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Flavor Compounds of Dried Shellfishes
1. Changes of Nitrogenous Compounds in Shellfishes During Drying Process
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Level of nitrogenous compounds in dried shellfish related to the formation of flavors during
processing and storage was investigated. Fresh samples of blue mussel, short-necked calm and pacific
oyster showed relatively low levels of ATP, ADP and AMP, but high levels of IMP and inosine. Relatively
high content of TMAO in fresh samples was markedly reduced in the samples broiled samples, but TMA
content was rather elevated in the samples broiled, which was a lowered result of TMAO content. The
degree of reduction of TMAO and enhancement of TMA contents was relatively small in the hot-air dried
samples during storage periods. Glycinebetaine content in fresh samples was slightly decreased by
boiling and broiling. Contrast to glycinebetaine content, hormaline and trigonelline contents were
severely reduced by boiling and broiling. Twenty-nine kinds of amino acids and their derivatives were
identified in the sample of blue mussel, short-necked calm. Among them, glycine, alanine, arginine,
glutamic acid and lysine were major amino acids, .but contents of these amino acids was greatly
decreased in the samples after drying and boiling processes.
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Instrumental conditions for HPLC analysis of Glycinebetaine, Hormarine and Trigonelline

Hormarine and Trigonelline

A4 - HE=
Table 1.
Glycinebetaine
Instrument Hitachi L-6200
Column Shim-pack FLC-CN (4.6 X50mm)

Mobile phase
1.0 ml/min
UV 262 nm

Flow rate
Detector

10mM KH,PO,+2% acetonitrile (pH2.1)

Hitachi L6200

Whatman partisil 10-SCX

30mM KH,PO,+2% acetonitrile (pH2.1)
1.0 ml/min

UV 262 nm

€4 7ml 7het d A3t B NS F3lo
25mlZ ALY 4 AAF 4mlE T to-
luene 10mi®} 3.7% formalin 10 ml & 7}8te] W3
o)A 587 g3 & 45% KOH 3mlE 7Fate] —15
T brine-icedl A 2% WA 711 73%6}711 Neste
Z2% 33 ¥HE g oS tolueneE S 7ml 3o F
4 Na,S0, 05g2.2 483 0.02% picric acid 5ml
€ 713t 415nmolA =8 A EEF
oA A off g o] &3t TMARHS T3
At '

(Y-0025) (5m) (100) (K
(0073) (759 (1000 ug/mg)

(&}, K; dilution factor, Y; absorbance)

=mg TMA-N/100g flesh

TMAOY ##Fe Ag9 TCAFEY 4mlol 5%
TCAE Y 10ml¢t 1% TiCls 3mlE 7teted 1083 %
A o& 5% TCASHL=2ZH 2Bmiz HEdx
TMASH 22 Wior §43td &479 FTMAF
oA g TMAZS W #tez Fach

felojojite] 2A

A g 75% A &2S 715te 33 wiESEEn
295 o33t 4 AYsAA w53 A
A7 F dojAdqH 22N ALHHYES AAs D
FALE 0.02N-HCHE o2 £8)3t] 100 mIE & 43}
2 IR FE H3A millipore filter (045um) S 3
AlA olu =4t 2524 7] (Hitachi model 835) 24
freolul ity #FS BASYY.
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Table 2. Contents of nucleotide and its related compounds of raw and boiled shellfishes

(mg/100g solid)

Blue mussel Short-necked clam Pacific oyster

Compounds - - -

Raw’ Boiled® Raw Boiled Raw Boiled
ATP 39.7 107.6 tr 254 tr 46.6
ADP tr 89.1 17.3 1254 tr 71.1
AMP 124 1487 480 205.5 14.7 163.6
IMP 198.6 56.6 283.8 12.1 536 52.6
Ino® 58.1 82 126.3 84 166.6 tr
Hyp* 419 21.1 504 16 185 19

'commercially alive or fresh shellfish.
*lnosine, *Hypoxanthine

*steamed at 100C for 20 min.
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Table 3. Contents of nitrogenous compounds in various of dried shellfishes

