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Abstract

Chinese Kale (Brassica oleracea L. var. Alboglabra) for the Cruciferae
(Brassicaceae) Brassica plant in Asia Chinese vegetables commonly consumed in
China, Guangdong, Guangxi and Fujian provinces cultivated quite . Department
of Taiwan's main cultivars introduced from China or Southeast Asia, cultivation all
over. Carex species generally contain glucosinolates, its degradation products with
anti-cancer properties. In this experiment, combined with solid phase micro
extraction GC-MS measurement of isothiocyanates in Taiwan’s Chinese kale types
of content, that the eight varieties Chinese kale and commercial kale development
at all during the harvest season or different, and the resulting. The main
ingredients isothiocyanate Allyl ITC ,3-Butenyl ITC ,4-Methylpentyl ITC, n-Pentyl
ITC and 2-Phenylethyl ITC and other five, all varieties contain isothiocyanates
leaves begin with 3 - Butenyl ITC has the highest relative content. Allyl ITC as the
degradation products of sinigrin in Chinese kale, Allyl ITC compared to other
types of isothiocyanates and its content is low. Chinese kale at different growth
stages, the isothiocyanates that are different types of content, tests 'Chui Po' not
detected at 30 days, isothiocyanates, and 45 days when the plants start bolting,
leaves and Moss flowers were measured Allyl ITC ,3-Butenyl ITC ,4-Methylpentyl
ITC and other isothiocyanates 3. Kale isothiocyanates in different organs of
different types of content, 'Chui-chun,' and 'Chui Po' flower moss in the relative
content of isothiocyanates higher than the leaves, 'Chui-chun,' root type
isothiocyanate more than the leaves and stems. Insect chewing off leaves,

isothiocyanates and relative species were significantly lower than healthy leaves.



Chinese kale at different developmental stages within the sulfur content of
glycoside types are constantly changing, Moss spent time in the pumping sulfur
glycoside content of leaves decreased, flowers moss contains a relatively high

content of isothiocyanates, which may be the main cause feeding insects aversion.

Key words: Chinese kale, headspace SPME, GC / MS, glycosinolate and

isothiocyanate.
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PPEH F ER- Rinfdy (Pereira et al., 2002) - + g (Brassica oleracea

var. capitata)** v - X ¢ A fAI5ET (20 E30°C) 2 £ > B Z B
BEF S84 3 PER (Rosa, 1997) © etk 6 - B kd
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RiEFHP NS poRfRampd L = Baf Bp(ter3); & LF she
FEIH o F A FhmAE RIS KRR AL

Fi¥ fifia (Shapiro et al., 2001) -
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ESP ¥ it § H 2 A F i 30 & RVt &0 @ prn
&1 (Petroski et al., 1985) - Rungapamenstry ¥ 4 (2006) 4% s
2DAMEEF T ABABIESZ 2 AR IERTALYE EYF
2 & pLPEY sinigrin 2 K f2 A $ ¢ 7 = 3 - allyl cyanide »
1-cyano-2,3-epithiopropane (3 ESP 7 &) % allyl isothiocynate » R 5%
BEEFERUERE B 1-?1 (4 = allyl isothiocynate & % ) - ip ¥ e

B RAEAIET 23 ESP 435> R K3 S AL RITJE AR o

PEAQOFRAEE T THABY >4 0 ¢ 35 '%¥£1r47féwalv1—
%0 RF ¥ A SRR o L B(2006)d 1248 7 R Rl L 6785 vk frdfhrile %
FAEH o & % £ (2006)F tk M HPLC(B i A K 47 R)4 47 ~ ¢ 436 & R ¥
X BT ek 3 %R BIFISH % Y5 % AL (2-hydroxybut-3-enyl GSL,
4-methylsulfinylbutyl GSL, 2-propenyl GLS, 3-butenyl GSL and 4-pentenyl
GSL) frdfrslv- % mikg # (4-hydroxy- indol-3-ylmethyl GSL,
indol-3-ylmethyl GSL, 4-methoxy-indol-3-ylmethyl GSL and
neoindol-3-ylmethyl GSL) - # ¢ 3-butenyl GSL 3 i & fa#f > | % &
20-50% > H %1 §# F % 0.5616~ 12.3395 mg - g (DW) .+ %GSL% EFHz
3.3695~21.3378 mg - g ' (DW) > 4.%;%*%GSL§ £ # 7 5 1.5397~ 17.2645
mg-g ' (DW)> .%gﬁlv;’f—*’E‘GSL z £ # ¥ % 0.7976~ 9.5900 mg - g (DW)- ¥
Ergi3%GSLE A o 53 5%GSLY > 2-hydroxybut-3-enyl GSLe % 1 4 [
%0.1747~5.2591 mg - g ' (DW) ; 4-methylsulfinylbutyl GSLe7% £ # 8 3
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0.0872~1.1205 mg - g' (DW) ; 2-propenyl GLS§ £ 4 +:0.1209~ 3.0270
mg-g ' (DW)> 3 T % E 4 Bl 3 2 ; 4-pentenyl GSL:h 3 £ #2i% 5 0.0925~
0.8720 mg-g" ' (DW )»} 1046 % & % # 8l ¥} #* GSL- £ # 4-methylsulfinylbutyl
GSLZ £ % ~  2-hydroxybut-3-enyl GSL £ KA E&E 8% > A it
B3 & o 4-methylsulfinylbutyl GSLe*% j2 & 3 & § % 7 Fogewd »x o
2-propenyl GLS# 2-hydroxybut-3-enyl GSLE_# E#7&h vk $ F (7 & £ >
2006) - *3lsi-*%GSL¥ - 4-hydroxy- indol-3-ylmethyl GSL<% £ 3
0.0480~0.5277 mg - ¢! (DW) ; indol-3-ylmethyl GSL 3 £ # F 3 0.3237~
3.2074mg - g'' (DW) ; 4-methoxy-indol-3-ylmethyl GSL £ £ # [ 5 0.0890~
0.6488 mg-g ' (DW)>$ — % & % | 7} »* GSL ; neoindol-3-ylmethyl GSL
$ £ 50.1426~55996 mg - g ' (DW) o

