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Abstract This study compared the compositional characteristics of four types of Korean commercial
dried laver [Neoporphyra dentata (Gopchang-gim, GL), Neoporphyra seriata (Dol-gim, DL),
Neopyropia yezoensis (Gimbap-gim, KL), and Neopyropia yezoensis (Jaerae-gim, JL)] through
ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTOF-
MS)-based non-volatile metabolite analysis. Fifty-three compounds were tentatively characterized by
UPLC-QTOF-MS analysis, including amino acids and their derivatives, organic acids, mycosporine-like
amino acids (MAAs), nucleic acid-related compounds, phospholipids, betaine lipids, glycolipids, and
fatty acids. Principal component analysis (PCA) and hierarchical clustering analysis (HCA) showed
that GL exhibited a distinct metabolite profile compared to the other three groups. In contrast, KL
and JL shared similar characteristics, and DL showed partial overlap with the both groups. The
orthogonal partial least squares discriminant analysis (OPLS-DA) model demonstrated a clear
separation among the four laver types, indicating that each type has a distinct metabolite profile.
In addition, the contents of porphyra-334 and shinorine, known bioactive compounds in laver, were
higher in GL, with shinorine showing particularly notable differences. These findings contribute to
understanding the compositional characteristics of different species of dried laver. They are expected
to serve as fundamental data for the selection and quality evaluation of high-value-added dried laver.

Keywords dried lavers, UPLC-QTOF-MS, non-volatile metabolites, OPLS-DA, mycosporine-like
amino acids

1. ME

2 AF 9 & A0 At ditez i AeAtde] &8 7hsAdol FEEAL glen, 1
SAAE s2Fe W2 Al Ha uE A S8 v R 52 $EFE 71T 4 2t (Jeon
I Lee, 2023). 3257 4 A9 gl= W= S59 S718 7HASeH, olo w2t AlA ARl
A9 & B AdskE EE3] o]FoA|aL Ut T FFE TS 7154 SHAA el
2AR AAEIL lor, T SiRF A A7 oF 609 2 R =Yk, Ak okt
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oF 1,2009F E0 2 HUEY Qti(Garcia-Poza 5, 2022). 4
(Neoporphyra 2 Neopyropia spp.y2 7P g2 Aufel= sixH
5 oz, T2 AxH FE= AH|EA et 73S mycosporine-
like amino acids (MAAs)Q} Z+-2 tjofFst A 84} SIRMES g5
o} Qlo] HoFstA o g Q431 Al £ 07 HWrMHY QITH(Kim
S, 2021). ESF 2 2 AW 5 TR A3 YRR
Z&HH, A4 FH|E 7FE 0] oot A& of T} A<F
ANA = A =7} oA AL YTKKim 5, 2024). =2 AHO]
HITtE SRl AgA B0 s it {23t &4

< 2833 glow, SUjoA FAHT = Y 8 FoEE
WAL Y ZA(N. yezoensis)} QBRI EZ(N. dentata)©] TIEZ 0]
o, o] "oz REYEZ(N. seriata) 5°] B3 tHKang
5, 2018). N. yezoensis= 73 A9 Y52 o],
A e FAA =9 A9, oA =9 Qg es R
t}. N. dentata®} N. seriata= =719 Y452 &&=, o] &
N. dentata= U o|A FA02 &3 ItH(Cho 5, 2009;
KS, 2024).
71e gor, A A, GHAksh A=
B3, S, Y 5 oo 27 7]
o, o3t 7154 Aol e Tkt
= Aoz 4#A Jth(Cho?t Rhee, 2020). 719] &
8, 75 W 5 ke 0] ofs) A ek 2
oj2|gt HwsHd B Kot FEsHA 1_1‘“5 Sk7] 9fsf oA
A £A 71e0] AF =opll ZYA ZEEHI 31om, ultra
performance liquid chromatography-quadrupole time-of-flight
mass spectrometry (UPLC-QTOF-MS)= X% 7| T,
< A, 71 o] wE A el & ARAL sigkE 24
o 98] AR th(Xiao 5, 2025; Xue 5, 2022). =LA
TEAS HFoE G, oAl A4 5 4F SRMEI
st Ad7= E1H HF JohKim 5, 2014; Lee &5, 1987;
Park 5, 2001a; Park 5, 2001b). 2181} LC-MS 7|8t tjARA
& =4t nkE o] SR WE AR B4 v

o) oleol) Qe LOMS #4231 A
£ A4olT B0 W] AT AHES
B8 & Ut

A B Ao A= FUWOA N. dentata, N. seriata, N.
yezoensiss -E]_EE AAE D Q= eSS Al AR EE
A4, 4, A, d497) 71Fo2 E&sto] UPLC-QTOF-
Ms 713 o1271] SIS Bek, 1 AReE S42 o
sfstia sttt o2 B kYl b 7121428 75
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&, QAR 9 AFH Al7] FE7E HERt Al AlE
< AAsHGth AlEe 20209 12¢€5E 20219 3¥ /\}Ol %l
ST 9=, 1, ofd, A9k, Ak Ao AHHHE A
FA(N. dentata; Gopchang-gim, GL), =Z(N. seriata
Dol-gim, DL), AEZA(N. yezoensis; Jaerae-gim, JL) 2 79H7]
(N. yezoensis; Gimbap-gim, KL)9] 47 1502 E&E519t.
2t 18R o) ARH B 247 V27 A|2E BESE
A 22 Ao} AHGTHAH Table 1), BHEAS 244
71(SFM-M99JJAN, Shinil, Cheonan, Korea)Z Z2f3t &
MR BLC-MS Z]Rk AR 2] ARERtgITt. LC-MS
4L 95t BE o]BA} Lulj= Optima® LC/MS grade (Fisher
Chemical, Loughborough, UK)E AR5}

