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Abstract
This study compared vacuum packaging (VP) and air-permeable polyvinylchloride film wrap

packaging (PVCP) for their influence on microbial survival, pH, protein physicochemical properties,
cooking loss, and shear force of raw red claw crayfish, Cherax quadricarinatus, tail muscle stored
at −20 C for up to 12 mo. Overall, frozen storage did not have a detrimental effect on microbial
survival; however, aerobic plate counts and total coliforms in 12-mo red claw samples in VP were,
respectively, 1.5 and 3.1 log cycles less than those in PVCP (P < 0.05). Samples stored in both PV
and PVCP exhibited a slight pH decline (0.3–0.5 U, P < 0.05) during storage. Similarly, the complex
changes in muscle proteins over the course of frozen storage, for example, increases in hydrophobicity
in the first 3 mo, reductions of Ca-ATPase activity from 3 to 12 mo, and loss of sulfhydryls from 6
to 12 mo (P < 0.05), differed only slightly between VP and PVCP. Muscle samples stored in PVCP
experienced a significant cooking loss after 1 mo, and in VP, a major cooking loss occurred after
3 mo. No packaging effect was observed on cooked meat shear force except for samples stored for
12 mo.

Red claw crayfish, Cherax quadricarinatus,
also known as freshwater lobster, has gener-
ated considerable interest among aquaculturists
in the USA in recent years (Masser and Rouse
1997); there have been numerous published
reports on their culture (Jones 1995; Karplus
et al. 1995; Jones and Ruscoe 2000) and nutri-
tional requirements (Thompson et al. 2003a,
2003b, 2006; Metts et al. 2007). Further-
more, studies have shown that red claw meat
had good physicochemical stability although
mild lipid oxidation and slight muscle tissue
toughening were observed in tail meat pack-
aged without vacuum under refrigerated con-
ditions (Tseng et al. 2002, 2003; Kong et al.
2006, 2007). On the other hand, red claw

1 Published as journal article No. 08-07-003 with the
approval of the Director of Kentucky Agricultural Experi-
ment Station.

2 Corresponding author.

meat was remarkably susceptible to microbial
spoilage during refrigerated storage, which was
attributed to the high pH of the muscle tissue
as well as the abundance of nutrients (amino
acids, minerals, etc.) (Chen et al. 2007).

The success in producing sustainable and
economically feasible red claw, as well as
in its marketing, ultimately depends on the
quality of red claw meat that is acceptable
by the consumer. Namely, red claw produc-
ers and marketers must have a good knowl-
edge on the stability characteristics of red claw
meat when stored under specific conditions.
Of various preservation technologies available,
freezing is by far the best method to curtail
microbial growth and retard chemical deterio-
ration of shellfish. However, for most aquatic
and mammalian species, frozen muscle tis-
sue remains susceptible to protein denaturation
(Jiang et al. 1991; Xiong 1997) and often expe-
riences physical damage because of the ice

© Copyright by the World Aquaculture Society 2010

358



EFFECT OF VP ON THE QUALITY OF RED CLAW CRAYFISH 359

crystal formation as well as to other textural
changes from biochemical processes (Haard
1990). Limited research has been conducted to
determine the combined effect of freezing and
packaging systems on the microbial and physic-
ochemical stability of shellfish.

Currently, shellfish sold in the supermarket
are mostly prefrozen and packaged without vac-
uum; they are either quickly frozen individually
or frozen in ice blocks. In a prior study (Tseng
et al. 2005), we reported that myosin head was
destabilized (reduction in enthalpy of denatura-
tion) and shear values decreased for red claw
tail meat after 6 mo of frozen storage under
atmospheric or vacuum conditions. However,
no specific physicochemical attributes related to
muscle protein structures were measured. The
objective of the present study was to determine
whether vacuum packaging (VP) could comple-
ment freezing to preserve both the microbiolog-
ical and physicochemical qualities of red claw
crayfish muscle.

