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Development of Shrimp Flavor by Maillard Reaction and its

Evaluation by Quantitative Analysis of Volatile Compounds

Mi—Jeong Lee

Department of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

The volatile compounds of shrimp whole body(SWB) or shrimp shell
waste(SSW) in shrimps were isolated and separated by SDE (simultaneous
distillation and solvent extraction) and GC (gas chromatography,
HP-5890+). The peak numbers isolated from SWB or SSW in shrimps

were 26 and 54, respectively. The amounts of the volatile compounds

isolated from SSW were higher than those of SWB in shrimps. The ratios
and shapes were different from each other. SWB may make more pyrazine
compounds to improve the yield in an economical aspect. The volatile
compounds from shrimp shell waste extracted with SDE were 9 pyrazines,
5 acids, 4 aldehydes and 4 alcohols. The kinds of the identified pyrazines
were pyrazine, methyl pyrazine, 2,6-dimethyl pyrazine, 2,3-dimethyl

pyrazine, 2-ethyl-5-methyl pyrazine, trimethyl pyrazine, 2-ethyl-3,5-



dimethyl pyrazine, 2,6-diethyl pyrazine and tetramethyl pyrazine. SWB and
SSW were boiled at high pressure, extracted and analyzed. SWB produced
more low-boiling compounds of below 70C and SSW did more high
boiling compounds of over 100C by twice, respectively. The headspace
volatile compounds of the commercial shrimp extract were isolated,
separated and identified by SPME(solid phase microextraction), GC with
capillary column(Hp-Innowax or HP-5 column) and mass selective detector.
The peak numbers identified from the commercial shrimp extract were 38
and 65 in polar and nonpolar columns, respectively. The most abundant
compounds in nonpolar column were 12 alcohols. The kinds of the
idetifided alcohols were 2-butanol, propylene glycol, 1,2-propanediol, benzyl
alcohol, 2-methyl-phenol, 2,4,6-trimethyl-4-heptanol, 1,4-pentadien-3-ol, 3,7,
11-trimethyl-2,6,10-dodecatrien-1-o0l, 2-(1,1-dimethylethyl)-5-methyl-phenol,
3-decen-1-ol, 4-heptyn-3-ol, 1-hexadecanol and 1l-hexadecen-1-ol. Others
were 6 ketones, 5 acids, 4 ester and 12 aliphatic hydrocarbons. The
important compounds for the cooked shrimp may be pyrazines and the
identified pyrazines were 3-ethyl-25-dimethyl-pyrazine, 2-ethyl-3,5-di
methyl-pyrazine and 2-methyl-6-(methylthio)-pyrazine. And, the amines
were trimethylamine and triethylamine. The study on relationship between
these volatile compounds and the cooked shrimp aroma will contribute to

the shrimp flavor processing.
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o]-go| 7hestd 7HE o2 Wol AMEHOAY HAL Tdddty] Wi AHget
Al g3 HrIAgEgT. FHH S E chitin®] 98

< AFHIIER 2EA Ao chiting WEO] AMEstE Zo] HIIEXZ =
SHAAME B Yol Hx UrlE st F, 1992). Chitin(poly- 8
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T3l A cellulose Tt 22 FTHF biomassE, €AY 1009 o]d9] Hd
222 EZ ot (Muzzarelli, 1973; & 5, 1992). 25< v&E8 AEAYLR
W o] Q| o]EL, AT chitin, chitosan®] FUH AZWHe ALY 4
Bol $3A, 222 A, FFE, AGE, EGNFA T2 #8237 =
S gdFr &wsl JPH 1 YJoH(Knorr, 1984; Sugano, 1980; Sannan, 1964;

Hackman, 1954). 53] &+v¥, &4, 9984 9 cholesterol A& T
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1.1 A &% F& W (Simultaneous steam distillation & solvent extraction)
o A" AMse FAA F7 FHE AR FAT 15en7tEFe] A5
(NF+=LD M, Solenocera prominentis)E& 500g8 W¥ol -70CTY AL ¥%F
3o BT 4 AsEE 2486 dA s28 B 33 FAT F FHT
2 7o A&