2. EBHHRAARBREZD

EF BRI R RBAFBRI AR Y &R B
2_F# #8413 M (Halkier and Gershenzon, 2006) - :8 % » & & & (s {24 € & SLid3
e HERPAREZE BRI F BB R AT L TP7 M (Agrawal
et al,, 2002) - Doughty % 4 (1994) 4% # *év*{«ff?pi‘?’ iz (methyl jasmonate ;
MeJA) *+id ¥ (oilseed rape) £ %+ » ‘ii?uvalvﬂ:‘%’fp% FEH N IR RH
RPEEFEHLEBH I CHRFBTENFERI AL G ERL T
H E&? A (Psylliodes chrysocephala) &% - % » 355 3 sevslefmiph 3 o ¥
BRARY BREERERFALTF I R EE T F F 59 F-Leptosphaeria
maculans (31424 E 2 %) % Alternariasp (3ldzt 3 EF 2 sp F)

(Mithen et al., 2001) - % F mpEg et + % 2 LR ERANRFHHF L5 >
e & fEd (Tropaeolum majus % Caricapapaya) ¢ ; 2 % % #2tf L F
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WA F 3 {54 ehi & £1PE ¥ 9 3 2-phenylethyl glucosinolate » F) b 3 ip] 2 & AnpE
kiR 2 hR g BT R - BRI RARFAL K NFF - S F A
FEBLRMA= AE L FIF (Glomus mosseae ~ Glomus intraradices{r
Gigasporarosea) “TH ¥ A 2 PRBEHFAF XL IR I RBABEHF I ER 25K
o edfits (WAL AES) ¥ FEREHE 2 (Vierheilig et al., 2000) -

AL F RIS T S E AR B F T > bldoipEY sinigrin 5 TGGI fr
TGG2 %+ fsh A f2is » @2 allyl ITC L8 4 T+ 2 HEd 5k
Pril3®iE o B %% RR. solani AG-4 ~ S. rolfsii 4= P. aphanidermatum % 2
oo mEsied] s EAY KA AREAROTIEE  EREMBHT F kb
e 2 SR R F(4L 0 2002) -

Z LA Bf TR R

§ A M RIPEH %e § flg Cho# 2« 8 FAA S § 3 SDNA
B3 FERBATFNLIE > &I Verhoeven £ 2 (1997) s éhit » RB
(carcinogenesis) ¢+7; % EA2& 3£ % BH > d wre X FIW PR 4o > Dibpir
APt o BB RERAA RN o B Qe Ed WDNAFrRFF (&
REP) I 8% > FEBTFA? FH EEFIDNAG A G T > Birigt §

7 B4 RIDNAGF L § i + i @it 3 0§ 7 "% kcd + (tumor promotor )
ig_i& % % e (preneoplastic cells) i & » :}E’;}m’?éjl*&gﬁﬁ o AR BEFADNE -
FeBgty p BB s b A IERRREL > PE )ﬁ;i&{ﬂ SREpP S RBE N
FoPLEATI Y B BB BE S T R RSN KRB g
ZAEER P ek R S SR AT BN R LR ek b
.@Fé:&.fhi'&ﬁ?ﬂiﬁﬁ«'@iﬂﬁii BRFHHARTTIERRET L BT B YRR
BE KRR N RSP ABr & (Verhoeven et al., 1997)

10



WHFERFEFTEUREH TR B HREESROD G B
WhHERY P k24 7 M(Faheyetal, 2001) 5 A fifin > 5 b
WLFEREEY ARETENIFRBELAF 5 AR REF L M i
(Bones and Rossiter, 1996 ) ° # % £ % 3 % 2 sl R mpE -k 212 A 5 7 ;?ﬁ%“#“”
#Iphase 1 f¥% % 3 $phase2 f¥ 2 ¥ NP HpRF L AN RNFEF A

4 3 #gouem»csd (Verhoeven et al., 1997) -

ERABEFLAEEHN S P IR EFTRTUIEFAFERS B~ 7
B~ @ H&Hﬁl}?ﬁ:mﬁ‘ 4 (Mithan et al., 2000) - ;& f’ff)ﬁaﬁpi‘:}ﬁ LRl S o
EEFRBEFLIRG > IR E LB A AHL R SRE (Higdon et al.,
2007) > # F enB i § Bifg #303 E# 5 & Bixenobiotics2_ ¥ & Gtk A ko0 &
Rt ied ks Ak > TEY BFTRARED PAE AT B AR T
* xS o X RAMP R AP BN | #e AITC (allyl isothiocyanate) % I13C

(indol-3-yl carbinol ) > ¥ 3 4r < E3F%K{r-| % % i* phase2f#-GST (glutathione
S —transferases ) &M o 3 4r f2 3 X Fpehrd i S 7 x4 [3CT 143 B VFHEE AR
QR (quinone reductase ) f#i% 1% ; PEITC ( phenethyl isothiocyanate) ¥ it 3% B *+
P QR FFeE i #9W5R2 QREF e 1 4rE 52 5 ANITC (o-naphthyl

isothiocyanate) » ¥ )1 3% B "% ¢ QR f#= 1+ (Verhoeven et al., 1997 ) -

REPHOFEI Vo REFHREF IS NERIBRIFEEY o
sulforaphane ( ¢ glucoraphanin -kf### @ %) - indole-3-carbinol ( ¢
glucobrassicin -kf2#74 @ % )(Jones et al, 2006) -+ &7 allyl isothiocyanate
(d sinigrin -k f## X)(Rungapamestry et al., 2006) - sulforaphane % — fE¥ /&R 4 &
T2 RERE DR 0 250 C2100°C™1 -} ¥ & 5f% (Jinetal, 1999 ;
Eylen et al., 2007 ) -
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g AR M E B2

FARME P BT E AR R ER AR ELE Y W LM B H 20 A2
i% > d Pawliszyn (1990) #73 B M enFBiir> 1993 #4457 LR F E M A &
T - R RHBAIRRPRRARTELNS ) - BLBRERE
( solvent-free extraction ) o & ;% & 4 ~ F B ~ REERF-HE 3 RERE -
HFFE - RPTCBFRFFTEFITARAE A FRT B ERHELE
FREOGEACRRAFREETNSE - FF T PBRE R FF T

