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<Abstract>

Comparative Study of Composition and Quality
Characteristics of Broccoli Varieties from Jeju Island by

Processing Methods

SANG CHANTHORN

Department of Food Science and Nutrition
Graduate School
Jeju National University

Supervised by Professor Sung-Soo Park

A total of four varieties of broccoli were selected as experimental materials to study
the composition and quality characteristics of specialty crops from Jeju Island. In
this study, three new varieties of broccoli developed in Jeju Island, New-Tamla
green, Hallagreen, and Samdagreen, as well as the broccoli variety SK3-085, which

is cultivated in large quantities in Korea, were harvested after cultivation, and



bioactivity and nutritional composition analyses were conducted for each broccoli

variety in order to select suitable agricultural products for processing and variety

selection among several varieties. Moisture content was measured by the 105°C

autoclave drying method, and protein was measured by the BCA quantification

method. Fat was determined by the Soxhlet extraction method, and ash was

quantified by pyrolysis in a pyrolysis furnace at a temperature of 550~600°C until

ash was obtained. Antioxidant capacity was measured by DPPH radical, ABTs radical

and total polyphenol content. Sulforaphane analysis was performed using HPLC

chromatograms. The general composition analysis of the four broccoli varieties

showed significant differences in moisture, protein, and fat content, and the

broccoli with the highest protein among the varieties was B4 (Samdagreen).

Antioxidant capacity measurements confirmed that B3 (Hallagreen) and B4

(Samdagreen) had similar or higher antioxidant activity than the other varieties.

Analysis of sulforaphane content using HPLC showed that Samdagreen broccoli

had the highest amount of sulforaphane per part.

The antioxidant capacity and total polyphenol content according to the processing

method showed that the samples dried at 70°C and 105°C had high antioxidant

-V -



activity, while freeze-drying showed a decrease in antioxidant activity and total

polyphenol content compared to other drying methods. In the colorimetric

measurements, the 70°C drying method had a lighter color compared to 105°C

and freeze-drying, and also had the highest yellowness. On the other hand, the

samples dried at 105°C showed the highest redness compared to 70°C and freeze-

dried. Solubility measurements showed that the sample dried at 105°C was the

least soluble compared to 70°C and lyophilized, and the solubility measurements

of 70°C and lyophilized were not significantly different. The content of sulforaphane

did not show any significant difference according to the processing method, but

the content of sulforaphane decreased compared to raw broccoli.

The results of measuring the composition and quality characteristics of broccoli

from Jeju Island and existing varieties showed that SK3-085, New Tamlagreen,

Hallagreen, and Samdagreen all had significant differences between the groups

(p<0.01), indicating that the composition and quality characteristics of broccoli are

affected by the processing method. In other words, when selecting broccoli or

using it as a processed food, it is necessary to select the appropriate variety and

method.
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SPE
DPPH
ABTs
BCA
BSA
Na,CO;
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Broccoli Hallagreen

Broccoli Samdagreen

Ascorbic acid

High Performance Liquid Chromatography
Sulforaphane
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Diluted albumin

Sodium carbonate
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Figure 4. Broccoli used for nutritional analysis

(B1- SK3-085, B2- New Tamlagreen, B3- Hallagreen, B4- Samdagreen)
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Figure 5. Processed broccoli used for analysis

o ‘ { 3
<70°C A=x> <105°C HA=xX> <SEUZE>
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]
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kit(Thermo Fisher, Waltham MA, USA) AlY¥S AR50 =HSIQUCE Diluted
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=

T ==
HoT
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Aldrich, USA)0 &3dlist 7 mM ABTs(2,2'-Azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid) diammonium salt; (Sigma Aldrich, China)E 253t FEZ 24A|7t

S0 220M ZA5tY 2iE[ZS HGAIZACL ABTs &2 k= ALE O

FRR

Of

734 nmOlM S&X 30| 0.7~097t E|=&E ZTHEF2 M50 M| AHE

Ct FH|$F =2 AI£(0.1 g/10 ml) 100 Ol ABTsEH 100 E E 71510 102
ZH HE2AIZI & 734 nmOA S&E 4SS =XSHAULCE Positive controlEA] L-

ascorbic acid (Sigma Aldrich, Missouri, USA)E &Y% =2 AIESIYCH, X

T2 AR Ao FPNTO SEEE TAHAZCE 4 AlRQ| ABTs 2iL[H &
Hs2 gl & HEsIY ARl 2 ™S 3= #5510 S5t
Ct.

