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Quantitative Analysis of Zingerone and Chromatographic Fingerprint Analysis of Pungents
and Essential Oils in Processed Ginger
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To evaluate processed ginger, analytical methods were developed for the simultaneous
determination of [6]-gingerol, [6]-shogaol and zingerone with HPLC and GC. HPLC was suitable
for the quantitative analysis; the contents of [6]-gingerol and [6]}-shogaol were 0.09-0.32 and
0.13-0.30% in the processed ginger. In the processed ginger and the extract of Daikenchu-to, there
was a small amount of zingerone (0.001-0.004%), which is said to be one of the main components in
processed ginger. GC was suitable for the qualitative fingerprint analysis of terpenoids and purgents
in the ginger, although [6]-gingerol was decomposed to zingerone in the injection port of GC and the
quantitative result was not reflected. Further, diterpenoids were found in the processed ginger which
was made in Japan. The productive area can be specified as a result.
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IS5, CNSEFEAPTIENT, EEPULEIIFTENS
R IR & OBEPEE L ZEP D [6]-gingerol

& [6]-shogaol DE B ENREINTNZTV. Fi,
IMTHEE (BHR) KXo TEERSOENT S I bl
HINTNBHLD,

BTE, R a U 2R LR, ERUTHWS LS
NTW5A, TEERIGHEE © IERETR TR
N aoHER LG UTUMRE®RL, =5
WWIAEREZERTREONEZTT N, mEELUTHRAEL
TWEIERTEINTWS, Tk, #Ed THEEZED,
HEOBERDS ] MEQOEKERD D E XN, shogaol ¥
MEFOER D TH B EEZENSBM, zingerone ITHN
HEOMFEINPAZRD SEHANHEIN TS 519 5
O EEFMTIZ[6]-gingerol & [6]-shogaol & & HIT
zingerone HbEZETHMNENHBHELEZLD. £XEB IV
ZORBEFEITEEL, [6]-gingerol & [6]-shogaol D44
HEHE<HEINTWS 500, zingerone ZIA 7z 3
MORKKOMBEEZRDSNLNED, CMS BXD
HPLC/MS I L BMEt 21T > /2. Eiz, EMIC X BRH 2L
R REFGHAR OGLER KRS (TR A RBITE
BRARSY) WDWTHRRE L.
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I, BHD w2 IR, 2005 4 ANS W11 E4AICA
FUREHREE (M, 8N, JLE) A2 THABLUHEE
PE(TEE, #E) AxIRBEMWE. £z, KEhHH
IR O T A 855 % Az,

2. RAE
(1) #BEH R . [6]-gingerol B K X zingerone 1%
Sigma-Aldrich 84, [6]-shogaol BELURAFII A5 ) —

JVRIFO VeI T 2 (bk) 81Z B /=, 1, 8-cineol, a-pinene,

B -pinene, camphene, decanal, geranial, geranyl acetate,

curcumene , zingiberene , a -farnesene , B
-sesquiphellandrene, B-bisaborene I&, /MNIFELD
REINTRERE AW

(2) FRYEVAWE : SFFMER I mg 2HEICRL, 7Eh=
FUJLEMAT 1.0 mg/nl OFEHEARZHEL .

(3) ZDMORE . 7 b= UV, FILHEET 3 ()

(18)

HLLC/MS FIEREEZ VY, JKiZ Simplicity UV Bk S iE 2
B (AARIVRTE) [T DB ZBMKZRW:. £
DAL DOFRIEL, TRTHIRORER RS Z ATz,

3. %@

EEEAI O NS T /BEOMENET L T
27 ) 0P —8LC-1100 ¥ A5 L (HPLC-DAD/MS) %, H A7
Ox NS 7/BRAMEETIOLVN Ty /0P —M
6890GC/5973MSD Z /=, & & DM &ME, TRITR
TEBOTHS.

4. Mgt
(HPLC 4&4)
FARTNN : ZTorbax Eclipse €8 (2.1 mm IDX150 mm)
B EH DA KB (10 mM, pH 3), B: AF /=)

B; 10% (0—5 43), 10~90% (5—40 473,
linear), 90% (40—45 %)
& :0.2 nL/ %>
717 LIRE ¢ 40C
BOAME @ 210~350 nm
MR 2 230 nm ([6]-shogaol),
280 nm ([6]-gingerol, zingerone)
BOAEE /2 50~600

AR 25ul

(MS 4:4F)

A 7 Ak IV RO T L —ik
(RIF4 TE—-B)

RIAHA T EH

RIA HZIRE : 350°C

RS H AR S 13 L/

RTTAY—E : 50 psi

FrEIU—EE 2500V
TITAEY—EE 150V
TUAE & cm/z 50 to 700

(GC/MS 5:1F)

