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Abstract

Broccoli and cabbage are known to have antioxidant, cholesterol-lowering, and anticancer effects due to their high bioactive
component levels. This study applied 70% ethanol and hydrothermal extraction to separate bioactive components from broccoli
and cabbage. 30°Brix extracts were freeze-dried and then diluted in various concentrations with distilled water for analysis.
Total polyphenol contents, DPPH radical scavenging activity, ABTS radical scavenging activity, ferric ion reducing antioxidant
power, and hydrogen peroxide scavenging activity were analyzed. The diverse antioxidant assays, except DPPH radical scav-
enging activity, showed that hydrothermal extracts had significantly higher activity than the 70% ethanol extracts (»p<0.05). In
this study, it suggested that hydrothermal extraction is relatively effective in producing broccoli and cabbage extracts. Moreover,
hydrothermal extraction conditions could be low-cost and environmentally friendly.
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o BaIEE 095 397K F2 AEE 53
Lo] ko 12928 T2 o) HlF)| 7]L0] o} AF
Ao Aqt AJ2akEtHKo et al, 2013). A2 B2 2= 3}
F(EEea)e dxrt w3, 1] viEshy wate] 7
slal AEAg o] 248k EFo] 9tHKo et al, 2013). B2
o] Ae]g AE-O 2= sulforaphane, B-carotene, vitamine
B,, vitamine B,, vitamine C, tannins, polyphenols, potassium,
Ol:q 0]315]- T,___ 6]—}\]—§;]_ =i} 6]—01— a
I3 g % FHHES daske 59 23 Aok
. B EQITHKIm et al, 2021). E3] EE2F]9] 7|54 A
Bo=z # U# A sulforaphane-e Al oAl #Hok =
I e 7 o dHES AaAe ZeRE deA 3
(Kwak et al, 2017).
&l F=(Brassica oleracea var. capitata) B3¢ A 2} 8}a}
AP 2 AT A F
5ol AL 12¢of|A 5 Afojo] =7
A LEAIE &3 YrhKo et al, 2013). SujZe] A
g AE o 2= lysine, linoleic acid, carotein, vitamine C,
cellulose 18] 2 EA ] ZQ3F Wo]7|z d3e sl=

7]
Al

selenium o] 9 So]

(Brassicaceae spp.)el| <3},
M= ofd, ¥

glucosinolates S| ¢Jom, o3t JREL HA7|s &,
oF o a2y st 85S STMYE ZleE Bud

v} JTHHwang & Nhuan, 2015).
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(Lim et al,, 2019). §H, G F52 T2 7HA Awol F
SHH, F&o] Wi o 7Izks EdEo] A7 FA
A EAETH=E thdo] ¢RI EHOh & Yoon, 2017) HlEA =
A3 e ANBARAC) B S5k g os) =
7}slth= B 327} lth(Jeong et al, 2021).
7AiM s AFA BREE dFE FEFES
) s Eeus o U

of Axd FE2=o T e FF 2 At
fgvl—o
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=

At B EEo} duFe AT dezdude
HH WsdEe] Zlow wol 20°CollM WEsrd s
o, ARE A AF2olA slsctol A ) AIRE AR
Atk

A=ze| M=

H2Ze9} hlS FE2E AxeALS Fig 1o YeRi
th A& e 37 (ww)o] Hl&E Egste] FEo o
L5tk 4 FE2L 5% HaFHE 0% FE2 34
3l FE8uE ARSI S multi heating mantle (MS-
EAM9203-06, Miseong Science, Seoul, Korea)S- ©]-83l 3}
F FZW(reflux extraction method)©. 2 Z13Y3}tE I
=0 ) FAAF AL 7 sle] autoclave steam  sterilizer
(JSACH0, JSR, Gongju, Korea)S ©]-&3}e] 107°C, 0.15 MPa
Z7oA 8AIZE FeE P8Itk o] % FEE2 100 mesh
o) ¥EAE oz ¥ I3[ % H27|(TYPE N-1300,
EYELA, Tokyo, Japan)2 %2313 HA G =4 (PAL-BX |
ACIDI81 Master Kit, ATAGO Co., Ltd., Tokyo, Japan)= Z}<]
Shel 30°Brixel] ERka F2S Zehalgch dol7l o)
S 80°C %A} W% 3(CB1232, LK LAB Korea, Gyeonggi,
Korea)ol X 24A|7F o] (i8S AR &, $471%7]
(LP 20, IIShinBioBase, Maxwellstraat, Netherlands)E ©]-&3}
of 2A1ZF &9 XA o] F A EE YA7|E £ &
100 mesh A|ol] 13] o FAA Aojzl TS HF A|EE A}
&3tk

Raw material

!

