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Abstract

The extraction yield and storage stability of Codium fragile pigments extracted in acetone, ethanol or
methanol were studied. Methanol was the most effective solvent for pigment extraction, providing an
extraction yield of 25.0+2.10 mg/g (dry base). As shown by TLC and HPLC analysis, chlorophyll «(0.40
mg/g) and chlorophyll 5(1.94 mg/g) were the major pigment components in dried Codium fragile. The
total chlorophyll content of Codium fragile stored at 40C in light or dark conditions for 30 weeks remained
at 23.2% and 58.4%, respectively. The effect of metal ions (Cn'™, Zn", Fe"" and Mg"™) on pigment
stability was amalyzed. Among the four metal ions Cu™" was the most effective stabilizer of Codium
fragile pigments during storage, and Zn'™ ion was the second most effective. In the presence of 1 mM
Cu™, the total chlorophyll retained in Codium fiagile stored at 40Cin light or dark conditions was increased
to 47.0% and 88.8% after 30 weeks storage, respectively. The optimum concentrations of Zn™ and Cu"
for pigment stabilization under dark conditions were 0.5 mM and 0.1 mM, respectively.
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At ol AAAY) dete] §54E st Ylo] %)
= HH 1 EH A9 &2 Hl&E chlorophyll ast bE
ShFokal )& B9k ol g} B-carotene, xanthophyll 5-9]
UAE BT Uk AF H2F FolA Y £l
5% A 7K Codium fragile) & 3t) Uk ZolN] S521%
7 G9go] Hapos EYTlo] 9 Wik o
HEPIBL, 23 E e, oloRlE ul$ Fralel 474
242 W2 o)z} A RANE gk S e
2 BaE T 9108(s), Tl chlorophyll & gH5-8km 9]
o}, Chlorophyll & 2] 4280 oja] 2% 9%
B QkelE Ao §7] vieR 24 4126 glo]A] Al
= UEE 88 Aoy, 72 porphyrinA] A=
phophyrin 5ol MgS 7FA] ™, isocyclic ringo] 2} E¢]3=
A WA ring 7-F & phophyrin®] propionic acid =4 2}
T B2} alechol$l phytolo] ester 232 a1 QTHE,7).
Chiorophyll & B8, & A48, o Zel 28| 44,
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AN 7] 28 AlEA] oA 2K(11,12), $H5FollA]e] pHe}
&Il gt chlorophyll H8}(13-15), =48 xsofjAl 9] F5
o] 2(Cu”, Zn")ol| )3} chlorophyll ¥3}7} ¥ ¥} 9l
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methyl7| 7} 2o glom FATEHE] Mge &A%
pheophotbide & 2] 7t= 2 3}od o 7)ol 24240 2 Cus}
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e 5, 20T Easte Ag-skeith Chlorophyll
9] FZ81]+= methanolS AME3F9 o, 57 542 B
~carotene(Sigma Co.), xanthophyll, chlorophyll a, chlorophyll
b(Fruka Co.)& T3t Ab&8kla H7ba<-= CuSO,,
ZnSOx(Yakuri Co.), MgSQ,, FeSO; (Shinyo Co.)& %ol
AhgsT

A7re 2Ry MaFEEE AW flste] Hxd
A 7+2- 50 mesh® 35t AR 2 goll 200 mLe| 90%
methanol, ethanol, acetone2- & 11 207 Co Al wHFsPH A 48
XZF FE8TH22). FEH 1A 2L glass filterE ©]&
ato] o] 1}3l & spectrophotometer (UV-VIS, TU-1800PC) =
EFBEE S45te] Tan o] AAIG =R ADe]
oot} Aazts PG F2H ALE FYFEAS
Al&-8td 667.5 nm, 660 nm, 655 nm, 642.5 nm, 447 nmol| 4]
o FHEE 2P Ok, o) Aol faied A TS
i

