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Constituents and antioxidant activities of lavers (Pyropia spp.) bred
at the southwestern coastal area of Korea
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'Department of Food Science and Technology, Chonnam National University
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Abstract The content of major constituents and antioxidant activities of two lavers (Pyropia seriata, Pyropia dentata)
selected through breeding at different regions (Jangsan-do, Amtae-do, Dali-do, Jin-do, Muan) were compared in this study.
The mineral contents of both cultivars were in the following order: K>Na>Mg>Ca>Fe>Zn>Mn>Cu. The content of
major fatty acids was as follows: eicosapentaenoic acid>palmitic acid>arachidonic acid>dihomo-y-linolenic acid. Main
constituents of total and free amino acids were as follows: alanine>glutamic acid>aspartic acid. In particular, the total
amino acid content in P. dentata was higher than that in P. seriata and was the highest in the sample from Jangsan-do in
January. In addition, in terms of total phenolic content, reducing power, and DPPH radical-scavenging activity of both
samples collected in January and February, P. dentata showed better characteristics than P. seriata. This study may provide
useful information for the selection of laver in high quality.
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232 202099 536,341 =o] AAEA=H, 1 F dEfd=e
A AAEES 2019300 471,354 o2 A= AAakeke] oF 77.8%,
I3 20203901 394,111 B2 A= Aaleke] oF 73590 &
SlaL Jth(Ministry of Oceans and Fisheries, 2020). AePde A
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£ Aol A8 E3E F 6502 77t B Y A
daliet 7 A htellA zAYEE 3 oA A 1%
F o] 58 GAAN B2E AdsiGih §, B2 A
Ao wet UEEEA(P dentata) 35S ZH2F A E(Jin-do, JD),
X (Japan, JP), “F1F=(Jangsan-do, JS)Z, BF-EEF (P seriata)
358 AAaHE (Jangsan-do, JS), YEIE(Amtae-do, AT), ©2]=(Dali-
do, DL)E FAIBIth Aty mxe Ampde )itk
ExAY AYdE &4 AF T AAMHE Az T 22 FGA
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Tokyo, Japan)s &3+ th2, ¥3)7](V-1000, Buwon Co., Daegu,
Korea)Z £33+ &, 46 mesh TFAo] 48 Fast AEZS
71EbA-g7e Hol XFaxgete] 80°C A2 FILY B
shHA] 2 AXE] § 7iE ool Adel A8t

Alet

Hydrochloric acid, methyl red, boric acid, sodium carbonate,
2@ 3 potassium ferricyanide®} trichloroacetic acid (TCA)=
Junsei Chemical Co. Ltd. (Tokyo, Japan)Z+-E], ZE]3 Folin-
Ciocaltew’s reagent~ Hayashi Pure Chemical Industries, Ltd.
(Osaka, Japan)ZH-E T3 T} Ferric chloride anhydrouse
Honeywell International, Inc. (Seelze, Germany)Z+-E], sodium
hydroxide solution (40%)3} sulfuric acid, 0.1 N hydrochloric acid
standard solution, ¥712 &4 A] AM&-3l Ca, Cu, K, Mg, Mn,
Na, 283 Zno] ¥FA|9FS Daejung Chemicals & Metals Co.
Ltd. (Siheung, Korea)=H & 313121, Feo| EFAIRE Kanto
Chemical Co. Inc. (Tokyo, Japan)ollA] +J3lAt) & ¥4 &
Aol AFE-S diethyl ether®} sodium hydroxide= Merck Performance
Materials Ltd. (Darmstadt, Germany)elX Y™, HF.-
methanol#} sodium chlorides= Wako Pure Chemical Industries
Ltd. (Osaka, Japan)Z-E], 22|32 37 component fatty acid

methyl ester (FAME) mixture= Supelco (Bellefonte, PA, USA)
ZHE FY3I3 T} Heptane, methylene blue, ascorbic acid, gallic
acid, 1,1-diphenyl-2-picrylhydrazyl (DPPH) % amino acid standard
solution mixtures= Sigma-Aldrich (St. Louis, MO, USA)°llA -
AstiTt ol9] & Ak 5 T high performance liquid
chromatography (HPLC) 5+ ©]-83l3th

UUME B 24
YR A2 AOACH (20000 F3te] EAakth 2
U7 AR (WFO-520, Eyela, Tokyo, Japan)S ARE-3}91S

, 238 A 38R (J-FM3, lisico, Seoul, Korea)s, &+
WA 2F AT F A (Kjeltec 2200 system, Foss, Hoganis,
Sweden)ZS ©]&3+ KjedahlBS, 283 ZAWS AFA =24
X](Soxtec avanti 2055 system, Foss)E ©]-&3F soxhletdS -3}
o AT BstE §He AR AXRTH 100 g 27 EH
i, I, 2O 9 2] S Wl 3o =2 AAISAT

=

21 g 24

S F71E 4L A28 (KFDA, 2012)S o8-t 3
sttt =, A2 3gS w7l FHate 550°ColA F]stata,
=742 24) 3|43t hydrochloric acid 10mLE 713 =8 “dol
A AZAZL) o] AXEY FFFE 49 343 hydrochloric
acid 10mLE 713l 8- oA 208 B 7Fask &, Wasto
50mL W Z~ZFE2~Fo] o3 No. 3, Advantec, Ashless, Tokyo,
Japan)3t137, 23t filter papers THA T7hH el Hol 3]3}515
th o|& FTHTE 4 Mgk A 2mLet FHFT SmLE ke
T 8 oA 7hEtaL ojFete] kel ot §eldtt. o] $
gt AAS FHF S0mL7t HES ER ALt YASEEEA
(SpectrAA-280Fs, Varian, Victoria, Australia)2 2519

CaS ALS the 7714 Ao 42712 airfacetylene flame
S ARESINCH, air flows= 13.5 L/min, acetylene flows= 2 L/min
o2 39tk Cal EXZAES N,O/acetylene flameS ARE-3192
], N,O flow= 10.27 L/min, acetylene flow= 6.61 L/min®=Z 3}
Aot 1832 AAFFEEAE o83 7 Fr1de] B4
3 =(nm), slit width (nm) 2 lamp current (mA)Q] &7 Tk
23 2k Ca, 2399, 02, 10.0; Cu, 3248, 0.5, 4.0; Fe, 2483,
02, 5.0; K, 4044, 0.5, 5.0; Mg, 202.6, 1.0, 4.0; Mn, 279.5,
0.2, 5.0; Na, 330.3, 0.2, 5.0; Zn, 213.9, 1.0, 5.0.
X|akot sk BY

