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The Precursors and Flavor Constituents of
the Cooked Oyster Flavor
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In order to elucidate a mechanism responsible for the development of the odor characteristics of cooked,
desirable-flavored shellfish, oysters were extracted using various solvents and the resulting extracts were
evaluated organoleptically after cooking. The 80% aqueous methanol extract was found to produce a desirable
cooked flavor. This oyster extract was fractionated using ion-exchange column chromatography and dialysis,
and each of the fractions was subjected to cooking, followed by organoleptic evaluation. The outer dialysate
fraction such as acidic and amphoteric water-soluble fractions produced a cooked oyster flavor. The volatile
flavor compounds identified from cooked oyster included 29 hydrocarbons, 20 alcohols, 16 acids, 12 aldehydes,
nine nitrogen-containing aromatic compounds, eight ketones, five furans, three esters, three phenols, and

one benzene.
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Raw oyster

Lipid extraction
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’ Extract (F-A) ‘
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Dialyzed against H,O

1
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|

[ Inner dializate fr.

(E-D) |

Not-retained fr. (F-E) |

Ion exchanged on IRA-68 (OH-form)

| \
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IR-120 (H'-form)
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Neutral fr. (F-G) | | Acidic fr. (F-H) |

1.0 N NaOH

\
| Retained fr. (F-F) |

Ion exchanged on CG-400 (Cl'-form)
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’ Basic fr. (F-I) ‘ ’ Amphoteric fr. (F-J)‘

Fig. 1. Sheme of extraction and fractionation of precursors of the cooked oyster flavor.
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Table 1. Proximate composition, pH and volatile basic
nitrogen(VBN) content of the raw oyster

Proximate composition (%)

H VBN
Reducing P™  (mg %)
sugar

Crude
protein

Crude

Moisture L Ash
lipid

82.1£0.9 11.4£0.3 0.9£0.1

Body size: 5.3~6.0 cm, body weight: 15.4~20.7 g.
All data are mean of triplicate.

1.0£0.2 4.6+0.6 7.48 12.840.5

Table 2. Descriptions and intensity of cooked odors evolved
from oyster extracts* with several solvents

Solvent Description Intensity

Acetone Burnt, Oxidized fish oil Moderate
.4, Burnt and fishy,
Chlorofrom-methanol (2:1) Oxidized fish oil Strong
Cold water Oyster odor Weak
Amines and fishy,

Ethanol Cooked Oyster odor Strong
Methanol (80%) Sweet and green, Strong

Cooked Oyster odor

*Cooking condition : 100°C, 30 min.
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Table 3. Descriptions and intensity of cooked odors evolved
from oyster extracts* with several solvents

Solvent Description Intensity
Sweet, cooked oyster odor Strong

Sweet and green, cooked
oyster odor

Acetone

Chlorofrom-methanol (2:1) Strong

Cold water Oyster odor Moderate
Ethanol Cooked oyster odor Weak
Methanol (80%) Cooked oyster odor Weak

*Cooking condition : 100°C, 30 min.
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Table 4. Descriptions of odors evolved from cooked oyster

extract fractions separated by ion exchange column
chromatography

Fractions* Description
Lipid fraction Burnt and oxydized odor
F-A Cooked oyster-like odor (strong)
F-B Odorless
(F-A)+(F-B)  Cooked oyster odor (moderate and harmoney)
F-C Medicine-like(weak) + Cooked oyster odor (strong)
F-D Odorless
(F-B)+(F-C)  Cooked oyster odor, pleasant (moderate)
(F-B)+(F-D)  Odorless

*Refer to the comment in Fig. 1.
Cooking condition : 100°C, 30 min.
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Table 5. Descriptions of odors evolved from the cooked outer
diffusate fractions separated by dialysis

Fractions* Description
F-I Odorless
F-J Odorless
(F-1)+ (F-H) Sweet (weak)
(F-J)+ (F-H) Cooked oyster odor (weak)
(F-1)+ (F-B) Odorless
(F-J)+(F-B) Odorless

(F-1)+(F-H)+ (F-B) Sweet and green (weak)
(F-J)+(F-H)+ (F-B) Cooked oyster odor, pleasant (moderate)

F-E Caramel-like (weak)
F-F Cooked oyster odor (slight)
(F-E)+ (F-B) Sweet and green (slight)

(F-F)+ (F-B) Cooked oyster odor (weak)

(F-F)+(F-G) Burnt oyster odor (weak)

(F-F)+(F-H) Cooked oyster odor (weak)

(F-F)+ (F-G)+ (F-B) Cooked oyster odor (weak)

(F-F)+ (F-H) + (F-B) Cooked oyster odor, pleasant and harmoney

(moderate)

