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The Changes in the Chemical Components and Antioxidant Activities
in Ecklonia Cava According to the Drying Methods
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< Abstract>

This study examined the changes in the chemical components and antioxidant activity of Ecklonia cava
according to the drying methods. As chemical components, the concentrations of minerals(K, Ca, Na, Mg,
Fe, Cu, Mn and Zn), vitaminsfvitamin C, S-carotene and o-tocopherol) and the total polyphenols were
analyzed. In additions, the antioxidant activity was determined by measuring the free radicalDPPH radical,
superoxide anion radical, hydroxyl radical and hydrogen peroxide) scavenging activity and the linoleic acid
peroxidation inhibitory activity. The mineral content was not affected by the drying methods. However, more
vitamins were lost and the total polyphenol concentration was reduced as a result of sun-drying than by the
other drying methods used. More of the total polyphenol was preserved by freezing-drying than by any of the
other drying methods, which meant that there was a higher antioxidant activity after freeze drying.

ZH|o{(Key Words): 7}HE](Ecklonia cava), 2 %4 (drying methods), 3£ 4 &(chemical components), &
2+3} €Al (antioxidant activity)

Corresponding Author: Jin-Ah Kim, Cheju National University, san 1, Ara-dong, Jeju, 690-756, Korea Tel: 82-64--754-3550 Fax: 82-64-
752-2539 E-mail : bsjajh@hanmail.net

-193-



CHOD P URIR|: 42 5T, 2004

LA E

Eckionia cava(Z®l)€ Z2ZF WgZd &3t=
thdd AZFEA fHvSlME FEETS A
FEE EFF Gt g AN #HEAR(FE
A4, 198). Zel= fEYelME GFAGT
g B A4 v 4&3e A9l AY Qe
ARoloN dAE 4tk AE FY Ho|2 FE 9
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A2 guste £REZ 23 FAse 98-S AA
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<Table 1> Operating conditions of ICP-AES for mineral analysis

Inductively coupled plasma
Out power 1.2kw
plasma torch assembly one piece quartz torch

sample introduction system closs-flow-nebulizer

Gas flows
Coolant gas flow rate 14//min
Auxiliary gas flow rate 0.5//min
Nebulizer pressure 2.5 bar
Average sample uptake rate 2.0ml/min
Cu 3248, Zn 2062 °1ch,
4. Vitamin C, SB-carotene ¥ a-tocopherol &

2t =X
S Ho

Ze) 9] vitamin L @A 52} HHH (2001 152-
198)& 7HFste] AU &, Vitamin C FFE
Batal §b Al 5% metaphosphoric acdE 713
&3 ¥ SmlE FE&ay AHES F I 43Sy
o 78ted 045um syringer fiter A}2]8 £ HPLC
2 &A%tk HPLC $424& UV detector
254nm, NHz 3.9%300mm column(-Bondapak),
mobile phase 006M-KH2PO4/ Acetonitrile = 3/7{v/v),
flow rate 10m/min®. 2 '3]'93‘:]'.

B-Carotene 32 -4 2 FeFe] AlFol ethand,
10% ethanolic pyrogaldl ¥ KOH £ 78] Wzt
71E 945y 7% #& ok By T F92
719 &711 petroleum etherZ 33 F&3&o
petroeun etherz& 493 & 9 7ZdsE 3%
t}, n-hexane 0.8 =Zo dAFO T Flyo
HPLCE Agg&dog 3yt HPLCEMZAL
UV detector 450nm, silica 3.9X150mm column
(Novapak), mobile phase n-hexane/isopropancl
97/3(v/v), flow rate 10ml/min® 2 3} o},

a-Tocopherol &3S H LA Fo] ethanolic
pyrogalol ¥ KOH &9 5 7lef &% &3, &
8- (hexane/methylene chioride/ether = 6/3/1) 2.2
3% #2¢ T AdTF stth olF n-hexane 2
2 34 HPLC Alg849422 3tk HPLC #4 =

tlo o
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AL UV detector 295nm, slica 39X150mm oolumn
(Novapak), mobile phase n-hexane/isopropanol =
99/1(v/v), flow rate 15m/min®.Z 3o

5. Z= polyphenol &2 ZX

Zele] F polyphenol &% FAHL ACAC W
(AOAC, 1984: 184)oll F3te] o] FoFth AE5Y
& AZAE 0lg 9 75% methanol £ 20miE ¥
o] 24A17H59t shaking 3MHA 23 F o33}
WmlE Hgsled AzsAch AZE ANEFE £
1mle]l 254 5mi¢} Folin-Ciocalteau 01mlE 23 3

