W) Food Sci. Preserv., 32(5), 928-940 (2025)
PISSN: 3022-5477, eISSN: 3022-5485

Check for
Updates

Food Science and Preservation
https://doi.org/10.11002/fsp.2025.32.5.928

Research Article

Comparison of LC-MS-based non-volatile metabolites of Korean and
Japanese lavers (Pyropia yezoensis)

ILjA T QEAL g2

=42 LC-MS 7|8t Hlg|drd CHAM| H|w

Si-Hun Song', Hyung Gyun Kim’, Jae-Hak Moon', Jeong-Yong Cho'*

SAE - 2T - 2HE

ﬁ OPEN ACCESS

Citation: Song SH, Kim HG,
Moon JH, Cho JY. Comparison
of LC-MS-based non-volatile
metabolites of Korean and
Japanese lavers (Pyropia
yezoensis). Food Sci. Preserv.,
32(5), 928-940 (2025)

Received: February 28, 2025
Revised: May 03, 2025
Accepted: May 08, 2025

*Corresponding author
Jeong-Yong Cho

Tel: +82-62-530-2143

E-mail: jyongchol7@jnu.ac.kr

Copyright © 2025 The Korean
Society of Food Preservation.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/license
s/by-nc/4.0) which permits
unrestricted non-commercial use,
distribution, and reproduction in
any medium, provided the
original work is properly cited.

1
. ZgH

'Department of Integrative Food, Bioscience and Biotechnology, Chonnam National University, Gwangju
61186, Korea

’Mokpo Marine Food-Industry Research Center, Mokpo 58621, Korea

I HL S SEEU0| QOIS T PR E AT SME

Abstract This study compared the free amino acids composition and non-volatile metabolites of
Korean and Japanese dried lavers (Pyropia yezoensis) using ultra-performance liquid chromatography
quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS). Total free amino acid content of
Korean dried lavers ranged from 3,692.51-5,709.58 mg/100 g mg/100 g, which did not significantly
differ from that (3,914.89-4,920.77 mg/100 g) of Japanese dried lavers. However, most individual
amino acids exhibited statistically significant differences. Metabolite analysis identified 46 major
metabolites in dried lavers, including four amino acids, six mycosporine-like amino acids, nine nucleic
acids, 19 lysophospholipids, and eight others. Principal component analysis (PCA) and orthogonal
partial least squares discriminant analysis (OPLS-DA) clearly distinguished between Korean and
Japanese dried lavers. The potential distinguishing metabolites found in dried lavers include
acetylcholine, 2,6-piperidinedicarboxylic acid, aplysiapalythine B, shinorine, and lysophosphocholine
(LPC 20:5). Porphyra-334 (1,227.65-2,192.52 mg/100 g) did not show significant differences between
Japanese and Korean dried lavers, whereas shinorine (117.19-459.08 mg/100 g) was found to be
higher in Japanese dried lavers than that in Korean dried lavers. These results are expected to be
used as basic information for understanding the metabolites of P. yezoensis dried lavers produced
in Korea and Japan.
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1. ME
Uvropia ) FZATE, AT, Ul 3k S2p, w4 ot il £

el e Auls]a otk B2 4L Selol 1 SHOT SaHE oo} S0 HAHO
& ST AT, 2009, AL 118 SId WA, 22 AEEA AL
Aol A 32 o] FAH I Utk fEUetolA FAISHL U= AY] FFZ IA(P. tenera), ‘A
FHZA(P. yezoensis), BEHEZ(P. seriata), Le]1 AHHZEZ(P. dentata) 5°] UTH(Kang 5,
2018). o] F HAMFEZE S-2uete} diojjA F2 AikElo] g Holu 2u|eR 7Y d
2] AH|E]3 QItk(Cho 5, 2009; Lee 5, 2012; Park -5, 2001; Sivakumar &, 2021). | 92|t}
A= AR Aol H]s] A13to] %—’F?} A=A tigt 4B|7F FA; F76kal Qe S ol

928 The former name of Food Science and Preservation was Korean J. Food Preserv. (ISSN: 1738-7248, eISSN: 2287-7428).


https://crossmark.crossref.org/dialog/?doi=10.11002/fsp.2025.32.5.928&domain=pdf&date_stamp=2025-10-30

Food Sci. Preserv., 32(5) (2025)

Aolle ot o] FHEskL, 11 Qo 7714, H]

9], carotenoid®®, mycosporine-like amino acidFHMAAs),
290 DEBESARA 5 Ol 9448 BRsHE 9
tH(Cao 5, 2016). £3], ol = betaine, taurine, aspartic acid,
1931 glutamic acid 59| FE|ot|ieAts B RSt QL
o B HF QItkKim 5, 2021). °]F oAb 7o) F
0] R ofuzt FANE ZHg o] Qlof, 1Y £4
qe AHote 8% HECE UA Sltk(Ishihara 5,
2008). MAAs= 3P4kt B4, A APk B3t R ES B
I}, 223 ARA|E B3t A a3h 945thal BalE L Q)
©om, o] & porphyra-3342} shinorine2 79| tfgF JHO=
2ol HF ArK(Ying 5, 2019). 2 FL(Kwon 5, 2006),
733t o (Inoue 5, 2009), FILEH(Qu 5, 2010), HE
WA 9(Tsuge 5, 2004), F4tSHHwang 5, 2014), T4
Z(Yanagido 5, 2018), &=3lo|Hy oHk(Liu 5, 2019), &
D (Kitano 5, 2012), 181 323} of¥k(Ueno 5, 2017) 5
et 47 71540l digh therol =EEo] HaEa Qi

A A% 71578 B 71270l S48 AFo R A HHEA
SHoMAoRRRE ofyE} {8, WS SollA 1 =87t HE6] F
7¥stal Sl FAloltt. ol#jt 49 7184 9 A7 7154dE
Aol =] Qs TRt JRE0] 71R1E 79 4 E4
2 &5, AFA7], 13 BAA G 5ol et thefstA e
ue, oot A AFEC] v HIEI QUth(Back &
2019; Cho &, 2021; Jung 5, 2016; Kang &, 2018; Kim &,
2014; Kim 5, 2021; Shin 5, 2013). E3+ AE712 9@ A%
%9 &4 W3klJo 5, 1995; Son 5, 2014) ¥ z2w|7]9] &4
EX(Jeon 5, 2008; Kim 5, 2023; Seo 5 2007)°] ojst A
T HIET 9k

T A 24 Ve AR B8 F, A i,
T 7t 4254 Aol E4 4 7 1 F9 HiAA H3 5
cjoret Rofol 4 8|7 SickShang 5, 2025). S3] liquid
chromatography mass spectrometry(LC-MS)= 21&4A] 1] A
A A B, A E Aol g2 o8l JItk(Wishart,
2008). QB 7] E=(P. dioica Y P. haitanensis)& AT CZ
TR} A7 wE A HSto] gt At HarE uf
Qlth(da Costa 5, 2018; Wang 5, 2015). 121}, Su=te}
oA AE T = wEA 2F 'S EA4Z ol
I3t LC-MS AR = o]Fofxl Hi7} gl