8t

Total chlorophyll (mg/L) = 7.55(Ags0) + 17.8(Ass2)
Chlorophyll a (mg/L) = 10.5(A660) - 0.824(A642,5)
Chlorophyll b (mg/L) = 18.6(Ass) - 2.98(Asso)

Pheophytin a (mg/L) = 17.6(Ases)

- Pheophytin b (mg/L) = 31.4(Asss)

- Carotene (mg/L) = 4.08(As47)
PAGE e 2N 20 mLE B

3 s
183 10 mLE H7bshe] 3)<slkan, 105TCoA ghgko]
g uj7kx] AZAZ] 3 7] AzZE FA 2 gof] g vl&

FESH Ao TLC 2 HPLC &4

7 B2k 1 g2 90% methanol 100 mLE 20Cof| A mrHk
SPH A 48417 28131 0.45 pm syringe filter& ©] -85}
o] 3}gl T 2ZE o)z F24-& TLC plate(General-purpose,
silica gel on glass, 20 cm x 20 cm, Sigma-Aldrich Co., USA)
9ol spotting 2] TLCE =38k 77483 petroleum
ether : acetone = 7 : 3(v/v)¢! 8v|& AFESIS a1, 1A|ZH
3027 ANl vH22). 59 A0 HPLC £4]+ $13l
Isocratic elution HPLC system( SP930D, Young-In., korea)<-
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absorbance detector (UV 730D), column oven (CTS30)<-
ARS8 T Colunm2- jBondapak C18(10 pm, 3.9 x 300 mm
L.D., Waters)= A8-8F% 1, mobile phaset= methanolS- A&
3} o, flow-rateS 1.0 ml/min, column oven &%= 30C
= o 11, detection wavelength+ 450 nmol| 4] =3} 8}9ith.

Hlo]] o|st chlorophylle] ot A

2lo] chlorophyll] ¢FgAd o) MA)E 43S 21617 ¢
sl A7} B 02 g2 90% methanol 20 mL of] 211 20°C9)
Al WRESHRA A 48413 FoF AAE FE9ta 0.
syringe filter= A #3t 5 oj 3}l 10 mL AJE Tl 77}
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HslE EASFAE T

50|29 chlorophyll oHAESt 231 &4

T40]2-9] chlorophyll P38} &3 EX317] 98},
203 U A2 MAE F261E 3y, F
&(Cu", Zn'", Fe", Mg < 1 mMe] == 3 7)3t
s, AAaE F55ta Yol sle e Wol Ackd ey
01 3053 A7 Fof A4 S BB o3

2 o) slalel 71zt F2E0lA A% 10 L 253
o] Fdgt cello] Ho} A 2A|(Color Quest, Hunter Lab.,
USAYE ARE-3te] L, a, bgks BASATE A 23 A
standard valuet= 1=91.37, a=-0.69, b=0.85¢]|A] A -2 =4
st th

SAEA

& Aol tigk A3 A 7= SPSS statistical package (v.
120D)& o]-&sti o, 2 Alsdl sl 3314 FA]st]
AojR Z3E B FFEHA (Mean+SD)E JERARY
ok Hgkel ek BAIA frel gL p<0.05 ol HE
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& Z0jjo] & 2} MAo ZEF U
A Zyoll 379 chlorophyll®] 32 LullZ acetone,
methanol 12] 31 ethanol& AMgsle] 23191 o, 7} g

