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ABSTRACT

Salted shrimp Jeotgal, a favorite in Korea, is raw fermented fish containing 20–30%

NaCl, which serves to inhibit its decay for a certain period. However, Bacillus

cereus has been detected in commercial salted–fermented shrimp. Therefore,

the goal of the present study was to examine the effect of 5–15% NaCl on the

inactivation of B. cereus in various salted shrimp stored for two weeks. We

determined whether NaCl could affect lactic acid bacteria and pH in salted shrimp

during storage. B. cereus significantly (P< 0.05) decreased with increasing NaCl

concentration and storage time at 10C. The average B. cereus count steadily and

rapidly reduced before and after a 7-day storage period, respectively. Moreover,

there was no significant change in the population of lactic acid bacteria and the

Hunter color (P> 0.05) during storage periods at 10C.

PRACTICAL APPLICATIONS

This study indicates that the use of NaCl at doses of 5–15% could be an effective

way to control B. cereus contamination in salted shrimp during storage at 10C.

The color measurement degenerated with stepwise decrease in NaCl concentration

from 7 days of storage. Therefore, we suggest that salted shrimp containing 5–15%

NaCl should be consumed within 7 days.

INTRODUCTION

Korea is surrounded on three sides by the sea. Therefore, sea-

food has been the main food source since ancient times. Sea-

food is quickly oxidized and readily decomposed because of

its high water content and unsaturated fatty acids. Further-

more, the flesh of seafood is composed of easily degradable

protein, which can be damaged by psychrophilic and halo-

philic microorganisms and enzymes. Particularly for sea-

food, food hygiene is highly important as food poisoning

can easily occur, since in the traditional markets, some sea-

food is distributed unpackaged, and is often consumed raw.

For this reason, in Korea, seafood is traditionally fermented

by adding high concentrations of NaCl to extend the shelf

life.

Jeotgal is a traditional Korean fermented fish product used

as an important additive for enhancing the taste of foods,

and is consumed as a side dish itself. It is made by adding

10–30% NaCl to various seafoods such as shrimp, shellfish,

fish, fish egg, or fish intestines. The NaCl inhibits decay or

digests the aging ingredient, thus extending the shelf life for

a few weeks up to a few months (Guan et al. 2011). Because

the process of making Jeotgal is simple, it has been used as

an effective fish preservation method since ancient times.

Salted-fermented shrimp Jeotgal called Saeujeot is made

using tiny shrimp. Saeujeot is a favorite Jeotgal and is added

to diverse Korean foods such as Kimchi, steamed egg, stew,

or consumed alone throughout the year in Korea. Commer-

cial Saeujeot usually contains 20–30% NaCl, but the salt con-

centration is not standardized (Oh et al. 2004). The NaCl

concentration depends on the season, freshness of raw mate-

rials, and the experience of the manufacturer, which results

in large differences in the quality of products. Saeujeot
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contains more NaCl than other Jeotgal because the shell of

shrimp obstructs salt penetration into the flesh. Further-

more, the presence of several enzymes in the shrimp intes-

tines causes rapid decay (Oh et al. 2005). Fermented fish

products containing high NaCl concentrations are not desir-

able because of the bitter taste, and more importantly,

because the consumption of high salt foods leads to high

blood pressure, renal disease, stroke, osteoporosis, and cir-

rhosis (Mok et al. 2000). There is no current standard recipe

or physicochemical and microbiological specifications on

Saeujeot imposed by the Korean Food Standards Codex.

