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SUMMARY

Steam extracts are obtained from wet heat processing of tuna, oyster, squid,
anchovy and crab as by-product. Most of them are discarded after waste water
treatment. Partly, steam extracts of tuna and oyster are often simply
concentrated and used for the production of seasoning and used as intermediate
materials of food industry. But these extracts contain unique flavor and taste of
raw materials and are possible to be a valuable materials in food industry.

Especially, according to our ingredient analyses, steam extracts of snow crab
(Chionocetes japonicus) contained taurine, unsaturated fatty acid, amino acid and
several kinds of functional substances as well as unique flavor and taste of
crab. They should be considered as important resources of food industry in new
generation. Therefore, our research team tried to develop high quality materials
from steam extracts of snow crab.

This research was performed under two subjects with rationally established
research items and contents and we achieved successful results as followed.

Development of functional materials for food from steam extract of snow crab
to secure hygienical safety of steam extracts of snow crab, marine biotoxin
tests were performed on raw crab samples collected from November in 1999 to
September in 2001. No PSP (Paralytic Shellfish Poisoning) and DSP (Diarrhetic
Shellfish Poisoning) were detected in flash and viscera of samples. ASP
(Amnestic Shellfish Poisoning) was detected in flash as 0.7¢g/100g and in
viscera as 0.94g/100g in January, 2001. But these concentration were not come
up to limit. Optimum condition for the preparation of kejng was examined.
Proper evaporation ratio of steam extract was 20% and soybean protein was
added to improve emulsifying strength and to increase viscosity. Maximum
concentration of soybean protein was 5% with considering taste and function.

No pathogens were detected in kejang and Bacillus sp., Kocuria sp.,
Psychrobacter sp. and Morexella sp. were isolated. Most common spices were

Kocuria sp. Several kinds of functional substances were identified from steam
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extract such as EPA and DHA which were efficacious for arteriosclerosis,
cardiac vessel disease, age resist and learning ability improvement, and taurine
and a large quantity of essential amino acid. For commercial use, bibim
kochujang, mustard sauce, fry sauce, buckwheat sauce and chokochujang were
prepared. Shelf life of bibim kochujang, mustard sauce, fry sauce, and
chokochujang was 12 months at 25C and that of buckwheat sauce was 12
months at 10TC.

Development of red snow crab flavor by amino-carbonyl model system
according to the results of sensory evaluation on raw materials, steam extract
and its concentrate, unique crab smell such as seafood-like smell and fishy and
meaty smell was not detected in steam extract concentrates, kejang. 27 kinds of
flavor including alkyl pyrazine, trithiolane and thiazole were vanished during
steaming for 5 minutes at 100C and concentration. For amino-carbonyl model
reaction to restore a flavor of kejang, sugar such as glucose and ribose and
amino acid such as cystine and threonine were used. Furfural which related to
sweet smell showed masking effect on a fish-like smell of kejang. In
amino—carbonyl model reaction, there was no remarkable difference between

L-type amino acid and DL-type amino acid in forming flavor components.
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corresponding to positions 1474 to 1492 of E. coli)E AF-&3FA ).

SequencingS E3dlo] &H ¥ PCR 4H=9] sequenceE= NCBI (National Center for
Biotechnology Information)ol| 4] #|-&3t= WWW (World Wide Web) BLAST DNA
database search service (BLASTN 2.0)& o]-&3lo] ¥4 3}9ich

3. AZY A=

3-1. Adel AHgR H2uiA Asd LAY Ax

FogAe A&Fe AE YT A 24 (FUEsatdd FLUAE AMelM 100
T #3712 587 Agste] Aol Tfu AsF(osAsN)E FAst §4 AFst

mA A3 AHgeksitHFig. 2).

32, A%ols] AH BHu8
A7t 2L 2p=ds outsie] o] B&E A A 8/10014 2/107FA 2+ s=Lo A

FolwA 71 Ede] HeHoR A4 FEEEE AHAn



Isolated bacteria

— Cultivation in LB medium

— Bacterial cell lysis with SDS,
lysozyme and proteinase K treatment

— DNA purification with phenol and
chloroform, isoamyl alcohol

— DNA precipitaion with ethyl alcohol

_.3/{ HE
iy 34 € Bacterial DNA
A JH

— Amplification of 16S rDNA by PCR

16S rDNA fragments
(ca. 1500bp)

—  Partial sequencing of 16S rDNA

— Homology analysis

Fig. 1. Procedure for identification of isolated bacteria through
16S rRNA gene homology analysis.



Raw red snow crab

l

Washing

l

Steaming for 5min. at 100 T

Steam extract

Filtration

Concentration to 3/10

Addition of soybean protein to 5%

Product(Kejang)

Fig. 2. Flow chart for processing of Kejang from steam extract of red

snow crab.

FdmEs 3/100%

=1
=

2o el eSS A

ol FFo]wA

7}&

=]
T

2~T%E



Bedil A4 31008 $58 1 BoluA WEHNA 5 wwk%d A Be §

CHCA 1A E AR 71, 1998).

4, A9 ol &

72 A A5H(3/10 FF5H) S duk AlF Al (Imitation crab meat) Aol Table
13 22 v&=2 ajgste] Axska 1592 panel memberE +A38ke] Uh texture, color
of tiste] biA BHow FsAAE AAAT EAA 2= Duncan comparison testE

SAS programs AR&ste] Adetglon] NEE= 95%= sl
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ato] Axts s5de FArbetde W 3w A7]E Wakol A AKDiredtional difference
test)Z F7FetATh AR A2 = BF 200gol st pair 12 AlRlsEE 10g3
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Table 1. Composition

of leading brand and laboratory products

Leading brand

Lab. product A

Lab. product B

(Control)
Major Materials
Surimi 120.0 120.0 120.0
Starch 33.0 33.0 33.0
Others 14.5 14.5 14.5
Additives
Salt 3.1 3.1 3.1
Crab spice 2.0 1.0 0.0
Crab extract” 0.0 1.0 0.0
Crab flavor 0.6 0.6 0.6
Seasoning 84 84 8.4
Coloring agent 4.0 4.0 4.0
Total 185.6 185.6 185.6

? Steam extract of red snow crab was concentrated to 3.3 fold and soybean protein

isolate was added at the ratio of 5% of the concentrate to thicken the product.
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FE% AHLE FES &HdE] AAs HEsAd 5% @aez v H s}t
(Hammond, 1981) A A|st |94k v & o ~H|2E GLC(gas-liquid chromatography)

2 4kl

Table 2. Questionary data sheet for descriptive sensory analysis of samples

Please mark score the rating scale for each description.

