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Abstract The maintenance of physiological activity during dilution is very critical for the accurate enumeration of Vibrio
spp. in marine samples. We investigated the effect of various diluents on the recovery of Vibrio parahaemolyticus using the
direct plate counting and most probable number (MPN) methods. The effects of NaCl (0.85 and 3%) and pH (from 6.6 to 7.4)
in diluents based on distilled water or phosphate buffered saline (PBS) were evaluated with three V. parahaemolyticus strains.
PBS-3% NaCl (pH 6.6), as opposed to PBS, was the most effective diluent at maintaining viable cell numbers up to 2 log
CFU/g during dilution for direct plate counting using on thiosulfate citrate bile salts sucrose (TCBS) selective agar, as well as
minimizing the difference in cell numbers between TCBS and non-selective nutrient agar. It also increased counts of ¥
parahaemolyticus inoculated into oysters relative to PBS (p<0.01), suggesting that PBS-3% NaCl (pH 6.6) can reduce the
problem of underestimating ¥ parhaemolyticus counts using PBS alone.
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Introduction

Quantitative microbial risk assessment has become an
important part of food safety, and it is necessary to
accurately evaluate the level of microorganisms in food at
the time of consumption (1, 2). Increasing the detection
sensitivity of bacteria in the sample is required to avoid
underestimating the actual number of viable cells in food.
Therefore, the selection of an appropriate diluent is an
essential step in the enumeration of specific bacteria
without increasing or decreasing the cell numbers during
dilution, especially when their physiological activity is
very sensitive to temperature, pH, nutrient concentration,
and salinity (3, 4).

Vibrio parahaemolyticus is a halophilic rod, Gram
negative, and mesophilic foodborne pathogen that causes
gastroenteritis with severe abdominal pain and diarrhea.
Raw fish and shellfish are the most important sources of
foodborne illness caused by V. parahaemolyticus (5). V.
parahaemolyticus is also known to be a major foodborne
pathogen in Asia. It is one of the leading causes of
foodbome disease in Korea (6-11). V. parahaemolyticus
outbreaks in Korea occur mainly in August and September
with a few cases in May. Therefore, developing a simple
and accurate method of counting the number of pathogenic
Vibrio spp. is necessary to ensure product safety in the
seafood industry (5, 12).

To enumerate V. parahaemolyticus cells in environ-
mental samples, the Bacteriological Analytical Manual of
Food and Drug Administration (13) recommends three
methods: most probable number (MPN), hydrophobic grid
membrane filter (HGMF), and DNA probes. Among them,
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MPN has been widely used to detect and quantify Vibrio
strains from environmental samples because the MPN
method contains an enrichment step (14) to resuscitate any
injured cells in environmental samples. However, estimates
with the MPN method can vary widely from the actual
numbers, and it is difficult to get a positive confirmation
test from highly diluted samples (15). On the other hand,
direct plate counting is a precise and simple method to
compare the effects of physical/chemical treatment on
populations of Vibrio spp. (16, 17). Selective agar has also
been used in direct plate counting to facilitate the growth
of selected microbial groups present in food.

It has been reported that the multiplication of Vibrio
spp. is closely related to the temperature, salinity, and pH
of seawater (18). Environmental factors such as salinity
and pH also affect the adhesion activity (19) and
pathogenecity (20) of Vibrio strains in seafood, as well as
their survival (21, 22). It was reported that increased
salinity up to 3% in the diluent was more effective for
quantifying Vibrio spp. compared to the 0.85% salinity of
physiological solutions, or 0.76% phosphate buffered
saline (PBS, 23-26). One tenth % peptone water with 3%
NaCl at pH 6.6 has also been recommended for plate
counting marine species such as Vibrio vulnificus (23).
However, the degree to which changes in salinity of the
diluent can improve the preservation of V¥
parahaemolyticus in environmental samples or buffer
systems has not yet been reported. Since the salinity of
seawater of South Korea (Gujae, Goheong, and Nambhae)
changes between 1 and 3.5% throughout the year
depending on the season and the amount of rainfall (Fig.
1), it is very important to find the appropriate diluent for
the accurate enumeration of V. parahaemolyticus in oysters
originating from Korean sea water (27).

