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SUMMARY

I. Title

Development of Processed Foods and Food Materials from Brassica oleracea

var. Capita

0. Objectives and Importance of the Project

Cultivation of cabbage has continuously increased due to its delicious,
nutritious, and health-stimulating properties. The processing of edible cabbage,
however, has may difficulties since the vegetable generally contains 85 ~ 95%
water. Therefore, consumption of cabbage is more efficient when developed as
convenience food. The objective of this study was to develop the food materials

and processing technology for Brassica oleracea.

M. Results of the Project

Section 1. Development of Processed Foods and Food Materials from

Brassica oleracea var. capita

Vegetable such as broccoli, kale and cabbage contain phytochemicals as well
as vitamins and minerals. Phytochemicals in cabbage include caffeic acid,

chlorogenic acid and ferulic acid, coumaric acid which are reported as

antioxidants.



The objective of this study was to characterize physiological activities such as
electron donating ability, SOD-like activity, nitrite scavenging activity and the
tyrosinase inhibitiry activity of Brassica oleracea. var. capita extracts. Three
varieties of Brassica oleracea. var. capita (Bonus, Summer power and Ruby star)
were cleaned, air-dried at 45C, ground and extracted using water and ethanol
(50 and 100%) for one hours.

Physiological activities of Bonus, Summer power and Ruby star species of
Brassica oleracea var. capita were examined. Yield, total polyphenol contents,
electron donating ability(EDA), SOD-like activity, tyrosinase inhibitory activity
and nitrite scavenging activity were examined for extracts Brassica oleracea var.
capita extracted with water, 50% and 1009 ethanol. Yields of all samples were
increased in the order of water>50% ethyl alcohol>100% ethyl alcohol. Total
polyphenolic contents were highest level in the water extracts of Ruby star
species(424.50£10 mg%), and those of Bonus and Summer power species extracts
were similar. Also, electron donating abilities of Ruby star extracts were
highest(86.70~99.54%), but those of Summer power extracts were less than 1%
L-ascorbate solution. SOD-like activities were not detected for water extracts of
Bonus and Summer power species, but that of Ruby star species showed 10.44%.
And those of 50% and 100% ethyl alcohol extracts for all samples were 41.62~
61.69%, these values less than 1% and 0.1% L-ascorbate solution.. Tyrosinase
inhibitory activities of all samples were highest in the 50% ethyl alcohol extracts,
and those of samples were similar or better than 0.1%6 L-ascorbate solution.
Nitrite scavenging activities at pH 1.2 were the most effective in water and 50%

ethyl alcohol extracts of all samples.

- 10 -



Section 2. Optimization Modelling of Extraction and Processing

Conditions for Effective Components of Brassica oleracea L.

The objective of this study was to establish fundamental technologies and
techniques for Brossica oleacea 1. as functional processing materials by
screening and extracting its effective components. According to the superior
extraction efficiency of microwave-assisted extraction (MAE) to conventional
reflux method, optimal conditions of MAE were predicted for total yield, total
phenolics, electron donating ability(EDA), and physiologically-active sulforaphane
and allyl isothiocyanate contents. Besides, each regression model was validated
by comparing between the predicted and experimental values for the
corresponding extracts.

Based on the fundamental conditions of 20 mesh in particle size and 1:10
(g/mL) (raw) / 1:50 (g/mL) (flake) in the sample to solvent ratio, the MAE
characteristics of effective components from Brossica oleacea L. were monitored
under the independent variables of microwave power (0~160 W, X;j), ethanol
concentration (0~100%, X2) and extraction time (1~5 min, X3). The results showed that
the extract yield in raw samples increased at the conditions of 130 W microwave
power, less than 40% of ethanol concentration, and more than 4 min of extraction
time, which was similar to the flake samples. Total phenolics contents in extracts
increased at higher than 509 solvent concentration under 70 to 90 W of
microwave power and about 4 min of extraction time.

The sulforaphanes in extracts from raw samples showed an increased contents
under the conditions of higher than 60% of ethanol concentration, higher power,
and shorter extraction time. Whereas, around 30 W of power and 10% of solvent
concentration were optimal for the flake samples. The ally isothiocycanates were
effectively extracted for around 3 min of MAP under less than 60% ethanol and 120 W

power for raw samples and 10% ethanol and lower than 40 W for flake samples,

11 -



respectively.

The optimal extraction conditions of MAP for both total yield and sulforaphane
contents were predicted as 50% of ethanol, 100 W powder, and 35 min for raw
samples, while 20% ethanol, 30 W, and 4.7 min for flake samples. These predicted
optimal values were in good agreement with the experimental values.

The storage stability of optimized extracts were evaluated for 8 weeks’ of
storage at 20C and 40C following heat treatments at 90C for 15 min. The flake
extracts were more stable than the extracts from raw cabbage in terms of
effective components. However, sulforaphane and ally isothiocyanate contents
were gradually reduced with the lapse of storage time, which supports the
necessity of a means of protecting them from decreases in final products.

The cabbage beverage and soup were prepared with the optimized extracts by
adding minor ingredients through sensory evaluations based on response surface
methodology. The regression equation models of each dependent variable for
Brossica oleacea L. were successively applied to broccoli and red cabbage for
their processing of the above recipes, which were verified by obtaining the
reasonable sensory scores.

Microwave-assisted extraction (MAE) is shown more environmental-friendly
and economical process with advantages of selective heating and subsequent
extraction for certain phytochemicals from natural materials. In view of these
findings, the MAP extraction can be practically applied to the flake cabbage and
its family in order to extract effective components for the purpose of value-added

processing.

- 12 -
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water, 50 % 100% ethanolS A}-&83}% 12
= I (w/v)E AH&ste] Fig. 19 28 Wi o= Atk 5 a9 dA e
2 FEUH B2 FEAE dEF FE5S A8 4 5359 FiF AEE ARl
Alsted 0.5 mme A7 & AdE & 40T =%oA dF

3 7] (Kaiser, KFEN-400S, % 2=E714(5), 3=)& A}&3te] 0.5 mm ©]ste] A7 =

=2
i
ry
p‘L
=)
X
>
o
PL
2
+
_{
"

243 & 0.3 mm PE filmoll 2% £33t Wxu
Sl 2% water, 50 % 100% ethanolS AFEsle] &vjEe AE S 254, 504,

1004 &) F-39(w/v)E FiEste] Fig. 29 22 W oE FEo A&ttt

Brassica oleracea L. raw materials 10 g
o
Extracted with water, 50 and 100% ethanol
250 mL at 50C for 1 hr
3 times repeat
g
Filtered with whatman filter paper No 2.
od
Evaporated under reduced pressure
o
100 mL mess up with distilled water
g

Brassica oleracea L. extracts

Fig. 1. Procedure to prepared Brassica oleracea L. extract for measuring

physiological activities.
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Brassica oleracea L. air-dried powder 10 g
o
Extracted with water, 50 and 100% ethanol
250, 500, 1000 mL at 50C for 1 hr
3 times repeat
g
Filtered with whatman filter paper No 2.
od
Evaporated under reduced pressure
o
100 mL mess up with distilled water
g

Brassica oleracea L. extracts

Fig. 2. Procedure to prepared Brassica oleracea L. extract for measuring

physiological activities.
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et 53 & AF2E(Forced convection oven, Jeico Tech, Korea)& ©] &3}

FaAzE9e Ao Fuol A WA Axd F 2E zAld A}
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&3 98 A=l U 1gE F8(%, db)= YERAH

of

(16)
R

(electron donating abilities, EDA)< Kang 59

op

FE=E9 gzt
g3slo] Zhzbel FEFEo| g DPPH(a, a-diphenyl-picrylhydrazyl)e] HAbaol=®
Bz ozt AR #98e AT &, FEE 1 mLol 4x10° M DPPH £9)
(99.9% EtOHOl &38) 1 mL& 7tate] FHe] F37F 2 mL7b S =5 shglv. o] wb
SHE o 1027 st Aol 308 WA & EFFEAUV/VIS
spectrometer, Jasco, Japan)E AF&3Fo] 525 nmolA SHEE AUt AT

EoHs F2E) A7 A - Fo Aol MELR e
o (1 A
EDA(%)=(1 B)xloo

# A7h7e FY

B RANT FHE

>
A
oy

oo
A
oy

}) Superoxide dismutase(SOD) A4
SOD fAFEA 9] =H & Marklund®t Marklunde] HH<S HE3 Kim 59 W4
g o] gate] AAEYL} F 2 3229 Y $%3 F tris-HCI buffer(50 mM

tris[hydroxymethyllamino-methane+10 mM EDTA, pH 85)Z o¢|&3o] pH 85=%
24" AEYS HEJY. 4 AlR 0.2 mLol pH 852 XA tris-HCl buffer(50

=2 A
mM trislhydroxymethyllamino-methane+10 mM EDTA) 3 mL¢ 72 mM
pyrogallol 0.2 mLE 7}staz 25ColA 1083 WXg & 1 N HCl 1 mLZ ¥gS
AAANZ F B33 A(UV/ VIS spectrometer, Jasco, Japan)Z ©]-&3l¢] 420 nm

T o
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EFu ATt

A B

t}) Tyrosinase A3 &3}
Tyrosinase A8 &¥ =4 Wong 59 "Wl wet Z481%01 tyrosinase

Z38 9L mushroom tyrosinase(Sigma, T7755, 110 units/mL)& 50 mM sodium
gafste] A& Y. gAaAgAe AL 10 mM

=9 01 mLE 7fetal &%

phosphate buffer(pH 7.0)°ll
=

catechol & 2.8 mLel| tyrosinase =249 0.2 mL, F
FE=A(UV/VIS spectrometer, Jasco, Japan)E& AF&3}e] 420 nmell A
A3ttt tyrosinased] Wg S48 A& &= GAIZEE WstE 27

=

of Wakghe S8k vl Aol o) ALt

k1

Inhibitory effec %)= {1— (A—EB )} <100

+ Folins—-Denis %
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9 1/2 I RS ALE3A , 314 5 mLel Folin reagent 5 mL< 7}8}al 3%
b AAF g 5 mLe 10% NaCOs& A4S 7hatsinh o] E3dAS 147 5ok 4
g 5 L33 A (UV/VIS spectrometer, Jasco, Japan)E Ab&ste]l 760 nmolA &

BEE FA3IaL (+)cateching o] &3to] A3 EFHo=2RY F s T

S mg%E At

v}l) ACE inhibition effects

9k F FEE 9 ACE(angiotensin I —converting enzyme) A&l 28-S Crushman
7 Cheung® WH™& Wgste] AU 58 50 uLel 450 mM NaCle 3Hr
3= 100 mM sodium borate buffer(pH 83) 100 wLE 7}tz 5 mM
hippuryl-histidyl-leucine(300 mM NaCl2 &3+ 100 mM sodium borate
buffer(pH 8.3)ell &3l) 50 pL& 7}k § 37°CelA 10&37F MujFstsiet. o] vhg<f
o] ACE &4 50 uL& 7+ste] 37CelA 30&7F w-gA1z1 % 1.75 N HCI 100 p
LE 718t 98-S =8 A AT o7]9 ethyl acetate 1 mLE 7}8le] A& & A=
A 05 mLE FH3te] 100CoAA 1A A2AA /75 1 mLE 7H8te] &3A
71 & B33 AUV/VIS spectrometer, Jasco, Japan)E ©]&3}o] 228 nmol A

FrE FAT F ofyet o] AT o] W FAFELS FE= WA FFT
50 uLE 7F8t¥a "z 1.75 N HCI 100 pL& 713 & ACE =
A7bete] wEgAIFA T ACE A3l avte FE2E9 H7b A - 59 Fd59 AolE

TE&2 YeEhdY

¢

oy

ACE A81(%) = (1— ~5)x100

A FEE AMPY FYE
B: #&% T F4%
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v opA At AAREe 4

tad)

oAt A7 & I (nitrite-scavenging effect)= Gray 59 WMoz =439
, 1 mM oFEAVMESR &4 1 mLel 42 FEES 2 mL& 7ketal o 7]
01 N 94HpH 12) & 02 N F14F 589 (pH 3.0, 4.2 pH 6.0)0& 7 mL 7}3s
HE-g&-g o] pHE ZH7t 1.2, 3.0, 42 2 6002 ZE3le] Hkggde HIE 10
mL=E &ttt o] & 37TCelA 1AZF & w3AZ o wgds 1 mL¥ FHsha
of7le 2% =4 5 mL, Griess A]%Facetic acid®l] 1% sulfanylic acid®} 1%

nt
I

naphthylamines 1:1 Bl &2 E33 2102 AHE Ao #Ax) 04 mLE 7Fste] &
EAAA 15ET AoA] HAAZ T B33 FTA(UV/VIS spectrometer, Jasco,
Japan)& AR&3te] 520 nmoll A F3 & SAHste] IEehe ofAAAFS Skt
a3 2T Griess A1 Al /4 04 mLE 7Fste] 7)ok sLskA st

Atk obEdAE a7 FE HIMAFO opHAE WMEE (%2 E718 AT

NS = (1= (A5E)) <100

N : o}dAYd A2A&
A 1 mM NaNO; & A5 H7lste] 1A H3AZ §9 S3=
B : 1 mM NaNO, &) Algtal S5775 d7kste] 1413 vESAIR F9] $4=
C: AR FEE AA9 3=

U FE234E S B4 2 HY 221 4A

FExA dudAge] deg VxAFoEM AR dig Sujud, oeE ¥
=2

, FETRE S]] FE2 HAHE oA TlExder &85
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Table 1. level in extraction conditions of cabbage(Bonus, Summer power

and Ruby star) based on central composite design

Level

Extraction conditions

Ratio of solvent to sample 10 15 20 25 30

content(mL/g)
Ethanol concentration(%) 0 25 50 75 100
Extraction temperature(C) 35 50 65 80 9%
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Table 2. Central composite design for optimization of extraction conditions

of cabbage(Bonus, Summer power and Ruby star)

Ratio of solvent

Experiment Ethanol Extraction
Number” Sar(nlflf /gcfntem concentration(%) ~ Temperature(C)
1 15(-1) 25(-1) 50(-1)

2 15(-1) 25(-1) 80( 1)

3 15(-1) 75( 1) 50(-1)

4 15(-1) 75( 1) 80( 1)

5 25( 1) 25(-1) 50(-1)

6 25( 1) 25(-1) 80( 1)

7 25( 1) 75( 1) 50(-1)

8 25( 1) 75( 1) 80( 1)

9 20( 0) 50( 0) 65( 0)

10 20( 0) 50( 0) 65( 0)

11 10(-2) 50( 0) 65( 0)

12 30( 2) 50( 0) 65( 0)

13 20( 0) 0(-2) 65( 0)

14 20( 0) 100( 2) 65( 0)

15 20( 0) 50( 0) 35(-2)

16 20( 0) 50( 0) 95( 2)

YThe number of experimental conditions by central composite design.
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(FA) 0 < LW =) > 100 (94)

(5A) 80 <—mmmmmm—- a(A M) e > 100 (#41)

(A =70 <-mmmmmmes [ R > 70 (3A)
) g e

B 660 nmollA FHEE FA45IY FHT 100% FHEE 7o 2 3Fo] H

lE—_‘I__
w22 Yty 94 F3, 50% EtOH, 75% EtOH F% A F&948 Al Ao A
E}

) fFEd
dulF FEEY FEYE 242 Sulxdd met FE3 S 5000xgol A 10
B dAE g3 thS membrane filter(pore size 0.2 pm)E o33t oS Fa 9

2 ANBE ALEEAT. B AFR3F fructose, glucose, sucrose % manitol 5 &

Sigma(USA)AF 2™, HPLC 4% Table 33 2t}
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Table 3. Operating cinditions of HPLC for free sugar analysis

Jasco HPLC System(PU-980, Jasco, Japan)

Instrument

Carbohydrate(4.60 x 250 mm, Waters, U.S.A)

40T

Column

Column oven

: H0(75 @ 25)

Acetonitrile

Eluent

1.0 mL/min

2.0 mm/min

Flow rate

Chart speed

RI(RI-1530, Jasco, Japan)

10.0 uL

Detector

Injection volume
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Ja
=)

Ful % 2B F8E 3~4% W)E EZe Aok UEhbA @tk E
g

quisre] EEe] 49 B 2 e Aol Aol 2 5 gdloy, $94 F
o) A9 100% Ee FET Faol AF 2 FAAA.

Table 4. Yield of Brassica oleracea for three species and extract

condition”
(unit : %, raw base)
Species Et-OH conc. (%) Yield (%)
0 3.94%
Bonus 50 3.97
100 4.01
0 3.44
Summer power 50 3.42
100 3.13
0 3.69
Ruby star 50 3.38
100 2.97

YExtraction was performed for one hour at 50°C on mixture composed 1 g and
25 mL of ethyl alcohol.

“Means are three replication.
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7}) Electron donating ability(EDA, %)

AaTb |y A GS5ukge] wdol A Mol ofo wojtomM Abae= 14A 3
¥ superoxideE AA3H o]FHA AAHE superoxides= AlE FHE H.O0E A
g3ttt olu] superoxide= AAle] AFstA Ao s gl ol2ld AFshA  free
radical & 47 - #allste= Akt =49 A4 AdAR dage] 2§ =AM a9
Ao AAF s =4S DPPH(, 1-diphenyl-2-picryl hydrazl) o)z A2AH o=
ZA4st=dl DPPHE 24 W radicals $Hf-she] th& free radicalE? 2 ¥ sto] <t
Ag complexE s o] FAFst Aol Sl =d 3 vy o] A7
olj o] DPPHS®] ii-f9] Aol elojA=
AAF oS A3} 3gH oz 29 radicale] A9 lipoxygenase®] 2]3F =1
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T 9grle AA WM FE dodle TAMAE &7 - AAT F dveE 7%l
e £oltd. &§ HAFo 5 o] phenolic acids®t flavonoids ¥ 7]1€} phenold &
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Fig. 3. Electron donating ability(EDA) of Brassica oleracea for Bonus
species and extraction solvents. (W water, ' 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g and 25

mL of ethyl alcohol.)
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Fig. 4. Electron donating ability(EDA) of Brassica oleracea for Summer
power species and extraction solvents. (ll: water, 3 50% Et-OH, (I 100%
Et-OH, Extraction was performed for one hour at 50C on mixture composed 1 g

and 25 mL of ethyl alcohol.)
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Fig. 5. Electron donating ability(EDA) of Brassica oleracea for Ruby star
species and extraction solvents. (Il water, El: 50% Et-OH, (J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g and 25

mL of ethyl alcohol.)
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}) SOD(Superoxide dismutase)-like activity
Superoxide dismutase= A A W superoxide radical(O; )& AtA= Ab3pA|A F

A FHHAZA, AL U] Y HLF BAHFER ABAIE WG Zujshs

o,

Zolth. SOD fAted =4de @
EdE2E AA W SODeH= 5471 JAAIRE o]e] dF o8 SOD¢ #8724 o=
15k Q1A elAe] o] Falste] TR SOD FAMEA Edojg R
Ak o2 HA AAhFoles HER C7F b A FxA HE FReA T o
ow HEW CE 2 AA7F =& SOD FAIEAS UelE Ao=

1:0{1

AbAao] A|WFE-A E superoxide anion®] # 3
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FE8 L FFo| wE FujF9 SOD FAFEAlS Fig. 6, 7 2 8ol e AT
Fig. 614 H&= 8} 2ol 5 Bonus)EF9 4% & % 50% e FEol A
= Aol AF UehA &gkon 100% o FETolAE 3231%9 A4S w

oo Ay FF A B FETAAE 40 e, 50% olee FE
ME 14.12%, 100% ol €-e FEFolE 47.99% 2 Yelhd 538 F53 vpRrbAz
100% ol ghs FETolA 744

FEH v E B 9 50% olehE FETIAE 247 0, 1805% = 1 Ao m
oFatL}, 100% g FETolM = 7275% 2 Aol mj$- =4 YEyd(Fig. 8). &
3] 100% ol gre FE79 S

D FAEA S " E A2 L-ascorbic acidel] ®]siA =
vro oy o Jro] fAEAE S VA= Aow HuyH )

Uepskth el B8 @719 SOD AR d# wnel A 80% WEHS, 75%
SIHE B A4 53 2L FEEud BE FRF Aot YEuA e wheha

pyrogallol®] A&4tslE A= Hofstes 222 AEAd wef FEF gy
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FAs} o] gy, & A4 AHEE dulF9 Z$ SOD FAHEAE vdehlE
Z0] g 3 FEHE A2 AIHAT. SOD AFA Al dAAo] Hoju
I SOD¢ fAbet E4E dele £2& ¥4 AAsd ol SODY AEd

phenol® &2 Ao B3 b gl
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Fig. 6. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Bonus species and extraction solvents. (l: water, [£: 50% Et-OH, [J: 100%

