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Extractive Nitrogenous Constituents of Dried Laver,
Porphyra dentata
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In order to investigate the composition of dried laver, Porphyra dentata cultured at the south coast of Korea, the dried laver was
analyzed for extractive nitrogen, free amino acids, combined amino acids, ATP and its related compounds and quaternary ammonium
basis. The extractive nitrogen contents of dried laver extracts were 670~1,304 mg/100 g (on dry basis). From twenty-eight to twenty-
nine kinds of free amino acids were found in the dried laver extracts and their total amounts were 2,796~6,277 mg/100 g (on dry
basis). The extracts were rich in free amino acids such as alanine, taurine, glutamic acid, glutamine and phosphoserine. From
eighteen to twenty-one kinds of combined amino acids were found in the extracts and their total amounts were 1,406~2,142 mg/100 g
(on dry basis). The amounts of ATP and its related compounds were 65.7~124.7 mg/100g (2.13~3.68 ymol/g on dry basis).
Homarine was detected in all samples but S-alaninebetaine, y-butyrobetaine and trigonelline disappeared during processing. TMAO
and TMA were detected in all samples. During processing of dried laver, free amino acids, TMAO and TMA were increased but
the other constituents such as combined amino acids, ATP and its related compounds and betaines were decreased in all specimens.
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AFAA FrEEI Ae A (FH)de dixez 43 549
Atk EAFAE AudE7 (n93, Porphyra dentata), 5%
3 (P. suborbiculata), U E3 (P. pseudolinearis), ZF- &7
(P. seriata) 5°) 1%+ (Kang and Ko, 1977). %2 vy 2
T F2 FITH A g FA=D glon, Ad
199038 1999744 10043 A 3E wid o 203 M/T #4438t
AL, vteHeze dd ¢ 7099E BAEAT (Ministry of
Agriculture, Forestry and Fisheries, 1992~1996; Ministry of Ma-
rine Affairs and Fisheries, 1997~2000). o] s} 2o} 71 & FAib4]
5 FAM F2¢ JAE AAFL g B ohy, $E] F
e F4% AFAdoln, gfHLEL nfEoZ JFTH AAF
ez AuEa glon, evd vlEY 12FHL AY 7A
Al o AMEI Y. ,

2o dAPEL AR P28 E) FAE 1FH (Ito,
1983), 9] st3 PG AA7 e FAx 248 23

© fraobri4t (Noda et al, 1975; Saitoh et al., 1975; Lee et
al,, 1987; Tamano et al, 1992; Yoshie et al, 1993a, 1993b, 1994;
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Araki et al, 1997; Hong et al, 1997; Ishihara et al., 1998; Jo et
al,, 1998; Sakai and Kasai, 2000), ATPZ@ 3}¥E (Fujita and
Hashimoto, 1960; Fujii, 1967; Ooyama et al., 1968; Nakamura et
al,, 1968; Noda et al., 1981; Tashiro et al, 1983, 1991; Araki et
al, 1996) §o] Ak 28y o]9} 22 ¥ & YRE YBS 7S
A7 § Ao, EAF dF a7 A FL (P e
nera) o)V WAMEE 3 (P, yezoensis)< alanine, glutamic acid,
taurine & o}P|:=AtEFo] FEF AR A Y2, ok
e 2 dxRE AR A AL AR 2 A F 9
Fol A% Aoz 4A U (Noda, 1993). 28y £ et
oA BAHL Qe dutdEie AAF #% FAL A24
P24 3 989 e FAHE d78 v g

gt & die #3 4F9 §AA: d2PEzyd B
dde A7F2A ANE $2 YA ¥4 F2E )21
e WAHFH 2 (Park et al, 2001a) R ¥ EZ (Park et al.,
2001b) 9] A %ol T AL A28z L EdF gt
B3k =8 AXANE BARHA AAFE (Park et al,
2001c) el g AL A28 249 tigte AT 3kgich ololA
£ BadAMe 7 v dedA FY FEE o2 U
bt £ 9 AAF U AR TS WY Y3 F8%
FAL AAHEQ FElotnd, AFotr il ATPHUSRE,
betaine®, 43U EFY7] §& YHZ FA3 vt ER 4%
(Park et al, 2001b) X 8] #4929} ¥ w3kt

o4
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Lo

AYo) ALg3 AudER (P dentata) & A A3 B
kel oA FAE Aoz A 1998 195H 49712 g2
4134 AR g e ©g A4Esx, 3 dAE HE
TR Ao FHUAHA shEEEel whel 40CAA 10082 I
F12 g dx2¢ o222 vinyl packe] TZEF g -20T
TAa] BEFUA YA SR AU