uh27]19] AWHAEL AOACH(AOAC, 1984)0] wht 24
o 2, 582 105°C 4RI AR NS, 23RS A4
2, AL Kjeldah'HS, 181 A4 Soxhletd
3 olgstel 7 v}EY Alzo] fh) 33 = Esheck

2.3 ﬂ/:E'E/ FEF 177_’«5

= e
Qo] A 24A]7F B9t &3t 5, 4°Co||A] 3,264 xg& 1087k
AEZ5FHt. o]F A5HE syringe filter (0.2 pm, PTFE
membrane, polypropylene housing, 25 mm, Whatman, Kent,
England)= o{¥sto] LC-MS 7[8F tiA] 2493 MAAs o3
Ao ARgsA

24, LC-MS /8t LiALR] 247

LC-MS £4-2 UPLC (ACQUITY UPLC™ system, Waters
Co., MA, USA)®?} Q-TOF-MS (Xevo G2-XS Q-TOE-MS,
Waters Co.)E 0]t} 31gHE9] Hal= ACQUITY UPLC
HSS T3 (1.8 pum, 2.1x50 mm, Waters Co.) column AME5
At o]5AF €= 0.1% formic acid”} A7} water (A)<}
0.1% formic acid”} 7}l acetonitrile (BYS AF-5F3T &

2L ol BE %ol Aol 287 SAT T, 5B
TR 30%, 7274 60%, 1187HA] 70%, 135714 100%2 &

7FA AT 8§42 035 mL/minC 2 %3} 2H, column &
L= 40°CE |A 5. MS A2 positive electrospray
ionization (ESI) HLE0]A 435} t}. Capillary voltage:= 2.5
kVE AAstglom, def A7 M= m/z 40-1,0000.2 51
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Table 1. Species, origin, and harvesting time of dried laver samples

Samples Species Origin Harvesting time
GL-1 Neoporphyra dentata (Gopchang-gim) Goheung 2020.12
GL-2 Goheung 2021.01
GL-3 Goheung 2021.02
GL-4 Haenam 2020.12
GL-5 Haenam 2021.01
GL-6 Haenam 2021.02
DL-1 Neoporphyra seriata (Dol-gim) Goheung 2020.12
DL-2 Goheung 2021.01
DL-3 Haenam 2021.02
DL-4 Shinan 2021.01
DL-5 Wando 2021.02
DL-6 Jindo 2021.03
KL-1 Neopyropia yezoensis (Gimbap-gim) Goheung 2020.12
KL-2 Goheung 2021.01
KL-3 Haenam 2021.02
KL-4 Shinan 2021.01
KL-5 Wando 2021.02
KL-6 Jindo 2021.03
JL-1 Neopyropia yezoensis (Jaerae-gim) Goheung 2020.12
JL-2 Goheung 2021.01
JL-3 Haenam 2021.02
JL-4 Shinan 2021.01
JL-5 ‘Wando 2021.02
JL-6 Jindo 2021.03

t}. Cone voltage:= 40V, cone gas & desolvation gas <2

Z¥ZF 50 L/hQ} 600 L/hE 47513} Desolvation temperature
2} ion source temperature= 22} 200°C2} 130°CE 34|01
4. 7 sheg) ARk 35wk Bajslsion) 77| ey
B4 NS BAAa| o) BE 0127 22ES FUFO
& &35} quality control (QC) Al2E &85} LC-MSO]|
A AEE A e EAF 9 94 242 MassLynx
4.2 software (Waters Co.)& A&olo] &1ttt thAA &
A2 Metabolomics Standards Initiative (MSI) 7}o]|E2}91-S
7I9to 2 efsiglon, B AoAs SHE tAS] Alg
FE= T AR FESt] B7]5IAT Level 12 REEEHY
9] HEE A|7F @ MS/MS spectrum H| 5 E5f 2915}t
Level 2= 21 dlojgHo]A 51 & Hote] MS/MS

https://www.ekosfop.or.kr

spectrum YRS LA=2 FHHC T S SHH A
A =9 peak intensity== Progenesis QI (Waters Co.)& 53
291519 31, MetaboAnalyst 6.0 (https://www.metaboanalyst.
caMetaboAnalyst/)& o] 83fo] Chie EARAS 2Wsisic
Hlo|E] A= square root transformation, AA L2 pareto
scaling A 02 FPstgiet. o[BS AlZSk= principal
component analysis (PCA)%2} orthogonal partial least squares-
discriminant analysis (OPLS-DAYS <=X}2 02 Zds}3tt.
OPLS-DAY] 249 84 #HZL permutation test (n=1,000)
£ AASIIT}. Hierarchical clustering analysis (HCA)=
Spearman’s distance measure?} Ward’s &118]52 ARESI3
ok mEA IF 2t AelE YEtlle F8 YAK = variable
importance in projection (VIP) score > 1.3, fold change (FC)
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> 1.5, Benjamini-Hochberg {02 R A3t p<0.001S 7|&
oz Adsiytt.