Odor 0 1 2 3 4 5)

Spice/Herb

Sweet

Fruit

Bouquet

Vegetative

Acidic

Taste 0 1 2 3 4 5

Spice/Herb

Sweet

Fruit

Vegetative

Acidic

Salty

Heat

Greasy

Pungent

Liquor

_11_



M9+ plate count agar® HIW|A|E w5 spread & & 37C incubator©l

24A17F wjkd 5 colonys*E counting 3} T},

8. MIE AFol AAZd AHS3ed o A8AFT L AFS AF 74

A& Ardste]l "3 AFA/fEAEFS STP(Market Segmentation, Target
Market, Posiotioning) =Fz} vizlg] 92~ debs EOi2 %

FElAolar AAAQ e FHE At At PAHHEY] AEs EdE AA

st o,
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1. 98 ¥ 95 &%

‘94 11€el A 20009 590 o]2+& 7|7kt FalQtel A
A s EAS BEE FARE A7 A ABoA HEFHA FUTh B B2 o AR
of o3l A] g g3kl 2000 119014 2001 9ol ol2& 7|73t A4
ik guolx xR A8 E oz K3 WA d5S ol AxN(Table 3), vt
A s el AAM d RS BE HAEEA Fgen 7oA iR 49 2001
190l FollA 0.7ug/100g gl A 091g/100g9] Ha7t Yehdoy o] & bdAols 2
& EAZE HA ke do Admd o3t fEl= flE Ae® vl 79elA 997
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Table 3. Toxicity of raw queen crab

PSP DSP ASP
Date (1g/100g) (MU/g) (pg/g)
Flesh Viscera Flesh Viscera Flesh Viscera

Nov. 2000 ND: ND ND ND ND ND
Dec. 2000 ND ND ND ND ND ND
Jan. 2001 ND ND ND ND 0.7 0.9
Feb. 2001 ND ND ND ND ND ND
Mar. 2001 ND ND ND ND ND ND
Apr. 2001 ND ND ND ND ND ND
May 2001 ND ND ND ND ND ND
Jun. 2001 ND ND ND ND ND ND

* ND : Not detected;
Limit value : PSP, < 32ug/100g; DSP, < 0.05 MU/g

_13_



2. AZA EdE WABE

Bacillus 4, Kocuria <5, Psychrobacter <, Moraxella % % Endocytic Bacte-
rium o] FHJT o2 HAdHIAE FHE F=0l8
oAt Kocuria 42 Q& Micrococcus %9
2 Aserd EA ol Micrococcuss 3+ tHE do] e & 1995d H-E
FE Aotk o] £ Aol HWAAS M= Fol AL, FIAEES e
= Fol o] o] FHF(YMODl thate] F712Ql A7dS AASHATH

16S rRNA gene HAHE o] &3t ASLASH E/FE HAAS 23 YMOI2
Kocuria =9l 43t oz 938 4 (Fig. 3).

M Bo g s fste]l 4 st A At 2AS 24 2

i
He

¥} Kocuria rhizophila DSM 119263} o} 5= FA}3sk £o 2 eyt Table 4, 5).
of Fol thgh WA = A LA vf gloy, Aol T4 d&st
A vk BALS o]&stH 10% F2o AdEEoAR F2ol Thed AL
de A At
YMO1> 1A T3 =2

.

e

=
1=
b
Ll
odt
ox
_O‘L
rr
-
4
o
fr
4
A
ox
rlo
u)
oo
k)
UM

Kocuria varians

—— Strain YMO01

Kocuria plaustris

100

Kocuria kristinae

100 [ Kocuria erythromyxa

L Kocuria rosea
1%

Fig. 3. 16S rDNA sequence based phylogenetic dendrogram constructed from
evolutionary distance showing the phylogenetic position of isolate, Scale

bar, inferred nucleotide substitutes per 100 nucleotide.
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Table 4. Physiological characteristics of the isolate and type strain Kocuria
rhizophila DSMZ 11926.

Physiological reaction YMO1 K. rhizophila DSM 11926"
Gelatinase + +
Oxidase - -

Starch hydrolysis - -

Growth on Simmons citrase + +
Urease - -
Phosphatase + +
Tween 80 hydrolysis + +

Aesculin hydrolysis - -
Arginine dihydrolase - -
HsS production + (+)
Noiz from NO’;; - -

Growth in presence of :
1096 NaCl + +
1596 NaCl + (+)

Acid production from :
D-Mannose + +
Galactose - -
Lactose - -
Maltose - -
Saccharose + +
D—Xylose - -
L-Arabinose - -
Glycerol - -
Mannitol - -
Sorbitol - -
Arbutin - -
Salicin - -
Trehalose - -
Melezitose - -
Amidon - -
D-Turanose - -
Ribose - -
B-Gentiobiose - -
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Table 4. (contiune)

Physiological reaction YMO1 K. rhizophila DSM 11926*
Utilization of :
Dextrin + +
Glycogen + n
Tween 40 + +
Tween 80 + +

N-Acetyl-D-galactosamine - -

N-Acetyl-D-glucosamine + +
Adonitol + +
L-Arabinose + +
L-Fucose + +

meso-Inositol - -
Maltose - -
D-Mannitol - -
D-Mannose + +
D-Melibiose - -
Sorbitol - -
Turanose + +
Xylitol + +
Methyl-pyruvate + +
Inosine - -
Glycerol - -
L-Glutamic acid - -
L-Alanine - -

Table 5. Fatty acid composition of the isolate and the type strain

Fatty acid composition (%)

Taxon . . . . . . .
i-Cio Cuzo 1-Ciso ai-Ciso Ciso 1-Cigo Ciso Cier 1-Cizo ai-Cizo ai-Ciza
YMO1 1.1 2.4 13.8 48.4 59 2.6 1.2 21.1
K.
) 14 2.9 1.3 60.3 1.3 11.1 9.6 4.3 3.0
varians*

* Data from Stackebrandt et al. (1995).
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Table 6. Optimal concentration ratio of steam extract from red snow crab

Concentration rate 8/10 7/10 6/10 5/10 4/10 3/10 2/10

- - - + + ++ +++

-, poor, +; acceptable, ++; good, +++; very good

Table 7. Effect of additives on concentrated extract of red snow crab

Soybean protein Sodium casein Carrageenan

Good Poor Poor

Table 8. Changes of sensory quality as affected by the addition of soybean

protein
Conc. of soybean protein(w/w%) 2 3 4 5 6 7
Quality - - + e e+ +

-, poor, +; acceptable, ++; good, +++; very good
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HAx]E 201 linolenic acid® ATFAE sto] Z47te] AuAbS A" = ) wepa] B
Ao Ao ARpg e Soa] X Age T AFA7MA] E8ste] 1% E¥x st xuake] 71X
E Areohd g = Akl oF 20%E AAEHE Aow2 dAdH el 7pX7E A UERE

= & 7 3len o529 o84 Y A 5 Sl

5. AZE o] &

5-1. AlFe] ol &

Table 37 & H&2 [CMS AFA S 34 L3t Axste] 19 23 & A5
AAYeE A3} Table 1109149 2] = texture, 2o AoJA] wto| A= control¥} A= &
ztol7F §l%low B &A1) ubo] A3E QAL textureo| A= control, A 1|1 B O &