VIR : HP-5MS (0.25mm IDX30m, JR/E 0.25.m)
FrUT—HA :ANUDL
N 2 1.0 nL/ %y
N T LI :50°C (0—3 %)), 50~280C (20C/%)
17 b s BTEZRE
AFMALEBE ;70 eV

BOAEE 2 m/z 50~500
AR tlul
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5. HPLC/MS AEABhE D3R

ABL 2L 200 ng 2FFBICED, A¥ ./ —)L 10 0L
EINA 5 SRS AL U /214, 50°C T 30 A RIImR L /=.
wm%, EBERORAY /) —)LT10nL &L, 0.45und 7
A WF—TAIEBL, HPLC/MS FlatRHARK & U7-.
6. GC/MS FE R D3R

HElEREEL 200 mg ZXEEICED, BFETFIL 10 nL
A S BTN U721, 50°C T30 MmE L 7.
%, BEZEFRESF MU DL (100mg) THAK, AFINF
A5 7 =) (NEREMEYE) &A%, BfETFILT
10 mL & LT GC/MS A H & L /.

-
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1. HPLC/MS IZ & % EBRAR ST 47 B ik OB
1-1. &4

[6]-gingerol, [6]-shogaol, zingerone ®EEIL, 200
~350 nm TOKIMBAEZRY ML EFERHZ EI-MS T
ARG NN —2 2B UTHRE L. E—I/iEE,
DAD i 7 —4 % ChemStationR (F L > b5/ 0
—8) THIERE LR, ThehoE—7IClms o
BRI EHET Lz, 72 MS BHT O R, [6]-gingerol
TV, w/z 177, 277 ((MHH-1,019) , 317 ([M+Nal®) 2%,
[6]-shogaol TH&, m/z 137 ([MHH-C;H, CH=CHCOCH,]") , 277
(IMtH]D) , 299 ([MtNal®) %%, zingerone TiE, m/z 137
(MHH]D) MBI h, B4 DFEMEZRRL TS D
EVHERE N, STMEE B —HL T,

1-2. EREM

[6]-gingerol, [6]-shogaol &N zingerone IZDNT
TREEZRFLZEZS, WTHORSITDVTH 0.14
g/mL~100 ¢ g/ml O THEE (x) SHHEME (v) &I
IFRERIENED 5z, [6]-gingerol Xy = 8.3177x +
3.9816, [6]-shogaol Idy = 8.214x + 3.2991, zingerone
Wy = 11.799x + 4.8031 TH O, HEFKE () BWLT
NH0.99 THo/ WEDORLS 3FOBEHE(0.5,5.0,
50 g/ml, n=5) ZRAWVWTIESDE &M LR, 1.3
~6.1% LEBMEOBWE RN ES N

1-3. fhHH&MA ORRE
EEBRIOLEROFERRDOAHHRELE RSN

LA, HHGEOHE—IZR SR, BRAIIEBNTY,

WEOMEREAY ) =), L5 /=), Vb2, BT

(19)

FIb, BALAF L O THHE L 2D, XKigambsE oz
ROLNAEN . TOROBECHBMOFRMZEITS
EHICHPLC TOE— I BB 52T &b,
ARET TR EZ A Y/ —)b & L.

2. GC/MS 1T Kk B3Rk 73 A 15 DA R
2-1. SEH:

[6]-gingerol, [6]-shogaol, zingerone O FEIEIL, EI-MS
TDARY MVNF—2FENIST I T5 1) —&BRLT
gL, [6]-gingerol TIiX, m7z 137, 294 (M%) 4%,
[6]-shogaol T, m/z 177, 276 (M]*) #%, zingerone
T, w2137, 194 (M) AEESI N, &L DO{LEHEE
ERMUTNS ZEMHEERESN, JREE S —H L T

2-2. wEk

[6]-gingerol, [6]-shogaol BLTX zingerone IZDWNT
EBEERHELAEZE IS, zingerone IDWTIL 0.5
g/ml~50ug/mL DM TERE (x) ENEFEYE SO
Bk (v) ICEBRENED 53 (v=10.2477x - 0.3264),
FBEMREL (r) 13 0.997 TH o7z, [6]-shogaol I1F, (K
EHTIREAORH I LR EANDREDZETHRHTSE
o e, 10peg/nl~100 g/l OMTRE (x) &H
M (v) SICEBENRD 5N (v=0.2067x - 1. 3293),
FEBEMRER (1) 13 0.996 THo . [6]-gingerol HiEAM
RN T LR ENDWAE DFETRIHTE o 7208, 1u
g/mL LA ETIEEAONTES#% LT zingerone &780, 2
~50p g/mL OHFBHTIE, [6]-gingerol DIWEEITHHAIL T
zingerone 28 I N7z, 50ug/nl BL LTI, Bl &
N7sin[6]-gingerol MIRET B &ILiz[6]-shogaol AR
HEhiz., ZOHRRITDONWT Bartley 5 1 bt T
2, GCMS T, AREENTWVS zingerone ®
[6]-shogaol & DRBAHKT, EEITIEIAMETHSB &
FillEr L7z,

