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Introduction

Fermented vegetables are an integral part of the 
diet of people in many countries50.  The organic acids or 
other metabolites produced by lactic acid bacteria during 
the fermentation process give the raw vegetables a desir-
able taste, flavor or texture10.  In addition, fermentation 
enriches food substances biologically with vitamins, pro-
tein, essential amino acids and fatty acids12.  Lactic acid 
fermentation of cabbage and other vegetables is a com-
mon method for preserving fresh vegetables.  However, 
the most important role of lactic acid fermentation is the 
preservation of perishable vegetables and fish in sanitary 
and safe conditions.  The organic acids or bacteriocins 
produced by a long period of fermentation may suppress 
the growth of pathogenic or spoilage bacteria1,31,41.  The 

microflora of fermented vegetables is influenced by their 
salt concentration44,45,50.  In high salt concentrations, the 
growth of bacteria tends to be repressed by low water 
activity and high ionic activity in general.   In suitable 
concentrations, salt will suppress the growth of undesir-
able bacteria without affecting that of lactic acid bacteria 
(LAB). 

Traditionally in Japan, a rather higher (over 5%) salt 
concentration has been adapted for long-term fermenta-
tion.  However, lightly salted and/or fermented vegetables 
are becoming more preferred with consumers because a 
trend toward convenient yet healthy foods is seen as part 
of a modern lifestyle.  In such a situation, several food 
borne outbreaks with lightly-fermented (salted) vegetables 
have been reported recently in Japan2,21,42,43.  In August to 
September 2001, a disseminated outbreak of Escherichia 
coli O157:H7 in the Kanto area of Japan occurred and 
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the epidemiological investigation suggested that locally 
made kimchi was one of the incriminated food items.  
This raised special concern about kimchi borne transmis-
sion of E. coli O157:H7. 

The raw vegetables used for the production of fer-
mented vegetables could be contaminated in the farm 
and serve as a vehicle of pathogenic bacteria6,37.  It is dif-
ficult to reduce viable cells of pathogenic bacteria once 
fermented vegetables become contaminated during their 
production.  According to our inoculation study con-
cerning the fate of pathogenic bacteria in laboratory pre-
pared Japanese styled Kimchi21, Staphylococcus aureus 
decreased rapidly from its initial inoculum level to a mini-
mum detectable level within 12 days and L. monocyto-
genes took 20 days to reach a similar level (Fig. 1).  There 
was little increase in the population of E. coli O157:H7 
and Salmonella Enteritidis observed over the first 4 days 
and they decreased slightly over 8 days and/or remained 
constant throughout the incubation periods, where as a 
decrease in the population of S. aureus and L. monocy-
togenes was observed over time.  These results indicate 
that pathogenic bacteria could survive if there is any con-
tamination in the raw materials and/or at any stage of the 
fermentation process. 

If the raw vegetables, used for the production of 
lightly-fermented vegetables, were contaminated with 
pathogenic bacteria at any stage of pre- or post-harvest 
production and/or during marketing, this could contribute 
to the potential risk of food poisoning associated with the 
products.  This paper deals with the effectiveness of acidi-
fied sodium chlorite (ASC) on reducing pathogenic bac-
teria during prewashing of raw leafy vegetables for lightly 
fermented vegetable production. 

Sanitation of the attached bacteria on the 
surface of raw vegetables by ASC

Normally, leafy vegetables harbor 2–7 log CFU/g of 
mesophilic bacteria including coliform or spoilage bacte-
ria such as Pseudomonas as their normal microflora5,7,14,38 
and LAB on leaves play an important role for fermenta-
tion.  Overgrowth of bacteria increases turbidity of clean 
dipping sauce and causes inadequate quality for lightly 
fermented (or salted) vegetables25,35,40.  In addition, vegeta-
bles can act as a vector in transporting pathogenic bacteria 
from a farm.  A lot of reports revealed that vegetables pose 
a risk of transmitting pathogenic bacteria from farms6,37.  
Although washing produce with tap water may remove 
some soil and other debris, it cannot be relied upon to 
remove microorganisms completely and may result in 
cross-contamination of food preparation surfaces, utensils 
and other food items7–9.  To reduce the risk of food poison-
ing caused by lightly fermented vegetables, effective sani-
tizing of the raw produce may be required.  Washing raw 
produce with sodium-chlorinated water (NaClO) is the 
most commonly used method to remove pathogens from 
surfaces of vegetables11.  Many experimental studies have 
been performed to evaluate the effectiveness of sodium 
chlorinated water, acidic electrolyzed water or other sani-
tizers for sanitation of pathogenic bacteria on the surface 
of vegetables4,27‑30,32,49.  Active hypochlorite is believed to 
lose its effectiveness by reacting with nitrogen contain-
ing compounds in foods, resulting in halogenated organic 
compounds7,19.  Concern over the carcinogenicity and tox-
icity of these compounds, particularly trihalomethanes, 
has prompted consideration of alternative disinfectants55.

