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Survival of Vibrio parahaemolyticus in Shrimp
Tissue Under Various Environmental
Conditions1
C. VANDERZANT AND R. NICKELSON
Animal Science Department, Texas A&M University, College Station, Texas 77843

Vibrio parahaemolyticus culture 0 from Gulf Coast shrimp was inoculated
into whole shrimp and shrimp homogenate to determine its survival at various
temperatures and pH values. Although large decreases in viable population
occurred during storage for 2 days at 10 to -18 C, survivors were present even
after 8 days. No significant differences were observed in the population changes
of inoculated whole shrimp as compared with shrimp homogenates. Low populations (5 x 102 per ml) of V. parahaemolyticus were destroyed by heating
shrimp homogenates at 60, 80, and 100 C for 1 min. With larger populations (2
x 105 per ml), some survivors were present after heating at 60 and 80 C for 15
min. None survived 1 min at 100 C. V. parahaemolyticus was very sensitive to
pH values below 6.0. Cells survived for several hours in the contents of the porcine gastrointestinal tract.
A recent review (R. Nickelson and C. Vanderzant, J. Milk Food Technol., in press) presents current information on the public health
significance, isolation, and enumeration of
Vibrio parahaemolyticus. Little information is
available about the effect on V. parahaemolyticus of various environmental conditions, such
as pH, refrigeration, freezing, or elevated temperatures. Most of the available data in this
area have been obtained with cultures in artificial media. Information on the ability of V.
parahaemolyticus to survive various environmental conditions in seafood would help to
determine its potential role in foodborne illness associated with consumption of seafoods.
This paper presents information on the survival of V. parahaemolyticus in shrimp tissue
under various environmental conditions.

give approximately 50,000 cells per ml. Whole peeled
deveined shrimp were inoculated by injecting 0.1 ml
of a TSB culture into three to four sites to give approximately 105 cells per shrimp. Inoculated shrimp
were stored in sterile petri dishes, and homogenates
were stored in sterile screw-capped tubes. No V.
parahaemolyticus could be detected in the test samples before inoculation.
Inoculation of V. parahaemolyticus in porcine
stomach and intestinal content. Porcine gastrointestinal tract was chosen because of its similarity to
the human system and its ready availability. The
gastrointestinal tract was taken from a freshly
slaughtered hog at a local abattoir. Contents of the
stomach, small intestine, and large intestine were
placed in separate Waring Blendors, and each was
inoculated with approximately 106 cells per ml of V.
parahaemolyticus.
Bacterial counts. Counts of V. parahaemolyticus
were made by spreading appropriate dilutions on
either MT medium (modified Twedt; C. Vanderzant
and R. Nickelson, Bacteriol. Proc., p. 20, 1971) or
TSA (with 3% NaCl) plates. Plate incubation was at
35 C for 24 hr. The data presented are representative
of three independent trials.

MATERIALS AND METHODS
Bacteriological procedure. V. parahaemolyticus
O isolated from Gulf Coast shrimp (6) was maintained on Trypticase soy agar (TSA, BBL with 3%
NaCl) slants at 25 C. Survival studies were carried
out in whole and homogenized shrimp. Homogenates
were prepared by blending equal amounts of peeled
deveined shrimp and sterile 3% NaCl. Homogenates
were inoculated with appropriate dilutions of a 24-hr
Trypticase soy broth (TSB, with 3% NaCl) culture to
Published with the approval of the Texas Agricultural
Experiment Station, College Station, Tex.

RESULTS
Survival of V. parahaemolyticus under
refrigerated and frozen conditions. In whole
shrimp (Fig. 1) stored at 3, 7, 10, and -18 C,
there was a sharp decrease in viable cells
during the first 2 days of storage. During the
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F]IG. 1. Survival of Vibrio parahaemolyticus in
o

wholle shrimp stored at various temperatures.

6

o

ment broth (TSB with 3% NaCl) and incubated at 35 C for 24 hr. The broths were then
streaked on MT medium to check for surviving V. parahaemolyticus.
When cells were added at the rate of 500 per
ml, no survivors were detected in heated homogenates by direct plating on MT medium.
Inoculated homogenates heated at 60 or 80 C
for 15 min or at 100 C for 5 min did not yield
V. parahaemolyticus when placed in enrichment broth and subsequently plated on MT
medium. When cells were added at a level of 2
x 106 per ml, V. parahaemolyticus was recovered by the direct plating and enrichment
procedure from samples heated at 60 or 80 C
for 15 min. No survivors were noted in the
homogenates heated at 100 C for 1 and 5 min
by direct plating or by the enrichment procedure.
Survival of V. parahaemolyticus in
shrimp homogenates at various pH values.
were