Saeujeot is susceptible to microbial contamination during

storage because of its long storage time and because it is usu-

ally processed without heating. Previous studies evaluating

several kinds of Jeotgal demonstrate that the microbial spe-

cies in Jeotgal are Achromobacter, Bacillus, Brevibacterium,

Clostridium, Flavobacterium, Halobacterium, Leuconostoc,

Micrococcus, Pediococcus, Pseudomonas, Sarcina, and Serratia

(Guan et al. 2011). The microorganisms involved in hetero-

fermentation or decay of Jeotgal are Vibrio, Achromobacter,

Bacteroides, and Saccharomyces (Mok and Song 2000). Fur-

thermore, gram-positive, endospore-forming bacilli com-

prise the highest ratio of microorganisms in Jeotgal (Yoon

et al. 2001). The Korean Ministry of Food and Drug Safety

(MFDS, 2014) reported that B. cereus was the predominant

contaminant of fishery food products. B. cereus contamina-

tion was observed in 42.5, 42.5, 8.25, and 40.0% of Gwamegi,

skate, Hwangtae, and dried yellow corvine, respectively.

Ninety percent of Saeujeot samples was contaminated by

B. cereus (0.5 log CFU/g), and qualitative analysis of Saeujeot

demonstrated that Escherichia coli, Staphylococcus aureus,

Vibrio parahaemolyticus, and Salmonella spp. are absent in

Saeujeot (Korea MFDS, 2014). Accordingly, B. cereus may be

an important seafood pathogen of significant public con-

cern; thus, it is important to inhibit B. cereus contamination

of Saeujeot as well as other salted–fermented shrimp.

Indeed, NaCl is highly regarded as an effective preserva-

tion method. There is no need to use high concentrations of

NaCl to maintain the taste or the texture of the product,

since consumers prefer products containing low NaCl levels

(Bidlas and Lambert 2008). In the present study, we exam-

ined the effects of low NaCl concentrations on the survival

of B. cereus in raw shrimps. Shrimps were inoculated with

B. cereus and a homemade low NaCl solution (5–15%) was

added to maintain storage at refrigeration temperature

(10C).

MATERIAL AND METHODS

Bacterial Strain Preparation

The B. cereus strains F4810/72 were used in this study. Stock

cultures (100 ll of 107-8 CFU/mL), stored at 270C in 30%

(w/v) glycerol, were inoculated into 10 mL of tryptic soy

broth (TSB, Becton, Dickinson and Company, Detroit, MI).

The culture was incubated at 30C for 24 h, and then the cells

were centrifuged at 13000 rpm for 10 min at 4C. The cell

pellet was resuspended in phosphate buffered saline (Oxoid,

Basingstoke, Hampshire, England) to a final concentration

(107-8 CFU/mL) for inoculation. The initially inoculated

counts of B. cereus were determined by plating the constantly

diluted fluid of each strain on tryptic soy agar (TSA, Becton,

Dickinson and Company, Sparks, MD). The initial inocula-

tion doses were 107-8 CFU/g.

Sample Preparation and Inoculation

The shrimps were purchased from a local market in Sorae

port, Incheon, Korea. Raw shrimps were soaked twice for

12 h or more in sterile distilled water to remove any included

salt. After soaking, shrimps were washed an additional time

in sterile distilled water, and 5, 10, or 15% of bay salt was

added. Shrimp to which no salt was added served as the

control (2% NaCl concentration). NaCl concentration was

measured using a salinity refractometer (Master-S28M,

ATAGO, Japan). Samples were divided into 5 g in a sterile

petri dish using sterile tweezers. Shrimps were then spot ino-

culated with 0.1 mL of each B. cereus strain. Inoculated sam-

ples were dried and adapted for 30 min in a laminar flow

hood (Vision Scientific Co., Seoul, Korea), and then stored

at 10C for 1, 2, 3, 7, or 14 days.

Microbiological Analyses

The stored samples were homogenized for 1 min in Whirl-

Pak
VR

filter bags (Nasco, Fort Atkinson, WI) with 45 mL of

sterile 0.1% peptone water (PW) using a stomacher (Bag

Mixer 400, Interscience Co., France). Aliquots were taken

from homogenized samples, diluted with 0.1% PW, and

plated on suitable media in duplicate. The growth media for

B. cereus and lactic acid bacteria was mannitol egg yolk poly-

myxin agar (MYP, Becton, Dickinson and company, Sparks,

MD) and lactobacilli MRS agar (Becton, Dickinson and

company, Sparks, MD), respectively. After plating, each plate

was incubated at 30 and 37C for 24 h or more. However, in

the case of MRS agar, plates were incubated for 48-72 h

under anaerobic conditions using gas pak AnaeroGen

(Anaerobic Gas Generator, Thermo Fisher scientific, Wal-

tham, MA). MYP agar colonies were pink-red in color with

a white precipitate zone around the colony, whereas MRS

agar colonies were large and white.

