GOVP1199802205

| =

A A
°d F 0|0|8 F4AXIRIE 0|28t 7|sM
So|axie] HA I wHHT|so| s

Studies on the Search and Reappearance
Technology of Flavoring Substance Derived
from Unutilized Marine Products

o177 | 2
24w

FEL 4
Lz}3é



Ok

|

715744 SviaA Y

s

Ade ol&

o] AL A9

BRuME A&

=
o

b

=1
=

A

12. 29.

1997.

™
o

y

ﬁo
o
B

7
NF

8]

TR
B OE o
® W Ak



FO
12
MO

1.4 &
At mlol g FARRAL o] &F J5H FrlLA P
BE7ee) AN

1. AFHLe] 55 g Fo4
1. d7NE 54

M2E 171548 FriaAe /Hd ® A vlo]8 FAAAY FHE)Eo)2}

"o, ARE Aol FERNE, EE F4AT SR wgAD

rr

Zulg AW £4E2 $H 94 48 FU4RE F253, os 4Ry ¥
N, Az 2 GH 5 olHRY AP Faka J54 FulaMEAY o)§
3} 4442 Flavor technologyel ti# g %8 % 88 71&¢ #J9rh

2. a7 84

A, A, 240 B 2SS 2 F£AEL B8 FgSe 28 579 2
HAE AUz ded, o] % JANs dFE Ff 715HA AeM Y
S Yol QA HRE FAVIFI&d UoiA
oltt. F2 #&A AEolFL FAHHE °1E 71548 4L Key flavore] A

Folg Zole SAHNRE



o

TEAe) 2 % A84 4EA 43 BAS Tuetn, ol AUHoz
A - A2t AAD fAG R YAE AL F AT Bk
e ARE VIS4 FAMBAES ALY £ A, £l 23w Y
£ #4420 94 Fo4RS TN AN dAT £ Ao, TP o] 7%
2 E 5 7le dRopln Axz 4
4ol g # gleeldn 4

£3, vlolg FAXRLY fFhaolRolEeE YFNAN FAITRAZZHE

fi

%
247t Utk UREH B2 olF 49 489 Zae
siebh Z7b Aolw, 19979 ol Fole A9 ® =

Aol tulstel 59 £argo] Ha) HEr} o]

B2 nR7A S 7EEFS AU AY, o525 EH

rL ﬂ”
_L
e
rO
L
o
i)
o
o

olr
o
B>
2
tju
2
9\
ot
)
1o
rSL'
mlo
1
i)
£
o
ek
poJ
9,
_E, 'E' Jo



7154 FrlaAe] A o

3
Aol A, o] § =7}

[e)

T *HET

L

1. 1apd % (D7|15d Hoj4axie) §

129 s @FollA

ol
i

—
—

18-l 2}

fEo

#919)

%'A] 0“/ 37\’_}_

L
L.

F

F3t, wjo} g}

Th

BN

g

[e]

=

]

<~

[e)

7}

)
~K

]

Ho

of
oF

wir

]
{4+

A
N

o

ARl 7154 Key factore] HFEA(§iH)S

Ao g ZA.ZA st

_'?.

a
] Flavor technologyoll o

JEE

=

=)

ohe?

1o,
18131, o

<}
ol

E

=]
e

<

BN

gozx A2

‘mo

o
Y
N

3B
%

1

T
yol

2. 239 = (HiZHE|
2AIE DTN E

=

=

i

s, 4 &4 % A AFE=ER 9 Key factorg AT

Ao, AT

<

pil |

o
pil
0
0
cl

Z 7138}l M

o]

%0

‘of

R
sl

=3

GC = GC-MsE %3

__Ov_

@
]

Ho

17154 2riae 7}



1) @552, Atasy 2@ 297 ELRHMoE dARe 2Asy, 2
drro EHS AR ME YES AW, AR dxBe) BEH SHe A5

FeALFAMe Az Asst duto] gou nte] Zxrt 2sigm, 2t
S

© AT olgfol] &nta R HIL At 29A A

A3 Aol AEN FAL Y pdel vis WX FANL 5 3

2) 29A AAFHAEEL HY IR e 2o AREE 2HEHN
AEF F of 3ujFe & 7hetar, 98ToA 583 zA53le Artigtass
2843147 ¥, A|gd9) pHE 8022 AT o7|d YeZely duy
&) & A~ (Yakurt Pharma., Aroase AP-10)E 03% 7}sla] mubslH A} 55T o) A
3A1ZE T ZHEEAAAT oo AsAYdte E4E EEAAFAN F g4
pHE 60202 ZA3tx, orjo]l Algofd thsl 03%9 FA PdulEsfiagr

|

r.{

(Yakurt Pharma., Pandidase NP-2)& 7}3F t}-8 55Co|A mubahdaA 247

_6_



£ A RAAID, LS TRASAA dARYs] A5AS Hpoz

3) Al BARSAARe EAXE 722 st ZAYT FHA2EL oo
e84 2 ZH40] 4 FolAY AR F ALEH 2 Folst UL, 2
DA ]88 A & dol FAAARS ol YFF W7t B =

sS4 2 WS ReEY 328 ZuiAz ol §rbsad

4) Astel 2 vjAe FFS vAc LELE olvxAdF FToMe
Glu, Gly, Arge] d%o] o0, Br71doME CI, Na', K'9] 4] it
geoz deg nxe AE¥L AMP, PO,”, Ala, TMAO, betaine, IMP 50|

11, Tauz} Proo] Al%tel vlzxle F&L ofF n|n| Aot

5) 207l EAEAYO o sichael A&, hthael 2L, BAe T,
Gl A 5 FAMERAES YEE da AR lA FHE dape
25 2 sto] s wpew, FY slEelnsd olg4 TAH
collagencll o8 YEZ7), BlA 44, DAAF(LIEEME Y22 HALS

o] A BR(2E) T EAME HEE F AYZ, AFE I3 FHA A
£ e g Yeiyn. 223 ol AXES EFAXsY ELHAY vF

e

S, ddzxn A2ge] 242 FEY olf Jledivde 2ES Uk

Ho

6) Methanolo] WA E ] HAFEH FZo 7t AP Aoz Jehyi,
23 4= 33 Axg gdH FHo] s o, methanol 5+ 80% Y uf
Aol ZAxrt 7 A3 Aoz Jelst.

S



7] Sl 4 2 ole g

ol Aga 4RoE, A4 2 $A

A2 oA7tR] &l FAlel 7HEE o 2AY

Aole}a

—
—

K-

Ho g, AlS2 80% methanol

ted, &4 As A=

3!

A 7HE| Ao

o] zAstd 100CNA 30

H
W

z4& 2=

o)

Th

]
-

s Ao HA vwstd QAo

«

3

J

A9 #el7t gl
- 3uY 829 A% I Mz

%
T

T g FAIE Aol

1

-

Z38}7d ol A
chromatogram patterng vl g A3 A

I

9) Al %2l methanol F&4

T

el

®w
T

=

EUEE7I7 A AlS dAlY F8 847

ol
k=

. a8 48

H\-)\g ﬂ@-g_

o, riboes} g7]4gotoxst ol dojubE Maillard vHGoll o3 HAdse
L=

3

S
S

}

3|
—

T2

L
=

pil

BN

&

=]
=

10) zp=s AR FHEAdAE-2 hydrocarbonF

&

3]

=]
=

Al hydrocarbonf

109 4%, A% 29 LA

h=1]
ES

hydrocarbon

2

ks

< FE

g



alcoholRE F2 & F 106 AL, At FA 9 3L APAHEL hydrocarbon %
alcohol & F2 & F 104 A&, A5 2709 HUHHYEY Ae:

hydrocarbon ¥ acids

S
il
N
o
r
lo
fu
o
R

Aol FAHENL, 2 F T
£ cyclohexanol& 71F22 A 15.76mg/100g, *}-$- 18.79mg/100g,, % 22.77mg
/100g, B Al 54.01mg/100g, ¥ 2o 11.88mg/100gC. 2 A HAIZ} 7173 FjurAd
Aol By, t5ol 2, Af, A, 230 ol

2. 723 &8 dg WY

O 2 d723E 171548 $¥Y) 58 R 3ol zvlaA s

o #&% + Utk

@ A&H<Q ol&ol o udPolE o8ty 7IZAHE HY uUlF

4, ngY e michgel A2% AL ALY 5 U

S
o
r>
N

FeRdEme, W, 44 5)& o83ty nRI7txe) FolA

@ FAES 82 T 7154 FuALAL JEls e 2 AEE,
28stell o A5 E AANEG + A1, Yolr} w3 FAEY Fujy

2 Ag9HoR F4, BAANZ + At FEVE BHE HY + Ao

M

)
o

® 1317154 Flavor technology 71&o] 7%, &dgo 2 An|zte 7|5
E FFAE F Uve 1R 7Y OFgt 7leAd FAPEo A E sledo)

758 A,



® ¥4 aHzA ojWFY M, AN S Off Flavore)
A BTEA, 743 AR Fo WAl Wste) B7A 7 P ol9 WA
28 ABE AL 5 A

e

d

@ AgBolY SRl Fol tha ALgEHY, WP o) &1
e A MY AR 2 F2o FAHI} AAsAA £ A wz)
ov, 2 nRY J5H F4E Fuiade) AZVEL UG + s

ez 28T F 3L Aoz JigEn.

._10_



b RbaEERR

SUMMARY

Studies on the Search and Reappearance Technology of Flavoring

Substance Derived from Unutilized Marine Products

This study was carried out to develope natural flavoring substances and flavor
technology using low-utilized marine products and fisheries by-products. We have
examined optimal processing conditions and quality of two stage enzyme
hydrolysates(TSEH), their flavor constituents and functionality, and also examined
flavor technology such as search flavor compounds of the dersirable flavoring
fisheries materials and reappearance of flavors through repreparation of individual

flavor constituents.

Among water extracts, autolytic extracts and enzyme hydrolysates tests, TSEH
method using alcalase(Aroase AP-10) and neutrase(Pandidase NP-2) was superior to
other methods on the aspect of yield, nitrogen contents, taste such as umami and
control of off-flavor formation, and transparency of products. From the results of
chemical experiments and sensory evaluation, we may conclude that TSEH derived
from low-utilized marine products and fisheries by-products is more flavorable
compared the conventional enzyme hydrolysis extracts, it could be commercialized
as the seasoning substance and taste drink especially in the case of ascidian TSEH

extract.
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A synthetic crab(Ishigani) extract, prepared from 35 pure chemicals on the basis
of the analytical data on the TSEH of crab, satisfactorily reproduced the taste of the
natural extract except for a slight lack of mildness and odor. A series of taste
panel assessments on the synthetic extracts by omitting extractive components were
carried out by a triangle difference test were assessed. Only 9 components, Gly,
Arg, Ala, Glu, AMP, Na’, Cl, K and PO,> were found to contribute more or less
toward producing the characteristic taste of crab. The synthetic crab extract could

be also utilized after harmonization with the natural crab extract.

In order to elucidate a mechanism responsible for the development of the odor
characteristics of cooked desirable flavoring materials such as crab, shrimp, oyster,
ascidian and squid, these flesh were extracted with various solvents and resulting
extracts were evaluated organoleptically after cooking. As a result, 80% aqueous

methanol extraét(AME) was found to produce a cooked desirable flavoring odor.

The crab(Ishigani) extract was fractionated by means of ionexchange column
chromatography and dialysis, and each of the fraction obtained was subjected to
cooking, followed by organoleptic evaluation. The outer dialyzate fraction, acidic

and amphoteric fraction produced a cooked crab-like odor.

On the basis of the composition of 80% AME, an artificial crab extract was
perpared with pure chemicals. The artificial crab extract thus obtained closely
resembled 80% AME in respect of the cooked odor. To elucidate the role of

individual components, the artificial extracts from which certain components alone

_12_



or as group were omitted were subjected to organoleptic evaluation after cooking.
All of neutral, acidic, basic, and sulfur containing amino acids and quarternary base
compounds were involved in the development of the cooked crab-like odor. The
cooked odor of artificial extract without addition ribose was lacking in the
characteristics of cooked crab odor, and phosphorus compound accelerated the

development of the cooked crab-like odor.

Total 75~109 volatile compounds were detected as a cooked odor of crab,
shrimp, oyster, ascidian and squid by SDE apparatus/gas chromatography/mass
spectrometry. The volatile flavor compounds identified from cooked crab were
composed of 6 acids, 10 alcohols, 7 aldehydes, 11 ketones, 1 ester, 5 phenols, 4
benzenes, 22 hydrocarbons, 1 furan, 21 nitrogen containing compounds and 11
micellaneous compounds. The volatile flavor compounds identified from cooked
shrimp were composed of 13 acids, 10 alcohols, 6 aldehydes, 10 ketones, 3 esters, 2
phenols, 5 benzenes, 36 hydrocarbons, 1 furan, 14 nitrogen containing compounds
and 8 micellaneous compounds. The volatile flavor compounds identified from
cooked oyster were composed of 14 acids, 20 alcohols, 12 aldehydes, 8 ketones, 5
esters, 3 phenols, 1 benzene, 29 hydrocarbons, 5 furans, 9 nitrogen containing
compounds. The volatile flavor compounds identified from cooked ascidian were
composed of 15 acids, 30 alcohols, 12 aldehydes, 4 ketones, 1 ester, 2 benzenes, 38
hydrocarbons, 1 nitrogen containing compound and 1 micellaneous compound. And
the volatile flavor compounds identified from cooked oyster were composed of 18
acids, 12 alcohols, 4 aldehydes, 5 ketones, 2 esters, 1 phenol, 1 benzene, 26

hydrocarbons, 3 nitrogen containing compounds and 2 micellaneous compounds.

_13_
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AR 23 A&

2 Age] ALSE AY ARE UL} Aoy AMEE F4F F ulw
H 2857k 21 Mol APsh HolzAe AEA Wolxe 3, mE
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TAAAF, Au2AAE, Fslae] @ Zo|YsaEe HA zujaQE o)
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12¢e] B(FE)FEHE 7Sk, —25Te] AT FAANA T FojdRo
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FH, FA7LE BAES ol 715 AulaAY AFo AHRE Age
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B4 ol(Astroconger myriaster) ¥FHa EAER Yy B0 FR(HD) S
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Zt S ZANEE 200g¥ HHald Z3(chopper)=2X HA3 ¥, FFYPxD
o] F-atd wrgZolA 3uiFe] & st&l F muketa 95CoN A2 1, 2, 3,
421 Ft Vi ET HE® 9 102 BE&3n LAHER(7,500rpm, 15
2, 3C)3t 35S Hel E4FE A2k o2 sk oW shgE(ik

AR Aed, F2EE HolM 5ol g3 & 3u)
F Arbske Zeol 71 AH@stAo

)

&

O

2) Rf7jas} AL

7 SAANEE 200g8 P 2HZA AQE F cdrlol F B2

7}8) 55COlA 2, 4, 6, 8, 10A]17 S @RISIHA 27hAsIAZ] TS 102

830, BLBVIRANY L YRS H5AL Aol Arjas A2y
o2 sgF o}

3) za4o| RN S Ao &Y
Alg Ho Wit <of 2uigFe] FZFLH(0.02% sodium azide - ImM
2Na-EDTA - 1% NaClz} 02v] 9] CCLE 718t FAs} 3 3 40CY 4=
oA A FF wukslEA ZEANE FE3lm AR (12000xg,
15min)3t Yt o3 FEFTHE Hal X3 (NH,)S0.02 Faste zt A
859 ZALNE QAT 4 A8EQ ZHELHY HAZA Y G4 e
casein(pH 6.0)& A}-83} Anson 2] @) mjz} =331}



2 dFddMe FuL F& 2 ZBAA] BN 283U sted HE 39
2AE 7HEsl7] A 9858 peptided o2 FajAI7IE A AR B4R
A9 AR, ol F ol&dtd FAHEE A= 294 ALEHYe HA
21& AESHUD. A AEE 98T oM At 948 Fo AtA
BELE £8AY8MZF pHE 80%To2 zHstn 1RE o7 £&
peptideZ Z&A|7]= WLZdA SULHELE 71etd @RE L QAT
¥, oA pHE 6002 ZH3tx, 222 34 OWARHEALE siste AHA
A BaiAP oA Aol FYstn HuldEo] A rEY AR &
A9 A 23 G sto] F3A e HE HEAT FAE EZrAEES
7bE &t At &

1) 12k BaEs 2§

7t TAASE 200g¥ AHsle xHEN AHF F 3uF & 7hstn,
98Coll A 583t Axstd AZtAastaLE BEASAAT tF A5 Y9 pH
g 8022 =Hsta or]o] Algdo] iz 03%7} H=F Weded i
8} & A (Yakurt Pharma. Aroase AP-10)Z 7}3to] mubal® A 55ColA ztzt
1, 3, SAIZF T HEAIAT oo AxAHE st BAAE EZAEHAT B3 1
02 F8sn Y4 EYstq 4TS Al 1z Axds dA2Eez UL

