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ABSTRACT

Commercially available myrosinase refining enzyme (thioglucosidase, CAT number
T4528) costs more than 4,000 Korean won, which makes it impossible to applv the
method to producing vegetable juices, beverages, etc. (the definition of 1 unit: the amount
of enzyme produced by the decomposition of 1.0 umol from sinigrin under a condition of
pH 6.0 at 25 C). Therefore, the method to refine the myrosinase needs developing in an

economical way.

In the cruciferous plant such as broccoli, kohlabi, red beet, and cabbage, there is a
glucoraphanin (GR) of the glucosinolate group in the form of a glycoside synthesized with
sugar. It 1s hydrolyzed into sugar and non-sugar and is produced with SEN of the group
of isothiocyanate, which is reported to have a possibility of possessing functional
properties such as antioxidant and anti—cancer. However, when SFN is produced by the
myrosinase enzyme, it brings about taking a negative effect in obtaining SFN by the
way in which nucleophile (most proteins, peptides or amino acids) in the plant forms the
sulforaphane conjugate with SFN. In order to address the problem, and develop a method

to obtain sulforaphane from a cruciferous plant with high yield.

In order to prove the function of sulforaphane extracted at a high rate of efficiency,
DPPH assay was conducted to evaluate the antioxidant activity which eliminates free
radicals that cause aging. In addition, by evaluating live cells, the MTT assay, a test for
evaluating changes in cell proliferation or apoptosis was conducted and oral health tests,
which aim to inhibit the growth of oral microbes causing bad breath, were conducted and

effects on anti-cancer, antioxidant and anti tooth decay were validated.

Studies comprised experiments for three topics and the results obtained in the study

are summarized as follows:



Experiment 1. The Optimization of extracting myrosinase deriving from the cruciferous plants

This study is mainly concerned with a method to refine myrosinase enzyme from a

cruciferous plant; more in detail, the research was conducted to economically refine

myrosinase by taking advantage of then ammonium sulfate (AS) method from a

cruciferous plant. The results obtained in the study are summarized as follows:

D

3)

A method to refine myrosinase by using the ammonium sulfate method (AS), not
column type high refinement, has been developed from broccoli, a cruciferous
vegetable. After precipitating and removing the protein by treating 50~60 % (w/v)
AS of cruciferous vegetables, crude protein was precipitated and fractionated including
myrosinase. When myrosinase enzyme activity was measured after obtaining the crude
protein fraction, and when crude protein from Sri Lanka mustard seed was applied
with glucoraphanin (GR) of 66.6 mg per ¢, 44.02 % of GR was converted to
sulforaphane (SFN) and the result showed about higher activity of 2.6 % compared with

myrosinase purchased from Sigma-Aldrich (the column type refinement method).

Compared with the column type refinement method, the enzyme titer of myrosinase
was proved to be excellent. In order to confirm the advantage the two-tier AS
refinement method has over one-tier refinement, refinement yields of the control
group of 55-80 %, which used 55 % of AS in the first step, and in the second
stage, used 80 % of AS were compared with those of 80 % of AS in its
counterpart. SFN content of broccoli treated with 55-80 % compared with that of
broccoli treated with 80 9% of AS was shown to be twice higher. It was found that
from this result, the two-tier AS processing method was much higher than one-tier

AS treatment method.
The refinement and activation of myrosinase was measured in accordance with the

inactivation of ESP (epithiospecifier proteins). First, by treating 55 % (w/v) of AS

on pulverized mustard seeds, and precipitating and removing the protein, AS of 80 %
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(w/v) was treated and crude protein containing myrosinase was obtained by
precipitating crude protein. In the following process, the crude protein fraction
containing myrosinase obtained to inactivate ESP protein was dissolved by the buffer
and heat-treated at 60 C for 10 minutes (the control group). On the control group,
at this stage, heat was not treated to inactivate ESP protein. When undergoing
inactivation the produced content of SFN was 4,200 mg/dry kg, which showed a
higher rate of 55 % compared with the SFN content of 2,700 mg/dry kg of the
content in the subject group. From this result it draws a conclusion that the

activation can enhance the enzyme activity.

4) Myrosinase refinement and activity were measured from oiled mustard seeds. Based

on the judgment that in the course refining myrosinase into a water—soluble
substance, removing fat soluble ingredients in the refinement process would obtain a
highly dense concentration of myrosinase, it was refined after oiling mustard seeds
by using the oil extractor (the oil presso oil extractor manufactured by Liquid), the
enzymatic assay confirmed enzymatic activation. The result showed that while the
use of the oiled mustard seeds in 30 minutes of measurement showed the activation
of 3963 units/mg, the use of the un-oiled mustard seeds in 30 minutes of
measurement showed the activation of 29.33 units/mg. Therefore, it is estimated that

oiling the seeds produces the higher activation of enzymes.

5) Change in the activation of myrosianse enzymes depending on the treatment of cell

wall degrading enzymes was confirmed. The mustard seeds treated with Viscozyme® L
(Cellulase, multi enzyme), Pectinex® Ultra Pulp (Pectin lyase), Fungamyl® 800L
(Fungal alpha amylase) produced by Novozyme company by 0.5 % for each were used.
In the case of refined mustard seeds without adding cell wall disintegrating enzymes,
the activation of the enzymes was measured 87.67 units/mg after measuring for thirty
minutes. In contrast, in the case of the sample of refined mustard seeds after adding
cell disintegrating enzymes, the activation of the enzymes was 103.92 units/mg after

thirty minutes of measurement. From these results more myrosinase with a higher
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degree of enzyme activation when using refined mustard seeds after adding cell wall

disintegrating enzymes than not using them at all.

Experiment 2. The Optimization of the enzyme treatment condition for the extraction of

high content sulforaphane

This research is concerned with the method of producing a high content sulforaphane
(SFN); more specifically, it was conducted on the method of producing a high yield of
SFN from a cruciferous plant by preventing SFN from being compounded by treating

phenyl isothiocyanate (PITC), the results are as follow:

1) In order to establish the concentration conditions of the enzyme myrosinase,
myrosinases extracted from four mustard seeds (from USA, India, Sri Lank and
Canada) on the same condition were mixed by the same ratio and were treated with
broccoli crushing solution depending on concentrations. For two hours the treatment of
the enzvme was conducted at 60 T after myrosinase mixed with broccoli grinding
solution was added at a sequence of 1 %, 5 9%, 10 % and then myrosinase
manufactured by Sigma-Aldrich Company was added 5 %. Less SFN content was
detected. Despite adding myrosinase from Sigma-Aldrich, the fact that it has less
SFN than the negative control group showed the result in which there are a variety

of proteins and as higher the concentration of refined myrosinase is, the more the

protein content increased and it decreased by mixing with SEN.

2) A broccoli sprout known to have a higher SFN content than broccoli was obtained.
It was crushed under the same conditions (broccoli: water=1:4), all of which showed
substantial difference from broccoli. The broccoli sprout with the highest content
was 3,800 mg/kg, which was 63 times higher than broccoli. When myrosinase
extracted from mustard seeds and broccoli was added, the higher result was shown,
and when adding mustard seeds, the content of SFN increased by 3.2 times.

In addition, it showed that myrosinase derived from mustard seeds and broccoli can
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3)

4)

be activated and myrosinase derived from mustard seeds in comparison with that
from broccoli was more effective. As mentioned earlier, ESP (epithiospecifier protein)
prevents the action of myrosinase and converts GR into sulforaphane nitrile. After heat
treatment of broccoli sprouts at 100 C for 20 minutes, in order to remove ESP the
treatment of heat was conducted at 60 T for ten minutes. An experiment was
conducted to reduce the action of ESP and maximize the content of SFN. The
treatment of heat inactivated ESP, which led to an increase in the size of content

but did not show much difference; therefore, PITC treatment was conducted.

In order to conduct the experiment, after treating PITC of 100 g/ ¢ in the pulverized
solution obtained by crushing broccoli heat treated at 100 T for 20 minutes, and
after centrifugation was conducted for two hours at a rate of 10,000 rpm, a
supernatant was obtained. After treating myrosinase with 5 % of the obtained
supernatant, the reaction was induced at 40 C for two hours, and the amount of
sulforaphane present in the reaction solution sample was measured. Meanwhile, in the case
of the control group, after myrosinase was treated by 5 % at the broccoli crushed liquid,
the sample treated at 40 C for two hours, after treating PITC at the broccoli crushed
liquid, was used. As a result of the experiment to compare the amount of production
depending on the treatment of PITC, it was confirmed that the content of SFIN improved

by 5.7 % compared with that of the control sample, which did not treat PITC.

By treating PITC and eliminating unnecessary proteins pure SFN was obtained and
experiments were conducted to establish the temperature of enzyme treatment and
the pH condition. Enzyme is the main component of protein and the rate of activity
and reaction vary depending on the concentration of hydrogen ions. In order to
establish the optimal pH condition, pH was adjusted with acetic acid and NaOH.
As a result of checking the safety depending on the temperature of SFN and pH,
it showed a peak of activity at 40 C and pH was best at pH 4-5. however,
the acidity was too low and in the following experiments, the supernatant treated with

PITC was used at pH 5.0.
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Experiment 3. Experiment on functionality and evaluation of broccoli enzyme treatment solution

and fermentation liquid

This study crushed traditional fermented foods of Jeju Province, smeared them on MRS
solid medium in which lactic acid bacteria and gram positive bacteria were selectively
cultivated, and cultivated separated 1000 individuals; then, each was fermented individually
and DPPH analysis, a test method for antioxidant and MTT analysis, and a test method
for cancer cell death were conducted. Microorganisms which exhibited a radical
scavenging activity (antioxidant capacity) with an absorbance rate of 0.15 or less were
selected based on the criteria for native fermentation microorganisms and among them,
the fermentation of broccoli pulverized liquid was conducted to the top 25 microorganisms.

The results obtained in the study are summarized as follows:

1) As a result of measuring the antioxidant capacity, it was shown that the antioxidant
capacity was about 3 times higher than negative control group, which indicated that
a large number and a large amount of antioxidant active substance exist in fermented
broccoli solution. The measurement of the antioxidant capacity of the enzyme solution
and the fermented broth showed the negative control group showed an antioxidant capacity
of 44 %, when diluted with untreated broccoli solution. The enzyme solution. compared
with negative control group, showed 17.6 %, four times more, and the fermentation

broth was 20.5 %, which amounted to 4.7 times higher antioxidant capacity.

2) The test was conducted by using macrophage RAW 264.7 cells, and in the case of the
macrophage cells, which are related to immunity, the test was conducted to select strains
toxic to the cells through the macrophage cells. It was confirmed that when MTT assay
was conducted by diluting unfermented broccoli four times, other microorganisms were
shown to increase more than 3 times other than Weissella cibaria, and in the case of
enzyme treated solution, it was shown that after diluted four times, it showed more than
potent toxity against more than 95 % of macrophages. In addition, all broccoli treated

with enzymes showed the inhibition of the growth of the macrophage cells more than
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10 times more. The results of liver toxicity test of broccoli enzyme solution showed
276 % of cell growth inhibition when diluted 4 times with broccoli solution. Compared with
the negative control group, the enzyme solution was 639 %, which amounted to 2.3 times
higher and the fermentation broth was 70.7 %, which amounted to 2.6 times higher.

3) Based on the judgment that adding 1/20, 1/50, 1/100 of fermentation broth in order to
check oral health was thought too low in its concentration, the rate of concentration
increased to 1/2, 1/4. Though positive results were obtained about the dilution of
bacteria, more tests were conducted to dilute it further based on the result of 10°.
Cavity bacteria are Streptococcus mutans and the results of the inhibition capacity
of cavity bacteria by broccoli fermentation broth showed that the negative control group
showed 1.3x10° number of the bacteria with untreated broccoli solution and when
they were dispensed into the medium of broccoli fermentation broth, the number
decreased by 100 %. It was confirmed that adding fermentation solution has a much
higher inhibition capacity than the unfermented broccoli solution of the negative

control group.
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H TAV H JE AME (FEIAHEF7ISFT, Severe Acute Respiratory
Syndrom, SARS), WEZ2 (5535871557, Middle East Respiratory Syndrom. MERS),
ZEUY-19 (22 U8l 8 2719319, corona virus disease 19, COVID-19) AtEl2 <13)
A% digk g2k FAC A A AFUIe dE AA Fom oA mFEE ATt

Bol 1 gtk ole] ME 2EdsS BF $EOZ WY A% £%ETF T F4L

sulfonyl butane)2 B2} 2L AR i M FHd a8t 7l 5o] JE dolE
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k)
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X
i
k)
o
(o]
2
2
°
Q‘L
=
BN
&
>
>4
Z
Kt)
rr
1
At
o
e
oZ
P‘_l."
N

Fdiks aHE T g=stelw®  (Alzheimer's Disease), FHZ<&
Disease), =%, A8 22 & AW nuclear factor erythroid 2-related factor
2-Kelch like-ECH associated protein 1-antioxidant response element
(Nrf2-Keapl-ARE) signaling pathwayE %3 A3 HE3E a3E 233} (Talalay 5,
1988; Itoh &, 1999; Kraft 5, 2004; Andrea &, 2013; Xuling 5, 2018; Sestili 5, 2015;
Eastwood, 1999; Yang &, 2015; Paul &, 2017).
B AT AFA Axss A EE 5
AE VlEe guEA, B Ve Y SFFHCL 5354 VlerAM 2R HAE
7R ES Axgas F&
(myrosinase) &7 &oll A B E3HT}
A2t Aol E myrosinasedt® E47F E3E O] e, o] E4E AR A

AsteE FFFF 3 (glucoraphanin) o] 2t BlF A S Easte] Fars 3ok 5o
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Alotd| o] B (isothiocyanate) 79l A3XEet# (sulforaphane)o] 2t
S AATY. 4 myrosinaseE APH L o] &37] YA FE 2 =ITH
548 FHsie AL A 8% 424, A g s e A7 Y
Ha JARE Y AAEIT JE ARHY g AFRIE RS HAojrh
a9, A#AE = myrosinase A 4= ZUH okAlE, S8 T A= LT &
e Aol watd AAHA B
Aol grE = AAE AFERESTYH A WA 1k AT obd ¢REFE HIoE
(ammonium sulfate) B ©] €3l myrosinase &4 F-F Z@¥ A (crude protein)S
BAALZ AAL  Jdv GHS Ltz ok

¥4, myrosinase &4l o3& sulforaphanee] AAEA A2z AE Y9
nucleophileE°] sulforaphane® 3}3E (sulforaphane conjugate)g ©|F9] sulforaphane?
F5o #A8AA FFE F= AV A7 "WEA AR HERRYH dExgRs
IFER T5 & 5 e Wl g3 Aol a7EY. ol F S5V et dAE
AE Ao ] isothiocyanate 28715 EFste EES Aest Y4zt A E

2]
o] did FHeloj= £ ol AES HAAIA sulforaphane®] 3HEI He AL

ol o7 AR myrosinaseE 8 2 AAS 2
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std EAS FAslgon, 188 F£F sulforaphanes FE3= WY
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II. 974}

1. #3813} (Brassicaceae) 2159 &7 %2 54

A8t} (Brassicaceae)= S A& T 7 M9l F4HQ S KAl gloy, BE Aol

5

oH

_12i

o= Zt3 v A" ~aceaeds IHNZE AHE-3 Brassicaceae$t e LoE Bol &
CruciferaeE 25 A}-8-3c

ARt A2 FEdAEZA A AAFHORE 3404, F 3350F0] &3ty L#A
Aom (Schmidt %, 2001), Hre 2ol @o] MAgith Ao Bede = &F,

T, AZ, AL Sol e Hojd I 7)eH 7HA7F o] dE ol gHI gin.

deAow Folo ARSI = 2A9 FHEF (Cleomaceae)St 7VEIE1 23} (Capparaceae) &
et =, APG EFAAAN ostd Al Ao HE BT SEHez QA
(Stevens, 2001). #H< DNA| st EAAETSTH AFdA Hzstg7E Al (Rosids) W
oLST (Malvids)®l AA&5 (Brassicales)oll £3the AL #3lth (Soltis &, 1999; Zeng &,
2014; Cole &, 2019).

B2 AT A5 T8 B =E0] AMAR, AAsI W #AV 3 2 dide AL
otk QAFE NEl vt (Aethionema)©] Aiiolehs AME 2 £ (Al-Shehbaz, 2012).
Edgar & (2014)& 3978 /A BAE A8t EFAAE ettt (Fig. 1-D. =8 &
ol A 7HE i AT e FHExHAE e, ol F EF L dE Auico] she
Holty (Cole &, 2019). THE=HAG AAFHE o|F= FAZxE 224, A44™ (replum) 9
IPEEE TFIT (Judd &, 2016).
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Figure 1-1. Texonomy of Brassicales (Edgar et al., 2014).
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2}7} 4 (tetradynamous)<
ofF i AL, 2= Ak AL 24T EAA A, Aoy SHHAE 2ev Evis

282 A4 (silique) B @23 (ilicde)® o 9o F Y & AEE met gHAE,

Az QrodE FFIAEYOE (glucosinolate), ZeH:=ol=  (flavonoid), =
(phenol) 3= Fol FHFaA At Atk 53] JAFE £dte RFEY FEo
FFIAANEHUCIEE 7ML Jlom YAt Aiole of 309 F SFIAEHNEES i
&1 drt (Fenwick 5, 1983). B2 29} =2 w53 Axaty a7 Az g

FFIAZHIETE ' 3= (phytochemicals)E B3 a50°] At A7 A=l

i
-
R
>,
e
=
©
fm

= A84 AR AAstd AE9 23 gARIERA oF 120%9 AR
e FFIAEHEE 484 dom (Fahey 5, 2001), EHER (tryptophan), #lE] o
(methionine), 'd¥2hd (phenylalanine), E}Fo]241 (tyrosine)# Z2 ol AlE2HE A€

AAE T ALES BAY AAY &8 A o HeESE 49 vle] 2Aol= (myrosinase) ©ll
o8] FFIAE (glucoside)dl SFIA|EHO|EdA o] 2E]QAo}o]E (isothiocyanate) &
gt (Singh 5, 2012). ®3 SFIAEHEZL FURE S5 U S 9std
EafEo] o]AE| QAo ETE PP ) o]AH Aol EE HFA EFIAAE
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AL 9Alsta, A v e 2 Aol e Aoz d#A Yt (Singh F, 2012
Gupta &, 2014).

et gogoz wejgol
A FFIAAEYOIETL wto]2A o]z o5 TrY Aldo] EHTA
ojuf Folglv B A (thiocyanate)?] O] AE|QAJoPo]E = UYo]ER (nitrile) 2
HslEth (Cole, 1983; Matusheski &, 2004).

FFIAEHolEE FHE FLA

a
Le &, 2003; Minich &, 2008), 53] W3¢, #0¢, ek ol AdA ot SFIAAFHEE

4) 3AH ol &

AR e B A8AdE Eestn e, dFASE F (Raphanus sativus), W5
(Brassica oleracea), <% (Brassica rapa) 5°] 9t T3 13 (Brassica napus)®] & A}ell A
FET 7ES AEFE ARSI B8 HEEE Bol XFHo flom, 538 oy
(Arabidopsis thaliona)= @A F78, EABES, A oA dixAd 2 A&,

°F 135 Mbp9] &2 FdAE ZE3 vt (Schmidt 5, 2001).



B2 EZ8 (Brassica oleracea var. italica Plenck)= 9% 2.2 broccoli, asparagus broccoli,
Italian broccoli, sprouting broccoli 522 E8M -yt AL &t Z
SANAR ‘AR F gL STt (7 5, 2003). B BAAE AAFs AA 100 F=
sfpol 71 3ho)

rlo

BRIEE 794 6471 8EE AFd EHA AQuld w534 AE (Brassica)d &
Mo vl ZH At Maggioni 5, 2010). B3 BEZdE= Zup A A Auja 94 F2

oA felgtth (Nonnecke, 1989).

HR e 2% 2L Z49 2 2rEE ML e, A8 420 FAL E719A4
THAE B e 22 FRE sdyo] vk RREdE B2 29U dos =Y
I, w3dE A2 g2 £2¢ FZFY (Cauliflower)E ¢t Z8Z8tY s B2 379
FToZ 201730 T JLE XY A AA 22ZEe FEEIY FEY 73 %t
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2) = AAEF

B2t U] 598 BT 712e glon 08y BE F4HR 1 gaAld:
F2 ANGAUZL ol FARL, BT EMRE A% FrA Ausy] AR agu
WA AR Al ol Sofubx 94 SAT WHERHE Sd F o6 Azke]l A
BHo] Sofut WHERHE AWAAY AW FEoE Sad DFo AWEge] F43

Lold Ao Hh 06dEe AZTHOZ 1762 havb AuiEo] AAbEEo] 40,065 E O
A zZetgla, 18 L Al 2014 ha7t AuIE o] 25101 Eo) AAEAT (Table 1-1a, 1-1b).
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Table 1-1a. Broccoli production in Korea (1999~ 2008)."

‘02 ‘03 ‘04 ‘05 ‘06 07 ‘08
Area - —
(ha) 14 28 36 150 413 955 1,211 1,762 1,771 1,668
Production o _ _ - - -
(ton) H55 778 1,632 3,075 12,762 22,640 25,483 40,065 38,852 39,262
Production per
unit area 3,964 2,779 4484 2,050 3,090 2,371 2,104 2,274 2,194 2,132

(kg/10a)

*2019. The Ministry of Agriculture and Forestry.
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Table 1-1b. Broccoli production in Korea (2009~ 2018).”

09 10 11 12 13 14 15 16 17 18
Area -
o) 1717 1639 1,737 1545 1,692 1.903 1918 1.992 2126 2014
Pro(‘igﬁ';o“ 95,647 27742 20,706 21,871 26,065 924,232 24,283 30,950 95,847 95,101
Production per
unit area 1,494 1,693 1,192 1416 1,540 1273 1,266 1554 1216 1,246
(kg/10a)

*2019. The Ministry of Agriculture and Forestry.



Table 1-2. Broccoli production area in Korea.”

