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EL5% B BE (isothiocyanate) & i R+ B R
ARB BRI B R E B E BRI F Ml (mus-
tard i) EEM D » FERZHE+FIER K
KHWEFRETP > FERAREK® - —&
KRR REFRIEFTE  EREEEAR
(X#BAJK » Carica papaya L) & R A B
&Y > HEREHLEHR T HER5HE B (ben-
zyl isothiocyanate, C4HsCH,SCN, f&i #%§
BITC)G4 o 2 BB HES K HATSRY) F B 2
H (benzyl glucosinolate) & & i F A K H N T
METEKRNEEYECS  THERAELE
Hy 3% Zt S H & I7 F BB (thioglucosidase, X8
myrosinase, EC 3.2.3.1)/KfEEAI(E—) &
BEFANMRERANABEMEK  RAEE
#14 ppmZE300 ppm * HEBRMET SR =E
5,000 ppm®9 > HFEURTLEFERETFHRA
W AIRERAEARNRRETRESARN

Bk S R T B BN RAJER o B —T7E o
B ERREEAAY RS =SIE A o E ]
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ERBYHEENBERAUSEEBENAE
B W BRI R R IRAEE - BT RMEETE
A3 A o B H DL KM BE T {6 B 25 (flame ionization
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BERENERARE  UARRBRREARFER
FRNEMESE LR - EELENREES
ERFEFEEEEAFSHEHREEC D F
WA LERESHE - R B EEHIT T o

[ A8 2 BiL#: (solid phase extraction) ) [ ¥8
B F) B W M A R EBR AR A LAY
WIEE BRI S B 0 R
Vo 75 7 O B R0 T A AL B A TR 2RO o
H #7845 7 8 (bonded silicas) T /i & [ 48 % Bt
TR A 2 A WY BR $E(florisil) ~ Cpg ~ NH, %8
RE AR WL B4 18 b - A E AR
ZEIUE R an B O o LR A RE B S AT
ARSI - BHEESERME FEHZFN
My 8 IR A 2R L R VA TR R R R 0 T REIR BRI R
FEEFE A B A ] i 2R o BRI AR AR O
R iR i R 4R+ EEAD ot ¥ B
BB P ARAR M R /N FAE B BORT 8 R HE
FEHZEBEETRANAT R o

AT 5T 45 5% Joe ) ) A 2K BBk S AT R AR B
BRI BUEMHENERRNEANhERLR
WA > FFESFARELEEE
TR » 3F 2 RO FUEE 7 45 [ P A W B B e
R BRR » N L B A RS Bk B B A B =
o F—HME » IMEMBRAEH REE AR &
BEBEAMMISRPHEERGAESE  #®
HEA RS R TR o

MEREE
— s #H

BR25E 0 S9E MR HREREZEA
MREHEREBFMASETRIEMELER
fit » MBEABIETE KNG AR B
FKRE RBHRTIE o

TR R B 2E 5 B SR UK (benzy] isothio-
cyanate) i H 3£ B Aldrich/ A (Milwaukee,
WI) 5 25 S 5% F B (phenyl isothiocyanate) ~ FH
B - ECHk ~ Z R HF LA EBEMerck A 7
(Frankfurter) o

& 46 2 BU & [E (Extra-Sep column C,3, 200
mg, 3.0 mL cartridge)# B 3% B Lida/y &)
(Kenosha, WI) » H 75 % B4 & (12 position vacu-
um extraction manifolds)E B 3 B Cole-Parmer/,
7] (Niles, IL) o
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- BRAZE
) 5 8 R R 2 Be Y K A i 4R (standard
curve) 7 #4E

7 BIREFE 500 mg 3k B E B F B 750 ml
FEZ » B 10,000 ppm 2 #E #E ¥ (stock solu-
tion) o AR BIZEFER EARIREQOS, 1,
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MR #r o LA 3 ik L0 S B T MR g o B
HEAREE B—REHB=ZFEH - URE
BB 4t e o 2 RO A R A i - 5
HERAR o