12 54838 ¥ A4S E¥AY3AY tF, oA pHE 60202 ZA3a
o 7lo] Alg B thal 03%9] F4 T £} & A (Yakurt Pharma., Pandidase
NP-2)& 73t o3 55CelA wukslaA z4zh 1, 2, 32 F<t ARG
olo} EAE BN F 102 AL AEEA FSAL FH3 2
A mARs) d2goz Yt oy 1, 23 A4 ¥ =9} pHE A 23
A}(Yakurt Pharma. Co.)9] AAA}E el wra} st Ach
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8, AN Gy 23 aLdaHe FEAHES dFsr] A, @A
AAelA 2] A H 3 A= NovoAl 9l alcalase ¥ neutrase, B HF3}3H(F)
o] protease 5 3% 9] GUEHAEALE P H AZFAPT AR HFH
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x5k Soxhlet &4, ZIFL HAFsIYPoz £AI{YD, pHe AES
T2 2 pH meter(Metrohm 691)24 ZAHs Yok Axe pHE A
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(HAR (e, ND-1001DP)& A3t Alg AAE9] Fa(Ed) Mzl g L
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Table 1-1. Characteristics of the used commercial enzymes(protease)

Opt. Temp
(C)

Commercial name Opt. pH Manufacturer Origin

Alcalase

(Aroase AP-10) 50~65  7.0~8.0 Yakurt Pharma. B.subtilis

Neutrase

(Pandidase NP-2) 45~30  65~7.0 " Asp.oryzae

Alcalase 0.6L 50~60 8.5 Novo Nordisk B.licheniformis

Neutrase 40~50 6.0~7.0 " B.subtilis

Protease NP 45~55 7.0 Pacific Chemical

" wW: water extract, A: autolytic extract, E: enzyme hydrolysate(|)
% 5 scale: 5, very good; 3, acceptable; 1, very poor
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4. Ryoto|e s W FHR|WAS] £

TAdotu b2 Al24] 6N HClE ¥ o] heating blocks A&3ta] 24A)7F
wAAIZl & A EA citrate buffer2 FLI F olo|iAt AFEAA
(LKB-4150 2, LKB Biochrom. LTD)24 A3t FAA WAL 2432 4]
25E Blighst Dyery®o2 29 % vdo28l2844)7) T, Supelcowax-10
capillary columng A}83t= GC(Shimadzu GC-14A)2 4 H A3ty o))
GCol ¥4zde drg 2g?

frejolrmite Alg o) tia) 10% B=9 5-sulfosalicylic acidE H 7}l
AW A7) 242 e oS, Licitrate buffer2 F43% § olu|xil 25
EAA(LKB-4150¢, LKB Biochrom. LTD)Z EAsqci’?. siasazgae
52 5", Rydero] w®o] wa} Cs BH-2 AHE3HE HPLC(Yeongin HPLC
9500 system)Z24 £4353TH Ejv|Bolvl&A] =(TMAO) 2 Egjvjdolyl
(TMA)2 Hashimoto9} Okaichie] #h§"?, Z3#lole)d& Sato9} Fukuyama
o] ™ol wie}, wWElL Konosu S wHi™o)] Zate] wal ks dr).

A8 AF F9Y lactic acid®} succinic acide] &&F ZAH L Ag AAES
IRA-410 A2 olemd AHd F'9 Sasson Fo Wy wa} v s}s}
o] Supelcowax-10 capillary column& A}£3}= GC(Shimadzu GC-14A) 24
T4, WRIEFEZE M= methyl myristic acid(Sigma#l)E A3l
o} olm GCo Mz Mus 2t
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F712 F Foled AL 3AE =7 dAF HI I32olM 33
A1zl &2, Inductively Coupled Plasma Atomic Emission Spectrometer
(ICP, Atomscan 25, TJA, USA)Z4 Na, K, Ca, Mg, Fe, Cu ¥ P9 FZFE
2R, Clo) #3e Mohrgo2®, P09 § & Fiske -Subbaroy®

| wet ek

7. Peptide-N &2f ¥ Angiotensin- | &4 (ACE)S MHills &

NE AAE o PeptideN #22 sz Biuret{®oz ZXstgrh
Angiotensin -1 HAZFAAL(ACE)9] AH#5& Cushmani} Cheung?l w29 o))
e} AP A8 d2E 50 2% ACE ZHAHY(acetone lung
powder, Sigmal) ¥ sodium borate buffer(pH 8.3) 100 E 7}3F F 37°Coll
A 587} preincubation A]7]1, 7)o Z]AZX 125mM  (50mg/9.31mé
-sodium borate buffer) Hippuryl-His-Leu-8 50u0E 7}3td 37ColA 30%
2 W3 A7) & IN HC 89 50048 71ete] g8 FAAA g ethyl
acetate 1.5m¢E 7}8td 15%7F 2 w3k ¥, 3,000rpmoll A 583 AAEE A
A 45d 1eE FHaAth o] FFTHE T wAACIE Yol &13] Uz
AL F FHF 5mE bt &ajA) 7] 228mol M FBEE Fst AR
} Ao WP g2 ACE H#&< JeERUT

8. M Aol XA U BSHA

WG A2pe EEANSigmad)22A 7 AR H2EY FHAE V1%
2 & AQYaRT 2L SEr HES zASATG @ 249 AeE

KCl, NaCl, NaH;PO,, NaH,PO,& A3l 7zt o] 29 AFz| ¢ 2xF <l
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o] Fo1EHF AL A3, omission testE: 93 FAAArBO

&

(Group)d £+ & H4EHE wju ARG A28 ZA99) 22 Wyjeg =
AstHch G20l pH AL Hayashi 59 9@ o} wa} 5% NaOH
H 5% HCl 8402 pHE A3

B W g4 A2Ee e Ag dapd g s
o panelg TA4stel @ AR e} FAEE AT

Omission testi= 3741 A) &9 (Triangle difference test)® o 2 721 9] panel
o o3 35 WRANGYPN=21), 23] BEPML ABA FHEE &
Atk BEPA FEAE 309 AR F %o GE 14 RS THyEs
stgon, Zehd R8s Yol 27he) Agst o] e AEE FAZM ¥
AlshAl st Sds) ohE, 1 40 ©E, 00 78 ¢E), a2 e gty 54
2 BEAHA WelN MI JEES U B, Tehd Agare 3N

Aol AAFL o3 Kola BANNE P

Hd

FEd 7%

—

il

©
o
N

>
HE

M7BHe £5

o

%9 (chopper)Z 4] v}I3t A% Alg & 30gol] %84 15008 7ts) 5
B2t FA8HE ¥ 3000rpmol A 2083 YRS FEoe ddn, FF

ZAbe] dhsted o] zAe 28) WEsAT. FEEA F U5 AeE

7+2] 40°C oldtoll A A& ZFAAAZ F, A8 S99 FEBI% W) H=
2 ZHRTE 78 24mtE FESIY. FEIAE 2 Wog BAE AA

5 2% R4S b A% dH= stk

Lo
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7E SAFEY, FE2TA 2 HE2TEAXN FHE AESE 247 475
236 Y1 HvbiE st EFuEoez & £, 100C == oA 3083
7HES o, 2&7hA] ¥4 F @Akl s zZH AlgelM Ye dAE

59 Hohﬁ‘””% Fzstel Fig. 1-19 2o] WAL E A7EARY 288 A

NAG ASE vhalsto] Fig 113 o] 22, RAMAL =, ohy A%
200goll chloroform:methanol(2:1) E£3+84-8 420m¢ 7}s) F A& F &< o
Betn, BAbs BY A sle 28 w2 23890 08 FEAS mol
F4% 1000 7ot E28 T F
839 chloformZo] 300m¢el FHFTE 7isl FAF o3 2AstolA
chloform& AAs o] AF HFEAR(lipid fraction)Z 3G}

ofN

Chloroform FZZAb= 400mé2e] 80% methanol &ML 7}s) #FR 36t 158
I HAFE FA AR, e TY &4 300meE vhsl 23] wE FE3 g
t} o] FZ&An M&3 chloroform:methanol &M SN (FRAHHE)L
3l AdEsE F FAPZ7I(Eyela, freeze dryer FDU-540) 24 572 71 %3

g, 0l FAANZES ZFFo) 5o 0mZ H R3S o]E F-A slRoz 3§
Atk 80% methanol FEFAle 2lg FHAHAZRI & 2438ld FB &80
2 3y
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Sample crab flesh

Lipid extraction

l

Residue

Extracted by 80% CH3;OH aq.

Lipids fr.

I

Extract
(F-A)

l

Dialyzed against H.0

QOuter diffusate
fr. (F-C)

|

lon exchanged on CG-120(H’-form)

Inner dializate

fr. (F-D)

Residue
(F-B)

Not-retained fr.
(F-E)

lon exchanged on
IRA-68(OH -form)

| |

Retained fr.
(F-F)

|

lon exchanged on
CG-400(Cl -torm)

Not-retained fr.

H20

Neutral fr. (F-G)

} 2N NH.OH
Retained fr. Not-retained fr. Retained fr.
H:0 1N HCI
lon_exchanged on
IR-120(H"-form)
1N NaOH
Acidic fr. (F-H) Basic fr. (F-I) Amp?fg_&t&)ric fr.

Fig. 1-1. Sheme of fractionation of precursors of the cooked crab-like odor.
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2) SA0f 23t &

o

F-A 3% 36mS 5248 cellulose tubing (Sigma#l, dia 16mm)ell ¥ 31 FTF
T 300meol oidted WAL FolM mubEtHA 40Xt FAEAG. B F F
Fot SACG TRAAL, Pol1 F4 oo FARZAL T 2ol
FHael 59 dFE 36mE ¢ AL FC YLz afun F4 Hdx &

e
£

BHyog Heldte 3emE 3t A& F-D oz

3) o|2mETX|of 25 2
Amberlite CG-120(H’) Type- I (OrganoA)& & 52174 (21.8%10cm)sl
F-C 88 10mg &3A712 S84 100mE 2md/min. £ 2 FEA17 -8,
o] #2UE AR ¥ TRLA 0nE FEs0] FE Jroz oy
ot} 3, £ Fzd AR 2N NHOH &He g {FEAIA 7e3tolA
FUclE AAL e, FAAZAA ZRFEM 0mz I8P A FF

2o, AWAF HNFFARE T4, MY, G148, FEAEHEELR £
213}7] 93l Amberlite CG-120& & F8}lA P (21.8%X20cm)ol] - Amberlite
IRA-68(OH, OrganoAl)S al¥ FZH(21.8X20cm)E JZAsA F-C &
Wnie EFA7|T =84S 2000E 2n¢/min 252 FE2AADG. 4714 d7)
A2 FAAYEL CG120 Ao, A HE2 IRA-68 ZHo F3HT T4

AL fFEHed, o FEAL %@7& AlA SRTFEM 2mE ZEF F

3, Al FEHA 1 FEHO Je IRA-68 APl Amberlite
IR-120(H", SigmaAl)e ¢ 22 H(21.8x30cm)& JZAka 1.0 NaOH 200
m3} FH 300mE &2 Na o]o] AAR LS &AIAHSYt o &
z9g SAVEANA 27424 0m2 83 44HEL FH 120z &
Aok
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£, F-G &9 Felo ol&HAd CG-120 ZPolle Er)A 2 FAA o]
EFR5o e, o ZYo) 20 NH,OH £ 150mE &2] o] 4252 #
AT o2 A steA BdY dRYolE AAT T Amberlite
CG-400(CT") Type-1 (OrganoA)ES - F2BH(21.8X12cm)dl] FEHA|F|1
TR 100mE 7hall E718A8 8-S FEAIZ 2, o] 10N HCl g2 &
2 FHAHAEES ARG o] EUIA 2 YAHNELS SEARND T 42T
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b 7rEste 2e7kA] B ¥ FYS woE X dx A%
u

ME BEHAE B3 dixA

P

O

4 A%e AE@ Fig 119 4an 2o| Asle] A& A%e) 4 9o
F-CHE)E SANZT F AT ShHol 5o A% WAL 584
ATEARE 2ARAD. o F 100TA 3082 FAdAsn, 712 BE
e A%E BNGoRA, A GRS A6l tlAE 2 TR 99
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ol BHAE 7122 st HFEAIH(SigmaA) oA EAX 24 FE7t =
o, $AFL riboseE AE3HLOB, o] F 10
mE AzEegdage A el R dFojgHez &/ F 10T 302
b 7tEX st BE tdE FAZRAAAM JFEH Y A AF Fxie}
5 Ak oJ& wlwatch

1
fu

e

oX,

12

[

dr

tlo

N b

2L

_O,L

R

£

o

20 =2 FAF AL FAHAAE 100mE LAY FZ87)(Sample
reaction cylinder, 0.3L Hoke SS-DOT, stainlesssteel#])oll @31 1507 ol A 34]
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thickness 0.25um, DB-1; J&W Scientific Co., USA)o] #ztd HP 5890 GCol
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582 ol¥ F 260C7HA 2C/min 9] £52 524171 t-g 260TCo A 102
2 vlE 3t

2) Gas Chromatography-Mass Spectrometry
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7t 3 E2 3 FstolM EEF T retention timeS Bl st FH3IA
Ay, 2t 83FE9 mass spectrumE Standard MS library database, Wiley
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Fig. 1-2. Lickens-Nickerson type simultaneous steam distillation
extraction(SDE) apparatus.
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Table 1-2. Name and characteristics of raw sample specimen analyzed

Scientific Body size  Body weight VBN
Samples name (Ave), cm (Ave), g pH (mg/100q)
s Caranx 100 ~ 105 99 ~ 114
Kingfish equula (10.3) (11.0) 7.21 20.7
Panther puffer | Takifugu 105 ~ 130 273 ~ 35.1 6.73 133
(Puffer) pardalis (11.7) (30.7) ' ’
Ishigani Cﬁarybdis 145 ~ 205 312 ~ 749 778 20.8
(Crab) japonica (17.2) (45.5)
Spotted shrimp | Trachypenaeus 4.5 ~ 6.5 25 ~ 48 798 1.4
(Shrimp) curvirostris ( 5.4 (33 ' ’
Mytilus 50 ~ 66 9.0 ~ 143
Mussel coruscus ( 5.6) (11.8) 666 159
Longfinned Doryteuthis 240 ~ 29.0 343 ~ 603 6.84 149
squid (Squid) kensaki (27.8) (40.3) ' '
Crassostrea 53 ~ 60 154 ~207
Oyster gigas ( 5.5) (17.9) 6.68 134
- Hallocynthia 44 ~ 56 162 ~ 199
Ascidian roretzi ( 5.1) (17.6) 6.47 15.0
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Table 1-3. Proximate composition(%) of the used raw materials

Samples Moisture grgjg?n C;irgi%e Ash gjc;?a(i-e
Kingfish 75.5 18.9 23 25 0.7
Puffer 78.5 17.4 0.5 2.3 1.3
Crab 77.9 17.5 0.8 2.3 1.5
Shrimp 70.5 214 1.0 6.5 0.6
Mussel 78.3 15.8 0.7 14 3.8
Squid 78.5 18.4 1.0 1.6 0.5
Oyster 82.1 11.4 0.9 1.0 4.6
Ascidian 80.4 11.9 1.1 16 5.0
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Table 1-4. Amino acid contents(mg/100g) of raw

materials

Kingfish  Puffer Crab  Shrimp Mussel Squid Qyster Ascidian
Asp 18843 17437 1825.8 21009 15725 1838.7 1208.1 11535
Thr 901.8 8054 8714 9298 750.0 8051 5571 5217
Ser 7969 7105 7515 7895 7822 7315 506.7 5085
Glu 27545 2690.5 2715.6 3288.2 25355 30284 19260 17529
Pro 11433 10752 14174 11888 11763 10007 7736 607.2
Gly 866.7 10764 958.7 1269.8 12875 9316 5454 13439
Ala 988.5 11583 9785 1303.1 10351 10990 589.2 658.3
Val 1409.2 11982 12264 13528 8975 12558 7271 7323
Met 3366 3665 3553 3832 2650 3125 1784 2170
fle 9058 807.3 8633 958.0 5423 8743 5729 505.2
Leu 14265 13130 11994 1558.0 1076.3 14418 7833 7784
Tyr 147.7 161.5 179.8 1343 1761 1111 1475 1129
Phe 9059 779.7 7767 8707 6118 7836 5022 4606
His 570.2 589.0 4499 5037 4246 4139 2708 2547
Lys 13839 16058 12353 19231 10128 16479 8634 8085
NH; 2475 186.2 2669 233.7 1831 2475 2287 179.0
Arg 13349 9916 9231 12083 1170.1 9691 6144 8450
Total 18004.2 17258.8 16995.0 19995.9 15498.8 17492.6 10994.8 11439.6
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Table 1-5. Fatty acid composition of TL separated from raw materials

