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ABSTRACT

This study aims to assess the water quality of the Eoran and the Imha aquafarm with
different aquafarm environments in Haenamn-gun, and analyzed the composition of total
amino acids (TAAs) and free amino acids (FAAs) in three Neopyropia dentata cultivars
(Yuldo, Supum1 and 2) in two aquafarms. Mean water temperature ranged from 22.9 to
10.9C during September to November 2018. In Eoran aquafarm, the water quality analysis
showed that NO2-N was high in September, NHs-N and COD in October, and NOs3-N,
DIN, and DIP in November. In Imha aquafarm, the water quality analysis showed that
NH4-N and COD was high in September, NO3-N and DIN in October, and NO2-N and
DIP in November. We confirmed the proximate composition, amino acid composition
(TAA/FAA) in two auqufarms. In the Eoran aquafarm, the ‘Yuldo’ cultivar had significantly
higher crude lipid content than two other cultivars (Supum 1 and 2). The ‘Supuml’ cultivar
had significantly higher moisture content, whereas the highest content of crude protein,
crude lipid, crude ash, and carbohydrates was found in the ‘Supum2’ cultivar. In the Imha
aquafarm, the content of crude lipid and crude ash was highest in the “Yuldo’ cultivar. The
highest content of crude protein and carbohydrates was found in the ‘Supum1’ cultivar,
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Revised Sep. 21.2023 while the ‘Supum?’ cultivar had the highest content of moisture. The highest concentration

Accept Oct. 13.2023 of glutamic acid belong to TAAs is observed in all cultivars from Eoran and Imha aquafarm,
while all cultivars in two aquafarm also contained higher content of alanine among the
detected FAAs.
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AEE,
gupgtolli= 195°] HirEal
22 WAR YA (Neopyropia yezeensis), BEHZEA(WN.
seriata), YHHE(N. dentata)°ltt.

AHH 2 3=, A&, Bpo|gho] Rxstal(Miura &
Aruga, 1987; Gall et al., 1993; & &5, 1994), & ZIt
o] AHRe] v Qo A4]3tck(Brodie et al., 1998; Kim,
2011). tiEE GA 7PEAHE 0l AAE 7HA= §40] A
1, Agolgoln EEA 2557t tHMiura, 1998; &
, 1994; Kikuchi, 2006; Kim, 2011). Qlvid&=41& &
o] ZA] b2 FAI SRt A] AulE L QUL HHE %
Aofl wlsl Ag7go] Wt o] & Al7]of BAtEm, gt F 2
ol FoF & 7S AL AHGE 5. 1995; Lee &
Yoon, 2006; Kim, 2011).

SHMEAY] A& 4 A2 A I JEXRA
4 9 95 5, 2001), 249 244 B4 4 4sE A
2L 5, 2013), ofv|ieAta} FF
2018), WAREHAH} SlH
phytochemical @ 415}t &4 v|w(H 5, 2019), ZALsH
24 9 EF IFE AA &3Hel, 2021) 5ol Art.

A9 AA] FEaet MAFE 7|2, 39, v 59 71448
At 2, 7, BT, YYBF 59 e 8.2l w2t
GEITHE 5, 1987 d 5, 2013). A YA g2
S S50l AL, FFHel FHIL A s Aol YRt
of mEbA, 79 F8 ARl FURHE 5, 1987), H&
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o A4 WHe] Al Aol Atk T 94 oL o
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AutgE B2 A O.A.C(Association of Official
Analysis Chemists, 2000) ¥Hol ne} +EFTFS
105T, 6AIZF AxHOoE EASHG L, 22 47
(Flash 2000, Thermo Scientific, USA)E ©|-&5}%.0H,
ZAZ SoxhletH(®IT} 2, 2016)0F FE3tt. T
SHE2 100004 =&, A, £3&, 29Wd g2 At

Yoz .