Therefore, the objective of this study was to investigate
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Fig. 1. Changes in salinity of the South Sea of Korea. Salinity
on the coasts of Gujae (<), Goheong (), and Namhae (A ) (27).

the effects of salinity and pH on distilled water or PBS to
find the most appropriate diluent for the enumeration of ¥/
parahaemolyticus by direct plate counting with selective
agar and the MPN method.

Materials and Methods

Bacterial strains Three strains of V. parahaemolyticus
(ATCC 17802, ATCC 27969, and ATCC 33844) were
purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA). The strains of ¥
parahaemolyticus ATCC 17802, ATCC 27969, and ATCC

- 33844 were cultured in nutrient broth with 3% NaCl at 37
°C, in trypticase soy agar with 2.5% NaCl at 37°C, and in
Marine Agar (Difco Laboratories, Becton Dickinson Co.,
Sparks, MD, USA) at 30°C, respectively, according to the
ATCC manual and preserved at -80°C.

Preparation of diluents Salt was added to sterilized
distilled water or PBS (7.650 g NaCl, 0.724 g Na,HPO,
(Sigma, St. Louis, MO, USA), 0.210 g KH,PO, in 1 L
distilled water, at pH 7.4) to a final concentration of 0,
0.85, or 3.0%. The pH of each diluent was adjusted to 6.6,
6.8, 7.0, 7.2, or 7.4 with the addition of 1 N HClor 1 N
NaOH.

Dilution and enumeration of V. parahaemolyticus Ten
pl. of V. parahaemolyticus cultures grown overnight at
37°C for 15 hr was inoculated into 10 mL of nutrient broth
containing 3% NaCl and incubated at 37°C at 200 rev per
min until the O.D.g reached 0.5. After vortexing 10 mL
of the culture, 1 mL of the culture was centrifuged for 5
min at 10,000xg in a microcentrifuge (VS-15000 CFN II;
Vision Scientific & Laboratory Instrument, Suwon, Korea).
The collected cells were suspended in 1 mL of distilled
water or PBS (pH 7.4) containing 0, 0.85, or 3% NaCl,
respectively. Each diluent was again serially diluted with
pH adjusted distilled water or PBS containing 0, 0.85, or 3
% NaCl, respectively. One tenth mL of each diluent was
plated on thiosulfate citrate bile salts sucrose (TCBS) agar
or nutrient agar (Difco) with 3% salt in duplicate. After
incubation at 37°C for 24 hr, ¥ parahaemolyticus colonies
on each plate were counted.
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In order to test the ability of each diluent to maintain the
viability V. parahaemolyticus during dilution, the cells
were incubated at room temperature (20-23°C) or 37°C for
0 or 2 hr and plated on TCBS agar in duplicate. All steps
of dilution and plating for each sample were performed
within 10 min at ambient temperature to avoid losing cell
viability.

Inoculation of V. parahaemolyticus in oysters Cultivated
oysters (Crassostrea gigas) packed in seawater were
purchased from a supermarket in Seoul, Korea and stored
for 1 hr at ambient temperature to avoid cold shock of ¥V
parahaemolyticus culture during inoculation. Ten oysters
were weighed (approximate 60 g) and 0.1 mL of the
overnight culture was inoculated into each oyster to
prepare at least 10° cells/g using a sterile syringe according
to the method of Azanza et al. (23).

Enumeration of V. parahaemolyticus in oysters using
the selective agar plating and MPN methods
Enumeration of V. parahameolyticus in oysters was
conducted using the selective agar plating and MPN
methods as described in the FDA Bacteriological Analytical
Manual (13). Five hundred forty mL of the prepared
diluent (PBS at pH 7.4 and PBS-3% NaCl at pH 6.6) was
added to 10 oysters and the mixture was blended for 90
sec at maximum speed using a Waring blender (Model
31BL9; Waring Commercial®, New Hartford, CT, USA).
For the plating method, 0.1 mL of each diluent was plated
on TCBS agar or nutrient agar (Difco) with 3% salt in
duplicate. After incubation at 37°C for 24 hr, V
parahaemolyticus colonies on each plate were counted.