Kingfish Puffer Crab Shrimp Mussel Squid Oyster Ascidian
12:0 0.08 0.93 0.18 0.12
13:0 0.04
14.0 3.43 1.70 313 2.90 243 229 3.83 8.99
150 0.45 0.42 0.68 0.76 0.46 0.52 0.49 0.72
15:1 0.10 0.20 0.17 0.05 0.12 0.18
16:0iso 0.18 0.71 0.29 0.31 0.34 0.34 0.08 0.24
16:0 2115 18.33 1575 17.06 1721 2330 1882 1474
16:1n7 6.84 7.16 819 11.50 5.01 2.08 3.96 7.96
16:1n5 0.48 0.50 1.14 0.75 0.26 0.29 0.70 0.65
16:2n4 0.13 0.22 0.50 0.39 0.81 0.11 0.30 1.00
17:0iso 0.32 017 025 0.21 0.55 0.08 0.20 0.31
17:0 0.70 0.77 0.82 0.75 0.79 0.77 0.78 0.87
16:3nd 0.25 0.43 0.69 0.76 0.58 0.17 0.45 0.49
16:3n9 0.20 0.20 0.50 0.37 0.22 0.15 0.42 0.44
16:4n9 0.28 0.80 1.33 1.00 5.60 0.33 1.71 0.20
18:.0 6.98 8.41 453 4.83 497 4.08 2.37 4.13
18:1n8 12.67 1230 1150 1825 4.30 3.75 3.55 4.83
18:1n7 3.69 412 5.06 0.37 2.34 1.47 3.04 7.62
18:1n5 0.23 0.16 0.36 0.11 0.15 0.30 0.18
18:2n6 0.72 0.77 1.01 0.72 1.7 0.29 1.36 1.75
18:2n4 0.12 0.12 0.48 0.36 0.15 0.33
18:3n6 0.13 0.28 0.20 1.58 0.77 0.32
18:3n3 0.68 0.45 0.85 0.69 0.20 0.21 0.98 2.03
18:4n3 1.32 0.61 0.75 0.53 2.28 0.35 3.40 4.62
18:4n9 0.03 0.08
22:0 0.31 0.18 0.27 0.26 1.02 0.08 0.33 0.27
20:1n9 1.01 1.53 3.03 1.93 1.83 1.75 0.99
20:1n7 0.32 0.66 2.65 0.90 249 2.70 2.29 0.52
20:2NMID 0.25 0.33 0.71 0.53 0.46 0.23 1.18
20:2n6 0.13 0.08 0.30 0.31 0.25
20:3n6 0.09 0.16 0.25 0.13 0.12 0.16
20:4n6 3.66 4.02 2.25 2.03 1.18 0.97 1.27
20:3n3 0.13 0.20 0.28 0.15 0.25 0.27 0.07 0.19
20:4n3 0.57 0.33 0.38 0.37 0.35 0.17 0.54 0.50
20:5n3 13.60 864 1281 1146 1580 1267 1770 18.41
22:1m 0.35 0.56 1.20 047 0.20 0.52
22:1n7 0.13 0.15 0.73 0.50 0.35
22:1n5 0.40 1.45 0.30 1.43 0.09 2.47
22:4n6 0.42 0.23 0.46 0.47 0.74 0.18 0.97 0.96
22:5n6 0.30 1.60 0.40 0.45 0.28 0.12
22:4n3 0.37 0.45 0.36 0.51 0.32 0.27 0.24 0.17
22:5n3 1.91 519 1.26 1.33 2.13 0.65 0.78 0.87
22:6n3 1862 1728 1106 1342 1867 4083 2210 1230
24:1m 0.67 0.27 0.21 0.47 0.28
n3 PUFA| 3720 33.15 2775 2846 4000 5542 4275 39.09
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Table 1-6. Changes in pH, acidity, amino-N, total-N, yields and quality
of taste of water extracts by different extraction time at 95°C

Extraction Acidity Amino-N Total-N Yield" ' g
Sample | Sime(hrs) PH  (n¢/100g) (me/100g) (me/100g) (%) 1aste (Intensity)
1 6.35 89.8 2075 1.35 445 Sourness ( 3.2)
Sourness, ( 1.5)
2 666 858 217.8 1.47 48.7  mami ( 2.0 )
Kingfish 50
3 662 788 2181 151 499 Sweetness, g 2 g
umami )
4 6.61 79.0 229.2 153 504 Umami (27)
1 479 690 83.2 0.76 27.2
2 662 316 86.0 0.97 35.0
Puffer
3 661 324 96.8 1.09 39.3
4 6.60 322 98.8 1.15 4114
1 8.17 146 3119 1.34 39.3 Sourness ( 2.0)
2 8.98 - 327.0 1.42 416 Umami (20)
Shrimp (2.2)
umami :
4 9.05 - 326.7 1.39 40.8 Umami (3.0)
1 522 1612 3244 1.59 54.0
2 6.65 1066 371.3 1.66 57.4
Squid
3 6,70 918 3758 1.68 57.4
4 6.71 920 3466 1.57 53.5
1 337 980 1604 0.39 20.9
2 655 322 1697 0.42 22.4
Ascidian
3 6.54 324 1677 0.44 229
4 6.50 332 164.1 0.42 21.8

Y Yield(%)=Total-N(extract) / Total-N(raw sample)

2 5: very strong, 3: normal, 1: very weak
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Table 1-7. Changes in color values of water extracts by different
extraction time at 95¢C

Sample Extraction Color values
‘ time(hrs) L - - —
! 163 - 54 5.8 75.2
: 108 - 46 6.6 75.2
Kingfish
; 108 -39 6.5 74.9
: o4 - 39 6.7 753
1 173 - 24 46 74.2
: 166 - 29 4.7 75.2
Puffer
3 15.7 - 3.1 58 759
4 155 .32 5.7 76.1
! 2.7 - 23 3.7 70.4
Shri 2 21.2 - 1.8 4.1 70.4
nm
m 3 215 - 1.2 45 70.0
: 219 - 07 5.7 70.5
1 23.3 - 1.3 3.7 68.1
2 203 - 1.2 4.1 71.2
Squid
3 18.9 - 1.1 4.7 72.9
4 18.7 - 04 47 72.9
1 30.4 - 26 -59 61.7
2 21.9 - 1.7 - 29 69.8
Ascidian
3 20.9 -1.2 - 241 70.8
4 20.7 - 0.6 - 1.8 71.2

L: lightness, a: redness, b: yeliowness, 4E: color difference
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Table 1-8. Changes in pH, acidity, amino-N, total-N, yields and quality
of taste of autolytic extracts by different autolytic time at 55°C

Autolytic Acidity Amino-N Total-N Yield" 3
Sample time(hrs) pH (mEf100g) (mg/100g) (me/100g) (%) Taste (Intensity)
Saltiness, ( 2.0)
2 669 1636 5432 202 668 saiess [29)
4 670 1810 7204 221 734 Umami  (21)
N Umami, 3.0
Kingfish | 6 671 1852 827.2 232 769 Umam. E1.s§
Putrid, (20)
8 661 1942 @261 220 729 [und o (20)
Putrid, 37
10 666 1852 9859 217 720 [uid §3.8;
2 651 404 837 087 351
4 656 418 902 099 356
Puffer 6 653 456 963 108 387
8 655 470 1038 119 426
10 655 412 986 093 334
2 819 220 4830 1.85 539 Saliness, ( 4.0 )
4 821 258 5706 1.92 561 Umami (28)
Umami, 37
shimp | 6 828 226 5986 193 563 gramh o (371
Putrid, 24
8 822 268 6465 173 505 it o (24
Putrid, 3.3
10 802 332 6546 168 490 Lund }3'5;
2 635 1784 5681 195 663
4 639 1880 6345 220 747
Squid 6 636 1992 7042 232 788
8 629 1858 7476 220 747
10 657 1868 7922 218 740
2 648 418 1688 047 248
4 649 446 1836 044 230
Ascidian| 6  6.45 462 1876 046  23.9
8 637 538 1871 046 242
10 515 828 1853 041 214

"2 refer to the comment in Table 1-6



Table 1-9. Changes in color values of autolytic extracts by different
autolytic time at 55C

Sample ﬁ‘;gmg Color values
L a b 4E
2 19.1 - 04 44 72.5
4 19.2 -1.0 40 729
Kingfish |- 6 19.0 -23 4.1 72.7
8 19.1 -23 2.0 72.5
10 18.7 - 23 0.7 72.9
2 23.9 -1.8 -04 67.7
4 23.0 . - 1.7 - 0.1 68.8
Puffer 6 22.7 - 1.7 0.0 69.1
8 1.7 - 1.7 0.6 69.9
10 21.2 - 1.7 1.3 70.4
2 421 - 46 9.1 50.1
4 38.1 - 36 5.5 53.6
Shrimp 6 37.7 - 3.3 5.2 54.1
8 37.1 - 33 52 54.0
10 36.3 - 26 2.0 55.3
2 18.5 - 0.3 3.9 73.0
4 185 ~  -03 4.2 73.6
Squid 6 18.1 0.9 4.2 73.5
8 17.9 1.0 4.4 73.0
10 17.9 1.0 4.6 73.6
2 421 - 46 9.1 50.1
4 38.1 -33 5.5 53.6
Ascidian 6 37.7 - 3.6 52 53.7
8 38.1 - 36 4.0 54.1
10 36.3 -26 2.0 553

L: lightness, a: redness, b: yellowness, 4E: color difference
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3.0

Proteolytic activity

Time (Hrs)

Fig. 1-3. Effects of reaction time on the hydrolysis of casein by
the tissue extracts from raw samples.

(a) Kingfish (b) Puffer (c) Shrimp (d) Squid (e) Ascidian
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Table 1-10. Changes in pH, acidity, amino-N, total-N, yields and quality
of taste of enzyme hydrolysates( | ) by different hydrolysis time at 50°C

B T I ——
1 738 866 1764 144 477 Sweetness, | 57 ]
umami
Kingfish | 9 73> 892 1856 151 501 Umami (42)
5 728 1170 2182 171 566 Umami (4.3)
1 721 79.4 1582 152 547
Puffer 3 726 918 1856 163 585
5 701 1150 1852 179 643
1 8.36 13.8 4732 1.44 42.1 Sweetness, g;g;
umami
Shrimp 3 837 140 5180 152 442 Umami (45)
5 838 122 5597 155 453 Umami  (45)
1 784 672 3934 177 60.1
Squid 3 792 614 4102 180 61.1
5 777 848 4218 182 618
1 749 402 2646 075 39.3
Ascidian| 3 751 488 3427 088 459
5 746 550 4032 092 487

2 refer to the comment in Table 1-6
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Table 1-11. Changes in color values of enzyme hydrolysates(1) by
different hydrolysis time at 50°C

: Color values
sample | froreele =
1 20.0 23 2.9 715
Kingfish 3 19.6 2.0 2.7 71.9
5 19.6 1.9 3.0 71.7
1 19.6 2.1 30 719
Puffer 3 19.5 2.0 3.0 72.1
5 19.5 2.0 2.4 72.1
1 19.8 3.8 5.1 71.8
Shrimp 3 20.2 3.1 55 71.7
| 5 19.3 2.7 4.6 72.2
“‘1' 18.1 5.4 4.6 73.6
Squid 3 18.5 5.5 42 73.2
5 17.3 5.0 4.3 74.4
1 20.2 31 3.1 71.4
Ascidian 3 22.4 36 1.9 69.3
5 22.5 3.6 1.7 69.2

L: lightness, a: redness, b: yellowness, 4E: color difference



Table 1-12. Changes in pH, acidity, amino-N, total-N, yields and quality
of taste of enzyme hydrolysates(11) by different hydrolysis time at 45°C

L Jep—
1 590 2406 4136 173  57.1 (#a“r“n";‘g‘riy) (43)
Kingfish | 2 587 2488 4547 176  63.1 (r?a’;‘rﬁg‘riy) (46)
3 585 2520 4754 160 531 ,omami E;‘:gg
1 536 2208 3038 170 61.0
Puffer 2 537 231.8 3436 172 617
3 538 2352 3623 169 607
1 650 1422 637.8 1.65 475 (r‘]JaTrﬁg‘riy) (46)
Shrimp 2 644 157.8 6605 1.69 496 (#a'?rﬁg‘riy) (48)
3 646 1476 6759 167 490 nmami ggg;
1 595 2390 7126 201 683
Squid 2 599 2422 7215 203  69.0
3 597 2470 7428 205 696
1 586 1024 3719 108 567
Ascidian | 2 588 1066 3892 110 57.7
3 592 1024 3898 111 583

V-2 tefer to the comment in Table 1-6
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Table 1-13. Changes in color values of enzyme hydrolysates(11) by
different hydrolysis time at 45C

Sample Ht}'n(zgzlﬁ',ssl)s - Color vaalues . -
1 19.8 25 3.2 71.8
Kingfish 2 19.8 25 3.8 71.8
3 20.9 23 5.3 70.7
1 19.1 4.0 2.9 725
Puffer 2 191 34 29 725
3 19.5 34 3.1 71.9
1 18.7 3.5 3.8 72.9
Shrimp 2 18.9 2.8 4.1 72.7
3 20.9 2.3 45 70.7
1 17.7 49 4.8 73.4
Squid 2 18.3 5.6 4.5 73.4
3 18.3 5.1 4.8 73.7
1 18.1 29 4.0 73.3
Ascidian 2 18.1 3.6 4.0 735
3 18.3 3.0 3.7 735

L: lightness, a: redness, b: yellowness, 4E: color difference
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Table 1-14. Comparison in qualities of each extracts obtained by
optimum processing conditions

Sensory

Yield Color values evaluations?

Ext- ¥ VBN  Amino-N

) Total-N
racts

Sample

a b A4E  Taste Clarity

W | 666 403 2181 151 499 168 -39 65 749 27 2.8
Kingfish| A | 6.70 769 7204 221 734 192 -10 40 729 24 2.7
E | 587 388 4547 176 631 209 23 53 709 37 42
W ;661 216 968 109 393 168 -39 65 759 39 33
Puffer A |65 440 902 099 356 230 -1.7 -01 688 3.0 3.0
E 537 231 3436 172 617 195 34 31 719 45 44
W 1906 694 3331 144 429 215 -12. 45 700 35 3.7

Shrimp | A 821 783 5706 192 56.1 381 -36 55 536 33 3.0

E | 644 499 6605 169 496 209 23 45 707 45 4.7

W | 670 768 3758 168 574 189 11 47 729 35 39
Squid A 1639 1156 6345 220 747 185 -03 42 736 30 3.4

E 599 545 7215 203 69.0.18.3 51 48 737 43 47

W | 654 201 1677 044 229 209 12 -18 708 35 3.7

Ascidan| A | 649 209 1836 044 230 381 -33 565 536 24 3.0

E |588 157 2892 110 577 183 30 37 735 438 45

Y W: water extract, A: autolytic extract, E: enzyme hydrolysate( 1! )
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Table 1-15. Comparison in qualities of each extracts obtained by
optimum processing conditions

. Sensory
Ext- VBN Amino-N Total-N Yield Color values evaluations®

Sample p
racts” (me/100g) (e/1000) (%/1000) (%) | 3 b AE Taste Clarity

W [656 336 2300 050 158 225 20 1.1 691 27 28

Mussel{ A 1639 47.0 2408 064 253 218 -21 1.0 698 24 27

E 410 335 3609 088 385 230 -20 03 696 37 42

W /888 514 2670 086 175 210 -15 3.0 706 35 37

Crab A 833 708 3752 125 446 205 -51 26 713 33 30

E [6.88 425 4166 132 471 222 21 29 694 45 47

Y W: water extract, A: autolytic extract, E: enzyme hydrolysate(i! )
@ & scale: 5, very good; 3, acceptable; 1, very poor
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Table 1-16. Comparison in qualities of enzyme hydrolysates obtained
by various enzymes under optimum processing conditions

Enzy: Amino-N ToalN Yield _ Color values Senso
Sample |medli | PH (mitoog) (mhio0e) (%) | 5 5 g evalation
Umami
AP 59 4547 176 631 208 23 53 707 (harmony)
TP 65 1918 143 473 208 02 41 707 Umami
Kingfish
NN 65 2024 153 507 208 -03 33 707 Umami
Umami
NA 65 2114 154 509 203 15 37 713 (bitterness)
Umami
AP 54 3436 172 617 195 34 31 719 (harmony)
pu TP 64 1966 159 6574 206 02 28 70.9 Umami
uier
NN 65 1998 159 571 208 08 25 707 Umami
NA 64 2016 169 617 205 27 28 711 Umami
Umami
AP 64 6605 169 496 209 23 45 707 (harmony)
s TP 85 4450 139 407 206 -09 44 709 Umami
nm
P NN 84 4584 144 420 201 21 48 715 Umami
Umami
NA 83 7019 203 593 199 0.3 5.7. 7 (bitterness)
Umami
AP 60 7215 203 690 183 51 48 737 (harmony)
TP 6.2 4230 171 581 196 -0.2 42 720 Umami
Squid
9 NN 6.3 4098 171 581 194 29 42 722 Umami
Umami
NA 6.3 4774 195 66.2 194 48 45 723 (bitterness)
Umami
AP 59 2892 110 574 183 30 3.7 735 (harmony)
o TP 62 1705 070 365 223 -04 07 69.2 Umami
Ascidian
NN 62 1688 069 362 254 18 -27 664 Umami
NA 6.2 1677 070 364 257 17 -18 66.1 Umami

Y AP: Aroase + Pandidase, TP: Protease NP, NN: Novo Neutrase, NA: Novo Alcalase,
Refer to the comment in Table 1.
Hydrolysis conditions: NP(50°C, Shrs, 0.5%), NE(45°C, 5hrs, 0.5%), AL(55C, Shrs, 0.5%,
pH8.5)
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Chopped raw fisheries materials (Fisheries by-products)

