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Impact of Cooking Method on Bioactive Compound Content and
Antioxidant Capacity of Cabbage

Eun-Sun Hwang* and Nhuan Do Thi
Department of Nutrition and Culinary Science, Hankyong National University

Abstract We evaluated the effects of three common cabbage cooking methods (blanching, steaming and microwaving)
on glucosinolate and S-methylmethionine (SMM) content and total antioxidant capacity of cabbage leaves. We detected
four glucosinolates, including glucoraphanin, sinigrin, glucobrassicin, and 4-methoxyglucobrassicin, by high-pressure liquid
chromatography (HPLC). Cabbage contained high levels of SMM (192.85mg/100 g dry weight), compared to other
cruciferous vegetables. Blanching cabbage leaves for one to ten minutes decreased glucosinolate and SMM levels, whereas
microwaving or steaming cabbage for 5-10 min preserved glucosinolate and SMM levels. 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) and 2-2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging activities of cooked cabbage
generally decreased as cooking time increased, but microwave cooking had a smaller negative effect on antioxidant
activities than blanching or steaming. This study demonstrates that some domestic cooking methods, such as microwaving
and steaming, can increase the bioaccessibility of glucosinolates and SMM, highlighting the positive role of cooking on

the nutritional qualities of cabbage.
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(thioglycoside glucohydrolase)oll €]3ll €42 AU+ isothiocyanate
(ITO)E ZHETHER,9). AA AAs AH27F A= AEE-2
glucosinolates®} ©]E2] 7123l A ITC &g Aoz 9]
E BEFELS AW F53 245 843 AAAN &g owsiA
U WerlsS GASATIA, ksl 858 T AR
& ATH10).

AT Sl wHIS elAlehe Y= AE ALE 5
k= B2 43 % S-methylmethionine (SMM)°] th& A x}sh
I Azl vis ohF FHrEe] k(D). SMME 47 HIERIU
B ETE opn|Ate] UFOE methionineS HTAZ 5hed
S-adenosylmethionine (SAM)S A 2]& 8421 methionine-meth-
yltransferase®ll 934 §/do] ZXETH(12). SMMS 39%, 55
A, AHFH A 2E Fol AT B JUrk11,13). @
A7 W AHAZHEIS] SMM T w40l A% AFe= IR
AFAE o3 FAHI O FujFe] 2z mE SMM
sheF wistel g A= ®Bag vt gl

T EvEelA 7P Bl AHlEE AREk A F
sholtt. o] A= AAs ez dFsIRtE aAY
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2 AFdX = FulFY 7 7Rl WE glucosi-
nolates?} 1Y oW Ed=2 dE SMMe| W3l g" 2 &
Absl €48 Golr it

gl "iH

xH

HU

MEME " Al

B Aol AR dlFe 7= Al 2AE st
AlollA Y3 2,2-Diphenyl-1-picrylhydrazyl (DPPH)} DL-
methionine methylsulfonium chloride= Sigma-Aldrich (St. Louis,
MO, USA)ZHE TY3F 3L, 2-2-azino-bis (3-ethylbenzothiazo-
line-6-sulfonic acid) diammonium salt (ABTS), Folin-Ciocalteu’s
phenol reagenti= Fluka (Buchs, Switzerland)oll Al %3+
HPLC ZFEHEF 2 ¢ A%ELS Sigma-Ardrich®}t Juncei
chemical Co., Ltd. (Tokyo, Japan)ollA] HPLC #2jo)| AR&-gt &nj
£ J.T. Baker (Boston, MA, USA)llA &t ARE-3ITH

e ol EdE AAS AL 7S AYe 272 et
Z 37}A] ¥ (blanching, steaming, microwaving)
02 JHFEIATE 7R e Al Al hFE tixd
t}. Blx]7](blanching) -2 FlF FA(500 g)°