B39 AxEY 50 Fa| diethyl ether 100 mLE 71810 30
7+ Z1¥KFlask shaker, Fs-2. Wooju Scientific Co., Gimpo,
Korea)3t T, &JZA|(No. 3, Advantec)Z o3} T e B0l
diethyl ether 50 mLE ©] 713 & 308 &ty Az o349
o} Bolzl oS 37 E7](N-1200B, Eyela)Z 553 &,
o7 F=E-S Wungaarden (1967)2] "ol wel methylation
S etk =, =Y 05N sodium hydroxide 1.5 mLE 7}
slal A F31% 3 heating blockS ©]-8-31ed 5%7F 100°CollA
7hetanh. Wzhe A 5840 14% BF,-methanol -8 2mLE
7kt F Aa SH3K, 9A] 3087 100°ColA] 7H-3k T o]
o] 30-40°C7t =5 WZst 8ol p-heptane 1 mLE 7Fste] %
B3lal NaCl 2389 s5mLE 718l {8 ZX|IT). o] & 4
SN FHaf Fr IREFOR Y3 & Gas Chromatography/
Flame Ionization Detector (6890N, Agilent, Santa Clara, CA,
USAE ol&3t ot 22 7oA A3t Column,
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OMEGAWAX™ 320 capillary column (30 mx0.32 mm, 0.25 pm,
Supelco); oven %=, 100°C (3 min, hold) to 240°C, 3°C/min (10
min, hold); injection =%, 225°C; injection, 1.0 uL split (split
ratio, 20:1); detector <X, 240°C; carrier gas, He; flow rate, 1.0
mL/min.

TN ololit B B4
T4 ohmat B2 Seo9t Jung (2007)2] Wl wel 3Ys)
At & 2719 AXET 50mgel 6N HCl 10mLE 718l 2

TWrRE ST ©1S 3G-4 glass filter® sty oS 3A
AEF7I(N-1200B, Eyela)Z 53ttt ©] $FES sodium
citrate 45N (pH 22) 22 {3A7IHA 10mLE H-E3t 02
pm membrane filter® o133k 3 oln]:=it FEH-2]7](S433-H,
Sykam, Eresing, Germany)E ©]§3} th3} 22 7oA £
23}tk Column, cation separation column (LCA KO06/Na,
4.6x150mm, 7 pm, Sykam); column <X, 57-74°C; flow rate,
buffer 0.45 mL/min, reagent 0.25 mL/min; buffer pH range, 3.45-
10.85; wavelength, 440 nm$} 570 nm.

2| ofol=it EHEF 24

2] olmiAt B8 Grunau®l Swiader (1992)9] WHHS L&
HE3e] Pt =, 419 AZED 0.5gS F3l 70% ethanol
50mLE 713k, 78I (SEB-6, Scilab, Seoul, Korea)oll 1
Ao 1000CA 1417 B9 7H - 378 T FLATNo. 3,
Advantec)3lAT}. @oj7l ol o amL7} HEE URFsEw,
o] wEels ZH4w AT AN Bl ST, BX
= §517] 9980 diethyl ether 20 mLE 7}sle] 2 &3l of=
HE FEFVIR A Y- Az AE AEER
lithium citrate H4Z=N(PEH 22) 25mLE FE&3t 02um
membrane filter® 73+ 3 obu]:=AHE2] 7](S430, Sykam)S ©]
&t o e 2oA E43Ath Column, cation
separation column (LCA KO7/Li, 4.6x150 mm, 7 um); column -
X, 37-74°C; flow rate, buffer 0.45 mL/min, reagent 0.25 mL/min;
buffer pH range, 2.90-7.95; wavelength, 440 nm<} 570 nm.

£2 388 =K
FEue 199 290 AT mrIEds el A

E 12%) 2+ 10g9l methanol 200 mL¥ S 7}akaL,
homogenizer (T-50 Ultra Turrax, Ika, Seoul, Korea)E ©]-& 3}
A3kt ¥ 5210337} (No. 2, Whatman, Maidstone, England)3}$]
ot ZRAe ofA] Blgeeted 19 2 S AR dste] Aozl
Y AEE S 77t Felnt. o] A3Ae A EE
71(A-3S, Eyela, Tokyo, Japan)E ©]&38}o] 53 & Aojzl &
ZES methanol2 3|55t FEAHOZ 20mL7} HEE L35}
Atk o] FEFES o83l F dEA e T 4 ¢
ksl &4 HrHE st

ol

i

& Hesd siEeE g 24

% A=A 3¥HE S Folin & Ciocaltew’s M (Singleton}
Rossi, 1965)°l W&} £A481 ). &, 7+ AlE9] methanol F&%&
(5.0 mg/mL) 500 Lol Folin-Ciocalteu A]¢F 500 uLZ 713k 3 5
Z7F A"y} o] &9of] sodium carbonate E3-E-9 500 L
7hek &, PEA EFSE the, 3087 dAelA] WSAIZ] S-S

o A

% s} 8 97} 671

UV-VIS  spectrophotometer (UVmini-1240, Shimadzu, Kyoto,
Japan)E ©|-&3t 700 nmellA FEEE SFsIATE & HEA
slgtEe] e gallic acidE ©]83 EFEFAoBRE AE3)
Fom, 7t =S gallic acid 3 H(CA eq)oZ AAISHATEH

918 Hrl= 5719 methanol FEFE2S Oyaizu (1986)2]
Moz 3Rt =, methanol FEFE(62.5 mg/mL) 500 pLoll 0.2
M 215F A H(pH 6.6) 500 uLe} 1% potassium ferricyanide &
A 500 uLE 7hete] &3 F, 50°C water bathollA] 20%7F RES
Zith. ukgalo] 10% TCA & 500 uLE 7tske] &£ %,
221 (5500xg, 4°C, 10 min)at3ATh. Bzl 45 750 pLell &
4= 750 uL9} 0.1% ferric chloride 100 uLE 7zt 71ste] &3
5 1087 WAt ©]%F UV-VIS spectrophotometer (UV-1700,
Shimadzu)Z ©]-&sle] 700 nmolA FZ =S =4 e%ch ™
Lo 3% 7k AAE AW, FRFEE ascorbic acid=
o] &3ttt

sy

DPPH radical scavenging &4 T}

=7 methanol F%E¢] DPPH radical scavenging 24
Yamaguchi 5(1998)°] el we} Erkelsitt. &, 7} A5
Z2(62.5mg/mL) 500 pLoll methanol 500 uLE 7}ate] £33 5
500 uM DPPH ethanol -&(FE&%, 250 uM) 1 mLE 718ttt
olo] 10x &RF 7HAl J'ate] gaolA 30 Tk REEAIF
t}. o] W3-8 HPLC/PDA (1200 Infinity Series, Agilent, Palo
Alto, CA, USA)E ©]€3}4 chromatogram ‘3o~ DPPH peak]
HAEAEE ZA3rO 2 M radical-scavenging B2 H7FSIA
EzALe o3 7}l Column, ZORBAX Eclipse Plus C18
(4.6x150mm, 5pum, Agilent); column =%, 35°C; flow rate,
1.0mL/min;  mobile phase, acetonitrile/H,0=70:30  (v/v);
wavelength, 517 nm.