Total Field culture Solution culture
Production Production Production
Categories Area per unit Production Area per unit Production Area per unit Production
(ha) area (ton) (ha) area (ton) (ha) area (ton)
(kg/10a) (kg/10a) (kg/10a)

Seoul - - - - - - - - -
Busan - - - - - - - - -
Daegu - - - - - - - - -
Incheon - - - - - - - - -
Gwangju - - - - - - - - -
| Daejeon - - - - - - - - -
= Ulsan - - - - - - - - -
| Sejong - - - - - - - - -
Gyeonggi 36 1,645 597 33 1,654 546 3 1,558 51

Gangwon 267 927 2,477 255 902 2,299 12 1,450 178

Chungbuk 148 1,226 1,809 141 1,155 1,633 6 2,871 175

Chungnam 7 1,287 34 4 675 24 3 2,000 60

Jeonbuk 16 1,212 191 12 1,196 141 4 1,259 50
Jeonnam 25 3,184 807 25 3,204 801 0 1,704 6
Gyeongbuk 16 966 157 16 966 157 - - -
Gyeongnam 3 796 27 3 796 27 - - -
Jeju 1,496 1,267 18,953 1,496 1,267 18,953 - - -

The whole country 2,014 1,246 25,101 1,985 1,238 24,580 29 1,794 521

*2019. The Ministry of Agriculture and Forestry.



3 4F FFH A

B2EEe Aoz 9AY Q84 ded BE2Eee AYs, $E 2/ 5 AY 54
71E Bl ARgstE A F O SUE 1IYFH 4977 AFo AN aF 2 AME T glo)
HE 4tk B2 EE] AR A8 H9 100 ¢ 9 8lET C 2917 mg, K 18246 ug, Ca 2917 mg,
P 195 mgo] Eth 183 ZFol 365 ng BEE FEA Eoldo ¥} o F o F
&3 ZAEolt) (&% $H, 2013, Table 1-3).

53 vt CoF vlERl Ko F5¢ Fadelt. B2 Ee 534 AL F

AME FL7t7 wom BNl CE Bl %8t ZFolds, 7RERolE, EFHER 2L
2 33t vt (Kurilich %, 1999; Borowski %, 2008). B Co

B duiFe 4w, FFF 27Hy B mlFelA AR AL FEAA Bl A
1670 AL F 198 XA R Kb % §58 £ &S HAFo/E 3 =

AME &# HXAY &obx el Hol HE o] &3ttt

T3 B2 Egd e dAFEe FE JAste ¥ H (sulforaphane)o)dtE E& o] £9
dol F Arzr dy LA on F2 3y (FRede IATA, A5 HA7H)

s Hom AF FIEHOE T & Aiolth 579 F& Tt e EFIA
dlolE (glucosinolate) A<l ©]4E] 2 AJo}lo] E (isothiocyanate)9} sulforaphane 3}H3HE 9]
Folwl ZOJEX|YH Holu} A A EE Fow 03y & HEPY (Nugrahedi 5,
2005). ¢+H, B2 Z & sulforaphane ©]9jo% Hold &4t 71%5 & 7H7 B-carotene, rutin,

rl

o
ofy
rlo
8if

ascorbic acid, selenium, quercetin, glutathione & o &-&3ti 9o
e 2397 2va ¢EA JdY (Kim &, 1999 Sok &, 2003).
B9 22 AAsT 249 vk Alguit; G225 ol s Wt v)EH Nk

>
ol
o
g
%
fr
kol
[
o

obzl F&stA <A UA ¥k Lipchock 5 (2013)2 TASZ2R3R FHz7 BzZe]e] 5t
oldlo] golo] & 4 Attxn BuEPY. T3 isothiocyanateY polyphenold 22 QAEL
&k QAo #AAE ThsAdo]l vt RasAT (Wooding &, 2010). oJ® FFdAE B
2ots U= g3Eo 4 LAl FHE FHo gk

_13_



Table 1-3. Nutrient composition of broccoli (Per 100 g of edible portion).”

Energy Water Protein Fat Carbohydrate
(eal) (%) (g) (g) (g)
32 9.4 3.08 0.2 6.32
Vitamin
Ash
Q
(%) B-carotene Niacin C K
(1g) (mg) (mg) (ug)
1 264 1.024 29.17 182.46
Minerals
Calcium Phosphorus Iron Sodium Potassium Selenium
(mg) (mg) (mg) (mg) (mg) (1g)
39 195 0.8 3 365 0.78

*2013. Rural Development Administration.

_14_



100 g & 32 k& A

o}

palll

&
)

el

=

~
fite)

%, 2010).

).

(

el

A

225 g9}

B

)

]

Aoz AAH & ol

1

K<}
isi

010).
2

o

Fe g
WEFIZ R, WE C HlE E $HQ,

-
.

olt}, B2 Zg

=
Rin

i
0

5

o

~
.60

A
o

o

R

7HA ] o]0} F WA=

R
.

el
T

=
T

Gl

o £ ¢ Jvx X3 Munday 5 (2008)
S Aol @ol GhEo} glof

=
T

2He,
PN
Gl

=
[}

VA AR 23, HEEY

Indole-3-carbinol
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Mukherjee 5 (2008)2 R2ZZ7} AAH &
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ge Aoz 4E A A (Tang 5, 2004; Zhao 5, 2007).

(indole-3-carhinol) =

29, 4ol
27
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#}7} 2o

SERI

)
—~
fite)
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e

(thioredoxin) A4k #Tojstes Aoz =yttt (Mukherjee 5, 2008).
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3. mfo] EAJ o] 2 (myrosinase)

ulo] 2 A je] 2 (myrosinase) & ZA 5 & &t AEWolo TAs= A AEEA
thioglucoside glucohydrolase, sinigrinse, sinigrase®ti % 3t} ZFIAAE dtolE=g ol =
(glucoside hydrolase) & shuQl wlolZAYlol=2E Btk BHAQ O-glucosides®t ¥ 714
f-AHd o] vt (Halkier 5, 2006; Bones &, 2006).

a8y ulo] 2 Aol == Add M Hole HAA FF A2 (thio-linked glucose)E 22

I #9% mroth ABHY 5oz T2

K

AlEE ol E (glucosinolate)Etx E& &
g dsid 7eEE 78 (Shikita 5, 2000). FFIAAEHC)ELE vlo]ZA o] =
(myrosinase)9} #H&E o ujghS Ul AFHQA ARFE WESIY, 3 vlo] 2 Aol 2=
H g8 2539 (glucoraphanin)S 439 H¥2t# (sulforaphane) 22 HAZA| 7] &
Fholth

1) wholZ Ao =ef &A

b
\
k)
i
4t
Hy
>
e
™,
o
Im
il
=
o
ok
o
e
_$_4
B
4
ek
ol

ol ZAYo] 2 e W] Y &
QoM I F AR Aol ot (Taipalensuu 5, 1996).
220 70h,
a thioglucoside + H-O = a sugar + a thiol
ueba o] §49 F 7L HLFFIAO|E (thioglucoside)9t & (H.0) ®Hd, F
E

A3z 2 (sugar)? ElZ (thioDolth E0] & Wl mlo]ZAHlol=2= SFAAEY ol

ORI ES S

Alob| o] E (thiocyanate) T+

]
449 (itile) 02 WA ABREH, olFL 4B Polshe ATL e By

TS 7] dAE Tt A2 FFHAY (Halkier 5. 2006, Fig. 1-2).

WA B-thioglucoside Z3r< mlolZ Aol =e 3] 424 D-glucoseE W=ty 1 A3l
ol=8]F (aglycone) 34HE (sulfate)S WE3tHA AdH oz Z A (Lossen)d 22 Auj Lol
dojupAl "k HAUFY =A 7 A= kgl dojue AR 274 met v 2 WEY
Aoty 4 pHOlA 12 AAEL o] LB A|olHOlE (isothiocyanate)o|th. A4 24



(pH<3) = Hol2oly dFEl e 27 @A (epithiospecifer protein)e] EAs= 3¢
il AAEE (nitrile)S FAdstelx st (Halkier &, 2006; Lambrix %, 2001).

of2~7 2B AFE (ascorbate) mho]ZA|Hlo] 2] &z HEJAXZA FFIAEHE
Tt A 7|2 Zv) 98-S 1} (Burmeister 5, 1997; Burmeister 5, 2000). d& £,
% (Raphanus sativus)9 A 8 ¥ myrosinases 500 uM ofAFEHAIG0] 9 uwf 4
ZFIAEHO]E (sinigrin) 71 ZNA mgd @ ZEo] 206 umi/minolA 280 umo/mino 2
H1E% (V max)7F 2718te A2 B9} (Shikita 5, 2000).

SFAAEHOE JteEa o FAES FAA (sulfate)S whol2A o=l A A A
(competitive inhibitor)2 &< %t} (Shikita %, 2000). T3k mlo]Z A o] 29 HFAYEES
AFSH] 3 dAE 2-F-2-viS A AFFIA =g olE (2-F-2-deoxybenzylglucosinolte) =
g4 29 Glu 4099 & Wb (glutamic acid) #FE F tUE Xt S48 I9A
39t (Bones %, 2006; Cottaz %, 1997).

opo] Aol 2= 242} 60-70 kDa®l M B4 (subunit)E 7Y oA (dimer)® SATH
(Bjorkman &, 1972; Pessina &, 1990). ¥ AR} (Sinapis alba)o A EE]E wpo] 2 A|djo] 29
X 27438 (X-ray crystallography)el A F 748 ABEFHo] ofd Azt o3 AAHATE=

Aol B A} (Burmeister 5, 1997). 93 (salt bridge), ©]5 332 (disulfide bridge), +4&
A% (hydrogen bonding), =8 ZA 33 (glycosylation)®] T 2AL 49 et 7)o
e %

Ao g AZEW, 53] Fo] A& wol Az £7 &4 e W HE FastH
(Halkier %, 2006). t<Fel B-glucosinolated &AL &4 HYo =vf F

(glutamate) FAEF-Zld], o] & 271 & wmpo]Z Ao} %9 ZFEIY (glutamine) #FEZ
WA H AT (Bones &, 2006, Henrissat 5, 2000). ¢}xZ2EAAEL SFEY AFREY E4S

A st= Ao 2 YeERth (Burmeister 5, 2000; Bones 5, 2006; Fig. 1-3).
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Figure 1-2. Mechanism of glucosinolate hydrolysis by myrosinase.
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Figure 1-3. Active site of myrosinase during the first step of glucosinolate hydrolysis. Here, ascorbate is used as a cofactor to substitute

for the missing second catalytic glutamate in order to cleave the thio-linked glucose (Bones et al., 2006).



2) Aesty 7ls

nfol ZA|Yle] Z e} 1 HA 7]F FFIAEHOE (glucosinolate) = A E¢] o] w9
dFE dHA v HEo] HAdE, ZFou
At 2FIAEHCER HEASIAY O Afad Q0 SFIAEHEE olAHL
Alo}d| ol E (isothiocyanate). E] 2. Alo}ujo] E
A 3kelr} (Halkier 5, 2006).

SFIAAEHO|E-rfo]ZAYjo] = o] A|AHE AE oA S5 SR F7)gddrt
AEL wo]Z2AYo]2 SFIAEHOEE Tt Astet, ol o 4% HE
gt $27F BEEo) SA3ET mlo]ZAYoRE FE R AE (myrosin cell)Ei
EE 54 oy Axe dFM mEA &0l (myrosin grain)E AFEH A 7F o-E 2 A
HEZLE B3 Hol gtom AEde] Ay AL ATH F4EA Bu HY g
(Lithy &, 1984; Andréasson 5, 2001).

SFIAEHOET AHSA T 9 “S-—cells"d AFEY (Koroleva &, 2000). & Eo]
27 E4E A3 u, mlo|EAMolz2e SF A EHEY HESH Hi, 159 AEd
g FHE wmEA YA (Hakier 5, 2006). o] T 7Hd 2T AL o] hF LA o}
Hlo]E, I tFo] Bl Ajotdlo]Egt A Foltt (Gimsing &, 2009).

Alolz Aol = 2R RAEHO|E Wol AxWE WHB Ao YA HBEL WAR

2!

(Sinapis alba, Bjorkman &, 1972), vtgW¥ o] (Lepidium sativum, Durham &, 1989),
9}AB] (Wasabia japonica; Ohtsuru %, 1979), ¥ (Raphanus sativus; Iversen %, 1980;
El-Sayed %, 1995) %t ofyel =383} (Brassicaceae)?l 34 AZb (Brassica juncea;
Ohtsuru &, 1972), &% (Brassica napus; Lonnerdal %, 1973), Z22j1 B 223, Z¥EHY,
G, A, AL} 22 A Ho] AAstH (dietary brassicas) A &7F Ao

olgigt fAe &8t FF S ZAAolY Arlor HHAT W 7 & wE
FFIAAEHCIEY ThEREfd A Aolztn & + vt (Halkier 5, 2006). dF3tof A
(papaya seed)e ©ol® oo W& 2Awt H}& AA= AHEsHA et (Nakamura 5,
2007).

npo] Z A o] 2= ufjF7tFE AYE (cabbage aphid)dl A% 5ol 9t} (Husebye 5,
2005). ol& UHjFIIE HBliEol Fo AEALAY FHF (coevolution) HA LS A AFEL

ARBL 4B FAR Fo AFL AFB FHIAT ANTEL Fo HF2AAY

rU-ll:I



E% slolzAolzgt 4AsHe 2RAAEANES THRET. IR AB] A4S
wob 2o &4HW AYY FFIAEAIEs BYBT | oJxE e Aohio|EE YAE L

AL B AES $A4E A FET (Bridges 5, 2002

ins
ol
~
Ao
£
Ho
al
ol
2
1o
N
i
o
>
il
ofo
ol
ol
s
_I_4
©
i
9
5
Z8
=
e
ol
o)
<
S
=

A=) 2 PN

= as T
o} 7HAAZE (goiter)S Yo7 Ao <A &Y (Bones 5, 1996). L5 L9 o)AE L
AotglolER 7H=EA & 7F &AL dodle AoE HuHdY (Shikita 5, 2000). EIF

Chu 5(2010)°fl w=W wd 15 ke (22~33 )Y & HEAE HE S5 4o 7=

g4 Ao AAZR J8 A 75 AstEe] AsiAtz Hid v vk 2y H29
ATFNA SFIAEHCET} TiE o] AR Aivt B2 Adol AR, Gy, ¢
A4 E S A #Ado] At AE HAFA Y (Halkier 5, 2006; Hayes %5, 2008).

O] AE] QAJoljolET ot BA9 AA FE thAle] #oJSE phase O dF &4 F
TESE Ao2 UHERY (Ahn 5, 2010). Plol2Adloj =g 22 FA7h Q17ke] W A+
(gut micorobiome)®] T/ 84d%E EAE & Johe TAEC Ttk Joh B2 248
nA7EA 2 wpol 2 Aol 2E Ao WAAE X2 A 248 (A HAT
golEs ThrRAE ST & e B vAES HHT SFIAEYUCES By 4HE

ez 4358 4 A& Aoltt (Cheng 5, 2004; Elfoul %, 2001).
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4. o] 2] 2. A]o}y] ©] E(isothiocyanate)

BRZY, duF Ady 2L Axgd fires SFIAEYIE (glucosinolate) Bt B &=
g g sEEY TR FEdolt oJaE Aol E (isothiocyanate) AE* o R
E9] &4 7trEd] AdEolth Axtst AL st 2FIAEHES st

Aom, 747 TR Al HE o] LB ool EE P %} (Fahey 5, 20015 Fig. 1-4).
& 5o B2 Axgde FFIANEYE AFAYN 2FFZ 3 (glucoraphanin) 2

2 (allyl) oJAE]AoMo]E (AITC)e 2FIZAEHE AFAel AlYzd (sinigrin)2
28 FFYolt} (Zhang, 2004). S v¥o] (watercress)= FUIE o] AE 2 Alo}ud)o] E (phenethyl

isothiocyanate; PEITC)9 ZAQl FFIZUYA2FEEIQ (gluconasturtiing GST)2] 53 54
o™, Ztlehdo] (garden cress)E WA o] AE] @ AJo})o] E (benzyl isothiocyanate; BITC)$
AFAQ SFIZEZHSE (glucotropaeolin)®] TH 35l SF I Al =dlo]E9} o] AE L Ao}

Hlo]EZF 75 Ao of ool dia) #aS 2t A7 E JPsk Aot (Hecht, 1995).
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(2-phenylethylglucosinolate)

Figure 1-4. Chemical Structures of Some Glucosinolates and their Isothiocyanate Derivatives

(Fahey et al., 2001).
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D oAEE 2 A8 o g

(1) AR

nfo] ZA|dlo] = (B-thioglucosidase)Bhe &4l 93 Svlix= SFIAEH OB IeilasrE
E]2 AJold|o] E (thiocyanate), ©)AE]2AJoR|o]E (isothiocyanate), 1E (indole), oxazolidine-2-thiones
(o goitrin), | FE] QL U}o]EZ (epithionitrile), YolEZ (nitrile)¥} Z& 23 359 FAHo =
ojojzltt.

LAZ AL MFEAA wro]ZAIH o] 2 (myrosianse)E EE A 0E FFIAA L HO|EREE
EHEn. 22y 48 A7t &35 el Adle]=rt BH|EY 2FIAEYolESG HE
st} A=5AQl g wjeuts FE el =& drERY dEE FAFH. nUA R,
e HA AN At JAE AW SFIAEFH | ET} wfe]EAHlo] = ¢
E3E 1 thAE o] A EHol HolAF (proximal intestine)o] FFE T olodE ERH o=
AAD) dell AAsst ALE ZEste AL o] ZA]2E FESAA FFIAAEH | ES
s WAGT e 22 GF U JHHE F7DE P mlo]lzAjdlol= dRE HE

3 oA QAo E] AHEE E5HA Ak LT SFIAEHCIEY TS A%
FrE 7 doy giFEEL tiFd o]Ev (Barha &, 2016). AAAE wlolZEnlo] S E
(microbiota) 7} st wlo]Z A o] 27} pHYF B2A A} (cofactor)] fFF-o Wt 2FIAE
dolERRY U die A4S XA F v (Barba %, 2016; Luang-In &, 2016).

T4 pHAA SFIAEHCES 7MEEdles LT oL A ColEE F
(Fig. 1-4). & E9, AYad (sinigrin), SFIZ3d (glucoraphanin), SFIZEZH|
(glucotropaeolin), EFFIZYU2FZE (gluconasturtiin)< Z+z7 AITC, A X&3#, BITC,
PEITCY ZFIAEHIE AFAlt} (Fig 1-4). €9 S5 SFIAAEH|EdA e
o] RE]2AloMlolE  (dEEtHI  FAhE A FEpx
S-transferase; GST)Z ¥&% phase O 35 Tl 3 SFEX L A AFH 1, ofF
A o2 WEaREZA (mercapturic acid) A ZoA AT (Fig. 1-5). o83 HAUSLS
O] LE] Aol ES] RIEE FTUIAIA AW wE WdE FIAE RS onig.
o] LB AJotlolES RHlax HIotds ARESe] I tAEY AFgR-SFEHAR
(sulforaphane-glutathione), 2¥}3-Al2~HQI-22}X1 (sulforaphane—cysteine-glycine), A2 X2}3H-A]
2~H|2] (sulforaphane—cysteine), TIE] Q7|01 E (dithiocarbamate) & €7 A Z2k# N-acetylcysteine©|
TFHoE 2o E widdEYE Aol dF5HAUY (Barba &, 2016; Fig. 1-5).
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Figure 1-5. Metabolism of glucoraphanin via the mercapturic acid pathway (Barba et al., 2016).



(2) 4B o) g

AAtsta Axzold SFZAEHCIEY] AL FFe Hlud HgH AT T3 &o wet
g, A& A 2 F& F A% 223 YA bt @2 7 dv (Fahey T,
2012; Verkerk &, 2009). ti29 HAxsa fie 23 A
apo]l Z AJYjo] =7} obd ) Al mho]|ZAYle| =7t 2R FAEH 0
Gt} 457 #7A33 A} (healthy subject) & i3
SFAAEHCE (I F & %7t SFZF)dA HE &7k o] E (dithiocarbamate) = 9]
AZEe & 12 %= 2AHon IA7AE 7 Ax YU 1.1~407 %2 Hth (Fahey &,
2012). ¥t AHE o] AE| S Ao EY T0~T75 %7t TE 2.7 bl ol Eo] tAIEE o=
Vel webA z2ElE AAS T Aae] A oo FU wolZAYlelzd o3 FF
FAEY|ES ol LE| QAP ERS HEE TIE T E A glo] AgHU
GAZ B (Fahey &, 2012). Z22iy Li 5 (201D< SFIAEHEE dAtsts 242t
58 Aol Al MAE 249 Aoloh fHHo] gl Bugth
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2) Aesty 24

(1) 3435 (Antioxidant activity)

ol o] AE] QAo o] E  (isothiocyanate), 53] A3 zt3t (sulforaphane) nuclear
factor E2-related factor 2 (Nrf2)-dependent pathway$ 432 Za) 343 g4 LHS
fFEsts Aog veERt (Hu 5, 2006, Wagner 5, 2012). 93] 2slAM, Nrf2s A2
(cytosol) o) A Kelch-like ECH-associated protein 1 (Keapl)®} 23 == A} A xzfojr}.
o] AE] 2 AJollo] Ex Kealld] &XZ3lo]=d (sulthydryl) #FEF #H-&3to] Nrf29] W& &
F2d F 9t 238 ge Nrf2e oz WHEse das/EE aioh AAHA
(scavengen)ell gt FHA ZEe FIA (promoter)dl] IAF 43 wAA g AL
(antioxidant response element; ARE)e] Z2&& 4 2t} Nrf2/ARE-dependent gene =5

E}X 2 S-#Ho]& A (glutathione S-tranferase; GST), B 2. # =41 (thioredoxin), NAD(P)H

—

quinone oxidoreductase 1 (NQO-1) & &4+l &4 (heme oxygenase 1, HO-1)E ¥ &3t 8
sk wkgol oy wisfAle] dsfA ZE=F (Bryan %, 2013).

