Genotypic Diversity and Ecology of L. monocytogenes

nisms of pathogenesis is still partial and fragmentary. Many
questions remain unanswered. From a food microbiologist’s
point of view, a particularly interesting point is why only
certain serovars of L. monocytogenes are associated with
listeriosis and certain clones of serovar 4b are associated
with epidemic episodes of this invasive disease? Answering
this questions is very important in order to prevent the un-
necessary recall and destruction of valuable food products.
Further, as discussed in a previous section of this review,
despite the significant consumption of raw fish and ready-
to-eat fish products in Japan, why have these products as yel
never been implicated in clinical listeriosis in humans?
There is probably an important difference berween the L.
monocyfogenes populations affecting humans and those
found in fish products consumed in Japan. In the coming
years of the new era of Listeria research, we will certainly
witness spectacular progress in these areas and no doubt
find answers to these and many other questions.
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Growth Inhibition of Vibrio parahaemoiyticus in Seafood by Tabletop Dry Ice Cooler

Yumi MARUYAMA®', Bon KiMUura*™!, Tateo Funir*!, Yoshinori TOKUNAGA™,
Megumi MATSUBAYASHI®? and Yasushi Alkawa™

(*'Tokyo University of Marine Science and Technology: 4-5-7, Konan, Minato-ku,
Tokyo 108-8477, Japan; **Niitaka: 1-8-10, Niitaka, Yodogawa-ku, Osaka 532-8560,
Japan: ' Corresponding author)

Tabletop dry ice coolers (three types: dome model, cap mode! and tripod model), which are
used in kitchens and hotel banquet halls to refrigerate fresh seafood, were investigated to
determine whether growth of Vibrio parahaemolyticus was inhibited by their use. On TSA plates
containing 1.8% NaCl and fresh seafood (fillets of squid, pink shrimp and vellowtail), V. parahae-
molyticus (03 : K6. TDH-) inoculated at 4 to 5 log CFU/sample and left at ambient temperature
{25°C) grew by 1.0 to 2.8 orders in 4 hours. In contrast, with tablelop coolers no significant
increase in viable count occurred in 3 to 4 hours, confirming that tabletop coolers inhibited the
growth of V. parahaemolyticus. The temperature in each tabletop cooler was kept below 10°C for
80 to 135 min, though the CO» gas concentration in them remained high for only a short time (0
to 75 min). It was presumed that the refrigeration function mainly contributed to growth
inhibition. Our results indicate that tabletop dry ice coolers are helpful for prevention of
food-borne disease due to V. parahaemolyticus in food-service locations, such as kitchens and
banquet halls.
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Fig. 1.

Hlustrations (A) and photographs (B} of tabletop drv ice coolers

1a), dome model; (b), cap model; (¢), tripod model
The marks % indicate the places where dry ice is placed.
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Fig. 2. Temperature (A) and CO; gas concentration (B) in tabletop dry ice coolers in Jocations at room temperature (25°Cy
Thin line. dome model tabletop cooler: thick line, cap mode] tabletop cooler: thin dolted line, tripod model tabletop

cooler

Arrows indicate the time when all the dry ice had completely sublimed.
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Fig. 3. Inhibition of growth of V. parahaemolyticus V02-36 inoculated on TSAN plate (A), squid fillet (B), pink shrimp
fillet (C) and yellowtail fillet {D} in tabletop dry ice coolers in locations at room temperature (25°C)

A, dome model tabletop cooler; A\, cap model tabletop cooler; @. tripod model tabletop cooler; O, opened (25°C)
The arrow in (D) indicates a period at room temperature (25°C) when the dry ice coolers were not used.

These data are presented as mean of three experiments.

-126 -



October 2005 FSALTLA%E

Hiv s frai iR g

IR Y BT (DI

£ 7 A BRI 217

THO,

REOBMEEE L TAE
riiowHL ik

$ pH 6 {-hift £ <,
TDE FTRERDEEOEELE
e =4,

3 FESHO R 3 O AR IR R o0 & S b TS E
Honsboo, PROFEH FH@&HMLaﬁaL fi
HHEIR 5 X O CO, # 2 MEEMEIEH £ 214 £ HTF & T
fohi (Ra8NIs 55 0% L E & CO» £SO (RIS
M2 0~To 5 Em -7, Tk, KECHT AR
EBENO CO, FROEEEF T hs (L G EO BN
PR it ks bosmahe.