Et-OH, Extraction was performed for one hour at 50C on mixture composed 1 g

and 25 mL of ethyl alcohol.)
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Fig. 7. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Summer power species and extraction solvents. (M water, £3: 50% Et-OH,
[J: 100% Et-OH, Extraction was performed for one hour at 50C on mixture

composed 1 g and 25 mL of ethy! alcohol.)
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Fig. 8. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Ruby star species and extraction solvents. (Ml: water, E3: 50% Et-OH, [
100% Et-OH, Extraction was performed for one hour at 50C on mixture

composed 1 g and 25 mL of ethyl alcohol.)
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t}) Tyrosinase inhibitory effects(%)

Tyrosinase(Dihydroxy-L-phenylalanine oxygen oxidoreductase, EC 1.14.18.1)%&
W W99 phenoldtet=S 7IHR o] &ste Az ARSE dod|= AR 9
254 2450 ThEoly AR T ARistate dcle] HTh o & Ao 4
o] AZERE oyt FFm g ggrt Fol A AR FFS Foh
Tyrosinase® BERIERS Q1A ¢ hypepigmentation 2] 2.9 o] &5 =
4-hydroxyanisole, hydroquinone, 4-hexyresorcinol tropolne, cinnamic acid, bezoic
acid, kojic acid &°] Hil %31 glov obdAd, AAA ol AT Ut

Fig. 9, 10 3 112 &5, Avae], 394 & A 7HA dilF 5359 & F==,
o EtE FEHEZ tyrosinase? catechold] T3+ Atz ZAW3l Adx) axE =43 2
Holth. FEH 9 AW FFO BE B FEE0] 77 2219, 25699% % Aeke F
=& Y8l tyrosinasedl g Al zHgo] A YEMET 100% o ®E F
7} 595, 57.99% % 50%°lde] =2 Asads Yehlddt 53 94 FF9
T B FEEAA 6453%° AMEtE BAom, 50% H 100% ogs F=F
A= 9088 H 99.16% o] el Wi ¢k AsAES YElAT HlalEEd 1 H
0.1% L-ascorbic acid &H-& Z+zF 100, 41.5%¢ A& &32 velydesd, 344
Exo &L FEE9 F$ 0.1% L-ascorbic acid®tt ¢33, 1% L-ascorbic

Hol F&shs Feor YEy tE FFol v PPOTel 93 &
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Fig. 9. Tyrosinase inhibition effects(%) of Brassica oleracea for Bonus
species and extraction solvents. (I water, £3: 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50°C on mixture composed 1 g and 25

mL of ethyl alcohol)
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Fig. 10. Tyrosinase inhibition effects(%) of Brassica oleracea for Summer
power species and extraction solvents. (W water, £3: 50% Et-OH, [J]: 100%

Et-OH, Extraction was performed for one hour at 50C on mixture composed 1 g

and 25 mL of ethyl alcohol)
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Fig. 11. Tyrosinase inhibition effects(%) of Brassica oleracea for Ruby
star species and extraction solvents. (W: water, . 50% Et-OH, [J: 100%
Et-OH, Extraction was performed for one hour at 50C on mixture composed 1 g

and 25 mL of ethyl alcohol)

2}) Angiotensin I -converting enzyme inhibition activity

Y¥YGE B 7 F A renin-angiotensin systemo] ¥ ¢t Ao n|$- F23 o
g3 3t} 53 angioténsin converting enzyme(ACE)Y reninol 2l3te AAH
decapeptideq! angiotensin 1 &2 ¥ C-2 2 dipeptideE 7I-EAAFNOZH 7
H3 YB35 2F8E 2= octapeptided) angiotensin IS A3t @A @8t
£ faold, MA4Y angiotensin € 28¢ YBFELIEE 7149, ACEE E¢
F@pol 282 72 nonapeptide! bradykining EEAFAFPoLZHN Aj}HoR
e AsAdle AEE 7HRY, Angiotensin I7F 5 7FE W catecholamine ;o]
F7td 3, g@o) +550, FA Folx ZZ 22l aldosteroned] #H|[7F Fdt
oo} wa} Na' L FEujdoe] A= ¢HPYsFo] F715 0] HFeE do
o WM ACE 494 da5E5E 41 AW FEAFE To 4E ¥5<€
E3E YEdo
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8, AV, $93H 5 A b FF ujEo] ujste] FH g we

Angiotensin I —converting enzyme A3|Z8S A3 A= Fig. 129 2 Al

3L % =
e BT

o &Ado]l 77t 40.76, 41.65, 38.88%= of &

d
e
e
ffo
e
e
1
f
v)

v ek5t A Y. &, angiotensin I —converting enzyme A 3| 2}-8-o #oJsl= FujF
o o

_Cl>__
o 7 EEZ &ulel feiMetrl iy ol B Bol FEH= A

& 2744 captopril, enalapril® #-2 318kt ACE AsiAl7F d2 853 A

2 peptide =3 o] Edstel a7t gl= Ao Weol B Ha glow
flavonoid, B, sl=F, FF SolA 2 &34E AlFgk v} Q) Zuhair 52 EH
A 189 F(spontaneously hypertensive rat)ol] ZHE] Fo] Al dgAs a3
Hagk np Qlth Matsubara 5% #HI oA gk ZefR-o]=of fiste] A
ACE AsiA =9 7}1s4S AAet
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Fig. 12. Angiotensin I converting enzyme(ACE) inhibition effects(%) of
Brassica oleracea for three species and extraction solvents. (M: water, £
50% Et-OH, [I: 100% Et-OH, Extraction was performed for one hour at 50°C on

mixture composed 1 g and 25 mL of ethyl alcohol.)

v}) Total polyphenol contents

Fig. 13& &, Hvigg, 3493 5 4 714 di: F239 & 38 2 dge
F2Eo &% total polyphenol ##F & cateching 71EFEAR 3o 2A3 Ao
o 5 FF €T =70, 50, 100% ¥ ® F2% € polyphenole] & zhzt
3304, 36.77, 3551 mg%2 FRFHAYCr, Hoidy FF B, A7 3435 3660,
3781 mg%E qetwth T8 L vy FF9 polyphenol FFE& B FEE3
) FET0Y FFo) HxT o2 YUY FEE4Y dE 9IS B
Ak, THAH EF A$, F5Evol wet polyphenol o] 18574, 171.70, 142.92
mg%2 73509, ttE& F5) H8) polyphenol o) wj$- A eyt o
g F39c €9 € FEEAMY FHFo] dEE FEE I A UdEY, FY
A FF9 phenolEd & £ujRtE £ g3 O Hol FEHE Aoz #AHHI
.
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53 94 FEe Qe ANL b0 FFow e EFel el polyphenol
D Aol T @] ol

o
AE Q) o= EEZ =79 antocyanin MAE

gt ¥ herb, MAaF, F7F T £ AEA Y crude extracti= A FFPA A2 T

Aol Foistar &=, o]lFo] A A9 its 4y EIE AAAA HEY FE 9L IY
7 A 717 wtolth @bl EA] e A4, Y, 9 oilseed, =, U
FAA 9 B spiced, herb 53 L 2 E9 oy HedA S $ Ak

Phenolic acid, stilbenes, tannins, lignans, lignin 3% %<2 flavonoid®} 2 =&

phenol & 58 9 9 24, S/ A} 2 W B dngow Ei

2]
flavonoid= FEH o=z 2 dujel Ao ME AF 3t} Phenolic AEES aAk3stA
gL F=2 4sEd 5o ot Aoz 1 AA|ZF reducing agent, hydrogen
donators, singlet oxygen quencher®] &g 3l FZEo]2o W3] chelation
potential& 7}A 12 @lt}. Caffeic, chlorogenic, ferulic, sinapic, p—coumaric acid 52
phenolic acid £ p-hydroxybenzoic, vanillic and syringic acid 53} Z-< benzoic
acid®] hyxroxy f+EARTUE dikstddol o =2 Ao= Yehya Qrd 3 o
—tocopherol& in vitroAroll 4] chain-breaking antioxydants® 7} =3 &
o], carotenoids HA] AFsH £Abo] itk REHES /MR 1o singlet

oxygen< [i—carotene®| 2|3 wl-¢- s A= AR LA Ut
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Fig. 13. Total polyphenol contents(mg%) of Brassica oleracea for three
species and extraction solvents. (W water, [E: 50% Et-OH, (J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g and 25

mL of ethyl alcohol.)

B}) Nitrite scavenging ability

doto] BAE 42 4l nitrite® S E JMAL UI, nitrate= AW, A9
A EaFE 98 nitriteR BAH7) W E) HFE ol WAL A, AFEU
aminef 2t W&t LLEAQ  nitrosamined AAFI:, EF HY Fo
hemoglobin®] 4l3}5 o] methemoglobing &4 8l methemoglobin® ¢ &4& &
5 9ole ALz <A Uvh weEbA ol o}AAFE 2A - AASS 29
FRgE AYe A4AY & Ax AAS A0 o AF7F Baseh Ascorbatest
2L FYEHo] otFadT WEIT mitrosamine?d] AL AT £ glow,
Gray 5 phenold 33E9¢ tannic acid FEAE 2E B&8 9 N-nitrosamine
4 ANAR ALESAT EF okAFY FAE T FE£E| nitrited AATNY
I A¥8E AAE £ e THol A ALE g8 A vk

5 2 &g duiF: FEEY olFAE 2AZELS Table 59 2ok &4 %9
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Al oA AATHE S FEEvd WE AolE B 5 e, pHe 7ol uwhet
Hadte] pHel s oA S & 5 AUAnh vk, pH 6404 2} FF9 & FF
| & =4 JEgt s5 2 Au o] FF%
S aATH M= Bdtglon, pH 1.2 Z2AME 70% W2 vasdz ALS
® 01 % 1% L-ascorbic acid &9 &A%} 553 FFo= YW 97 W

S pH £ lA nitrosamine©] fA FAHEZ v pHelA ofdaty 27 #H&

o
rlo
=
mu)
fio
o
i
it
o
s
:OI:
I
e
o,

(e}

A& nitrosamine A S Ao R A= o] dL&S guEtt &
42 FTE pH 12014 opdared 27 5ol 90% oldo= v
1% L-ascorbic acid €H4HoE 3ttt 5 TE4 FT2 o& F5o vldl

FRHow 2AsEY 7oe Ao AT}

-,
rit

Z}% phenolXd 3}$HE2 AR ZZA oA N-nitromopholine #4, & nitrosod HWHg-
S Z#E 3 A JAsH, dihydrophenol 7} nitrous acidoll €3] quinonel @ A3} a1

nitrous acide= 313+ nitric oxide® W3lE Tl wElA o]21%k phenolXd 33 E

rlo

amines ¢t WS 4 9 nitriteE nitrite oxide® W3HA|71H, phenolid 3} FFE =
gt nitrosating agentoll ©]&] #pAlo] AbslE o] quinonel ® Atsly = kI A R A

3 HE2 ZA3AH o2 phenol 71l free hydroxy group? F+ T34 I=

A

2 o]# 3 phenold 3F3HE<l ZujEE 7]22 C-nitrosate ¥ quinoned =3
caffeic acid, ferulic acid, catechol 5] o}F&AFy} ¥H8-3}o] nitrosamine?] A4S

Agheka B g vk gtk
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Table 5. Nitrite scavenging ability of Brassica oleracea for extract
1)

condition
unit : % (raw material)
Et-OH Nitrite scavenging ability (%)
Species
conc.(%) pH 1.2 pH 3.0 pH 4.2 pH 64
0 73.92 48.27 24.46 19.12
Bonus 50 72.65 44.49 12.50 6.52
100 75.92 55.35 20.54 2.93
0 74.0 44 .55 15.06 16.37
Summer
50 67.92 40.95 18.20 6.76
power
100 75.54 51.49 20.83 6.89
0 99.04 57.50 42.03 20.13
Ruby star 50 93.90 71.63 37.33 17.62
100 97.13 68.11 26.34 7.75
1 % L-ascorbic acid 73.79 72.25 75.02 60.85
0.1 % L-ascorbic acid 74.10 67.62 41.47 26.70

VExtraction was performed for one hour at 50°C on mixture composed 1 g and
25 mL of ethyl alcohol.

2 . .
"Means are three replication.

1) Yield(%)

% E% PFE o

100% ol&Ee] & Abgsion, Algdd dig &l F(v/w)S 22 25 50,



100 mL/g= ZAsto] 5, & H Gvjnlo] whE Z2ze] &3 S5

7b) 25 mL/g & A&
Alg ol &uiul7h 1:259] HEQl F&7¢ $&2 Table 63 2t s&, Amst
o

9 % FRHY FF £ AT A9E g9 BRI F1R5E pasgo

o

v, FE0e Aol A dehtA Rk Z, water FETIN 2 FF Fge

59% wiel= Hlzetlon, odes Fimol whel Zh7k 40, 25% Welz S A

Table 6. Yield of hot-air dried Brassica oleracea powder for three species

and extract condition®

(unit:%, dry base)

Species Et-OH conc.(%) Yield (%)
0 55.80
Bonus 50 44.44
100 27.78
0 59.63
Summer power 50 39.44
100 20.74
0 59.88
Ruby star 50 40.74
100 20.62

VExtraction was performed for one hour at 50°C on mixture composed 1 g and
25 mL of ethyl alcohol.

2 . .
"Means are three replication.
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) 50 mL/g & A+

Als o &eiulzE 1:509] Hl&9 FE¢ F&2 Table 73 2t 55, v
2 YA FFY FES AET dEE & FEt SRR Fastd e
w FE7ke] Aol A YERUR] &gt =, water FETONA T FFY &L
53% W& Hj=etl o, oles Fko web Zhz 50, 25% W2 S EH ATk Al
S oo &uin] 1:25 v &HRE & ztolE YERA o, 50% oEE &uE

5ol H =2 Fes 48 5 JAT

Hir

Table 7. Yield of hot-air dried Brassica oleracea powder for three species

and extract condition”

(unit:%, dry base)

Species Et-OH conc.(%) Yield (%)
0 58.97
Bonus 50 56.92
100 32.05
0 53.08
Summer power 50 52.82
100 21.28
0 50.51
Ruby star 50 49.48
100 19.23

UExtraction was performed for one hour at 50C on mixture composed 1 g and
50 mL of ethyl alcohol.

2 . .
"Means are three replication.
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Table 8. Yield of hot-air dried Brassica oleracea powder for three species

and extract condition”

(unit : %, dry base)

Species Et-OH conc.(%) Yield (%)
0 65.15
Bonus 50 59.09
100 36.36
0 58.08
Summer power 50 53.54
100 23.23
0 55.57
Ruby star 50 47.47
100 17.17

UExtraction was performed for one hour at 50C on mixture composed lg and

100mL of ethyl alcohol.
“Means are three replication.
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2) Electron donating ability(EDA, %)

7h) 25 mL/g F= A2

HA2bEols 542 DPPH(1,1-diphenyl-2-picryl hydrazl) #tiZd s7mez 54
3t=d DPPH+= 4 W radical® g3te] tE free radicalE 3 Agsle] <kA 3t
complex& W& lo] 4Fs; &40l Sl S vty g Zo] A EH o

o] DPPH®] aifre] o] glojxl= 5o Qo o] MAES v AgaFste] A

Fig. 14, 15 ¥ 162 S5 (Bonus), ™32 (Summer power), & 9% (Ruby star)
S 37HA kil F FFol diste] dFx Alm g 25 mLe FEE&u e A
TAAES e Blejth 55 FF9 ATl AE S duE wke wet 8531,
7396, 63.53% = = FEEAAe &40 71 =A YEETE Summer power #E
AA = FEEA 8021%=E 7HE =A dEtwth #diksiAe] dFow Ay ALS
L-ascorbic acid& 1 % 0.1%9] FFodA AR+

247k 100 % 89.54% = = vERt w5 3 Avake] £33 dAeoled S 1%

2
olf
)
o
A
oX,
ot
i
i

sl AR EE 0.1% L-ascorbic acide] Fols#e gt Aoz e
Wk =3k 94 (Ruby star) 59 2% &, 50 2 100% o ZZ=3ro| A ztzh
92.77, 9754, 86.03%°l |2+ g AAFATHE YHEFUANLH, o] ME
AL S UEdol b8 wF3 28 FE8vd o3 dF = 5 UG =
ot ThE F5o vlsl] Tl o] 953 sk, BlalE Al L-ascorbic acid®] =

e £ o] % Ao

phenolic acids$} flavonoids % 7)€} phenold = Ao that 3FAL3} 289 x| FolH,

= 292 YJe W= phenolld &Aoo b E EZo| H) 3
Bol o] AS AR ogEn, old wg dapEo]sS vEg o 7hA g
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g Aol & Rz A a7l A F5ukge gdoA Azt
T TAFoFN AhE 142 BAY superoxideE AAEH o)A YW
superoxidex A& #H=o HO0E A4 olw superoxides A9 Arstz %
NE YTt ol¥F A3 free radicald &A - st YAzt 2o A A

@AE dAFTgHEe] HE&HT Yt

120

Electron donating ability (%

Bonus 1% L-ascorbate 0.1% L-ascorbate

Fig. 14. Electron donating ability(EDA) of Brassica oleracea for Bonus
species and extraction solvents. (Ml water, 3! 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 25 mL of ethyl alcohol.)
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Fig. 15. Electron donating ability(EDA) of Brassica oleracea for Summer
power species and extraction solvents. (I: water, E3: 50% Et-OH, [: 100%
Et-OH, Extraction was performed for one hour at 50°C on mixture composed 1

g(dry base) and 25 mL of ethyl alcohol.)
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Fig. 16. Electron donating ability(EDA) of Brassica oleracea for Ruby star
species and extraction solvents. (M: water, £]: 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 25 mL of ethyl alcohol.)
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W) 50 mL/g & AT

Fig. 17, 18 ¥ 19% S & (Bonus), A ™39 (Summer power), €94 (Ruby star)
5 37HA Gl F EFO) thsle] EFAX A8 g9 50 mLY FE&ujo] ©E Az}
SAZESE U Aotk 8 FF9 HAATAEL des sl wet 7zt
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Fig. 17. Electron donating ability(EDA) of Brassica oleracea for Bonus
species and extraction solvents. (l: water, £3: 50% Et-OH, [J: 100% Et-OH,
Extraction, was performed for one hour at 50C on mixture composed 1 g(dry

base) and 50 mL of ethyl alcohol.)
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Fig. 18. Electron donating ability(EDA) of Brassica oleracea for Summer
power species and extraction solvents. (B water, £3: 50% Et-OH, [1: 100%
Et-OH, Extraction was performed for one hour at 50C on mixture composed 1

g(dry base) and 50 mL of ethyl alcohol.)
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Fig. 19. Electron donating ability(EDA) of Brassica oleracea for Ruby star
species and extraction solvents. (Il water, £1: 50% Et-OH, . 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 50 mL of ethyl alcohol.)

o} 100 mL/g & A& T
Fig. 20, 21 ¥ 22& %E(Bonus), #7139 (Summer power), 92 (Ruby star)
T 37hA FulE FFe A FAE AE g% 100 mLe FE &0 B2 Hx
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& 2zT7oA 77 8450, 9854, 5.27%0) o2& $4¢ ARTATHS Y9
on 50% @& AFM b EA UEgrh ov & FF vl T49%5Y
o] 453 $438M, 1% L-ascorbic acid €99 243 A9 yFde #3202 U
Bttt AT Rgo] goe ouje dA WA FjE dodle &
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A-AAE F Jve JFe] Fue £o2 ALT £ vk EF HAAFAFo)
phenolic acids$} flavonoids % 7]¥} phenolld €& W& FArstzgo] A Ho|n,
olgd 4L U Yo) E AYFE AAFTH 50 Erhu &Yt
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Fig. 20. Electron donating ability(EDA) of Brassica oleracea for Bonus
species and extraction solvents. (M water, E1: 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 100 mL of ethyl alcohol.)
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Fig. 21. Electron donating ability(EDA) of Brassica oleracea for Summer
power species and extraction solvents. (M: water, F1: 50% Et-OH, [J: 100%
Et-OH, Extraction was performed for one hour at 50°C on mixture composed 1

g(dry base) and 100 mL of ethyl alcohol.)
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Fig. 22. Electron donating ability(EDA) of Brassica oleracea for Ruby star
species and extraction solvents. (M: water, 3 50% Et-OH, [J: 100% Et-0H,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 100 mL of ethyl alcohol.)
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HAok =, H7rg & o] FrhEtal A FoleHo]l FoAHoeR AA YE
A ekgttk #HlEsA E2 = phenolic acid®t flavonoids 2 catechol# ¢t
chlorogenic acid & ¥3%3 7|g} dl=A 22 59 AAFods vl 289

A7]= FdEo]l & AL =2 gEs vE

7 25 mL/g & A+
SOD fFAIEA E72L FA]aso] AWEZZ superoxide anion®| AMEZDAZE

SODe} &7 2+e theA T 4

=

A, AaFole vEd C7F & AFaA vls) FH-ekAl FrEol o™ uvE
9 CeE 2 AAZE & SOD AR S UElE Ao Ha Ha gtk

Alm g 25 mLe &2 FEIS W dEs v 2 FF wE FuF
SOD A4S Fig. 23, 24 2 250 YR ATh Fig. 22014 B wiel o], &
(Bonus) #&° 4-F¢ & FE7odM= &40 A8 vetuA &koem, 50 3 100%
o ete FEFolA = ZH7 60.08, 61.69% &S HoFATE ofof wks] 1 ¥ 0.1%
L-ascorbic acid®] 7%, zZ+7} 95.25, 94.76% 0.2 w9 & &Ao] YyEe} B 3 nf
o} o]l I AAZF =& SOD FAFEA S YeER Y. 4 ™ 319 (Summer power) &

T AF VAR B FETAAE &40 e, 50% oleE FETAE
41.62%, 100% o8& FZETFolA = 59.00% =2 YEIY 100% o8& FEFTolA 7

L3 A JEstH(Fig. 24). &9 4 (Ruby star) %9 A% & FEEoA neks)

A
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U 1044%9 #4ES JEReH, 50 2 100% e FE2TgME gzt 67.44,
51.75%9 #Aol YeElytth(Fig. 25). Aoz FuwjFe] gL 2Z 24
superoxide #AF&Ae] thsle superoxide® ¥r8AH& A3 superoxideR <)%
Atgtd Zel & Waste A a8 /Y + AL Ao A

SOD Al A €AdA o] Hejuhi SODS} FAH &4¢ veghlls 248 37 A
Aste] o8& SODS Z#d phenolf 29 Roz B1d v 9ok SOD $AHRA
=ZL& A&7 oA SODSE f4Alg gg e AR Ed2 F=2
phytochemical®l| <39, superoxide®] WgAe A8t superoxideZHE QA=
BE @tk metA SOD FALRA R AH2 A8 A4 W9 superoxideE A
2R AHY Felg Fojsn =3l AFE /NG F ok

tjo
ol
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Fig. 23. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Bonus species and extraction solvents. (B: water, [3: 50% Et-OH, [J:.100%
Et-OH, Extraction was performed for one hour at 50°C on mixture composed 1 g

and 25 mL of ethy! alcohol.)
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Fig. 24. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Summer power species and extraction solvents. (I: water, E1: 50% Et-OH,
[J: 100% Et-OH, Extraction was performed for one hour at 50C on mixture

composed 1 g and 25 mL of ethyl alcohol.)
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Fig. 25. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Ruby star species and extraction solvents. (B: water, F: 50% Et-OH, [

100% Et-OH, Extraction was performed for one hour at 50C on mixture

composed 1 g and 25 mL of ethy! alcohol.)