e rlo

M

= 9_4| F5E AEY TF E s 2o A FAEA
2 FAREA o]Ad| Levene®] 5#4H%(test of homogeneity of
variances) % Statistical Package for Social Sciences package
program (SPSS, Chicago, IL, USA)S ©]-&3lo] HAE St 28
T35 7+ one-way analysis of variance (ANOVA) #2418 AA|&
T2, Duncan’s multiple range HOoZ 24 HASS sk
ojm frolgEe] p<0.05d W ZF ZHl BAXLE Aol 3
ok s Asioich 2ela AFEAE 13 2l AFHT F Al
F 7] #9JA= Student’s t-tests ©]-8-3FA
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of vl A1l 21 A e A Al VA 9%
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Table 1. The proximate composition of lavers (P. seriata and P. dentata) bred at the southwestern coastal area of Korea harvested at

January and February (g/100 g dry weight)
Harvested time Laver Area Crude ash Crude fat Crude protein Carbohydrate
JS 17.22+0.03* 0.54+0.125¢ 38.07+0.60¢ 41.75+0.39"
P, seriata AT 17.09+0.46" 0.64+0.04" 39.07+0.20"C 41.94+0.54"%
DL 17.24+0.33* 0.32+0.04¢ 35.49+0.36° 45.01+£0.57*
fan. D 13.24+1.69" 0.49+0.025¢ 42.56+1.07* 42.90+2.35"®
P, dentata Jp 13.77+0.08" 0.94+0.24* 39.53+0.43" 43.98+0.46"8
IS 14.08+3.56" 0.96+0.19* 40.35+1.258 42.8442.9218
IS 17.54+0.08* 0.35+£0.19° 35.43+0.86° 45.30+0.69*
P, seriata AT 15.40+0.55° 0.69+0.16" 38.75+0.41° 42.67+0.09°
Feb. DL 14.49+0.31¢ 0.62+0.12% 39.68+0.36"™ 44.61+£0.51*
D 14.85+0.03¢ 1.06£0.01* 38.88+0.43¢ 42.25+0.44°
P, dentata JP 14.9440.02 0.37+0.06° 41.19+0.49* 41.78+0.49
IS 16.68+0.32° 0.5940.22™ 40.32+0.64™ 40.10+0.83¢

JS, Jangsan-do; AT, Amtae-do; DL, Dali-do; JD, Jin-do; JP, Japan.
Different letters within the same column of January™“ or February™® mean significant differences at p<0.05 by Duncan’s multiple range test. Data

are expressed as meantSD (n=3).
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Table 2. Mineral contents of lavers (P, seriata and P. dentata) bred at the southwestern coastal area of Korea harvested at January and

February (mg/100 g dry weight)
Harvested . P, seriata P, dentata
. Minerals
time N AT DL D P IS

K 4199.84+330.51"  4505.94+227.04" 4119.63+164.09*® 3126.84+645.75° 3188.61+161.14° 3130.83+1017.76"
Na 1917.81£80.28"  1606.53+105.90"% 1571.94+33.54"® 14182148247  1518.38+69.16°  1642.74+460.30""

Mg 410.88+14.32% 386.12+11.28"% 374.20+17.66° 327.17+5.33¢ 320.46+8.44¢ 324.93+10.28¢
Ca 113.48+1.75* 107.291.25%® 119.33+£9.24"® 106.26+3.374" 98.02+7.56° 111.47+13.86"8
fan. Fe 17.11£0.58" 9.83+0.93¢ 7.11£1.00° 14.24+£3.97° 24.19+0.84* 18.00+2.54"
Zn 1.71£0.468 1.50+0.28°¢ 1.21£0.13¢ 1.97+0.16* 1.73+0.124° 1.68+0.05"®
Mn 0.78+0.01¢ 0.77+0.02¢ 0.69+0.04° 1.07+0.04® 1.14+0.02* 1.03+0.06"
Cu 0.71£0.0348 0.72+0.094® 0.65+0.06® 0.84+0.04" 0.72+0.08"8 0.80+0.13%
K 3838.82+66.26"  3557.254257.34™ 3702.53+332.94" 3160.83+36.41"  3870.76£18.73"  3722.95+347.02°
Na 2131.65£14.52"  1445.39£101.14%  1380.18+£77.50°  1999.18+44.51°  1709.97+61.75°  2185.56+187.31°
Mg 359.77+4.86" 299.03+8.13° 280.66+7.75° 279.50+6.55 234.57£9.11° 235.26+29.04¢
Feb. Ca 115.81+2.73° 92.74+1.25° 97.48+11.41° 95.22+1.68" 98.42:10.49° 90.84+9.05°
Fe 18.2240.78" 12.65+1.88° 13.9042.03" 36.71+3.08* 19.39+0.91° 32.87+7.34*
Zn 1.23+0.03¢ 1.2940.22 1.52+0.14% 1.83+0.11° 1.760.06™ 1.92+0.20°
Mn 0.82+0.01¢ 0.77+0.03¢ 0.79+0.01% 1.16+0.02* 0.99+0.03¢ 1.11£0.04°
Cu 0.92+0.03" 0.9240.06™ 1.14£0.21% 0.84+0.13° 1.23+0.10° 0.94+0.14™

JS, Jangsan-do; AT, Amtae-do; DL, Dali-do; JD, Jin-do; JP, Japan.
Different letters within the same raw of January®“ or February*® mean significant differences at p<0.05 by Duncan’s multiple range test. Data are
expressed as meantSD (n=3).