2. AAEEH

v27S olMEA A T Stein and Moore (1954) 9] ¥
of W&t 1% picric acid® F%3 28L& A UG & #37]
(Bio-mixer, Nessei, Model BM-2, Nihonseiki Co. Ltd., Japan)
nt 3 AlZel 1% picric acidE 713 $£3 UL A& RE
12,800X goll Al 10483+ Y4 ¥l (Hitachi 20PR type, Hitachi Koki
Co. Ltd,, Japan)3tx, A= 22 g 23 il 2o
A AL Dowex 2X8 (CI” form, 200~400 mesh) columng %3
A A picric acid& AAF Tt Columng thA] 0.02 N hydrochlo-
ric acid2 MA® ¥ & A% §Fitd 5 HL4F AL
A2EAL fFeEotn|idt, Aifoln il betaine, trimethyla-
mine oxide (TMAO), trimethylamine (TMA) 44 A|g22 A}
S5t ATPRHESSHE £44 d289 2 & Nakajima et

al. (1961)¢] Wiel we} AJgo] 5% perchloric acidg 7}3Fef -~

#4712 #3238 & F 9488 (12800Xg, 10 min) 31 AAE
A 22 272 23 WHEsto d2 4N 5N potassium hy-
droxideZ pH 72 X% ¥ BAAEE A3 on, o4y =
A des ice boxti e} A2 ge A A3t

& AL

. Ca e :
AuiME o AARZA: FES I7HEARE (AOAC, 1990),
9¥ AL semimicro-Kjeldahld AOAC, 1990), A& Soxhlet®
=4 (AOAC, 1990), 3] #& 7A43131¥ (AOAC, 1990)22 #4
gt A2BALE  micro-Kjeldahl®s (Japanese Society of
Food Science and Technology, 1984) .2 &3¢},

g2l & Zstolo|edt: ol MR FENIE ojLdle A

3. B
A

HTI 3=

WEF AT 4 Y

A% (Pharmacia LKB Biochrom Ltd., England, 1989) 9 wh&}
At 28 A28 Aie wEd we 48y 50l g

tom, HFEohuio 2 Pierce Chem. Co. (Illinois,
USA) ZA9 AL opn) =B F A type physiological A/N
% type physiological BE A3tk 183 oligopeptide ol A
FHdte APoprcite 229 2R A8 hydrochloric
acidg 743t F&7t 6 N2 HA § g ampouled] Wi U%
3t 10T A 16275 7HE8l3ta felobmaata) 2o
Woz BN on sieid AFy EAXZ AL

ATPRREISE: A dAAZaE2dH (HPLC)E 43
2439 d. & HPLCx ©% Waters model 510 HPLC pump,
Waters 484 tunable absorbance detector, Waters TCM column
oven ¥ Waters 745B data module® Al&3tg o, o]gHo2E
2% triethylamine-phosphoric acid buffer (pH 7.0)8 AMH&-39x
(Kitada et al, 1983), %S 08 mL/min, A& %% 254 nm, co-
lumn 2% 40C, 283 columne pBondapak Cis (3.9X300 mm,
USA) & AHE3telT

BetaineT: HPLCE A3t Park et al (1990)9] Wyoz
24394

TMAO2 TMA: TMAE Bullard and Collins (1980) ¥, 2
g1 TMAOE titanose chloride® 713 TMAZ #9 ¥ A
3 Bystedt et al. (1959) oz B4sgc)

Ar Mz Ho

=

Znl 9l 7

(=]

1, Uk

QU EF AAFY YA E AL Table 13 2o FE4FS
92~113% WYX HF 103% et S AFEL 190~394%
HezA #HE 323%0%ch AAH HEFFL 03~06% 9
80~118% WH2A HIAE 04% 9 99% 01U}, 2P g
e 370~634% HAZA HA 47.1%0A, AEIIEL
2 Uyehld edds Q383 209~444% % 03~07% 24
HAAE 361%9% 05% 1At 28 2T S EFFL 8.
5~133% S} 41.6~699% ZA Hi 11.0% 2 524% oAt}

At ez e AAFY WM ERAEL FES A3y, 294
& Adslne GFFEHF) Y 21, I L dude 3

AT

Table 1. Proximate composition of dried laver P, dentata (%)
. Moisture Protein Lipid Ash Carbohydrate”
Sampling date
a a? b¥ a b a b a b
Jan. 5, 98 113 38.1 43.0 0.3 04 93 10.5 410 46.1
Feb. 16, 98 112 394 4.4 0.6 0.7 11.8 133 370 416
Mar. 12, 98 94 328 36.2 0.3 03 104 11.5 471 520
Apr. 14, 98 92 19.0 209 04 04 8.0 8.8 634 69.9
Mean+S.D.? 103111 323293 3611108 04+01 -05£02 - 99%£16 110x19 471£11.6 524+124

Carbohydrate: 100— (Moisture + Protein+ Ash+ Fat).
Pon wet basis.