F & B

Fe 474 2E5MOREREEHT LS
FEULC (L 72 V. parahaemolyticus 12 3 L T4l (25°C)
T b 3~ Wi BRI A h 5 Z LA RSN
RIBEOIREIZ 10°C LITIC 80~135 il s h
Ty, 3CO: B O RBBHMAEI 122 Lo
(0~75 30D, BENSIDRETIAMBEC LS DT

ElICEY, &
T4

Hic *'.“”721/‘ HREE. &7 L RBAEE L F O e
TRz Pz &7 & LA oIS
S it ?z‘f %‘f“] EEMoZERESMELT S FELL

THET 5 L3, ARORERBOAL L, BRYET

Y A Folvdibh lh(Cf;ri‘Lf_’D THA.

- & £33
KEFR I 72 V. parahaemolyvticus V02-36 24515 L
x

TL X 1, WL RHE LY 7 — DA
FHZEUH ., IQOis e s\ RA LA L e, £z,
BFEAIFH 0720 AL TOF W o diniE KRR

EAEMEM R EOMRB TR, EFEATFIGE IEHO
feLEY.

X ik

1) Inspection and Safety Division Department of Food

2)

3)

4}

6)

-127 -

Sanitation Ministry of Health. Labour and Welfare.,
The epidemiological data of food poisoning in Japan
2001. Shokuhin Eisei Kenkyvu (Food Sanitation Re-
scarch), 52(9), 118-203 (2002;.

Katoh, H.
bacteria. 1. On the generation time of Vibrio parahaemo-

Studies on the growih rate of various food

Ivticus Fujino. Nihon Saikingaku Zasshi (Jpn. . Bacte-
riol.), 20, 91100 (1965).
I s B T :\L’n)flnuf%ﬁ%ml'zé‘ﬂ "G i r B

R O fr i m’lll?ﬂ%ﬁ)kﬁfﬁﬁﬁéw— SEIEI 0T ik
1I3/F 6] 711, fU5E 170 5 (2001).

Farber, J. .\L.
atmosphere packaging technology—A review. J. Food
Prot., 54. 58-70 (1991}

Kimura., B. Prevention of food spoilage and poisoning

Microbiological aspects of maodified-

by modified atmosphere packaging. Nippon Suisan
Gakkaishi (Bull. Jpn. Soc. Sci. Fish.i, 61, 91 92 (19931
Kimura. B. Fujii. T. Effect of CO. on microbial
growth. Nihon Shokuhin Biseibutsu Gakkai Zasshi
tJpn. J. Food Aficrobiol.), 13. 1-8 (1896).

Horie, S.. Okuzumi. M., Kato. N.. Saito. K. Growth of
Vibrio parchaemolyticus on flesh of various kinds of
fish and shellfish. Nippon Suisan Gakkaishi (Bull. Jpn.
Soc. Sci. Fish.), 82, 517-521 {1966).



288

fAXE Vol 47, No. 8

SREERERA T

B 5 MEEE TR 0 75 & OB

(7o 18 i3 B 22 5221

# e RF oY R R
A B

Development of a Predictive Program for Microbial Growth
under Various Temperature Conditions
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A predictive program for microbial growth under various temperature conditions was devel-
oped with a mathematical model. The model was a new logistic model recently developed by us.
The program predicts Escherichia coli growth in broth. Staphylococcus aureus growth and its
enterotoxin production in milk, and Vibrio parahaemolvticus growth in broth at various tempera-
ture patterns. The program, which was built with Microsoft Excel {Visual Basic Application), is
user-friendly; users can easily input the temperature history of a test food and obtain the
prediction instantly on the computer screen. The predicted growth and toxin production can be
important indices to determine whether a food is microbiologically safe or not. This program
should be a useful tool to confirm the microbial safety of commercial foods.