THAA 27} Ast Desihy Aled, AF o] wEl  Ca (90.84-11147 mg)>Fe (14.24-36.71 mg)>Zn (1.68-1.97 mg)>
sepds Aol xlol7t 2eE 7FsAo) AALE Aldlet BEHETh Mn (1.03-1.16 mg)>Cu (0.72-123 mg) +& Bth 2 A7)

9 ANFHL B BREEH 9 (’AHWE@ A B H

EI4SlE SHat 718 FR w2 FqF M 22 AR Yoy, BAud

E79 sl e AEEY 100g B) dZH(Table 1), 199 o] Z ¥7)1d Aol B E5ol o] 4B IA A4S B
AF X9 @4sE %‘%% Hude o, BFEEA41.75- o)A = XU

4501 )7+ St &7 (42.84-43.98 g) 7kl 21821 z}o]7} ¢ olo] AAAZE S vlwsHe w, F1d 5 MY =2

th 2y 2ol AFHT B39 AS, ZREHEZ(42.6745309) ke wel Ko A% 194 AHe S0 o] mEYE7]
o] SIHIEEA(40.10-4225 BTt frolH o o =2 S 1 (4119.63-4505.94 mg)e] SlHITI =741 (3126.84-3188.61 mg)H.t} F-2|

A s = TS B 2Ela 29 AHT X0l M=

1311 5 9 AFTA ] @slE s vl REE7](3557.25-3838.82 mg)e| SlHITIER] (3160.83-3870.76 mg)
o), ZREEA 19 AF AFEME 9= AEE5.01 g7t & Hrop thh 22 99 2tk E BRYEZE 1€ 5] 2
A AlR@1T5 gR T frold o o E8ka, 2o AFHT Al ol HFHE AlFelA K Fke] Zasiglo, subEie 2
Foll SlojM= A= 4530 9ot DEl=(44.61 g) AR ZF FelRt FHEA W AEE Bk 2l AH AEE K T
HF Aol7h o, AElE AE@2.67 g7t T FEET 9 S HAEHE o, RRHELS T A7l A IUP Alg 7
Hog o w2 s Btk slhiEAe] 1€ A AR o fro]ARl Aol HolR] okar, slut]EAe] A9, 1€l A

AMe zF A 7rell [k ztol7h et 2€el AH T Al Ak AlFeME A 7 FoJHQ] Aol HolA %?9&2»}, 24
BoME AE4225 )2 ¢ %(41 78 g) AEHT} PIE A F(40.10 o AT ABME FE A1F(3160.83 mg)7t L (3870.76 mg)

gt fro|g oz vre ks wgitt I} AT (372295 mg) AlEe] HE| fojHow o FrEks W
ATt

21 gE 23 Nadl g vlwst Z3f(Table 2), 199 AFAT A=

=79 ¥712 g B4 43S Table 20 AABIAH. A3 o glo] REHEZI(1571.94-1917.81 mg)e] SluIE]|E71(141821-
A7l 2 A FA Ll FAsA F12 e SRH o= vt 1642.74 mg)Eth &2 A3FS BAch 2 299 AHS Als
Fe w), BEHEAS] 74, K (3557.25-4505.94 mg)>Na (1380.18- oA REEUEZ(1380.18-2131.65 mg)°] S HIT]E7(1709.97-
2131.65 mg)>Mg  (280.66-410.88 mg)>Ca  (92.74-119.33 mg)>Fe 218556 mg)H.Th $& AFS BTy gy RRYEge 19
(7.11-1822 mg)>Zn (1.21-1.71 mg)>Mn (0.69-0.82 mg)=Cu (0.65- o sl 299 Ao o] Nadl ko] 7+aal= ARS e
L14mg)°] otk 28]l oluttEZ 9] 9, K (3126.84- W slupt]EAle 1) wie] A3e B s A3 A
3870.76 mg)>Na (1418.21-2185.56 mg)>Mg  (234.57-327.17 mg)> oo Wl Na TS BzAL o, 194 e nruEe
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A Zhl fojF oz Zol7h glYlent, 29 MFHT A5 A
-, AAE AIFQ2131.65mg)7t FEIE=(144539 mg)t P =
(1380.18 mg) A&l Hsl FolHom o & FFS Bch &
1ol AHF3 st &S A3 g4l wt §9420 AolE B
o|A] ekt 29l AFH T SlutiEA e A, A= (2185.56
mg)>Z1%(1999.18 mg)>L ¥(1709.97 mg) =2 Na Tkl F<]
gk zpol7b TAF UL o] AAERRE B39 F1E F M
=2 3PS HOl K Nal X AFAAY Q] zloluct 5 2
AFAA 71 FFE o Bo] e oz AdFAT

olo] Mg®] g H|wgh AzK(Table 2), 1€l AH 3 4]
A9, RE-HE7(374.20-410.88 mg)o] ST E71(320.46-327.17
mg)E T oA B w2 S Bk 2 2¥d AFH S
S E 2REEEZ] (280.66-359.77 mg)o] A HITI &7 (234.26-
27950 mg)Eth o5 o w2 IS Btk E AFH AY
o WE Mg FFS 1€ AFHS RREHEL T PE AR
(410.88 mg)7} LEN=(386.12 mg)9t EE|%E(374.20 mg) A1 Fol H]
3 fFoHoeR Eoka, 29 AF e RFHEA] A, e
A 8(359.77 mgy7F UENE(299.03 mg)ot B2 % (280.66 mg) Al Fol
Hlg] folFos 2o S Btk 39 190 AFHF olbiy
B4 Ao 7o fogt zolzt gilont, 29l AjF et slujr]
E79 A$, A= A8(279.50 mg)’t YE(234.57 mg) Fate
(23526 mg) AlFe) ]3] FolHom Fe S Hoh

FO2 Cafl oS Mg AFK(Table 2), 1€ HHT &
e S BREEZ(107.29-119.33 mg)k SIHFEE71(98.02-111.47
mg) 7kl F-9)7 el zpolrt FAF|A] dgkown, 2ol AFH T Al
EE9 oM BEHE71(92.74-115.81 mg)} SlHITIER1(90.84-
9842 mg) 7kl frefxprt A=A ket 2] A A Ao
wE Ca® 3 vl YAME BFHEALS 1€ AFHT Al
E ZF Ao w2 FoHQl Zfolrh B ¢hokont, 249
AFE A 8E JolHe e A E(115.81 mgy7t LEI=(92.74
mg)9} Y9748 mg) AEERT FolHoR o e FFE
Bk whdel] sluft]E4e 193 2€9] AFS AlEE 25
Aoy AFH AGe] thE A8 ZF FoFQl zlolE HolA] ¥t
ole} 72 Hlo] mEW MgH Ca®l FFe =79 3o
2 45 fFYH AelE HolZle Pou, FLETE 23]H
A7 L ASFL7E 250 k] dFEE FFE vIX=
Zoz FaE )

