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The effects of magnesium and iron salts on the recovery and growth of chill-
stressed cells of Vibrio parahaemolyticus were studied. Supplementation of
glucose salt Teepol (GST) broth with 20 to 100 mM of Mg2e significantly (P c
0.05) increased the number of cells recovered from oyster homogenate stored at
30C. Populations detected with supplemented GST were comparable to those
obtained with Horie arabinose ethyl violet (HAE) broth, with or without Mg2e.
Recovery of V. parahaemolyticus from homogenates stored at -18°C was also
improved when enrichment broths supplemented with Mg2e were used. Ferric
iron (added as FeCl3) at 240 uM in GST and 240 or 960 uM in HAE significantly
enhanced the extent of recovery of chilled cells. Ferrous iron was generally less
effective. Teepol did not influence the growth of nonchilled cells, but significantly
reduced the viable population in suspensions of chilled cells when used at a level
of0.4% in GST. The relatively high pH (9.0) ofHAE caused a significant reduction
in the number of viable, chill-stressed cells of V. parahaemolyticus. The overall
results indicated that HAE broth is superior to GST for recovering V. parahae-
molyticus from refrigerated and frozen oyster homogenates.

Confirmation of several outbreaks of food-
borne infection caused by Vibrio parahaemoly-
ticus in the United States during the past decade
has encouraged increased research effort to de-
fine optimal conditions for detection and enu-
meration. The bacterium is found primarily in
brackish coastal waters and sediment and on sea
life taken from these environments. The meth-
odology for enumerating the organism on sea-
foods has been therefore largely directed toward
shellfish.

Several researchers have demonstrated that
V. parahaemolyticus is readily inactivated at
refrigeration and freezing temperatures (2, 5, 9,
16, 18, 22, 24, 25). Like many bacterial genera,
cells of V.parahaemolyticus may undergo injury
upon exposure to refrigeration or freezing con-
ditions (3, 17). Cells have been shown to exhibit
signs of damage after exposure to a temperature
of 20C for periods of time as short as 30 min.
Cold-stressed cells are more sensitive than are
nonstressed cells to selective conditiofis in most
enrichment broths. In such media, stressed cells
may fail to repair their injured sites and appear
nonviable. Sublethal injury can be repaired,
however, if cells are exposed to suitable recovery
environments. In general, the repair process is
characterized by restoration of altered permea-
bility, synthesis of the lost intracellular pool,

regeneration of ribonucleic acid (particularly ri-
bosomal ribonucleic acid), or synthesis ofprotein
and adenosine triphosphate (4).
Methods currently used for detecting V. par-

ahaemolyticus recommend the use of several
enrichment media which contain various types
of selective agents (7, 12). Little is known about
the effects of these selective conditions on resus-
citation of chill-injured cells. Furthermore, no
reports have been issued describing the recovery
of cold-injured V. parahaemolyticus in enrich-
ment broths supplemented with various cations,
although magnesium has been reported to ben-
efit the stability and resuscitation of heat-dam-
aged V. parahaemolyticus (10, 11) and Staphy-
lococcus aureus (13, 15). The extent of depend-
ency of injured cells of V. parahaemolyticus on
iron during the period in which increased rates
of synthesis of adenosine triphosphate mr.' oc-
cur as part of the repair process has not L)een
reported. The purpose of this study was to eval-
uate the effects of selective conditions of enrich-
ment broths and magnesium and iron salts on
the recovery of chilled V. parahaenolyticus.

