J. Korean Fish. Soc. 34(4), 394~402 A, 34(4), 394~402, 2001

g~

AR ZRIBC| BAL AAME Ty

8l - up
OISCIRT AEBe, YR =3

N -1¥5Ke]|
. SH
ot cisted

Mok

*
et

[am]

Extractive Nitrogenous Constituents of Dried Laver,
Porphyra yezoensis
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In order to investigate the composition of dried laver, Porphyra yezoensis cultured at the south coast of Korea, the dried laver was
analyzed separately for extractive nitrogen, free and combined amino acids, ATP and related compounds and quaternary ammonium
basis using specimens collected monthly from January to April 1998. The extractive nitrogen contents of dried laver extracts were
976~1,196 mg/100 g (on dry basis). Twenty-eight to thirty-one kinds of free amino acids were found in the dried laver extracts and
their total amounts were 5,648~6,845 mg/100 g (on dry basis). The extracts were rich in free amino acids such as alanine, glutamic
acid, taurine, phosphoserine and aspartic acid. Eighteen to twenty-two kinds of combined amino acids from oligopeptides were found
in the extracts and their total amounts were 1,194~1,406 mg/100g (on dry basis). The amounts of ATP and related compounds
were 111.6~195.5mg/100g (3.30~6.00 ymol/g on dry basis). Homarine was detected in all samples but glycinebetaine, f-
alaninebetaine and y-butyrobetaine disappeared during processing. TMAQ was detected in all samples but low TMA was found in
some. During processing of dried laver, P. yezoensis, free amino acids, ATP and its related compounds were increased but the other
constituents such as combined amino acids, TMAO and TMA and betaines were decreased in all specimens.

Key words: Dried laver, Porphyra yezoensis, Free amino acids, Combined amino acids, ATP and related compounds, TMAO,
Betaines