Yon dry basis

“Mean + standard deviation (n=4),
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29 wolgen, AA%Fo M wA vetgd, 28y 4 4
FEE AAA 7] met zpo)7h gtk ol 22 AFHe HH9
WARZE A (Park et al., 2001a, 2001c) 2 vl E 3 (Park et al,
200Ib)lAE 2 A5 doith AH (Park et al, 2001b) ol 4
vt &7 A% dutdEzAd vadid nEgez 7HEd
ozA uWd I§ 9 AT 22%, 392%, 37.8% TFAHS
o S5-I EHFE 182% FHHAG. TN AS G5 E T
Tele GAARAZA dBAGH] & Al7ld BFAERF
L we Aot olg e Ante AR LAY (Park
et al, 2001a, 2001c) 2 SulyEZ (Park et al, 200ip)AM =
722 ARE I

Autt &2 AAEFY SR ASFL 19 UE 10027 43.0%
oo, 2¥8ele 44% 2 Ftstd HRXE Yeplen o
o] ¥ 397 490= F33 #aH] 362% 9 209% 0|tk o)
o] gl Ao vt €8 HMFIAL F4 Lrldl 7R
uet Fdo] dojA 7] o2 AZEh Noda (197D€ dEA
RS AAEY guidE 24S 9z 2AS A M
2719 128 40 b FRho I o] F 193 29l & A
A3E At Bt

ol

2, AR HA
bt} E4 AAMEFY J2FHAYFS YU E Table 20 e
Wtk A28 AAEFES vt 10087 608~1,181 mg (BT

23mg) HHEYY. AEVIFog YeEE dE 100gT 670~
1,304 mg (BT 1029 mg)ol At (Table 3). A2¥dAi9f U
HEHAS AHEY 199 P8 100g% 1,103 mgol o} 249
T 1039mge 2 AY ZL FEoIUh 2ot 38l 1,304 mg
S 2M thd F7IEH AT 482 670 mgo 2 A THF @A g
) olsh o] 49A RN JaF AT ] F43] HolA R
e A& Park et al. (2001a, 2001b, 200ic)® Noda (1971) 5ol
AHE AXND FAR7 o] 77t Aol whe} o FHo] Hoix 7]
gFog A44dd,

3. felofoj it

Autd &R ZAFY folueit FEHE AHz A
Table 2 YEpHAch rtE el M 28~29F 9 h¥E f2lo}n|
4t HEHAeHW, 2 FFL vEH 100gF 2,540~5,687 mg
(B 4517 mpolAtt. &R AAFY Fejopmedstag
AE7IFEC 2 YERRE Table 3% 2tk 2% 1009 frelotvlx
AREZL 2796~627Tmg (B 5041 mg)olich. AviiE4 4
AFAN frejorlcitFae] 9T ENS ALY, 194
M 5757 mgeld oy 2¥8dE 5333 mgeE ST AAHUZL,
39E 6277 mgl2A HuX o} "doH, 1 olF 4¥de
2796 mge 24 FA #AE Jelidd. a1 FFol gL
alanine, taurine, glutamic acid, glutamine, phosphoserine & o
BE9 FEoirleddx F3g €4 WS dehgof 44
27)9 499 HAAXNE 2B} Sakai and Kasai (2000)= &
et BAEH Y felotnxAt 24E €HE 4 29

A AAEY G Q2R 24 405

P

AHAA 7} R @e} taurine FHFO) FAHAT
Aot

At &3 AAFAA Tkl /M B frotr =i ala-
nine® 2M ZE 100g% 637~1,805mg (Hd 1,53 mg)elAth.
2 %2 taurine 1,101~1,565 mg (HT 1413 mg), glutamic acid
358~1,114mg (¥ 698mg), glutamine 108~415mg (HT
246 mg), phosphoserine 121~225 mg (33 185 mg), proline 66~
254 mg (3T 162 mg), aspartic acid 46~163 mg (T 131 my),
arginine 89~98 mg (BT 95 mg), asparagine 18~114mg (JT
65 mg), threonine 35~82mg (FT 61 mg) 9 &olAom, olE 10
Fol 98 fopu|=AF o) 893%~93.5% (HF 912%)E
A8 G