MATERIALS AND METHODS
Organism and growth conditions. V. parahae-

molyticus strain 8700 (serotype 04:K11) was used
throughout the study. Tryptic soy broth (Difco, De-
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troit, Mich.) supplemented to contain 3.0% NaCl
(TSBS, pH 7.3) served as the medium to culture cells
for all subsequent experiments designed to evaluate
efficacy of enrichment broths. Stationary-phase cells
(16 h at 30°C, with agitation) were used as test inocula.
Demonstration of chill injury. A portion (10 ml)

of stationary-phase culture was transferred to a 500-
ml Erlenmeyer flask containing 190 ml of 0.1 M potas-
sium phosphate buffer (pH 7.3) supplemented with 3%
NaCl (wt/vol) and equilibrated at 3°C (treated) or
30°C (control). After continuous stirring for 30 min, 1
ml of suspension was transferred to 100 ml of TSBS
and TSB containing 8% NaCl. Growth of V. parahae-
molyticus in these media was followed by measuring
the absorbance of cultures at 620 nm over a 13-h
period of incubation at 30°C. The viable population of
cells in chilled and control salt buffers immediately
before recovery in TSB containing 3 and 8% NaCl was
determined by surface plating appropriate dilutions on
thiosulfate-citrate-bile salts-sucrose agar (TCBS; BBL
Microbiology Systems, Cockeysville, Md.). The initial
number of viable cells in both chilled and control
suspensions was adjusted to from 1 x 107 to 4 x 107 or
5 x 107/ml before inoculating recovery broths.
Evaluation of enrichment broths. (i) Studies

with pure cultures. Two basal media were evaluated
as enrichment broths for supporting recovery of chilled
V. parahaemolyticus. Glucose salt-Teepol broth
(GST, pH 7.4) contained, in grams per liter: peptone
10; beef extract, 3; NaCl, 30; glucose, 5; methyl violet,
0.002; and Teepol (Shell Chemical Co., Houston, Tex.),
4. Horie arabinose-ethyl violet broth (HAE, pH 9.0)
(12) contained, in grams per liter: peptone, 5; beef
extract, 3; NaCl, 30; bromothymol blue, 0.03; ethyl
violet, 0.001; and arabinose, 5. Arabinose solutions
were filter sterilized and aseptically added to heat-
sterilized basal media. Suspensions of chilled and con-
trol cells prepared as described above were serially
diluted in salt buffer, and enumeration was done by a
three-tube most-probable-number (MPN) technique.
Cultures were observed for turbidity after 18 to 22 h
at 350C.

Since cold-stressed bacterial cells often show in-
creased sensitivity to selective agents other than NaCl,
the presence of Teepol (a surface-active agent) in GST
and the relatively high pH of HAE (pH 9.0) were
examined for their potential inhibitory effects against
chilled and control cells of V. parahaemolyticus. Sus-
pensions of test cells were enumerated by the MPN
technique in GST broth containing 0, 0.1, 0.2, 0.3, and
0.4% of Teepol and in HAE broth adjusted to pH 7.0,
7.5, 8.0, 8.5, and 9.0.
Two magnesium (MgCl2 and MgSO4) and three iron

[FeCl3, Fe2(SO4)3, and FeSO4] salts were tested for
their effects on growth of V. parahaemolyticus in
enrichment broths. Magnesium salts were added to
GST and HAE at final concentrations (Mg2") of 20,
50, 100, and 150 mM; iron salts were added to give
final concentrations (Fe2+ or Fe3+) of 120, 240, 480, and
960,uM. Salts were dissolved in distilled water, steri-
lized by autoclaving, and aseptically added to cooled
GST and HAE to minimize thermally induced precip-
itation or other chemical reactions with constituents
in the media. Chilled and control cells were enumer-
ated in these media by the MPN procedure. Confir-
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mation of the presence of V. parahaemolyticus in all
MPN tests was done by streaking turbid cultures on
TCBS and incubating plates at 350C for 18 to 22 h.