olo] Fe 3F2S B3t AxK(Table 2), 1€l AH3 70 A
o] olult]E7(14.24-24.19 mg)°] EEHE7(7.11-17.11 mg)K.t}
froldog o B2 ¥ Btk 2ex 29 AF g 319
74 AnF]E71(19.39-36.71 mg)e] EFHE71(12.65-18.22 mg)1
o fodom o 2 g Byt T A3 AP wE Fe
o S vt S o, 1€l AHS BRHSAHS A= Al
F(17.11 mgyt LEl=(9.83 mg)t = (7.11 mg) A& vs]
oA B =2 FHFS HAoY dEet 2Rl Al 7k
= e Aolrt A=A it 223 29 AFH e BE
HEAL] A4S, A 2 KA Aoyt HAERA] Foheh 18
w1l AFHT SlREEAS S B AE4.19 me)t Fre
Aoz 71} w& TS B 1|3 299 AFHE olniyE
A8 ZAgol AdoIHE IE(36.71 mg)2t HANE(32.87 mg) AE
7F ME FAR AolE HolAl= gokont, 194 AFe AR
of Hlal 2¢doll AT A8l 3o Fe FHaFo] AA F7FskT.
g olultIEA Y] A& ARE Zfole 19 AMFHT A5 (24.19
mg)ell vlal 29l AHFH T A5 (1939 mg)ell o] L8 Feo]
Fo] 7tasE 5L Bk

rl

Zn §F(Table 2)°] 739, 1935} 290l AFH e A8 BF olbt
UEA31Y, 1.68-197mg; 2¢¥, 1.76-1.92mg)o] RFHEA (1Y,
121-1.71 mg; 29, 1.23-1.52mg)Et}t oo ¢ & ghaks
Bk 2 AlEe] AH A9E RS vwsdS o, 149
o] AFHE BRHUEAL AT A E(1.71 mgyt BEIE AlE(1.21
mg)th FosA o o] =k, 299 A} nEHEN
o] AL "k AE(1.52mg)F AT A|E(1.23 mg)Eth
A B w2 gHS 2tk whde slulbEe 193 299
ANFHT A ZF NG 7k f2ZQl AolE JERNA] 2%
o}k Zn L AFAIIG A 7] AolHhks B F59
W Ggo] E Ao ALY, Fe TFE 719 5 w}
2 7 zolm YA A AHe ule} xfol7b Yehbe A

olo] Mno| TS HwF AIN(Table 2), 195} 290 AFF
ANFE B2F sl EA (14, 0.69-0.78 mg; 22, 0.99-1.16 mg)°] &
FHE2(1€, 1.03-1.14mg; 2¢, 0.77-0.82 mg)°ll 3] F2l& o
24 & 3Eg Btk 283 AFH A9E g2 vade
u], 1€ AHS BRHELNLS FAE(0.78 mg)et LEN=(0.77
mg)°] A8 ZF Felgk xeol7t oy, 2ElE AlE(0.69 mg)=
el GEE Alge] vlE| folAos v ERe B
T 290 AF T BRHYEIS AT A5(0.82 mg)7H L
= AE0.77 mgEth folsHl B w2 T vt 282
1€ AFT ArEAe dE A F(1L.14mey)t FelFoz 7}
2 5o IS BV, IE(1.07 mg)et AAHE(1.03 mg)e] AR
7l 22l Zol7k QAT olol] Hhel 299 AjF 3 AlHiy
72 foFel gEF 2ols R

714 F v e R Cue] g Hlwst A3(Table 2), 1€
o AFHT SE]EA(0.72-0.84 mg)o] EF-EE4(0.65-0.72 mg).
o feolHez 2 g Bt ey 2¥el AFT ASE
o 2olME RFUEZ(0.92-1.14 mg)e SlHITIE71(0.84-1.23 mg)
Zrl f23Ql g zpo|rt BEEA] gyt 223 BRHEA
< FU3 A7)o] AF 3 AIRE hele AFARAG wE F9
25 Holx] gkpew, slult)Er] et 1€l AT AlEe 3l
A AFAG A 2 RS HolA| %L, 2494 AT AR
E SolMe dE AE(123met foFoz Y & ks
Bon, e (0.94 mg)et A= (0.84 mg)e] A& 7+ #2938 9
& 2polg HolA| 3ttt

i}

X|ghat g

BREEA slutEde] AFHA 7] 2 AL wE A
WAt (%) Table 39 JERR wiel ok 91A FF, AFHA
7] B AHGAE TEH R AESINES o, A5 T4
T2 sl €3 AA o] M TS SEAIESke] o
ol aspAolgtal dEA A=(Dyerberg 5, 1982; Bronsgeest-
Shoute 5, 1981) eicosapentaenoic acid (EPA, 20:5, n-3)7} & A
Wik g F60.18-75.62%2 7Y w2 HES By, 1 HE
o]o] palmitic acid (16:0)7} 8.51-15.13%, —Z2]3 arachidonic acid
(20:4, n-6)7} 1.98-11.88%% =2 SIS HATh 1 theo =
< protaglandin®] A7 2A] olETY P} FHAFs] &
FHo)2ta B (Amagai 5, 2015; Kakutani 5, 2010y2 v} &
dihomo-y-linolenic acid (20:3, n-6)7} 3.35-4.54%2] -2 H Yt}

2 Ao o] FE7He AFHAIZIE EPAY S VwPS
uj, A4k oA EPAZE AAEHE HIES 1€ 2€e] AFH s
AFZE EF o] st EA0Y, 73.18-75.62%; 2¥, 66.84-
75.40%)°] REEEA (19, 60.18-66.04%; 2%, 60.37-63.79%)E T}

el

)
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frolFoR wokth aela 199 AFHT AR Bl 2g] A
AlEe] 9ol EPA H]go] Tha FHadhs Zdfo] =3I
AHF AGERE EPAS] Tt HIES HIWSIRE o, 1
ol ANFS ZREHEA o] FAE AIF(66.04%)7F LEI=
(60.18%)2} D] %=(63.73%) A&l g FoHog ¢ =kon,
290 AFHI BRHEAY A5 dHE A 85(63.79%)7 A=
(60.37%)9F ZE]E(60.63%) A B HE folFoz U =L H|
&5 Btk 39 194 AFS vt EAL K1=(75.62%)2%
A (75.49%)7F A= (73.18%) AlFol vlE) feHoz ¢ w&
HIES B, 2g)] AFS v EE dE A 5(7540%)7F
Z1%(66.84%)2F A= (71.90%) AlFol vlE)] fodoz ¢ w2
H&S 24

olo] & WA F palmitic acid®] ¥ H|SS W WIS w,
190 ANFF 2HFHE7(9.59-5.13%) S1HIEIE7(8.51-9.52%)
ol frofgt zpolE HolA| it whHoel| 29 AFH ¢ BFH
E4(10.70-11.00%)°] S &3 (9.13-9.85%) E.tt  F-2] 8HAl
palmitic acid®] 3 Hl]&o] H =4t}