Several investigations revealed that chlorine dioxide 
is a disinfectant equal to or more effective than chlorine33.  
This compound has been reported to inactivate bacteria, 
bacterial spores and viruses effectively15,39.  The bacteri-
cidal effectiveness of aqueous chlorine dioxide against 
bacteria on the surface of lettuce, cabbage, cucumber, and 
green pepper has been reported17,46,56.  Chlorine dioxide 
(ClO2) is much more soluble than chlorine in water and 
has about 2.5 times higher oxidizing capacity than hypo-
chlorous acid (HOCl)3.  Chlorine dioxide does not form 
chlorinated organic compounds to the extent observed 
with chlorine.  ASC, an antimicrobial agent, is prepared 
from mixing sodium chlorite (NaClO2) solution with a 
generally-recognized-as-safe (GRAS) organic acid.  This 
chemical reaction produces active chlorine dioxide that 
shows bactericidal activity in combination with acidity.  
The U.S. Food and Drug Administration approved ASC 
for use in poultry, red meat, comminuted meat products, 
and processed fruits and vegetables to reduce bacterial 
contamination54.  Application of the bactericidal effect of 
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Fig. 1.	 Survival of inoculated strains of Escherichia 
coli O157:H7 ( ), Salmonella Enteritidis ( ), 
Staphylococcus aureus (), and Listeria monocytogenes 
(), in laboratory prepared Japanese style kimchi 
that were kept at 10ºC for 24 days (n = 4)



19

Bacterial Control of Fermented Vegetables

ASC for surface washing of raw salmon52, beef carcass11, 
and broiler carcasses26 has been studied.  However, only a 
few studies have been performed to apply the bactericidal 
effect of ASC for the surface washing of raw vegetables 
or fruits18,34.  We constructed a sensitive detection system 
for injured bacteria20 and evaluated the effectiveness of 
ASC in killing E. coli O157:H7 on leafy vegetables with a 
view to its potential application to foods and food contact 
surfaces as an anti-microbial treatment22. 

Chinese cabbages were cut into 3 × 3 cm pieces 
and 400 g of leaf pieces were dipped into 1,200 mL of 
an inoculum cocktail containing four E. coli O157:H7 
strains.  After gently mixing for 10 min, inoculated leaves 
were placed on a sterile perforated tray and dried at room 
temperature for 30 min.  One hundred grams of inoculated 
leaves were mixed with 1,000 mL of the wash solution 
containing sodium chlorite, organic acids or other chemi-
cal compounds in a stainless container.  Inoculated leaves 
were treated in wash solution for 15 min at room tem-
perature with a glass rod used for gentle mixing.  In our 
work with cabbage leaves sodium chlorite showed lower 
bactericidal effect, but in combination with citric acid 
resulted in approximately a 3 log CFU/g reduction of the 
population (Fig. 2).  There was no significant difference 
in the sanitation efficacy among different organic acid 
(citric acid, succinic acid, malic acid, tartaric acid, ace-
tic acid, lactic acid, and propionic acid) activated- acidi-
fied sodium chlorite (ASC) solutions (Fig. 3).  Sanitation 
efficacy of ASC with mild heat treatment (50ºC) signifi-
cantly increased (4.0 log CFU/g ) the population reduc-

tion compared to that of treatment at room temperature 
or 4ºC, both of which showed a similar reduction of 2.5 
log CFU/g of E. coli O157:H7 (Fig. 4).  The color of the 
leaves was not affected by the temperature treatments, but 
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Fig. 2.	 Comparison of the bactericidal effect among several 
washing solutions 

Precut Chinese cabbage leaves were washed for 15 
minutes at room temperature.  Value are mean ± 
standard deviation (n = 4).  CA: Citric acid (1 g/L), 
NaClO: Sodium hypochlorite (100 ppm as Cl2), 
NaClO2: Sodium chlorite (0.5 g/L).  The symbols  
and  correspond to the viable cell counts of the 
samples before and after washing, respectively.