Of0| =it 24

Z ofu| AR Al® 0.1gS 18ml test tube©l €l 6N
HCl 5mLE 7Foto] 7S, 838t & 110CE setting®d
heatting blocko] 24A]7F oA} 7}=E e A H T}, 7187t
L A& 50T of|A] rotary evaporator® AR A ASH &
sodium dilution buffer® 10mL g8t th2, °] & ImLE
#sto] 0.2im membrane filter2 TA|A A5E47]
(S433-H, Sykam, Germany)= A=}t

FEol=Ae AR 168 YT FH5 20mLE 7t
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30CoA 130rpm & 1AIZF 5t &5t F&0] &
@ A]E+& rotary evaporatorZ FH54E AAST &
lithium citrate buffer(0.12N, pH 2.2) 10mL=% -85}
t}. Z8& & sulfosalicylic acid 0.2g& #71st0] 4T A
A2 A5 A7 23 AlE= 0.2um membrane

Table 1. Operating conditions of amino acid auto analyzer

filter2 o¥stil o] F 1mLE lithium citrate
buffer(0.12N, pH 2.2)¢} &35t] A3 S 2 3|45
¥ 1% ImLE FHoto AsE47](S430, Sykam,
Germany)& 3ottt & ov|Aly} f-ejobu]iit 2
A ZAL Table 13} 2t

Amino acid Free amino acid
Instrument S433-H S430
Colum Cation separation column
LCA K06/Na LCA KO7/Li
Column size 4.6x150 mm 4.6x150 mm
Column temperature 57-74C 37-74C
Flow rate buffer 0.45 mL/min, reagent 0.25 mL/min
Buffer pH 3.45-10.85 2.90-7.95
Wavelength 440 nm and 570 nm

A sfigd<t ofst o3 st o] 2018 A B+
22 Fig. 1o Yetligleh. FA71%t 5 ozt o] &
22 99¥ 24.0C, 10¥€ 18.9T, 11¢¥ 14.5T, 12¢€ 9.2C
Fal, ¥st ofFL 94 22.9C, 10¥€ 19.2C, 11¥
15.2C, 12€ 10.9C . F+ o 1t 23 += 1049
0.3CE 7PF AAAL, 12¢o]] 1.7CE 7P & Aol7t b
ERtTt

F o] =EEAN A= Table 20 UER I of=h
01329 NO2-N2 9¥ 0.007mg/L, 10 0.002mg/L, 11
¥ 0.005mg/LZE Ha+ 0.005mg/LY 5E5 eI
NO3-N<2 94 0.017mg/L, 10¥€ 0.005mg/L, 11¥
0.042mg/LZE B+ 0.021mg/LY =& YEFHIAL
NHs+-N<2 99 0.042mg/L, 10¥ 0.063mg/L, 11¢¥
0.056mg/LE ¥ 0.054mg/LY 5=E5 YEIYAL
DINE 99 0.065mg/L, 10€¥ 0.069mg/L, 11¥
0.103mg/LZ B+ 0.079mg/Le 5L YEFH A
DIP+ 9¢ 0.016mg/L, 10¥ 0.010mg/L, 11¥
0.054mg/LE ¥ 0.027mg/LY 5=E5 YEIYAL
COD+ 9¢ 2.15mg/L, 10¥ 2.51mg/L, 11¥ 1.06mg/
LE H+ 1.907mg/LY s&=& UYeHlth. ojgt of&d
A19] NO2-NZ 9€ofl 7F¢ #=%43L, NHs-NF COD+= 10
4o, NOs-N, DIN, DIPE 11€9] &2 EAS B}

Aot o] FS NO2-N2 99 0.011mg/L, 10€
0.011mg/L, 11¥ 0.038mg/LZ B+ 0.020mg/LY &
TE YeErdidth NO3-N2 9¢ 0.102mg/L, 10¥
0.162mg/L, 11¥ 0.036mg/LZ B+ 0.100mg/LY &
5 YAtk NHse-N2 99¥ 0.073mg/L, 10¥
0.071mg/L, 11¥ 0.005mg/LZ B+ 0.050mg/LY &
=& Uttt DINZ 99 0.185mg/L, 104
0.243mg/L, 119 0.079mg/LZE Hat 0.169mg/LY &
=& Uit DIPE 949 0.023mg/L, 104
0.030mg/L, 11¥ 0.043mg/LZ B 0.032mg/LY
TS YEUHAY. CODE 9€ 2.55mg/L, 10¥
2.43mg/L, 119¥ 1.83mg/LZ Hd 2.270mg/Le] 55
UEQIth. A5t ool A9 NHe-N2F COD+= 9€¥el,
NO3-N¢} DIN2 10€9], NO:-N&} DIP= 11€¥€9] &2
EA4S Bt F ol =% 11499 DIP7L =4 Yeht AT,
I 9 & 4 PE2 YEE FL9 2Ao|7}F YEFT

ozt ool A Slutt] &7 LRHIE F4 Z3k= Table 30
YR QAT ofgt oj oA e] R2 £2E1 £#50] 80.13%
2 7P W, £5(87.03%), & 2(77.06%) <=°] AT

