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ABSTRACT

Endogenous enzymolysis of radish—sourced glucosinolates was optimized in
terms of (1) the reaction medium in the environment of nitrogen, (2) the
reaction time, (3) the mixing type, and (4) the ratio of the sample to distilled
water. The concentrations of sulfroraphene and raphasatin after the hydrolysis
reaction with nitrogen filled in the reaction medium were about 1.6- and
2-fold higher than those without nitrogen filled, respectively. The
concentration of sulforaphene without the addition of NaCl after the
hydrolysis reaction was 77.0 ppm and those with 5~30% NaCl was almost
the same as 63.0 ppm. The concentration of raphasatin without the addition
of NaCl was 422.1 ppm and it was rapidly decreased with the increase of
NaCl added. and that with 3026 NaCl was 83.5 ppm. The concentration of
sulforaphene was increased from 5 min to 15 min of the reaction time and it
was decreased gradually thereafter. The concentration of raphasatin was
rapidly decreased with the increase of the reaction time and it was
completely degraded after 30 min of the hydrolysis period. The concentrations
of sulforaphene with different shaking methods such as standing, vortexing,
and rotation during the hydrolysis reaction were 73.4, 39.9, and 34.2 ppm,
respectively. On the other hand, the concentrations of raphasatin was 144.1,
113.0, and 71.3 ppm with vortexing, rotation, and standing. The concentration
of sulforaphene was 64.0 and 54.0 ppm, whereas that of raphasatin was 116.0
and 145.9 ppm at the ratio of sample and distilled water of 0.5 g : 4 mL and
0.5 g : 8 mlL, respectively. It was concluded that in order to increase the
production of isothocyanates, the hydrolysis reaction should be performed in

the reaction medium being undisturbed with nitrogen filled within 5 min.
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ol o= 5ol = glucosinolates= A3 e
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1. A=
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T AFSEEAAAE AAZA g A TR elA sk AFESEA
t FE AHdstz dd 3 -70:1ColMd F5 524 F 5244x%
Hucom Systems, Gwacheon, Korea)oll A 72A17F &<t 524 XA =444 %
T2 7148 =4 7] (HR1396, Philips Co, Istanbul, Turkey)® £33 & ZFA|
(Chunggyesanggongsa, Seoul, Korea)E& AF83l9 40 mesh& F3#3t= ATHES

8 pakel -20Col A wAsHEA ALgekgith

Atk ol7ldl NaCle 24 g 78t 7ksEs ®mbes AAAI F
dichloromethane 8 mL-& #H7}ste] 7PHA Esta AR (4T, 7,000xg, 5
#)(KR/HA-50, Hanil industrial Co., KyungBuk, Korea)d}o] dichloromethane
=S5 38tk @Al dichloromethane 8 mLS 23] © 71éte] F&89aL,
=52 No. bA oA =2 o33 & rotary evaporator(CH/R-124, Buchi Co.,
Germany)Z J-2olA I FFstel &wlE AASAT. wFEH AR
dichloromethane 2 mL-& 7Fste] &A1zl ¥, 05 pm syringe filter(PTFE,
Dismic-13jp, Tokyo Roshi Kaisha, Ltd., Japan)® o33t WHEIEF=EA4A=Z
BITC & 9(25 ppm)< 7Fate] GC/MS #4138 Th(21, 38, 39).

ZhEie] e S WaeR dA S ofF, 34 EEA43E 91T NaCl
H7F 0, 5, 10, 15, 20, 25, 30%), ¥k-§ AR5, 10, 15, 20, 30, 504%), wwF 3
(A #], vortexing, rotation)(SLRM-2M, intelli-mixer, Seolin Bioscience Co., Ltd,
Gyeonggi-do, Korea), 7} %3S 2] 3te] sulforaphene® raphasatin® A &S

=4kt

Sulforaphene ¥ 8942 sulforaphene(Santa Cruz Biotechnology, Inc.,



Dallas, Texas, USA)S dichloromethane(Sigma-Aldrich Co., St. Louis, MO,
USA)el &dlste] #E s=7F 40, 50, 60, 70, 80 ppm¥ Al AZsH o,
raphasatin ¥ 89 raphasatin A ¢Fo] A|& %A &S 2 F rgphasatin?® *+%
7} H]$23F erucin(Santa Cruz Biotechnology, Inc.)S AM&3te] HE F=7} 150,
175, 200, 225, 250 ppm&= Al A Zxsto] AEstdth. Wi EFEZES benzyl
isothiocyanate(BITC)(Sigma-Aldrich Co.)& 25 ppm¥ Al Al F3te] AFE3FSTH
(39, 40).