2.5. Mycosporine—like amino acids (MAAs) 2f&f 241

MAAs FF2 multiple reaction monitoring (MRM) B O
E BAsI3loH, LC-MS &4 21E ol &1 &5 &
23 MRM £4] 2745 Aokl 2.4800| 4 A5t thAA|
4 247 YA sk &5 21 ol BE
0%l 4 AlZrste] 287F [AIRE &, SEZHA] 5%, 10=7H4]
70%% 57Xt} ShinorineX} porphyra-334+&= & g 9]
AFPAH(Choi 5, 2022)5 &3l T HEELS AHESISL
o, 2+ m/z 333.10 — 186.10 & m/z 347.10 — 200.109]
precursor ion¥} product iong ©]-85}0] E451 tH(Geraldes
%, 2020). MAAsE= LC-MS MRM chromatogramo] A H&%
1] 3.9] retention time 2 MS/MS spectrumS FFEZ3} H| W
slo] =45ttt AL 0-12.5 ngmLe] 5L & ZAE BE
TAE 7|Hte g stgon, 39412 shinorine?] 7%
y=420.96x + 5.93 (R>=1.0000), porphyra-334= y=788.30x +
11.47 (R*=0.9999)%]t}.

2.6. 4 =4

EA A ]+ SPSS version 20 (IBM Co., Chicago, IL, USA)
Agoto], dY EAF B (one-way analysis of variance)<
NelsiTh BE Al 38 ol vk 24e Aals Has)
FHAZ YERch nhE OF 7 ANHIE, MAAs 9]
93t A}ol+= Tukey’s honestly significant difference (HSD)
test= ARY- 275 (p<0.05) AASIYHE AEE dAA ts4

A2 Benjamini-Hochberg B A-83}0] pgre 2As19Th

H o o

o -
3. Znt & n¥
3.1. OpEZl9 YEryE XY

vhEZS QR TS YA s B Bk

7] 93t 712 ARE E8d 4 glon, 5o Tl g2 7
o] F4S Wdohs 8 AHE A Yok uE19] guky
B 4% A3KFig. 1), & T2 A7(9.45%)0] &1

=

68%), BHAE34%), BAAGIT%e vle) fejHo=
okt R HS SUU0.4%T FEH@0.10%)]
AR A(G6.09%)T BHAG401%)° Hs) fIHOR e 5
22 Bt FTVYTFAKS, 2024004 vh2ge] E3 7]
F0z S8 Yol 12% ol3h, HA o] 35% oL 1
F 0lEg o oSt gtk G, 2% % 2 Fe
o} 25 710] 91891 ol Mol stk iEAe) &
SRS Q9] 5, WA, A AL, 71 W 5 TRt &

I

BGL

@
a

30

Proximate composition (%)
n
o

Crude ash Crude fat

Moisture

Crude protein

Fig. 1. Proximate compositions of dried lavers. All values are
mean+SD (n=6). Different superscript letters (a,b) on the bars
indicate significant differences by Tukey’s test (p<0.05). GL,
Neoporphyra dentata (Gopchang-gim); DL, Neoporphyra seriata
(Dol-gim); KL, Neopyropia yezoensis (Gimbap-gim); JL,
Neopyropia yezoensis (Jaerae-gim); ns, not significant.

Qlof wet getAl= ACE HIEI Qlow(Hwang, 2013;
Kim %, 2014; Park 5, 2001a; Park 5, 2001b), ¥HF& o2
42 FRES 12% ofdl, T FeRE 30% olos e
Stk 2ol v27le] dnbygRst Bl $1 B} AEo)
Al&3E 242 93] Fourier transform near-infrared (FT-NIR)
9l short-wave infrared (SWIR) 59] 23S &35t 7=
guts] 951 JohKim 5, 2024; Lee 5, 2022; Lee 5,
2025).

4

3.2. OfEZ9 At &5 & =&

UPLC-QTOF-MSE o|-&sto] 3344, &4, AW, A4
o] S B35t ATKFig 2), & 53%9] £ AT} 54
F9lon, Z+ 313HE9] retention time, precursor ion, fragment
ion, molecular formula 2] FE X Table 20] AASFHTE 4
o] 8 A= ohvieAt F T F&A, 7714 MAAs, S4F
T4 ks, ARE, wERl Ad, GAE, A4 718 Sk
&= 528 FAHUH. o5 =L 279 precursor ion}
MS/MS spectrum FJEE 7|90 7 HFEZ, MassBank 2
LipidMaps 5 2211 dlo]EH]o] A%}t Zi1#%(Cauchie 5,
2021; Geraldes2} Pinto, 2021; Kawauchi &, 1978; Parailloux
5, 2020; Simon-Colin &, 2002; Tamara 5, 2019), 12|11
B JFE9] MPAL(Song 5, 2025)°] E1E spectrum}o]
Y2 o RE FEsto] gRlskiint

