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Development of Health-benefit Materials from Broccoli by-products
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SUMMARY

I. Tilte

Development of Health—-benefit Materials from Broccoli by—products

II. Scope and Rationale

Not only that broccoli is recently known to contain anti-cancer and
detoxification enzyme, but also, in the West consumption is rapidly increasing.
Through the cooperation result treatise published in The American National
Academy of Science journal, John's Hopkins university in America and National
Science center in France have announce that a component called suforaphane
in broccoli and broccoli sprout kill Helicobacter pylory which is the cause of
an ulcer of stomach and gastric cancer. Through the experiment on rats,
sulforaphane compound killed Helicobacter pylory in inside and outside of the
paunch cell, especially Kkilled Helicobacter pylory with resistant of an
antibiotics. Helicobacter pylory in paunch cell can be killed by antibiotics,
however, it is expensive and has bad side-effects such as killing the useful
bacteria that helps digestion at the same time.

In broccoli, there are four to five flowers and more than ten to fifteen
leaves, however, only the flowers are used for food and the remaining is
wasted. Because glucosinolates which is precursor of sulforaphane are
contained in the stem and leaves also, treatment will help to get more
sulforaphane than flower, development in using leaves and stem would be
needed.

Because in the research, all parts of broccoli including the low quality parts
which are usually thrown away, are used, it is very economical way of
developing the topic.

III. Results

To search the content of sulforaphane in leaves of brassicaceous plants, the
amount of sulforaphane was analyzed for nineteen sorts of broccoli, eleven



sorts of chines cabbage, and six sorts of radish. For the result, sulforaphane
was found in only one sort of radish and chinese cabbage, on the other hand,
eleven sorts out of nineteen sort of broccoli contained sulforaphane. Because
among only eleven sorts out of nineteen sorts sulforaphane could be found, it leads to
the fact that different kind and the temperature of the culture could make a difference
in the ability of making sulforaphane.

After grinding the broccoli leaves with blinder, analyzed the amount of sulforaphane
made related to the time. After being grinded by the blinder, amount of sulforaphane in
broccoli leaves was rapidly raised after thirty minutes and maintained the amount till
sixty minutes have passed. Biosynthesized sulforaphane was found in powder of leaves
when it was dried by freezing, but when it was dried by the hot wind, it couldn't be
found in powder because to be volatile.

When the amount of sulforaphane was analyzed by the parts of broccoli, the root had
the most sulforaphane and then leaves, then stem, and the flower had the least. To find
how long biosynthsized sulforaphane could maintain, analyzed the amount of
sulforaphane in both room temperature and in freezing temperature. In freezing
temperature, sulforaphane maintained longer than in room temperature. However, even
in frozen condition, the amount of sulforaphane was reduced to half or less after 3
weeks.

To maintain the amount of sulforaphane, used heat treatment, ethanol treatment,
biocoating method, nitrogen gas charging method, and capsulation treatment, however, in
any method, half or more of the amount of sulforaphane was reduced after 3 weeks.
Extract that was extracted from the leaves of broccoli, seemed to have

antibiotics toward Helicobacter pylory.

IV. Remarks

1. Analyzed the content of nineteen sort of broccoli, eleven sort of chines
cabbage, and six sort of radish. For the result, sulforaphane was found in only
one sort of radish and chinese cabbage, on the other hand, eleven sort out of

nineteen sort of broccoli contained sulforaphane.

2. After being grinded by the blinder, amount of sulforaphane in broccoli leaves was
rapidly raised after thirty minutes and maintained the amount till sixty minutes have

passed.



3. When the amount of sulforaphane was analyzed by the parts of broccoli, the root had
the most sulforaphane.

4. In freezing temperature, biosythesized sulforaphane maintained longer than in room
temperature. However, even in frozen condition, the amount of sulforaphane was
reduced to half or less after 3 weeks.

5. To maintain the amount of sulforaphane, used heat treatment, ethanol treatment,
biocoating way, nitrogen gas charging way, and capsulation treatment, however, in any

way, half or more of the amount of sulforaphane was reduced after 3 weeks.

