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Abstract

g4 Fd =53 A

In order to investigate the composition and monthly variation of extractive nitrogenous components in the
laver Porphyra dentata cultured at the south coast of Korea, the fresh laver was analyzed separately for the
amounts of free amino acids, combined amino acids, ATP and its related compounds, and quaternary ammonium
basis in fresh laver were measured. The extractive nitrogen contents of fresh laver extracts were 760~870
mg/100 g (dry basis). Twenty-seven to thirty—one kinds of free amino acids were detected in the laver extracts
and their total amounts were 2,404~3,966 mg/100 g (on dry basis). The laver extracts showed rich in free
amino acids such as alanine, taurine, glutamic acid, glutamine and aspartic acid. Sixteen to twenty-three kinds
of combined amino acids were detected in the extracis and their total amounts were 1,429--2,692 mg/100 g (on
dry basis). Proline, glutamic acid, glycine, phosphoserine, serine were the main combined amine acids in the
extracts. The amounts of ATP and related compounds were 73.3~94.4 mg/100 g (2.04~4.43 imol/g, on dry basis).
Homarine and trigonelline were detected in all specimens but B-alaninebetaine, r -butyrobetaine were found
in some. Small amounts of trimethylamine were detected in all samples. Free and combined amino acids were
occupying almost 90% of extractive nitrogen. Most of free and combined amino acids showed a marked monthly
variation with a maximum in January and March, and a minimum in February and April. The fresh laver P.
dentata did not differ much from the fresh laver P. yezoensis in qualitative com-position of extractive
components, but their contents were generally low level.
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2] JeldlA] 2 14Fe] Hax o] glew (1), Al Sl
AR eg A Fo] $-EH L vk EHFEA = vt
&7 (W92, Porphyra dentata), S-2-%7) (P. suborbic-
ulata), A WEF (P, pseudolinearis), 2527 (P. seriata)
5ol loh2). AR F2 Gkt A s tell A 3] ok
H 3 gl.ew, X|ut 19915 19993 Ake] &) B3] PAatere
o137 2F 190,000 M/ Tl 23t F.83 2 Feolvh3E4).

7ol gk = o) o] A FEAE ) A7E Al u dwkag
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T H AR T FAHEH42-46), AFY WA vlAE A A8l frefobelwal, Aol cAl, ATPHR # 32,
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& ARAE] A A4 AR Aoz 10989 1938 44
77]'741 4 E 4154 s, olute] A & AEEla,
ice boxel| Hel A-2A e 2 A gl A7) 2urat o2 A s
3 A A= she] -20°Ce) B4 3ol nEsl A AP A BRE A}
45psict.
odl~Z x|
A7 Y 272 AzE A A che o)A skA AA-F
o Stein®} Moore(54) ¥4 of] w2} 196 picric acid® =43}
oA ~¥-& 2A ety . & T4 7] (Bio-mixer, Nessei, Model
BM-2, Nihonseiki Co. Ltd., Japan) = =+ 31 A] E )| 126 pic-
ric acid® 7}8bod 5% v 94 B2 (Hitachi 20PR type,
Hitachi Kaoki Co. Ltd., Japan)3tz, 3AL% H2 Z 2t 23]
HREERe] =2 AR oS- Dowex 2X8(Cl form, 200--400 mesh)
colurmnnel] 34 A picric acidZE A A 59 o}, Column-2 o}
4] 0.02 N hydrochloric acid® A& ﬁ} % ne Azl x) gha}
o—] lr:.==- Aoz 7—] < o_J]A 2 A o}.u]k/ﬂ-,
AlA Fel g A gtolw) m=Ak betame—?r, trimethylamine oxide
(TMAO), trimethylamine(TMA) ¥4 4 A 82 x}-4-3}9]
ot ATP#HH L E 44 239 2A4E Nakajima 5
(55)9] ¥ ol mbghe}, Z X o] 5% perchloric acidZ 7}eto]
A7 R A3 3 44 22(10,000 rpm, 10 min)st
AALE OpA] Zh2 Z2ahg 28] uhEEle] & AR NS 5N
potassium hydroxide 24 pH 782 &3 & B A 752 A}8-3}
Hom, o]abe] 2L A3 A& ice box 9] A2 <]
A A st
=AY
ARk B F R Ayt e, gl AL
Kjeldahl®, A ¥ Soxhletd, 3]#-& A2 8] sl o2 ¥4
stard, 23 A2 82 2= micro-Kjeldahl (56) 22 &
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Table 1. Proximate composition of fresh laver P. dentata
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L Ake o)) ;- AFAFS-E-4 7] (Pharmacia
S Aol 2w

