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Analysis of aroma profiles, stress amelioration potential, and anti-inflammatory
effects of volatile aroma compounds extracted from subtropical citrus resources
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In this study, aroma profiles, stress amelioration potential, and
anti-inflammatory effects of volatile aroma compounds in essential oil extracted from the
subtropical citrus resource shiikuwasha (Citrus depressa Hayata) were investigated. The aroma
compounds in shiikuwasha essential oil (SEO) were evaluated using gas chromatography (GC), followed
by assessment of its aroma profile using GC-olfactometry with an extended aroma extract dilution
analysis technique. Next, the potential SEO, along with the major volatile active-aroma compounds
present, were evaluated for neurological stress amelioration effects via inhalation in healthy
female adults engaged in visual display terminal work. The anti-inflammatory effects of SEO and its
prominent active-aroma components were evaluated in terms of their ability to inhibit the production

of inflammatory mediators. The findings of this study may lead to practical applications of
utilization of aroma compounds for consumers and food industries.



X C—19,. F—19—1. Z—19 (58)

1. WFZEBHAG S 1D 5

HHEVE HUB O B AW L, SIRSCTHRVENMER EORRE T CTHLAFTCTE D L O ICEEEERR
BHAEIRYR Sy 25 A TV D, B DRI IEE M E » THREFOREIE (F 0D Ok 229 5850
OREREMERF - BIHEICH 53 DHEEEMERR T & 72 D b OB Z W, £, Fall. BAOE VD ITIEEED
FAECHERFIC b B e BB 2 FFO 2 ENEH SR TWB Y, 22T, lERMECTH L —2
v —Y%— (Citrus depressa HAYATA) (Z&H L. REDOF D B3 OoITEAT oo fER, ROE
BAT— U L IXERRIC, LOFBHETH D2 XN AR AT, i bigEo @y y-
terpinene ZIEFICE L G Z LRGN Lz 2, FERAMEOTNTE D IR 72 22 E D B
b5 L IITNDN, y-terpinene (FHIM TIIRRARFD THD, LnLeNRE, RIRED 3K
MHICR YT 4 TIERT A Z L b Sh T g ¥,

EDZ &G, HBHECTH D —27 v—H—DFY DI L 72 DM ORI L O
il 2 DF Y BRI DRFESCIENT T — 2 2155 Z L2 L LT, FY OFFO R b L AR RS
PIRIENGTE & N o Te BT I RBIE DA SE 21T 5 2 & & LTz,

2. MEOHD

B ARG O IFF 228 i1 (0 00R) 13, B OB WL X TH D _IREEED B % (1 57 Bk
DELTIALDNTE 2, —F, &I, BHOF O IIMEERE D FHETCHERFIC L EEREE 2 H o
TENFEHSINTWD, Thbb, EEHEDO L SOF/ D 2 BAETEOR THRISFHTLZ &
IZED . A B UARERTIRIER R & W o BEEENE (ZkEE) 25 E M3 2 ERARETH D
EEZXDND, &I TR TR, BV ICALE T DM OERME CH D v — 7 v—P—I28E
HL., &Y OJRTH D MOBRE D DFE D ORHPEICOWT, B« BRI TR,
T ORERLR Y OERME 2 b M X 0 EREIICEHME L, ST 2175, EHic, ¥—27 v—H%—
B X OZOFVREICKRELS FGT IR EH T, B MTL DA b LA A RORE &
IR COPRIEN R ZMGE - T+ 5Z L2 HIE LT,

3. WrgED Sk

(1) =2 v—— MO 3 KO O OReEOfEYT
DOy —7 v——Kih O

=7 v—H—EhiE, v—7 v—P—REEELHEN L TH LN O RIF X SR
Ly =2 o—P =L bl LT, $7bb, 7"V T 2 HE T TARIERE L TUELNRZ
MM 2 m Lo L, 20 BEAEKEERT N O AT—BRAKLEZbDE Y —7 v—Y—¥
me L, ok, Fonicy—7 v——1EMIE oI Icfd 2% £ T-30°C TR LT,
Oy —7 v —H—kEHDOFEZ T DN