Thawing and cutting

/\Hydrothermal

Reflux extraction Autoclave extraction
(70°C, 4 or 8 h) (107°C, 0.15 MPa, 8 h)

\/

Filtration
(100 mesh)

|

Concentration
(30°Brix)

|

Freeze drying
(72 h)

Ethanol

Fig. 1. Exraction process of ethanol and hydrothermal
extracts of broccoli and cabbage.

75}7] 913l Folin & Denis (1912)9] WS A% W3}
o] Zgaisick BRIl T 74 FEAIL B
S 9180 2, 4, 6, BAIZPER 3|4 E FEES o3 F 30°Brix

4

7] FF5E F59S SRl At 625 pl/mLe] &
T2 ke § 24 ARSItk Al 01 mL3t SR

is 0.05 mLz} 35% Na,CO; 0.1 mLS &3}
sto] o] AollA 30E7F WREAIZATE ¥} 200 pL
2 96 well platee] 2-S = microplate reader (Epoch™, BioTek
Instruments Inc., Winooski, VT, USA)E o]-&3}o] 760 nm
NN FEEE SHSIUTE & E2Hls T2 gallic acid
(G7384, Sigma Aldrich)E o]-&3te] W M-S Faf 3
T ron, 5 1 ml T FAAXE 1 g 39 mg
gallic acid equivalents (GAE)Z e AT
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DPPH radical scavenging activity

DPPH radical&- 0]-&3} slAksled =42 Kim et al. (2007)
o] Ws wWdste] FAsrk A& 10 ple 02 mM
DPPH (2,2-diphenyl-1-picrylhydrazyl) solution 190 puLE 7}
st & Egtste] bAoAl 30:E7F RESAIZI $ microplate
readerE o] &3} 517 nme] Aol A 533 (absorbance,
Abs)E =& olgje] AAkAE o]8-5le DPPH radical
scavenging activityS T3} th AR O EE ascorbic
acid (A92902, Sigma Aldrich)E F=HZ 3|43l 715 A&
Ao slof Aol AT, 2 Pe 38 w5

Fsto] HApoz YeERAIT-
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DPPH radical scavenging activity (%)

1 - (Abssample - Absblank)
B Abscuntrol *100
ADBS, 4 Sample + reagent

AbSy: sample + D.W
AbS,poi- D.W + reagent

ABTS radical scavenging activity

ABTS radical-2- ©]-8-3} 321313 =72 Re et al. (1999)2]
HPH-S WY Ste] =331tk 74 mM ABTS [2.2"-azino-bis(3-
ehtylbenzo-thiazoline-6-sulphonic acid)]9} 2.6 mM potassium
persulfate 5 A2 F 112 E3tsto] A29] haolx 244]
7 REEAIA ABTS Fol-5 FAsHlem, 732 nmojlA
0.70+0.029] &-3%=7} === phosphate buffer saline (pH 7.4)
o2 3Aste] dddel Agsidith A& 50 pleob 34

ABTS & 950 pLs Egato] Faolx 1087 vh3A171
% microplate readerS ©]-&3}e] 732 nm A oA G

Z43 £ ofgfe] o= shlste] BAS A&
A 20 2= ascorbic acidE AFg-Eom, 7+ Ad
3] W il Baghew Gep s

rlo _ﬂ cli%
w o2 i

ABTS radical scavenging activity (%)
_ 1—4bs
~ Abs

sample
X100
control

Abs,mnwle: Salnple + reagent
AbS po: D.W + reagent

Ferric ion reducing antioxidant power
FRAP A]3)-S Benzie & Strain (1996)2] WS- o]-8-319ich
AlZ2] FRAP 4L 300 mM acetate buffer (pH 3.6)2} 40
mM HClol| 83fA171 10 mM TPTZ (24,6-tripyridyl-s-triazine)
83 SHS0) 3143 20 mM FeCLS- 10:1:1 (viviv) H]S
= EFete] FRAP o1& Azs9ck A5 30 pl, 355

90 L, FRAP £9) 900 uLE2 &5+ 5] 37°ColA] 1027+ uh
SX)71 & microplate readerE A}E-3}od 593 nm I} A &
=g A3 TE FRAP €42 FeSO, 7TH,0& o] 83t &
TR O ZRE FETh 7 AP 33 vHy Fasie] 3
TR E ERA AT