Fig. 3.	 Efficiency of population reduction of various organic 
acids coupling with sodium chlorite

5 mM of the indicated organic acid and 0.5 g/L of 
sodium chlorite were used for washing.  Experi-
mental conditions are the same as Fig. 2.  Values 
are mean ± standard deviation (n = 4).  The symbols 

 and  correspond to the viable cell counts of the 
samples before and after washing, respectively.

Fig. 4.	 Efficiency of population reduction with sodium 
chlorite and citric acid at various temperatures 

0.5 g/L of sodium chlorite and 1 g/L of citric acid 
was used for 15 minutes washing.  Experimental 
conditions are the same as Fig. 2 except for the tem-
perature during washing.  Values are mean ± stan-
dard deviation (n = 4).  The symbols  and  cor-
respond to the viable cell counts of the water washed 
or ASC washed samples, respectively.
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the texture was apparently softened at 50ºC.
Although sodium chlorite solutions have been 

reported to possess a strong antibacterial effect, antibac-
terial activity can be greatly reduced by the presence of 
organic matter36.  The addition of organic or inorganic 
acids to acidify sodium chlorite results in an increased 
antibacterial capacity of this compound.  The antibacte-
rial activity of ASC is attributed to the oxidative effect of 
chlorous acids, which are derived from the conversion of 
chlorite ion into its acid form under acidic conditions16.  
If the acidification of sodium chlorite is not controlled, 
other antimicrobial compounds, such as chlorine dioxide, 
may also be produced as a result of rapid chlorite dispro-
portionation53.  In our work, all concentrations and acidity 
conditions were selected so that chlorite ions underwent 
several disproportionation reactions, producing secondary 
bactericidal oxidative compounds, mainly oxychlorines, 
as well as more chlorous acid and small amounts of chlo-
rine dioxide16.  As chlorous acid is being depleted, residual 
chlorite produces more chlorous acid, which will augment 
the series of reactions and the antibacterial effect contin-
ues until evaporation and drying of the solution on the 
surface of leaves.  These reactions occur instantaneously 
on mixing, and therefore the antibacterial solutions need 
to be prepared shortly before use. 

Application of ASC prewashing for lightly 
fermented vegetable production

Chinese cabbage is commonly used for the pro-
duction of lightly fermented vegetables, a very popular 
foodstuff in Japan.  Such lightly fermented foods are con-
sumed within 2 days of preparation.  In this study, pre-
washed cabbage with ASC was applied for the production 
of these fermented products23.  This time, we examined 
4 kinds of pathogenic bacteria; Escherichia coli O157:
H7, Salmonella Enteritidis, Staphylococcus aureus, and 
Listeria monocytogenes.  At least 4 strains of the cul-
tures were mixed and used for inoculation similar to 
that described above.  Five hundred grams of inoculated 
leaves were mixed with 5.0 L of the ASC solution con-
taining sodium chlorite (0.5 g/L) and citric acid (1.0 g/L) 
in a container.  Sterile distilled water was used for control 
experiments.  Washing treatment was for 15 min at room 
temperature with a glass rod used for gentle agitation.  
After removing the residual ASC by washing with sterile 
distilled water, the leaf pieces were soaked with dry salt 
(30 g/kg) and then 7% sodium chloride water (300 mL/
kg) was added and kept at 10ºC for 8 days under pressure 
(20 g/cm2) for salt curing.  Microbiological analyses were 
performed each day.  After 2 days of fermentation, the 
lactic acid concentration was recorded as 33.3 ± 8.5 µg/g-

sample and the pH was recorded as 5.67 ± 0.07, for ASC 
washed cabbage.  Whereas in the treatment using distilled 
water to wash cabbage, the lactic acid concentration and 
pH were 33.4 ± 0.7 µg/g-sample and 5.63 ± 0.17, respec-
tively.  However, no pathogenic bacteria were detected 
before or after fermentation in any of the Chinese cabbage 
tested.  The aerobic plate counts for unwashed cabbage 
samples were approximately 6.39 log CFU/g and a dis-
tilled water wash could reduce this by approximately 0.6 
log CFU/g, however, the population increased with incu-
bation time.  Washing the sample with ASC could reduce 
the population by approximately 2.0 log CFU/g and that 
remained relatively constant for up to 2 days and thereaf-
ter increased gradually with the incubation period (Fig. 5).  
A similar increase of aerobic mesophilic bacteria after sur-
face sanitation of leafy vegetables was observed29.  This 
may be caused by the wet condition and nutrient supply 
from partially injured vegetable leaf surfaces.  The sanita-
tion efficacy is thought to be lost naturally during storage 
or removed by secondary washing with water.  Additional 
ways to control bacteria such as the use of food additives 
will be required in some cases.

