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ABSTRACT

Effects of storage temperature (1, 5, and 10°C) on growth of microbial populations (total aerobic bacteria, coliform
bacteria, Bacillus cereus, and psychrotrophic bacteria) on acidic electrolyzed water (AcEW)-treated fresh-cut lettuce and cab-
bage were determined. A modified Gompertz function was used to describe the kinetics of microbial growth. Growth data
were analyzed using regression analysis to generate ‘“‘best-fit” modified Gompertz equations, which were subsequently used
to calculate lag time, exponential growth rate, and generation time. The data indicated that the growth kinetics of each bacterium
were dependent on storage temperature, except at 1°C storage. At 1°C storage, no increases were observed in bacterial pop-
ulations. Treatment of vegetables with ACEW produced a decrease in initial microbial populations. However, subsequent growth
rates were higher than on nontreated vegetables. The recovery time required by the reduced microbial population to reach the
initial (treated with tap water [TW]) population was also determined in this study, with the recovery time of the microbial
population at 10°C being <3 days. The benefits of reducing the initial microbial populations on fresh-cut vegetables were
greatly affected by storage temperature. Results from this study could be used to predict microbial quality of fresh-cut lettuce

and cabbage throughout their distribution.

The presence of numerous genera of spoilage bacteria,
yeasts, and molds and an occasional pathogen on fresh pro-
duce has been recognized for many years. In particular
fresh-cut vegetables are highly susceptible to microbial
spoilage, because processing by slicers, shredders, and peel-
ers may lead to microbial contamination (/6), and inner
tissues are exposed to microbial contamination after pro-
cessing (7). Bolin et al. (6) reported that the initial micro-
bial load of shredded lettuce influenced the storage life of
the product. Chlorination and ozonation have long been
widely used for the disinfection of foods. However, wash-
ing, together with chlorine or ozone treatment, cannot com-
pletely remove or inactivate microorganisms on fresh pro-
duce (3, 5, 8, 26, 33).

There have been reports on the antimicrobial and an-
tiviral activities of acidic electrolyzed water (AcEW) pro-
duced by the electrolysis of a dilute aqueous sodium chlo-
ride solution using an instrument in which an anode and
cathode are separated by a membrane to form two com-
partments (19, 27). Recently, the efficacy of AcCEW as a
disinfectant for fruits and vegetables has been reported (20—
22). However, AcCEW treatment also cannot completely re-
move or inactivate microorganisms on fresh produce (24).
Therefore, microorganisms on fresh produce will continue
to multiply for a few days. As microorganism populations
increase, quality of fresh produce decreases. Moreover, the
risk of outbreaks of human gastroenteritis also increases.

Predictive microbiology has emerged as a discipline in
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its own right in recent years, and the usefulness of this
approach is becoming widely accepted, resulting in consid-
erable international interest being shown, particularly in
Western Europe, the United States, Canada, and Australia.
This approach is late in Japan. In the past 10 years, many
microbiologists have worked on growth kinetics models for
various pathogens (4, 9, 10, 25, 28-30, 36, 37). Most of
these studies were carried out using selected growth media
in which factors such as pH, NaCl contents, and tempera-
ture were controlled. The characteristics of each microor-
ganism have been revealed. However, few studies have ex-
amined the behavior of microorganisms in foods (14, 31,
34). Prediction of the shelf life and risk assessment of foods
is very important information for retailers and consumers,
and a prediction model of microbial growth is especially
valuable for fresh-cut vegetables, which are easily damaged
and eaten raw.

The objectives of this study were to examine microbial
growth on fresh-cut vegetables during storage at various
temperatures and to develop a growth model for the pre-
diction of shelf life. Moreover, we examined the effect of
reducing initial microbial populations using AcEW on mi-
crobial growth during storage. From these studies, we pro-
posed a model for the prediction of the shelf life of fresh-
cut vegetables under various storage temperatures.