AatAd el freofnl
LKB Biochrom Ltd., England) 1
(6Dl Mel B3kt F5E d2E ARE T v
3] Al sled 50 ILE £33 2w, "‘01 Ake 2= Plerce
Chem. Co.(Illinois, USA) &A1) A A& o}#| it F F 4] oF
type physiological A/N ® type physiological BE A3}
o} Agolu| i ate 225 AR A el hydrochloric acid
Z 715t FE7F6 N = A g kg ampouled] ¥ = Es}
of 110°Cell A 16412158 7F-8 3o -fr-e o} vl At} 22
a0 7 RAjstel on vl AF X E A4
shelvl. ATPHE S E-& 345 A 227t e 18 2] (HP-
LC)E ol-&ste] BA4slgrl. HPLCE Waters model 510
HPLC pump, Waters 484 tunable absorbance detector, Wa-
ters TCM column oven % Waters 745B data moduleg AH2
stgg.onm buﬁ’cr.‘.u— 2% triethylamine—phosphoric acid(pH
7.0)8 AH-8td 32(58), 52 0.8 mL/min., 7 &4 254 nm,
column == 40°C, 28] X column<- IBondapak Cis(3.9%
300 mm, USA)& A}-4-3191 vl Betaine & HPLCE AH§-3}
L Park 5(59)9 ¥ o8 B 43l TMAE Bullard9
Collins(60) ¥H4, 2.2] = TMAQ% titanous chloride 7}5}
of TMAE #¢ 3 A gk3l= Bystedt 5612 W oz 2
Ak}
Rk
%H}Mu IM
oA Abol|l M 2] A F o A8 olule] B o gk YuHbA
- E AT Table 151 2} 1958 48744 A8 47 )
= —/1"—33'7{];"51’ & 765~80.8% W EA HF 780%e|Hvt &
WA geke 7.0~9.3% HY 24 Fd 8.1%19 . Al 3
BE3Ee 012~0209%9 3.4~45% W 24 T 0.16%<}
3.9%elsich. o] o BhstEghah- 6.54~-11.98% W4 24
H 1 9.86%°]1 %ot
AE7|Fo.z B el A gake 30.7~41.7%(n=
4)¢} 0.53~0.85%(n=4) 2.4 FH7 36.9%<} 0.74%1%c}. 3
B3} P E ekl 14.5~234%(m=4)9} 34.06~52.54%(n=
A 2A HF 18.1%2 44.31%01%c}. o] 9} 2+ AAE

O

(%6)

. Moisture Protein Lipid Ash Carhohydrate
Sampling date m 2
a a b a b a b a b
Jan. 5, '98 772 7.0 30.7 0.12 0.63 3.7 16.2 11.98 52.54
Feb. 16, 98 71.3 81 D7 017 0.75 4.1 18.1 10.33 45,51
Mar. 12, 98 76.5 9.3 39.6 0.20 0.85 3.4 14.5 10.60 45.1]
Apr. 14, '98 80.8 3.0 41.7 0.16 0.83 45 234 6.54 34.06
780197 8109 369%48 016L0.03 074015 3906 181%39 986L233 4431£7.63

YOn wet basis.

“On dry basis.

“Mean T standard deviation (n=4).
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WAL H 71 (53) %) v aEb 'pstEel £
& Egheke dglon AAL e SF0
ulet dupAd Egkake] Xolr} glE :

olvtt] 271 9] bzl 9} e} 8} E-ghak A & A 7] o) wh2t
A& Aol gl AL E viEhyhon] A # X)7]7) Ze A o
me} gl ke Zrlbely ghpalEsheke 2hads A
FogM M2 ‘ﬁﬂﬁrr&ﬁl% oot oA = (X) 9 '
FEFEY) 7hell= Y = -1.4173X +96.6385(:°=0.8065)2] 3]
AR 2 T4 5 3 HHp<0.05). Noda(5)" dE 4 Z
(P. tenera)®] AWt 2-& =& Al 7] e} A 3 Aol ula} 2fo]
7} 3d, SIFFATE Al gste] 2y BB U
seta gt en, 23 Cho 5(12)% Fx79| ezl a o
Aol s A2 AtE = 9AE 2ok she o