sufel] SFete ES Hulo] R Eo] F7] AlFetd uiFE
ol 14, 5%, 1027 izl ol S5 Ao 714 E7]1& Al
At} 28" (steaming)oll 23 7S 28 #7|(Tefal, Seoul,
Korea)oll & %1 #Folthyt 2®o] St JllF 500 g2
YW 742} 1, 5, 108 <t A Foll dilFE Aol A4 =715
A AR TE. AL 21A] (Samsung Electronics, Seoul, Korea)E ©]
|3 Al PHlF 500 g AAJAA &1 HaL 2, 3, 5
B2k 7HEsdT) el B Folle dulFe] G715 28 H
g wlo] ol 20°CollA] WEAIATE AE7F 4% WEE &
ZA7127](1IShin Biobase, Dongduchun, Korea)ellx] AZAZ1

x5k ARY MRS Seho wbedl] Ho] 200 2
Baley G 9ol ALgsiant.

TAAZR F AR dulF B2 10g0] 70% olEE 500 mL

37°C Fg2Fx04 24A17F Bt FE3H 5 &

oete EIZS HAUFF71(EYELA, Rikakiki Co., Tokyo,

Japan)Z &5 §, DMSO =99 stock solution2 A|Z3FATE. Al

Z% stock solution —20°Col] HASHHA 7154 EZo &4
H F assayol] A= FEEE S|4t AME-SA
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ol SHR-E glucosinolates= = A EE8h7] o] FolE W
Hog EAeITH14). $AAZRA FilF EE 50 mgS 70%
9] boiling oS3} 410 70°C water bathol|X 557+ BkEA7] &
4°Colxl 2027F 13,000xgoll A AAEE ST 1 mL blue tipell
DEAE-Sephadex A-255 F3lste] wH& wUZAHo| 47
A& E loading §+ & 75uL9] aryl sulfatase (28.7 unit) &<
loading 3FTh A4 12417 & WR|8HHA AlFl T
glucosinolatesZH-E sulfur’t 2| =5 st vy g 5

= 3mLE 33 HHE3lod loading 3PEA sulfurl £2]E glu-
cosinolatesS W= Ro} HPLC (Dionex, Sunnyvale, CA, USA)Z
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23, Desulfo glucosinolates= inertsil ODS2 (Cyq) column
(4.6x250 mm, GS Science, Tokyo, Japan)2 AME-3}913L, column
oven 2&E 35°C, o542 £ 1L0mLE E¥FHA 227nm
oA EAlAt) ©]%F -2 deionized water (solvent A)S} 20%
acetonitrile (solvent B)E ©]-8-3}4] linear gradientZ 1-99% sol-
vent BE 18% &<, 99% solvent BE 1157k 99-1% solvent B
£ 3% ¢ FUshHA EAsIY HPLC 412 &l 92
2 peakdll ISt mass spectrume LC-MS-QTof (Waters, Milford,
MA, USA)Z F4Jsto] BA5FS 821319 glucosinolates Y2 &+
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el e SMM $HE2 Hong Kime| W13 £
Aol sl WPFAA BT TAAZRT TR 2¢0
80% ollehE 50mLS Wol & &3k -, A2dA 3A7F B9t
F&35lo] A AEAS 045um oJFA Millipore HVLP04700,
Darmstadt, Germany)= oJZA|Z1 & 374755 7| (EYELA,
Rikakiki Co)E ©|-&3le FHAIHT TFA15 02N sodium
citrate buffer 84S 718l 3% &< 2HTAEE 3IUTE AR
of $re MiaEdE AAG7] s Sep-pak Cy cartridges
(Waters, Milford, MA, USA) E3A1713L 0.45 um filter (What-
man 6789-1304 syringe filter, Piscataway, NJ, USA)Z T}A] &t
H odFAg §AE AL AlEE AREITH AR 9 SMM
ST AREE dA™ FHtL dAeste] AFEAE A F
HPLC (Agilent 1100, Agilent Technologies, Inc., Santa Clara,
CA, USA)yll Fste] FE8No] FE3 w5 Al7to] dAst
= peak®] HARS HFETEALS HF st =5
T3} T} Zorbox Eclipse AAA-C,, column (4.6x150 mm, Agi-
lent Technologies, Inc.)S AF&3}% 3, column ovend 2=+
40°C, °)%8e] 452 B9 2.0mLE 3357 (ex. 340 nm, em.
450nm)Z £A45FAth ©]%5d-2 40mM NaH,PO, (pH 7.6-7.8,
solvent A)<} acetonitrile:methanol:water (45:45:10, solvent B)E
o] &3} linear gradient® 1-43.3% solvent AE 18.13% &9k
100% solvent BE 22.3%%F, 100% solvent AZ 26.0% &<+ T
sl A5
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DPPH gttjzte] tidk AAlgods 54 iF de-E 55
o] AAF5S DPPH assay= =7 3FATH15). 96-well plateo]
FEE 325 100uLet 02mM DPPH &9 100 uLs 3713k
& 37°CollA 30:7F WH-S-AIF T ELISA reader (Spectra MAX
M2, Molecular Device, Sunnyvale, CA, USA)E AM&3t4] 515
oA FFEE ZEIrh t2F o2 BHAS vitamin CS
AHE-3ISATE. Al52] DPPH itz thgh AAlgese oty 2