MATERIALS AND METHODS

Plant materials. Lettuce and cabbage were purchased at a
local supermarket in Sapporo, Hokkaido, Japan. These vegetables
were harvested before 2 days of sale at retail establishments. The
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storage temperature was kept below 10°C during distribution. The
outer leaves were removed and discarded. Lettuce leaves were
then cut into approximately 5- by 5-cm squares, and cabbage
leaves were shredded to a width of 2 to 3 mm.

Electrolyzed water treatment. A batch-type electrolysis ap-
paratus, Super Oxeed Labo (Model JED-020, AOI Engineering,
Shizuoka, Japan), was used to prepare the electrolyzed water. It
was prepared by electrolysis of 0.1% sodium chloride solution at
9 to 12 direct current volts for 10 min at room temperature. ACEW
was prepared in the anode side of an electrolytic cell, and alkaline
electrolyzed water (AIEW) was prepared in the cathode side. Sam-
ples of lettuce or cabbage (500 g) were washed by soaking in
AIEW (10 liters) for 1 min, then were decontaminated by soaking
in AcEW (10 liters) for 1 min. As a control, samples of lettuce
or cabbage (500 g) were washed by soaking in tap water (TW; 10
liters) for 2 min. Water adhering to the lettuce or cabbage was
removed by centrifugation (3,000 rpm, 20 s). The pH of the tested
solution was measured with a pH meter (HM-11P, TOA Electron-
ics Ltd., Tokyo, Japan). Oxidation-reduction potential (ORP) was
measured with an ORP meter (RM-10P, TOA). Initial concentra-
tions of the available chlorine in the AcCEW and TW used in this
study were determined with chlorine test kits (Hach Co., Love-
land, Colo.).

Storage of treated fresh-cut vegetables. A 50-g sample of
each fresh-cut vegetable was enclosed in a package (effective area
700 cm?) of polyethylene film (thickness 40 wm). The air was
removed from each package by vacuum, then 300 ml of flashed
air was added and the opening closed by heat sealing. Each air-
enriched package was stored at 1, 5, and 10°C for 5 days. Micro-
bial populations were determined before storage, and after storage,
these populations were determined for 1, 3, and 5 days. Sample
packages were prepared for every assay date with all temperature
conditions.

Microbiological analysis. To enumerate the microorganisms
on fresh-cut vegetables, a sample of each vegetable (25 g) was
combined with 225 ml of sterile 0.85% sodium chloride solution
in a sterile polyethylene bag and was pummeled with a stomacher
for 2 min at high speed. The wash fluid was then serially diluted.
All microbiological media used in this study were purchased from
Merck (Darmstadt, Germany). Total aerobic bacterial counts were
determined by pouring 1 ml of diluted sample into plate count
agar. Plates were incubated at 35°C for 48 h, and colonies were
counted. Coliform counts were determined by pouring 1 ml of
diluted sample into violet red bile agar. Plates were incubated at
35°C for 24 h, and colonies were counted. Bacillus cereus counts
were quantified by direct plating 0.1 ml of diluted sample onto
the surface of a manitol-egg yolk-polymyxin agar plate. Plates
were incubated at 35°C for 24 to 48 h, and colonies were counted.
Psychrotrophic bacterial counts were quantified by direct plating
0.1 ml of diluted sample onto the surface of a plate count agar
plate. Plates were incubated at 7°C for 10 days, and colonies were
counted. All pour and spread plates used for quantitative analysis
were carried out in duplicate at each relevant dilution.

A sample of each vegetable (25 g) was used in duplicate on
each day of analysis. Three independent replications of each ex-
periment were conducted. Significant differences in plate count
data were established by the least significant difference test at the
5% level of significance.