ZEh AL 22971 9.48%2 71 ol Rt 8
(8.48%), ++¥1(5.15%) =0 Att. A2 SEoF =827t
0.09%= Wk, 21(0.03%)°] At 23|82 +E27F
4.40%2 7 W, &5(3.65%), TE1(1.67%) <=°] ATt
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Fig.1. Change of water temperature at Eoran and Imha aquafarm in 2018

Table 2. Monthly values of NO2—N, NOs-N, NHs-N, DIN, DIP and COD in the surface water on Eoran and Imha

aquafarm from September to November 2018 (ng/L)

Aquafarm Month NO2-N NO3-N NH4-N DIN DIP COD
September 0.007 0.017 0.042 0.065 0.016 2.15

Eoran October 0.002 0.005 0.063 0.069 0.010 2.51
November 0.005 0.042 0.056 0.103 0.054 1.06
Average 0.005 0.021 0.054 0.079 0.027 1.907

September 0.011 0.102 0.073 0.185 0.023 2.55

Imha October 0.011 0.162 0.071 0.243 0.030 2.43
November 0.038 0.036 0.005 0.079 0.043 1.83
Average 0.020 0.100 0.050 0.169 0.032 2.270

o2 E27F 8.97%E 7P Wol S, &= F2(0.03%)°] =013t} 232 &&=7F 5.50%=2 7P Wk

_'C_)r
(7.65%), TF1(5.52%) &It =, ofet oA 9] &

F5E A ol 11, #F] F52 TR0l B3

FE2 B2 20, A9, XIE, w@hsE ko] =4
UERT

A5} ool A9 -2 5271 80.21%= 7 Bk, &
T(79.13%), & 1(76.64%) =019t} Zh AL 71 0]
10.37%2 7P Wokal, &%(8.13%), %2(7.24%) 42012
o} AL 571 0.07%2 7 Boka, $1(0.06%), &

I, E2(5.08%), E1(4.59%) <=0]3itt. B3 B2 =%
10] 8.34%= 7V WAL, 5 2(7.44%), &=(7.17%) <=°]
At &, Aot ojgol| A9 8 FE5-2 XA, 23|29 T
ol ok, £ E1 BEL 2o, epslEo] ggkon,
F2 E52 R gFo] A YT webA F ool
A 2] Qlutt]E7] 9] AN AL A3t ofFo] we} 7]

A 2ol oA yerd = Aok A2 & = A
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Table 3. Proximate composition(%) of N. dentata in Eoran and Imha aquafarm

Aquafarm Cultivar Moisture Carbohydrate Crude protein Crude lipid Crude ash
Yuldo 80.13 7.65 8.48 0.09 3.65
Eoran Supum’ 87.63 5.62 5.15 0.03 1.67
Supum2 77.06 8.97 9.48 0.09 4.40
Yuldo 79.13 7.7 8.13 0.07 5.50
Imha Supum 76.64 8.34 10.37 0.06 4.59
Supum?2 80.21 7.44 7.24 0.03 5.08

OHI|L At E4

Table 4°] YUt} 8% £F2

% ofm] kAt
2 glutamic acid(597.811mg/100g)°] 74 ¥

-

ot olAol A Uil EY & ofulinit BA Ane

ot
o

—

-

AR ’

o]ojA] aspartic acid (507.991mg/100g), leucine

(388.264mg/100g), alanine (376.911mg/100g), glycine
(348.579mg/100g), valine (323.060mg/100g) <=2 &
A eyt =81 39 F oA RFE glutamic
acid(557.476mg/100g)°] 714 @Wekal, o]ojA alanine
(474.240mg/100g), aspartic acid(406.986mg/100g),