4) DPPH BHCIZ 275 24 57

DPPH ZiL|ZE 27 s g2 oget 2thjZolH =7 oA 79Xl 13

, & 22 DPPH &

DPPH*E Mdt= ZHo=2 22X QUCHS5S, 56, 57). DPPH= Atst BHX|X| 0| A DPPH

29| $4 YR EE WA O[SOR Qlef SAY M| £0| ©E WS I
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AHO| 517 nmOlA SEE 40| 05~0.70| &=
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[S)

Ao HEE At

(58). DPPH

|$t ==& AIZ(0.19/10ml) 50 pe0| 0.2 mM
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Total polyphenol EZ2 AOACH| YRE HHHSI0] FHSHALCHE5). 1N Folin-
Ciocalteu's phenol reagent(Sigma Aldrich, Missouri, USA) A|2Z2 2H{E 3|AM5t0
H 2 10% sodium carbonate(Na,CO;)E M =SIILCH AZ(0.1 g/10 ml) 50 pedi

folin-ciocalteuphenol reagent A|2F 100 wE 7+StD 10% Na,CO; 100 WS 7+t

o =gt = 1A[Z S H20|AM EX[StD 750nmofA| SEEE 58 & 8
& =H¢l Gallic acid (Sigma Aldrich, Missouri, USA) | 83510 EE=2Mo=2 Bt

6) 29l =(Solubility) &8

8= FH2 (ADMI, 1971)2] ¥ of7t #dsto] ZHYtRIChee). 422

H2E2] 2% 01 g2 micro centrifuge tubel| E1 1M sodium phosphate,

=] SFRACH13,000 xg, 10 min). 4= Hista 2 =84 d&& 60°C

dry ovenOll Al BIZH0| B WIHK| AZS B DA S XH AL
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S_MT—MF
- MT

x 100

S: BT (%)

MT: A= ®d 2232 22 F7(g)

MF:. 60°C X & EE2E2| 2% F7(g)

) ME 53

70°CR} 105°C 2|1 SZAZXO| EZEZ| 2%LS MXIA(Chroma meter,
Tokyo, Japan)& Ar83t0f MES] YHE(L, lightness), HME/SME(g,

redness/greenness), ZME /M E (b, yellowness/blueness)E &35+

8) High Performance Liquid Chromatography(HPLC) =

8)-1. Sulforaphane standard £49| =X

DL-Sulforaphane standard2 Tokyo Chemical Industry Co. LTD, USA. Of|A{ 0Oj

St AESHR D, Standard 8 X =O0f|= HPLC grade 2| acetonitriles &0fE
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AMEIM HEFE I M(calibration curve)g A& CHE7).

8)-2. SPEE 0|83} Sulforaphane &%

M EHZZ2E| 5 g2 AEE E27|IFM-909T(Hanil, Yangchenon-gu, Seoul, Korea)
of Zx LtA H[7 Qo dE1 H20M 30252 FJACHE 50 mL
dichloromethane(Samchun chemical, Gyeonggi-do, Korea)2t anhydrous sodium
sulfate 2.5 g(Samchun chemical, Gyeonggi-do, Korea)2 ZISt&ICH d8{1 o =
30°CHM 2MBLI|2 dichloromethanes E2{H 2l F, ?2| 1P S CHA| HHE
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Scientific Korea Ltd.)2 £38ljA|Z! TS HPLCO| F=RSH7| MO 0.2 pm filterE SdH

8)-3. HPLCO| 2|$t Sulforaphane &&o| H& &4

A&+ Hitachi Chromaster 5160 pumps, 5410 UV Detector, 5310 Column oven,
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= = o=l =1
AX MO 29| @2 NN 2E M H2Zz 4B UUNE TS

Zkzb Ct23F ZCH B1 88.33%, 1.00%2| HZ2 =™K o0, B2 88.55%, 0.83%2]

HZ Z=HME|QCt B3 = 86.40%, 1.30%=2 ZHE|USD, B4 88.43%, 1.10%2]
HIZ2 FHEQULCE =7| B9 =2 &, 22 dF2 242 L2 ZLHUnit

mg/100 g). B1 88.55%, 1.03%2| HeI= SHEU2H, B2 90.45%, 1.30%2| #Hel=
SEEIRUCE B3 = 87.92%, 1.40%2| HRIZ2 SEEIA2H, B4 89.40%, 0.90%2

HAZ FYERACL A= HO| B2 & 22 SN =717t 4

™

EUCH, o7 ™2 oatdglo] 25 22 7hY =4 LIEHRC.