of Mg Mo S5 AHEGOo T FE AHzbo] Mg
(mg/L) S AHE3H Ab= Table 1] JERE vle} 20k §7)
Sofjol] mpE zhzke] AAEE v wale] B methanol A}
2-35la] 223} total chlorophyll ko] 3 Zboll A& 41.29
mg/LZ aceton, ethanol& §ol| 2 Al-g8lo] F53 73-7-H}
7+7k 136%, 112% 7] F2 5 A Hp<0.001). M4 FEH
= AZAA @& 1P FE &S Table 204 LERHUTE
Al A2 TE 1 g gt 5 13 & el doMx
methanol2- ©]-8-3lo] &3+ 7% 0.025 g2 7MY &
TE&2 UERAATHp<0.001). =272] 7d-7-<l chlorophyll
acl] U3} chlorophyll be] &-68](°]5} ab B &R F7)HE
H Ao g2 BA8l7) % gt} 2]&of| ¢lo] chlorolhyll a
T BN LH o] F= SAFTAEA dFEY A&
o Aoz 2 HEEY glon), chlorophyll be] 737
chlorophyll a$} &7 peripheral antenna £-3+4|2] e 2
ZA8kH, £ g Agalr] st AUt 2EEH=
Ao g dHA it Ho] B xoA A&l A ES
7d--9ll = chlorophyll a/b B]-&o] o, ¥ith 2 Hlo] A2
Fof| Al A5z 2159 chlorophyll abr= T2 0.2 v
], o] &= Weo] A2 Fo A+ peripheral antenna 5343 2]
A7) 7} AA ok 817] wjol A S = chlorophyll a/b2]
H]&0] Golx]= ZAolth23). # AP 28 A7 M
= ab H|E0] 020~0260. 2 AthA o & nf-$ 2 718
UeEH =], 3UlAt 5235 2 vfAllol= afb Bl&o] 1.0
6~1.70, I = 1.66~1.71 28] A7}L 094~09% B
13k Zart 9lom(24), ok AREAQl m2R{e] ¢ ab
H]&o] 0.68 J=etn Bk A3 th25). o| A H ab
v &-9] 7k Zolr} v AL Ad AFEH Alge] At
g AR A7), B ], 4ELY g S5k
71T SR 3 E 42 193 FE WHY 2|5,
AIZY, 3% 9 5 T 719 wdE)
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Table 1. Spectrometric analysis of Codium fragile’s pigment
extracted with different solvents

(mg/L)
Solvents
Pigments
Acetone Methanol Ethanol
Total chlorophyll  30.34:2.12%7  4129+322" 36.75+4.18"
Chiorophyll a 5.0410.24” 8.07+1.15" 763+2.10°
Chlorophyll b 25.55+3.11" 33.1542.10" 29.06+3.10"
Pheophytin a 521+1.11" 725+022” 727+1.20"
Pheophytin b 30.61+3.24” 45.43+321" 4153+4.12"
Carotene 9.54:2.12" 12.0242.10" 11.8:1.00"
a/b ratio 0.20 021 0.26

"Values arc mean+SD of triplecate.

“Walues with different letters within a row differ significantly at p<0.05 by One
way-ANOVA.
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Table 2. Yield of solvent fractions from pigments of Codium
fragile.’s

(mg/e)
Solvents
Acetone Methanol Ethanol
Codium fragile 14.0+1.18" 25.0+2.10" 23.0+2.12"

"Values are mean:SD of triplecate.

“Values with different letters within a row differ significantly at p<0.05 by One
way-ANOVA.

TLC ¥ HPLCOll o5t Ala KA

Az9 4= 7] 8l (methanol) & A}-&-8to] FZo
T Ak SiEo e AES TLCE 43 Z3=
Fig. 19 Yeh{2ith Chiorophyll b9} 1) &<] chlorophyll
a’l A3t AS & F AU, Bcarotene 18] 31
xanthophyll 2 TLC ol &= F4=7] skt 2o =5
B FEHo%] A 48 HPLCE o] &3t EA41g
AT A7t Wio)s 728 0| 2A] A4l B-ILEE T
Xanthophyll & £191 31, chlorophyll a$} b¥+ zHzF 0.0198,
0.0969 mg/mL 2] Fx== 3o Uemn(data not
shown), TLCol| &gt A AF A0} FUstA FAH A
k. =259 A zhe] A A7} chlorophyll a, bR 5 1A]
o] e ¥ AZA = Alaini} Francisco(2000) 5]
HZ2579] 73-F iEeld 924 Z chlorophyll a9} chlorophyll
b 7} F A E-o]11, chlorophyll ci= Z2Fof] 2 9= A5
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Fig. 1. TLC analysis of Codium fragile’s pigments extracted with
methanol.