leucine(300.546mg/100g) &=C 2 WA Lebct

Table 4. Proximate composition(%) of N. dentata in Eoran and Imha aquafarm

Amino acid Yuldo Supum’ Supum?2
Aspartic acid 507.991 406.986 419.767
Threonine 291.554 237.948 222.975
Serine 268.334 211.493 218.009
Glutamic acid 597.811 557.476 456.248
Proline 263.712 181.487 217.541
Glycine 348.579 263.052 271.815
Alanine 376.911 474.240 397.047
Cystine - - -
Valine 323.606 244.496 240,949
Methionine 81.022 80.716 52.864
Isoleucine 195.541 150.356 148.599
Leucine 388.264 300.546 304.448
Tyrosine 174.750 145.857 136.162
Phenylalanine 221.634 160.601 181.317
Histidine 130.604 66.190 131.959
Lysine 271.775 213.279 219.286
Arginine 304.102 231.619 220.795
Total 4,746.192 3,926.341 3,839.782
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$E2 E59 &£ otukAl F§FE glutamic acid
(456.248mg/100g)7} 71 2Qkal, o]o]lA aspartic
acid(419.767mg/100g), aspartic acid(406.986mg/100g),
alanine (397.047mg/100g), leucine(304.448mg/100g)
<082 @A Yet offt oFoA Y &&, 571, &
2 £E9Y F opveAlt F S 4,746.192mg/100g,
3,926.341mg/100g, 3,839.782mg/100g 0.2 &% &50]
7 w2 Zo g UEpyith FRA] AL ot o)A
A& 35T 7oA glutamic acid7h 718 gol o+
%]o] 91913, aspararic acid, alanine, leucine <& L€}
U= A8 BT

A5} ool A SlEtH &3 & of| Al B4 A= Table
59 HeERf . &% #3529 & ofv)ieAl 2 glutamic
acid (647.526mg/100g)°] 717 ©ekal, o]o]A alanine
(593.814mg/100g), aspartic acid (532.475mg/100g),
leucine (388.588mg/100g), glycine (345.951mg/100g),
valine (318.554mg/100g), arginine (304.570mg/100g)
+£0 2 Ut £E1 59 & of| kAl I=FE glutamic
acid (739.147mg/100g)°] 7} 2kl o]oJA alanine
(701.040mg/100g), aspartic acid (695.600mg/100g),
proline (641.639mg/100g), leucine (499.366mg/100g),
valine (406.965mg/100g) <02 YRt 82 £59

Z ofu]iAt SHFE glutamic acid (520.152mg/100g)°]
717 Wokal, o]ojAl alanine (474.425mg/100g), aspartic
acid (424.136mg/100g), leucine (337.861mg/100g)
o2 Y. Ast oA &%, +E1, ¥
2 539 F opu|At F T2 5,011.579mg/100g,
6,404.198mg/100g, 4,142.558mg/100go2 &1 £5
o] 7bg w2 Ao 2 YET 4] G dst o
oA Q=7 3EZE B FoA glutamic acid, alanine,
aspartic acid <=2 & Yeh= 235 H ot

ojgt ool A HtHEZ fElotu| 4t A A=
Table 69 Yt A, &% FF2] flotu|iAl ghgF
2 alanine (107.736mg/100g)°] 7 w3kl o]ojA
taurine (49.878mg/100g), proline (23.292mg/100g),
valine (10.219mg/100g), leucine (10.106mg/100g)
+olqlth. &1 #359 fEotn| 4t 3FFE alanine
(90.926mgmg/100g)°] 714 Wkl o]ojA] taurine
(67.643mg/100g), g¢lutamic acid (14.969mg/100g)
+olqlth. 82 #359 fEotn| 4t 3FFE alanine
(59.924mg/100g)°] 7} @Qkil, o]o]A] taurine
(17.562mg/100¢g), proline (231.960mg/100g) <=°]31
oh ot ojFoA 9 &, F1, £E2 F5Y fEotr]
LA & IS 265.250mg/100g, 217.352mg/100g,

Table 5. Total amino acid contents of N. dentata in Imha aquafarm (mg/100g)

Amino acid Yuldo Supum’ Supum?2
Aspartic acid 532.475 695.600 424.136
Threonine 294197 379.085 232.687
Serine 271.917 358.000 226.442
Glutamic acid 647.526 739.147 520.152
Proline 253.841 641.639 228.501
Glycine 345.951 216.210 283.098
Alanine 593.814 701.040 474.425
Valine 318.5664 406.965 266.425
Methionine 78.917 109.361 76.888
Isoleucine 191.322 240.928 160.826
Leucine 388.588 499.366 337.861
Tyrosine 175.418 224.645 155.655
Phenylalanine 214.871 271.374 183.055
Histidine 117.816 149.962 97.174
Lysine 281.802 376.778 232.443
Arginine 304.570 394.098 242.791
Total 5,011.579 6,404.198 4,142.558
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150.735mg/100g2. & &= 50| 7P B2 20 & et
o} 2=2] okalRto] o]} o] A oA Qlult]E7] 3EE [0
A] alanine®] 7 @o] gf-Eo] 1)1, taurine, proline
+£0 2 YehtE 23E 2o