A7 fraoprxirF e g A7 & EY Lee et al
(1987)& &=4t v oA 2E 100gF 925mg (h=1Do2 1
2l Yoshie et al. (1993a)& BAHFH A 6,886~9,262 mg
(BF 8214mg, n=5)22 B £ AF9 swpdeq 2
HEANME 2,796~627T mg (BT 5041 mg) 224 AFAo e}
$Hakol zlol7h wotch & YR vfEPAA Folr i F
& Noda et al. (1975)°] 3934~5331 mg (BT 4492 mg, n=7),
Yoshie et al. (1993b)e] AHFH A 1,153~5614mg (BT
3,125 mg, n=48), Araki et al. (1997)°] MAMEH A 3423~
3459 mg (BT 3446 mg, n=3), Sakai and Kasai (2000)7} *§A
Bl 4,620~5830mg (HT 5342 mg, n=6) 22 HI3H
oo ageg  a3oa suld g AAFY fEovitE
2 oA EAY B F & $F &3 ALE g
st

olmlti &7 A% (Park et al, 2001b) & AAFLE 71FE
o2} feolr|eitE e Ankdoz Fpste 12~174 (BT
1L5uD)el 23t ol 2& Ao AR WAFHZ (Park et
al, 2001c)9lM ZAAE 7HE F 13~284 (BT 189) F71%
R AL Aol AduttEZl Y £ES AAFLE 718
02X A fElotrxdt ¥ FrtHAo, Frtge] ¥
RO 2+ proline 529, glutamic acid 2.1¥], phosphoserine 2.0

B u

fd

W, arginine 199}, taurine 1.8%H, serine 1.8%, alanine 1.5%}, aspa-
rtic acid 144, valine 149, asparagine 124} 59 <ot ¢
H5AZA A W} ele RO ZE isoleucine, leucine, phen-
ylalanine, threonine, lysine S0 L, 7+F § #FiHT Fe v
42 throsine 50.0%, cysthathicine 40.3%, histidine 36.7%, or-
nithine 35.7%, cystine 34.6%, methionine 333%, glycine 33.3%,
glutamine 26.3%, B-alanine 21.9% %°]At}. Yoshie et al. (1994)
< A& AR YR AAF AT fPoiret FEE
24% 23 A8 100g% AFEANA 3,080 mgol Aot AAFAA
E 3,130 mge2A & Aolrt YAty Budch

Avit &7 AAFY frEolriitzAol o] vAe FFE
AE# 7] 9Jste] 7+AMA (aspartic acid, glutamic acid) b &5t
A (threonine, serine, glutamine, proline, glycine, alanine, lysine),
282 &9%A (valine, methionine, isoleucine, leucine, phenyla-
lanine, histidine, arginine) ©o}¥lx=Ato2 Uy3ldh (Table 4,
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Table 2. Nitrogenous constituents in the dried laver (P. dentata) extracts on wet basis (mg/100 g)
. . Jan, Feb. Mar. Apr.
Extractive nitrogen
978 923 1,181 608
Free and combined amino acids
Phosphoserine 175 173 204 110
Taurine 1,388 1,369 1,388 918
Hypotaurine - 23 7 g0
Phosphoethanolamine - (53)0 3 -2 -
Aspartic acid 140 139 148 (49) 42 (46)
Threonine 67 (290) 45 (261) 74 (272) 32 (210)
Serine 32(85) 40 (73) 52(85) 12 (94)
Asparagine 101 78 37 16
Glutamic acid 505 (182) 668 (127) 1,009 (436) 325 (124)
Glutamine 274 133 376 98
a-Aminoadipic acid 13 (15) 6 (18) 54 7(1D)
Proline 161 (94) 130 (101) 230 (115) 60 (230)
Glycine 13 (296) 17 (268) 30 (342) 10(253)
Alanine 1,796 1,603 1,579 (249) 578
Citrulline - - 16 2
a-Amino-n-butyric acid 2(2) 2(1) -3 -
Valine 38 (52) 28 (38) 62 (7 14 (28)
Cystine 29 (34) 11 (49) 54 (53) 29 (25)
Methionine 6(8) 2(D 24 3(4)
Cystathionine 41 26 63 13
Isoleucine 17 (21) 11 (16) 10 (15) 7(23)
Leucine 25 (41) 16 (33) 12(32) 10 (32)
Tyrosine 14 (50) 19 (26) 13 (29) 8 (34)
B-Alanine 26 (1) 31 20(3) 12
Phenylalanine 19 (63) 15 (46) 15 (44) 11 (63)
B-Aminoisobutyric acid - - - -
y-Amino-n-butyric acid 25 (1) 18 (1) 17(D) 13
Ethanolamine 12 113 12(2) 14
Hydroxylysine - - - (6 -
Ornithine 6 (15) 10 (8) 8 (25) 6 (38)
Lysine 30 (39) 23 (34) 23 (48) 21(32)
n-Methylhistidine - - - -
Histidine 66 (22) - (79) 69 - (90)
Methylhistidine - - - -
Arginine 84 (80) 87 (60) 81 (125) 89 (56)
Subtotal 5,105 (1,450) 4,737 (1,249) 5,687 (1,941) 2,540 (1,393)
ATP and related compounds
Adenosine 5'-triphosphate - - - -
Adenosine 5'-diphosphate 137 56 214 6.0
Adenosine 5'-monophosphate 434 288 34.7 19.8
Inosine 5'-monophosphate 42.1 237 292 265
Inosine 99 6.2 7.2 24
Hypoxanthine 1.5 16.5 29 50
Subtotal 110.6 80.8 954 597
Betaines
Glycinebetaine - - - -
B-Alaninebetaine - - - -
y-Butyrobetaine - - - -
Homarine 34 47 36 96
Trigonelline - - - -
Subtotal 34 47 3.6 9.6
Others _
Trimethylamine oxide 231 174 160 18.0
Trimethylamine 13 1.1 0.5 0.1
Ammonia 183 18.5 17.5 173