I

105°COlA Azl BEREERT ME3Q ditds s =4 21 Table

2 I} 2ot =238 £2o8| H9lo] B Y, XY TS 2% 02l

ZLh B1 550%, 3.13%2| HPAZ ZTEA2D, B2 6.80% 4.63%2 HE=Z

I

HE|QCE B3 £ 5.80%, 3.73%=2 ZHYEASH, B4 7.28%, 4.13%2| HI=Z
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Sy 2280 £202| WA THUT B 728%02A B4 T 4

= LIEtEen, X 22 B2 7t 71 =2 LIEtGC.

E7| B2o| CreE ek X\t shake Zbzb Chgar 20 B1 6.14%, 0.83%2]
HO|Z Z=ME|QUOM, B2 5.28%, 1.37%2| HYZ Z=HE|QUCH B3 & 4.64%,
0.80%2| HZE Z=HME|USD, B4 6.53%, 1.03%2 HzZ =HE|QCH =7

Aol CHHA o2 653%2Z B4 7 7Y A LIEHSCH, XY E2
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137%, 1.03%=ZA B2, B4 7| 7} =A LIEtNHCH BE222| 29E £322|2f

=7|9 2 o, CHHE o, XY o 2l 2 B1,B2,B3,B4, ZF TE
7t {2o(0Jgk XHO|E ZHRCHp<0.01).
H227 SAAX 20| AdiaME sl2kS 2HAMSE AT Table 3 9F ZHCH

s2ge| £2o02| 2909 SN I, YW Y, 2E Y

rlo

A A g Sl
ZLCt B1 4.44%, 3.13%, 447%2| BIE2 ZHEIAJSH, B2 5.89%, 3.47%, 3.93%2]
HO2 =™E|QLCH B3 = 5.80%, 2.57%, 4.13%°2| He|2 ZHE|U20, B4 6.00%,

307% 393%°) WI2 ZHEUCL SHUX 2o MN TEeelol Hh

U2 6.00%=AM B4 7t ZtE =A LIEIHRD, X|

o

sh2ke 347% 2 A B2 7}

td = UEIHRACE SZ2dx 222 %82 FL0Mel =E2 FE2
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[ok
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rlo

22t cheat
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ZtC} B1 4.30%, 1.27%, 4.53%°2| HQ|2 EHME|A O, B2 4.47%, 1.20%, 5.93%2]
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1.00%, 567%2 HRZ2 ZFHERULCL sZ2HE 2O =7| oAM= CHeuA
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Table 1. Results of general component analysis in broccoli variety Before Drying

(Unit: mg/100q)

Drying i Moisture Ash
o Part Cultivar
condition (%) (%)
B1 88.33+0.21°M2  1,00+0.00¢
B2 88.55+0.49° 0.83+0.12¢
Floret
B3 86.40+0.07¢ 1.30£0.002
) B4 88.43+0.41° 1.10+0.10%
Before Drying
B1 88.55+0.59% 1.03+0.06°
B2 90.45+0.59° 1.30£0.102
Stem
B3 87.92+0.26° 1.40+0.062
B4 89.40+0.18% 0.90+0.00°

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
D Values are mean+SD (n=3)
2 Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.
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Table 2. Results of general component analysis by 105°C Hot-air Drying broccoli

variety (Unit: mg/100g)

Drying Part Cultivar Protein Fat
condition (%) (%)
B1 5.50+0.03<M2) 3.13+0.15¢
B2 6.80+0.01° 4.63+0.212
Floret
B3 5.80+0.01° 3.73£0.06¢
105°C
) B4 7.28+0.02° 4.13+0.23°
Hot-air
. B1 6.14+0.03° 0.83+0.06°
Drying
B2 5.28+0.01¢ 1.37+0.062
Stem
B3 4.64+0.06¢ 0.80+0.00°
B4 6.53+0.012 1.03+0.06°

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen

D Values are mean+SD (n=3)