FETRLAEB Y bt o

FAAMEP2L LB KA 8L 2A K (1) ALE (holder): * kHZ -
AFppr e EHdRamE R - (2) B e 8 (fused silica fiber) % & 7
BAFRGIF T RAYTFI RO LERE Rtk o d WREEE LS
BEENE T - S E (LSEE ) U OB RRR FLRER
7R N R SRR RS S o AR Y rde ik (plunger) * kipdl 8 g

o e TREME RATEBANEF  FRELESTE REHL
17 5% (plunger retaining screw ) ¢ #&ff 3| Z 32 # g & > L pPEpE 4 g e R
TV HETRBNEE o T FANSFFEIIERTE R (adjustable needle
guide/depth gauge ) > B| &% X #B AL FFHFE DL R > A TRE A T o

WPHEHBIREE -

F AR 3 B3k f"t‘ﬁ;,&f (SUPELCO > 1998) Yotiték 3. 0 NS SEL TRER VT
E?E%r‘:‘é’ﬁir ed 5 (septum) ol - A ;}'g_;l;y_iﬁ—»); pi'fffg"#ﬁ—iﬁifﬁ.iiﬁ
¥ E o BEZBLH o s'—fhfﬁfﬁfi’rlq\ﬂﬁ,ﬁ%ﬂ&\ anir g lfg—"f‘ s

12



RN GMEE N SN o ML ST AR T KL T - R

B 1P e FEEFRRG - ST HPLC » JE5 S dpia g 2

B A r SRR BSOS T R RRAFY ASMEEY o X

# SPME %% 4 31 84T o

FARME P nE B AT A L 248 1§ E 4% ~ 3% (Direct SPME) ~ 78 3 3¢

(Headspace SPME ) % # % i%# ;* (Membrane-protected SPME ) » 4r*}é% 4. o

A.

4R N RARE R
HGRPREE > BEY TREFFF HNELATHEZ k# > 7 4)
PR FLATHRLES  RRRARE Y TR EHTE R R
1 RS T PR o

TR AR
FrRFEERORE FREF RS TII0 FI RE AR A
MR FAR-R BT chT R TR el (T SRS g B R 0
S5+ 3 (matrix effect) { /] o d ¥ 7% 2 &% & > $ a7 3] dgk
HARS o T L R

R S AR AR R B

BARGRE£E KRS o BT 3 2V F B (Indirect SPME) »
AP RRARFEALET Y TN 1l E L FERE LR
BT OEUNELNARETEE > A FBE IR 2TV
MEE TR N TR R R R F B R T 0 4

P oBSEERPIHINEL N FLLEFEFRIBLRDERE -
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AREE A A RE  FEPRA R RETREAT- B AFH o
AP ERARBBILRE S > FAVFPRREINRSATICE BA Fiahe
fe¥ cpF e = SPME chiBe o %1 » FETI TR AR RIFLFE RPN
FREc R 4R RAFHRLT L EFEFER 4 s o A

T gFiE RS - 2N (Pawliszyn, 1997) :

. ConVsts
(Kfsz +Vs)

29 on: R RASERE
fs: 245 b B A FTREAT R ¥ &
R LU YT T
Vs &

Co : A% btk Sefi- 42k A

ESPME B4 » $at T RFERI-RBLAFT M EFREZHFSFF
HAZ g e fas gyt o Flut 5 0 AARE B s i 4 2 PP
PRZEDNE ABRALPRER > 3701 SPME $B3- 2 7 Fenb 4 Flit g
FHERNFIAFEORAERE > MM R EFRF T BABRFE D
BEHETF R AT ORAE B K RS 7 AF § = (poly-dimethylsiloxane,
PDMS) 2 &t B AR Jaﬁ; Fifa (poly-acrylate, PA)% f& 41 B ("4 5.) 4 %] 3§
FAvok R LI HBERE ST OA o NETHEBRF o TE KRS
FERBREEEA R AP NG R BHER 0 ¥ LRAREF R GH LA
FRHEZ P OFE FLL SPME 2 52 8 8des B 530 i 54csitek 6,471 0 A 4T
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FFRBAVFETFERI PR REREFTRE - SPME B R RS 7 4
% Bt 4] (adsorbent types)frex 4z ] (absorbent types)i &> ® £ § Hig{d it o =
3 FERPDMS %3 PAR AL ol » R EHFRES 3wl
FieP € BB HFhF P > R LG HTFF - AFF ) A3k Kk
BR M2 3BT 5Bk TR B 5P o
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»
>

¥ OHEsER

I
™

- R

(=) H# 3k

SAPHFERG LELEES SRR TELLRE U0 BFE A
2009 # 10 * £ 2010 & 7 ¥ P pE » & 4 FiTs A47iE 2pEY - ¥R
2010 # 7% 12p ~7% 289 ~9% 7p ~10% I3p&r 11 % 12p £3
AHPREZFEFR L4 o

FPHAMZEF CERFEMITERBEL N SENE > A WEA0) S B
QYFE(3)BR @) FP G TaLBERE ~(6) RI~(7)0
REACHFE G)ER (M T HB AL SHE) L 362 ~F 1828
FPRE TP EHRLI02T - cBHRAIOXTERFER 22 T)EFE
A FASLIE L BRI Y A4S S EABBIE L B o Ti0a <
H- XK FTRERPFE- AL FAILEZ BRI > £ 10 5 o 3
1520 2 BAEFFHRGERT FEFT I HEE 3045560 % &y
2

2010 = 10 * 18 p > HF FERA ~ & F B F T F R (1)~ (6) >
T)-@I)ERBAEFTFH70%°2)~3) @) G)e T EF T F530% >
“r0 5 2010 & 10 7 29 P EATIAEH » £3Q2)C) @)~ G)e BHE

BNFERES A PRSI A B B et ko
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(=) HEFEER

FERBAS SR RLP (OP) FALL - 5LL P AT/ SRELS
WA BT SAERN AL FHRLFIELRB R 2 2Y AL
FLRERTESAPEBAAP » EAE5 60 X 27 3 4 B2 T ER BRI
AP A ENHIE TS A EE S R E I A MBS ENE A R R R £