1.2 Solid phase microextraction(SPME) o] 222 AgE 443 AF A

2% yzag AgA

ko] FElWHol = Likens—Nikerson ZXlo] 213 FA T/ FEY(SDE),
£ FE59, FSo] YUY, B AFPqME BA FF FEY,
solid phase microextraction'8 & A£G},

21 Al % F&4

A& £27] A Cooling7l€ ZEA7]3 W44E 4o 2719 3
B ALY FEE 97 A%eIY. ¥g#e] ATtYAE wEFd E%Eol

A Fig. 1414 LEF A4 v T T2 B000mD HF g 272
ey AUS ARE 500g FUFT SHFE 1000ml AATT F7] A
29 el ¢ & gomz xFolaw WA Aa Nng Torasg

AEA FAskE Aol Foh Zga, 994 e T2 FH23I(100mDolE



etherg 50mlE FYTh AE7t Ede EF23E WA 7tEd0. ojd 9

2
5
i
e
N
L
e
*
>
&
N
8l
)
2
2
@

=
&

~
fin
B

£E = 100C=E st g XA
o 258 E¥9qFt. AE7 £7] AFASHY, ether7t 23] SEE  JA=F
SEE 60-70CZE 3t} o]F 2 AIZHE Ao 24 7HF 4P & ALY 2
g ether7t & 52 E23& EEstd FAE F5A17]3, sodium
sulfate, anhydrous& Al&3t9 FEE AAFIASG. 2 ¢ F, 10xL
syringeZ ©] &3 sandwich7|H o2 AHE3 14E GCol FHsAH.
2.2 Solid phase microextraction

Z}z}e] ANE 10 L AsHmlg A& 4em X E°] 45cm)o] magnetic
bar(2em)®t A ¥ YEE J} o]RAE 1A7HEQL 50CTE heating Al H o
Fak 3087+ Fig. 204 AR ARZHER G FAAE A o] (fiber
assembly 100im polydimethylsiloxane coating for manual holder red)7} ¥r<
Z Y95 E 3AF ¥ headspaceB o E JTA EZL AN FF-F
ot TAHE A 92 &9 eyt Eojrtn GCFATE L2 o
g2 F 2t o]y 2do= 33 ¥HE AP3A

2.3 AWd £4

iR

231 s43x

-0TColst2 2¥ T , Freeze drver(d4 AAYAE, AX)E &3
of AL A= AZT-

232 =AW FZ(Soxhlet F+&4)

FAAZE 3 ANEE mixer2 FA ZotA &3 7g¥e AP
T A (No. 84, 28x100mm)el etk 719 flaske ©lgl 100~105CE dry

oven desiccatord] &£A Wi thg A=y ARE wkESo HEI HHFo
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MOTOR

WATER BATH

h A
COOLING Voo
‘ N
_ -

HEATING

Fig. 1. Simultaneous steam distillation
& solvent extraction system.
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/Plunger

—— Adjustable needle
Guide/depth gauage

Septum—piercing needle
Fiber—attachment —_— '
needle

—— Coated SPME fused silica
—_— fiber

Sample
vial

N

PO O

Stirrer/hot plate

Fig. 2. Solid phase microextraction.
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W & rotary evaporator® o] €3l 7|
flask Yol @&&3tn A= £uls FEAZ & 100~105T2 dry ovenolA <k

IAIES Axdor Ax7F B desiccatorol A 3087 st g ohr 3k

2.3.3 Methylation

d ANE2REH FET AWA TFAE 02g& 714 AT F, 05N
NaOH-methanol 6m¢E 7}3t} 100ColA FHIT. 10¥F 10% BF3 in
methanol & 7mé 7}&t} 58F n-hexane 6mE 7}sta 283 WA £
separator funnele]l &% ¥, ¥3} NaCl€ 2mE 7}&ted 30%3t shakingdt
F wxgch 9P E] hexane F& ®S Frh ofAREL ThA]l 2m 9
hexane® H7tste] F&3 ZAE& vl oM £8 3 & hexaned} ¥t} o]
S & ¥ o wES F 22838 @ hexane T FHY FHRTE dol A
o] W 3, sodium sulfate, anhydrous& ©¢|-&3st && #|A%HS, 10pl syringeE
0] 43l sandwich7]Ho g2 AHE3] 1uE GCol FYstArt.