OB o o B R R A [ A 2 B v
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A48 H 308 LA R BRI BB K4 o BA& L
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() & A6 B 2 B %F i 4R (breakthrough curve)
T 2 #h 4% (elution curve)Z 844k
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() 4 & A7 (calibration curve) Z & 57
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DEETFARBFERRAREARRE
(05,1, 10, 50, 100, 500 ppm) * Hhm A P EF 1R 1E
fm(internal standard)7% 2% SL4% # &8 (pheny! isoth-
iocyanate) E R B & 10 ppm * YERAR R IR BE Z 4%
BERRAR o 47 R A% R4 R A 4K w77 0 AT [ A
FEER > BUL p 16 TR 5 SR R AR A 0 DL
EEF RGBS ERAREE B —IRE
W ZEAE o DA R S0 BRS04 A R
A SME B LL At - IR LLE N AR E
&R o

K S 3 BB FUER RoE AR B R B
WHEzZRER  WstE_EZ2HHERERT
(relative response factor, RRF) o ZRE] : .

RRF = (A1/W1)/ (A2/W2) ¢))

AT > AR IMA—EECMIRE
ZAMERS > ¥ RRERERZSEITKRA
KQ)FHKE

Benzyl isothiocyanate ( # g/ml) = (A1/A2) X

(W2/RRF) X (1/V) (@)

Al=% 3 RE R Z RIS AR

A2=PR FRARHE 5 2 I W T AR o

Wi=FHERFEZ EE@0g) °

W2=RER AR e i 2 B (ng) °

V=H A 2 #5E (ml)

@) B g B B

PLEEFOKFR S ERRAEEERRE
AR EE (10, 20, 50, 100, 500 ppb) » FAIA K
SRR AREEERE K10 ppm * ERA
F B 2 AR A o 43 A AR BEAR A AT AR
FEE 0 BUEW L 1 N E S SEARE AR BT 0 R
F B RS K o B 0% B E AR S8 A LR
EREL - LB EARE R o M7 F & RA A
ZHREKEE S REHH=ZEE -

(O AR JNER A Z B 1 1St B

BAMBEEGUIFHIE K ET# - #EHD
BR R R R =M Rk o BRSO ghk
A BRI AMEMA X T KS0 mIfhE
% > BIZUIEIE3S 8 0 LIS E#15,000 rpmifE
F30801% 0 DABEIE B IR H (G480 B TR £ B
o WERB o KMFPHRAEEMASEE
ZEBETK B EERNE - WEREHK -
H—EBHARBEMAREERRABRZRER
10 ppm ° & HAKRARNFM FERHBERE - &
Jn 4R A% A B B0 AL 10 ppm ¥ 2 R HLHER © T
NI

B S5 1% 2 & A AR AR 3 mI K8 [ AH 2 LR
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FARBHTA TR LA B AR A E R R AT B
DRIEFERGFAESE 8 —HRUHB=E
e kEaHARRMAFERMEABHEERR
PLFRAREEBRAME » WEHE ZF Z B
(recovery) ° JRE] :

Relative recovery (%)

=(C1-C0)/ 10 X 100% 3)
CO=ZHATHERMABZREHIE
(ppm) ‘

Cl=FMAFERNARZIBREHANE
(ppm)

() ) AR E B BV T 2R Bk 2 LR

AR NER B ~ IR P SRl R R AV B 0 3 LA
I AF RE B DA RO R R B E o

V6 ) € BUEE 18 B H TangG® + 43 51 B 84
WEZBAMERE - RA - 7 RARN4JiEE
430 g0 LA RS0 mIZEE =K 0 2 A B
438 TR B LU B R L BB
TERBEAEW o W LI EOKTERMAKRKE - &
R ZE O E A/ RS ml > FIRERUZR
FR R ARG E - UERR BOK TR
EAZEL mlo BULH 1 15 FARE T 2 i
%o WHRESTRERBERUGE FER
REARSE  8—WRIUM=EE -