*Refer to the comment in Fig. 1.
Cooking condition : 100°C, 30 min.
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Table 6. Changes in total-N, amino-N, reducing sugar, VBN,
acidity and pH of oyster extract before and after cooking*
Raw Cooked
Total-N (g/100 mL) 2.04+0.09 1.77+0.10
NHz-N (mg/100 mL) 61.7¢1.9 54.8+2.2
Reducing sugar (mg/100 mL as glucose) 103.2+4.5 105.0+3.0
VBN (mg/100 mL-sample) 11.240.2 14.1+0.1
pH 5.57 5.74

*Cooking condition : 100°C, 30 min.
All data are mean of triplicate.
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ZhEA gl mE = A FaE FEohr At 2449
WSS Table 700 YEFAATE 7FEel mE fFefot] it %
o] Wal= ok7h 71—/&0]”4 78S B o} oka} 7l 2 xfol=
ARATE 80% methanol &4 & Ao F2 fFEohu| gk
2= Tau, urea, Gy, Pro, Gly 2 Ala 5-9] $F&Fo] v]ai% Eot)
-] FAdoh Ak Re 7FEA el A A e WSt
7F gl o, E3toln| Akl Tau, Met 2 cystathionine@} 371
’doln| =421 ornithine 5] <FiHA FHAsgl=t), o= 714
= Maillard WH-o]] A8l o 7 o]slo] 74ASE A0 2 24T

Atk 18U Maillard BHS0l] T2 st 4714 ofH] Akl
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Table 7. Changes in free amino acid contents of oyster extract
before and after cooking* (mg/100 mL)

Amino acids Raw Cooked
Phosphoserine 3.6 39
Taurine 102.0 88.9
Phosphoethanolamine ”
Urea 30.7
Aspartic acid 13.3 21.2

. 12.8
Hydroxyprorine - i
Threonine 14.4
Serine 9.3 14.0

. 9.3
Asparagine 4.0 56
Glutamic acid 52.2 '
. 50.1
Glutamine 16.5
) 16.6
Sarcosine 24
- . . 2.4
a-aminoadipic acid 3.1
. 2.8
Proline 51.0 520
Glycine 47.3
) 46.5
Alanine 42.6
B 41.8
Citrulline 0.4
. . . 0.7
a-aminoisobutyric acid - )
Valine 4.1 4.1
Cysteine - o
Methionine 2.8
Cystathionine 1.9 15 g?
Isoleucine 2.4 '
: 41
Leucine 4.2
: 4.4
Tyrosine 4.5 135
B-Alanine 14.1 2'1
Phenylalanine 3.4 0'4
[B-aminoisobutyric acid 1.0 '
L . . 2.1
y-aminoisobutyric acid 3.9 21
NH3 2.0 B
DL-Allohydroxylysine - 11
Ornithine 24 4'9
Lysine 5.8 ”
1-methyhistidine - 53
Histidine 5.4 0'2
3-methyhistidine 0.2 5.8
Anserine 6.1 '
Carnosine - N
Arginine 18.2 17.9
Total 567.2 535.0

*Cooking condition : 100°C, 30 min.
All data are mean of duplicate.
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Table 8. Changes in betaine and inorganic ion contents of
oyster extracts before and after cooking  (mg/100 mL)

Raw Cooked*

Betaine 444.2 304.5

Na 276.1 229.5

K 69.5 61.6

Ca 1.9 1.7

; P 171.3 108.7
Ino_rganlc Cu tr tr

lon Mg 3.3 3.0
Fe tr tr
Zn tr tr

PO. 316.6 260.9

*Cooking condition : 100°C, 30 min.
All data are mean of duplicate.
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A |
o

Retention time (min.)

Fig. 2. GC chromatogram of whole volatile flavor components
of cooked oyster.
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Fig. 3. Total ion chromatogram of whole volatile flavor
components of cooked oyster.

Table 9. Contents of volatile compounds identified from
cooked oyster

(mg/100 g as cyclohexanol)