Za4 o7t yehgoy, BAH oz folxrt ¢ldlth. Colorol A& control, A Z12]al
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iE AT Alstal AFAE Al st AR HME T A AsEEae 1/2 45 A A
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Table 9. Proximate composition, pH, salinity and bacteria of Kejang

Components Result
pH 7.60
Moiture( % ) 75.50
Crude lipid( % ) 6.15
Protein( % ) 9.40
Mineral( % ) 4.76
Salinity( % ) 7.34
Bacteria(CFU/g) 40.00
E. coli(CFU/g) <30
Arsenic(mg/kg) Suitable
Heavy metal(mg/kg) Suitable
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Table 10. Fatty acid composition of red snow crab boiled extracts

Fatty acid concentiation
Lauric acid(12:0) 0.7
Tridecanoic acid(13:0) 2.1
Pentadecanoic acid(15:0) 0.99
Palmitic acid(16:0) 0.4
Heptadecanoic acid(17:0) 0.8
Stearic acid(18:0) 0.4
Arachidic acid(20:0) 0.6
cis—10-pentadecanoic acid(15:1) 105
Palmitoleic acid(16:1) 16
cis—10-Heptadecanoic acid(17:1) 14.1
Oleic acid(18:1) 0.3
Eicosaenoic acid(20:1) 6.4
Erucic acid(22:1) 0.7
Linolenic acid(18:2) 0.1
y—Linolenic acid(18:3) 0.0
Eicosadienoic acid(20:2) 0.0
Arachidonic acid(20:4) 0.3
Eicosapentaenoic acid(20:5) 7.9
Docosahexaenoic acid(22:6) 11.9
Could not detect fatty acid 40.21

Total 100
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Table 11. Sensory score of imitation crab meat as affected by the addition of

concentrated red snow crab extracts

Leading brand
(Control) Lab. brand A Lab. brand B

Flavor Texture Color Flavor Texture Color Flavor Texture Color

4 5 4 4 5 4 3 4 4
4 4 4 4 4 4 3 4 3
5 4 4 5 3 4 3 3 4
4 3 3 4 3 3 3 3 3
4 4 4 4 4 4 3 4 4
5) 3 4 5) 4 4 3 4 4
4 4 4 4 4 4 3 4 4
4 5 3 4 4 4 4 4 4
3 4 4 4 3 4 3 3 3
4 5 4 4 4 4 3 3 3
4 4 4 4 4 4 3 4 4
4 3 4 4 4 3 3 3 3
5 4 4 4 4 4 3 4 3
4 4 3 4 4 3 3 3 3
4 3 4 4 4 3 3 3 3
Average 4.13 3.93 3.80 413 3.87 373 307 3.53 3.47

Standard

deviation 92 007 041 0.35 0.52 046  0.26 0.52 0.52

Variance 0.27 0.50 017 012 0.27 0.21 0.07 0.27 0.27

Standard

deviation 0.56 0.47 0.48

Variance 0.96 0.89 0.23

Sensory score @ 5; very good, 4; good, 3; acceptable, 2; poor, 1;very poor
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Table 12. Directional difference test of Sirak-Kuk as affected by the
addition of Kejang

Pair Sample ID Sample 1 Sample 2 X? value

Random number(Treatment) 627(10g) 397(Control)

1 6.76
Number selected 22 7
Random number(Treatment) 991(10g) 528(20g)

2 2.21
Number selected 19 10
Random number(Treatment) 639(20g) 864(Control)

3 750
Number selected 23 7
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Table 13. Directional difference test of Youkyejang as affected by the addition

of Kejang
Pair Sample ID Sample 1 Sample 2 X? value

Random number(Treatment) 500(10g) 252(Control)

1 1.63
Number selected 19 11
Random number(Treatment) 844(10g) 943(20g)

2 4.03
Number selected 10 20
Random number(Treatment) 393(20g) 159(Control)

3 7.50
Number selected 23 7

_26_



Table 14. Directional difference test of Haemul-Tang as affected by the
addition of Kejang

Pair Sample ID Sample 1 Sample 2 X? value

Random number(Treatment) 193(10g) 271(Control)

1 4.03
Number selected 21 9
Random number(Treatment) 248(10g) 665(20g)

2 0.83
Number selected 18 12
Random number(Treatment) 594(20g) 49(Control)

3 4.03
Number selected 21 9
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Table 15. Aroma qualities and their average sensory scores of samples

Odor

Attribute A B C D E
Spice/Herb 4.2 41 0.0 3.6 0.0
Sweet 2.1 2.2 0.0 1.8 4.3
Fruit 2.9 3.1 2.9 0.1 0.0
Bouquet 3.6 45 34 1.3 0.0
Vegetative 3.6 3.3 3.7 19 3.8
Acidic 0.5 0.2 1.3 4.0 4.6

A : bibimkochujang, B : mustard sauce, C : frying sauce

D : momil sauce, E : chokochujang
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Table 16. Taste qualities and their average sensory scores of samples

Taste
Attribute A B C D E
Spice/Herb 0.0 4.6 0.0 3.8 0.1
Sweet 2.5 15 0.2 1.0 4.1
Fruit 0.5 3.9 1.6 0.8 0.0
Vegetative 0.0 0.0 2.0 4.0 3.2
Acidic 1.2 14 2.9 4.2 4.3
Salty 3.0 2.3 1.8 1.7 3.0
Heat 2.3 0.0 0.0 3.3 4.7
Greasy 2.2 2.9 1.1 2.7 2.0
Pungent 1.3 0.0 0.3 4.8 0.0
Liquor 2.3 2.0 0.1 1.3 2.2

A : bibimkochujang, B : mustard sauce, C : frying sauce

D : momil sauce, E : chokochujang
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Table 17. Sauce recipe

Bibim-kochujang Mustard sauce Frying sauce

Momil sauce

Cho-kochujang

Kejaing Vegetable juice Vegetable juice
100g 800ml 800ml
Soybean Protein Kejaing Kejaing
og 40g 40g

Red pepper Refine rice wine Refine rice wine

paste 100ml 100ml
500g
Mustard Seasoned
Lemon juice 200ml soybean sauce
50ml 200ml
Refine rice wine
Vegetable juice 200ml Refine rice wine
400ml 100ml
Lemon juice
Starch syrup 100ml Lemon juice
200ml 50ml

Radish juice
50ml

Kejaing
40g

Dried tangle
30g

Katsobusi
100g

Soybean sauce
500ml

Vegetable juice
800ml

Kejaing
40g

Refine rice wine
100ml

Red pepper
powder
80g

Kochujang
lkg

Refine rice wine
70ml

Starch syrup
200ml
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Table 18. Changes of physicochemical components of 5 sauces during storage

at 25C
Storage time(days)
0 15 30 45 60 90 120 150 180

pH

I 334 333 333 333 333 334 333 333 333

I 329 329 329 329 329 329 329 329 329

I 332 332 332 332 332 332 333 333 333

v 343 343 343 343 343 344 343 343 343

\Y 337 337 337 337 337 337 336 337 337
Titrable acidity (%)