{
Addition water (3 times v/w)
!
Homogenize and boiling for Smin. at 95°C
) .
pH adjustment (pH 8.0)
4
Addition of alkalase (Aroase AP-10, 0.3% wj/v)
!
1st hydrolysis for 3hrs at 55T
!
Boiling for 5min. at 95C
Y
pH adjustment (pH 6.0)
!
Addition of neutrase (Pandidase NP-2, 0.3% w/v)
l
2nd Hydrolysis for 2hrs at 55°C
!
Sterilizing at 121.1°C for 10min.
!/
Centrifuge (7,000rpm, 20min.)
{
( Spray drying or cocentration )
l

Natural marine flavoring substances

Fig. 1-4. Flow sheet of preparation of enzyme hydrolysates for marine
flavoring substances.
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Table 1-17. Free amino acid contents(mg/100g) of water extracts

Kingfish  Puffer Crab  Shrimp Mussel Squid Ascidian

Ps* | | 6"‘;-% 44 203 191 287 240 6.8
Tau y 184.7 215.0 211.8 246.3 2475 216.1
PE* 1‘;‘3 4, 28

Urea 4‘3 20.5 25.2 64.3 96.6 17.6 18.7
Asp 6.6 3.7 11.4 19.5 55.6 71.5 7.8
Hxpro* y 2‘0 5.0 75 2.5 24.8 26.4
Thr 9'5 10.3 39.2 66.2 61.4 64.8 27.3
Ser 0‘3 9.1 43.3 58.5 67.5 66.8 27.7
Asn 26‘ 4 1.7 28.6 130.3 79.3 15.1 58.9
Glu ) 9.9 33.3 103.2 147.3 188.6 101.2
Gin 0.1 111

Sarco* 0.5 1.3 5.0 17.9 0.1 3.2 0.6
a -AA* 2‘5 1.7 24 1.0 4.2 1.3 3.2
Pro 22'6 14.6 191.1 304.7 48.5 658.2 148.3
Gly 32‘2 19.6 128.5 157.6 145.8 98.8 458
Ala ; 29.0 132.7 153.7 126.3 145.2 66.6
cit* 0.2 2.9 60.2 1.6
a -AB* 8'1 0.1 33 0.8 2.4 0.9 25
Val : 8.2 45.3 97.8 25.3 77.8 20.2
Cys 45 0.7 1.4 8.5 91.7

Met 0‘ a 52 40.3 67.7 241 86.5 11.3
Cysta* 10' 5 3.1 1.4 0.8 2.1 0.9 3.1
lle 10’ 2 10.9 30.2 67.8 16.8 69.8 114
Leu 6.1 11.3 62.6 127.0 24.9 195.7 18.5
Tyr 0‘2 6.6 46.2 73.2 37.0 106.3 246
5 -Ala 7'0 34 3.6 16.3 1.9 1.6
Phe ) 6.3 46.6 73.0 16.7 131.7 13.3
B -AB* 0.3 06 0.5
v -AB* 8' 4 0.1 2.2 2.0 0.2 3.9

NH3 0‘5 7.9 10.4 11.3 85 99 45
DL-A* 1 '1 1.8 0.6 05 0.5 0.7 1.3
Ormn* 22‘ 1 3.3 39.7 92.5 11.9 7.5 2.2
Lyr : 34.2 77.5 108.8 58.3 88.8 23.7
1 "MH* 80 9 1 -7 1 .5
His ) 2.6 15.2 33.7 24.6 49.3 26.3
3-MH* 42.9 17.4 355 0.9 53 1.5
Ans ’ 515 84.4 18.1 95.3 40.7
Car 38.2 5.2 23.3

Arg 13.4 303.6 226.3 105.4 117.9 57

22.1
Total 541.6 433.1 1739.3 24671 15295 27925 971.4

* PS:phosphoserine, PE:phosphosthanolamine, Hxprothydroxyproline, Sar:sarcosine,
a -AA: a -aminoadipic acid, Cit:.citulline, «-AB: a -aminoisobutyric acid, Cysta:cystathionine,
£ -AB: g -aminoisobutyric acid, y -AB: y -aminoisobutyric acid, DL-Al:DL-allohydroxylysine,
Orn:ornithine, 1-MH:1-methylhistidine, 3-MH:3-methylhistidine
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Table 1-18. Free amino acid contents(mg/100g) of autolytic extracts

Kingfish  Puffer Crab Shrimp Mussel Squid  Ascidian
PS* 18.4 2.1 28.0 25.3 15.6 35.9 5.2
Tau 381.3 181.7 4249 402.9 280.2 656.8 247.2
PE* 5.1 9.0 7.6 2.2
Urea 29.7 7.3 349 101.6 93.1 26.3 56.0
Asp 494.3 1.4 68.9 123.7 76.8 3445 358
Hxpro* 2.8 333 401
Thr 368.8 1.0 1285 243.2 64.9 267.8 722
Ser 322.9 1.1 91.6 231.0 72.9 224.0 54.0
Asn 6.5 1.0 1408 539.6 10.9 53.6 148.3
Glu 8375 315 203.2 536.9 139.5 961.0 252.0
Gin 293.8 02 1214 246.3 53.9 20.7
Sarco* 16.2 14 4.0 18.0 3.1 09
a-AA* 5.5 0.8 3.3 9.2 3.7 6.4 0.7
Pro 747 235 2226 445 1 56.6 825.6 291.6
Gly 1658  38.1 251.8 381.5 170.7 202.2 102.9
Ala 498.5 503 356.7 487.2 1561.3 435.9 149.3
Cit* 221 6.1 175.2 10.5 11.9 15.3
a-AB* 1.4 1.0 0.8 4.3 3.8 19
Val 4859 206 163.0 325.0 29.7 353.5 51.0
Cys 158.3 29.7 10.3 12.1 170.1 9.8
Met 3564 205 1241 210.7 241 304.6 28.6
Cysta* 3.2 1.8 1.0 0.5 0.9 3.6
lle 4678 19.7 1395 269.9 20.0 3475 - 35.6
Leu 8949 295 290.2 523.9 30.7 804.2 58.3
Tyr 4543 16.3 1490 206.6 40.8 335.5 68.5
B -Ala 0.2 24 25 15.8 1.5 5.5
Phe 6076 177 182.0 262.9 21.6 492.1 46.6
B -AB* 0.6
y -AB* 5.8 0.2 0.7 0.5 0.2 17.8 6.0
NH3 29.1 8.1 23.7 24.2 9.9 29.0 6.3
DL-AI* 45 24 0.7 0.7 0.3 2.7 2.6
Orn* 7.8 0.8 68.1 249.0 11.9 22.0 6.4
Lyr 6758 462 3453 477.5 75.2 404.8 48.0
1-MH*
His 275.7 6.2 55.6 68.7 245 154.9 46.5
3-MH* 3.6 0.5 3.0 3.1 0.7 10.7 2.0
Ans 229.2 123.0 173.8 16.5 3704 92.4
Car
Arg 793.2 20 5085 437.7 103.7 512.8 20.2
Total 8995.6 5440 44753 7080.2 1643.1 8393.8 20348

* refer to the comment in Table 1-17
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Table 1-19. Free amino acid contents(mg/100g) of enzyme hydrolysates( 1)

Kingfish  Puffer Crab Shrimp Mussel Squid  Ascidian

PS* 14.8 15.6 41.9 48.7 35.0 49.1 294
Tau 2116 2215 2188 3834 2916 284.1 266.6
PE* 34 7.5

Urea 16.9 18.6 304 1120 1464 211 214
Asp 31.2 26.3 72.3 96.3 165.1 142.4 67.5
Hxpro* 541 9.7 35.3 37.9 134.8
Thr 19.5 314 1258 2242 1399 96.9 15615
Ser 15.6 32.6 98.1 192.0 105.7 83.6 136.0
Asn 28.0 37.9 349 513.1. 43.4 305.1
Glu 105.3 822 1699 416.6 2558 360.2 256.5
Gin 8.6 14.3 74.3 136.1 92.8 53.8 59.7
Sarco* 27 6.9 55 19.0 5.9 7.5

a-AA* 1.0 11.3 45 7.8 19.7
Pro 33.7 495 1591 345.5 59.7 726.1 180.3
Gly 26.6 40.5 1387 359.1 6.7 123.9 90.4
Ala 614 1027 186.6 4746 2247 197.5 171.6
Cit* 8.0 15.8 39.3 2421 19.4 9.1

a-AB* 1.8 1.3 3.0 8.2 9.8 9.3
Val 30.3 68.9 1596 308.3 1068 154.5 200.7
Cys 14.9 11.5 17.6 14.1 18.3 168.9 69.6
Met 43.3 716 1244 211.5 48.4 141.6 102.4
Cysta* 1.4 6.5 1.2 0.5 5.0 2.0
lle 25.9 58.1 138.1 281.9 99.7 139.6 1715
Leu 1085 1415 2946 5423 162.0 356.1 260.6
Tyr 31.6 38.7 1604 2320 1384 167.3 152.2

B -Ala 3.1 0.9 2.0 13.9 33 2.0
Phe 61.3 98.9 1822 282.3 88.3 2451 175.6

£ -AB*

v -AB* 45.2 34.3 1.9 0.8 4.8 5.1 8.3
NH3 8.9 7.9 12.2 25.5 11.0 11.0 6.9
DL-Al* 24 16.0 7.7 5.7 4.0 4.0 17.0
Orn* 244 27.7 47.3 244.0 15.4 29.3 4.2
Lyr 474 1006 2168 423.8 15833 221.9 213.0
1-MH*

His 89.4 30.2 70.2 80.9 44.0 90.0 86.4
3-MH* 12.1 7.7 1.1 1.5 1.2 11.4 11.9
Ans 110.0 125.8 1926 181.3 96.6 107.9 209.7
Car 5.5

Arg 90.3 85.6 19.8 383.3 2604 268.7 238.7
Total | 1391.2 1638.6 3064.1 6592.1 3084.1 4350.2 3849.1

* refer to the comment in Table 1-17
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Table 1-20. Free amino acid contents(mg/100g) of enzyme hydrolysates(11)

Kingfish  Puffer Crab Shrimp  Mussel Squid Ascidian
pPS* 21.7 13.0 36.4 447 32.4 56.9 24.8
Tau 2708 300.7 308.7 372.7 277.6 621.0 476.9
PE* 6.4 7.7 6.4 7.2 11.0 25
Urea 18.3 28.0 34.3 69.9 145.2 36.7 53.3
Asp 120.7 69.5 1226 170.7 174.5 306.4 112.2
Hxpro*| 670.3 3522 190.7 252.0
Thr 165.0 105.1 186.6 271.6 147.2 304.6 212.5
Ser 143.3 936 1604 302.6 112.7 284.9 202.9
Asn 321.3 1113 2629 728.4 76.3 375.2 434.2
Glu 346.2 1993 268.8 546.3 300.5 730.6 477.6
Gin 100.8 542 1116 199.1 95.1 148.0 55.6
Sarco* 16.9 12.9 2.5 36.3 0.7 10.9 1.7
a -AA* 0.8 255 38.3 11.7 25.8 6.3
Pro 4137 4823 1746 395.5 101.8 794.8 353.2
Gly 86.1 96.3 205.0 371.7 180.1 234.9 184.0
Ala 280.3 213.1 302.3 483.8 189.5 493.1 324.8
Cit* 27.3 19.1 46.0 5.7 12.2 15.5 13.8
a -AB* 19.7 13.1 1.9 13.3 14.8 5.4
Val 2754 1913 2413 402.0 123.5 4545 229.1
Cys 67.4 357 51.1 36.8 33.6 196.3 28.1
Met 238.3 156.2 1291 231.8 64.9 302.8 132.6
Cysta* 51.9 0.1 2.4
lle 3148 1450 2005 363.6 98.6 4153 237.6
Leu 619.1 389.2 4046 677.1 172.9 760.4 360.2
Tyr 173.4 975 2070 3194 154.0 335.4 246.9
B-Ala 55 1.3 1.3 16.0 0.9 4.3
Phe 447 A 2759 2788 422.3 118.5 472.4 234.4
B-AB*
7 -AB* 48.9 29.5 6.5 77 1.9 13.9
NHs 17.2 11.0 18.0 24.0 10.7 21.7 11.1
DL-AI* 51.0 9.2 54 71 6.1 2.4 6.9
Orn* 14.6 12.0 45.0 109.5 17.6 40.4 13.3
Lyr 5137 360.2 3379 576.4 200.5 599.7 270.0
1-MH*
His 214.0 836 117.2 175.0 51.8 189.4 96.9
3-MH* 43.0 20.5 7.6 14.3 2.7 26.4 35
Ans 3229 1817 2138 347.2 115.9 315.0 258.1
Car 9.8 5.2 3.2
Arg 4628 2804 5194 739.1 291.6 581.9 254 1
Total | 6868.5 4502.2 5236.9 87644 3338.4 9197.1 5331.2

* refer to the comment in Table 1-17
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Table 1-21. ATP related compounds, TMA(O), total creatinine and
betaine contents(mg/100g) in water and autolytic extracts

Water extracts

Kingfish Puffer Crab Shrimp Mussel Squid Ascidian

AMP 10.7 182 61.7 499 53.5 50.6 57.1
IMP 3235 3362 202 107 27.8 22.9 234
TMAO 145.2 400 670 126.1 5.3 196.4 16.5
TMA 15.8 7.7 257 140 38 10.1 6.3

Total creatinine}] 3426 3168 506 153 18.3 27.2 27.9

Betaine 552 435 850.0 7559 5640 534.1 2941

Autolytic extracts

AMP 52 106 395 41.2 394 346 468

iMP 2922 3224 151 4.9 20.5 25.1 18.2
TMAO 168.6 283 655 100.0 48 3245 120
TMA 47.6 184 28.6 324 3.9 10.9 7.8

Total creatinine] 290.7 2844 404 12.8 15.5 23.1 24.5

Betaine 43.8 305 7213 6048 4424 4692 2523
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Table 1-22. ATP related compounds, TMA(O), total creatinine and
betaine contents(mg/100g) in enzyme hydrolysates

Enzyme hydrolysates (1)

Kingfish Puffer Crab Shrimp Mussel Squid Ascidian

AMP 9.0 1561 525 50.1 498 504 53.9
IMP 3356.2 4039 335 3156 237 468 60.0
TMAO 219.7 53.0 698 156.0 1.9 3089 17.6
TMA 7.6 1.3 208 6.8 82 118 5.5

Total creatinine| 340.9 2932 19.2 151 30.1 24.8 28.9

Betaine 47.7 375 9360 8679 606.5 589.6 278.4

Enzyme hydrolysates (i)

AMP 8.7 13.9 50.1 48.8 47.2 51.0 43.2

IMP 3172 3727 328 321 259 34.8 30.7
TMAO 174.4 434 60.7 1241 04 2348 15.8
TMA 11.7 25 193 8.3 4.8 35.9 5.3

Total creatinine| 304.7 2779 152 148 26.6 29.6 27.8

Betaine 53.6 40.7 920.7 823.1 5956 593.8 290.5

_'79_



211, $4% Jd2Ee] gogd #ste A4EQ total creatinine?e ol F
AlAFo] o FREHo AUL, dA= F3HH & FF Aole AY
giRon, Alg d2go she] Filo YR 7T Ho g HAG. {HI4HF
T B A¥dAAMT HEIA FUARAT BeAAS FHAARYE, §U10FS
2 2719 £&HE A% F¥o] glon, Al AAH o

Aoz AR, # P FMEE A0SR

Z
»
~
)
N
o3
JZ‘,
B’U
§9
i&
0
Ji
4
i)
<
@
&
O
vl
ol
t
)
of
E—?‘-"
o
1)
2
38
32

, golgoze Clo PO el walth F&uyel meh 2r14Le @
ol A

a
2k 2ozl Ay, Na', CI's PO e A9 E4F2AAE b3 &

4, e AR Angiotensin- | HEFEAS Xalls

HT AEAPE, F U JFREEe] Ze drtA HAZRAEVT F
s A F9 <l Angiotensin- | A EX(ACE)S] &S A#fgics
Zo] rngxn Yed™?, B Ao A AAESE oz AL
A Aol Wit HEIFI

al
LHEE U ANASA2E, Ba¥HA2RY W FFT ACE A3hs

e



Table 1-23. Inorganic ions contents(mg/100g) in water extracts and
enzyme hydrolysates(11)

Water extracts

Kingfish Puffer _ Crab Shrimp ~ Mussel  Squid Ascidian
Na 293.9 660.6 448.1 566.9 594.4 328.8 558.5
K 3925 293.8 253.0 373.2 350.7 3834 108.5
Ca 12.5 165 84.1 112.8 71.4 13.8 10.3
P 3128 285.5 1245 185.2 3241 4111 3435
Mg 19.9 46.6 324 413 61.2 38.6 54.7
Cu 0.7 0.6 1.1 0.9 0.6 1.5 0.5
Fe 1.0 0.9 0.6 0.4 0.9 04 0.3
Cl 570.7 909.9 655.1 620.4 856.7 655.8 681.6
PO, 336.3 759.5 515.1 500.9 677.9 379.5 636.5

Enzyme hydrolysates (11)

Na 5146 949.2 | 667.8 656.4 766.3 874.0 760.8
K 397.0 222.0 212.1 265.8 379.6 398.2 320.5
Ca 20.0 522 1445 99.6 12.1 10.3 19.7
P 3119 2732 81.5 76.1 3285 370.7 216.4
Mg 243 50.8 473 35.4 447 20.2 53.8
Cu 0.2 0.2 14 1.1 0.5 0.9 0.7
Fe 08 0.7 0.7 0.4 04 0.6 0.4
Cl 8189  1180.2 868.1 890.3 10839 12131 10399
PO, 5879  1081.1 759.8 746.3 8719 9959 869.4
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Table 1-24. Peptide-N contents and ACE" inhibition effects in water and
autolytic extracts, enzyme hydrolysates of samples