— 7 g — Y —EOF DRSS DO, HAZa~ 757 (GC) -KFELKA A bk
(FID) 1T L &FRpma &L, GC-EENHEr (MS) W TREZ{T>72, GC-FID 43
Wr o438 Z 2215 DB-WAX % VN, B 7 AIEEIE 40°C T 2 /0 MfRFF L72t%. 2°C/%5 T 200°C
FTHEL, SDIC38 MMREELT-, BRI OERIT, B — 7 BHREICHT DKMy O —
7 RO E R ENEEEEIC L2 ERENSHE LT 72, GC-MS HHroy#Eh 7 25
FONRE T 1 7T A% GC-FID 98T & [Al—5:fb & LTz, 7B, A A AMBIX BLIEIC L VTV, A
FURB LS ¥ —7 = A ZRET 230°C, A A ALELEIL 70eV & Lz, FRKTORIET
HEARY MVEB X OEEYE ORFHEEEZ VT T 72,
@y —7 v —H—ElE L OF ORGSO B RER 72 & RFFE O AT

Y= g — B L O O — .
FRIRSY OB RERO 70 B R 2 B 5 7 R i
T D702, ITRBWIRE-GC (GC- ,3\{3\ S 5 _LLMU
0) \ZX B0 &1T>7, GC-0 43471 =

X GC IZ Gerstel £ED T B\ X EE
PR LT T2 (KD, T72b b,

GC @%%ﬁjj ‘7 A@ttl‘ D % 7 = X I:o FD1 FD3 FD9 ---FD729 aﬁ R EicE
— A X oT1: 1L, —FH%  ADaA |

frittids (FID) (2, )52 70 T LA — .
7:/57*@ snifﬁng pOl’t a::;.;g’;_b\f:o ﬁ\*ﬁ— 1 GC-O & AEDA I & éﬁﬁ%é’]ﬁ%’ﬁ%‘@@ﬁﬁﬁ
FA1E GC-FID 43 & [l — & L7z,

V=7 g —HV—REHOBRK T OF N ~OFGE T, FERMEM ARG (AEDA : Aroma
Extract Dilution Analysis) (Z 4 ¥ . Flavor Dilution Factor (FD factor) Z#IE L. sHli L7z (XK 1),
FThbb, HilZz = —7 LT3 TEBEICAHIR L, GC-0 pth &7 o7, /i "x U A k54
DEERERNC AR L7y 7 icxt L, 224 2 Bl 5Bk 217572, FD factor (X230
R TE 2SR A MR 0 NCZR o TR TR T & U RZICHH C & 72 # %3 % FD factor
E LT, ICBOVORHET, 7SR Y A N OFIFERHCIER L7 HEER LV BRI TR L, ([2BVo



B, 128V & U TV 5 [IZ Olfactory Intensity Device (OID) # 42 Ltk E=4%—L

7z (K1), E561Z, GC-FID IZ L WRIE LIy —2 v—H—IFMDOFLL S OE RH & FD factor

ZHWT, FrRoRUT kv st 7 L—/3—JEME (RFA : relative flavor activity) Z5HH L7z,
RFE=log 3%/S%*, 3": FD 7 7 7 #—., S: fixfmfg (%)

(2) v—=7 v—H¥ =Kl LT DRSO A b L ZAKBE R O AT
t MZEDHA R UZEREENRIZ, FV LT ﬂ
V=2 p— =R X O ORI O EEER !g E 1ymina
%453 C& % limonen & y-terpinen & FV >, 1K D ‘
DHBRDOFED 708DV T v 7 ZAFEFM LT ‘ ﬁ *
BREAZHWVCERLE Y, T/hbb, 2 IR o _
L7-fl=E%EM () THEVORWVWERE (2 ha
=) EFEVDHHEFNT, BV 2T LT 4 \_
AT VLA « X —3F L (VDT : Visual Display
Terminal) {E3£ & LT, A RAR— VA Z S50 L |

TEsh R, (R OVEE T O L IRHFTAT 55 & =m20 = 2% .
OAALZFRIRHEIC L D A b L RZx 29 R & o
ﬁﬁ?{tﬁbfzo gyﬁﬂ%ggﬁ@fﬁ}zgﬁ%ﬁ9% (ﬁA@\ S a:ERTERARUA b EMR, c: by T, dREE.