Hydrogen peroxide scavenging activity

Heo et al. (2005)¢] HPHE W3] =435k 96 well
plateo| 4] A]& 20 uLe} phosphate buffer saline (PBS, pH
74) 100 pL 28322 1 mM H,0, 20 uLE &33F 3 37°C
oA 5E7; ¥kgA)Z] 3 125 mM ABTS 30 pLe} 1 U/mL
peroxidase 30 pLE 718t o] 37°Col| A 1057+ THA)
HH2-A171 & microplate readerS A3} 405 nmoj| A &34

& - o]l - BRIk - o] & - HAA
8 23590 olF 2392 okelel o) thgistel A
AbsI o A FEEC 2 ascorbic acidE AR TH
Hydrogen peroxide scavenging activity (%o)
(4bs.,, ..~ Abs 1.
_ 1 _ sample sample control X 100
[ Absb/ank ]
Abs,: sample + reagent
Abs.swnple L'()nm)l: Sample + DW
AbSy: D.W + reagent
SAHE|

® Age 38 o)y W Ausl] Wag
Aguz folde ATk BARAE
(Minitab Inc., State College, PA, USA)S- o] &3
Axtz JeRQon, 904 AA(p<0.05)e

range testE F5lo] A Th

< AT 7
Minitab ver. 18
so] HpeiEF
Tukey’s multiple
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ZvE S BAEeH A3
= Fig 29} gtk Megele) 4% 2aA00] Aol
2 & Zgu|s o] fFYFoR 27190 (p<0.05), 84
Eo|4 34 mg GAE/gOi 7P = ws vERth
B N7t FERANN felHoz WA 24 5
H(p<0.05) 1 ] 2, 4, 8A|7F & E oA F9Z 2 2}
EOP‘] FUTHP>0.05). T F)u= 3 Ao}
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mg/mLe] Fi=olA &
g, 479 mg GAE/go &2 7} =4

HO 92 oM 4 FEERT E FE=olM
ZZ]H|=0] g]—ako] TT,J;G o7 =7 ZAEAYTHp<0.05).

ZAEgom],

WF 3220 vrd e & EE dRe A5 33
8 74 358 BF 5wt 31058 3 E60E 99
o feldom wA AR 4TS HATKp<005). 74
FEEY 45 FEE 100 mgmLe] F=o4 T Fvs
ghako 7hz) 26.5 mg GAE/g, 474 mg GAE/go &2 7F =7
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Fig. 2. Total phenolic contents of broccoli (A) and cabbage
(B) extracts using 70% ethanol according to the extraction
time. Error bars indicate standard deviation. Different letters
(a-d) indicate significant difference (p<0.05) among extraction
time.

2490w, 100 mgmLit He SriiE 54 33
ERT 7 FEEAM F Eevs T ¥ =
Al S = ATHp<0.05).

Kim (2018)=} Jeong & Cho (2022)2] <d-fox H=2Zg]
t 95 FEEuT 24 FERAM F6E WPl ¥

A =Ety nIslt E 23R AE
ZPoE e 45 FEEEY T8 FEEA =4
Uelstly B 73 tHHa & Lee, 2014; Hwang, 2019). &=
Sk, Yang et al. (2000)2 214Fe] Hxjg] 2x9} A|7ko] Z7}
2 Z)¥E dgfo] 2ttty Rkt thekstk o
TN WuPYFo] FEE70] wet nee @ g
3229 3 Fols 99 Ase 2 dER  sle
W, o A FEE0| WS 3 Eeldn UL ek
oh ST 2 Aol Hegesh P d5 FEEe)
% ZojolE Fgo] /) e A Yang ot al. (2006)¢]
Q7 Azel A1 l;% 2o L9t (107C, 015
e Ak A7k

® Broccoli_EE = Broccoli_HE
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>
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Fig. 3. Effect of extraction method on total phenolic contents
at various concentrations of broccoli (A) and cabbage (B)
extracts. Error bars indicate standard deviation. Different
capital letters (A-B) denote significant difference (p<0.05)
between ethanol and hydrothermal extraction method.
Different small letters (a-f) denote significant difference
(p<0.05) among concentration. EE: ethanol extraction, HE:
hydrothermal extraction.