I 388 387 387 387 383 383 387 387 387

I 376 376 376 377 371 377 377 3797 377

m 382 382 381 382 382 382 382 382 382

\Y 392 392 392 391 391 392 392 392 392

\Y% 390 390 390 390 39 391 391 390 390
Peroxide value(meqg/kg)

I 020 020 020 020 025 025 030 030 0.30

il 006 007 006 03 03 03 08 08 08

I 008 008 034 034 052 08 08 087 087

v 012 012 012 022 022 050 051 051 051

\Y 008 030 051 070 075 090 090 090 090
NH.-N(mg%)"

I 523 793 103 1874 2527 2613 2455 2021 201.0

I 495 682 805 936 107 125 1612 161.2 1585

m 36.2 821 1131 1302 144 155 1694 1702 1723

\Y 359 792 1052 1324 142 145 150  156.1 1604

\Y% 4920 738 133 1412 150.1 1596 152.1 150.1 1498

1 . . .
' amino nitrogen

1: bibimkochujang II : mustard sauce 1III : frying sauce IV: momil sauce

V : chokochujang
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Table 19. Changes of viable cell count of 5 sauces during storage at 25C

Viable cell Storage time(days)

count

(CFU/ml) 0 15 30 45 60 90 120 150 180
[ 29x10°  2.7x10°  3.0x10° 7.0x10° 7.0x10° 7.0x10° 7.0x10° 7.0x10° 7.0x10°
I 40x10  50x10 20x10  NG" NG NG NG NG NG
m 1.0x10*>  3x10°  3.0x10° 2.0x10° spreader spreader spreader spreader spreader
I\Y 1.0x10° 5.0x10° 1.3x10" 5.0x10° spreader spreader spreader spreader spreader
\% 6.7<10° 64x10° 3.8x10° 26x10° 6.0x10" 1.0x10" 1.0x10" 1.0x10"  1.0x10"

U No growth
I: bibimkochujang II @ mustard sauce I : frying sauce IV: momil sauce

V : chokochujang

Table 20. Changes of viable cell count of 2 sauces during storage at 10T

Viable cell Storage time(days)

count

(CFU/ml) 0 15 30 45 60 90 120 150 180
I 1.2x10°  1.3x10°  1.3x10*> 20x10° 2.0x10*>  20x10°  2.1x10*>  21x10°  2.0x10°
v 1.1x10°  1.2x10°  12x10° 15x10°  15x10°  15x10°  20x10°  2.0x10°  2.0x10°

I : frying sauce IV: momil sauce
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o] tt&o g EAste Aow vElyon Ax A9 A9 79 asparagine 132¢ 1
Q] urea, taurine, aspartic acid, ¥ # A9} W A0 29 HP AA| asparagine
o] z+7} 1729¢g, 187.3g%5°]l 714 Beol &AL, H 3 A2~ glutamic acid,
leucine, phenylalanines ©] W% 42 2+ aspartic acid, orinithine, leucines ©] Tt
So2 EAgtE Ao
59 vog EAsI=
A

559 ATl

o 2 yehytl. 211F %S asparagine, glycine, taurine, leucine
Ao E ZAE ST
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Uetstth 3 taurine E Akt 1Y & o, oldoldAls sl I
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HZ] 459 AXFAANE FREX3A| WA oleic acid, linolenic acid, palmitoleic

acid) ¥ F 8 ¥ 3 x| Ak(palmitic acid, stearic acid, myristic acid) 2. & FA1 %o <9
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Table 21. Free amino acid composition of 5 sauce products using red snow
crab(Chionoecetes japonicus)boiled extracts
(wet, g/100g)

Compounds I I m I\% \Y
Phosphoserine 0.3 2.6 0.8 0.4 1.2
Taurine 0.6 3.7 16 1.3 3.1
Phosphoethanolamine 0.8 1.8 0.3 0 1.3
Urea 0.4 12.3 0 0.5 0
Aspartic acid 2.7 3.3 3.6 4.2 3.7
Threonine 0.5 0.1 1.7 09 1.2
Serine 1.6 0.3 2.8 2.3 1.3
Asparagine 55.2 134 172.9 187.3 68.5
Glutamic acid 0.7 0.2 5.6 0.3 0.7
a-Aminoadipic acid 0.9 0 04 0.6 0.6
Glycine 1.6 04 3.4 2.9 3.3
Alanine 2.3 04 2.3 24 2.5
Citruline 0 0.1 0.4 0 0
a-Aminobutyric acid 1.0 0.1 1.3 0.7 1.2
Isoleucine 2.2 04 3.3 14 2.5
Leucine 3.6 1.1 55 3.0 3.1
Tyrosine 2.8 0.2 2.6 1.7 2.1
Phenylalanine 19 0.2 3.8 1.0 2.5
B-alanine 1.2 0.1 0.1 0.1 1.8
DL-B-Aminoesobutyric acid 0.7 3.0 0.6 2.4 2.1
NH3 2.2 1.1 2.8 3.0 2.4
Orinithine 0.1 0 2.1 3.3 0.6
Lysine 1.1 04 1.8 1.2 1.3
1-Methyl-L-Histidine 0.2 0.3 0.1 6.2 0.2
Histidine 0 0.2 3.1 0.7 0
3-Methyl-L-Histidine 0.1 4.2 05 0 0.3
Camosine 04 0.3 0.1 0.1 04
Arginine 0.9 1.0 0.1 0 1.0

I: bibimkochujang II : mustard sauce I : frying sauce IV: momil sauce V : chokochujang
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Table 22. Fatty acid composition of 5 sauce products using red snow crab

(Chionoecetes japonicus)boiled extracts

(ng/ul)
concentration
Fatty acid
I I m I\% \Y

0.014 0.022 0.052 0.095 0.019
Capric acid(C10:0)

0.145 0.123 0.394 1.040 0.437
Lauric acid(C12:0)

0.012 0.013 0.054 0.088 0.031
Tridecanoic acid(C13:0)

1.460 0.224 2.480 3.605 1.187
Myristic acid(C14:0)

0.089 0.021 N.D." 0.040 0.023
Myristoleic acid(C14:1)

0.152 0.047 0.547 1.133 0.153
Pentadecanoic acid(C15:0)

0.048 0.049 0.026 0.595 0.114
cis—10-pentadecanoic acid(C15:1)

10.325 3.634 10.693 14.963 6.398
Palmitic acid(C16:0)

1.565 0.070 1.172 0.150 0.273
Palmitoleic acid(C16:1)

0.369 0.053 1.042 1.569 0.112
Heptadecanoic acid(C17:0)

0.214 0.045 0.056 0.581 0.124
cis-10-Heptadecanoicacid(C17:1)

0.232 N.D. 0.376 0.132 N.D.
Stearic acid(C18:0)

9.157 1.765 12.822 9.320 2.358
Oleic acid(C18:1)

21.524 77125 15.963 22.673 6.169
Linolenic acid(C18:2)

10.525 11.357 2.515 4173 16.308
y-Linolenic acid(C18:3)

