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Abstract

Volatile compounds in raw oyster and oyster hydrolysate produced with protease were compared by vacuum
simultaneous steam distillation-solvent extraction/gas chromatography / mass spectrometry. Sixty-two velatile
compounds were detected in both samples. Of these, 57 were positively identified, composed mainly of aldehy-
des (12}, ketones(9), alcohols (14), nitrogen-containing compounds (9), acids (6), terpenes (4), and miscellane-
ous compounds (8). Levels of acids decreased after hydrolysis, whereas several other compounds such as alde-
hydes, ketones, and nitrogen containing compounds increased. Pyrazines, found in high abundance, were only

detected in oyster hydrolysate.
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INTRODUCTION

Ovyster has been known to have a special taste and
flavor which are different from those of other marine
crustaceans and bivalvia, such as lobster, crab, shrim-
p, clam and scatlop, etc (1). Oyster, having a high lev-
et of tauring, has been also recognized as a healthy
food for humans (1), However, most of oysters harvas-
ted in a summer period is generally processed into a
canned product because of the low taste compounds
and the potential health hazard. Furthermore, the
agueous waste produced in many oyster plants has
been discharged into waterways causing a threat to
the environment. An alternative use for unconsumed
oyster, therefore, may be a fundamental benefits to
both seafood industry and public health in USA. A
better understanding of volatile flavor in oyster hydro-
lysate is needed if alternative products are to be
produced.

The objectives of this study were to indentify and
compare the volatile flavor compounds in oyster hy-
drolysate produced via enzymatic hydrolysis which
acts a as flavoring agent, compared with raw oyster.

MATERIALS AND METHODS

Materials

Fresh oyster (Crassostrea virginica) obtained from

Motivatit Seafood Inc.(Homa, LA, USA) were packed
in ice and transported within 2 hr to the Food Science
Department, Lousiana State University and stored at
4°C. Before analysis, oyster was homogenized using
a Waring blender (Waring Products Co., Winsted, CT). :
Ovyster hydrolysate used in this study was produced
with a commercial protease, APL™ 446 (Solvay Enzy-
me Inc., USA} under conditions of pH 8.8, 67°C,
30% substrate concentration (%, w/w), 0.39% enzy-
me/ substrate ratio (%, v/w) and 2.8 hr reaction time.
More detail procedures have been described by Cha
et al.(2,3). Standard flavor compounds were purcha-
sed from commercials or were generous gifts from
Aldrich Flavor and Fragrance {Aldrich Chemical Co.,
Milwaukee, WI).

Vacuum simultaneous steam distillation-soivent
extraction (Vacuum-SDE}

SDE was carried out under vacuumica. 24~26 in.
Hg: b.p. 45~60° C) to minimize artifacts from form-
ing during extraction. Two vacuum valves were insta-
Hed at U~joint and on the top portion of SDE appara-
tus (Cat. No. K-523010-0000, Kontes, Vineland, NJ),
respectively. Liquid nitrogen cold trap was also set
between SDE apparatus and vacuum pump 10 mini-
mize solvent draining into pump. Details are describ-
ed by Chung and Cadwallader {4} Extraction was per-
formed on 500m! of oyster hydrolysate (or 500g of raw
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oyster homogenate) using vacuum SDE apparatus.

Sample plus 90.784ug of internal standard (2,4,6~
trimethylpyridine) were extracted for 3 hr with 100m)
of redistilled diethyl ether. The procedures are descri-
bed elsewhere (5,6). Duplicate extractions were carr-
ied out for each sample.

Gas chromatography / mass spectrometry (GC/
MS)

GC/MS system consisted of a Hewlett-Packard
5790 GC/HP 59708 mass selective detectar (MSD!}
{Hewlett-Packard Co., Palo Alto, CA). Three ul of each
SDE extract were injected in the splitless mode (155
C injector temperature ; 30 sec valve delay) into a
fused silica open-tubular (FSOT) column (Supelcowax
10, 60m lengthx 0.25mm i.d. x0.25pm film thick-
ness ; Supelco, Inc., Bellefonte, PA). Oven tempera-
ture was programmed from 40°C to 175°C at a rate
of 2°C/min with initizl and final hold times of 5 and
30min, respectively ; oven temperature was then
further increased to 195°C at a rate of 5" C/min and
maintained for 25 min. Other details of MSD condi-
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tion and GC/MSD procedure have been described
by Cha et al. (5,7). Duplicate analysis were performed
on each SDE extract.

Identification and relative abundance of com-
pounds

Volatile compounds were identified by matching
retention indices (RI}{8} and mass spetra of unknown
with those authentic standard compounds. Tentative
identification were based on standard MS library da-
ta{Hewlett-Packard Co., 1988} (9). The relative abun-
dance of each compound was expressed by the ratio
of its total ion peak area to that of the internal stan-
dard (TMP). The peak area co-eluted compounds was
calculated as described by Hites and Biemann (10) to
minimize chromatographic interference.