M g drAiol 3 A7 fEolvl=4 (Noda et al, 1975; Saito
et al,, 1975; Tamano et al., 1992; Yoshie et al., 1993a, 1993b, 1994;
f8 JdedMeg g (L) F4& 1600ddiel AIFEHIT  Araki et al, 1997; Isihara et al, 1998; Sakai and Kasai, 2000),
(Mumford and Miura, 1988). 2 %42 $32 viagh#et oz ATPHHSEE (Fujita and Hashimoto, 1960; Fujii, 1967; Ooy-
Fdokol Aol &3 e tE v AAdeMMT &3 ¢ ama et al, 1968; Nakamura et al, 1968; Noda et al, 1981; Ta-
H3 len $8] yztsh dEeA FA=I e P dFEL shiro et al, 1983, 1991; Araki et al,, 1996) 5ol itk 2} o9}
WAL 2 Porphyra yezoensis©)th (Yoshie et al, 1993a). 48 2o A7 YRR dEA IS AEZ 3 AoH, faoluet
uetell A} A FAre A g F AAFY oF 26%, 28T 3 2 YAFHUFTE o) FAL AAHE 24 diFtde o}
Z2F F ANEY & 30%9 Ete T A FALn (Minis- AT YWHAA G AR 8ol U Aoz A
try of Marine Affairs and Fisheries, 2000), 44t#] 2N & AR 712 alanine, glutamic acid, taurine & <2 obu)x 4}
ARE BT o2 ZY3}e AT AT gR2E e vl 2 o] TR Ao2 A Yo o =aTFe 2 HE
o2 7138 BAE FHZE LuH3 glon, o5y vfEY et 842 A ASZL G Fol wel wEo] 4 Ao
7HEETRE A9 7IAFQ BEeg AAHT o S8 vt 2 484 U9 (Noda, 1993). 2y %8 vz 4agx
Ae 199038 19999714 A 1087 AHE oid o 209 de vEF AAEF B FAXA2NE 24 D AREF
EA e, stgdeze od o 7T 4£& Ay e Aoz 478 v o G B dAgdAes &2
(Ministry of Agriculture, Forestry and Fisheries, 1992~1996; Mi- 4+ 79 $Ai 248 24 &8 dd9 Ad12A FHd
nistry of Marine Affairs and Fisheries, 1997~2000). Ne BAEEZ 2 st ER Y A9 () dg EAd
qEFY A2HEL oHxal oligopeptide, amine, betaine, 2% 24 2 985 datd Bud A (Park et al, 2001a,
aminosulfonic acid, YA JPE Fo ALA H23HE0 2001b). o]ojA B HIolNe £ vz} g ¥ F58
FAE o2 (Ito, 1983). A9 stz AT FA7) Q& AL oJFI ' WATHAY AAFA W gt Jrz4E w3l
At Fo¢ FAL A2HERA FEobve, Aeoprixmid,
ATPEEZFE, betained, 45U EFE7] 52 ¥z BEA3Y
*Corresponding author: ckpark@yosu.ac.kr AR (Park et al, 2001a) 8] WAFEH ] £ dg 24X 9 v
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AME A g (Pharmacia LKB Biochrom Ltd., England, 1989)¢] og} £43}
A $5€ J22 AFE 5 wi 43 50LE 4
LN =z stglon, BFEobu|eAbo 2= Pierce Chem. Co. (Hllinois, USA)
Aol AHE3 WALRES T (P, yezoensis) & B¢ AET A4S ZA o} AL o}v| A HFE A type physiological A/N R type
it A Mol A kAl Aoz A 1998d 145E 48714 €92 physiological BE A3 H.
Z 134 AAE ohg AFEA BE A, 949 3 1A Zstolniie At: Oligopeptide ol A fralste Bfolv| it 4
E 1S ERA Ao 49H shEdel wel 40CaA 100 & 5" J2E A2 hydrochloric acidE 718t FZ7F 6N
B3 €454z 34 128 w232 vinyl packs] EFE 2 9A ¥ ohe ampouleo] BT PE3t 110CHA 16475t
—20C $A11 BEFEAN dPANEZ AL JheREEtn Felonady 2 WHog FAFYeH, 7ty
B AFe BAXNZ At
2. AAETH ATPRESISS: 245422 EDY ] (HPLOE ) &3
ol2371¢ " AsA MAE b Stein and Moore (1954)2] of BA39ch HPLCE W= Waters model 510 HPLC pump,
Hol wel 1% picric acidZ2 F£8 28 ZASYY. & ¢ Waters 484 tunable absorbance detector, Waters TCM column
A7] (Bio-mixer, Nessei, Model BM-2, Nihonseiki Co. Ltd,, Ja- oven ¥ Waters 745B data module® AH8-319.0.H, buffer2< 2%
pan) 2 uA @ A 8o 1% picric acidE 7}3td #&3% & 9 triethylamine-phosphoric acid (pH 7.0) & AH8-3t% 2 (Kitada et
&2 (Hitachi 20PR type, Hitachi Koki Co. Ltd., Japan) 31, al, 1983), 4% 08mL/min, 2&34 254 nm, column 2%
e e 2#E 23] wEdo 2 AAAL Dowex 2X8 40T, I8 columne pBondapak Cis (3.9X300 mm, USA)&
(C1™ form, 200~400 mesh) column® A picric acidE A A3 g et
A3H e Columne WAl 002N hydrochloric acid® A|A g ¥ BetaineT:: HPLCE A3} Park et al. (1990)9) Wyoz
2 AN Foto] 55 - AL AL A2E2A2 FPoir| 439
AF, Atolu| 4} betaine$, trimethylamine oxide (TMAOQ), tri- TMAO2 TMA: TMAT Bullard and Collins (1980) 4, 2
methylamine (TMA) #4148 AJ52 A3k ATPRE S 2l TMAO< titanose chloride® 713te] TMAZ &9 ¥ A&
BEAL dafo ZA £ Nakajima et al. (1961)9] el wet 3k Bystedt et al. (1959) Hoz #4314t}
AlRel 5% perchloric acidg 713t ¢A712 ¢43 & F 4
A& (10000 rpm, 10 min) 2 FALE oA Ze 278 23 Zn} o A
vhEgtel A2 A& SN potassium hydroxideZ pH 72 X4
F ENAER A gon, oy AL d&E AL ice 1. YeiyE =4
boxi o] A& e A AAjBHATH UM ) AR E) AR E4ZTE Table 13 2th 19%
B 49712 ZAF 4349 FETFL 89~103% HAZA Hd
3. EMud 95% oAtk B AT FL 31.1~401% HHZA HT 358% I
UBINE: 782 Y79 EY (AOAC, 1990), DAL semi-  oF A A3} JEFFE 0.1~05% % 88~133% HAZA HTA
micro-Kjcldahl'} (AOAC, 1990), A& Soxhlet3:2W (AOAC, & 04%9% 113%010ch 2187 B432HFE 184~487% W
1990), 3] &2 4334 (AOAC, 190) 2.2 FAstgich fl2A B 41%A0 2EVIELE YehiE 29 A3
AAEEA: micro-Kjeldahl® (Japanese Society of Food Scie- 3k 34.7~444% 9 0.1~06% 24 BIFAE 395% 9% 04% %
nce and Technology, 1984) 2.2 £33t} % AEH SFRETFS 97~148% % 425~535%2A HT
Fe|ofo[ht: obp| AR FEA7)E olfdte AAY EAY 124% 9} 47.7% ©1 31 th
Table 1. Proximate composition of dried laver P. yezoensis (%)
. Moisture Protein Lipid Ash Carbohydrate"
Sampling date 3 5
a a b a b a b a b
Jan. 5,98 9.7 40.1 444 04 0.5 114 12,6 384 425
Feb. 16, 98 103 311 34.7 0.5 0.6 133 14.8 438 499
Mar. 12, 98 9.0 38.8 42,6 0.1 0.1 115 12.6 40.6 447
Apr. 14, 98 89 332 36.4 04 0.4 8.8 9.7 487 535
Mean+S.D.Y 95407 358+43 395447 04+02 04£02 11319 124%21 431146 477150
YCarbohydrate: 100— (Moisture + Protein + Ash+ Fat).

