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Abstract 
Shucked oysters were soaked in an equal weight of salt water and stored at 3°C for 7 days. Changes in the free amino acid content 
of the whole body and in the adductor muscle were evaluated by a practical distribution method. With the exception of aspartic 
acid and tyrosine, no significant changes in free amino acids or ammonia were observed in whole-body shucked oysters during 
the storage period. In contrast, the majority of free amino acids in the adductor muscle decreased significantly. Most of these free 
amino acids were detected in considerable amounts in the surrounding salt water after 7 days of storage. Both the weight of the 
whole body and the salinity of the surrounding salt water decreased significantly during the storage period. These results suggest 
that free amino acids were eluted from the cutting surface of the adductor muscle and indicate that the free amino acid content per 
shucked oyster and in the adductor muscle, decreases during cold storage.
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Introduction

The Pacific oyster Crassostrea gigas is the primary oyster 
species supporting the worldwide shellfish industry. This oys-
ter is also one of the most popular shellfish in Japan. Both the 
shelled and the shucked (whole-body) oysters are delivered to 
consumers under cold storage. The bodies of the shucked oys-
ters are inherently weak and are commonly soaked in salt wa-
ter prior to commercial use in Japan. Shinkawa (1988) showed 
that the ciliary movement of the shucked oyster gills remains 
active for up to 6 days in salt water at 10°C. This result sug-
gests that the shucked oysters are alive for at least part of the 
shipping period. 

Changes in the levels of ATP-related compounds and or-
ganic acids were observed in the shucked oysters that had 
been stored in salt water at 3°C for 10 days (Tanimoto et al., 
2004). The most useful freshness indicators for whole-body 

shucked oysters are the adenylate energy charge, defined as 
(ATP + ½ADP)/(ATP + ADP + AMP), and the levels of suc-
cinic and acetic acids. Acetate was the best freshness indicator 
for the adductor muscle. The flesh of marine bivalves contains 
high levels of nonprotein nitrogenous compounds (Konosu 
and Yamaguchi, 1982) including free amino acids (FAAs). 
FAAs are abundant in shellfish and are important contributors 
to their bioactivity and meaty flavor (Hashimoto, 1965; Wu, 
2009, 2010). In addition, in many bivalves, including oysters, 
the relative levels of these compounds change in response to 
changes in osmotic pressure and/or anaerobic conditions due 
to habitat fluctuations (Lynch and Wood, 1966; Kluytmans 
et al., 1977; Heavers and Hammen, 1985; Isani et al., 1995; 
Enomoto et al., 1996; Hosoi et al., 2003; Rafrafi and Uglow, 
2009). 
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whole-body and adductor muscle samples were collected and 
diluted up to 50 and 25 mL with 5% TCA, respectively. In ad-
dition, 2 mL of the salt water that had been used for soaking 
the shucked oysters for 7 days was vortexed with 1 mL of 15% 
TCA. The mixtures were then centrifuged at 10,000 g for 15 
min. The supernatants were collected and used in amino acid 
analyses. All samples were stored at -80°C until analysis. A 
series of procedures was performed at ice-water temperatures. 
The frozen supernatant was melted and diluted twice with 0.2 
N HCl. Ten microliters of the diluted solution was used for 
analyses of FAAs and ammonia in an L-8900 amino acid ana-
lyzer (Hitachi High-Technologies Co., Tokyo, Japan). 

Glycogen 

The glycogen content of the oyster samples was measured 
as described previously (Da Silva and Zancan, 1994; Okumu-
ra et al., 2002). A 2.5-g sample of chopped flesh obtained from 
four shucked oysters was homogenized with 5 mL of 30% 
KOH in a centrifugation tube. The tube was heated in a water 
bath (SJ-10; Taitec Co., Ltd.) until the oysters dissolved. After 
the tube was cooled, 10 mL of ethanol was added to the dis-
solved sample. Glycogen that had flocculated in the tube was 
separated by centrifuging the sample at 3,000 g for 15 min. 
The precipitate was dissolved in 1.5 mL of distilled water and 
a new precipitate was generated by the addition of one drop 
of saturated KCl solution and 25 mL of 99% ethanol. This 
procedure was repeated twice. Two milliliter of water and 1 
mL of 2 N H2SO4 were added to the collected precipitate after 
evaporation of ethanol in a hot bath (LB-160; Toyo Roshi Kai-
sha, Ltd., Tokyo, Japan) followed by heating in a boiling water 
bath (SJ-10; Taitec Co., Ltd., Saitama, Japan) for 2.5 h. After 
the solution was cooled and neutralized, it was diluted with 
distilled water up to a volume of 25 mL. The glucose content 
of the solution was measured with a glucose test kit (Glucose-
CII-test-Wako; Wako Pure Chemical Industries Ltd., Osaka, 
Japan). The glycogen content in the oysters was determined 
by multiplying the glucose concentration by 0.9.