72 2 A A ege] thete] FE 100 g AR A& 42

%(11)9}F 49~6.4%(12) %, 12| 2 FTEZ 2 1.9%(1D=E 1
sty gle] B Aol vt g A7 A} w9
t}. &H Yoshie §-(9)-& 54 vhAF1 71 9] A" ghekg A
Aol v} 1.74~3.21% (R T 2.44%, n=5)E, 187 YE 4]
ZFALE(B)ANAME 21%2 Bl
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Feko Table 29 7o), A
k-2 100 g9 146~ 205 mg (BT 184 mg,
n=4) W94t 272 it gheke) sty Ito(51)E
sl 2 AAE 100 goll H5ted 10~300 mgo® F5-o ulE
Zrol 7} weta sty
T sluit) £ 9] o ABA A E A A7) whel AE7)
Fo2 vpeh sl Table 33} 2} A€ 100 g 222 4
k-2 760 ~872 mg (% 829 mg, n=4) ¥ ot} A3 A7
H A R oL B 1 2, 38 AY 2L 70
O} Aol = oF7L el ek olult Bl Y A AR 4 ghek
L WAREH R (53)oll A 677 ~1,175 mg (B T 989 mg, n=4) ¥
o} of7b 2 FFelg ot -3 A A gle Al
2 el (p>0.05).

Feloto[zpt

slutt] E7 o] 4 frefebr] Ak geF-2 Table 29 e},
A7 A 27~31F2] theFgk R etv|ale] A2 ge
o], 7 Eake A7) 100 g% 462~915 mg(F T 743 mg, n=4)
ol e, frejetrl atdetS 2t 9y A E7)Fo R Jehy
w Table 33} 7t} ZE 100 g 2 3L 2,404~3,966 mg
W2 A 19e]= 3966 mgl.BA A 9ot 2d=
3048 mg2o 2 olg o, 3Y ol & oA 3897 mg 2 B £7}
gt} 480 2404 mg e B sHA wola] g Hiss)
Bkt

WRAHEE] 21 (53)2] fre] o)) 4 The- 1, 2, 3ol 4211 mg,
4,496 mg, 4,580 mg.2.Z=4] A 2 Q a‘*—%—% e e
A 719 49 ol = 1,998 mp L B4 F7 5] Auk o]3) 32 T o]

L

i E 581

A& A TS veblelon, £ AFellA olnpdE3& 197}
3ol T, 295 49 ol dghrh o) 8} o] vl ER2 4
2279l 44 ol % w771 (53) ol A o} 2 FAT A
A& vebl A ebgiel abeba] L&k A A A FAH
Zole} A= 7)o FFol wal felopn]ibF e A
713 M2 Aelr} 9le AL W

Sakai®} Kasai(30)= L& &8 =4F whALFH 2] 2 f-2fo}
Pk Al S R B4R A A A7) 2ol o
2t Z718= A skol gl o1t taurine TS vholx] & 7 3o
dotz BustEeh a2 B odfellA] fa]otel atEadad
taurine FeFol| A= 19} 252 A -2 F 5 glsivh o] o 72
olfre Ao FFH MR b2, 3 A5 AHAIE

E Aol A A Er) e #r)(1, 2 3, 449) Al 592, Sa-
kai®} Kasai(30)+ oAl &7 9k 27](11, 12, 19) A 5471 1
o7 AR

B Aol ghsfo] 2w 838 fr]ovlic4b Z1E 100
g% alanine 651 ~1,439 mg (3 1,024 mg, n=4), taurine 641
~872 mg(F+ 797 mg), glutamine 52 ~472 mg(H T 334
mg), glutamic acid 176~491 mg(¥F 328 mg), aspartic acid
36~145 mg(H T 96 mg), phosphoserine 75~120 mg (34
91 mg), cystathionine 4~ 170 mg(B T 67 mg), histidine 31
~88 mg(F ¥ 60 mg), threonine 44~68 mg(H T 58 mg),
asparagine 16~93 mg(¥ & 56 mg)2] <olgles o] = 10
Zol Zr A mol| v} felolel e AbEake] 79.7~92.1% (3 T
86.7%)E AA st et, WA 7 (53)oll A FaFe] W2 10F
of fElobuliesto] AR|she ¥l &L P 886%2A £ o
Toll 4] olnte]EFR] 2 f-ARgE =Feldl.en], fEefv] At
FA 5 Z Zol7t glueh et A fefelw] mAbsl kel
£ ohd 2pol7} WGt 2] 3 o] & F FaFe] B 5%l
ek Yl TR ok H7 Q] 49 A BollA BF 7FA43)
ek,