1’%¥viﬁ4$(0§1§,1j&§,2:§,3g —?),ﬁp%k’gk\4?&o

SRR ERE

# 18 % 47 F 3# & (GC/MS) : HP-Aglent 5890 II plus GC-5972 MSD (Agilent, USA )

FHREIE ETFRELMEE) £ E4L5 DB-5-MS>30m x 0.25 mm ID >

5% 1 pm (Agilent, USA) » i‘iﬁ;’p’ Wiis -

FHEZ G D BHRLF (999995 %) * A4 1mL

4 vt (split ratio) @ & 4 Vi (splitless) °

AN TIREFZ (T0eV) -

1. F##Fp % 35 2 350 amu (atomic mass unit) o F]4p i 5 B4 2 (SPME
fiber) : 75 pm Carboxen/ PDMS (Supelco » USA) -

2. HipcZ g (SPME fiber) : 50/30 pm DVB/ CAR/PDMS (Supelco, USA) -
(DVB, Divinylbenzene: = ¢ Jofp £ ¥ ; CAR, Carboxen: 4 + & ; PDMS,
Polydimethylsiloxane: & = * £ % ¥ %=

3. F ¥ 5% FRERBIR 2 3SR

4. p &% 5 US EPA method 8270 internal standards 4 mg/mL » AccuStandard »
USA (% 1,4-dichlorobenzene-d4 100 %, naphthalene-d8 100.0 %,
acenaphthene-d10 99.2 %, phenanthrene-d10 95.5 %, chrysene-d12 98.9 % %
perylene-d12 98.6 %)(*i4% 7.2 *}4% 8.) °
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5. 25 mL 7 7 ¥y (headspace vial) : %7 53 % # 2 W F o
6. FTigtHy : ¢ B¥LEL X355 (Violet BioScience, Taiwan) °
7. 10pL # % 4*+(gas tight syringe) : Hamilton (USA) -

8. ®3F %I ! M-220 > Denver Instrument > U.S.A.

o HRC 3

2009 & 10 5 3 2010 & 7 7 B Y & 4 R SPME 7 it
B oBEPRHBMEREERF GC-MSend B F R  BIRFrARTE
PRIBRMESE LREANTAFNER TN ARET I RE N 1R
ARSI RAEE RER B AN T BBRG 10 B FIEITTHR -

L WRG BRI REE 5% 35% ~70%2 fia ke 3 43 -k

R A s L

BEEd A NFABER B L R-RBEEATZER R

3 05cm* =P 2g HEAUEX 4B 25mL FLE 4 r S5mI5%e fE

5ml35%2 f ~5ml70%2 @& Sml 2 33 -k o 1 50°C §2ip 4o 20 &

15 MRS ERES G 10 S48 - F17 b FARAI PR B TR @R
BREAR  ZFHEFTHRFFELE LI CLAWALESER -

a. SPME fiber— 50/30 pm DVB/ CAR/PDMS
AR R (40C B 3 L4 oY IEER IS LB STHET
170°Ca$3 A4 v R 1270°C - BRIER 1270°C -

b. SPME fiber —75 pm Carboxen/ PDMS
AR R T40C I 3 L4 o T BER I F AU STH IR
170 CaF3 oé5 -2 v R 1280°C - HipIER 1280°C -
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I w2 FEH2H EXE

2

hoedd FERTEEFLEES SRR RET L NE R BF
$2010&7% 12p~7928p 9% 7p~10% 13p&11% 12p 87
PoAPAPFEFF - P REEAFATZEFFFYRREL PRI 05

Pofeme 2gH SR 25mL EZAL A r SmIS%e Bk o 5
WIS WA ET S0 Che 20 A4h 0 M EARMLFEAE 75 um

Carboxen/ PDMS 3%t 10 4 4832 {7 GC/MS 57 4 47 o

FAAETFHRFTEE CRBALER 40C 2 3 A BREE
WAL E A4 8CH BT 170°C » £ uE 24 10°CL RS 270 °Clads

3 4o v R 280°C o WiplEE : 280C -

I11. 7;;‘_‘7' H?'r-r'ﬁ 7}?’%’!}”‘-@&’ LL@L

B4 E o A u B MBS 30X 2 45% 60
AARATHERE S RTEABLBERZ - 45 YRERRA
T2 ER RO REIE > § (F2 €32 T0E - 28T 05cm’ 25 2g
EE225mL EEFL 4 r SmIS%e @ARe 1pL P HRES o H 5
MEFHEELISOCH#20 4 M HPKFEEE 75 pm Carboxen/
PDMS =% 10 4 48312 17 GC/MS %' 4 7 < § 48 & 17 F 3% &4k Fi% 2 I (IL)

LLﬁLZ F’iéﬁ”j‘ﬁ %"/}h%o
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IV. ¥ E* B2 1t R

V.

BAEfE 60 X 2 (2) ‘A7) FREXASCHEB)ERTE>
AEFH EF EEIRIGEELH T RQ) - B)F ERAESE
Erad REUE2EF AN FHRKEFAERALDTE? F &

AN CE I S-S R

FARE TR RT AN LR AT

GC/MS £ 17.% % #7118 & S48 & B3 T 2 Wiley275 (Wiley, USA)
£2 NISTO05 (National Institute of Standards and Technology, USA) F# &
ARETH R RESLEY T RELSVIREY R &S
(characteristic indicator compound) 2. i* & (calibrated abundance) 12
FTHARFEL L up Rt A S REBRGFEESY X P RES
ZFAFHFEFIERE - FRWLEFETRIETHLSEF > IESEY
B ERIEFRT EFHA B FEEREE A% D (not detected, ND) - #-

#r 18 el B ﬁe.] > Microsoft Excel XP ? 27T — 4 s 45 o

AN

. A =1 3 ' S = 5 '
Calibrated abundance = A x —2 iﬁﬂ e o Z1S @iﬁ%
1S

Calibrated abundance : 35 i L2 R g o

Al 2BREY &2 R8T TR (total ion chromatogram )
2R EFEA G
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Ais: 3RS P REEZAEHL S fH -
Asgerg ‘FERTEPRSMEESZAEHLS 6 H -
S: $REENTEIARMLERE -