Curve fitting and prediction of shelf life. The first stage
involved fitting the bacterial growth curve with the modified
Gompertz (15) sigmoid curve to calculate growth curve parame-
ters such as growth rate and lag times. At each temperature, bac-
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terial count data, which were the mean values obtained from three
replications, were modeled as a function of time. Based on the
curve fits, estimates of B, M, C, and A were obtained from the
following relationships:

L(t) = A + Cexp{—exp[—B(t — M)]}

where L(t) = log;o count at time #; A = asymptotic log count as
t decreases indefinitely; C = asymptotic amount of growth that
occurs as t increases indefinitely; B = relative growth rate at M;
and M = time at which absolute growth rate is at a maximum.
These parameters were used to derive growth rate, lag time, and
generation time as follows:

growth rate (log;ocount/d) = BC/e
lag time (d) = M — 1/B
generation time (d) = log;g2e/BC

The shelf life of fresh-cut vegetables stored at various tempera-
tures was determined from obtained growth curve equations and
parameters. Shelf life was defined as the period that aerobic bac-
terial populations on fresh-cut vegetables increased by 103 CFU/
g in this study. This aerobic bacterial population is a standard
during distribution in Japan. Moreover, the period needed for mi-
crobial growth on cut vegetables treated with ACEW to reach ini-
tial (just after being treated with TW) microbial populations was
determined from obtained curve equations.

In this study, curve fitting and kinetic parameterization were
performed using KaleidaGraph software version 3.5.1 (Synergy
Software, Reading, Pa.).

RESULTS

Disinfectant effect of ACEW on fresh-cut vegetables.
The pH values for AcCEW, AIEW, and TW were 2.5 = 0.1,
11.3 = 0.1, and 7.0 * 0.1, respectively. Although the ORP
of AcCEW was high, such as 1,140 = 7 mV, AIEW showed
a very low ORP, such as —870 £ 10 mV. The ORP of TW
was 416 £ 15 mV. The available chlorine concentration of
AcEW and TW was 40.3 £ 1.5 ppm and 0.3 = 0.1 ppm,
respectively. Washing with AIEW for 1 min, then decon-
taminating with AcEW for 1 min, reduced total aerobic
bacteria, coliform bacteria, B. cereus, and psychrotrophic
bacteria on lettuce by 1.7, 1.6, 1.0, and 1.1 logs CFU/g,
respectively. In cabbage, total aerobic bacteria, coliform
bacteria, B. cereus, and psychrotrophic bacteria were re-
duced by 1.5, 1.5, 1.5, and 1.0 logs CFU/g, respectively.
These results are in agreement with those of our previous
experiment (23). By contrast, treatment with TW did not
reduce bacterial populations on lettuce or cabbage. Accord-
ingly, treatment with AIEW and AcEW could reduce initial
microbial populations on fresh-cut vegetables prior to stor-
age.

Microbial growth during storage. Changes in bac-
terial populations on lettuce during storage at three tem-
peratures are shown in Figure 1A through 1D for aerobic
bacteria, coliform bacteria, B. cereus, and psychrotrophic
bacteria, respectively. No bacterial populations increased
during storage at 1°C for 5 days. However, all populations
increased during storage at 5 and 10°C. There were signif-
icant differences (P < 0.05) in all bacterial populations,
except for psychrotrophic bacteria, on lettuce treated with
AcEW among storage temperatures after storage the third
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day. In lettuce treated with TW, there were significant dif-
ferences (P < 0.05) in aerobic bacterial and coliform bac-
terial populations among temperatures after the third day.
There were no differences in B. cereus populations between
5 and 10°C. All bacteria examined in this study grew more
quickly on lettuce treated with AcCEW than on lettuce treat-
ed with TW. In other words, when initial microbial popu-
lations were low, growth rates quickened. This trend was
particularly evident for aerobic and psychrotrophic bacteria.
However, after 5 days’ storage, microbial populations on
lettuce treated with AcEW did not exceed those on lettuce
treated with TW at the same storage temperature. Figure
2A through 2D shows the growth of aerobic bacteria, co-
liform bacteria, B. cereus, and psychrotrophic bacteria on
cabbage treated with AcCEW and TW, respectively. Micro-
bial growth on cabbage was similar to that on lettuce. After
5 days’ storage, there were significant differences (P <
0.05) in all bacterial populations on cabbage with each
treatment among storage temperatures. Microbial growth on
fresh vegetables was dependent on storage temperature.
Shelf life was defined as the period that aerobic bac-
terial populations of fresh-cut vegetables increased by 10
CFU/g in this study. Shelf life of lettuce treated with AcCEW
was 2.29 and 1.51 days at 5 and 10°C, respectively. Treat-
ment with TW did not reduce aerobic bacterial counts of
lettuce <10° CFU/g. The shelf life of cabbage treated with
AcEW was 4.36 and 2.72 days at 5 and 10°C, respectively.
The shelf life of cabbage treated with TW was 1.67 and