Moisture content of the shucked oysters 

Approximately 2.5 g of chopped flesh from the whole bod-
ies of four oysters was used to determine moisture content. 
Water content was measured by comparing the wet weight to 
the constant weight obtained after oven-drying at 120°C (Ho-
soi et al., 2003).

Weight of shucked oysters 

Five bottles, each containing two shucked oysters, were 
used to measure the weight of the shucked oysters. Weight 
was measured throughout the storage period by withdrawing 
the oysters and draining the surrounding salt water. Changes 
in weight are expressed as a percentage of the initial weight.

To date, changes in FAA levels in live shellfish have been 
reported for scallops (Enomoto et al., 1996), hard clams (Chi-
ou et al., 1998), and small abalones (Chiou et al., 2002). Mu-
rata and Sakaguchi (1986) also showed changes in the levels 
of FAAs, trimethylamine, and nonprotein nitrogen in the bod-
ies and adductor muscles of shucked oysters that were stored 
on ice but not soaked in seawater. Specifically, taurine and 
glycine levels showed little change, alanine levels increased 
slightly, and proline and glutamic acid levels in whole-body 
oysters decreased during storage. However, changes in FAA 
levels in shucked oysters that had been soaked in salt water 
remained unclear.

With respect to nutritional reserves, carbohydrates play an 
important role in the energy production of most bivalves (Zan-
dee et al., 1980; Uzaki et al., 2003; Patrick et al., 2006). Gly-
cogen is the most important compound for energy production, 
and it is used by several shellfish under anaerobic conditions 
(Ogunsua et al., 1990; Isani et al., 1995; Chiou et al., 1998). 
Thus, glycogen is likely utilized by shucked oysters during 
cold storage.

The current study examines changes in FAA levels in 
whole-body oysters and in the adductor muscles of oysters 
stored at 3°C under the general shipping conditions used for 
shucked oysters up to the best-before date (7 days). Changes 
in glycogen content, water content, and whole-body weight 
were also monitored. 

Materials and Methods

Preparation of the shucked oysters 

Fifty shelled oysters were purchased from an oyster farmer 
in Ainan-cho, Ehime Prefecture, Japan. The oysters were pre-
pared by a technician skilled in shucking oysters and trans-
ferred on ice to the laboratory within 1 h.

Storage of shucked oysters 

Whole-body shucked oysters were rinsed with ice-cold sea-
water. Two or five oysters were inserted into plastic bottles 
(100 mL) with an equal weight of ice-cold seawater. This is a 
common means of storage in Japanese commercial markets. 
The bottles were stored at 3 ± 2°C for 7 days.

FAAs and ammonia 

Five grams of chopped whole-body shucked oysters from 
four individuals, and 2.5 g of chopped adductor muscle from 
six individuals, were used for amino acid analyses. The sam-
ples were homogenized with 10 mL and 5 mL of 10% tri-
chloroacetic acid (TCA), respectively, followed by centrifu-
gation at 10,000 g for 15 min. The residues were extracted 
twice with the same volumes of 5% TCA. Supernatants of the 
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Statistical analyses 

All measurements were performed independently on three 
specimens with the exception of weight change, which was 
determined using five specimens. Analyses were performed 
using Excel Tokei 2010 statistical software (SSRI Co. Ltd., 
Tokyo, Japan). Tukey’s multiple range tests were applied to 
evaluate the significance of differences among the mean val-
ues. The significance level was set to 5% in all analyses.

Results

Glycogen content of the whole-body oysters changed dur-
ing the storage period (Fig. 1). Prior to storage, the mean gly-
cogen level was 6.5%. After 7 days of storage, the glycogen 
level had dropped significantly to 5.6%.