2-3. MG B OGS
EEBIOEZEFOEERRT O FIEZERLE Ao
L, HHEEFOKZAR SR, BEFHITBNTY,
WEOMKEAY /=), 5 /)—), Tk, BEET
Fb, HALAF L > THIE L 28, KiERHEE O£
FDENBM oI, 6C NIKDEBD DI WEENEE
NB7D, ARG TITHHAE R LTIV E L. ¥,
MRS T, ANFU U 2HHAES UTGERL .
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2-4. zingerone MK
FEEF 5%,
VAU THRY 5 Z & Tl6]-gingerol WD TBZ &%

[6]-gingerol OLEEMERILL THD, 7

WE L TWD D0, ERYDSEYIT DN T OREIT .
ZF ZTCRIGHET6]-gingerol & zingerone BEDZEE, 2
BULEREERE, 7IUH)EETICBNT6]-gingerol D

e EHIT zingerone DAEIML TNWD Z EMWER I N,
wEFHABETOMEBIT XL > T [6]-gingerol M H

) HOEERBLTWEEEZLHN,
& [6]-shogaol O&EEIIZAEEMPEH O —FRITAD &
EZOND. G, IOICHEEEHES L Tl Z@ad
LZFETHD. £, BEOEHMSE LT zingerone
MET BN TNBD, #EHO zingerone FEIX 0.001~
0.004% (¥zfRER) & TR EICd/x<, zingerone D4
BENZFT20THNL, BEEEZSHET HSHEND
LEERD, WEPREELTHWAHROBES A CREH
) EOWULEER Fig 1.D), EEOFBERDITHS

[6]-gingerol

zingerone MAERRE N5 L DR B NH B A, g

3 : :
a A 2
T zingerone AR I NT, TIOLA U LT TOMR | A I |2 3
PRTRCHD T ENRRE NG, BB (GREER ‘! |
LCHT 5 A EDES 1T, TLH )AL AR B U\ J
N - N [ . I _ I
WHH DY, RETEMBMLBOBD T ENENEDT, — e
zingerone ZEAMENE BRI NS, B {2
" §
* 1 HBREEBEOELETO singerone, 5 . - b
. i g5 % 0 ®
[6]-gingerol, [6]-shogaol DE& N S umbﬁjb,w A
¥E-Ov bk AFER f3:0) zingerone [6]-gingerol (6]-shogaol Mum 23 = A3 = — = - = 5. ® = G am
810-H241 19914E 10 hE - EH 0.002 0.12 0.24 » C
901-C241 199941 A W - EH 0.002 0.09 0.20 ]
0504C024101 200544 A hE AT 0.004 0.11 0.17 ® ? §
P020506111 200546 A - T 0.001 0.06 0.16 J 1 3 F3
P020301361 2006421 B - 84 0.001 0.32 0.13 s ﬁ B £ 33
1% gg N )3
0606€024101 20064E6 5 P - KT 0.002 0.1 0.20 R ST | S \,T[,‘L,,f\(_v‘\Ar’\
P020709421 2007494 B4 - B 0.002 0.29 0.13 — p pY - Py = P P P
0909€024101 2009429 A D - KT 0.003 0.18 0.19 wau g
0903024101 2009434 [ - KT 0.002 0.1 0.30 4 D ‘"
‘1
oy b AFEH EM zingerone [6]-gingero} {6]-shegaol ¢ 1]
0504005801 2005484 83 BA - f5H ND 0.60 0.040 2 ! 3
| i
06020005801 2006%2A i - A N 0.45 0.060 » 2 . 1
3 i L ~ I\/J‘u_‘/\' —
0604C005301 2006547 i - LT ND 0.49 0.040 - A
06120005801 20064128 | S - RO » 0.30 0.060 e . — - p " .
0701€005801 200751 A s - gL N 0.29 0.050
0712005801 WOTEIZA | B - BA 5 0.60 0.050 Fig. 1. Typical chromatograms of dried and produced
1103005802 2011434 I - ND 0.56 0.028 ginger by HPLC-DAD/MS
1003005801 20104234 - o ND 0.54 0.030 Moni tori | “'] as 980
08050005801 200845 gl - G 5D 0.56 0.039 ontioring wave_ engin was nmj )
Nowoswr | wnwiA | BE-Em | W 010 0.007 A:standar solution (5rg/mL), B:dried ginger,