0.91 days at 5 and 10°C, respectively. The shelf life of
neither vegetable was determined at 1°C.

Calculated Gompertz parameters. Every growth
curve, except for storage at 1°C, was fitted to the modified
sigmoid Gompertz function (see ‘“Materials and Meth-
ods”). Tables 1 and 2 list the values for time to maximum
growth rate, lag time, and generation time calculated from
the parameters B, M, C, and A obtained by fitting the Gom-
pertz function to the data. As storage temperature increases,
lag time decreases and growth rates quicken. Growth rates
of all bacteria, except for B. cereus, on lettuce treated with
AcEW were higher than on lettuce treated with TW. Gen-
eration times for aerobic bacteria, coliform bacteria, and
psychrotrophic bacteria treated with AcEW were shorter
than when treated with TW. For cabbage treated with
AcEW, growth rates of all bacteria, except for psychro-
trophic bacteria, were higher than when treated with TW.
Generation times of aerobic bacteria, coliform bacteria, and
B. cereus treated with AcCEW on cabbage were shorter than
when treated with TW. Lag time depended on storage tem-
perature, and as storage temperatures increased, lag times
of all bacteria used in this study decreased. Moreover, lag
times for coliform bacteria, B. cereus, and psychrotrophic
bacteria on both cut vegetables treated with AcCEW were
shorter than when treated with TW.

Recovery of reduced microbial populations after
treatment with AcEW. Microbial populations reduced by
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FIGURE 2. Changes in populations of (A)
aerobic bacteria, (B) coliform bacteria,
(C) Bacillus cereus, and (D) psychrotroph-
ic bacteria in the cabbage treated with
acidic electrolyzed water (AcEW) and tap
water (TW) during storage at 1, 5, and
10°C for 5 days. Results are mean =+ stan-
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AcEW also grew again during storage. The period needed
for the reduced populations to reach the initial (just after
treated with TW) microbial population was determined
from the obtained curve equations (Table 3). This period is
referred to as the recovery time in this study. Since no
bacteria grew on cut vegetables at 1°C storage, recovery
time was not determined at that temperature. Although aer-
obic bacteria on lettuce needed 5 days to reach initial pop-
ulations at 5°C storage, other bacteria on lettuce needed
only about 4 days. When stored at 10°C, recovery time of
all bacteria on lettuce was within 3 days. Coliform bacteria,
in particular, grew quickly and reached initial populations
in 1.3 days at 10°C. Recovery time of all bacteria, except
for B. cereus stored at 5°C, was shorter for cabbage than
for lettuce. Recovery time of aerobic bacteria, coliform bac-
teria, and psychrotrophic bacteria on cabbage stored at 5°C
was 4.2, 3.2, and 2.6 days, respectively. However, B. cereus
populations needed 5.9 days to reach the initial population
at 5°C, which was longer than for lettuce. By contrast, re-
covery times of all bacteria on cabbage stored at 10°C were
<3 days, similar to those on lettuce.