1 : B-Carotene, 2 : Xanthophyll, 3 : Chlorophyll a, 4 : Chlorophyll b, 5 : Codium
fragile’s pigment
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A5-o] W3 Table 3o Ae]alAth A7 2= oz
%7 % chlorophyll®] %2 5375 mg/Le|™ 97 o] M AF
& "l 2t A7) 4833 me/L, ¥ w=E-17} 3847 mg/L,
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Fig. 2. Spectra of Codium fragile’s pigments after 30 weeks storage
at 40°C in the presence/absence of light.

Table 3. Change of pigments content from Codium fragile after
30 weeks storage

No treated of Codium fragile

H%“;gﬁmem - dark coneion light condiion

9 wks, 30 wks 9 wks 30 wks
Toil chlorophyll 3753017 48335117 31406310° 3472212 1247210
Chlowopiyll 2 11.28:228" 971118 823:118° 762118  ddoe21”
Chloophyll b 423843507 3853417 2311:32° 3073518 799117
Pheophyina 113283017 1093:288" 03221 sma0? 4501
Pheophytin b 0835157 4956:38" 368143540 37227 1832320
Catotene TR T AR £ R VAR .25 1 GO K 15 SO W ¢ )8
afb matio 027 025 0.36 025 0356

"Values are meantSD of triplecate

*alues with different letters differ significantly between control, 9 and 30 wks
at p<0.05 by One way-ANOVA
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240120 M2 HHA| Ojx|E A3
HZha) 0] P ahol st B0l & (Cu, Zn”, Fe”,
Mg)el 92 B3] A3, FE-802 methanolol
| mM FER F40] 28 Arlete] $53% F, 40CAA
9, 303t o] WakE 545l Table 40 FEA|5H3
ol o3t chlorophyll A4~0] QFH A2 Fro] -8 3 7}a)
Ak Yol 2@ X vl&] W& it Ao
A7t H S JERALE F40] 28 Hutsle] 5
=3t 27]9] % chlorophyll M A8k 1] 223 51.51
mg/L, o} A2 52.63 mg/L, vl X2 T 54.33
mg/L, 2 2] TE 43.54 mg/LE Mg o]& g7} 713
ko 305 39 AAS vlwajHE Yo w=FA]7]

T2 A2 Te 2421 mg/L, o} X 2FE 227 mg/L, 2
A2l 345 mglL, vkadlg el 1227 mgllz
A7 7 ke, We Al A FolA e
28] 7= 45.12 mg/L, ©]d HelTE 39.12 mg/L, nl1d)4F
A2+ 28.18 mg/l, A A7 17.53 mg/l, & T
2 old Aol A7) g oAl EAEAT AREA o
2 S A 2oae A4 gk do] w2 2aE
Uehiglon, o] Azt FEHoizl Mg Cu”
IEX= Zn" 0] -20] pheophytin a 5=+ pheophytin b2} copper
IEE zine complexE EASt MAE HH3AZIT= B
(13,159} At} =gk 2 x| 8] +4-¢] chlorophyll a/b
ratios FAS|HH, Wel f-Fof #AGlo] copper =

Table 4. Effect of metal ions on Codium fragile’s pigment stability after 9 and 30 weeks storage at 40T