234 GC-FIDZ ¥4

GCLE(HP 58901)9) €% 3L z7]2% 150TdA 1088 HFE ¢
g, B3 3TH $2AA 201TCTAA 1283 T 23, A 3 3CTH 24
A vk et 2% 210TCAA 1587 HEXTY. Columne HP-INNOWax(30m X
0.32mml.D. X 0.15¢m film thickness)E AH&3tAt).
2.4 Gas Chromatography—flame ionization detectorell ¢33 4]

F2dg g9 GCEHUoz Y3}t GCLE(HP-5890 plus)d] 2%
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212 27]2% 30TdA 587 |FE tg 3C/ming $£E2 F7hstgrt
200Cel A 582 BF & g8 FFol WEh Columne HP-INNOWax(30m
x0.25mmLD. X 0.25m film thickness)9t SW-10"™ (60mx 0.32mnl.D. % 1.0gm film
thickness)9| polar columng AF&3F% U}
o A

GCel FYrol F49 FHWH YL GC-MSDol ofa) £ - $43Y
1 GCLE(HP-5890 plus)¥ MSD(HP-5972)¢] #%E %=1 Table 19 e}
ATk
2.6 Sniffing test

e

2.5 GC-mass selective detector?l] <}3F 3jwA A

GC-Olfactory detector® o] &3t ¥2ld LA AHEQ sniffing testE
AT, GC-FIDE &3 {28 A&E 8% chromatograms Iz
3 A, sniffing portE %3t YEhh= WM chromatogramd®] peakE H|
At 994E AFer 3y Metd WAZE 4R & d7tR
Al4:3+9 k. Flavor dilution factorell whel 2 Zzz Jehhdot.

r{m

R

_19_



Table 1. GC-MSD conditions for analysis of volatile compounds

Column : HP-5 or HP-INNOWAX
(30m X 0.25mm X 0.25pm)

Carrier gas :  He, 1m¢/min

Split ratio 501

Temp. program : Initial temp. : 30T
Initial time @ 5 min
Rate : 3C/min

Final temp. : 200C

" . Final time  : 5 min
Injection port temp. . 210C
Solvent delay : 3 min
Mass range o 22-200a.m.u.
Ionization V. o 70eV
Electron multiplier V. : 1800V

Mass spectrum library : NBS75K.L(Wiley)

- 20 -



AN¢E 3 g2 HES 854 &2 A(shrimp whole body, SWB)¥}
#7531 Y HZA  BEE(shrimp shell waste, SSW)T& XRo}
Likens-Nickerson ZX|& ol&3|A FLP HEE +

2

A3tz e, 427 26705 54719 el ¥

Ae B & AL, WA AR 24U FHst N2 OB e T 5 9
A, aER, A R HuA 4Rl wol FH] Ue Ao 53

1.2 SDES o] &% A= AA=d v
121 7kt 78 A+
FHA E579 NS, 5 red shrimps} white prawns 7Fd7HE A

9% @
F, 229 324 AR vIagth 2a8 (w4 4R 3R e 8

SWBZ U] 3¢ AEg vussith Fig. 59 detlded, w3l o
g A2 AuyEE A%S 2t AeE RRAAME SWBrL, 1HA FEd
Me SSWel WA A¥o] of 2urkF Be Aoz uehd
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Table 2. Composition of volatiles extracted from shrimp