- 83 -

NEEX : LOF L3N 422 0188 JIIBHE O3 Jjs WY/ =28



W) 50 mL/g & A+

AR g% 50 mLe] $H2 FEHS v oEs ¥E L FF w2 Fujd
SOD A& Fig. 26, 27 ® 28¢ YelSITh Fig 26014 BE vls} o] S8
(Bonus) 5% A & FEFoAE Aol ¥ Uehta @ston 50 2 100%
AR FETANE 244 4571, 2655%S AL HAFch 4 99 (Summer
power) 5% A vpAAZ B FEFAME FA4o] Qe 50% &L
E7olME 63.63%, 100% oN&e FETFNNE 2389%2 Vebgth(Fig. 27). $Y7
(Ruby star) FF¢ Z¢ & FEFdA4E 42 6863, 21.78%¢ 8A4o) &A=t
(Fig. 28). -&vH] 25 mL A FelMe 50 © 100% A& F&3719 zol7t 24
ety ggted oy 50 mL A Fle RE EFY 50% e FET1
A SOD #AIgA o] 713 43814 Ueyd
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Fig. 26. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Bonus species and extraction solvents. (l: water, [3: 50% Et-OH, [J: 100%
Et-OH, Extraction was performed for one hour at 50°C on mixture composed 1

g(dry base) and 50 mL of ethyl alcohol.)
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Fig. 27. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Summer power species and extraction solvents. (H: water, EI: 50% Et-OH,
[J: 100% Et-OH, Extraction was performed for one hour at 50°C on mixture

composed 1 g(dry ba.se) and 50 mL of ethyl alcohol.)
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Fig. 28. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Ruby star species and extraction solvents. (. water, [1: 50% Et-OH, [I:
100% Et-OH, Extraction was performed for one hour at 50C on mixture

composed 1 g(dry base) and 50 mL of ethyl alcohol.)
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) 100 mL/g = A2

AR gd 100 mLe] 8wz FERS 9 dgs = 2 FFo wE FuFo
SOD A& Fig. 29, 30 3 31 YeEhAAT. §5Bonus) #F2 45 oE A
Yoot mRTHAR B FETAAE 240l AE yEhuA @ken, 50 3 100%
AetE FETolAe 27 50.04, 31.81%¢ &S HoFATE A 39 (Summer
power) AA & FETAME 2ol e, 50% olEs FET-el
M= 67.81%, 100% ol&e FETdA+ 3316%= EFSTHFig. 30). €4 FF
o] B & FE=A 877%2 45 dEhlidlen 50 3 100% g FE
M= A4 81.84, 37.74%2] 2ol SAH AHFig. 31). &viH] 25 mL Aol =
50 B 100% ©llghe F& 3t 7 3A yErA ekgtey, §riHl 50 mL A
gaet MR RE FF9] 50% oeE FEolA SOD Aol 58k

Jepdth 394 E59 B 238 g8
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Aol A WYL AR Rodn deEH, g4 429 ZFY radical
source ® ¥r&7]e wet w4 E AAG £ Ae B 29 A7) g
o Azdc
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Fig. 29. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Bonus species and extraction solvents. (B: water, {: 50% Et-OH, [J: 100%
Et-OH, Extraction was performed for one hour at 50°C on mixture composed 1

g(dry base) and 100 mL of ethyl alcohol.)
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Fig. 30. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Summer power species and extraction solvents. (M: water, E3: 50% Et-OH,
[J: 100% Et-OH, Extraction was performed for one hour at 50C on mixture

composed 1 g(dry base) and 100 mL of ethyl alcohol.)
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Fig. 31. Superoxide dismutase(SOD)-like activity of Brassica oleracea for
Ruby star species and extraction solvents. (W water, £}: 50% Et-OH, [J:
100% Et-OH, Extraction was performed for one hour at 50C on mixture
composed 1 g(dry base) and 100 mL of ethyl alcohol.) |
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4) Tyrosinase inhibitory effects(%)

7 25 mL/g & AT
Tyrosinase(Dihydroxy-L-phenylalanine oxygen oxidoreductase, EC 1.14.181)%
B2 W9 phenoldtdES 7|ER o] &35t 44 ZAHEE dodE 4= d

B4 BAEC] /Aol A Fol @asse A

RS

(e}
o
)
kv

L olE AdFonH 4
Fol AW opue Fu 2L At Bl A EAoR Jge Frh
Tyrosinase ] A e A = el ¢ hypepigmentation X 7.9 o] &= &
4-hydroxyanisole, hydroquinone, 4-hexyresorcinol tropolone, cinnamic acid, bezoic
acid, kojic acid s°] Hil i o}t kAN, AAA Sl wAZE Ak wmeEkA A
A AFaAC i kst @S 23 VA8 BEAS rEetd e At

2] Ay

&l
facs
rr
=
J[m
ol
)
KO,
2
.
i
o
i}
S5

| =313t E Aol PPO(polyphenol
oxidase) &AgAS AdfstH, F3tate] F7]4dE resorcinol tyrosinase®] A i A
2 & e Ak

Fig. 32, 33 ¥ 3
&= tyrosinase®] catecholell tigh 4t} Awst A a3E F4g Aot
R AW FFY e = FEE 44 4450, 4865% olH, 50% & FEE
< 747} 60.34, 5854% 18]al 100% ol s FE=2 ZH7F 3450, 33.29% = UERE
th 100% ol &ts FE79 Asjddo] 7Hd vA vERd whE 50% ol §he FE 1ol
Al 7HE et 538 $€A FFY A B FEECNA 6216%, 50 R 100%
NeE FEFME 47 6887% 2 3637%= T2 FF3 w AR 50% of g
= FETY AsEAdo] St MuEEd 1 2 0.1% L-ascorbic acide 77t
100, 41.65%°] A& &¥4E Hdetld e, e FF9 = 2 50% dEE FE=9
A5 1% L-ascorbic acid®] A& THole v XA £3, 0.1% L-ascorbic acidX.
th sk
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Fig. 32. Tyrosinase inhibition effects(%) of Brassica oleracea for Bonus
species and extraction solvents. (W water, £3: 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 25 mL of ethyl alcohol.)
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Fig. 33. Tyrosinase inhibition effects(%) of Brassica oleracea for Summer
power species and extraction solvents. (M. water, [E: 50% Et-OH, [J: 100%
Et-OH, Extraction was performed for one hour at 50°C on mixture composed 1

g(dry base) and 25 mL of ethyl alcohol.)
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Fig. 34. Tyrosinase inhibition effects(%) of Brassica oleracea for Ruby
star species and extraction solvents. (Ml: water, £ 50% Et~OH, [J: 100%
Et-OH, Extraction was performed for one hour at 50C on mixture composed 1

g(dry base) and 25 mL of ethyl alcohol.)

) 50 mL/g & AT+

Fig. 35, 36 2 372 A& g9 §vlH 50 mLE $23 52 4dnigg] 93 &
Z 9 tyrosinase? catecholo] w3t Azl 2w da) /e 2% Ao} BE
A Yol FF A B FEE] z2H7 5260, 51.48%°]7, 50% W& FEF
< 742 4724, 55.03%, 2E 3 100% A8 FEES Z7 3323, 3331%2 ey
. 25 mL $&79 €8 B F&E79 50% Age FETIY Aoy AA FUx
AseE B¢ & Ao)lE Holx ¢ghten, 100% &g F&T9 A& S
FA deY FAE FE5HE BT F499 59 45, B FEEHS 50 ¥
100% &g FE&FME z+z 6201, 6259 2 3880% = el thE EFo u)3
2 F&T % 50% AvE FETI ANGHl +THAL, SR Tt wE
A g ole YEldA sttt BE 59 B € 50% g F289 A4S
0.1% L-ascorbic acid &9 AsjsdEct $F3Hth ANt o2 25 ml, &4y
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Fig. 35. Tyrosinase inhibition effects(%) of Brassica oleracea for Bonus
species and extraction solvents. (W water, £: 50% Et-OH, [I: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 50 mL of ethyl alcohol.)
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Fig. 36. Tyrosinase inhibition effects(%) of Brassica oleracea for Summer
power species and extraction solvents. (M water, El: 509 Et-OH, [} 100%
Et-OH, Extraction was performed for one hour at 50C on mixture composed 1

g(dry base) and 50 mL of ethyl alcohol.)
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Fig. 37. Tyrosinase inhibition effects(%) of Brassica oleracea for Ruby
star species and extraction solvents. (W water, E1: 50% Et-OH, [1: 100%

Et-OH, Extraction was performed for one hour at 50C on mixture composed 1

g(dry base) and 50 mL of ethyl alcohol.)
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th) 100 mL/g F& A=

Fig. 38, 39 % 402 A& g% &9H] 100 mL2 F=3 o], T4
Z9] tyrosinase® catecholol ™3 Ak3} ZAWE A a2 =43 Zyjo|t}
2 AW FFY A = FEE0l 47 4272, 4853%°1H, 50% v E F=
& 747} 4336, 49.51%, 133l 100% olge FEES 77 36.09, 47.38% % UHE
th 50 mL F&79 "HARE & FET9 50% dEs FETo] Aol AXA
Ggekar &ujn] Srbel] WE AdgE JA Lokom, 100% ol g

=)
= FE7 Adgdol M WA dEY fAR FESAS Bl §E4

ofr

a=: N
=

)
=)

o

’

offt
o

o

>
o

M
f
o
X
&2
>0

shgivh. dwkA o 25 W 50 mLe] &viu| ot &g o] zpolrp A x| kol &win] F7b
of W 9o nxx B AoZ Ayl Tyrosinased A@AZE 1A ¢
hypepigmentation 2] 7.9 o] &%= 4-hydroxyanisole, hydroquinone,
4-hexyresorcinol tropolone, cinnamic acid, benzoic acid, kojic acid ¢ Hi ¥
ROt b, AAAE Tl EAZE dvk wEkA HAd AFaAAC e kst &
Aeds 233 74 BEES rdstels Ao 298 JdH L Qled 59 &
H=3t3tE Aol PPO(polyphenol oxidase) ZAEAHS A s,

E3tato] AR resorcinol S tyrosinased A @A Z 2 A v}
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Fig. 38. Tyrosinase inhibition effects(%) of Brassica oleracea for Bonus
species and extraction solvents. (M: water, EI: 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 100 mL of ethyl alcohol.)
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Fig. 39. Tyrosinase inhibition effects(%) of Brassica oleracea for Summer
power species and extraction solvents. (I water, 3. 50% Et-OH, []: 100%
Et-OH, Extraction was performed for one hour at 50°C on mixture composed 1

g(dry base) and 100 mL of ethyl alcohol.)
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Fig. 40. Tyrosinase inhibition effects(%) of Brassica oleracea for Ruby
star species and extraction solvents. (I water, E: 50% Et-OH, [J- 100%
Et-OH, Extraction was performed for one hour at 50C on mixture composed 1

g(dry base) and 100 mL of ethyl alcohol.)

5) Angiotensin I -converting enzyme inhibition activity

’h) 25 mL/g #& AT

1EYL FA7IFYM renin-angiotensin systemo] ¢ XA Wl F83d o
&g %tk E3| angiotensin converting enzyme(ACE)E reninol 93 AR
decapeptide}! angiotensin [ &2 5 E C-Zdo] dipeptideE 7}I+-EINAHDOZN 7
Y43 B85, 284E 2 octapeptided]l angiotensin IE §Ad3lE Ao #93)
T Raolt, AAME angiotensin € 28T JAF+ZHEE 7IA9, ACE: =%
¢ o]&z22 71T nonapeptide¢! bradykining EZAFAZPozZN APHo =z
gde AsAdle FEE kA Angiotens:in 07 Z7}¥Y catecholamine %ko)
7153, do] 559 ol TEZEQ aldosterone?d] #H|7I 2R} oo u}
2 Na' 2 F&uldo] JAH cFPAgo] Frtslo] YA 4S Yo wa
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A ACE #goAs FR5EHe Bn AU FEAFE ol Age wFE aRE
e,
B2 Avse), $94 5 Al H4 FFe PulFol tste] Aw gF 25 mLel F

frjo] wE angiotensin I —converting enzyme A& &S =H3I A= Fig.

443 2k Al FF BT B FEE @4ol 77t 7008, 7298, 74.17%°] o1,
7

7)
gddo] e AHFgolur. 7 FF:e aye ALY H=d FEoleH,
angiotensin I -converting enzyme A 3] %8¢ #Fost= FuFo Ve d EZL 1

FEo fufol oAty RTt EellA o Wo] FEHE A2

it
o
)
"
32
)
el
2
ﬁ

A Captopril(2-D-mercaptopropanoyl-L-proline), Enalapril® 72 3}8s4 ACE A

1=
AL 9 AEHD QAT B kel e vzteld, MAT A B FAEol

58

-

Aafe]

)

b SWolA A7 O 2 AA=del gk g3 el gt o B

_,4
e,
ko

2
+

7 siol, @M d {2 peptide 0] As] 297 e Ao ol

o 1 ¥t flavonoid, &/, slZ&F, &/ SolA 2 SHE At

f

35

R

vl o} Zuhair 52 EelAd 28t FH(spontaneously hypertensive rat)ell ZuFA
Fol Al dtAel a9 E Rag vl v Matsubara 5% =3I oA s &
wolof diste] A ACE A A=A 7HsAd & A A et AT
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Fig. 41. Angiotensin I converting enzyme(ACE) inhibition effects(%) of
Brassica oleracea for three species and extraction solvents. (Bl water,
50% Et-OH, [J: 100% Et-OH, Extraction was performed for one hour at 50C on

mixture composed 1 g(dry base) and 25 mL of ethyl alcohol.)

W 50 mL/g & AT

Alg g2 50 mLe F&&ro] =& angiotensin [ -converting enzyme A 334
< FAY ZF}E Fig 429 20 A FF FF B F259 g4 77 7586,
63.62, 77.21%°1R 2.1, 50% o&-& FEE9 A% 80.00, 17.65 3857%Z eyt
100% @& FEEFL 4z 1765, 489, 1679%2 T FZLujd 3
angiotensin A& Ao I AP0l ¥e& ZFo|A} 4 EFY FHE A
o] H&d F&Folled, angiotensin [ -converting enzyme A #H2Lo] TAEl=
FilFe 7l BAS 1FEY £uind B 2 50% e © Bo] 343

= A0R AZHAT o)A@ AL §91 %5 ml AT FYHY O, ACE A
3 £& A 2 Aol® gHhlA Yob §ulE Frkd) BE IBS BUY + AR
.
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Fig. 42. Angiotensin I converting enzyme(ACE) inhibition effects(%) of
Brassica oleracea for three species and extraction solvents. (Ml: water, [3:
50% Et-OH, [0 100% Et-OH, Extraction was performed for one hour at 50°C on

mixture composed 1 g(dry base) and 50 mL of ethyl alcohol.)
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Fig. 43. Angiotensin 1 converting enzyme(ACE) inhibition effects(%) of
Brassica oleracea for three species and extraction solvents. (l: water,
50% Et-OH, [: 100% Et-OH, Extraction was performed for one hour at 50°C on

mixture composed 1 g(dry base) and 100 mL of ethyl alcohol.)
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Fig. 44. Total polyphenol contents(mg%) of Brassica oleracea for three
species and extraction ‘solvents. (B: water, E: 50% Et-OH, [I: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 25 mL of ethyl alcohol.)
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Fig. 45. Total polyphenol contents(mg%) of Brassica oleracea for three
species and extraction solvents. (M water, E3: 50% Et-OH, [J: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 50 mL of ethyl alcohol.)
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Fig. 46. Total polyphenol contents(mg%) of Brassica oleracea for three
species and extraction solvents. (M. water, £J: 50% Et-OH, [J]: 100% Et-OH,
Extraction was performed for one hour at 50C on mixture composed 1 g(dry

base) and 100 mL of ethyl alcohol.)
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7) Nitrite scavenging ability
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Table 9. Nitrite scavenging ability of hot-air dried Brassica oleracea

powder for extract condition"

unit : % (dry base)

Nitrite scavenging ability (%)

) Et-OH
Species %)
coneto pH 1.2 pH 3.0 pH 4.2 pH 6.4
0 85.81% 52.29 46.50 42.90
Bonus 50 85.73 34.08 12.53 0.65
100 81.57 41.34 20.11 13.18
0 77.71 49.95 43.59 41.10
Summer
50 81.44 30.47 6.66 0.09
power
100 75.81 32.84 19.78 743
0 85.38 55.41 44.10 40.96
Ruby star 50 64.18 33.81 2.14 -
100 70.44 31.87 11.99 7.44
1 % L-ascorbic acid 73.79 72.25 75.02 60.85
0.1 % L-ascorbic acid 74.10 67.62 41.47 26.70

UExtraction was performed for one hour at 50C on mixture composed 1 g and

25 mL of ethyl alcohol.

2) . .
Means are three replication.
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Table 10. Nitrite scavenging ability of hot-air dried Brassica oleracea

powder for extract condition”

unit : % (dry base)

Nitrite scavenging ability (%)

) Et-OH
Species %)
cone.(% pH 1.2 pH 3.0 pH 4.2 pH 6.4
0 90.00” 62.20 47.80 39.60
Bonus 50 91.60 60.19 33.55 37.42
100 93.12 49.12 40.33 2957
0 90.67 55.72 46.63 38.87
Summer
50 91.73 55.70 30.44 28.67
power
100 85.47 45.02 34.21 25.72
0 95.10 73.35 47.70 35.98
Ruby star 50 99.76 69.75 41.69 38.20
100 91.33 52.81 39.12 30.26
1 % L-ascorbic acid 73.79 72.25 75.02 60.85
0.1 % L-ascorbic acid 74.10 67.62 41.47 26.70

VExtraction was performed for one hour at 50C on mixture composed 1 g and

50 mL of ethyl alcohol.

2) S
Means are three replication.
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Table 11. Nitrite scavenging ability of hot-air dried Brassica oleracea

powder for extract condition”

unit : % (dry base)

Nitrite scavenging ability (%)

) Et-OH
Species %)
conetro pH 1.2 pH 3.0 pH 4.2 pH 6.4
0 88.90” 32.09 19.09 15.26
Bonus 50 97.42 40.63 6.45 0.34
100 89.41 39.04 2.89 -
0 92.20 23.74 18.45 12.83
Summer
50 98.52 36.84 .35 1.21
power
100 83.94 33.73 3.17 -
0 77.62 48.55 13.23 9.83
Ruby star 50 94.06 37.27 10.64 1.03
100 81.08 38.55 1.62 -
1 9% L-ascorbic acid 73.79 72.25 75.02 60.85
0.1 % L-ascorbic acid 74.10 67.62 41.47 26.70

VExtraction was performed for one hour at 50C on mixture composed 1 g and

100 mL of ethyl alcohol.