DISCUSSION

AIEW has a high pH (>11) and a very low ORP (be-
low —800 mV). When lettuce or cabbage was washed in
AIEW for 1 min and then decontaminated with AcEW for
1 min, the disinfectant effect on aerobic and coliform bac-
teria was larger than that for the treatment of lettuce and

0 1 2 3 4 5
Time (d) Time (d)

cabbage by soaking in AcEW for 10 min (23). AIEW is
considered to act like a dilute sodium hydroxide aqueous
solution. Thus, it would act as a surface-active agent against
the surface of lettuce or cabbage, and microorganisms on
the surface of the vegetable could be easily decontaminated
using AcEW. Therefore, cut lettuce and cabbage could be
well decontaminated within a short time, such as within the
2-min treatment used in this study.

Aerobic bacterial populations can be regarded as an
index of microbial contamination. Generally, an aerobic
bacterial population >>107 CFU/g on foods is considered to
represent the initial stage of spoilage. Thus, after storing at
10°C for 5 days, lettuce and cabbage treated with TW
would start to spoil.

Coliform bacterial populations represent the cleanliness
of the vegetable. Because there was not much lag time of
coliform bacteria at 5 and 10°C, management of storage
temperature rather than reduction of initial populations is
important in controlling coliform populations. Coliform is
a group of bacteria that is defined as all aerobic and fac-
ultative aerobic, gram-negative, nonspore-forming, rod-
shaped bacteria that ferment lactose with gas formation.
Mesophilic and psychrotrophic gram-negative rods are the
predominant microorganisms on fresh-cut vegetables (2,
18). Tt is considered that vegetables may be suited for the
growth of coliform bacteria. Therefore, coliform, including
mesophilic gram-negative rods, grows more rapidly than
other bacteria. Moreover, since reduction of coliform pop-
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TABLE 1. Growth conditions and calculated kinetic parameters from Gompertz equations of aerobic bacteria, coliform bacteria,

Bacillus cereus, and psychrotrophic bacteria in or on the cut lettuce®

Storage
temperature Growth rate Lag time Generation time
Bacterium Treatment (°C) (log count/d) (d) (d)
Aerobic bacteria AcEW 1 NG NG NG
AcEW 5 0.46 1.11 0.59
AcEW 10 0.92 0.99 0.30
™ 1 NG NG NG
™ 5 0.18 0.83 1.51
™ 10 0.41 0.34 0.66
Coliform bacteria AcEW 1 NG NG NG
AcEW 5 0.62 0.03 0.44
AcEW 10 1.44 0.01 0.19
™ 1 0.09 2.50 3.11
™ 5 0.28 0.58 0.98
™ 10 0.86 0.35 0.32
B. cereus AcEW 1 NG NG NG
AcEW 5 0.43 1.06 0.62
AcEW 10 0.82 0.74 0.33
™ 1 NG NG NG
™ 5 0.45 1.79 0.60
™ 10 0.87 1.10 0.31
Psychrotrophic bacteria AcEW 1 NG NG NG
AcEW 5 0.52 0.99 0.52
AcEW 10 0.58 0.82 0.46
™ 1 NG NG NG
™ 5 0.30 3.13 0.89
™ 10 0.42 0.95 0.65

@ AcEW, acidic electrolyzed water; TW, tap water; NG, no growth.

ulations decreased competitive coliform bacteria, residual
coliform could easily grow. Accordingly, growth rate of
coliform bacteria could be rapid on fresh vegetables.

B. cereus, some strains of which are pathogenic, is one
of the organisms responsible for the spoilage of food. It has
been reported that psychrotrophic strains of B. cereus grow
rapidly at 8°C (12, 17, 35). Because cut vegetables are often
exposed to this temperature during distribution, B. cereus
grows rapidly during storage and distribution. Thus, both
from a public health and an economic point of view, mon-
itoring and control of B. cereus are very important for cut
vegetables. Our results showed that B. cereus grew rapidly
at 10°C; therefore, psychrotrophic strains of B. cereus are
believed to exist on cut vegetables.