FEL2 55 RdoA AEXHALE Nrf2/ARE-dependent pathway s &4 3l5te] o8 %2 3}
A7l s a7E 23ste AoZ YEht (GuerreroBeltran %, 2012). ol & & A3
FAl712 HO-13 NQO-19) #dE upregulation 3ty =4
5, 2016). 13l Axets
9)3t Nrf2 pathwav®] upregulatione #1238 Dxw o mp$x mdda Ashy &4k
AW A (vascular endothelial cell; VEC) €42 ZHAA7t (Wang %, 2014). 7¢
A#5F £ (hepatic ischemia reperfusion injury)e] U= E7] EEoA His Fo=
A 5 s AR E4go] TASA, HEEE o8& AAEE S FEA
(GSH), 343t g4, FHakk t)AFElobd] (superoxide dismutase; SOD), GSX 34tz &
(GSX peroxidase; GPx)8] #HAE At T3 Axahad2 Nrf2, NQO-1, HO-152
48 -S upregulation 3t FEA &4 (ischemic death)¥ 7HAE Q) AME (apoptosis) S 7+
A AT (Chi &, 2015).

B2 A% g JedAy 73 dzegdd 43 $ 247 ojulel NQO-13% 471%
(upper airway)9] HO-19] £3d& Z7IAZ Y (Riedl 5, 2009). 23y A= vHgAHA4#H 2 S

(chronic obstructive pulmonary disease; COPD) A5 thid oz 3 A FAA 457

k)
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AXxgsd AT o= HAE diAAME  (alveolar macrophage; AM), 71#A] AIAHE
(bronchial epithelial cell) =& Zz8 I MFE (peripheral blood mononuclear cell;

PBMC) SelA Nrf2, NQO-1, HO-19] 2&8E FXdtA XA (Wise &, 2016).

(2) &49=% (Anti-inflammatory activity)

AXg# (sulforaphane)d 287 FAAL pro-inflammatory pathwayE ElAlO 2 3=
SEY dfEH o HAExede g4AGE s EddA Nrf2 E 3ibs g4
A=3 AF &L g3 ATeE ALZ B AT (Dong 5, 2016). AExae A A

A X (pancreatic acinar cell)ol A pro-inflammatory AAFSIZHNF)-kB9 3l ©]% (nuclear
translocation)S A3 ZAAA FYAAIA (tumor necrosis factor-a; TNF-a), QIHF71-1
(interleukin-1; IL-1B8), IL-69 Z< pro-inflammatory A2 =& & 435335+ NF kB

Z
A

Ao ddE =LAATY (Dong 5, 2016). AEXgHS NF-xkB pathwayd A=

Ho

ojt  Ekl

3] &4 cyclooxygenase-2 (COX-2), prostaglandin E (PGE) synthase, inducible nitric

oxide synthase (iNOS) & €% W89 & ALEAE o=z i
Az Nrf2/ARE pathwayE &3] NF-«B, IL-6, TNF-a, COX-2¢] &d

ot olygt AAEE  (nitric oxide; NO), PGE2¢] AAE TAaAAA A

mlo
o

Al

s

.__4

A
oo
(lipopolysaccharide; LPS) 53 54 Z&<# 37 (acute respiratory distress syndrome;
ARDS)E 7H AH 9 oA FdF 24& Yedld (Q &, 2016). 2181 TE oJAHL
Alolo]| E= NF-kB AA, kB2 74, NF-kBe &Y o]%5, NF-kBe A9 (in vitro) B+
Wikl o] HAF A (transcriptional activity)®] A &S A EGE AoE vEon

(Kumar &, 2015), o|& EF 9% H8-9 ASE o]y,

ruﬁ
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(3) &¥%5 (Anticancer activity)

o] ~E]Q AJo}|o]Ee] g Nrf2 @ NF kB A3 AGA A9 24 E3 <9 ZAz
Ao glo] A3 2EH A AF BF v Qeloly] mjEo & oty #oe] )

AAY W3l (biotransformation) E4F ¢, 54, 294 28 X3¢ g 3529
H

(4) 343 (Antibacterial activity)

A2 FEE I (Helicobacter pylori)ol] 213 Ald7rd S ME ALY (peptic ulcer disease)
A9 (gastric cancer)®] Hdol AASA F7lete A FHo] ok AJgH 2 =7 o)
A AAE HdEade F8A W3 dFE T o8 TFHY ez
AE A9t (Fahey 5, 2002). Haristoy 5 (2003)2 @ FEEF 749y 58 &
A 5947t AxEd Fo2 WA sdo] &4 AF A7t 9 xF o] o]AH 11HY]
olFold F 8H AFIutH TS HAI}ATL Rt 181 & dYPzdHT PHd
b2 R s BEEE RS Y AFHY A9 s £017] A 7153 Nrf2
pathway7} 83 Ao =2 YelRT} (Yanaka &, 2009).

2TE AAA A 2F 289 (glucoraphanin)©] FH#3 HZ
) 56 g/¥ (2 oz/day) HHT AL 9¥ 32 9% F 39 AT Ed #Ho
AR (Galan 5, 2004). T3 o2 AFoA = &2 A4 (alfalfa sprout)S AT AFE
H3) 2F3gaide] 5 223 A4S 249 ¢ WY 70 g 2~3 A&/ HF
A 2EJT} (Yanaka 5, 2009). 28y B2 QAR E

__'ﬁ‘
Mo grhxe 2T asvidel dxguos AHE JEE 494 gk

a
4
i
o

Fol 3,
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3) A¥ oW

(

ol AE Aol EE AAstH A4 AHjg #EE FAHA
Q3% d&E Ivtn AT (Bai 5, 2015, Higdon &, 2007). =FEA S-H o]
(glutathion S-transferase; GST)ol tigt FAA T AlFXA (sequence)d F7HA W3
GST9 &&dd 94FS v F vk old Wae AeAA BAHAZ, FAHZE
GSTM1¥# GST1 +d%9 null WoldL large deletion® ¥&3tH GSTMl-null F3=
GSTT1-null F4#te] 270 BARSE Eede 7479 &7 GST 48 AT & ¢
(Coles &, 2003). Seow & (1998)> GST &AJo] ZrAastH o] AE|Alo}Ho]ES] £8] &L}
=8 AASS Aa AH F o)AE LAl EY i 24 =25 FIMZE £ ATL
Aetstdth =3 GSTE 2% 823 go =
Aol GST 4o 4 & /MAE ddd 9 AL & A& AAH (Economopoulos &,

2010, Egner %, 2014, Yuan %, 2016).

Lol =l /\lgﬁ oﬂ

72 XN © LiLs

[e

do
1
o <k
B R

)
flr

et
2

2
lo

4) AE A

(1) A=kt A4

A7 A (bok choy), 22&4d (broccoli), W&utt7]dulF (Brussels sprout), B|F
(cabbage), Z2)Z29 (cauliflower), Y] (horseradish), A1Y (kale), Z&u] (kohlrabi),
A (mustard), ¥ (radish), FEBF7} (rutabaga), <% (turnip), Yo} (watercress)$ 2<&

ARErS Aae olaE|eAolo)EY AFAIQ] SFAAEHUCNEY FHTE FEUoI

Hid £e FER EAID 48 o] YHEFY 12 HE F ZFIAEUNE B n
odg ATE + Ak WY AAH Ao FTIAEUNE FFE Table 1491 A
AT (McNaughton 5, 2003). 445 Aol FEAA B E JBH} FFe v

FAOIA T F3} S| mepd Lok, 22 TR opE AT AW R £ F A%
zAd wet 27 28d & dge dd fodek @,

Ishida 5 (01 @4 FAHA $¢ S40 s ATHT A= L% o] 289 Ao}
YolEg wmy £ TFAo HE H2E HLHAT (Table 1-5). AEANA 2

U E2TH F4H=

o
o,
O
>,
2
=
I
1o
2

o
)
T
2
o,
H
o
Mz
a2
o
fri
1>
= |
N
ok
B
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Zedl weh gt H2ef A mEW vjsdl £3 aMEE O TR AAE
Ao (BE2Ee, S5, S22, wenuridis, Ad, S8=29, A%, 7599
30 FEAAM F o]LE AoolE FFS ARG A BT 162 tmd/100 g8 FFFS
Hugow i AAAA o]iE|LAJoRo)E &) 418) Apo]7} Wit o]iE] 2 AolHlolE

& HA HoAE AEZYETIAUF 15 umd/100 g2 YEIRe™, A ALY F&o
61.3 umol/100 g= 7HF =k (Tang &, 2013).

(2) B2E8 A8 RFA

Axese AFAA S2FIEgFAUY S BEFF Kot A& HEa

AER HEA i 438 A geld 39 @ HEREY AR 2FFgudey 15d
HEo R ¢ AP BEIRT 108dA 1008 o B2 SFZebade st ot

(Fahey %, 1997). 2228 AL -0z SFIeod (Hzgd ZFaAsHoEdns o)

Hax 73 mg o THE ALE ASH 4R ARAF L AEEFHAA 9T F Ao
B2y A, 288 2 o2 48y Qi FEE0 Iy AZRZAEFL AW

F

glol 74E + ok 4+ A

YR mlo]zAdlo)=7} gl BHE 2

Akt giaEde A BREg 254 A vla) @83 LA
Z+zy gufer 58 o E2 AOoE YEWT (Clarke &, 2011). SV SAE BEE238 AR
2H o] TxFEA A E (peripheral blood mononuclear cell; PBMC)ollA¢] & HDAC &
BEAE AAT auAke PBMCEY dA43 W& Jox RuHY (Clake T,
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Table 1-4. Glucosinolate Content of Selected Cruciferous Vegetables (McNaughton et al., 2003).

Food (raw)

Serving

Total Glucosinolates (mg)

Brussels sprouts

Garden cress

Mustard greens

Turnip

Cabbage, savoy

Kale

Watercress

Kohlrabi

Cabbage, red

Broceoli

Horseradish

Cauliflower

Bok choy (pak choi)

1/2 cup (44 g)

1/2 cup (25 g)

1/2 cup, chopped (28 g)

1/2 cup, cubes (65 g)

1/2 cup, chopped (45 g)

1 cup, chopped (67 g)

1 cup, chopped (34 g)

1/2 cup, chopped (67 g)

1/2 cup, chopped (45 g)

1/2 cup, chopped (44 g)

1 tablespoon (15 g)

1/2 cup, chopped (50 g)

1/2 cup, chopped (35 g)

104

98

79

60

35

67

32

31

29

21

24

22

19
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Table 1-5. Food sources of selected isothiocyanates and their glucosinolate precursors (Ishida et al., 2014).

Isothiocyanate

Glucosinolate (Precursor)

Food sources

Allyl isothiocyanate (AITC)

Benzyl isothiocyanate (BITC)

Phenethyl isothiocyanate (PEITC)

Sulforaphane

Sinigrin

Glucotropaeolin

Gluconasturtiin

Glucoraphanin

broccoli, brussels sprouts, cabbage, horseradish, kohlrabi, mustard, radish

cabbage, garden cress, indian cress

watercress

broccoli, brussels sprouts, cabbage, cauliflower, kale




5) HH A (safety)

(1) 4x3)
Az A o aEI QAo B Aze BHEL unHA GRth e BT ATAA
o nE oA EA FHH BAB A PH Foln FS el B AATE AUL

etk 28y gEEA s ool AlFHE ¥ PEITCY BITCY wi$- 22 &S 433
A= W (179 it o] AE| L Aotlo]ES] HHFY 25~3008), H Y WRYES A=

2 B AT (Okazaki 5, 2003). A% sty A ZTE AT (prospective cohort
study)oll A A =3z} 47 FAd el w39k (Urinary Bladder Cancer; UBC) g3 dhu] &)
drte AE WHET o|FRE o)y WHo] Ao Wy #ABPAHL BIFHHA Gt
(Michaud %, 1999). AAFolA Bud t& ZFAE FA4 FFE ARdA 9 FFe 93
SFHA Zgtt (Kumar 5, 2015).

R Aow GUA A FAW A7 Aol S Fo TR
AohlolES B S48 AA o2Bl oo e REAS FAAH BF ARy Gk

Q) & FE&E

o|LE| Ao O] EE in vitro B §F EdAM B F A%
UASHA HEAY FE AESHE FUHAE F Ao 2EU o ARAAM oJhE QAo
5

yjolE9] o243k FAAS] o] F& A A 2



A X2t (sulforaphane)

1

AX 23 (sulforaphane) 713 3§39 o] AE 2 AJol|o]E (isothiocyanae) Aol &3+
AEoR BeEy, uF 5 AAsEH AidA d& 5 Atk mlelEAYol= (myrosinase)
A7 AR &AL dAES W (chewing 5) FFIAAEIOEQ FFEzIFU
(glucoraphanin)& HAEZ o} o2 HYPAA F gEo] 4ol §gd & A st Lo
Aodn, B2 Eee FYEHYY o AR 53 SFR o] T

AAE Ao Bol 3rE Aegd 24
dE A ow, 5 BEEEY Yurdd 754 £Z<Q sulforaphane (S-methylsulfinylbutyl
isothiocyanate) < A &Fstdt 49l 22 wbd A] AFEZQ glucoraphanin®] myrosinase]
Ao o8] FaE o2 sulforaphane nitrile®t 74 A HT} (Cole, 1983, Matusheski 5,
2004; Fig. 1-6).

SulforaphaneS A8 AAH &<t 715& Asts] T o Y AP S FdAFT 2=

Az glow odoly A% YA helicobacter pylorivtS o]l EIE YTy I

ullt
s
i
o,
2
=
)
=
i
rlo
ok
2
fol
o

il
i
Aul
L
ko
=l

O

o2
Ho
i3
r o
2
i
4
o)
ol
2
>
23
o
fru
juv)
\
>
Y
rlr
)
o
ro
olf
o
o
%0,
lo
A
ol
o
rok
e
Ho
Hu
U -
fn
fofs

(Kim, 1997).

Talalay & (1988)2 BEZ2 FEEAAN FFe S3o] & A& #FsIy, #d 252
sulforaphane 2.2 ¥# 7 isothiocyanated & &3t S sulforaphane 7|9 A4S HAESH
A3} 733 84S UEhlE AL (-)-1-isothiocyanate—(4R)-(methylsulfinyl butane[CH3-SO-(CH2)4-NCS]
ol&}ix BidlHth E3ZF sulforaphaned monofunctional inducer®4 THE anticarcinogenic
isothiocyanates®} w}ZH7FA 2 phase I §4WE AgHo=
gody 22 B gEAdS TAMA olE°] DNAE &4A171E g AdsiA werh
DNAZF &48 98 4% el f22 & dvs 2L of & ¥zl AMdolt Zhang &
(1992)2 sulfide % sulfone FEAESE FHY #A7|olA quinone reductase®t glutathione
transferase® A4S #% AlZlttz H skl x, Talalay 5 (1988)8 sulforaphaned] <] 3+

g% (anticarcinogenic action)ol] 23ttt B 13t}
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Q N—OSO,
_S o
S— (-D-Glucose

Glucoraphanin 2

Myrosinase I\_. f-D-Glucose

Lossen-Type

Rearrangemeant 5042-
S0,
S-Fe-ESP
I Il _
-5 N=C=S —S C=N
Sulforaphane 1 Sulforaphane
Nitrile 3

Figure 1-6. Enzymatic conversion of glucoraphanin to sulforaphane and sulforaphane nitrile

(Matusheski, 2004).
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1. H#s8 A& f99 myrosinase % 323}

1. ABSTRACT

This study is mainly concerned with a method to refine myrosinase enzyme from a

cruciferous plant; more in detail, the research was conducted to economically refine

myrosinase by taking advantage of then ammonium sulfate (AS) method from a

cruciferous plant. Commercially available myrosinase refining enzyme (thioglucosidase,

CAT number T4528) costs more than 4,000 Korean won, which makes it impossible to

apply the method to producing vegetable juices, beverages, etc. (the definition of 1 unit:

the amount of enzyme produced by the decomposition of 1.0 umd from sinigrin under a

condition of pH 6.0 at 25 ). Therefore, the method to refine the myrosinase needs

developing in an economical way; the results are as follows:

I}

2)

A method to refine myrosinase by using the ammonium sulfate method (AS), not
column type high refinement, has been developed from broccoli, a cruciferous
vegetable. After precipitating and removing the protein by treating 50~60 % (w/v)
AS of cruciferous vegetables, crude protein was precipitated and fractionated including
myrosinase. When myrosinase enzyme activity was measured after obtaining the crude
protein fraction, and when crude protein from Sri Lanka mustard seed was applied
with glucoraphanin (GR) of 66.6 mg per ¢, 44.02 % of GR was converted to
sulforaphane (SFN) and the result showed about higher activity of 2.6 % compared with

myrosinase purchased from Sigma-Aldrich (the column tyvpe refinement method)

Compared with the column type refinement method, the enzyme titer of myrosinase
was proved to be excellent. In order to confirm the advantage the two-tier AS
refinement method has over one-tier refinement, refinement yields of the control

group of 55-80 %, which used 50 % of AS in the first step, and in the second
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3)

stage, used 80 % of AS were compared with those of 80 % of AS in its
counterpart. SFN content of broccoli treated with 55-80 % compared with that of
broccoli treated with 80 % of AS was shown to be twice higher. It was found that
from this result, the two-tier AS processing method was much higher than one-tier

AS treatment method.

The refinement and activation of myrosinase was measured in accordance with the
inactivation of ESP (epithiospecifier proteins). First, by treating 55 % (w/v) of AS
on pulverized mustard seeds, and precipitating and removing the protein, AS of 80 %
(w/v) was treated and crude protein containing myrosinase was obtained by
precipitating crude protein. In the following process, the crude protein fraction
containing myrosinase obtained to inactivate ESP protein was dissolved by the buffer
and heat-treated at 60 C for 10 minutes (the control group). On the control group,
at this stage, heat was not treated to inactivate ESP protein. When undergoing
inactivation the produced content of SFN was 4,200 mg/dry kg, which showed a
higher rate of 55 % compared with the SFN content of 2,700 mg/drv kg of the
content in the subject group. From this result it draws a conclusion that the

activation can enhance the enzyme activity.

4) Myrosinase refinement and activity were measured from oiled mustard seeds. Based

on the judgment that in the course refining myrosinase into a water—soluble
substance, removing fat soluble ingredients in the refinement process would obtain a
highly dense concentration of myrosinase, it was refined after oiling mustard seeds
by using the oil extractor (the oil presso oil extractor manufactured by Liquid), the
enzymatic assay confirmed enzymatic activation. The result showed that while the
use of the oiled mustard seeds in 30 minutes of measurement showed the activation
of 39.63 units/mg, the use of the un-oiled mustard seeds in 30 minutes of
measurement showed the activation of 29.33 units/mg. Therefore, it is estimated that

oiling the seeds produces the higher activation of enzymes.
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5) Change in the activation of myrosianse enzymes depending on the treatment of cell
wall degrading enzymes was confirmed. The mustard seeds treated with Viscozyme® L
(Cellulase, multi enzyme), Pectinex® Ultra Pulp (Pectin lyase), Fungamyl® 800L
(Fungal alpha amylase) produced by Novozyme company by 0.5 % for each were used.
In the case of refined mustard seeds without adding cell wall disintegrating enzymes,
the activation of the enzymes was measured 87.67 units/mg after measuring for thirty
minutes. In contrast, in the case of the sample of refined mustard seeds after adding
cell disintegrating enzymes, the activation of the enzymes was 103.92 units/mg after
thirty minutes of measurement. From these results more myrosinase with a higher
degree of enzyme activation when using refined mustard seeds after adding cell wall

disintegrating enzymes than not using them at all.
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D A=

2 AFd A&E v=4 ARHAE FRONTIER, 91=4F Ax4 &= ROYAL Organic,
28] F 7t ARANE Boon Foods, AUTHAE AN E &R AFAA Fhste A8t on,
Sigma-Aldrich Al A T Y3 myrosinaseE EEF 02 AL

B EHE ntE 432 (A onfEojH g o], B: OK mart, C: (F)FAAARE, D:
OK point mart)el Al G438t A3 oh

rr

o

2) Z& 2 myrosinased A

AZAA 100 g& HAste] 40 =7 24T F AN extraction bufferg 1149 B &R
blenderg ©l&3t4 v oh& YAEE (10,000 rpm, 10 min, 4 T)3t ELA EF S
AAsAT. Li 5 (2005)9] Ammonium sulfate precipitation ZA®WH ] @wWgt ammonium
sulfate 55 %& 5UH 4 T dF 3o 247 FA AT A5dS 2= (10,000 rpm,
30 min, 4 C)3}4 ammonium sulfate 80 %& = H 4 T W&o 2 A7 AAT &
Al AAEY (10000 rpm, 40 F, 4 CT)sAr;. ke pelleto] 50mM  potassium

phosphate buffer (pH 7.2)& ¥¢] %<& ¥ &4 myrosinase Aol AH-E-311

3) A% A (SDS-PAGE)
Z AA @AE WAUdE A9y HF AAESZY BEAEE =487 989 Laemmli
(1970)9] ol wet 12 % SDS-polyacrylamide geldl AAE T4E AAT & A795&

33 Ath. SDS-polyacrylamide gel2 A Z3te] #3 plate 2H3 % running gel 92
ZA 3 & FJsAT. A EE(ethano)S ¥ol 30~60 & £33 F stacking gel §4&
T3, comb A4 F 20~30 ¥ =3 FH sample buffer® sampleS 16 pf, 4 WA ¥
£33ttt SampleS heat block 100 CTolA 30 ¥ E¢F A8t gelg A719 5 R4
A" 34t Running buffer® 232 combE 7AW ¥ sample loading 3t th.
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Table 2-1. Composition of Seperating gel and Stacking gel.

12 % Seperating gel Stacking gel
Volume o ml 2 ml
H0 1.65 ml 1.34 ml
b 88 Tein HOD L2 mt )
Stacking }')uffer - 1
(pH 6.8 Tris-HCD
30 % Acryl/bis acry 2 ml 06 ml
10 % SDS 50 ut 20 pt
10 % APS 50 p 20 p
TEMED 35 25 e
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Table 2-2. Composition of Running buffer and Sample buffer.