{Received March 22, 2006)
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Fig. 1. Procedure-1: Input of microbial species and initial cell count
Circled number corresponds to the number of the procedure.
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Fig. 2. Procedures-2 and 3: Input of the temperature history and its confirmation

Circled number correspond to the numbers of the procedures.
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Fig. 3. Procedures-4 and 5: Implementation of growth prediction
Circled number correspond to the numbers of the procedures.
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ABSTRACT

A nonculture method utilizing a novel apparatus, the bioplorer, was developed. The bioplorer is compbosed of an efficient
cell separation unit, a focusing-free microscopic device, and an image analysis program. A meat or vegetable suspension is
poured into the cell separation funnel, and insoluble matter in the sample suspension is trapped by prefilters. Microbial cells
passing through the two prefilters are then trapped by the membrane filter (pore size, 0.4 pm). Trapped cells are double-stained
with 4',6'-diamidino-2-phenylindole and propidium iodide, and the membrane filter is removed and set on the focusing-free
microscope. A fluorescent image is then recorded. Total numbers of viable and dead cells on the membrane filter can thus be
determined automatically. One assay can be performed within 10 min, which is much faster than the culture method. The
results obtained with both the nonculture method and the culture method for meat and vegetable samples were highly correlated

~ (r = 0.953 to 0.998). This method is feasible for the practical purpose of food safety control.

To protect food from contamination, it is important to
detect viable microbial cells as rapidly as possible. A rapid
method implies the direct counting of cells without culture,
either in liquid or on solid media, and may be referred to
as a nonculture method (NCM) as opposed to a conven-
tional culture method (CM) based on counting colonies on
an agar plate. The NCM is based on various indicators of
living cells such as cell membrane permeability (5, 8, 11),
intracellular esterase activity (4), microscopic changes in
cell shape (9), respiratory activity (5, 9), and nutrient up-
take (1, 7, 15). Dyes that allow visualization of these in-
dicators are now commercially available.

This study was focused on the permeability of the cell
membrane to ionic dyes, which is not equivalent to cell
viability but can be used as a practical indicator of it. Pro-
pidium iodide (PI) is an 1onic dye used for this purpose
because this dye can permeate the damaged cell membrane
and combine with DNA to form a fluorescent compound.
Therefore, PI can detect only dead cells. 4',6'-diamidino-
2-phenylindole (DAPI) is a nonionic dye used to stain
DNA. Because DAPI can permeate intact and damaged cell
membranes, it can make both viable and dead cells fluo-
rescent. Therefore, the combined use of PI and DAPI en-
ables the enumeration of both viable and dead cells.

When dealing with clean samples containing only mi-
crobial cells, an NCM based on fluorescent staining is use-
ful and reliable; successful applications already have been

* Author for correspondence. Tel: +81-42-388-7029; Fax: +81-42-387-
1503; E-mail: bio-func@cc.tuat.ac.jp.

reported (6, 13). However, a NCM cannot be regarded as
reliable for food samples because these samples contain
various unidentified compounds that may cause pseudopos-
itive or pseudonegative signals.

Another problem to consider when using a NCM is the
need for a fluorescent microscope. Microscopic observation
requires careful focusing and image scanning, and such
time-consuming and labor-intensive operations are unsuit-
able for frequent use. Therefore, more rapid and less labor-
intensive techniques are essential for practical applications.

To overcome these problems, we devised a smart ap-
paratus, the bioplorer, which is composed of an efficient
cell separation unit (CSU), a focusing-free microscopic de-
vice (FFM), and image analysis software. Here, we describe
the specifications of this novel apparatus and its successful
application for the rapid counting of viable cells in food
samples.

MATERIALS AND METHODS

Materials. The feasibility of the bioplorer NCM was evalu-
ated in two stages. First, we determined whether the bioplorer
NCM could produce the same cell count as the conventional agar
plate CM independent of species. For this purpose, we selected
typical examples of gram-positive and gram-negative bacteria and
yeasts from among those often encountered in food safety screen-
ings. Species tested were Escherichia coli NBRC 3301, Staphy-
lococcus aureus NBRC 12732, Enterobacter intermedius ATCC
33110, Citrobacter freundii ATCC 8090, Klebsiella pneumoniae
NBRC 14940, Bacillus subtilis NBRC 3023, Pseudomonas aeru-
ginosa NBRC 13275, Salmonella Enteritidis IFO 3315, Candida
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TABLE 1. Applicability of the bioplorer NCM to analysis of var-
ious food samples