6. Extract that was extracted from the leaves of broccoli, seemed to have
antibiotics toward Helicobacter pylory.
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o 3ty H2Edgd #dHE Fo A EFZE  HEl-carotene, ¥
-tocopherol, ascobate, A, Vitamin A% 2 73 a3 FAHEA 94
glucoraohanin, aliphatic glucosinolates, indolyl glucosinolates, 53 Z-& < %&o)
ad& A Y3 (Jeffery et al, 2003) FEAE S 2+ sulforaphane, indole-3-carbinol,
diindolulmethane 59| 33t&E0] EA3t= Aoz WA .

=

£3] sulforaphane(S-methylsulfonylbutyl isothiocyanate):= phase I &E4AE
(glutathione S-transferase)®] /4 FE3AT AIAFAE LTUdLo=E 84
gt A71eH #odts Aoz 487 phase | aE FEIHA FE Aoz 4
A ey, A% el Ude] He M (helicobacter pylori)E AEAI|&
o] Johns Hopkins University ¢34 t}3t Fahey YAl 9 7¥ (Fahey et al., 1997)
of osf H3Ho.

|

Brassica Protection Products (BPP)it® H 223 FAE wolA# 347 A
53 olAR 22  “Brassica Tea”$ “BroccoSprouts”S ZA] 3}_12 L= =)
AR ol N DA AR AR ALL NE=T Qo Bz ¥4H
U A FgRT oy AHd IistanE 7‘]143'_ Aol FEFF
o B HIol A= Hi Ao

U Be2gEe AA 7| 2%

B2 £ 559 o8 Ko Q& sulforaphanec] A9S doyle 4A9F
%l Hericobactor pylory 45% % WH &< oA Minimum inhibitory
concentration (MIC)7} 4ppm ©]3l¢l Ao 2 W& At (Fahet et al, 2002). E3t
o] 3gEL & FE FHHEL 3 5*]7],_ enzyme (phase D¢ A FS F7HA]
A& A AFE VIR e A2 EEA I

B2E2 9 e AAF(cruciferous) FJEL FEAGANA A7[HS Fr<l
R A3 FF(upus)E A, A52EZH7 e A2 gHA A

B2 3 #FHY U indole-3-carbinols wh-2=o] T3 A FFE

A7 HEFE 93}A 7= HOeE North Shore-Long Isoland Jewish
Research Institute?] 7oA & A T3 o] 33FEL antiestrogen =
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THdE AW Assts ¥ gk Ao dEHA Uth

o a3l e 7= EAA
2E BRZE FA| sulforaphanec] EA3tE AL olUn FApE=E Aolrt
433 Ao @A BRI Y olEd AL HHL AR Yo AH
A WHog xFIE AL sulforaphanei’q1 71e} 40T =& HHsiez
o] ofy

i
rlo _u_

Sulforaphane & AAZ Ag37] Y& 3FY sprouts A F&d=dH 9
AL v golgte Gl ok E¥, £F & T3 F5E A %

Atk AuEtd sulforaphanec] e FR2EH0] Bel €9 3 =5
AFAste e T E HIT T 22 Aolg YedY. F8 @4EZ
sulforaphane2 HZZEE & 9 HEEo] HolX¥HA wEHE Ea
(myrosinase)ell &3] AT AU glucoraphaninZF-E AA @t

Q N—O0SO,
I
.._S._._—é 3
§— B-D-Glucose

Glucoraphanin 2

Myrosinase F’ p-D-Glucose

N—QSO
Lossan-Type 8042'
S0

! S-Fe-ESP

1 -
-5 N=C=85 -8 C=N

Sulforaphane 1 Sulforaphane

Nitrile 3

AFTAHA YA dAA HeE HEHS o §4F BEASE A717] "W
sulforaphane A o] A3, ®3 WA E sulforaphane®™ E3AZA = U}

1

v AP o] tfet A¢¥<el Nathan Matusheskio] 2]3t4d et A ZE A
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1. 2228 248 93 £7)18 o439 sulforaphane L H 7}

T4 Mg

7t AFel AwiEL e F& FTAY o, €71, 339 glucoraphanin R
sulforaphane % ZA}.