4. GC/MSel ¢]3F sulforaphene® raphasatin®] 4

GC/MS+ Agilent 6890 GC/ 5973 MSD(Agilent Technologies, California,
USA)E Abgstgon, 248 AWE HP-5MS capillary column(30 m x 0.25
mm ID, 0.25 ym film thickness, J&W Scientific, Folsom, CA, USA)°] %],
injector®} detector®] &%+ Z+Z} 200C<F 280C oAtk Oven =%+ 40ToA
227 AT ¥ 29 10CE 260C 7HA S2AA 10%3 fFAE o,
Injection volume-> 1 pLe] % thH40).
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At
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A2 el e, SPSS version 12.0 (SPSS Inc.,
Chicago, IL, USA) Z2Z13& A}83to] ANOVA #2415 2A3 & Duncan?

EHddEoR AnfoA dHG% Fo52)e AU



1. Sulforaphene® erucin ¥ 89 AFA

Sulforaphene, erucin, BITC9] 3845 GC/MSZE +A43% AZntEadS
Fig. 13 #9ktl.  Retention Timee BITC”F 14181, erucin®] 15.086,
sulforaphene©] 18.709¢] %1 S ™ mass @< BITC7} 65, 89, 91, 149, erucin®] 61,
72, 85, 115, sulforaphene®] 72, 103, 112, 159°] At}

T 9 sulforaphene¥ raphasatin® &S =A37] ¢38] sulforaphene 3%

=
FgNMo Fr= 40, 50, 60, 70, 80 ppm, erucin EFE N FHEE 150, 175,

200, 225, 250 ppm HA A xsom, 24z &Ho] R ZFEHE BITCE
25 ppm A H7Fste] GC/MS #2438k & sulforaphene® erucin® kol uw&
BITC®} sulforaphene % erucin® 32 ZA 9] Hl &= YElH A=A Fig. 29
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ot AZA A& sulforaphene®] v = 0.0133x - 0.1814(R* = 0.9876)°] %) 1,
erucine y = 0.0152x + 1.2544(R* = 0.9705)0]9 =4, o714 x&= sulforaphene

HR

= erucin® FEo|¥ 1 yi= Z+Z} sulforapheneet BITCE 3= A Hl& 3}

erucin® BITCS 3 =dA H]-§o]r}.
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Fig. 1. GC/MS chromatogram of standard solution (RT 14.181: BITC, RT
15.086: erucin, RT 18.709: sulforaphene).
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2. 7}5E3d v A4 w& sulforaphene® raphasatin® % W3}

Foll b= 559 2J+= glucoraphasatin® glucoraphenin<  A}A|ol] 3hf
5o} 9l myrosinased] 9]sto] ZhiEdlE o] Ay €A o] =2 sulforaphene¥}
raphasating AA&A  H+=4d, sulforaphenes Bl Z b3 &7 o] x|t
raphasatin< w|$%- & =
o] 7]5Ade] ve & EZE ¥ 5EAS 73 Jdk@2). ol A&
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sulforaphene® raphasatin©]
FEd oA Aol EA ol raphasatin®] &2 <l glucoraphasatin©]
sulforaphene®] A& A<l glucoraphenin® 29 4k3}7} o A LAt H
ALk A

oAl WEl A, glucoraphasatin®] T84 AFoA] Abael s AEsEE o
glucoraphenin®] A3/ =™, myrosinase? 7} 28 23 isothiocyanate
¢l sulforapheneo] A HATE w3k AlF ZAA o TH5o] 9= glucoraphenin
o] myrosinase®| ©]3ll sulforaphene¢] A= 3lom, o]&A ¥ sulforaphene
S Tl HEgol A wE A degradation product® W EAS Ao FAHL
ATHAD).