Peak

No. tR Content Compounds
1 8.24 0.834 1-Propanol
2 9.05 0.019 2-Methyl-1-propanol
3 10.10 0.034 Acetic acid
4 10.65 0.225 Ethyl ester
5 13.66 0.034 1-Butanol
6 15.00 0.244 1-Pentaen-3-ol
7 15.62 0.023 3-Methyl-hexane
8 15.80 0.049 3-Hydroxy-2-butanone
9 16.21 0.045 2-Methyl-propanol
10 16.69 0.026 2-Ethyl-furan
11 17.11 0.019 Propanoic acid
12 17.48 0.026 Heptane
13 19.29 0.034 Methyl-cyclohexane
14 19.77 0.026 2-Pentanal
15 20.10 0.029 4-Methyl-3-penten-2-one
16 21.89 0.023 3-Methyl-1-butanol
17 22.09 0.019 1,6-Hexanediol
18 23.09 0.150 2-Penten-1-ol
19 23.77 0.015 1,2-Butanediol
20 2411 0.010 2-Methyl-propanoic acid
21 24.75 0.008 Hexanal
22 25.70 0.023 Propanoic acid
23 26.09 0.567 2-Pentanol
24 28.93 0.026 2-Methyl-2-propenal
25 29.41 0.270 2-Furanomethanol
26 32.70 0.496 4-Heptenal
27 33.70 0.030 3,4-Dimethylfuran
28 34.09 0.094 Heptanal
29 37.80 0.023 2-Pyridinone
30 39.57 0.019 1,4-Pentadiene
31 40.15 0.010 2-Methyl-furan
32 40.77 0.019 2-Cyclohexen-1-one
33 41.06 0.026 2-Methyl-1-butanol
34 41.28 0.015 1-Heptanol
35 41.77 0.943 Octa-1,5-dien-3-ol
36 42.09 0.120 7-Octen-4-ol
37 42.37 0.229 3-Octanone
38 43.06 0.049 2,3-Dimethyl-1,3-butadiene
39 43.72 0.240 3-Octanol
40 44 .29 0.041 Phenol
41 45.00 0.029 Methyl-pyrazine
42 45.99 0.019 1H-Pyrazole
43 46.34 0.012 2,3-Pentadiene
44 46.96 0.011 Benzeneacetaldehyde
45 47.46 0.023 Cyclohexyl ester
46 50.10 0.499 1,3-Cyclooctadiene
47 51.02 0.045 3,5,-Octadien-2-one
48 51.52 0.035 4-Methyl-2-propyl-furan
49 51.93 0.026 2-Nonanone
50 52.66 0.038 1-Penten-3-ol
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51 52.96 0.071  2,4-Octadienal
52 53.59 0.055 2-Ethyl-furan
53 56.87 0.357 2,6-Nonadienal
54 57.81 0.116  3-Heptadecen-5-yne
55 60.66 0.053 1,4-Cyclooctadiene
56 62.87 0.007 Dodecane
57 63.56 0.098 3-Methyl-2-pentene
58 66.98 0.105 Cyclooctene
59 67.41 0.049 1,3-Trans-5-octatriene
60 67.75 0.138 1H-Indole
61 69.95 0.067 2,6-Dimethoxy-pyridine
62 72.32 0.041 3-Decen-2-one
63 73.90 0.026 Decanoic acid
64 74.36 0.056 3-Undecen-1-yne
65 75.80 0.026  3,3-Diethyl-cyclopropene
66 76.14 0.030 2,4-Dimethyl-phenol
67 78.17 0.049 Heptadecane
68 78.65 0.030 Hexadecane
69 80.97 0.026 Undecanoic acid
70 84.62 0.034 2,4-bis(1,1-dimethylethyl)-phenol
71 85.19 0.550 Eicosane
72 86.74 0.101  2-Hydroxyethyl-dodecanamide
73 87.14 0.050 Dodecanoic acid
74 88.17 0.049 1,4-Cyclooctadiene
75 90.40 0.026 Thio, decyl ester
76 91.11 0.020 3-Penten-2-ol
77 91.50 0.226 Octadecanal
78 92.02 0.110 1-Hexadecanol
79 94.13 0.053 Tridecanoic acid
80 100.60 3.883 Tetradecanoic acid
81 101.86 0.053 Hexadecanoic acid
82 102.56 0.485 Octadecanoic acid
83 103.98 1.056 Tetramethyl-hexadecane
84  104.59 0.109 Nonadecane
85 105.16 0.049 1-Cyclohexylmethyl-cyclohexane
86 105.45 0.165 2-Methyl-3-phenyl-1H-indole
87 107.73 0.379 1,13-Tetradecadiene
88 108.21 0.426 Octadecanol
89 109.72 0.597 16-Octadecenal
90 110.64 0.894 9-Hexadecenoic acid
91 111.05 0.503 1,2-Benzenedicarboxylic acid
92 111.97 5.058 Pentadecanoic acid
93 113.68 0.207 2,10-Dimethyl-dodecanoic acid
94  114.13 0.222 1-Pentadecene
95 114.60 0.135 2-Tridecanal
96 114.91 0.098 Heptadecane
97 115.25 2.854 Hexadecanal
98 118.88 0.128 Methyl-2 phenylindole
99  119.32 0.173 1,12-Tridecadiene
100 121.62 0.113 1-Hexadecene
101 122.23 0.180 5-Nitrobenzofuran-2-carboxylic acid
102 126.14 0.139 9-Octadecenal
103 126.78 0.041 Nonadecane
104 135.33 0.075 2H-1-Benzopyran
105 144.48 0.064 6 Methyl-2 phenylindole
106  150.33 0.199 1-Hexyl-4-nitro-benzene
Total 26.773
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