Quality Measurement

After storage, each salted shrimp was homogenized for

1 min using a stomacher (Bag Mixer 400, Interscience Co.,

France). The pH and color of the salted shrimp were then

measured. The pH measurement was performed using a pH

EFFECT OF NACL ON B. CEREUS IN SHRIMP JEOTGAL M. KIM ET AL.

2 of 8 Journal of Food Safety 2017; 37: e12281; VC 2016 Wiley Periodicals, Inc.



meter (Orion 4101, Thermo Electron Corp, USA), and

color measurement was conducted using a color difference

meter (UltraScan PRO, Hunterlab Co., USA). Three meas-

urements were taken on each sample and presented as

Hunter colors of lightness (L*), redness (a*), and yellowness

(b*). The result was compared with those of the control

sample containing 2% NaCl.

Statistical Analysis

Statistical differences in the effect of bacterial count, pH, and

color variance were assessed by one-way ANOVA using the

Statistical Analysis System software, version 9.2 (SAS Insti-

tute, Cary, NC). Significant discrepancies between NaCl

treatments were compared using the Duncan’s multiple

range test. All statistical analyses were considered significant

at the P< 0.05 level.

RESULTS

Reduction of B. cereus on Homemade Salted
Shrimp During Storage

We evaluated the effects of various concentrations of NaCl

on the growth of B. cereus in shrimp Jeotgal salted with a

homemade salt solution and stored at 10C. We also deter-

mined the growth pattern of B. cereus over 4 different storage

periods in shrimp Jeotgal. The B. cereus population decreased

significantly (P< 0.05) with increasing storage time and

NaCl concentration (5, 10, and 15%) at 10C (Fig. 1). Ini-

tially, 7.9 log CFU/g of B. cereus was used to inoculate

shrimp; however, 1 h after inoculation (before storage), the

bacterial population was reduced to 5.69 (1.51 log reduc-

tion) in controls, and 5.31 (1.89 log reduction), 4.42 (2.78

log reduction), and 2.76 (4.44 log reduction) log CFU/g in

shrimps treated with 5, 10, and 15% NaCl, respectively. After

one day of storage, the overall average B. cereus count was

6.18 (0.48 log increase), 5.49 (0.18 log increase), and 2.93

(0.17 log increase) log CFU/g after treatment with 2, 5, and

15% NaCl, respectively. However, in shrimps treated with

10% NaCl the amount of B. cereus decreased slightly to 4.35

log CFU/g (0.07 log reduction). After 2 days of storage, the

B. cereus count increased slightly to 6.77 log CFU/g (0.59 log

increase) in controls, but decreased significantly (P< 0.05)

to 5.48 (0.01 log reduction) and 2.43 (0.51 log reduction)

log CFU/g with 5 and 15% NaCl treatment, respectively. The

amount of B. cereus remained constant, at 4.35 log CFU/g,

in shrimp treated with 10% NaCl after 2 days of storage.

After 3 days of storage, the overall average B. cereus count in

shrimp treated with 2, 5, 10, and 15% NaCl decreased signif-

icantly (P< 0.05) to 6.59 (0.18 log reduction), 4.82 (0.66 log

reduction), 3.93 (0.43 log reduction), and 2.25 (0.18 log

reduction) log CFU/g, respectively. After 7 days of storage,

the average amount of B. cereus in shrimp treated with 2, 5,

and 10% NaCl was reduced to 5.74 (0.84 log reduction),

4.03 (0.79 log reduction), and 2.98 (0.95 log reduction) log

CFU/g, respectively. However, B. cereus increased slightly to

2.31 log CFU/g (0.07 log increase) in shrimps treated with

15% NaCl at the same storage time point. After 14 days of

storage, B. cereus could not be detected in any of the salted

shrimp samples.