Pigment content

Dark condition Light condition

Total chlorophyll

(mg/L) 9 wks 30 wks 9 wks 30 ws
Total 51.5144.12" 48.12+333" 45.1245.12° 46.78+10.10" 24.2145.18"
Chlorophyll a 6.29+1.18" 5.55+0.18" 561£1.16" 5.45+1.15" 3241117
Chlorophyll b 45.08+5.15" 42.49+4.13" 39.44+3.96” 4126+8.85" 20.84+325"
Cu” Pheophytin a 7.61+1.11° 773+ 116" 7.6242.23" 7.58+1.12° 4.73£1.17"
Pheophytin b 39.71+3.28” 33.90+5.06 32.8916.55" 33.0318.88" 17.45+5.15”
Carotene 9,05:2.12° 7.05:2.11° 82242.12" 6.34+2.34" 2.92:0.28°
afb ratio 0.14 0.13 0.14 0.13 0.16
Total 52.63+3.38" 50.78+3.22" 39.1243.50” 50.015.55 2.28+1.10"
Chlorophyll a 6.13+2.12 5.35+1.08” 4.57+1.90" 4.8022.02" 0.45+0.10°
Chlorophyll b 46.42+524° 45.35£5.15" 34.48+5.12" 45.13£3.25" 1.83:0.12"
Zn" Pheophytin a 6.77+1.18" 6.69+2.12" 5.78+1.16" 6.02+1.15" 0.7320.05”
| Pheophytin b 41.90+3.88” 36.55+5.50" 28.96+7.12" 34.4845.14” 1.88+0.12°
Carotene 10.80+2.26” 1033+2.12° 87542.22" 9.60+1.18" 0.80+0.02”
a/b ratio 0.13 0.12 0.13 0.11 0.25
Total 54.33+4.24" 43.15:5.15” 28.18+3.12° 41.16+7.01" 1227+1.18°
Chlorophyll a 11.66+2.88" 8.40:1.10" 7.9543.08" 8.12+1.28” 4.29+1.12°
Chlorophyll b 42.25+320" 34.64+4.12” 20.17+2.18° 32.965.23" 7.95+1.12°
Mg Pheophytin a 11.8143.12" 9.50+1.12" 9.02+1.15” 923+1.92" 4.79:0.05”
Pheophytin b 61.17+6.05" 43274322" 34,7443 55° 41.524555" 17.70£3.25°
Carotene 11.68+3.33" 9.98+2.12" 7.44£2.12" 9,00+2.25” 1.110.11"
a/b ratio 0.28 0.24 0.39 025 0.54
Total 43.54+3.65" 36.042.25” 17.53+3.35” 3093+3.18” 3.45+1.05”
Chlorophyll a 6.86+1.25" 6.24+2.12° 5.331123" 55443337 1.17:0.06"
Chlorophyll b 36.60+5.04° 29.73+3.78" 12.17+2.18” 25.3348.15” 2.27+1.10°
Fe" Pheophytin a 6.56+2.12” 6.71£1.16" 5924222 6.08+1.95 1.41£0.08”
Pheophytin b 4157875 34.98+3.12° 23.2615.12° 30.38+3.35" 474+1.12°
Carotene 9.05:1.12" 737+1.16" 3.96+2.00" 5.632.12" 0.51£0.03°
a/b ratio 0.19 021 0.44 0.22 0.52

"Values are meansSD of triplecate.

“Walues with different letters differ significantly between control, 9 and 30 wks at p<0.05 by One way-ANOVA. Total* means total chlorophyll.
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F 0]29] AL golar} oA E = ML= Kol gl
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ZIEFL 5} b ghel tafelie wE Hel el il fr<l )
A=A skt wEba Aol 363 chlorophyll 2
pheophytin®] 9 # ofyje} A% fx|ete S A e
S} ollo] 7y HHAQ AAHEAE 2 4 Slch. olela
Aie §39 HANE A {Ald] P2