Water extracts

Kingfish  Puffer Crab Shrimp ~ Mussel  Squid Ascidian

Peptide
content 109.0 1125 94.0 79.5 545 133.5 62.0
(mg/100g)

ACE
inhibition 222 10.9 - 327 2.7 10.1
ratio (%)

Autolytic extracts

Peptide
content 163.0 139.5 98.0 0.196 104.5 159.0 75.0
(mg/100g)

ACE
inhibition 77.2 18.5 67.8 60.9 18.7 84.2
ratio (%)

Enzyme hydrolysates (|)

Peptide
content 189.5 166.0 158.0 1583.5 155.0 184.0 144.0
(mg/100g)

ACE
inhibition 87.2 922 70.2 76.3 50.4 87.5 24.2
ratio (%)

Enzyme hydrolysates (I!l)

Peptide
content 159.5 160.0 147.0 140.0 135.0 179.5 122.0
(mg/100g)

ACE
inhibition 87.9 80.2 78.2 85.3 70.7 g2.1 76.3
ratio (%)

" Angiotensin- | converting enzyme
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Table 1-25. Composition(mg/100m¢) of complate synthetic crab extract

Components Amoumt Components Amoumt
Taurine 309 AMP 50
Aspartic acid 123 IMP 33
Hydroxyproline 191
Threonine 187 Betaine 921
Serine 164 Trimethylamineoxide 67
Glutamic acid 269 Trimethylamine 26
Sarcosine 3 Creatinine 51
Proline 175
Glycine 205 Lactic acid 96
Alanine 302 Succinic acid 8
Citrulline 46
Valine 241 NaCl 1003
Cystine 51 KClI 407
Methionine 129 NaH>PO, 253
Isoleucine 201 NazHPO4 684
Leucine 405
Tyrosine 207
Phenylalanine 279
Ornithine 45
Lysine 338
Histidine 117
Anserine 214
Arginine 519

Except glycine, all amino acids used are L-form. Abbreviations used: AMP, adencsine
5'- monophosphate; TMA, trimethylamine. All the reagents were analytical grade and
purchased from SIGMA, Aldrich Chemical Company.
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Table 1-26. Sensory evaluation” of taste of natural and synthetic crab extracts

Extracts Taste Odor
Natural extract 4.8° 4.1
Synthetic extract 45° 2.7

" 5 scale: 5, very good; 3, acceptable; 1, very poor
means(n=7) within each column followed by the same letter are not statistically
different (p <0.05)
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Table 1-27. Results of omission tests on each group in synthetic crab

extracts
No. of correct vel of Degree of difference”
Omitted groups identifications
significance
(n=21) 2 1 0
Amino acids 21 0.001 7? 0 0
Nucleotides and related
3 18 0.001 3 4 0
compounds
ammonium
Quaternary ammoniu 13 0.001 0 5 5
bases
Minerals 21 0.001 7 0 0
Inorganic acids 11 0.05 0 2 5

" 2, obvious; 1, slight; 0, indistinguishable
2 Numbers of panels reporting each degree of difference
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Table 1-28. Results of omission test on each compnents in synthetic

crab extracts

No. of corect .~ . Degree of difference”
Omitted compounds| identifications significance

(n=21) 2 1 0

Arginine 17 0.001 29 4 1
Taurine 7 0.05 0 1 6
Proline 11 0.01 0 1 6
Alanine 15 0.001 0 5 2
Glycine 21 0.001 3 4 0
Glutamic acid 20 0.001 5 2 0
IMP ' 10 0.05 0 2 5
AMP 16 0.001 0 6 1
Betaine 13 0.01 0 3 4
TMAO 12 0.01 0 4 3
Na* 20 0.001 6 1 0
cr 21 0.001 7 0 0
K* 14 0.001 3 4 0
PO 16 0.01 0 5 2

U 2 obvious; 1, slight; 0, indistinguishable
) Numbers of panels reporting each degree of difference



3l olmix bR FolAME vimy o] ¥ sty FHo] JE Arg, Tau,
Pro, Ala, Gly 2 Glug, 4 AHAEFZ = IMP, AMPE, 43 42U &4 719
X & betaine, TMAOE, 181 %7]dolAE Na', CI, K, PO~ S 1704 A
A A GAALEE ZASA olF 7 ARol AY Lo mA= I
S HE3IA. Table 1-280 M9t Zo] ot tF FoME Glu, Gly, Arg9l
ggko] Zom, Tr)AHE CI, Na', K'9] gao] 7} thgozg Hge
0)xj= AR S AMP, PO,>, Ala, TMAO, betaine, IMP £0]¢l3, Tau®} Pro
o] Algtel] plxle FFL olF uvlv|dHc}. ©]42] omission test A3-Z Fig.

1-50 YERA AT

_89_



— Amino acids in

Glycine, Arginine, Alanine
high quantity y g '
Amino acids in ) )
. Glutamic acid

low quantity
Complete
synthetic | |
extract

] Nucleotides AMP
Minerals Na’, CI, K', PO*

Fig. 1-5. Summary of omission tests.
The components enclosed in boxes were judged to contribute to the
taste of crab.

_90_.



A28 7S FAbEe ol &% V1A =v] &A1Y Ay

7@l gxzd 7134 FAEFEEMEZ Yt Zidgdo] I 9@ &,
FEl e 7bEe) FAE] We FAL B W Ha(fille)o] FAEZ
RE B FREMI EEHQ o8-S Y3l oL 982 o B A
Follq 2HI 22 AaLEHEE HBY 715 ZriaAg 7S As

ARE AMRS JtohEolzts o, Zlo o]}, Bl FR, Helziale] gt
D e AN A e Table 213 2th 7ithgtoxis
Nol zohula gleke 27%, Unz] A|l89 ASLE 149~167% A =¥}

ox
Hr
BN
ox
o)
T
wd
£

AE B2 FAolnlite] ZAS Table 229} 2t FAolulite] &
e sichao] WAL 152544ng/100g2 7HY FFol BUL, AR 7
& 22578ng/100g0lth. A BES FAolu:at 2HE Thiel Aok Y

o thAZ Asp, Glu, Gly, Ala, Leu, His 2 Arg S9] 3}aFo] 2tz, e
olr]keitE® F1F FHH AR

A8 HAFE 9] FAR|HrAle]l A& Table 2-33F 2t} A8 R AFZ o] x|}
Ab 2438 16:0, 16:1n7, 18:1n9, 20:5n3 L 22:6n3 So] FQ FAR|HAlo]Q] 1,
n3AIE el nxE XA AL 2N E 144~35.0% M2 A e AL} 7}
A A, 7iohgo] RALe] ZAu|7} 7bA E9rr).

2. BMZ Aagol o|steta S4
oA HAY AP 552 % 20A BLRH AN ZAY BHE

o xpel olgtshd S4B Mzol sl 4YF AAE Qo}slo] Table 24, 5

_91_



Table 2-1. Proximate composition (g/100g), pH and volatile basic nitrogen

(VBN) of the used raw fisheries by-products

Crude Crude Carbo- H VBN

Samples Moisture Crotein  fipid ~ ASM hydrate (ng/100g)

©

Skipjack cooker 95.1 59

drain 1.4 1.2 598 8.4

Skipjack residue | 747 157 17 46 33 619 316
Eel head 730 149 35 54 32 703 234

Pollack residue 76.4 14.0 30 40 25 705 335
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Table 2-2. Amino acids contents(mg/100g) of fisheries by-products

Skipjack L

coker SO corneas ok

Asp 154.16 1508.10 1375.16 1457.88
Thr 72.98 740.32 631.02 654.58
Ser 97.92 697.76 773.44 778.46
Glu 289.92 1995.66 2018.20 2125.66
Pro 119.40 827.5 665.94 748.40
Gly 376.34 1090.28 1829.88 793.54
Ala 281.22 1020.94 1215.78 963.34
Val 75.50 721.86 633.24 732.26
Met 24,50 396.38 355.54 481.50
lle 40.08 657.00 476.94 625.92
Leu 83.06 1117.54 912.90 1011.30
Tyr 50.96 409.32 405.50 386.70
Phe 62.86 787.52 724.92 726.02
Lys 222.76 914.20 430.90 288.90
His 116.26 1282.88 1137.42 1065.92
NH3 37.22 332.46 175.00 302.88
Arg 152.62 754.64 986.92 788.48
Total 2257.76 15254.36 14748.70 13931.74
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Table 2-3. Fatty acids composition(area%) in TL of fisheries by-products

Skipjack residue Eel head Pollack residue

12:0 0.08 0.11 0.09
13:0 0.04 - 0.01
14:.0 340 5.22 7.10
14:1n5 - 0.15 0.27
15:0is0 0.11 0.24 0.21
15:0 1.01 0.54 0.30
16:0iso 0.08 0.1 0.07
16:0 22.38 18.63 11.52
16:1n7 5.33 9.64 11.88
16:1n5 0.45 0.37 0.28
16:2n5 . 0.19 -
17:0iso 1.08 0.35 0.74
17:0 1.44 - 1.21
16:3n4 0.71 0.69 052
16:3n9 0.18 0.27 0.27
16:4n9 0.16 0.13 -
18:0 6.05 2.61 1.67
18:1m 12.80 33.57 21.15
18:1n7 2.19 0.33 5.80
18:1n5 0.18 - -
18:2n5 0.13 0.20 0.57
18:2n6 1.06 1.18 0.86
18:2n4 0.30 0.18 0.15
18:3n6 0.26 0.07 -
18:3n4 0.26 0.26 0.08
18:3n3 0.39 0.88 0.38 .
18:4n3 0.50 - -
20:0 0.26 0.15 0.16
20:1n3 0.81 1.79 0.03
20:1n7 0.09 0.23 11.22
20:2NMID 0.21 0.18 -
20:2n6 0.07 0.08 0.16
20:3n6 0.13 0.14 0.03
20:4n6 2.31 1.20 0.40
20:3n3 0.12 0.14 0.06
20:4n3 0.29 0.92 0.47
20:5n3 4.81 458 8.56
22:0 0.21 0.07 -
22:1n8 0.06 0.62 -
22:1n7 0.06 0.29 4.03
22:1n5 - - 1.04
22:1n3 0.11 0.09 0.06
22:4n6 0.17 0.22 0.32
22:5nm8 0.25 0.24 -
22:4n3 2.23 0.35 0.10
22:5n3 0.93 1.73 0.68
22:6n3 25.60 10.80 7.16
24:1m9 0.71 0.25 0.40
n3 PUFA 34.98 19.49 17.41




Table 2-4. Degree of hydrolysis, total-N, amino-N, VBN, acidity, pH and

color values in water extracts of fisheries by-products

Skipjack Skipi
pjack Pollack
og;l;ﬁr residue Eel head residue
Degree of
hydolysis (%) 36.7 40.6 40.1
Total-N
(g/100g-sample) 0.98 1.03 0.97
Formal-N
(mg/100g-sample) 13.6 26.3 16.8 259
VBN
(mg/100g-sample) 84 124 14.0 16.4
Acidity
(m¢/100g-sample) 368 77.0 30.0 39.0
pH 5.98 6.17 6.82 7.04
Color values
L 20.4 21.0 13.3 30.8
a 3.0 2.1 4.0 3.2
b 4.7 2.1 15 7.6
4E 76.4 75.6 60.3 66.3




Table 2-5. Degree of hydrolysis, total-N, amino-N, VBN, acidity, pH and

color values in enzyme hydrolysates of fisheries by-products

Enzyme hydrolysates( | )

Enzyme hydrolysates( 1)

Skipjack  gy; Skipjack i

pjack Pollack Skipjack Pollack
og?algir residue Eel head residue c’é?gﬁ' residue Eel head residue
hygj@:: (3;0) 521 677 640 665 751 678
" 12%‘;_’2"“)‘9) 139 172 188 | - 178 191 16t
{mgligz)n;s‘::np!e) 610 325 320 487 | 560 826 6823 817
(mg/m\éifiamp‘e) 176 168 196 280 | 168 168 152 182
( mmgggfample) 308 960 1130 1320 | 410 2570 2620 2120

pH 669 720 683 693 | 620 631 622 632
Color values

L 196 224 242 237 | 187 194 253 213

a 43 41 02 05 | 03 01 07 09

b 33 37 36 55 | 41 49 55 75

AE 76.9 74.2 72.5 73.1 78.1 774 78 75.7




Photo 2-1. Water extract and enzyme hydrolysates of fisheries by-products
(A) Skipjack residue (B) Pollack residue
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Photo 2-1. Water extract and enzyme hydrolysates of fisheries by-products
(A) Skipjack residue (B) Pollack residue
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Table 2-6. Free amino acid contents(mg/100g) in water extracts and

enzyme hydrolysates of fisheries by-products

Water extract

Enzyme hydrolysates(l)

Skipjack  gyiniack Pollack | SKIPIaCk  gyiniack Pollack

cg&r);%r res!3 ve E¢lhead rociie Og%ﬁ' res&ue Eel head  (ociie
pS* 21 8.3 3.1 93 3.2 205 20.2 234
'Fl;iél: 469 31.3 69.8 185.9 491 198.4 191.2 180.4
Urea 24 34 34 77 28 18.5 73 146
Asp 3.1 95 1.6 10.3 78 481 368 506
Hxpro* 220 3826 62.1 529
Thr 52 205 18 209 15.7 118.3 98.3 109.5
Ser 46 18.0 2.0 14.6 9.0 927 90.2 90.6
Asn 14.5 206.6 200.9 173.7
Glu 10.6 414 114 29.8 234 138.1 107.9 140.6
Gin 6.8 57.3 722 55.0
Sarco* 0.2 0.7 0.1 50 1.1 12.3 185 110

a-AA* 09 20
Pro 7.0 30.8 56 20.1 35.8 215.8 235.2 263.7
Gly 44 16.7 13.2 454 19.2 476 69.2 76.4
Ala 12.0 46.6 213 477 40.0 155.6 156.7 146.9
citt 0.6 3.8 19 6.3 379 40.8 29.1

a-AB* 0.7 3.6 15 95 131 118
Val 6.9 304 6.5 16.0 35.6 239.3 200.3 2238
Cys 186 200 889
Met 42 22.2 349 6.4 17.8 150.3 135.8 133.3
Cysta* 02 55 08 21 34.4 134.2 89.1 78.0
lle 6.0 241 6.5 13.0 18.3 203.2 190.2 2041
Leu 115 434 54 20.1 413 350.0 338.2 352.7
Tyr 68 244 44 88 8.7 115.7 8786 9386

B-Ala 0.1 05 459 141 05 12.3 478 17.5
PheB 9.2 335 23 10.8 276 264.8 2473 229.4

B-AB*

v -AB* 0.7 3.1 1.2 43 2.7 442 33.0 244
NH3 2.1 36.0 3.2 88 37 16.2 12.1 13.1
DL-AI 05 0.2 47 34 419 776 39.2
Om* 08 104 47 50 57 11.0 25.0 155
Lys 13.7 442 58 254 343 311.2 2914 275.3
1-MH*

His 945 253.3 497 59 98.9 383.3 161.3 78.8
3-MH* 23 10. 0.7 23 257 429 225
Ans 1334 2298 52 780 434 2178 199.0 254.1
Car 6.6 25.2 17. 121.2 12.0 6.3
Arg 111 98 04 6.1 483 347.2 326.7 298.0
Total 407.6 1029.8 296.0 6304 7110 47584  3957.9 38785

* refer to the comment in Table 1-17
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Table 2-7. IMP, TMA(O), total creatinine and betaine contents(mg/100g)

in water extracts and enzyme hydrolysates of fisheries by-products

Water extracts Enzyme hydrolysates(I1)
Skipjack Skipjack
Skipjack Pollack Skipjack Pollack
cooker Eel head : cooker Eel head .
drain resui residue drain resn} residue
IMP 61.7 1586 1775 2223 | 5998 1451 160.1 2026

TMAO 34.7 332 705 121.0 21.4 28.1 644 833

TMA 22.3 229 21.0 756 | 122 17.4 13.6 60.1
Total
creatinine 52.1 1615 1537 1598.0 | 46.7 1433 125.0 140.1

Betaine 10.2 503 49.0 317 5.5 123 196 147

_100..



