HREERFHRERFIOBRS CLIHTRIRNOBE (B7 - L OBEABBICHT 24 —-T>7—4

NOEARBOEE)

IV Y TNMEBE LTV ARWI - —EHEOMHE (non-degassed), B & NEELELIRS (2-methylpyrazine,
2,b-dimethylpyrazine, 2, 6-dimethylpyrazine, ethylpyrazine, 2-methylthiophene, 3-methylthiophene, & & % 2,5-
dimethylpyrrole @ 7 #&E&Y (flavor) OIMATHRIINT 5, HREEDESBEOREIHR * BREARS LB

DEEERGEL 72
[(=) @ EfHRxS, (+) @ ByARs].

(A) GABAp REMEEHHFI® bicuculine Gmg/kg ip), (B) 1 b= 1A REAHHH O WAY100135 (5
mg/kgip.), (C) F—7%3 ¥ Dy ZAMREHIA O SCH523390 (0ug/kgip), BLU (D) 77/ ¥ ¥ AA %54

FEHi#) o SCH58261 (5mg/kg ip.)

(=707 — b~ DEARL/{T — A~ ORAEAEL) X100 (%))
TS 7 FHMEEREEE (n=8) ¥/RL7%. posthoc RERIZ Tukey EEXHAVEEERELERL T, B s

prassiil

ZIRFE L7AS R, GABAA B, F—/93 ¥ Dy RBHO
S ATRIB X LT,
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3)

4)

5)

6)

7

8)
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Buffo, R.A. and Cardelli Freire, C,, Coffee flavor : an over-
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BOEEOEVWIIEIEZFYIDIS7E¥— a vHREDE
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lactoglobulin exhibits anxiolytic-like activity as an agonist PR 28463 B 31 HSf, FR 2846 H 10 0 2H)
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