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Studies on Anion, Element, Chromaticity and Antioxidant Activities of
Commercial Dried Lavers (Porphyra yezoensis) Cultivated in Korea

Wook-Min Parkf, Kee-Woong Kim, Dong-Soo Kang, and Tae-Jin Bae
Dept. of Marine Bio Food Science, Chonnam National University, Jeonnam 550-749, Korea

ABSTRACT This study was carried out to provide basic data on the anion, element, chromatic and antioxidant activ-
ities of commercial dried lavers cultivated from Seocheon, Wando, Goheung and Busan in Korea. The highest concen-

trations of several anions (CI, NOs, SO42', and PO,

per 100 g of dried laver) were 412.00 mg in Wando, 545.90

mg in Goheung, 297.35 mg in Seocheon, and 79.70 mg in Wando, respectively. The highest concentrations of N,
C, and S were 6.40%, 41.36%, and 0.98%, respectively, in dried laver cultivated from Wando. Hunter's color values
were significantly high in the order of Seocheon < Goheung < Busan < Wando for lightness, Wando < Busan < Goheung
< Seocheon for redness, and Goheung < Seocheon < Busan < Wando for yellowness in the dried lavers. Total phenolic
content and DPPH (1,1-diphenyl-2-picryl-hydrazyl) radical scavenging activities showed highest values of 166.10
mg/100 g and 28.48%, respectively, in dried laver cultivated from Wando.
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Table 1. Operating conditions for anion analysis in ion chroma-
tography

Anion

Analytical column
Guard column

IonPac AS18 Analytical (4>X250 mm)
IonPac AG18 Guard (4 <50 mm)

Suppressor ASRS 300 4-mm

Mobile phase 28 mM KOH

Flow rate 1.0 mL/min

Oven temp. 30°C

Detector Suppressed conductivity detector

Mill, Foss Tecator AB, Hoganas, Sweden)® 4} 3t
50 mesh Ao A7 FIst S-S DFste] YA B
stHA AEE A5l AFESSITh

i

20|12 2AM
= [— —_

Sol g2 A5 1 g& F3t capol €¥ A&~
Hol Y

T 16 mLE 7heke] 80°C F&zolA 44
ZF Bt 7}05;1 thE 4,000 rpmell A 2083 A4 22T

A < 0.20 ym membrane filter® ]33+ 3
Table 19 57401] w2} lon Chromatography(DX-600,

ol 1

Dionex Co., Sunnyvale, CA, USA)E #1319},
A EM
Are Y24 7)(EA 1110, Thermo Quest, Rodano,

Milan, Ttaly)E AF&3}g 1, A 2AE Heot 009 F5&

77} 130 mL/min® 100 mL/ming A3t om Q82
T+ 70°C, 9425+ 1,000°CE AMg-sle] A7) s
3l v YAEY =S EA45
M 5%

A== A23A (Chromameter CR-300, Minolta Camera
Co., Osaka, Japan)& Al-&3te] dx71e] xHAS SH3)

Ao Hunter scale® ™ %(lightness, L), &2 = (red-
ness, a), I =(yellowness, b) 2 YA}

] A1Z1 % Folin-Ciocalteu's re-
agent(Sigma-Aldrich Co., St. Louis, MO, USA) 0.2 mL
S #H7tste] Aol A 3087F RESAIZL § EdE %A
(Optizen POP, Mecasys Co, Daejeon, Korea)& ©]-8-3}¢]
750 nmol A FA3sF 1, EFA-S gallic acid(Sigma-
Aldrich Co.)& ol&3sto] Al 9Jste] TS A=E313
c}.