(ii) Studies with inoculated oysters. Oysters
(Crassostrea virginica) purchased from a local fish
market were comminuted with a Toledo grinder
equipped with an extrusion disk with holes 0.5 cm in
diameter. Salt buffer suspensions of cells of V. para-
haemolyticus with viable populations of 4 x 105 to 5
x 105/ml were added to oyster homogenate at a ratio
of 1:10 (vol/wt). After thorough mixing, 25-g samples
were deposited in sterile plastic bags and immediately
placed in forced-air chambers at 3 and -18°C. Dupli-
cate inoculated and uninoculated samples were with-
drawn after selected storage periods, combined with
225 ml of salt buffer, and homogenized with a stom-
acher (Lab-Blender 400, Dynatech Laboratories, Inc.,
Alexandria, Va.) for 1 min. Two enrichment broths
(GST and HAE), with and without various concentra-
tions of magnesium and iron, were evaluated for their
suitability to support the repair and growth of V.
parahaemolyticus. The MPN technique was used;
positive cultures were streaked on TCBS, and a min-
imal number of biochemical tests were employed to
confirm the presence of V. parahaemolyticus (7).

Oyster homogenates stored at 3 and -18°C were
also examined for total aerobic populations by plating
an appropriately diluted portion on plate count agar.
Colonies were counted after 5 days of incubation at
210C.

Statistical analyses. Data presented represent av-
erages of a minimum of two replications run in dupli-
cate. Duncan's multiple range test (6) was used
throughout the study to test for statistically significant
differences (P c 0.05).

RESULTS AND DISCUSSION
Demonstration and chill injury. The dou-

ble salt technique, i.e., the use of a nutrient
medium containing two concentrations of NaCl
to culture stressed and control cells, often is used
to detect injury. In the present study, an in-
creased sensitivity to 8% NaCl in TSB was noted
for cells of V. parahaemolyticus which had been
treated at 3°C for 30 min compared with control
cells. Thus, a scheme was established to study
the recovery of chill-stressed V. parahaemoly-
ticus in original and modified formulas of GST
and HAE broths.
Teepol concentration in GST. One reason

for increased sensitivity of stressed cells is that
permeability barriers are not totally functional
in excluding the entry of antimetabolites. Sur-
face-active agents in recovery broths at concen-
trations innocuous to healthy cells may, at the
same concentration, be detrimental to injured
cells (20). It was therefore decided that tests
should be conducted to determine the effects of
Teepol on recovery of V. parahaemolyticus in
GST broth. Results are listed in Table 1. The
addition of Teepol at concentrations up to 0.4%,
the recommended level in the standard formula
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TABLE 1. Effect of Teepol on growth of nonchilled
and chilled cells of V. parahaemolyticus in GST

enrichment broth

Treatment Teepolconcn Mean log,o MPN per

Nonchilled 0 7.745abc
0.1 8.569a
0.2 8.243ab
0.3 8.312ab
0.4 7.994abc

Chilled 0 7.502c
0.1 7.857ab
0.2 8.380a
0.3 7.639bc
0.4 5.966

a-d Values not followed by the same letter are sig-
nificantly different (P c 0.05).

(7), had no significant effect on recovery of non-
chilled cells. However, at a concentration of
0.4%, Teepol significantly inhibited the recovery
of chilled cells. These observations suggest that
GST broth, as formulated by standard proce-
dures, may fail to detect some V. parahaemo-
lyticus in refrigerated or frozen seafoods.
pH ofHAE. The optimal pH for growth of V.

parahaemolyticus is in the range of 7.5 to 8.5.
Realizing that suboptimal environmental con-
ditions would exert additional stress on cells
during resuscitation, tests were run to determine
the effects ofpH on recovery of chill-injured and
control cells in HAE broth. Although this broth
does not contain selective chemicals, the rela-
tively high reaction (pH 9.0) apparently is lethal
to a portion of the chill-injured cells (Table 2).
Data indicate that highest populations of non-
chilled cells were detected in HAE broth at pH
7.0 to 8.5, whereas a significant reduction in
MPN was observed at pH 9.0 compared with
that at pH 7.0. Results indicate that chilled cells
are more sensitive to both neutral pH and pH
9.0 than are nonchilled cells. Based on these
findings, it is tempting to advise that the pH of
HAE broth be lowered to 8.5 when used as an
enrichment broth for enumerating V. parahae-
molyticus in chilled seafoods. However, it should
also be realized that some loss in selectivity will
occur with this reduction in pH.
Magnesium and iron salts in enrichment