WA gk 7)o NapCOs E3H4-9 02ms

& ZF5E AT AN 1N7HES v
% 75nmetd FREE A9 BankE
NE FZ89 A 75% methand £4< FY
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1) Linoleic acid A3} #&}%

7 38N disEe gats
7] §181 linckic acid 9 AHE4HEE A A
£ Eski, Onozaki, Kawakishi, & Osawa(1996)¢] %
ol wel FA3AY LA o2E NEFEE
Iml lindleic acid 013mi, 998% ethanol &< 10ml
02M phosphate buffer £ (pH 70) 10mlE ¥
H SHFE 2mlPt HEE F &3 Ao,
40 o)A 8U7} incubationAlA A=A AT
280 02miE 3 75% ethano& 10ml, 30%
ammonium thiocyanate £ 02ml 20mM ferrous
chloride-35% HCl &< 02mlE 718l 3% Foi
500nmell A FETE FAsACh kst S
linoleic acid peroxidatione] W3 A &2 YEPNAL,
100-[(AE F2=/d2+ F35)x100] #eg 4
et

2) 1,1-Diphenyl-2-picrylhydrazyl(DPPH) #]
4 £A%

7Hej 7t DPPH gt)#g &A%e &3 Blis ¥
(1958) & &43t9th. =, 02mM methanoic DPPH
o 49 09ml o] AEEY 0lmE H7} - EF
3t 1087+ A& ¥ 5l5nm oJAe F3E A
€ 37%slgich DPPH gtid 2A%E [1-A8 &
e/ ZF FFEIX100 g2 Yehh ik

3) Superoxide anion gd]Z &A%

Superoxide anion )@ 4AAFE NADH-PMS
systemS o] &3te] ¥} &A% WhH (Nishikimi, Rao, &
Yagi, 1972) 2.2 AT radical& A&7 AAZE
ALE A9 ALY 04mlst 0IM
phosphate buffer$< (pH7.4)ol L85t} A Z3
60M PMS &9 677uM NaOH &4, 283uM NBT
L8 747} 02ml A 410 Aol 5EZF dkE A
7 F 560nmoA e FFT e 2As4an.
Superoxide anion ZHZ@ 4£AFTE 100-[(A1E &%
T/ETF B35)x100]e] s AAratgoh

4) Hydroxyl &clZ &A%

Hydroxyl @@ 2 A5& Chung, Osawa &
Kawakishi(1997) &) WH-& 0] 4319 2™ hydroxyl 2
)AL FeSOy - TH0S] ZA}3}o] Fenton WH2o 2
ARNZA 2L 10mM FeSO, - THO £9,
10mM EDTA £ 10mM 2-deoxyribose £ 742}
2004 9} A Z-8- 200, 0IM phosphate buffer &4
(pH74) 1mlE Yol £ 18ml 2 Ao, whe
£ 10mM HOz 20045 ol 37CAM AT F
o Wk APANI|L A kLA 28%
trichlorcacetic acid 1ImlE ¥ W& AR H 1%
thiobarbituric acid 1miE A7Fstgth 10T A 108
ZH AN & dgEd 35t 532mn°ﬂ*1 T3

g 2339 hydoxyl % 2AFLE [1-AE
TAT/ET TFE]Ix100 Foll 28 deoxyribose
B A= JeRhUoh
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5) Hydrogen peroxide &7 % A3t 1987). WA AZ - AA ZA] 2 HRE
Hydrogen peroxide A2A %<2 Duh, Tu & 7]'13 F459% Z2A4e F2 odola @
Yen(1999) 3 Ruch, Cheng & Klauning(1989)¢] HHd F 9tk 2, s2FY 7l #8 dFe oFF
& o83kl A3tk Phosphate-buffered nlEe d44oz xFe AgAR 5 ELE &
saline(PBS, pH74) 22 AZF 1mM H:0» £ A7) A% O G2 A7t o8 ojFo{Aor &
06mi S} AELH ImE VCAM 1087 ¥ A Aoz wolth
21 H 230mmel A FFEE AU olW blank
= HO; Q0] PBSEA%e 2 f2Te AEEY 2. O £I18 st sl