Psychrotrophic bacteria are mainly of the genus Pseu-
domonas; they grow at low temperatures and cause dete-
rioration of foods. Psychrotrophic bacteria as well as other
bacteria grow rapidly at 10°C. Accordingly, storage tem-
peratures of fresh-cut vegetables should be kept below 5°C
to protect the growth of microorganisms connected with
spoilage and pathogenic illness.

Growth curves of each bacteria examined in this study
were fitted to a Gompertz function. There have been many
reports of the fitting of bacterial growth to Gompertz curves
(4, 9, 10, 25, 28-30, 36, 37). However, many of them were
performed on specific bacteria in controlled environments,
such as modified nutrient broth or agar. There have been

few reports on the fitting of microbial growth on foods to
the Gompertz sigmoid curve (14, 31, 34). From this study,
it is apparent that microbial growth on cut lettuce and cab-
bage could be fitted to the Gompertz curve. Parameters ob-
tained from the Gompertz function could be used to cal-
culate lag time and growth rate. Therefore, increases in bac-
terial populations on cut vegetables will be predicted on the
basis of storage temperature, storage period, and initial pop-
ulation. If the history of temperature during distribution is
monitored using a time-temperature integrator label, any
potential health concerns would be indicated.

Initial microbial populations on cut vegetables affected
growth rate and lag time. In vegetables treated with AcCEW,
the initial microbial population was reduced by 1 to 2 logs
CFU/g. However, almost all bacteria treated with AcCEW in
this study showed a higher growth rate and shorter lag time
than did those treated with TW. This trend was particularly
apparent when stored at 10°C. There would be plenty of
room for microbial growth on cut vegetables treated with
AcEW, because of the reduction in initial microbial popu-
lations. Therefore, the microbial growth rate would be fast-
er and the lag time would be shorter at higher temperatures
such as those used in this study. Accordingly, beneficial
effects of treatment with AcEW should not be overesti-
mated, and treated vegetables should be managed at an ap-
propriate temperature below 5°C. Recovery time to initial
microbial population was adopted as an index of bacterial
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TABLE 2. Growth conditions and calculated kinetic parameters from Gompertz equations of aerobic bacteria, coliform bacteria,
Bacillus cereus, and psychotrophic bacteria in or on the cut cabbage®

Storage
temperature Growth rate Lag time Generation time
Bacterium Treatment (°C) (log count/d) (d) (d)
Aerobic bacteria AcEW 1 NG NG NG
AcEW 5 0.76 2.33 0.35
AcEW 10 0.82 0.66 0.33
™ 1 NG NG NG
™ 5 0.44 1.57 0.61
™ 10 0.58 0.77 0.47
Coliform bacteria AcEW NG NG NG
AcEW 5 0.79 0.39 0.34
AcEW 10 1.04 0.88 0.26
™ 1 NG NG NG
™ 5 0.19 1.69 1.45
™ 10 0.58 —0.33 0.47
B. cereus AcEW 1 NG NG NG
AcEW 5 0.31 0.41 0.87
AcEW 10 0.61 0.23 0.44
™ 1 0.06 0.76 4.57
™ 5 0.27 0.45 1.00
™ 10 0.43 0.22 0.64
Psychrotrophic bacteria AcEW 1 0.08 291 3.20
AcEW 5 0.45 0.22 0.61
AcEW 10 0.77 0.09 0.35
™ 1 0.19 2.13 1.40
™ 5 0.72 1.08 0.38
™ 10 0.83 0.50 0.33

@ AcEW, acidic electrolyzed water; TW, tap water; NG, no growth.

reduction in this study, although the maximum period of
population reduction was only 3 to 4 days at 5 or 10°C.
Therefore, after 3 or 4 days, the storage temperature of
vegetables should be carefully monitored.