Table 2-8. Inorganic ion contents(mg/100g) in water extracts and enzyme

hydrolysates of fisheries by-products

Samples Water extracts Enzyme hydrolysates( 1)
Skipiack - gyiniack Pollack | Skipiack  gyiniack Pollack
Elements caoker resdue 61 Nead fogdne cooker resdue £ head fogdte

Na 2733 826.8 3734 7732 | 2049 7573 1288.7 509.7

K 26.5 2938 937 2444 159 1084 914 1349
Ca 0.3 1.0 1.7 0.7 0.1 0.9 0.9 0.3
P 238 869 949 817 235 697 675 830
Mg 0.1 7.6 1.8 6.9 0.1 44 17 0.5
Cu tr tr 0.1 tr tr tr 0.1 tr

Fe tr tr 0.1 tr tr tr 0.1 01
Cl 4456 15406 658.9 1412.2| 329.7 1264.8 529.2 909.7

PO. 310.5 9383 4247 878.1| 231.8 8619 329.0 581.2
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Table 2-9. Peptide-N contents and ACE" inhibition effects in water
extracts of fisheries by-products
Skipjack Skipi
pjack Pollack
cgl%ﬁ:r residue Eel head residue
Peptide
content 16.9 103.8 110.3 130.0
(mg/100g)
ACE
inhibition 95 20.9 15.1 13.6
ratio (%)

" Angiotensin- | converting enzyme

Table 2-10. Peptide-N contents and ACE" inhibition effects in enzyme

hydrolysates of

tisheries by-products

Enzyme hydrolysates( | ) Enzyme hydrolysates(!1)
Skipjack Skipi Skipjack o
pjack Pollack Skipjack Poltack

cg;l;gr residue Eel head residue cgroal:ﬁr residue Eel head residue
Peptide
content | 42.3 202.1 1980 2115 | 423 276.8 2650 2944
(me/100g)
ACE
inhibition| 60.9 70.2 60.6 56.3 | 63.3 90.0 87.9 91.1
ratio (%)

Y Angiotensin- | converting enzyme

- 102 -



Met, 1le, Leu, Phe, Lys, Ans, Arg 522 R olujxilfgr 12 BX
So} ek,

zZt BAE ARl IMP, TMA(O), total creatinine % betaine?] 3}&re
Table 2-70), B7}R 0] ZA-L Table 2-80] JEM)T).

4. BLE AAR9 Angiotensin- | MEEAS| XNMills

7 2AE orpe) WHE FBWH ACE Asi5< 24T AHE Table
2-9, 109 Yetidth Zt A5 9 dFFEdai HAH=8FS 16.9~130.0
mg/100g, 23} EABSAAEL 423~2944mg/100g0.2, EARSAAR ] 3

Sejue} Aol G 2RE J5HoR &7} uEAsgn P} o)
al w —)T:/l\__ % }]l/ —9-@01/ %l AH"?"/
292 EEY Po)7h A WA 5 539 FUBL AR s P

“

S02 PI4EY HTEA Key factord ] 2 7)) Aol st A

L ®% 7HHol APstn Yol e
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VG E BFERES HY F22PE FHEY] A AHHS 4F &AFE
N 100T 3 AollM 3080 71EF tF, 2712 ¥4g 3 B PAbel
o5l zt AlgeA e dAE dzAEe vadd O 38 rled 49
£ Table 3-10] ety Aok

Acetone ¥ chloroform:methanol F&8.& 4z} 25 €Y, olf Absl 3 (fk
sty 2 oBldUst wen, iz A YAe Y ZAHA gskth me
A AAF(REHE)E ATFE20] ozt FdHUEd, ol& Easy] H3
A%g Blighet Dyeri®oz 228 3, 127 2 $ANUA £84887=
o] 7t stn RS HAE AASAT O A3 AFAFAAM s o fitd
A7) FAHAL, FEAEZFAME 23 HolE de guiist AsAS 5
frol dAZE RAEAT dge YeEFEEdAMe Al dAZE vgsA A
=31, ethanol FEE2 &l ® v-FUE d A A7 AshA 243
ou, gzFekE Aol7t UKRTH Metharol £58¢) A$E 2@ 702 o
= eed A WAzl ge AdTel Ml Y ek gAaRod, fET
AA A FAekes ekt aolE E Ytk
27k 7 AR HAE Bl methanol FEE9 F4E Y xjo]
E RYPonz, Z4F &AZ FEstn F& JAGEH)GY BAE Fotr7]
Al 2+ FEJALE 100C 3 2ol 0EL 7188 o5 @A 28
72t AR el ve dAle EAE 43 ZA3e Table 3-29 2t} Table 3-2
X @ g ARl A Mg 2F @A A= /A AelE flov A5
AL §AFE WALz} 7"‘]539\71 i, 2 Z%¥ methanol F&ZA7}F 713 kg
31, ethanol & 2r}, J43=22 A}, chloroformimethanol &
2} s H k. Acetone FEA1e] H$E £A19 AAZ @48 HA ol ¥
Al A oelgol AT oA toll Al efstybel A A

_

d)

o
o~

f

O

2

EWA oz A
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o
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Table 3-1. Descriptions and intensity of odors evolved from cooked

extracts of crab flesh extracted with several solvents

Solvents Odor description Odor intensity

Acetone Burnt, Oxidized fish oil Moderate

Burnt and fishy,
Chlorofrom-methanol(2:1) OI)J(i dized fislh ;I“ Strong

Cold water Crab odor Weak

Ethanol Aminesand fishy, Stron
Cooked crab odor g

Sweet and green,

Methanol(80%) Cooked crab odor

Strong

Cooking condition: 100°C, 30min.
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WAz ZAge RAE FEANH/L BFEES JEd ez AU
Table 3-1, 3-29] AZfolA & & Aol ABFEL dAY HAFEAD BA
7} ¢len, methanole] HAjAA &9 AFEA F2o 714 AP Aoz Yg

% 5(60~100%)0] tha] ofjnlad
3 Ax, FE234e 33 A2 gF FEo] /M5 e, methanol FEE

80% Y wWrt HAe] F=rt 7hF A Ae2 YErNh

woh. 28] methanol &3 4(1~530) 2

Alg Ao WP FFERRE THs7] A Fig 120419 2ol ¥

AR HTEARE BYeD ol

HAle] 548 45E Zae Table 3-3 3 349

A F(lipid fr), F-A(methanol 7}83) E-B(FE&AhH) 88 #5548
A3, ARFANE 40 B B oJfAAHAI BT, A% A% WAE 7
252 gt F-A JEdMe dzT dA%de 339 Aole AN
S AST FARRE A7 2N ew, FB 82 ofF YAx AAHA &
%ok F-A ® F-B &S 3t 7HEeliE 3% =79 vl 33y
Z3tE °o|& WAVl 2T §98, FA 88 FAH3Y 42 FC(FAY
H) HE 71E F dAe 4 &2FFHE F As ASH wAR dAE
A3t¥ e, FD HE(FAUHA)Y Aee Ao A7 g 283, F-Bs
F-C 888 &% Zes dz=79 ofF #AS WAz 2A4sig ey, F-Bo
F-D &8 #3ld 71299S de FD &3 Zo] A9 dAr A

olde] AFoM A& AL WA AFEEL FEAolT FHA(ENN)
o] AeA HAEY ez FHHJUG

FAgY F FAAH Folen@sAd FEHAHA ¥ FE Y7 F3d
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Table 3-2. Descriptions and intensity of odors evolved from of cooked

crab flesh residues extracted with several solvents

Solvent Odor description Odor intensity
Acetone Sweet, cooked crab odor Strong
Chlorofrom-methanol(2:1) f,(:\;i(:dagibgfj:r’ Strong
Cold water Crab odor Moderate
Ethanol Cooked crab odor Weak
Methanol(80%) Cooked crab odor Weak
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Table 3-3. Descriptions of odors evolved from cooked crab extracts

separated by ion exchange column chromatography

Fractions Odor description
Lipid fraction Burnt and oxydized odor
F-A Cooked crab-like odor (strong)
F-B Odorless
(F-A)+(F-B) Cooked crab odor (moderate and harmoney)
F-C Medicine-like(weak) + Cooked crab odor (strong)
F-D Odorless
(F-B)+(F-C) Cooked crab odor, Pleasant (moderate)
(F-B)+(F-D) Odorless
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Table 3-4. Odor descriptions of the cooked fractions separated from the

outer diffusate fraction in dialysis of crab extracts

Fractions Odor description Fractions Odor description
F-E Caramel-like (weak) | F-I Odorless
Cooked crab od
F-F ooKea crab ador | Odorless
(slight)
(F-E)+(F-B) Sweet and green | o\ 1 (F-H) Sweet (weak}
{slight)
Cooked crab odor Cooked crab odor
-F)+(F- F-J)+(F-H
(F-F)+(F-B) (weak) (F-J)+(F-H) (wezk)
Burnt crab odor
- - F-l)+(F- Odort
(F-F)+(F-G) (weak) (F-y+(F-B) orless
Cooked crab odor
(F-F)+(F-H) (weak) (F-J)+(F-B) Odorless
Cooked crab odor Sweet and green
F- F-G)+(F-B F-1)+(F-H)+(F-B
(F-F)+(F-G)+(F-B) weal (F-)+(F-H) + (F-B) woak

Cooked crab odor,
(F-F)+(F-H)+(F-B) | pleasant and harmoney| (F-J}+(F-H)+(F-B)
(moderate}

Cooked crab odor,
pleasant {moderate)
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FF &8 718X8 & #5348 & Z3E Table 349 Jehdiddch F-E
dRoME 2x A dMstes AE 9 43 sietd 2t 23, FF

ollMes As A3 FAE A7 ZAFUdoY O3 Bee A% 39
ot ® F-F Lo FE23AI F-B &S rletod 7148 A9, A5 ASn
2o WA Y, 2 FEe ol2nesa A Mo ulE vinA of
Aok w2iA s AL dAe AFERLS FIZ FF Eolztn AztE,
F-F to2E g9 A #A #2577 YA ¢o2z FE 89 A2 W
AN A Z2 Aoy FEFE vA=

ol& Fu HHS 57 Al F-E &g AFr3 cl2ugsAd 3523

-G E(PHEo) S §35EHe FH JEMuEmes 2831, olF

F-F &l H7letod 7tgsty 2 9
% A FAZY oFEA, Fale 2AS AFe dAzt oksiA BAsi e
3] Fatoll F-B &5 718t 7128 A9, Aul§E X3 ol& A5 AS
xdy B7F At e s dAe ZEx Zazd. "t A Ase]
Bx,st 23} Fv|2goe FH 3 FC gE0] #4F oz FHHUL

tgo 2 FF 88 2974 SolengsAd FA5A de Fl g8 (M
Ku#gim= F3=Ee F] (s 2 £831, ol&8 744, k=
F-F 9 F-B ol F7iste 71t 2 WAES #5348 e Table
3-49} o] FI F-J & dxo2e SRFHA dA/ JAAHA %oy Ff
Y&ol F-H ¥ F-B g&& 718l 71498 25 Aol de A= A% 5
Fo HAZE BT o] o dA BrE T A=A

o]de] AneolM E w & AKo SAAHN WA B GLLEAAN 2
At Aol olvx, A R FALEY BES FAR AYstA el F
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Aol 719" o wAsE Aolgm 4zgc
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7tEE7e AFEAE ERZAL] A, A, Al 2 BA R A T

FA EA vpR A Fr|AES Ad FUAES ABE 3o 80% methanol
FZA AXME ZAS BAM3L, o] 100ColA 3087 71EA 3 & o]

of e A2FE A WstE 4HE ZHE Table 3-5~80] e AT
7} Al89] methanol F&4 A24E T FHL AL 7IEAHe & =2F
Y ZAadtPon, opnAig HA W A5 EF M Fade B
& HYe, ol frejetvlinst T AEAFY ALHEEC] 7HEAY F o
5 B EAAY, Maillard ¥h-g-oll #odste] oFzi4 4G ziew Aztdr
Ak oz AFL JIEE o Bt FANE /HEFIgn F2ed, ol
2 NEAE F B-olujer] AR A3z do7l= Maillard ¥HGol
g Aoz AzZHT AR®. A% A% S5 AR 4 A st
o st wAlstE Zol7] W&ol Maillard ¥g-¢] #o4E B3] & IQ
7b dokz AzZtEh a3, A el e gdde dEe A A5
A2l Wzl gl =d, ol Maillard ¥89 FHAUAE Fole 723 89
2 Yehle 230 A4ddde 3Me 1% o 714271 AN B
o] BAgolx B3ty UG T w3y}t JUD HeE AZE
HLAE7IALZY Aee ZtdA el o dF AREE AYdstne B
ZF Zistd e, olRAS AR FHE=Y oprjingt TN AYHE Ao
olnj, olomtet pHt GAl A AlgolA %2+ F7HE Yehllz AU
g AFe zZ+ Alg9 felotv]xit 2AE Table 3-60) JGERACH
2t Alg9 frejotuAt Fo ®ste Al miok B4 9 Zole ALY
A ANg 25 4y gastes A2S RAY 7 Al89 F2 foluical

™

& Tau, Glu, Pro, Gly, Ala ¥ Arg S92 &o] vy Bt tifE F
Hotol: b h@Ael lalA A #F Wt fey, Folnley

- 111 -



Table 3-5. Changes in total-N, amino-N, reducing sugar, VBN, acidity

and pH of sample fresh extracts before and after cooking

Raw

Cooking

Crab Shrimp Oyster Ascidian Squid

Crab Shrimp Oyster Ascidian Squid

Total-N

ioogsampryy | 210 161 190 081 305
NHz-N

(mf100g.sampley| 517 4100 6174 2317 6649

Reducing sugar
(mg/100g-sample,| 59.1 272 1032 969 235
as glucose)

VBN
(rgt00g-sampley| 42 168 112 140 m2
pH 823 633 557 574 613

190 080 302

56.87 24.81 64.75

1050 985 251

141 285 182

557 574 617
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Ql Tau, Met, & cystathionine®} g 7}Ado}u]=AFQ] ornithine % His So] <o

2 Bast@ed, ole 72 F Maillard ¥Hgo)| BAst Y A

Aoz FAHHAJG a2y F714 otul=atd Lys oy Arge Aol Wstrt

e, o] F Argd BFe, 243 A EAMELY Aol A

AEHA FRov dAFY RA4F S wWeol RES ez dEA

octopine®] YF7t 7tEAe F EAlEH Args AAsIA7] wWFo W)
W

&

it
¢

ARG Aoz AZE QL) o] octopined AlFE FAEQ A& WAE EA X
s 7 e AES 7MET b BAANE £ e tedE FE3] nEs

2 Bost Yoty 2o LA AEe 2 ARe) F4BALA, TMAQ),
total creatinine, ¥ betane &322 Table 3-7¢] Jelct. AMP % IMP &
ATP BHE A3 total creatininel 7}Fx2]E T3l A 7ZHAstg ot o
A2 7hEel dia) AR 45 FEHUEF7] T TMAOS betained] 7-¢-
A AR 25 7tEAE B8l 49 Fasin, i TMAE S718ke 7
TS JGEhRATH

7t AEY zt Al FALE £AES ICPEHA 4% 23 e Table
3-87 2ot o Y4 Nag} P 7FEA
cagon, K 5 1 99 4g5e A 83 ¥t 9An. 98, o 3
O o 2& 20l ZINAHEL 71EA2E Ed BF AP gists A
o2 yehgoh 9714 Na', K', I 2 PO, 53 22 RIg9R/E F4E9
EAZQA Fujo] Wi JIFe dE¢S vjx = taste active component® &

R

A% AP Sfe) YAE LAY THOZ, Table 36, 7, 8o Uehd A

59| 80% methanol FE&4E9 24 TAZ 3t A FA AS A=

,
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Table 3-6. Changes in free amino acid contents(mg/100g) of sample fresh

extracts before and after cooking

Raw Cooking

Crab Shrimp Oyster Ascidian Squid | Crab  Shrimp Oyster Ascidian Squid
pPS* 2.0 1.2 36 1.2 26 | 15 0.8 39 1.2 31
Tau 881 581 1020 987 868|744 575 980 934 857
PE* - 1.5 - 1.3 1.3
Urea 6.1 6.7 307 111 48 | 58 7.6 27.2 10.1 8.0
Asp 20 15 133 44 105 16 1.6 12.8 46 103
Hxpro* -
Thr 13.8 99 144 103 174 | 131 10.2 14.0 104 170
Ser 10.1 45 9.3 85 157 | 106 49 9.3 86 153
Asn 132 48 40 206 14.1 49 5.6 21.0
Glu 104 194 522 311 298 {107 197 501 306 298
Gin 21.7 77 165 27 106 | 224 74 16.6 28 109
Sarco* | 07 0.1 24 0.2 29 | 08 0.2 24 0.2 1.7
a-AA* 15 05 3.1 0.3 16 | 16 0.6 2.8 0.4 1.0
Pro 579 294 510 466 1286|578  29.1 520 464 1312
Gly 5569 631 473 201 263|552 626 465 200 260
Ala 473 308 426 202 426 | 469 308 418 199 416
Cit* - 29.3 04 0.4 - 28.3 0.7 05
a-AB* 0.6 0.1 35| 06 35
Val 124 112 4.1 69 184 (124 112 4.1 69 188
Cys 05 0.4 12 211 | 04 0.2 08 206
Met 11.8 7.2 2.8 42 154 | 100 8.5 1.7 36 141
Cysta* | 1.3 19 15 2.1 13 ] 03 05 02 1.1 0.4
le 75 6.2 24 48 161 | 75 6.1 2.1 49 165
Leu 13.7 136 42 72 308 [137 137 4.1 71 306
Tyr 104 67 45 93 142 99 6.9 44 96 140
B -Ala 26 03 141 0.8 09| 24 03 135 07 038
Phe 7.6 6.6 34 54 179 71 6.1 2.1 53 180
B-AB* 1.0 0.2 0.1 0.4 0.2
v -AB* 29 19 39 1.3 22| 18 06 2.1 0.3 1.1
NH; 1.1 20 20 1.1 23 | 16 22 2.1 15 27
DL-Al* | 01 0.8 21 | 01 1.2 20
Om* 62 127 24 1.5 78 | 57 107 1.1 06 6.8
Lys 106 126 5.8 9.1 186 | 105 125 59 94 180
1-MH* - -
His 53 5.1 54 105 232 55 5.0 5.3 104 211
3-MH* 1.1 05 0.2 05 111 07 0.6 0.2 04 1.1
Ans 79 8.2 61 229 152 | 78 75 5.8 20 151
Car - -
Arg 1325 625 182 57 518 (1309 628 18.2 56 515
Total 566.8 4288 4748 3711 6441 | 5456 4221 4570 3605 639.6