o FA4E FE= e tdste] =itk
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ABTS itz st dxtgols 54 Gl daE F25
o] ARFAES ABTS assay® =4 3ATH16). 96-well plateo]
TEH FEE 100uLst 02mM ABTS £ 100 uLEs #H71sk
T 37°ColA 3087+ RESAIFTE ELISA reader (Spectra MAX
M2, Molecular Device, Sunnyvale, CA, USA)E A}&3}o] 732
mmellX FHEE SA3IUT YRE 22 BHAS vitamin CE
AREEIATE AlE9] ABTS ezl tigh dalgelsd ol 2
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o F4¥ FI= Fh2 tdste] sk
A5 (%)

=(1-N&37He FR=AE T 7] $85)x100

SAXzE

A ATtel| thet SAXe]= SPSS software package (Version
17.0, SPSS Inc., Chicago, IL, USA)E °|83te] Bzt HFAA}
2 e, ZF A 7k ool gk HES ANOVA
£ o]&3lyq FoAS A ¥, p<0.05 FFA Duncan's
multiple testS ©]-8-3t] #4313t

ATy g

Glucosinolates &2

Figure 12 glucosinolates ¢S £41317] $Iste] Zz2|okA] &
L& 23 FlF FEES HPLCE #4951 A8 chromatogram
olt}. ulF oekE FZEZHFE glucoraphanin, sinigrin, gluco-
brassicin, 4-methoxyglucobrassicin®] % 4% glucosinolatesE <
918l o™, o]52] retention timeS Z+zt 6.93, 8.87, 18.83 %
2101822 YEPITE Glucosinolatese 715719 £/ wet
aliphatic group?} indole groupS & /& 4 A°2™, glucorapha-

nin, sinigrin®} 72 aliphatic &2 3} glucobrassicin, 4-methoxyglu-
cobrassicin®} 7+ indole E&o] AE= T

Table 1= A7HS gElsle] HFE e B uzie W, &
wjSoll e3-¥ glucosinolate #2 HPLCE Z73lal A 33l
UeR dfolnt. 2148 dullFelMe 712 T ¢ sinigrin®]
4.54 umol/ge. 2 7FF H2 o] AZ= UL, glucobrassicin, 4-
methoxyglucobrassicin % glucoraphanin®] 7}7} 3.63, 2.30 %
2.05 umol/g =OZ YERTE 4143 <lF2] total glucosinolates
T A2FF g 1252 pmole] A=l oF 587 dXE T
14.63 pmol2 ThA: F7ksk= = st ou, HA= AlZko] 10872
2 Z7hgel wEh oF 8.8% #Ag 1142 umole] HEE AT
Glucoraphanin®] 7Z-¢-% B|Xl= A7kl 10827FA] F715Hel] met
A3 SR 36.1% g 1.31 umol/ge 2 7Asldem,
sinigrin®} glucobrassicin'= 105 &t 7FE8 A=A AlAMgE &
HjS=oll Bl k2t 23.6%9} 6.9% 743 3477 338 umol/gS 2
WERATE. 4-Methoxyglucobrassicin®] 749, = &0l 5% <t
e B 2 o] Frtshe AFE dERieH, 57 "z
Fuf ol e 7HEskA & FaiFol vl 543% F7HE
355 umol® 7P =3tk 28y viXe Aol 10208 Ao
ol wel tha 7H4A%F 3.26 pmolS UERATEH

Table 2= YHFE A= Y (steaming) 22 71310 S w &

100 6-18.833
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Fig. 1. Representative HPLC chromatogram of glucosinolates isolated from cabbage.