2 AFolMe Seuetel FEolA de BAE L Q= A
FUE Y82 sto] AlxE Fuist 2 FEA HELS T2
=2 ultra-high performance liquid chromatography quadrupole
time-of-flight mass spectrometry(UPLC-QTOF-MS)E o]|-&3t
WIS A RS AXsIlct ER oherle] 20 AR
A SRR flobAl MAAsS] B BHS B B
0 Qg el Justd S48 ojdsiaat st

A

lo
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2. Mg 2 giH

2.1. AgHE & A1

= A AMGSE FUAE 9F B A4 9F HHEA S 2020
W 1295 E 2021 49o] AHF3E HAHFH S o]-&-ste] Al
28 Aog, BEXLAAFXYAIE 2 (Mokpo, Korea)FEl A
SHokth. &, SuiAl nkEA 9] A9 dEbdE 18(K-1, 2020
Y 129; K-2, 20219 19¥; K-3, 2021¢ 29; K-4, 20214 3
Y; K-5, 20214 49), AE(K-6, 2021 19Y; K-7, 20214 2
), AL (K-8, 20209 129; K-9, 20213 3¥)o|4], 122 &
AF uhEZ 9] B o oA(-13 -2, 20208 12; J-3-1-5,
20219 19; J-6-J-8, 2021 29: J-9, 2021 3Y)of|A] P4t
=9t} uf27 A8 EH7](SFM-555SP, Shinil, Cheonan,
Korea) 2 #23F & ARE H7HA] 25°Co|A Y& Hshlth.
BAo A8t RE ol54 &uiE Optima® LC/MS
grade(Fisher Chemical, Loughborough, UK)E AR&-3}9t}.

2.2, RE[ofO[4 24

ejololieAt 242 Cho 5202102 ¥Hlo] weh AT}
Atk o= B 0.5 go] 70% ethanol 50 mLE 71511, 5%
W ZFAR)(SEB-6, Scilab, Seoul, Korea)o| 923} 100°Co]
A 1A 59t 7 - Bt EYelTHNo. 3, Advantec)t
e}, oldl olole oF 2 mLr} H|EE AP EIHT, o] 53
W} SFHTE AT AHAS Ao o FZh BAE B
317] 915 diethyl ether 20 mLE 7}3to] & E3t6ll G}l
FEIE A Y - 599 T =YL lithium citrate
&ZM(pH 2.2) 25 mLE A-835}9] 0.2 pm membrane filterZ
ofilst &, dojZA oML cation separation column(LCA
K07/Li, 4.6x150 mm, 7 pum, Sykam)°] Z}2He o)At A5
£247](S430, SYKAM, Eresing, Germany)S ©]-85}o] H4
5}9ich. Buffer 29 (pH 2.90-7.95)2] 84+ 0.45 mL/min,
reagent®] 452 0.25 mL/minZ 1%} 2™, fluorescence detector
(Exitation=440 nm, Emission=570 nm)Z FHZ&o}¢c}t. 45
7} opn| Ak HEEEHY retention timed} Blusto] A &
Hatglon, 12 WAL 7208 ANEEYS ol gt 4
% B

2.3. LC-MS Z/8F LAl 241

o271 E9F 100 mgol] 50% methanol 20 mLE 7}st Tt
24 24A7F ERt FECIGITE BREA FEES 4°ColA
108 59 3,264 xgZ YAR Y A5 1 mLE 0.2 um
Syringe filters oJT}3E . Qoj7l olole LC-MS hAHA] B4
o] ARSIk LC-MS B4 UPLC(ACQUITY UPLC™
system, Waters Co., Milford, MA, USA)2} QTOF-MS(Xevo
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G2-XS QTOF-MS, Waters Co.)E ©|-&35}3tt. UPLC A9
3%, columne ACQUITY UPLC HSS T3(1.8 um, 2.1 x 50
mm, Waters Co.)5 ARSI ©]5A &1 0.1% formic
acid7} -5 32 FF5(A)Y acetonitrile(BYE AR50
H, 22X AL %7] 0-2 min 0% B, 2-5 min 30% B, 5-7 min
60% B, 7-11 min 70% B, 11-13 min 100% BZ 3}= gradient
HHo g 823519tk Column 2%& 40°CE, §&2 0.35
mL/min® & 3ttt MS ZA9 AL ionization

positive electrospray ionization, capillary voltage= 2.5 kV,

mode+

scan range+ m/z 40-1,000, cone voltage+= 40 V, cone gas flow
= 50 L/h, desolvation gas flow= 600 L/h, desolvation
temperaturex= 200°C, ion source temperatures= 130°CZ 5}
o} Z uf27 AJ5o] digh LC-MS 42 33] vk 243519
on, Suist w2y 95T A& e 9% FEES Y
o7 33t quality control(QC) 103] HHE-5lo] AA|E| Q]
t}. UPLC-QTOF-MSOA AZH 38HEL2 MassLynx 4.2
(Waters Co.)E ARESto] Aot EAF 4 94 24& &9l
ottt 3FME2 Massbank(https://massbank.eu/MassBank/),
Lipid Maps (https://www.lipidmaps.org/), 12|11 3123 0]
AAE mass spectraE W] W 5to] FASHTH ThAT SAREA
2 7+ RMEE9 4 235 7|HIO & Metaboanalyst 6.0
(https://www. metaboanalyst.ca/MetaboAnalyst/)2 ©]-&5}3tt.
glo]e A431E 95l transformation square root transformation
£ A-8519.91, scaling pareto scaling ST} Ho|EHE A
215k 02 2 Aol ek shiES B4a] Sl
SAEA-L principal component analysis(PCA) 2 orthogonal
partial least squares-discriminant analysis(OPLS-DA) <=0
1345} 0™, variable importance in the projection(VIP) &
Mg Eol FUA © JEA uREY TF AfolE YEH= score
7F 1.3 o]l #724(p<0.001) = WS FE3IAT AE
H gAAEY A7stE T (normalized concentration)2
box plotC.Z A|Z3}5}ATY.

2.4. Mycosporine—like amino acids(MAAs) gf2f 241

IREZ 9] MAAst= Chen 5(2013)0] AJAJRE WS oFF ¥
@t FEokqinh &, v 100 meo] FF4 20 mLE 7}
Sto] A2o]A] 24A17F Ft FE3F & 4,000 rpmof| A 5EZE
AAEL T TR, AFEN | mLE 0.2 pum Syringe filter® o1}
oto] BA-8AS A 21t vkE7 S MAAs 92 UPLC-
QTOF-MS 714l multiple-reaction monitoring(MRM)& AR
oto] ESHotqlch. LC-MS £42 ol54 &1 &34 ¢4
MRM 59 4 24& AlQlstal, 2.384 Agt LC-MS
715F A Z2od gy AR o E HAISHH. o]F
A o] 82 AL %7] 02 min 0% B, 2-5 min 5% B,

930

5-10 min 70% BZ 5}%it}. ShinorineX} porphyra-334+ & &
THo] AgATolA 23t A EEEEE 085Ut (Choi
5, 2022). Shinorine¥} porphyra-334+= 2+ m/z 333.10 —
186.10, m/z 347.10 — 200.109] precursor ion¥} product ion
2 Aol 0oH, collision energy~= Z1ZF 25 eV} 30 eVE
A5 tH(Geraldes 5, 2020). MAAs= LC-MS MRM
chromatogramol| 4| A&H EFEZY retention timeI} mass
spectrum H| WS 53] 5459 T: ESE 0-12.5 ngl] 52 2
A= shinorine(420.96x + 5.93, R*=1)Z} porphyra-334(788.30x
+ 1147, R*=0.9999)9] EZZAS o|-g3lo] HaFslF).