$l°o] HeO-PBS § 22 AME-3tith

24 e 2edtd AZRA%HE | o F

o] Wsle (Table 2)9} Zth K9 74

el WE e Xolg BojA Fth
7 A¥ATE Statistical Analysis System(SAS) de 49 A3 P71de] deolv B AT w2

pogame o §3gom, APy AoFze g ) 9 HAGN deEge R dAsE 2

AV (Analysis of variance, ANOVA)E 53319 SAtH(Fennema, 19%6: 547-551). Ca> FAAZA ¥

_ 2
7. SHH A%

o BARNAsS 48209 Aot g 71 B UM BUT Mg I3ARACE F
2% Duncan’s mulfivle comparion® AAlstel 74 AAZAG BHIHE Wl A % fAE

4929 B2 Aol A% AP Foy  ASE HEAT

2ol 7714, WER), & poyphnol YT S

AEY AEWAL GEABAG (Peason's 3. 0IF P & 95t
correlation coefficient, r) & #4131 %{t}.

ox H

Zele) mE 273 g Azl mAE
G2 (Table 33} 7t} Fe k2 AW 9
& 9L WA Yot Mod) FFE HYARA
L Ax o 3% EAAZY dEAZRA Bt gadgn Zne $
1. O S a2 w15t
4
1) g1 A 7boll w2 peroxidased] 43}
AZAAZE FAWIE Hassr] Yatde & 3 :
2R Ak BUYS Hgo) Brol A A
AN W peroxidase®] B4 WEHE (Fg DF g
2ok TPl el Fao] £ e A £
218 g £ dapy dFAL 12E 549 B
B3I A o|FolRE Ao F2AstT 7 0
HE 127 H3 oe BE, 9% Y azsan:
A AEF FBEL F2 HZFHE AW T2 0 2 & & s w© w
AR IWZE AZstY shisy gled, A% Blanching time(min)
A 20 qE A, YR Fo Wt Fxd <Fig. 1> Thermal inactivation of Ecklonia cava peroxidase
oJa) 7HEEY Edol YATHo| AL, EH, A during bianching
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AAZA VR ES FRIUL, udl BHE AR 2A A7 30, 2% BAUE ROE Mo} F2
Byl S ATE A BT ASE et AYAZHE OIFHTL UE BAY AZF 2YY
Fe Ageih A% % S 4E 9 vitamin C $40) UE ROE A%

2o g Az iy Zaglel 2 fAHL AT PAY FErZ(Liao & Seb, 1987) AZAA
st AY s Es e g Helch
4, Vitamin C 2 S-carotene, a-tocopherol &t P-Carotene T A2l met £JH<
2 ui5) ol Ro| WF EF HYAZX o8 gtk £
AHE o) SEAZNA 268%, AYAZA 87%E
AzdEY wE vitamin C @ S-carotene, a- vitamin C #% £AR T Aok Delamonica &
tocopherol®] 32 (Table 4)9 7}, Vitamin C & McDowel(1965)& ZZHHE e geldld 329 f-
FE YFARA 7P R 1 theol €%, Ad carotene TS ZAREIE Y, A AeEg F
AZ wolRth WEUZA va) dEAZ} FYA HAAZRA 0%, BHAAZA 35% HAAZA 43%

<Table 2> The effects of drying method on macro-mineral contents1) of alga2)

gE=A Yetge, A 9o} Vitamin CE ¥2 259 ¥, 244 5o £

Freeze drying 2.50+0.012 0.61 £0.012 0.50+0.012 1.14£0.022
EC Hot-air drying 2.50+0.022 0.58+0.02b 0.50+0.012 1.12+0.062
Sun drying 2.531+0.07a 0.57+0.01b 0.48+0.01b 0.98 +0.04b

1) Mean+S.D. ; means within each column with different letters(a~ c) differ significantly(p<0.05), d.w. ; dry weight
2EC ; Ecklonia cava

<Table 3> The effects of drying method on micro-mineral contents?) of alga2)

Cu- 5,‘{;

Frecze drying 85.62+0.39 3260025 306440942 15.99+0.144
EC Hot-air drying 86300312 32040072 31,110,500 144240453
Sun drying 85.98+0.562 2.93+0.12b 29.70-£0.685 14234052

1) Mean +S.D. ; means within each column with different letters(a~ c) differ significantly(p<0.05), d.w. ; dry weight
2)EC ; Eckionia cava

<Table 4> The effects of drying method on vitamin contents?) of alga?)

v a.;r i

Freeze drying 261.17+2.79 9300472 3221069
EC Hot-air drying 176.18+1.31b 9.0620.645 314063
Sun drying 12526:£4.77¢ 8.49+0.65¢ 242+0.69