Ir

DPPH(1,1—diphenyl—2—picryl—hydrazyl) radical &AHs

grksl &g & Blois(27)9] WHE Hyste] x4 1 g
o] 95% & 10 mLE 7}ske] 40°Coll A 6417 &<t auH
A7l B A5 NS 0.20 ym membrane filterol] o #4513 ‘3}
ojel 0.1 mL=E 0.2 mM DPPH(Sigma-Aldrich Co.) &
3 mLol ¥l kst A oA 308 T vHEAI §
B335 A (Optizen POP, Mecasys Co.)E o]-&3}o] 517
nmol A 7383 tt. DPPH radical scavenging activity
(B)=[(FNE FFE-AET FFE)/ 3NE FFE]IX
1009] Axt2lell ol&) AEetgiom, HluTt FAksA| =&
a-E 39 =(Sigma-Aldrich Co.)& AF&3}%t).

rf

J::

[

SAXZ|
RE Y & W Aot xEdakw
7 3 2 719 (Satisti-
cal Package for the Social Science, Ver. 20.0, SPSS
c., Chicago, IL, USA)S o]&3leo /X0.05 gl A

Duncan's multiple range test® %% 3}% ).

Znt Y oF
20|12 EM
Al Az o] go] teE Table 29F #o] So]2 &
9] CI', NOy, NOs ", Br', SO, 2 PO/ & 24351901}
Cl', NOs~, SO,27, PO 9 A& C7 382 100 g

F 9E7} 412.00 mgo 2 7 ko Hako] 407.12
mg, IL50] 297.89 mg, A o] 260.34 mg <=2 =2, NO3~

gHke 100 g")’ 1%E0] 54590 mgo. 2 7MF E=gron 9
7} 312.97 mg, F-4ko] 297.12 mg, A H o] 232.49 mg =2
# S0~ FeEe 100 g A3 o] 297.35 mgo & 7Hg E%
o k%) 294,98 mg, 315-0] 246.66 mg, H-AFo] 199.97

mg +°%, PO, S 100 g& =7 79.70 mgo =
744 E=gkon] ¥atko] 71.19 mg, A o] 51.41 mg, 13-0]
35.11 mge| o & 2kx|o] upe} fo] 4 AolE et
(£X0.05). Park(28)-2 Falicte] =Hut ol = o} dAird
¥ Aikgde] bz 33t 0.086 ppm¥} 2.29 ppme] &3k
FA o IWEFE o]5] LAET}t T 8T Al
I AxA Az Tl 7hEE, TFEAIRE, AlF Sl wet
ol o Aolg ®ol7l AN, igFle] CI T

Table 2. Anion contents in commercial dried lavers
(unit: mg/100 g)

Anion Seocheon Wando Goheung Busan
CI' (chloride) 2604 41244°  298+10°  407+6"
NO;™ (nitrate) 23247 31346 546+7°  297+6°
SO4” (sulfate)  297+#5°  295+5°  247+4°  200+5°
PO, (phosphate) ~ 5142° 803" 35£2¢ 714

1)\/alues are meantSD (n=3).
“!Means with different letters in the same row are significantly
different at P<0.05 by Duncan's multiple range test.
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Table 3. Element compositions in commercial dried lavers (unit: %)
Element Seocheon Wando Goheung Busan
N (nitrogen) 6.04+0.02" 6.40+£0.01° 6.31£0.02° 6.07£0.01°
C (carbon) 37.8620.14° 41.36+0.11° 39.36+0.13° 39.83+0.11°
H (hydrogen) 6.78+0.05" 6.52+0.03° 6.68+0.04° 6.62+0.04°
S (sulphur) 0.35+0.00° 0.980.00° 0.41=0.00° 0.49+0.00°

1)Values are mean£SD (n=3).

“Means with different letters in the same row are significantly different at P<0.05 by Duncan's multiple range test.

o] W& wti NO; go] 433 & Zog Hol &
*HH A FAFRG S0 § 7 Aoz Az
T3 Park(29) 4ol o o]l Cl ¥ S0.2 9]