adjusted

to

pH

values from 1 to 10 with HCl or NaOH. Each
sample was inoculated with approximately 102
to 103 cells of V. parahaemolyticus per ml and
sampled after 5, 15, 30, 60, and 120 min. Homogenates were held at 37 C. In homogenates
adjusted to pH 1, 2, 3, and 4, no survivors
could be detected in 0.1-ml quantities of the
homogenate (Fig. 3). At pH 5.0, a sharp drop
in viable count took place immediately, with
no survivors detectable after 15 min. The
viable population of homogenates with pH
values of 6, 7, 8, 9, and 10 remained about the
same for 2 hr.
Survival of V. parahaemolyticus in porcine stomach and intestinal contents.
Counts were determined after various times to
approximate the time food would have re-
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FIG. 2. Survival of Vibrio parahaemolyticus in
shrimp homogenates stored at different temperatures.
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FIG. 3. Survival of Vibrio parahaemolyticus in
shrimp homogenates at various pH levels.

Downloaded from http://aem.asm.org/ on January 23, 2021 by guest

next 6 days of storage, the viable population
remaained approximately the same. Unlike the
situaLtion in whole shrimp, the population of V.
paraJhaemolyticus in homogenized samples increacsed slightly (except at -18 C) during the
first 12 hr (Fig. 2). Between 4 and 8 days of
storeige, there was a slight decrease in viable
popu.lation. Survival was smallest in the samples stored at 3 and at -18 C.
S'arvival of V. parahaemolyticus at elevateId temperatures. Shrimp homogenates
were inoculated with V. parahaemolyticus at
two levels of cell concentration, 5 x 102 and 2
x 1()6 per ml, respectively. Counts of survivors
were made on MT medium with plate incubation at 35 C for 24 hr. After heating at 60 and
80 CM for 15 min and 100 C for 5 min, 1 ml of
each homogenate was also placed in an enrich-

35

36

VANDERZANT AND NICKELSON

was 105 cells per shrimp. This observation
agrees with reports that V. parahaemolyticus
can be recovered from frozen shrimp (6) and
from frozen marine sediments (7). Digirolamo
et al. (2) suggest that bacterial survival in food
homogenates should be interpreted cautiously.
In their study, survival of Salmonella in oyster
homogenates differed from that in whole oysters. In the present study, the only difference
in behavior of V. parahaemolyticus in refriger-
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F IG. 4. Changes in population of Vibrio parahae!yticus inoculated into contents of various parts
of p orcine gastrointestinal tract.
mol

ma

ined in each section of the gastrointestinal

tra ct (4). At the time of inoculation, the
stotmach was full of fresh green feed. The pH
of this material was 6.0. The pH values of the
coritents of the small and large intestines were,
res pectively, 7.2 and 8.1. All samples were
kel pt at 37 C. Figure 4 shows the survival of V.
par,ahaemolyticus in the contents of various
parrts of the gastrointestinal tract. The number
of viable organisms in the contents of the
sm

all and large intestines decreased during the

firs;t 2 hr, increased between 2 and 4 hr, and
rennained the same from 4 to 8 hr of storage.
Th e viable population in the stomach de-

based immediately 100-fold, showed a
decline during the next 30 min, and

cre
graLdual

the n remained about the same for 1.5 hr.

DISCUSSION

['o determine the potential role of V. para-

hac?molyticus in foodborne illness in the
Un ited States, it is necessary to evaluate its
abi lity to survive under different environme ntal conditions. It has been reported that V.
par,ahaemolyticus is not psychrotrophic (1, 5).
Teimmyo (5) found no survivors in peptone
fish extract after 5 days at 4, -2
wat
anc1 -18

C.

slight

shrimp and shrimp homogenate
increase of the population in the

latter during the first 12 hr of storage.
Low population levels of V. parahaemolyticus in shrimp homogenates were destroyed
by heating at 60, 80, and 100 C for 1 min. With
large populations, a few survivors were present
in samples heated at 60 and 80 C for 15 min.
No survivors were present after heating at 100
C. Temmyo (5) reported that V. parahaemolyticus was destroyed after 5 min at 60 C in peptone water. It is possible that food homogenates afforded some protection. V. parahaemolyticus in shrimp homogenates was very sensitive to pH values below 6.0. Little change in
viable population occurred when stored for 2
hr at pH values ranging from 6 to 10. According to Fisher et al. (3), the effectiveness of
stomach acidity as a bacterial inhibitor depends on the type of protein present in the
stomach. The pH of the stomach contents increases considerably when food is present. In
this study, the pH of the contents of the porcine stomach was 6.0. Under these conditions,
V. parahaemolyticus could probably overcome
the inhibitory effect of the stomach. Although
a 100-fold decrease in viable population took
place immediately, followed by another 10-fold
decrease in 30 min, there still remained a
viable population (about 103 per g) for the next
1.5 hr. Food begins to leave the human
stomach in 30 min and its removal is completed in 4 to 5 hr (4). The live organisms
which pass the stomach possibly could begin to
multiply in the small intestine.
This investigation was supported by National Science
Foundation Sea Grant Program, institutional grant GH-101
made to Texas A&M University.
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