AFY frelolvl m4tEEE AE 100 g52 mgT= v
Btod B Lee 5(7)2 L%»& =F27] o4 925 mg(n=1), Yo-
shic F(9)& WAL IA 6,886~9262 me(BTF 8214
mg, n=5)2E B w3ty §lo] £ 7ol olult]E3] 2404
~3,966 mg(3 3 3,329 mg, n=4)1] Bl s} ek 3t 2peo] 7}
Btk d2at ebE oA 8] {8 ol mAtEEk-S- Noda &
(22)°) 3,934~5,331 mg (3 4,492 mg, n=7), Yoshie £(10)
o WAL Z16lA 1,153~5,614 mg(F T 3,125 mg, n=48),
Araki 5(26)0] ¥AME 7] ol 4 3,423~ 3,459 mg (¥4 T 3,446
mg, n=3), Sakai? Kasai(30)7} WA 7)ol A 4,620~5,830
mg(H 1 5343 meg, n=6)2 =2 B3+ v} glr}.

Tamano 5 (24)-& &4 71 8] EAH 715 #]3}te] 23]
of gk & 'Eﬁﬂr Az} P AR ] ARARAE A
Eg A2 24L&, Falo)] .‘r_"& ZF8t taurine o] 9] F
w A7k S oo Hal FEAR AT ] oA =)
(p<0.01)3. Xazdbsich B ol 718 Fals 7)o g8
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Table 2. Nitrogenous constituents in the fresh laver (P. dentata) extracts on wet basis (mg/100 g)
. . Jan. Feb. Mar. Apr.
Extractive nitrogen 193 190 205 146
Free and combined amino acids
Phosphoserine 17(25)P 17(25) 22(34) 23(35)
Tatrine 150 191 205 123
Hypotaurine 1 2 1 1
Phosphoethanolamine - 1 - -
ASDal‘tif: acid 26 20(1) 34 7(31)
‘Threonine 14 10(56) 14(53) 13(51)
Serine 4(40) 6(24) 7(20) 2(19)
Asparagine 12 21 14 3
Glutamic acid 112(43) 40(40) 85(64) 54(76)
Glutamine 94 91 111 10
@ ~Aminoadipic acid -(2) -(2) - 2
Proline -(48) ~(62) 14(53) 12(67)
Glycine 10(51) 2(59) 8(53) 6(51)
Alanine 328 209(34) 255 126(21)
Citrulline - - - =)
@-Amino-n-butyric acid 1 1 11 1
Valine 3318) 6(25) 6(22) 10(24)
Cystine 10(6) 3(10) 32 347
Methionine 4 1 8 1(6)
Cystathionine 20 1 40 (1)
Isoleucine 207) 4(1) 2(10) 3(13)
Leucine 2(14) 49) 2(19) 7(18)
Tyrosine 5(11) 11(48) 2(8) a(11)
B-Alanine 5(2) 15 7 2(2)
Phenylalanine 2(19) 4 2(23) 6(27)
B-Aminoisobutyric acid ~ -(18) - 1
y —Amino-n-butyric acid 6 A7) 4 7
Ethanolamine 1) 2 -(2) 1(2)
Hydroxylysine -(1) - - 1
Ornithine 4(2) 2(4) 2(4) 4(4)
Lysine 3(14) 4(20) 8(15) 7(16)
7 ~Methylhistidine ~(13) - - -
Histidine 20 7(32) 17 9(3)
r ~Methylhistidine =(9) - - -
Subtotal 904(326) £92(491) 915(404) 462(517)
ATP and related compounds
Adenosine 5'-triphosphate 2.0 15 1.0 36
Adenosine 5'-diphosphate 0.9 04 04 04
Adenosine b'-monophosphate 10 0.3 35 0.3
Inosine 5’-monophosphate 10.8 10.4 7.0 0.3
Inosine 32 5.1 38 6.7
Hypoxanthine 0.3 34 15 6.8
Subtotal 18.2 211 7 172 18.1
Betaines
Glycinebetaine - - - -
B-Alaninebetaine ~ - - 11
7 ~Butyrobetaine ~ 25 - -
Homarine 1.9 09 2.1 44
Trigonelline 14 0.7 1.8 0.8
Subtotal 3.3 41 3.9 6.3
Others
Trimethylamine oxide ~ - 11 -
Trnmethylamine 19 18 3.0 46
Ammonia 4.8 0.5 6.5 7.3