1}, Endogenous sulforaphane®] A%, AAEXN 7&/qd

o} ggs tEEd AA F P BAAEY =

. 71FF A ©E sulforaphaned] % ¥

1 ird
o O
b, 7}33A ¥ sulforaphane? & WE FA}

2. L2324 FAES o] & AELA A
7b 44 ke =24 4

1}. Sulforaphane L3
o AA 7158 84EZ2 HAE

3. TEAEE T AA V1A HE
% 9w 2 guy $9F a En PR
oA 2 g mn

o 37 BH (B shol2d) B4

_15_



1. Az 9 9y

1. dFA4%
7t AR
B2EYE AFFRrIeddA ZAF 13F I TUHAF 652 EYiel A}
PR AASGT AihE dddFadA F 195S Bddol £45d0h
2y zz 2}l =) ANgAFH A7 Hl 3L
_ |Sulforaphane$t =%
24T BT | AFEFA7ISY 08 T 5 0 °
_ |Sulforaphane3
p2gd | FUAT 63 | ATEEAVIEY 28 FE AR | °
9] ul X233 3l 2k
N NEgH TR 6 2 —r% SulforaPhaseﬂ' 3
108 = &8 |[HAA¥E3 £4 &
= 5T ok
ESTES Az Sulforaphane 3 %
P (sl~s11) =4 £
EERCNIER dddTe Sulforaphane 3 %
(sla~sl®) | = "' 4 g
. Al eF

(1) Sulforaphane ¥F%

(2) 71e AHEd A2 55

2. 243
7F AR A Y

B2 &% Y& Blinder2 #A3}sto] dAQ7I17F A2 AT F

a7z

T
EE L2

2 Calbiochem, USA°A T3l AL&3lH)
A eF & HPLC grade A9 AM&3d).

48117t F

Azx38}l9 sulforaphane 4] Al-&314 .

1}, Sulforaphane 5% % AA|

(1) §viFEd ¢g Ag AAgE JAFEYd o8 A

(2) 34714%x%" A8 1g°l 50ml dichloromethanes 7}3led 12A]7+% ¢t shaking
% o333 thA] 50ml dichloromethanes 7}sle] o3 ¥ F=3A .

o] 50ml water, Iml NaCl& 7}3t & 50ml hexanel 2 23] F& 3}

a2
%, A §5E° 9ml NaCl& 7}stal 100ml dichloromethaneo 2 23 &
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3ty FE3A G
1g Silica gel column chromatography®l loading ¥ hexane® 10ml EtOAc,
Tml 2% acetone in chloroform® 2 A ojF ¥ 10ml 5% methanol in chlorofor

me® &% ¥, 2ml hexane® & A -8-3}9] sulforaphanes A #HF #4359

Sanple 1g
l added 50ml of
Dichloromethane

Shaking for 12 hours

'

Filtation | added 50ml Dichloromethane

'

Evaporation

'

Partition 50ml of hexane , 100ml of water,

v

Aqueous Layer = added 10ml saturated NaCl solution

l 100ml Dichloromethane
Evaporation
Purification
silica gel 1mg,
washing Hexane 50ml
Discard Ethyl :acetate 10ml,
Acetone : Cloroform 7ml
Elute Methanol : Chloroform 10ml
Evaporation
l solution for Dichloromethane
GCMS |
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o}, GC/MSel 9]%t sulforaphane A &4
A EAN S GC/MSE EA43t9er A4 EH S GC/MS SIM modeZ #4] 3
Aot

(1) B4717]
1) Gas chromatograph equipped with 5973N mass spectrophotometer (6890N,
Agilent, U.S.A)
2) SIM(Selective ion monitering) detector
3) Monitored ions : m/z 177, 160, 115

2 +4=4
1) Injector temperature : 280°C
2) Oven temperature : holding 180°C (15min) increase 280°C (10min)
3) Column : DB-5MS capillary column
( 30mx0.25mm 1.D.x0.25¢m, Agilent)
4) Gas flow rate : He 1ml/min
5) Split ratio : 10 : 1
6) Injection volume : 1z
7) Inlet temp. : 300C
8) Mass source temp. : 230C

3. A3
7}, B2 & Qo258 sulforaphaned] A4
22 ¢ 10gs Blinder2 whajiste] A4L20A INZAE WA & F20%
st A7 A 713 Wyel o3 F&E31Y full scane GC/MSE #4351 F
&% sulforaphane®] spectrum¥} W3 & A 3o}

U, AArsts 2HEe 9o 2R sulforaphaned] $#FE4
AAs . ZHEQl WF 11FF 7% 6FS ol fdA g IR

9] &) sulforaphane ¥ %<&

th B2ge 498 #3235 F WA 93 sulforaphane A TFEA
Blinder2 T 3}st & A-2oA WX A7 sulforaphaned] AFAAFE &4

ste] HAAFAY M-S B4 AT
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g B22y F54Y 9 398 sulforaphane APA TFF £4

