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Abstract — The pigments content of Porphyra were investigated after acid treatment according to growth stage of
Porphyra. Six experimental group were selected for the acid treatments. It was detected that 6 types of pigments
and phycoerythrin, phycocyanin, chlorophyll-a were major pigments in Porphyra. The concentration of pigment
was decreased by more than 90% in all experimental group and the content of pigment was decreased with increas-
ing concentration of inorganic acid. The pigment concentration was temporarily decreased due to the molecular
structure modification and the low pH of the acid treatment. The content of fucoxanthin in seawater was increased
at the same time as the pigment content of Porphyra was decreased, and it was the removal effect of attached dia-
toms. Melosira sp. and Stephanopyxis sp. were dominant species after inorganic acid treatments, that was indi-
cated the removal efficiency by it depending on the characteristics of attached diatom on Phophyra. Therefore, it
was that the acid treatment could remove the attached diatoms on the february, and that the higher the inorganic
acid concentration, the more the major pigments in the Porphyra can be reduced.
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7 ] el GRS T T QR AFAER g o) APTE sl 1 @A EYAE ARSSHA] ¢ tlxel,
T R FEod, HAES 19 S Adigth(Kang  FEE T A2Al 3, 2l 5714 A2A 371E G
[1972]; Kim[2010]). o121t ZAE a7 $13l el vlal] Uik ok 7714 A=lAlE 35% 94ks 843819 0.5%, 0.7%, 1.2%%
Ao] oksl a2 B8 A0S o] &3 Ax)E](Kang and Shin[2002])2}  AFR-8I1aL, 2+ F-714F A2 A19) pHE 0.97, 0.80, 0.68°]%Ith.
7 8] AR TR E ) AR A B AolE st 25HE TN AEAlE 9.5% Gatell 5%, 10%, 15% TAH5%, 10%, 15%
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H7¥ste] 4°C WAolM 24117 5 3 5 1 ml & 58]
HPLC-E water 300 ul®} €331 ACQUITY UPLC H-Class (Water
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Fig. 1. Study area and experimental group by acid treatment concentration.
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Table 1. Condition of UPLC system in analyzing pigments

UPLC  ACQUITY UPLC H-Class
Detector PDA e\ Detector at 436nm
Column  Waters ACQUITY UPLC BEH CI18 (1.7 um, 2.1x100 mm)
Solvent A MeOH : AmAC : BHT (80:20:0.01)
Solvent B Acetonitrile : Water : BHT (87.5:12.5:0.01)
Solvent C Ethyl Acetate
0.35 ml/min

Flow rate

F2 A ©1334(47 mm GF/F filter paper, 73 0.7 pm)E ©]8-3}o7
o2} F 100% oFAIE 5 ml H7F $ UlF 554 canthaxanthin
50 uiE H7Fete] 4°C WAollM 2423 FESl] 5 1 miE
F3]8}o] HPLC water 300 w2} £&sl0 UPLCE 48151, &
AL 7 FA M Bk 184 A A5 s
EZHIES 2008 & 4008 H]& 2 38 v] 7 (Leica
DM2700, Germany) Aolx] 7ato] Aok @ AAJRA &),
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.84 3 0F
FAPIZRI 2015 12€E] 2016 29°53F 71 AdetA|S] 4t
T2 2015 1229 9.18°C, 2016 2€ )| 6.86 °COITHFig. 2). Al
71el etz 7 GA1e) F A4 wEE 12900 1040 mg gt dry,
298] 1459 mg g'.dryE BTt 9] 2419 Y9l F shhs W
T2 7 AHATH(Sano[1955]). Porphyra yezoensis®] 72 HE &
9 NH, Q) F588 15°C>10°C0] 1L, 5°ColM = A2 555
14| Z-3ltk(Kraemer et al.[2004]). AAA Q] N &&o| BS4=
phycoerythrin(PE)2] &&o] =rhal &5 th(Hiroyuki[2002]).
et FE-L 1299 31.93, 290l 33.15°]c}(Fig. 2). 72] Yl
Aerel JAH-L2- 21.69~32.52 34.401 4ol -+= FaAdo] AslEtiar

-35.00
10.00-
-33.00
~ 8007 -31.00
L
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2 6.007 29.00 &
S E
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Month

Fig. 2. Variation of water temperature and salinity in the water on
study area.

QA Aol mX| = F T 221

A A th(Iwasaki[1965]). A1t Hat A2 3445 €A
O}o]-}q 719] :5]—61‘/\—] §I—Eoﬂ oJ3rS u] ]x] o} Lg ZAog wolt}

7 F2loPeolM 71 34 A4~ 5 phycoerythrin(PE), phycocyanin(PC),
chlorophyll a(chl-a)’} A MA=2] oF 90.6%5 24| 3t Q.31
At 4L F2 23 a(chlorophyll a, chl-g), I ZBEH
(phycoerythrin, PE), 3] Ao (phycocyanin, PC), FEl2] (lutein)
o MAE 7H= Z10% Harwo](Kang and Koh[1977]), 71 %
Aofgelxe] 21 GAl AL FHE fFARE Aoz YERSIt.
WA, 71 eF2logell el 71 Al AATd vl A7 A
YA Firell wht A= thE2A Yeksitt.