Sisgerg  RENERENTIARLERE -
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)
el
<

s

(-) FEERAE (% 1):
‘O BHORAEH30em 2HRELRSH NG H FRERA Ea T
Fakrd e FER AL EIFREFE §8d i,
‘FAKRBHS0em 2 & S IMGLEE  FowE > Frrea) s §
BTk 2 Ehede ) RS RE > R ETRMEPER L
25 REFEEFLEPRRE > FFL - T8 g 2 F PRI
H40em> 2HRZ1Z S W FR R EakBii k2% s
FHEP O E BT S TR TP HRIY0em A
BT MBI EERME S EREY ER TRk E
EoEIRSETRE R TEBAMEOER L EHRNY RRATTELE
PARRE  FRE BRI T E2HEEHRIY Y40em s Y
RLESENMGCENECRRYEa TR 2E w5 ER
TR SRS TE S TR CRBRBYS0em s 2HE A
Zaryp o o T kg ERw 3 ER > gWE - £ RS
GEL  EHRI e 9 PREACHTERBYO0Om L& §F
AT ERWE - EPEA Eo kB ARk 2RI44% 0 Eie
W F ER - EAES FEETE EHI e L2 KB Y 50em
ARGTWMPLEG  FAWE ELP R Fe T k2% F

fomt B ES REEFE > T8¢ vg o

b

AEAECT IR P A L PR 05 o HE P E ek 3 vk
1o TEER 1B AR B T REEYTR25 FrR05% %

PESZR 1o~ Ark 15 52 R 05 Ak 15 > 204 0 5 ~



HAR3& ‘T LEERE EFER1H -FHR0% o TEER2 5%
R 1% EMEZk 0% > Hh 3% o ‘BHOFP 2R 15~ #rk 0% >
TEERTIE R 2% ‘0 A EACHTEEYERIE -FHR 0%

B EREAIE AR08 TEE

"

W3 B Ak 0 B FIMER 1

B PR3 o (PRI 2T M)

(=) GC-MS £ #7

WS A F AR B R 5% ~ 35% ~ T0% 2 iR g ok

IR A U T

WPFRESEHE 22 GCMSHERT > % 5% BAREF BEN A4 5
75 pm DVB/ PDMS SPME £ 50/30 pm DVB/CAR/ PDMS SPME = #& 4k v
A E(F 1.~ § 2) > % ¥ %% 3] Allyl ITC ~ 3-Butenyl ITC ~ 4-Methylpentyl
ITC = & & %4 fafig > = ™2 75 pm DVB/ PDMS SPME $ % #7x % 3| ¢ ITC

¥ 2 £ %3 50/30 um DVB/CAR/ PDMS SPME & -2 75 nm DVB/ PDMS
SPME 244k GC/MS T » @ % 2 F 2o fRkR (5% ~ 35% ~ 70%) &

PoKEF RN (F2. B3 B4 F5) 2EFRET 35%2 70%C ik
€% SPME &< Ex'gr|e fi> A4 LB ERBAR G ITC it 4 %
%o LR E F Rd i it ] Allyl ITC ~ 3-Butenyl ITC & &> ® LR R

MR 5% MR EF RES o
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I1.

I11.

BRAEFE AP IR ERE

BE 2010# 7% 12p ~2010 & 7% 28 p ~2010 & 9 % 7 p ~2010 & 10 *
3P ~2010 117 12Pp oA 2 BEH HME 2k XARTE » B5%%
R77 12 p 7% 28 p ‘¢ @ $ Allyl ITC-3-Butenyl ITC - 4-Methylpentyl ITC
2 n-Pentyl ITC £ 4#:9% 7p ~10 % 13 p ~11 % 12 p 25| Allyl ITC

3-Butenyl ITC £ 4-Methylpentyl ITC % 3 & - (F] 6.~F 10. ; % 2.)

N r’ﬁ; PF"’}& fbf;s“‘ﬁil

(L)% $a4k’ £ 3 B 2 7 P4 £397] 5] Allyl ITC ~3-Butenyl ITC - 4-Methylpentyl
ITC % 368 75§ By - ) ¥ A 464 30 % 2 45 % /3] Allyl ITC ~
3-Butenyl ITC~4-Methylpentyl ITC % 3 f&>60 % B3] Allyl ITC~3-Butenyl
ITC ~ 4-Methylpentyl ITC £ n-Pentyl ITC % 4 6 - (3.)°2. % £ #8430 = &
60 % 2| ¥| 3-Butenyl ITC £ 4-Methylpentyl ITC % 2 & > 45 % p]ip| 3] Allyl
ITC ~ 3-Butenyl ITC + 4-Methylpentyl ITC £ 3 6 - (4.)° ¥ $°#4# 30 < & §
BIF = P 48R AL F Befy 0 45 % 27 60 % ¥ BT Allyl ITC ~ 3-Butenyl ITC -
4-Methylpentyl ITC % 346 - (5.)T & & 2§ #1430 = ~45 X &2 60 % ¥
i#] 3] 3-Butenyl ITC £ 4-Methylpentyl ITC ¥ 2 f& - (6.)‘t- 4K 12 30 * - 45
% #1 60 % % #|3] Allyl ITC ~ 3-Butenyl ITC £ 4-Methylpentyl ITC % 3 #6 -
(7)°6 74 F 4w K E A 30 2 27 60 % ' | F] Allyl ITC3-Butenyl ITC £
4-Methylpentyl ITC ¥ 3 74 > 45 % if| 3| 3-Butenyl ITC &2 4-Methylpentyl ITC
% 248 o (8.) & A 84 30 % | F| Allyl ITC £ 3-Butenyl ITC £ 2 4 > 45 <
#538]% Allyl ITC ~ 3-Butenyl ITC ~ 4-Methylpentyl ITC £ n-Pentyl ITC % 4
# > 60 % ;p|3¥ Allyl ITC ~ 3-Butenyl ITC ~ 4-Methylpentyl ITC ~ n-Pentyl ITC

22 2-Phenylethyl ITC ¥ 5 - (% 11.~%] 34. ; % 3.; '#4%9.)
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IV. 2 FF VR

FERfEE 60 X 2 (2) A (7)8 A EACHE @) ER AR EF
BPAESTEENZRI FERQ)FE Q) ERAAESENE N ARIE -
2)‘E 2% ¢ p|F] Allyl ITC~3-Butenyl ITC~4-Methylpentyl ITC 22 n-Pentyl
ITC % 4 #a (W 35.); &2 5 AllylITC » 3-Butenyl ITC - 4-Methylpentyl
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Table 1. The investigation of 8 types Chinese kale cultivars after planting 60 days.
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Fig. 2. GC/MS total ion chromatogram of Chinese kale leaves by 5% alcohol and 50/30 pm
DVB/CAR/ PDMS SPME.
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Fig. 4. GC/MS total ion chromatogram of Chinese kale leaves by 70% alcohol and 75 pm DVB/
PDMS SPME.
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Fig. 10. GC/MS total ion chromatogram of commercial Chinese kale leaves in the November 12,

2010.
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Table 2. Summary table measured by commercial Chinese kale leaf types of isothiocyanates.