The total amount of FAAs before storage was 2,702.3 
mg/100 g of whole-body oyster (Table 1). The whole body 
contained relatively high levels of taurine, proline, glutamic 
acid, alanine, and glycine, which were 1455.3, 254.0, 180.9, 
140.7, and 126.4 mg/100 g, respectively. Changes in ammonia 
levels were not significant and among the FAAs only aspartic 
acid, tyrosine, and alanine showed any evidence of change. 

Salinity of the salt water used for soaking 

The chloride ion content of the salt water used for soaking 
the shucked oysters during storage was determined by Mohr’s 
volumetric method (Blaedel and Meloche, 1960). Salinity was 
calculated based on the concentration of chloride ions.

Table 1. Changes in free amino acids and ammonia in the whole body of shucked oyster during storage at 3°C (mg /100 g)

Amino acids
                                                                      Storage period (days)
            0             1             3             7

Taurine 1,455.3 ± 15.4a (100) 1,427.4 ± 39.7a (98) 1,476.8 ± 39.0a (101) 1,446.1 ± 3.4a (99)
Aspartic acid 0,077.2 ± 3.1a (100) 0,076.4 ± 4.0a (99) 00,67.6 ± 6.1ab (88) 00,62.4 ± 3.4b (81)
Threonine 0,045.7 ± 3.1a (100) 0,058.4 ± 7.2a (128) 00,48.9 ± 14.8a (107) 00,46.7 ± 5.6a (102)
Serine 0,031.8 ± 1.1a (100) 00,32.6 ± 4.5a (102) 00,28.1 ± 3.8a (88) 00,28.0 ± 2.2a (88)
Glutamic acid 0,180.9 ± 9.9a (100) 0,191.9 ± 11.5a (106) 0,175.5 ± 5.6a (97) 0,170.8 ± 15.1a (94)
Proline 0,254.0 ± 14.0a (100) 0,231.6 ± 17.9 a (91) 0,256.9 ± 22.3a (101) 0,252.5 ± 14.4a (99)
Glycine 0,126.4 ± 4.6a (100) ,0091.1 ± 2.6a (72) 0,104.9 ± 29.8a (83) 0,116.0 ± 12.7a (92)
Alanine 0,140.7 ± 9.8a (100) 0,163.2 ± 20.2a (116) 0,164.4 ± 11.2a (117) 0,172.4 ± 5.2a (122)
Valine 0,013.3 ± 0.8a (100) 0,014.3 ± 2.5a (108) 00,14.5 ± 3.3a (109) 00,13.2 ± 0.5a (99)
Cystine 0,001.7 ± 0.4a (100) 0,001.4 ± 0.0a (79) 0,001.6 ± 0.2a (90) 00,01.3 ± 0.1a (77)
Methionine 0,014.1 ± 1.3a (100) 0,014.9 ± 1.5a (105) 00,14.6 ± 1.7a (103) 00,17.7 ± 3.7a (125)
Isoleucine 0,008.2 ± 0.5a (100) 0,008.6 ± 1.2a (105) 0,008.9 ± 2.0a (109) 00,08.3 ± 0.3a (101)
Leucine 0,016.0 ± 1.0a (100) 0,017.0 ± 2.0a (106) 0,017.2 ± 4.5a (107) 00,15.2 ± 1.4a (95)
Tyrosine 00,08.7 ± 0.8a (100) 0,010.2 ± 1.2ab (117) 0,009.9 ± 0.8ab (114) 0,012.0 ± 1.0b (138)
Phenylalanine 00,06.5 ± 1.1a (100) 0,005.5 ± 0.4a (85) 00,06.2 ± 0.8a (97) 0,006.4 ± 1.2a (100)
β-Alanine 0,050.3 ± 5.0a (100) 0,039.9 ± 1.6a (79) 0,042.1 ± 5.2a (84) 0,039.6 ± 4.6a (79)
Ammonia 0,004.1 ± 0.5a (100) 0,003.8 ± 0.2a (92) 0,003.5 ± 0.4a (85) 0,004.1 ± 0.1a (100)
Lysine 0,018.3 ± 0.6a (100) 0,022.7 ± 4.6a (124) 0,023.4 ± 5.2a (128) 0,020.9 ± 6.8a (114)
Histidine 0,029.9 ± 5.7a (100) 0,032.7 ± 6.1a (109) 0,032.8 ± 5.7a (110) 00,28.8 ± 1.3a (96)
Arginine 0,076.5 ± 9.0a (100) 0,061.5 ± 19.7a (81) 0,066.7 ± 6.8a (87) 0,061.9 ± 5.7a (81)
Glutamine 0,069.3 ± 8.0a (100) 0,084.4 ± 10.4a (122) 0,078.4 ± 12.6a (113) 0,081.9 ± 21.7a (118)
Asparagine 0,079.3 ± 7.5a (100) 0,108.2 ± 15.7a (136) 0,091.5 ± 18.7a (115) 0,080.5 ± 19.7a (102)
TAA* 2,702.3 ± 17.2a (100) 2,692.4 ± 108.5a (100) 2,729.5 ± 102.0a (101) 2,681.2 ± 66.1a (99)