Sample SCa Fpo RFC® BNCM“ SR¢

Refreshing drinks

Water, mineral water L O O O GF

Cola, soda L O 0] O GF

Carbonated drinks L X X X GF

Juice L X X X

Tea L A X X

Coffee L X X X
Milk-based drinks

Milk L X X X

Lactic acid drink L O O O
Alcoholic drinks

Japanese sake L O O X GF

Beer L A O A GF
Meats

Beef S O O O

Pork S O 0] O

Chicken S O O O

Gyoza S O O O
Vegetables

Cabbage S O O O

Lettuce S O ] O

Cut vegetables S O O O

Flour S O O O

Mushrooms S O O O

Radish sprouts S O O O

Bean sprouts S O O O

Seafoods
Fish
Oysters S

v
x O
X O
X O

Dairy products
Butter S
Margarine S
Yogurt

OO X
Oox0O
O %X X

Grains
Rice S
Boiled rice S
Noodles S
Buckwheat noodles S

OOxX0O
ORORGR®)
OOXxX0O

Seasonings

Salt S O
Powdered soy sauce S O
Syrup L O

Ox0O
OXO

@ Sample condition: L, liquid; S, solid.

& Filtration possibility: O, possible; X, impossible; A, depending
upon sample conditions.

¢ Removal of fluorescent contamination: O, can be removed; X,
cannot be removed.

4 Bioplorer NCM: O, possible; X, impossible; A, depends upon
sample conditions.

¢ Special requirement: GE germ-free condition is required.
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FIGURE 1. Schematic diagram of the bioplorer. (a) Appearance;
(b) cell trap membrane filter; (c) UV and green light-emitting
diodes; (d) absorption filter; (e) objective lens; (f) chafge-coupled
device; and (g) XY-automatic stage.

albicans NBRC 1594, and Saccharomyces cerevisiae NBRC
0555. Standard method agar (Nissui Seiyaku, Tokyo, Japan) was
used for the colony count CM. In this first stage, water samples
spiked with one of the above species were used.

The second stage focused on whether the bioplorer NCM is
applicable to naturally occurring bacteria in actual food samples.
Among the materials that were applicable to the bioplorer NCM
without pretreatment for cell separation (Table 1), we selected
meats (beef, pork, chicken, and fish), vegetables (cabbage, lettuce,
and radish sprouts), and grain (rice) for further quantitative com-
parison with the agar plate CM. At this stage, no spike test was
performed. Meats, vegetables, and rice were purchased fresh from
the market and were not cooked or processed. Based on prelimi-
nary experiments, we determined the proper dilution conditions
such that the range of cell concentration was 102 to 10° cells per
ml.

DAPI and PI were obtained from Wako Pure Chemicals Co.,
Ltd. (Osaka, Japan). Other reagents were of commercially avail-
able analytical grade.

Spike test. Each species was cultured on standard agar me-
dium at 36°C for 24 h, and a single colony was selected and
suspended in physiological saline. Cells were then diluted in dis-
tilled water to give the prescribed concentrations. Spiking tests
were performed only with these water samples.

Optical system. A schematic diagram of the bioplorer is giv-
en in Figure 1. The optical system is composed of two sets of
light-emitting diodes and filters. One set is for DAPI and com-
prises four UV light-emitting diodes, a 375-nm excitation filter,
and a 435- to 580-nm absorption filter. The other set is for PI and
comprises four green light-emitting diodes, a 525-nm excitation
fiiter, and a 580- to 650-nm absorption filter. The excitation light
source is illuminated for 6 s through the excitation filter on the
cell trap membrane filter of the CSU. The fluorescent light emitted
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FIGURE 2. Cell counting area of a cell trap membrane filter.

from 1 of 30 sections (Fig. 2) of the cell trap membrane filter
passes through an objective lens and an absorption filter and is
projected onto a charge-coupled device. Under these conditions,
one pixel of the charge-coupled device corresponds to 1.8 by 1.6
wm? on the cell trap membrane filter. All 30 sections were scanned
automatically, and fluorescent spots in each section were counted.

CSU. The CSU is composed of three parts (Fig. 3). The top
part is a funnel with two prefilters (unwoven nylon cloth and
cellulose membrane). The unwoven nylon cloth is 9 mm in di-
ameter, and the cellulose membrane is 9 mm in diameter and has
an 8-pwm mesh size. These prefilters are vital for the efficient trap-
ping of fluorescent contaminants and other large particles. The
middle part is a cell trap membrane filter 9 mm in diameter with
a 0.45-pm pore size. This membrane is coated with gold by ion
spattering to ensure a clean surface, free from fluorescent back-
ground. The prefilters facilitate uniform cell distribution for the
cell trap membrane filter. The bottom part is a needle that allows
for convenient one-touch thrust into the rubber plate of a suction
umt.