e:HBAYASRAFroN— . BYRRO. g:[FEFE

PIFERR 204 5%) & Lo, #EBREITIXENICAS
AN AEPRROZEMN & 72 5 A A~ — B —IED T 2 2 b LA RO E R R
HOWER 2R L, DEREHE L L T&R4S 7 e

74—V (POMS : Profile of mood states) % 3f L7z, KIZ. MM L OV ERINEEE %
HEL, BNICAST-H, FEVSLA RV AEEZ —ERMIER L, TOMOMRE R L O EX %
FT=H— LT, APMVAEEK TR, EERIE DB D=0, MERORELE POMS % HE EhE
U7z, FE72ME oML, o, B, 03, 8. WEEALIL Fz, Cz, Pz, Oz & L, I»
B G .OZE) 2 RR [AIfF. LF fi, HF {6, LF/HF B2 X0 figfr L7,

(3) ¥—7 v —H—¥5ilE L O ORERLALSY DHIIRIEZD B O it
Ok R

=7 v —H =B X O OO EERKHKSS TH S limonen & y-terpine 1X, dimethyl
sulfoxide (DMSO) (ZIEfiEL, 7 4 V¥ —IZCAmBMEE., BWEARL CHW-, 7B, DMSO
VBT S BB D 220 0.5% DI RE Tl L7z,
@R

~UAI 707 Y7 K BV-2 Mifakk (BV-2 fifd) % 24-wellplate |Z#FRE L. 10%FBS % & i
BRI C 24 BERH A v 2 X— b L7o, BEgeth, B5 BB ZFRE L CV U EREE A B A /K Tl
PR L, £O%—27 v—Y—}Eil, limonene 35 X TN y-terpinene Z ¥ShN L7z E5HIZ 2 #2 LT
24 REfRIREAR L7, 7Zods. MIRRAEAEE (%) X MTSIEIC KW EH LT,
@ONO EARB L OIL-1B EAREDOHIE

BV-2 MM ORI AN FERBR & RERIC T o 72, T720b b, HE%IIY—2 v—HP—Fih,
limonene 35 X T y-terpinene Z¥M L, S HICY RARY BB 7 A4 R (LPS) ZH&IRE lug/ml & 72
HEDITMA, 24 FfHEE#R LTz, ZD%, 53 BIEAEIL, NO B X OV IL-1B fEA &% ELISA
HBIZEVRIE L,

4. BFFERCR

(1) ¥—27 v = =IO LOF D OFRIEOfAT
(DGC-FID 35 £ T GC-MS (2 K 2 K& O FR LS D 53t

v—2 v —H% =}l % GC-FID 3 L U GC-MS 73T L 72 R, 55 iy & it LIRIE Lz, %
PRRE PR ST RE NI A O REGHA & [AIARIC IR AK R TH Y | ML D 95% % STz, RALKIERL
FOHF TS R E MR 2 7R L7z D b OHAEEA & [FARIZ limonene (57%) ToH o723, AA
— b ALY B6%) v F Y ALY (TA%) . T UEBEEH T 2 = X (63~68%)
W RV E R L2, — 5, y-terpinene (25%) 1M OFAERE L 0 &2 0 @O LR L
ZRLIZZ D, =7 v = — ORI IR F R RALKFE RS DML 2N F 5 L T
LT ENTRBENT, BREERS TCIEERKIIE LTV a— VEOMBLE R R b &L, ZOHT
linalool, terpinen-4-ol, a-terpineol 737 /L7 b NfH, = A7 /VIRIZ A TEWIR LA 7R LT,
linalool & o-terpineol (£, terpinen-4-ol (X/N— 73 XL OWIIERE & W o o HIEE O R D O EE /e
FHRT EBEZHLNTND 9,
@GC-0 I L AEDA (T & 2 ¥ I K O ORERLAL Sy OB REIN 22 B SR I O AT

GC-FID 3 X O GC-MS 7347 CHlE « ik Liz v —727 v —H—kFl D 55 53125 T GC-0 47
HraiTo o/ g, 47 By DIZB W Z G T X 7=, £7-. AEDA ® FD factor 1~729 |25\
T, OID IZLDICBWVOMHBEED K S mh - 2 &EXAS T linalool (59 [A]) TH VY, KWT
limonene (46 [A]) , terpinolene (41 [A]) . y-terpinene (40 [7]) . a-cubebene (40 [A]) . nonanal (40 [=])
DIETH > 72, 15 6 sy DRI linalool (0.028ppm) 234 K < . ¥k T, nonanal (0.1ppm) .
limonene (0.2ppm). terpinolene (0.41ppm). y-terpinene (0.6ppm) TH-o7=, L7=23->7T, GC-O