WRARET AR

SR B A kL R 18 ) 88 (HP-5890 series2
GC, HP 5971 Mass Spectrum Detector, HP 7673
Autosampler, HP Vectra 486/33 Workstation, HP-
ChemStation V.2.00 Software)

EHMBHEH:0.2 mm X 20 M Carbowax
20 M(HP-20M). F+iE %4 :oven temp:50°C, hold
2 mins, 10°C/min to 100°C, hold 1 min,10°C/min
to 200°C; FE4T4%E 200°C; HHI#F 250°C; AR
# = 0.6 mL/min (m=30.9 cm/sec , measured at
60°C); AR =1 1l

54y Hr 46 44:SIM mode, scan target ions
65, 91, 149(BITC), 51, 77, 135(PITC), Dwell
time per ion = 10 msec, 0 volts relative to auto-
tune.
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o %
thioglucosidase + Glucose + HSO,

Figure 1. Benzyiglucosinolate, upon enzymatic hydrolysis with thioglucosidase (EC 3.2.3.1) produces ben-

zyl isothiocyanate(V.
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Figure 2. Breakthrough curve of benzyl isothio-
cyanate on Sep-Pak Cg cartridge. C,=C./C;,
where C, and C; are the amounts of the analyte in
the effluent and influent.

FERF - RIBY)E 2 AR BB 4 F R
REBLE > LURIEY AR (reverse phase)E EEA
FIRFEERGAGEEEANYE > MUHEETHE
PXUCEERRFTH HEfHASHER
W ARABEDBERGERE  EREER
o B SR FUBR A R AR AT B R (B i =R ) BT 4R
T EBMRARMNEEERESN R E
C 46 75 180 FH 3R 5T o A A 10K L (3 AR 25 B yeh 4R
3 (elution efficiency)&fE » FHIHEIBLIIED
BB A B BR M R A o
TEEAHZERAR G » R0 6 E R 2
BBCE A R IR R R B H 0T M
H B B Ml AR K b HE i AR RE 52 T [ W R Y
M o B = %1,000 ppm ¥ & BB G A
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Figure 3. Elution curve of benzyl isothiocyanate
on Sep-Pak C,g cartridge, measured as its concen-
tration in n-hexanic effluent fractions.

- C,=C./C;, where C, and C; are the amounts of the

analyte in the effluent and influent.

BRABC EHE2EFMAG c B —w3ta
HH 7F 887K (breakthrough volume)# 1,200 4 1
C TTEF R Z N B RAES5.42% > HE
REL2 mgF ERBMAH ZHEARCEEE »
BRAR A B 3 B 0 UG AT Ak 26 Bl I R B T
AWK - MR RERA P HER LRSI
WEEWRMN - B RER S EH AR
FUHER Y9 "R [ 25 & (adsorption capacity) 7] fE € B
KR BLAE -

B =& IE O 3 258 & WM 5 5 B o EEs
ZEERPERIAR o B =B/RLI800 1 1E T 4%
IR R PR R BN T 2197 .48% » M E TR &
#5649 BB v 32 B8 B (elution volume) » B E 88
FE(Ve)1,200 pl K 42 REAE(W)800 pl v — 2
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Table 1. Lowest quantitatively determinable concentration of benzyl isothiocyanate (BITC) in simulation

sample by solid phase extraction and GC detection

BITC content (ppb) Detectability Recovery? (%) SD.b (%)
1,000 Yes 98.7 14
500 Yes 959 3.7
100 Yes 92.3 9.3
50 Yes 77.6 19.1
10 No - -
& Quantitated by calibration curve.
b Coefficient of variation (cv%).
Average of three experiments.
Abundance TIC: §0710-01.D
4 14e+07 Benzyl isothiocyanate
12e+07 N
1e+07
8000000 Pheny] isothiocyanate
3 6000000
4000000
2000000

Response Ratio

Corr. Coef. = 0.9947
Resp. Ratio = 0.4357 x Amt + 0.1128

0 -F T T T T T
0 2 4 6 8 10
Amount Ratio

Figure 4. Calibration curve of benzyl isothio-
cyanate by Sep-Pak C,g cartridge extraction and
GC analysis. Phenyl isothiocyanate was added as
internal standard.