2 Values with different letter are significant differences at p<0.01 by Scheffe’s

multiple ranged test.
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Table 3. Results of general component analysis by Freeze Drying broccoli variety

Drying Part or _ Protein Fat Ash
condition form Cultivar (%) (%) (%)
B1 444400872 313+0.12° 4.47+0.31°
Floret B2 5.89+0.03° 3.47+0.12° 3.93+0.31°
B3 5.80+0.08°  2.57+0.06° 4.13+0.12°
Freeze B4 6.00+£0.08%  3.07+0.06° 3.93+0.12°
Drying B1 4.30+0.04° 1.27£0.12° 4.53+0.31°
Sterm B2 4.57+0.06° 1.20+£0.00° 5.93+0.50°
B3 450+0.04° 1.13+£0.12° 5.80+0.20°
B4 4.30+0.05° 1.00+0.10° 5.67+0.61°

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen

D Values are mean+SD (n=3)

2 Values with different letter are significant differences at p<0.01

multiple ranged test.
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1) ABTs ZIC|Z AHs & 2yt

2 A™0 M= 2 A|Z2| ABTs radical scavenging activity & Ascorbic acid

>
HU
ol
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=38t ZIHA|ZICH E2Z22| B1, B2, B3, B4 2

FAS

=322 FE0A dx Y- [IE ABTs 2tC|lZE 27 S
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rr

70°C, 105°C, sZUZOAN HZE 322 EE2E2| 29| ABTs 2tC|ZE

B
N
or
A%

g 21t

N

F2b Ch2 1 ZCH B1 94.24%, 93.76%, 43.03%, B2 94.24%,

94.00%, 47.50%, B3 93.40%, 94.00%, 46.97%, B4 94.24%, 93.76%, 49.61%2| HI =

Al

HE[QACE 70°C2b 105°COIAM 2] ABTs 2tC|Z AAHs ZHE ZAn HEXNQ

SASEA Q1 HIEFE C(94.84%)0 HloH 2E0| RAStE A2Z LIEHHALH,

SEAAXO|MLE ABTs 2tC|Z AHSO0| H|EFD C of H|8| =Ao| B HE

gadts A2 LIEFLHRALY.

70°C, 105°C, sZ2Ax=0AM dAzxEl E=2=2| 7| 229 ABTs ZtC|Z

2Hs &3 ZADtE Figure 2 1t ZCH 70°C, 105°C, SZAZOIM HEE HZEZ|
Z7| 22| ABTs 2IC|ZE A2Hs FHE2 212t B1 94.48%, 93.28%, 49.61%, B2
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94.72%, 93.88%, 39.74%, B3 94.72%, 93.52%, 48.95%, B4 95.08%, 93.76%, 39.47%2|
Hel2 FFEEI/UCE 70°Ceb 105°CoM AxE =71 F0M= XSzt
OFEEZEX| 2 CHER QL E4tstx| el HIEFR C of Hlsf &M0o] FAStE A=
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—
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XtO|E 7FAICHp<0.01).
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2 MO Z A|E2| DPPH radical scavenging activity & ascorbic acid

4

AlE Aol BENMIIACE [HXSIY ZIMA|ZCH EZZ2| B1, B2, B3, B4 9

EEon HRoN AX ¥l M2 DPPH ECIZ AAS BN ZH A

rir

\l
2
o
o
%
o
of
[N
N
0
2
x
r
P
rin
H
ofr
to
ul}
|
fu
iy

2| 22| DPPH 2tC|ZE

=31 -



51.59%, 21.83%, B3 69.35%, 56.24%, 10.82%, B4 70.40%, 45.46%, 20.52%2| H| =

SEE[RAL.

70°C, 105°C, SAUZOAN HUXE E=2EZ2| ZF7| 229 ABTs ZtC|Z

k>
or

Hs FH Zite Figure 4 It ZCEH 70°C, 105°C, SZ2UX0M AXE 22 F2|

7| 229| DPPH EIC|Z AHS =™HE Z+Zt B1 71.88%, 38.27%, 18.84%, B2

A

72.09%, 44.61%, 31.16%, B3 74.63%, 42.07%, 26.87%, B4 74.00%, 42.98%, 30.59%2]

HAZ ZFHYEIACt 70°C2t 105°COIA HEE E=2Z2| 229 DPPH 2hC|Z

B
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g Zits HIEFD C(8541%)0 Hus Of Aol FASIALLE
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b welojst Kol

