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¥ a4 (Zingiber officinale Roscoe) 1, ¥ =
AR T BEAEETRT, BT VT OEE
THaH, GHTRERPEE SR TY 5,
¥ 3y HEBATHIRIC BT H LT B A5HEE
LAanZend, MECILRREMEZIT->TH
D, wEEHEHMEL TRV, BEEDOY 3
7R (2n=22) TH %%%, Adaniya 7%
IV F VI L B HEFENTEY 2V
LI EIZEoT, Mk 3y (2n=44) OfF
WMEWREICILZ, ShiZE-T, YavFoki
K, TRtk EEICRE(FHFS TR L LR
ol Flz, WHEY 3 7 A THEHRICHAKR
1322 LD MEINTREA2Y, K 3
I HOFHABOVTOREIRITEA LRV,
S, Ya v FORFEIAMBIOCEME LA
CRIHSR, Z08#E LTI, HROFALR
WERYHIF N L. BUETIE, Y avhhrbey
BES N ZRR R B I CH B 4 LA L Y Vg,
fii 2 O fLih R HR O BIRRMH & LTHV SR,
HURTER, PURBEER, HURTERS2 AT L
SHBEINTVEEY, —J, ¥ a7 HOFKRK
41, gingerol i, shogaol ¥%:Tah by, HimAL,
TR, BORBRGTE, T LoV ¥ — i,
G ORE  ORRERT 2 LT S h
TV~ 22T, ks L OMEHhRY 2
D JACHY T B B F LIS & R & E
P EROHT D LTk o THHRGOE

DT IE S Lt W EP N
(WS PTECH KPP REBATFR, AR R R)

19 & edbic, ¥ avHktEy 7 —nihilx
F 2B & UFERBL T OPURIE O OB 2 17
W, WK 2 O E LTOA LR Y
SMTTHILEHME L

MHRBLUFE

L MR

T av AT RTHARED HEOR 2 M
Wiz, PUfEROMEHIE, Adaniya, Okada & O
TG, ETHE02% aveFrEED
20mg/L BA 3 X 00.05mg/L NAA ZiEhL 72
MS 5 H (2T 8 H LA, MS S TR
AR L7ze RIS LR, Bk L TR
ExB, kY a v A, AHELAVER
ZEIBIC R RS X ULk, MEEAHZ, are
ER 5 AN AW LIy [k A A ]
1AEREE L 2R R ic o v Tt fh 2 IEE L 72,
Bett AR B DFEFEIE Adaniya, Okada & D i~
WZhEV, AERB KONGRS 3 AR FEL 7.
¥oa vy AOREGNE - s, wuiE (-
50C) L, #Hriciiviz.

2. FHRBGHHT (GC B L U GC-MS 4747)

vavRE @%) OavsgekE, B3
LETTIBAL, ABLAWH 9 mL IZn-~
FH 1 mL 2z, 0508 (3000rpm, 15 45
) #, ~FH VW2 R LTRSS 2R
w2 @shey 3y AOFLKSE, GC (i
A GC-14A, FID) STtk - sEfit L7z GC @
FHFEUTOLBYTHEY, 74 DB1 F
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YE¥5Y—#F 24 (025mm id. X 30m, 025 4 m
film thickness), # 7 &K ©50C (2 min)—3
T /min —230C (10min), A K XAALEHE
250C , #EIMBRHREE  250C, Fx VT —HA | &
F#, A AYE  18mL/min. 72, LEO GC 4
T GC-MS (E5 ittt GC-17A/QP- 5000) {2 &
BEMGHT AT 5 720

3. GEBRECST O & B, [FE

WK gy FRE (FAEE) (MR ER
3747g) &A% /7 —) (800mL x 3[0) BLUY
ryauaxg s (800mL x 3[E) THiH LA (4
T 16 51, i), fFohzfithr® 22T

NERL— & =Tl L7zo BT F 2 2KZR
4L Sephadex LH-20 # 542U~ + 57 4 —
A L7z S 51218 5725 %, Preparative
Cis ¥ 72 Sephadex LH20 04 5 47 ux M7
7 4—ICTHEL, {Ld% 1 1965mg) B &
W2 (322mg) ZHMEL A (Fig. Do M L7t
AoV TIE, 'H, "CNMR, F7z UV AR
7 PVERRE L. ENODARY PV T =5
ZCHAE Y LT A EIIEY, fLEW L
i [6]-gingerol, 1L& % 2 1% [6]-dehydroparadol
LEL (Fig. 2).