T E A8 B R AR B K #R IR 4 R Bl(maximum
theoretical preconcentration factor, F=Vz/W)#] &
1.5(3 3 B S F BRI & 1,000 ppm 2z B HEER
AME) ANERABFRERFTENFE
% BUSEREPHRANBARREZ B3 ml [F
FFRBECKAMREERZEL ml o DULEGE
A R RERR /400 ppm P T R A
Bf o HEE R IRAR R BF(E R 3 0 — B/ A AR
AMEF) °
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Time--> 0

Abundance

Benzyl isothiocyanate
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12e+07
le+07
8000000
6000000
4000000
2000000

Phenyl isothiocyanate

L

0
Time-->""10%0 11,00 1200 1300 1400 1500 1600 1700 1800 19.00 2000 21.00

Figure S. Comparison of gas chromatograms
between dichloromethane extraction (A) and Sep-
Pak C,3 cartridge extraction(B) on papaya (Solo -
cultivar) seeds.

=~ EEERAEET

B 2F i AR R v 1R AR v B BLC o AR 2K
B [ 3 o R R 0EUBR B9 R B SR W] 3E95.42% >
1E C b #4825 # 85 (phenyl isothio-
cyanate) i) % £ 297 .48% » [ I B A E 48
EEGABRHE W RERLEISRL L+ 3R
A Z 1 o RiE— K EBR R E R 2E
DMEERBFAEIERNERER - DAEEE
EL AR BAR E B o [ 10 R AR BR A 48 R A ZE BR
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Table 2. Contents and recoveries of benzyl isothiocyanate (BITC) from the papaya samples by solid phase
extraction and GC detection

Sample Parts of fruit Blank BITC Spiked BITC found® Recovery SDe
Cultivar (ppm) (ppm) (%) (%)
Papaya Fruit
Tainoung No.2 pericarp 18.1 28.1 100.2 114
pulp 11.5 21.2 96.7 7.1
seed 251.2 260.5 92.5 58
Tainoung No.5 pericarp 139 233 943 42
pulp 54 14.8 940 6.3
seed 141.7 151.7 99.8 94
Solo pericarp 350 445 948 29
pulp 336 43.1 954 8.5
seed 342.7 351.8 90.7 10.1
Sunrise pericarp 349 45.1 101.5 9.8
pulp 25.1 342 91.3 8.7
seed 171.6 180.9 929 79
Papaya milk

Fresh 19.8 29.2 943 3.1
PurePak packaging 16.9 210 91.2 8.8
TetraPak packaging 15.2 249 97.2 3.7

a: 10 ppm of benzyl isothiocyanate was added to each spiked sample.
b:  Blank and spiked samples were quantitated by calibration curve.
Recovery was calculated by detected amount dividing spiked amount.
c:  Coefficient of variation (cv%).
Average of three experiments.

Table 3. Comparison of benzyl isothiocyanate(BITC) contents in papaya samples between solid phase
extraction and dichloromethane extraction

Sample Solid phase extraction Dichloromethane extraction
BITC(ppm) Recovery(%) BITC(ppm) Recovery(%)

Seed of Solo cultivar 3427 90.7 369.8 88.3

Pericarp of Solo cultivar =~ 35.0 94.8 21.12 73.5

Pulp of Solo cultivar 33.6 954 18.72 674

Fresh papaya milk 19.8 943 6.72 57.2

a:  All 3 repeats were seriously emulsified.
Average of three experiments.
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% 0 DL B S R B B R BB 2 A E
A 152 Vg T A5 b Y Il ) 36 R U B b (Xl ) ik B 7 4%
ZHEAR 0 H AR E A #UR0.9947 » BR
W R AR BRR R r] B R AT A
AR AR FERARRFARE HAHRART A
04357 o