Fig. 4= 248 430 glo] $241dx 7 22d SHFFE 8 mL 7t& ¥

25Col A wks AIZFS 283t (2, 6, 10, 15, 20, 25%) vortexingoll ol&l 7}-E



& s A7 FE=7F 20% HA 7teke] wrs
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sulforaphene¥ raphasatin® &S GC/MSZE 243k Ayo|t), ¥k Al7F 10%
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7HA = sulforaphene¥} raphasatin®] =7}st= 4dS H =4, sulforaphene 3t
Zo]l  FUleleE o]fE  AbAko %o R glucoraphasatine]  AF3FE o]
glucoraphenin®.2  Ag ¥ ¢lon o] glucoraphenin®] myrosinasee] 23|
sulforaphene©. 2 3= o] F713F 2102 FAH %M raphasatin %o Z7}3t+=
o]+ glucoraphasatin®] glucoraphenin® & 2= wj 4AtAE o] §st=t] 4bA
ko] Wk Al7ke] Aol whel ZolEW A HA3E = glucoraphenin®] & #E&

}a At A 02 glucoraphasatin®] &#Fo] Z7bE 7] wfiE¢l Aoz FAE
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N
off

32
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k3 AlZF 10% S o= sulforaphene® raphasatin 3F#o] 7F43F =,
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o

rr

|
glucoraphasatin®|] glucoraphenin® 2 2] #3}o] o] F o]z 2] ¢k myrosinase®l
93} sulforaphene® raphasatin ®+o] AA = A7) wjFolgtal F4 = A}
Montaut 5 (42)o] ¢]&tH, thH-E 9] isothiocyanatess F-&H Ao A Abth =
o2 QFASAIRE raphasatin® F&AF wEE & Ho|A & degradation
product® W&} L, raphasatine &< AolA g EdAsATEL H sk
tf 282 g dAE FH439S ul glucoraphasatin®] glucoraphenin . & ] A3}
= Wxsto 2 x Alzm ZA| 9] glucosinolate?] glucoraphenin®} glucoraphasatin

FE 5 A gdrEol 3= 4% myrosinase] Zheitdl A&l o) 7t
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Fig. 3. Concentrations of sulforaphene (A) and raphasatin (B) after hydrolysis
reaction with and without nitrogen filled (Hydrolysis was carried out at 25T
for 5 min and 20% NaCl solution was added for inactivating myrosinase after

hydrolysis reaction).
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Fig. 4. Concentrations of sulforaphene (A) and raphasatin (B) after hydrolysis
reaction (vortexing) without nitrogen filled (Hydrolysis was carried out at 2
5C for 5 min and 20% NaCl solution was added for inactivating myrosinase

after hydrolysis reaction).
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(2) NaCl #H7}=d] w& sulforaphened raphasatin® A F A3}

1) 7F&3] w8 A NaCl #H7l#o| w& sulforaphened raphasatin® A4

3

o
3
o

o] AR A myrosinase®] A4S Adsto] TheE] WS BAIA =
o 283 NaClel H7bes AAs] fste], #243dx F £% 05 goll 747} 5,
10, 15, 20, 25, 30%62] NaCl &S 8 mL 7}sle] A2 3+ ¥ sulforaphene}
raphasatin® A4 &S 43 tH(Fig. 5).

A7F3E NaCl €949 sx Z7bo wheg} sulforaphene?} raphasatin® A &
3Rt NaCls #7FshA] & 9kS W& sulforaphene?} raphasatin® peak
area’} Zt7} 3,698% 329299 =dl, 5~15%<] NaCl s=dAx = A AAastAth
o] = myrosinase’} NaCleoll &3] @3] S48t wx] o} @49 7t w3)
2kgo 93 sulforaphene® raphasatine] A= AS=Z yewt I8y

20% ©o]Fe] NaCl s=ol A= sulforaphene> XA ¥ A ¢kl raphasatine 4
& A Fo YA EAA myrosinase’t EEAS HASS & T AATH
Masaru 5(43)¥% Li 5(44)2 NaCl®] s%=7F 57te4 5 myrosinase’} =243}

o™, Zhao?t Yang(4bh)®= 0.5% NaCl &4 myrosinase?] &Ajo] &5
Ao, 4% NaCl & HoA = ds] ALdEdota ®isteith. Prakash 5 (46)
2 NaCldl ¢Jgte] Aol &40 AHdl¥= °olF= myrosinased &4 F-9
(active site)oll &Z2]E o Zr(alkaline earth metal) ©]=< NaCle] YEF o]

o] Agty o] myrosinased XS A FH Tt K FF T
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Peak area of sulforaphene