DThe amounts of combined amino acids are given in parenthesis.
?Not detected.
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Table 3. Nitrogenous constituents in the dried laver (P. dentata) extracts on dry basis (mg/100 g)
. . Jan. Feb. Mar. Apr.
Extractive mtrogen
1,103 1,039 1,304 670
Free and combined amino acids
Phosphoserine 197 195 225 121
Taurine 1,565 1,542 1,532 1,011
Hypotaurine - 26 8 88
Phosphoethanolamine - (600" 3 -2 -
Aspartic acid 158 157 163 (54) 46 (51)
Threonine 76 (327) 51 (294) 82 (300) 35 (231)
Serine 36 (96) 45 (82) 57 (94) 13 (104)
Asparagine 114 88 41 18
Glutamic acid 569 (205) 752 (143) 1,114 (481) 358 (137)
Glutamine 309 150 415 108
a-Aminoadipic acid 1517 7(20) 60 8 (12)
Proline 182 (106) 146 (114) 254 (127) 66 (253)
Glycine 15 (334) 19 (302) 33(377) 11 (279)
Alanine 2,205 1,805 1,743 (275) 637
Citrulline - - 18 2
a-Amino-n-butyric acid 2(2) 2(D -(3) -
Valine 43 (59) 32 (43) 68 (8) 15 (53)
Cystine 33(38) 12 (55) 60 (58) 32(28)
Methionine 7(9) 2(8) 26 3(4)
Cystathionine 46 29 70 14
Isoleucine 19 (24) 12(18) 117 8 (25)
Leucine 28 (46) 18 (37) 13 (35) 11(33)
Tyrosine 16 (56) 21 (29) 14 (32) 9(37)
B-Alanine 29(8) 35 22(3) 13
Phenylalanine 21 (7D 17 (52) 17{49) 12 (69)
p-Aminoisobutyric acid - - - -
y-Amino-n-butyric acid 28 (1) 20 (1) 19 (1) 14
Ethanolamine 14 12(3) 13(2) 15
Hydroxylysine - - -(M -
Ornithine 7(17) 11(9) 9(28) 7(42)
Lysine 34 (44) 26 (38) 25(53) 23 (35)
n-Methylhistidine - - - -
Histidine 74 (25) : - (89) 76 - (99)
-Methylhistidine - - - -
Arginine 95 (90) 98 (68) 89 (138) 98 (62)
Subtotal 5,757 (1,635) 5,333 (1,406) 6,277 (2,142) 2,796 (1,556)
ATP and related compounds
Adenosine §'-triphosphate - - - -
Adenosine 5'-diphosphate 154 6.3 23.6 6.6
Adenosine §'-monophosphate 489 324 383 218
Inosine 5'-monophosphate 475 267 322 29.2
Inosine 112 70 79 2.6
Hypoxanthine 1.7 18.6 32 5.5
Subtotal 1247 91.0 1052 65.7
Betaines
Glycinebetaine - - - -
B-Alaninebetaine - - - -
y-Butyrobetaine - - - -
Homarine 38 53 40 10.6
Trigonelline - - - -
Subtotal 3.8 53 40 106
Others
Trimethylamine oxide 26.0 196 17.7 198
Trimethylamine 1.5 12 0.6 0.1
Ammonia 206 208 19.3 19.1

"The amounts of combined amino acids are given in parenthesis.
?Not detected.
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Table 4. The amounts of total umami, sweet, and bitter free amino acids in the dried laver (P. denfata) extracts

(mg/100 g on dry basis)

Jan.
Total free amino acids” 5,757 (100.0% )
Umami? 727 (12.6)
Sweet” 2,677 (46.5)
Bitter” 287 (5.0)
Others 2,066 (35.9)

Feb. Mar. Apr.
5,333 (100.0%) 6,277 (100.0%) 2,796 (100.0% )
909 (17.0) 1,277 (20.3) 404 (14.4)
2,242 (42.0) 2,609 (41.6) 893 (31.9)
179 (3.4) 300 (4.8) 147 (5.3)
2,003 (37.6) 2,091 (33.3) 1352 (48.4)

"Refer to Table 3.
YUmami: aspartic acid+ glutamic acid.