Materials and Methods

Sample Preparation

Juvenile red claw crayfish (mean live weight
6.25 g) were raised in ponds at the Kentucky
State University Aquaculture Research Center
(Frankfort, KY, USA) for 16 wk to a mean live
weight of 45 g. Approximately 250 mixed male
and female red claws were randomly collected
from a large sample pool excluding spawning
females. After being stunned by submersion in
an ice slurry for 2 min, red claw were manu-
ally beheaded. The tails (muscle, with exoskele-
ton), averaging 19.5 g in weight, were placed in
iced coolers and transported immediately to the
University of Kentucky’s Food Protein Labora-
tory. On receipt (within 3 h of collection), red
claw tails were rinsed with tap water and then
frozen individually for 1 h. Frozen crayfish tails
were vacuum packaged twice with double bags
(100 tails in each pack) and kept in a −30 C
freezer before being used within 3 mo. The
proximate analysis, reported elsewhere (Kong
et al. 2006), showed an average muscle com-
position of 81.1% moisture, 17.6% protein, and
0.16% lipid.

Packaging

The experiments were arranged as a com-
pletely randomized structure with factorial
design. A total of 135 randomly selected red
claw tails were used. Frozen crayfish tails in
double vacuum package were placed into a
5 C cooler for about 40 h until they were
partially thawed. The partially thawed crayfish
tails were randomized and placed in nine plas-
tic trays (32 × 26 × 8, length × width × depth,

in centimeters) each containing 15 tails (5
for microbial analysis, 3 for physicochemical
measurements, and 7 for cooking yield and
shear testing). There were nine subtreatments
arranged in a factorial design with five storage
times (0, 1, 3, 6, and 12 mo) and two types
of package systems (VP and polyvinylchloride
film wrap packaging [PVCP]). Only one sub-
treatment (15 tails) was used in Month 0.

For PVCP, the trays containing crayfish tails
were double-wrapped with an air-permeable
PVC film (15,500–16,275 cm3/m2/24 h oxy-
gen transmission rate at 23 C; Bunzl Processor
Division, North Kansas City, MO, USA). For
VP, the trays were placed inside Type B2620
vacuum bags (2.2-mil, 3–6 cm3/m2/24 h oxy-
gen transmission rate at 23 C; Cryovac Divi-
sion, Sealed Air Corp., Duncan, SC, USA) and
sealed using a Model 600A vacuum machine
(Sipromac Inc., St-Germain, Quebec, Canada).
All packages were stored in a −20 C freezer.
At the end of 0, 1, 3, 6, and 12 mo,
one pack from each packaging system was
removed from the freezer, thawed for 16 h, and
then subjected to microbial and meat quality
evaluation.

pH

Aliquots of 3 g of minced muscle from
three crayfish were dispersed (15 s at setting
6) in 25 mL of deionized distilled water with a
low-foam homogenizer (Brinkman Instruments,
Inc., Westbury, NY, USA). The pH of the slurry
was measured using an AB 15/15+ pH meter
with a glass pH electrode (Fisher Scientific Co.,
Fair Lawn, NJ, USA). The measurement was
carried out in triplicate.



360 CHEN ET AL.

Microbial Analysis

For each packaging system, five shell-on tails
were randomly selected, each cut into three
pieces with sterile scalpel, and then pooled. The
mixed sample was analyzed for aerobic plate
count (APC), total coliforms, Escherichia coli,
and Lactobacillus spp. following the respec-
tive procedures of the Food and Drug Admin-
istration (2009). Specifically, chopped samples
(25 g) were mixed into 225 mL of 0.1% pep-
tone in a sterile jar and blended for 1 min with
a Waring blender at the high-speed setting. A
serial dilution was made with a standard phos-
phate dilution buffer (pH 7.20) (BBL, Divi-
sion of BioQuest, Cockeysville, MD, USA).
Aliquots of 1 mL of each diluted sample were
plated onto appropriate petrifilms for coliforms,
E. coli, and APC (3M Microbiology Products,
St. Paul, MN, USA). Also, 1 mL of each diluted
sample was plated onto Rogosa agar for the
detection of Lactobacillus spp. Coliform and
E. coli petrifilms were incubated in a 38 C
incubator for 24 h before counting, and the
APC petrifilm was incubated in a 26 C incu-
bator for 72 h before enumeration. The Rogosa
Petri dishes were placed in an anaerobic jar,
flushed with N2, and sealed before incubation
at 38 C for 72 h. Both non-E. coli and E. coli
colonies (red and blue colonies associated with
a gas bubble) growing on the petrifilm were
counted as coliform; only dark blue colonies
associated with a gas bubble were counted as
E. coli.