0.614 3.653 0.073 0.041 2.321
Arachidic acid(C20:0)

0.229 0.304 0.350 0.384 0.227
Erucic acid(C20:1)

0.469 2.543 0.229 0.298 0.928
Eicosadienoic acid(C20:2)

0.252 0.215 1.961 1.715 N.D.
Arachidonic acid(C20:4)

0.129 N.D. 0.105 0.095 N.D.
Behenic acid(C22:0)

0.041 0.162 0.255 0.305 0.141
Erucic acid(C22:1)

N.D. 4.082 0.262 0.559 0.699
Lignoceric acid(C24:0)

N.D. 0.060 0.238 0.186 0.089
Eicosapentaenoic acid(22:5)

0.015 0.011 0.012 0.011 0.021
Docosahexaenoic acid(C22:6)

0.021 0.015 0.127 0.141 0.013

Y': Not detected
I: bibimkochujang II : mustard sauce I @ frying sauce IV: momil sauce V : chokochujang
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Samples(200g/1/ H20)
|

Extraction solvent

l

Diethyl ether 50m/
l

Simultaneous distillation—-extraction

by Nickerson apparatus(3hr)

!
Diethyl ether concentrate
!
Volatile flavor concentrate
!
GC, GC-MS

Fig. 1. Preparation of volatile flavor concentrates of boiled red snow crab and

concentrated liquid byproduct.

_53_



Table 1. Instrument analysis conditions of gas chromatography-mass

spectrometry
Apparatus: Shimadzu GC-17A gas chromatograph
Detector : FID
Column : WCOT fused silica capillary column

GC (Hewlett packard : HP-5, 50mx0.32mm i.d.x0.52um)

Oven temp. : 60T (5 min)—200C (2°C/min)
Injection temp. : 220C

Carrier gas : N2

GC/MS Apparatus :
HP5973 mass

spectrometry

Detector : FID

Column @ WCOT fused silica capillary column
(Hewllet packard : HP-5, 50mx0.32mm 1i.d.x0.52um)
Oven temp. : 60C (5 min)—200C (2°C/min)
Injection temp. : 220C

Carrier gas : He

Flow rate : 1.2 ml/min

Injection mode : Splitless

Mass Spectrometry

Tonization : Electro Impact (EI)

Tonization voltage : 70 eV

Ion source temp. : 220C
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5. otrx= At 2 Fo Rl F AW

5-1. A wreAA =] Alx

BoAdo] Ag3t T3 ol :=Ake Glucosamine - HCl (99%, Fluka), Cystine
(Junsei Chemical Co.), ¥ Threonine (99% pure, Sigma Chemical Co.)S A}-&3}1
. Al59] A= Table 26 YEHUATE YA E FEode AS5TF7S/7FEA
£ ol gste] Axg s5EY A AR FEAS 2L 2HoE AT

Table 2] YeEd ¥HE-A A(glucosamine - HCl + cystine) = ¥F$-A B (gluco-
samine + HCl + cystine + threonine)®] pH Z4d& A E LA 2 AIEHIL Y= TH
MU EF(NaHCO3) & AFE3te], Z+7} diethyl ether 50mlE F5 &=, 2417 &
¢t 7t Sgste] AR ES FESH FEAS T FAUEFNaS0) 2
2 TS AAANZ F 24X BAg v, FENES AYEsHE8-40T) oA diethyl
etherE #17, s5sto] g F7IAE B4 A 82 ARESSIH
6. AFS 2d dFoE AFsA AFA A7 £ F7) &4

A%s FEAOR ARG AY 229 FNYRS ARG A8 obvl i P
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22
oy

6-1. RAAF o) gatel AxF ol /A WE 7] WAl

Table 20 el vhsh & @3} ofuliite] AR T} FHE 200 mlE 32
b gd feFEvld $i F2NaHCODZ pHE 72 24aladr. 5 2us 19
A 4 &&9 Ribose 1.5g(0.05M)+Cys 0.24g (0.006M) + Thr 1.19g (0.05M) +
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Table 2. System of model reaction

System  pIT" Temp.  Glucosamine - HCI Cystine Threonine  Water
() (g) (g) (g) (mf)
A 8 99 16.17 1.80 1000
(0.075M) (0.0075M)  (0.075M)
B 8 99 16.17 1.80 8.93 1000

% . pH was adjusted with saturated NaHCOs solution
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D. W. 200 ml — NaHCOs%Z pH 7% Z4d3}dt}. 2413 7149 F+
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Table 3. Model systems of amino-carbonyl reaction

System Glucose Ribose Gluc;sglmine Cystine Threonine Glycine Alanine
1 0.05 M 0.005 M
2 0.05 M 0.005 M 0.05 M
3 0.05 M 0.005 M 0.05 M 0.05 M
4 0.05 M 0.005 M 0.00 M 0.00 M
5 0.05 M 0.005 M
6 0.05 M 0.005 M 0.05 M
7 0.05 M 0.005 M 0.05 M 0.05 M
8 0.05 M 0.005 M 0.05 M 0.00 M
9 0.05 M 0.005 M 0.05 M
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Table 4. The yield of aroma and odor description of red snow crab

Steaming Extract® Concentrated”
crab extract(1/3)
Yield(mg%) 16.9 28.0 113.5(37.8)
Odor Strong Slightly
Description Crab odor Crab odor Crab odor

a, Steam extract of red snow crab
b; Added soybean protein 5 w/w%
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Data: Method: Ch=1
mV__Chrom:S3.C0l1 Atten:4

154

10

min

Fig 2. Gas chromatogram of the aroma concentrates of cooking red snow

crab.
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Data: Method: Ch=1
mV__ Chrom:R1.C0l1 Atten:l

0 50 100
min

Fig. 3. Gas chromatogram of the aroma concentrates of steam extract of red

snow crab.
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Data: Method: Ch=1
mV__Chrom:R3.C01 Atten:2

M

0 50 100
min

Fig. 4. Gas chromatogram of the aroma concentrates of kejang.
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Table 5. Free amino acid composition of red snow crab (Chionoecetes japonicus)

(dry, g/100g)

No. compounds I I I

1 taurine 0.090 2.414 0.217
2 phosphoethanolamine 0 0.047 0.050
3 urea 0 0.581 0.227
4 aspartic acid 0.022 0.119 0.037
5 threonine 0.030 0.416 0.083
6 serine 0.055 0.403 0.077
7 asparagine 0.050 0.369 0.105
8 glutamic acid 0.094 0.647 0.706
9 sarcosine 0.343 1.609 0.461
10 glycine 1.628 4.896 1.745
11 alanine 0.849 3.653 0.247
12 a—aminobutyric acid 0.009 0.030 0

13 valine 0.204 0.817 0.126
14 methionine 0.159 0.677 0.056
15 Isoleucine 0.199 0.669 0.107
16 leucine 0.198 0.876 0.199
17 tyrosine 0.181 0.199 0.123
18 cystathionine 0.020 0.084 0.026
19 phenylalanine 0.231 0.964 0.191
20 ammonia 0.031 0.132 0.040
21 orinitine 0.008 0.563 0.020
22 lysine 0.276 0.973 0.236
23 citulline 0 0.038 0