Y Sweet: threonine ¥ serine + glutamine + proline + glycine + alanine + lysine.
“Bitter: valine+ methionine + isoleucine+ leucine + phenylalanine + histidine + arginine.
Amino acids were classified according to Fuke (1994) with slight modification.

Fuke, 1994). frejotu] it 2o tlgh gk ojnjxxit §A 9
B &2 fouldF o] 7 FU49D 38 AE9 FPoive
AE o} 7 Bole 49 AlgolA ¥ Z3HA 203% 9 144% 2 A
Fopn =g o] e 390 &4 YeEth £ 99t o}
o x=Abol Yol M 41.6% 9 319% 2 A 3ol EA e v
2o o} Ate 48% 9 53% A frajotu)mibg o] Yot
49l #A vegd g ubed dAFdMe felot
wAbEEe] 2 A7 v A7l uisA ZaAgAY aotA
obul i Abgha v] go) ¥ WHH 25HA ojukeit &L WA U
Elytont olgh e dA4L ntE7le T4 2 %e] e AVSE
23 BA} e Aoz A4 Ed,

4. Zdgolojxdt

AuttEZ AAE 28 Fo Agolri x4 & £ 2
FE Table 2 2 Table 39 &3 &6 XA3G ) Table 2014 &
$5% 100g] 3 mgFE, 2L Table 3M e AEFF 7]
Fo2 FANFA AudE BAE d2BgNE 7R ¥
18~21%9 ofrj=ito] F7HHAY olu e AbE e HE 100gF
1,406~2,142 mg (BF 1,685 mg)oj et WretA Zopm = ibghat
& fotnl A EFe) 264~557% (BT 362%) FFEL2M ¥
gy ggt SAREE BAEFNMY Fitoln) kgt
(Park et al, 200lc)& fajoln)=At %39 196~229% (HZ
214%) FEolA=H, ofdf vlEtH dutdE AN Ht 148%
7t &2 HolHth

AuptiE Aol AAFLZ 7HF Fo AfolritdzAe B
W geo] b B2 oM :ie glycineZ2M AE 100g%
279~37Tmg (BT 323mgelden, I 4FOSZE threonine
231~327mg (¥ 288 mg), glutamic acid 137~481 mg (B¢
242 mg), proline 106~253 mg (BT 150 mg), serine 82~104 mg
(B 94mg), arginine 62~138 mg (HF 90 mg), phenylalanine
49~71 mg (BT 60 mg), cystine 28~58 mg (FT 45 mg), lysine
35~53mg (T 43 mg), valine 8~59mg (BT 41 mgY £
A} o] 10%2) ojnjiite] Y¥E AFojr|cAtE el 787~847 mg
(BF 819mpE AAFA. ol Zo] AduyENE A4FE
(Park et al, 2001b)S AAFoZ J1Fo 2N AFoln itz

Aol & JFE A Aoz vgpd

Nt EPAXE 43 (Park et al, 2001b) & AAFLR 7+
e A4 F Afolvxity BT 144%7F ZAEUG HF &
7t %ol ZadHe Aol =ibe valine (598%)0191em, o
5 tyrosine (55.7%), leucine (44.9%), proline (434%), isoleu-
cine (43.2%), lysine (41.9%), methionine (37.5%), aspartic acid
(36.6%), phenylalanine (25.9%), serine (19.0%), glutamic acid
(62%) 59 ot 218y 71F F 71 Bol 718 Aot
o] Abe threonine (55.7%) 12, I &2 ornithine (50%),
histidine (359%), arginine (343%), glycine (324%), cystine
(125%), alanine (62%) 59 €Atk e AAF 2
ol =it 240 o HlAE FFE AET] Y3 fE 2
Aol ibg fEjobuat o 2 Wyjez 7aAgA,
gutA g 25tA ofv|:ato 2 v dth (Table 5, Fuke, 1994).
w2 2 Aol ake] MY v AW 399 ZFARA opn|x
AR Bl &2 215% 24 499 136% R0 YA EA dEg
a3 389 ©5tA ofriite] AAEtE HIE R 456% 24 4¥
o 412% B0k ESch I AT &%A ojr]iite] AA e H|
£2 394 65% 1A 48T 114% 24 R B4 Yeiud
ol¢t & AFAA B o fE] L FAYoprxeiFEFo] L Al
7l R Al7ld) v ZAgtA g ©@utA oluleite] A s e
Hlgo] £& W &uhA opnliite] AAFE v o] @on,
ojg} & AL qultE7e gtat WP FAV A& Ao
RAzrdd,