Protein Physicochemical Attributes

Surface Hydrophobicity (S0). The surface
hydrophobicity analysis was based on Li-Chan
et al. (1984). Carefully weighed tail (n = 3)
meat (0.25 g) was homogenized in 20 mL of
a buffer (0.01 M Na phosphate, 0.6 M NaCl,
1 m M MgCl2, 0.02% Na azide, pH 7.0).
After centrifugation at 10,000 g for 15 min at
4 C, the supernatant was decanted. The extract
was diluted to serial protein concentrations of
0.05, 0.10, 0.15, and 0.20 mg/mL with 0.01 M
phosphate buffer (pH 7.0). An aliquot (20 μl)
of 8 mM of 8-anilino-1-naphthalenesulfonate
(ANS, Sigma Chemical Co., St. Louis, MO,

USA) solution was added to each protein
sample (4 mL each).

After mixing well by vortexing, the reac-
tion mixtures were sealed from light using alu-
minum foil and incubated for 15 min at room
temperature (22 C). The relative fluorescence
intensity (RFI) of each solution was then mea-
sured, starting from the lowest to the high-
est concentration, using a FluoroMax-3® spec-
trofluorometer (Jobin Yvon Inc., Edison, NJ,
USA) with excitation (390 nm) and emission
(470 nm) slits set at 5 nm. RFI values of protein
dilution blanks (no ANS) and a buffer blank
(buffer + ANS) were also measured. The RFI of
each protein dilution blank was subtracted from
that of the corresponding protein dilution with
ANS to provide net RFI. Surface hydrophobic-
ity was expressed as the initial slope of the
plot of net RFI values versus percentage pro-
tein concentration, computed by least squares
linear regression analysis.

Ca-ATPase Activity. Myosin Ca-ATPase activ-
ity of red claw muscle from three tails (n = 3)
was assayed based on the method of Wells
et al. (1979). Briefly, 0.2 mL of diluted mus-
cle homogenate was mixed with 2.0 mL of
the reaction solution (7.6 mM ATP, 15 mM
CaCl2, 150 mM KCl, 180 mM Tris–HCl, pH
7.4). After incubation at 22 C for 10 min,
1.0 mL of 10% trichloroacetic acid was added
to stop the reaction. The liberated inorganic
phosphate (Pi) was calorimetrically measured
in a 0.75 N sulfuric acid solution containing
0.66% ammonium molybdate, and quantified
against a standard curve (0–5 μmol/mL phos-
phate). The Ca-ATPase activity was expressed
as μmol Pi/min/mg muscle.

Sulfhydryl Content. This was analyzed accord-
ing to Wang et al. (1997). Tail (n = 3) meat
samples were homogenized and diluted to
2 mg/mL with 0.1 M phosphate buffer (pH
7.4). The homogenate (0.5 mL) was dissolved
in the same buffer containing 8.0 M urea and
3% SDS. The whole solution was reacted with
0.5 mL of 5, 5′-dithiobis 2-nitrobenzoic acid
(DTNB, Sigma Chemical Co.) reagent (10 mM
DTNB in 0.1 M phosphate buffer, final pH 7.4)
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for 15 min at room temperature. Absorbance
was read at 412 nm. The concentration of
sulfhydryls was calculated using a molar extinc-
tion coefficient of 11400/M/cm.

Cooking Loss

Individually weighed shell-on tails (n = 7)
were cooked in boiling water (100 C) for
exactly 2 min, chilled at room temperature
(21 C) for 10 min, and weighed again. Cooking
loss (%) was expressed as the weight difference
between shell-on raw tails (uncooked) and
shell-on cooked tails divided by the weight of
the shell-on raw tails and then multiplying by
100. After the cooking loss measurement, the
tail meat was subjected to textural analysis.

Textural Analysis

Cooked and deshelled red claw tails (n = 7)
were individually weighed before being sub-
jected to textural analysis using a Model
4301 Instron Universal Testing Instrument
(Instron Corp., Canton, MA, USA) with a
Warner–Bratzler shearing device attached to
the load cell (1 kN capacity). The tail was
placed in a transverse position to the blade
so that the blade would cut through the first
major muscle segment from the anterior of the
cooked tail across the muscle fibers (Tseng
et al. 2005). The cross-head speed of the Instron
was 50 mm/min. Shear force values (in New-
tons) were normalized based on the weight
(grams) of the tails and were expressed as
force per sample unit weight (Newtons per
gram) to eliminate size effects (Srinivasan et al.
1997).