“Means are three replication.
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Table 12. Experimental data on yield, polyphenol, electron donating ability,
tyrosinase inhibition, nitrite-scavenging ability and superoxide
dismutase(SOD)-like activity of cabbage(Bonus) by central composite

design for response surface analysis

Exp. Yield Polyphenol Electr.on Tyrosinase Nitrite-scavenging SOD-like
No.” (%) content don.aFmg inhibition ability (%) activity
(%) bty (%) pH 1.0 pH 30 pH42 (0
(%)
1 31.000 0.292 20.915 51.267 81919 61.797 28162  0.000
2 31.250 0.129 31.152 62.416 82.838  68.027 28135 15.009
3 30.125 0.281 37.054 40.791 80.416 46834 4718 17671
4 37.250 0.219 46.350 43.999 77.008  33.559 1870 22424
5 39.875 0.181 27.884 63.601 78.834  64.058 25903  0.000
6 37.500 0.164 34.638 66.141 74177 59434 25039  15.251
7 31.500 0.179 41.891 38.733 60.420 45463 5274  14.938
8 41.875 0.246 48.650 52.967 58.712  23.956 2297 19135
9 40.125 0.204 45.420 49.003 70.293  66.492 9.697  17.307
10 40.875 0.175 45.315 46.449 70.892 66659  9.6838  18.820
11 27500 0.077 27.739 35.676 86.135 50916 8177  16.787
12 44.125 0.169 42.481 51.889 72743  61.848 9212  21.373
13 39.125 0.169 21.339 61.113 77110 54434 25802  0.000
14 23.000 0.131 25.864 32.787 75.723 39431 1192 12874
15 36.750 0.121 28.641 45.668 79543 49547  8.046 0.000
16 39.855 0.181 32.321 56.682 68.785  37.000 2139 27215

YThe number of experimental conditions by central composite design.
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Table 13. Polynomial equations calculated by RSM program for extraction

conditions of cabbage(Bonus)

Response Second order polynomial equations“ R Significance
Yy = -0.749271+2.943229X,+0.056979X »+0.059438X 5
Yield ~0.046875X,%-0.009125X X5-0.003775X 5> 0.8177 0.0978
+0.001042X 1 X5+0.006542X 5 X5-0.002442X 5
Yee = 0.525785-0.002829X,-0.002241X5-0.006918X 5
Polyphenol 5 5
ent ~0.000665X,+0.000001000X,X2-0.000015300X 5 0.3831 0.8815
conten +0,000458X 1 X5+0.000061667X-X3-0.000042778X
Electron Yepa = ~134.737347+5.509517X,+1.128295X 5+2.534897X 5
donating -0.102575X1%-0.003318X1X5-0.008706X5” 0.8177 0.0979
ability -0.010033X,X5-0.000312XX5-0.016541 X5
) Yor = 37.263618+2.465446X,-0.176262X>-0.419810X 3
Tyrosinase ) )
RO -0.039435X,-0.009149X,X5-0.000310X 0.8899 0.0265
inhibition 5
+0.004028X1X5+0.001251 XX 5+0.003832X 5
- Yoo = 124.629583-2.751675X,+0.217852X2~0.490258X 3
?o +0.088465X,>-0.026546X,X5+0.002330X5> 0.8317 0.0802
: -0.006460X1X5-0.000459X 2X5+0.003968X 5
Nitrite- - Y30 = ~158.766007+6.434125X:+1.333192X5+4.365719X5
scavenging I’;o ~0.101935X,%-0.004642X,X5-0.007857X 08230 00910
ability ’ -0.031810X1X5-0.012129X5X5-0.025891 X
- Yoz = 13.157243+0.158175X,-0.527787X+0.701669X3
22 -0.009980X,%+0.006338X, X +0.0001522X° 0.8357 0.0734
: -0.001610X:X5-0.001645X5X5-0.005111X
SOD-like Ysop = ~76.140069-0.016983X+1.226197X5+1.405194X5
o +0.010165X1%-0.006264X1X5-0.004651 X 0.9520 0.0026
activity

-0.000523X;X5-0.007103X>X3-0.005001X3°

UX, : ratio of solvent to sample content (mL/g), Xo :

X3 : extraction temperature (C)
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Table 14. Predicted levels of extraction condition for the maximum

responses of variables by the ridge analysis in cabbage(Bonus)

Responses X,V X,? X5Y Maximum  Morphology
Yield(%) 27.94 24.35 55.21 44.07 Saddle
point
Polyphenol
ovpheno 24.94 75.00 86.34 0.26 Saddle
content(%) point
Electron donating .
. 21.11 58.53 68.83 48.44 Maximum
ability (%)
Tyrosinase Saddle
24.08 10.49 78.71 68.94 :
inhibition(%) point
Nitrite— pH 1.0 10.62 66.80 62.39 90.16 Minimum
, pH 3.0 20.71 30.33 64.51 68.71 Maximum
scavenging Saddle
as
ability (%) | DH 42 1877 8 033 65.16 34.46 Nt
SOD-like activity(%) 22.66 45,69 93.81 2478 Spic}glte

YRatio of solvent to sample content (mL/g)
?Ethanol concentration (%)

YExtraction temperature (C)

Table 15. Regression analysis for regression model of physiochemical

properties in extraction condition of cabbage(Bonus)

F-Ratio
1 Electron . . .
Extraction ~ Polyphenol " Tyrosinase Nitrite-scavenging ability  gop-jike
conditions ~ Yield donating =~ ..
content ability inhibition pH 1.0 pH 3.0 pH 42 activity
Ratio of
solvent to 3.39 0.70 1.61 1.90 552" 0.49 0.04 0.18
sample content
Ethanol .
. 3.25 0.32 4.97 8.43 2.50 5.30° 7.29 13.39
concentration
Extraction .
1.28 0.77 2.12 1.66 0.75 3.07 0.26 16.68
temperature

*Significant at 10% level ; “significant at 5% level ; ““significant at 1% level
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Fig. 47. Response surface for yield in cabbage(Bonus) extract at constant
values(yield: 20-30-40%) as a function of ratio of solvent to sample

content, ethanol concentration and extraction temperature.
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Fig. 48. Response surface for electron donating ability in cabbage(Bonus)
extract at constant values(electron donating ability: 20-30-40%) as a

function of ratio of solvent to sample content, ethanol concentration and
extraction temperature.
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Fig. 49. Response surface for tyrosinase inhibition in cabbage(Bonus)

temperature.

extract at constant values(tyrosinase inhibition: 35-50-65%) as a function
of ratio of solvent to sample content, ethanol concentration and extraction
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Fig. 50. Response surface for nitrite-scavenging ability(pH 1.0) in
cabbage(Bonus) extract at constant values(nitrite-scavenging ability, pH

1.0: 65-75-85%) as a function of ratio of solvent to sample content,

ethanol concentration and extraction temperature.
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Fig. 51. Response

surface for nitrite-scavenging ability(pH 3.0) in
cabbage(Bonus) extract at constant values(nitrite—scavenging ability, pH

3.0: 30-45-60%) as a function of ratio of solvent to sample content,

ethanol concentration and extraction temperature.
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Fig. 52. Response surface for nitrite-scavenging ability(pH 4.2) in
cabbage(Bonus) extract at constant values(nitrite-scavenging ability, pH

4.2: 5-15-25%) as a function of ratio of solvent to sample content, ethanol
concentration and extraction temperature
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Fig. 53. Response surface for SOD-like activity in cabbage extract(Bonus)

at constant values(SOD-like activity: 10-15-20%) as a function of ratio of
solvent to

sample content, ethanol concentration and extraction
temperature.
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Table 16. Experimental data on yield, polyphenol, electron donating ability,
tyrosinase inhibition, nitrite-scavenging ability and superoxide
dismutase(SOD)-like activity of cabbage(Summer power) by central

composite design for response surface analysis

Electron

Exp.  Yield Polyphenol ) Tyrosinase Nitrite-scavenging SOD-like
No." (%) content OEiFmg inhibition ability (%) activity
(%) a(;:;y (%) pH 1.0 pH 30 pH 42 (%)
1 31.375 0.213 27475 50.657 84.289 64.365 24.802 0.000
2 32.270 0.139 33.577 60.772 82.059  71.137  23.055 21.812
3 27.000 0.280 40.927 30.744 84.553 51.159  3.348 25.660
4 33.875 0.217 50.826 30.991 75.255 35522 0.000 29.172
5 37.145 0.170 28.390 65.675 81.005  66.547  22.303 0.000
6 35.875 0.165 34.865 61.564 81.503  70.295  23.060 18.310
7 33.875 0.191 48.436 42512 48566 48566  4.523 30.896
8 38.395 0.177 51.201 43.263 44,140  24.141  1.256 28.736
9 36.875 0.146 43.389 50.800 73372 647161 15.271 26.143
10 36.725 0.131 43.566 55.557 73.347 64312 15563 33.914
11 21875 0.107 38.498 46.580 77971 53649  6.047 17.798
12 38.500 0.125 46.301 51.212 70.214  50.241  7.210 37.051
13 37.375 0.146 23.197 58.929 74669  55.744  19.395 0.000
14 13.875 0.126 30.163 24.104 56.614 30.846 0912 20.811
15 34.500 0.084 27.950 45.067 76982 41442 6915 0.000
16 42.500 0.112 39.424 53.614 65.800 48654  0.685 32.397

YThe number of experimental conditions by central composite design.
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Table 17. Polynomial equations calculated by RSM program for extraction

conditions of cabbage(Summer power)

Response Second order polynomial equations” R Significance
Yy = 12.796076+2.350167X;+0.025283X5-0.178472X 5
Yield -0.035875X12+0.002020X, X>-0.004470X 5 0.8162 0.0998
-0.007533X1X5+0.003923X 2X5+0.001889X 5
Ype = 0.074979+0.000442X,+0.002642X2+0.001467X 5
Polyphenol N )
tent -0.000225X:°-0.000112X;X2-0.000001000X 0.2190 0.9870
conten +0.000197X,X5+0.000000667XX3-0.000045000X52
Electron Yepa = —60.617292+1.200754X,+0.758933X2+1.838888X 3
donating -0.010780X,%+0.005681 X1 X2-0.006719X5” 0.8173 0.0984
ability -0.011268X1X5+0.000029000X»X5-0.010878X
. Y1 = —19.238757+3.401975X,+0.008323X+1.195611X3
Tyrosinase 5 o
R -0.042825X,%+0.008230X 1 X2-0.004665X> 09374  0.0056
frmbition ~0.022870XX5-0.001669X5X5-0.004264X 52
H Youio = 46.234299+0.965867X+1.552657X2+0.073289X 3
11) 0 +0.007330X:2-0.063262X,X>-0.003087X > 0.8648 0.0457
’ +0.012667X1X5-0.003997X2X5-0.002187X 5>
Nitrite- i Yomso = —163.581368+6.838808X+1.845003X2+3.988781 X3
scavenging g 0 -0.125915X,%-0.015314X,X5-0.008497X>> 0.8654 0.0452
ability ’ -0.019687X1X5-0.016861X2X5-0.021654X 4
i Yoraz = —49.039403+2.925729X,-0.067066X2+1.493657X 3
Z 5 -0.087885X,%+0.002925X, X5-0.002105X” 0.8650 0.0539
’ +0.007642X:X5-0.001208X2X5-0.012908X 5>
SOD-lik Ysop = —172.583417+2.117900X,+1.748807X+3.392417X3
—l1Ke 2
o -0.026040X,%+0.008302XX5-0.007849X,> 09116 0.0146
activity

~0.015290X,;X5-0.012923X>X3-0.015367X 5

UX, : ratio of solvent to sample content (mL/g), X» :

X3 : extraction temperature (C)
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Table 18. Predicted levels of extraction condition for the maximum

responses of variables by the ridge analysis in cabbage(Summer power)

Responses X,V X,? X5Y Maximum  Morphology
. Saddle
Yield(%) 20.00 50.00 65.00 36.90 point
Polyphenol
CYpReno 13.67 85.14 55.21 0.22 Saddle
content(%) point
Electron donating )
. 29.23 67.95 69.07 49.60 Maximum
ability (%)
Tyrosinase .
o 19.10 8.28 81.31 63.55 Maximum
inhibition(%)

. Saddle
Nitrite- pH 1.0 11.23 67.93 55.44 91.15 point
scavenging | pH 3.0 20.32 11.32 78.76 72.96 Maximum
ability(®6) | by 42 1954 0.09 63.85 26.85 Maximum
SOD-like activity(%s) 29.03 71.39 65.85 35.78 Maximum

YRatio of solvent to sample content (mL/g)
?Ethanol concentration (%)

YExtraction temperature (C)

Table 19. Regression analysis for regression model of physiochemical

properties in extraction condition of cabbage(Summer power)

F-Ratio
Extraction Electron ) Nitrite-scavenging )
. . Polyphenol . Tyrosinase B SOD-like
conditions  Yield ront donating . hibi ability it
conten inhibition activi
ability pH 1.0 pH 30 pH 42 Y
Ratio of
solvent to 1.59 0.24 0.36 2.28 477" 0.84 0.68 0.82
sample content
Ethanol . .
. 3.78 0.14 4.76 20.01 6.70 9.05 761 9.29
concentration
Extraction .
0.86 0.21 1.69 0.88 0.58 2.70 1.41 7.16
temperature

“Significant at 10% level ; “significant at 5% level ; ““significant at 1% level
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Fig. 54. Response surface for yield in cabbage(Summer power) extract at
constant values (yield: 25-30-35%) as a function of ratio of solvent to

sample content, ethanol concentration and extraction temperature.
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Fig. 55. Response surface for electron donating ability in cabbage(Summer
power) extract at constant values (electron donating ability: 20-30-40%)

as a function of ratio of solvent to sample content, ethanol concentration
and extraction temperature.
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Fig. 56. Response surface for tyrosinase inhibition in cabbage(Summer
power): extract at constant values (tyrosinase inhibition: 30-45-60%) as a

function of ratio of solvent to sample content, ethanol concentration and
extraction temperature.
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Fig. 57. Response surface for nitrite-scavenging ability (pH 1.0) in
cabbage(Summer . power) extract -at constant values (nitrite-scavenging

ability (pH 1.0): 60-70-80%) as a function of ratio of solvent to sample

content, ethanol concentration and extraction temperature
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Fig. 58. Response surface for nitrite-scavenging ability (pH 3.0) in
cabbage(Summer power) extract at constant values (nitrite-scavenging

ability (pH 3.0): 30-45-60%) as a function of ratio of solvent to sample

content, ethanol concentration and extraction temperature.
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Fig. 59. Response surface for nitrite-scavenging ability (pH 4.2) in
cabbage(Summer power) extract at constant values (nitrite-scavenging

ability (pH 4.2): 5-15-25%) as a function of ratio of solvent to sample

content, ethanol concentration and extraction temperature.
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Fig. 60. Response surface for SOD-like activity in cabbage(Summer power)
extract at constant values (SOD-like activity: 10-20-30%) as a function of

ratio of solvent to sample content, ethanol concentration and extraction

temperature.
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Table 20. Experimental data on yield, polyphenol, electron donating ability,

tyrosinase

inhibition,

nitrite-scavenging

ability

and

superoxide

dismutase(SOD)-like activity of cabbage(Ruby star) by central composite

design for response surface analysis

Exp. Yield Polyphenol Electr.on Tyrosinase Nitrite-scavenging SOD-like
No.! (%) content df)z.e;‘.ting inhibition ability (%) activity
(%) d(;:)y %0)  pH10 pH30 pH42 (%)
1 31.750 0.533 78.602 64.603 95.655  75.223  38.809 0.000

2 32.250 0.547 81.197 66.751 99.717  68.307  30.025 34.394

3 35.750 0.424 85.577 62.039 94.854 81.628 33.870 38.018

4 38.625 0.482 84.415 60.062 96.589 80.010 35.484 35.993
5 35.125 0.542 82.103 67.587 99.000  89.350  36.504 0.000

6 38.500 0.701 81.395 71.500 99.245 73311 35211 28.328

7 42.625 0.669 84.741 49.087 95.324 83531 12427 39.417

8 43.500 0.711 82.840 53.050 97769  81.107 30.732 39.329

9 39.250 0.779 81.390 62.568 95956 81.850 49.678 28.501

10 39.375 0.788 81.814 62.528 96.015 81.628  49.587 31.892

11 30.250 0.490 81.706 60.114 95.683 78334  47.430 25.854

12 43.625 0.590 83.682 61.391 99.187 82.360  48.160 47737
13 30.875 0.522 73.587 53.122 99.580 71.542  48.064 0.000

14 28.125 0.262 78.389 39.576 95991 66.001 11.721 27.845
15 36.500 0.472 82.808 71.112 99.222 81985 23.731 0.000

16 40.250 0.853 80.092 56.190 99.991 74803 32.795 36.742

YThe number of experimental conditions by central composite design.
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Table 21. Polynomial equations calculated by RSM program for extraction

conditions of cabbage(Ruby star)

Response Second order polynomial equationsl) R Significance

Yy = 1.802083+1.350521X;+0.396146X>+0.171354X3
Yield ~0.023750X,*+0.002125X,X>-0.003925X 0.8296 0.0827
+0.001458XX5-0.000041667X-X5-0.001042X5”

Yre = -1.067736+0.078338X:+0.009629X>+0.018707X3

Polyphenol 5 R
ot ~0.002435X,2+0.000311X,X2-0.000157X2 08719 0.0397
conten +0.000215XX3-0.000024333X5X5-0.000134X
Electron Yipa = 57.994569+0.372083X,+0.513710X2+0.211656 X5
donating +0.010920X,%-0.006110X,X2-0.002246 X 08209  0.0936
ability ~0.006737X,X4-0.001650XX5-0.000169X>
. Yo = 48.166910+1.147379%,+1.106954X5-0.439060X
Tyrosinase 9 2
. ~0.017955X,2-0.027697X 1 X>-0.006480X” 08300  0.0822
fnfbrtion +0.012842X,X5-0.001358X5X5+0.001226 X2
[ Yomo = 108.707188-0.037921X,-0.085436X, 0.375579X;
I; . +0.014495X,%-0.001223X 1 X+0.000720X5” 08683  0.0427
' ~0.005178X,X4-0.000042333XX+0.004023X
Nitrite= | Yoo = 33.749396+2816279X, 0.454016X, +0.326579X,
scavenging I;O -0.013920X,-0.016131X,X2-0.005187X” 0.8171 0.0986
ability ‘ ~0.016548X, X4+0.006304X-X5-0.003717X2
L Yoz = ~15.002722-0.704092X, +0.469402X+1.896914X
22 ~0.018375X,2-0.029076 X 1 X>~0.007896 X 08208  0.0937
‘ +0.040303X 1 X+0.009999X-X5-0.023744X >
—_— Yo = ~147.663215-2.201904X,+2.204011X»+3.485065X 5
—11Ke
o +0,065990X,%+0.010801X, Xo-0.00651 0> 09395  0.0050
activity

~0.006882X,;X5-0.021612X>X3-0.013139X5°

VX, : ratio of solvent to sample content (mL/g), X» : ethanol concentration (%),

X3 ! extraction temperature (C)
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Table 22. Predicted levels of extraction condition for the maximum

responses of variables by the ridge analysis in cabbage(Ruby star)

Responses X,V X,? X5Y Maximum  Morphology
Yield(%) 2858 56.84 79.86 44.47 Maximum
Polyphenol )
22.83 46.85 84.11 0.83 Maximum
content(%)
Electron donati
ectron donating 2771 57.06 46.38 8546 Saddle
ability (%) point
Tyrosinase Saddle
16.03 4771 37.50 69.37 :
inhibition(%) point
o pH 1.0 21.05 29.73 83.45 99.52 Minimum
Nitrite— Saddle
scavenging | PH 30 26.97 35.40 45.34 90.80 Nt
ability(%) | 42 2840 8 2358 68,67 50.38 Spif}glte
SOD-like activity(%) 29.13 70.35 66.12 48,36 Spﬁ)‘}g};e

YRatio of solvent to sample content (mL/g)
?Ethanol concentration (%)

YExtraction temperature (C)

Table 23. Regression analysis for regression model of physiochemical

properties in extraction condition of cabbage(Ruby star)

F-Ratio
Extraction S Electron . _ Nltrlte—s?évengmg S
conditions Yield oypt eréo donating .y;);l:ase ability ; i e
conten inhibition activi
ability pH 1.0 pH 30 pH 42 v
Ratio of
solvent to 3.70" 3.82° 0.63 0.95 2.55 1.50 0.82 1.07
sample content
. 2.84 6.03 4.93 5.88 4.31 3.61 4.79 13.17
concentration
Extraction . .
0.37 2.74 0.52 0.34 445 2.53 2.67 11.07
temperature