shell waste with SDE

:gaﬁ Compounds Area(x10°%)  Area%
1 Dimethyl disulfide 9.27 1.84
2 Pyridine 3.83 0.76
3  Pyrazine 3.63 0.72
4 3-Methyl pyridine 4.92 0.98
5 (Z)-4-Heptenal 1.90 0.38
6 Methyl pyrazine 9.98 1.98
7 2,6-Dimethyl pyrazine 26.79 5.31
8 4,6-Dimethyl pyrimidine 8.68 1.72
9 2,3-Dimethyl pyrazine 4.94 0.98
10 2-Ethyl-5—-methy! pyrazine 3.18 0.63
11 Trimethyl pyrazine 54 .11 10.73
12 2-Ethyl-3,5-dimethyl pyrazine 5.61 1.11
13 2,6-Diethyl pyrazine 4.51 0.90
14 Acetic acid 0.37 0.07
15 Tetramethyl pyrazine 4.29 0.85
16 Benzaldehyde 5.78 1.15
17 2-Octanol 8.04 1.59
18 2-Methyl-1H-pyrrole 2.07 0.41
19 3,5-Dimethyl-1,2,4—trithiolane 3.61 0.72
20 4-Methyl-1-heptanol 7.36 1.46
21 cis—1,4-Dimethyl~cyclohexane 2.68 0.53
22 Benzeneacetaldehyde 0.13 0.03
23 2-Acetylthiazole 6.13 1.22
24 1-Nonanol 6.50 1.29
25 5-Propyl tridecane 6.19 1.23
26 2-Cyclohexen—-1-one 17.04 3.38
27 10-Dodecenol 11.44 2.27
28 Nonyl cyclopropane 7.06 1.40
29 1-Pentadecyne 18.42 3.65
30 (2-Methylpropy!)—cyclopentane 4.24 0.84
31 1,4-Octadiene 2.53 0.50
32 1-Methyl naphthalene 1.53 0.30
33 6,10-Dimethyl-5,9—-undecadien—2—one 2.67 0.53
34 a-Ethyl benzeneacetaldehyde 1.03 0.20
35 1-Methyl-1,3~cyclopentadiene 1.61 0.32
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Table 2. Continued

Peak

o) Compounds Area(x10°)  Area%
36 2-Adamantanone 4.33 0.86
37 1,3,5,8-Undecatetraene 8.83 1.75
38 1,9-Decadiyne 0.77 0.15
39 (E)-5-Octadecene 1.80 0.36
40 Decanoic acid 2.02 0.40
41 Indole 0.82 0.16
42 Dodecanoic acid 22.03 4.37
43 Dibutyl phthalate 0.53 0.11
44 Tetradecanoic acid 6.64 1.32
45 Hexadecanoic acid 6.65 1.32

YPeak number is in Fig. 6.
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9] polar® F Hiel] 7}7ke 65789 peak”t WERstTE © A, nonpolar column
A EE® ZAAE BA alcoholsF7F BEF 127§ I FHE<E 2-butanol,
propylene glycol, 12-propanediol, benzyl alcohol, 2-methyl -phenol,
2,4,6-trimethyl-4-heptanol, 1,4-penta-dien-3-ol, 3,7,11-trimethyl-2,6,10-dode
catrien-1-ol, 2-(1,1-dimethylethyl)~5-methyl-phenol, 3-decen-1-ol, 4-heptyn
~3-0l, 1-hexadecanol, 11-hexadecen-1-ol 5°] ¥X3 AAct thFo=2 @ol
A AHEE ketonesTollAE  2,6-dimethyl-6-nitro-2-hepten-4-one, 1-(1
~cyclohexen-1-yl)-2-propanone,  3-ethyl-2-hydroxyl-2-cyclopenten—1-one,
6,6-dimethyl-bicyclo[3.1.1Jheptan-2-one, 2-methyl-2-nonen-4-one, 2-amino
-4H-1-benzopyran-4-one 522 Yehgth UrA] JEES AHEY, acids
27} 5702 3-(3-methyl)-cyclo propanecar boxylic acid, linalyl butanoate,
ethyl acetate, benzoic acid, isobornyl acetate %5°1 AN, 47H¢] ester ¥
3 12719) aliphatic hydrocarbons%7F A8t Aok 2, 7HE=d A5
o] FutA MEo) 9Jojy Fo% AR o7 ZEsE AL pyrazinesHFE FA
o] Hxu, TAHE pyrazines? FFolE 3-ethyl-25-dimethyl -pyrazine,
2-ethyl-3,5-dimethyl-pyrazine, 2-methyl-6-(methylthio)-pyrazine %°l <
3 1At =&, aminesH 2 trimethylamine3} triethylamine d&°] #2531
t}. o] Table 49 YEMIAT t&, polar columnolA #& & H2AH A
Bo zaAs B An & 38709 HE F alcohols#H7t OMZE 7H¢ BX, T
go] pyrazinesFZ 79 A¥Eel EFH AUk &L acids 47,
esters®t ketones& Ztzt 3709 AEESo] YeElRd. alcoholsHolE ethanol,
2-(2-methoxyethoxy)-ethanol, benzyl alcohol, 2,6-dimethyl-phenol, maltol,