1) Mean +S.D. ; means within each column with different letters(a~ c) differ significantly(p<0.05), d.w. ; dry weight
2) EC ; Ecklonia cava
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st GA FLAAZRA 7P go) £48ATa
3ttt o]& [S-carotene?| isoprencid side chain®] %
# & Tl 3t o|F AR AFAsIE dolwk
7] e Ao2 waer)

a-Tocopherol & HAYAZA] &3Fo] 714 Wk
HEZAZA] o-tocopherol o] 4AF ﬂis}ai
Tr,]zﬂo] ;(].o]‘-— 0491“! XJC‘?E]_ 7z
7248 e o) Jensen(1969) 2 611 79 4%
Ascophyllum nodosums 40Co| A AZAAE o y-
1} S-tocopherol?] £21¢)) B8} a-tocopherol-& 15%°]
&9 2% 7140F R gurAe AgA AEd
ZA198 A AME a-tooopherde]l AR HEFH
© A2 B33t whde ALAZANNE ¥5
AzAe vl 25%9 &£4do] AedH o=
tocopherolo] F7159] AbA, A e FEoE &
b ste atstE7] doie A7 BI(997), 199%:
Gabriel & Patricia, 1986) @ HUYZAZ SAAF 24|
pAxshe A T FEA o8 43t
go} B Ey] EoZ wud,

5. Z polyphenol &t& Blgt

AZWHE 9eils o Zefe] F polyphenol ¥
e8] Wal= (Table 5% Zth WX AIAE o
polyphendl &3] 713 E9ky, 50Ce dajgz &
FAZYE AHEEe AZANRE ASE WAz
o} A9l ztol7b gldith. Gi, Tomas-Barberan Hess
Plerce, Holcroft, & Ader(2000)% 4 {2 F25 ¢

E7] 98 A E AE o polyphenot &k} gt

<Table 5> The effects of drying method on total polyphenol
contents?) of alga?)

Alga Dryingmethod Total polyphenol(mg/g d.w.)
Freeze drying 15.51+0.212
EC  Hot-air drying 15.38+0.502
Sun drying 10.27+0.62b

1) Mean+S.D. ; means with different letters(a~c) differ

significantly(p<0.05), d.w. ; dry weight
2) EC ; Ecklonia cava
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steo] A4Sk PPty Eiste, o= HEe
dxglol 93|A polyphenoe HA THAHA =
o2 vepgth EFARA W5z v F
polyphenol %2l W37L A Qi Ao vla] A
ZAZAE % polyphenol TaFo] WEAzd uig o
0% A 2AE[eh ol sBAY] UF2 rooibos
tea 7HEAFAMNE 22 AFAE B £ AdEH
Standly, Winterton, Mamewick, Gelderblom, Joubert
& Britz(2001)2 roaibos tead] 7FE F7VEAIQ HY
A% DACAM F poyphend ol frelHoE 7
2P E B &k Koeppen & Roux(1966)9] &
FAME HIAZMH AFRAIZHY A FATE
ol E A polyphendo] AT e &
AEo AR AdzAlel el ofs] e
polyphenalo] 4tsh wtxjElo] T dhgko] 7HAF Ze
2 Hadn

6. BIANSH 2N 15}
AzpEe] B Zeel P YL butand

{Table 6)3 7] lindeic acid A3} A3 WEF
AZ, 9FAZ, AYAR & OE =9t} 53] AY
AZNE Yeax9 34z Hjg fozez
A4 *& d%E y.%it}.

Az WEF Zeje DPPH % 2A%F
Hale AYARIE QE5AR, GEHAR A vls] &
7oz 4% Aoz yehhth B Ay A
o AxA 31%9Y FAE&E HTH, Standey et
al(2001) = rooibos tea MY71FA] DPPH o)zt 4

Aol 39%u AP Hide B A #
ARt A-g Bt} Jimenez-E., Jimenez-J., Pulio &
Saura-C.(2001) 9} Giovanelli, Lavell, Pagliarini Zanoni
& Spigno(2001)= EFAZAY % DPPH &9 & 4

Aso) feldom A FaNLH ol i
5 8ol gAYl ey Mol ¥zl

o] DPPH =t &A%< WalE 7tAsr] dF
olgty FHTH I, olEo] H¥e A& 77}
50CoIA 48417k 80Col A sl FH 1, 50CAA 812
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<Table 6> The effects of drying method on antioxidant activities) by Ecklonia cava fraction(butanol)