PEE 129 U704 6.50 mg g'.dry® FA| A40] 62.5%F
Ak (Fig. 3,4). 7R AlelA 300) 7712 2] Aol A= of
Z o)) v]8) oF 98.9%7H4] PE B} AL f714e w50t
A 35 15% A7 1Al thzztel vl 98.9%7H4] 44
Sk #ks Bk 28 diRzTelM = 7.55 mg glldry®, A 240
51.7%E 2. 708 TR Al & T2 W) A2
AL, 508, 308 F7EA Al = 98.7%7H4] FEIt A
th A Al B AdTelA 90%e13e] s Bt
7 AR o] % 113719 ThEelA] Ma ghgo] 3] A1) MEe] &
Q3 Aghs sty A ow Mio fA7F e FALS HF 4
= 29lo] FthSaitoh er al.[1975]; Aruga and Miura[1984]).
ol oF2lE 71 A2l M4 T+ Chl-a 4 mg/g, PE 6 mg/g,
E3], PE, Chl-a= 719 F2 M0, o]5-& W pHollA WA
=2 = ¢l tH(Ramirez et al.[2000]; Munier et al.[2014]; Puckett et al.
[1973]; Ronen and Galun[1984]).
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Fig. 3. Variation of laver pigment in each inorganic acid treatment
(A) and organic acid treatment (B).
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Fig. 4. Ratio of Porphyra pigment content in each inorganic acid

treatment (A) and organic acid treatment (B).

A AS ARESE 7 Atz vl 4 5.8%lA Aol
98.9%714] PEC] 7+4x¥]3lth. PER} PCs- 333F phycobiliportein
FI HEAAR, 547 FekA] Hehs 999 TS
FH 07 F45}al(Lobban and Harrison[1994]; Dawes[1997]),
Fx5olM 2.3 Aot} Phycobiliportein®] AHEH EA12-
pHell wh& Tl Faz jiAdel o]&l] ®gith PES WAkl
E¢kgaly] Wi PEQ] 7S] R-PE= pH 204 AFEHo] 9
3% 31, R-PEY} B-PE pH 264 &3] 97%7H4] Fra=ar, vk
pHONA E| A& 2] © ZIth(Ramirez ef al.[2000]; Munier ef al.[2014]).
A AE Aeldt AGA7F =7l vlsl PE AAgHo] 1t
Z8h= 21 pH 103811 A2 A] AME-C & Qg Zlo %

4
i
T

7 A2 v Fo400) PGS 128 thTrollM 223 mg g dry®
A A28 21.5%F AA U h(Fig. 3,4). F7 13 2 Al =

A= oF 98.29%7H4 F=7t AT 5%, 10% 7 1A 2] Al
ol 18] 70% % TAaE FEE BT, 15%14E 98.2%
e FEE Bk 29 s 246 mg gldry®, AA] Ao
16.9%% A}, F71AE 2] A= 26.0~98.8% 7] F=7F T4
s, 7 1A B A1 93.9~98.8% 714 F 57} ZAskgiT).

7 AAY] FeAA01t FFA] ARl Chl-a= 128 thETollA
1.49 mg g'-dry= QA 242 14.3%E AFA 3 THFigs. 3,4). Uiz
ol vjal] F7)AA AR 98.7-99.3%714] g, 1Ak gl
AE 99.3~100% A4 Th 29 thETolA 4.04mg g'-driy®
27.7%= A FTE. tizTtol] vlal 77 1A= Al= 78.0~100%7H]
oo, 71 Al 99.2~99.8% AR

AT7)7FEE thzTellA A GAS] chl-ai= 7o) A8t &
7t 37Vt ol 71 iAol atERe] F-Eho® Qlsk Aow
) 2280 tlZ2TY] chl-ai= 128 Bu S718130aL, 284
A AS A3t 2 FAQ) chl-a= izl vl8)] 743kt
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Fig. 5. Correlation coefficient for chlorophyll a and fucoxanthin in
algal pigment in surface water.
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Fig. 6. Concentration of algal pigments chlorophyll a and fucox-
anthin in the surface water by each inorganic acid treatment (A).

83 280 B dl5e] A EEEAE A4 chl-ag} fucoxanthin
9] F&r} vzl vlsl EIAAIE XSt slrollA S1sisick
(Fig. 5). Fucoxanthin 713=+2] biomarker®|T}. Chl-a2} fucoxanthin
o] T2 AW Hold AEZEFIAE A T IE2FI oS
THoER= 218 m3tH(Wysocki ef al. [2006]). Chl-a2} fucoxanthin
o] =& ko] A (p<0.01)S K.oIA (Fig. 6), %35 all<FolA] 7F
Z2R7F AEEHAES] Foro® Bt AN 4714
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Fig. 7. Variation of Melosira sp. in the sea water in each inorganic acid
treatment (A) and organic acid treatment (B); % values are indicated
the composition ratio of total phytoplankton biomass.

Month
Dec. Feb

2

400.00- 47.80%
300.00-

200.00

38.18%

Stephanopyxis sp.