1-dodecanol, 2,4-dimethyl-4-heptanol, 4-methyl-5-thiazoleethanol, 1-octade
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Table 3. Volatile compounds identified from commercial

shrimp by solid phase microextraction(SPME)

Peak no.” Retention time Peak area Peak area%
1 1.46 34188 3.02
2 2.57 84823 7.48
3 3.39 3698 0.33
4 11.53 16756 1.48
5 16.41 24528 2.16
6 24.95 16896 1.49
7 25.65 22781 2.01
8 25.99 11005 0.97
9 27.27 41902 3.70

10 31.36 7350 0.65
11 31.68 21974 1.94
12 32.30 243877 21.51
13 33.58 12291 1.08
14 34.45 183175 16.16
15 36.56 24551 2.17
16 36.72 59581 5.26
17 38.22 9312 0.82
18 40.60 6088 0.54
19 42.20 133749 11.80
20 43.47 11599 1.02
21 48.73 23560 2.08

1)Peak number is in Fig. S.
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Table 4. Volatile compounds identified from commercial
shrimp by SPME with GC—MSD(HP-5 column)

No. Peak area(x10°)

Compounds

1
2
3
4
5
6
7
8

9
10
11

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35
36

2.09
4.89
7.34
3.14
10.64
2.64
47.23
6.72
1.87
1.59
3.06
1.73
6.86
0.90
5.46
0.61
4.23
1.79
4.43
1.01
1.61
9.57
1.65
2.56
3.71
1.58
8.17
2.61
4.03
5.66
2.61
5.01
11.40
1.13
2.51
1.53

trimethylamine

ethyl acetate

trimethylamine

2-butanol

acetic acid

triethylamine

propylene glycol

1,2—propanediol

benzyl alcohol

2—-methyl-phenol

3—-ethyl—-2,5~dimethyl-pyrazine

2—ethyl-3,5~dimethyl-pyrazine

acetic acid, phenylmethyl ester

2—methyl-6—(methylthio)—pyrazine

2-butenoic acid, 2—methyl—, propyl ester

benzoic acid, 2—amino—, methyl ester

6—azathymine

ethyl cyclohexane

1—ethyl-1—-methyl-cyclopentane

2,4 ,6-trimethyl-4—heptanol

octahydro—1,4—divinyl-pentalene

tricyclo[3.2.1.01.5]octane

1-methylene—2-vinylcyclopentane

octanoic acid, 3—methylbutyl ester

3,7,11-trimethyl—1,3,6,10-dodecatetraene
B—myrcene

5—t-butyl—1,2,3—-trimethylbenzene

2—-amino—4H-1-benzopyran—4-one

camphene

1,4-pentadien—3—ol

hexamethyl—1,3,5—cyclononatriene

1,3-bis(1-methylpropyl)—-benzene

isobornyl acetate

3—heptadecen—5-yne

5,7—diethyl-5,6—decadien—3-yne

linalyl butanoate
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Table 4. Continued