Zingiber officinale Roscoe (the tetrapoid ginger rhizomes)
(3747 g, dry weight)

100% CH,Cl, (400ml X 4)
100% MeOH (400ml X 4)

Extract

J Sephadex LH-20 (H,0-McOH-CHCI,)

Fr1 Fr.2 Fr3 Fr.4
Preparative C18 125 A
(H,0-McOH-CHCl;) Sephadex LH-20
Sephadex LH-20 (McOH-CHC,)
(H,0-MeOH-CHCI,)
1 (196.5mg) 2 (32.2mg)

Fig. 1 Isolation 1 and 2 from the tetrapoid ginger rhizomes

6l-gingerol (1)

[6]-dehydroparadol (2)

o

u:@/\)l\

zingerone (3)

Fig. 2 Chemical structures compounds of ginger tested in this study
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4. FRESFOERSH (HPLC 547

TavRE (TEE) OFRESTOERGH
i3, mEmks o< 7574 — (HPLO) I2&
DATodze THEEE 50%KPELY J —VIZTH
LT 16 WE M LA 9, dhiiiE I ) RT 7
4 V% — (022 x4 m, Millipore £, USA) (2Tl
BL, B5NLEMMTF A (2mL) % 25T #Hols
T/3R L — % — (UNIVAPO 100H, UNIJET II,
UniEquip %1, Germany) 2 Tig#i (ImL ¥ T)
%, WEARKEZMZ T2mL (CFERL7Z. #5
Nz = % 2 % HPLC /42 fit L 72" HPLC
GHRUTOLEEY) THBYs 7T 4 TSK-gel
ODS 80Ts (4.6mm id. x 250mm), FEYHIELEE ©
MeOH-H,O (9 : 1, 40min), ¥t : 0.4 mL/min,
77 AiREED40T, #iih D 280nm, Rt (min)
[6]-gingerol (1) (8.79), [6]-dehydroparadol (2)
(9.46), zingerone (3) (7.55). Zingerone (3) &
Wil (Sigma-Aldrich #1) % w7z,

5. ¥ a v A0 T ¥ A B X OFERET O

WA

Yavh (FAZ) oL ® 26 L09
WM DWT, 75 ABEMER O Escherichia coli
ATCC25922, Pseudomonas aeruginosa PA0O4290,
Salmonella typhimurium LT2, Salmonella
enteritidis 11654, Vibrio parahaemolyticus Na2,
Yersinia enterocolitica SYT-11-72 5 X U7 7 A B
Y W o Staphylococcus aureus ATCC25923,

Table 1

Listeria monocytogenes 4A (AFISC2318),
Bacillus cereus IFO 3131 \2k 3 24 7 A b &
fiotze %MW % Table 1| OFMEMFTIIT
WAL 729, £HY 7V OfNEE IR
(MIC) &, it Ay RIS & ) & HESEH e FE
Y R RA LT LZY, £, 8
ME3EH] & LT penicillin G 35 & UF erythromycin
W BYOBMR L, 2 x 10°%cfu/mL (2
L 7o 24 BERSERESL, &4 ¥ 7V OPRIE
HE~<v L2707 L —FY—%— (655nm i,
Model 450, Bio-Rad #f:, USA) 2 & - T MIC fifi
ZlE L7,

BERBLUER

1. wEGHH (GC B LU GC-MS 47#7)

ZAEAB L OEE Y 3 A OF KL
K% GC B LU GC-MS 12 THHT L7z, 17F
BOB S %R E LT (Table 2)o €/ 7R
FZ, 5HFEDRALKFE (a-pinene, camphene,
myrcene, f-pinene, terpinolene) # & U7 FiiH
D & W F# AL & W (linalool, citronellal, borneol,
decanal, neral, geranial, geranyl acetate) T® 1,
TFRATFNAYHR, 3HEBEORIKFE (a
-zingiberene, a -farnesene, f -bisabolene) 33 & U°
2B O EREFRALEY (nerolidol, farnesol) T
2720 INHOFERSETRTHBOLDTH
SflR0 CF ) FNRFHEEFATIVRY

Organisms and growth conditions tested in this study

Organisms

Media

Culture temp. (C)