I arachidonic acid (20:4, n-6)2] 7%, & A4t ek 5 14
o AF 3 RFHEALS 1.98-9.03%, AHIEAS 2.58-3.23%3A
o, BRYEZ o] A= A1FE(1.98%)7F FAE(8.21%)2t
GE]=(9.03%) AEHTE B2 S BT, BRHEA o
Al defx A 89 arachidonic acid®] Hr H]&-S gluid]
=719 TR vlE] Geoldoz o =) 29l AH3 5719
arachidonic acid $H B]& T3+ A|F A AL FHsH =2F
HE71(9.30-11.88%)°] SBITIE(2.76-7.50%) 2t} Fo]do =z o
=2 H&E B

AN EASEA A 53 AA 65 (021)

o]o] dihomo-y-linolenic acid (20:3, n-6)¢] & H]&S H|ws}
A o, 1€ AF BFHER(3.834.52%)°] B EA (3.41-
3.86%) Tt ooz o &2 HES YeRth 28y 2€9
AFAG 2400 YoM e EFHEAA.10-4.54%)2 vHEA
(3.35-4.30%) 7toll= = AWt & dihomo-y-linolenic acid®] &
Hlgof folZQl 2tolE YERA] Edth T A5 AF A
o W2 dihomo-y-linolenic acid®] V&2 1€l A ZHHE
A F SEEA26%)2F BB E(4.52%) AFE 7+ §-2)F e xjo]r}
NAL, F A Fol| vja) A= A F(B.83%)7) FejFoes e
&S Bk ¢ 290 AHT BRRHEHS dHE Als
454%)7F 7P =& ¥ES B, AEE30%) gEl=
4.10%)2] A8 7F §91421 AtolE Holx] ekt 18 19
of AHE AulEERe] BE, WNE(3.84%)F FAE(3.86%) Al
B ZF 1421 Zolrt #EER] kAL, dE AEE41%)7F
oFog 7P v g B sHH 294 AFE oluidE
HE T = A5(430%)Fk] 1€ 18l dihomo-y-linolenic acid
o] Hlgo] F7isle folHoR 7P e TS BN, 1 F
£ olo] FAE AE@BT3%7E FolFoRE wokom, diE A8
(335%)7F freld o=z 7P e HES YERTh

Tajolnlicat gre

BRHEA QSR Pk S Table 49 A
Agieh. 1991 A wRYEAe] Aokt FES alanine
(4694.43-4964.06 mg)>glutamic acid (3390.68-3572.11 mg)>aspartic
acid (2899.24-3090.38 mg)>leucine (2129.71-2247.89 mg)>glycine
(1968.21-2059.36 mg)>threonine (1784.18-1862.88 mg)>valine (1728.70-

Table 4. Total amino acid contents of lavers (P. seriata and P. dentata) bred at the southwestern coastal area of Korea harvested at

January and February (mg/100 g dry weight)
January February
Amino acid P, seriata P, dentata P, seriata P, dentata

IS AT DL D Jp AN JS AT DL D JP IS
Aspatic acid 2899.24 3090.38 2980.15 319742 3152.63 349423 3024.94 312293 325896 303490 3450.70 3301.81
Threonine 179297 1862.88 1784.18 1922.37 1745.53 193835 1770.76 1830.83 1868.54 1812.10 1957.99 1891.68
Serine 1479.31 1517.59 142340 168534 1578.85 1742.13 152598 1548.75 1589.62 1569.37 173825 1677.45
Glutamic acid ~ 3572.11 3475.73 3390.68 4231.84 388533 4342.85 3258.83 3451.13 357734 367220 4083.54 3936.19
Proline 117920 1281.66 1209.31 141848 1265.59 1365.36 1318.65 1283.52 1357.03 1313.70 1458.70 1505.40
Glycine 2037.20 2059.36 196821 2271.05 2050.65 2236.08 1932.95 1992.33 2039.65 213424 2226.09 2231.97
Alanine 4964.06 484579 4694.43 5003.51 4865.92 4977.81 4377.83 4449.61 4619.27 498890 4484.68 4551.89

Cystine - - - - - - - - - - - -
Valine 1774.77 1814.61 1728.70 2050.68 1896.95 2109.05 1785.84 1794.73 1903.43 1973.38 2061.50 1997.76
Methionine 333.16 316.07 261.02 70483 607.63 70092 407.51 480.05 459.70 609.79 66485 659.45
Isoleucine 1039.67 1101.57 1036.28 1312.55 1212.52 136222 1048.56 1091.62 1114.82 1235.04 134523 1267.66
Leucine 2148.68 2247.89 2129.71 2537.00 235825 2606.67 2164.82 224599 229045 2424.62 2608.83 2486.97
Tyrosine 486.61 47131 45433 813.88 72662 79246 58230 557.81 59857 75636 811.94 798.83
Phenylalanine 1075.65 1113.01 1095.67 1361.81 123938 1345.00 1113.82 1114.56 1123.98 1265.16 1349.92 1334.84
Histidine 74427 77638 77943 746.88 691.23  780.33 72493 751.09 726.19 694.67 76692  734.59
Lysine 1519.17 1634.04 1521.84 1874.79 1692.84 1861.58 1552.17 1588.07 1653.82 1708.11 1846.19 1786.61
Arginine 1542.61 1665.59 1532.45 1904.63 1722.55 1939.31 1659.33 1637.44 1730.83 173726 1917.34 1837.91
total 28588.68 29273.85 27989.77 33037.04 30692.46 33594.34 28249.20 28940.44 29912.18 30929.79 32772.67 32001.04

JS, Jangsan-do; AT, Amtae-do; DL, Dali-do; JD, Jin-do; JP,

Japan.
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5 A

1814.61 mg) =olAch. 183 171l AF 8 Slujr]E 7o
o] & A EE alanine (5003.51 mg)>glutamic acid (4231.84
mg)>aspartic acid (3197.42 mg)>leucine (2537.00 mg)>glycine
(227105 mg)®] &2 RFHELF FFFe o] TS
1}, valine (2050.68 mg)3} threonine (1922.37 mg) &&ato] ZEF
HEA oMol vl o= veldth B3 RYHEAC] &
A= A|ZEE histidine (744.27 mg)>tyrosine (486.61 mg) o] $2
U, slnltE7e] AT A BE tyrosine (792.46 mg)>histidine
(78033 mg) =2 A|59] ANF Lol mE} opu| At S 2ol
ztol7F ASTE ¢ 290l QAT BFHEAY] A= AE=
1€ AFHS slutE4e] itz AlE9 e threonine
(1770.76 mg)>arginine (1659.33 mg)2] <& HAY, LEH: AF