uk27]9] LC-MS chromatogram= B|w3st A3}, 719 £&
of wE AR 249 F3g Aol FRIFHA EdTt. o]
LC-MS &42 &3 folZl HlolEE 7|ite =z slgtas 1+
Z/ AolE AAA R ®ASH| {5 thiT 54 249 2
845 AAFelSiH olof e, 4 E 5359 sRES tiie

rr
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Fig. 2. Representative LC-MS (positive) total ion chromatogram (TIC) of dried lavers. Fifty-three metabolites were detected in dried
lavers, including amino acids and their derivatives, mycosporine-like amino acids (MAASs), organic acids, nucleic acid-related
compounds, phospholipids, betaine lipids, glycolipids, and fatty acids. The MS results are presented in Table 2. GL, Neoporphyra
dentata (Gopchang-gim); DL, Neoporphyra seriata (Dol-gim); KL, Neopyropia yezoensis (Gimbap-gim); JL, Neopyropia yezoensis

(Jaerae-gim).

2 PCA I HCAES AAGHYtE. PCA ZikFig. 3A)9A
principal component (PC) 13} PC 2+ Z}Z AA| EA4H9] 36.0%
9 23.3%E A5I390H, QC AEL PCA score plot 4]0]
Sei2e Hlof 249 ATt ey ae ekl ik
02 QC MEL HTA A ZEnsold FEe] U
o 24| AEAL Bl ART FEUTkFan 5, 2020)
FAUL PC 18 71202 G2 359 2T P8 e
HoH, ANdn A R SHE FARE HAK
24 YEge S A 2 AR #RAeR F
Hee 42 HAth E3h HCAS 538 18 7 A4S
2QIet A3(Fig. 3B), & 3719 +8 F4o] U <4
12 A9y Adde Zdetglon, 4 2« S3do 2T
TS 4 3 A5 A Aol 15 Akeldl
A5 ARt, 2 F30] ZHE FHo = SRIFIH. AF Al
7] & iAo wE W 7RsAe ERIsh] ffel, a8 A|Fo
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A AQF A7) 2020.12-2021.019] HF5H= vlE7] A|E(GL-1,
GL-2, DL-1, DL-2, JL-1, JL-2, KL-1, KL-2)¥+& A#5}od
PCAE 35 ith(Fig. 3C). PC 13} PC 2= 22 A &4t
9] 47.4% 4 18.5%F Aottt &Y XY 2NN E 5%
A2 OE e EeEe AT B, A A
AT = FHE fARE gAA 2AS YEHSHE &
, =42 AN 9 A FelokA EEEo], dAAE
3 2AqA = Foll 2 E27) o geobA TR
AH219] FFE B7Ist7] s AF A7IE 2021.01=
gt 5 153} AQteA gEE AJZ(DL-2, DL-4, JL-2,
JL-4, KL-2, KL-4)9} gt 15oA SEE I3 A=
(GL-1, GL-2)Z Ao & PCAE 485}9t}(Fig. 3D). PC 1
3 PC 2= 247+ AA| E4F9] 51.7% E 20.4%E A5,
AREARl 3 2 Fig. 3A9} FARGHAH of2fet A=
YAERIQL A A1719F 22 T 9%lo] YR ¥EAd9] Yllo]
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Table 2. MS results of metabolites identified in dried lavers