Gram-negative bacteria

Escherichia coli Nutrient broth 35
Pseudomonas aeruginosa Nutrient broth 35
Salmonella typhimurium Nutrient broth 35
Salmonella enteritidis Nutrient broth 35
Vibrio parahaemolyticus Nutrient broth with 1.0% NaCl 35
Yersinia enterocolitica Nutrient broth with 05% NaCl 30
Gram-positive bacteria

Staphylococcus aureus Nutrient broth 35
Listeria monocytogenes Nutrient broth 35

Bacillus cereus

Nutrient broth with 05% NaCl 35
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Table2 Composition of volatile compounds from diploid and tetraploid ginger

rhizomes (peak area %)

Compounds Rt (min) Diploid Tetraploid
a-Pinene (7.35) 134=0.10° 128007
Camphene ( ) 574x0.38" 496+0.29
Myrcene (9.40) 060+ 004 051=003"
/i -Pinene (10.78) 6.49=0.64" 727+140°
Terpinolene (1355)

Linalool (1397) 007+001 0.06=0.01"
Citronellal (1598) tr

Borneol (16.39) 054=0.06"

Decanal (1839) 081+0.20"

Neral (1971 026=0.

Geranial (21.10) 4.17=041"

Geranyl acetate (26.58) 087019

a-Zingiberene (3203) 34.40%0.86 2

a-Farnesene (32.58) 1177051 1059 =042
f-Bisabolene (33.38) 1257+0.26 1134062
Nerolidol (34.39) 033004 042£002
Farnesol (40.82) 0.14=0.01" 0.20%0.02°

“Trace (peak area less than 0.005%). Each value is the mean = SE for 6 samples.
Values in the the table not sharing a different superscript letter are significantly
different at p<0.05 by Student’s t-test using the statistical analysis system.

BOMBHL, “MEBLONMER a7
IZRTE A 21%, HEAS54~59% Lt F AT
VR VHAE L, Connel & Jordan Dt & —
LCw/elle kB L UMY 3 v L bic
SHE DL F A7 MRV BALKEDN EEK 5B )
ZORTH Y a v HHEHOFE)THD a-
zingiberene 2%k b % HEh T/ (32~34
%) & DMOFEESTIE, Hilikis av i
& E N5 BT D neral & geranial, A XF
YHEFE D linalool, HMEEIFED camphene A%
M Shzz 2, g7, HARBEY 377 THEI
LEZEGD—2L LTHE XN TWS geranyl
acetate LI NTIEdH ML ShA?,
B XN Y awHE LT geranial &1
geranyl acetate DERDB VLoD, ¥ a
I AR OBALOESH Z SN E, &
[ U 750530 9 5, borneol, decanal 33
£ 0¥ farnesol AAME kS X OTU BRI TA
WAZED SN Lo (Table 2). 412, H
ARHEY a7 A ORI B LI O —2 THiRRk
5D decanal WU, F 2 H BT O
borneol (& fFKIZE (& E R TV, JifE
WKIRIBEALBATERVWRETH - 2 fito

T, “HfkB X OMRHE Y 3 7 F ORI
X, BEALERPLVEEZ ORI,
2. FBRECF O & HHE, FES X OER
#t (HPLC 43#7)

v oa v AMEIZIE, gingerol $H, shogaol %
DFEREGHS 06~ 1.0% GFNTWE Z EHH
HNTWDY GREHIIH 2Ry 3 77
DOFREFWT 2 RMEELAERL, F
RO B & O itk a7 7L O EELT
HTEICEY, WEEY 3 v AORRFEHE LT
OF A WAL 720 WK a v FCRRED
M X 2% KHA T L2 a7 NT 5T 4 =T
L, [6]-gingerol (1) # X U [6]-dehydroparadol
(2) % Hipfk - M5B L 72 (Fig. 1o [6}-Gingerol (1)
&, TR a o MICRb S ETR, ERYK
B TH DI EDVHMOENT VDD, A 3y
HIZHRMCE TN TV e FA M HMEL 72
[6]-dehydroparadol (2) %, Surh &2 & % #t i
Xd 225519 PURER S 3 v 70 S HlE L 7z
3%, HLemile LTEES RS,

Ihsofka (1, 2) & zingerone (3) %18
BEE LT, ks X UMk 3 o H R
5D ERGHT & 4T o 720 HPLC M O#ER, =
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Table3 Concentrations of pungent compounds extracted
from diploid and tetraploid ginger rhizomes (% as dry weight
of the ginger, [ I ug/mL)

Compounds Diploid Tetraploid
[6}Gingerol 074 [237) 064 [206]
[6}Dehydroparadol 007[ 21] 009 14]
Zingerone tr* (-] o [-]

“Trace (peak area less than 0.005%). Each value is the mean
for 5 samples.