Aoz oA E3] IMPY
oje] AAQ fAHAAM of

HiAZ=2| TMAO, TMA & BetanieR2| &

5% &Hd ALAFEL Axs} 7Y A
of #ds e Ao WA ded §F, wAg &
Z AN A& E i gF FAAUEY FF
W3lE 243 A Table 39 Zoh AAEFY
TMAOR &S HAEFHo 2 717} 1118 mg/100 g, 102,
8mg/100 g, 1737 mg/100 g0 2 Zo|AE B 1A
g A BA veion s AN gdMe 4
7 664mg/100g, 628 mg/100g 1193 mg/100gl &
aA #ZasA

TMAZES B9 AAENN 242 420mg/100g,
436mg/100g  662mg/100 gL 2R  HIAF M E
TMAOY #Haol Hdte] && gh& vehdol TMAO
Ba&nrt wade AL < 4 AL WAAS
Ae 247t 67.7 mg/100 g, 985 mg/100 g, 869 mg/100 g
o2 TMAOS &3 et A F7hatdh glyci-
nebetaine, hormarine 2 trigonellines ] betaine® =
QA S B AR 2L A FHFFEFTA 5
o]Ho g HiHo e AFERA &9 Fu|dEL
24 FA91 glew 53] A8%9 v (Hashi-
moto, 1965)¢} A%< ¥7v (Hayashi et al, 1978)°l
A 7198n Qe Ao 434 Aot IH, vhAY
2 Z%Fo) FF4E glycinebetained] FFHS BH A
2 AE 217t 22132 mg/100 g, 20159 mg/100 g, 4468.
6mg/100ge 2 FX, Folgd ¢ 1% F(FH,

(mg/100g solid)

Blue mussel

Short-necked clam Pacific oyster

Compounds - - - - - -
Raw' Boiled® Broiled® Raw  Boiled Broiled Raw  Boiled Broiled
TMAO 111.8 959 66.4 102.8 844 62.8 173.7 146.6 119.3
TMA 420 395 67.7 43.6 74.8 98.5 66.2 76.3 86.9
Glycinebetaine 22132 21594 20479 20159 19931 18916 44686 43552 42024
Hormarine 208.7 180.4 1424 374.7 3372 2518 460.5 4186 3340
Trigonelline 55.8 456 22.7 1345 1103 894 1075 873 64.8

12 refer to table 2, * broiled in dry oven at 150C for 30 min.
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Table 4. Contents of nitrogenous compounds of hot air-dried shellfishes during storage at 30T

(mg/100g solid)

Days of storage*

Compounds 0 7 14 21 28
Blue mussel
TMAO 88.2 85.7 76.1 716 65.3
TMA 45.3 490 486 55.2 582
Glycinebétaine 2,265.1 1,853.3 2,159.0 1,956.4 1,931.6
Hormarine 169.6 109.0 95.8 45 234
Trigonelline 40.6 15.7 58 49 33
Short-necked clam
TMAO 80.2 783 804 756 733
TMA 516 523 54.7 59.3 62.4
Glycinebetaine 1,943.3 2,1585 2,642.8 2,632.7 2,679.7
Hormarine 294.2 199.1 1682 168.0 164.2
Trigonelline 94.5 299 183 121 99
Pacific oyster
TMAO 145.3 148.2 143.9 135.6 131.8
TMA 794 694 4.7 829 101.7
Glycinebetaine 4,770.6 4,682.3 4,685.0 4,907.2 5,250.3
Hormarine 3813 280.1 2371 1955 1758
Trigonelline 1084 383 21.1 18.0 19.7

*hot-air dried in convection oven at 50C for 5-10hrs.

1990)9) d§83o ¥k (99 mg/100g 12 mg/100g,
20mg/100g; wet base)ol Hlste] 453 &L UL
JE QT 2t 2 AN BN = Ade 4TS
By,

84 betaine$) hormarine® 1 014 A Q! trigonel-
lined] AAEFe e F3olA 208.7 mg/100 g
55.8 mg/100 g, BFAI 2ol A 374.7 mg/100 g# 1135 mg/
100 g, ZA 4605 mg/100 g2 107.5 mg/100 g& e}
o A5 2 dAgdMe TAde ZEE B

= 53 trigonelline®] 7ol A eyttt

al
=

HHE XMEZ=2| TMAO, TMA L BetaineRel &
2t

A& Fo] AT AxE 3T, vAF B
Z9 AAEL 30CY F&rld AL 159 1A
o2 A2AFEY §FE SH3H ) (Table 4).