EoLt 70°Cet 105°COM HA=E EzE2 22 Az FF ¢t Rol0ie
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HE B2E0 5% FREY Fitets0| Ascorbic acid o HWS Of 25
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3) Total polyphenol &2 &3 ZAxt

70°C, 105°C, sZBAUXRNM AXE BEE2FE| £322 22| Total polyphenol

ook

2 58 A= Figure 5 O A LIEFLYRACE 70°C, 105°C, s ZBAXOM HZE

B2E2 2822 229 Total polyphenol &% =4 Zits ZHZH B1 93.10

ug/mL, 70.45 pg/mL, 32.10 pg/mL, B2 104.50 pg/mL, 78.54 ug/mL, 39.90 pg/mL, B3

91.40 upg/mlL, 108.08 ug/mL, 35.60 pg/mL, B4 110.10 pg/mL, 111.87 ug/mL, 42.40

=

£
|0

wg/mL o HRIZ ZFPEUCL F Hl= BHO| uge Gallic acid o S

M

LiEtE M A=E 4 & 22322 22 X322 FdMs T H= &80

i

110.10 pg/mL, 111.87 upg/mL, 4240 pg/mL 2 EZ222| B4 7| 71 =2 L

gEs 7R

70°C, 105°C, s BAXO|M AXE E=2
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o
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e
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=d A= Figure 6 O LIEFLHRACE 70°C, 105°C, SZAZOMAM A

|T
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(11
m

| 27| 22| Total polyphenol &2 54 Z3t= 242 B1 79.10 pg/mL,

116.92 pg/mL, 22.20 pg/mL, B2 69.30 pg/mL, 81.82 pg/mL, 27.30 pg/mL, B3 69.00

pg/mL, 69.95 pg/mL, 25.50 pg/mL, B4 73.40 ug/mL, 115.91 pg/mL, 26.80 ug/mL 2

HYE FHEQUCE 7| 2= & s &&0| 73.40 pg/mL, 11591 pg/mL,

2680 yg/mL 2 H2 22| B4 7} B £ HE S JMCL SHUX 2L
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ABTs radical scavenging activity (%)
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Figure 6. ABTs radical scavenging activity in different part of 4 cultivars of broccoli

floret.
All values are mean+SD(n=3)

Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
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ABTs radical scavenging activity (%)
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Figure 7. ABTs radical scavenging activity in different part of 4 cultivars of broccoli

stem.
All values are mean+SD(n=3)

Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
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Table 4. ABTs scavenging activity in broccoli powder (Unit: %)

Drying condition

Part or form

ABTs scavenging activity

Sample ) _
(ug ascorbic acid/ml)
70°CP 105°C
B1 94.24+0.00 93.76+0.001
B2 94.24+0.001 94.00+0.001
Floret
B3 93.40+0.008 94.00+0.001
) ) B4 94.24+0.000 93.76+0.001
Hot-air drying
B1 94.48+0.001 93.28+0.001
B2 94.72+0.001 93.88+0.001
Stem
B3 94.72+0.000 93.52+0.002
B4 95.08+0.001 93.76+0.000
B1 43.03+0.005°
B2 47.50+0.003?
Floret
B3 46.97+0.013°
. B4 49.61+0.0062
Freeze drying
B1 49.61+0.0062
B2 39.74+0.027°
Stem
B3 48.95+0.006°
B4 39.47+0.011°

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
"Dried temperatures
2Values are mean+SD(n=3)

Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.
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DPPH radical scavenging activity (%)
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Figure 8. DPPH radical scavenging activity in different part of 4 cultivars of broccoli

floret.
All values are mean+SD(n=3)

Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
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DPPH radical scavenging activity (%)
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Figure 9. DPPH radical scavenging activity in different part of 4 cultivars of broccoli

stem.
All values are mean+SD(n=3)

Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen

-39 -



Table 5. DPPH scavenging activity in broccoli powder (Unit: %)