Running buffer

Sample buffer

Tris (1.5 M) 3g Tris 12 g
HCI 0.7 m{
Glycine 144 ¢

SDS 08 g
Glycerol 8 md

SDS g
2-mercaptoethanol 4.0 mé

1 % Bromphenol -

Blue D.W >3 mt

DW 17
Total volume 20 md
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4) QA" F5E AR myrosinase &4 4

Table 2-347 DAAE AR myrosinase ZA EAL 98] Conical tubedl
k-phosphate buffer®t glucoraphaning 73ttt YAA7F AE2 & AAA myrosinase
B0 AFFE 50 WA #H7rsled 5 %7F vortexdF Atk Shaking incubatorel Al 250 rpm, 40 T,
3 A7 €A 838k 045 im syringe filter2 o33 3 HPLC #2413t}

=5 AXAY myrosinase 84 AL HF BEIZHESHFT = 14 B2 IANVE
o] g-3}lo] 5E7F B3] 50 m{ conical tubeol 10 m{® vFo] ©tth. A A $ myrosinasest
Sigma-AldrichA} myrosinase 1 % (100 p¢0)& #71e H EE sampledl AlXH G4 02 %
(200 )& H7Fste 5 %3F vortexdt ). Shaking incubatoroll A 250 rpm, 50 C, 3 A3t
g8 ste] 045 mm syringe filter® o] ¥ & HPLC ¥41359c)

5) AN sulforaphane 3HE F-4

22y EAg ZAqAE A3 B2ZEE AT 100 C, 20 7 €47y &
GE&EqA 10 B W & A3t BEE2es ZHSE 14 HE2 YA E o] &3}

M
L
M
B2
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&
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o] @3 water batholA 60 C, 10 ¥3+
iz}
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Table 2-3. Composition of k-phosphate buffer, glucoraphanin and myrosinase.

Component Amount
50 mM k-phosphate buffer (pH 7) 3 ml
glucoraphanin 100 ¢ (0.2 mg)
myrosinase 50 wl




6) @+l d F% =7 (Bradford assay)

@l o] Qe Bradford® (Bradford, 1976)° whe} 10u)4 3143 BSA sample 200 uo]
bradford reagent 800 WS Yol 5 Z7IF vortexdgrk Aold 5 B wEEI H
spectrophotometer ¥ 595 mmoll A BSA samples TEE 2 24350 SAHAGS X, Y=
skl A4 A ZE gHEo] Rigte] 19 7H7ke AEE ST

ZHTE o] &3t 4008 3 Ae HAZF AXHA myrosinase sample 200 ufol bradford
reagent 800 wE Eo] 5 X7t vortex3tAH. A2 5 7+ ¥-E3F FH spectrophotometer
92 505 oA A3, ZH S BSA standard Z#|Zo] digstel @@lE FLE
FA4sA (Fig. 2-1).
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standard curve

0.8

0.7 1 y=0.131x + 0.0356 °

R?%=0.9945 -
0.6 A
0
0.4 A L

0.3 - o

0.2 1

Absorbance (595nm)

10 20 30 40 50
Concentration (ug/ul)

Figure 2-1. Absorbance of BSA sample by concentration for bradford assay.



7) &2 84 =7 (Enzymatic assay)

5 ot EHEE SAN o, G428 E 1 unitS A 1 B 1 um9

&
b
FEIMAIIIE 49 o2 HYstH Tt (Table 2-4).

A A units = Uem ™ = A—Aiﬁlo-‘
Min e [ Ve

AA =37 Colld 5 B3 1 umdd9 sinigring E83leE &4 48 =43 A

N
1l

total volume of the assay mixture (3.0 cm?)

extinction coefficient of sinigrin at 227 nm (6784 M~ 'M~ ')

)
1l

I = cuvette path length (1 cm)

Vy; = volume of enzyme solution (0.1 ecn™')

i
o
it
i)
rlr
ol
o
Mo
1%
[kt
f
1
)
wn

PSS statistics (SPSS ver. 12.0, SAS Inc.)& A3t
A EFHAE AESAF T, 94 HHLS ANOVAE o839t Duncan 95 #H

B3l P=005 FEANM F4e FAsA

o

(Duncan’s multiple range test)
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Table 2-4. Composition of blank and sample for enzymatic assay.

Component Amount

Blank 50 mM sodium acetate buffer 2.0 ml
0.5 mM sinigrin 1,125 ul

Sample Sample (20-fold dilution) 125 1l
50 mM sodium acetate buffer 1,250 ub
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3. 23 2 3%

1) 9249 F5¥ AAHN myrosinase F&

rSl

B4 (enzyme)?d AUA Y &M glo] EF HIS FolHoz Fvge
doll ofstty. AFoRFH ALy o3 =3 KFDAY &71 Qlo] 4&°
btttk Axte 714AREH fd 2 S04 AFY FAEE o|&HIIoH, TR HA,
FA, A gl S 4Fo] glov @A Z o] v fAatste] WAR FA B F
22 FEAT (MacLeod, 1974). Axte T8¢ 3434 4E&& 7HA2 L AN 7HF=
AE 7beel dE 2o0lx Utk (Abul-Fadl &, 2011; Wanasundara, 2008). =& Az} who
BAYolz2 Fhd Y3 FFIAAEHIEY JteRHETY BEAAE S e
T o] gdt (Wanasundara, 2008).

Van Eylen 5 (2006, 2008)2 A A5t} HEE 3 A& F299 myrosinase’t €3 ¢ o

HiustHEd, ol& #Histd Th FE AES AANE ARSI AN =
de] 2oy fEle 3t JEF BluA e HAS AFEY $43 5 AR
488 F v FH2 /s S AlFdy (Abul-Fadl &, 2011, Wanasundara, 2008).

At A o] wlo]ZAYe]2 AE E FEY HIE dAstE AR 4HA At
(Ghawi %, 2012; Ludikhuyze %, 1999; Matusheski %, 2003; Van Eylen &, 2006;
Yen@ Wei, 1993). AR Auj A7), 2%, &7 2& Az, 44 && FF 59
w2}l myrosinased I Gl thd HAHA (Fig. 2-2)°] ©E7] wio] ofm AARX 9
Fa T 231 o] 24 dolry, o AR A myrosinaseE HF FELHA
2457 e AEE WP A Tk Okunade 5 (2015)> ZA AZA myrosinase®] & &
dol e ARG Hla Eow, dof kAot BustAY (Fig. 2-2).

Myrosinase 5% #HZX 3t A& A18d vl=4t AxH = Frontier, Q1= ARA = Royal
Organic, 22227} AAHA = Boon Foods, AUt AAANE £xAFAA FHst AHS-SHA
o Sigma-AldrichAtol A T 943 myrosinase® EFF 0.2 AFESIIY (Fig. 2-3). 47HA
AAAE (M=, dE, 22371 Aunh) ARHZEE myrosinaseE FE3t9] SDS-PAGEZE

=

4 BARAES AAF oy myrosinases HEE2FT 98 % glucoraphanind] A #3ste] A A

A2
=

<)

i

av)
=

% & sulforaphane (SFN)& HPLCZ A ZFEA A,
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0.8 -1

0.7 A
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REL. ENZYME ACTIVITY (A/A,)
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Figure 2-2. Heat stability of myrosinase for various mustard seeds (Okunade et al., 2015).

(@) Black mustard seed () Brown mustard seed (@) Yellow mustard seed
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Figure 2-3. The mustard seeds by origins.




ot

YA AN Z2EE F2E3 myrosinases B4 A2 FFEL Sigma-AldrichAt

T Y myrosinasee] ™, A=t 2 @It A FUT AXK A myrosinase] T O]
=4 U £ AN myrosinase® T ozt e @ FE "o] e S dHE

AAQEAE (SDS-PAGE)S.Z &8 4 9t} (Fig. 2-4).

-

o

AR AR 9] myrosinaseS
Sigma-AldrichAt9] myrosinaseE standard® F¢ 75 kDalA myrosinase

238 &
Fagac. 442N 2% A= ARASG 2895 ARANN BE Fe) myrosinase”t

A E AN ERE FE3 myrosinase®t Sigma-AldrichAe] myrosinaseE 1 %
9B % glucoraphanin®] 50 TellAl 3 A7t Ayl & AAPHE SFEN FFolw, Ayt A=A
184 mg/ ¢, vl= AXA 13 mg/ 2, 1% AAHN 199 mg/ ¢, 2T "It AR 246 mg/ 7 9
SENS Yehliz vk Q=s 25zt ARNCA dxetioze] Aaso] x7] Wi
T YAACA EA o] M =55 ¢ 7 A (Fig. 2-5). HF 4E& 27437 Al
22F7F ARG A% ARANY myrosianse Ea Y A ZI} IdE AAHNY
myrosinase® ZA o] 22|@7t AN Y 48 Fr® 7P mol x4 AANE ARSI R
HFAstA (Fig. 2-6).

M =S B4 84S B 2Tt A E 1 2 7)F 666 mgd glucoraphaning
Ho]3 S v 44.02 %9 glucoraphanin®] sulforaphane® H&% A 2™ Sigma-AldirichAFol A
t myrosinase 2T 9F 26 % =2 A4S RAT Li T (2005)9] W wet AFE vl

¢

-

ki

My o
Mo
kol

o

Ao

Zo] old EEHE 83 ammonium sulfate O E FE3 myrosinases
2 AMgo] 7t E Ao g AR ®n (Fig. 2-5). of Bl o8 2EE who]ZA]
Holzy vt 2FIAEHIEY Z3 AEd did FF Ao o8 + Atk
(Li &, 2005).

FAAA S FAo molzAvlojze AR5 AE T E AAH] M L Ho=m
a7 4 Attt (Kozlowska %, 1983; Ludikhuyze %, 1999; Pérez %, 2014; Van Eylen %,
2006, 2007; Verkerk®} Dekker, 2004, Yen¥ Wei, 1993). A3t} A &9 ddAdol osh
Hue mEsiAw 24 ARAG S48 AN wlo]z Aoz 49 E E874 3
e dolee ofz &8 & flv AAolrt. 1y ofn AR Fyo] 3
2 Azge mlolEAdlelzry o 2 E dWAPES RAFI Qv (Van Eylen 5,
2006; Van Eylen %, 2008).

(2
2
ax
lo

E
2
A
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AN FFE Th BHS Lotuy] A FAAKN, HAAN, HEIHRTH AAT
myrosinase®t Sigma-AldrichA} myrosinaseE 1 %% B2 Zdd 50 TolA 3 A7k Agsh
AR ] BF 24 AP ¥ JUETR sulforaphane A Eo] E3toH, 24 Ax9
myrosinase €44°] 71F =58 ¢ ¢ Avk (Fig. 2-7). Y AFAANE 22 AR Y

A Aol 2754022 units/mE S AR (1.5 units/m0)eF FAAHN (0.63 units/ml)ol 8]

-
Fom, go Aol B vk AU} (Okunade 5, 2015).

a i
i
ot

Van Eylen & (2006, 2008)2 60 C ol 10 # =S w S AXRERY
ol AjYlolz el EFA S dojdt WAt Stoin T (2009)2 FAAZFH
mpol Z A Ylo] 27} 45~50 TellA H A4S Uetilon, 70~85 TolA 2% 34
TEY ¢ Jdnvtzn Basdnt 2y 85 T oA 4L A& 5o 7EEA
(sinigrin) & AF&3t= € <tA 9 desulphatase £49 28 tE2 Y2l ¢l
AR Ho Aol FARG 2 Aze] mio]zAHlo]=E 80
SAds) BZASE A o] AXREY mlolEA Moz ARG T
(Okunade &, 2015).
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Figure 2-4. Qualitative analvsis of myrosinase extracted from mustard seeds by origins.
(1 size marker, 2: Canada, 3: USA, 4: India, 5. Sri Lanka,

6: Myrosinase purchased from Sigma-Aldrich, appears at 75 kDa)
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Figure 2-5. 98 % glucoraphanin treated with myrosinase extracted

from mustard seeds by origins.

A: Canada, B: USA, C: India, D: Sri Lanka
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Figure 2-6. Enzymatic activity of myrosinase from Sri Lanka mustard seed and

India mustard seed
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Figure 2-7. Active analysis of sulforaphane treated with various mustard seeds and

myrosinase of broccoli.
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2) Myrosinase A HA WE g4

ﬂﬂ%‘

ZAA A2 ammonium sulfate (AS)HS E3F B 222 myrosinase ==WHE L 55 % AS @Al
A BEZash g AS AAT F 80 % AS @AM HAE myrosinase ZASHE FHoITh
Bh FE AE 2N NS et 38 S FHagpetaA 55-80 % AS 80
ASE FZ3 myrosinase® BEZF O ZtZt AHZeidon BEZE AU gHd sEE
=8 AA) 98 €X73 v2Ze e A83le] HPLCE sulforaphane (SFN) &S 24
sttt

s
bradford assay® @@ FHFg A 282 T HA myrosinase® ©]€39 &
84S enzymatic assay® & B2 ZE e vE 4F (A ojnfEY EEHo], B:
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Table 2-5a. Sulforaphane content of enzyme-treated juice purified with 55-80 %
Ammonium sulfate.
(A" E-mart everyday, B: OK mart,
C: GOM food mart, D: OK point mart)

Sample Sulforaphaqe
ng/kg dry weight
A 846.85
B 86787
C 81381
D 906.9
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Table 2-5b. Sulforaphane content of enzyme-treated juice purified with 80 % Ammonium
sulfate.
(A: E-mart everyday, B: OK mart,
C: GOM food mart, D: OK point mart)

Sample Sulforaphaqe
mg/ke dry weight
A 366.37
B 32132
C 363.36
D 369.37
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Table 2-6a. Sulforaphane content of enzyme-treated juice purified with 55-80 %

Ammonium sulfate after heat treatment of broccoli at 100 C for 20 minutes.

(A: E-mart everyday, B: OK mart,

C: GOM food mart, D: OK point mart)

Sample Sulforaphaqe
ng/kg dry weight
A 129.13
B 30.03
C 81381
D 195.2
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Table 2-6b. Sulforaphane content of enzyme-treated juice purified with 80 % Ammonium

sulfate after heat treatment of broccoli at 100 C for 20 minutes.

(A" E-mart everyday, B: OK mart,

C: GOM food mart, D: OK point mart)

Sample Sulforaphaqe
ng/kg dry weight
A 30.03
B 90.09
C 144.14
D 201.2
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Table 2-7. Total amount of protein from the setting time for treatment with 80 %

ammonium sulfate.

Sample mg/ml

Boon food

left for 16 hours in 80 % AS 9,446.99

Boon food

left for 4 hours in 80 % AS 6,785.31
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Table 2-8a. Enzymatic activity after leaving for 16 hours in 80 % AS treatment step of Sri Lanka mustard seeds.

min 0 5 10 15 20 %5 30
Absorbance 0.837 0.823 0.795 0.771 0.757 0.738 0.72
(227 mm)
>
. units - 12,382.08 18573.11 19,457.55 17.688.68 17.511.79 17.246.46
units/ng - 26.21 39.32 41.19 3745 37.45 36,51




Table 2-8b. Enzymatic activity after leaving for 4 hours in 80 % AS treatment step of boon food mustard seeds.

min 0 5 10 15 20 % 30
Absorbance 1.081 1.037 0.995 0.948 0.914 0.836 0.781
(227 mm)
units - 38.915.09 38,030.66 39,209.91 36.925.12 43.337.26 449217

units/mg - 114.7 112.1 115.57 108.84 127.74 130.35




A A FL 47A BREY 55-80 % ASE F=3F myrosinase$t 80 % ASE FE31
myrosinase 20 %5 A 3A| &2 B2 FEJ 744 Ao Table 13 Table 29 2
HluafgrS o 55-80 % ASE FE3 & S W AAH SR sulforaphane §H#o]
%o, 55 % AS dAdA EZ8F dWde]l go] AAHNES ¢ F AW L F
(2005)% FEE HFTFLE 5580 % ASE #HUtste] AAF (horseradish)E L &S tiFE9
g A S AAAAT. B AFS 270 HIHE Aol mrel2 Aol EAd oA Rt
aolE RAFL, AT Feles dru 2

el vk ok (Li &, 2009). &4 FF @AE £o]7] H38) 55-80 % AS9 80 % ASE
S8 & 4 80 % ASolA sulforaphaned] %ol 238 ZTiaste AL FAsATH
55-80% ASol A dEets o] s S 5H% ASA ELQd whigoe] go] AA
HASE & + A (Fig. 2-8a, 2-8b).

Ammonium sulfate precipitation €9 FXZd wg @AY BI)ert A= AE
o]g3 HAH WMyHor do FEV5-80 % ¥ W AAANY myrosinase’t AAHE AL
asta T (Li 5, 2005). 28] A#AEHT AA S4F unit G F 4000¢€¢] @+ 7140 =2

A

gRU AF Ade 48 + g 2ol
9

B~
i
N
AC)
ko)

lo

W H e sfolAozE gHaT AdT

21 g-o] st AAlEE 7] (centrifuge) ©19e FHE FQ gtk A €A
HAE 22 flojA FEHAHo] st , AT DA &4

vrosinaseE® F&3t7] AdA 55-80 % AS7F A&t} (Table 1, 2).
47 B2ZEE 100 ColA 20 £37F EA2g Fof 55-80 % ASE FE 3 myrosinase}
80 % ASE FZ3 myrosinase 20 %S ZHZ} HsAS W EAEE FoEH AAHORE
sulforaphane®] 3t&o] Zo]E oW, o|nfEd B do|g} (F)ZAAAMEE 55-80 % AS
A2 8E W, OK mart?t OK point marty¥ 80 % AS A& S W sulforaphanec] ®o] A
" Aow Hol BRIEevitt 2rd tigt 3] 27 did 24¥ Z2F3E #dh] oHA
T} (Table 3, 4). 80 % AS BA| AI7H& 4 A} 16 AIFe.2 2AsA oM, B8R Al7ke] Hof

452 AAsE 99 23 ¥gou 549 942 A AU (Table 5-7).
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Figure 2-8a. Sulforaphane content of purified enzyme solution with

55-80 % ammonium sulfate precipitation.
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Figure 2-8b. Sulforaphane content of purified enzyme solution with

80 % ammonium sulfate precipitation.
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3) AAAL =& & HE

AANZEE &4 myrosinase FEIHAGANA Az} FE2 &Y Hl& 20E G
3 AFgog ARG FZ Ll H &L 12 14, 16, 18, 4714 8= HAsA0

AZHA = boon food (28]FH7}), & 2 AAH pHE FX387] 3] extraction buffer

iy
2
B
L
N
i
ofp
=
il
T
fr
M
B
o)
o
= o
w
»
el
o
A
A

A7 FAU 14 HEH 16, 18 HE&Y
B AR 277t st e & Apolg HolA| ¥of AP FHom, 2AYE Fo|7] 9
4% F A7) Foldle AAATE ol MHAE 2tF O

7be 5 Bt HF 16 vleol P AHsvn #dsidn (Fig. 2-9).
AZAA L &uiE A A F GA7ld Feldle AANE A &Ry A
extraction bufferg& 2%tE 713t ARG & &9 HF v& 24& 1622 g4

sttt (Fig. 2-10).



Figure 2-9. After mixing mustard seeds and solvent in 4 ratios.

(mustard seeds : extraction solvent = @ 1:2, @ 14, @ 1:6, @ 1:8)




Figure 2-10. Mustard seeds and solvent are crushed to 1:4,

and mustard seeds remain in the blender.



4) ESP @A o] E-Z8A3}o]| u}E myrosinased BA L 4 SH

o

Glucoraphanin  (GR)°©] myrosinase®] &3] sulforaphane® 2 7}rFEE = Aol A

sulforaphane nitrile® A3 A]#A sulforaphane (SFN)9| dA4 &
protein (ESP)E E&43A717] 93 28 & WAt

-3 3} =  epithiospecifier

ESPE E@Astslr] 8] 439 mE (o]ntEd B de], OK WE, @FAAARNE,
OK POINT ®E)dA 9% BEFE F4 (RE2FH:E=1439 ITLHE e
100 CToll M 20 ££32F A E o 40 CollM 3 Az Bk &4 Asioh

HPLC #4 A7} SFNo| oF 1.5 sfellA] 238uj7b4] 7+ gtk B2 Feje] FdAnttt SFN9

$3go) thE B oluie GRY ¥} ol UT JP= BT GBS & 5 U (Fig. 2-10).
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Figure 2-11a. The changes of SFN content with non heat treatment of broccoli.
(A: E-mart everyday, B: OK mart,
C: GOM food mart, D: OK point mart)
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Figure 2-11b. The changes of SFN content after heat treatment of broccoli
at 100 T for 20 minutes.
(A: E-mart everyday, B: OK mart,
C: GOM food mart, D: OK point mart)



5) Z3 AR Y myrosinase & L A4

EZ 2 myrosinaseE FEIE HAAAM A4 AES AASIH
F AL A Aty ZFR7] (HHAY oY = ARTDE

o) getel 7 AR AAAE H{ @ Fo FE3e] 4R (SDS-PAGEIZ AT,

i
o,
3
:
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&
i
i
o

ol
2
o
2
o
o
Ho
ol
>
52
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X
Y
3
tlo
=
a0
1=
)
ot
1o

%
2}o] & bradford assayE F¢lstgrt. 2811 silE BA myrosinaseE o] &35t &4 A
(enzymatic assay)< &°13}5ith.