2.5. 4 =4

E A 2] SPSS version 20(IBM Co., Chicago, IL, USA)Z
ol- g5ttt A W YA nkEZ Q] FF H|I = Student’s
t-testE ARE-5}0] p<0.05, p<0.01, p<0.001 oA S-S
A BE Alme 33] o4 RHE S74% A9E B+
RZHARE Y

3. Zm ¥ 1%

31, FUN Y YBN DEZS S0l HEF
op|le Ak G on] Qo o] FulE AHsk= F
2 Q40lth 53], 7L felofulidl go] omz
A9 QRA thErle] SelotlAl BR9} B MRS B3
7 Reke B4 ojsigo) -8aithn wekEltt. waky
B d7olAE FUA 2 AR TjEAL oz R
Al Y RS FUA 0129 SR elofoleA U
© 3,692.51-5,709.58 mg/100 gO& YEAF tF27](3,914.89-
4,920.77 mg/100 g)T G231 Apol= YA Lokth(Fig.
1A). 79| Fot|ieAt T2 A, B4, 6% & F5
Aol whet checkn g v} IrkNoda, 1993). ¥ @7 2t
oA FUT YA 1 vk Tl A1) Bt B9
SlofulteAl 3jol7} veptont, AFHA7I9} Bl L]
2 W|TEHSLS T SJui9s Aol Holx] gkt B2
N ojm)iAt kS W WS ATNFig. 1B), taurine, threonine,
asparagine, _L2]1L phenylalanine 5-& A 25t tjF£9] o}
Ao R 9lat 2ol (p<0.05)7} BHlEoirk. ZR S-elopue
AFS alanine(731.74-1,719.43 mg/100 g), taurine(1,009.28-
1,593.04 mg/100 g), glutamic acid(497.87-1,635.66 mg/100
g) 18] aspartic acid(35.58-316.14 mg/100 g)& Q1] glo
M, o]F 4% ohH| Ak F-Rejotu|ieAte] oF 83.3-86.7%F A
Alstqiet. 71 fEjotu]iAte] lofA® ARG Z{FAI7]of
w2} x}o]l & H.$ O™, alanine, taurine, glutamic acid, aspartic
acid= ATA 0 2 =2 sleke LR QitH(Table S13} S2). o]=

https://doi.org/10.11002/fsp.2025.32.5.928
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Fig. 1. Total (A) and individual (B) free amino acid contents in
Korean and Japanese dried lavers. All value are mean+SD (n=9).
“ns” indicates not significant. "p<0.05, “p<0.01, and ~p<0.001
for Korean lavers vs. Japanese lavers.

alanine, taurine, glutamic acid, aspartic acid’} 2] 2 2]
op|ieAtO 2 W E o] " A A (Cho T, 2021; Lee 5,
2012; Park &, 2001)3} Y5}t

Freloh kAR A B SIRME, HEE, AL FET 2
7tEd SHEY A A9 FrE Bh%ks R EEAE ¥
24 9l O™ (Brand®} Bryant, 1994), o] o} $3-4 alanine,
glutamic acid, aspartic acid®] 3= Z}o]&= up27]9] ghof J3F
2 U1 4 ok B Bt 2R feloplAg vua
A3}, alanine AL 1F=271(1,043.44-1,719.43 mg/100 g)°]|
A QEAL uk27](731.74-1,373.14 mg/100 g)ol] ¥]3] S92 0
E ¢ 22 T UEith §HE, A nREZ0A] glutamic
acid(913.63-1,635.66 mg/100 g)<} aspartic acid(180.14-316.14
mg/100 )9 FFE =AF HEZ Y glutamic acid(497.87-
1,433.94 mg/100 g)¢} aspartic acid(35.58-290.99 mg/100 g)
of v} RolF o R o =t ESE go] BHE vl /e
op| At ZAOIAE HARA ol wE f-oJH Rl Afol7t T
Ao, 11 g AJol= AR Ykt ol23t At vEZ Y
oot Al S AR 7k Afolg Ho|A] Ao, T
 ofu] AR B AlolE YEl= 20 R Kol YAk w
2t 79 4 B4 9= v AR AAESIH

32. LAt & =M OFEZIC] LC-MS Z[Ef LHAM &

UPLC-QTOF-MSE o]&3ato] =4t utE27] 953} &4}
k27 9%9] gAAIE B4t AIKFig. 2), 459 ofv|ieAt

100+ 19
8-10
\
u:‘c_n
-y
@ 26
= B
]
E 15-18 30
17 ,
| ¥
28 T 37
. : 35 37 40
2021 2325 . 29 || 3236 38 414,
(T VT 39/ a3 44 4546
— . ) ) | BT ET Ly
2,'00 ’ 3 :Jﬂ N 4,:)0 T s 60 T E,{)O 7,:)0 T 5,'00 T 9,‘00 T 10‘,00 ’ 1 1‘00 T ‘|2fﬂﬂ ’ 13'0;!“"‘e

Retention time (min)

Fig. 2. Representative LC-MS (positive) total ion chromatogram (TIC) of dried lavers. Forty-six metabolites, including amino acids,
mycosporine- like amino acids (MAAs), nucleic acids, lysophosphatidylcholines (LPC), and lysophosphatidylethanolamines (LPE), were
detected in Korean and Japanese dried lavers. These MS results are presented in Table 1.
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(No. 1, 3, 4, 6), 622] MAAs(No. 10, 14, 19, 20, 22, 26),
9%9] MAkNo. 11, 13, 15, 17, 18, 21, 23-25), 19F9] &40l
Z)A(No. 28-46), 181 829 7]E} FHE®No. 2, 5, 7-9, 12,
16, 27) & % 4659 F2 A7l SZ= UK Table 1).
LC-MS chromatogramo]| 4] HE&H A= &2l gtolE g
2] & ZATO] mass spectra Bl WS &5 S5 oH, 7t 8}

Table 1. MS results of metabolites identified in dried lavers

2HZ9] retention time, precursor ion, fragment ion, molecular
formula 9] JHLE= Table 1°f A|A|5}SIC)

WP 7o FR FHHE F S, thEgels 3L1-
40.1%7} =0 Qicky ®aE HE Qlth(Park &, 2001).
LC-MS tARA| 4 Ax}of| A taurine, aspartic acid, alanine,
glutamic acid7} 19| 8 f2lopn|Ato 2 FAH I oH, o]