Table 1. Concentration of glucosinolates (umol/g) in blanched cabbage

Heating time (min)

Glucosinolate

0 1 5 10
Glucoraphanin 2.05+0.11%* 2.3240.06° 1.87+0.53° 1.31+0.28"
Sinigrin 4.54+0.15® 5.11£0.07° 4.08+0.62° 3.47+0.34
Glucobrassicin 3.63£0.09* 3.75+0.12° 5.13+1.88° 3.38+1.02°
4-Methoxyglucobrassicin 2.30+0.06° 2.82+0.04° 3.55+0.39" 3.26+0.15
Total 12.52+0.25% 13.99+0.18° 14.63+3.40° 11.42£1.79°

*Data were the mean+SD of three separate extractions. Values with the same superscripts for each glucosinolate are not significantly different at

p<0.05.

Table 2. Concentration of glucosinolates (lumol/g) in steamed cabbage

Cooking time (min)

0 1 5 10
Glucoraphanin 2.05+0.11% 1.92+0.08" 3.85+0.18 4.24+0.59
Sinigrin 4.54+0.15" 4.71%0.11° 10.07+0.27° 10.29+0.48
Glucobrassicin 3.63+0.09" 2.87+0.22" 6.37+0.39" 7.61+0.94°
4-Methoxyglucobrassicin 2.30+0.06" 2.36+0.02" 6.00+0.13 6.64+021°
Total 12.52+0.25° 11.87+0.40° 26.30+0.94° 28.78+2.22°

*Data were the meantSD of three separate extractions. Values with the same superscripts for each glucosinolate are not significantly different at

p<0.05.
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Table 3. Concentration of glucosinolates (umol/g) in microwaved cabbage

Heating time (min)

Glucosinolate
0 2 3 5
Glucoraphanin 2.05+0.11%* 4.45+0.12° 5.23+0.24¢ 3.48+0.33%
Sinigrin 4.54+0.15% 8.36+0.13° 11.57+0.13°¢ 8.03+0.22°
Glucobrassicin 3.63+0.09* 5.91+0.20° 8.95+0.18° 10.1340.72¢
4-Methoxyglucobrassicin 2.30+0.06° 5.80+0.93° 6.98+0.08¢ 6.88+0.11¢
Total 12.52+0.25% 24.51+0.58° 32.73+£0.56° 28.51+1.37°

*Data were the mean+SD of three separate extractions. Values with the same superscripts for each glucosinolate are not significantly different at

p<0.05.
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HjF=o| &-F-E glucosinolate 2 HPLCE 43t & s}
yehd Azlelt), "A7|9ge g A WHe AR
Zg|AZro] 1RolA sE7ER] Z71gkel Wt total glucosinolate &
o] Ikl A4S Ao 108 & steaming $+ A3} total
glucosinolate 32 7HFE3IA] 232 el Hlal <F 238 S7t
3l 28.78 umol/g &7 YEFITE Glucoraphanin®] 73$-%= 7FEA]
7kl 1027HA F7kgtell wheh AAdgh dwiFret 2.0 Fhet
424 umolZ YERES ™, sinigrin} glucobrassicin™ 103 &<t 7t
Gk A FolA] Al Sl wvjgl 22t 23w} 2.18) F7tet
10.29¢} 7.61 umol/g®. 2 UEFSTE 4-Methoxyglucobrassicin®= 7+
GAZbel whel 2 $hee] Skehe AR JERAL 108 Set
713 A FEolA 6.64 pmol/ge & LFERSITE