A (Brassica napus), A* (Sinapis alba)¥, ¥ (Raphanus sativus), S5y 0]
(Lepidium sativum) BEOZEE AA 3 wlo]ZAYo]=
65~75 kDa%l 2¢A] @A (dimeric protein)?! Ao 2 HuFHA+=E (Bjorkman 5, 1972
Durham %, 1989; Lenman %, 1990; Rouzaud %, 2004), ¥ dFolA AN (Brassica

TETEA (isoenzyme)E ¥ Aol

(A

Jjuncea) 258 ¥ myrosinase= Sigma-AldrichAFol A T3 myrosinaseE standard=
Fol 74 kDaol A &0 & A=, 438 A9 A 2ot Ustth o9 e gixF o=
aFJo] (Wasabi Japonica) HEldlA AT wmpe]Z2Ajdlolz FFEAhe TR 447

45 kDag) 12789 subunits= 7FA 2 A= Ao Z HEAY (Ohtsuru 5, 1979).

e

=y

Reese 5 (1958)& Aspergillus niger$t Asp. sydowidl 4] myrosinaseZ 22 2 A A
st om ExapgFo] z+ZF 90 2 120 kDaolx, Tani % (1974)& Enterobacter cloacae®) A
83 myrosinase?] ¥A#EFol 61 kDadtal R 13t} Lonnerdal® Janson (1973)<
Ao A £ 3 myrosinased] EAFFo] 135 kDadhx ¥3l 3, Ohtsuru®} Kawatani (1979)+
QFAME] (wasabi japanica)l A E2]3F myrosinased] #AF#o] 580 kDaglz B etk EI
Palmieri 5(1986)2 WA ddAHOZ AHA S myrosinase?] ¥AF-2 F 140 kDaghil
Bustda, Li 5 (2000)02 AAF (Armoracia rusticana) & olA %3+ myrosinase?)

A2 65 kDazhal ¥r3th ol9h Zo] FFo we £2 ® AAF myrosinased] EAHFO]

A Givd, ml=, Ak, 28@7h) ARNE FF F AAS A FAF A g3
BAG ARANE S0 vHudfgs o) AAHoE AF F FAF AXA A myrosinase”t
o2 BT (Fig. 2-12). 221%7} (boon food)d) AAR = #f 31 &

BANE o dBgo] oF 28] o, X (royal) AANE T T AAIE W oF 28] o]

o] FEH AT (Table 2-9).
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9,675.7 unit/g= 4¥] AL Z789 1
5,986.8 unit/g® 4.8u) AT =7}

a0 o) 48 o)A FtskeE A

w

(boon food) AR & Z§ A 97135 unit/g, 2

(]
ol
25
8
x)

1% (royal) AAN = FF A 75406 unit/g, Z
(Fig. 2-13). Weha ARNE 24 st DA5QL

gstel ARAT 4 el eI AFARFA,

(A

o
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Figure 2-12. Qualitative analysis of myrosinase with or without oil expression from
mustard seeds.
(1-4: Enzyme extraction after oil expression, 1: Canada, 2: USA, 3, India,
4, Sri Lanka, M: size marker, 5-8 Enzyme extraction without oil expression, 5. Canada,
6: USA, 7: India, 8 Sri Lanka, 9: Myrosinase purchased from Sigma-Aldrich, appears at
75 kDa)
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Figure 2-13. Enzyvmatic activity of myrosinase from Sri Lanka mustard seed and India
mustard seed with or without oil expression.
(a: Sri Lanka mustard seed without oil expression,
b: Sri Lanka mustard seed with oil expression,
¢ India mustard seed without oil expression,

d: India mustard seed with oil expression)



Table 2-9. Total amount of protein from the purification of Sri Lanka and India mustard

seeds with or without oil expression.

Sample mg/ml
boon food 17,451.67
royal 20,908.24
purified boon food after oil expression 38,177.98
purified roval after oil expression 9,446.99
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Table 2-10a. Enzymatic activity of Sri Lanka mustard seeds without oil expression.

min 0 5 10 15 20 %5 30
Absorbance 2188 92152 2.137 213 2132 2133 2133
(227 mm)
units - 3183962 6633255 1709906 4837854  387.0283 3225236
units/mg - 18.24 12.92 98 71 557 465
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Table 2-10b. Enzymatic activity of India mustard seeds without oil expression.

min 0 5 10 15 20 %5 30
Absorbance 1.48 1.413 1.364 1.355 1.303 1.301 1.272
(227 mm)
units - 5025708 5129717  399.469.3 39.136.2 3166274  30,660.38
units/mg - 56.63 49.07 35.25 37.44 30.29 29.33




Table 2-10c. Enzymatic activity of Sri Lanka mustard seeds with oil expression.

min 0 5 10 15 20 %5 30
Absorbance 2.333 2.302 2.302 2.277 2.984 2976 298
(227 mm)
units - 2741745 1370873 1650943 1083432 1008255 78125

units/mg - 14.36 7.18 8.6 5.68 5.28 4.09




Table 2-10d. Enzyme activity of India mustard seeds with oil expression.

min 0 5 10 15 20 %5 30
Absorbance 1.555 1544 1515 1501 1.472 1.433 1.428
(227 mm)
units - 0728774 1768868  15919.81 18,352 2158019 1872052
units/mg - 206 37.45 337 38.85 4569 39.63




6) MEH & Ao wE AXKR S myrosinase A

AZAA AE WS myrosinase® &F& Fuiststy] fE AN AEZHE FgHHoE
HEE= Ae3 EAES stk Novozymertd] Viscozyme® L (Cellulase, multi enzyme),
Pectinex® Ultra Pulp (Pectin lyase), Fungamyl® 800L (Fungal alpha amylase) 0.5 %% 30 27+
Agsle]l 5 B tFe® a4 AL ZHsTh

AxE T fF5 WE AAAY gl FFE ST 2 AxE ZAE Yo HAT
royal AN 9] DAL 944Tng/ml, NEH 45 B &2 AAT A% A dm L
10659.8 mg/m= AMEW FAE A GFE W AANY dWHF FFo] ¢ HhH
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Table 2-11. Total amount of protein from mustard seeds with or without cell-wall enzymes.

Sample mg/mL
purified royal with cell-wall enzymes 9,447
purified royal without cell-wall enzymes 10,659.8
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Table 2-12a. Enzymatic activity of India mustard seeds purified with cell-wall enzymes.

min 5 10 15 20 %5 30
Absorbance 0.942 0.887 0.833 0.77 0.727 0.683
(227 mm)
units 6544811 5704599 5395047 5439269 5112028  49,086.08
units/mg 13856 120.77 114.22 115.15 108.23 103.92




Table 2-12b. Enzymatic activity of India mustard seeds purified without cell-wall enzymes.

min 5 10 15 20 %5 30
Absorbance 0.812 0.742 0.687 0.636 0.59 0557
(227 mm)
units 54834.91 58372.64 55129.72 52623.82 50235.85 4672759
units/mg 102.88 109.52 103.43 9873 94.25 87.67
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Figure 2-14. Enzymatic activity of purified myrosinase on the storage period.
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Figure 2-15. Enzymatic activity of India mustard seeds by cell-wall enzymes.

(A" no treatment of cell-wall enzymes, B: treatment of cell-wall enzymes)
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Figure 2-16. Enzymatic activity of India mustard seeds by adding cell-wall enzymes and
removing fat.
A: myrosinase purified from the physically crushed mustard seed (negative control),
B: myrosinase purified from the physically crushed mustard seed after cell wall enzymes
were added,

C: myrosinase purified from physically by using skimmed mustard seed
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2 d+e A3y AZZHE upo]ZAWlol2 (myrosinase) 45 AASE HHo| A

P

o7 BE AAdAe HAstH HEEFEH dEF HAHCE (ammonium sulfate; AS)
HE o] &3l myrosinaseE ZAAACE AAS Y & FAdAT. AJBEHE myrosinase
AA) &4 (thioglucosidase, CAT number T4528)% unit@ 4,000€°] |+ 7[F o2 ofal&F
5 59 AAddeE H8FE + gle AV ¥ A unity F9 pH 6.09 25T &7 A

10 uml®] glucose”t #afEo] LAt & ). wabs FAFA WHo=E
molZAlvlol= 48 AAE £ Az W Jige] eyHEdH, I 2dE T 2o

D AAET 2irQ BEFH2EY, 29 WY 1sE ZAVE obd, ammonium sulfate
(AS)E & o] 8-3}o] myrosinaseE ZAAHCZ AAT + Jd= LHHS AL
AAreta) i) B E 50~60 % (w/v)e ASE Hz|ste] dild S AAANA AAT &
5~80 % (w/v)e ASE A3t myrosinase’t " Zw#M A (crude protein)<
HAANA Bttt 2d9d 23S £5 3 F myrosinase 84 848 SH9 =0

2837 AR Fo 2 dLe 17 715 666 mge glucoraphanin (GR)E 2ol3H <& )
4402 %2 GRo] sulforaphane (SFN)2.2 A3tE o Sigma-Aldrich el #9438 myrosinase
(29 A9 AR F 26 % w2 TS 2o

E

2) AF @9 AAMA vaste ASHE o835t AT myrosinased] T H7HE

S AT 5 AU F DA AS HAWel & @A AS HFAE HF 2
TR FAstaA, 19490 55 %9 ASE AL, 28 A A 80%9] ASE AHE
AT 55-80 % ASSH 80 %9 ASHF AR TiET 80 % ASe] A T vl
55-80 % ASE A B2 Z]e] SFN o] 80 % ASE AT 2EIee] SFN T
o wA detwth olet e Az HE F oA AS A Wil & @

rr

rok
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3)

4)

5)

)\
ol

ESP (epithiospecifier proteins)® E&4 3o W& myrosinased AA 2 A&
AT 9 AN EHEN 55 % (W) ASE ATste] dHdE JHAANA AAT F
80 % (w/v)8 ASE A&lsto] myrosinase’t £ Zd#MAS AAAA myrosinase £F
Zodd Fos 5 53tk 1 & ESP @A s £243s7] A3 53 myrosinase

HH (buffer)e] = 60 CTollA 10 E2F EAsAT (AFT).
ojwj, w2 ESP ©¥dE EZAstelr] A3 A" AAFE FHsA Fsith
ESP vz BgdA435l2 A 2 A" SEN o] 4200 mg/dry kgl & thhRT9

-

233 AN ZHE myrosinase AAl 2 A4S =459 Myrosinases T84 222
AA St FAolA 84 HAEES AASIE LF5F2 myrosinaseE & F IS Az
ddsted] /7] (FFHA 2 ZdA AF7))E o] &8t AAANE Fg- 3
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AEY BEaasol AE fFo WE myrosianse 49 B4 WH3lE 23} AlxHE
EHAoR e 483 2459 Novozymertd] Viscozyme® L (Cellulase, multi enzyme),
Pectinex® Ultra Pulp (Pectin lyase), Fungamyl® 800L (Fungal alpha amylase) 0.5 %2
AP AR E AFREATE XY B EAE WX ¥ HAAT AAANE o] &3 ME9
A5, 30 2 st A A3 8767 units/mgd] T EAE EATh olof wha} AEH 73
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myrosinaseE 5 & 4 Ao

_93_



1
Y
Rl
an
r (

Abdul-Fadl, M. M., El-Badry, N., Ammar, M. S. 2011. Nutritional and chemical evaluation
for two different varieties of mustard seeds. World Applied Sciences Journal. 15:

1225-1233.

Ahn, Y.-H.,, Hwang, Y., Liu, H, Wang, X. J., Zhang, Y., Stephenson, K. K., Boronina, T. N\,
Cole, R. N., Dinkova-Kostova, A. T., Talalay, P., Cole, P. A. 2010. Electrophilic tuning of

the chemoprotective natural product sulforaphane. Proceedings of the National Academy of

Sciences. 107: 9590-9595.

Al-Shehbaz, I. A. 2012. A generic and tribal synopsis of the Briassicaceae (Cruciferae).
TAXON. 61: 931-954.

Andrea, T. Cristina, A. Marco, M., Fabiana, M. Silvana, H. Patrizia, H. 2013.
Sulforaphane as a Potential Protective Phytochemical against Neurodegenerative Diseases.

Oxidative Medicine and Cellular Longevity. 2013: 1-10.

Andréasson, E., Jorgensen, L. B., Hoglund, A.-S., Rask, L., Meijer, J. 2001. Different
Myrosinase and Idioblast Distribution in Arabidopsis and Brassica napus. PLANT
PHYSIOLOGY. 127 1750-1763.

Bai, Y., Wang, X., Zhao, S., Ma, C., Cui, J., Zheng, Y. 2015. Sulforaphane Protects against

Cardiovascular Disease via Nrf2 Activation. Oxidative Medicine and Cellular Longevity.

2015: 1-13.

_94_



Barba, F. ], Nikmaram, N., Roohinejad, S., Khelfa, A., Zhu, Z., Koubaa, M. 2016.
Bioavailability of Glucosinolates and Their Breakdown Products: Impact of Processing.

Frontiers in Nutrition. 3: 24.

Bjorkman, R., Janson, J.-C. 1972. Studies on myrosinases. Biochimica et Biophysica Acta

(BBA) - Enzymology. 276: 508-518.

Bones, A. M., Rossiter, J. T. 2006. The enzymic and chemically induced decomposition of

glucosinolates. Phytochemistry. 67: 1053-1067.

Bones, A. M., Rossiter, J. T. 1996. The myrosinase-glucosinolate system, its organisation

and biochemistry. Physiologia Plantarum. 97: 194-208.

Borowki, J., Szajdek, A., Borowska. E. J., Ciska, E., Zielinski, H. 2008. Content of selected
bioactive components and antioxidant properties of broccoli (Brassica oleracea L1.).

European Food Research and Technology. 226: 459-465.

Brabban, A. D., Edwards, C. 1994. Isolation of glucosinolate degrading microorganisms
and their potential for reducing the glucosinolate content of rapemeal. FEMS Microbiology

Letters. 119: 83-88.

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein—dye binding. Analytical Biochemisry.

120 248-254.

Bridges, M., Jones, A. M. E., Bones, A. M., Hodgson, C., Cole, R., Bartlet, E., Wallsgrove,
R., Karapapa, V. K. Watts, N., Rossiter, J. T. 2002. Spatial organization of the
glucosinolate-myrosinase system in brassica specialist aphids is similar to that of the

host plant. Proceedings of the Royal Society B: Biological Sciences. 269: 187-191.

_95_



Bryan, H. K., Olayanju, A., Goldring, C. E., Park, B. K. 2013. The Nrf2 cell defence
pathway: Keapl-dependent and -independent mechanisms of regulation. Biochemical

Pharmacology. 85 705-717.

Burmeister, W. P., Cottaz, S., Rollin, P., Vasella, A., Henrissat, B. 2000. High Resolution
X-ray Crystallography Shows That Ascorbate Is a Cofactor for Myrosinase and

Substitutes for the Function of the Catalytic Base. Journal of Biological Chemistry. 275:
39385-39393.

Burmeister, W. P., Cottaz, S., Driguez, H., Iori, R., Palmieri, S., Henrissat, B. 1997. The
crystal structures of Sinapis alba myrosinase and a covalent glycosyl - enzyme
intermediate provide insights into the substrate recognition and active-site machinery of

an S-glycosidase. Structure. 5: 663-676.

Cheng, D.-L., Hashimoto, K., Uda, Y. 2004. In vitro digestion of sinigrin and
glucotropaeolin by single strains of Bifidobacterium and identification of the digestive

products. Food and Chemical Toxicology. 42: 351-357.

Chi, X,, Zhang, R., Shen, N., Jin, Y., Alna, A. Yang, S., Lin, S. 2015. Sulforaphane
reduces apoptosis and oncosis along with protecting liver injury-induced ischemic

reperfusion by activating the Nrf2/ARE pathway. Hepatology International. 9: 321-329.

Chu, M., Seltzer, T. F. 2010. Myxedema Coma Induced by Ingestion of Raw Bok Choy.
New England Journal of Medicine. 362: 1945-1946.

Clarke, J. D., Hsu, A., Riedl, K., Bella, D., Schwartz, S. J., Stevens, J. F., Ho, E. 2011.
Bioavailability and inter-conversion of sulforaphane and erucin in human subjects
consuming broccoli sprouts or broccoli supplement In a cross-over study design.

Pharmacological Research. 64: 456-463.

_96_



Clarke, J. D., Riedl, K., Bella, D., Schwartz, S. J., Stevens, J. F., Ho, E. 2011. Comparison
of isothiocyanate metabolite levels and histone deacetylase activity in human subjects
consuming broccoli sprouts or broccoli supplement. Journal of Agricultural and Food

Chemistry. 59: 10955-10963.

Cole, R. 1983. Isothiocyanates nitriles and thiocyanates and products of autolysis of

glucosinolates in cruciferae. Phytochemistry. 15: 759-762.

Cole, T. C. H. Hilger, H H., Stevens, P. F. 2019. Angiosperm Phylogeny Poster -

Flowering plant systematics.

Coles, B. F., Kadlubar, F. F. 2003. Detoxification of electrophilic compounds by glutathione
S-transferase catalysis: Determinants of individual response to chemical carcinogens and

chemotherapeutic drugs? BioFactors. 17: 115-130.

Cottaz, S., Rollin, P., Driguez, H. 1997. Synthesis of 2-deoxy-2-fluoroglucotropaeolin, a
thioglucosidase inhibitor. Carbohydrate Research. 298: 127-130.

Dong, Z., Shang, H., Chen, Y. Q., Pan, L.-L., Bhatia, M., Sun, ]. 2016. Sulforaphane
Protects Pancreatic Acinar Cell Injury by Modulating Nrf2-Mediated Oxidative Stress and
NLRP3 Inflammatory Pathway. Oxidative Medicine and Cellular Longevity. 2016: 1-12.

Draghici, G. A., Lupu, M. A, Borozan, A. B., Nica, D., Alda, S., Alda, L., Gogoasa, L,
Gergen, I, Bordean, D. M. 2013. Red cabbage, millennium’s functional food. Jo. 17: 52-35.

Durham, P. L., Poulton, J. E. 1989. Effect of Castanospermine and Related

Polyhydroxyalkaloids on Purified Myrosinase from Lepidium sativum Seedlings. PLANT
PHYSIOLOGY. 90: 48-52.

_97_



Eastwood, M, A. 1999. Interaction of dietary antioxidants in vivo: how fruit and

vegetables prevent disease?. Quarterly Journal of Medicine. 92: 527-530.

Economopoulos, K., Choussein, S., Vlahos, N. F. Sergentanis, T. N. 2010. GSTM1
polymorphism, GSTT1 polymorphism, and cervical cancer riski a meta—analysis.

International Journal of Gynecological Cancer. 20: 1576-1580.

Edger, P. P., Tang, M., Bird, K. A., Mayfield, D. R., Conant, G., Mummenhoff, K. Koch,
M. A., Pires, J. C. 2014. Secondary Structure Analyses of the Nuclear rRNA Internal

Transcribed Spacers and Assessment of Its Phylogenetic Utility across the Brassicaceae

(Mustards). PLoS ONE. 9: e101341.

Egner, P. A., Chen, ]J.-G., Zarth, A. T., Ng, D. K., Wang, ].-B., Kensler, K. H., Jacobson,
L. P, Munoz, A., Johnson, J. L., Groopman, ]J. D., Fahey, ]J. W. Talalay, P., Zhu, j., Chen,
T.-Y., Qian G.-S., Camella, S. G., Hecht, S. S., Kensler, T. W. 2014. Rapid and
Sustainable Detoxication of Airborne Pollutants by Broccoli Sprout Beverage: Results of a

Randomized Clinical Trial in China. Cancer Prevention Research. 7@ 813-823.

Elfoul, L., Rabot, S., Khelifa, N., Quinsac, A., Duguay, A., Rimbault, A. 2001. Formation
of allyl isothiocyanate from sinigrin in the digestive tract of rats monoassociated with a

human colonic strain of Bacteroides thetaiotaomicron. FEMS Microbiology Letters. 197:

99-103.

El-Sayed, S. T., Jwanny, E. W., Rashad, M. M., Mahmoud, A. E., Abdallah, N. M. 1995.

Glvcosidases in plant tissues of some brassicaceae screening of different cruciferous

plants for glycosidases production. Applied Biochemistry and Biotechnology. 22: 219-230.

_98_



Fahey, ]J. W., Haristoy, X., Dolan, P. M., Kensler, T. W., Scholtus, 1., Stephenson, K. K,
Talalay, P., Lozniewski, A. 2002. Sulforaphane inhibits extracellular, intracellular, and
antibiotic-resistant strains of Helicobacter pyvlori and prevents benzolalpyrene-induced

stomach tumors. Proceedings of the National Academy of Sciences. 99: 7610-7615.

Fahey, ]J. W., Wehage, S. L., Holtzclaw, W. D., Kensler, T. W., Egner, P. A., Shapiro, T. A,
Talalay, P. 2012. Protection of Humans by Plant Glucosinolates: Efficiency of Conversion

of Glucosinolates to Isothiocyanates by the Gastrointestinal Microflora. Cancer Prevention

Research. 5 603-611.

Fahey, J. W., Zalcmann, A. T., Talalay, P. 2001. The chemical diversity and distribution

of glucosinolates and isothiocyanates among plants. Phytochemistry. 56: 5-51.

Fahey, J. W., Zhang, Y., Talalay, P. 1997. Broccoli sprouts: an exceptionally rich source
of inducers of enzymes that protect against chemical carcinogens. Proceedings of the

National Academy of Sciences of the United States of America. 94: 10367-10372.

Fenwick, G. R., Heaney, R. K., Mullin, W. ]J., VanEtten, C. H. 1983. Glucosinolates and
their breakdown products in food and food plants. C R C Critical Reviews in Food
Science and Nutrition. 18: 123-201.

Galan, M. V. Kishan, A. A, Silverman, A. L. 2004. Oral Broccoli Sprouts for the
Treatment of Helicobacter pylori Infection: A Preliminary Report. Digestive Diseases and
Sciences. 49: 1083-1090.

Ghawi, S. K. Methven, L. Rastall, R. A. Niranjan, K. 2012. Thermal and high

hydrostatic pressure inactivation of myrosinase from green cabbage: A kinetic study. Food

Chemistry. 131: 1240-1247.

_99_



Gimsing, A. L. Kirkegaard, J. A. 2009. Glucosinolates and biofumigation: fate of

glucosinolates and their hydrolysis products in soil. Phytochemistry Reviews. 8 299-310.

Guerrero-Beltran, C. E., Calderén-Oliver, M., Pedraza-Chaverri, J., Chirino, Y. 1. 2012.
Protective effect of sulforaphane against oxidative stress: Recent advances. Experimental

and Toxicologic Pathology. 64: 503-508.