Image analysis program. The image analysis program was
developed by Matsushita Ecology Systems Co., Ltd. The cell
counting area is 30 sections (Fig. 2). Total area is 50% of the
whole membrane area. Fach fluorescent spot is registered as a
microbial cell when its intensity exceeds the lowest intensity limit
and its size is smaller than the largest spot size limit. The lowest
light intensity limit was adjusted to ensure that the bioplorer NCM
results agreed with those of direct microscopic observation. For
this adjustment, we used water samples spiked with each of the
test strains at various concentrations. The size limit of the largest
spot was determined based on a database produced from compar-
ative CM studies of various practical samples. Spots larger than
30 pixels were excluded from the cell count.

The number of DAPI-fluorescent microbial cells (Npapy) COI-
responds to the total number of living and dead cells, whereas the
number of PI-fluorescent microbial cells (Npy) corresponds to the
number of dead cells. Therefore, the number of living cells is
given by Npapr — Npp. Npapr and Npp were determined for all 30
sections per membrane. Therefore, the total numbers of viable and

J. Food Prot., Vol. 69, No. 1

FIGURE 3. Cell separation unit (CSU). (a) Funnel with prefilters;
(b} cell trap membrane filter; (c) base with a needle; (d) suction
unit; (e) silicon rubber cap; and (f) to a suction line.

dead cells per membrane are respectively given by the following
formulas:

30
2 X Zl (Npapt — Npp)i and
s

30
2 X 21 (Npp);.

Numbers of both viable and dead cells on the respective mem-
branes are displayed and saved for later use.

Preparation of test cell suspensions. Raw meat or raw veg-
etable (10 g of solid matter) was suspended in 90 ml of physio-
Jogical saline and transferred into a stomacher bag (a plastic bag
with a mesh filter at the nozzle). The bag was agitated at 8 strokes
per s for 30 s. The contents of the bag were then poured out
through the mesh filter. The resultant suspension was diluted with
physiological saline from 100 to 100,000 times to prepare test cell
suspensions. These test cell suspensions were assayed by both the
bioplorer NCM and the standard agar colony count CM.

For the bioplorer NCM assay, the cell suspension (1 ml) was
directly transferred into the CSU funnel. For the CM, the cell
suspension (0.1 ml) was spread onto a standard agar plate and
incubated at 36°C for 24 or 48 h.

Cell trapping and staining. The CSU was placed on a suc-
tion unit such that the needle of the CSU pierced the rubber plate
(Fig. 3). One hundred microliters of Tween 80 (0.1%, vol/vol)
was added onto the prefilter to improve filterability. One milliliter
of cell suspension was added to the CSU and filtrated by suction,
and the prefilter was then washed with 3 ml of physiological sa-
line. The funnel was removed, and 100 pl of solution containing
DAPI (1.0 wg/ml) and PI (2.5 pg/ml) was placed on the mem-
brane filter. After incubation for 2 min, the dye solution was re-
moved by suction from below. Another 100 w1 of DAPI (1.0 pg/
ml) was added onto the membrane filter to compensate for the
relatively weak staining of DAPI compared with PL. The DAPI
solution was removed immediately by suction from below. Finally
cells were rinsed with 0.1 ml of saline.

RESULTS

Applicability of the bioplorer NCM for various
foods. When a sample can be filtered and fluorescent con-
tamination can efficiently be removed, the sample can be
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assayed by the bioplorer NCM. Table 1 summarizes the
results for 33 types of food and drink. For each type, we
tested 5 to 50 brands, and raw samples were used through-
out. A total of 21 types of food and drink were applicable
to the bioplorer NCM, including meats and vegetables. For

a

FIGURE 5. Fluorescent images of DAPI-stained (a) and PI-
stained (b) cells separated from beef. Arrows indicate dead cells,
which were stained with both dyes.
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FIGURE 4. Fluorescent images of DAPI-
stained E. coli cells from a water sample
spiked with E. coli. When a fluorescent
spot satisfies the criteria of light intensity
limit and spot size, the spot is intensified
by the image processing program. (a) Be-
fore image processing; (b) after image
processing.

some items, some brands could be assayed with the bio-
plorer NCM but others could not, e.g., beer. In such cases,
evaluation depended on sample conditions.