DPPH scavenging activity

Drying condition  Part or form

Sample ) .
(ug ascorbic acid/ml)
70°C" 105°C
B1 69.35+0.054%  48.20+0.002%
B2 69.77+0.030*  51.59+0.004°
Floret
B3 69.35£0.0052  56.24+0.004°
) ) B4 70.40+0.008*  45.46+0.014°
Hot-air drying
B1 71.88+0.004°>  38.27+0.013¢
B2 72.09+0.001°  44.61+0.002°
Stem
B3 74.63+£0.002*  42.07+0.008°
B4 74.00+£0.003*  42.98+0.012°
B1 12.69+0.012°
B2 21.83+£0.014°
Floret
B3 10.82+0.006°
) B4 20.52+0.010°
Freeze drying
B1 18.84+0.019°
B2 31.16+0.012°
Stem
B3 26.87+0.022°
B4 30.59+0.010°

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen

Values with different letter are significant differences at p<0.01 by Scheffe’s

multiple ranged test.
" Dried temperatures

2 Values are mean+SD(n=3)
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Total phenolic content(mg/ml)
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Figure 10. Total phenolic content in different part of 4 cultivars of broccoli floret.
All values are mean+SD(n=3)

Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
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Figure 11. Total phenolic content in different part of 4 cultivars of broccoli stem.
All values are mean+SD(n=3)

Values with different letter are significant differences at p<0.01 by Scheffe's

multiple ranged test.

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
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Table 6. Total phenolic content in broccoli powder (Unit: mg/ml)

Drying condition

Part or form

Total phenolic content

Sample ) _
(ug gallic acid/ml)
70°CY 105°C
B1 93.10+0.045 70.45+0.000¢°
B2 104.50+0.012° 78.54+0.001¢
Floret
B3 91.40+0.032¢ 108.08+0.001°
) ) B4 110.10+0.0372  111.87+0.0012
Hot-air drying
B1 79.10+0.0272 116.92+0.0012
B2 69.30+0.028° 81.82+0.002¢
Stem
B3 69.00+0.022° 69.95+0.001¢
B4 73.40+0.039%*  115.91+0.000°
B1 32.10+0.000¢
B2 39.90+0.002°
Floret
B3 35.60+0.001¢
B4 42.40+0.0012
Freeze drying
B1 22.20+0.001¢
B2 27.30+0.001°
Stem
B3 25.50+0.000°
B4 26.80+0.0012

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen

Values with different letter are significant differences at p<0.01 by Scheffe’s

multiple ranged test.
" Dried temperatures

2 Values are mean+SD(n=3)
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Table 7. Surface color of 4 different broccoli power cultivars prepared by different

drying methods & temperatures

Drying Part Color Value?
- or Sample
condition
form L* a* b*
B1 718242290  -7.55+0.15°  20.54+0.23b
Hotairdrying p .., B2  7283+061° -6.45+0.58%  21.63+0.65%
B3  69.77+133% -6.25+045% 22.99+0.61
at 70°C B4  72.60+0.66° -586+0.28"  21.09+0.72
& 21 houre B1 77.23+067°  -027+0.14°  19.90+0.15b¢
B2 79.63+025% -049+009°  19.81+0.24¢
MOM s g163+075%  -4.124086° 1931017
B4  7972+007° -2.16+0.52>  19.48+0.77¢
B1 5621+1.12°  3.96+023°  14.08+0.31%®
Hotair drying ¢ B2 5550+0.57°  3.59+025°  13.66+0.43P
B3 582640432  2.09+0.04>  15.15+0.36°
at 105°C B4  5520+039°  3.44+029°  13.98+0.25P
2 5 hours B1 56.28+0.14>  5.82+021°  12.84+0.61°
B2  56.18+027°  623+0.04° 14.01+0.16%®
dtem g3 58.34+049°  6.02+022°  15.04+0.20°
B4  5871+027°  627+0.15°  15.22+0.45°
B1 29524250°  -555+036°  6.90+0.622
ot B2 2596+068> -2.89+031°  4.03+0.02¢
B3 2443+158  -475+021>  5.40+0.39"
, B4  2143+051° -441+099>  5.63+1.59
Freeze drying B1 374342550 -10.70+1.28° 21.19+1.90°
B2  2834+0.73° -6.66+1.13°  12.33+1.92¢
MOM B3 30804508°  -6.874365°  1656+5.87"
B4  43.17+384° -7.13+576° 20.16+6.56°

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen

DL*: degree of lightness, a*: degree of redness, b*: degree of yellowness

- 46 -



4. 234 (Solubility) 53 Zt
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Table 8. Solubility in different part of 4 cultivars broccoli powder prepared

different drying methods & temperatures

Drying condition Solubility (%)