100.00

23.65%
0.76%

0.00

T T T T
Control 0.5% 0.7% 1.2%

Control 0.5%

0.7% 1.2%

B) 400.00-

300.00-

47.98%

200.00 50.16%

50.03%

Stephanopyxis sp.

100.00

0.76% 2.12% 6.65% 23.65%

T T T T
Control 5% 10% 15%
Acid Treatment

Control 5% 10% 15%

Fig. 8. Variation of Stephanophyxis sp. in the sea water in each inor-
ganic acid treatment (A) and organic acid treatment (B); % values
are indicated the composition ratio of total phytoplankton biomass.

AR ARSE Aadtell w2 A7 AEA A A $ 24738
AL 727 DS 60%0 Vo= YERATHPark and Kim[2013]). A1
Aol A AE Ml 25352 S7F fucoxanthin®]
SEE Kol GAA A Al F AFAY] chl-a8] A= Aol

2 e 2ol O3k ZloR Belth

Month
Dec. Feb

15.00- 1.09%

8.19%

10.00-

31.71%

Paralia sulcata

5.00-
100%
99.24% ° 100% 100%

Control 0.5% 0.7% 1.2% Control 0.5% 0.7% 1.2%

10.00] 1.75%

31.71%

Paralia sulcata

97.65% 93.17%

100% 204% 1.77%

5.00

99.24%

0.00-
Control 5% 10% 15%

Control 5% 10% 15%
Acid treatment

Fig. 9. Variation of Paralia sulcata in the sea water in each inor-
ganic acid treatment (A) and organic acid treatment (B); % values
are indicated the composition ratio of total phytoplankton biomass.

A AR M 5 A8 TAES GAA TRl
w2} thEX R, g o] AAES Fr 1Al oF 94%, 714t
AA = FFol et 88~93%% HSITHKang and Shin[2002]).

HHA, 12904 SPAAE ARS-eE A2 chl-as =7t Tz
el viEl RS A2 AIH T AL W pHE QIS Flo % {5
Hr} 12€0)l= SIAAE AHEs DA chl-a7t 7HAEI3A]
W I3 chl-a} fucoxanthin®] 57} S718HA] 928kth. Chl-
a= pH 6.5°13817}F =W 2271 ¥iste] pheophytin a2 R1$HC}.

2 pHO A chl-a7} &3l = 32 (Puckett et al.[1973]; Ronen and
Galun[1984)), ©1715 S=Z Y2 pH(1.0-2.0)°] ¥ S22
Wl Evkal A F H(Garty et al[1992]). Aol A= pH 10131
A A AE AR wiell st S 7 7 EA9A
YAZ QIgk chl-a8] B2728] MO = <18l DA AE A
& 7] GAY chl-a BE7F AE A0 T Helth

AAA AR DS A AEEHIE 78 F T2 HH1F
Melosira sp., Stephanopyxis sp., Paralia sulcata®] ¥X5 Z
SITHFig. 6-8). 128 ZAINA Paralia sulcata?} 2. 73502
UERt oL, @A e F sl T AleEaEelE AolE HelA
CEITHP<0.05). WhH | 29 ZA1A Melosira sp., Stephanopyxis sp7t
A% oAM= I YA AIE Aeet $ sl T ols
Aaeo] 5438 TV AS & 5 AU, Paralia sulcata’=

g ERRE TR ATl Ak, o5 AH4 ERow
el A5 Bk A199] #78& oSshs #4384
W02 F8H 7 QrHSawai[2001]). 2200 AthA o= thzT-e] Al
o] Wko L} A E] o] Tk 1 FAA EEE = A7}

BN o

Kl

Mo H
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A& AL Paralia sulcata®) 733t -2 7| 7]0€ 2 o= 3
G Th Wb Melosira sp.Y Stephanopyxis sp. 7138 2%
(opportunistic periphyton) 2.3 ¥4 0l wa} 7|2 e FatslAL) 3

T ol ¥-73h= S ¥3scH(Alverson and Theriot[2003]).
A7 TeNE 1] sl w7 Al getEE &
7} Axf SV, 714k skddls a8 AolE & F gle
Ao 7 yERgtt). whEha] B ATtellA e Zlekao) ] 71 A Ael

R Az e} AL Egol A0lE F 5 Qi AL
se) g 5 Qlglon], 35 7) *Walﬂl‘”l AR A1712] 5ol whs-
Zow AuwA 28" 5

42 E

B AellAE 2 A AE Al 4 3 ZgA1e] T4
Q! chl-a%} fucoxanthin $rge] A& & 4= U]lt}. o]efsh
A= T 71k o] 85t 71 A EAITE Aol F-2

F T 50 sA AR Al el F ¢ Qlvke A ow i
He}, o= AIAEAY AR 3 3l 59 chl-a®} fucoxanthin
S AAA o ® SRk AoR 15 E o ST ok
71 @A AL £ SllgE Melosira sp - Stephanopyxis sp.
o] BEske] Al kool wet Frkehs Zlo® ol 7 Al 7

[N

o

9
2o 250 Sl teb s BYAA Ea) JFS F 5
olee o & qlgiet,
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