AdEAZF AEF9 TMAOY FFe B9 #74
88.2 mg/100 g, 80.2 mg/100 g, 145.3 mg/100 g & H}A|
g7 2qMe #A&5F9 g Hgd Frtsig oy
T Zagdn. I8 Ffode & AR
b= g AAEA TMAOY FHol £2 e #
Asta gg B ok ol A& AZRFE A
AadA gong 7}gFd TMAOY E&#71 vivA
AP Aoz 44dd AFFoe ZE ARIA
TMAQY #teko] Zasle AFL R

AEAZE 39 4 NEF9 TMAZHL 453 mg/
100 g, 51.6 mg/100 g, 794 mg/100 gC. 2R #4359 3
2 395mg/100 g, 74.8 mg/100 g, 76.3 mg/100 gol ¥}
o AA FhRen AFFeT gstA Frtee
AFE HJch
AZE 59 glycinebetaine?] TS BH

3 3
o) usel YD 2INE 2 W} 9

-
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Table 5. Free amino acid contents in the processed and stored Blue mussel (mg/100g solid)

Hot-air dried(storage day)*

Amino acid Raw' Boiled>  Broiled®
0 7 14 28
Phosphoserine 2546 357 286 543 40.1 709 65.1
Taurine 77574 4,006.1 2479.6 24573 2,541.2 2,521.1 2,523.0
Aspartic acid 626.8 2054 2121 175 2337 2186 214.0
Hydroxyproline 58.2 52.9 379 304 375 33.0 351
Threonine 4116 105.0 2289 2485 2416 2120 2132
Serine 8449 1494 186.7 166.1 259 20.1 200
Asparagine 3828 308.7 2952 286.5 3242 2733 2844
Glutamic acid 1,034.0 3282 3634 456.1 514.0 512.8 514.7
Proline 7420 676.0 656.0 591.3 583.8 658.4 677.7
Glycine 4,562.3 1,739.4 976.7 9575 984.3 930.6 929.6
Alanine 2,119.1 715.1 8399 775.0 808.2 835.2 8215
Citrulline - - 4345 491.7 518.8 4325 505.4
a-Aminobutyric acid - - - - - - -
Valine 2084 314 63.0 62.5 66.8 634 64.3
Cystine 1980 14.2 85 85 338 79 82
Methionine 422 29.1 375 123 12.7 123 118
Cystathionine 533 197 39 30 36 32 30
Isoleucine 228.7 46.0 51.8 56.2 58.0 49.1 49.8
Leucine 290.7 522 80.8 924 94.1 820 824
Tyrosine 238.0 89.9 146.2 1405 149.7 1379 136.3
Phenyl alanine 1832 339 469 533 52.7 46.5 455
B-Alanine 105.0 46.1 308 299 316 327 A4
B-Aminoisobutyric acid - - - - - - -
y-Aminobutyric acid - - 2.3 - - 31 32
Ethanolamine - - 6.9 33 6.6 141 145
Ammonia 2213 885 679 520 656 - 1115 394
Ornithine 270.7 199.3 1958 1843 285.3 256.9 264.8
Lysine 1,4230 1233 103.7 110.8 995 1149 1137
Histitine 822 325 781 378 400 436 46.0
Carnosine 105.0 56.7 572 396 618 59.7 816
Arginine 1,093.1 117.1 1435 1187 218 256 22.1
Total . 235366 9,371.0 7,864.3 77372 79116 7,788.2 78248

123 refer to table 2 and 3, ? refer to table 4

AL v g Me Frretgd e AGFoe FHo EHH
Me Zadhe 4% 59 whd vix gy gdMe  oE
A4 Z7t8t9oh. hormarine® trigonelline?] %<&
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Table 6. Free amino acid contents in the processed and stored Short-necked clam