(1) 2288 AT 133 TUAT 63& TdPol Y3 2o 713319
sulforaphane®] AE#H FZFS 4540

(2) 9dZEFo 2 sulforaphanes AFAs= BE2FE 4FS Aoz £ 94,
%, 71, #8 F9= 78S sulforaphaned] A FFS vl EHIFHAG.

vl. de nove AEA ¥ sulforaphane®] 7 A|¥ 3}

AA B sulforaphane?] A3l disid EHsdch dFoz2 AFRA
T E2E99 d& Fdxdoes JhEsty WEERAT A2xd A sul
foraphane®] ¥ ZFWsLE T4 sHT

v, x| 23 sulforaphane?] % W3}

(1) #FA 9 sulforaphaned] AA3 FFHAAE AdAstaA 60T 120CE 1
A7 A& g & evaporator®Z ¥E3te] ALd B HASHA sulforaphaned]
gFHstE EA A

(2) 60CE AT Z-¢ AMA|Zdl *E sulforaphane %o FAWEHE &

A 8kR}
304, 60%, 1283t ethanol® A 2§ ¥ evaporator® FF3te] 2o H#3}
A A sulforaphane®] #¥ZFHstE EA3HAh

A}, Ethanol # g9 ¢ 3t sulforaphaned] &% W3}
AsA H sulforaphane?] A4 EZFAE JA32A} ethanol 2] Fol] o
£ sulforaphane $39] AA|W3E BE43tA Y.

o}. Biocoating®ll 2]%t sulforaphane?] 33 W3}
Hz2y &2 vEo #9L 488 FAE coating AT

A}, A7 FR-0] 2% sulforaphaned] &3 W3}
ARE HE8FXE 718l9 granule FEHIZ o] &FrFE 55Fd T4 F
AFEZ7] SW-600& ¢]&3td A oA F F FLE S HASAH.

2}, Capsulationdll 9] 3} sulforaphane®] ¥ W3}

SFERAAEFSA7] (EXC-A0F)E &3t AEE Hed ¥ T&AY
At
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3}. Helicobacter pylori & 84 74A
(1) A 8FH
ZAA%% AR 100g°] 1,000ml dichloromethanes 7} & 12413+ &3}

At FEE S evaporatordl A FE53t A FIAT

(2) A8 € B AL TdFE 9 HolAF AY ddTeE &Y
X H. pylorig X EFTF9 ATCC 435048 FAALPo2 iy Y o}
A3t ok vl %S 10%(v/v)9] calf serum (Gibco BRL, USA)E &3
brucella broth (Difco, USA)E AF-&3Fe] 10% CO; incubator®l 4] microaerobic
conditiong& FAAA Fi, FEv FA 9B% ol FAsHEA 37CA 33
Al vl st AR

(3) B2ZY F&£E9 F7EH ¢ 4L A F=MIC) 53

H. pylorid] & 22238 F&2EF9 ITaFH}+ agar disc diffusion®E £
/«}s}ﬁv} H. pylorig 10°10° CFU/mL®] =2 brucella dAu o] =2

% A% paper disc (inner diameter Smm)E YT B2EE FEFEL2
membrane filter (0.45um)E A T3t paper discol Zzte] w22 H 7131
37°C< CO; incubatoroll Al 24A)17F 8] ¥ ¥ paper disc FH | AAE inhibition
zoned 5 0 2 AA L FA3A I B4 SAHI}AS

MIC(Minimum Inhibition Concentration)= Kudo$} Saga (1990)¢] #Wd&
FA3Y 2R} #xE @5 FL brucella brothell HE3 ¥ AT B=E
28 FE2ES sxdE A3 37C CO; incubatordl Al 24417 v ¥ 100
@ AL HAdtS brucella A HiR o =L3tx T ZAoE w{%AA colony
ARFFE &d3dq MICE FH3sIAH.