No Peak area(x10° Compounds
37 12.75 3,7-dimethyl-1,3,6—octatriene
. 38 6.05 1—ethylideneoctahydro—7a-methyl-1H-indene
39 1.76 2 ,6—dimethyl-6-nitro—2—-hepten—4-one
40 2.39 1—(1—cyclohexen—1-yl)-2—propanone
41 3.01 3—(3—-methyl)—cyclopropanecarboxylic acid
42 1.60 1—pentyl-1H-pyrrole
43 10.61 . 1-methyl-1H-1,2,4-triazole
44 3.78 9—(1-methylethyl)—1,5-cycloundecadiene
45 1.43 2—(1,1—dimethylethyl)-5-methyl-phenol
46 0.67 5,7—diethyl-5,6~decadien—-3-yne
47 11.28 3,7,11~trimethyl-2,6,10-dodecatrien—1-0l
48 13.07 6,6—dimethyl-bicyclo[3.1.1]heptan—2-one
49 8.30 3,4—dimethyl—pyridine
50 0.73 thymine
51 4.98 3—ethyl-2-hydroxyl-2—cyclopenten—1-one
52 12.73 1—-dodecene
53 1.72 camphene
54 4.35 2.6,6—trimethyl-bicyclo[3.1.1 ]heptane
55 7.56 3,5—dimethyl—pyridine
56 1.82 (z)-3—decen—1-ol
57 0.58 2,6—dimethyl-6-nitro—2—hepten—4-one
58 0.67 2—allyl-2-methyl—1,3—cyclopentanedion
59 0.57 2-methyl-2—nonen—4-one
60 0.59 4—-heptyn—3-ol
61 0.88 2,4—dimethyl-2—decene
62 0.83 1,13-tetradecadiene
63 - 2.69 1-hexadecanol
64 1.09 1,13—tetradecadiene
65 0.61 11—hexadecen—1-ol
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Table 5. Volatile compounds identified from commercial
shrimp by SPME with GC—-MSD(HP-INNOWAX)

No.  Peak area(x10°%) Compounds
1 13.29 trimethylamine
2 4.80 ethyl acetate
3 0.60 ethanol
4 0.22 dimethy! disulfide
5 0.03 trimethylene oxide
6 0.71 pyridine
7 1.99 methyl pyrazine
8 1.33 1,2—ethanediamine
9 0.60 2,5-dimethyl pyrazine
10 0.71 4 .6—dimethy! pyrimidine
11 0.13 octanoic acid, methyl ester
12 40.78 acetic acid
13 7.9 3—ethyl-2,5—dimethyl-pyrazine
14 6.02 3—ethyl—2,6—dimethyl-pyrazine
15 0.18 benzaldehyde
16 45.84 2—-methyl-3—(methylthio)—pyrazine
17 4.82 2-methyl-4—(methylthio)-pyrazine
18 0.51 1—ethyl-1—methyl-cyclohexane
19 2.65 2—-methyl-6—-(methylthio)—pyrazine
20 2.28 acetic acid, phenylmethyl ester
21 0.50 4-(1-methylethyl)-benzaldehyde
22 0.09 2—(2—-methoxyethoxy)—ethanol
23 0.15 3—ethyl-4—-heptanone
24 18.07 benzyl alcohol
25 0.87 2,6—dimethyl—-phenol
26 0.12 maltol
27 0.39 1—dodecanol
28 0.10 2—pyrrolidinone
29 0.69 octanoic acid
30 0.27 1,4-bis(1-methylethyl)-benzene
31 0.08 2,4—dimethyl—-4—heptanol
32 0.06 3—methyl-5-nitropyrazole
33 0.08 tetrahydro—6—pentyl-2H—pyran—-2—one
34 0.28 cyclododecane
35 0.07 octanoic acid, phenylmethyl ester
36 0.15 4-methyl—5—-thiazoleethanol
37 0.05 1—-octadecanol
38 0.15 benzoic acid
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Table 6. Odor—active description and intensity of
shrimp shell waste by sniffing port

Retention index" Intensity Odor quality
717 9(3%) nutty
771 9(3?) nutty, shrimp
851 27(3%) shrimp
928 81(3% strong shrimp
994 27(3%) yogurt
1286 3(3") jeot—gal
1358 27(3% sweet shrimp
1762 27(3% rotten fried oil
1807 81(3%) rotten fried oil

YRetention index is in Fig. 10.
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Table 7. Composition of fatty acids in extracted lipids from
each sample after freezed drying