Gupta, P., Kim, B., Kim, S.-H. Srivastava, S. K. 2014. Molecular targets of
isothiocyanates in cancer: Recent advances. Molecular Nutrition & Food Research. 58:

1685-1707.

Halkier, B. A., Gershenzon, ]J. 2006. Biology and Biochemistry of Glucosinolates. Annual
Review of Plant Biology. 57: 303-333.

Haristoy, X., Angioi-Duprez, K., Duprez, A., Lozniewski, A. 2003. Efficacy of Sulforaphane
in Eradicating Helicobacter pvlori in Human Gastric Xenografts Implanted in Nude Mice.

Antimicrobial Agents and Chemotherapy. 47: 3982-3984.

Haves, J. D., Kelleher, M. O., Eggleston, I. M. 2008. The cancer chemopreventive actions

of phytochemicals derived from glucosinolates. European Journal of Nutrition. 47: 73-&8.

Hecht, S. S. 1995. Chemoprevention by isothiocyanates. Journal of Cellular Biochemistry.

59: 195-209.

Henrissat, B., Davies, J. G. 2000. Glycoside Hydrolases and Glycosyltransferases: Families,

Modules, and Implications for Genomics. Plant Physiology. 124: 1515-1519.

Higdon, J., Delage, B., Willlams, D., Dashwood, R. 2007. Cruciferous vegetables and

human cancer risk: epidemiologic evidence and mechanistic basis. Pharmacological

Research. 55: 224-236.

- 100 -



Houghton, C. A., Fassett, R. G., Coombes, J. S. 2013. Sulforaphane: Translational research

from laboratory bench to clinic. Nutrition Reviews. 71: 709-726.

Hu, R, Xu, C., Shen, G., Jain, M. R., Khor, T. O., Gopalkrishnan, A., Lin, W., Reddy, B.,
Chan, J. Y., Kong, A.-N. T. 2006. Identification of Nrf2-regulated genes induced by
chemopreventive isothiocyanate PEITC by oligonucleotide microarray. Life Sciences. 79:

1944-1955.

Husebye, H., Arzt, S., Burmeister, W. P., Héartel, F. V., Brandt, A., Rossiter, J. T,
Bones, A. M. 2005. Crystal structure at 1.1A resolution of an insect myrosinase from

Brevicoryne brassicae shows its close relationship to B-glucosidases. Insect Biochemistry

and Molecular Biology. 35: 1311-1320.

International Agency for Research on Cancer. Cruciferous vegetables, isothiocyanates and

indoles. Cruciferous vegetables. France: IARC,; 2004: 1-12.

Ishida, M. Hara, M. Fukino, N., Kakizaki, T. Morimitsu, Y. 2014. Glucosinolate
Metabolism, Functionality and Breeding for the Improvement of Brassicaceae Vegetables.

Breeding Science. 64: 48-39.

Itoh, K., Wakabayashi, N., Katoh, Y., Ishii, T. Igarashi, K., Engel, J. D., Yamamoto, M.
1999. Keapl represses nuclear activation of antioxidant responsive elements by Nrf2

through binding to the amino-terminal Neh? domain. Genes and Development. 13: 76-86.

Iversen, T.-H., Baggerud, C. 1980. Myrosinase Activity in Differentiated and
Undifferentiated Plants of Brassicaceae. Zeitschrift Fur Pflanzenphysiologie. 97: 399-407.

Judd, W. S,, Campbell, C. S., Kellogg, E. A., Stevens, P. F., Donoghue, M. J. 2016. Plant

Systematics: A Phylogenetic Approach. Fourthed. Sinauer Associates Inc., Sunderland,

MA.

- 101 -



Kim, M. R, Kim, J. H, Wi, D. S, Na, J. H, Sok, D. E. 1999. Volatile sulfur compounds,
proximate components, minerals, vitamin C content and sensory characteristics of the
juices of kale and broccoli leaves. Jounal of the Korean Society of Food Science and

Nutrition. 28: 1201-1207.

Kirsh, V. A., Peters, U., Mayne, S. T. Subar, A. F. Chatterjee, N.,, Johnson, C. C,
Hayes, R. B. 2007. Prospective Study of Fruit and Vegetable Intake and Risk of Prostate
Cancer. JNCI Journal of the National Cancer Institute. 99: 1200-1209.

Koroleva, O. A., Davies, A., Deeken, R., Thorpe, M. R., Tomos, A. D., Hedrich, R. 2000.
Identification of a New Glucosinolate-Rich Cell Type in Arabidopsis Flower Stalk. Plant
Physiology. 124: 599-608.

Kraft, A. D., Johnson, D. A. Johnson, J. A. 2004. Nuclear factor EZ2-related factor
2-dependent antioxidant response element activation by tert-butylhydroquinone and
sulforaphane occur ring preferentially in astrocytes conditions neurons against oxidative

insult. Journal of Neuroscience. 24: 1101-1112.

Kumar, G., Tuli, H. S., Mittal, S., Shandilya, ]J. K., Tiwari, A., Sandhu, S. S. 2015.
Isothiocyanates: a class of bioactive metabolites with chemopreventive potential. Tumor

Biology. 36: 4005-4016.

Kurilich, A. C., Tsau, G. J., Brown, A., Howard, L., Klein, B. P., Jeffery, E. H., Kushad, M,
Wallig, M. A., Juvik, J. A. 1999. Carotene, Tocopherol, and Ascorbate Contents in
Subspecies of Brassica oleracea. Journal of Agricultural and Food Chemistry.

47: 1576-1581.

Lambrix, V., Reichelt, M., Mitchell-Olds, T., Kliebenstein, D. J., Gershenzon, J. 2001. The

Arabidopsis Epithiospecifier Protein Promotes the Hydrolysis of Glucosinolates to Nitriles
and Influences Trichoplusia ni Herbivory. Plant Cell. 13: 2793-2808.

- 102 -



Lampe, J. W. Peterson, S. 2002. Brassica, biotransformation and cancer risk: genetic
polymorphisms alter the preventive effects of cruciferous vegetables. Journal of Nutrition .

132: 2991-2994.

Le, H. T. Schaldach, C. M., Firestone, G. L., Bjeldanes, L. F. 2003. Plant-derived 3,3~
-Diindolylmethane Is a Strong Androgen Antagonist in Human Prostate Cancer Cells.

Journal of Biological Chemistry. 278: 21136-21145.

Lenman, M., Rodin, J., Josefsson, L.-G., Rask, L. 1990. Immunological characterization of

rapeseed myrosinase. European Journal of Biochemistry. 194: 747-733.

Li, F., Hullar, M. A. ], Beresford, S. A. A. Lampe, J. W. 2011. Varation of
glucoraphanin metabolism in vivo and ex vivo by human gut bacteria. British Journal of

Nutrition. 106: 408-416.

Li, X.,, Kushad, M. M. 2005. Purification and Characterization of Myrosinase From

Horseradish (Armoracia Rusticana) Roots. Plant Physiology and Biochemistry. 43:

503-511.

Li, Y., Zhang, T. Korkaya, H., Liu, S., Lee, H. F., Newman, B., Yu, Y., Clouthier, S. G,
Schwartz, S. ], Wicha, M. S., Sun, D. 2010. Sulforaphane, a Dietary Component of

Broccoli/Broceoli Sprouts, Inhibits Breast Cancer Stem Cells. Clinical Cancer Research. 16:

2580-2390.
Liang, H., Yuan, Q. P., Dong, H. R., Liu, Y. M. 2006. Determination of sulforaphane in

broccoli and cabbage by high-performance liquid chromatography. Journal of Food
Composition and Analysis. 19: 473-476.

- 103 -



Lonnerdal, B., Janson, J.-C. 1973. Studies on myrosinases. II. Purification and
characterization of a myrosinase from rapeseed (Brassica napus L.). Biochimica et

Biophysica Acta (BBA) - Enzymology. 315: 421-429.

Luang-In, V., Albaser, A. A., Nueno-Palop, C., Bennett, M. H., Narbad, A., Rossiter, J. T.
2016. Glucosinolate and Desulfo-glucosinolate Metabolism by a Selection of Human Gut

Bacteria. Current Microbiology. 73: 442-451.

Ludikhuyze, L., Ooms, V. Weemaes, C., Hendrickx, M. 1999. Kinetic Study of the
Irreversible Thermal and Pressure Inactivation of Myrosinase from Broccoli (Brassica

oleraceal.. Cv. Italica). Journal of Agricultural and Food Chemistry. 47: 1794-1800.

Lithy, B., Matile, P. 1984. The mustard oil bomb: Rectified analysis of the subcellular
organisation of the myrosinase system. Biochemie Und Physiologie Der Pflanzen.

179: 5-12.

Maggioni, L., von Bothmer, R., Poulsen, G., Branca, F. 2010. Origin and Domestication of
Cole Crops (Brassica oleracea L.): Linguistic and Literary Considerationsl. Economic

Botany. 64: 109-123.

MacLeod, A. J. 1974. Volatile flavour compounds of the cruciferae. In: Vaughan, J. G.,
MacLeod, A. J., Jones, B. M. G (ed.). The biology and chemistry of the Cruciferae.
Academic, London. pp. 307-330.

Matusheski, N. V. 2004. Heating decreases epithiospecifier protein activity and increases

sulforaphane formation in broccoli. Phytochemistry. 65: 1273-1281.

Matusheski, N. V., Juvik, J. A., Jeffery, E. H. 2003. Sulforaphane content and bioactivity

of broccoli sprouts are enhanced by heat processing: A role for epithiospecifier protein.

FASEB Journal. 17 A377.

- 104 -



McNaughton, S. A., Marks, G. C. 2003. Development of a food composition database for
the estimation of dietary intakes of glucosinolates, the biologically active constituents of

cruciferous vegetables. British Journal of Nutrition. 90: 687-697.

Michaud, D. S., Spiegelman, D., Clinton, S. K., Rimm, E. B., Willett, W. C., Giovannucci E. L.
1999. Fruit and vegetable intake and incidence of bladder cancer in a male prospective

cohort. JNCI Journal of the National Cancer Institute. 91(7): 605-613.

Minarini, A., Milelli, A., Fimognari, C., Simoni, E., Turrimi, E. Tumiatti V. 2014
Exploring the effects of isothiocyanates on chemotherapeutic drugs. Expert Opinion on

Drug Metabolism & Toxicology. 10: 25-38.

Minich, D. M., Bland, J. S. 2008. A Review of the Clinical Efficacy and Safety of

Cruciferous Vegetable Phytochemicals. Nutrition Reviews. 65: 259-267.

Mukherjee, S., Gangopadhyay, H., Das, D. K. 2008. Broccoli: A Unique Vegetable That
Protects Mammalian Hearts through the Redox Cycling of the Thioredoxin Superfamily.
Journal of Agricultural and Food Chemistry. 56: 609-617.

Munday, R., Mhawech-Fauceglia, P., Munday, C. M., Paonessa, J. D., Tang, L., Munday, J. S,
Lister, C., Wilson, P., Fahey, J. W. Davis, W., Zhang, Y. 2008. Inhibition of Urinary

Bladder Carcinogenesis by Broccoli Sprouts. Cancer Research. 68 1593-1600.

Murillo, G., Mehta, R. G. 2001. Cruciferous Vegetables and Cancer Prevention. Nutrition
and Cancer. 41: 17-28.

Nakamura, Y., Yoshimoto, M., Murata, Y., Shimoishi, Y., Asai, Y., Park, E. Y., Kenji, S.,

Nakamura, Y. 2007. Papava Seed Represents a Rich Source of Biologically Active
Isothiocyanate. Journal of Agricultural and Food Chemistry. 55: 4407-4413.

- 105 -



Nonnecke, 1. L. 1989. Vegetable Production. Springer-Verlag New York, LLC. pp. 394.

Nugrahedi, P. Y., Verkerk, R., Widianarko, B., Dekker, M. 2015. A Mechanistic
Perspective on Process-Induced Changes in Glucosinolate Content inBrassicaVegetables: A

Review. Critical Reviews in Food Science and Nutrition. 55: 823-838.

Ohtsuru, M., Hata, T. 1972. Molecular Properties of Multiple Forms of Plant Myrosinase.
Agricultural and Biological Chemistry. 36: 2495-2503.

Ohtsuru, M., Kawatani, H. 1979. Studies on the myrosinase from Wasabia japonica:
Purification and some properties of wasabi myrosinase. Agricultural and Biological

Chemistry. 43: 2249-2255.

Okazaki, K., Umemura, T., Imazawa, T. Nishikawa, A., Masegi, T., Hirose, M. 2003.
Enhancement of urinary bladder carcinogenesis by combined treatment with benzyl
isothiocyanate and N-butyl-N-(4-hydroxybutyDnitrosamine in rats after initiation. Cancer

Science. 94: 948-952.

Okunade, O. A., Ghawi, S. K., Methven, L., Niranjan, K. 2015. Thermal and pressure
stability of myrosinase enzymes from black mustard (Brassica nigra L. W.D.J. Koch. var.
nigra), brown mustard (Brassica juncea L. Czern. var. juncea) and vellow mustard

(Sinapsis alba L. subsp. maire) seeds. Food Chemistry. 187: 485-490.

Palmieri, S., Iori, R., Leoni, O. 1986. Myrosinase from Sinapis alba L.: a new method of
purification for glucosinolate analyses. Journal of Agricultural and Food Chemistry. 34:

138-140.

Park, N. I, Kim, ]J. K, Park, W. T., Cho, J. W,, Lim, Y. P, Park, S. U. 2010. An efficient

protocol for genetic transformation of watercress (Nasturtium officinale) using

Agrobacterium rhizogenes. Molecular Biology Reports. 38: 4947-4953.

- 106 -



Paul, M. H., Scarlett, G., Felix, B., Shantel, A. V., Victoria, N., Steven, A. ]J., Paul, C. E.,
Felicity, N. E. G. 2017. Sulforaphane Induces Neurovascular Protection Against a Systemic
Inflammatory Challenge via Both Nrf2-Dependent and Independent Pathways. Vascular
Pharmacology. 85 29-38.

Pérez, C., Barrientos, H., Roméan, J., Mahn, A. 2014. Optimization of a blanching step to

maximize sulforaphane synthesis in broccoli florets. Food Chemistry. 145 264-271.

Pessina, A., Thomas, R. M., Palmieri, S., Luisi, P. L. 1990. An improved method for the
purification of myrosinase and its physicochemical characterization. Archives of

Biochemistry and Biophysics. 280: 383-3&9.

Qi, T., Xu, F., Yan, X, Li, S., Li, H. 2016. Sulforaphane exerts anti-inflammatory effects
against lipopolysaccharide-induced acute lung injury in mice through the Nrf2/ARE
pathway. International Journal of Molecular Medicine. 37: 182-188.

Reese, E. T. Clapp, R. C., Mandels, M. 1958. A thioglucosidase in fungi. Archives of
Biochemistry and Biophysics. 75: 228-242.

Schmidt, R., Acarkan, A. Boivin, K. 2001. Comparative structural genomics in the

Brassicaceae family. Plant Physiology and Biochemistry. 39: 253-262.

Rouzaud, G., Young, S. A, Duncan, A. J. 2004. Hydrolysis of Glucosinolates to
Isothiocyvanates after Ingestion of Raw or Microwaved Cabbage by Human Volunteers.

Cancer Epidemiology Biomarkers & Prevention. 13: 125-131.

Seow, A., Shi, C. Y., Chung, F. L., Jiao, D., Hankin, J. H,, Lee, H. P., Coetzee, G. A., Yu, M. C.
1998. Urinary total isothiocyanate (ITC) in a population-based sample of middle-aged and
older Chinese in Singapore: relationship with dietary total ITC and glutathione S-transferase

M1/T1/P1 genotypes. Cancer Epidemiology Biomarkers & Prevention. 7: 775-856.

- 107 -



Sestili, P., Fimognari, C. 2015. Cytotoxic and Antitumor Activity of Sulforaphane: The

Role of Reactive Oxygen Species. BioMed Research International. 2015: 1-9.

Shams, R., Abu-Khudir, R., Ali, E. M. 2017. Sulforaphane, polyphenols and related
anti-inflammatory and antioxidant activities changes of Egyptian broccoli during growth.

Journal of Food Measurement and Characterization. 11: 2061-2068.

Shikita, M., Fahey, J. W., Golden, T. R., Holtzclaw, D., Talalay, P. 2000. An unusual case
of “uncompetitive activation” by ascorbic acid: Purification and kinetic properties of a

myrosinase from Raphanus sativus seedlings. Journal of Biochemistry. 341: 725-732.

Singh, S. V., Singh, K. 2012. Cancer chemoprevention with dietary isothiocyanates mature

for clinical translational research. Carcinogenesis. 33: 1833-1842.

Sok, D. E, Kim, J. H, Kim, M. R. 2003. Isolation and identification of bioactive
organosulfur phytochemicals from solvent extract of broccoli. Jounal of the Korean

Society of Food Science and Nutrition. 32: 315-319.

Soltis, P. S., Soltis, D. E.,, Chase, M. W. 1999. Angiosperm phyvlogeny inferred from

multiple genes as a research tool for comparative biology. Nature. 402: 402-404.

Stevens, P. F. 2001. Angiosperm Phylogeny Website. Version 14, July 2017
http://www.mobot.org/MOBOT/research/APweb/

Stoin, D., Pirsan, P., Radu, F. Poiana, M.-A., Alexa, E., Dogaru, D. 2009. Studies
regarding the myrosinase enzymatic activity from black mustard (Brassica nigra) seeds.

Journal of Food, Agriculture and Environment. 7: 44-47.

Sumner, J. B. 1925. A more specific reagent for the determination of sugar in urine.

Journal of Biological Chemistry. 65: 393-395.

- 108 -



Taipalensuu, J., Falk, A., Rask, L. 1996. A Wound- and Methyl Jasmonate-Inducible
Transcript Coding for a Myrosinase-Associated Protein with Similarities to an Early

Nodulin. Plant Physiology. 110: 483-491.

Talalay, P., de Long, M. J., Prochaska, H. J. 1988. Identification of a common chemical
signal regulating the induction of enzymes that protect against chemical carcinogenesis.
Proceedings of the National Academy of Sciences of the United States of America.

85 8261-8265.

Tang, L., Zhang, Y. 2004. Isothiocyanates in the Chemoprevention of Bladder Cancer.
Current Drug Metabolism. 5. 193-201.

Tani, N., Ohtsuru, M., Hata, T. 1974. Purification and general characteristics of bacterial
myrosinase produced by FEnterobacter cloacae. Agricultural and Biological Chemistry.

38: 1623-1630.

Van Eylen, D. Indrawati, M. Hendrickx, A. Van Loey, A. 2006. Temperature and
pressure stability of mustard seed (Sinapis alba L) myrosinase. Food chemistry.

97: 263-271.

Van Eylen, D., Oey, I, Hendrickx, M., Van Loey, A. 2008. Behavior of mustard seed
(Sinapis alba L) myrosinase during temperature/pressure treatments: A case study on

enzyme activity and stability. European Food Research and Technology. 226: 545-553.

van Die, M. D., Bone, K. M., Emery, J., Williams, S. G., Pirotta, M. V., Paller, C. J. 2016.

Phytotherapeutic interventions in the management of biochemically recurrent prostate

cancer: a systematic review of randomised trials. BJU International. 117: 17-34.

- 109 -



Verkerk, R., Schreiner, M., Krumbein, A., Ciska, E., Holst, B., Rowland, 1., Schrijver, R. D.,
Hansen, M., Gerhduser, C., Mithen, R., Dekker, M. 2009. Glucosinolates in DBrassica
vegetables: The influence of the food supply chain on intake, bioavailability and human

health. Molecular Nutrition & Food Research. 53: S219.

Wagner, A. E., Boesch-Saadatmandi, C., Dose, ]., Schultheiss, G., Rimbach, G. 2012.
Anti-inflammatory potential of allyl-isothiocyanate--role of Nrf2, NF-(kappa) B and
microRNA-155. Journal of Cellular and Molecular Medicine. 16: 836-843.

Wanasundara, J. 2008. Mustard as an Ingredient in food processing: Current uses and the
potential. In: Mustard Grower, Mar 2008 Issue Mar. 2008 ed.,, Canada: Saskatchewan

Mustard Development Commission. pp. 3-5.

Wang, Y., Zhang, Z., Sun, W., Tan, Y., Liu, Y., Zheng, Y., Liu, Q., Cai, L., Sun, J. 2014.
Sulforaphane Attenuation of Type 2 Diabetes-Induced Aortic Damage Was Associated
with the Upregulation of Nrf2 Expression and Function. Oxidative Medicine and Cellular

Longevity. 2014: 1-11.

Wise, R. A., Holbrook, J. T., Criner, G., Sethi, S., Ravapudi, S., Sudini, K. R., Sugar, E. A.,
Burke, A. Thimmulappa, R., Singh, A., Talalay, P., Fahey, ]J. W., Berenson, S., Jacobs M. R.,
Biswal, S. 2016. Lack of Effect of Oral Sulforaphane Administration on Nrf2 Expression
in COPD: A Randomized, Double-Blind, Placebo Controlled Trial. PLOS ONE.
11: e0163716.

Xuling, S., Xin, J., Lingbin, M., Xiaoming, D., Yanjun, S. Ying, X. 2018. Anticancer

Activity of Sulforaphane: The Epigenetic Mechanisms and the Nrf2 Signaling Pathway.
Oxidative Medicine and Cellular Longevity. 2018: 1-10.

- 110 -



Yanaka, A., Fahey, J. W., Fukumoto, A., Nakavama, M., Inoue, S., Zhang, S., Tauchi, M.,
Suzuki, H., Hyodo, 1., Yamamoto, M. 2009. Dietary Sulforaphane-Rich Broccoli Sprouts
Reduce Colonization and Attenuate Gastritis in Helicobacter pylori-Infected Mice and

Humans. Cancer Prevention Research. 2! 353-360.

Yang, B. Xiaolu, W. Song, Z., Chunye, M. Jiuwei, C., Yang, Z. 2015. Sulforaphane
Protects against Cardiovascular Disease via Nrf2 Activation. Oxidative Medicine and

Cellular Longevity. 2015: 1-13.