?0n wet basis.
“0n dry basis
“Mean = standard deviation (n=4).
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Y] AR EALE @dEo A w1, 2 tee
WA P ¢olen, Aol 7HF vkt 23y & A
L ARAAZY g} g Aol de Aoz ey A
(park et al, 2001a)oll A WAMF-H 2 4% YR 2 v
a3y otEPog sFgoe A dAd JE AR FEL 94%,
444%, 46% ZrEHRod 9988 @FHEL 26%9 e
eI @9 AT galE §Ftde d4dgAzA oY
AEF] w2 Aldl g4 Fe v AFL Y o
Ze Ane AR (Park et al, 2001a, 2001b) A A 2
AHIT &7 43 AN EZA AR 22 23S dUd, 1Y
AN E g AAA 7Y AL we} Zol7}t A, AFF
U545 g Fddade) B G5 EdFE Fon 2ud v g
o0 (Noda, 1971), Cho et al. (1995)& $ZF9 gul s} 33
g A2 AdHe #AE By By

£ A7 HAREZ AAFL AFAINY o Hd g
gWAgEe FAHA g3 E §Fe SMHe A% Mie
o, o9t 2& AU FAolo 7t Aol wet FHo] oA
7l &9 Aog AAHD Noda et al. (1971)& YEA WALE
H3 AAEe dutdExAS 982 vud A8 4z 12
o FAo] 71 EJ}oY, 1 ofF 197 2¥9de A3 A3H
AT &, FHol L Fe AL G AL Fako] B,
FAANSY #A ArFe Fase it g3 EdRe U1
Aotz dte B drdae 2o Aoy

Yoshie et al. (1993a)& =4t HARE o AL EFE A G|
wel 174~321% (BT 244%, n=5% 23 Y8 AIHER
(Resources Council, Science and Technology Agency, 1982)° 4]
2 21%2 B3g vl 9lo] B dF AFdHde & 234y

[ A

2. %A x|

=]
aS—_0 =2

>

WAL AAF] 4 A2 HLFE Table 29 2k v .