broths. (i) Studies with pure cultures. Pre-
liminary studies designed to monitor the growth
of chilled cells of V. parahaemolyticus spectro-
photometrically revealed that certain magne-
sium and iron salts appeared to stimulate the
repair process. Tests were then conducted to
determine the effects of selected salts added to
GST and HAE broths on recovery of V. para-
haemolyticus by the MPN technique. Results

from studies with magnesium-supplemented
salts are summarized in Table 3. Supplementa-
tion ofGST with MgCl2 or MgSO4 did not result
in significant improvement of recovery of chilled
or nonchilled cells. In fact, 150mM Mg2e (added
as MgCl2) appeared to be toxic. In HAE broth
not containing added Mg2+, significantly lower
numbers of chilled cells were detected compared
with the nonchilled group. The addition of Mg2e
(100 and 150mM as a sulfate salt) to HAE broth
significantly improved the recovery of chilled

TABLE 2. Effect ofpH on growth of nonchilled and
chilled cells of V. parahaemolyticus in HAE

enrichment broth

Treatment pH Mean loglo MPN per

Nonchilled 7.0 8.821a
7.5 8.663ab
8.0 8.243ab
8.5 8.533
9.0 8.088

Chiled 7.0 7.994cd
7.5 8.055&
8.0 8.533
8.5 8.474ab
9.0 7.452

a-d Values not followed by the same letter are sig-
nificantly different (P < 0.05).

TABLE 3. Effect ofMg2" on growth of nonchilled
and chilled cells of V. parahaemolyticus in GST

and HAE enrichment broths
Re- Mg2+ Mean log,o MPN per ml

covery Treatment concn

dimue- (mM) MgCl2 MgSO4

GST Nonchilled 0 8.200abcd 8.131abc
20 8.074abldef 8.581ab
50 8.568 8.821a
100 8.175abcde 84jo6ab
150 7.371f" 8.566ab

Chiled 0 7.795brdef 8.106abc
20 8.568 8.243ab
50 8.337ab 8.200ab
100 8.306abe 8.312ab
150 6.934' 8.312ab

HAE Nonchilled 0 8.474ab 7.872bc
20 8.107abcdef 8.474ab
50 7.994abcdef 8.318abc
100 8.169abcde 8.337ab
150 8.312ab 8.243"ab

Chiled 0 6.9889 6.370ef
20 7.5cd6f 6.711def
50 7.543dfg 6.336f
100 7.420efg 7.371cd
150 6.988' 7.654cd

a-g Values in the same column not followed by the
same letter are significantly different (P c 0.05).
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cells. This implies that the level of Mg2" in HAE
is more critical than that in GST and that per-

haps synthesis of ribosomal ribonucleic acid, a

process requiring Mg2", is occurring during the
repair of cells. Magnesium has been reported by
others to act cooperatively with Na+ to prevent
the lysis of slightly halophilic V. alginolyticus
by providing sufficient mechanical strength to
the cell membrane (23) and to be necessary for
certain enzymes involved in repair processes as

well as for the stability of cell walls, membranes,
and ribosomes of normal and cold-shocked
gram-negative bacteria (1, 21). Magnesium is
also required for repair of sublethal-heat-dam-
aged bacteria (13), and the possibility has been
suggested that there is impairment of the system
necessary for passing Mg2" from the surface of
the cell to the interior sites which need Mg2+
(14). The observation from experiments re-
ported here with Teepol indicating that mem-
brane or cell wall damage or both are a charac-
teristic of chilled cells of V. parahaemolyticus
would appear to give credence to the latter prop-
osition, since it could be assumed that cells with
membrane damage would benefit by higher con-
centrations of Mg2" in the recovery medium.