DPPH radical scavenging activity

DPPH radical /\7% e ksl e FolM 7Hg Bol
AR E = Al = U E A 9lom(Lee et al, 2011),
DPPH7} %%%ETH Azt a5 wol gl w
2} Beplo)x mghloz Wk Ao Wale] s Fat
8 24-< PAFTHHyun et al, 2019). 22 gojo] up B
2Z2]9} 92| DPPH radical 4~7 &4]2] A+ Fig. 4
o} Atk F= fuljol] #ARIe] BEZe FEE0] w=7F
Z7Fe== DPPH radical®] 47 &4do] Fo)¥ o w2 Z7ts)
A thp<0.05). 100 mg/mL o) DPPH radicale] A7) &
He 4 228 A F2E A2 0029} 81.6%2 o
stol 5199t} 3.1-12.5 mg/mL
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DPPH radical scavenging activity (%)
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Fig. 4. Effect of extraction method on DPPH radical scavenging
activity of at various concentrations of broccoli (A) and
cabbage (B) extracts. Error bars indicate standard deviation.
Different capital letters (A-B) denote significant difference
(p<0.05) among extraction methods. Different small letters (a-
e) denote significant difference (p<0.05) among concentration.
EE: ethanol extraction, HE: hydrothermal extraction.

9] Froxe FA FZE9] DPPH radical &7 &4o] =
Qom] 25 mgmL o4 FEelHE A4 FZE9| DPPH
radical 227 S0 o] && 2& IS

FufFe] 4 FEEH G5 FEE EF T 100 my
mL, 95 FZE 50 mgmLe] FEoA t)ztel ascorbic
acid 250 pg/mLo] DPPH radical 27 @A KT} & FAS
THRE Roz sl ) Lee & Park (2005)2 B2 2a]9)
4 FZ2ERY 94 FZE0)4 DPPH radical 427 243
o] ¥A uUetdtia Hisiglon, 2 Ay} fARgE Az
£ Hth Hwang (2019)¢] Aolre weomFe] =
| E 75 Te 80% olerS 2 dho] 65°Ce} 80°CollA 2
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o
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= =, B A7 Adaeke oEA 45
2ZER1} oeke 32 %04 DPPH radical 47] @4o]
=7 A4 HActy B skt v, Jeong & Cho (2022)=

559 AR EREE, S, w5, ZAA, F) vz
2 e 70% oEre FEEZ AZINS v, B2

BHo]l=
ole
ZEE AR 450 I FEES 0% HE FE=H
T} %<& DPPH radical 47] $4€ Hol 2 79} fA1
A

Pellegrini et al. (2010)e] Aol eJshH #
S 7rgshd skl E4do] Fretiar
Son et al. (2010)> F2319ke] 7oA F52T 5 F=
=9 st G ST Basiltk AdE o,
2 dAFeXes 2yt g0 GulFe] dF FES
P atel7] wjol] gaiF2] DPPH radical 427 &A4o] =
Al S8 = At ActE T

ABTS radical scavenging activity

ABTS radical 47 &4]-& ABTS9} potassium persulfate7}
H-g-ste] AAE ¢33 ABTS radicalS A3 e H=
S B ok o] F AshEA| A o] Al Fo] sEO
3 Ao A= BEE Ielstd AES tstes
¢l 4= kKo et al., 2022; Yi, 2023). =& Lujjo)| w=
229} YujF FZE9] ABTS radical 47 &9 A%
& Fig 59 2th B2Ee|d) g wE £2 4))
Ale]l F=7t S7Fghol wet ABTS radical 227 &4g0]
Vet adhe AgS BRYth BEEe 4 FEE
o] A% 3125 mgmLe] FEoX= FE= =7 5718
o] wie} ABTS radical 227 &/do] o508 F7lsh= 7
e Ho|t7Hp<0.05), 50 mgmLe] F=FEE /o]
Zdhs S Bl 25 mgmle] sEolA 7MY & ABTS
radical A7 E4J(85.7%)S e UTHFig. 5A). HE2=g
o FE=0] AF 125 mgmL o]t FEoA B 80%
o]’d2] ABTS radical £~7 €408 B om, 12.5-25 mgmL
oA 88.1%9] ABTS radical 27 @4o] 7p4 =it Ha
229 dFFEEH FEFEEY 5 125 mgmLoiA
At Z2<l ascorbic acid 125 ug/mLe] ABTS radical 4~7]
PR = A4S e AoE EIHNeH, F4
9] ABTS radical 27 &4do] =&

1Y R O g 2

i oug
¥
o
it
o

N

5 3.1-50 mgmL7HA]E A8 &
} 278k we} ABTS radical 27 84 §oxoz =
7FIR oM (p<Q.05), d FEEH T FEE BT

mgmLe] Fwold tha 7aslelth PR 24 FEE
(85.7%) 2} D4~ F=E(88.1%)2 z+zF 50 mg/mL, 25 mg/mL
o] FxollA 7HE =2 ABTS radical &7 &4 BTh
Pz A% EZEe) e 125 mgml o]4be] BEoA
+ 55 ascorbic acid (250 pg/mL)=E v} =2 ABTS radical 4~
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Fig. 5. Effect of extraction method on ABTS radical scavenging
activity of at various concentrations of broccoli (A) and
cabbage (B) extracts. Error bars indicate standard deviation.
Different capital letters (A-B) denote significant difference
(p<0.05) among extraction methods. Different small letters (a-
e) denote significant difference (p<0.05) among concentration.
EE: ethanol extraction, HE: hydrothermal extraction.