(a: Allyl ITC ; b: 3-Butenyl ITC ; c: 4-Methylpentyl ITC ; d: n-Pentyl ITC)

7% 12p

7% 28p

9% 7p

10

13 p

11

112 p

abed

abed

abc

abc

abc
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Fig. 11. GC/MS total ion chromatogram of “Bai Gelin” Chinese kale leaves after planting 30 days.
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Fig. 12. GC/MS total ion chromatogram of “Bai Gelin” Chinese kale leaves after planting 45 days.
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Fig. 13. GC/MS total ion chromatogram of “Bai Gelin” Chinese kale leaves after planting 60 days.
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Fig. 14. GC/MS total ion chromatogram of “Chui-chun” Chinese kale leaves after planting 30 days.
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Fig. 15. GC/MS total ion chromatogram of “Chui-chun” Chinese kale leaves after planting 45 days.
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Fig. 16. GC/MS total ion chromatogram of “Chui-chun” Chinese kale leaves after planting 60 days.
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Fig. 17. GC/MS total ion chromatogram of “black Jie-lan” Chinese kale leaves after planting 30

days.
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Fig. 18. GC/MS total ion chromatogram of “black Jie-lan” Chinese kale leaves after planting 30

days.
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Fig. 19. GC/MS total ion chromatogram of “black Jie-lan” Chinese kale leaves after planting 60

days.
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Fig. 20. GC/MS total ion chromatogram of “Tsui-po” Chinese kale leaves after planting 30 days.
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Fig. 21. GC/MS total ion chromatogram of “Tsui-po” Chinese kale leaves after planting 45 days.
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Fig. 22. GC/MS total ion chromatogram of “Tsui-po” Chinese kale leaves after planting 60 days.
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Fig. 23. GC/MS total ion chromatogram of “Plane black Ge-lan ” Chinese kale leaves after planting

30 days.
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Fig. 24. GC/MS total ion chromatogram of “Plane black Ge-lan ” Chinese kale leaves after planting

45 days.
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Fig. 25. GC/MS total ion chromatogram of “Plane black Ge-lan ” Chinese kale leaves after planting

60 days.
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Fig. 26. GC/MS total ion chromatogram of “Ge-lin” Chinese kale leaves after planting 30 days.
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Fig. 27. GC/MS total ion chromatogram of “Ge-lin” Chinese kale leaves after planting 45 days.
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Fig. 28. GC/MS total ion chromatogram of “Ge-lin” Chinese kale leaves after planting 60 days.
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Fig. 29. GC/MS total ion chromatogram of “white flower, sharp leaf, thick stem Ge-lan” Chinese

kale leaves after planting 30 days.
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Fig. 30. GC/MS total ion chromatogram of “white flower, sharp leaf, thick stem Ge-lan” Chinese

kale leaves after planting 45 days.
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Fig. 31. GC/MS total ion chromatogram of “white flower, sharp leaf, thick stem Ge-lan” Chinese

kale leaves after planting 60 days.
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Fig. 32. GC/MS total ion chromatogram of “Veg Gin”  Chinese kale leaves after planting 30 days.
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Fig. 33. GC/MS total ion chromatogram of “Veg Gin” Chinese kale leaves after planting 45 days.
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Fig. 34. GC/MS total ion chromatogram of “Veg Gin” Chinese Kkale leaves after planting 60 days.
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Table 3. Eight Chinese kale measured at different developmental stages of species isothiocyanate
(16 A 2.2 32 A E4EF ST R 2 RE 6.2 7.9 FaEAwHE ;8L
a: Allyl ITC ; b: 3-Butenyl ITC ; c¢: 4-Methylpentyl ITC ; d: n-Pentyl ITC ; e: 2-Phenylethyl ITC ;
ND: A #ipld)

1 2 3 4 5. 6 7 8
30 = abc abc bc (ND) bc abc ab ab
45 % abc abc abc abc be abc be abed
60 % abc abced be abc be abc abc abcde
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Fig. 35. GC/MS total ion chromatogram of “Chui-jin” Chinese kale leaves.
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Fig. 36. GC/MS total ion chromatogram of “Chui-jin” Chinese kale stems.
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Fig. 37. GC/MS total ion chromatogram of “Chui-jin” Chinese kale flowers.
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Fig. 38. GC/MS total ion chromatogram of “Chui-jin” Chinese kale leaves ingested by insects

berbivores.
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Fig. 39. GC/MS total ion chromatogram of “white flower, sharp leaf, thick stem Ge-lan” Chinese

kale leaves.
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Fig. 40. GC/MS total ion chromatogram of “white flower, sharp leaf, thick stem Ge-lan” Chinese

kale stems.
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Fig. 41. GC/MS total ion chromatogram of “white flower, sharp leaf, thick stem Ge-lan” Chinese

kale roots.
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Fig. 42. GC/MS total ion chromatogram of “Veg Gin” Chinese kale leaves.
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Fig. 43. GC/MS total ion chromatogram of “Veg Gin” Chinese kale stems
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Fig. 44. GC/MS total ion chromatogram of “Veg Gin” Chinese Kkale roots.
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Table 4. Isothiocyanates had measured in different organs of Chinese kale.

(a: Allyl ITC; b: 3-Butenyl ITC; c: 4-Methylpentyl ITC; d: n-Pentyl ITC; e: 2-Phenylethyl

ITC)
2.8 7.6 A EASHE 8. £t
¥R abed abc abcde
L4 abede ab abde
1330 (&) abcde abed
vy abcde (8] (3B
HARESE Y ab () e

25 -pREEAAHETRELEHRC LS

Table 5. Indicator compounds and relatied internal standards for quantitation.

PR

Internal standards

hitki £ ¥

Indicator compounds

1,4 - dichlorobezene-d4

naphthalene-d8

Allyl ITC
3-Butenyl ITC

n-Pentyl ITC
4-Methylpentyl ITC
2-Phenylethyl ITC
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Table 6. Calibrated abundance of indicator compounds of test samples.