5. ATP

A S AAFA ATPHASFESFE dH2 E4§
A3 Table 29) Uehhgith BE AgoA ADP, AMP, IMP,
inosine ¥ hypoxanthine®] A& HUch ATPHASFE Y FF2
ZAF 100gF 59.7~110.6 mg (1.93~3.26 umol/g) FHAoH, H
FAE 866mg (277 ymol/g)olAth. & St ez AAF
ATPRASFE %L dE871F22 Vel Table 3% 2ot
ATPHE S E] F34e A 100gD 65.7~1247 mg (2.13~3.68

re
avd
toi
g_l«
MHo

© umol/g) HMHEZA HF 967 mg (3.10 umol/g) oI}, ols} #L

Ade AR H Y AAE (Park et al, 2001c) A1 2] ATPHH 3}
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Table 5. The amounts of total umami, sweet, and bitter free and combined amino acids in the dried laver (P. denfata) extracts

(mg/100 g on dry basis)

Jan. Feb. Mar. Apr.
Total free and combined amino acids” 7,392 (100.0%) 6,739 (100.0% ) 8419 (100.0%) 4,352 (100.0%)
Umami? 932 (12.6) 1,052 (15.6) 1,812 (21.5) 592 (13.6)
Sweet”) 3,584 (48.5) 3,072 (45.6) 3,835 (45.6) 1,795 (41.2)
Bitter” 611 (8.3) 494 (13) 547 (6.5) 494 (114)
Others 2,265 (30.6) 2,121 (31.5) 2,225 (264) 1471 (33.8)

URefer to Table 3.
DUmami: aspartic acid+glutamic acid.

¥Sweet: threonine + serine + glutamine + proline + glycine + alanine +lysine.
“Bitter: valine+ methionine +isoleucine +leucine + phenylalanine + histidine + arginine.
Amino acids were classified according to Fuke (1994) with slight modification.

FEEFo] 2AE 100g%F 111.6~195.5 mg (3.30~6.00 umol/g) &2
A i 1582 mg (481 ymol/g) 8l HI3HHE Autt)ERGA i
gl ekt

ATPHUSISEZ e 4SS HY 19 1247 mg (3.68
pmol/g)el Aot 299E 91.0 mg (347 umol/g) & T EolA T
7}, 389E 1052 mg (312 umol/g) B F7HEIA L, $aE)el
499 657 mg (3.12 ymol/g) 2.2 F43) EolXe A4S Y
alch ojgt e U EAL L oA A 2R F
gotnAbE e 2 el Y faolunite] AEMEEN
o A AnE 2y

QLB AL AANFLR MTFo2M ATPHEGETE
9 2% Aoz ZrtEH HEIE my/100ge AN Ha
168%, 12|13 ymol/gTHolA BEF 13.8% oAt RAHE02ZA F
23 AL 3= Ao A IMP FFe AE 10029 267~
475 mg (0.77~1.36 ymol/g) 2 2M BIF A& 339 mg (0.98 mg) ol
Aok ATPEHESTE %o AT IMP7} A ¥ &L my/
100g AENA 293~444% (BT 356%)°1A28, ymol/get$l el
ME 222~394% (BT 32.1%)2A 9P T 2olE Y
o autdE709] 4% (Park et al, 2001b) & AAELE 7} £
IMP %2 34 11.7% F7HE e

AFY ATPRUSSE 3o 8t Fujita and Hashimoto
(19600 ¥&AF #3 (P. tenera) A 5mg/100g (0.14 ymol/g,
71E)-%, 28X Nakamura et al. (1968)2 YE4F I3 A g
A 0.0160~0.1428 umol (BT 0.0882 pmol/g, n=3) 2.2 1 g v}
itk 22y Tashiro et al. (1991)2 &4 ZZ A 2' (3")-mo-
nonucleotide v t# HAEH9A 2, S-mononucleotideF = A%
° 24 5-IMP% ATPE A&HA ¥%dha Eisgch

6. Betaine®

At &7 AAEANM betaineFE £ I Table 2914
9} Zo] &4 betaine? homarine®] BE AEo}A AEHAL
A&7 4% (Park et al, 200Ib)o A BEE AR 84
betaine$] homarine® trigonelline®] A& € vl glou AAMFL
2 71F % trigonelline® & AlgoA 245G, 12l oiv
UEg £FEM e dFA B p-alaninebetaine y-buthylobe-

taine®) AE&H Yot (Park et al, 2001b) AAELEZ 71T F
249 Aoz veyt dudEZ AAFA homarined F&
AE 100g% 38~106mg (BHF 59mg) o224 A 7o upe}
aol7} ggron, AAEOR /¥ F & 1/20] ZAHA Park et
al. (2001¢) & WANES 7 AAE M homarined FE 2E 10027
15~94mg (YT 52mg)o Busta §lo] B dFdgAY 9
ut &3 AAFY FA 50190 Abe and Kaneda (1973)&
YEA AL H ] AAFAA y-buthylobetained AE 100g% 3.
6mg FAF v A,