Values in the the table not sharing a different superscript lett-
er are significantly different at p<0.05 by Student's t-test using
the statistical analysis system.

fefhB X OMUREAY 3 v 4 & 12 [6gingerol
(1) ASMRERLEZ0H 07% tdELETN
Tz (Table 3). 7z, [6]-dehydroparadol (2)
i, [6]-gingerol (1) % { AV ASiEE R ALY
7210007 ~009% & bFMITEFTN TV,
[6]-Gingerol (1) & U [6}-dehydroparadol (2) &
ISR B L OGRS 3 o T TERICEE
EFBED SN h o7z, T2, zingerone (3) &
B ALRINES N2 o7 (Table 3). %S
HELTATHERKGO@ENZITEA LKL SR
¥, SRS X OGRS 3 A OFREG O
B ALEDLRVEEZ LR,

3. ¥ a v HOMMTF AL X UERESOH

W

MRS L O R Y 3 v FREOMI T F 2
DPHANRZ M VB L MIC flix Table 4 1275
Fo Ya v MM F 2R L7227 T 2BPER
WZRL, BVWHURITEMEZ R Lzs H0IS, ks
X O WGtk Y 3y AL b, Staphylococcus

aureus 35 & U° Bacillus cereus \2x L, W52 %4
W% R L7 (MIC; 4mg/mL). % 7z, Listeria
monocytogenes \Zxf3 % MIC fiid 8mg/mL (.
fi1k) B X0 dmg/mL (WUR5A) & BE W
Zedbhole —H, 77 ABEREICHLTE,
R TETH 0, SRR A L 722 (Escherichia
coli, Salmonella typhimurium, Salmonella
enteritidis 3 % U° Yersinia enterocolitica) B X Uik
JEZ BTGP % 7R S 4o 720 Pseudomonas
aeruginosa 3 £ U° Vibrio parahaemolyticus \Z5F L
T, kB L ONHEY 3 7 7 Oflil =% 2
@ MIC fiiix 16mg/mL & bFr iRtz nRL
7zo TAUR, HEPHBEOHI T 2457 T 4K
WD 77 2RI LREZMERT LV 4
EDHALE—FH LTV, UEOEE,rS, =
fefkB L OWEEY 3 v o= 2 1cEHTh
TR ALEW A, Staphylococcus aureus, Bacillus
cereus 3 X U° Listeria monocytogenes O 7" X by
PRI L, HBIRCHIRGEEEZ A5 2 L)t
WoHme otz

KIS, LA 13 LHBEHEEOMEMEIZDOWT
WA L7z ALAW 1-3 © MIC fiiiE Table 5 (275
To Z O #EH, [6l-dehydroparadol (2) B & T°
zingerone (3) &7 7 AMPER B X OBEMER 2 X
LTHRBEALHBELEAERS 2d ol
[6]-Gingerol (1) %, [6]-dehydroparadol (2) # X
U zingerone (3) IZHARTHEMESD Y, EHIC

Table4  Antibacterial activities of the extracts of diploid and tetraploid ginger rhizomes
(MIC values in mg/mL)
Organisms Diploid Tetraploid

Gram-negative bacteria

Escherichia coli >16 >16
Pseudomonas aeruginosa 16 16
Salmonella typhimurium >16 >16
Salmonella enteritidis >16 >16
Vibrio parahaemolyticus 16 16
Yersinia enterocolitica >16 >16
Gram-positive bacteria

Staphylococcus aureus 4 4
Listeria monocytogenes g 4
Bacillus cereus 4 4
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Table3 Antibacterial activities of pungent compounds in ginger rhizomes (MIC values in yg/mL)
Organisms [6}Gingerol (6} Dehydroparadol ~ Zingerone  Penicillin G Erythromycin

Gram-negative bacteria

Escherichia coli 1000 >1000 >1,000 15 625
Pseudomonas aeruginosa 500 1,000 >1,000 >1000 125
Salmonella typhimurium 1000 >1000 >1,000 025 125
Salmonella enteritidis 1000 >1000 >1,000 05 125
Vibrio parahaemolyticus 500 1,000 1,000 250 4
Yersinia enterocolitica 1000 >1000 >1,000 250 61
Gram-positive bacteria