27 1002 889~1,073 mg (BT 993 mg) WD DE/EL
2 JEUE Table 3949 2ol & 100D 976~1,196 mg (H
F 1097 mgolAct. 2 Y2 E 199 AE 100g% 1,083 mgo]
Aoy 2¥9dle 1,196 mgl 2 A 7HE %o 1 o)F 393 4
gole 1,132 mgH 976 mg2 2 F7F Holx|a Qo] YEWE |
A& b on A dyle 7MAd A4S FAo] HolAe A
oz A4 AR (Park et al, 2001a)o} A HAFEH ] 43
dxrAL FFe AR 100gF 677~1,175mg (HT 989 mg) &
Z2A B A7 AAFANMYG E Aolrt giNen, 4duF
E A A%E el

3. feloln[eat

AR AAEY 98 Felolv = A EFE Table 29 2.
& Ae 28~3159 GFF Fejolride] HEHYLH,
Fejobuieat FHL w2 10027 5147~6,139 mg (F 5594
mglol Atk WAMEHZ AAF] fFElotvet FFE AEIE
o2 Jehlw Table 33 2o 48 100g7 Faoprlxdt 3L
5648~6,845 mg (FT 6,181 mg)ol At 194 ENAE 6,088 mg

ollent 29 6845mge 2 M goer €7 4¥de
6,144 mg¥ 5,648 mgQ 2 A oA 1 glo] dAFAAG ] Yy
WHED FAE S dehddlch 282 $3Fe] B39 alanine,
taurine 5 WHE ME fotulxitel AT AHA I
%o met ZAHA. Sakai and Kasai (2000)€ 4 dtig
EA FAMEHA S freoln etz s €2 EAT 29, A4
A717F 2ol el @ taurine FFL WopAe Ao B
ag ut do}

AN AAFAM FFo] B freotvxite e A
B 100g% alanine 1,281~1869 mg (BT 1,666 mg), glutamic
acid 1,165~2,117mg (#T 1612 mg), taurine 1,290~1487 mg
(# 1,413 mg), phosphoserine 183~212 mg (¥ 204 mg), as-
partic acid 167~214 mg (¥ 188 mg), proline 163~192 mg (F
Z 180 mg), glutamine 104~296 mg (AT 177 mg), arginine 99~
113 mg (3T 106 mg), asparagine 61~103 mg (¥ 82 mg), his-
tidine 70~92 mg (BT 82mg)9] &olNeH, o] & 10F0] €82
frejotut £39 918%~930% (AT 923%)% AA

WMALE Y 7] 4 (Park et al, 2001a) S AAELR JlFEe
IR F frejohu e Aoz FriEe] 13~284 (¥
T 189D 2 AT olel whet djREe MY Feo i
SF7tHAe T FrtFol B R2ZAE proline 328, glutamic
acid 2.84l, arginine 244, phosphoserine 2.14l, a-amino adipic
acid 2.19}, serine 1.8¥l, B-alanine 1.6, taurine 1.54}, alanine 1.4
Y], aspartic acid 129, asparagine 128] 59 otk 181
AAZ o2 743HF A9 W7l g fedotrito2E hi-
stidine, glycine, tyrosine, ethanolamine $olR2H, 71333 F
AAHE FEolu| A2 2 E ornithine®l 47%., glutamine 15%,
isoleucine 10%, lysine 8%, threonine 8%, leucine 7% Eoith
23 Yoshie et al. (1994)& &2 WAL 9] AAF 73