B Ao gzTEes BEEE EFEZQ D,L-Sulforaphane (Calbiochem,
U.S. and Canada)® H. pylori®] X &A|¢] Tetracycline (Sigma, USA)E A}-&
skt

(4) 228 FE2E9 urease 84 9A
WA H pylori2® € crude urease® %z 3H2001)9 WH-E WA
AHE-819th. & brucella brothell 3937F w3t H.pylori& 20 mM phosphate

buffer (pH 7.2)2 23] A& 3 F 4Co|A 683 sonication(U200S control,

_20_



Ika, Germany)Al 713, 15000 rpmo 2 1087 94 EF3ted A5HAL crude
urease® Al&3Qdch o] W @A T Lowry B (Lowery et al, 1951)9]
mel ZA3}A[Y. E2H urease AL o] T(Lee et al, 1999)2] WHo =
urea broth (Difco, USA) 1 mLo| urease 300 (S A7 }3dtd 20CoA 1A
S A7 10% HHSoZ pH ¥ F3X(0.Dssonm) HSHE SAHSIAT

H2FeE FE2E9 urease A EZFAE o] S (Lee et al, 1999)9] WHo =
4.2 mL urea brothd] E2&3d FEZ& 500 HJIS & pHE 7002 BA
3 o 300 p£9 ureaseE 78k} 20TAA 1A w&A71EA 108 7HA
° 2 pH W3E SA}AUT. urease 4 JAELE FEES HISIA & o
Zw9 pH H3gS 12 71Fsyq 4 ko BE F5E9 pH H3E Q&
&2 iAo

(5) FAFA A8 1| 7 (Scanning Electron Microscope, SEM) FA}

H. pyloridl A 85 A8t 24A3F 39 AxHe WH3tE FAHAAEY T
S E3 #Z3AY 4 vigdd MEFF s $dS 0.1 M phosphate buffer
(pH74)2 oz W M3F 3 F 25% glutaraldehyde® A AT & A
buffer2 A& ¥ 1% 0s02 ¥ AAE F tannic acid®2 AEFHE Ao
o] & ethanolZ &< 3 % isoamyl acetate® X|& HFAHES AA critical point
dryer (Hitachi-HCP-2, Tokyo, Japan)® ZAZXA|7|1 <F& 300 nm FAZ
=3 3 FAPERAE U A (Hitachi S-450, Tokyo, Japan) o 2 333 4th.

(6) Western blotell 9§ =4 WA Iy W3l xA}

B2Eg FE50] H pylori7t A 3= =4 vacA 9 cagAel LdEA
EE FA387] 98l Western blotH & AASGssUY. H. pylorig 15 mL
cornical tubeel 15X10° cf/mL® HFste] B2Ed 28 A sla 244
r g § 3,000 rpmoll A 183 AAEHEY A5 HE AAS oy 2 A
A& 23 buffer (50 mM tris, 150 mM NaCl, 5 mM EDTA, 0.5% NP-40,
100 mM PMSF, 1 pg/mL leupeptin, 1 pg/mL aprotinin, IM DTT) 300 uLE&
H7bete] W@t Al 173t sonication 3t Al 3 AIHTE 4TelA 13,000
mml.E 10%37F A& 3t A5 dE d& thF BCA kitE AHE3te o)
A& AFF ¥ 10% running gel¥ 45% stacking gelS ©] &3t 125 VoA
SDS-polyacrylamide gel A719 %<& A A3
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A71d5S &9 EFF 99 FL  immobilon-P transfer membrane
(Millipore; Billerica, MA)¥} transfer buffer (209 methanol, 25 mM Tris—-Hcl,
192 mM glycine)& AF&-3te] 350 mAolA 12083t transfer AlZth @ o]
o] =% membrane fast green solution® 2 transfer® #%& &3 ¥, 5%
non-fat skim milk solution ©. 2= blocking3t (it} 4TColA A=} A&} 2427
WS- A7l & TST (100 mM Ttris-Cl, 1.5 M NaCl, 0.5% tween-20)& ©°]-&3}
o 108 ztdo=2 33 MAFFAC AEste o|xEA et 2A1F wEAT|A o
Al TST=Z 33 A& &Hct A<t w83 membraned] ECL I kite] &4
Ak 13 08 4012 4L EFAE =¥38 3, Xray filmol =239 Y
3 % filmAe band =& #HEI AT
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IV. 7434 ¢ &