Classes No. & Fragment ions Molecular formula Predicted compound Reference”
(min)”  (positive, m/z) ~Mw)?
Amino acids 1 0.68 126.0229([M+H]"), 108.0123 C,H/NOsS (125) Taurine 1
3 0.69 134.0459([M+H]"), 116.0351, 88.0402, C4H/NO4 (133) Aspartic acid 1
74.0243
4 0.70 90.0558([M+H]"), 44.0489 C;H;NO; (89) Alanine 1
6 0.73 148.0615([M+H]"), 130.0509, 102.0558, CsHoNO4 (147) Glutamic acid 1
84.0451
Mycosporine-like 10 0.85 333.1300([M+H]"), 318.1060, 303.1192, C3Hz0N>05 (332) Shinorine 3
amino acids 274.1171, 230.1272, 212.1149, 186.1012
14 127 289.1397([M+H]"), 274.1162, 230.1274, C1oHaoN2O5 (288) Asterina-330 7
212.1169, 186.1003
19 189 347.1458(IM+H]"), 332.1228, 303.1197, C14sH»N>05 (346) Porphyra-334 3
288.1316, 244.1429, 200.1164, 186.1007
20 279 317.1353([M+H]"), 302.1119, 258.1199, Ci3H20N207 (316) Mycosporine-glycine-alanine 4
214.1326
22 321 273.1449([M+H]"), 258.1217, 214.1310 Ci2Hy0NxOs (272) Aplysiapalythine B 4
26  4.08 285.1451([M+H]"), 270.1216, 241.0828, Ci3H20N20s5 (284) Usujirene 4
226.1319, 197.0931
Nucleic acids 11 1.04 324.0588([M-+H]"), 112.0509 CoH14N;04P (323) 5'-CMP 1
13 120 325.0443([M+H]"), 97.0294 CoH13N,OP (324) 5'-UMP 1
15 146 244.0930([M+H]"), 112.0518 CoH13N305 (243) Cytidine 1
17 172 349.0548([M+H]"), 137.0465 C1oH13N4OsP (348) 5'-IMP 1
18 1.80 364.0650([M+H]"), 152.0583 C1oH14N5OgP (363) 5'-GMP 1
21 279 267.0604([M+Na]"), 113.0347 CoHi2N>Os (244) Uridine 1
23 382 268.1048([M+H]"), 136.0628, 119.0360 CioH13Ns04 (267) Adenosine 1
24 383 284.09985([M+H]"), 152.0579 C1oHi3NsOs (283) Guanosine 1
25 383 291.0765([M+Na]"), 137.0472 C10Hi2N4Os (268) Inosine 1
Lysophospholipids 28  8.55 468.3084([M+H]"), 450.2981, 258.1102, C2Hy6NO7P (467) LPC 14:0" 2
184.0735, 104.1076
29  8.63 500.2779(M+H]"), 359.2575 CysHoNOSP (499) LPE 20:5” 2
30 872 542.3242([M+H]"), 524.3139, 258.1109, CagHagNO7P (541) LPC 20:5 2
240.0999, 184.0746, 104.1081
31 8.80 518.3239([M+H]"), 500.3124, 258.1104, Ca6HsoNO7P (517) LPC 18:3 2
240.1000, 184.0742, 104.1078
32 924 478.2934(IM+H]"), 337.2732 Co3HasNOP (477) LPE 18:2 2
932 https://doi.org/10.11002/fsp.2025.32.5.928
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(continued)
Classes No. tR Fragment ions Molecular formula Predicted compound Reference”
(min)”  (positive, m/%z) MW)?
Lysophospholipids 33 9.27 502.2929([M+H]"), 361.2746 CasHaaNO7P (501) LPE 20:4 2
34 939 520.3404([M+H]"), 502.3287, 258.1090, CyHsoNO7P (519) LPC 18:2 2
240.1009, 184.0741, 104.1079
35 941 544.3409([M+H]"), 526.3295, 258.11, CysHsoNO-P (543) LPC 20:4 2
240.10, 184.07, 104.10
36 941 452.28(IM+H]"), 311.26 CyHoNO7P (451) LPE 16:1 2
37 9.58 494.32(IM+H]"), 476.31, 258.11, 240.1003, CyHiNO;P (493) LPC 16:1 2
184.0746, 104.1081
38  9.77 454.2927([M+H]"), 313.2735 C21HaNO7P (453) LPE 16:0 2
39 983 504.3088([M+H]"), 363.2903 CasHygNO7P (503) LPE 20:3 2
40 9.98 496.3405([M+H]"), 478.3294, 258.1119, C4HsoNO7P (495) LPC 16:0 2
240.10, 184.07, 104.10
41 10.01 546.36[M+H]"), 528.34, 258.1115, CysHsoNO-P (545) LPC 20:3 2
240.1004, 184.0745, 104.1080
42 10.28 480.3085([M+H]"), 339.2911 Ca3HisNO7P (479) LPE 18:1 2
43 10.47 522.3560([M+H]"), 504.3444, 258.1104, CyHsoNO7P (521) LPC 18:1 2
184.0741, 104.1077
44 11.09 548.3713([M+H]"), 184.0744, 104.1082 CagHsaNO7P (547) LPC 20:2 2
45 1215 524.3716([M+H]"), 184.0738, 104.1078 CyHsuNO-P (523) LPC 18:0 2
46  12.53 550.3868([M+H]"), 184.0741, 104.1078 CasHssNO7P (549) LPC 20:1 2
Others 2 0.68 104.1079([M]"), 60.0811, 58.0652 CsHisNO (104) Choline 1
5 0.72 258.1108([M+H]"), 184.0741, 125.0007, CgHxoNOgP (257) Glycerophosphocholine 1
104.1080, 86.0972, 60.0811
7 0.73 247.0585(IM+H]"), 173.0219 CeHi5O5P (246) Glycerophosphoglycerol 2
8 0.84 277.0900([M+Na]"), 163.0611, 93.0554 CoH 305 (254) 3-B-D-Galactosyl-sn-glycerol 3
9 0.84 146.1184(IM]"), 87.0450, 60.0811 C7HsNO, (145) Acetylcholine 1
12 117 174.0772(IM+H]"), 128.0716, 82.0659, C/HiINO4 (173) 2,6-Piperidinedicarboxylicacid 6
55.0546
16  1.69 215.0172([M+Na]"), 147.0311 CsHgO7 (192) Citric acid 1
27 6.87 587.2882(IM+H]"), 464.2175, 450.2021 C33H3sN4Os (586) Phycoerythrobilin 5

”tR, retention time.
MW, molecular weight.

Metabolites were identified by (1), massbank; (2), lipid maps; (3), standards; (4), Geraldes and Pinto (2021); (5), Kamio et al. (2010); (6), Kawauchi

et al. (1978); (7), Torres et al. (2018).
YLPC, lysophosphatidylcholine.
SLPE, lysophosphatidylehthanolamine.