In this study, although the storage period was 5 days,
additional information on microbial growth could be ex-
trapolated from Gompertz functions. However, after 5 days
of storage at 5 and 10°C, the appearance of both cut veg-
etables had deteriorated, with the browning of vegetables

TABLE 3. Recovery time (days) that bacterial populations in or
on the cut vegetables reduced by acidic electrolyzed water need
to reach the initial (treated with tap water) bacterial populations

Recovery time (d)*

Storage
temper- Psychro-
ature  Aerobic Coliform Bacillus trophic
Vegetable (°C) bacteria bacteria cereus bacteria
Lettuce 1 ND? ND ND ND
5 53*£03 42x05 3805 42=*03
10 2905 1302 20x03 2.7*03
Cabbage 1 ND ND ND ND
5 42=*05 32*05 5903 26 =*0.1
10 26*03 26=*=05 3.1*x04 1.7=*02

@ Mean value *= standard deviation of three replications.
b ND, not determined.

stored at 10°C being particularly noticeable. Since the ap-
pearance of cut vegetables determines the product’s value,
browning leads to a loss of value regardless of microbial
contamination. Therefore, in practical terms, it would be
enough to predict the microbial growth for 5 days at 5 or
10°C.

The risk of outbreaks of food poisoning could be as-
sessed by predicting microbial growth during storage. There
have been a number of reports on the relationship between
microbial populations and the probability of infection (13,
18, 32). Rose and Gebra (32) reported that the probability
of Salmonella infection was about 50% when >103 cells
were ingested. Another report specified that the probability
of Shigella flexneri infection was >50% when >10° cells
were ingested (//). B. cereus may cause food poisoning
with an infective dose as low as 103 to 10* CFU/g (I). In
this way, the maximum number of ingested pathogens nec-
essary to produce clinical symptoms in humans varies ac-
cording to the bacteria. However, if the number of patho-
gens ingested is <103 cells, risk of infection remains rel-
atively low. Therefore, on cut vegetables, pathogen popu-
lations in this study—both coliform bacteria and B.
cereus—should be kept below 103 CFU/g until consump-
tion. To control this level, cut vegetables should be decon-
taminated and stored at <5°C. Although the time limit for
storage at 5°C is 5 days, vegetables can be kept safely for
longer periods at 1°C.
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In Japan, although there is no legal standard for the
maximum acceptable microbial contamination of fresh-cut
vegetables, an independent industry standard for total aer-
obic bacterial counts during distribution stands at <107
CFU/g. Because washing with TW is not enough to bring
microbial counts below this standard, an effective decon-
tamination process is indispensable for the cut vegetable
industry. However, effective decontamination methods have
not been established. AcCEW treatment would be an effec-
tive method. Even on decontaminated vegetables, microbial
populations will increase rapidly if kept at an inappropriate
temperature for several days. Moreover, the growth rate on
decontaminated vegetables would be higher than on unde-
contaminated vegetables. Therefore, temperature manage-
ment after the reduction of microbial populations is very
important. Control of microbial populations on cut vege-
tables requires both decontamination and storage at low
temperatures (i.e., <5°C or, if possible, 1°C). However,
storage at this temperature is difficult to manage using pres-
ent distribution systems. Low temperature storage should
not be relied on as the sole preservative technique, because
of the potential for abuse by distributors, retailers, and con-
sumers. Moreover, the risk of foodborne illness when fresh
vegetables are stored for longer periods would be high, be-
cause pathogens have an opportunity to reach higher pop-
ulations. Any vegetable may present a public health hazard
if pathogenic microorganisms are present.

Microbial populations on cut vegetables did not in-
crease when stored at 1°C for 5 days. Moreover, as the
appearance of cut vegetables did not change, freshness
would be ensured for 5 days or more. The best conditions
for distribution of fresh-cut vegetables are at 1°C, according
to this study. However, storage at 1°C would increase cool-
ing costs greatly, due to the need for ventilation cooling.
Other cooling methods, such as packing with crushed ice
in an insulated container, need to be examined in the future.
The combination of decontamination with AcEW and stor-
age at 1°C would provide a useful system for the safe dis-
tribution of fresh-cut vegetables.
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