* refer to the comment in Table 1-17
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Table 3-7. Changes

in IMP, TMA(O),

total

creatinine and betaine

contents(mg/100g) of sample fresh extracts before and after cooking

Raw

Cooking

Crab  Shrimp Oyster Ascidian Squid { Crab Shrimp Oyster Ascidian Squid
AMP 40.0 503 799 423 373| 366 455 708 409 331
IMP 152 132 204 174 169| 130 125 180 161 153
TMAO 808 826 645 272 1318| 586 674 400 214 1052
TMA 128 147 283 64 265 246 324 298 134 339
Total
creatinin 202 92 228 19.0 196| 197 79 214 174 185
Betaine | 833.3 705.9 4442 2941 4020| 7739 666.7 2745 2549 2647
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Table 3-8. Changes in inorganic ion contents(mg/100g) of sample fresh

extracts before and after cooking

Raw Cooking

Crab Shrimp Oyster Ascidian Squid | Crab Shrimp Oyster Ascidian Squid

Na | 2055 2645 2761 4176 1938|1152 199.0 2295 2578 1151
K 434 208 695 324 153 | 422 185 616 384 151
Ca 19 17 18 32 25 14 1.0 17 26 23
P 535 873 1713 1435 1691 | 300 650 1087 1114 950
Cu tr tr tr 1.1 04| tr 0.1 tr tr 04

Mg 1.3 2.3 33 6.3 44 15 2.0 32 58 23

Fe 0.6 0.9 tr 0.1 0.2 06 0.1 tr tr 0.2

Zn tr tr tr {r 0.2 tr tr tr tr 0.2

Cl | 2555 3082 349.0 4809 2282|2172 3278 4555 4366 1307

PO, | 2381 2999 3166 4758 2193|1309 2281 2609 2929 1376
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- 8IT -

(a) Natural crab

xx]._.h Ll AL wd Ll_“__/\,__d___w . : : /:_1 s—

T '
20 00 40 00 60 00 80.00 100 00 120 00 140.00 160.00

(b) Artificial crab extract

;JUJLL IL WL_JLLJWM’L"“W

20 00 40 00 60.00 80.00 100 OO 120 00 140 00 160 00

Fig. 3-1. GC chromatograms of whole volatile flavor components of cooked natural and artificial

crab extracts.



Table 3-9. Composition(mg/100m¢)  of

reapear-ance of crab Flavor

complate artificial

extract for

Components Amounts Components Amounts
Taurine 176 AMP 80
Aspartic acid 4 IMP 30
Threonine 28 Hx 50
Serine 20
Glutamic acid 21 Betaine 1667
Glutamine 44 TMAO 162
Proline 116 T™MA 26
Glycine 112 Creatinine 40
Alanine 95
Valine 26 Lactic acid 167
Cystine 1 Succinic acid 21
Methionine 24
Isoleucine 15 NaH.PO, - 2H,0 232
Leucine 27 Ribose 138
Tyrosine 21
Phenylalanine 15
Ornithine 12
Lysine 21
Anserine 16
Histidine 11
Arginine 265
NHsOH 2

Except glycine, all amino acids used are L-form.
Abbreviations used: AMP, adenosine 5-monophosphate; TMA, trimethylamine.
All the reagents were analytical grade and purchased from SIGMA Chemical Company
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s AlS FA Al s olF HAE L obnlkitRol diE WAl 2
oo ZldxE g "ot FAHIG T oz £
YAole G714 82 EC] o7 FAHELES olFE L2 B 9, ol E29
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of s AAdEe FHLAHEHAEC] A AF HMY F8 247 € Aoz
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& AARAYE wolle dx7e E o]zt o Taud YAl L& atx)
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g g A FE RO

v FAVIEAEY 1A 2rAAR o8 F JUe Hug FAAE L
o] Fvlel &3 JERAEE DS BHoZ, A AlS E B34 2 3
o] & 5&9] £ALEL Algg 3o s/l23¥ Lickens-Nickerson SDE A& o]
g3l FAALALEE F231, o8 GC ¢ GC-MSEH &4 - 3% 27
£ Fig. 3-2~6 3 Table 3-11~160] Yetliict. o] of z} L] e
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Table 3-10. Descriptions of odors evolved from cooked artificial extracts

of crab flesh when certain components were omitted

Treatments : Odor description

None (Controt) Cooked crab odor

Water-like and sulfur compounds-like

Omitted neutral amino acids )
different from control

Sulfur compounds-like,

Omitted acidic amino acids .
iite different from control

Omitted sulfur-containing amino acids Different from control

Omitted basic amino acids Completely different from control

Sulfur compounds-like (strong),

Omitted quarternary ammonium salts
g i cooked crab odor (weak)

Sulfur compounds-like (moderate),

Omitted ATP-related compounds cooked crab odor (weak)

Omitted ribose Different from control
Omitted sodium phosphate Cooked crab odor (weak)
Omitted taurine Cooked crab odor (moderate)
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2 F 75 Z4Eo] 3AHUL, I FFFL cyclohexanolS 7|F0 2 7 1576
mg/100g, 4% 18.79mg/100g, 2 22.77mg/100g, A 54.01mg/100g, ¥ L Ao
11.88mg/100go. 24 WA} 718 HuAdQEo] Bk, thgol = A%, A,
A} FolAt

1) Aol slgdd =
2ps AlSol HAPJPGESE GC-MSDEH E43ldd H2 total ion chroma-
togram< Fig. 3-2¢], 22l XY L4 7|4 ¥ Table 3-12¢] YehY
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g ASe] HBALRLE F 99 HEol FAHULH, ol HAES
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Y
i
o
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\2]
Fead
m
k1
u

1, phenol# 5%, benzenef 4%, hydrocarbon® 22%F, furan
F 1%, $AASEE 21F 78 11F5e2 FAH AAL, AFHA SHA
A 7 Y B3 FF9 IYEL alkaneFE HFE 3 hydrocarbon® H
pyrazineF & AF2 ¢ FELAHEIUS

Acidf = Tetradecanoic acid, 4-(1-methylethyl)-benzoic acid &5 6% 22 F
Fol detx 23 AFHA WA 52 A3 ALEE e RegE 29
A Aed® AFAese BAHA durh Alohol HFE FoAME
1-pentanole] 7% #aFo] g@sten, o}Je] F Q8  alcohol2 A ethanol,
1-butanol, 2-methyl-1-propanol 5 10&¢] &A= =d], alcoholfes ¥ ¢
2 wWEo dol BA FE AF @M ZA FFE vAA FE AL
o} R}, Aldehyde 3}§E 2 butanal®, hexanal, heptanal, benzaldehyde
F 5 73] wAHAE, 015 F2 XA YA LdstE el ofF

e 2oz Bolw®  2.methyl-butanale]t}  3-methyl-butanal &

-

branched aldehydes o}ulixAlo] strecker ®siubgol o3} A== Aoz

Bolt}®™ w2 8712 AU benzaldehydefe AZo] 1A% Fr4% =
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Table 3-11. Contents of whole volatile compounds identified from cooked

sample flesh
(Unit: mg/100g as cyclohexanol)
Samples Crab Shrimp Oyster Ascidian Squid
Contents 15.92 18.79 22.77 54.01 11.88
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Abundance

TIC: CRAB.D

2.5e+07 1.S {Cyclohexanol 9.2mg)

2e+07 4
1.5e+07 4

le+07 4
5000000 +

0 .L‘L]A]‘ Ll JUJJAII - - u_.__/\»_‘——-—L-——*"* - A ]
aial i et Ny ety SeSMSS e et —————— —_—— —
Time~--> 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00

Fig. 3-2. Total ion chromatogram of whole volatile flavor components of cooked crab.




Table 3-12. Contents of volatile compounds identified from cooked crab flesh

(Unit: mg/100g as cyclohexanol)

Pﬁgk tR Content Compounds Pﬁg.k tR Content Compounds
1 1076 0834 Chloroform 42 4860 0154 1-Pentanot
2 1148 0016 2-Methyl-1-propanol 43 4934 0622 24-Dimethy-cyclopentanone
3 1206 0011 22-Dimethyl-pentane 44 5004 0688 1-Pentene
4 1226 0029 Methyl-cyclopentane 45 5143 0351 Tetramethyl-pyrazine
5 1242 0.013  2,4-Dimethyl-pentane 46 5192 0.029  2-Nonanone
6 127 0.074  3-Methyl-butanal 47 5499 0120 2-Methyl-azetidine
7 1339 0029  2-Methyl-butanal 48 5569  0.045 35-Dimethyl-trithiolane
8 1363 0013 1-Butancl 49 5624 0781  3-Methyl-furanone
9 1408 0053 Pyrrolidine 50 5745 0015 34,5 Trimethylpyrazole
10 1496 0255  2-Methyl-hexane 51 5822 0026 56-Dimethyl-pyran-2-one
i1 1560 0053  3-Methyl-hexane 52 6084  0.032 5-Methyl-4-hexanal
12 1560 0050 2-Ethyl-1-butanol 53 61.31 0.388  3,5,6-Trimethyl-dithiazine
13 1578 0021 2-Butano! 54 6216 0011  4-Methyl-benzaldehyde
14 1746 0071 Heptane 55 6249  0.008  2-Methoxy-3-(1-methylethyl)-pyrazine
15 1790 0037 Pyrazine 56 6409  0.045 24.,6-Trimethyl-dithiazine
16 1863 0021 (Diethylamino)-acetonitrile | 57  66.95  0.045  Trimethyl-pyrrole 1-oxide
17 1942 0090 Pyridine 58 6738 0117 13-Cyclooctadiene
18 19.29  0.045 Methyl-cyclohexane 59 6768  0.141 Indole
19 1942  0.021  2-Methyl-1-butanol 60 6776  0.032  3-Methoxy-4-methyl-benzoic acid
20 2013 0.050 Pymole 61 6957 0098 3-(3-Methyl)-cyclohexene
21 2333 0061 Cyclobutanone 62 6995 0029 3-(2-Furanyl)-3-penten-2-one
2 239 0.015  4,5-Dimethyl-pyrazole 63 7228  0.029  2-Methyl-benzene
23 2568 0026 24-Dimethylcyclobutanone | 64 7329  0.040  2-Methoxy-phenol
24 26.06 0.186  Methyl-pyrazine 65 7362 0.070  4-(1-Methylethyl)-benzoic acid
25 2760 0021  4-Methyl-2-pentanone 66 7458 0.194  2-Methoxy-4-propenyl-phenol
26 3197 0.045  1,2-Dimethyl-benzene 67 7565 0.138  2-Methoxyethylene
27 3404 0016  2-Methyl-cyclopentanol 68 7663 0045 Pentane
28 342 0.013  1,3-Dimethyl-benzene 69 7687 0048 Tetrathiacyclohexane
29 3475 0.351  25-Dimethyl-pyrazine 70 7814 0053 Tetradecane
30 31 0.019  2-Butene-1,4-diol 71 8045 0010 2-Methoxy-4-ethyl-methylphenol
31 3544 0132  23-Dimethyl-pyrazine 72 8281 0.054  Heptanal
32 3790 0063 1-Methylethy! ester 73 8418  0.130  3-Heptadecen-5-yne
33 39.02 0.120  Ethanol 74 8461 0.050  Dimethylethyl-phenol
34 4074 0032 2-Propanol 75 8514  0.013  2-Isopropyl-6-methyl-pyrimidine
35 4074 0032 3-(Methyithio)-propanal 76 8850 4445  3-Tridecen-1-yne
3Bk 4153 0.125  Phenol 77 9098 0.027  Thio-butyric acid
37 4356 1.352  Trimethyl-pyrazine 7% 9N 0.040  Hexadecane
38 4406 0058 2-Acetylthiazole 79 9271 0.032  Nonadecane
39 4450 0026  2-Acetylpyrazine 80 9745  0.031 5-Methyl-thiazole
40 4596  0.021  2-methyl-2-propen-1-one 81 9818 0361 34-Dihydroxy-benzaldehyde
41 4808 0367 25-dimethyl-2-hexene 82 10015  0.045 Tetradecanoic acid
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Table 3-12. Continued(crab flesh)

Ph?oa‘k iR Content Compounds R sg?‘ iR Content Compounds
83 10092 0019 1,2-Benzisothiazole

84 10527 0027 Ethylphenylsuliide

85 10682 0032 Cyclopentene

86 10770  0.053 1-Heptadecene

87 10870 0053 3-Eicosens

88 109.13 0037  2-Acethoxymethyl-3-biphenylene
83 11043 0045 1-methyl-2-phenylindole

90 11097 0226 1,2-Benzenedicarboxylic acid
81 11150 0149  Tetradecanoic acid

82 11480 0045  2-Methyl-3-phenyl-indote

93 11537 0080 8-Methylisothiazole

84 11801  0.117  Dimethyl-5-benzofuran

95 12102 0165 Propiophencne

96 12285 0050 Acetamide

97 12608 0084 24-Cyclohexadien-1-one

98 13129 0032 Trimethylsilyl-benzene

93 15354 0070  6-Methyl-2-phenylindole

Total 15.763
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Fig. 3-3. Total ion chromatogram of whole volatile flavor components of cooked shrimp.



Table 3-13. Contents of volatile compounds identified from cooked shrimp

(Unit: mg/100g as cyclohexanol)

F;?gk tR  Content Compounds Pﬁk iR Content Compounds
1912 0028  2-Methyl-pentane 42 3812 0014 2-Hexanone

2 973 0042  3-Methyl-pentane 43 3806 0068 22-Oxybis-ethanol

3 1012 0017 Acetic acd 4 4017 0008 Dimethyl-disuffide

4 10606 0246 Hexane 45 4087 0008 2-Methoxy-propanol

5 1092 0023 3-Buten-1-0l 46 4117 0009 3-Thiopenecarboxaldehyde

6 1142 0020 2-Methyl-1-propanol 47 4147 0674 Phenol

7 1192 001t 22-Dimethyl-pentane 48 4406 0022 2-Acelylthiazole

8 1202 0010 24-Dimethyl-hexane 49 4548 0009 Benzolriphenylene

g 1221 0.040  Methyl-cyclopentane 50 4660 0006 Cyclopentadiene

10 1265 0017 3-Methyl-butanal 51 4747 0037 Cyclohexy! ester

11 1279 0020 Pentanal 52 4784 0036 di-Limonene

12 1304 0005 2-Methyl-butanal 53 4883 0006 Dimethyl-3-oxazoline

13 1334 0009 2-Propen-i-ol 54 4918 0014  2,5-Dimethyl-3-hexene

14 1357 0060 1-Bulanol 55 5015 0017  Thiopyran-3-one

15 1410 0017  2-Methyl-2-propenamide 86 5050 0017 25-Ocladiene

16 1440 0011  2-Methyl-1-pentene 57 5072 0017  4-Methyl-pyrimidine

17 1456  0.010 Cyclohexane 58 51,10 0016 2,6-Dimethyl-pyrazine

18 1489 0045 2-Methyl-hexane 59 5166 0003 25Dihydro-furan

19 1507 0019 23-Dimethyl-pentane 60 5200 0005 3-Amino-1-propanol

20 1555 0080 3-Methyl-hexane 61 5444 0011 Undecane

21 1572 0119 3-Hydroxy-2-butanone 62 548t 0012 Eicosane

22 1604 0028 3-Ethyl-pentane 63 5537 0042 2-Cycliohexen-1-one

23 1834 0027 34-Dimethyl-heptane 64 5686 0014 3-Ethoxy-1-butanol

24 1661 0028 Isooctane 65 6066 0012  2-Chioro-5-methylpyrimidine

25 1691 0028 Tetramethyl-hexane 66 613t 0014 358 -Trimethyl-dithiazin

26 1742 0136 Heptane 67 6287 0017 Dodecane

27 1852 0014  1-Cyclopropyl-ethanone 68 6358 0003 Trimethyipyrazole

28 189 0.010  3-Penten-2-one 69 6701 0009 Cyclopentane

29 1925 0130 Methyl-cyclohexane 70 6774 0223 1H-Indole

30 2018 0031  Ethyl-cyclopentane 71 6882 0011 2-Undecanone

3t 2218 0011 Methyl-benzene 72 6996 0003 Dimethyl-1H-Indene

32 2412 0006 Hexanal 73 7078 0013 Tridecane

33 2538 0042 24,5-Trimethyl-oxazol 74 7112 0011 Tetradecane

4 2801 0.247  Acetic acid, butylester 75 7551 0.008  4-(1-Methyethyl}-benzoic acid

35 2763 0042 4-Methyl-2-pentanone 76 7580 0010 Butanoic acid, hexylester

36 3115 0011  Ethyl-benzene 77 7624 0014  2-Methoxyethylene

37 3160 0019  1,3-Dimethyl-benzene 78 7821 0062 Eicosane

38 3197 0017 14-Dimethyl-benzene 79 7905 0008 Cyclohexyl hexanoate

39 3212 0015 1,2-Dimethyl-benzene 80 8050 0020 Gerany! acetone

40 3488 0011  2,6-Dimethyl-pyrazine 81 8248  0.011  Thiazolopyrimidine

41 3550 0006 Cycloheptane 82 8439 0008 3-Methyl-5-pyrazolone
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Table 3-13. Continued(shrimp)

Pﬁ:k tR Content Compounds Pﬁg# tR Content Compounds
83 8465 0017 1,1-Dimethylethyl-phenol
84 87.81 0.096 Dodecanamide
85 8845 0.048  (1-Butylidene)cyclohexane
86 8927 0.022 Cycloheptadiene
87 90.05 0028  2-Methyl-propanoic acid
88 9105 0025 2-Furanmethanol
89 9155 0.039  Tetradecanal
90 9416 0.005 Tridecanoic acid
91 99.51 0.008  Pyrido[2,3-d]pyrimidine
92 100.50 1567 Tetradecanoic acid
93 10191 1.198  Octadecanoic acid
94 10281 0.117  2-Methyl-3-phenyl-1H-indole
95 10325 0.135 9-Octadecenoic acid
96 10403 0352 Octadecanal
97 10623 0864 Pentadecanoic acid
98 106.82 0068 Dodecanoic acid
99 10793 0096 1-Hexadecene
100 10883  0.045 5-Methyl-2-phenyl-1H-indole
101 11090 3243  9-Hexadecenoic acid
102 11216 5299 Undecanoic acid
103 11414 0265 Cycloeicosane
104 11484 0175 3-Eicosane
105 11594 0695 5-Octadecene
106 12044  0.140  6-Methyl-2-phenylindole
107 121.05 0155 9,12-Octadecadienoic acid
108 121.61 0.781  Tetracosenoic acid
109 15372  0.062 2,2-Diphenyl-benzopyran
Total 18.792
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Fig. 3-4. Total ion chromatogram of whole volatile flavor components of cooked oyster.