Fluorescent image of microbial cells. Spiked water
samples cause no particular problems with fluorescent
background, but food samples often contain many fluores-
cent contaminants that cannot completely be removed by
CSU. This problem was solved with the image analysis
program.

An aliquot of meat sample was applied to the bioplorer,
and the fluorescent image of the trapped cells was displayed
on a monitor. Figure 4a shows an image of bacteria before
image processing; many fluorescent spots with irregular
shapes are visible. After image processing, only the spots
that satisfy the criteria of light intensity and spot size are
designated as discrete spots (Fig. 4b).

Figure 5 shows a pair of DAPI-stained (Fig. 5a) and
Pl-stained (Fig. 5Sb) images of the same meat sample. Those
cells that emitted fluorescence in both images (indicated by
arrows) were considered dead cells, whereas those that
emitted fluorescence only in Figure 5a were regarded as
viable cells. These results indicate that the numbers of vi-
able and dead cells can be determined simultaneously.

Number of viable microbial cells in water spiked
with test species. The bioplorer NCM was applied to test
sample suspensions containing only one species. Aliquots
of distilled water were spiked with the prescribed number
of test species. The number of viable cells determined by
the bioplorer NCM was plotted against the number of col-
onies determined by CM (Fig. 6a). The results of these two
methods were highly correlated. In the same manner, sam-

- 138 -



174 SHIMAKITA ET AL.

1. Food Prot., Vol. 69, No. 1

TABLE 2. Correlations of numbers of microbial cells as deter-
mined with the bioplorer NCM (direct count) and CM (plate
count) for water samples spiked with various microbial strains®

Logyo[Cell number determined by NCM]
w

0

Y=0.86X+0.58

R=0.925

Strains

Correlation coefficients

Gram-negative species
Escherichia coli
Salmonella Enteritidis
Klebsiella pneumoniae
Enterobacter intermedius
Citrobacter freundii
Proteus vulgaris
Pseudomonas aeruginosa

Gram-positive species

Bifidobacterium species
Lactobacillus species
Staphylococcus aureus

Y = 0.86X + 0.58, r = 0.925
Y = 0.88X + 0.39, r = 0.941
Y = 097X + 0.25, r = 0.999
Y = 0.85X + 0.15, r = 0.994
Y = 096X + 0.35, r = 0.989
Y = 0.89X + 0.06, r = 0.998
Y = 1.14X — 0.34, r = 0.967

Y = 1L.07X + 0.10, r = 0.996
Y = 0.89X + 0.54, r = 0.993
Y = 091X + 0.33, r = 0991

0 1 2 3 4 5 6
a Log,o[Cell number determined by CM (cfu/ml})]

6

| Y=0.88X+0.41
§ § R=0.941

Log,,[Cell number determined by NCM]
w

0 1 2 3 4 5 6
b Log,[Cell number determined by CM (cfu/mi)]

7

'
'
'
.

.
'
'
'
'
i
'
'

Ris

v
i
'
'
)
v
L

1 Lo i ] Y=0.91X+0.33
: ‘ R=0.991

o L i i T

Log,o[Cell number determined by NCM]

0 1 2 3 4 5 6 7
C Log,o[Cell number determined by CM (cfu/ml)]

Bacillus subtilis Y = 0.98X, r = 0.994
Yeasts

Candida albicans Y = 0.40X, r = 0.995

Saccharomyces cerevisiae Y = 1.60X, r = 0.950

a For all strains, number of cells per membrane ranged from 102
to 10°.

ples containing other species were assayed using both meth-
ods (Fig. 6b and 6¢ and Table 2), and the results were
highly correlated.

Therefore, the bioplorer NCM and agar plate colony
count CM were designated as giving equivalent results with
clean samples containing only microbial cells.

Number of viable microbial cells collected from
meats and vegetables. The performance of the bioplorer
NCM was investigated with food samples that contained
unidentified contaminants. The numbers of living cells de-
termined with the bioplorer NCM and the CM were closely
correlated (Fig. 7a). Similar results were obtained with let-
tuce samples (Fig. 7b).