Statistical Analysis

Data were analyzed using the General Linear
Models procedure of the Statistix 7.0 software
package (Analytical Software, St. Paul, MN,
USA) for microcomputers. Analysis of variance
was performed to determine the significance of
the main effects (packaging treatments and stor-
age time). Significant (P < 0.05) differences
between means were identified using least sig-
nificant difference procedures.

Results

pH Value

The pH of raw tail samples stored in both
packaging systems decreased during the first 6
mo of storage. After Month 6, the pH of PVCP
samples continued to decline, whereas the pH
of VP samples began to increase, reaching 6.65
and 6.97, respectively, after 12 mo (Fig. 1).

Microbial Survival

The APC, which included both aerobic and
facultative bacteria, was 4.04 log CFU/g at the
beginning of storage (Table 1). After 1 mo,
the microbial population increased to 4.80–4.90
log CFU/g with very little change afterward;
the packaging systems did not have a major
effect. Overall, the small APC changes (within
a log unit) in all red claw samples during
storage (except the 12-mo PVCP samples) were
practically insignificant, and freezing did not
affect the survival of the microbes harboring
in red claw tails. The only appreciable change
was the APC in PVCP samples that showed a
considerable increase from Month 6 (4.64 log
CFU/g) to Month 12 (5.98 log CFU/g).

The coliform results were somewhat variable.
The counts in PVCP samples increased during
the first 3 mo, followed by a drop over the next
3 mo, and a subsequent increase from Month
6 to Month 12 (Table 1). However, for VP
samples, the count increase in the first month
was followed by a steady decline, reaching
the 1.54 log CFU/g minimal level by Month
12 when the frozen storage was completed,
indicating susceptibility of coliform bacteria to
the frozen temperature in the oxygen-deprived
packaging system. Although it was not possible
to perform statistical analysis of the data
because of the lack of experimental replications
(i.e., performed on different days or months),
variations within the five repeated measures
were small, and the numerical differences in
the average values between VP and PVCP were
apparent. No Lactobacillus spp. or E. coli. was
detected in samples stored in either packaging
system over the entire 12-mo storage period.
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Figure 1. The pH value in frozen red claw crayfish meat stored at −20 C in vacuum (VP) and nonvacuum (PVCP) package
systems. Each data point represents the mean (± standard deviation) from three different tail sample measurements.
VP = vacuum packaging; PVCP = polyvinylchloride film wrap packaging.

Table 1. Aerobic plate count and coliform population in
red claw crayfish meat packaged in vacuum (VP) and
nonvacuum (PVCP) package systems during frozen storage
(−20 C).

Aerobic plate counta

(log CFU/g) Coliforma (log CFU/g)
Storage
time (mo) VP PVCP VP PVCP

0 4.04a 4.04 2.00 2.00
1 4.81 4.89 4.16 2.72
3 4.84 4.90 3.32 4.00
6 4.78 4.64 2.95 2.97
12 4.48 5.98 1.54 4.68

VP = vacuum packaging; PVCP = polyvinylchloride
film wrap packaging.

aResults shown are the average data based on five
measurements.

Physicochemical Attributes of Proteins

Lipid oxidation was not assessed in this
study because a previous investigation has
indicated negligible production of thiobarbituric
acid-reactive substances (less than 0.3 mg/kg
in 6 mo) in frozen red claw tails under the

same aerobic storage conditions as used in the
present study (Tseng et al. 2005). The minimal
lipid oxidation was apparently because of the
extremely low lipid content in red claw muscle
tissue (0.16%) (Kong et al. 2007).

All red claw tail samples, irrespective of
packaging systems, exhibited the same trend
in protein surface hydrophobicity change dur-
ing frozen storage, that is, increasing during the
first 3 mo, decreasing from Month 3 to Month
6, and increasing again subsequently (Fig. 2).
At Months 3 and 12, the VP samples exhib-
ited higher surface hydrophobicity than PVCP
samples (P < 0.05).

Red claw tail samples stored in the two
packaging systems also exhibited a similar
trend in myosin Ca-ATPase activity change
throughout the 12-mo storage period (Fig. 3). A
slight decrease in the Ca-ATPase activity was
observed in the first month. The enzyme activity
increased (P < 0.05) for the next 2 mo and then
steadily declined for the next 6 mo (P < 0.05).
There was no significant difference between
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Figure 2. Surface hydrophobicity of red claw crayfish meat stored at −20 C in vacuum (VP) and nonvacuum (PVCP)
package systems. Each data point represents the mean (± standard deviation) from three different tail sample
measurements. VP = vacuum packaging; PVCP = polyvinylchloride film wrap packaging.