RESULTS AND DISCUSSION

Qyster hydrolysate, with raw oyster, was analyzed
for volatile flavor components to assess the commer-
cial feasibility of using hydrolysate as a seasoning ag-
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Fig. 1. Total ion chromatogram of volatile flavor components in raw oyster.

The peak number correspond to those listed in Table 1.
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ent. Total ion chromatograms of volatile components
in oyster hydrolysate and raw oyster are shown in
Fig. 1 and 2, respectively. The presence of 62 volatile
compounds was established (Table 1), including 12
aldehydes, 9 ketones, 14 alcohols, 9 nitrogen-contai-
nnig compounds, & acids, 4 terpenes, and & miscella-
neous compounds. Among these, 56 compounds
were positively identified. As shown in Table 1,
however, 32 compounds were detected in raw oys-
ter, while 52 compounds were detected in oyster hy-
drolysate, indicating some volatile compounds form-
ed during hvdrolysis.

Twelve aldehydes were identified in hydrolysate,
while only 8 in raw oyster. The amounts of aldehydes
increased 4.6 times in hydrolysate compared with raw
oyster. Some of aldehydes, such as 3-methylbutanal,
nonanal, benzaldehyde and (E}-2-nonenal, were only
detected in hydrolysate. Benzaldehyde, having a
pleasant almond, nutty and fruit aroma(11), have
been known to be thermally generated and partiaily
contributed to characteristic cooked crab flavor (12).

The presence of alkanals and alkenals detected in
both samples might have been due to oxidation of
polyunsaturated fatty acids(13,14). Furthermore, Ho
et al.{15) reported that certain aldehydes which do
not contribute to good flavor could act as important
flavor precursors for creating good aromas. Hexanal
detected in both samples was reported to have a dis-
tinct coarse and green plant-like aroma in the most of
fresh fish {16).

Although a total amounts of ketones was not greatly
changed, the number of ketones idnetified did increa-
se after hydrolysits reaction. Kubota et al. (17) reported
that carbenyl compounds, resulting mainly from lipid
and amino acid degradation, contributed a fairly stro-
ng seaweed-like odor to cooked kriil.

Among 14 alcohols identified, 7 compounds were
found in raw oyster and 9 in oyster hydrolysate. The
amount of alcohols in raw oyster, however, did decre-
ase during hydrolysis. Two alcohols, T-penten-3-ol
and 1-octen-3-0l, were reported to contribute a hea-

vy, plant-like aroma to oyster (18). Alcohols may not
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Fig. 2. Totalion chromatogram of volatile flavor components in oyster hydrolysate produced by commercial protease,

The peak number correspond to those listed in Table 1.
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Table 1. Volatile flavor components in oyster hydrolysate produced with commercial protease
Retention index Raw Hydrolysate
Peak No,  Compound name by class
Spl Std Mean area ratio s.D. Mean area ratio  S.D.
Aldehydes (12}
! 2-Methylpropanal 813 810 3.07 27 .45 0.92
2 Butanal 856 858 3.75 2,62 3.83 1.94
4 2-Methylbutanal 903 905 07 008 12.42 6.67
5 3-Methylbutanal Eall 914 16.02 7.74
7 Pentanat 975 976 0.64 0.22 1.01 0.35
10 (E}-2-Butenal 1037 1037 1.68 1.22 1.50 0.29
12 Hexanal 1077 1079 0.52 037 .37 0.31
13 2-Methyl-(E}-2-butenal 1090 1093 017 0.1 0.23 0.10
27 Octanal 1286 1290 0.15 0.12 0.18 1.17
35 Nonanal 1403 1399 0.56 0.44
46 Benzaldehyde 1526 1526 8.25 3.07
47 {E}-2-Nonenal 1543 1543 0.2¢ 012
Ketones (9)
6 2~Pentanone 970 971 0.80 0.23 0.61 0.34
8 4-Methy!-2-pentanone 1008 1007 0.69 0.41 0.19 0.03
17 2-Heptanone 1179 182 0.35 0.37
26 3-Hydroxy-2-butanone 1284 1290 a7 0.31 0.49 Q.35
34 2-Nonanone 1394 1389 0.67 0.29 0.64 0.34
50 2-Undecanone 1594 1594 017 0.17 0.24 0.19
54 Acetophenone 1647 1648 o1 0.14
61 2-Tridecanone 1803 1810 0.23 014
63 2-Tetradecanone* 20M 0.36 0.19
Alcohols{14)

15 Butanol 1139 1140 012 0.04
16 1-Penten-3-ol 1156 1156 0.17 0.11 0.76 0.35

21 2-Hexanal 1234 1224 0.14 0.16
22 Pentanol 1249 1250 1.00 0.52

24 1-Hexen-3-ol 1268 1261 0.43 0.25 ’