= FA AR fEjotr| Al Sk B4 Aatel YAt w
A, 719 9 F-Eotu| AR taurine, aspartic acid, alanine,
glutamic acid¥& 21T 4 AUt

MAAsE cyclohexenone¥} cyclohexenimine2] 7| Z2 0]
amino acid += imino-alcohol group®] Zgsto] FA4H 24}

https://www.ekosfop.or.kr

dAMEER T A QUoh 53], o2t FEES 527U &
288 TR o AR EAeT o 21y
1 QQth(Wada 5, 2015). - 7o) % shinorineX} porphyra-
3345 Z3SE MAAs7E 2A513L 9)&0] H1H H 9l0](Ying

S, 2019), 49 84 & stutE FEEAL Qloh LC-MS o
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AHA B4 Ao A shinorine, asterina-330, porphyra-334,
mycosporine-glycine-alanine, aplysiapalythine B, usujirne &
o] 8 MAAsz HAZHH. °olE FE2 MS(positive)
spectra®| A= [M-CH;+H]", [M-H,O+H]", Z18]1 [M-CO,+H]"
& S fragment ion peakS°0] 354 0% WHEFHIIL. 42 F8
MAAs?] porphyra-3349] 7% m/z 347[M+H]", 332[M-CH;+H] ",
303[M-CHLO+H]', 288[M-CH;-CO,+H]", 244[M-CH;-2CO,+H] ",
200[M-CH3-CO,-C,H,0+H]", 186[M-CH3-2C0,-C;HsO+H]"
o], Z1¥] 1! shinorine®] 7% m/z 333[M+H]", 318[M-CH;+H]",
303[M-CH,O+H]', 274[M-CH;-CO,+H] ", 230[M-CH;-2CO,+H]",
186[M-CH;-2CO,-C,H,0+H] 0] EA & Q] MS fragment ion
A& I & A
HAXES nucleotide@} nucleoside® A= 0] O™, A|ELH
of EAste Hxo] £, 4 & skt Fa3 9
StoH(Minchin®} Lodge, 2019). A9] 7|50 2= A|E F
g, | 3}, it Ad 34 A, FLEET] 59 A%
5730l A ATH(Kim¥} Kim, 2010). J12Eg, 34t
2] ol A=A Fot A 45 Al 7]50] Ao}E]
T wsjo] golo] | 4 9loms AEomsy 4% Bast
QJtHQiu &, 2016). F}E7]o]l&= adenosine, cytidine, guanosine,
inosine, uridine 5 5% nucleoside®} 5'-CMP, 5'-GMP, 5'-
UMP, 5-IMP 5 4% nucleotide”} 24511 22 LC-MS
A5 5ol AT 5= AU 2 4Q1A]H (lysophospholipid)
2 NZzH9] 8 FAHEZRE, lysophosphatidylcholine(LPC),
lysophosphatidylethanolamine(LPE), lysophosphatidic acid(LPA),
lysophosphatidylserine(Lyso-PS), lysophosphatidylinositol(LPI),

ot o =

N

]

o

(A)

Biplot

2,6-Piperidinedyfarboxylicacid

N
N
pfie B Acelykholine

[®] Japan

|8 Korea

PC2 (22 04%)

Ustjiene

LPC205

R2X=0.772,Q2=0.740
04

00
PC1 (40.29%)

1311 lysophosphatidylglycerol(LPG)2 FA +&Ft}. o]
St ZARJAAL glycerol] sn-1 E= sn-20 ZTE 2|94k
S5Ol wet L2H 02 ulfg- theFeirH(D’ Arrigo?t Servi, 2010).
2 AFoAE 12F LPCRO 735 LPERE 2T F 1959
glaQlAdo] nkEZol F8 PER FHHU

olde] AMEHE o= ofmliAl, MAAs, S 1181
YaQIAd 5o] F8 FEE EAGHL UZ= LC-MS 74
< & SR 4= AUt ol ARA SFEES HAAI
e e 9] Awets 54% olsfst=d 28] 7Fsg A

o2 7| A

3.3 A & B OFEZS LA Bu?
UPLC-QTOF-MSE o] 8-ato] nh24] tiAtA] 5785 gt
T ohie BARAE Axjsto] YUAE A Holg vlm
STk AT 9 ARAF o}27]9] JEOH Fol ¥ map]
Q3] LC-MS 4 A7}E 7|8ko & PCA9] biplot X EE A&
SFAtHFig. 3A). Component 12 ZHA| A 40.29%,
Component 2+= 22.04%5 Aol o, Bd9] AL (R2X)
L 0.772, JEE(Q2)= 0.74028 BIFQIch Tt & &
A HE S MR B F OF0E HEEE FPolleH,
Component 1 7|02 o] FEol= il ufE1lo], &
o] Fiolle d&AE nkEZde] YAIskH. St vEA Y] F
AJE-L acetylcholine(No. 9), 2,6-piperidinedicarboxylic acid
(No. 12), 1811 aplysiapalythine B(No. 22)& &1%|3ct. 4
EA 0271 9] 732 shinorine(No. 10)3} LPC 20:5(No. 30)7}F
FHEer gRlFgleon, dF nEfolA= LPE 16:1(No.

(B)

Fig. 3. PCA biplot (A) and dendrogram (B) of Korean and Japanese dried lavers. Red, Japanese dried lavers; green, Korean dried

lavers.
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36), LPC 16:1(No. 37), LPE 16:0(No. 38), LPC 16:0(No.
40), 183l LPC 18:1(No. 43) 59| @AQIX4A o] =2
RO ZRIEGIch Al Fhg2 AFAI7] whet WAREEA
oA FoHoE Zpol7} QUttil HIIgh HE QUOL(Park 5,
2001), 2 AFZT|M = A 9 D24 vREY THo] 9jv]
U= ApolE UEA] sttt PCAE 2 9] AAHAIE 712
o7 T ey IFo] FEEM, ZF 179 & 7|ofoke 5
380l thgt Aol & Fld 4= AT R 9] YAA| o wE
T (cluster) B2 T2 BESHA Fotr] 913 Spearman’s
distance measure®} Ward’s &1 2]|&S ARE5}0] dendrogram
24 AAI5ttHFig. 3B). 7L A3}, dendrogramof A =4k

(A)
Scores Plot
ER Japan
Korea
P
z @
s oo o
2 e go 80 @0
5 ® @
g - . ‘&
3 o@ o]
g @
5
o o)
o [
o
o
o
2 - R2=0.817,Q2=0.809
T T T T T T .
-6 4 -2 L] 2 4 6
(c) T score [1] ( 27.1 %)
Feature Importance
HEZINEETY
o
=
= o i
o o
=
.
1.
Y ®
w® .:

ntEdY dEA iES T RS 8 FHC0E FEESIT
o= eAitAo] TE A 2to|7} HESHA EAfst= AL
AAFEEE Ty, FUe 35 UollA e I AlgEo] 2
= %S HAAH. ol2et A= nEA 9] tiAA 2A4do] YAt
Ao ofsf AA YIS o, HFA7] BIF I FE L A
oo 71oig 4= U= 9ulgtth.