The number of viable cells determined with the bio-
plorer NCM was correlated with the results for the CM,
which indicates that insoluble contaminants were removed
effectively by the CSU prefilters and that potential fluores-
cent contaminants had no effect on counts for the bioplorer
NCM. Linear relationships and high correlation coefficients
were also obtained for several other meat and vegetable
samples (Table 3).

DISCUSSION

The use of a membrane filter and prefilter for rapid
collection of microbial cells from food samples has been
described previously (3, 10, 14). Pettipher and Rodrigues

—

FIGURE 6. Correlations of microbial cell numbers determined
with the bioplorer NCM (direct count) and the CM (plate count).
Water samples were spiked with E. coli (a), Salmonella Enteritidis
(b), and S. aureus (c). For the CM, cultures were incubated for
24 h at 36°C.
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b Y=1.03X-0.25
! R=0.978

Log,o[Cell number determined by NCM]
w

' '
| i

0 1 2 3 4 5 6
a Log,g[Cell number determined by CM (cfu/ml)]

175

1 | : Y=0.99X~+0.25
R=0.970

Log,lCell number determined by NCM]
w

;
0 1 2 3 4 5 6
b  Log,,[Cell number determined by CM (cfu/mi)]

FIGURE 7. Correlations of microbial cell numbers determined with the bioplorer NCM (direct count) and the CM (plate count). Food
samples contained naturally occurring microbial cells. (a) Beef; (b) lettuce. For the CM, cultures were incubated for 48 h at 36°C.

(10) reported the rapid count of microorganisms in foods
by the NCM based on fluorescent dye staining and micro-
scopic observation. Another pretreatment method was the
use of alkaline protease in a meat sample to facilitate mem-
brane permeation (/4). As a result, a close correlation was
obtained between the NCM and the CM with certain food
samples. Despite these pioneering studies, a more conve-
nient method or device that can be applied to various other
food and drink samples was required. Nonspecific fluores-
cent background has been a particularly difficult problem
to overcome. However, the apparatus developed in the pres-
ent study has solved this problem and satisfies the require-
ment of wide applicability.

A comparison of the bioplorer NCM and CM results
for meat revealed that the number of cells determined by
the bioplorer NCM tended to be higher than that determined
by the CM. One of the reasons for this difference might be
the influence of viable but nonculturable cells (VNC) (2, 4,

TABLE 3. Correlations of numbers of microbial cells as deter-
mined with the bioplorer NCM (direct count) and CM (plate
count) for naturally contaminated meats and vegetables®

Samples? Correlation coefficients
Beef Y = 1.03X — 0.25, r = 0.978
Pork Y = 1.15X - 0.28, r = 0.995
Chicken Y = 1.18X + 0.60, r = 0.998
Cabbage Y = 0.89X + 0.10, r = 0.982
Lettuce Y = 0.99X + 0.25, r = 0.970
Radish sprouts Y = 097X — 1.33, r = 0.997
Rice Y = 081X + 0.56, r = 0.954
Fish Y = 1.21X + 001, r = 0.902

2 For all sample types, the number of microbial cells per mem-
brane ranged from 102 to 10

b Stomacher-treated filtrates were diluted 100-fold and then as-
sayed.

8). VNC may be counted as viable cells by the NCM be-
cause the cell membrane properties of VNC more closely
resemble those of viable cells than of dead cells. In contrast,
VNC do not form colonies under typical culture conditions
and thus are not counted as viable cells by the CM. (6)

Considering the principle of the NCM, it is not sur-
prising that differences were seen in the number of cells
determined with the two methods. Different NCM tech-
niques will not necessarily coincide because the indicators
used for different NCM techniques reflect different aspects
of the live state, i.e.,, a highly vital state or a seriously
wounded state.

For practical application of the NCM, conditions under
which the NCM results are highly correlated with those of
CM were identified. Very close correlation between results
for both methods was observed for counts of microbial cells
from meats and vegetables. Insoluble matter inevitably con-
taminates homogenates of food samples, but such contam-
inants were efficiently eliminated by the CSU. The number
of VNC in these samples is likely to be small. Therefore,
the bioplorer is useful for the rapid detection of microbial
contamination in meat and vegetable samples.
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