Classes No. tr Fragment ions Molecular formula Metabolites” MSI
(min)”  (positive, m/z) (MW)? levels”
Amino acids 1 0.68 126.0230([M+H]"), 108.0121 CH7NO;S (125) Taurine 1
2 0.68 104.1080([M]"), 60.0812 CsHisNO (104) Choline 1
3 0.69 134.0458([M+H]"), 116.0351, 88.0401, 74.0241 C4H,NO; (133) Aspartic acid 1
4 0.70 90.0557([M+H]"), 44.0488 GC;H;NO; (89) Alanine 1
6 0.73 148.0614([M+H]"), 130.0508, 102.0557, CsHoNO; (147) Glutamic acid 1
84.0452
7 0.75 176.1039([M+H]"), 159.0772, 113.0713 CsHisN;05 (175) Citrulline 1
10 0.86 146.1185([M+H]"), 87.0448, 60.0808, 58.0656  C;HisNO, (145) Acetylcholine 1
21 246 182.0819([M+H]"), 165.0553, 136.0764 CoH;NO; (181) Tyrosine 1
14 1.17 174.0771(M+H]"), 128.0715, 82.0658, C7H1NO4 (173) 2,6-Piperidinedicarboxylic 2
55.0547 acid
30 4.56 205.0981([M+H]"), 188.0716, 146.0609, CiiHNO, (204) Tryptophan 1
118.0658
Mycosporine-like 11 0.86 245.1140([M+H]"), 230.0962, 227.1035, CioHi6N20Os (244) Palythine 2
amino acids 209.0927, 186.1012
12 0.86 333.1304([M+H]"), 318.1062, 303.1194, Ci3H20N,05 (332) Shinorine 1
274.1173, 230.1271, 212.1150, 186.1012
15 125 289.1400([M+H]"), 274.1161, 230.1272, Ci2H20N>06 (288) Asterina-330 2
212.1168, 186.1004
20 1.98 347.1457(IM+H]"), 332.1229, 303.1196, CisH2uN,O5 (346) Porphyra-334 1
288.1314, 244.1430, 200.1165, 186.1011
22 291 317.1351([M+H]"), 302.1118, 258.1197, Ci3H20N207 (316) Mycosporine-glycine-alanine 2
214.1325
24 320 273.1445([M+H]", 258.1216, 214.1308 C12Hz0N,0s (272) Aplysiapalythine B 2
28 410 285.1450([M+H]"), 270.1215, 241.0829, Ci3H20N205 (284) Usujirene 2
226.1317, 197.0930
Nucleic acid 13 1.06 324.0605([M+H]"), 112.0508 CoHisN;OsP (323) 5'-CMP 1
related
compounds 16 1.35 325.0435([M+H]"), 97.0293 CoH13N,O0P (324) 5'-UMP 1
18 1.79 349.0546([M+H]"), 137.0468 CioHi3N4sOsP (348) 5'-IMP 1
19 197 364.0655([M+H]"), 152.0581 C1oH14NsOsP (363) 5'-GMP 1
23 294 267.0594([M+Na]"), 113.0349 CoH2N,O6 (244) Uridine 1
25 386 268.1047([M+H]"), 136.0632 C1oHi3Ns04 (267) Adenosine 1
26 3.88 284.0985(IM+H]"), 152.0562 CioHi3NsOs (283) Guanosine 1
27 3.89 291.0709([M+Na]"), 137.0469 CioH12N4Os (268) Inosine 1
29 452 298.0977(IM+H]"), 136.0626 C11H;sNsOsS (297) 5'-Methylthioadenosine 2
Organic acids 17 1.76 215.0172([M+Na]") CeHsO7 (192) Citric acid 1
Phospholipids 32 954 516.3093([M+H]"), 184.0741, 104.1077 CasHagNO7P (515) LPC 18:4 2
33 9.80 468.3074([M+H]"), 450.2951, 184.0745, CoHisNO7P (467) LPC 14:0 2
104.1079
34 994 500.2775([M+H]"), 359.2579 CasH42NO7P (499) LPE 20:5 2
468 https://doi.org/10.11002/fsp.2026.33.3.463
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(continued)
Classes No. tr Fragment ions Molecular formula Metabolites” MSI
(min)”  (positive, m/z) (MW)? levels”
35 9.99 542.3242(IM+H]"), 524.3139, 258.1109, CasHygsNOsP (541) LPC 20:5 2
240.0999, 184.0746, 104.1081
36 10.05  518.3240(IM+H]"), 500.3124, 258.1104, CasHsoNO7P (517) LPC 18:3 2
240.1000, 184.0742, 104.1078
37 10.43  478.2934(IM+H]"), 337.2733 C23HuNOSP (477) LPE 18:2 2
38 1046  502.2930([M+H]"), 361.2742 CasHuNO7P (501) LPE 20:4 2
39 1049  520.3401([M+H]"), 502.3302, 258.1119, CyHsoNO7P (519) LPC 18:2 2
240.1003, 184.0746, 104.1081
40 1051  544.3406([M+H]"), 526.3295, 258.1118, CasHsoNO7P (543) LPC 20:4 2
240.1002, 184.0745, 104.1080
41 10.54  452.2770([]M+H]"), 311.2576 CoiHiNOsP (451) LPE 16:1 2
42 10.61  494.3245(M+H]"), 476.3133, 184.0743, C2HieNO7P (493) LPC 16:1 2
104.1078
44 1079 454.2924(IM+HTY, 313.2760 CHuNOsP (453) LPE 16:0 1
45 10.83  504.3085([M+H]"), 363.2905 CysHaNO7P (503) LPE 20:3 2
46 10.87  496.3395([M+H]"), 478.3294, 258.1115, C,4HsoNO7P (495) LPC 16:0 1
240.1004, 184.0745, 104.1080
47 10.90  546.3557[M+H]"), 528.3472, 184.0744, CaysHsoNO7P (545) LPC 20:3 2
104.1079
48 11.11  480.3084([M+H]"), 339.2912 Ca3HseNO7P (479) LPE 18:1 2
49 11.19  522.3559([M+H]"), 504.3427, 258.1104, CHs:NO7P (521) LPC 18:1 2
184.0741, 104.1077
51 1205  524.3704([M+H]"), 184.0742, 104.1079 Ca6HsNO-P (523) LPC 18:0 2
52 12.28  550.3872([M+H]"), 184.0748, 104.1078 CasHseNO7P (549) LPC 20:1 2
Glycolipids 43 10.72  677.3721([M+Na]"), 515.3207 Cs51Hs5014 (654) DGMG 16:0 2
Betaine lipids 50 11.34  474.3788(IM+H]"), 236.1500 CaHsiINOg (473) MGTS 16:0 2
Fatty acids 53 12.59  303.2331([M+H]"), 119.0861, 105.0709, CyH300, (302) Eicosapentaenoic acid 2
91.0555
Others 5 0.72 258.1110([M+H]"), 184.0741, 125.0007, CgH0NOgP (257) Glycerophosphocholine 2
104.1080, 86.0972, 60.0811
8 0.80 247.0587([M+H]"), 173.0219 CeH;505P (246) Glycerophosphoglycerol 2
9 0.84 277.0901([M+Na]"), 163.0612, 93.0554 CoH;305 (254) Galactosylglycerol 1
31 742 587.2862(IM+H]"), 464.2167, 450.2014 C33H3sN4O5 (586) Phycoerythrobilin 2