Iron is an essential component of the cyto-
chrome system, acting as an electron acceptor
and donor in the electron transport scheme to
produce adenosine triphosphate. It might also
play a critical role in the recovery of chill-injured
V. parahaemolyticus, because increased energy
requirements via adenosine triphosphate pro-
duction have been noted to be necessary for
repair of injured cells (19). Tests were therefore
conducted to determine the effects of supple-
menting GST and HAE broths with iron salts
on recovery of chilled V. parahaemolyticus. Re-
sults are presented in Table 4. Micromolar con-

centrations of Fe3+ (added as FeCl3) gave trends
similar to those observed in tests with millimolar
concentrations of Mg2", whereas Fe2(SO4)3 and
FeSO4 were generally ineffective. Concentra-
tions of Fe3" higher than 960 ,iM, added as
chloride or sulfate salts, appeared to be toxic to
both chilled and nonchilled cells. The transfer
of iron across the cell membrane is accomplished
by active transport systems. The smaller and
more highly charged Fe3+ has higher affinity to
bind with the carrier protein in the membrane,
thus facilitating more rapid uptake from the
external environment compared with Fe2". This
may explain the apparent beneficial effect of
Fe3+ compared with Fe2" in the repair of chill-
injured V. parahaemolyticus. Results suggest
that cells of V. parahaemolyticus require in-
creased energy production immediately after in-

TABLE 4. Effect ofFe3+ and Fe2+ on growth of
nonchilled and chilled cells of V. parahaemolyticus

in GST and HAE enrichment broths

Re- Fe3+ Mean logio MPN per mlorcovery Treat- Fe2+
dime- ment concn FeCl3 Fe2- FeSO4dium (AtM) (SO4)3

GST Non- 0 7.745ab 7.857abc 7.953a
chilled 120 8.106ab 8.226abc 7904a

240 8.238a 8.243abc 7.651a
480 8.038ab 8.380ab 7.502a
96 7.857ab 7.772c 7.458a

ChiRled 0 8.057ab 7.642 7.623a
120 8.106ab 7.661& 8.063a
240 8.200a 8.117"ab 7.842a
480 7.937"a 7.842abc 8.088a
960 8.103"a 7.910abc 7.655a

HAE Non- 0 7.890ab 8.157abc 8. 169a
chilled 120 7.334abc 8.269abc 7904a

240 7.814"" 8.601a 8.041a
480 7.994ab 8.446 8.041a
960 7.759ab 8.175abc 7.835a

Chiled 0 6.185c 7.52c4 7.259a
120 6.995ac 7.977abc 8.124"
240 6.852"c 7.994abc 7.724a
480 7.208abc 7.627"c 7.826a
960 7.549"" 8.175abc 7.745a

a-c Values in the same column not followed by the
same letter are significantly different (P c 0.05).

jury if maximum recovery is to be achieved in
HAE broth.

(ii) Studies with oysters. Based on results
obtained from pure culture studies, selected lev-
els of Mg2+, Fe3", and Fe2" were tested for their
effects on recovery of V. parahaemolyticus from
refrigerated and frozen oyster homogenates. The
organism was not detected in oysters purchased
from the fish market. Data showing the effects
of adding Mg2e to GST and HAE enrichment
broths on the recovery of V. parahaemolyticus
from homogenates stored at 3°C are listed in
Table 5. A significant reduction in population
occurred during the 6-day storage period, re-
gardless of the enrichment broth used for enu-
meration, confirming the known sensitivity of V.
parahaemolyticus to refrigeration temperatures.
This observation was also made in trials with
GST and HAE broths supplemented with iron
salts.
Comparison of subscript letters for mean val-

ues within each column of data for MgCl2-sup-
plemented broths revealed some differences in
the performance of media. After 3 days of stor-
age, the presence of 20 and 100 mM Mg2+ in
GST broth significantly increased the number
of cells recovered to a level comparable to that