*Significant at 10% level ; “significant at 5% level ; ““significant at 1% level
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Fig. 61. Response surface for yield in cabbage(Ruby star) extract at
constant values (yield: 30-35-40%) as a function of ratio of solvent to

sample content, ethanol concentration and extraction temperature.
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Fig. 62. Response -surface for polyphenol content in cabbage(Ruby star)
extract at constant values (polyphénol content: 0.4-0.6-0.8%) as a function

of ratio of solvent to sample content, ethanol concentration and extraction
temperature.
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Fig. 63. Response surface for electron donating ability in cabbage(Ruby
star) extract at constant values (electron donating ability: 74-78-82%) as

a function of ratio of solvent to sample content, ethanol concentration and
extraction temperature.
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Fig. 64. Response surface for tyrosinase inhibition in cabbage(Ruby star)

extract at constant values (tyrosinase inhibition: 55-60-65%) as a function

of ratio of solvent to sample content, ethanol concentration and extraction
temperature.
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Fig. 65. Response surface for nitrite-scavenging ability (pH 1.0) in
cabbage(Ruby star) extract at constant values (nitrite-scavenging ability
(pH 1.0): 96-98-100%) as a function of ratio of solvent to sample content;

ethanol concentration and extraction temperature.
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Fig. 66. Response surface for nitrite-scavenging ability (pH 3.0) in
cabbage(Ruby star) extract at constant values (nitrite-scavenging ability

(pH 3.0):: 68-73-78%) as a function of ratio of solvent to sample content,

ethanol concentration and extraction temperature.
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scavenging ability (pH 4.2)

Fig. 67. Response surface for nitrite

cabbage(Ruby star) extract' at constant values (nitrite-scavenging ability

(pH 4.2): 15-30-45%) as a function of ratio of solvent to sample content,

ethanol concentration and extraction temperature.
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Fig. 68. Response surface for SOD-like activity in cabbage(Ruby star)

extract at constant values (SOD-like activity: 20-30-40%) as a function of

ratio of solvent to sample content, ethanol concentration and extraction
temperature.
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Table 24. Optimum extraction conditions for response variables yielding

the optimum response by superimposing of the 4-dimensional response

surfaces
. Range of predicted conditions
Conditions
Bonus Summer power Ruby star
Ratio of solvent to sample content (mL/g) 20730 15730 20730
Ethanol concentration (%) 35765 40780 25785
Extraction temperature (C) 50780 50790 40790

Table 25. Predicted values of response variables at a given conditions?

within the range of optimum extraction cinditions

Predicted values

Response variables

Bonus Summer power Ruby star
Yield (%) 42.46 37.51 42.67
Polyphenol content (%) 0.42 0.17 0.79
Electron donating ability (%) 47.14 45.66 82.98
Tyrosinase inhibition (%) 54.05 53.59 63.15
pH 1.0 66.88 73.30 97.03
Nitrite-scavenging ability (%) |pH 3.0 60.21 65.06 82.78
pH 4.2 11.71 16.41 45.17
SOD-like activity (%) 19.72 31.01 37.85

YGiven condition;
Bonus : 25 mlL/g in ratio of solvent to sample content, 50% in ethanol
concentration, 70°C in extraction temperature
Summer power : 20 mL/g in ratio of solvent to sample content, 50% in ethanol
concentration, 70°C in extraction temperature
Ruby star : 25 mL/g in ratio of solvent to sample content, 50% in ethanol

concentration, 70°C in extraction temperature
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Fig. 69. Superimposed response surface for optimization of yield (40%),

electron donating ability (40%) and SOD-like activity (20%) of extract

from cabbage(Bonus).
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Fig. 70. Superimposed response surface for optimization of yield (35%),

electron donating ability (40%) and SOD-like activity (30%) of extract
from cabbage(Summer power).
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Fig. 71. Superimposed response surface for optimization of yield (40%),

electron donating ability (82%) and SOD-like activity (40%) of extract

from cabbage(Ruby star).
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Table 26. Yields of Brassica oleracea var. capita extracts

Variety & Solvent

Yield (%)

Bonus
Water 55.78+1.17""
50% ethanol 44.55+2.39"
100% ethanol 27.64+1.27°
Summer power
Water 59.63+1.00"
50% ethanol 39.44+1.44¢
100% ethanol 20.74+2.24"
Ruby star
Water 59.88+1.59"
50% ethanol 40.74+4.00
1009 ethanol 20.62+1.00"
Variety p <0.05
Solvent concentrate p €0.001
Variety*Solvent concentrate p €0.001

YValues are Mean*S.D. of triplicate measurements and within each column

followed by the same letters are not significantly different

%= Zg¥=e 8ES catechin FE 34 (R?=0.9899)dl <& =43}

2

1 tHFig. 72).

>

A A FlFel F EBeldn Gue FE0 Ao] @ owee Brol o3 JF
of Mg FOlM O eI (P00, ¥F Aol L NS FEite] FEA G

dge e Aoz YERGTHp<0.001). Bonus ¥ Summer power #%9 -9 50%
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Fig. 72. Total polyphenol contents of Brassica oleracea var. capita

extracts. ( Il Bonus, Summer power, [] Ruby star )
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Table 27. Antioxidant activities of DHHP method and SOD-like
activity of Brassica oleracea var. capita extracts

(unit : %, dry base)

_ DPPH . ..
Variety & Solvent . SOD-like activity
scavenging effects
Bonus
Water 85.31+2.00" -h
50% ethanol 73.96+1.15' 60.08+3.60™
100% ethanol 73.53+3.10" 61.69+1.72°

Summer power

Water 80.21+5.00° -t
50% ethanol 51.19+1.19" 41.62+1.01"
100% ethanol 64.45+1.00% 59.00+2.05
Ruby star
Water 92.77+1.50 10.44+2.00*
50% ethanol 99.54+0.20" 67.44+2.00
100% ethanol 86.70+4.04% 51.75+1.63°
1% L-ascorbic acid 100 95.25"
0.1% L-ascorbic acid 89.54" 94.76"
Variety p €0.001 p <0.001
Solvent concentrate p <0.001 p <0.001
Variety*Solvent concentrate p <0.001 p <0.001

YWalues are MeanS.D. of triplicate measurements and within each column

followed by the same letters are not significantly different.
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Figure 73. Tyrosinase inhibition effects of Brassica oleracea var. capita

extracts. ( Il Bonus, Summer power, [J Ruby star )
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Figure 74. Nitrite scavenging activities of Brassica oleracea var. capita

extracts. ( l Bonus, Summer power, [J Ruby star )

- 162 -

NZ2EXM : HF2| L3AH S22 0188 IISHE U3 Dl Y/ s8e



2) FulF FE=o A AEFHE AE

7h &5 Bonus) FE=2 &vllAlA AEH 7}

GCE o] &ste] g B duEs &3 dilF 59 o8 FE=d IR
o 3= BviE A &A8ke] Table 289 YT &, o5 FE=2 a2 =
NetEol AZHA &t olsk o] & FEEolA Al Falgh wEEo] H

=EA @gkenz HAA SRy ARl HEAZ o Wggeoy dEges A

=
ofo

of
oL
s

Table 28. Quantitive analysis of solvent in cabbage(Bonus)

Solvent

Methanol Ethanol

Sample

Bonus - -

) ™ 39 (Summer power) F=52] &ufA|A A EH 7}

GCE o] &3t mets H ez F23 PujF FFA Avas] FEE4d %
FH = EvlE AH BAEe Table 2991 Yedth =, Avay FE2E5L
e R ooleEe] AEHA @t olek 2ol Amuke] FE=olM AA - 3l

& Ehee] REHA ggons AA SR AF) A§AY u Lot v
22 Agslolx dgle Ao ARut
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Table 29. Quantitive analysis of solvent in cabbage(Summer power)

Solvent
Sample

Methanol Ethanol

Summer power -

) T€4(Ruby star) =59 SuA|A A|&EH7}

GCE ol &dte] Mg 3 oeh&r F&3 FilF FF9 T84 FEE IF
ol A= §ulE A w45k Table 300 eI =, 44 F2E2 vgt
& R oleEo] AEHA @okrh. oo} o] FHA FE=olA AAl Al wE
ol AEHA fen Al 554 ARl HEAE W vEEoy s AL

% =

Table 30. Quantitive analysis of solvent in cabbage(Summer power)

Solvent
Sample

Methanol Ethanol

Summer power - -
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X i EetE SRR el vt Abm s B Hust gow Adgsied 2 B
o] Hlelet Ak ¥t Table 312 AHAolA A4 33t o4&, dviske] 3 344 &

85, & FAE 410413 g, #H 71 FS 173875 g, HHAA = H7IE&ES 42.37%
2 vEnen, Az ¥E 5 e ol§E 2 57.63%% e, Arude & FA=
3156.0 g, #71=F2 142850 g, #H7]&2 45.26% B ©o|-&E> H474% = U B oW

FUHe) A%, F AL 22401 g, A1 FE 90320 g, FALS 40.32% B o4&
= 59.68% = WEtst 24 FFE & FAS d71ge] Abol= Auir)zkel Aol wiE
¢l Aom AZHY, gujF b FF] #Hrl&S 40.32~4526% = Ao FASE @s

Table 31. &ulF EFE HA7|E& v &

(unit : g)
< 5 # 7] % #H 7] (%)
Bonus 4104.13 1738.75 42.37
Summer power 3156.0 1428.50 45.26
Ruby star 2240.1 903.20 40.32
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Fig. 79. Color value of cabbage(Bonus) according to extract of solvents
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grE 650 nmolA FHEE Y FHEFE 100% FHEE 71FoR 3
MEAE BEIAT. 94 50% L 75% EtOH 2% A 298 AQelq S8
SRSt FE5Evd @& g% W3 Fig 809 Jebd wrel ok 75% EtOH
FEEY FRE7 7657%(T2 713 wskon, 94 % 50% EtOH F#& &2 58.17,
56.80%(T)2 2+2 Yebwth, i/l EtOH %289 4% 7184 2¥% #3o) mof
gE7} ¢ &7 WEd D46 M ¥ FREF UeuA W, 75% EOH F%
29 3% Yoz e FHEE e
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Fig. 80. Turbidity of cabbage(Bonus) according to extract of solvents

3 7FE
Z 2229 5= FAZFTA(Atage, hand refrectometer, Japan)E AM-83le 4

2o ZA3A

25

20 |

15

10 |

Soluble solid content {°Brix)

Water 50% EtOH 75% EtOH

Extraction solution

Fig. 81. Soluble solid contents of cabbage(Bonus) to extract of solvents
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T8 10 °Brixd € F&=3 50, /5% EtOH F=E&92] 14.8, 18.8 °Brixol] o3t
ZA¥= Table 329 2t}

%

Table 32. Free sugar contents of cabbage(Bonus)

(unit : mg/mL)

Fructose Glucose Sucrose Maltose Lactose
Water ext. 3.48 5.54 0.39 0.36 -
50% EtOH ext. 2.55 3.96 0.22 0.26 -
75% EtOH ext. 2.177 4.27 0.18 0.26 -

=

FEEY T FF 24 A% &5, 50 B 75% EtOHC]

fructose, glucose, sucrose, maltoseE 3t AN ™, ©]F fructosest

i)
=R
o
a
]
7
o
N
-

FE2 o] FUrt. wI AAFom 50, 75% EtOH FEEZHU o

it
o

o] =& Ao R YEt o, lactose®] 4 B FEEolM HEHA @k
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Fig. 82. Color value of cabbage(Summer power) according to extract of

solvents
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Fig. 83. Turbidity of cabbage(Summer power) according to extract of

solvents
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Fig. 84. Soluble solid contents of cabbage(Summer power) to extract of

solvents

@) Fa%2
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< fructose, glucose, sucroseE Fr3tal AW, o]F fructose®t glucose’} &5
FEEYL FASHA & o) F AL ¢, 55 FEEAAY T FEe d5 F

Bt} ethanol F&E&

2] lactose ©]9]ql

Jz .
=
s i
i}

Table 33. Free sugar contents of cabbage(Summer power)

(unit : mg/mL)

Fructose Glucose Sucrose Maltose Lactose
Water ext. 2.28 2.98 0.51 - -
50% EtOH ext. 2.61 3.45 0.60 - -
75% EtOH ext. 2.711 3.61 0.31 - -

th) 9% (Ruby star) FEE9 54 A}
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Color value
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Fig. 85. Color value of cabbage(Ruby star) according to extract of solvents
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Fig. 86. Turbidity of cabbage(Ruby star) according to extract of solvents
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Fig. 87. Soluble solid contents of cabbage(Ruby star) according to extract

of solvents
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4% 1.0 °Brix, 50% EtOH F%%-& 146 °Brix, 75% EtOH +%

°Brix® &% 3 e FEE9 FA S e

294 10 °Brix®] 44 FEE% 50% EtOH F== % 75% EtOH FZE°| o

@ feld 2L 4@ Avk: Table 3490 2t

Table 34. Free sugar contents of cabbage(Ruby star)
(unit : mg/mL)

Fructose Glucose Sucrose Maltose Lactose
Water ext. 2.17 4.36 0.74 - -
50% EtOH ext. 1.70 3.24 0.41 - -
75% EtOH ext. 1.74 3.18 0.37 - -

E&o Fowd g% B4 A3 d4 50 2 75% EtOHY RE FEELS

44 F r
Mgl et f-AFeHAl fructose, glucose, sucrose® &alal A om o] F fructose
o} glucose’t &5 % WIS FEZEI FASHA F& ol Foh $H, 55 F&
Eo A FEd FHH AR A FEEAA =S IS RYow, F57

= 2y A g el vl A 2 lactose ©] 9o maltose®: BE FEE

2 okth.
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Fig. 88. Soluble solid contents of cabbage(Bonus) according to change of

extraction time (xfolds; added water amount)
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Fig. 89. Yield of cabbage(Bonus) according to amount of the water added
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Fig. 90. Soluble solid contents of cabbage(Summer power) according to

change of extraction time (xfolds; added water amount)
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Fig. 91. Yield of cabbage(Summer power) according to amount of the

water added
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Table 35. Combination ratio for preparation of cabbage(Bonus) beverage

(unit : g)

Ingredient Content of Bonus extract(%)
0.3 04 05 0.6
Bonus ext." 30.0 40.0 50.0 60.0
Sugar 8.0 8.0 8.0 8.0
Water 62.0 52.0 42.0 32.0
Citric acid 0.08 0.08 0.08 0.08
Sum? 100.0 100.0 100.0 100.0
pH 3.35 3.60 3.72 3.87

YBonus ext.: 1.0 °Brix

YSum of amount of all ingredients except citric acid

- 191 -



e
&

=

e

s

rr

-

=5

(@)

w

o)

o

°

o,

=

32
)

Table 36. Combination ratio for preparation of cabbage(Bonus) with dried
Lycium chinense extracts

(unit : g(%))

Content of Lycium chinense extract(%)

Ingredient
0.4 0.6 0.8 1.0
Bonus ext.” 50.0(0.5) 50.0(0.5) 50.0(0.5) 50.000.5)
Lycium chinense ext.” 8.0 12.0 16.0 20.0
Sugar 8.0 8.0 8.0 8.0
Water 34.0 30.0 26.0 22.0
Citric acid 0.08 0.08 0.08 0.08
Sum” 100.0 100.0 100.0 100.0
pH 3.88 391 3.95 3.99

YBonus ext.: 1.0 °Brix
2)Lycium chinense ext.: 5.0 °Brix

YSum of amount of all ingredients except citric acid
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Table 37. Combination ratio for preparation of cabbage(Bonus) with dried

ginger extracts

(unit : g(%))

Content of dried ginger extract(%)

Ingredient
0.06 0.08 0.10 0.12
Bonus ext.” 50.0(0.5) 50.0(0.5) 50.0(0.5) 50.0(0.5)
Lycium chinense ext.” 16.0(0.8) 16.0(0.8) 16.0(0.8) 16.0(0.8)
dried ginger ext.” 6.0 8.0 10.0 12.0
Sugar 8.0 8.0 8.0 8.0
Water 20.0 18.0 16.0 14.0
Citric acid 0.08 0.08 0.08 0.08
Sum” 100.0 100.0 100.0 100.0
pH 4.27 4.33 4.38 4.38

"Bonus ext.: 1.0 °Brix
2)Lycium chinense ext.: 5.0 °Brix
Ydried ginger ext.: 1.0 °Brix

YSum of amount of all ingredients except citric acid
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Table 38. Combination ratio for preparation of cabbage(Bonus) with

Ginseng extracts
(unit : g(%))

Content of Ginseng extract(%)

ngredient 0.06 0.12 0.18 0.24
Bonus ext.” 50.0(0.5) 50.0(0.5) 50.0(0.5) 50.0(0.5)
Lycium chinense ext.” 16.0(0.8) 16.0(0.8) 16.0(0.8) 16.0(0.8)
dried ginger ext.” 8.0(0.08) 8.0(0.08) 8.0(0.08) 8.0(0.08)

Ginseng ext.” 3.0 6.0 9.0 12.0

Sugar 8.0 8.0 8.0 8.0

Water 15.0 12.0 9.0 6.0

Citric acid 0.08 0.08 0.08 0.08

Sum” 100.0 100.0 100.0 100.0

pH 4.34 4.35 4.36 4.37

YBonus ext.: 1.0 °Brix

2)Lycium chinense ext.: 5.0 °Brix
Ydried ginger ext.: 1.0 °Brix
4)Ginseng ext.: 2.0 °Brix

Sum of amount of all ingredients except citric acid
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Table 39. Combination ratio for preparation of cabbage(Bonus) with sugar

(unit : g(%))

Content of Sugar(%)

ngredient 6.0 8.0 10.0 12.0
Bonus ext.” 50.0(0.5) 50.0(0.5) 50.0(0.5) 50.0(0.5)
Lycium chinense ext” 16.0(0.8) 16.000.8) 16.0(0.8) 16.0(0.8)
dried ginger ext.” 8.0(0.08) 8.0(0.08) 8.0(0.08) 8.0(0.08)
Ginseng ext.” 9.0(0.18) 9.0(0.18) 9.0(0.18) 9.0(0.18)

Sugar 6.0 3.0 10.0 12.0

Water 11.0 9.0 7.0 5.0

Citric acid 0.08 0.08 0.08 0.08

Sum” 100.0 100.0 100.0 100.0

pH 4.36 4.36 4.36 4.36

YBonus ext.: 1.0 °Brix

2)Lycium chinense ext.: 5.0 °Brix
Ydried ginger ext.: 1.0 °Brix
4)Ginseng ext.: 2.0 °Brix

“Sum of amount of all ingredients except citric acid
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Table 40. Combination ratio for preparation of cabbage(Bonus) with citric

acid
(unit : g(%))
Content of Citric acid(g)
Ingredient
0.13 0.18 0.23 0.28
Bonus ext.” 50.0(0.5) 50.0(0.5) 50.0(0.5) 50.0(0.5)
Lycium chinense ext.” 16.0(0.8) 16.0(0.8) 16.0(0.8) 16.0(0.8)
dried ginger ext.” 8.0(0.08) 8.0(0.08) 8.0(0.08) 8.0(0.08)
Ginseng ext.” 9.0(0.18) 9.0(0.18) 9.0(0.18) 9.0(0.18)
Sugar 10.0(10.0) 10.0(10.0) 10.0(10.0)  10.0(10.0)
Water 11.0 9.0 7.0 5.0
Citric acid 0.13 0.18 0.23 0.28
Sum” 100.0 100.0 100.0 100.0
pH 4.10 3.89 3.74 359

YBonus ext.: 1.0 °Brix

2)Lycium chinense ext.: 5.0 °Brix
Ydried ginger ext.: 1.0 °Brix
4)Ginseng ext.: 2.0 °Brix

Sum of amount of all ingredients except citric acid
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Table 41. Final combination ratio for cabbage(Bonus) beverage

(unit : %)
Ingredient Content
Bonus ext.” 05
Lycium chinense ext.” 0.8
dried ginger ext.” 0.08
Ginseng ext.” 0.18
Sugar 10.0
Water 88.44
Citric acid 0.23
Sum” 100.0
pH 3.74
YBonus ext.: 1.0 °Brix
2)Lycium chinense ext.: 5.0 °Brix
Ydried ginger ext.: 1.0 °Brix
4)Ginseng ext.: 2.0 °Brix
“Sum of amount of all ingredients except citric acid
W RARe 44 $8%E A%
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Table 42. Combination ratio for preparation of cabbage(Summer power)

beverage
(unit : g)
Content of Summer power extract(%)
Ingredient

0.3 0.6 09 1.2

Summer power ext.” 21.43 42.86 64.29 85.71
Water 73.57 52.14 30.71 9.29

Sugar 5.0 5.0 5.0 5.0

Citric acid 0.08 0.08 0.08 0.08
Sum? 100.0 100.0 100.0 100.0

pH 3.39 3.76 3.98 4.14

YSummer power ext.. 1.4 °Brix

YSum of amount of all ingredients except citric acid
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Table 43. Combination ratio for preparation of cabbage(Summer power)

with Eucommia ulmoides extracts

(unit : g(%))