VP and PVCP except in Month 3 where VP
samples had a slightly higher enzyme activity.

Considerably sample-to-sample variations
were recorded in quantifying sulfhydryls dur-
ing the first 3 mo. Only samples stored in VP
for 1 mo showed a higher sulfhydryl content
than samples in PVCP (Fig. 4). Otherwise, total
protein sulfhydryl content remained relatively
constant during the first 6 mo for both packag-
ing systems. However, from Month 6 to Month
12, the content decreased sharply for both PV
and PVCP. Freeze-induced losses in myosin
ATPase activity and sulfhydryl groups have also
been observed in grass prawn meat subjected to
long-term frozen storage (Jiang et al. 1991).

Cooking Loss

Cooking loss, albeit practically small, was
aggravated during the first month for PVCP
samples and 3 mo for VP samples, and leveled
off thereafter (Fig. 5). There was no significant

difference between packaging systems except
for Month 1 where PV samples had a lower
cooking loss than PVCP samples (P < 0.05).

Warner–Bratzler Shear Force

Shear force values of cooked red claw meat
samples gradually increased (P < 0.05) over
the entire 12-mo storage period for VP, and up
to 6 mo for PVCP (Fig. 6). From Month 6 to
Month 12, samples stored in PVCP exhibited a
slight reduction in the shear value.

Discussions

During freezing and subsequent thawing,
muscle tissue can undergo substantial structural
changes because of the ice crystal formation,
accretion, and then dissolution. As a result, cell
organelles and proteins will experience physic-
ochemical changes that often lead to deteriora-
tion in food quality. Similarly, the bacterial cell
wall could be partially damaged during freezing
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Figure 3. Ca-ATPase activity of red claw crayfish muscle stored at −20 C in vacuum (VP) and nonvacuum (PVCP)
package systems. Each data point represents the mean (± standard deviation) from three different tail sample
measurements. VP = vacuum packaging; PVCP = polyvinylchloride film wrap packaging.

and thawing. The results from frozen stored red
claw samples reflected such changes. The cause
for the slight pH reduction (0.2–0.4 U) in red
claw muscle during the first 6 mo of frozen stor-
age was not clear. Presumably, less amine com-
pounds were formed in thawed muscle as they
were believed to be the main contributors to
increased pH in stored seafood (Emborg et al.
2002; Masniyom et al. 2002). It was also plau-
sible that fewer hydrogen ions were dissociable
from proteins because of protein aggregation.

Total APC did not decline as expected during
frozen storage, indicating that aerobic bacteria
on red claw survived well freezing, storage,
and thawing processes. The overall favorable
pH (essentially neutral) condition of the muscle
tissue, despite some small reductions during
storage, probably contributed to the microbial
survival. A significant percentage of these
microorganisms was comprised of coliform
bacteria, which most likely originated from
the ponds within which red claw grew. These

coliforms survived through the first 6 mo of
frozen storage but became susceptible afterward
(except in PVCP), presumably because of the
ice crystal damage and depletion of nutrients
in the muscle exudates. However, as was with
the total aerobic bacteria, the population of
coliforms increased significantly from Month 6
to Month 12 in the PVCP package.

The result indicated that the presence of
atmospheric oxygen in the package aided in
the recovery and growth of aerobic bacteria,
including coliforms, which probably took place
during the thawing process. On the other hand,
cell damages that incurred (especially to col-
iforms) from extended frozen storage under
vacuum were not fully recovered even dur-
ing the culture incubation for microbial eval-
uation. The results were consistent with our
previous finding that both aerobic and coliform
counts in red claw tails stored at 2 C for a pro-
longed period (>10 d) were significantly higher
in the PVCP system than in the VP system



EFFECT OF VP ON THE QUALITY OF RED CLAW CRAYFISH 365

Storage time (month)

0 2 4 6 8 10 12 14

T
o

ta
l s

u
lf

h
yd

ry
l c

o
n

te
n

t
(n

m
o

l/m
g

 p
ro

te
in

)

40

60

80

100

120
PVCP  
VP

Figure 4. Sulfhydryl content of red claw crayfish muscle stored at −20 C in vacuum (VP) and nonvacuum (PVCP)
package systems. Each data point represents the mean (± standard deviation) from three different tail sample
measurements. VP = vacuum packaging; PVCP = polyvinylchloride film wrap packaging.