677

= A= AIE9F 28] threonine (1830.83 mg)>valine (1794.73

mg)®] oAtk 22yt 29 AFH I RRHEZY dEle Al
S+ valine (1903.43 mg)>threonine (1868.54 mg) T2 E|=

oF g Ao o] AolE BAX, = AlEE 299
lult] &3]0l 9lo] tyrosine (756.36-811.94 mg)>histidine (694.67-
766.92 mg)e] TAE Ho FY FFS YT A7l AFSH Al
SEYASE NFHAFLR] zpold| ulz} FAoln k] FEF &
A7 RS € F At 2Ela BEREEAS sl el
7} dotm| gt kg HwaEtglS o, alanine (4377.83-4964.06
mg)Z} phenylalanine (1075.65-1123.98 mg)S EF-:]E710] olnjt]
E4HT O B2 TS HYoY, o5 A g Aol
4ke QulbEFle] REHERY ¥ w& s Bt

Table 5. Free amino acid contents of lavers (P. seriata and P. dentata) bred at the southwestern coastal area of Korea harvested at

January and February (mg/100 g dry weight)
January February
Amino acid P, seriata P, dentata P, seriata P, dentata

IS AT DL ID JP JS IS AT DL ID JpP IS
Phosphoserine 2403  25.69 2496 2656 2277 2450 2345 2428 2519 4595 3333 2847
Taurine 1130.71 1131.88 1143.79 1079.12 1097.12 987.47 1093.43 1121.88 1180.56 1077.19 1092.38 1048.37
Aspartic acid 204.18 29329 310.09 190.04 204.10 224.07 24551 295.82 342.89 141.99 270.82 205.60
Threonine 4834 4457 4734 3993 4383 3626 3922 4318 4556 71.19 3948 3836
Serine 3093  33.67 2959 3059 47.11 3594 3830 3742 3924 60.62 4155 3746
Asparagine 4496 51.04 6299 6681 56.19 5072  71.67 7890 9049 1459 66.03  56.87
Glutamic acid 462.79 384.40 360.61 87895 74436 82443 29328 465.09 431.31 673.10 900.32 789.68

Proline - - - - - - - - - - - -
Glycine 51.07 4062 4129 8140 7574 67.14 3843 3861 4190 12424 5824 71.20
Alanine 2102.28 2009.22 2039.55 2084.54 1989.96 1828.37 1712.54 1819.26 1876.00 2228.15 1811.79 1842.65
Citrulline 4448  63.11 66.52 12144  80.61 10246 6343 6636 86.92 12749 108.19 14225
a-Aminobutyric acid 1.21 1.74 - - - 1.33 - 2.76 3.03 2.30 1.76 1.53
Valine 13.61  13.65 1452 1959 2397 2183 893 1600 1778 11049 1934 2525
Cystine - - - - - 5.02 - 3.12 - 13.49 3.78 4.65
Methionine 3.62 1.69 2.73 541 6.18 5.37 1.50 242 263  13.09 4.79 6.91
Cystathionine 719 1017 2092 13.84 2016 19.13 1029 11.72 11.54 80.80 1836  21.96
Isoleucine 108.16  77.71 101.58  81.04 101.68  63.11 49.70 62.69 7795 10556 51.69 68.01
Leucine 5.96 6.59 889 1135 1577  10.96 5.87 7.77 897 3286 10.63 1338
Tyrosine 8.15 8.13 988 22.18 2546 21.03 845 11.84 1132 6948 2525 26.10

Phenylalanine - - - - - - - - - - - -
B-Alanine 21.66  19.01 21.71 1576  15.01 1281 2452 2527 2878 1823 17.86 14.88

B-Aminoisobutyric acid 0.47 - - - - 1.14 - - - - - -
y-Amino-n-butyric acid 31.08 2671 2672 2451 2133 1726 1958 1849 1943 3886  16.63  16.11
Histidine 2.00 1.68 2.36 2.80 427 3.72 2.29 2.83 273 1527 3.80 3.96

Tryptophan 5.28 3.17 4.19 - 6.32 - 1.36 2.52 221 1455 - -
Ornithine 3.51 2.83 3.44 6.70 439 47 1.79 297 3.07  25.05 4.84 6.47
Lysine 9.81 7.53 925 2173  29.67  27.65 919 1238 1155 3444 2354 3043
Ethanolamine 421 1.10 3.53 6.73 5.13 4.96 2.67 2.95 3.63  16.52 4.52 6.25
Arginine 4544  31.84 4101 36.09 4935 4274 36.83 3435 4834 2745 39.60 4836
total 4415.13 4291.03 4397.44 4867.10 4690.45 4444.11 3802.22 4210.90 4413.02 5182.93 4668.50 4555.14

JS, Jangsan-do; AT, Amtae-do; DL, Dali-do; JD, Jin-do; JP, Japan.
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ToH=AE F 1A Yol FAEA ol HiEA] e B
3 Aok dh= oAk leucine, isoleucine, lysine
methionineS E3Fate] gQle] 74 8Fo] Ut FAdobr| At 5
depopu|iebe] T WSS ANFH A7 B AFH Al FHst
A FEHHRE vAsle W, BFHEHS 3927-40.72%= 1
R, S &AL 40.65-41.96%2 UERST 183l REHE
A3 S EA Zhztel lof Fpobr|iit F- leucine©] 2129.71-
2290.45mg % 2358.25-2608.83 mgl 2 7P w2 TS B
L HES leucine> TE 0] Fo g AR, s =E
2 A FA2ONA alanine? glutamine®] AR g 5
£ nitrogen donor=4] GE-g T Wt ollg} leucine AF Al Al
T2 IAaAIle 59 ZTRuerman, 1975; Park 5, 2009;
KinballZ} Jefferson, 2001)S Ldsl= o2 dEA Sded, &
FHE o EL o] leucined} A EA|oju|ato g
E 5 valine?} isoleucine T8 ThaF Sh-alal glo] Hrobu]in
ke & FEdol d AoE AlsHTh