28 {Z)-2-Penten-1-ol 1300 © 1309 0.43 ° 0.41

30 (E)-2-Penten-1-ol 1321 1317 0.53 0.31
40 1-Octen-3-ol 1448 1449 1.19 1.21 0.52 0.59

42 2-Ethyl-1-hexanol 1487 1484 2,16 333
48 Octanol 1352 1554 0.10 0.08
52 2-Decanol 1608 1618 0.16 0.15
57 2-Undecanal 1719 1723 1.10 0.67
59 Decanol 1742 1744 0.42 0.21
62 2-Phenylethanol 1915 1910 0.36 0.22

N-Containing compounds (9)

19 Pyrazine 1208 1208 0.54 0.20
23 methylpyrazine 1262 1261 0.44 0.35
29 2,5-Dimethylpyrazine 1318 1317 1.88 0.53
3 2,6-Dimethyipyrazine 1324 1324 0.87 1.38
32 2,4 6-Trimethylpyridine (1.5.)** 1367 1366 1.00 0.00 1.00 0.00
36 Trimethylpyrazine 1409 1402 1.7 0.83
39 2-Ethyl-3,6-dimethylpyrazine 1446 1443 0.65 0.54
41 2-Ethyl-3,5-dimethylpyrazine 1451 1455 0.46 0.70
44 1H-Pyrrole ) 1515 1516 1.20 1.38
55 3-Butyl-2,5-dimethytpyrazine* . 1650 015 0.27

Continued
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Table 1. Continued
Retention index Raw Hydrolysate
Peak No.  Compound name by class -—
Sl Std Mean area ratio 5.0. Mean area ratio S.D.
Acids (6)
37 Acetic acid* 1421 22.79 10.41
45 Propionic acid® 1522 10.59 7.94
49 Isobutyric acid 1567 1569 0.57 0.35
53 Butyric acid 1624 1628 1.64 0.64
58 Valeric acid 1737 1737 2.89 1.3 0.04 .04
60 2-Methylpentanoic acid™ 1764 1.08 0.44
Terpenes (4)
9 atpha-Pinene 1014 1010 0.41 0.29 0.16 0.09
14 beta-Pinene 1098 1088 0.29 0.05 0.36 0.21
18 Limonene 1192 197 0.19 0.09 0.10 0.05
25 alpha-Terpinclene 1279 1276 0.15 0.08
Miscellaneous compounds (8}

3 Ethylacetate 874 880 52.41 2174 10,17 56.92
11 Dimethyldisulfide 1068 1069 0.78 0.23
20 2-Pentylfuran 1228 1230 0.07 0.02 o 0.08
33 Dimethyltrisulfide 1379 1381 0.41 0.42
38 Dimethyloctanylacetate* 1427 0.07 0.05
43 Pentadecane 1501 1500 3.46 4.87 2.40 1.52
31 Hexadecane 1597 1600 0.25 0.15
56 Heptadecane 1696 1700 1.19 1.05

* Tentatively identified by MS library data
** ).S.=Internal standard

Mean area ratio=Compound peak area/1.5. peak area from the average of 2 vacuum SDFE extractions, and 2 injections of each

oxtract
S.0D.=Standard deviation of mean area ratio

contribute to the overall flavor of oyster hydrolysate
pecause of their high threshold values (19).,

Eight alkylpyrazines except 1 H-pyrrole were only
detected in hydrolysate. These heterocyclic compo-
unds might have o be formed by Maillard and pyroly-
sis reactions during hydrolysis at 67°C(2,13,20). 2,5-
dimethyipyrazine was the highest concentration in
hydrolysate, followed by trimethylpyrazine, 2,6-di-
methylpyrazine, 2-ethyl-3,6-dimethylpyrazine, pyra-
zine and 2-ethyl-3,5-dimethylpyrazine. Pyrazines
were reported to contribute 1o characteristic cooked
flavor of snow crab meat flavor to (12). Pyrazines also
have been known to contribute to nutty, roasted, and:
toasted characteristics to foods (21).

Among acids detected in both samples, & acids
were found in raw oyster and only 1 in hydrolysate.
Acetic acid, in particular, was the highest amount in
raw oyster, followed by propionic acid, valeric acid,
butyric acid, 2-methylpentanoic acid and isobutyric

acid. However, most acids except valeric acid were
not found after hydrolysis. Further research is needed
to determine the action of acids in oyster flavor.

Small amounts of 4 terpenes were identified in both
samples. These compounds, generally derived from
essential ails of plants, might have originated from
algae via the food chain. Two surfur-containing com-
pounds, dimethyldisulfide and dimethyltrisulfide,
were only identified in oyster hydrolysate. These com-
pounds, having strong, sulphurous, cooked cabbage
odors in vegetables, meats, and marine products (22),
were also found in Pacific oyster (18},
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