0] 247]_€§ A]—B—Q o] &t j

A sz MAvt BUE 7R 244 BUe A
ZHE 7T &S AJARGHL

B4 79 9 o 3
2] Sisid 7215} ol S B B

S| v A= 3 357

sfel 2 F, F5 AT 305 Foll BT Mgk
S} Table 61 ERHZIT: %Lﬂvr ofd BF FEH e
i QA dolle TR S A we Ao

vebgct 18y 1.0 mM3 0.5 mMe] F 5ol A chlorophyll
as} chlorophyll b= THE F1EU} 23)2)sh 42149l 20| B
Hojga Sl et ok F—Pr- chlorophyll a®= ThE ]2
ofl Blal w1, chlorophyll b= =7 FE5 1Tt Pheophytin
o] -l &= 2] A2l7-2] pheophytin aZ A ¢|s}51+= 1.0
mMz} 0.5 mM 550] P} ofel A2]A) ohe el e}
Fol &0l Aol & Hol31 3J+=H), chlorophylla}+= o =4
o =3 pheophyting] Fwr} T Az el Mk 5
Ao 2 G F=HUE & 2 27| dHlollA 1.0 mM}
05 mMe} 5Ee] Teluh ol A7k SE ] iAo,
Echlorophyll b= 3L, pheophytin b= Ty A% 30+
%.9] & chlorophyll %+-& 2] A&7 Jofil= 01 ~
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Table 5. Effect of storage time and metal ions on Hunter color values of Codium fragile’s pigment

Dark condition

Control Cu™ Zn" Mg Fe"
Time (week) 0 30 0 30 0 30 0 30 0 30
Hunter L 292:05 308t023 2534085 247058  341+088 405:101  288+032 3.09:024  3.00:1.12  3.29:1.10
color a  308:015 275+015  059+0.10 023+002  367+024 359:089  3.12#050 2404028 2331054 118 +0.09
Value b 183012 181012 1544013 137:010  202:008 251+033  179+005 1841008  182+005  1.70:0.02

Light condition

Control Cu” 7" Mg™ Fe™
Huner L 294006 327+101  253+028 288082  341+103 495 £1.05  288+083 344+106 300083  3.84+123
color a 3084031 038 £0.02  059:0.12 -088'+003  367+L04 086 +005  3.12:024 042 002  233:053 -021 +0.03
Ve 1831053 1056008 1542034 095:021 2004035 176:032  179:021 09002  L824023 0734021

"Values are meanstSD of triplecate.

*p<0.05, **p<0.01, ***p<0.001; significant difference between 0 vs. 30 week at paired sample t-test.
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Table 6. Effect of metal ions concentration on Codium fragile’s pigment stability