ST COBEBE I IIBEF/T RN DBENRESEDoTWL ZERPELNE RS, EHIT,
AEDA (T & Y & F XSy O FD factor ZR7E L, GC-O i L 27 v~ 27 F 4L GC-FID 73#ric
Lo HTAZ v~ 7T NEEE LT (K3), ZHE T GC-FID L0 GC-MS AT OfEAR 6
limonene <° y-terpinene 733 —7 v —H— %/E@EEE%EJZEE TTHDL T EEH BN LTb\Z)
D, TavTILEHAIa~ N7 AOHERIC nonanal X> gremacren D £ \\o 7= A 7
n~ k277 A ETEFEREICHE RS b B RIS %iﬁﬁk 'C&;Zo EWRBE IS NI, £ T,
&0 EBBRICERFHEIS T 2 BB/ DTG 2T 5 72012 M7 L— S —{EME (RFA)
ZRE LT, Al H RFA ERE - 2 EFREL 7L, a—cubebene\ c-elemene, gremacrene D,
nonanal (b\ﬁ“ﬂ% RFA=16.87) Th o7z, Zh b 4 DOEFEXSTIE GC-FID HATIZHB W TEN
AL TH o 7223, GC-0 HTIZIB VTR E AR FD factor 2R L7 Z &b, ¥ —27 v—H—k
HOFXFHEIIIMERBTRIN D B RELSTET L2 EPRB ST,

U EDORERITY—7 v =Y — kMO BN 2 RIc L EE6 T, RGFERLT YAV E
LTIl 2R3 2 72 0 O BURS SEHE-C A BB B, b oD S BRI & O ZRIME 728 EITAH 722 1 #t
HhH2DHEEZD,

y-terpinene

limonene
eeeeeeee

a-terpineol

a-pinene

terpinen-4-ol

GC response

linalool

‘ nonanal gremacrene D
|

nAln.\..I

s
s

s

s

s

15

° L ! il

3 |
=

-

i

3% . germacrene D
a-pinene nunanal
3¢

FD factor (3")

limonene linalool a-terpineol
terpinen-4-ol

X3 =7 og—Y—¥EHoOIAIa~w NTTh (k) ET7a~7T0 (F)

(2) =27 v—H% =kl LOZE DA DA N L ZRIEED R O T

BE=RZEMTEHEY (—7 v—H—k5M, limonene, y-terpinene) D H HERE L F Y D72\ EBREE
(> bu—)) TVDTE¥EL LTAH FAR— VIR A i L, DB 2R 21T - 72 fE Je, T8
Wl Mmool MY ) TERY, EY7). HEEL) © 6 SORFICENT, ¥—2 v—4—F5il
DFEY OIFET T, 2w br— b TR A EA L, DS DS D Z LRSS
ﬁ”bf:o #ji\ ﬁiﬁﬁ"quzﬁﬁfgbé a-7 X §_t0:ﬁﬁg: B SN0 712_@ F7- VDT 'f@% ﬁﬁ
IR EFTIE, > —7 v—V—F5HE L O limonene DFEF Y OEREEIZLEA, RPERITRBVEHE
% D y-terpinene DF D fF/E F T, 2 hr—/LZHAT Oz (BIEH) TO B EOHIENIAER
(p<0.05) [ZAED - 7= 2 &6, VDT 1E3L ﬁ5Xvaﬁmﬁén1wé:&ﬂ%@énko
T, A ]\‘T“—/I/E% HOVEENFEMEZ R TRBERIZONT S, 2 b — LT~ M %
TL?ZO DEXIZEBT 5 0HZEEL, y-terpinene @ R-R BIFEIMEZERT (653.2ms) 7 HIE¥EH
(733.0ms) THE (p<0.05) ([ZZ{bL7=Z L5, y-terpinene 23 A kN L ADFEFIZIREZ o2 &
Bl (K 4), UEoZ Linb, =27 g—HF—EHOPRENED & &b, EOMEREKS
TR Rl a2 & OFRT D IO ENICR & S EEE RITT 2 L BRI I L,

avka—)L Shiikuwasha oil

BN (S © fER#R O e o EEk

3&°

RRI n+1 (ms)