R.T. 7.4 10.8 13.1 16.3 24.5
Compound Allyl n-Pentyl 4-Methylpentyl 2-Phenyleth
pot Y 3-Butenyl ITC K yipenty yIEry

name ITC ITC ITC 1 ITC
NE
% #.4k30 X 7151201.05 36127007.33 ND 8392756.15 ND
5 R4k 45 X 524480.07 8117940.66 ND 167623.20 ND
560 X 2689549.36 81799552.87 ND 784107.07 ND
B30 2 50248079.35 281064079.04 ND 4482333.99 ND
Bt 453 6245871.02 12590780.95 ND 1561811.56 ND
Hit 60 % 4239694.74 21448701.08 668052.70 384589.70 ND
TAE3X ND 147391.11 ND 56610.34 ND
TAEIS T 299726.89 93756656.93 ND 1766831.60 ND
THEEG6X  ND 26002748.51 ND 109899.53 ND
B30 ND ND ND ND ND
B 453 733926.04 2057408.05 ND 36115.94 ND
BAF 60 % 340541.54 778319.30  ND 10211.45 ND
TG ERHRE
30 = rE ND 167622.72 ND 465798.44 ND
TG ERHRE
45 = rE ND 8060986.99 ND 24843.74 ND
TG ERHRE

rE ND 39835924.55 ND 42205.36 ND

60 %
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Appendix 6. (continued).

R.T. 7.4 10.8 13.1 16.3 24.5

Compound Allyl n-Pentyl 4-Methylpentyl 2-Phenyleth
P Y 3-Butenyl ITC K yipenty yIEry

name ITC ITC ITC 1 ITC

T E

k30 = 5317848.06 25786246.64 ND 233240.67 ND

45 = 284544.61 5279183.04 ND 26133.43 ND

4k 60 = 1069372.29 81639201.44 ND 380584.36 ND

- 3229643.29 34238993.83 ND 16841.21 ND

rE30=

v feaEAR 3525203.54

- ND ND 3872.56 ND

rE4HS =

- 1162374.41 72254825.40 ND 107893.42 ND

nE 60 =

230 = 5137058.08 15670277.10 ND ND ND

45 = 6789192.85 45409210.96 585310.95 50262.96 ND

260 = 41840518.00 195629019.00 1836942.00 4087847.00 18020650.00
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Appendix 2. The chemical structure of glucosinolates. (Jones et al., 2006)

R— C/S " CgH4Cs
S —
NOSO;

2 ~ FRPEH SR fRIEAL o
Appendix 3. The hydrolysis of glucosinolates. (Jones et al., 2006)

R—¢ S-Gluc
NOSO;-
Myrosinase
R—{ SH +  Glucose
NOSO;-
+ S0,%

RNCS
Isothiocyanates

RSCN
thiocyanates

i | IS?/\CN

RCN + S O oA
]

Nitriles Epithionitrile

S
Oxazolidine-2-thiones
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Appendix 5. SPME operation flow chart ( Pawliszyn, 1997) .

L

— IR

— HEAR EE R
— ZELENE

O_ |~ B SRR

H Gl ERER

HEER '," .‘l‘.
iR :J sfton
AR 3 — wieEE

. AkFEE A

e d s FAARERERS N 1(a) EREXAFE (D) BRAER
(¢) EWHRENZTE -

Appendix 4. SPME extraction methods: (a) direct immersion extraction (b)

headspace extraction (c) protect the extraction of membrane (Pawliszyn, 1997) .

Fiber Membrane

T
J———

4ﬂ1
/ \ / \ s
Coating Sample Coating Sample
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Appendix 5. commercially available common materials SPME of chemical

structures.
_}|I PlI -
ST [
H |C|_(|) L 0
B O R]n l\l/[e
L - 1
Poly-acrylate(PA) Poly-dimethylsiloxane(PDMS)
HC=CH,
_ ]|{ [|—[ -
T
HC=—CH, L H H Jn

Divinylbenzene(DVB)
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Appendix 6. SPME fiber coating types and their applicability.

HinH /% &5 R (um) RN HrRE ®PLASFFBE

Polydimethylsiloxane(PDMS)

100 Non-bonded GC/HPLC | %4+ £ R EF & T

30 Non-bonded GC/HPLC | Migp 2 5 i 7

7 Bonded GC/HPLC | ® ~ Mg 5

Polydimethylsiloxane/Divenylbenzene(PDMS/DVB)

65 Partially GC EFEFT
crosslinked

60 Partially HPLC T R P R
crosslinked P8 i~ WFE R P

Polyacrlate(PA)

85 Partially GC/HPLC | # {2+ 8 24
crosslinked

Polydimethylsiloxane/Carbonxen(PDMS/Car)

75 Partially GC REEEFEPF
crosslinked

Carbowax/Divinylbenzene(CW/DVB)

65 Partially GC e
crosslinked

Carbowax/Templayed Resin(CW/TPR)

50 Partially HPLC ) WY e
crosslinked
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Appendix 7. Chemical structures of deuterium-containing internal standards.

IS 1
I
D i D
D D
Cl

1,4-dichlorobezene-d,

.S, VI

D D D
anthracene-d,,

LS. 11

LS.V

D D
naphthalene-dg

chrysene-d,,

75

LS. 111

D D
acenaphthene-d,,

LS. VI
D D

DD
perylene-d,,

o QOO o
o QO O
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Appendix 8. Mass spectrum information of standards used in this experiment.

Compound name : Structure C6D4Cl2
1,4-Dichlorobenzene-d4

CAS no. : 003855-82-1

Entry Number : 32089(Wiley275)

Characteristic ion : 150(100.00 %), 152(61.73%), 115(46.07%), 78(30.24%)

Abundance
#32089: 1,4-Dichlorobenzene-d4

9000
8000
7000
6000
5000 115
4000
3000 52 78

2000

1000

o 87 “
28 N
12 HM\‘ SN 71\\‘\” il 99 108,122 \

4
O 7 T e M * T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

m/ z-->

Compound name : Structure C10D8
Naphthalene-d8

CAS no. : 001146-65-2 ‘* ooy

Entry Number : 19927(Wiley275)

Characteristic ion : 136(100.00 %), 135(15.29%), 54 (15.09 %), 68(12.79%)

Abundance

#19927: Naphthalene-d8 $$ Naphthalene-d8- $$ Octadeuterion...
136

9000
8000
7000
6000
5000
4000
3000
2000

1000 108

82
76
HH\ 90

o 30 42 L A 100 |, 118 130 “ 150
T T T T T T T T T T i T T
20 30 40 50 60 70 80 90 100 110 120 130 140 150

m/ z-->
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Appendix 8. (continued).