(mg/100g solid)

Hot-air dried(storage day)*

. . N S o3
Amino acid Raw Boiled Broiled 0 7 " "
Phosphoserine 2127 26.6 466 814 76.0 63.1 84.7
Taurine 9,600.9 3,370.6 29143 2,962.4 2,8824 2,712.6 3,026.5
Aspartic acid 2237 1379 1308 1195 1344 112.6 138.3
Hydroxyproline 46.8 414 18.3 311 372 403 46.8
Threonine 320.6 584 32 417 45.1 403 46.8
Serine 2658 373 36.8 30.3 443 314 380
Asparagine 724 456 254 25.0 259 274 371
Glutamic acid 887.0 269.6 1269 4214 4431 4335 466.0
Proline 663.3 5989 158.9 99.3 520 46.2 39.1
Glycine 4,746.0 1,7720 385.9 1,386.4 1,558.1 1,318.8 1,593.1
Alanine 24817 6554 1,441.6 3345 5515 3564 102.3
Citrulline - - 196.8 1924 199.2 1733 195.7
a-Aminobutyric acid 535 476 46 33 46 25 19
Valine 256.7 11.0 228 236 290 10.3 286
Cystine 59.6 464 80 83 15.3 - 37
Methionine 200.3 47.8 109 78 6.5 45 47
Cystathionine 59.1 26.7 33 32 - -
Isoleucine 229.2 347 14.0 176 184 129 17.3
Leucine 3238 56.2 244 322 381 329 36.8
Tyrosine 2878 769 200 29.0 29.0 25.1 284
Phenyl alanine 2571 40.6 155 25.1 218 145 21.8
B-Alanine 239 213 6.2 95 T4 5.6 5.7
B-Aminoisobutyric acid - - 5.5 - - - -
y-Aminobutyric acid - - - - - - -
Ethanolamine - - - - 21 - 29
Ammonia 1649 100.0 348 225 138 313 270
Ornithine 268.1 200.3 479 1816 432 92.7 62.2
Lysine 502.3 433 370 373 513 404 48.0
Histitine 79.6 16.1 104 11.8 180 12.2 144
Carnosine 2298 102.5 404 38.3 16.1 4.1 700
Arginine 961.3 379.7 3522 3914 519.2 303.7 408.7
Total 234780 8,265.6 6,1714 6,568.3 6,886.4 59710 6,586.0

123 refer to table 2 and 3, * refer to table 4
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Table 7. Free amino acid contents in the processed and stored Pacific oyster (mg/100g solid)

Hot-air dried(storage day)*

. . ! - -
Amino acid Raw Boiled Broiled 0 . ) %
Phosphoserine 242.3 470 1315 4254 507.3 704.3 820.8
Taurine 9,890.1 6,005.5 42788 4,588.0 4,047.3 3,559.3 4,694.2
Aspartic acid 67.5 2131 1398 1517 136.0 1213 1876
Hydroxyproline 46.0 354 16.6 284 270 24.2 295
Threonine 456.3 146.8 2074 2443 209.2 170.7 262.7
Serine 466.3 119.8 139.1 1524 1716 1418 163.1
Asparagine 3754 350.1 248.1 2473 53.1 1328 229.6
Glutamic acid 1,1271 547.8 768.6 1,056.7 888.3 7119 1,055.5
Sarcosine - - 185 181 274 181 205
Proline 1,409.2 944.2 659.5 683.0 810.1 661.9 764.2
Glycine 14439 792.7 782.3 885.5 8115 643.7 947.1
Alanine 2,736.2 1,242.2 664.4 680.7 7511 639.1 7134
Citrulline - - 1736 288.9 2931 2413 398.2
a-Aminobutyric acid 423 133 117 125 13.1 12.8 135
Valine 376.8 58.7 989 1025 929 738 116.9
Cystine 494 14.2 - 13.6 245 229 -
Methionine 2453 66.8 30.5 6.7 58 27 -
Cystathionine 255 22.3 52 49 9.1 6.0 59
Isoleucine 295.8 55.2 616 68.9 63.2 482 79.7
Leucine 507.3 915 107.3 120.1 1394 96.5 142.3
Tyrosine 3393 97.1 78.3 84.2 100.9 76.6 98.0
Phenyl alanine 316.0 56.7 60.2 68.3 711 57.6 80.1
B-Alanine 3213 164.8 1418 1382 1269 994 1515
B-Aminoisobutyric acid - - 171 8.7 102 99 260
y-Aminobutyric acid - - 73 16.0 8.0 86 10.3
Ethanolamine - - 6.1 59 6.9 55 112
Ammonia 1917 99.8 84.0 78.7 489 380 86.9
Ornithine 112.8 230.0 171.3 1714 719 1175 89.3
Lysine 728.6 172.0 1221 132.7 1335 106.6 146.7
Histitine 122.0 49.1 918 60.1 65.0 544 780
Carnosine 2414 96.5 59.6 58.2 425 113.0 147.2
Arginine 652.0 250.0 281.3 3174 3452 289.7 3639
Total 224679 12,2009 9,664.4 109200  10,214.3 9,013  11,933.7