YThe amounts of combined amino acids are given in parenthesis.
INot detected,
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Table 3. Nitrogenous constituents in the fresh laver (P. dentata) extracts on dry basis (mg/100 g)
. . Jan. Feb. Mar. Apr.
Extractive nitrogen 246 837 872 760
Free and combined amino acids
Phosphoserine 75(110)" 75(110) 94(145) 120(182)
Taurine 833 841 272 641
Hypotaurine 4 -2 4 5
Phosphoethanolamine - 4 - -
Aspartic acid 114 38(4) 145 36(161)
Threonine 61 44(247) 60(226) 63(266)
Serine 18(175) 26(106) 30(85) 10(99)
Asparagine 53 93 60 16
Glutamic acid 491(189) 176(176) 362(272) 281(396)
Glutamine 412 401 472 52
o ~Aminoadipic acid -(9) -(9) - 10
Proline -(211) -(273) 60(226) 63(349)
Glycine 44(224) 9(260) 34(226) 31(266)
Alanine 1439 921(150) 1085 651(109)
Citrulline - - - ~(5)
@ —Armino-n-butyric acid 4 4 4(4) 5
Valine 13(79) 26(110) 26(94) 52(125)
Cystine 44(26) 13(44) 136 16(89)
Methionine 18 4 34 5(31)
Cystathionine 88 4 170 5(5)
Iscleucine 9(31) 18(4) 9(43) 16(68)
Leucine 9(61) 18(40) 9(81) 36(94)
Tyrosine 22(48) 48(211) 9(34) 42(57)
B-Alanine 22(9) 66 30 10(10)
Phenylalanine 9(83) 18 9(98) 31(141)
B-Arninoisobutyric acid - -(79) - 5
y ~Amino-n-butyric acid 26 18(31) 17 36
Ethanolamine 4(4) 9 -(9) 5(10)
Hydroxylysine -(4) - - 5
Ornithine 18(9) 9(18) 9(17) 21(21)
Lysine 13(61) 13(88) 34(64) 36(83)
7 ~Methylhistidine -(57) - - -
Histidine 33 31(141) 72 47(16)
7 ~Methylhistidine -(39) - - -
Arginine 35 66(62) 51(98) 47(109)
Subtotal 3966(1429) 3048(2163) 3897(1722) 2404(2692)
ATP and related compounds
Adenosine 5'-triphosphate 8.8 6.6 43 18.8
Adenosine 5'-diphosphate 39 13 17 2.1
Adenosine 5'~monophosphate 44 13 14.9 16
Inosine 5'-monophosphate 47.4 458 29.8 1.6
Inosine 14.0 225 16.2 349
Hypoxanthine 1.3 15.0 6.4 354
Subtotal 79.8 93.0 733 94.4
Betaines
Glycinebetaine - - - -
p-Alaninebetaine - - - 5.7
y-Butyrobetaine - 11.0 - -
Homarine 8.3 40 89 229
Trigonelline 6.1 31 s 42
Subtotal 14.4 18.1 166 32.8
Others
Trimethylamine oxide - - 47 -
Trimethylamine 83 79 12.8 24.0
Ammonia 21.1 2.2 217 380

D - - ; . . -
The amounts of combined amino acids are given in parenthesis.