APPL. ENVIRON. MICROBIOL.
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TABLE 5. Effect ofMg2" in GST and HAE enrichment broths on recovery of V. parahaemolyticus from
oyster homogenate stored at 30C

TestRecovery me- Mg
2+

c Log,o MPN per g of oyster
Test salt diuvryme (MgM)cncchum (mM) DayO Day 1 Day 3 Day 6

MgCl2 GST 0 a4.769a 4.476ab b1M540d bO.602b
20 a6.026a b3.633a l.l 18ab
100 5.301ab b2.586bc bo.9Wb

HAE 0 a6.405a b4.633ab c3.665a dl.269ab
20 4.998ab b3.362ab b2.301a
100 3.998ab 1.982,d 1.862ab

MgSO4 GST 0 a4.769a a4.476b blO540b bO.602a
20 a6.269a b3.498a b1.638a
100 a6.072ab b3.165a O.900a

HAE 0 a6.405a 4.633ab C3.468a dl.269a
20 a4.998ab ab3.362a b2.301.
100 '4.780ab b3.362a b2.133a

a-d Comparisons of mean values for significant differences are made only within test salts. Values in the same
row which are not preceded by the same superscript are significantly different at P s 0.05. Values in the same
column which are not followed by the same subscript are significantly different (P c 0.05).

observed in HAE broth, with or without MgCl2.
The addition of MgSO4 to GST broth also en-
hanced recovery. Significant increases were
noted after 1 and 3 days of storage. The addition
of MgSO4 to HAE broth did not appear to en-
hance recovery of V. parahaemolyticus.
Table 6 lists data from experiments run to

determine the effect of Mg2e on recovery of V.
parahaemolyticus from oyster homogenate
stored at -18°C. The effect of storage time
indicates that cells were extremely sensitive to
freezing conditions. The presence of 20 mM
Mg2e (either as MgCl2 or MgSO4) in GST broth
had a significantly beneficial effect. The overall
results indicate that HAE broth performed bet-
ter than did nonsupplemented GST broth for
recovering V. parahaemolyticus from frozen
oyster homogenate.
Data from tests with GST and HAE supple-

mented with iron salts showed that 240 ,uM Fe3+
(added as FeCl3) in GST broth and 240 or 960
uM in HAE broth resulted in the recovery of
significantly higher numbers of cells from refrig-
erated oyster homogenate after 1 day of storage
compared with nonsupplemented broths (Table
7). Tests with Fe2(SO4)3 and FeSO4 revealed that
neither had a significant effect on the recovery
of V. parahaemolyticus from refrigerated oyster
homogenate when compared with respective
controls. Overall, HAE broth supplemented with
Fe2(SO4)3 performed better than did nonsupple-
mented GST broth.
The addition of iron to GST and HAE broths

did not result in significant increases in numbers
of V. parahaemolyticus detected in frozen oys-
ters compared with respective nonsupplemented

TABLE 6. EffectofMg2"inGSTandHAEenrichment
broths on recovery of V. parahaemolyticus from

oyster homogenate stored at -18°C
Log,o MPN per g of oyster

Me- mg2+
dium concn MgC12 MgSO4

DayO Day 8 DayO Day 8
GST 0 a4.769a b0.841b 4.769a b0.841b

20 2.998a 3.072a
100 2.165ab 2.665ab

HAE 0 a6.405a b3.468a a6.405a b3.468a
20 3.633a 3.618a
100 2.362ab 2.998a

a-b Values in the same row within each test salt
which are not preceded by the same superscript are
significantly different (P s 0.05). Values in the same
column which are not followed by the same subscript
are significantly different (P _ 0.05).