7. TMAOS TMA

AuttiE] AAEFAAM TMAOS TMA $3¢ 248 dd<
Table 29} #o] RE A5A HEHAG. &4 suisd A
FdM TMAOS TMAT#E HE71%22 YehlH Table 3%
2. AE 100g2 TMAOTZFE 17.7~260 mg (H¥ 20.8 mg) ol
AL, TMAZZEL 0.1~1.5mg (BT 09mg) 2 2A vl B3
. TMAOE 1€ 26 mg olA2v, 283 39T 196 mgH
177 mgl 2 ZAHAO, I o]F 4¥os 198 mgl 2 t& F
7hee €TSS e o9 2 9 FEN e &
A Age d2Eda, FEotr=AtEF ATPHAIRE, be-
taineHF &= M2 G2 AFE Btk

A E L 4 E A TMAOZL 38 AsdAw IE 100g%F
47mg AEHUYAL, TMAE 79~240mg (BT 133mg 224
BE ARAAN AEEHAT (Park et al, 2001b). WekA SiHE
AE BAFoR 7hEse B F TMAOTE EE ARAA 2E
HAL, 39N RAME & a7t FrlEHA oY, TMAE & 1/152
ZA= 90 Fujiwara et al. (1971} 424 &34 g TMAO
g TMAZZE EX3lo] A8 100g% 249~358 mg? 187~253
mgl2 Bag v gloy B dAfelMe Agse el U
Aol7t @A s

i~

8. AR Fof HaFgz:
Table 62 °o’3dlX £X¢ ZAE 89F317] Y3t $4€
Age] qxagEel g Ao Ast 4 JETER 9
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w
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Table 6. Nitrogen distribution in the dried laver (P. dentata)

extracts (%)

Jan. Feb. Mar. Apr
Free amino acids 7220 6828 6407 5530
Combined amino acids 2061 2039 2389 3445
ATP and its related compounds 210 202 152 1%
Betaines 004 005 0.03 0.16
TMAO and TMA 047 038 026 055
Unknown 458 888 1023 7.60

Recovery of extractive nitrogen 9542 9112 8977 9240

¥ 24e ANEHAA 7 BAR A FAGE oAU

Autti g AAFANA 718 2L ¥ FE A e LI
BogE fejolu AL 6496+725% 5 (A gon I
goRE @‘{MUI AAXT} 2484+661%2A o] F HEP

AA ALEXY 8980+214% S AAF glo] M3
3 Ax *é Tog w3 1 Loz e ATPHEIHE
190+ 026%, TMAOS} TMA™ 4 042+0.12%), betaineH
007 £006% ) Fo)ch nptiE AAFY J28 F A
¥o 548 AY (Park et al, 2001b) 9] alwitlEz Aol s
3t R, AAF 7R F HEoheitAirl 886% 57t
b Agoln e bdi s 4% Zadgd 2gx o ¥ A
T o Aoy FAFAN A 2L FEIAG I
AAE /M 3 Zade A28 ATPREITE (040%)
2 betaine® (0.13%) olen, Frlste AAAELS TMAOS%
TMA (0.02%)°l0e}. Qg EZ AAFY 28
5 e 02.18+241%2A UREEo AAHRo
AzE
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$2 v gaigtel A ¥4 AAHT de AR AL
ez 9 9 A5EAE TE87] ke 1988d 1€5H 4
4747 gg A FEL AN %49 AutE Porph-
yra dentata® 19 134 AF o AAFoZ 71FF & %H
YHE BA7 T FHEAANE, § J2AL fEobre
A ATPHASE, 4T3 UE 597 5& 43l ARdA B4
g Autt e A¥EY vudgh d2FdAFL 670~1,304 mg/
100g (AZ)o|Uch, Frelopr it 28~29% 0] HAEHNOH, 1
3L 2796~627Tmg/100g (AF)e)Ath, FFe) T F8%
Feobr et 2% alanine, taurine, glutamic acid, glutamine,
phosphoserine eIt Zfolm) At 7hp83] I 18~2150A
Z7rgglen, 1 3L 1406~2,142 mg/100g (AE)oem, &
Yor e atEF 264~557% FELRA F2F FAa 24
2oz uEH. ATPHUSIFEEFHFS 657~1247mg/100g
(2.13~3.68 umol/g, DE) FFIU}. BetaineFZA= homarine
o] g AlgoA HAZH9 3, p-alanine, y-butyrobetaine, trigone-
line& 718 % 2454t TMAOS TMAE EE AJ8°A A
ZHct And e £ES AAELZ 1EHRA F ok
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