Table 32 FHIFE ZAFH Q1A (microwave oven)E ©|-&-3lo] &
A8 w) ol g2 glucosinolate HS HPLCE =
gk & AwFate] vepd Aot AAJIAE o]&g WHe
7395 2-5% B2 7183 total glucosinolate $Ho] ZFz} 24.51
3} 2851 umol/g® 2 oF 1989} 2.3u) FUHEHS 1SSk 7t
G3A] gk Al FullF2] glucoraphanin EHEFel ]3] 3E7H
AAERJAE o]83ste] 7FE3aPH 523 umol/gS 2 F7atl ot
7tEA I Zr0] 5RO F713PE 348 umol/glE 7HATHS Fels)
Atk Microwave® 337F 7Fa3el] we} sinigrin -2 11.57
pumol/gS 2 21k hullS=ol] vlsl] 258 SU1st oy HEAIE
o] sEo 2 ZU}SHHA sinigrin Tl 8.03 umol/gSE 7HAEHS
o}, Glucobrassicin 7FEA| ] vl sle] 2 FhaFo] Frtsted 3
3 58 FQF UFES A S FuFd wls] b2 2.5u)
(8.95 pmol)2t 3.64(10.13 umol) Z713HS &1k th. 4-Methox-
ylglucobrassicin= 7FEAIZk] HlFHStd 2 FHgo] F7Fetai o,
i o] %ol FUkele 2 BA LTk

Z}7] 92 7S glucosinolates SHgol] 2 JES F= A
© 2 YeRdTh Wennberg ()2 AFAAME FFE 7H=Al

1

A Mol B = diFS W, X8 kA &2 tixTel H]g
total glucosinolate §-#o] °F 50-75%7FA] A EA L, £3] 4-
methoxyglucobrassicin T2 glucosinolate®l] H]&| 717 G w1
st 71% A= A4S gl BEZEE vXe I
oAl & A+ Aot FASH glucosinolates $HEFo] & AT A
o} FAHAl &% s ov, 293 AR Q1A ZEolA

= AR felid A F7H8IATH(17,18).

B2 3] g2 glucosinolates 5 glucobrassicin?} neogluco-
brassicin®] 717g QAL H2ETE ZolAY MARIAA 9
7HEE RS W ¢F 20%9] HAE 7EASTE 234y broceoliE H|
Zl $oll= neoglucobrassicin> WA ¥ IR FAHU S
glucobrassicin 60%714] 7+43F9TH(19). ©23t A= Zew
Holl whgl 2+2+e] glucosinolatese ZH7] TFE2A ¥H-EHS YERA

ot B2 ZE B "X+ %% glucoiberin, glucoraphanin}
glucobrassicin 7] FrAFSHA 80%7FA] #HAataith. whdol
STt} Yl F(Brussels sprouts)E =l H|X= 9ol pro-
goitrin, sinigrin, glucobrassicin®] 7FAE2 Th2A YEelgton 7}
7} 2, 4, 13%7HA ZHAsEATH?20).

dnkrow HAstd Maxe] 7 % ZEFFolA  aliphatic
glucosinolatesi= indole glucosinolates 2t} © <Fg3IN L, 7|EH
¢l glucosinolates®] P32 159] 38tz #dHo = A
o7 d#A Arh2l). /NEAQ glucosinolatese] Gl thek
AL e 7hE2rdl net sl HERETH22). Indole
glucosinolates®] F4-3l+= 110°C ©]3}l|A] aliphatic glucosinolates
o vla) 75w =A Ut 110°C o) elx= disizt &
7F=]21 2™ indole’} aliphatic glucosinolates] el th3dl M=
9] zlol= AAEIT) 120°ColA = progoitrin} gluconapine TF
£ glucosinolatesk T} Z}z} suflel gull 7HAst T, 2 2] indoled}
aliphatic glucosinolates= FAFSH =2 A3 TH?22).