broths (Table 8). Again, however, the overall
results indicate that HAE broth was superior to
GST broth.
The recovery of V. parahaemolyticus from

oyster homogenate with various enrichment
broths is influenced not only by factors such as
surface-active agents, pH, and inorganic salts,
but also by the microflora naturally present at
the time of analysis. Certain species ofPseudom-
onas isolated from oysters have been shown to
repress the growth of V. parahaemolyticus (8).
Total aerobic plate counts for refrigerated oyster
homogenates used in the present study increased
significantly during the 6-day storage period;
counts for frozen homogenates decreased signif-
icantly during 8 days of storage. No attempts
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TABLE 7. Effect of Fe3" and Fe2" in GST and HAE enrichment broths on recovery of V. parahaemolyticus
from oyster homogenate stored at 3°C.

Test salt Recovery Fe3+ or Fe2+ Log,o MPN per g of oyster
medium concn (jAM) Day 0 Day 1 Day 3 Day 6

FeC13 GST 0 a6.072a b4.405d C1.962a dO.477b
240 5.618bc b2.837a CO.477b
960 a4.801cd b2.618a b0.477b

HAE 0 a6.665a 5.665b c3.362a dl.O1 la
240 5.968ab b3.801a C1.158a
960 a6.871a b3.301a C1.269a

Fe2(SO4)3 GST 0 a6.072a b4.405b Cl.962, d0.477c
240 b5.362ab 2.609abc cO.477c
960 5.208ab 2.118bc b0.477c

HAE 0 a6.665a b5.665ab c3.362abc dl.O1lb
240 a6.072a b3.665ab cl.269ab
960 a66133a a3.998a b1.645a

FeSO4 GST 0 a4.998a 4.862ab bl.827a bO.477a
120 a4.665b 1.723a a0.477a
480 a4.658b a2.055a a0.477a

HAE 0 a6.405a a6.112ab a4.665a bl.419a
120 6.301 a b4.498a bl.919a
480 a6.362a a5.165a b1.837a

a-d Comparisons of mean values for significant differences are made only within test salts. Values in the same
row which are not preceded by the same superscript are significantly different (P c 0.05). Values in the same
column which are not followed by the same subscript are significantly different (P c 0.05).

TABLE 8. Effects of Fe3+ and Fe2+ in GST and
HAE enrichment broths on recovery of V.

parahaemolyticus from oyster homogenate stored at
-180C
Fe3+ or Log,o MPN per g ofRecov- Fe2+ oyster

Test salt ery me- -oncndim concndium (AM) Day 0 Day 8

FeCl3 GST 0 a6.072a bl.176b
240 1.534ab
960 1.223b

HAE 0 a6.665a b3.165ab
240 3.665a
960 3.801a

Fe2(SO4)3 GST 0 a6.072a bl.176b
240 1.034b
960 1.222b

HAE 0 6.665 b3.165a
240 3.665a
960 3.665a

FeSO4 GST 0 a4.998a b1.407b
120 1.176b
480 1.362b

HAE 0 6.405. b3497a
120 3.497a
480 3.665a

a-b Comparisons of mean values for significant dif-
ferences are made only within tesbealts. Values in the
same row which are not preceded by the same super-
script are significantly different (P s 0.05). Values in
the same column which are not followed by the same
subscript are significantly different (P s 0.05).

were made to determine the rates of growth of
natural microflora in GST and HAE broths;
however, the growth response of various genera
to constituents in the two media may have been
different and consequently may have influenced
the ability of injured V. parahaemolyticus to
undergo repair and eventual cell division.

In summary, the beneficial effects of adding
Mg2" and Fe3" to enrichment broths on recovery
of cold-stressed cells of V. parahaemolyticus
have been demonstrated. Omission of Mg2" or
Fe3" or both from enrichment broths may lead
to an underestimation of the extent of contami-
nation in refrigerated and frozen seafoods. Fur-
ther studies are needed to establish optimal
levels of Mg2e and Fe3" in GST and HAE broths
which would give maximal recovery of V. para-
haemolyticus.
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