AAAE vl23d 7] Aof| 7]ofsh= 8 QAE ERlst
7] 93l OPLS-DAZ] score ploti} S-plot & 2235}t
OPLS-DA Z&2 |93 HFE(R*=0.812)9} &2 59 9

2L (Q=0.80)Z TOIEQlon, niE YA o et

._719]
—
OPLS-DA score ploto] 4] H&stA o] &= A& &Rlst

(B)
2 -
&
=
o~
F oo Q2: 0.942
g 8- p <0.001 (0/1000)
g
fis R2Y{0.964
g | p <0.001 (0/1000)
Perm R2Y
Perm Q2
8 -
o
T T T T 1
1.0 05 0.0 0.5 10
Permutations
(D)

Acetylcholine

2,6-Piperidinedicarboxylic acid Aplysiapalythine B

. *T*:

Jek:

o+

Japan

Korea
Korea
Korea

LPC 20:5

i

Shinorine
JKRE

£

Korea

E

i

Fig. 4. OPLS-DA score plot (A), permutation test result (B), S-plot (C) and normalized concentraion (D) of Korean and Japanese dried
lavers. Red, Japanese dried lavers; green, Korean dried lavers. No 9, acetylcholine; No 10, shinorine; No 12, 2,6-piperidinedicarboxylicacid;
No 22, aplysiapalythine B; No 30, lysophosphatidylcholine (LPC) 20:5. Normalized concentration was obtained using square root
transformation and pareto scaling. ~“p<0.001 (Korean lavers vs. Japanese lavers).

https://www.ekosfop.or.kr
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Ath(Fig. 4A). TS OPLS-DA Ed9] G843 ASsH] 9
3} permutation test(n=1,000)2 =83 A3KFig. 4B), R*=
0.964, 181 Q*= 0.9420]9)0.H p<0.001°]4 BASHA o=
9oJu|7} 9l&o] EHlE 9ty OPLS-DAS] S-plot REL & 12
ZF A9 ZE 4K covariance)T} AFA|(correlation)E A
712 0 2 Yehfin, S4F0A d YA MeE2 & IF
= TEste 8% 9T gt E3L S-plotofl A p(corr)
#ol =AY F25F 9 ¥evt & JdE sk 7]
cshe 7t folulsh) e oluletek(Shyti 5, 2015)
OPLS-DA S-plot H&-Z B3 WAt & At nf237] 9]
£l 710127} 2 SREE(VIP>1.3, p<0.001)S 783 23 =
WA o271 acetylcholine(No. 9), 2,6-piperidinedicarboxylic
acid(No. 12), aplysiapalythine B(No. 22)2 &91=}]1, d&
At o271 shinorine(No. 10)3} LPC 20:5(No. 30)Z 21
C}(Fig. 4C). °]5 OPLS-DAS] Z¥= PCA biploto A &l
| et fARE 202 HHEQIT ohHF FAEAS 59
5A4Y 59 3RIES YA O 2 normalized concentration
plot 242 AA|gH A¥R= Fig. 4D AAlskGich. &4 23},
ARAlO] w2t Zh SRR O] JHF Aol7h UEhus AdE HIlo
W, 5LRE A HoflA ik vEA A2 i SkekEe] ok
Aol 7k ERIE| It} o] 22 YA ol M= B53Hd, AH
A1719] Zpo7} PR 240 J3kE wld AoE FHHEH.

Acetylcholine> A7 A W theFet 44| 7|0 A 523t F
o2 ste AR, teRt AEE 71500 710k A
o7 A Qth(Picciotto 5, 2012). TFFst 241&9| choline
S ZAME] QO W (Cho 5, 2008; Zeisel, 2003), 3J=F2
acetylcholine T5Fo] #3t A+= A9 HiH Hf o} 2,6-
Piperidinedicarboxylic acid= ZZ(P. tenera)o|A R15 Ht
Ao, Adito] thet gt S Uehll= 20& dEA A
TH(Paiva 5, 2001; Singh &, 2012). LPC 20:5= o723}t
At o AH| 28R 0] N EEZSFAFANS] QR Z AR
std, Akl FAS, Tt EA(alves 5, 2020; Lopes 5,
2014; Lopes -, 2019) 52| A8 &4 7]5o] Hirgd vt .
Aplysiapalythine B2} shinorine2 MAAs©]| 4519, A4 2}
o ax, s B4, FAT, Fiesh I, AFAIE 23 o
A, BA A5 5% 5 A% 71548S et BaEqt
(Choi &, 2022; Peng 5, 2023; Rosic, 2019).

o FAEA A o A 9 24 nkEZ] 9] o
12l0] e GAAES] fojolet BAE HRIsisich UPLC-
QTOF-MS 7[5t AP #48 Rt % etk vj2 7o) 7
2 SEBE AFet 7|2ARE 98T 5 UL Ao ¥
delol, §U% 558 T4 A1) o4 A7 9 Fnfel of
&t A wE ALE Bof F7HARL
gAhe B8T vi2e) A WE U B Wolo] 48
5 Aoz A,

>~

o
olN
o)
o)
—1ru
i)
o,
)
iz
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3.4. LA L Y2 O0FEZIS) MAAZ (shinorine &
porphyra-334) g'sf

U 9 A4 mREA Y] LC-MS Z[HE tiARY] ZRukld
Z3} shinorine, asterina-330, porphyra-334, mycosporine-
glycine-alanine, aplysiapalythine B, usujime & T2 MAAs
7t AEEHA. thAE £4 A3, shinorine> HAMAE BRE
2 7 Aol Uehfis 20 JRo2 BelEgon] ol ue
o8 Iy &l dEA oERS O E LC-MSE °]85to
shinorine} porphyra-334 $=F& ARSI 1 A1 Table 2),
& MAAs Fg2 543 YA YoM E o Alolg e
U, AL oF27](1,441.79-2,308.88 mg/100 g)o] LEAL u}
E£7)(1,625.19-2,362.56 mg/100 g)of H|3} FojF oz Iefrt.
u27]19] MAAs 242 porphyra-3347} shinorine®]] H]3] #A]
SHA =94tk Porphyra-3342] 3RS &4 REF(1,227.65-
2,025.81 mg/100 @)} AT BFE7(1,265.02-2,192.52 mg/100
0 70l Fol7h e @t old AToIAE AR
o7 A3t YEAF ufE7]9] porphyra-334 $Hgo] 470-1,610
mg/100 gO &2 X% H} Qlti(Ishihara 5, 2008). o<} &
2 Aol AREH mREE AN O E porphyra-334 3FgO|
O 22 3% Ht}. 4, shinorine®] 72 U4k ke
7(202.34-459.08 mg/100 g)0] ZUAF TFE71(117.19-295.43
mg/100 g)o] ¥I5) %Itk 53] 190] A AEA hEy
(J5)9] shinorine g7Fo] 459.08 mg/100 gO. & 714 =3koH,
ol ZFAF uf27] 2 shinorine 30| 7H =2 K8(295.43
mg/100 g)R T} OF 1.58], 714 B2 K7(116.36 mg/100 g)HrH
o 4%} EE SZoloh. YUAE TIEY F MAAs FF
Z}oli= shinorineo] 7]Q1%E A0 2 wWetE T} 70 MAAs g
< FAEEO] ThFEt aQlof RS W= Aow A Qo
H(Briani 5, 2018; Peinado 5, 2004; Rosic, 2019), £3] A}2
AUVYZ B231EE0] 5 7 AT 28T 4 Utk
ool AIE TSN HH, A9 MAAs g2 Afoli= YA
A Apolof] 7]Ig Ao R Holw, Fufjit miEZ2
Qusk v o] vls) 1 gegol ArEoR e Ao wet
Ht}. Shinorine¥} porphyra-334+= SHA] ATggt vRe} o] 21e]
A At a3t JAe 4, S, Fiest F ATAL &
3t oA, AA A7 83 59 FYBEE 7= AoR B
SI900, 0% % TR 1RAL 7154 A LA
Z& 7kl == AoE 7|diEh