F fdotrxt 24 HEE ZEY 2H P8 100gT AAA

3,080 mg, 282 AAFAME 3,130 mge2A & Aol7t i
i B %o gl

A7 fgotueAtF T AE 100gF Y megFE vt
B Lee et al. (19872 &34 oA 925mg (n=1),
Yoshie et al. (1993b)& FAMFH A 6,886~9,262mg (BT
8214 mg, n=5)% BI3A Qlo] ¥ AFM 5648~6845 mg
(4 6,181 mg, n=4)° W&l FF & o7} Bt &t
g AN FEobul a4t Noda et al. (1975)°] 3934~
5331 mg (7 4492 mg, n=7), Yoshic et al. (1993b)o] WALE
HANA 1,153~5614 mg (HT 3,125mg, n=48), Araki et al.
(199701 WAFH 7oA 3423~3459 mg (HT 3446 mg, n=3),
Sakai and Kasai (2000)7} AR oA 4620~5830 mg (H+
5343mg, n=6)22 B3& v} 9l 2YBnR £ Ao
AFREE S fEohu At F3}E o) 4dM AT #4x Ko
M we £F02 YElgd

AR AAES feopreatzAe] gtd nAe TS
HAEE7] 93t #ALA (aspartic acid, glutamic acid) 2 @3
A (threonine, serine, glutamine, proline, glycine, alanine, lysine),
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Table 2. Nitrogenous constituents in the dried laver (P. yezoensis) extracts on wet basis (mg/100 g)
. . Jan. Feb. Mar. Apr.
Extractive nitrogen
978 1,073 1,030 889
Free and combined amino acids
Phosphoserine 188 189 193 167
Taurine 1,300 1334 1,305 1,175
Hypotaurine 28 13 9 14
Phosphoethanolamine ~ (28)" -2 - - {16)
Aspartic acid 160 150 177 195
Threonine 38 (130) 42 (296) 45 (301) 34 (238)
Serine 30 (56) 41 (61) 34 (64) 40 (56)
Asparagine 88 58 94 56
Glutamic acid 1,052 1,899 (6) 1,349 (31) 1,535 (50)
Glutamine 267 93 158 123
a-Aminoadipic acid 25 38 35 30
Proline 156 (245) 146 (178) 173 (158) 175 (128)
Glycine 21 (312) 23 (319) 17 (331) 27 (240)
Alanine 1,688 1,659 1,513 1,167
Citrulline - - - 9
a-Amino-n-butyric acid 2(1) 3(D 3 - (1
Valine 32(39) 35(38) 41 (48) 36 (56)
Cystine 30 (47) 13 (129) 40 (65) 45 (57)
Methionine 6(2) 2(16) 6(5) 5(8)
Cystathionine 32 11 23 - (6)
Isoleucine 14(22) 16 (16) 20 (23) 13 (26)
Leucine 21 (30) 23 (24) 34 (32) 21(37)
Tyrosine 18 (27) 22 (16) 30 (24) 21 (38)
B-Alanine 24 17 (2) 15(2) 19(9)
Phenylalanine 23 (65) 27 (48) 29 (69) 23 (80)
B-Aminoisobutyric acid - 5 - -
y-Amino-n-butyric acid 25 23 26 (2) 17 (1)
Ethanolamine 12(3) 16 (4) 12(6) 14 (4)
Hydroxylysine - 19 - -
Ornithine 6 (25) 8(27) 8 (21) 10 (15)
Lysine 36 (17) 35011 34 (27) 22037
n-Methylhistidine - - - -
Histidine 83 (1) 78 (6) 71 (14) 64 (15)
-Methylhistidine - - - -
Arginine 93 (29) 101 (32) 98 (57) 90 (57)
Subtotal 5498 (1,079) 6,139 (1,236) 5,592 (1,280) 5,147 (1,175)
ATP and related compounds
Adenosine 5'-triphosphate - - - -
Adenosine 5'-diphosphate 222 235 23.5 222
Adenosine 5'-monophosphate 493 59.0 46.5 424
Inosine 5'-monophosphate 55.7 63.7 41.7 25.1
Inosine 279 23.1 12.6 89
Hypoxanthine 41 6.0 5.6 3.0
Subtotal 159.2 17.5 1359 101.6
Betaines
Glycinebetaine - - - -
f-Alaninebetaine - - - -
y-Butyrobetaine - - - -
Homarine 1.5 64 29 9.8
Trigonelline 0.8 - - -
Subtotal 23 6.4 29 9.8
Others
Trimethylamine oxide 10.5 158 9.0 20.8
Trimethylamine - 0.7 1.1 1.6
Ammonia 193 17.1 13.1 173