Content of Eucommia ulmoides extract(%)

tngredient 0.04 0.08 0.12 0.16
Summer power ext.” 42.86(0.6) 42.86(0.6) 42.86(0.6) 42.86(0.6)

Eucommia ulmoides ext.” 2.5 5.0 7.5 10
Water 49.64 47.14 44.64 42.14

Sugar 5.0 5.0 5.0 5.0

Citric acid 0.08 0.08 0.08 0.08

Sum” 100.0 100.0 100.0 100.0

pH 3.82 3.83 3.83 3.83

YSummer power ext.. 1.4 °Brix
Y Eucommia ulmoides ext.: 1.6 °Brix

YSum of amount of all ingredients except citric acid
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Table 44. Combination ratio for preparation of cabbage(Summer power)

with Polygoni Multiflori Radix extracts
(unit : g (%))

Content of Polygoni Multiflori Radix extract(%)

ngredient 0.1 0.2 0.3 0.4

Summer power ext." 42.86(0.6)  42.86(0.6) 42.86(0.6)  42.86(0.6)
Eucommia ulmoides ext.” 7.5(0.12) 7.5(0.12) 7.5(0.12) 7.5(0.12)

Polygoni Multiflori Radix ext” 3.3 6.25 9.37 125
Water 41.51 38.39 35.27 32.14

Sugar 5.0 5.0 5.0 5.0

Citric acid 0.08 0.08 0.08 0.08
Sum” 100.0 100.0 100.0 100.0
pH 3.90 3.96 4.02 4.07

USummer power ext.: 1.4 °Brix
? Eucommia ulmoides ext.: 1.6 °Brix
3)Polygom' Multiflori Radix ext.: 3.2 °Brix

YSum of amount of all ingredients except citric acid
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Table 45. Combination ratio for preparation of cabbage(Summer power)

with Jujube extracts

(unit © g (%))

Content of Jujube extract(%)

Ingredient 04 06 0.3 10
Summer power ext." 42.86(0.6) 42.86(0.6) 42.86(0.6)  42.86(0.6)
Eucommia ulmoides ext.”’ 7.5(0.12) 7.5(0.12) 7.5(0.12) 7.5(0.12)
Polygoni Multiflori Radix ext”  9.37(0.3) 9.37(0.3) 9.37(0.3) 9.37(0.3)
Jujube ext.” 741 11.11 14.81 18.51
Water 27.86 24.16 20.46 16.76
Sugar 5.0 5.0 5.0 5.0
Citric acid 0.08 0.08 0.08 0.08
Sum” 100.0 100.0 100.0 100.0
pH 4.08 4.09 4.10 411
USummer power ext.: 1.4 °Brix
? Eucommia ulmoides ext.: 1.6 °Brix
3’)Polygom' Multiflori Radix ext.: 3.2 °Brix
Y Tujube ext.: 5.4 °Brix
Sum of amount of all ingredients except citric acid
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oFZF =7 4 Qdlen, 1.0% FEdAE S5 dure FUtsld oy, tF FEY
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Table 46. Combination ratio for preparation of cabbage(Summer power)

with sugar

(unit © g (%))

Ingredient

Content of sugar(%)

3.0 6.0 9.0 12.0
Summer power ext." 42.86(0.6)  42.86(0.6) 42.86(0.6)  42.86(0.6)
Eucommia ulmoides ext.” 7.5(0.12) 7.5(0.12) 7.5(0.12) 7.5(0.12)
Polygoni Multiflori Radix ext.” 9.37(0.3)  9.37(0.3)  9.37(0.3)  9.37(0.3)
Jujube ext.” 14.81(0.8)  14.81(0.8) 14.81(0.8)  14.81(0.8)

Water 22.46 19.46 16.46 13.46

Sugar 3.0 6.0 9.0 12.0

Citric acid 0.08 0.08 0.08 0.08

Sum” 100.0 100.0 100.0 100.0

pH 4.10 4.10 4.10 4.10

YSummer power ext.: 1.4° Brix

Y Eucommia ulmoides ext.: 1.6 °Brix
3)Polygoni Multiflori Radix ext.: 3.2 °Brix
4)]ujube ext.: 5.4 °Brix

Sum of amount of all ingredients except citric acid
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Table 47. Combination ratio for preparation of cabbage(Summer power)

with citric acid
(unit : g (%))

Content of Citric acid (g)

Ingredient
0.09 0.12 0.15 0.18
Summer power ext." 42.86(0.6) 42.86(0.6) 42.86(0.6) 42.86(0.6)
Eucommia ulmoides ext.” 7.5(0.12) 7.5(0.12) 7.5(0.12) 7.5(0.12)

Polygoni Multiflori Radix ext” 9.37(0.3)  9.37(0.3)  9.37(0.3)  9.37(0.3)

Jujube ext.” 14.81(0.8)  14.81(0.8) 14.81(0.8)  14.81(0.8)
Water 16.46 16.46 16.46 16.46
Sugar 9.0(9.0) 9.0(9.0) 9.0(9.0) 9.0(9.0)

Citric acid 0.09 0.12 0.15 0.18
Sum” 100.0 100.0 100.0 100.0
pH 4.06 3.90 375 3.66

YSummer power ext.: 1.4 °Brix
? Eucommia ulmoides ext.: 1.6 °Brix
3)Polygoni Multiflori Radix ext.: 3.2 °Brix

4)]ujube ext.: b.4 °Brix

Sum of amount of all ingredients except citric acid
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Table 48. Final combination ratio for cabbage(Summer power) beverage.

(unit : %)
Ingredient Content

Summer power ext.” 0.6
Eucommia ulmoides ext.” 0.12
Polygoni Multiflori Radix ext.” 0.3
Jujube ext.” 0.8
Water 89.18
Sugar 9.0
Citric acid 0.15
Sum” 100.0
pH 3.75

USummer power ext.: 1.4 °Brix

2) . . . .
Eucommia ulmoides ext.: 1.6 °Brix

3’)Polygom' Multiflori Radix ext.: 3.2 °Brix

Y Jujube ext.: 5.4 °Brix

YSum of amount of all ingredients except citric
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Table 49. Combination ratio for preparation of cabbage(Ruby star)

beverage
(unit : g)
Content of Ruby star extract(%)

Ingredient
0.2 04 0.6 0.8
Ruby star ext. 16.67 33.34 50.00 66.67
Sugar 6.0 6.0 6.0 6.0
Water 77.33 60.66 44.00 27.33
Citric acid 0.08 0.08 0.08 0.08
Sum? 100.0 100.0 100.0 100.0
pH 3.15 3.50 3.78 3.93

1)Ruby star ext.: 1.2 °Brix

?Sum of amount of all ingredients except citric acid
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Table 50. Combination ratio for preparation of cabbage(Ruby star) with

dried garlic extracts
(unit : g(%))

Content of dried garlic extract(%5)

Ingredient

0.2 0.4 0.6 0.8

Ruby star ext.” 50.0(0.6) 50.0(0.6) 50.0(0.6) 50.0(0.6)
dried garlic ext.” 2.70 5.40 8.10 10.81
Sugar 6.0 6.0 6.0 6.0
Water 41.30 38.60 35.90 33.19
Citric acid 0.08 0.08 0.08 0.08
Sum” 100.0 100.0 100.0 100.0
pH 3.98 4.06 4.14 4.21

1)Ruby star ext.: 1.2 °Brix
?dried garlic ext.: 7.4 °Brix

YSum of amount of all ingredients except citric acid

4o FEe 2wt gl Ur 98 A Ad# =4 Fo 44 Fx A7)
A7 =& 01, 03, 05 % 0.7%=

o]
w5 Ax F dedaE dAsklth 1 A3k Table 5191 YER AT

A A3,
T A 01% srolA= AL FEA gho] ¢fstA wom, 05 0.7% &
EoAE FEAe FEF ok 2ol A3 44 28 BER AFAA we o
FAHh 03% FEANE 22 FEA 579 %3t $EO) wol F xay



Table 51. Combination ratio for preparation of cabbage(Ruby star) with

Puerariae Radix eXtracts

(unit : g(%))

Content of Puerariae Radix extract(%5)

ingredient 0.1 0.3 0.5 0.7
Ruby star ext." 50.0(0.6) 50.0(0.6) 50.0(0.6) 50.0(0.6)
dried garlic ext.” 8.1(0.6) 8.1(0.6) 8.1(0.6) 8.1(0.6)
Puerariae Radix ext.” 294 8.82 14.71 20.59
Sugar 6.0 6.0 6.0 6.0
Water 32.96 27.08 21.19 15.31
Citric acid 0.08 0.08 0.08 0.08
Sum” 100.0 100.0 100.0 100.0
pH 4.23 4.28 4.34 4.40

YRuby star ext.: 1.2 °Brix

Y dried garlic ext.: 7.4 °Brix

Y Puerariae Radix ext.. 3.4 °Brix

YSum of amount of all ingredients except citric acid
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Table 52. Combination ratio for preparation of cabbage(Ruby star) with

Schiznadra chinensis extracts

(unit : g(%))

Content of Schiznadra chinensis extract(%s)

Ingredient
0.15 0.3 0.45 0.6
Ruby star ext.” 50.000.6) 50.0(0.6) 50.0(0.6) 50.0(0.6)
dried garlic ext.” 8.1(0.6) 8.1(0.6) 8.1(0.6) 8.1(0.6)
Puerariae Radix ext.” 8.82(0.3) 8.82(0.3) 8.82(0.3) 8.82(0.3)
Schiznadra chinensis ext.” 3.57 7.14 10.71 14.29
Sugar 6.0 6.0 6.0 6.0
Water 23.51 19.94 16.37 12.79
Citric acid 0.08 0.08 0.08 0.08
Sum? 100.0 100.0 100.0 100.0
pH 3.95 3.75 3.62 3.53
1)Ruby star ext.: 1.2 °Brix
?dried garlic ext.: 7.4 °Brix
YPuerariae Radix ext.: 3.4 °Brix
YSchiznadra chinensis ext.: 4.2 °Brix
YSum of amount of all ingredients except citric acid
A A 0.15% FEo A okzgte] Alutwt wow SR o] util= of &
ATt 045, 0.6% EEoA = 2luta &ulo] Fra] A4 58 FE= ShA] eF sk
oM, 03% FEANAE 55 =738 Bt A7, AFEEHA gks sl sk e
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Table 53. Combination ratio for preparation of cabbage(Ruby star) with
sugar

(unit : g(%))
Ingredient Content of Sugar(%)
6.0 3.0 10.0 12.0
Ruby star ext.” 50.0(0.6) 50.000.6) 50.0(0.6) 50.0(0.6)
dried garlic ext.” 8.1(0.6) 8.1(0.6) 8.1(0.6) 8.1(0.6)
Puerariae Radix ext.” 8.82(0.3) 8.82(0.3) 8.82(0.3)  8.82(0.3)
Schiznadra chinensis ext.”  7.14(0.3) 7.14(0.3) 7.14(0.3) 7.14(0.3)
Sugar 6.0 3.0 10.0 12.0
Water 19.94 17.94 15.94 13.94
Citric acid 0.08 0.08 0.08 0.08
Sum” 100.0 100.0 100.0 100.0
pH 3.75 3.75 3.75 3.75
YRuby star ext.: 1.2 °Brix

Y dried garlic ext.: 7.4 °Brix
Y Puerariae Radix ext.: 3.4 °Brix

YSchiznadra chinensis ext.: 4.2 °Brix

Sum of amount of all ingredients except citric acid
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Table 54. Final combination ratio for cabbage(Ruby star) beverage

(unit : %)

Ingredient Content
Ruby star ext.” 0.6
dried garlic ext.” 0.6
Puerariae Radix ext.” 0.3
Schiznadra chinensis ext.” 0.3
Water 89.87
Sugar 10.0
Citric acid 0.08
Sum” 100.0
pH 3.75

1)Ruby star ext.: 1.2 °Brix

?dried garlic ext.: 7.4 °Brix

YPuerariae Radix ext.: 3.4 °Brix

Yschiznadra chinensis(Turcz.)Baill. ext.: 4.2 °Brix

’Sum of amount of all ingredients except citric
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. : Add water to cabbage extract, medicinal plant
Hot water extraction o 5 .
and medicine herbs extract at 100C for 30 min
oo
Filtration . Filtrate with bag filter
oo
. : Mixed Bonus, Summer power and Ruby star
Mixing . .. .
ext. with additional materials
aoa
Re-Filtration . Filtrate with cartridge filter
aoa
Sterilization . Sterilize at 90C for 1 min
aoa
Bottling
oo
Cooling
oo
Product

Fig. 94. Process of preparation for cabbage(Bonus, Summer power, Ruby

star) beverage
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50% EtOHS 7hato], 2ol A 1A13F &<t 33 wbE FE9t. &4 g ¥

FA7E BAE AgEE7104 600 °Brix7bA s58te] Algw AREsEAT
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600 “Brixz H%¥ 7 FE FF FHo) FLEEYS T Atk 7

e C 2 e RRAE Fobekel et & wigdh $ 5 (Bonus), v

’

(Summer power), €974 (Ruby star)®] # 3% w]3H]= Table 55, 56 % 573 2t}

Table 55. Combination ratio for preparation of cabbage(Bonus) granulated

tea
(unit : %)

Ingredient Content
Bonus" 10.0
Dehydrate glucose 87.0
Lycium chinense ext. 0.6
dried ginger ext. 04
Ginseng ext. 0.5
Citric acid 1.0
Vitamin C 0.5
Sum 100

YBonus ext.: 60.0 °Brix
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Table 56. Combination ratio for preparation of cabbage(Summer power)

granulated tea

(unit : %)

Ingredient Content
Summer power” 10.0
Dehydrate glucose 875
Eucommia ulmoides ext. 04
Polygoni Multiflori Radix ext. 04
Jujube ext. 0.5
Citric acid 0.8
Vitamin C 04
Sum 100

USummer power ext.: 60.0 °Brix
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Table 57. Combination ratio for preparation of cabbage(Ruby star)

granulated tea

(unit : %)

Ingredient Content
Ruby star” 10.0
Dehydrate glucose 83.0
dried garlic ext. 0.2
Puerariae Radix ext. 0.3
Schiznadra chinensis ext. 0.5
Citric acid 0.6
Vitamin C 04
Sum 100

1)Ruby star ext.: 60.0 °Brix

oI A E R

of

2o & mjgdd 9852 15~20 mesh %2 Z7|2 IHI}E A7l H, 50~
55CelA & ddo] 8% W7t H=s AzAZI

jun

2h) Ao Az T A

HFA FHA AxTAHLS b= Fig. 958 2t
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Hot water extraction : Add water to cabba%e extract a.nd medicine
herbs extract at 100C for 30 min
o
Filtration . Filtrate with bag filter
o
Re-Filtration . Filtrate with cartridge filter
o
Concentration . Concentrate beverage(60.0 °Brix)
o
Mixing : Mixed with glucose(88%)
o
Granulation : Granulate(15720 mesh)
o
Drying : Dry(8% moisture) under 40C
o
Packing
o
Product

Fig. 95. Preparation process for granulated teas of cabbage(Bonus, Summer

power, Ruby star)
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= ZEBonus), A 3Y(Summer power), &9 (Ruby star) 59

Al 7FA FFOl el 2, 50 2 100% ethanol &2 FE3o] A FAS A
E FEEO| 5578~59.83%= I =A YEe

ethanol®] F&=7} S7tdF5 SFslo] HAeklth. Total polyphenol ¥ %2 Ruby
star #&° & FE= 50% EtOH F=+&°] 313.08~424.50 mg%= 714 =4 3
freol Ao, Bonus ¥ Summer power ¥ 9 A9 A= FARSE RS UE
Wlch AAEo]Z8-& Ruby star =F0] 90% Wz 714 439 2e1, SOD
dol YEhA ok

. X3} tyrosinase

At Aol = Bonus 2 Summer power %9 B FEES 2
ke U A FEFOAME 41.62~67.44%9] M9 E ER
A2 RE FF 50% EtOH FEENA 7H8 =4 vets o, o5& 0.1%
fARTt ¢ttt pH 1.20014 9] o} & k4

E EFX9 FEEAAM 80% ol 2AES B, 1% L-ascorbic acid &2 &4

32 m&ﬁ,
A

L-ascorbic acid

Bonus, Summer power, Ruby star®] 2% F&z271& AA57] ¢t 21 +
Z59 &, AAFAS, SOD FAIZA 3t 4209 W EHS superimposing 3F
of o33 ZA3E A9 EW, Bonus® A-F Azl wigh &wiH] 20~30 mL/g,
ethanol % 35~65%, <% 50~80C=E Yew o, Summer powerd 7% Al
=ol g &win] 15~30 mlL/g, ethanol &% 40~80%, F+F&% 50~90C= e
Wi, Ruby star®] ZA-$ A8 W3 &uwju] 20~30 mL/g, ethanol & 25~85%,
E2+% 40~90C= YEFRET

&

"

FuiFol FE54 HA5 AdolA Bonusel tid fole] xHow Aol hdl
Sul] 25 mL/g, olhE ¥ 50% 9 FELE T0CE A4 F 58 gF 7
Zrel B Aol didste] 2 A5E A2 & 4246%, ELlvs IF 0.42%,

ARLF o5 47.14%, tyrosinase A28 54.05%, pH 1.0, 3.0, 4.20] o] 2] o} &ALt
o A27Te ZHZF 66.88, 6021, 11.71% % SOD FAFEA S 1972%% YE1
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Summer powerol] thdk 9o Ao R A8 3t &ujH] 20 mL/g, NEHE F&
50% % FELE T0CE AAT & AHvjgol digh z+zke] 37 2o tiglste] 4
= 59 HARS & 3751%, EH¥Es T 017%, dATdT 45.66%,
tyrosinase A& 28 5359%, pH 1.0, 3.0, 4.20] oA e ofdad A2ASES zZ+zt
73.30, 65.06, 16.41% % SOD FAFEA-2 31.01%% YEFS W, Ruby starel oist
doje] 2o Azl digh &win] 25 mL/g, d¥E % 50% % FEE 70T
Ao gk zkzhe] 37 4o dete] A2 dFH HAAHS T&
42.67%, Z 9 s = 0.79%, AAF )5 82.98%, tyrosinase A 3|28 63.15%, pH
1.0, 3.0, 4.201 SlolA ] opAd £7%5E ZHZF 97.03, 82.78, 45.17% 3 SOD At
g2 37.85%= ERTH

e 229 HE wjFde S A9EW Bonusd AS TE F==d 05%, +71A
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oko[r

FZN 08%, A% FE=N 0.08%, 4 FE=H 0.18%, & 38.44%, A& = ALk
Z+7F 10.0, 0.23% % A X3, Summer powere A% AW 9] =9 06%, F=

FZ9 0.12%, 3579 FE 03%, F FE9 08%, 2 89.18%, U 2 Fiito]

ZkzE 9.0, 0.15% = A ZE A S ™, Ruby star®] 45 94 FE94 06%, dvts F

o
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Table 1. Domestic products, exports and imports of cabbage

Cabbage
Years
Products(ton) Exports(kg) Imports(kg)
2000 5,998 519,367 1,530,804
2001 5,992 1,563,141 151,110
2002 4901 6,749,665 267,610
2003 5,401 325,115 4,260,911
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A 24 A5 £ =Y

1. Ad A=

FufF FEAEY] FEAPA AL AlRE AFE AHedA 200216l AAkE
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raw)e} €A VR Hdds $ 60CTe EFA=7|(LIPP SYSTEM  SILO.
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Fig. 1. Microwave-assisted extractor and control thermometer.
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Table 1. Experimental design for microwave-assisted extraction for

effective components from cabbage

Level
Xi Extraction condition
-2 -1 0 1 2
X4 Microwave power (W) 0 40 80 120 160
X3 EtOH conc.(%) 0 25 50 75 100
X3 Extraction time (min) 1 2 3 4 5
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Table 2. Central composite design for three independent variables at five

levels in microwave—assisted extraction for effective components from

cabbage
Experiment Microwave EtOH Extraction
number”’ power (W) concentration (%) time (min)
1 40(-1) 25(-1) 2(-1)
2 40(-1) 25(-1) 4(1)
3 40(-1) 75(1) 2(-1)
4 40(-1) 75(1) 4(1)
5 120(1) 25(-1) 2(-1)
6 120(1) 25(-1) 4(1)
7 120(1) 75(1) 2(-1)
8 120(1) 75(1) 4(1)
9 80(0) 50(0) 3(0)
10 80(0) 50(0) 3(0)
11 0(-2) 50(0) 3(0)
12 160(2) 50(0) 3(0)
13 80(0) 0(-2) 3(0)
14 80(0) 100(2) 3(0)
15 80(0) 50(0) 1(-2)
16 80(0) 50(0) 5(2)

YThe number of experimental conditions by central composite design.
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mL2 dichloromethaneE %
GC/MS=Z EAst. olu] AFg3E 7]71%7A4L Table 3 % 49 2o} ZF=3(LKT
F Al Ao thele] GC/MSAl A scan mode

AzAZ & 30T A A=AA 2 FAtel

—_

Labs, Inc., St. Paul, MN, USA)3} FZ3l
Z X mass spectrums 9& % main fragment ions(72, 114, 160 / 51, 72, 99)S A
g3l SIM mode®t scan modeol 4] A 83 ionES A EAAH E=34S FAASS

.