Dtr, retention time.

YMW, molecular weight.

95 .CMP, cytidine 5'-monophosphate; 5'-UMP, uridine 5'-monophosphate; 5'-IMP, inosine 5'-monophosphate; 5'-GMP, guanosine 5'-monophosphate; LPC,
lysophosphatidylcholine; LPE, lysophosphatidylethanolamine; DGMG, digalactosylmonoacylglycerol; MGTS, monoacylglycerol-trimethylhomoserine;
YLevel 1, identified compounds (confirmed with standards); Level 2, putatively annotated compounds (matched with spectral databases).
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Fig. 3. PCA score plot (A) and dendrogram (B) of dried laver samples (4 groups; n=6 per group), PCA score plot of samples from
the same origin (C), and PCA score plot of samples from the same harvesting period (D). PC, principal component; QC, quality control;
GL, Neoporphyra dentata (Gopchang-gim); DL, Neoporphyra seriata (Dol-gim); KL, Neopyropia yezoensis (Gimbap-gim); JL,

Neopyropia yezoensis (Jaerae-gim).
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Fig. 4. Heatmap based on forty-nine metabolites identified in dried lavers (p<0.05). 5'-CMP, cytidine 5'-monophosphate; 5'-UMP, uridine
5'-monophosphate; 5'-IMP, inosine 5'-monophosphate; 5'-GMP, guanosine 5'-monophosphate; LPC, lysophosphatidylcholine; LPE,
lysophosphatidylethanolamine; DGMG, digalactosylmonoacylglycerol; MGTS, monoacylglycerol-trimethylhomoserine. GL, Neoporphyra
dentata (Gopchang-gim); DL, Neoporphyra seriata (Dol-gim); KL, Neopyropia yezoensis (Gimbap-gim); JL, Neopyropia yezoensis

(Jaerae-gim).

£ Agalo] Azsiel] uheo] BN S7ol Hla) AR
QA 2L e F154o] ) BHUL 22 N dentata
B AREY, EHL N. seriata® AZE L Uk, o]gt F 7t
of Aol mhES] HAA 240 Fa7 FF2 A= &Y
o7 g & ok B, nEY Al IEAAAY dx
QA 5 7k AF 9A A W TRt dAAIEY] el o
5 3F2 € & Atk 2 d7olA A Ad 15
Aol Hel ZFHAH 20] &3t ofn|lnik(glutamic acid,
tryptophan, tyrosine)i} At T SFgHE{uridine, uridine 5'-
monophosphate (5'-UMP), guanosine 5'-monophosphate (5'-GMP),

=

inosine 5'-monophosphate (5'-IMP), 5'-Methylthioadenosine]

https://www.ekosfop.or.kr

< A4z 9 Ao w1 ghgo] gk 4= ol Bard
v} Qltk(Park &, 2001a; Park 5, 2001b). ofu| AR 714 3}
7oA Maillard §H-3- 9 Strecker ®3IE 2 4= lom, 4t
T SRS gAY 9 A% 5 7IESE S 2401 ¥
35t 4 Qlti(Yan &, 2025).

ol AL Fotd, AL e 3F vl 5%
TEEE A 24 7= v, A A2 A
g A S-S UEtdle Ao R EIESI o)+ HEH Y
AR 2/d0] A9 Foll wet Aolg B 4 qloH, Y ¥
25 AHgoke A AgiziolA dEE Aole 7 24
9] S 4F WU 7T AR

471



Compositional characteristics of four types Korean dried laver
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Fig. 5. OPLS-DA score plots of GL vs. DL (A), GL vs. KL (B), GL vs. JL (C), DL vs. KL (D), DL vs. JL (E), and GL vs. JL
(). GL, Neoporphyra dentata (Gopchang-gim); DL, Neoporphyra seriata (Dol-gim); KL, Neopyropia yezoensis (Gimbap-gim); JL,