RRI n+1 (ms)

400 500 600 700 800 900 400 500 600 700 800 900
RRI n (ms) RRI n (ms)

Limonene y-Terpinene
O fEsaT ¢ fERK O fE%AT o fEER
900 900 *p<0.05

RRI n+1 (ms)
-
3
g

400 500 600 700 800 900

400 500 600 700 800 900
RRIn (ms) RRI n (ms)

4 ABVAERICHD =27 v =P —KkiiHl, limonene 35 X UF y-terpinene @
LMD R-R BEEE)~D 5



(3) ¥—7 v—H—HI L OE OB DHLRIEN I Ot
(DA e 7 7R

v—27 v —H%—}EiH, limonene ¥ L N y-terpinene @ BV-2 il ~D A MTS JEI2 X 0 ML
L7ofER, 3.9~500pg/ml (ZB W CTHIIAD (RIS B E 52 IeinoTe, £Z2T, =2 v—H%—
F&H, limonene 3 K O y-terpinene % 3.9~500pug/ml O FEFEFH C BV-2 fllld~Ushi L, LPS #%E
(“FFE S NO 35 LTV IL-1p pEAE B2 WTE L7,

@LPS #FEIZ & 5 NO 3B L OVIL-1B PEAEICKE T 5 & — 27 v —H —fFilids L OV ORE RSy 0 528
BV-2 flifclo> NO PEAFHEIZIRT 50— 7 v—Y —IGI DR B A AT L 7o/ R, (}Erﬁkﬁﬁﬁ
NO FEAEIIH S 4, 7.81pg/ml THE (p<0.05) 72RO Hiviz (K5), F£72. limonene
F £ O y-terpinene (2 b\f%/)i%rﬁkféﬁ NO pEA B Z I L7z, IL-1p PEAIZ OV TH, ¥—
7 o —H— k5 TR AR AR FE AR D i) S A, 3125ug/mlfﬁi‘ (p<0.05) 724 % He e
L7 (®5), —F., =7 v— =kl FEREKRS O 250pg /ml IINZI T 5 1IL-1B PEAE
&% limonene (27.9pg/ml) 2Lk, y-terpinene (9.5pg/ml) NHE (p<0.05) ZIEWINHIZ R 2R
L7Z.BV2ZIILHETHI7m 7 U THIRIZIUW T LPS HIKIC X 0 pEAD TLE S 415 iINOS,
COX-2, IL-1B, TNF-a OIEHMHNIL, p38 MAPK > 7' /L & NF-xB OIEVELFAEIIC L 5 H DT
HV . NO FEAICED D INOS HEOFFEIIL IL-1p 72 EDORIEMYT A b A L DFEAEN LT
Wb, LizildoT, v—7 g—— F/Hﬂ limonene 35 & TN y-terpinene 1%, RIEMEY A M A >
TdH D IL-1p OFRBLZME L, NO FEAZIAEFEL TVD I &R I T, %1%, MifloA D

=X LDOFRHICHI Y AT EFZZTND

60 - 50

50 40 |

%
%
%
%
7
%
V
0 foa Y L L L L L L é £ [ [
0 0 3.91 7.81 15.63 31.25 62.5 125 250 500 0 0 3.91 7.81 1563 31.25 62.5 125 250 500
Shiikuwasha oil (ug/ml) Shiikuwasha oil (pg/ml)
n=3, *:p<0.05% **:p<0.01% LPS 1pg/ml n=3, *:p<0.05% **:p<0.01% LPS 1pg/ml

40 L
30

30
20

NO ELE (M)

20

IL-1B E4%E (pg/ml)

10 10

K5 —7 o—%—FEMIc L D LPS il BV-2 MilRic i) 2 NO A () BLOIL-1B #EA (f) @
EEHESIES

<G| 3Tk >

1) AV B8, &Y OAEHROEFR~DIEH, EFOH DA, 253, 499-502 (2015)