INot detected.
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Ve ABE $3e] £49 319 Ay felo)n] atel of
3 54 9 flopv|mabEaks) Al fefoln| st ko]
gk A RBAE HEech olupehEg oA Feke] 1A
2ot FElobu] Al alanine] g ® FElobrl Al Zk
2] 27.1~36.3% (T 30.4%) 24 BFALEH 7 (53)3} f-Agk
FEolddrh f-2) o] k2203 $-2] alanine $(Y)=}
9] BAE Y = 04047X - 323.0729 (1° = 0.8362) AT F]HALe
Zovield e oledh 1 thgo 2 ghake] Wty Feloln)n
A2 taurinee] 2w, felolnlabEke] 21.0~267 %
(B 2449%) 24 WAL 71 (53)7) frALak 5ol it 4
ot A& a(X)T +8] taurine FE(Y)HS) SAE Y
= 0.1187X +401.4827 (+*=0.7064) & e < glgit}. -8
glutamine &8k f-&]o}w] ;e AbEake] 22~13.2%(HF 95
9%6) 2 A WhALR- 7] (53) ol A Mo} eF 26l &) eFo]gl o) ub
AR A (53) el A 2 49 A Jol| A ohe), GE]olr| mAlE
F(X)F f8 glutamine F2H(Y)2He] FAE Y = 0.2226X -
4065584 (r*=0.7547) 2 EA| & 4= 9] 9l ch. 42 aspartic acid
Tk frlotelabEke] 15~37% (4T 2.7%) 24 -2
obn| m=AbEek(X) ) -8 aspartic acid F=(Y)7] FAl=
Y = 0.0584X - 98.5046 (r*=0.8864)0] Atk A, o)A 4
Xt frefole] makdal(V) e A A= Y=13.9068X
- 81965313 (r* = 0.80 98) % EAIE 4= glich, o]Abel Ao} 2
| frelelbrlmibdapel g PE fe)ole] mAibsbakate) Ab
FFAZ Table 49 vreh el §-7] aspartic acidel 4] A=
A $=(*)7} 74 Egkom (p<0.01), T4~ 42 alanine, glu-
tamine, taurine(p <0.05)2] =o]ga L o] 2 Feolrx
AFE-E AHAA 7} okt p>0.05). o) & 28 Fa= ukal
T 7 (53)el Bl Folulxabell gk E obw| ko] Ak
LAl 2ol 7 gle Ao Vebde) e slule] 2] =
WAL R ) (53)ell A fre]olw] mAbEeka) A f{2lolvix
Abgheke] FEA 07 A AT} F-& fr2lobr] Ak ala-
nine, taurine, glutamine®] it}

78] g o}m| Al FA o] Bhel] v A & A2 HE35)7] §)
sle] z1A uHA| (aspartic acid, glutamic acid)@d wH=tA (thre-
-onine, serine, glutamine, proline, glycine, alanine, lysine),

o

3] 2 €9 (valine, methionine, isoleucine, leucine, phen-

Table 4. Coefficient of determination between individual
free amino acid and total free amino acids in the fresh laver
(P. dentata) extracts

ficl C
Coefficient of Significant level

Free amino acids determination

¢9) ®)
Aspartic acid 0.8864 **
Alanine 0.8362 *
Glutamine 0.7547 ®
Taurine 0.7064 *
Arginine 0.6238 -
Glutamic acid 0.4968 -
Phosphoserine 0.4193 -
Serine 0.36b1 -

wx: p<0,0], * p<0.05, -1 p>0.05.

ylalaine, histidine, arginine) ¢}v] =422 A oH(63).
Fralobul i Abgake] Wgt A sA olvleAl A9 v gL
frajotrl Ak ako] Fotwl 145} 39 A BelAE 130~
15.1% (37 14.1%) 24 E9ko}, §-8]obn| mardake] wg)
o 295} 49 A2l E 87~132%(BF 11.0%)EA ¢ &
A Yelth(Table 5). 28]l 2 f-2lolu] Ak ake)] tj3l b
BHA| ofv| mAke] ul-E-2 frelolvl AabEake] 9w 149
39 A BollA = 455~49.7% (B T 47.696)°] 51 21, frelofw]
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Table 5. The amounts of total umami, swect, and bitter free amino acids in the fresh laver (P. dentata) exiracts by sampling

month (mg/100 g, on dry basis)
Jan. Teb. Mar. Apr.
Total free amino acids” 3,996(100.0%) 3,048(100.0%) 3,897(100.09%) 2,404(100.0%)
Urmami® 605(15.1) 264(8.7) 507(13.0) 317(13.2)
Sweet? 1,987(49.7) 1,419(46.6) 1,775(45.5) 911(37.9)
Bitter” 181(4.5) 181(5.9) 210(5.4) 234(9.7)
Others 1,223(30.6) 1,184(33.8) 1,405(36.1) 942(39.2)

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

YSweet : threonine serine+ glutamine + proline + glycine+ alanine+lysine.
“Bitter: valine +methionine +isoleucine + leucine + phenylalanine + histidine + arginine.
Amino acids were classified according to Fuke (63) with slight modification.
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Table 6. Coefficient of determination between individual com-
bined amino acid and total combined amino acids in the fresh
laver (P. dentata) extracts

Combined amino Coefficient of Significant

acids determgnation level

c (r) (p)
Valine 0.9847 Hok Ak
Proline 0.9734 wkE
Glycine 0.8820 3
Lysine 0.7058 *
Glutamic acid 0.4956 -
Phosphoserine 0.4948 -
Serine 0.3371 -

w440 p<(0,001, == p<0.01, = p<0.05, - p>0.05.
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Fig. 1. Nitrogen distribution in the fresh laver (P. dentata)
extracts.
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