(Chen et al. 2007). Thus, frozen red claw tails
stored in VP would have a longer microbiolog-
ical shelf-life than the aerobic PVCP system.

The irregular patterns of protein hydropho-
bicity and Ca-ATPase activity changes, which
were manifestations of protein structural alter-
ations, indicated the complex nature of the
chemical reactions and possibly also physical
interactions that took place during frozen stor-
age of red claw muscle. For protein surface
hydrophobicity, the initial increase in its value
suggested the exposure of the hydrophobic inte-
rior because of protein denaturation (Multilangi
et al. 1996), and the subsequent drop probably
resulted from hydrophobic aggregation of dena-
tured molecules (Tseng et al. 2005). The slight
increase from Month 6 to Month 12 could be
the net result for these two opposing processes.

Similarly, denaturing conditions, such as
mild oxidation, were found to change the con-
formation of myosin globular head, render-
ing it more reactive as a Ca-ATPase (Park

et al. 2006). This may explain why red claw
muscle stored in the first 3 mo, notably in
PVCP, had increased Ca-ATPase activity. How-
ever, as myosin becomes more denatured, its
Ca-ATPase activity will start to drop (Ooizumi
and Xiong, 2004). Because Ca-ATPase activity
is closely related to the reactivity of sulfhydryl
groups located in the myosin globular head
(Sekine and Yamaguchi 1963), the marked loss
of sufhydryls, when red claw muscle was stored
from Month 6 to Month 12, would explain
the corresponding reduction in the Ca-ATPase
activity. Hydrophobic aggregation as well as
disulfide linkages may be implicated in the
Ca-ATPase loss.

Although the trend of the changes in pro-
tein surface hydrophobicity, Ca-ATPase activ-
ity, and sulfhydryl content during frozen storage
showed some agreement within the same type
of packaging system, the magnitude of the
specific changes was slightly influenced by
the packaging atmospheric conditions. For
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Figure 5. Cooking loss (%) of red claw crayfish muscle stored at −20 C in vacuum (VP) and nonvacuum (PVCP) package
systems. Each data point represents the mean (± standard deviation) from seven different tail sample measurements.
VP = vacuum packaging; PVCP = polyvinylchloride film wrap packaging.

example, during the last 6 mo of storage,
surface hydrophobicity of VP muscle increased
more rapidly, and the loss of sulfhydryls in VP
samples was also slightly more extensive when
compared with that in PVCP. Leelapongwat-
tana et al. (2005) also observed a pronounced
decrease in the sulfhydryl content of frozen
whole fish stored under vacuum. It is plau-
sible that the pressure gradient established in
the VP package destabilized muscle cells and
proteins, rendering proteins more susceptible to
unfolding.

Aggregates formed from muscle protein
could be a determining factor for water bind-
ing in frozen red claw crayfish. The observed
physicochemical changes, which were indica-
tive of protein structural unfolding, appeared
to predispose myofibrillar proteins to increased
aggregation upon heating, thereby driving water
out of the myofibril matrix. The possible disrup-
tion of muscle cell membrane by frozen storage
would also contribute to the increased cooking
loss. Both the increase in protein aggregation

and the reduction in water-holding ability of
muscle were responsible for the increased ten-
dency of red claw muscle to become tougher
upon extended storage.

Conclusions

The combination of vacuum and freezing was
more effective than nonvacuum freezing for the
inhibition of microbial survival in red claw tail
stored at −20 C for an extended period. How-
ever, vacuum packaging, overall, did not appear
to have a remarkable effect on physicochemical
attributes of proteins as related to meat tex-
ture of frozen red claw crayfish. Thus, it was
not surprising that vacuum packaging did not
significantly complement freezing for reducing
cooking loss and textural changes in red claw
meat stored for up to 12 mo. On the other hand,
the identification of coliform bacteria on thawed
red claw tail muscle reminds the consumers to
thoroughly cook the food so as to avoid possi-
ble health problems. These findings should be
of value to red claw producers and processors
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Figure 6. Shear force of red claw crayfish muscle stored at −20 C in vacuum (VP) and nonvacuum (PVCP) package
systems. Each date point represents the mean (± standard deviation) from seven different tail sample measurements.
VP = vacuum packaging; PVCP = polyvinylchloride film wrap packaging.

in choosing the proper packaging and freezing
methods for a high-quality output of the prod-
uct. Perhaps, even with the small gain from
inhibiting microbes, vacuum packaging can be
desirable for frozen red claw meat destined for
exporting markets which necessitate extended
transportation, distribution, and storage.