Neopyropia yezoensis (Jaerae-gim).
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lysophosphatidylcholine (LPC 14:0, LPC 16:0, LPC 16:1, LPC 18:0, LPC 18:4, LPC 20:1, 18:4, LPC); lysophosphatidylethanolamine
(LPE 16:0, LPE 16:1, LPE 18:1, LPE 18:2, LPE 20:3, LPE 20:4, LPE 20:5); monoacylglycerol-trimethylhomoserine (MGTS 16:0);
nucleic acid (adenosine, guanosine, inosine, 5'-GMP, 5'-methylthioadenosine); mycosporine-like amino acids (aplysiapalythine B, asterina- 330,
mycosporine-glycine-alanine, shinorine); amino acids (aspartic acid, 2,6-piperidinedicarboxylic acid); others (phycoerythrobilin). GL,
Neoporphyra dentata (Gopchang-gim); DL, Neoporphyra seriata (Dol-gim); KL, Neopyropia yezoensis (Gimbap-gim); JL, Neopyropia

yezoensis (Jaerae-gim).
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Table 3. Differential metabolites from dried lavers identified through OPLS-DA

No. Compound name" GL? vs. DL GL vs. KL GL vs. JL DL vs. KL DL vs. JL KL vs. JL

p-value Log2 p-value Log2 p-value Log2 p-value Log2 p-value Log2 p-value Log2
(FC) (FC) (FO) (FC) (FO) (FC)

1 LPC 14:0 9.25E-06 -1.579 5.53E-05 -1.6557

2 LPC 16:0 7.45E-06 -2.134

3 LPC l16:1 2.08E-05 -3.3973

4 LPC 18:0 3.36E-07 -1.5271 4.61E-05 -1.0286

5 LPC 184 1.54E-06 -0.92342

6 LPC 20:1 1.95E-05 -0.60425  2.52E-06 -0.5922

7 LPE 16:0 1.30E-05 -2.3497

8 LPE 16:1 1.55E-04 -5.7163

9 LPE 18:1 3.06E-17 -1.2419 1.60E-12 -1.061

10 LPE 18:2 9.34E-09 -0.75012

11 LPE 20:3 3.79E-10 -1.1342

12 LPE 20:4 1.91E-13 -1.3686 2.38E-06 0.59962

13 LPE 20:5 9.35E-11 -1.3358 3.60E-08 -1.1219 2.77E-07 -1.3392

14 MGTS 16:0 3.21E-09 7.0477 4.50E-09 6.6799 7.12E-09 6.147

15 Adenosine 5.96E-07 -1.6328 2.07E-07 -1.2751

16 Guanosine 1.58E-10 0.72208

17 Inosine 2.28E-10 2.0145 2.43E-06 -1.1096 2.33E-06 -1.1412

18 5'-GMP 4.05E-13 -0.68927  5.75E-10 -0.63895

19  5'-Methylthioadenosine 1.55E-06 0.86504 2.28E-05 0.7447

20 Aplysiapalythine B 4.30E-08 -1.8737 1.75E-09 -2.0532 6.34E-08 -1.7458

21 Asterina-330 1.92E-08 -1.3514 4.50E-09 -1.2531 3.63E-09 -1.2764

22 Mycosporine-glycine-alanine 8.03E-10 3.0717 9.35E-11 3.4836

23 Shinorine 4.42E-08 1.5335 3.80E-09 1.7326 3.39E-11 1.985

24 Aspartic acid 1.40E-13  1.419 1.24E-14 1.5931 2.12E-10 1.4903

25 2,6-Piperidine 7.07E-09 -1.8994 2.29E-08 -1.9055

dicarboxylic acid

26 Phycoerythrobilin

6.17E-04 0.77825

YLPC, lysophosphatidylcholine; LPE, lysophosphatidylethanolamine; MGTS, monoacylglycerol-trimethylhomoserine; 5'-GMP, guanosine 5'-monophosphate.
JGL, Neoporphyra dentata (Gopchang-gim); DL, Neoporphyra seriata (Dol-gim); K, Neopyropia yezoensis (Gimbap-gim); J, Neopyropia yezoensis (Jaerae-gim).
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Fig. 7. Bar graphs of the relative peak intensity of significantly different metabolites belonging to cluster 1 (A), cluster 2 (B), cluster
3 (O), and cluster 4 (D) of Figure 4 in dried lavers. lysophosphatidylcholines (LPC 14:0, LPC 16:0, LPC 16:1, LPC 18:0, LPC 18:4,
LPC 20:1, 18:4, LPC); lysophosphatidylethanolamines (LPE 16:0, LPE 16:1, LPE 18:1, LPE 18:2, LPE 20:3, LPE 20:4, LPE 20:5);
monoacylglycerol-trimethylhomoserine (MGTS 16:0); nucleic acids (adenosine, guanosine, inosine, 5'-GMP, 5'-methylthioadenosine);
mycosporine-like amino acids (aplysiapalythine B, asterina-330, mycosporine-glycine-alanine, shinorine); amono acids (aspartic acid,
2,6-piperidinedicarboxylic acid); othes (phycoerythrobilin). All value are mean=SD (n=6). Different superscript letters (a-c) on the bars
indicate significant differences by Tukey’s test (p<0.05). GL, Neoporphyra dentata (Gopchang-gim); DL, Neoporphyra seriata
(Dol-gim); KL, Neopyropia yezoensis (Gimbap-gim); JL, Neopyropia yezoensis (Jaerae-gim).
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Lo} 22 A a9lof ofsf 11 ool FIFE e o AU
(Briani 5, 2018; Rosic, 2019). 72 z}Q] Ao vlw 2 4A =
S5 &2 AolA FAE, dutd o s JE T A 5
FLEAF F5o] 4 SN BEHT A 2 5

o nuko

£ %%, A% BE 5 O ol 97 R10) e
% 90t MAASS] 43} ¥ Aol Tkt jqolA B
= vk glom, Fof wet £ MAAs ZEFZ Hol= A
o7 A th(Briani 5, 2018; Orfanoudaki®} Hartmann,
2019).