Yen, G. C., Wei, Q. K. 1993. Myrosinase activity and total glucosinolate content of
cruciferous vegetables, and some properties of cabbage myrosinase in Taiwan. Journal of

the Science of Food and Agriculture. 61: 471-475.

Yuan, J.-M., Stepanov, I, Murphy, S. E., Wang, R., Allen, S., Jensen, ]., Strayer, L.,
Adams-Haduch, ], Upadhvaya, P., Le, C., Kurzer, M. S, Nelson, H. H, Yu M. C,
Hatsukami, D., Hecht, S. S. 2016. Clinical Trial of 2-Phenethyl Isothiocyanate as an
Inhibitor of Metabolic Activation of a Tobacco-Specific Lung Carcinogen in Cigarette

Smokers. Cancer Prevention Research. 9: 396-405.

Zhang, Y. 2004. Cancer-preventive isothiocyanates: measurement of human exposure and
mechanism of action. Mutation Research/Fundamental and Molecular Mechanisms of

Mutagenesis. 532: 173-190.

Zhao, H., Lin, J., Grossman, H. B., Hernandez, L. M., Dinney, C. P., Wu, X. 2007. Dietary
isothiocyanates, GSTMI1, GSTTI1, NAT2 polymorphisms and bladder cancer risk.
International Journal of Cancer. 120: 2208-2213.

Zhao, Z., Liao, G., Zhou, Q., Lv, D., Holthfer, H., Zou, H. 2016. Sulforaphane Attenuates

Contrast-Induced Nephropathy in Rats via Nrf2/HO-1 Pathway. Oxidative Medicine and
Cellular Longevity. 2016: 1-12.

- 111 -



Zeng, L., Zhang, Q. Sun, R., Kong, H., Zhang, N., Ma, H. 2014. Resolution of deep
angiosperm phylogeny using conserved nuclear genes and estimates of early divergence

times. Nature Communications. 5: 4956.

- 112 -



IV. 18 %F sulforaphane F%2 93 a4Xd =74 A3

1. ABSTRACT

This research is concerned with the method of producing a high content sulforaphane
(SFN); more specifically, it was conducted on the method of producing a high yield of
SFN from a cruciferous plant by preventing SFN from being compounded by treating
phenyl isothiocyanate (PITC). In the cruciferous plant such as broccoli, kohlabi, red beet,
and cabbage, there is a glucoraphanin (GR) of the glucosinolate group in the form of a
glycoside synthesized with sugar. It is hydrolyzed into sugar and non-sugar and is
produced with SFN of the group of isothiocyanate, which is reported to have a possibility
of possessing functional properties such as antioxidant and anti-cancer. However, when
SFN is produced by the myrosinase enzyme, it brings about taking a negative effect in
obtaining SFN by the way in which nucleophile (most proteins, peptides or amino acids)
in the plant forms the sulforaphane conjugate with SEN. In order to address the problem,
and develop a method to obtain sulforaphane from a cruciferous plant with high yield,

the results are as follow:

1) In order to establish the concentration conditions of the enzyme myrosinase,
myrosinases extracted from four mustard seeds (from USA, India, Sri Lank and
Canada) on the same condition were mixed by the same ratio and were treated with
broccoli crushing solution depending on concentrations. For two hours the treatment of
the enzyme was conducted at 60 C after myrosinase mixed with broccoli grinding
solution was added at a sequence of 1 9%, 5 %, 10 % and then myrosinase
manufactured by Sigma-Aldrich Company was added 5 %. Less SEFN content was
detected. Despite adding myrosinase from Sigma-Aldrich, the fact that it has less

SEN than the negative control group showed the result in which there are a variety
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of proteins and as higher the concentration of refined myrosinase is, the more the

protein content increased and it decreased by mixing with SEN.

2) A broccoli sprout known to have a higher SFIN content than broccoli was obtained.

3)

It was crushed under the same conditions (broccoli: water=1:4), all of which showed
substantial difference from broccoli. The broccoli sprout with the highest content
was 3,800 mg/kg, which was 63 times higher than broccoli. When myrosinase
extracted from mustard seeds and broccoli was added, the higher result was shown,
and when adding mustard seeds, the content of SFN increased by 3.2 times.
In addition, it showed that myrosinase derived from mustard seeds and broccoli can
be activated and myrosinase derived from mustard seeds in comparison with that
from broccoli was more effective. As mentioned earlier, ESP (epithiospecifier protein)
prevents the action of myrosinase and converts GR into sulforaphane nitrile. After heat
treatment of broccoli sprouts at 100 C for 20 minutes, in order to remove ESP the
treatment of heat was conducted at 60 T for ten minutes. An experiment was
conducted to reduce the action of ESP and maximize the content of SEFN. The
treatment of heat inactivated ESP, which led to an increase in the size of content

but did not show much difference; therefore, PITC treatment was conducted.

In order to conduct the experiment, after treating PITC of 100 g/#¢ in the pulverized
solution obtained by crushing broccoli heat treated at 100 T for 20 minutes, and
after centrifugation was conducted for two hours at a rate of 10,000 rpm, a
supernatant was obtained. After treating myrosinase with 5 % of the obtained
supernatant, the reaction was induced at 40 C for two hours, and the amount of
sulforaphane present in the reaction solution sample was measured. Meanwhile, in the case
of the control group, after myrosinase was treated by 5 % at the broccoh crushed liquid,
the sample treated at 40 C for two hours, after treating PITC at the broccoli crushed
liquid, was used. As a result of the experiment to compare the amount of production
depending on the treatment of PITC, it was confirmed that the content of SFN improved

by 5.7 % compared with that of the control sample, which did not treat PITC.

- 114 -



4) By treating PITC and eliminating unnecessary proteins pure SFN was obtained and
experiments were conducted to establish the temperature of enzyme treatment and
the pH condition. Enzyme is the main component of protein and the rate of activity
and reaction vary depending on the concentration of hydrogen ions. In order to
establish the optimal pH condition, pH was adjusted with acetic acid and NaOH.
As a result of checking the safety depending on the temperature of SFN and pH,
it showed a peak of activity at 40 C and pH was best at pH 4-5; however,
the acidity was too low and in the following experiments, the supernatant treated with

PITC was used at pH 5.5.



B Ao ALSH vl =2k A= FRONTIER, 1E2F AAA = ROYAL Organic,
28 Z M AR = Boon Foods, AUt AR = SR AFAA FYUG AFE oW,
Sigma-AldrichAbol A +94 3 myrosinaseE EFFC 2 AME3IYY. BE2E8] A8 5%

(%)%, A2TeAA, A4, 59, AAT RN FLstel A3

2) H2EdY g42Agd W& sulforaphane &3 E41

H23Ys FHTE 14 HEE HYATIE o] &5t

20 mA o] 91 water batholl 60 C, 10 £7F €4

3 3 EH3sAth. Conical tubel
3 FH dIENA 10 23 ¥4
Wztet B2 2o AA| myrosinase 4 20 % ¥o]F% 1, shaking incubatorel A 250 rpm,
40 C, 3 A7 €48 8o] 045 mm syringe filter® o3 & HPLC 4334,

3) pEEgdd 582 438 % sulforaphane & ¥4

ZEe FHRTE 12 8 &2 UAT7IE o] &35t 5 £7F 438t th 50 ml conical tubed]
10 g Y7o &3 Vit C 80 ¢ (0.1 g/mO)E AE7FstAT. AAHA HAA T myrosinased EF
1:1 v &2 499] samplentt} 1, 5, 10 %2 €9 vortexdt i},

4) 7}VE3 B Egd AAVMEE Y92 9 sulforaphane 3 4

22 E 4 TAA 24 A7 Bxeiet. 2228 E 4 en® 22 200 g2 A3tz

0 Atk - ReEe et

22289 65 g AT

(30 pm meshE AF&3te] AgiE 7% ARE) 021 g2 ¥l 439]5%1v} Shaking incubatorel A
250 pm, 37.5 T, 2 A|7F A8t 045 mm syringe filter® o3 & HPLC #2359t}

2
RS 100 ME ¥3 HA/E o gde) 2aHan
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5 BEET Ed N9 pHol wE sulforaphane 3% 4

BRI FHTE 14 HERE HATIE o] &3te] 3 &3 BT H A 200 mA
o] @1l pH meterE ©]83}9] acetic acid, NaOHZ ZA3}3it pH @& Rz EddS
conical tubeol] o] @¢kth Shaking incubator 250 rpm, 40 T, 3 A7 €483

dSENA 10 3t WA ATh ¥Z F 045 m syringe filter2 93 & HPLC #4184t

6) PITC A8 ¥ SFN 34 2 <4AA4

BH2EYE 2%389 water bath 100 ColA 20 £3F IA73 5 dLEAM 20 &3
WZstdo BEEEY SHFTE 12 8 &2 YA 7IE o8t 3 &7 &5k 10,000 rpm

10 7 gAEy T A5ds AHEsldth 4 sample @2 ZAd 24 myrosinaseE 37t

3t} Shaking incubator 250 rpm, 37 C, 2 AlZF ¥+&-313 10,000 rpm 10 3+ ¥4 &g
F 35t Abgstnh A5l Alamk SFN 20 ng/4 #7F & HPLCE E3) 2439t
FHTE o] &3le] BEEE F29E 2008 EAEe] 045 um syringe filter2 o] 23T}

o33 HEEd F=9 912 mlet PITC 88 mE #7lste) &8st} Shaking incubator
250 rpm, 37 C, 2 A7k #k2-3 10,000 rpm, 10 7+ AR F AS5AS A8

2228 55 F5dd Sigma-AldrichAt SFN 20 ng/ ¢ 7} & HPLCE T3 £438k3ich

7) TAEA

Ay A= BAFEA TR0 SPSS statistics (SPSS ver. 12.0, SAS Inc.)& AF&3+4]
APy FFAZE &9, FYAH AAHLS ANOVAE o83tk Duncan ©% #HA

(Duncan’s multiple range test)S Z3 P=0.05 F&A 94 A4
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3. 239 2 3%

3¢ sulforaphane (SFN)o| /% 2z dg wE7] Y3 AARNZEEH AdHoz
o] 8-0] 753 &4 myrosinaseE FE3E WHE T SFN¢] &#s Fiststr]
8 &%, myrosinase® H| &, pH & B %43 AFE& T3 aiLAz 271 gHsaA
st om, SFNe &ido] woiy ¢l B2 EE RS dHste] 271 A4S Aot
B2EY ador AHE SEN £4& HFsh] fsi4 HPLC 212 #9sksis, SFN #9

oly2} isocyanate &2
ol 7tsd A8 FFY ARMEIRE FHIHGOH, HEEZ TAAOTRE AYEe
SENE A%E F v 2AHEE TE390 (Fig. 3-2).

T3 B2Zgd] £99+= glucoraphanin (GR)2 myrosinased] 98] 7FEEsE o] SENO.2
AZATt (Cole, 1983; Matusheski &, 2004). 28y E2EF Eode ©Hzd

epithiospectifier protein (ESP)& GRE sulforaphane nitrile® A3+ A7)+ d@=#l@dZ A SEN dAS
wajgic}, 22jz g ESPo) 24S Asstn SENY s Fuisletuzt = A¥L Aysigit
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Figure 3-1. Quantitative analysis of sulforaphane.
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Figure 3-2. Quantitative analysis of SEN and AITC.
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1) +9HE BE2389 gaxdd wE sulforaphane &%

B2Zee Al A7), 2k, 2 22 Auzde] me} sulforaphane(SFN) o] th27]
o] 4329 mlE(o]mlE B gl dlo], OK mart, (F)EAAATE, OK point mart)oll A T+
U3t BRI o] T4 myrosinaseE AT IS Web A FokS wW SFN9 FHFE HPLCE
i 4FEME A

47kA 9] B2y 9L 60 CellA 10 #3F @48 E & F a4HHE A ¥
H2EEE 40 CTAAM 3 A7 myrosinaseE 20 % A Ed B2 EelEs 40 CoAAM 3 Azt
T 2aAYE APt 1 A3 OK martdll A 7Y B2 ZEoA SFEN g HFo] 7}
T EskoH, 2L 2AoR AAAYE Y% 76, FYAET SEN B Fo] EF
e AAE o 1148 (F)FAAARE)NA Ad o 59 (o|ntE B do])7tA] 713

EaAE F5Fo W& SEN d#HE 47 543 23 olvfEdEdgdols a4axE A
17111 mg/kg, EAA
1,060.06 mg/kg, EAaA

T 84685 mg/kgE S5¥l BE F7HeFlA, OK marte EaAE 7
787 mg/kg® 23|18 TAFHAY. FIFARAEE gAY A
71471 mg/kg, EAAEY F 81381 mg/keR UhA F7beH9 A, OK point martsE &4HE A
366.37 mg/ks, 2T F 9069 mg/kgE 258 HE FUhetTh. HE o] P )
SEN &#o] tt2n, 34 Agd Fo] OK martZ A23 33214 SFN & o] F71glon, o
THOEE SFNel S7hg v @ < v (Fig. 3-3a, 3-3b). oJ$t #o] FUAE=E
B2 E7 9 sulforaphane & & TE AolZ BYPon FAAY F frEo SFN T ol

o
%

A2t Ao A glucosinolated] S T Fo wel BEN AE AW 2 £
A z74 S wg 282 £ Aot (Fahey 5, 2012, Verkerk 5. 2009). Glucoraphanin®]
AFA A sulforaphaned] &F%E Aul, A =2A Td wg 282 F Jdoges AS

SRR
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Figure 3-3a. Content of sulforaphane with no enzyme treatment of broccoli
by purchase place.
(A: E-mart everyday, B: OK mart,
C: GOM food mart, D: OK point mart)
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Figure 3-3b. Content of sulforaphane with enzyme treatment of broccoli
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by purchase place.
(A: E-mart everyday, B: OK mart,
C: GOM food mart, D: OK point mart)
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2) Myrosinase &= W& sulforaphane 34

84 myrosinased] FE F7AS &¥Ey] A& 47HA AR (A=, X, Avn 2 HIhE
ZAS R FZ3 myrosinaseE: 2L EF e Hj&ER Egion 3
myrosinaseE FEHE 2 B2 Fg B Ao A stgroh
B2Eg B9 (B2F:E=1:2)d £33 myrosinaseE 1 %, 5 %, 10 %%, 183
Sigma-AldrichAt8] myrosinase® 5 % A7} & 60 CollA 2 A7k B¢ 24238 E 23390
EF SAdET (EAAYE sHA @ B2 24 d)20 SEN &3] AA AEHIaH,

2y F9% 23

23]y a49 %ol BE w SFNo|] ZAs9 Y. Sigma-Aldrich Aol A 943 myrosinse®

Tt SANERTHY SFNo| AA 42 AL 2 v myrosinaseE 7 Al

LAY EE e gdd ddo]l st B myrosinase FE7F EolETFH

@4 §FE Foht sulforaphancdt AP 238 BaE AL 2AE B4 ¢ + U
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Figure 3-4. Comparison of sulforaphane content for broccoli juice with enzyme treatment
by alternative concentrations.

(negative control : broccoli with no enzyme treatment)
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3) AATER &4 49

100 CollX 7FEst n2Zelet AAZMNEE 34 4992 o AU (n vivo)ol A ¥HS-3H
sulforaphane ¥ ko] 88 Z7F A9 (in vitro)oll A 288 F7isittes =8 & EU=Z AF &
233t A} (Fig. 3-9).

MY BEEEYd AAMFE ¥ F AW 25 375 THAM 2 Azt Ed AgI}A
oA 1328 Ubet R =ws Fastd dde dPstdo 2T #e AolE
2eow fd9ogE HEZYU S44F I HA 4L AoR & EF
A HA ke Avtn AAHAH

EF =M 65 gof HEEHS A 033 g9 AR, S HEZE oF 0.005 %9
AAFFE7E Eo7HA H=t AtE A3stel BREee oF 00032 %9 AAFFE HolFA:
012 g} ARAZFF7E & Bo7bM 299 /= A3E dPs7] of# stk (Fig. 3-6).

x

l
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Figure 3-5. SFN content of body for 12 adults when they consumed

with cooked broccoli and mustard powder.
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(0.21g)

Figure 3-6. SFN content when mustard seed powder is added to cooked broccoli.
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st

4) 2229 pHol @& myrosinase &4 ¥ sulforaphane 3=
F4E FAEC @¥ERE Ho Qo] F4 o F1kQl pHel wat &A4o] Watn, b
=7 gkt

HAA pH 27S dgslr] 93 Agoz vaIFy Ao pHy 5801, acetic acid
(22H3 NaOHE AH&-3t9 pHE AT & SAXZHE &3 myrosinase 5% A8 A
BEEY EHA(BEZY:E=114)9 myrosinaseE 1 % F7} & 40 CToAA 3 A7 F¢t
84 A F9 acetic acid®} NaOHE ©] &3} pHE 4, 5, 7, 92 ZA5tSith
pH 4¢ 59 uj sulforaphane (SFN)9 % (130 mg/kg dry weight)o] 7F¢ gk, B2 F g
A pH 58K} EobdFE SENQ o] EojEow pH 9olM = SFNo| HEHA
kA pH 4, 5 (AH)oll A myrosinase®] €787 SENo] b3k, pH 7014 (¢ZE)d+F

myrosinase®] &4deo] goldE & 4+ Aot (Fig. 3-7).
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3-7. The analysis of SFIN content by different pH of broccoli grinding liquid.
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5) Sulforaphane §#o] =2 HEZF A& 2

B2 ZYHEt sulforaphane (SFN) o] ohn &8 B2 Ig] &S 53 (RE0]&,
ANavh=7HAL SR A, teE, HATEFR)A FHE PO 7}
SFN &% 2238 Afgd ARNYG BH2ZHZHTEH FZ3 myrosinasest AAFFE
2ol o SFN &35 HPLCE Z43in.
SHAA FRF BrREdy AAEs TEI 2 (REIFHE=14)0E FHson, BF
229 gasA Aolg Beon MY B TS B fiaderiAle BEEe Qs
800 mg/kgo® B 2FE Y 637t & FAE EAT (Fig. 3-8). Fahey & (1997)&
39 B HzZg AfHo] 443 g BEEZHHEY 108 oA 1008 ¥ 2L glucoraphanine
et vtz Bt
AR} H2ZEZHE FEF myrosinasest ARIFE EUS W FAE BE2EE A
3

b4

3 £ 2347 ysgtoy, AAVNEFE Yol AS o 324 F/hedvh. m=d -8t
AR} H2ZEE FZF3 myrosinase’t Aol JAteE AL & & 3, BEEFYHRG

AAA 9 myrosinase’t Y €A AES &+ Aok (Fig. 3-9).

G AFF 5ol ESP (epithiospecifier protein)= myrosinase®] ZF&<S  WHa)staL
glucoraphaning sulforaphane nitrileZ F3F A]71th o]A ESPe] %88 A5tz SFN2
SFe Sdistetr] A HAFE AP F= BEEek 28] isothiocyanate®]
glucosinolate®] A3-E AASt= ESP @& zZty QIR &t} Glucoraphanin® FE=&
seedd| A 7Hd k3, AA 2531 A 7steTdo® A AT (Foo &, 2000).

BeZg A% 100 TollM 20 &3 EAZE 3 % ESPE AAS7] S8 60 Tollx
10 +3 dAHE stk dA2E T2 ESP7F E2A43 s o] sulforaphane®] &%
o F7FeG o B AbolE BolA| o} (Fig. 3-10) PITC A E sttt

l

_.I_4

rlo
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Figure 3-8. SFN content of broccoli sprouts on different purchasing places.
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Figure 3-9. SEFN content when enzyme and mustard seed powder are added to

broccoli sprouts.
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Figure 3-10. Sulforaphane content with or without heat treatment.
(A boon food, B: royal, C: broccoli solution without heat treatment, D: boon food with
heat treatment, E: royal with heat treatment, F: broccoli solution without enzyme

treatment after heat treatment)
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6) Sulforaphane¥} amine 23 A3ME H3 PITC A

B2EH & olYl gA] £4 Agske FHol A sulforaphane (SFN)Z 2 3ste] SFN9
FAE AEAZE F Jvkal wdsto] opRlat A3s #eh= PITCE 84 A#shy) o] ¥of
SFNY AAS SU3A717] Y8 Aes o™ sulforaphane (SFN)3 Glucoraphanin (GR)9
FdgS X E7] Y €7 g™l 93 SFNI GRo] HHEHG oY E g Fo] Fol

B22Z8 AW GRo| myrosinased] 93 SFNo] AAHHWH B=Ze e oo d,
HePol = Ex ofm|kqlEo]l SFNH &S o] Fo] SFN 4ol Weidd. wahr PITC
(Phenyl isothiocyanate)& A zlstel B2 ZFE Wie @@yl F& ZAANA & SFER
A= s Asfstr o3 dxgdS £58 F Ao (Fig. 3-14). PITC Ag B

al

AEdH PITC 23 284 F8L Jtggkel 8 &= 218 #3AT & A (Fig. 3-15).
37TCoAA 2217 &< PITC Ag3stx, 40TColA 242 ¢ 54 Ao PITCE
PITCE AH#sA ¥ A (FAHU=S)E
215 mg/kgo. 2 vERg T, Adl vl EF SEN o] st ey Bl Cx zhzh 3.74), 74
W SFEN %S HoyFAt PITC A8 & GR 400 pl$ myrosinase 100 pl FY3E
SFNeo| 3115 mg/dry ke 2 7H¢ #A YeEwi, 1479y @& SFN #§3& gl
(Fig. 3-16). PITCE AHFozy £Ha3 dHA S AAS Y 5% SFNS 48 & A,

Faxy 259 pH 215 &9sr] A 43S AP,

Bhe FARC] AR FholFRd wE GA4F ¢&Eert gadn. F4 9 pH
zdg gHstr] Hal =4 (acetic acid) @ FASFHEF (NaOH)E pHE A 8T SFNY
2x9 pHell WE A E A ZI 40ToA 7 £2 4E BAY (Fig. 3-17).
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0% 7IEo R ok 43 Tk F43gen, 50T olddAe 4 4o F43 adnn

rr

Buskh Li 5 (2005)8 m3wo] (horseradish)ol Al %3+ myrosinase®] % ulg2%
37~45 Tola, 50 T oo = =vf Aol FAFA #43Aut. 28iy Prakash 5
(2013)& E i3 myrosinase? F & W22 E 50 C, Bhat 5 (2015)& Z7)ti=go]

(Lepidium latifolium) myrosinase?] #Z Hl$L+= 50 Cdx 4z Russich A
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HE gty dwste) 235 A A PITC A AE5A9 pH 55904 A&ttt o<}
FAFSHAl Lv 5 (202002 B2Zg M otollA HH 4 pHe 408083 B &%, pH g&

78R es daEido] AT
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Table 3-1a. Sulforaphane content of enzyme-treated solution purified with 55-80 %

ammonium sulfate.