For the MPN method, oysters were blended for 90 sec
as described above and 1:100. Dilutions of 1:1,000, 1:
10,000 dilutions in alkaline peptone water (APW) (10 g
peptone, 10 g NaCl, 1 L distilled water) were prepared in
separate tubes and incubated overnight at 37°C. The
overnight cultures were streaked onto TCBS agar and
incubated overnight at 37°C. The green colonies on TCBS
agar were transferred to agar containing Cellobiose colistin
(CC) (10 g Peptone, 5 g Beef extract, 20 g NaCl), 1 mL
1,000x dye stock solution (4 mg Bromthymol blue, 4 mg
Cresol red, 1 mL ethanol), 15 g agar, 900 mL distilled
water, 10 g cellobiose (Sigma), and 400,000 units colistin
(Sigma), 100 mL distilled water). The colonies which did
not grow on CC agar were transferred to gelatine agar
(GA) (Difco) and gelatine salt agar (GS) with 3% NaCl.
The colonies that grew on GS agar but not on GA agar
were tested for oxidase positive and gram negative strains.
The suspicious colonies were confirmed by using API 20E
diagnostic strips (Biomerieux, Marcy I’Etoile, France).
The number of MPN tubes containing confirmed colonies
was compared to the 3-tube MPN chart and the results
expressed as MPN/g for V. parahaemolyticus.

Statistics The means + standard deviations of the viable
cell numbers were transformed to logarithmic values.
Paired statistical comparison of the logarithmic cell
numbers (log;(N) between PBS and PBS-3% NaCl (pH
6.6) was performed using the Student’s f-test (28).
Analysis of variance (ANOVA) and Duncan’s multiple
range tests (29) were conducted using the SAS program
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(version 6.12) for comparison of the numbers of ¥
parahaemolyticus cells among the diluents.

Results and Discussion

Various diluents with the addition of salt have been used
for the growth of marine species due to their halophilic
characteristics (17, 18, 30). According to the bacteriological
analytical manual (BAM) guidelines, PBS is recommended
for blending initial isolates of V. parahaemolyticus from
seafood (13). Addition of 3% NaCl in the diluent has been
shown to increase the cell number of viable Vibrio spp.
present in seafood (23).

In the present study, diluent made with distilled water or
PBS at various pH levels with NaCl concentrations of 0,
0.85, or 3% were evaluated to find the optimum diluent
conditions for enumerating ¥ parahaemolyticus accurately. V.
parahaemolyticus (ATCC 17802) samples diluted in
distilled water or PBS containing 0, 0.85, or 3% were held
for 0 or 2 hr at 37°C prior to plating on TCBS agar and
then compared (Table 1). There were no viable counts in
distilled water without NaCl although other diluents
containing NaCl showed various V. parahaemolyticus
levels. Diluent containing 3% NaCl, whether based on
distilled water or PBS, significantly increased (p<0.05) V.
parahaemolyticus viablility following a 2 hr incubation in
diluent (Table 1). The effect of 2 hr incubation prior to
plating on the numbers of ¥V parahaemolyticus was not
significant for PBS diluents without salt or with 0.85%
salt. This result suggests that salt content is a more
important factor than diluent base for the recovery of
viable V. parhaemolyticus in this study.