2) Asikin, Y., Taira, 1., Inafuku-Teramoto, S., Sumi, H., Ohta, H., Takara, K., Wada, K., The composition
of volatile aroma components, flavanones, and polymethoxylated flavones in Shiikuwasha (Citrus depressa
Hayata) peels of different cultivation lines, Journal of Agricultural and Food Chemistry, 60, 7973-7980
(2012)

3) Asikin, Y., Maeda, G., Tamaki, H., Mizu, M., Oku, H., Wada, K., Cultivation line and fruit ripening
discriminations of Shiikuwasha (Citrus depressa Hayata) peel oils using aroma compositional, electronic
nose, and antioxidant analyses, Food Research International, 67, 102—110 (2015)

4) Horii, Y., Nagai, K., Nakashima, T., Order of exposure to pleasant and unpleasant odors affects autonomic
nervous system response, Behavioural Brain Research, 243, 109-117 (2014)

5) Matsubara, E., Fukagawa, M., Okamoto, T., Ohnuki, K., Shimizu, K., Kondo, R., The essential oil of
Abies sibirica (Pinaceae) reduces arousal levels after visual display terminal work, Flavour and Fragrance
Journal, 26, 204-210 (2011)

6) Xiao, Z.,Ma, S., Niu, Y., Chen, F., Yu, D., Characterization of odour-active compounds of sweet orange
essential oils of different regions by gas chromatography-mass spectrometry, gas chromatography-
olfactometry and their correlation with sensory attributes, Flavour and Fragrance Journal, 31, 41-50 (2016)
7) MGG — FREH, P, I 7v 27712815 NO FEMET R h—I X L/M Ak L
A HARZEHSPMESE . 124, 399-406 (2004)



8 7 1 1

Kinjo, Y., Wada, K., Oe M., Hou. D-X., Takahashi, M. 26
Effects of p-hydroxybenzaldehyde and p-hydroxyacetophenone from non-centrifuged cane sugar, 2020
Kokuto, on serum corticosterone, and liver conditions in chronically stressed mice fed with a
high-fat diet
Food Science and Technology Research 501 507
DOl
10.3136/fstr.26.501
Hanagasaki, T., Hirose, N., Maeda, G., Onda, S., Wada, K. 25
Vinegar extract of fruit waste from juice production using Tankan (Citrus tankan Hayata) native 2019
to Okinawa, Japan
Food Science and Technology Research 667-676
DOl
10.3136/fstr.25.667
45
' ’ 2019
215-219
DOl
Asikin, Y., Kusumiyati, Taira, E.,, Wada, K. 106
Alterations in the morphological, sugar composition, and volatile flavor properties of petai 2018
(Parkia speciosa Hassk.) seed during ripening
Food Research International 647-653

DOl
10.1016/j . foodres.2018.01.044




Kinjo, Y., Takahashi, M., Hirose, N., Mizu, M., Hou,D-X., Wada, K. 68
Anti-stress and antioxidant effects of non centrifuged cane sugar, Kokuto, in restraint- 2019
stressed mice
Journal of Oleo Science 183-191
DOl
10.5650/jos.ess18198
40
Citrus depressa Hayata 2017
271-278
DOl
Asikin, Y., Kawahira, S., Maeda G., Hirose, N., Kyoda, S., Wada, K. 26
Extended aroma extract dilution analysis profile of Shiikuwasha (Citrus depressa Hayata) pulp 2018
essential oil
Journal of Food and Drug Analysis 268-276
DOl
10.1016/j . jfda.2017.04.002
Asikin, Y., Kusumiyati, Shikanai, T., Wada, K. 9
Volatile aroma components and MS-based electronic nose profiles of dogfruit (Pithecellobium 2018
jiringa) and stink bean (Parkia speciosa)
Journal of Advanced Research 79-85

DOl
10.1016/j . jare.2017.11.003




Piper retrofractum Vahl (3T3-L1)
2019
2019
67
2018

Asikin, Y., Wang, N., Kusano, M., Hirose, N., Takeuchi, M., Wada, K.

MS-based flavor profiling of okinawan subtropical plant resources

13th Annual Conference of the Metabolomics Society, METABOLOMICS 2017

2017

Asikin, Y., Haga, E., Shimizu, K., Kusano, M., Oku, H., Wada, K.

Stress amelioration potentials of Shiikuwasha (Citrus depressa Hayata) essential oil

13th Asian Congress of Nutrition

2019