[ ]

bJ
Lh

0 5 10 15 20
NaCl concentration (%)

(B)

15.000

10.000

Peak area of raphasatin

5.000

0 3 10 15 20 25
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Fig. 5. Peak area of sulforaphene (A) and raphasatin (B) with the addition of

different NaCl solutions before the hydrolysis reaction.
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2) 7}5#3] w8 ¥ NaCl #7lFo| ©& sulforaphened raphasatin®] A4

JhEE] whs 27 2 sulforaphene® raphasatin® A =S =431
A= Am dAAY AAHo=A 7} of Whg = dAEE FAHE AAA @
th wkek ZhgEis] wkg Aol AFER Fod YAy FFAME 7t
T wESo] dojuA HE=R ThgRd] ¥bg 2o mE  sulforaphene

5 gol 3% ZHFE 8 mL 7F3F 3 25CelA 5
At 7hid] wES Al 712 1 % NaCl s =7F 5, 10, 15, 20, 25, 30% %Al Aw

(Fig. 6).

Sulforaphene®] &%+ NaCls #H7bshA] &S widdl= 77.0 ppmel Aoy, 5
~30% NaCl& #7Fetsl W= of 63 ppmo = dAste] NaCl 37t sk we
H3l7b glgle). ol e dk A¥: sulforaphene® A2l glucoraphenin®] 4%
At 2 myrosinaseo]| 23l 7hpEEd| vt gEEo] dAEE Al 9 ol a4
doll o3k FaFe] glnr] wWEel Ao® FAHHS. ¥ raphasatin® %=
NaCle H7FebA] 9k& w4221 ppmeliet, NaCl H7hge] S 7kel wpef
T43 ZFAastg e, 30% NaCls 7S wl= 835 ppm= NaCls 3718}~
koS w ®Hul oF 80% #Astth webA raphasatin® 718k NaCl &
7Fell w2} myrosinase’} &34 3% o] glucoraphasatin®] 4] raphasatin® 22| #
gho] o] F XA keSS & F ATk o)HT olfE F AAI} FHstn 3

glucoraphasatin®} glucoraphenin®] gt%Fo] tt=27] wjio]|™ glucoraphenin®

O]N

rr

Z;fj]—%]iol glucoraphasatinoﬂ l:]] EH 75,]‘7] U«H%% Aoz '?lxé] Fﬂ‘jr Barillari %(22)01]
P A gko] Al4rwo] Fr "ol whel glucoraphenine 29.8%°| A 5% 2 A
3l 2 glucoraphasating 60.5%° A 74.0% % 718t il K aLsk o).

1o
ol
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Sulforaphene concentration (ppm)
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Fig. 6. Concentration of sulforaphene (A) and raphasatin (B) with the addition
of different NaCl solutions after the hydrolysis reaction (Hydrolysis was

carried out at 25C for 5 min with nitrogen filled).
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(3) ¥k-§& AJ 7t W& sulforaphene® raphasatin®] A ZF A3}

FAAZ FE 25ToA ¥-5 AZHG, 10, 15, 20, 30, 50+)S &8 ste] A
7heae 98 ¥ NaCle 7hsto] 7hdal w8 A AA171 2L dichloromethane
< 7Fete] 33 =& & GC/MS #4319 tH(Fig. 7). Sulforaphene 54 15
W7HA WG AR FTbe whel Frhstebvl 16 ol ¥R H A Ehe
Sl A 3= myrosinase®l 23] A/ ¥ = sulforaphene®] ®Hg- Al
5% Well oln Aol fuHAY] WEdd Ao FAHIAT Kim¥ Rhee(47)ol
o3t Feo AL FIAHS W Fhol A glucoraphasatin® F-E
raphasatin® A o] ©AIZE Yol Aol &3] o]FojFta K=, E
AFAze} FAEATE. Montaut 5(42)2 RE  glucosinolates= €] -0l A
myrosinase®] 7F glol F& < Aol 37TColA 53 ol &3] 7}

o 7l4EE] & ITCs: protein thiol functionsel] thak 7+3k 23}

KeX
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