A5t oo A9l SlutdEH F2lotn| kil B4 A}

+= Table 7°] Yt &€& 59 FEotu| it g

2 alanine (93.676mg/100g)°] 7} Ekal, ool
taurine (61.355mg/100g), proline (24.553mg/100g)
ol £E1 £FY FHotr Al =L alanine
(150.916mg/100g)°l 7Fg B3k, o]ojA taurine
(82.450mg/100g), asparagine (19.421mg/100g),
proline (16.773mg/100g), citrulline (9.1163mg/100g)
ZolQith. £E2 T2 Gyotu| 1At T alanine

(54.032mg/100g)o] 7F& @k, o]oJA taurine
(44.736mg/100g), proline (31.303mg/100g) <o
otk A5t oA &%, #E1, FE2 559 FEotr]
A F 2 228.156mg/100g, 312.191mg/100g,
175.774mg/100g0.2 &1 £50] 7P @2 Aoz 1
Ebgth X3=4] QFAIAQl A5} o] oA vl e 3EE
L 5oAl alanine°] 7P ol g-F-Elo] 3L, taurine,
proline €0 & U= 215 H Yt

2 A AHE FA] ool et s A QlHe =
7 oAl o] HEA YehdE 1T 4= AU FF
oS T FAY] YU E E Aol I o HHd o
7+ Zasirt.

ol 1l

-+

Table 6. Free amino acid contents of N. dentata in Eoran agafarm (mg/100g)

Amino acid Yuldo Supum? Supum?2
Taurine 49.878 67.643 17.562
Aspartic acid 0.343 0.662 0.270
Threonine 4.8562 4.583 1.570
Serine 0.904 1.616 0.578
Asparagine 2.419 4111 0.722
Glutamic acid 4.476 14.969 2.979
Proline 23.292 3.690 31.960
Glycine 3.627 1.163 3.174
Alanine 107.736 90.926 59.924
Citrulline 5.988 3.023 1.729
Valine 10.219 4.336 4.890
Methionine 2.413 - 1.813
Isoleucine 6.652 2.566 2.769
Leucine 10.106 4.855 4.476
Tyrosine 3.706 1.768 2.591
phenylalanine 6.714 2.788 4.452
B-alanine 1.059 1.195 0.935
B-amino—-n-butyric acid 0.00 0.768 0.470
7—amino—n-butyric acid 1.471 2.573 1.423
Histidine 0.912 0.488 0.547
Ornitine 3.166 - 1.422
Lysine 9.352 1.050 3.099
Arginine 6.066 2.578 1.381
Total 265.250 217.352 1560.735
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Table 7. Free amino acid contents of N. dentata in Imha agafarm (mg/100g)

Amino acid Yuldo Supum’ Supum2
Taurine 61.355 82.450 44.736
Aspartic acid 0.116 0.496 -
Threonine 2.479 4.945 2.796
Serine 0.941 2.100 1.278
Asparagine 7.944 19.421 2.855
Glutamic acid 2.707 1.346 1.877
Proline 24.553 16.773 31.303
Glycine 2.113 1.961 3.174
Alanine 93.676 150.916 54.032
Citrulline 5.750 9.116 1.568
Valine 4.609 4.000 6.201
Methionine 1.334 1.371 2.698
Isoleucine 2.572 2.090 3.689
Leucine 3.5694 2.480 5.719
Tyrosine 1.165 0.967 0.960
phenylalanine 2.624 1.933 3.336
B-alanine 1.302 0.509 0.615
B-amino—-n-butyric acid 3.303 0.294 -
y—amino—n-butyric acid 0.854 0.405 0.595
Histidine 0.451 0.383 0.518
Ornitine - 1.632 2.999
Lysine - 1.338 2.402
Arginine 4.824 4.747 2.424
Total 228.156 312.191 175.774
HQ ZA, 2350 Ggo] $3hT, SE FHS 29, T4