»

Qo

£ AFollAe SEuetel dEoA de AHEL e #
Z 5 ol BARFEZ(P. yezoensisyE ©]85t0] AzH =
A9l JEAF uhER]9] 4 B miofotaal, fEjot]

=
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Table 2. Shinorine and porphyra-334 contents (mg/100 g) of Korean and Japanese dried lavers

Porphyra-334

Total

1,600.92+18.85
1,905.31£11.56
1,721.78+11.41
1,494.28+11.93
1,324.59+22.85
1,265.02+21.66
2,192.52+20.57
1,665.68+10.81
1,514.92+9.76

1,758.12+12.06
2,083.93+18.66
1,921.56+29.49
1,669.24+25.34
1,441.79+20.80
1,540.56+25.54
2,308.88+19.10
1,961.10+9.41

1,631.71£13.23

1,631.00+276.48

1,812.99+268.34

1,607.33£39.23
2,025.81+11.55
1,808.20+43.92
2,010.424+26.30
1,821.81£21.03
1,490.60+14.05
1,578.02+19.92
1,847.56+32.40

1,227.65+29.06

1,809.68+40.15
2,263.70+10.47
2,223.50+44.71
2,362.56+30.47
2,280.90+18.74
1,848.85+9.77

1,883.24+20.84
2,152.08+31.72
1,625.19+23.06

Origin Sample Shinorine

Korea K-1 157.19+7.48Y
K-2 178.62+11.81
K-3 199.77+20.34
K-4 174.96+16.11
K-5 117.19+7.48
K-6 275.53+3.93
K-7 116.36+4.04
K-8 295.43+2.08
K-9 116.79+5.78
Mean+SD? 181.32+64.47

Japan J-1 202.34+2.49
12 237.89+5.71
-3 415.29+9.39
J-4 352.14+5.08
-5 459.08+3.13
-6 358.25+6.41
-7 305.22+1.05
J-8 304.52+7.21
19 397.53+7.58
Mean+SD 336.92+80.10"

1,713.05+250.66™

2,049.97+251.55™

DAIl value are mean=SD (n=3).

YMean+SD represents the mean and standard deviation of nine laver samples.

4 24 9 UPLC-QTOF-MS 7]¢ eibA] 242 591 44
4 248 vwsigtt. 122 SRelolndt g °
| 2+ et AolE HolA] 04'07'214- taurine, threonine,
asparagine, 12|11 phenylalanine 52 A|2|$t 7j& ofw] At
e SAE R Fol Aolg HEHHh LC-MS HAA]
24 Az ofulidl, MAAs, B4, H294 48 Egket
& 46359 diAHAIEC] 49 +8 StEE SHEUH. PCA
% OPLS-DA B4 Z32¥e Sl G4 sh2go] 3

Aot FEE o, A afEFoflA+= acetylcholine, 2,6-
piperidinedicarboxylic acid, aplysiapalythine B7}, Y&2AF 1}
E7]0 A+ shinorine ¥ LPC 20:5 S°0] EAZ 9l tAAYS
Sl 4 St 1] $85E F SHbel porphyra-3349]
gere Bt QA vheg 2ol o143 Aol gisle.
U}, shinorine®] 3tk AR Ato| At T &=9)t} o]E3t 2
52 710 YA WAL B2 Bl YolA 712 &
22 989 4 98 208 J|dEd. & aold $44 o

8

N
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indicates not significant.
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Supplementary materials

Table S1. Amino acid contents of Korean dried lavers (mg/100 g)

K-1 K-2 K-3 K-4 K-5 K-6 K-7 K-8 K-9
Phosphoserine  80.79 45.19 44.834 48.82 65.88 66.30 31.10 48.19 0
£2.76" +3.53 +1.84 £7.15 £2.09 +3.56 +8.26 £3.19 =0
Taurine 1,593.04 1,009.28 1,213.34 1,059.35 1,386.07 1,352.20 1,060.91 1,065.89 1,085.49
+31.02 +14.71 +15.94 +48.71 +32.94 +17.02 +49.20 +45.31 +40.06
Aspartic acid 201.33 255.15 290.99 201.05 139.63 170.08 56.08 74.08 35.58
+3.74 +3.34 +4.78 +3.76 +3.29 +4.59 +2.70 +4.15 +7.91
Threonine 54.99 32.02 44.95 28.95 29.05 48.64 37.84 36.29 69.07
+3.01 +1.51 +1.98 +4.40 +3.38 +1.39 +4.14 +3.38 +49.10
Serine 30.26 28.11 33.99 22.65 17.02 43.73 10.09 19.76 40.59
+1.96 +1.73 +2.42 +3.55 +1.01 +1.32 +0.52 +2.06 +25.76
Asparagine 156.42 90.22 117.06 86.11 78.59 143.58 84.35 58.74 102.6
+10.26 +4.02 +6.22 +11.10 +19.24 +3.99 +3.80 +6.01 +38.81
Glutamic acid  1,228.1 940.92 1,361.23 811.20 497.87 1,433.94 808.24 869.54 902.47
+33.07 +16.53 +20.52 +28.82 +16.41 +47.44 +36.77 +35.79 +76.41
Proline 50.66 36.26 26.79 38.09 42.78 55.39 36.28 30.47 0
+16.23 +8.45 +1.95 +11.59 +4.57 +6.33 +2.28 +11.02 +0
Glycine 23.00 11.69 17.24 14.22 30.14 24.26 12.87 13.89 19.53
+0.81 +1.03 +0.44 +1.44 +4.11 +0.41 +0.59 +1.51 +13.21
Alanine 1,719.43 1,251.89 1,405.75 1,255.59 1,043.44 1,580.23 1,411.73 1,092.02 1,186.03
+39.64 +17.38 +12.31 +30.35 +23.59 +19.33 +64.12 +45.95 +61.75
Citrulline 90.44 39.95 58.94 61.08 84.35 134.25 70.90 70.21 67.37
+2.64 +0.74 +1.40 +1.00 +6.50 +5.09 +4.19 +1.94 +27.35
Valine 67.66 53.21 53.92 28.01 58.40 73.49 67.55 46.78 64.58
+4.73 +4.65 +3.67 +6.31 +8.95 +0.95 +5.97 +3.46 +9.61
Isoleucine 53.62 35.65 45.71 28.39 35.91 50.82 40.61 38.78 85.01
+3.51 +6.32 +4.62 +3.87 +4.94 +3.41 +5.40 +4.39 +13.05
Leucine 86.51 55.58 72.40 4291 42.43 78.53 63.08 58.35 61.69
+4.10 +2.01 +7.07 +15.70 +9.27 +1.48 +3.05 +4.36 +4.34
Tyrosine 35.82 33.12 41.20 35.04 36.51 32.76 29.88 31.74 17.68
+8.51 +3.62 +21.09 +6.51 +1.16 +3.68 +3.89 +3.05 +8.78
Phenylalanine ~ 35.53 17.40 32.14 60.52 48.55 39.06 22.25 20.73 135.44
+11.96 +2.13 +9.26 +54.19 +28.02 +0.31 +2.79 +0.22 +130.76
B-Alanine 29.01 14.21 19.73 0 0 21.34 0 13.61 0
+5.86 +1.18 +0.44 +0 +0 +0.76 +0 +1.78 +0
Y-Amino-n- 96.69 69.89 90.66 0 0 56.04 60.34 4597 71.03
butyric acid +8.04 +0.11 +3.16 +0 +0 +1.26 +5.39 +2.49 +23.24
Histidine 16.67 8.32 13.85 8.60 0 12.99 7.19 11.19 15.06
+0.58 +1.16 +1.57 +0.45 +0 +1.12 +0.33 +2.13 +4.25
Ornitine 0 0 0 0 0 0 0 0 0
+0 +0 +0 +0 +0 +0 +0 +0 +0
Lysine 28.91 24.32 24.49 16.00 24.49 27.23 24.71 23.06 13.38
+0.76 +2.31 +0.89 +1.43 +2.86 +1.35 +1.55 +3.72 +1.20
Arginine 30.71 29.18 23.75 19.32 34.08 32.03 21.06 23.21 15.91
+3.58 +9.53 +1.88 +3.06 +5.31 +6.45 +1.32 +2.29 +1.53
Total 5,709.58 4,081.56 5,032.96 3,865.89 3,695.19 5,476.88 3,957.06 3,692.51 3,988.51
+137.11 +73.77 +103.49 +81.60 +80.86 +105.28 +188.02 +149.22 +293.15