Table 3. GC/MS condition for sulforaphane analysis in cabbage extracts

Gas chromatograph : HP 6890
Mass spectrometer : GC MSD 5973
Column : HP-bms capillary column (0.25 mm X 30 m)
Temperature : Column : 60 ~ 230C (10C/min)
Detector : 250C
Injector : 250C
Carrier gas @ Helium (0.8 mL/min, 56 psi)

Table 4. GC/MS condition for allyl isothiocyanate analysis in cabbage

extracts

Gas chromatograph : HP 6890
Mass spectrometer : GC MSD 5973
Column : HP-5ms capillary column (0.25 mm X 30 m)
Temperature : Column : 60 ~ 220C ( 16 C/min)
Detector : 250C
Injector : 250C

Carrier gas : Helium (1 mL/min, 8.21 psi)
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Table 5. Comparison of extraction efficiency on total yield, electron
donating ability, flavonoid, and total phenols from raw cabbage between

current and microwave-assisted extraction (MAE)

. El i .
Yield ectron donating Flavonoid Total phenol

Extraction type  Solvent 0 ability o o

(%, d.b.) (%/g, db) (mg%, d.b.) (mg%, d.b.)

Water 39.43+6.91 2.99+0.24 262.86+39.76 5761+0.21

Curre_nt by 50% ethanol 33.81£5.06 7.75£0.14 308.77£26.30 36.07+0.16
extraction

100% ethanol ~ 38.98+2.41 1557+0.10 1410.70+9.94 88.49+0.16

Water 38.75£17.52 6.74+3.03 4104686887  283.38+15.52

Mierowave oo hanol  4943+1495 14244355 353076:10620  14318:1545
extraction

100% ethanol ~ 57.277.71 1871+2.23 12121230020 188201545

YCurrent extraction was performed at 50C for 3 hrs on a mixture composed of

20 g

of sample and 50 mL of solvent.

MAE was performed at 50 W for 3 min on a mixture composed of 5 g of
sample and

50 mL of solvent.
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Table 6. Comparison of extraction efficiency on total yield, electron

donating ability, flavonoid, and total phenol from flake cabbage between

current and microwave-assisted extraction (MAE)

Electron donating

Extraction Solvent Yield ability Flavonoid Total phenol
type (%, db.) (%/g. db) (mg%, db.) (mg%, db.)
Water 34.93+0.03 6.27+0.29 96.83+7.32 68.40+0.08
ex(iru;;?);l) 50% ethanol 35.37£0.00 8.42+0.03 365.35+12.69 60.93£0.16
100% ethanol ~ 25.31+0.62 6.80£0.12 640.21+24.01 68.50+0.25
Water 36.94+18.80 10.99+2.10 1,858.46+83.91 287.10+£10.39
Eféfc‘ﬁg 50% ethanol  42.86+333 25154142 5053144844 13093588
100% ethanol ~ 33.02+2.74 8.66+0.47 1,921.89+83.91 242.05+5.30

UCurrent extraction was performed at 50C for 3 hrs on a mixture composed of 5

g of sample and 50 mL of solvent.

“MAE was performed at 50 W for 3 min on a mixture composing 1 g sample

and 50 mL of solvent.
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AZNAE 200 W o3t Al L3Fa} 13] 58 oo F2AI7to] ulgAE Ao
2 YEH
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Temperature(T)
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Y
o

—e— Water
—&— Ethanol
—i— Dichloromethane

0 1 2 3 4 5 6 7 8 9 10 M1 12 13 14 15

Time(min)

N
o

Fig. 2. Heating curves of 50 mL of different solvents (water, ethanol,

.dichloromethane) at 50 W of microwave power.
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Fig. 3. Heating curves of 50 mL of water with or without cabbage sample

(raw 5 g, flake 1 g) at 50 W of microwave power.
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Fig. 4. Heating curves of 50 mL of ethanol with or without cabbage

sample (raw 5 g, flake 1 g) at 50 W of microwave power.
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Fig.: 5. Heating curves of 50 ml of dichloromethane with or without

cabbage sample (raw 5 g, flake 1 g) at 50 W of microwave power.
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Fig. 6. Heating curves of 50 mL of water at different powers of

microwave power.
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Fig. 7. Heating curves of 50 mL of ethanol at different power (50 W, 100
W, 150 W, 200 W) of microwave power.
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Fig. 8. Heating curves of 50 mL of dichloromethane at different powers

(50 W, 100 W, 150 W, 200 W) of microwave powers.
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Fig. 9. Effect of particle size of cabbage flake in microwave-assisted

extraction on total yield and electron donating ability of cabbage extracts.
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Fig. 10. Effect of particle size of cabbage flake in microwave-assisted

extraction on total phenol and flavonoid of cabbage extracts.
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Table 7. Effect of the sample to solvent ratio in microwave-assisted
extraction (MAE) on yield, electron donating ability, flavonoid, and total

phenol of extracts from raw and flake cabbagel)

Electron donating

Sample Solvgnt Yield ability Flavonoid Total phenol
ratio (%, d.bh.) (%/g. db.) (mg%, d.b.) (mg%, d.b.)

Raw 1:20 50.48+27.26 24.39+3.44 1511.86+171.15  284.75+12.11

1:10 49.43+14.95 19.70+6.87 426.55+28.53 179.74+1.79

15 24.72+7.48 21.36+1.94 1150.36+626.13 212.16+2.87

Flake 1:100 32.34%0.15 52.40+4.72 999.55+131.36 495.18+21.37

1:50 42.86+3.33 39.49+0.89 795.55+73.14 369.56+155.61

1:20 33.02+2.74 26.47+0.52 527.5345.25 356.46+20.05

1:10 37.6846.29 15.60+0.01 547.40+16.41 418.58+12.76

UMAE was performed at 50 W for 3 min on a mixture composed of sample and 50

mL of 50% ethanol.
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Table 8. Effect of microwave power in microwave-assisted extraction

(MAE) on yield, electron donating ability, flavonoid and total phenol of

extracts from raw cabbagel)

Electron donating

Yoy Sovent o4, b) ability m% 659 (g5, )
B (%/g, d.b.) o o

50 Water 38.75+17.52 6.74+3.03 4104.68+68.87  288.38+15.52
50% ethanol 4943+14.95 14.24+355 3530.76+105.20  143.18+15.45

100% ethanol 57.27+7.71 18.71£2.23 1212.124300.20 188.20+15.45
Dichloromethane - - - 36.60+0.42

100 Water 52.27+9.96 7201047 4655.65+119.29  234.89+1.93
50% ethanol 48.18+19.61 18.1849.90 3324.15+79.52  137.90+5.00

100% ethanol 57.27+7.72 17.58+2.06 913.68+39.76  182.78+5.21
Dichloromethane - - - 37.71+2.30

150 Water 38.07+0.16 7.80+1.33 4816.35+173.32  170.97+12.74
50% ethanol 50.68+12.86 11.9740.35 3118.46+80.55  158.60+3.87

100% ethanol 51.70+6.27 16.36+1.27 1097.34+143.37 158.74+11.92
Dichloromethane - - - 34.38+2.96

UMAE was performed for 3 min on a mixture composed of 5 g of sample and 50

mL of solvent.

- 250 -



Table 9. Effect of microwave power in microwave-assisted extraction

(MAE) on yield, electron donating ability, flavonoid and total phenol of

extracts from flake cabbagel)

Electron donating

Power Solvent Yield ability Flavonoid Total phenol
(W) (%, d.b.) (%/g, db.) (mg%, db.) (mg%, db.)
50 Water 36.94+18.80 10.99+2.10 6890.46+48.44  287.10+10.39

50% ethanol 42.86+3.33 25.15+1.42 505.31+48.44  139.93+5.88
100% ethanol 33.02+2.74 8.65+0.47 1921.89+83.91  242.05+5.30
Dichloromethane - - - 25.9041.97
100 Water 26.32+0.07 24.10+1.01 8169.61+222.00  325.11+6.34
50% ethanol 46.26+3.85 24.63+1.48 2217.89+48.44  22.711+0.71
100% ethanol 48.67+2.22 12.45+0.48 1805.60491.55  178.06+9.34
Dichloromethane - - - 25.60£0.77
150 Water 30.72+2.89 30.63+2.47 8233.04+8391  326.13+3.22
50% ethanol 5751£1.26 25.68+0.74 2471601831  24.45+1.36
100% ethanol 37.68+4.29 8.76+0.60 1932.46+246.34  171.79+9.01
Dichloromethane - - - 21.81+1.15

UMAE was performed for 3 min on a

50 mL of solvent.
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Table 10. Effect of different solvents in microwave-assisted extraction
(MAE) on yield, electron donating ability, flavonoid and total phenol of

raw and flake cabbagel)

Electron donating

Yield Flavonoid Total phenol

Sample  Solvent o ability o o
(%, d.b.) (%/g. db) (mg%, d.b.) (mg%, d.b.)
Raw  Water 38.75+17.52 6.74£3.03 4104.68+68.87  288.38+15.52

90% ethanol 49.43+£14.95 14.24£3.55 3530.76£105.20  143.18+15.45

100% ethanol 01.27+7.71 18.71£2.23 1212.124300.20  188.20+15.45

Dichloromethane - - - 36.60£0.42
Flake  Water 36.94+18.80 10.99+2.10 6890.46+48.44  287.10+£10.39
50% ethanol 42.86+3.33 25.15+1.42 505.31+48.44 139.93+5.88

100% ethanol 33.02£2.74 8.60%0.47 1921.89+83.91 242.05%5.30

Dichloromethane - - - 25.90+1.97

UMAE was performed for 3 min on a mixture composed of raw(5 g) and flake(l

g) of sample and 50 mL of solvent.
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Table 11. Effect of irradiation time in microwave-assisted extraction
(MAE) on yield, electron donating ability, flavonoid and total phenol of

extracts from raw cabbagel)

Electron donating

Time Yield Flavonoid Total phenol

(min)  >O1vent (%, db.) (%*Ziyhg‘b') (mg%db)  (mg%, db.)

1 Water 44.20+13.02 11.29+1.77 2035.81+182.21  298.95+0.87

50% ethanol 59.09+0.96 19.39£2.29 505.51+182.21  148.88+4.05

100% ethanol 57.27+1.29 19.47+1.44 2199.27+173.32  263.65+16.37
Dichloromethane - - - -

3 Water 38.30+5.62 10.9942.10 2451.79£182.21  280.88+5.64
50% ethanol 4943+14.95 17.50£0.60 505.31+48.44  139.70+4.11
100% ethanol 49.27+0.96 16.82+4.79 4449.04+248.32  287.69+2.96
Dichloromethane - - 87.24+39.76 -

5 Water 35.23+0.00 13.10£0.99 2107.44+182.21  287.00+11.67
50% ethanol 57.27+10.93 20.68+1.20 500.46+143.37  151.52+0.48
100% ethanol 42.84+7.55 19.32+1.64 2222227952 271.76+0.87
Dichloromethane - - 431.59+210.40 -

7 Water 43.86+0.00 18.18+1.50 2153.35£39.76  154.02+3.78
50% ethanol 65.23+11.25 14.7043.18 615.24+79.52  160.13+2.71
100% ethanol 50.68+7.39 21.671.77 3714.42+260.74  130.67+3.02
Dichloromethane - - 982.55+143.37 -

UMAE was performed for 3 min on a mixture composed of 5 g of sample and 50

mL of solvent.
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Table 12. Effect of

irradiation time

in microwave-assisted extraction

(MAE) on yield, electron donating ability, flavonoid and total phenol of

extracts from flake cabbagel)

Electron donating

Time Solvent Yield ability Flavonoid Total phenol
(min) (%, db.) (%/g. db) (mg%, db.) (mg%, d.b.)
1 Water 32.39+3.18 18.18+1.50 1583.60+36.62  194.21+13.66
50% ethanol 57.82+0.07 31.89+0.44 537.03+36.62 277124252
100% ethanol 18.89+0.81 3.94+0.58 152017417467  17.71+1.11
Dichloromethane - - 695.60+48.44 -
3 Water 36.94+18.80 15.70£0.83 1858.46+8391  221.83£4.90
50% ethanol 42.86+3.33 30.14+2.93 642.74+36.62 258.18+7.76
100% ethanol 27.21+2.66 4.81+0.28 1541.32+31.71 21.29+0.97
Dichloromethane - - 864.74+773.24 -
5 Water 26.32%9.69 17.72£1.07 410.17£36.62 200.97+5.07
50% ethanol 62.74+16.35 26.02+1.33 727.32+36.62 239.36+3.94
100% ethanol 23.60+0.22 5.62+1.11 1847.89+159.63  45.48+1.35
Dichloromethane - - 970.46+54.93 -
7 Water 55.63+11.32 19.57+0.58 600.46£101.95  201.87+9.24
50% ethanol 57.77+1.48 22.57£1.05 790.74+18.31 239.75+0.59
100% ethanol 35.74+0.96 7.12£1.00 1953.60+198.06  32.81+1.60
Dichloromethane - - 1023.32+18.31 -

UMAE was performed for 3 min on a mixture composed of 1 g of sample and 50

mL of solvent.
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Table 13. Experimental data on total vyield,

donating ability,

sulforaphane and ally

total phenolics, electron

isothiocyanate of raw cabbage

extracted by MAP under conditions based on central composite design for

response surface analysis

. . . . All
b O I TR TS RS opetine ssothiocyanate
1 51.09+4.60 190.50+0.64 8.51+0.23 355.61 2.37
2 49.09+4.83 158.23+2.84 10.15+7.55 1071.39 3.45
3 48.23+1.43 369.88 15.75+10.89 511.36 2.50
4 42.91+6.23 352.14 14.16+10.56 1053.56 3.32
5 47.23+2.67 207.01+0.42 11.78+1.51 1123.04 3.69
6 54.34+2.51 208.73+0.64 11.40+1.77 1124.49 3.79
7 45.94+3.74 269.80+0.42 14.31+£0.26 1533.59 459
8 51.73+6.83 436.03+0.42 17.98+0.47 1197.95 3.67
9 51.66+2.03 294.56+1.05 14.45+0.73 1150.48 3.55
10 52.92+1.18 301.78+0.42 14.75+0.23 1250.48 4.10
11 46.35+3.50 297.37+0.42 11.45+0.23 714.24 2.08
12 49.31£5.94 207.77+0.42 14.87+0.23 921.89 3.20
13 49.86+0.92 141.27+0.64 5.78+0.13 833.03 2.78
14 43.39+2.35 397.96 16.00+1.29 762.94 2.61
15 42.53+3.77 252.40+1.20 14.51+0.69 525.32 2.52
16 52.30+0.90 246.38+0.87 12.49+0.26 1123.56 3.49

YThe number of experimental condition by central composite design.
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Table 14. Experimental data on total vyield, total phenolics, electron
donating ability, sulforaphane and ally isothiocyanate of flake cabbage
extracted by MAP under conditions based on central composite design for

response surface analysis

Experimet Total yield Total Phenolics Electr.on Sulforaphane 'Ally
number’ (%, db)  (mg%/g, db)  Conane (ppmdp) OTocvanate
ability(%/g,d.b.) (ppm,d.b)
1 55.78+2.21 267.77+0.22 36.28+0.16 2805.17 6.66
2 54.08+1.55 274.56+0.97 35.76+0.42 4278.22 10.11
3 50.64+0.13 213.90+1.17 29.58+0.16 35.12 0.75
4 43.26+3.97 236.16+0.44 25.78+0.37 26.45 0.73
5 52.55+1.32 269.95+1.11 36.53+0.86 696.55 2.28
6 56.70+3.28 273.92+0.80 35.51+0.07 546.85 1.92
7 45.45+5.72 228.49+0.08 27.28+1.28 28.92 0.73
8 48.93+0.87 258.30+0.38 23.27+0.24 45.68 0.78
9 55.98+0.24 258.30+0.38 33.66+0.06 85.47 0.87
10 56.45+0.07 259.71+0.59 31.22+0.42 76.27 0.73
11 50.32+0.70 274.04 40.71+0.52 652.96 2.18
12 54.75+2.86 274.30+0.97 33.21+0.22 2291 0.72
13 44.28+0.75 92.96+0.97 26.55+0.22 2174.64 5.88
14 17.67+0.85 92.96+0.97 9.38+0.16 87.70 1.29
15 53.17+£3.10 310 £ 0.61 41.97+0.10 609.57 2.07
16 57.94+1.38 304.89+0.80 38.20+0.91 248.13 0.78

UThe number of experimental condition by central composite design.
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Table 15. The second order polynomials for total yield, total phenolics,
electron donating ability, sulforaphane and ally isothiocyanate from raw
cabbage extracted by MAP under different conditions of power, ethanol

concentration and extraction time

Responses Second order polynomials R® Pro > F

Ty = 4238625 - 0.088563X: +
0.1801X> + 4.9875X3 -

Total yield
0.000643X;X2 + 0.063188X:X3 - 0.9310  0.0073

(%, db.) 2
0.0232X2X3 - 0.000697X,> -
0.002266X,> - 1.21875X5”
T, = 222808125 - 0.583969X, +
Total 2.2305X, ~ 19.46125X5 -
phenolics 0.0104X:X> + 0.681125XX5 + 0.9208  0.0108
(mg%, d.b.) 0.8952X5X5 — 0.007125X,% —
0.011422X,° — 12.195X5°
EDA = 22475 + 0.040469X,; +
Electron
, 0.2595X> + 0.59125X3 -
donating
bt 0.000267X: X2 + 0.010125X,X3 0.9293  0.0078
111
Attty £ 0.0041X:Xs — 0.000225X,
(%, d.b.) ) )
- 0.001484X5> — 0.275X3
S = - 2549.631875 + 26.078578X; +
21.503325X, + 1222.286875X5 +
Sulforaphane
0.043261X,Xs ~ 4.975531X, X3 - 0.8422  0.0681
(ppm, d.b.) 2
2.55335X:X5 — 0.059759X,” -
0.160998X5” ~ 94.010000X5”
Al Al = - 0468125 + 0.060156X,; +
i 0.0577X, + 241875X5 +
isothiocyanat
0.0000975X,X> — 0.0085X:X3 - 0.8417  0.0687
e .
0.0064XX5 — 0.000185X:% —
(ppm, d.b.)