C:produced ginger, D:Daikenchu-to
1:zingerone, 2:[6]-gingerol, 3:[6]-shogaol

3. WD
3-1. FORERTY

MG REEB L UEESE HPLC-DAD/MS THHL THS
N NI 0%RT Fig D). £z, THBEZED
K OEzd [6]-gingerol, [6]-shogaol, zingerone ME
BiHEEER 1 ITRT. EEH» ST [6]-gingerol,
[6]-shogaol & ®H T I Ny, PEELZZE T
[6]-shogaol &&®&>[6]-gingerol &&, BAELETI
[6]-gingerol & &> [6]-shogaol EBDOMHFATH o7, &
EREESIRT D NE S H DY, SEEMTOER (N

[6]-gingerol # X X [6]-shogaol 2 S N7z A%,
zingerone I3MMETH o /2.

Fig. .BBIUCTIRLUZZAEZE GC/MS THILTHES
Nizrow b7 hexwd (Fig. 2.4, 0.
2 zingerone &7z V), R E[6]-gingerol HEMNDE
<, zingerone ZEMNE B MEREB 7. FUBRIZ
EZITBVWTHRDEN, AREZITFTENTHARN
zingerone MERICHFENTNWAHEREEL L. TNET

[6]-gingerol

(20)
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¥ zingerone i artifact THAHAFEEIRB I N TN
N, ZORERNS, GC/MS 2T ORERS SNz zingerone
1% [6]-gingerol @ artifact TH5 I EMHREIN, N
5O DIEMLERIZIE, HPLC NELTHWSHEEXDS
na.

¥z, OAEEEDIOEZECE, FEEICRS RN
v—rhEgaIN~ (Fig. 2.8, D. Arrow). HEESIXBEA
¥ Y a v Ao T F IR S
B, 17-epoxylabd-12-ene-15, 16-dial <> galanolactone 7%
EMEHEEINTNBHIEEREL TS B0, [MH]*
R GC/MS TDRRAITITAL NI =B INEDY
FRNRITHDBEEZLEN, INHDGTEY—A—EL
TrOXR NI ILONY—2 2T HET, LRBX
DEZDEMIMHEETZ D EEA5N5. ERIELEDGE
MOV TIE, BERNTTHS.

3-2. MRS
1, 8-cineol, a-pinene, 8 -pinene, camphene, decanal,
geranial, geranyl acetate, curcumene, zingiberene,

o -farnesene, (B -sesquiphellandrene, [ -bisaborene
DOEEEHLBU-HE, 1, 8-cineol ® a¢-pinene 7R EDE
J oF b RIT R RXT ® B
~sesquiphellandrene 72 EDVAFFIINRVENELE
FENTW. FIREIMTHA, B2 & EFZTROMRITA
HR IR SN0 A, BETIEE / TR ERN
M, MENITEICHER L 2 Z &L &EREINS. T,
H BRI (KIS 200 LIZREER, W ORHERD
HMEBETH o, TNHRMUBBITHER L2 ERTFES
N, EREHE RS O BRI OEEL ZHET DTS
HAZ TR OYNEEERTEIUEDHD I ENRSINKL.

zingiberene

i
1) HPLC BL A GC 1T X B zingerone BLOHZED E
fiEZEmE L.
2) [6]-gingerol, [6]-shogaol BX K zingerone DER
SArICEE, HPLCNE L Tz,
3) zingerone 72 & DEBIEIIIRT B A, MRS ©E
DIINE — AT DT GO/MS AL TWwiz.
4) GC/MS MM TDRRAY /ST — > & FERLOHEE AV FIBE
Ez5Nk.
5) HEOEMRSD—DE SN T WS zingerone [3HE
THo, KEPSHEMF TS zingerone BMETH o 7.

AR OIERE SN ECHAEERTH I &I
L0, R EOEROBEFERAST R D% E BIT
EOEDOHBHBERITTH B &b I ENRIFEN
B, £i-, WEIZEHEIND EEbNS zingerone ITHA
O MEEMRAEONEERD S EANREENTNS
N, ARFTOHER, METHDZEMHBHL, EEPRE
e ¥ OEEAEMEEZORPHEREOENIZ
zingerone HBIG L TWAENIEEMNERD L TATHD,
SBRERDIBIERCEDOBAVNEEEZD
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Fig.2. Typical chromatograms of dried and produced
ginger by GC/MS.
A:dried ginger (Chinese), B:dried ginger
(Japanese), C:produced ginger (Chinese),
D:produced ginger (Japanese), E:Daikenchu-to
{:zingerone, 2:[6]-gingerol, 3:[6]-shogaol
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