Staphylococcus aureus 250 1,000 1,000 003 1
Listeria monocytogenes 500 1,000 1,000 4 625
Bacillus cereus 500 1,000 >1,000 125 025

7 ABERED D 7T ABERICH L CHUMtE
MR b NTz, 12, [6)gingerol (1) @ MIC i
(&, Staphylococcus aureus = %} L 250 u g/mL,
Pseud: aer Vibrio parah
Listeria monocytogenes 33 & U° Bacillus cereus (=%}
L 500 4 g/mL T 720 WfERT 3 v T ol
IF AP L OERKT OPURTEPEE penicillin G
X erythromycin @ & 9 ZRTROIAWE & R
ETETdH - 7225 (Table 5), [6]-gingerol (1)
Eyav ATy — Vil ¥ 2S5 EE
NTHY (Table 2), ¥ ay Aoz F 2D
D% < 1% [6]-gingerol (1) KT 2 H D
LB bh b, %7z, zingerone (3) & V) [6]
dehydroparadol (2) 2%, Pseudomonas aeruginosa
B XU Bacillus cereus (=%} LT, #TiivVHumk
EHLTWIZ, TOZ LI, Ficker HO#Hif» 2
DL B gingerol F D h I DM & KEEIL
Bt e B Az oL 2 6M b,
Dhawan & Lavania i&, f8fk%Eih+ 25 &2
O RACH IS SR B A% d B L Hh LT
WaP, Lal, SRMELEY a v FORE,
FABIY, PR & S ITE IR SN A h o
7o DUREIRY 3 o MR REML S B2, M
CRICHT IS N TE Y, 2ok LT
DHEHEREDSBVWEEZ LML, 72, fF
KB X OGRS 37 A O 25 L0 Ls
MOPRIEYER SIS 2 2 L 25T & 720 MURGR S

Tubi
Iyticus,

ST AORELY ) =Vl F 2B LY a3y
HIZEENL RS TH 5 gingerol HAT 7
LAERICH L, HURIGEMEE R L7ze MIC flic
TERLZEHZ, Wk 3 v Tofil=¥ 2B
& O R 5 o U I P 13 penicillin G %
erythromycin ® & 9 i OTAE & LAY
WiEHTH o720 L LaAS, AEKICBITS
JEAEOFEIBIL & RIS & B LI, FER
D EHREET VD, ZOIdS RO
FCTh 2 MRS 3 v FEHi 2 FERO—D L
LT, ABRAER 3 o 7 il i i3 2
FMRMP E LTOWREDRD 5D TR A VrL
EZ AT

AR EITT 212720, SREVIEBIME
WY F L7l LA - SSCERIUE ENS O & D
BHOFERL T LTI F O 4 O TR
ML EFET.
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Secondary Metabolites and Antibacterial Activities of the Rhizomes of Diploid and
Tetraploid Gingers (Zingiber officinale Roscoe)

Kazutaka Nishikawa, “Norie Tanaka and *Kanji Ishimaru

(Naruto University of Education and *Saga University)

The rhizomes of diploid and tetraploid gingers (Zingiber officinale Roscoe),
‘Koganenosato’, were studied in the composition of volatile and pungent compounds and
the antibacterial activity. The tetraploid ginger was derived from the diploid ginger by in
vitro colchicine techniques. GC and GC-MS analysis revealed that the composition of volatile
compounds in diploid and tetraploid gingers exhibited a similar compositional pattern. The
pungent compounds were also isolated from the tetraploid ginger rhizomes and their
structures were established as [6]-gingerol and [6]-dehydroparadol by chemical and
spectroscopic evidence for the first time. Moreover, HPLC analysis showed that the
composition of pungent compounds in tetraploid gingers was not altered from that of diploid
ginger. In addition, extracts and pungent compounds in the rhizomes of diploid and
tetraploid gingers were screened for their antibacterial activity against 6 Gram-negative
bacteria and 3 Gram-positive bacteria. The minimum inhibitory concentrations (MICs) of
extracts and pungent compounds in the rhizomes were determined by the microdilution
method ranged from 0.49 to 16,000ug/mL and 0.03 to 1,000ug/mL, respectively. Extracts
and pungent compounds in the rhizomes exhibited a fairly high antibacterial activity against

the spectrum of most Gram-positive bacteria tested.