Table 3-14. Contents of volatile compounds identified from cooked oyster

(Unit: mg/100g as cyclohexanol)

Pﬁg'k tR  Content Compounds Pﬁgk R Content Compounds
1 824  0.834 1-Propano} 42 4599 0019 1H-Pyrazole
2 9.05 0.013  2-Methy!-1-propanol 43 4634 0012 23-Pentadiene
3 1010 0034 Acetic acid 4 4696 0011 Benzeneacetaldehyde
4 1065 0225 Acetic acid, ethyl ester 45 4746  0.023 Acetic acid, cyclohexyl ester
5 1366  0.034 1-Butanol 46 5010 0498 1,3-Cyclooctadiene
6 1500 0244 1-Pentaen-3-ol 47 5102 0045 3,5,-Octadien-2-one
7 1562 0023 3-Methyl-hexane 48 5152  0.035 4-Methyl-2-propyl-furan
8 1580  0.049 3-Hydroxy-2-butanone 49 5193 0.026 2-Nonanone
9 16.21 0.045 2-Methyl-propanol 50 5266  0.038 1-Penten-3-ol
10 1669  0.026 2-Ethyl-furan 5t 5296 0071 24-Octadienal
117 0.019 Propanoic acid, ethyl ester | 52 5359  0.055 2-Ethyl-furan
12 1748 0026 Heptane 53 56.87 0.357 2,6-Nonadienal
13 1929 0034 Methyl-cyclohexane 54 5781 0.116 3-Heptadecen-5-yne
14 1977 0026 2-Pentanal 55 6066 0053 1,4-Cyclooctadiene
15 2010  0.029 4-Methyl-3-penten-2-one 56 6287 0007 Dodecane
16 2183  0.023 3-Methyl-1-butanol 57 6356 0098 3-Methyl-2-pentene
17 2209 0019 1,6-Hexanediol 58 6698 0.105 Cyclooctene
18 2309 0150 2-Penten-1-ol 59 6741 0.049 1,3-Trans-5-octatriene
19 2377 0015 1,2-Butanediol 60 6775 0138 1H-Indole
20 241 0.010 2-Methy!-propanoic acid 61 69.95 0.067 26-Dimethoxy-pyridine
21 2475 0008 Hexanal 62 7232 0.041 3-Decen-2-one
22 2570  0.023 Propanoic acid, propyl ester| 63  73.90 0.026 Decanoic acid
23 2609  0.567 2-Pentanol 64 7436 0056 3-Undecen-1-yne
24 2893 0026 2-Methyl-2-propenal 65 75.80 0.026 3,3-Diethyl-cyclopropene
25 294 0.270  2-Furanomethanol 66 7614  0.030 24-Dimethyl-phenol
26 3270 0496 4-Heptenal 67 7817 0.043 Heptadecane
27 3370 0030 34-Dimethylfuran 68 7865 0030 Hexadecane
28 3409 0094 Heptanal 69 8097 0026 Undecanoic acid
29 3780 0023 2-Pyridinone 70 8462 0034 24-bis(1,1-dimethylethyl)-phenol
30 3957 0019 14-Pentadiene 71 8519 0550 Eicosane
31 4015 0010 2-Methyl-furan 72 86.74 0101 2-Hydroxyethyl-dodecanamide
32 4077 0019 2-Cyclohexen-1-one 73 8714  0.050 Dodecanoic acid
33 4106 0026 2-Methyl-1-butanol 74 8817  0.049 14-Cycooctadiene
4 428 0.015 1-Heptanol 75 9040 0.026 Butyric acid, thio, decyl ester
3 4177 0943 Octa-1,5-dien-3-ol 7% 91N 0.020 3-Penten-2-ol
36 4209 0120 7-Octen4-o! 77 9150 0226 Octadecanal
37 4237 0229 3-Octanone 78 9202 0110 1-Hexadecanol
38 4306 0049 23-Dimethyl-1,3-butadiene | 79 9413  0.053 Tridecanoic acid
39 4372 0240 3-Octanol 80 10060  3.883 Tetradecanoic acid
40 4429  0.041 Phenol 81 10186  0.053 Hexadecanoic acid
41 4500 0029 Methyl-pyrazine 82 10256 0485 Octadecanoic acid
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Table 3-14. Continued(oyster)

Pﬁ:.k R Content Compounds Pﬁgk tR Content Compounds
83 10398 1.056 Tetramethyl-hexadecane
84 10459 0109 Nonadecane
85 105.16 0.049  1-Cyclohexyimethyl-cyclohexane
86 10545 0.165 2-Methyl-3-phenyl-1H-indole
87 10773 0379 1,13-Tetradecadiene
88 108.21 0426 Octadecanol
89 109.72 0.597 16-Octadecenal
80 11064 0894 9-Hexadecenoic acid
91 111.05 0503 1,2-Benzenedicarboxylic acid
92 111.97 5058 Pentadecanoic acid
93 11368 0207 2,10-Dimethyl-dodecanoic acid
94 11413 0222 1-Pentadecene
95 11460 0135 2-Tridecanal
96 11491 0.098 Heptadecane
97 11525 2854 Hexadecanal
98 11888 0.128 Methyl-2 phenylindole
99 11932 0173  1,12-Tridecadiene
100 12162 0.113  1-Hexadecene
101 12223 0180  S-Nirobenzofuran-2-carboxylic acid
102 12614 0.139  9-Octadecenal
103 126.78 0.041  Nonadecane
104 13533 0.075 2H-1-Benzopyran
105 14448 0064 6 Methyl-2 phenylindole
106 150.33 0.199  1-Hexyl-4-nitro-benzene
Total 26.773
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Fig. 3-5. Total ion chromatogram of whole volatile flavor components of cooked ascidian.




Table 3-15. Contents of volatile compounds identified from cooked ascidian

Peak

Peak

(Unit: mg/100g as cyclohexanol)

No. tR Content Compounds No. tR Content Compounds
1 990 0013 3-Methyl-pentane 41 4866 0988 3-Octen-1-ol
2 10.10 0026 Acetic acid 42 4983 0.097  1,10-Decanedio!
3 10.70 0110  Acetic acid, ethylester 43 5082 8741 1-Octanol
4 1086 0097 Chloroform 44 5316  4.949  2-Methyl-1-butanot
5 1235 0013 Methyl-cyclopentane 45 5393 0103  Trimethyl-1,4-pentadiene
6 1373 0.071 1-Butanol 46 5462 0019 Decane
7 15.08 0.194  1-Penten-3-ol 47 55563 0.058 2-Cyclohexen-1-one
8 1568  0.078 3-Methyl-hexane 48 5581 0.058  2,6-Dimethyl-5-hepten-1-ol
9 1587 0.032 3-Propanol 49 5650 1525 Tiimethyl-cyclohexane
10 1646 0013  2-Ethyl-1-butanol 50 57.16 1.357  1-Dodecanol
11 1700 0010  3-Ethyl-pentane 51 5849 0026 Methylenecyclooctane
12 1754 0103 Heptane 52 5923  0.74 Octanoic acid
13 19.38 0.090  Methyl-cyclohexane 53 5947 0.459  1-Nonanol
14 1984 0026 34-Dihydropyran 54 6087 0239 14-Cyclooctadiene
15 2032 0026 Ethyl-cyclopentane 55 6156 0.032 1,6-Octadiene
16 2221 0.110  2-Penten-1-ol 56 6270 0026 2H-Pyran-2-methanol
17 2432 0026 Hexanal 57 63.02 0.032 Dodecane
18 2521 0.026  3-Hexen-1-ol 58 63.28 0.080  2-Furanmethanol
19 26.16 0614  1-Propoxy-2-propanol 59 6359 0.100  2-Penten-2-ol
20 2724 0071  3-Methyl-1,4-heptadiene 60 6394 0038 (2)-3-Methyl-2-pentene
21 2776 0.045 4-hydroxy-dmethyl-2-pentanone | 61 6424  0.039  1-Octadecanol
22 2794 0052 Cyclopentene 62 6451 0.136  23-Dimethyl-1-butene
23 29.02 0026 (E)-2-Hexenal 63 6493  0.078 1,10-Decanediol
24 3034 0058 (2)-3-Hexen-1-ol 64 6541 1.874  9-Decen-1-ol
25 3128 0019 Ethyl-benzene 65 6630 1.641 (E)-3-Decen-1-o
26 3210 0.045 1,4-Dimethyl-benzene 66 66.71 7.184  (2)-2-Pentadecen-4-yne
27 3380 0187 (2)-4-Heptenal 67 6746 0665 (E)-6-Nonen-1-ol
28 3419 0039 Heptanal 68 6776 0220 Cyclooctane
29 3793 0.006  2(1H)-Pyridinone 69 6840 0.039  4-Ethyl-cyclooctene
30 3974 0174 2,2-Oxybis-ethanol 70 6991 0.032  Bicycloheptane
31 4163 0433 Octa-1,5dien-3-ol 717055 0052 Trimethyl-octane
32 4229 0065 1-Octen-3-ol 72 7092 0026 Hexadecane
33 4247 0052 3-Octancne 73 7250 0.019  6-Methyl-1-octene
34 432 0.090  (E)-4-Hexen-1-ol 74 7357 0026 1,4-Cyclooctadiene
35 4392 0317 Octanal 75 7417 0058 Decanoic acid
36 4538  0.194  2-Methyl-3-buten-2-ol 76 7834 0026 Undecane
37 4639 0026 2-Methyl-pentanal 77 8104 0045 3-Methyl-1,6-hexadiene
38 4674 0026 Benzeneacetaldehyde 78 8535 0.006 1-Chloro-octadecane
39 4757 0.543  5-Methyl-1-hexene 79 8802 0.181  Dodecanoic acid
40 4832 0026 Cyclooctanol 80 8837 0026 (Z,2)-1,4-Cyclooctadiene

- 137 -



Table 3-15. Continued(ascidian)

Peak
No.

R

Content

Compounds

Peak
No.

R

Content

Compounds

81
82
83
84
85
86
87
88
89
80
91
92
93
94
95
96
97
98
99
100
101
102
103
104

s1.17

gi.7

91.92

92.15

94.40

99.63
101.37
103.56
104.20
104.47
107.93
109.92
110.24
111.03
111.28
112.16
114.32
114.80
115.41
117.19
121.19
121.73
12220
127.04

0.019
0.018
0.058
0.058
0.155
0.032
9918
0.086
0.452
0621
0.080
0.362
0.078
1.608
0.620
2313
0.297
0.092
0.748
0.013
0.084
0.465
0.137
0.026

1,1-Dimethoxy-octadecane
{2)-9-Octadecen-1-o0
1-Chloro-octadecane
9-Octadecenoic acid
Tridecanoic acid
1-Dodecene

Tetradecanoic acid
S-(2-Aminoethyl)-thiosulfuric acid
Tetradecanal

Pentadecanoic acid
1,13-Tetradecadiene
Qctadecanal
{2)-9,17-Octadecadienal
9-Hexadecenoic acid
1,2-Benzenedicarboxylic acid
Hexadecanoic acid
{Z)-8-Octadecenal
1-Hexadecene

Hexadecenal

Heptadecanoic acid
(E)-5-Eicosane
Heptadecene-(8)-carbonic acid
{Z)-9-Octadecenoic acid
Nonadecane

Total

" 54.011
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Fig. 3-6. Total ion chromatogram of whole volatile flavor components of cooked squid.



Table 3-16. Contents of volatile compounds identified from cooked squid

(Unit: mg/100g as cyclohexanol)

Peak

Peak

No. 'R Content Compounds No. R Content Compounds

1 816 0038 3-Methyl-2-butanone 42 7834 0019 Heptadecans

2 984 0017 3-Methyl-pentane 43 8255 0021 1-Methyl-2-propenyl-benzene
3 1054 0345 Acelic acid 44 8531 0023 ODotriacontane

4 1074 0476 Acetic acid, ethyl ester 45 8579 0036 1-Methoxy-propane

5 1238 0.017 Methyl-cyclopentane 46 8798 0112 Dodecanoic acid

6 1284 0.555 3-Methyl-butanal 47 9118 0023 22-Dimethyl-1-butanol

7 1352 0.028 3-Ethoxy-1-propene 48 9156 0023 4-(1,1,33tetramethylbuthyl)-phenol
8 1382 0068 1-Butanol 43 9119 0.028 Hexatriacontane

9 1432 0085 2-Propyl-furan 50 9642 0.028 Isoamy! heptanoate

10 1508 0.068 2-Methyl-hexane 51 9678 0017 1-Hexadecanol

11 1873 0078 3-Methyl-hexane 52 9815 0057 Tritetracontane

12 1594 0176 3-Hydroxy-2-butanone 53 9966 0.013 (Z)-Octadecenoic acid

13 1851 0017 3-Ethyl-pentane 54 10057 0736 Tetradecanoic acid

14 1703 0.020 Pyrolidine 55 101.06 0034 Thiosulfuric acid

15 1759 0119 Heptane 56 10411 (.104 1-Chloro-octadecane

16 1943 0093 Methyl-cyclohexane 57 106825 0.089 Petadecanoic acid

17 20.37 0.038 Ethyl-cyclopentane 58 10790 0539 (Z)-9-Octadecencic acid
18 2237 0023 Methyl-benzene 59 10834 0019 (E)-9-Eicosane

19 2572 0136 3-Methyl-2-butano! 60 10868 0043 3-Methylene-heptane

20 2622 0395 2-Pentanol 61 10968 0062 Eicosane

4-Hydroxy-4-methyl-2-penta- 2-Methoxyethyl-1,2-benzen

21 2783 0040 o VIOW yi-e-p 62 11124 0378 dscamoiyzacy o e
22 2988 0.04% Heptanal 63 11210 2783 Hexadecanoic acid
23 3031 0030 3-Methyl-butanoic acid 64 11368 0114 Heptadecene-carbonic acid
24 3827 0138 22-oxybis-ethanol 65 11430 0023 8-Octadecenal
25 4104 0.015 Propanoic acid 66 11502 0072 Nonadecane
26 4429 0038 2-Acetylthiazole 87 11574 0013 Hexadecane
27 4705 0838 2-Ethyl-1-hexanol 68 117.15 0.040 Heptadecanoic acid

28 4764 0.038 Acetic acid, cyclohexyl ester} 69 11860 0023 15-Octadecenoic acid
29 4801 0034 dl-Limonene 70 11903 0034 9-Octadecenoic acid
30 4827 0.047 3-Methyl-cyclohexanone 71 12058 0030 5-Methyl-2-phenyl-indole
31 4865 0.034 23-Butanediol 72 12181 1614 9-Hexadecenoic acid
32 5171 0.017  3-Pyrrolidinol 73 12316 0.242 Ocladecanoic acid
33 5186 0.068 286-Pyridinediol 74 12835 0.034 1-Chioro-Octadecane
34 5462 0.015 Tetradecane 75 13567 0045 6-Methyl-2-phenylindole
35 5701 0.030 1,1-Diethoxy-ethane
3 5832 0032 3-Ethylpentan-2-one

37 8304 0028 Dodecane
38 6737 0047 2-Methyl-propanal
38 7042 0047 2-Pentanol
40 7093 0023 Hexadecane
41 7411 0.021 Benzenecarbothioic acid Total 11.882
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