A BHL e Ao vehith AHon, PR F
g FEE(25 mgml)e I FEE(125 mgml)E} =2
FolA 250 ugmLe] ascorbic acid(YAdtZH)el FrAFeH
ABTS radical 2:7] 248 7P A2 Sls3ick Kim
(2018)3} Hwang (2019)& HEZe)sh Gpuje] 74 355
o] Y% 2ZE R} 2O ABTS nadical 27 BAHE 7=
Aog Wil 28y B Aoae BaFeol g
29] A4 FZ B ABTS radical 274 $4o] 24 =74
Hl=t], ol DPPH radical 27 84 Ak} b2
A om e Lol Qi 20 95 28 19
3917 wjE<l Ao 2 AztEItKSon et al, 2010).

® Broccoli_EE # Broccoli_HE

3.1 6.3 12.5 25 50 100
Concentration (mg/mL)

u Cabbage EE » Cabbage HE
1400 r Aa

-
3
=3
=

Ab

g
=

FeSO,-7H,0 (ug/mL)
) o®
g B

3.1 6.3 12.5 25 50 100
Concentration (mg/mL)

Fig. 6. Effect of extraction method on ferric ion reducing
antioxidant power at various concentrations of broccoli
(A) and cabbage (B) extracts. Error bars indicate standard
deviation. Different capital letters (A-B) denote significant
difference (p<0.05) among extraction methods. Different
small letters (a-f) denote significant difference (p<0.05) among
concentration. EE: ethanol extraction, HE: hydrothermal
extraction.

Ferric ion reducing antioxidant power (FRAP)

FRAP 242 gatsl &0 )8 Fe"-TPTZ7} Fe*'-TPTZ
2 s dEloln kst Edo] WE4E v Al A
FAle] FA vebdthYeo et al, 2017). 5% &rjjo] w&
B2z} Yuj3-2] FRAP Z3= Fig 63} 2t} Bz
T4 FE=E] 4F AFEG1 mgml)ox= FRAP gto]
UehtA] e¥tont, 5= w57t 715l wet FRAP gt
< fFoF R Frlshes AFE BAL2H(@<0.05), 100 my
mLo|A] 9340 FeSO,H,0 pgmLz 714 =4 =4 ch
(Fig. 6A). @5 FZ] AL % R E S5t Z715H)
i} FRAP gro] fro]& o2 F7}s8k5) o m(p<0.05), 100 mg/
mLol4] 1280.1 FeSO,H,0 pg/mLz FZE-°] FRAP 7
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e

T FEEET dF FEEA & A0E UEyth
F=E9 45 31 63 mgmlLe] F=ojA
FRAP glo] utehbx] 9ol 125 mgmlyE 52
T7t S7VEE FRAP 2 felAog Frlshe A
S HYOm(p<0.05), 100 mgmL 5= 3522 FeSO, H,0
pgmL Vg o 2AH 95 FE2EY A9 FE
7} Z7¥gell we} FRAP gk felH o ZFrkskon)
(p<0.05), 100 mg/mL F=o|4 13350 FeSO,H,0 pg/mLE
T4 F==°] FRAP gt Wt} 3wl o] & A3E B3
O %% gl mE PlE FEE| FRAP e 73 F
St 5 FEEdAM =7 SAEJTE TeFeE Al
A BRZE|of Fe @5 FEERT 74 FEEA4
O %2 FRAP 712 7Kl Aoz HiH vl tHKim et
al.,, 2016; Jeong & Cho, 2022). T3k Son et al. (2010)2 24~
o ALME T 2= HH(121°C, 1.57]]) 4o &
T FF A 0% dete FEERD U 52 sl 48
BT Btk o] A7 & A-Fol| 4= DPPHe} ABTS
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Fig. 7. Effect of extraction method on hydrogen peroxide
scavenging activity at various concentrations of broccoli
(A) and cabbage (B) extracts. Error bars indicate standard
deviation. Different capital letters (A-B) denote significant
difference (p<0.05) among extraction methods. Different
small letters (a-f) denote significant difference (p<0.05) among
concentration. EE: ethanol extraction, HE: hydrothermal
extraction
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