2 A4= A ofigdt olet o] st o] =HZ 2
Astal, F ool A FAIRE QHHEA 355 F obvliAt
I fEjohicAl BES RARIAT FAVIT T 2 W9
= 22.9C~10.9C . 884 A3} ot o] NO:-N
= 999, NHs-N&} CODE= 10€¥9], NOs-N, DIN, DIP=
119o) =A Yebsttt. Ast o%2] NHe-N2 COD+= 99,
NOs-N¢} DIN2 10¥°], NO.-N&} DIP= 11¥€0] &4 Y
EpyiT

ofgt oo A9 & FE2 th'o kol =11, =F1 &
T R0 BoH, £E2 F52 2o, A, 23 E

252 ggo] %71 Uehiteh 9Is) owwo 8% E5L

12

shgol skont, +82 B3 29 U] w0 ebct

% oAl 24 23}, of2k ool AL WITIEY 38
HEO|A glutamic acid”} 7P @o] $-3-E 11, aspararic
acid, alanine, leucine 2% UEIGTE Ud} of& oA+
FAE W EY 35F HFolA glutamic acid7F 7HE B
o] 3?11, alanine, aspararic acid €22 YERHT].

SefofulieAt £ A3, ol ofgolHe T EY 3%
Z X% alanine°] 7} ol ShF-E %1, taurine, proline,
glutamic acid =02 UEIHH. s}t ofgofA= SlEit&E
4 3% X% alanine°] 7P @o] g-8-5 o] 3L, taurine,
proline, aspararic acid <22 YEp3T}



SlBIT| S (Neopyropia dentata) 3232 Of0|.cdt H2 24

m

10. XA 2018. = 3id FAA

11.

Ik

ro

. 73t 2020. =49 B4 AT SEA] 7o) ThE F2

AlE QR B BAgsty s, AAHY. pp. 38.

A, 41743, o]Ag, A4, 2013. H57F ol ¥
24 9 714 a9lo] Z(Porphyra yezoensis) AAHF
H F3F. SHaktEkA], 46: 868-877.

A S5

O O

o|A%E, HH<t. 1995. st
ATH(D). $RATLEI, 49: 127-140.

. 2016. H&4 7919 H71F] w2

_]

. 2001. Q=19 S A A

1o
e H YEHE. d=AFIYeH], 30: 579-588.

9, A2, AP A, 1538, 2018. 2018 F7Fe|%
AMBES BEY V kR S EAET, p. 20.
S, A4, g, ArlE. 2019. A HAREE
A3} ui &7 9] JUAE, Phytochemicals E HAKSH
/g H

1. 2019. S22 gTsts], 48: 1233-1243.
oA, AR, AFE, &7, F22. 2013. B

d R S, AR TSR], 45: 403-408.
olg]l. 2021. QM= ofdAG: FEE9] Ak &4
a3}, A EY s A, 50:
1275-1281.

Y
S
>

ot X 5
AAF7) opu| Ak}t BEHA Al A AE 24 SAH
AL 30: 1244-1225.
Y, 25, A9, A5, 9F

I5}2] 20: 237-247.

12.

13.

14,

15.

16.

17.

18.

19.

JPA

Gl 1994, F=AF F2F S AlEC] TE
A A Athetal theked, BrAKEHY, pp. 277.

Brodie J, Hayes PK, Barker GL, Irvine LM. Bartsch
I. 1998. A reappraisal of Porphyra and Bangia

i
Ol
e
i

(Bangiophycidae, Rhodophyta) in the northeast
atlantic based on the rbcL—rbcS intergenic spacer.
Journal of Phycology 34: 1069-1074.

Gall EA, Chiang YM, Kloareg B. 1993. Isolation
and regeneration of protoplasts from Porphyra
dentata and Porphyra crispata. European Journal
of Phycology 28: 277-283.

Kikuchi N. 2006. Studies on the morphology and
life history of Bangiophycidae (Rhodophyta) from
Japan. Ph.D. thesis. Yosu National University, pp.
230. Yeosu, Korea.

Kim NG. 2011. Culture study on the hybrid
by interspecific crossing between Porphyra
pseudolinearis and P. dentata (Bangiales,
Rhodophyta), two dioecious species in culture.
Algae 26: 79-86.

Lee JH, Yoon JM. 2006. Genetic differences and
variations in two Porphyra species (Bangiales,
Rhodophyta). Journal of Aquaculture 19: 67-76.
Miura A. 1988. Taxonomic studies of Porphyra
species cultivated in Japan, referring to their
transition to the cultivated variety. Journal of the
Tokyo University of Fisheries 75: 311-325.

Miura A, Aruga Y. 1987. Distribution of Porphyra
in Japan as affected by cultivation. Journal of the
Tokyo University of Fisheries 74: 41-50.

13