24 histidine 0.038 0.214 0.340
25 3-methylhistidine 0.021 0.039 0

26 cystine 0.014 0.057 0.048
27 arginine 1.869 5.563 0.418
28 proline 0.196 0.591 0.085

I : Red snow crab

O : Boiled red snow crab

I : Concentrated liquid byproduct
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Table 6. Identified components in the volatile flavor concentrates of snow crab

(Chionoecetes japonicus)

Peak tr Peak area(%)
NO. Compounds (min) " -
ALDEHYDES
3 3-methylbutanal 6.69 - 1.49
5 2,4-pentadienal 7.74 0.25 0.30
7 hexanal 11.32 1.49 -
12 cis—4-heptenal 17.81 0.59 -
15 1-heptanal 19.33 - 0.50
16 methional 20.97 - 0.49
17 benzaldehyde 22.85 1.09 1.76
24 octanal 2594 - 0.80
25 trans-2,4-heptadienal 26.59 - 0.35
29 2-octenal 30.43 - 0.19
33 nonanal 34.16 0.25 0.97
38 9,12,15-octadecatrienal 41.66 - 0.94
40 1-decanal 42.27 - 0.19
49 tetradecanal 71.06 0.28 0.43
52 13-octadecenal or 13-tetradecenal 82.81 - 1.75
53 17-octadecenal 83.43 - 13.02
54 octadecanal 89.48 - 0.87
sub total 3.95 24.05
KETONES
11 2-heptanone 17.48 1.31 1.07
19 1-octen-3-one 23.78 - 0.43
20 2,3-octanedione 23.97 - 0.35
32 2-nonanone 33.12 20.52 0.32
36 2,3-dihydro-1H-inden—1-one 38.73 - 0.96
37 2—-decanone 41.21 0.52 0.53
46 tetradecatriene-2-one (isomer) 67.41 3.82 -
48 tetradecatriene-2-one (isomer) 63.31 1.87 -
sub total 28.04 3.66
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Table 6. (continued)

Peak tr Peak area(%)
Compounds )
NO. (min) I I
ESTERS
1 ethyl acetate 5.87 2.48 2.58
31 1-methylethyl formate 32.36 0.78 -
39 11,14,17-trienoic fatty acid methyl ester 41.78 7.65 -
42 cyclohexyl isothiocyanate 44.99 - 0.61
sub total 1091 3.19
FURANS
4 2-ethylfuran 6.91 5.59 0.44
21 2-pentylfuran 25.12 - 1.62
28 2,5-diethyltetrahydrofuran 30.20 3.11 0.35
sub total 8.7 241
ALKANES
2 2-methyl-1,3-dioxolane 6.50 0.35 -
6 1,1-diethoxyethane 8.90 1.13 0.25
8 1,2,3,4-tetrahydroxybutane 11.75 0.70 -
30 phenyloxirane 30.76 3.40 -
34 trans-3,5-dimethyl-1,2,4-trithiolane 36.64 1.09 -
35 cis—3,5-dimethyl-1,2,4-trithiolane 37.14 t -
44 pentadecane 62.02 1.47 0.42
51 2,6,10,14-tetramethyl-pentadecane 76.72 0.27 3.19
sub total 8.41 3.86
N COMPOUNDS
9 2-methylpyrazine 13.04 1.45 -
13 2,5-dimethylpyrazine 18.64 2.74 -
14 2,3-dimethylpyrazine 19.25 0.47 -
22 trimethylpyrazine 25.56 4.50 -
sub total 9.16 -
S COMPOUNDS
18 dimethyltrisulfide 23.40 - 0.23
26 2-acetylthiazole 27.36 0.83 0.27
41 benzothizole 44.37 0.23 0.28
sub total 1.06 0.78
AROMATICS
10 dimethyl benzene 16.03 0.23 0.35
23 butenylcyclohexene 25.67 - 0.19
27 1-methyl-2-nitro—benzene 29.48 - 0.77
43 4-vinyl-2-methoxyphenol 50.85 0.30 0.65
sub total 0.53 1.96
MISCELLANEOUS COMPOUNDS
45 1,3,5-undecatriene (isomer) 67.09 0.78 -
47 1,3,5-undecatriene (isomer) 67.95 0.49 -
50 diphenylamine 72.32 - 0.28
sub total 1.27 0.28
Total sum 72.03 40.19

I : Boiled red snow crab

II: Concentrated liquid byproduct
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Table 7. Comparison of the volatile components of boiled red snow crab and

its concentrated liquid byproduct

The odor
compounds
remained in the

liquid byproduct

ethyl acetate, 2-ethylfuran, 2,4-pentadienal, 1,1-diethoxyethane
dimethylbenzene, 2-heptanone, benzaldehyde, 2-acetylthiazole,
2,5-diethyltetrahydrofuran, 2-nonanone, nonanal, 2-decanone
benzothiazole, 4-vinyl-2-methoxyphenol, pentadecane,

tetradecanal, 2,6,10,14-tetramethyl-pentadecane

The odor
compounds newly

generated in liquid

3-methylbutanal, 1-heptanal, methional, dimethyltrisulfide
1-octen—3-one, 2,3-octanedione, 2-pentylfuran,
butenylcyclohexene octanal, trans—2,4-heptadienal,
1-methyl-2-nitro—benzene-2-octenal,

2,3-dihydro-1H-inden—-1-one, 9,12,15-octadecatrienal

byproduct
1-decanal, cyclohexyl isothiocyanate, diphenylamine
13-octadecenal(tetradecenal), 17-octadecenal, octadecanal
2-methyl-1,3-dioxolane, hexanal,
1,2,3,4-tetrahydroxybutane, 2-methylpyrazine, cis—4-heptenal,
The odor 2,5-dimethylpyrazine,

compounds not
detected in the
liquid byproduct

2,3-dimethylpyrazine, trimethylpyrazine, phenyloxirane,
1-methylethyl formate, trans-3,5-dimethyl-1,2,4- trithiolane,
cis—3,5-dimethyl-1,2,4-trithiolane, 11,14,17-trienoic fatty acid
methyl ester