AR st e zE] Ao A=AV thAA ARE-sh=d], o3
3t A= glucosinolates o] B2 W3S Foh o E W,
Verkerk &(23)°l 2Jstsl 27 Thxl 214 S0l x] 4843 7
% F indole glucosinolates THFo] °F Sui7tE F7lsIRovt
aliphatic glucosinolates= HaHA] &3 AH31A FA =T} v
o], AN oM = glucobrassicine 3.58) 571819 71E} ©F
£ glucosinolates $H&-S W3R FSITh 84 glucosinolates:
ANAEE AE F EAL EE A ARSIV =0 23 AZE
G7F & 739 glucosinolates®] &=Ao] F7HTH24). AAE E9
Hol Bole 7L &84 2248 B &3H7] 41 FHE
2 uHrAY Exbge] 22 FEE ESAA 8 5ol ol&st
7] 41 FEE vt o] ATh25). LY glucosinolatesh
72 gdo] Akt A EHEL VM A AR H ES 5
3 SEAIA =] Wi B2 R FAIZE vtEeE sdE
ATH17). AAY AAHRJIAZ 7HEstke ARt FolAY b
e UL A=AEY 3 9 e, ol oF 54 S84
stz sl AAkstat A4l Hr-E glucosinolates $340] =&
Ao g BAEN UTHQ26). WA 7 B 2 HA A AUA|
Al B Fo B Utele AL Hske 3o nigAsith 2 4

B8l BH Az 22 55 vl AA AHS
B ZEgd o8 ol &4o] BlwE A& Zo= g
Yok 3 B8 YA 93 3R R ZYAAE glucosino-
lates &&Fo] ofzt F7HERALE ol dlF A= ddsiAl 4
gte)o] ¥ glucosinolates”} Gx]8] S Faf X2 o ZHE
T EHOE =2H7] WECE AREETH26). WA A
gk zEy B EAE Al d9e AFe] 7 7 A
FEAS BESIAY T7HE & US AR AlEHrh
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Fig. 2. Concentration of SMM (mg/100 g DW) at differently
processed cabbage. Microwaved cabbages were heated for 2, 3 and
5 min instead of 1, 5 and 10 min. Data were the mean+SD of three
separate extractions. Values with the same superscripts for each row
are not significantly different at p<0.05.

SMM &t

Figure 2= 7} 7FiHEE AI7HS 28
SMM ¢3S HPLCE =33 & A 33k
< B B dAAY A& ol&std Ae
SVl whet 2 Fherol ZHAsigith Al s °§HH%“~91
e AZFH 100g T 192.85mgel e oF s
HAE 59 62.0% 74 7326 mgo| o, tﬂil—t—
oz Zrlste wal oF 68.6% 43 60.51 mge] 7
A= el M= 7FEAIZe] 1EelA] SE7E] ~7Fﬂ°ﬂ tﬂr
2 SMM ko] 247t 127.05 mgolAl 69.03 mgl & 45.7% 7k
FRom, 108 B A A7 SMM g3Fo] AAFE JufF=9) B
w3 o, oF 68.8% 743 60.15 mgoE UERTh A A=
Wl S 383} 5o Azgle] ulel SMM
LA 131.00 mg# 139.64 mgo. 2 7Fgd&tx] k& Al
vlsl 22k 32.07%9 27.59% #ZAERoY, "AAY
Hlg] 2 gHago] AHES Zlsisinh

T8 AR HAZHRE SMM TS w49 43 dx F
2 100g T Aol 23.4mg, AXA 19.6 mg, E2FE] 18.9 mg,
of2mE A2 18.7mg 59 FHES YEFATH2Y). Cho S28)=
ARl A2 HE SMM S BA48Et, E S 100g
g ¥ 77.80mg, WiF 75.73 mg, ¥, 68.10mg, AL 66.14

AARAY 2888 mge 2 RIS Ut} o529 Aol vw

F

=2 F 88| X] A 47 WA 2 & (2015)