Acknowledgments

The authors thank Kabby Akers for her
technical assistance with microbiological anal-
ysis of the muscle samples. This research was
funded, in part, by the USDA 1890 Institution
Capacity Building grant number 2003-38814-
13954.

Literature Cited
Chen, G., Y. L. Xiong, B. Kong, M. C. Newman, K. R.

Thompson, L. S. Metts, and C. D. Webster. 2007.
Microbiological and physicochemical properties of
red claw crayfish, Cherax quadricarinatus, stored in
different package systems at 2 C. Journal of Food
Science 72:E442–E449.

Emborg, J., B. G. Laursen, T. Rathjen, and P. Dalgaard.
2002. Microbial spoilage and formation of biogenic
amines in fresh and thawed modified atmosphere
packed salmon, Salmo salar, at 2 C. Journal of
Applied Microbiology 92:790–799.

Food and Drug Administration. 2009. U.S. Food and
Drug Administration Bacteriological Analytical Man-
ual (BAM). Accessed at http://www.fda.gov/Food/
ScienceResearch/LaboratoryMethods/Bacteriological
AnalyticalManualBAM/default.htm.

Haard, N. F. 1990. Biochemical reactions in fish muscle
during frozen storage. In Seafood Science and Tech-
nology: Proceedings of the International Conference
Seafood 2000 Celebrating the Tenth Anniversary of
the Canadian Institute of Fisheries Technology of the
Technical University of Nova Scotia, May 13–16,
1990, Halifax, Nova Scotia, Canada.

Jiang, S. T., B. S. Kwang, M. W. Moody, and H. C.
Chen. 1991. Thermostability and freeze denatura-
tion of grass prawn (Panaeus monodon) muscle pro-
teins. Journal of Agricultural and Food Chemistry
39:1998–2001.

Jones, C. M. 1995. Production of juvenile redclaw
crayfish, Cherax quadricarinatus (von Martens)
(Decapoda: Parastacidae). I. Development of hatchery
and nursery procedures. Aquaculture 138:221–238.

Jones, C. M. and I. M. Ruscoe. 2000. Assessment of
stocking density on the production of redclaw



368 CHEN ET AL.

crayfish, Cherax quadricarinatus (von Martens)
(Decapoda: Parastacidae), cultured under earthen pond
conditions. Aquaculture 189:63–71.

Karplus, I., A. Barki, S. Cohen, and G. Hulata. 1995.
Culture of the Australian redclaw crayfish, Cherax
quadricarinatus, in Israel. I. Polyculture with fish
in earthen ponds. The Israeli Journal of Aquacul-
ture – Bamidgeh 47:6–16.

Kong, B., Y. L. Xiong, C. Fang, K. R. Thompson, L. S.
Metts, L. A. Muzinic, and C. D. Webster. 2006.
Influence of gender and spawning on meat quality of
Australian red claw crayfish, Cherax quadricarinatus.
Journal of Food Science 71:E320–E325.

Kong, B., Y. L. Xiong, G. Chen, and C. D. Webster.
2007. Influence of gender and spawning on thermal
stability and proteolytic degradation of proteins in
Australian red claw crayfish, Cherax quadricarinatus,
muscle stored at 2 C. International Journal of Food
Science and Technology 42:1073–1079.

Leelapongwattana, K., S. Benjakul, W. Visessanguan,
and N. K. Howell. 2005. Physicochemical and
biochemical changes in whole lizardfish, Saurida
micropectoralis, muscles and fillets during frozen stor-
age. Journal of Food Biochemistry 29:547–569.

Li-Chan, E., S. Nakai, and D. F. Wood. 1984. Hydropho-
bicity and solubility of meat proteins and their relation-
ship to emulsifying properties. Journal of Food Science
49:345–350.

Masniyom, P., S. Benjakul, and W. Visessanguan. 2002.
Shelf-life extension of refrigerated seabass slices under
modified atmosphere packaging. Journal of Science of
Food and Agriculture 82:873–880.