R 2

Fireeze drying 41.89+1.152 7732£1.17 50.97+0.202 66.85+0.64

Hot-air drying 40.89+0.622 75.18+1.643 58.04+041b 49.00%1.21b 65.98+1.032
Sun drying 28.10+£0.98P 53.27+0.76¢b 49.23+1.06° 38.351+0.90¢ 56.84 £1.30b

1) LI linoleic acid peroxidation inhibitory activity
DS: DPPH radical scavenging activity
SS: superoxide anion radical scavenging activity
HS: hydroxyl radical scavenging activity
HPS: hydrogen peroxide scavenging activity

Az Mg ¢ £ AdRds E 9 A%
A E HE 2NN PR HE £ 4F
of vlg) YFAZxe} €3 DPPH 2z 47 %50)
A BAT A= AlgdY

Superoxide anion )% AASE (Table 6)3 7
o] YEAZX IFAX HYAZX £22 gk ¥
Sz s EFAZANE BAdF AAS &
3 Q zpolE HPYow AIAZRA 71 go] 7
23tk

el 9] hydroxyl 2 Z AASE WEA
AZ, ALAZ £08 B4 FFARA
AZAN ws) 2F Zasgdgod, YAz
5% ZAastd AAAZ 98 hydoxyl B2

T A7 O 2 A= YEsth
ZuE R X2)3}3L hydrogen peroxide
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AGAzA dAg AL Y 225 Y
HAEE A5 2EF 2 Guldle] AAHoR
© 7 A® HF AFY A HEE
7t A o wabM Ax JHEEE Bol ol&st
T AFAR B A5 AR E3 A
34 RS Haddte WPSE ol EAH
oo} & AL E Algdth
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e
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7. i $IIE, HIEIR!, F poltphenol &t

i SRSl #ad210] aa) 2o

il

Zejel 7714, vEl § FoAR dFn P4
3 #4519 A#RAE (Tabe 7)3} 2t} WA F
2.2 [-carotene, a-tocopherol, % polyphenol 3]
AR5 Ay, SHZaATH F939 A3
A7 e AR YerRth(pd005). S-Carotene
superoxide anion 2}T)Za} 09979 AHATFAE 7HA
2, o-tocopherdl lindleic acd #4314 8%, DPPH
gz &A%, hydoxyl #tlZ &5, hydrogen
peroxide 271% 7 2z} 0999, 0998, 0998, 09999] 4}
#AAE ehlSich ¥ poyphendl lindeic acid 7
A3tA 85, DPPHEIYZE &A%, hydrogen peroxide
A2A%3 0998, 09%, 09989 ATAFAE Bo o]E
AR o] HE5E atsl Aol 3 AL
2 vesich el ojate] Astelx B w Zej
B-carotene, @r-tocopherol & polyphendl®] 3H4tsl 84
o 433 7IAEs ¢ & Ak E3, gFaAxs
AL AZA FEAZ s B-carotene, -
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<Table 7> Correlation coefficients(r) for minerals, vitamins, total polyphenol and antioxidant activities') of Ecklonia cava

e e pC T TP LI DS S8 HS HPS
Fe 095 -0295 -0.831 -0645 0320 -0.125 -0.005 -0.114 -0098 -0252 -0.179 -0.112
Mn 1000 0923 0632 0822 0973 0999* 0989 0989 0989 0987 099 0.999
Zn 1000 0284 0539 0810 0911 0937 0915 0921 0850 0887 0916
Cu 1000 0961 0792 0654 0600 0646 0634 0746 0694 0644
VC 1000 0930 0838 0798 0832 0824 0901 0867 0831
pC 1000 0979 0963 0977 0974 0997 0989 0977
o-T 1000  0999* 0999* 0998* 0991 0.998* 0.999*
TP 1000  0998* 0999* 0930 0992 0.998*
LI 1000 0999* 0990 0.997* 1.000*
DS 1000 0987 0997 0999*
Ss 1000  0.997* 0989
HS 1000 0.997%
HPS 1.000

1) VC: vitamin C, 3-C: S-carotene
a-T: a-tocopherol , TP: total polyphenol
LI linoleic acid peroxidation inhibitory activity
DS: DPPH radical scavenging activity
SS: superoxide anion radical scavenging activity
HS: hydroxyl radical scavenging activity
HPS: hydrogen peroxide scavenging activity

* significant at p<0.05
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