Table 2 shows the effect of pH on V. parahaemolyticus
numbers in PBS containing 3% NaCl with incubation
times following dilution of either 0 or 2 hr at 37°C. No
significant differences in ¥ parahaemolyticus levels were
observed with PBS containing 3% NaCl at various pH levels
with an incubation of 0 hr. However, ¥ parahaemolyticus
levels were significantly (p<0.05) increased at pH levels
higher than 6.8 after a 2 hr incubation at both ambient
temperature (data not shown) and 37°C. This indicates that
diluents with pH values above 6.8 improved the recovery

Table 1. The Effects of diluents and dilution time on ¥, para-
haemolyticus" counts by direct plating on TCBS selective agar

V. parahaemolyticus counts (Log 1,CFU/g) on
dilution time®

Diluents

0 hr 2hr
Distilled Water (DW) ND? ND
DW-0.85% NaCl 7.200.03% 7.0240.45%
DW-3% NaCl 7.7240.03¢ 8.1340.12%
PBS 7.0140.12% 7.10+0.68*
PBS-0.85% NaCl 7.1440.07°% 7.4240.03%
PBS-3% NaCl 8.06+0.03% 8.34+0.04%

DY parahaemolyticus ATCC 17802 was used.

2)*‘.*’Mean:tSD (n=3) with different letters in the same column are signif-
icantly different (p<0.05); *Mean+SD (n=3) with different letters in
the same row are significantly different (p<0.05).

IND: not detectable.
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Table 2. The effect of diluent pH (PBS-3% NaCl) on ¥ para-
haemolyticus® counts by direct plating on TCBS selective agar

V. parahaemolyticus counts (Log 1(CFU/g) on
dilution time at 37°C?

PBS-3% NaCl 0 hr 2 hr
pH 6.6 7.97+0.10* 8.010.15™
pH 6.8 7.96+0.05™ 8.38+0.08"
pH 7.0 7.91+0.06™ 8.29+0.02%
pH 7.2 7.81+0.16™ 8.34+0.10%
pH 7.4 7.7240.22% 8.30+0.06"

VY parahaemolyticus ATCC 17802 was used. o

2%Mean+SD (n=3) with different letters in the same column are signif-
icantly different (p<0.05); “Mean+SD (n=3) with different letters in
the same row are significantly different (p<0.05).

of V. parahaemolyticus in PBS-3% NaCl, and thus
increased V. parahaemolyticus numbers with an extended
dilution period.

Table 3 shows the effect of diluents on the viability of
various strains of ¥ parahaemolyticus by direct plating on
non-selective nutrient agar and selective TCBS agar.
Regardless of the V. parahaemolyticus strain, no diluent
effect was observed regarding V. parahaemolyticus counts
on non-selective agar. However, all the strains tested in
this study showed significantly higher recovery counts in
PBS containing 3% NaCl (about 1-2 log CFU/g) than PBS
alone on selective TCBS agar (p<0.01). This indicates that
diluent is an important factor for increasing the recovery of
V. parahaemolyticus on selective media. These results
show that dilutions of ¥V parahaemolyticus in PBS result in
a decrease in V. parahaemolyticus viability when they are
spread onto selective TCBS agar.

Thus, PBS-3% NaCl reduces the magnitude of the
underestimation of V. parahaemolyticus counts by the
direct plating method with TCBS selective agar. Overall,
the numbers of V. parahaemolyticus recovered were signi-
ficantly (p<0.05) higher on non-selective nutrient agar
than selective TCBS agar for both PBS and PBS-3%
NaCl. This was especially true with the V. parahaemolyticus
ATCC 33844 strain, in which the differences in recovery
for V. parahaemolyticus between non-selective and
selective media were 4.66 logs in PBS and 2.32 logs in
PBS-3% NaCl (Table 3). Overall, PBS-3% NaCl reduces
the difference of V. parahaemolyticus counts between
selective TCBS agar and non-selective nutrient agar.