23 refer to table 2 and 3, * refer to table 4

o fFoluitE Frgko] B & ofm:mArL glycine, fFEobmli=itel 434%E AAGHLH £ 4
alanine, lysine, arginine ¥ glutamic acid® A el HAF Fr|e FALLE deA slv FFEQ di-
ool th 3 Bl &o] 22 19.23%, 9.00%, 6.05%, 4. methyl-sulfide (Medelsohn and Brooke, 1964)2] A+
64%, 439% 5 JEIYQI o] B 559 ofniito] £ £F=Z 4R Ue Tl cystine} me-
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thionine®) %S 247t 1989 mg/100 g, 42.2 mg/100 g
o2 Jepgth AsFde L obvbite #
Fo| AxdFo8 FEolt} JHAEHZ A3t A
Ao g ot dFAxAY Felx g F2Y of
oiite] EFoz ZAAsAT ARFde VAL

H3le B & %NS serine, arginine §9 ¥#o|
A A A citrullineo] WAAE 2 EFARA
BoA thEoz AEHAUD

82 (Table 6) A AAES Feotrest &
%2 B glycine©l 47460 mg/100g2 2 7H4 42
222 alanine, arginineT 0l N2™ 7HE A5 Fof
T A54Fo2 f22 YHEY olnite] A
Fa892 Wi € 9FAZ2AHFAE valine, argi-
nine 5§ A9 dREo] Fidde AL BYH
Proline®lt} hydroxyprolines2 7tE wl&%ol A4
S& pyridine, pyrroles-& W4¥7] AR ATA
(Kobayashi and Fujimaki, 1965)2 ¢#4 d&d 4
NaFde 77t 6633 mg/100 g, 46.8 mg/100 gol UL
U ijax g 4FazA 894 42 1589 my/
100 g, 183 mg/100 g3+ 99.3 mg/100 g, 31.1 mg/100 g©.
2 2o o] 2ol AAEY AR A o
&g nd Aow FAHL

Z (Table DolA= HAEY Fholn it &k
£ 224679 mg/100 g 0. 24 vEX| 2 234780 mg/100 g
AFE 9] 235366 mg/100 g Hi5 T FF S HAL
53] %ol ¥& o}n|:2t2 alanine, glycine, gluta-
mic acids oItk AHAFANME sarcosine, a-ami-
noisobutyric acid, y-aminobutyric acid, ethanotamine &
ol 2% ZAZHAL U& HFAAY vp@AtAE A
AMade BEHA %Y citrullineo] R AE
=l

FARF o] Fojo #E= tauline oFv] =4t
FAHE B2 e Az FASE F 7o 2o
B¥sy gle Aoz 4gA led (Hn - FH,
1987) 3% #AFY AARANE 7757.4~9890.1 mg/
100go2 B& o] s donz HFe A
T AAzAE d¥d AL o ¥ F4
2HEXNE ZFaAde 59 HEF Lo Fa5
Ao g AZET (Sturman, 1987 ; Yamanaka et al,
1986).
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