(unit : peak areax10%

Peak Eatt i Raw Cooking
no, ! Taryacias ssw?  swe¥  ssw?  sws?
1 14:0 1.18 1.90 0.69 1.31
2 141 0.08 0.14 tr. 0.09
3 15:0 0.47 1.01 0.38 0.51
4 1511 tr. tr. tr. tr.
5 16:0 7.37 11.03 4.52 7.90
6 16:1 3.55 6.53 1.94 3.81
7 17:0 0.68 0.98 0.47 0.72
8 17:1 0.54 0.68 0.34 0.56
9 18:0 2.42 3.60 1.50 2.56
10 18:1 5.08 7.08 2.92 5.37
11 18:1(trans—9) 0.54 0.55 0.36 0.56
12 18:2 tr. 0.17 tr. tr.
13 18:2(trans-9,12) 0.13 0.25 0.09 0.14
14 18:3 0.29 0.37 0.20 0.30
15 18:3(y) 2.56 4.68 1.10 2.76
16 20:0 1.34 3.41 0.79 1.44
17 20:1 0.71 1.06 0.53 0.75
18 20:2 tr. tr. tr. tr.
19 20:3(cis-11,14,17) 0.17 0.24 tr. 0.18
20  20:3(cis—8,11,14) tr. 0.12 tr. tr.
21 20:4 2.33 3.78 1.76 2.45
22 20:5 4.67 6.94 3.00 4.85
23 21:0 0.34 0.60 0.24 0.37
24 22:0 0.17 0.40 0.20 0.19
25 221 tr. 0.24 tr. tr.
26 222 , 0.71 1.24 0.40 0.75
27 226 5.10 5.57 3.85 5.45

Ypeak number is in Fig. 11 and 12.
2)3SW means shrimp shell waste.
ISWB means shrimp whole body.
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Table 8. Composition of fatty acids in extracted lipids from
each sample after freezed drying

(unit : peak area%)

Peak Fatt id Raw Cooking
no. ! oy ackes ssw?  swe®  ssw?  sws®
1 14:0 2.40 2.35 2.15 2.49
2 141 0.17 0.17 tr. 0.18
3 15:0 0.95 1.25 1.20 0.97
4 1541 tr. tr. tr. tr.
5 16:0 14.93 13.66 14.12 15.00
6 16:1 7.19 8.08 6.05 7.24
7 17:0 1.38 1.21 1.46 1.38
8 17:1 1.09 0.84 1.06 1.07
9 18:0 4.90 4.46 4.68 4.86
10 18:1 10.29 8.77 9.1 10.19
11 18:1(trans—9) 1.09 0.68 1.11 1.07
12 18:2 tr. 0.21 tr. tr.
13 18:2(trans—9,12) 0.27 0.31 0.28 0.27
14 18:3 0.59 0.45 0.63 0.56
15 18:3(y) 5.18 5.80 3.44 524
16 20:0 2.71 422 2.46 2.74
17 201 1.45 1.31 1.65 1.43
18 20:2 ir. tr. tr. tr.
19 20:3(cis—11,14,17) 0.34 0.30 tr. 0.34
20 20:3(cis-8,11,14) tr. 0.14 tr. tr.
21 20:4 4.72 4.68 5.50 4.65
22 20:5 9.46 8.60 9.37 9.22
23 21:0 0.68 0.75 0.74 0.70
24 220 0.35 0.49 0.62 0.37
25 221 tr. 0.29 tr. tr.
26 222 1.44 1.54 1.24 1.43
27 226 10.33 6.89 12.03 10.34

Ypeak number is in Fig. 11 and 12.
A3SW means shrimp shell waste.
3SWB means shrimp whole body.
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phase microextractiong AH&3led A AHES ¥y - 5434t F=2
AR ES cniffing portE E3tY test 3R Z, Alg A Wyol & Al

o] ¥3lx dolmdry,

1. N$2 3 7423 2RS 293tA &2 FA(shrimp whole body, SWB)¥}
H715 32 e B2 HEE(shrimp shell waste, SSW)¥H& 2o} SDE A&
ol g3 A LA AES A £ AR, 47 26709 54709 AEo] £Ed

S & F Uk AR AR Mz A BEDE AT A 8N

2. Red shrimpE 7Fgatol A 3083 7tE A€ s 5, SDEE 324 4&e F
gy, AMd BRoA4E SWB, 1A REAME SSWe F2A
Qo] o 297k e RO vhehgeh

Nge ANeE g Y 4% F58L 4Gk SSWe 3



So= T "HA FHwg AHEY o] Hojd AL ¥ FUF UMoh
GC-MSD=Z %3 - 543 Az} pyrazinese] 970, acids 57l, aldehydes 471,
alcohols 47l, pyridines 2702 WeRoh
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