In order to confirm the superiority of PBS with 3%
NaCl (pH 6.6) as a diluent for the enumeration of V.
parahaemolyticus in seafood over PBS alone (pH 7.4), V.
parahaemolyticus ATCC 17802 was artificially inoculated
into oysters. The viable numbers of V. parahaemolyticus in
oysters were compared between PBS alone (pH 7.4) and
PBS-3% NaCl (pH 6.6) on TCBS selective agar (Table 4).
PBS-3% NaCl significantly (p<0.05) increased the recovery
of V. parahaemolyticus inoculated into oysters. Azanza et
al. (23) has shown a similar improvement in V. vulnificus
enumeration with the addition of 3% NaCl to 0.1%
peptone solution. The MPN method from the BAM, PBS
is usually used for the initial isolation of ¥ parahaemo-
Iyticus from shellfish (13). When PBS-3% NaCl (pH 6.6)
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Table 3. Effect of diluents on the level of three strains of ¥ parahaemolyticus between TCBS selective and nutrient non-selective

agar

V. parahaemolyticus counts (Log,o CFU/g) in diluents

Strain Media PBS PBS-3% NaCl (pH 6.6) t-value

V. parahaemolyticus ATCC 17802 TCBS agar? 5.29+0.06 6.6610.10 -17.91=
Nutrient agar” 8.05+0.30 8.1840.03 -5.29
t-value -63.57* -17.45%

V. parahaemolyticus ATCC 33844 TCBS agar 3.5110.18 5.86+0.32 -15.79%
Nutrient agar 8.18+0.19 8.18+0.04 0.01
t-value -25.05% -16.32x

V. parahaemolyticus ATCC 27969 TCBS agar 6.56£0.15 7.6610.06 -35.31*
Nutrient agar 8.35+0.14 8.4510.04 -1.52
t-value -12.44% -8.84

DTCRS agar indicates a selective media.

INutrient agar contains 3% NaCl and indicates a non-selective media. *p<0.05.

Table 4. Effect of diluents on V. parahaemolyticus® counts in
oysters by direct plating on TCBS selective agar

Diluents Log;oCFU/g  t-value p-value
PBS (pH 7.4) 5.97+0.06
PBS-3% NaCl (pH 6.6)  6.87+0.07°  -67.26 p<0.05

" DY parahaemolyticus ATCC 17802 was used in this study.

was used for the 3 tube-MPN method of quantitative
detection of ¥ parahaemolyticus in oysters in the present
study, the value was 0.8 log MPN/g higher than PBS alone
(pH 7.4), which was not significantly (p<0.05) different
(data not shown). In the MPN method, the homogenate of
V. parahaemolyticus-oyster-PBS (or PBS-3% NaCl) was
quickly diluted in APW and enriched according to the
FDA-BAM manual. In direct plate counting, the
homogenate of V. parahaemolyticus-oyster-PBS (or PBS-
3% NaCl) was diluted and maintained longer in PBS (or in
PBS-3% NaCl) before being plated compared to the MPN
method. Presumably the 90 sec oyster blending time in
PBS-3% NaCl instead of PBS is too short to result in a
difference in ¥ parahaemolyticus viability.

Ogden et al (31) also compared the direct plating
method using selective Chromocult agar to the MPN
method and showed the same quantitative results with
Escherichia coli. 1t was reported that the MPN method can
give less than 1 log unit higher counts of Vibrio cholera
compared to direct enumeration with TCBS (32).
Therefore, the MPN method rather than the direct plate
counting is recommended when enumerating Vibrio spp.
from environmental samples. However, dilution of ¥
parahaemolyticus in PBS-3% NaCl is more appropriate
than PBS when the direct plate counting method is used
(i.e., comparing the effects of physical/chemical treatments
or the effects before and after processing on V
parahaemolyticus).

In conclusion, the development of selective media with
-an increase in the recovery of ¥ parahaemolyticus is
needed for the simple and accurate plate counting method.

PBS-3% NaCl at pH 6.6 was found to be an appropriate
diluent for recovering V. parahaemolyticus in both broth
and oysters for the direct plate counting method in this
study, and thus can be recommended for the enumeration
of marine ¥ parahaemolyticus bacteria. The results
demonstrate that the use of an appropriate diluent for the
direct selective agar method can overcome deficits in the
MPN method by improving the quantitative recovery of
microorganisms in environmental samples.
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