Values in parentheses are the percentage of the value at day 0. Different letters indicate significant differences (P < 0.05). Values are means ± standard 
deviation (n = 3). 
TAA, total amount of free amino acids.

Fig. 1. Glycogen level of the whole body of oysters during storage at 3°C. 
Different letters indicate significant differences P < 0.05). The vertical bars 
represent the standard deviations (n = 3).
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mg/100 g (Table 2). The total amount of FAAs in the adductor 
muscle decreased significantly throughout the storage period. 
All FAAs in the adductor muscle decreased to less than 80% 
of their initial levels after 7 days of storage. These reductions 
were statistically significant (P < 0.05) for the majority of 
FAAs. In addition, ammonia content increased significantly in 
the adductor muscle after 7 days (P < 0.05).

After 7 days of storage, levels of aspartic acid and tyrosine 
significantly decreased and increased, respectively. Alanine 
levels increased by 122% (P = 0.07). The total FAA content 
in the adductor muscle was 1,832.1 mg/100 g before storage. 
Taurine, glycine, proline, β-alanine, and glutamic acid were 
the most abundant FAAs in adductor muscle with respec-
tive concentrations of 892.4, 242.4, 145.9, 129.9, and 102.1 

Table 2. Changes in free amino acids and ammonia in the adductor muscle of shucked oyster during storage at 3°C (mg/100 g)

Amino acids 
                                                                       Storage period (days)
            0             1             3             7