Part or form Sample
B1 34.62+0.37°2
Hot-air drying Floret B2 35.99+2.23°
B3 32.03+1.28P
at 70°C & 21 B4 33.69+1.16°
h B1 35.83+0.70°
ours

B2 38.56+0.52°2

Stem
B3 39.10+£0.43°
B4 35.42+0.95°
B1 22.01+£0.43°
Hot-air drying Floret B2 20.48+2.29%°
B3 18.16+0.15°
at 105°C &5 B4 19.67+0.62%
h B1 23.31+£0.762

ours

B2 23.95+0.35°

Stem
B3 21.44+2 952
B4 23.25+2.60°
B1 32.91+0.41°
B2 35.54+1.012

Floret
B3 35.30+1.282°
. B4 33.30+0.572°

Freeze drying

B1 29.16+0.66°¢
B2 35.69+1.9220

Stem
B3 37.22+0.95°2
B4 33.32+1.04b

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen

2Values are mean+SD(n=3)
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Table 9. Operating conditions of HPLC for analysis sulforaphane extracts

[tem Conditions

HPLC system(Hitachi High-Tech Science

Instrument
Corporation, Minato-ku, Tokyo, Japan)
Column Type ZORBAX Eclipse Plus C18 4.6 x 250 nm, 5 pm
Column temperature 36°C
Mobile phase Acentonitrile/ Distilled water (30:70)
Flow rate 0.6 mL/min
Detector 5410 UV(202 nm)
Injection Volume 10 pe
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Table 10. Sulforaphane Concentration in different part of 4 cultivars of fresh

broccoli
Sulforaphane
Part or form Sample concentration
(ug/g)FW"
B1 580.00+0.47°2
B2 520.00+0.75¢
Floret
B3 540.00+0.59¢
B4 610.00+1.232
B1 230.00+0.34°
B2 100.00+0.12°¢
Stem
B3 80.00+0.06¢
B4 550.00+0.022

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
" Fresh weight

dValues are mean+SD(n=3)
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Table 11. Sulforaphane Concentration in different part of 4 cultivars of broccoli

powder prepared by different drying methods & temperatures

Part or form Sample Dry condition (ug/g)DW?"
70°C 105°C SEU=x

B1 46.67+5.8% 156.67+5.8% 16.67+5.8°

Floret B2 120.00+0.0° 146.67+5.8®° 66.67+5.8°
B3 173.33+5.82 110.00+0.0¢ 60.00+0.0°
B4 50.00+£0.0¢  140.00+0.0° 30.00+0.0°
B1 16.67+5.8° 13.33+58° 11.67+2.9°
B2 13.33£5.8° 36.67+58° 11.67+29°

otem B3 63.33+5.82  13.33+5.82  10.00+0.0°
B4 30.00+0.0°  70.00+0.0° ND

B1: SK3-085, B2: New-Tamnagreen, B3: Hallagreen, B4: Samdagreen
" Dry weight

dValues are mean+SD(n=3)
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Figure 12. HPLC chromatograms of sulforaphane standard

S 400 +
<E’: Sulforaphane
R "
o |
- 0-|' e 1 ' T .
0 10 15 20
Time
Measurement Data
5410 UV Detector Ch1 Sample ID: Standard (202 nm)
Peak Detect Detailed Result
Compounds RT Area Area% Height
Sulforaphane 9.060 11562907 94.446 605781

- 54 -




Calibration Curve (5410 UV Detector sulforaphane 1)
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Figure 13. HPLC chromatograms of Sulforaphane Standard curve.
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Figure 14. HPLC chromatograms of sulforaphane in floret fresh broccoli
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Figure 15. HPLC chromatograms of sulforaphane in floret fresh broccoli
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Figure 16. HPLC chromatograms of sulforaphane in floret fresh broccoli
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Figure 17. HPLC chromatograms of sulforaphane in floret fresh broccoli
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Figure 18. HPLC chromatograms of sulforaphane in stem fresh broccoli
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Figure 19. HPLC chromatograms of sulforaphane in stem fresh broccoli
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Figure 20. HPLC chromatograms of sulforaphane in stem fresh broccoli
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Figure 21. HPLC chromatograms of sulforaphane in stem fresh broccoli
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