1,3,5-undecatriene(isomer), tetradecatriene-2-one(isomer)
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Table 8. Identified components in the volatile flavor concentrate of model

reaction

Peak Peak area(%)
No. Compound tr(min)
1 Pyrazine 9114 2.89
2 1-Methylpyrrole 10.227 0.69
3 2-Methylthiophene 11.408 5.07
4 Methylpyrazine 13.244 25.8
5 2,5-Dimethylpyrazine 18.862 8.10
6 2,6-Dimethylpyrazine 19.323 3.12
7 2,6-Dimethylpyrazine 20.162 1.68
8 Trimethylpyrazine 25.789 2.08
9 2-Ethyl-6-methylpyrazine 25.779 2.92
10 Propylpyrazine 25.979 0.81
11 Acetylthiazole 26.956 0.23
12 2-Ethyl-2,5-dimethylpyrazine 31.797 1.33
13 5-Ethyl-2,3-dimethylpyrazine 32.407 0.28
14 Tetramethylpyrazine 32.296 0.96
15 2-Methyl-5-propylpyrazine 33.473 -
16 2-Acetyl-4-methylthiazole 36.110 -
17 2-Formyl-5-methylthiophene 37.822 0.29
18 cis—3,5-Dimethyl-1,2,4-trithiolane 38.057 t
19 trans—3,5-Dimethyl-1,2,4-trithiolane 38.254 0.14
20 Thialdine 41.970 447

Glucosamine.HCL/ Cystine/Threonine model reaction.
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Table 9. Identified components in the volatile flavor concentrate of ribose/

cystine/threonine model reaction

Peak No. Compound tr(min) Peak area(%)
1 2-butenal 6.82 1.97
2 2,3-pentanedione 9.11 0.25
3 thiophene 10.22 0.20
4 2,3,4,5-tetrahydropyridazine 11.40 6.43
5 methylpyrazine 13.24 2.74
6 2-methyl-1H-pyrrole 14.02 1.87
7 propenyl ether 14.92 0.04
3 dimethylbenzene 15.99 0.05
9 2,5-dimethylpyrazine 18.86 23.84
10 5-methylfurfural 19.32 0.27
11 2,3-dimethylpyrazine 20.16 0.49
12 2,5-hexanedione 22.04 0.14
13 2-acetyl-5-methylfuran 23.67 0.14
14 trimethylpyrazine 25.78 18.26
15 4,5-dihydro-2-methylthiazole 29.11 0.79
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Table 9. (continued)

Peak No. Compound tr(min) Peak area(%)
16 4,5-dimethylfurfural 29.64 0.35
17 2,5-dimethyl-2-hexene 30.90 0.31
18 3-ethyl-2,5-dimethylpyrazine 31.79 1.76
19 tetramethylpyrazine 32.92 3.26
20 diethylidene-1,1-diaminoethane 33.47 1.38
21 isobutylpyrimidine 36.11 0.53
22 trans—3,5-dimethyl-1,2,4-trithiolane 38.05 0.06
23 cis—3,5-dimethyl-1,2,3-trithiolane 38.25 0.24
24 2,3,5—trimethyl-6-ethylpyrazine 39.92 0.04
25 2,3,5-trimethylfuran 40.49 0.20
26 3,4,6-trimethyl-4H-1,2,4-dithiazine 41.97 6.13
27 butyl phthalate 90.76 0.28

Total 72.02
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Table 10. Identified components in the volatile flavor concentrate of model

reaction
Peak ) Peak area(%)
No. Compound tr(min) [0 )

1 ethyl acetate 5.87 3.99 3.79
2 2-butanal 6.57 1.56 1.64
3 N-methyl-N-nitroso-methanamine 6.79 2.21 2.65
4 2,3-pentanedione 7.58 3.36 3.63
5 pyrazine 8.92 1.37 0.68
6 1-methyl-1H-pyrrole 9.21 1.36 0.55
7 2-methyl-thiophene 11.09 1.17 1.55
8 2-ethylbutanal 12.19 - 0.98
9 2-ethyl-1,3-dioxolane 12.27 2.50 -
10 allo inositol 12.76 - 0.79
11 methylpyrazine 13.07 2.77 2.80
12 furfural 13.68 21.23 1594
13 furfuralcohol 14.80  0.48 0.58
14 2-methyl-3—furanthiol 15.93 2.44 10.97
15 3-mercapto-2-pentanone 18.10  0.51 0.49
16 2,5(2,3)-dimethylpyrazine 18.76  6.62 6.99
17 2,4-dihydro-5-methyl-3H-1,2,4-triazole-3-thione 21.98 3.52 3.35
18 trimethylthiazole 25.20 - 0.50
19 2-ethyl-6-methylpyrazine 25.43 0.76 -
20 trimethylpyrazine 25.55 - 3.56
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Table 10.(continued)

Peak Peak area(%)
No. Compound tr(min) . -

21 2—-ethyl-3-methylpyrazine 25.78 1.60 -
22 4,5-dihydro-2-methylthiazole 26.78 - 0.35

23 propylpyrazine 27.00 0.62 -
24 2-acetylthiazole 28.15 2.58 1.77
25 cyclopentanethiol 29.49 1.91 2.68
26 3-thiophanone 30.67 - 1.67
27 3-ethyl-2,5-dimethylpyrazine 31.70 2.00 1.02
28 3-ethyl-6(5)-dimethylpyrazine 32.13 3.87 0.82
29 tetramethylpyrazine 32.31 - 0.64
30 2-methyl-2-pentenoic acid 32.62 - 0.35
31 2,4-dimethylthiazole 34.63 - 0.82
32 trans(cis)-3,5-dimethyl-1,2,4-trithiolane 38.17 0.70 0.65
33 3,5,6-trimethyl-4H-1,2,4-dithiazine 41.67 3.89 1.80
34 2,5-diformylthiophene 44.63 0.59 0.37

35 ethenyltrimethyl-silane 48.91 0.54 -
36 bis(2-methyl-3-furyl)disulfide 65.41 1.62 0.85
37 isopentyl phthalate 90.61 7.11 2.35
Total 82.88  77.09

1) Ribose/ Cystine/Threonine/Alanine model reaction.

2) Ribose/ Cystine/Threonine/Glycine model reaction.
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Fig. 5. Gas chromatograms of the volatile flavor of model reaction.
(I) Ribose/Cystine/Threonine/Alanine model reaction.
(IV) Ribose/Cystine/Threonine/Glycine model reaction
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Table 11. The results of olfactory test in model systems(powder type)

Model system

Sensory odor

1. Glucose + Cys

2. Glucose + Cys

3. Glucose + Cys

4. Glucose + Cys

5. Ribose + Cys

6. Ribose + Cys

7. Ribose + Cys

8. Ribose + Cys

+ Thr

+ Thr

+ Thr

+ Thr

+ Thr

+ Thr

+ Gly

+ Ala

+ QGly

+ Ala

9. Glucosamine + Cys + Thr

nutty, roasted rice

sweet, crab snack

sweet, crab snack, roasted odor

sweet, caramel odor

sweet, rice snack

crab snack, weak sweet odor, nutty

nutty, weak sweet odor, burnt

sweet, nutty, rice snack

weak, nutty odor
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Fig 6. Gas chromatograms of the volatile concentrates of glucose/cystine/

threonine model system( A: DL-threonine, B: L-threonine ).
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Table 12. Identified components in the volatile flavor concentrate of