YThe amounts of combined amino acids are given in parenthesis.
?Not detected.
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Table 3. Nitrogenous constituents in the dried laver (P, yezoensis) extracts on dry basis (mg/100 g)
. . Jan. Feb. Mar. Apr.
Extractive nitrogen
1,083 1,196 1,132 976
Free and combined amino acids
Phosphoserine 208 211 212 183
Taurine : 1,440 1,487 1,434 1,290
Hypotaurine 31 14 10 15
Phosphoethanolamine -(3D» -2 - -(18)
Aspartic acid 177 167 195 214
Threonine - 42 (144) 47 (330) 49 (331 37 (261)
Serine 33 (62) 46 (68) 37 (70) 44 (61)
Asparagine 97 65 103 61
Glutamic acid 1,165 2,117 1,482 (34) 1,685 (55)
Glutamine 296 104 174 135
a-Aminoadipic acid 28 42 38 33
Proline 173 (271) 163 (198) 190 (174) 192 (141)
Glycine 23 (346) 26 (356) 19 (364) 30 (263)
Alanine 1,869 1,849 1,663 1,281
Citrulline - - - 10
a-Amino-n-butyric acid 2(D 3(D 3 = (1)
Valine 35 (43) 39 (42) 45(53) 40 (61)
Cystine 33(52) 14 (144) 44 (71) 49 (63)
Methionine 7(2) 2(18) 7(5) 5(9)
Cystathionine 35 12 25 -(M
Isoleucine 16 (24) 18 (18) 22(25) 14 (29)
Leucine 23 (33) 26 (27) 37 (35) 23 (41)
Tyrosine 20 (30) 25 (18) 33 (26) 23 (42)
B-Alanine 27 19(2) 16 (2) 21 (10)
Phenylalanine 25(72) 30 (54) 32 (76) 25 (88)
B-Aminoisobutyric acid - 6 - -
y-Amino-n-butyric acid 28 26 29(2) 19 (1)
Ethanolamine 13(3) 18 (4 13(D 15(4)
Hydroxylysine - 21 - -
Ornithine 7(28) 9(30) 9(23) 11 (16)
Lysine 40 (19) 39(19) 37 (30) 24 (41)
n-Methylhistidine - - - -
Histidine 92 (1) 87(7) 78 (15) 70 (16)
tMethylhistidine - - - -
Arginine 103 (32) 113 (36) 108 (63) 99 (63)
Subtotal 6,088 (1,194) 6,845 (1,372) 6,144 (1,406) 5,648 (1,291)
ATP and related compounds
Adenosine 5'-triphosphate - - - -
Adenosine 5'-diphosphate 246 262 258 244
Adenosine 5'-monophosphate 54.6 65.8 51.1 46.5
Inosine 5'-monophosphate 61.7 71.0 52.4 276
Inosine 309 258 13.8 9.8
Hypoxanthine 4.5 6.7 6.2 33
Subtotal 176.3 195.5 149.3 111.6
Betaines
Glycinebetaine - - - -
B-Alaninebetaine = - - -
y-Butyrobetaine - - - -
Homarine 17 7.1 32 10.8
Trigonelline 0.9 - - -
Subtotal 26 7.1 32 10.8
Others
Trimethylamine oxide 11.6 17.6 99 228
Trimethylamine - 0.8 12 1.8
Ammonia 214 19.1 144 19.0

"The amounts of combined amino acids are given in parenthesis.
DNot detected.