1,931.46 mg/100 g, 311.51 mg/lO
=l ol o] BRI sl T

= o
OQ
o
%
o
)
)
[
[«0
ol
.34

A Az N, C, H, S 94 4L Table 33 2t}
7} 6.40% % 7} =kal a1%0] 6.31%,
F-abo] 6.07%, A3 o] 6.04%2] o2, Co AL 9=}
1.36%= 71 ¥=9kar Fako] 39.83%, i15-°] 39.36%,
M FHol 37.86%2 o7, H9] 2Ae ] 6.78% = 7
=9k 3150] 6.68%, F-AFo] 6.62%, =) 6.52%2)
SO R S AL PC7} 0.98%=% 71 =%k File]
0.49%, 315-°] 0.41%, A3 °] 0.35%2] =o = AkAol] upe}
Fo 2 z2to] 2 YERATHX0.05). Park(4)S ade] 21 %
2G| A AF S A dAe] N7 C 242 7.12%%} 26.67%
& 2%t Bk A Aypels X EHA ekt o=
AR A, A7lel & Aol AW AlF AxF Az
Foll 7187, 7FEAIZE, AF Bl w94 249 A
o]& Yell= Ao ® Azttt 12]al Kim 5(30)2 1] 9
o X No| 3.6%, C7} 34.1%, H7} 5.2% 2 S7} 0.4%%] o,
thAlabol| A Nol 1.9%, C7F 34.1%, H7} 5.4% 2 S7}F 0.4%
Qom FEo|x= Nol 1.7%, C7} 36.1%, H7F 4.9% 2 S7+

0.7%2% R13} =t o] & Ao Azx7ARY vd o
Al @ FEol 94 FAo] PSS & 4 ).
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(e} == AR AN
Me =3
Al Az el ME = Table 49 Zo] WE(LEHA =

Table 4. Chromaticity of commercial dried lavers

Color”  Seocheon Wando Goheung Busan
L 23.97+£0.08" 28.16+0.08" 26.98+0.07° 27.48+0.08°
a 1.28+0.04* -0.09£0.04° 0.40£0.03° 0.06+0.03°
b 1.88+0.05°  2.3440.05" 1.69+0.04° 2.10+£0.03°

YL, a, and b mean the degrees of lightness, redness, and yellow-
ness respectively.
Values are mean£SD (n=3).
“‘Means with different letters in the same row are significantly
different at P<0.05 by Duncan's multiple range test.

HE> A 1E> A o g Ao whet 94 2o
= el (X0.05), &=7) 28.160.% 71 =& H&?ioﬂ

Aol 23.97= 7HF Wtk A A E(aghol A= A >

> FAD gtk o b4 wpel fo)H Aol & LPE‘r
WIL(/40.05) Mol 1.282 7F4 H& whde] v}
-0.09% 7} vttt AL (bzho s SE> 2 A
A> 130 ¢om 4HA¢) wel fo]F AolE YE L
(/X0.05), =7} 2342 7} =& dhHo]| 11%0] 1.69%
7Hg sttt Kim(BD2 A3 HollA A%, % % skl
wel WEr) 20.76, 21.20 2 22.31% w2 HelA 713
B A2MES eI AAEe G 0.68
1.03~4.529] W92 o]z} @Wgk=dl 159 8% Fo]
AT AIpeb= FARITE S Han 5(23)2 ¢ 7o
HE, AAE 2 ATl 2915, -0.09 2 2.109] dFH
AT A2 s FAES T/, 2
W) wz} chlorophyll, carotenoids, phycobilin
27F G Wsls o] ZFolEs yEeldTIAL s3I TH32).

~1.59¢}

off wd R X rfz

o W
o} Kt |
o

1=

o= 3EE

Az 224 AEA S48 A24S Fosta A &4
2ol W28k 25k 5 i3 ghs WAl s, &9k 2
detdsl A8, 7tRs A8, 1Y AL, Gatkst A8 52
7kl 3 EdE g A Jrh(33,34). Ald dxA €
A= S3E e Fig 19 2 d= 35E 892 1%
7100 g4 9=7} 166.10 mgo 2 7H4 =gtom o the
o7 FAto] 13491 mg, AF o] 131.85 mg, LT o] 122.41
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Fig. 1. Total phenolic contents in commercial dried lavers.
*“Means with different letters on the bars are significantly differ-
ent at P<0.05 by Duncan's multiple range test.
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Fig. 2. DPPH radical-scavenging activity in commercial dried
lavers. ““Means with different letters on the bars are signifi-
cantly different at P<0.05 by Duncan's multiple range test.