Taurine 0,892.4 ± 119.7a (100) ,0750.6 ± 27.6a (84) 0,617.2 ± 65.4b (69) 0,587.7 ± 77.2b (66)
Aspartic acid 0,030.6 ± 6.1a (100) 0,017.9 ± 2.3b (58) 0,014.5 ± 0.8b (47) 0,012.0 ± 2.3b (39)
Threonine 0,019.2 ± 7.0a (100) 0,014.7 ± 1.0a (77) 0,013.6 ± 2.1a (71) 0,010.4 ± 3.1a (54)
Serine 0,010.3 ± 2.0a (100) 00,08.8 ± 0.5ab (85) 0,006.0 ± 0.7bc (58) 00,04.2 ± 0.7c (41)
Glutamic acid 0,102.1 ± 19.6a (100) 0,075.9 ± 3.4ab (74) 0,060.7 ± 2.5bc (59) 0,045.9 ± 5.3c (45)
Proline 0,145.9 ± 19.5a (100) 0,112.4 ± 12.1ab (77) 0,092.4 ± 7.9bc (63) 0,069.7 ± 8.4c (48)
Glycine ,0242.4 ± 12.2a (100) 0,187.4 ± 14.4b (77) 0,118.2 ± 24.7c (49) 0,110.6 ± 17.5c (46)
Alanine 0,094.5 ± 16.4a (100) 0,078.0 ± 5.6ab (82) 0,065.7 ± 1.5b (69) 0,063.5 ± 9.8b (67)
Valine 0,005.5 ± 1.5a (100) 00,04.6 ± 0.4a (84) 0,004.6 ± 0.5a (84) 0,004.2 ± 1.3a (77)
Cystine 0,001.1 ± 0.1a (100) 00,01.0 ± 0.0a (95) 0,000.7 ± 0.6a (60) 0,000.3 ± 0.6a (32)
Methionine 0,005.8 ± 1.5a (100) 0,004.6 ± 1.0a (80) 0,004.6 ± 0.5a (79) 0,003.5 ± 0.4a (60)
Isoleucine 0,003.5 ± 0.8a (100) 0,003.0 ± 0.1a (86) 00,02.8 ± 0.2a (81) 0,002.6 ± 0.6a (75)
Leucine 0,005.2 ± 1.5a (100) 0,004.2 ± 0.3a (80) 00,04.3 ± 0.5a (82) 0,003.9 ± 1.4a (75)
Tyrosine 0,004.0 ± 0.5a (100) 00,03.3 ± 0.3ab (82) 00,03.2 ± 0.3ab (79) 0,002.9 ± 0.4b (73)
Phenylalanine 000,2.5 ± 0.5a (100) 0,002.3 ± 0.1a (91) 00,02.2 ± 0.5a (85) 00,01.9 ± 0.3a (76)
β-Alanine 0,129.9 ± 16.3a (100) 0,083.5 ± 4.1b (64) 00,74.3 ± 8.1b (57) 00,58.0 ± 12.8b (45)
Ammonia 0,002.6 ± 0.3a (100) 0,002.1 ± 0.1a (82) 0,002.2 ± 0.1a (85) 00,04.1 ± 0.4b (156)
Lysine 0,007.3 ± 1.6a (100) 0,005.5 ± 0.4a (76) 00,06.5 ± 3.1a (89) 00,05.0 ± 1.3a (69)
Histidine 0,011.1 ± 2.7a (100) 0,008.4 ± 0.2ab (76) 00,07.4 ± 0.2ab (67) 0,006.5 ± 1.5b (58)
Arginine 0,073.0 ± 6.5a (100) 00,61.6 ± 6.4a (84) 0,048.6 ± 6.0ab (67) 0,044.6 ± 5.1b (61)
Glutamine 0,016.7 ± 8.1a (100) 0,014.4 ± 2.1a (86) 0,012.8 ± 2.2a (77) 0,011.8 ± 2.5a (71)
Asparagine 0,030.4 ± 13.1a (100) 00,21.3 ± 3.5ab (70) 0,015.1 ± 2.5ab (50) 0,011.0 ± 2.6b (36)
TAA* 1,832.1 ± 247.5a (100) 1,462.2 ± 59.7ab (80) 1,174.5 ± 75.6bc (64) 1,059.9 ± 150.4c (58)

Values in parentheses are the percentage of the value at day 0. Different letters indicate significant differences (P < 0.05). Values are means ± standard 
deviation (n = 3). 
TAA, total amount of free amino acids. 

Fig. 3. Percentage change in weight of shucked oysters during storage 
at 3°C. Different letters indicate significant differences (p < 0.05). The verti-
cal bars represent standard deviations (n = 5). 
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Fig. 2. Moisture content of shucked oysters during storage at 3°C. The 
mean moisture content of oysters did not differ significantly during the 
storage period. The vertical bars represent standard deviations (n = 3).
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Moisture content and weight of the shucked oysters 
changed during storage at 3°C (Figs. 2 and 3).  Water content 
of the whole-body oysters remained relatively constant dur-
ing the storage period while the whole-body weight decreased 
significantly. The mean individual body weight of the shucked 
oysters on day 0 was 20.7 g. After 7 days of storage, the mean 
body weight was reduced by 92.1%. Fig. 4 shows the associ-
ated changes in the salinity of the surrounding water. Before 
storage, the salinity was 3.19%. Salinity decreased during 
storage, reaching a final level of 3.11% after 7 days.

Discussion

Glycogen levels in the whole bodies of shucked oysters re-
mained relatively constant during the first 3 days of storage 
at 3°C but had shown a significant decrease after 7 days. This 
finding indicates that glycogen is utilized by shucked oysters 
during cold storage in seawater. Isani et al. (1995) reported 
that glycogen levels decreased in live mussels exposed to 
long-term (more than 24 h) anoxic conditions. Similarly, Chi-
ou et al. (1998, 2002) demonstrated that decreases in glycogen 
commonly occurred during storage at different temperatures 
(0-30°C) in live hard clams, and that glycogen tended to de-
crease in live small abalones only during the late stages of 
storage. 