WARH A AAFY FEL A2y 24 399

a7 £%A (valine, methionine, isoleucine, leucine, phenyla-
lanine, histidine, arginine) o}p]|=4to 2 U¥xdct (Table 4,
Fuke, 1994), frglobn] b o] ti g A wA ofu|eit 34 9
B &2 felohueibE ol 7Hg 44 29 AEY, fEolvx
A EF] A Ukd 49 AlZoM A FAHE F£EoT 2
At ] opueidE el dlg dutAl ofulxitel H| 32 299
3B32%0lR e, 49T 309% 24 o vkt 223 frgoln
=i FF i 2ot obu it H&2 fglobr it Fakol
7H3 =9 299 46% 0102 FEobu it F ol H Wk
9 499 49% 2A & A7t gl & WAIREHZ AAE
A ot dE o] & Al7le] AAE AFEo] ¥e Ay
AF vla] dotA ofulicit Bl go] ¥ Aoz Hof o]y e
42 g 9y AV e Aoz Y7

Zotu| =itz A S B4 Aoe
o et Table 2914 E %5 % 100 g9 3 mgFE, 2
21 Table 39lME AEFH7IFLE FAGAG SR A
AF d2BolMe 71528 F 18~2%59 ofnito] Z715%
ot opn e 4tE e AE 100 g9 1,194~1,406 mg (BT 1,316 mg)
olith. webA AFolr] At FrEjotulit F3F9] 19.6~229%
(HT 214%) FFolUL

opu:At FHL 197 29 AE 10027 1,194 mg 1327 mg
o2 A FEolu]iatEeke] 196% 9 200% 010 2n, 397} 494
T 1406 mg# 1291 mg 2] thzko] felohn it 239 229%
FEolth, wetx AfotnmibFF e o AHA VA we}
19.6~229% (B 21.6%) WARZA A {AHE FEoh A
Bop WA A3 (Park et al, 2001a)9] HE @7 A ME
982 Afolnrz Ao Aol7t gRed, £ dFdAM 2AE
S 2 7hg o) AV wet I o]t Ropxith

AAELR 739 Aol itzA e B o] 71 B
o keib e glycine 2 24 AE 100 g% 263~364 mg (HTF 332 mg)
ojled, 1 TEOZE threonine2ZA 144~331mg (HT
267 mg), proline 141~271 mg (B 196 mg), cystine 52~144 mg

Table 4. The amounts of total umami, sweet, and bitter free

(37 83mg), phenylalanine 54~88 mg (BT 73mg), serine
61~70 mg (65 mg), valine 42~61 mg (B 50 mg), arginine
32~63mg (BT 49 mg), leucine 27~41 mg (FT 34 mg), tyro-
sine 18~2mg (BT 9mg) T22A ©] 1059 ofnj=4ito]
Bgobueit FE9) 84.0~928% (BT 894%)E AA A
o9} o] YAIR YL A¥S AAFLZ 71FF ) wel A
opm 4t Ao B %S vAe AR Yy,

WALRE Y 702 A3 (Park et al, 2001a) & AAEZoZ 71T 5e
B34 F 372~588% (AT 498%)9 AFolrate] #AHE
Ao vElgt A4EE AFobr) b alanine, aspartic acid,
phosphoserine, g-amino adipic acid 5|12, ZAsHe Zgold]
=R glutamic acid (92.9%), tyrosine (86.6%), arginine (669%),
ethanolamine (66.7%), valine (64.3%), leucine (57.0%), proline
(442%), serine (43.5%), isoleucine (36.8%), lysine (32.5%),
methionine (21.4%), cystine (153%) FolUch 1 4 YHeo
2 37tde Zfotn) =4t ornithine (300%), histidine (150%),
phenylalanine (14.1%) %o°]3{th