Stog?vgef; kt)ime Component [on concentration |
Control I mM 0.5 mM 0.1 mM 0.05 mM 001 mM
Total* 53954328 53.93+5.18" 53.88+5.15" 52.31:6,23" 52.2045.52" 51.79+6.11"
Chlorophyll a 11.99+3.18" 7.5642.13" 7.59+1.85" 8.38:1.67" 9.65+1.23" 11.00£2.85"
Chlorophyll b 41.86+5.23" 46.28+3.28" 46.20+4.22" 43.84+2,12° 42.53+5.10" 40.70+2.13"
0 Pheophytin a 11.7842.12° 9.48+1.85" 9.85+1.12" 8.99+2.12" 9.66+2.85" 10.712.60°
Pheophytin b 62.42+6.23" 43.69+5.05” 4291+423" 432613 86” 53.7043.12” 58.44+3.88"
Carotene 12.79:2.16" 12.59+2.15" 12.53+1.89" 12.16+1.86 12.1242.11° 12.05+2.10°
afb tatio 029 0.16 0.16 0.19 0.23 027
Cut Total 29.82+3,18 35,4413 85" 43514505 415245.18" 36244228 20.1413,12”
Chlorophyll a 5.84:1.20" 42012.12° 435£185" 5.3242.32" 5.5912.20" 5.59+1.18"
Chlorophyll b 23.93+3.54" 31.19£2.85” 39.1042.76” 36.1415.12” 30.59:2.35” 23.5044.12"
30 Pheophytin a 6.73£1.85" 6.50+2.12" 6.26:1.18" 6.5812.00" 6.65+1.52" 6.50+1.30"
Pheophytin b 29.79+4.18 23.33+5.00" 27.78+3.35" 31.88+2.28" 31.174225" 28.69+3.12°
Carotene 6.97+1.16" 7.6342.12" 9.42+0.55" 8.36:2.12" 7.87+1.65" 6.86:1.11°
afb ratio 024 0.13 0.11 0.15 0.18 0.24
Total 53.9545.10"" 54.14+5.50" 53.40+3.25" 52.2548.12° 53.72+5.32° 53.12:2.83"
Chlorophyll a 11.9942.12° 7.95:3.50" 8.42:2.32" 10.68+3.11" 11644324 1151:1.18"
Chlotophyll b 41.86+3.86" 46.1045.18" 44.89+7.35" 4148+6.30° 41.98+5.00° 41.52+3.88"
0 Pheophytin a 11.78+3.11" 7.96+2.23" 8.18+1.80" 9.97+2.12" 11.2442.10° 10.64+1.85”
Pheophytin b 62.42+8.12° 50.14+5.10" 51.69+5.48" 584743 60° 61.7114.88" 61.73+5.30°
Carotene 12.79+2.12" 12.68+1.78 12.15+2.35" 12.33+3.00" 12.48+1.17" 12.64+1.24”
- a/b ratio 0.29 0.17 0.19 0.26 028 0.28
Total 29.82+3.82" 41.07:5.12" 41.47+3.23” 32.77+3.88” 31.3625.45” 30.863.00°
Chlorophyl 2 5.84+1.12" 34210.58” 4855023 5.79:115" 5.89+1.85 5.92+1.82"
Chlorophyll b 23.934322" 37.58+5.18” 36.55+2.22" 2692+2.12" 25424318 24.88+3.00"
30 Pheophytin a 6.73+1.18" 499+1.55” 5.89+1.32" 6.68+1.88" 6.79+125" 6.81+0.88"
Pheophytin b 29.79:4.45" 24.67+3.23" 31.065.15" 30.89+2.25 30.55+1.18" 30474450
Carotene 6.97+0.87" 10.24:2.14” 8.92+1.19” 771£3.00" 7.7042.12 7.56:2.12"
a/b ratio 0.24 0.09 0.13 022 0.23 0.24
"Values are meantSD of triplecate.
*Values with different letters within a row differ significantly at p<0.05 by One way-ANOVA.
Total* means total chlorophyll.
Table 7. Changes of Hunter color values of Codium fragile’s pigment according to various ion concentrations
Codium fragile
Ton Control | mM 0.5 mM 0.1 mM 005 mM 001 mM
Wecks 0 30 0 30 0 30 0 30 0 30 0 30
Hutter 2024013 317:110  265:085 2594022  257:054 2284018  258:005 248+015  2.62:013 293025 274110 29603
Cut+ 3332 a  308:0.15 2754015 045007 026:003  090:0.10 093022  185:0.12 24074006 2324006 2524015  308:0.18 303+003
b 183:0.12 1824005  137:003 131:0.18  141:017 131:002  147:010 154#011  162+009 157:005  169:0.12 180:0.11
Huger L 292F012 307:015 3426102 375:118 3226083 336:022  316:008 311:012 3042017 3074101 307008 306:003
Zn+t 331132 a  308:0.15 2757015 388+0.18 4.117:077 382:053 358112  332:033 320tL1l  331:088 3212043 3084055 325+023
b 183+035 1824003  184+007 208:013  188+073 186+023  176:040 191007  164+0.09 1901022  157+0.16 186+0.02

"alues are means+SD of triplecate.
*p<0.05, **p<0.01, significant difference between O vs. 30 week at paired sample t-test.
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