DAIl value are meantSD (n=3).
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Table S2. Amino acid contents of Japanese dried lavers (mg/100 g)

Amino acid J-1 J2 J-3 J-4 J-5 J-6 J-7 J-8 J9
Phosphoserine ~ 61.94 72.65 47.21 47.10 55.87 69.74 67.61 56.90 58.54
+5.99" +2.06 +8.15 +3.92 +11.98 +5.63 +7.76 +0.65 +8.89
Taurine 1,151.98 1,245.73 1,307.47 1,147.24 1,288.15 1,427.10 1,306.54 1,113.74 1,254.53
+41.67 +9.25 +0.47 +83.99 +34.69 +44.08 +164.64 +12.50 +46.31
Aspartic acid 309.74 198.09 180.14 268.25 316.14 301.83 254.41 231.11 269.62
+11.56 +2.56 +2.39 +28.48 +12.20 +11.31 +58.73 +6.99 +10.65
Threonine 48.35 32.61 25.61 50.35 37.27 3943 48.91 45.94 47.53
+3.30 +0.85 +3.46 +3.53 +4.19 +2.33 +7.15 +0.15 +5.77
Serine 38.19 28.10 41.24 46.04 30.97 32.08 28.76 25.93 32.06
+7.73 +1.46 +10.68 +3.00 +1.70 +0.88 +4.20 +1.86 +3.86
Asparagine 89.08 111.26 91.61 143.69 64.42 66.85 62.57 66.79 79.84
+21.32 +10.47 +9.27 +7.06 +4.45 +4.14 +8.41 +1.64 +7.00
Glutamic acid  1,212.44 913.63 1,085.90 1,088.59 1,635.66 1,466.34 1,494.81 1,287.97 1,099.16
+20.37 +13.94 +7.71 +115.59 +113.55 +39.07 +10.61 +15.70 +39.11
Proline 0 0 0 0 0 0 0 0 0
+0 +0 +0 +0 +0 +0 +0 +0 +0
Glycine 21.40 19.15 25.66 25.60 33.96 18.58 25.36 29.15 22.21
+2.03 +0.41 +0.57 +5.92 +5.64 +0.51 +6.27 +0.60 +1.34
Alanine 1,053.28 1,066.89 866.99 1,082.47 1,141.84 731.74 884.07 1,373.14 832.73
+14.76 +3.08 +2.78 +82.28 +42.72 +20.55 +131.79 +10.59 +20.53
Citrulline 79.77 76.67 8.73 24.73 37.78 23.87 27.59 75.16 64.28
+55.10 +2.37 +8.73 +0.30 +5.28 +0.42 +4.14 +4.03 +19.01
Valine 21.76 28.27 15.26 31.28 34.66 36.94 34.65 39.71 28.65
+10.68 +8.95 +4.26 +1.56 +3.81 +2.69 +0.41 +4.77 +1.10
Isoleucine 2791 22.10 13.76 30.18 27.19 27.86 17.34 23.65 20.60
+9.20 +3.06 +1.57 +9.51 +1.20 +0.57 +3.03 +0.78 +2.01
Leucine 30.83 25.25 18.97 34.44 29.64 32.55 30.15 31.30 34.58
+9.41 +6.03 +2.53 +6.17 +3.46 +3.93 +7.65 +0.84 +10.94
Tyrosine 11.36 18.22 0 18.73 24.21 17.88 23.77 19.41 10.14
+10.34 +3.49 +0 +2.10 +2.23 +0.20 +8.65 +2.34 +8.79
Phenylalanine ~ 21.56 22.81 31.93 40.39 33.96 27.29 31.99 23.45 21.83
+0.85 +0.84 +12.29 +11.94 +7.84 +0.26 +3.55 +3.32 +2.51
B-Alanine 46.08 50.91 77.14 57.55 40.65 47.89 42.88 30.64 52.73
+3.69 +0.89 +21.05 +6.57 +6.52 +6.25 +0.93 +3.15 +2.29
y-Amino-n- 55.23 24.46 18.92 43.04 45.20 40.06 28.66 51.19 40.85
butyric acid +24.62 +1.69 +1.53 +5.44 +3.21 +2.84 +1.30 +0.63 +2.12
Histidine 4.64 4.66 0 6.90 5.98 7.29 7.12 9.93 7.50
+0.50 +0.57 +0 +0.92 +0.52 +0.61 +2.14 +5.02 +1.73
Ornitine 12.51 16.84 30.42 3.87 1.38 9.85 0.97 393 11.80
+17.15 +13.85 +3.76 +1.81 +0.34 +8.54 +0.10 +1.04 +7.44
Lysine 16.52 17.87 14.51 22.19 17.03 18.44 16.26 18.07 22.52
+4.44 +4.50 +6.38 +4.82 +2.77 +1.81 +0.20 +1.60 +8.35
Arginine 22.79 16.98 13.39 25.29 18.81 18.34 21.95 3441 44.68
+13.58 +1.89 +4.82 +3.58 +1.62 +1.48 +1.06 +12.87 +35.24
Total 4,337.38 4,013.15 3,914.89 4,237.90 4,920.77 4,461.98 4,456.36 4591.52 4,056.38
+54.67 +34.77 +14.14 +323.89 +220.74 +150.35 +132.66 +56.47 +180.86

DAIl value are mean+SD (n=3).
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