1 9oz, ofu|iAt W T [T A|(aspartic acid, 2,6-
piperidinedicarboxylic acid), HAF #¥ 3}ghE(adenosine,
guanosine, inosine, 5'-GMP, 5'-methylthioadenosine)2 H}E
9] £20] wet AR o2 24 YJepfct ofueAke o
o] 4 A Bt ofy e, Thefet A HFA = &
&t Al 715 74, A% 2 dg 5 BEQ] A bt
24X P fA0 2Rl AT STt E3L HAE B
SRS oAby} §H 719 AT Pt WA &
o] glom, o]5& 79| uty} Avd B3 E4e 23l
FQ Qg Z-g3Itk(Brand®} Bryant, 1994). 71 tjAto.
SF TRt Ag) AFoM e o] & e FQ tAAIE B
= v} Qlthi(Aung 5, 2022; Yan 5, 2025).

UPLC-QTOF-MS 7[3he] habd] 243 chile 242 5
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o Al uf2 7oA tekst AAIE 7H9) Rolulst A

Rt B AT A= vt 9] JEsHE EAE ol
7] 93t 7|2 AR E8E 4 JS AR /|dgdnt. ghH,
B AdFe Al uEL S doR S8 o] AAER|eL AFH A
7] Qo= AEE 7 242 AAHCRE A oAt
ujebi] HEE A ZolE F B0l I 3 - 7 &
oloz &A3s] Helsle] &k o dHA 7t Qltt. FFofE o]
S 13 A A7 A&H02 ~oE "art glod, =
Ae vt27e £ E5 4 B4 grio] adHoE &

Qe Aoz moter)

A
T A

oo 4
e, i,
o

34. 0f22/9 MAA&(shinorine % porphyra-334) &3

nt2319] LC-MS 7|9t AR £4 A3, th4=9] MAAs7t
AZE oM, o] % shinorine> T EA4E &3 ufEy]

5 7t AolE YEhje F2 RMEE FU=HT I
porphyra-334:= UFEF 9] SHI FoT AHAAE A= A
o7 BiH v} Qltk(Ishihara, 2008). o]o] we, ZFUjAt ufE
24L& Ao E LC-MS 7|8 MRM £4& %E3) shinorineZ}
porphyra-3349] 3k HHF B0t £4 ZIKFig. 8),
porphyra-3349] B FHFe 23471(1,893.97 mg/100 g), 7
(1,760.81 mg/100 g), A¥7(1,505.76 mg/100 g), A
(1472.19 mg/100 ) 0%, AN 74 & T4 1t
Bt =4 mFEZ 9] porphyra-334 R 470-1,610

S
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Fig. 8. Shinorine and porphyra-334 contents (mg/100 g) of dried
lavers. All value are mean+SD (n=6). Different superscript
letters (a,b) on the bars indicate significant differences by Tukey’s
test (p<0.05). GL, Neoporphyra dentata (Gopchang-gim); DL,
Neoporphyra seriata (Dol-gim); KL, Neopyropia yezoensis
(Gimbap-gim); JL, Neopyropia yezoensis (Jaerae-gim).

mg/100 g W91 HIE vt glon], Funt ARge i
Wolok SR S0l 9la, FAT BHL Y welnet &
% 94 394

S slgFo 2 3Q1%|Qith. Shinorine?] B+ ¢+
(840.89 mg/100 g)ol|A 7FF =9teH, &71(244.91 mg/100
2), A 7(203.39 mg/100 g), 7571 (189.80 mg/100 g)ol H]
3 A & 2 YRS A ol ©HE MAAs o5
2 Hwet A8 ALME, N. dentata’t N. yezoensis®} N.
seriata®]] V]3] shinorine & porphyra-3349] §l&fFo] =2 70
2 ¥3E 9 Qlonm(Kim 5, 2021; Kim 5, 2025), 2 17
A= of2et F Aol7} Y= vXl Ao R wHHH o5
e AQA A avbEg ozt Ak}, FEF, w3t
A, e, AAE E3F A T oIt gl Hare
1 9Jo](Choi &, 2022; Peng &, 2023), T-& 7|54 A& &
A EAL] & 73S Ald AR wekdr): oRt £ AT
= Y5 MAAsQ| 3Fg Zpol& Aot H 24 7o,
o]t thARA Apol7t miEZ L] 7]5H EAHLE AZEH=A
of tigt AdA ASZ FSHA ERck= A Aok FF
Tt MAAs 589 SEE B ATE £40] 7Fesizl
O, MAAsE 79| 4 B71E 93t AREdE &8 &
A& Aog 7tHr}.

4. 29
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