Compound name :
Acenaphthene-d10

CAS no. : 015067-26-2

Entry Number : 40987(Wiley275)

Structure

C12D10

Characteristic ion : 162(100.00 %), 164(95.89%), 160(45.76%), 163(29.87%)

Abundance

9000

8000

7000

6000

5000

4000

3000

2000

18 30 L

#40987: Acenaphthene-d10

80

66
M!\M??!UJ‘ D0

100,08

1

122

140154

ot—+ —"———
10 20 30 40 50

m/ z-->

1000 5‘4
C

60

70 80

T

90 100 110 120 13

32
n
O 140 150 160

170

Compound name :
Anthracene-d10-

CAS no. : 001719-06-8

Entry Number : 63091(Wiley275)

Structure

C14D10

Characteristic ion : 188(100.00 %), 187(%), 189(%), 94(%)

Abundance

o500
2000
8500
B0OOO
7500
7000
6500
6000
ssoo0
soo0o0
4500
4000
3500
3000
2500
2000

1500

1000

500

a4z 52
3
ol 1z 30 | I

66

# 63001 :

Anthracene-dl

20 oa

102 118

o-

132

146

170 159)]|

1o 26 30 4o 5o
m/oze—=

T
60

70

80 ©0 100 110 120 130 140 150 160 170 150 190
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Appendix 8. (continued).

Compound name : Structure C18D12
Chrysene-d12

CAS no. : 001719-03-5 [T

Entry Number : (Wiley275)

Characteristic ion : 240(100.00 %), 236(24.67%), 241(17.30%), 239(16.73%)

Abundance

H#114792: PERDEUTERO-CHRYSENE $$% Chrysene-d12 540
9500
9000
8500
8000
7500
7000
6500
6000
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000 106 1]
500 9‘2 ‘ M‘
| L

21‘2
|

58 42 52 66 78 132 146156 1701809 194 222
| ; |

O T T T T 1 T
20 40 [S1e] 80 100 120 140 160 180 200 220 240

m/ z—=

Compound name : Structure C20D12
Perylene-d12

CAS no. : 001520-96-3

Entry Number : 137679 (Wiley275)

Characteristic ion : 264(100.00 %), 260(24.30%), 265(22.47%), 132(12.91%)

Abundance
#137679: Perylene-d12

9000

8000

7000

6000

5000

4000

3000

2000

1000

118
o 28 76 88 102 || | 104208 237 L
T T T T T i T

20 40 60 8‘0 100 120 140 160 1é0 200 220 240 260

m/ z-->
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Appendix 9. Characteristic ions and ratio (to maximum abundance ion) of indicator compounds.

Compound name : 1-Propene, Structure C4HSNS

3-Isothiocyanato-

Common name : Allyl Isothiocyanate
CAS no. : 000057-06-7
Entry Number : 3389 (NIST05)

Characteristic ion : 99(100.00 %), 41(62.01%), 39(61.81%), 72( 39.10%)

Abundance

#3389: Allyl Isothioc yanate oo
9500
2000
8500
8000
7500
7000
6500
6000
ss500
5000
4500
4000 72
3500
3000
2500
2000
1500
1000

ss
500 27 32 w ‘ Lé s1 “ 67‘
el i - 0 I s (el
T

o+ e e R RRR AR | | Febbe, i RS ‘“ !
=3 10 15 20 25 30 35 40 a5 50 55 60O 65 70 75 80 85 90 95 100105

m/ z-——=

Compound name : Structure C6H11INS

Pentane, 1-isothiocyanato-

Common name :

n-Pentyl isothiocyanate

CAS no. : 000629-12-9

Entry Number : 12491 (NISTO05)

Characteristic ion :  43(100.00 %), (65.41%), (47.30%), (46.80%)

Abundance

3 #12491: n-Pentylisothiocyanate
9000
8000
7000
6000
5000 29 s

4000

3000 101

ss

L 129
2000

1000 ‘ 14

NN ‘ - ‘ ‘ ; H‘ 30
o | “\ EXA | 49 LlLillle2 \H “\79 i o4, I |
T T T T T t T T T T T T

Ly,
10 20 30 40 50 60 70 80 o0 100 110 120 11‘%0

m/ z-->
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Appendix 9. (continued) .

Compound name : Structure C7H13NS
1-Isothiocyanato-4-methylpentane

Common name :

4-Methylpentyl isothiocyanate

CAS no. : 017608-07-0

Entry Number : 19560 (NISTO05)

Characteristic ion : 43(100.00 %), 41(58.81%), 56(29.00%), 72(21.00%)

503 : 37! ‘ ‘\ 501 Mm’}ﬁz ‘8\? Hgf{‘ oa 1}(\)1 | 1‘1(," - i i
Compound name : Structure C5H7NS
1-Butene, 4-isothiocyanato-

Common name : 3-Butenyl isothiocyanate
CAS no. : 003386-97-8
Entry Number :11299 (Wiley275)
Characteristic ion : 72(100.00 %), 113(49.34%), 27(30.03%), 39(24.62%)
#11299: 1-Butene., 47isothiocya717zatof (CAS)Y$S$ 3-Butenyliso...

9000

8000

4000

3000 27

2000 ; T

o “]‘\5 “/‘33 ol \“ H\‘\mgﬁl plll 7g 95 1os i 126

. 10 20 30 40 50 60 70 80 90 100 110 120 130
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Appendix 9. (continued).

Compound name : Structure CI9HINS

Benzene, (2-isothiocyanatoethyl)-

Common name : 2-Phenylethyl isothiocyanate

CAS no. : 002257-09-2

Entry Number : 47954(Wiley275)

Characteristic ion : 91(100.00 %), 65(38.23%), 51(26.15 %), 105(24.14%)

Abundance
#47954: 2-Phenylethylisothiocyanate $$ Benzene, (2-isothi...
91

9000
8000
7000
6000
5000
4000 65

3000 51

39 77

105 163
2000

1000

>y sl Jull ) ‘
ot———+ “‘\HU‘M}‘}\‘\‘\;“H L | L L

1L
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
m/ z-->
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