0.000452X>> — 0.205000X5”
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Table 16. The second order polynomials for total yield, total phenolics,
electron donating ability, sulforaphane and ally isothiocycanate of flake
cabbage extracted by MAP under different conditions of power, ethanol

concentration and extraction time

Responses Second order polynominals R® Pro > F

43.075 - 0.057828X1 +

, Ty = 0.883825X> — 1.094375X3 +
Total yield
5. db) 0.000136X; Xz + 0.052219}(21}(3 - 09543  0.0023
0.03175X2X3 - 0.000575X,” -
0.010096X>> ~ 0.165X4"
282.938750 ~ 0.582797X; +
BT 5006875, - 80.881875Xs -
Total phenolics
(g%, db) 0.002370X;X> - 0.004399}(1}2(3 - 09446  0.0039
0.066418X5X5 + 0.014781X,° +
0.206550X5° + 12.110000X "
46.446250 ~ 0.107234X; +
Blectron "0 T 0530875X, - 10778125, +
donating ability 0.000706X; Xz - 0.000601X:X5 ~ 09875  0.0001
(%, d.b.) 0.005790X2X5 — 0.002219X, -
0.031350X>” + 1.911250X5>
5512.186875 — 39.10656X,; -
ST 11724550, +244.210000Xs +
Sulforaphane
(ppm, db) 0.040166X:Xo - 0.731628X1}2<3 + 0.8175  0.0980
0.420120X2X5 — 4.991625X, -
6.576300X2" + 86.995000X5"
12.657500 ~ 0.084094X; -
Ally AL = 0959400, + 0.796250X +
isothiocyanate 0.000102X,Xs - 0.001575X,X5 + 0.8217  0.0926
(ppm, d.b.) 0.001114X,X5 — 0.011688X,;” -

0.015300X>” + 0.156250X5”
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Table 17. Predicted level

of extraction condition for the maximum

responses of total yield, total phenolics, electron donating ability,
sulforaphane and ally isothiocyanate from raw cabbage by the ridge
analysis
Responses R Pro>F X X2 X ax Mor-
(Power/W) (EtOH%) (time/min) phology
Total vield 9510 00073 1320006 395499 44502 sesorn  Saddle
(%, d.b) oint
Total phenolics o000 00108 753303 962405 37519 4ad2gos3  Soddle
(mg%, d.b) point
Electron donating y gog3 0078 1292191 806007 39804 167289 i
ability (%, d.b) . . . . . . maxium
Sulforaphane ¢ /00 (0631 1441753 666443 20087 13048855 Seddle
(ppm, d.b.) point
Ally
isothcycanate  0.8417  0.0687 1206956  59.1892 24806 41774  maxium
(ppm, d.b.)
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Table 18. Predicted level

responses of total

yield,

total

phenolics,

electron donating

of extraction condition for the maximum

ability,

sulforaphane and ally isothiocycanate flake cabbage extracted by the ridge

analysis
Responses R Pro>F X X2 X3 Mor=
(Power/W) (EtOH%) (time/min) phology
Total vield o000 0023 1241457 38,8183 16068 624205 Sadde
(%, d.b.) point
Total phenolics g\ s 00039 705750 467185 28080 3241341  Sddle
(mg%,d.b.) point
Electron caddle
donating 09875 00001 949807 331705  3.1468  42.4819 doint
ability (%, d.b.) P
Sulforaphane o ¢1000 50900 1104112 710066 44819  4dod7dgs Sddle
(ppm, d.b.) point
Ally adl
isothiocyanate  0.8217 00926 104.0997 784539 51864 105397  “2C%¢
point
(ppm, d.b.)
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Table 19. Regression analysis for regression model of physiochemical

properties depending on MAE condition for raw cabbage

F - Ratio
Dependent variables Microwave power EtOH conc. Extraction
(W) (%) time (min)
Total yield
9.22 8.54 12.50
Total phenolics s
1.69 15.76 2.23
Electron donating
» 2.35 17.63 0.39
ability
Sulforaphane »
5.39 1.44 4.96
Ally isothiocyanate
6.44 2.06 3.11

“Significant at 10% level; “Significant at 5% level; “Significant at 1% level.
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Table 20. Regression analysis for regression model of physiochemical

properties depending on MAE condition for flake cabbage

F - Ratio
Dependent variables Microwave power EtOH conc. Extraction
(W) (%) time (min)
Total yield s
1.23 25.06 1.03
Total phenolics . .
0.22 13.13 1.22
Electron donating o . .
. 5.94 67.65 10.07
ability
Sulforaphane
2.80 543 0.24
Ally isothiocyanate
2.76 5.58 0.25

*Significant at 10% level; “Significant at 5% level; ““Significant at 1% level.
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Fig. 17. Four-dimensional response surface for electron donatihg ability of
raw cabbage extracts at 12, 15 and 18% and flake cabbage extracts at 15,
25 and 35% as functions of microwave power, ethanol concentration and
extraction time in microwave-assisted process

(Top, raw cabbage; bottom, flake cabbage).
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Fig. 18. Four-dimensional response surface for sulforaphane of raw

cabbage extracts at 700, 1,000 and 1,300 ppm and flake cabbage extracts at
1,000, 2,500 and 4000 ppm as functions of microwave power, ethanol

concentration and extraction time in microwave-assisted process (Top, raw
cabbage; bottom, flake cabbage).
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Fig. 19. Four-dimensional response surface for ally isothiocyanate of raw
cabbage extracts at 1.5, 2.5 and 3.5 ppm and flake cabbage extracts at 1, 5
and 10. ppm as functions of microwave power, ethanol concentration and
extraction time in microwave-assisted process (Top, raw cabbage; bottom,

flake cabbage).
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Fig. 20. Superimposed response surfaces of optimized conditions for total
yield and sulforaphane content of ethanol extracts from raw cabbage and
flake cabbage by microwave-assisted extraction (Top, raw cabbage;

bottom, flake cabbage).
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Table 21. Optimum extraction condition range of response variables by
superimposing the response surfaces for total yield and sulforaphane

content from raw cabbage

Extraction condition Range of optimum conditions  Optimum condition

Microwave power (W) 0~120 100
Ethanol conc. (%) 40~60 50
Extraction time (min) 3~4 35

Table 22 . Given extraction condition in the range of optimum conditions

Response variables Predicted value Experimental value
Total extract yield (%) 16.27 22.71
Sulforaphane (ppm) 1,221.35 1,377.20
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Table 23. Optimum extraction condition range of response variables by
superimposing the response surfaces for total yield and sulforaphane from

flake cabbage

Extraction condition Range of optimum conditions Optimum condition
Microwave power (W) 20~40 30
Ethanol conc. (%) 15~25 20

Extraction time (min) 4~5 47

Table 24. Predicted values of response variables at the range of optimum

condition
Response variable Predicted value Experimental value
Total extract yield (%) 53.24 56.84
Sulforaphane (ppm) 4,400.20 422551
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Total yields (%, d.b.)

Total yields (%, d.b.)

Storage time (week)

Fig. 21. Total extract yield (total solid) before and after heat treatment (9
0T, 15 min) on the cabbage extract under the optimum condition (a,
before treatment; b~d, 0~8 weeks at an intervals of 2 weeks).

EtOH extract : ethanol (50%) extract.

D.W. extract : water extract,
Top : raw sample (microwave power, 100 W; EtOH, 509, extraction time, 3.5 min)
Bottom : flake sample (microwave power, 30 W; EtOH, 20%; extraction time, 4.7 min)
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Total phenolics
(mg%, d.b.)

Total phenolics
(mg%, d.b.)

Storage time (week)

Fig. 22. Total phenol content before and after heat treatment (90T, 15

min) on the cabbage extract under the optimum condition (refer to Fig.

21).
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Storage time (week)

Fig. 23. Electron donating ability before and .after heat treatment (90T, 15

min) on the cabbage extract under the optimum condition (refer to Fig.

21).
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Fig. 24. Sulforaphane content before and after heat treatment (90T, 15
min) on the cabbage extract under the optimum condition (refer to Fig.

21).
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Fig. 25. Ally isothiocyanate content before and after heat treatment (90T,
15 min) on the cabbage extract under the optimum condition (refer to Fig.

21).
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Table 25. The first pre-mix condition of cabbage beverage

- FF FE= FF (%)
5 10 15 20
&5 5% = (3 Brix) 5 10 15 20
L 7.3 7.3 7.3 7.3
H BRI C 0.10 0.10 0.10 0.10
T <A 0.08 0.08 0.08 0.08
s 0.09 0.09 0.09 0.09
LA 0.003 0.003 0.003 0.003
Eal= 0.01 0.01 0.01 0.01
= 87.417 82.417 77.417 72.417
& A 100 100 100 100
Table 26. The second pre-mix condition of cabbage beverage
4 g i ghe] (%)
55 8.5 11.5
&5 =& (3 Brix) 10 10 10
NI Ay 55 8.5 11.5
HIEFT C 0.10 0.10 0.10
T<ALk 0.08 0.08 0.08
I5 0.09 0.09 0.09
A 2 0.003 0.003 0.003
Eat=s 0.01 0.01 0.01
= 84.217 81.217 78.217
g A 100 100 100
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Table 27. The third pre-mix condition of cabbage beverage

H B C wighe] (%)

A 8
0.08 0.10 0.12
&+ == Brix) 10 10 10
a3 85 85 8.5
H BRI C 0.08 0.10 0.12
T AL 0.08 0.08 0.08
I8 0.09 0.09 0.09
Al 2 0.003 0.003 0.003
Eal= 0.01 0.01 0.01
= 81.237 81.217 81.197
& A 100 100 100

Table 28. The forth pre-mix condition of cabbage beverage

Fs e (%)

A =5
0.008 0.010 0.012
&7 F==(3 Brix) 10 10 10
A 8.5 8.5 8.5
HEY C 0.12 0.12 0.12
T ARt 0.08 0.08 0.08
IFs 0.08 0.10 0.12
U 0.003 0.003 0.003
EakEy 0.01 0.01 0.01
= 81.207 81.187 81.167
4 A 100 100 100
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Table 29. The fifth pre-mix condition of cabbage beverage

A g (%)

A 5

0.003 0.004 0.005

SuF FF=(3 Brix) 10 10 10
nzg 85 85 85
HERR C 0.12 0.12 0.12
Tk 0.08 0.08 0.08
FAE 0.10 0.10 0.10
S 0.003 0.004 0.005
AH 0.01 0.01 0.01
= 81.187 81.186 81.185

g Al 100 100 100

s A AHTable
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AAA LS vt o we #esA F
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0~767, & 500~800, Bt 467~800 R HutA<l 7] &= 433~767= wighlel uwt
8 W37 25 yetwd £33 delF S8 A4, 3 st 3l dAubel TEE
o] #H5HAL AFHE SAS programS o] &3te] I AEASE T W EW 374, R
2 FodS 717 Table 33 UERSTE o wf wfgu]e] ®Wsle wE S 59 3
gt g odubA el ZEEe] thE whgww I AEA AddlA FHAHe R 7z

0.9056, 0.8612 % 0.8647=A4 o 5% B 10% olWelA Fodo]l JIAEHIJL

- 294 -



W, Aakel] diE wheEW 3 EA Ao 349 R 0573124 4ol 9
AE A k). ZF #5E7F dEo g3 morphology: EF maximumS Z UERGE
I 1; J,]_El—,] ?51—\11:0 71—7_}

8.0407 % 7.0156°1 At} ol A Hhghe 805322 UEhon HAgs UEhle
8 AL, gl M= Hdigk 7.6725

oA Huojgke 7.9753¢1
o HUe YeEhlE 212 747 62366 2 9177622 YEFTHTable 34).
Table 35014 H+= nvpe}

A
i
o
WE,
2
ox
&
ol
1o
i)
ot
rlo
()]
Q1

W,
o
]
W
Do
(@)
1 o
_\:
o
xC

e
£
uh)

>
O
©O
w
0]
DN
O
(@)}
O
O
(@)}
o
fu
T
o
L
i)
2L
rE
2
r o
N
fos

ol ¥ B 9T Fi Ao vehdrh 7 Wl APl AE fool 9%

=

- 295 -



Fig. 26. The beverage from cabbage extracts.
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Table 30. Experimental design

for levels of mix conditions for cabbage

beverage
Level
Xi Extraction condition
-2 -1 0 1 2
X1 YFFEE(%) 6 8 10 12 14
Xy HFHRF(%) 6.5 75 85 95 105

Central composite design for three independent variables at five levels in

microwave—assisted extraction for effective components from cabbage

Table 31. Central composite design for two independent variables at five

levels of mix conditions for cabbage beverage

PXPCMONt - opzzzE  oguw  AnyAs 2 @4
number

1 12 95 78.186 100

2 12 75 80.186

3 8 95 82.186

4 8 75 WEEC 012 84186

5 10 85 TAA-008 g 186

FAE-0.10

6 10 85 W 0004 8LIS6

7 14 85 NaC1-0.01 77.186

8 6 85 85.186

9 10 105 79.186

10 10 65 83.186

YThe number of experimental conditions by central composite design.
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Table 32. Sensory evaluation on color, flavor, taste and overall
acceptability of cabbage beverage under conditions based on central

composite design for response surface analysis

Recipe condition Organoleptic properties
Extract Fructose Overall
content (g) (g) Color Flavor Taste acceptability

12 9.5 6.00 5.67 6.67 6.67
12 75 6.00 5.67 6.33 6.00
8 9.5 5.33 8.00 6.33 7.67
8 75 6.33 6.33 6.33 7.00
10 8.5 7.00 6.33 7.67 7.67
10 8.5 7.67 7.33 7.67 6.33
14 8.5 5.67 5.00 4.67 6.00
6 8.5 7.33 7.00 5.67 7.67
10 105 6.00 6.33 8.00 7.00
10 6.5 5.00 5.33 5.67 4.33
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Table 33. The second order polynomials for color, flavor, taste and overall

acceptability for cabbage beverage under different conditions of extract

and fructose content

Response Polynomial equation R® Significance
Y= -15.072917-0.411667X,+5.718333X>
Color ) 5 0.5731 0.4859
-0.038750X;°+0.125X1X>-0.405X5"
Y= -34.137708+2.536696X+6.697976X>
Flavor ) ) 0.9056 0.0354
-0.052679X1°-0.20875X1X>-0.253214X>
Y= -19.589219+2.544137X,+3.028899X >
Taste , ) 0.8612 0.0729
-0.148728X,°+0.0425X 1 X2-0.178661X 2
Overall Y= -21.990104+0.05875X1+6.485417X2
. 9 ) 0.8647 0.0695
acceptability -0.014062X:°-0.34875X 2
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Table 34. Predicted level of conditions for the maximum responses of

color, flavor, taste and overall acceptability for cabbage beverage by the

ridge analysis

Response R Pro>F X1 Xs Max. Morphology
Color 05731 04859 80407 82992 70156 Max.
Flavor 09056 00354 68500 97326 8.0532 Max.
Taste 08612  0.0729 99382  9.699 76725 Max.
acigf;l‘;‘ﬂi  OBB4T 00695 62366 91776 79753 Max.

Table 35. Regression analysis for regression model of sensory evaluation

in mix condition of cabbage beverage

F-ratio
Dependent
variables Color Flavor Taste Overa}li
acceptability
Extract content 0.65 9.88™ 5.99 2.47
Fructose 143 5.18 2.58 5.83"

“Significant at 10% level; “Significant at 5% level; ““Significant at 1% level.
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Table 36. Optimum mix condition rage of response variables by

superimposing the response surface for sensory quality of cabbage

beverage
Mix condition Range of optimum conditions Optimum condition
Cabbage extract (%) 84 ~ 96 9.0
Fructose (%) 86 ~ 97 9.2

Table 37. Comparison between predicted and observed values on sensory

qulaity of beverage

Sensory evaluation Predicted condition observed condition
Color 6.76" 6.67
Flavor 7.33" 7.33"

Taste 7.52° 767
Overall acceptability 7.55° 7.33°

®Mean scores within a row followed by the same superscript are not significantly

different at 5% level using Duncan’s multiple range test.
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Table 38. Mix conditions for cabbage soup

(unit : g(%))

qu Ok == }
VS S LR e B
1 288654 72163 543246 4889215

(42954)  (1.0739)  (8.0840) (72.7562)

2 21649 144327 1086492 434.5969

(32216)  (2.1478) (16.1680) (64.6722)

3 180409 180408 1629738 3802723 450001 300001 300001 26719 672.0000

(26347)  (26846) (24221) (565881) (4.4643) (44643) (4.4643) (0.3976) (100.0000)

4 144327 21649 2172984 3259477

(21477)  (32216)  (32.3361) (485041)

5 72163 288664 2716231 271.6230

(1.0738)  (4.2954)  (40.4201) (40.4201)

6 180409 180408 - 043.2461

(2.6847)  (2.6846) - (80.8402)
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Table 39. Mean sensory score by the analysis of variance for organoleptic

properties of cabbage soup

Sensory quality

Experiment
No Overall
: Color Flavor Taste .
acceptability

1 5.8 6.0 4.4 4.2

2 5.6° 6.8 46" 4.4

3 5.4 6.2° 6.0 5.6

4 5.8 6.0 5.2% 5.2

5 4.4° 5.2 3.4 4.0°

6 5.4 49> 46™ 4.6%

®Mean scores within a row followed by the same superscript are not significantly

different at 5% level using Duncan’s multiple range test.
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Table 40. Experimental design for levels of mix conditions for cabbage

soup
Level
X Conditions
-2 -1 0 1 2
X Cabbage extract (g) 100 130 160 190 220
Xo Roasted wild rice (g) 12 15 18 21 24

Table 41. Central composite design for two independent variables at five

levels of mix conditions for cabbage soup

iiﬁg;im Cabbage extract Roasted wild rice
1 190(1) 21(1)
2 190(1) 15(-1)
3 130(-1) 21(1)
4 130(-1) 15(-1)
o 160(0) 18(0)
6 160(0) 18(0)
7 220(2) 18(0)
8 100(-2) 18(0)
9 160(0) 24(2)
10 160(0) 12(-2)

YThe number of experimental conditions by central composite design.
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Table 42.

Sensory

evaluation

on color,

flavor, taste

and overall

acceptability of cabbage soup under conditions based on central composite

design for response surface analysis

Recipe condition

Organoleptic properties

Extract Roasted
. . Overall
content wild rice Color Flavor Taste o
acceptability
(g) (g)
190 21 7.67 5.67 5.00 5.33
190 15 7.67 5.00 3.67 4.67
130 21 5.67 6.33 6.00 5.33
130 15 5.33 6.00 5.67 6.33
160 18 6.67 5.00 6.00 4.33
160 18 6.33 5.67 5.00 5.00
220 18 6.33 4.67 3.00 2.67
100 18 4.67 6.33 5.33 5.00
160 24 6.33 6.33 6.67 6.33
160 12 6.00 6.00 5.00 5.33
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Table 43. The second order polynomials for color, flavor, taste and overall
acceptability from cabbage soup under different conditions of extract and

fructose content

Response Polynomial equation R Significance

Y= -11.938849+0.137802X+0.633532X>

Color ) , 0792 01513
~0.000311X,°-0.000944X, X5-0.012629X
Y= 17.411389-0.041278X,-0.8875X, +
Flavor ) , 08939 0.0442
0.000032639X,°+0.000944X X2+0.021 736X
Y= 8591349+0.043198X,-0.687698X>
Taste ) , 09417 00140
~0.000358X,%+0.002778X,X2+0.010615X5
Overall Y= 21.820516-0.009857X,-1.66631X>
- ) , 08361  0.0989
acceptability  ~0.000283X,°+0.004611X,X2+0.027073X
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Table 44. Predicted level of condition for the maximum responses of color,

flavor, taste and overall acceptability from cabbage soup by the ridge

analysis
Response R® Pro>F X Xs Max. Morphology
Color 0.7922 0.1513 195.9014 17.7338 7.1031 Max.
Flavor 0.8939 0.0442 139.6083 23.6429 6.5693 Min.
Saddle
Taste 0.9417 0.0140 155.9246 23.9861 6.6305 )
point
Saddl
Overall o1 00089 1284615 128958 65208 addie
acceptability point

Table 45. Regression analysis for regression model of sensory evaluation

on mix condition for cabbage soup

F-ratio
Dependent
variables Color Flavor Taste Overau.
acceptability
Extract content 5.01" 776" 14.36™ 421"
Roasted wild .
0.26 3.29 5.20 1.57

rice

“Significant at 10% level; ~Significant at 5% level; ~Significant at 1% level.
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Fig. 28. Superimposing contour map of optimized conditions for color,

flavor, taste and overall acceptability of cabbage soup.
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Table 46. Optimum mix condition rage of response variables by

superimposing the response surfaces for sensory quality of cabbage soup

Mix condition Range of optimum conditions Optimum condition
Cabbage extract (g) 160 ~ 195 178
Roasted wild rice (g) 21 ~ 23 22

Table 47. Comparison between predicted and observed values for sensory

quality of cabbage soup

Sensory evaluation Predicted condition observed condition
Color 6.86" 767
Flavor 579" 6.67
Taste 5.82° 7.00°
Overall acceptability 5.60° 6.67°

®Mean scores within a row followed by the same superscript are not significantly

different at 5% level using Duncan’s multiple range test.
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Table 48. Comparison between broccoli and cabbage

their beverages

on sensory quality of

Sensory evaluation

Broccoli beverage

Cabbage beverage

Color

Flavor

Taste

Overall acceptability

5.80"

6.60"

7.00°

6.60"

5.80"

6.60"

7.40°

7.20°

®Mean scores within a row followed by the same superscript are not significantly

different at 5% level using Duncan’s multiple range test.

Table 49. Comparison between broccoli and cabbage on sensory quality of

their soups

Sensory evaluation

Broccoli soup

Cabbage soup

Color

Flavor

Taste

Overall acceptability

5.80"

7.40°

7.80°

7.40°

5.80"

6.20°

6.20°

6.40°

®Mean scores within a row followed by the same superscript are not significantly

different at 5% level using Duncan’s multiple range test.
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Table 50. Comparison between red cabbage and cabbage on sensory

quality of their beverages

Sensory evaluation Red cabbage beverage Cabbage beverage
Color 5.40° 6.40°
Flavor 6.00 6.80"

Taste 5.80 7 00
Overall acceptability 6.20° 6.80°

®Mean scores within a row followed by the same superscript are not significantly

different at 5% level using Duncan’s multiple range test.

Table 51. Comparison between red cabbage and cabbage on sensory

quality of their soups

Sensory evaluation Red cabbage soup Cabbage soup
Color 5.20° 6.40°
Flavor 6.40° 6.60"
Taste 6.20° 7.40°
Overall acceptability 5.60 7.20°7

®Mean scores within a row followed by the same superscript are not significantly

different at 5% level using Duncan’s multiple range test.
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Physiological activities of Brassica oleacea var. capita extracts as affected by
1241, #1249, 1

varieties and solvents. Food Sci. Biotechnol., 13(3), 367-371 (2004)
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