Various microorganisms, including the lactic acid 
bacteria are naturally present in the Chinese cabbage.  
However, the growth, activity, and role of the microorgan-
isms participating in the fermentation are influenced by 
several factors, including salt concentration, temperature, 
pH, population of related microorganisms, and exposure 
to air12.  Lightly fermented cabbage is usually held for 
only a short time at 10ºC and consumed before further 
fermentation occurs.  Therefore, this condition might not 
be suitable for the growth of some undesirable bacteria 
that could spoil the product.  This may be the reason for 
the growth of aerobic bacteria in this fermentation pro-
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Fig. 5.	 The total plate count () and coliforms () of Chinese 
cabbage before and after being water (open symbol) 
or ASC (closed symbol) washed and incubated at 
10ºC with 3% salt for fermentation for 8 days
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cess.  Moreover, Cheigh et al.12 reported that the aerobic 
bacterial count increased for up to 20 days and after that, 
decreased gradually with the days of incubation.

Chinese cabbage dip inoculated with a cocktail of E. 
coli O157:H7 or Salmonella (7.1 log CFU/mL) resulted 
in 6.3 or 6.7 log CFU/g, respectively, on the surface of 
the leaves.  Washing leaves with distilled water reduced 
the population by less than 1.0 log CFU/g and that 
remained constant throughout the incubation period (Fig. 
6).  However, treatment with ASC reduced the population 
by more than 2.0 log CFU/g and that remained relatively 
constant throughout the incubation period.  Salmonella 
increased gradually up to day 4 followed by a slight 
decrease in population by day 8. 

Similarly in the case of Staphylococcus aureus, 
washing with distilled water and ASC reduced the popula-
tion by < 1.0 log CFU/g and 2.4 log CFU/g, respectively.  
The populations remained relatively constant throughout 
the incubation period.  ASC reduced the population of L. 
monocytogenes by 2.2 log CFU/g from its initial popu-
lation level (6.4 log CFU/g); however, the population 
increased with incubation time.  As shown in Fig. 6, the 
population increased gradually and reached to the maxi-
mum level of 7.0 log CFU/g by the 8th day of incuba-
tion. 

The quality of treated and untreated uninoculated 
salted Chinese cabbage was evaluated by a panel con-
sisting of 27 sensory experts (17 female and 10 male) 
selected from different departments of the National Food 
Research Institute.  No significant influence on the color, 

odor, taste, and texture was observed after treatment with 
acidified sodium chloride.  The sensory evaluation was 
done after 2 days of fermentation since these products 
are usually consumed within this time frame27.  However, 
several research reports showed that there are no signifi-
cant changes in appearance, color, odor, taste, and texture 
after 4 days of fermentation28,54.

Conclusion and perspective

Chinese cabbage or other leafy vegetables are usu-
ally grown at 20 to 30ºC in soil47 and therefore contamina-
tion of these vegetables can come from various sources, 
including polluted soil, animal manure, irrigation water, 
contaminated water and equipment in the processing 
plant, filthy transport vehicles and containers, and unhy-
gienic food plant workers.  Once contaminated, the bacte-
rial population can increase during storage at temperatures 
higher than the refrigeration temperature (10ºC) even after 
the addition of salt.  Therefore, prewashing with sanitizer 
could reduce the potential risk associated with these veg-
etables or vegetable products such as lightly fermented 
vegetables.  These kinds of foods were commonly pro-
duced not only in Japan but also Korea, Thailand, Viet 
Nam, and other (South) East Asian countries.   In this 
study, we evaluated the effectiveness of ASC for prewash-
ing of Chinese cabbage for lightly fermented vegetables.  
However, a large-scale series of experiments using this 
method must be done to determine the reproducibility of 
the results obtained in these studies reported here. 

Some residual bacteria including pathogenic bac-
teria such as Listeria monocytogenes and some spoilage 
bacteria after prewashing with ASC or chlorinated water 
can grow during 10ºC storage under 3% salted condition.  
The addition of natural antimicrobial compounds into 
the final products may partially reduce the risk of food 
poisoning or quality loss associated with the growth of 
the bacteria13,24,48.  In addition, transportation and storage 
of the products should be under suitable conditions.  The 
development of cheap, safe and convenient integrated 
temperature indicators would be required for the manage-
ment of increasing microbial risk during the cold storage 
and distribution process.
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