YA E 2 AAFY Aot 240l o HAE IF
AES Y] g5t #8 2 ZFolreits felohnedt FoA
Ze oz ZhAshA, dutAd 2 28 oo g Usi
th (Table 5, Fuke, 1994). 2] € ZRotu=dFFol 714 =&
e 299 ZARA ofu=Ate] AAZE WL 278% 0L,
M WY 4¥ole 282% 24 A9 FAME Eolth @A
obujrito] At HEE 296l 395%2A 489 362% 80
Eho} &8tA ofvlkite] AR S H &L 29l 63% 2 4
g9 84%HTt vttt olk 2L ARA & o fe 2 AF
ookt gol T & Al7|ole W& Al7]d) v|d @utA oful:
A v go] & whH &5 oju x4t H &L YolAte A
& ¢ & AUtk Table 404 Feloprlelt ttog ohe) Q&2 A
E&HE W9 Table 5904 Zolreits THAZE 9y X
o] ZAA ofn At H-Fo] ¢t ZHAE vk, w@ukA ofn|
A H[EE 1490 23 &8t opn[iAt &2 T0ME FUt
slo] &stAl ofulat vl &9 FVI7F A gy o9 e Z
T ARG WAR L] 2 o] &7 9] A% (Park et al, 20012,
2001 ME 2 235 JeErdgich

o o

amino acids in the dried laver (P. yezoensis) extracts
(mg/100 g on dry basis)

Jan. Feb. Mar. Apr.
Total free amino acids” 6,088 (100.0%) 6,845 (100.0% ) 6,144 (100.0%) 5,648 (100.0%)
Umami® 1,342 (22.0) 2284 (334) 1,677 (273) 1,899 (33.6)
Sweet” 2,476 (40.7) 2274 (332) 2,169 (35.3) 1,743 (30.9)
Bitter" 301 (49) 315 (4.6) 329 (54) 276 (49)
Others 1,969 (32.3) 1972 (288) 1,969 (32.0) 1,730 (30.6)

DRefer to Table 3.
Umami: aspartic acid+ glutamic acid.

9 Sweet: threonine+glutamine + proline + glycine +alanine + lysine.
9 Bitter: valine + methionine +isoleucine + leucine + phenylalanine + histidine + arginine.
Amino acids were classified according to Fuke (1994) with slight modification.
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Table 5. The amounts of total umami, sweet, and bitter free and combined amino acids in the dried laver (P. yezoensis) extracts

(mg/100 ¢ on dry basis)

Jan. Feb. Mar. Apr.
Total free amino acids” 7,282 (100.0%) 8,210 (100.0% ) 7,550 (100.0%) 6,939 (100.0%)
Umami® 1,342 (18.4) 2,284 (27.8) 1711 (2.1 1,954 (28.2)
Sweet” 3,318 (45.6) 3,245 (39.5) 3,138 (41.6) 2,510 (36.2)
Bitter? 508 (7.0) 517 (6.3) 601 (8.0) 583 (8.4)
Others 2,114 (29.0) 2,164 (264) 2,100 (27.8) 1,892 (27.3)

Refer to Table 3.
YUmami: 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.
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Table 6. Nitrogen distribution in the dried laver (P. yezoensis)

extracts (%)

Jan. Feb. Mar. Apr.
Free amino acids 7554 7267 7044 7314
Combined amino acids 1595 1654 1834 1888
ATP and its related compounds 308 311 251 217
Betaines 002 006 003 011
TMAO and TMA 0.20 0.29 0.19 0.48
Unknown 521 733 849 522

Recovery of extractive nitrogen 9479 9267 9151 9478
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