mgo] O R EQkaL AR whe} fo) A xpo]F e
(7X0.05). Lee 5(19)2 A9l Axe = 4
10 mg/mLE 9l 3 Z¥E ko
0.351 mg, AA 7]
ol A 1 Fhgol
o] Fs] Erh v
k=7 2 gl 7del A 100 g3 906 mg, 858 mg % 535

Y

Oﬂ Oh %(35)«] Bk /‘LLJ ==,

mgS vt Bug AT AEvs Wike ols
A= sl &Y Aolv FEEY FEAK T 9T
S WAY 239 A 8 o dAEel o3l AEAL] AxE
Hol ZyjEo] B4 JEoZHE EYuE o] &

Hell w2 Axel AFRE, A D 7t Foll At
3} FAS 7HA A E maillard WHSAAAE Y Sl g4
23l ol ofste] M2 dAkst EFAEC] YAAEHY] Wi

DPPH radical AHs
Al¥ Azx71e] DPPH 2}tz &7 Fig. 29 2] ¢
L7} 28.48%= 7HE EHdom I thFo = FAke] 23.17
%, A3 0] 20.31%, 1L150] 18.96%2 o= Egkal AHA]
of we} f2% AfolE WEFH 2 (/X0.05), IAFSHAIR] a-
tocopherol(100 ppm)< 25.77% % o &% 1S A9 3
A A 2 18 e 3 }ﬁ}xﬂl‘i‘ﬂr kg5 o] vkt
Lee (19)° R A 9 5%3}o] 10 mg/
mLZE %9 &
7o) 56.1%, FE7lo] 53.5%% 2
o] sl FdTh ol & AT
Ao

35 of Al Al
2bsls o] Zpel7F el Ao] dlE SRHE S A
o] A= Aoz By, w3t gikslso] & ascorbic

=)
AETE Y

cysteine, glutathione@}

acid, tocopherol, flavonoid, chlorophyll %<
A3 wddol glen, DPPH=
Z-e gFatolw) = 2k3} ascorbic acid, tocopherol, hydro—
quinone, pyrogallol¥} 72 polyhydroxy aromatic com—

pounds, aminophenol¥} %< aromatic amine 52 33}

B0] Qi B WA Belso] Le usile] Bl
o YT e Waste] wANE WA Wrku st

2 7AZ7 9] polyphenol, ascorbic acid, tocopherol, fla-
vonoid, chlorophyll, amino acid 9] &4t3}so] AHH
Mgt A7} o] Fojxjof & Fo R A7t

, 9, AE g gl g8 A e
.ol Fd CI', NO3, SO~ 2 PO,”
A= 412.00 mg, 1E 545.90 mg,
% 79.70 mgl2 714 =& uhdo
260.34 mg, A 232.49 mg, F4F 199.97 mg &
35.11 mgo & 7P Wttt 94 N, C % So] 242
DT} 6.40%, 41.36% 2 0.98%% 7+ o whHo] A3
o] 6.04%, 37.86% 2 0.35%= 7} wtopth Hel AL
MA 6.78%% 7} =o v 9% 65205 74 ek
th Ao Wbl s SE> FAab 15> A &
o7 HAL(azho A= AH> &> FA> dx9] o
2, A bihol s dE> FA4> H> 159 Fow
2o whet fre] ] zpo] S VFERATHAX0.05). #HE 33E
ekl A% 100 g3 %71 166.10 mg, FAko] 134.91
mg, A o] 131.85 mg, 1L&o] 122.41 mge] o= %
31, DPPH &)z 2A%2 957} 28.48%, F-2to] 23.17%,
AFH el 20.31%, LEo] 18.96%2] O & = AkA 9
we} 2% #olE YERATHIX0.05).
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