glucose/cystine/DL-threonine model system

Peak No tr Compounds peak area(%)
1 7.389 propanediol 0.79
2 9.059  thiazole 0.84
3 13.188  methylpyrazine 0.40
4 13.768  furfural 26.77
5 14910  furfuryl alcohol 3.55
6 15973  5-methyl-2(3H)-furanone 4.37
7 16988  1-ethyl-1-H-imidazole 2.60
8 18877  2,5-dimethylpyrazine 3.89
9 21.724  dihydro-3-(2H)-thiophenone 3.39
10 22177 3-furoic acid 0.36
11 22789  3-methyl furfural 3.53
12 23.631  2-thiophenthiol 1.15
13 25.067  2-thiophenecarboxaldehyde 0.56
14 25.851  2-ethyl-6-methylpyrazine 2.00
15 27231  2-acetylthiazol 0.71
16 28412  acetylpyridine 1.43
17 30.448  acetylpyrrole 0.69
18 31.396  4,5-dimethylthiazole 1.28
19 31.870  3-ethyl-2,5-dimethylpyrazine 0
20 32.344  3-ethyl-2,6-dimethylpyragzine t
21 35.356  2-formyl-5-methylthiazole 0.80
22 35.728  2-formyl-5-methylthiazole(isomer) 0.84
23 37.248  trans—3,5-dimethyl-1,2,4-trithiolane 0.36
24 37649  cis—-3,5-dimethyl-1,2 4-trithiolane t
25 42.285  6.7-dihydro-3,5-dimethyl-5H-cyclopentapyrazine t
26 43.002  6,7-dihydro-2,5-dimethyl-bH-cyclopentapyrazine
27 43718  hydroxymethyl furfural 5.74
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Fig 7. Gas chromatogram of the aroma concentrate of kejang source.
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Table 13. The aroma compounds identified from kejang source

Peak tR Peak area
No (min) (%) Compounds
1 6.534 14.79 3-methyl butanal
2 6.753 5.40 2-methyl butanal
3 7.108 0.83 ethyl furan
4 7.709 0.60 pentanal
5 14.662 1.23 furfuryl alcohol
6 18.214 1.26 methional
7 22.485 1.21 benzaldehyde
8 23.241 0.55 ethyl furfual
9 23.612 0.42 heptanal
10 24.734 0.52 pentyl furan
11 25.103 0.59 trans, cis—heptadienal
12 25.520 1.20 butenyl cyclohexene
13 26.211 2.58 hrans, trans-heptadienal
14 29.093 6.25 phenyl acetaldehyde
15 30.022 0.92 trans-2-octenal
16 32.348 0.47 1,3-cyclooctadiene
17 32.455 0.57 1,3,7-octatriene
18 33.188 0.46 monanone
19 33.736 0.93 nonanal
20 34.079 1.32 2-methyl-1,3,5-hexatriene
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Table 13. (continued)

Peak tR Peak area

No (min) (%) Compounds

21 34.699 1.33 3-methyl-1,3,5-hexatriene
22 37.747 0.77 trans, cis-nonadienal

23 38.234 0.60 nonenal

24 41.236 2.53 1,3,5-octatriene

25 46.207 0.38 decenal

26 46.743 0.84 2-methycycolheptene

27 48.935 3.36 tridecane

28 50.415 1.33 undecanal

29 56.188 2.19 tetradecane

30 56.841 0.75 1,4-cyclononadiene

31 63.092 0.93 pentadecane

32 76.271 6.55 2,6,10,14-tetramethlpentadecane
33 76.920 0.37 pentadecanal

34 77.412 0.87 methyl myrstate

35 82.949 8.87 myrstic acid

36 86.627 1.22 13-octadecenal

37 88.071 2.46 hexadecanal
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Table 14. The aroma compounds newly generated in the model system

Peak No Compounds
a hexanal
b furfural
c 2,5-dimethylpyrazine
d acetylfuran
e 2-ethyl-5-methyl-pyrazine
f acetylthiazole
g 2-acetyl pyrrole
h 3-ethyl-2,5-dimethyl pyrazine
i trans-3,5-methyl-1,2,4-trithiolane
J cis—3,5-methyl-1,2,4-trithiolane
k 2,5-dimethyl-3-prophenyl pyrazine
1 2,6-dimethyl-3-prophenyl pyrazine(isomer)
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Fig 10. Gas chromatograms of the volatile concentrate of Kejang sauce.

( A: control, B: addition of model system )
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Table 15. Identified components in the volatile flavor concentrate of Kejang

sauce (control)

Peak No tr Compounds Peak area (%)
1 6.653 3-methylbutanol 12.68
2 6.875 2-methylbutanol 8.64
3 7.697 1-penten-3-one 0.55
4 7.854 pentanol 0.57
5 9.408 pyridine 2.54
6 11.796 Hexanol 5.69
7 14.890 furfuryl alcohol 0.63
8 17.296 2-heptanone 1.58
9 18.078 heptanol 0.61

10 18.451 methionol 1.74
11 18.812 2,5-dimethylpyrazine 0.58
12 22.736 benzaldehyde 1.84
13 23.655 dimethyltrisulfide 1.51
14 23.847 heptanol 0.36
15 24.970 pentyl furan 5.28
16 25.763 butenyl cyclohexane 1.19
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Table 15. (continue)

Peak No tr Compounds Peak area (%)
17 26.465 t,t~heptadienol 0.50
18 29.378 phenylacetaldehyde 21.93
19 30.032 acetophenone 0.51
20 30.277  trans—2-octenal 0.98
21 33.991  nonanal 0.74
22 39.016 trans,cis—nonadienal 0.31
23 38576  nonenal 6.21
24 41.482 1,3,5—octatriene 1.00
25 46.480  decenal 0.38
26 47.078 2-methyl cycloheptene 0.66
27 49.270  tridecane 0.41
28 50.687  undecanal 0.83
29 63.470 pentadecane 1.48
30 76.542 2.6.10.14-tetramethylpentadecane 0.95
31 83.208 myrstic acid 1.37
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Table 16. The volatile flavor components newly generated or increased in the

Kejang sauce added model system

Peak No Compounds
A propanediol
B thiazole
C methyl pyrazine
D furfural
E 2,5-dimethyl pyrazine

F 2-ethyl pyrazine

G 2,3-dimethyl pyrazine

H 2-ethyl-5-methyl pyrazine

I 2-ethyl-6-methyl pyrazine

J acetylthiazol

K 4,5-dimethylthiazole

L 3-ethyl-2,5-dimethylpyrazine

M 3-ethyl-2,6-dimethylpyrazine

N trans-3,5-dimethyl-1,2,4-trithiolane

O cis—3,5-dimethyl-1,2,4-trithiolane

P 6,7-dihydro—3,5-dimethyl-5-cyclopentapyrazine
Q 6,7-dihydro—2,5-dimethyl-5-cyclopentapyrazine
R hydroxymethylfurfural
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Table 17. Average values of intensity scores for 3 kinds of crabs sauce in

sensory acceptance tests for color, flavour, taste and overall

palatability
additional -
color flavour taste overall palatability
content(%)
0 6.3 2.7 4.5 45
5 6.5 3.2 5.0 5.2
10 6.6 6.8 6.0 6.5
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