Levels of nearly all of the FAAs remained unchanged dur-
ing the storage period while the weight of the whole-body 
oysters decreased significantly. Together, these results indicate 
that the FAA content per oyster decreased during storage. In 
contrast, levels of aspartic acid and tyrosine significantly de-
creased and increased, respectively, after the 7 days of storage. 
In addition, levels of alanine in the oysters increased. FAA 
levels in bivalves are known to increase or decrease to en-
able these organisms to adapt to hypoxic/anoxic conditions 
or osmotic stress resulting from variations in their habitats 
(Lynch and Wood, 1966; Kluytmans et al., 1977; Heavers 
and Hammen, 1985; Isani et al., 1995; Enomoto et al., 1996; 
Hosoi et al., 2003; Rafrafi and Uglow, 2009). Murata and 
Sakaguchi (1986) reported that taurine and glycine levels in 
whole-body oysters changed very little during storage, ala-
nine levels increased slightly, and proline and glutamic acid 
levels decreased. Therefore, changes in the levels of FAAs in 
shucked oysters can be attributed to storage conditions. Chiou 
et al. (1998) showed that the total amount of FAAs in live hard 
clams increased by 36% and 43% during storage at 5°C and 
10°C, respectively. In addition, considerable increases in the 
total FAA content of the foot muscle of live small abalones 
have been observed during storage at 5-25°C (Chiou et al., 
2002). Increases in the amounts of volatile basic nitrogen in 
small abalones (Chiou et al., 2002) and oysters (Murata and 
Sakaguchi, 1986) during storage was attributed to the initial 
stages of decomposition. However, in the current study, lev-
els of ammonia in whole-body oysters remained nearly un-

Ammonia and most of the FAAs were detected in the sur-
rounding water after 7 days of storage at 3ºC (Table 3). Of 
these, taurine was the most abundant (370.6 mg/100 g) fol-
lowed by β-alanine, glutamic acid, and alanine, in that order. 
These FAAs were also abundant in the whole body and adduc-
tor muscle prior to storage.

Table 3. Free amino acids and ammonia in the soaking water after 7 
day storage at 3°C  

Amino acids mg/100 g
 wet oyster tissue

Taurine 370.6 ± 19.8
Aspartic acid  0N.D.
Threonine  0N.D.
Serine 000.2 ± 0.0
Glutamic acid 020.4 ± 7.2
Proline 011.3 ± 2.4
Glycine 010.6 ± 2.8
Alanine 019.5 ± 0.9
Valine 000.5 ± 0.1
Cystine 000.2 ± 0.0
Methionine 000.1 ± 0.1
Isoleucine 000.3 ± 0.0
Leucine 000.1 ± 0.0
Tyrosine 000.2 ± 0.0
Phenylalanine 0 0N.D.
β-Alanine 054.8 ± 3.7
Ammonia 015.7 ± 2.1
Lysine 000.4 ± 0.2
Histidine 002.3 ± 0.1
Arginine 000.3 ± 0.1
Glutamine  00N.D.
Asparagine  00N.D.
TAA* 491.7 ± 19.3

Values are means ± standard deviation (n = 3). 
TAA, total amount of free amino acids. 

Fig. 4. Change in salinity of the salt water used for soaking oysters dur-
ing storage at 3°C. Different letters indicate significant differences (P < 
0.05). The vertical bars represent standard deviations (n = 3).
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glycine, alanine, glutamic acid, and arginine are the major 
constituents of shellfish and considered to be the active taste 
components in abalones (Konosu, 1973), scallops (Konosu et 
al., 1988), and short-necked clams (Fuke and Konosu, 1989). 
When FAA levels in the adductor muscle of shucked oysters 
were compared with FAA taste thresholds (Yoshida et al., 
1966; Schiffman et al., 1979), the prestorage levels of aspartic 
acid, glutamic acid, glycine, alanine, cystine, lysine, histidine, 
arginine, and asparagine were all higher than their respective 
taste threshold levels. After storage, however, glycine, lysine, 
and asparagine levels fell below their respective taste thresh-
old levels. Therefore, the taste of adductor muscles of shucked 
oysters that have been soaked in salt water may change during 
cold storage.
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