FRE FAYL AAsGom, sMMe] 18 A Sle
£ BE ol WAL 29E olgde] A iy nrke A%

WA FHdsts Flo] Wi Aow Al

TEE gElsle AxS FuF dee &
z iﬂ $4J-& Table 49} ﬂD} dxe e delsle] Az
S 2259 F57} 100-4,000 pg/mLE Z7}18kel] w
2} DPPH a}qg *ﬂ%“éz F7L8lsith. i E dErE: FEE
100-1,000 pg/mL FEX = AMe Gl FEE v 7271
TE ExE weR zeEd PF FEE DPPH 2t &
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23819, BN E A7k 10Igi 715k Wt oF 18.13%7}
wopgrt. 29E o] &3 WX E ZEA k] 1EelA 10
27 S7Hel Wk 500 pgml FviF FEEIA DPPH 2}
gzt 2750] 30.74%0A 26.11%% 7HAste] dxz] F4S 7
A RS S 252 DPPH 2]z AAE849 51.51%KE
ot dAE] AT RIS AAAAE o83t Exe] W
Holl eJsliF = 7FEAIZke] 283} 580] Al wal 1,000 pg/

mL Y5 F5E°] DPPH itz &AZo] 7M7) 36.40%%)
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F o&e FEE9 FE(100-4,000 ug/mL) SJEH o7 Z715HS
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o] AoJA+E ABTS oz 2AGAHE 7HAsdct. 7Fh8kA]
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Table 4. The DPPH radical scavenging activity (%) of differently cooked cabbage ethanol extracts
Treatments Concentration (pg/mL)
100 500 1,000 4,000
Fresh 43.28+2.45°C* 51.51+1.90% 60.68+2.00° 75.41£1.41%
Blanching, 1 min 24.21+£3.53*® 29.9243.15%48 37.00+2.89%8 69.35+1.32
Blanching, 5 min 22.65+4.39* 24.86+3.55™ 33.42+3.38% 75.43+£1.228
Blanching, 10 min 18.13+4.13*8 23.37+3.72* 32.72+3.12% 75.25+1.138
Steaming, 1 min 19.80+3.75*8 30.74+£3 B7"B 42.47+2.65® 79.36+0.80%
Steaming, 5 min 19.39+3.75*8 29.86+3.32P 38.24+3.1148 78.76+1.06%
Steaming, 10 min 16.41+4.04** 26.11+£3.65% 36.41+2.8348 77.70£0.68%
Microwave, 2 min 16.98+3.98* 27.45+2.55% 36.40+2.75%48 75.31£1.05%
Microwave, 3 min 15.54+3.42* 25.4443 .89 34.85+3.94A8 73.00+1.06%
Microwave, 5 min 16.37+3.36* 27.38+2.70°* 33.96+£3.314 69.36+1.58%

*Data were the meantSD of three separate extractions. “*Means with different superscripts in the same row are significantly different at p<0.05.
APMeans with different superscripts in the same column are significantly different at p<0.05.
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Table 5. The ABTS radical scavenging activity (%) of differently cooked cabbage ethanol extracts

T Concentration (pg/mL)
reatments 100 1,000 4,000
Fresh 38.14+2,02°* 46.23+4.06°8 58.81+3.76% 71.78+5.19%
Blanching, 1 min 21.12+3.53%® 25.2442 5424 35.09+2.45% 68.54+5.05
Blanching, 5 min 21.43+4.39% 23.21£3.01 33.27+2.87% 65.38+4.27
Blanching, 10 min 17.52+3.28*8 20.1742.94%4 30.29+2.61% 60.73£3.67
Steaming, 1 min 18.29+2.63*8 26.44+3.12%48 39.74+2.06 66.90:£4.09%
Steaming, 5 min 17.21£2.79*8 25.112.74% 37.63+3.10°8 62.66+3.69%
Steaming, 10 min 14.93+2.54* 24.25+2.68% 33.19+3.37 61.48+2.85%
Microwave, 2 min 16.21£2.43* 25.56£2.30 35.31x2.16* 68.18+4.11%®
Microwave, 3 min 15.62£2.72% 24.86+2.91% 35.11£3.03% 67.02+2.57%
Microwave, 5 min 15.87+2.56* 24.45+2.08% 34.90+2.73 66.78+3.16%

*Data were the mean+SD of three separate extractions. “*Means with different superscripts in the same row are significantly different at p<0.05.
APMeans with different superscripts in the same column are significantly different at p<0.05.
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