FEARMBEEANBEHEEREGRZSER
SCRR b 2 AR BRAAR O 1D K 5F il AR B iR
BHaR - B R W - HRBNERER
FoREREEECEEFRABOERT4E
B HRERAREEFENRERTABR >
A 3 2 LB EER AYIR B o 1B R R R B A (solo
cultivar) % A JIVRE 7 48 28 BRI SRAH & 17 4 7 4%
% B SRR B AT B 5 > L R B R R & F
B L RS A 7 B8 R R 43 51 4 10.539 . 15.253
GygE o R—RAF R Z BEGHERBER
BRFEREGAEARKEEELN K100
ppb °

= BRIGAP F ERREESBARAE
R

FRTRINI0 ppm ¥ HEFHENAARREF
ARJNEAS B A3 B R B &5 R i [
R R95.12% » B RARBUF Y RT2% - R B
TR AN o B R A B E AL
R ZREHUBETFEERS(141.7-342.7
ppm) * R E K 2 (23.3-45.1 ppm) > MRAGE
&1K(21.2 - 43.1 ppm) ° WK FE AN @EA
CHEAGARSERIUERANERAESE
AR o bR &5 RERAIE B B AR NSRBI TR
BREMNSE S WA ENE M AR T
RERBIEFARNM T AT ERNEELER -
FH—HE > AJNA TR R 4 S I BURBR A i
WA BOKEERE » e RIS F R ERRERA
#£(152-19.8 ppm) HELFEEMFHESEN
B 5T R R H B AR N 4 kA R BB RIS
ag o
M - EHEERERAHZREN LS

4350 LA A A B 5 — 4R b 2K B AT
AR EITEARANMEKAPFTERRAESE
ST B A R AR = TR 0 B A T 25 R
BIEBAMER ~ R L KH S AN 4 PR
Ao EERENILAESR  SBETEK
BEXEEREOAHELIES R REST.2-
73.5%) MBEARNMEFPHFERGERESE
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R Bk [ HE A AR ) 0 A 8 SRR 0 ME TEL UL R R
K (88.3%) « K= ZHERBUREMZEREEH
BRH 7 (B~ MEREYE K | b 3B AR A Y
BRI - WAAEMEREERAMGS &
o ER R R > BB R R E A
E WU A 2 A o o 2 B RS Y 44T o
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Determination of Benzyl Isothiocyanate in Papaya Fruit by

Solid Phase Extraction and Gas Chromatography

FUU SHEU AND YUAN-TAY SHYU*

Department of Horticulture, National Taiwan University, Taipei, Taiwan, R.O.C.

ABSTRACT

In this study, a method for benzyl isothio-
cyanate (BITC) determination in papaya samples
was established by solid phase extraction and GC
analysis. The adsorption as well as the elution of
BITC in a commercial C,g cartridge are dis-
cussed. The maximum theoretical preconcentra-
tion factor calculated from the breakthrough
curve and elution curve was 1.5 (based on simul-
taneous samples containing 1,000 ppm BITC).
The lowest detectable level was 100ppb, and the

linearity was acceptable. Four cultivars of
papaya fruits were analyzed and the BITC con-
tents ranged from 141.7-342.7 ppm in seed, 23.3-
45.1 ppm in pericarp, 21.2-43.1 ppm in pulp, and
15.2 to 19.8 ppm in papaya milk. The average
recovery was 95.1%. Results showed the advan-
tages of solid phase extraction of BITC: easy and
rapid operation, higher recovery, and the use of
less solvent, comparing to conventional solvent
extraction method.

Key words: Benzy! isothiocyanate, solid phase extraction, papaya.
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