Sample Concentratiqn
mg/mg dry weight

A mart 846.85

B mart 867.87

C mart 313.81

D mart 906.9
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Table 3-1b. Sulforaphane content of enzyme-treated solution purified with

80 % Ammonium sulfate.

Sample Concentratiop
mg/kg dry weight
A 366.37
B 321.32
C 363.36
D 369.37
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Figure 3-11. Comparison of LC/MS for broccoli concentrate and GR standard form.
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Table 3-2. SEN stability of broccoli concentrate by treating PITC.
(A: the supernatant of broccoli concentrate treated PITC(100 g/L) + sulforaphane 20 mg/L

B: the supernatant of broccoli concentrate treated PITC(100 g/L)+ sulforaphane 20 mg/L,

40 C, 2 hr)
Sample Sulforaphane
mg/L
A 188
B 19.3
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Figure 3-12. SEN formation in PITC-treated broccoli concentrate.
A: PITC treatment to the supernatant of broccoli concentrate
Sapmle 1: A + glucoraphanin 100 mg/L — 40 C, 2 hr
Sapmle 2: A + glucoraphanin 100 mg/L + myrosinase 5 % — 40 C, 2 hr
Sapmle 3. A + glucoraphanin 200 mg/L+ myrosinase 5 % — 40 C, 2 hr
Sapmle 4: A — 40 C, 2 hr

Sapmle 50 A — No heat treatment
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Figure 3-13a. SFN formation of broccoli with no treatment and PITC-treated from
E-mart everyday.
A: broccoli from E-mart everyday — 100 C, 20 min
Al: broccoli — 40 TC, 2hr
A2: broccoli + myrosinase 5 % — 40 C, 2 hr
A3: PITC-treated broccoli — 40 C, 2 hr
A4 PITC-treated broccoli + myrosinase 5 % — 40 C, 2 hr
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Figure 3-13b. SFN formation of broccoli with no treatment and PITC-treated from OK mart.

B: OK mart — 100 C, 20 min

B1: broceoli — 40 TC, 2 hr

B2: broccoli + myrosinase 5 % — 40 C, 2 hr

B3: PITC-treated broccoli — 40 C, 2 hr

B4: PITC-treated broccoli + myrosinase 5 % — 40 C, 2 hr
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Figure 3-13c. SFN formation of broccoli with no treatment and PITC-treated from
GOM food mart.
C: GOM food mart — 100 C, 20 min
C1: broccoli — 40 T, 2 hr
C2: broccoli + myrosinase 5 % — 40 C, 2 hr
C3: PITC-treated broccoli — 40 C, 2 hr
C4: PITC-treated broccoli + myrosinase 5 % — 40 C, 2 hr
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Figure 3-13d. SFN formation of broccoli with no treatment and PITC-treated

from OK point mart.
D: OK point mart — 100 C, 20 min
DI1: broccoli — 40 C, 2 hr
D2: broccoli + myrosinase 5 % — 40 C, 2 hr
D3: PITC-treated broccoli — 40 C, 2 hr
D4: PITC-treated broccoli + myrosinase 5 % — 40 C, 2 hr
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Figure 3-14. Bonding mechanism of sulforaphane and amine (Bello et al., 2018).
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Figure 3-15. Broccoli heat-treated at 100 C for 20 minutes + PITC 37 T, 2 hours

centrifugation (10,000 rpm, 10 minutes).

- 147 -



3,500 -

3,000 -

N
Lh
o
-

1

Sulforaphane mg/dry kg

500 -

A B C D

Figure 3-16. Sulforaphane content of PITC-treated broccoli.

A: broccoli + myrosinase 100 pl (negative control)

B: supernatant of PITC-treated broccoli concentrate + GR (1 mg/m¢) 400 4
+ myrosinase 2004

C: supernatant of PITC-treated broccoli concentrate + GR (1 mg/m¢) 200 l
+ myrosinase 1004

D: supernatant of PITC-treated broccoli concentrate + GR (1 mg/m¢) 400 uf

+ myrosinase 100u{
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Figure 3-18. Sulforaphane content assay according to pH.
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1. ABSTRACT

This study crushed traditional fermented foods of Jeju Province, smeared them on MRS
solid medium in which lactic acid bacteria and gram positive bacteria were selectively
cultivated, and cultivated separated 1000 individuals; then, each was fermented individually
and DPPH analysis, a test method for antioxidant and MTT analysis, and a test method
for cancer cell death were conducted. Microorganisms which exhibited a radical
scavenging activity (antioxidant capacity) with an absorbance rate of 0.19 or less were
selected based on the criteria for native fermentation microorganisms and among them,
the fermentation of broccoli pulverized liquid was conducted to the top 25 microorganisms.
In order to prove the function of sulforaphane extracted at a high rate of efficiency,
DPPH assay was conducted to evaluate the antioxidant activity which eliminates free
radicals that cause aging. In addition, by evaluating live cells, the MTT assay, a test for
evaluating changes in cell proliferation or apoptosis was conducted and oral health tests,
which aim to inhibit the growth of oral microbes causing bad breath, were conducted and

effects on anti-cancer, antioxidant and anti tooth decay were validated.

1) As a result of measuring the antioxidant capacity, it was shown that the antioxidant
capacity was about 3 times higher than negative control group, which indicated that
a large number and a large amount of antioxidant active substance exist in fermented
broccoli solution. The measurement of the antioxidant capacity of the enzyme solution
and the fermented broth showed the negative control group showed an antioxidant capacity
of 44 %, when diluted with untreated broccoli solution. The enzyme solution. compared
with negative control group, showed 17.6 %, four times more, and the fermentation

broth was 20.5 %, which amounted to 4.7 times higher antioxidant capacity.

- 159 -



2) The test was conducted by using macrophage RAW 264.7 cells, and in the case of the
macrophage cells, which are related to immunity, the test was conducted to select strains
toxic to the cells through the macrophage cells. It was confirmed that when MTT assay
was conducted by diluting unfermented broccoli four times, other microorganisms were
shown to increase more than 3 times other than Weissella cibaria, and in the case of
enzyme treated solution, it was shown that after diluted four times, it showed more than
potent toxity against more than 9 % of macrophages. In addition, all broccoli treated
with enzymes showed the inhibition of the growth of the macrophage cells more than
10 times more. The results of liver toxicity test of broccoli enzyme solution showed
216 % of cell growth inhibition when diluted 4 times with broccoli solution. Compared with
the negative control group, the enzyme solution was 639 %, which amounted to 2.3 times
higher and the fermentation broth was 70.7 %, which amounted to 2.6 times higher.

3) Based on the judgment that adding 1/20, 1/50, 1/100 of fermentation broth in order to
check oral health was thought too low in its concentration, the rate of concentration
increased to 1/2, 1/4. Though positive results were obtained about the dilution of
bacteria, more tests were conducted to dilute it further based on the result of 10°
Cavity bacteria are Streptococcus mutans and the results of the inhibition capacity
of cavity bacteria by broccoli fermentation broth showed that the negative control group
showed 1.3x10° number of the bacteria with untreated broccoli solution and when
they were dispensed into the medium of broccoli fermentation broth, the number
decreased by 100%. It was confirmed that adding fermentation solution has a much
higher inhibition capacity than the unfermented broccoli solution of the negative

control group.
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JSKIU 18-18 (KCTCIS806P)E= A% B4 LaAEQ "dxazioniy Egd FFolr)

= %

22 4 FFE Streptococcus mutansS AF-8-3H AT
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1 8 30 2 5 E43do A3k B
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3) DPPH assay

Samples 12,000 rpm, 5 37 YAEE F A5AES ALE39T. 45 HE 045 m syringe
filter2 o3 & 3A3HA] &L sampled}t FFHTZ 59, 109, 509, 1008} 34 F samples
F83FG . G sample 500 9 0.2 mM DPPH 500 & &3 & 5 %< vortex
St AR YT 25 C, 30 27 BAgE H sample 1 mlE F¥loll ¥ 3 spectrophotometer 2
517 mell A =788t

o7 517 mm

Blank: DW 1 m{

Control: D.W 500 xf + 0.2 mM DPPH 500 ¢

Sample: sample 500 ¢ + 0.2 mM DPPH 500 gt

gz &2A &4 5= {(control-sample)/control} x 100
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4) MTT assay

@ DMEM FBS tiAAX #jA A= (1 ¢ 71F)

1 ¢ vlA 32 /-5 F 300 ilE 48]}, magnetic barg ¥ 4o FHA DMEM
powder 1225 g ¥t} Sodium bicarbonate (Na,CO3)E 37 g// & H7bste] 20~30 &
mixing¥ ¥ pHE 742 43It S/HFEZ 1 ¢ 2 w7hA fill updt mixingd DMEM
Bl A& 450 ml, FBS 50 m¢ 2.2 filteratione M3 H

@ Cell Thawing

BANALrEIANA FEAERE T2 celle AWNA celle] A= cryotubee] s E ZF ¥

=] conical tubedl B tTh Conical tube® YAEE 7o €2
1,200 rpmel A 3 5t AR | conical tubed BIAE suctionoZ A A3

o

=

Bl RS A A3 conical tubeo] M2 BIXE Yl pipetted ©]&3te] ZAH2HA pelleteS
Zo]FAth F-flaskel #1# 10 m{E ¥ 3 conical tubed] EEANE 1 mE HZ3 F flaskE

FI FE AE FE aF7|A CO, Bl ¥7] el A

o

A BB BE AEI S22F HAA

@ Cell subculture

A Z7F F538] A=k cell culture dishe] 8=
o] gate] ATE wWojWx, woldl AMEE conical tubed] &7 Tt} Conical tubeE 94
£ 71d ¥ 1,200 rpmel A 3w A H conical tube® A E suctionS E
AASGTt A Z A A3 conical tubed] M E- IR E Y1 pipetted o] &3t RAAHA
pelletes Fo]FAt} F-flaskell #i#] 10 mE ¥ 3L conical tubed] €& AXE 1 lE HES &
flaskE A4 EE5oA & AE/} 21F HAA HF2 $E AE JAE WY CO:

B 7oA Bl sk

43 AAsL PBS A3 & scrapers

i
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@ Cell seeding
5

EAE dEed F 10 W& hemacytometerel] %

34ttt RAW 2674 MX9 2

£ A0S W

platee] 200 p? seeding3lt$3itt.

& MTT assay

Seeding3t well plate®] A5 AL suction®o.Z AA &3 2& vBL&E 96 well plated]
i %] ¢} samplee ¥ IF AT} (total volume: 200 uf).

sto] wjFst 96 well plate©l

vl 7)ol M 2~3 AJZF w33

3ttt 96 well plate?]
Yy Ao 30 £ BE shake 3 F OD 570 nmell A

¥ DMSOE o|&sto] MM 1the) Zatgte wHEtlh

24 A7 FF 37 C, 5 % CO0A COr W7ol A v
T AFs 20 w #7HE & CO

>
3

(3]

A& suctiondt ¥ DMSO 100 (=
%]
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Table 4-1. Composition of sample and medium for MTT assay.

Macroph Control Raw Double - £ fold - 8 fold g
vlacrophage ontro material dilution dilution dilution dilution
Sample 5
1 25 1
D 0 0 00 50 5) 0
Miz‘)lm 200 200 100 150 175 190
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4) TR

B3 25 AxE d8 B2EE Adstn Ads BrEeE I ol ¥ F
water bathel A 100 C, 20 ¥ EAZ}ATE o= 20 &3 Y43t Pzo] ¢t
HEZYE YA gojFed, BRZYY oF 2uY FHRTFE FA7 ¥ 1
Fob Basiginh 243 22298 AgZeaad] ¥, $4F 1/50 8kt Shaking
incubatorel A 37 T, 250 rpmo.& 24 AJZF 23 3R 4 C, 10,000 rpm, 10 #3F 94Ey &
A= ak Hydrophile 0.45 m filter2 o #4313 o).

3T wiR] AZE $8 TSA (Streptococcus mutans) B A], Columbia (Fusobacterium
nucleatum subsp. animalis) ¥ #], Blood medium (Porphytomonas gingivalis) ¥)* & B.2Z ¢
gyl 5 9% Horse Blood mixste] 1 day A< A% JAeA. +4T (Streptococcus
mutans)e TSB 5 ml3 Streptococcus mutans 50 < 37 CTolA 250 rpmo 2 12 A|7H
A XA

ol
f

ZEE
Ay A= EAEREM T2 SPSS statistics(SPSS ver. 12.0, SAS Inc.)E AFS-3t

Py FEAAE AE392, F94H AA L ANOVAE o] 839t Duncan o5 AR

(Duncan’s multiple range test)2 %3] P=0.05 %A FAA4S AAIAL.
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100070 @5 wjdst & 474 ¢&F HEshd
Fabsts AEHe DPPH #43 AFATE AFHd MTT £4& 2A3 3 Hwang 2
Lim (20152 EBZZZY 343, dYds 55 =H37] A3 Total phenolics assay,
Sulforaphane content assay, DPPH radical scavenging activity assay, Oxygen radical
absorbance capacity(ORAC) assay, Anticancer activity assay2 2 A3t
EZ 23 UAE AE V€S 3% 015 ostE dHZ &A 4% (Fse)e 2
nAES AEGAT (Fig. 4-1), 1 5 49 5% "AEEE B2 9 299 Lg& 7
&3t

B2 ZY= A9 o2 glucosinolate, H=3EE, HEFY C Uy

i
of
0%,
(o
olrt
o
2
i)
oX

ettt 7 AR &9 5 71Feo] dui €3 sulforaphanee] PITC (phenyl
isothiocyanate) 8| & 3dto] &4t A E sulforaphanes A X3} F o™ AN ZHE
FZ3% myrosinase$t AFE deLiE AFEEZRYH FHd #FE HEE HAANFO=E

sulforaphane & %< JU3A Z o}
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Figure 4-1. DPPH assay.
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Figure 4-12 S48 #AFANAM HHEH OD TFAAMe Hiz=+zZ Jed & Adn
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Aejstel wr AUe DPPH 24 & #ud 324 ov 9 21 A8} 9 + 98 Role
RE

HEFY 4R YA A8 ¢ A4 B B ATV oW A (Kawr 5,

2007; Ares 5, 2013; Borowski %, 2008; Farag®} Motaal, 2010). Al A% LEAF o 2 HEH

16S rRNA A 4g EA35t9th (Figure 4-4). 53] Weissella cibaria®] 218 75402 3¢t

s, FH AA, HEFRHE, 45 At Fol Ak B AFE F3 oF 2F Lactobacillus
paracasei JSKIU 12-9, Weissella cibaria JSKIU 18-18 532 =439tk
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Figure 4-2. Probability analysis of DPPH assay
(black full line: the frequency of negative control, blue full line: the frequency of positive

control, red stick: the frequency of fermented solution)
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Figure 4-3. MTT assay.
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EZ OE=

EZ O¥8=

sample H= S8 En sample H= SYEH sample H= S8 B

1-27 Weissalla cibaria 15-12 Lactobaaillus fermemntum 18-19 Weissella cibaria

1-28 Weissella abaria 15-15 Unknown 18-20 Weissella abaria

4-11 Weissella cibaria 15-17 Lactobacillus brewis 18-22 Weaissella cibaria
71 Weissella cibaria 15-18 Lactobacillus fermentum 20-2 Lactobacilius brevis
7-11 Weissella cibaria 15-21 Lactobaaillus fermerntum 20-4 Lactobacilius brevis
10-15 Lactobacillus sakel 7-8 Weissells cibaria 20-6 Lactobacilius brevis
11-4 Lactobaaillus fermentum 7-15 Weissells cibariz 20-7 Lactobacillus brevis
,I_ 11-13 Lactobacilius fermentum 17-16 Weissella cibaria 20-8 Lactobacilius brevis
S 12-8 Lactobacillus paracaser 17-26 Weissalls cibaria 20-9 Lactobaciiius brevis
I 12-9 Lactobacillus paracasel 18-6 Weissella cibaria 20-18 Lactobaallus brevis
12-17 Lactobaaillus parabuchneri 18-7 Weissalla cibariz 20-19 lactobacilius brevis

14-2 Lactobacillus fermentum 18-16 Weissells cibaria 22-17 Weissella cibaria

14-3 Lactobaaillus fermentum 18-17 Weissella abaria 22-28 Weissella cibaria

15-11 lactobacillus brevis 18-18 Weissella acbaria 23-6 lactobacilius sp. safai
23-28 Lactobacillus plantarum

Figure 4-4. 16S rRNA sequence analysis of antioxidant and anti-cancer related strains.
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Figure 4-5a. Antioxidant capacity of the fermented broth from broccoli fermented at 37 C

for 12 and 36 hours.
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Lactobacillus paracasei (12-9) Weissella cibaria (18-18A)
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Figure 4-5b. Antioxidant capacity of the fermented broth from broccoli fermented

at 37 C for 24 hours.
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Figure 4-5c¢. Antioxidant capacity of the fermented broth from broccoli fermented at 37 C

for 12 hours after adding 0.3 % glucose.
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Figure 4-6a. DPPH analysis of broccoli fermentation broth (50-fold dilution)
(negative control : unfermented broccoli juice, A: Weissella cibaria,
B: Enterococcus faecium, Enterococcus hirae, C. Lactobacillus fermentum,

D: Lactobacillus fermentum, E: Weissella cibaria)
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Figure 4-6b. DPPH analysis of broccoli fermentation broth (100-fold dilution).
{negative control : unfermented broccoli juice, A: Weissella cibaria,
B: Enterococcus faecium, Enterococcus hirae, C. Lactobacillus fermentum,

D: Lactobacillus fermentum, E: Weissella cibaria)
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Figure 4-7a. Antioxidant activity of enzyme treated broccoli solution.
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Figure 4-7b. Antioxidant activity of fermented broccoli solution.
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Figure 4-11a. 1" MTT assay of fermented liquid.
(negative control: unfermented broccoli, A: Weissella cibaria, B: Weissella cibaria,
Lactobacillus fermentum, C. Weissella cibaria, D: Weissella cibaria,
E: Lactobacillus paradantarum, Lactobacillus spicheri, Lactobacillus fermentum,
F: Lactobacillus fermentum, G Lactobacillus fermentum, Unculltred becterium,

H: Lactobacillus paracasei)
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Figure 4-11b. 2° MTT assay of fermented liquid.
(negative control: unfermented broccoli, A: Weissella cibaria,
B: Enterococcus faecium, Enterococcus hicae, C. Lactibacillus fermentum,

D: Weissella cibaria, E: Lactobacillus fermetum)
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Figure 4-11c. 3 MTT assay of fermented liquid.
(negative control: unfermented broccoli, A: Weissella cibaria,

B: Enterococcus faecium, C: Lactibacillus fermentum)
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Figure 4-12. MTT assay of enzyme treated broccoli.
(negative control: non-enzyme broccoli, A: E-mart everyday,

B: OK mart, C: GOM food mart, D: OK point mart)
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Table 4-2. Fermentation at 37 C for 24 hours.

Medium
composition control fermented fermented fermented
liquid(1/100)  liquid(1/50) liquid(1/10)
Bacillus
Streptococcus mutans 3.81%10° 3.784%10% 4.02%10° 7.73x10°
Fusobacterium nucleatum 5.2¢10° 11.4%10° 5.0%10° 45107
subsp. amimalis
Porphyromonas gingivalis 5.3%10° 1.13%10° 3%10" 2.040%10%
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Table 4-3a. Fermentation at 37C for 24 hours (Test 1).
(negative control 1: unfermented broccoli solution + glucose X,

negative control 2. unfermented broccoli solution + glucose o)

_ _ fermented liquid fermented liquid fermented liquid
Streptococcus mutans

(1/20) (1/50) (1/100)
12h fermentation + glucose x 1.3%10° 1.8%10° 1.4%10°
36h fermentation + glucose x 1.4%10° 910" 3.2¢10°

negative control 1 7107 910" 1.6%10°
negative control 2 1.8+%10° 1.9+10° 1.0%10°
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Table 4-3b. Fermentation at 37 C for 24 hours (Test 2).
(negative controll: unfermented broccoli solution + glucose X,

negative control2: unfermented broccoli solution + glucose o)

o fermented liquid fermented liquid fermented liquid
Streptococcus mutans

(1/20) (1/50) (1/100)

12 h fermentation + glucose x 6+10 2.2%10° 3.1%10°
36 h fermentation + glucose x 2.2%10° 3.2%10° 2.9%10°
negative control 1 7107 4107 1.0%107
negative control 2 7107 1.8%10° 1.4+10°
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Table 4-4. Mixing 36 hours fermented liquid with 72 hours fermented liquid at 37 TC.

(negative control 1: unfermented broccoli solution, negative control 2: solid medium)

Streptococcus mutans

18-18 1/2 4.91+10°

18-18 1/4 3.55%10°

15-21 1/2 7.89%10°

15-21 1/4 45110

Control 1 (unfermented 1/2) 3.31x10°
Control 2 (TSA) 2.34:10°
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Figure 4-14a. Inhibition activity of Weissella cibaria JSKIU 18-18 fermented liquid for

Streptococcus mutans
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Figure 4-14b. Inhibition activity of Lactobacillus paracasei JSKIU 12-9 fermented liquid

for Streptococcus mutans
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