feloto| =t g

Z+ Alge] fgjobuieAt Sk Table 59| AAIEIATE EE,
ANAAZ] B AFFFL FRsA FAol ke tigk flof
uiegke] HlES FHA 13.23%004 HO 16.76%2 4AHEE o] Zh
AlFe e - Hlge] Aole AAA A ¥ Ao Y
Elgtth, 2Ru e olnltE 250 A alanine (1712.54-
2228.15mg)el 7Hg FHEA FHEle AU, 2 HE <]
taurine (987.47-1180.56 mg), glutamic acid (293.28-900.32 mg), —L
2|2 aspartic acid (141.99-342.89 mg) <=2 o] =t} 149
of AFHE AEEC U] BFHEH] AlBI|EZ ETL alanine
(2009.22-2102.28 mg), taurine (1130.71-1143.79mg) 2 aspartic
acid (204.18-310.09mg)e] FFo] o =Y, SluiEZNL
glutamic acid (744.36-878.95 mg) &H&o] RREHEHT o =%
ot 2o AFAS AEE T taurine (1093.43-1180.56 mg)=}
aspartic acid (245.51-342.89 mg)¥] -2 BFHEF0] slultE
Aol B8] o Egkou alanine (1712.54-1876.00 mg) 35S 19
of FHS A SR WIkar, Sut]EZC] alanine (1811.79-2228.15
mg)# glutamic acid (673.10-900.32 mg) S+ REUEHT)
T =4t} B-Amino ethane sulfonic acid® T o] FHAo=
o3IA] o (Park, 2001), 5 TR F=e} ko] F2H|
E g AW S 9Fa, Alxe] Ak &3S gAs)
= 59 Agd 7% $Adtk B (Lee, 2000; Choi¢t Seo,
2006; Kim 5, 2007)2 H} A& taurine®] TFFHS RFEHEZ
(1093.43-1180.56 mg)°] SI¥ITIEF(987.47-1097.12 mg)th © =
2 A BT, BRHEA SAE g2el= AETE AFHA
719} gAglel 7P B S Byt

frEjolrmAte] kg A3 Aol wet vwale o, 1Y
of AFT RREHEZ FTolre AT AlFd o] alanine
(2102.28 mg)?} glutamic acid (462.79 mg)2] o] 71 =9k,
290 AF S ZRHEALS G AlFol 2] alanine (1876.00
mg), taurine (1180.56mg) 2 aspartic acid (342.89 mg) TFo]
=otth 2 19 AFHE it ER F AE AlEe] A
alanine (2084.54 mg)Z} glutamic acid (878.95 mg)e] =] 713
=Qhth & 290 AFHE SlultEA F W AR ojAE
alanine (2228.15mg)®] $Hel 7P =%, Y& A5 9ol
£ glutamic acid (900.32 mg) $o] 714 =t 2Ee] fo}
vk Ak SRHES xgele] HE =, 1 fEE 3
7had 33E 53 M FvE A= EEE dHA Yo
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Fig. 1. Total phenolic contents in MeOH extract of lavers (P,
seriata and P. dentata). ]S, Jangsan-do; AT, Amtae-do; DL, Dali-do;
ID, Jin-do; JP, Japan. M, January; [[1, February. Different letters
mean significant differences at p<0.05 by Ducan’s multiple range
test. Star symbols mean significant difference by T-test: *p<0.05;
#%p<0.01. **The laver produced in January. *'The laver produced in
February.

™, glycine, alanine 2 threonine> T3S W3, leucine, isoleucine,
methionine, phenylalanine % lysine 5 ¢3S W™, aspartic
acide Al9HS, 8] glutamic acide 7S e ez &
24 AtkBrand$} Bryant, 1994; Calkins®} Hodgen, 2007). ©]&
gk 712e] Ry s FAsglS o, REHEAS 199 AHS A
71 294l ANF g AlEol| M]3l aspartic acid (204.18-310.09 mg)
9} glutamic acid (360.61-462.79 mg)®] S-S ko) alanine
(2009.22-2102.28 mg)s} 72 ©BkE U= ofu|igbe] ke o
Fol 194 AHT BFHEA ] ©ut W o] ¥ 5% 7t
SAol AXFET 2Eal shubEA F JEst APE Alge
19 HH e Azl Blal 28] AFHT Alge] 2o alanine T
o] ZUhete AES HIou, glutamic acid®} aspartic acid®]
ShFe 2358 Hhdte AFE Bk vk dE AlR9
alanine e 1€l AFH 3 Al vla] 29 AHATF A=l
olo} A o), glutamic acide BN Z7ksiiTt. olek 2
o] Y& AT Alae HHAVIC wat FEEE ) 2
ol Hou}, Tt #sle Fa fefopuite] F ghak
JAAM = o= zpol7t #EER] it 2y ME AR
ZAgolle gl #ojske F8 frElobulieste] T FHeko] 29 Al
grT 1€ AEA B EA veht 19 AFHT 1= A8
slufriEAol Bt el Slo] o 58 7FsAol AARE L
& Hi=d siEE s

REYUEAG olult]E7 9] methanol FEES SR F 3
=4 SE] TS FAg AHE Fig 1o AAEKIT F 9
=4 3gHEe] g ExE 190 AFHET ASEC o] slniy
£71(99.34-131.10 mg)°] EFE=71(88.11-108.00 mg)ell ]3] <
Aoz t] wUrh 23 29l AFHT AIEEC Y= Slup
U&7 (108.69-128.79 mg)e] EF-HE71(77.73-100.30 mg)ell H3l]
froldom ¢ &2 TS el

olo] Bz AF g w2 F dAEA FES] FFS v
S W, 19el AH T BRHEFS Y E(108.00 mg)>EE]
5(93.10 mg)>FAF=(88.11 mg) Al B2 o8 Fol =& ¥
FE B, 290l AFT ZRHEZ] £ AEHIE(100.30 mg)
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Fig. 2. Reducing power of MeOH extract of lavers (P. seriata and
P, dentata). ]S, Jangsan-do; AT, Amtae-do; DL, Dali-do; JD, Jin-do;
JP, Japan. M, January; [1, February. AsA, ascorbic acid (15.6 ug).
Different letters mean significant differences at p<0.05 by Ducan’s
multiple range test. Star symbols mean significant difference by T-
test: *p<0.05; **p<0.01; ***p<0.001. “°The laver produced in
January. ““The laver produced in February.

>GE]%E(93.63 mg)> A (77.73 mg) 2 180 AFT AR
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2 FYAE BYon, dHlE AE7F EAHoR =L ddEs
Bk g 29l AFHT BRHUEA JdojM = Ft=(0.58)
o} ¢E=(0.59) AlE M3 EEl%= AE0.63)7F o5l =2
39S B2gh | ERHER o] AAitwet dElx A
B 199 AFe AFEHT 29 AFHT A FEEQ I o]
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o] 2318 Fhe=o] FHastdict. ¢ oluiy] 46l XM=
AF A7l FRsA AAb=€, 096; 2€, 0.71)>LE1Y,
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Fig. 3. DPPH radical-scavenging activity of MeOH extract of
lavers (P. seriata and P. dentata). ]S, Jangsan-do; AT, Amtae-do;
DL, Dali-do; JD, Jin-do; JP, Japan. M, January; [1, February. AsA,
ascorbic acid (15.6 pg). Different letters mean significant differences
at p<0.05 by Ducan’s multiple range test. Star symbols mean
significant difference by T-test: *p<0.05; **p<0.01. “FThe laver
produced in January. ““The laver produced in February.
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