1. Sulforaphane®] A, AAENY AF

7F B238 9o 2R¥E sulforaphaned A &4
(1) E229 ¢ 10g& Blinder2 whsfdte] 44 143 A= #Xx & 47
3l QoA 7legt Wl 93 F&3t full scane GC/MSZ 43 &
sulforaphane®] spectrum®} v]ust A7} YOoZHE FE3 EFA H
sulforaphane spectrum¥ Y3 HES Yehy Bz FFe dx
sulforaphane¢] 44 HE ASZ =Y.
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1) ¥5FF sulforaphane®] full scane GC/MS spectrum

File :C: \MSPDChem\1\DATA\5ulfoll109\91std5.D

Operator : hplcalsangiju.ac.kr

Acguired : 10 Nowv 2007 3:35 using AcgMethod SPO717.M
Instrument : Instrument #1

Sample Name: stdd

Mimc Info
Vial Numbex: 5

Abundance TIC: 918t95.D

Authentic STD
180000
160000
140000

120000

100000

40000

20000, " bviayess o " \M L “

Timen> 400 500 600 700 800 900 1000 1100 1200 _ 1300 _ 1400
Abun‘dance Scan 846(&104? : 81std5.0
160

® 7 TM-T]

9000

7000

6000

§000

4000

2000

1000

}z 207

281

0
miz-> 20 30 40

| ®
b rerepererprbd .

120 130 140 150 160 170 180 190 200 210 250 230 240 250 260 270 280
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2) B2 &g gozHE R sulforaphane fraction®] spectrum

File 3 C: \MBDUChem\1\DATANSulfel109\101lsaml.D

Operator : hplceaBsangiju.ac. ky

Acquired : 10 Nov 2007 10:067 using AcgMethod SPO717.M
Instrument : Instrument #1

Sanple Name: sample 1
Mise Info :
Vial Number: 1

Abundance &

Bare! &“w,? %ﬁ

TIG: 1018am1 .5
180000
160000
140600
120000
100000
80000
60000
40000

% & i x §= R f‘
200000 i Sl sl o] [ M N SN

Ty : Ty ¥ T e R N
Hrime—> 400 500 8O0 700 800 900 1000 1900 1200 13.00

s
14.00

Abundance Scan 844 (8.092 min): 101sam1.D
10000

9000
8000 7
7000
6000

5000

4000

115

3600

2000

1000 207

i

i

i

Aol e |

281

0% e Y
miz->_ 20 30 40 5060 70 8

iy Trtes ey : T TP PO T O Py Ty
0100 110 120 130 140 350 160 170 180 190 200 210 220 230 -240 250 260 270 280

Y
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& JdAE =A357] Y3 H pyloriE2 %€ crude-ureaseE 4L o, ¥

Table 1. Growth inhibition of & pyloriby Brassica oleracea var. fafica and
minimum inhibitory concentration (MIC)

Inhibition Zone

Samples Concentration  yo 0 () MIC (ug/mL)

500 ug/disc 12

TR mewse  ow
125 ug/disc 10
50 ugfdisc 16

D L-Sulforaphane 25 ugldisc 14 10
12.5 ugfdisc 12
30 ugfdisc 30

Tetracychno 15 ug/disc 20 5

7.5 ugfdisc 12

Hinhibition zones including the diameter of the paper disc (8 mm)

crude-urease ¥4 urea brothE ©] &3 F#x< pH WIE Ao 2
W3 < sz gdvh. 1 A, pHASE £7] pH 7.0914 ¥&

pH 782 Al&4<d F718 B3 FF=T 1AN3EEST 059 F7HE B
ojufj o] @A F}FL Lowry(19BD)WHoZE AFE A7 314012 mg/mLE F
4 HAH.

B22d 259 urease A AdFE AT AF, v§ AT F 40
ug/mLe FEdA 50%E 80 ug/mLe FEA 65%E AMde HoE e
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Fig.1. Inhibition of H,pyiori urease activity by Brassica oferacea var. ffalica
extract on the urea broth.
B - Control,

A : Brassica oleracea var. ltafica extract 40 ug/mL,
i : Brassica oleracea var. flalfca extract 80 ug/mL
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tI;ig_ch_ Inhibition of H,py/ori urease activity by D, -Sulforaphane on the urea
ro

B : Control,
A : D.L-Sulforaphane 2 ug/mL,

® : D.L-Sulforaphane 4 ug/mL

(3) A} &8 v] 7 (Scanning Electron Microscope, SEM) ZA}
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