Masser, M.P. and D. B. Rouse. 1997. Australian red claw
crayfish. SRAC publication No. 244:1–8.

Metts, L. S., K. R. Thompson, Y. L. Xiong, B. Kong,
C. D. Webster, and Y. J. Brady. 2007. Use of alfalfa
hay, compared to feeding practical diets containing
two protein levels, on growth, survival, body composi-
tion, and processing traits of Australian red claw cray-
fish, Cherax quadricarinatus, grown in ponds. Journal
of the World Aquaculture Society 38:218–230.

Multilangi, W. A. M., D. Panyam, and A. Kilara. 1996.
Function properties of hydrolysate from proteolysis of
heat-denatured whey protein isolate. Journal of Food
Science 61:270–274.

Ooizumi, T. and Y. L. Xiong. 2004. Biochemical suscep-
tibility of myosin in chicken myofibrils subjected to
hydroxyl radical oxidizing systems. Journal of Agri-
cultural and Food Chemistry 52:4303–4307.

Park, D., Y. L. Xiong, A. L. Alderton, and T. Ooizumi.
2006. Biochemical changes in myofibrillar pro-
tein isolates exposed to three oxidizing systems.
Journal of Agricultural and Food Chemistry 54:
4445–4451.

Sekine, T. and M. Yamaguchi. 1963. Effect of ATP on
the binding of N-ethylmaleimide to SH groups in the

active site of myosin ATPase. Journal of Biochemistry
54:196–198.

Srinivasan, S., Y. L. Xiong, S. P. Blanchard, and J. H.
Tidwell. 1997. Physicochemical changes in prawns,
Machrobrachium rosenbergii, subjected to multiple
freeze-thaw cycles. Journal of Food Science 62:
123–127.

Thompson, K. R., L. A. Muzinic, T. D. Christian, C. D.
Webster, L. Manomaitis, and D. B. Rouse. 2003a.
Lecithin requirements of juvenile Australian red claw
crayfish, Cherax quadricarinatus. Aquaculture Nutri-
tion 9:223–230.

Thompson, K. R., L. A. Muzinic, T. D. Christian, C. D.
Webster, L. Manomaitis, and D. B. Rouse. 2003b.
Effect on growth, survival, and fatty acid composition
of Australian red claw crayfish, Cherax quadricarina-
tus, fed practical diets with and without supplemental
lecithin and/or cholesterol. Journal of the World Aqua-
culture Society 34:1–10.

Thompson, K. R., L. A. Muzinic, L. S. Engler, and
C. D. Webster. 2006. Effects of feeding practical diets
containing different protein levels, with and without
fish meal, on growth, survival, body composition, and
processing traits of male and female Australian red
claw crayfish grown in ponds. Aquaculture Nutrition
12:227–238.

Tseng, Y. C., Y. L. Xiong, C. D. Webster, K. R.
Thompson, and L. A. Muzinic. 2002. Quality
changes in Australian red claw crayfish, Cherax
quadricarinatus, stored at 0 C. Journal of Applied
Aquaculture 12:53–66.

Tseng, Y. C., Y. L. Xiong, J. Feng, J. C. Ramirez-
Suarez, C. D. Webster, K. R. Thompson, and L. A.
Muzinic. 2003. Quality changes in Australian red claw
crayfish, Cherax quadricarinatus, subjected to multi-
ple freezing-thawing cycles. Journal of Food Quality
26:285–298.

Tseng, Y. C., Y. L. Xiong, and C. D. Webster. 2005. The
preservation of the quality of the muscle in frozen
Australian red claw crayfish, Cherax quadricarina-
tus, by pre-storage anti-oxidant dipping treatments.
International Journal of Food Science and Technology
40:841–848.

Wang, B., Y. L. Xiong, and S. Srinivasan. 1997. Chemi-
cal stability of antioxidant-washed beef heart surimi
during frozen storage. Journal of Food Science
62:939–945

Wells, J. A., M. W. Werber, and R. G. Yount. 1979.
Inactivation of myosin subframent one by cobalt(II)/
cobalt(III) phenanthroline complexes. 2. Cobalt chela-
tion of two critical SH groups. Biochemistry 18:
4800–4805.

Xiong, Y. L. 1997. Protein denaturation and functional-
ity losses. Pages 111–140 in M. C. Erickson and
Y. C. Hung, editors. Quality in frozen foods. Chap-
man & Hall, New York, New York, USA.