Before storage, the B. cereus count was 5.69 log CFU/g in

the control samples (2% NaCl). However, this was signifi-

cantly (P< 0.05) reduced with stepwise increase in NaCl

concentration to 5.31 (0.38 log reduction), 4.42 (1.27 log

reduction) and 2.76 (2.93 log reduction) log CFU/g under

5, 10 and 15% NaCl, respectively. At initial storage time

points, the overall average B. cereus count in shrimp treated

with 5, 10, and 15% NaCl was reduced to 5.26 (1.25 log

reduction), 4.21 (2.30 log reduction), and 2.54 (3.97 log

reduction) log CFU/g, respectively, compared to controls

(6.51 log CFU/g). At the middle storage time point

(7 days), an overall reduction in B. cereus was observed

with increasing NaCl concentration. Compared to the con-

trol (5.74 log CFU/g), the average B. cereus count was 4.03

(1.71 log reduction), 2.98 (2.76 log reduction), and 2.32

(3.42 log reduction) log CFU/g with 5, 10, and 15% NaCl

treatment, respectively. However, the observed reduction

with 10 and 15% NaCl treatment was not statistically sig-

nificant (P> 0.05). Taken together, the results demonstrate

that B. cereus was steadily and rapidly reduced before and

7 days after storage, and did not survive after 14 days in

controls containing 2% NaCl and shrimps treated with 5,

10, and 15% NaCl.

FIG. 1. EFFECTS OF NACL (2, 5, 10, AND 15%) TREATMENT ON THE

SURVIVAL PATTERNS OF B. CEREUS IN SALT ADDED SHRIMP DURING

STORAGE AT 10C

The data represent mean values with standard deviations (three

samples/0�14 days/treatment).
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Changes in Lactic Acid Bacteria on
Homemade Salted Shrimp

We observed that the amount of lactic acid decreased signi-

ficantly with increasing NaCl concentration (P< 0.05)

(Fig. 2). Furthermore, lactic acid bacterial count remained

constant with increasing storage in shrimps treated with 2, 5,

and 15% NaCl. There were no significant changes (P> 0.05)

with 10% NaCl treatment at each storage time evaluated.

The starting lactic acid count in controls and shrimps treated

with 5, 10, and 15% NaCl was 6.47, 6.26, and 5.98 log CFU/

g, respectively. After one day of storage, the amount of lactic

acid bacteria was significantly (P< 0.05) reduced to 5.99

(0.48 log reduction), 5.76 (0.70 log reduction), 5.77 (0.49 log

reduction), and 5.23 (0.75 log reduction) log CFU/g with 2,

5, 10, and 15% NaCl treatment, respectively. After 2 days of

storage, the overall average lactic acid bacterial count

decreased slightly to 5.78 (0.21 log reduction), 5.41 (0.35 log

reduction), 5.61 (0.16 log reduction), and 4.81 (0.42 log

reduction) log CFU/g in shrimps containing 2, 5, 10, and

15% NaCl, respectively. After 3 days of storage, the overall

average lactic acid bacterial count in shrimp treated with 2%

and 5% NaCl also increased significantly (P< 0.05) to 6.43

(0.65 log increase) and 5.69 (0.28 log increase) log CFU/g,

respectively. However, decreased bacterial count to 5.49

(0.12 log reduction) and 4.69 (0.12 log reduction) log CFU/g

was observed with 10% and 15% NaCl treatment, respec-

tively. Additionally, there was no significant difference

(P> 0.05) observed with 10% NaCl treatment. After 7 days

of storage, the overall average lactic acid bacterial count

increased significantly to 6.52 (0.09 log increase), 6.40 (0.70

log increase), 5.67 (0.17 log increase), and 4.90 (0.21 log

increase) log CFU/g in shrimps containing 2, 5, 10, and 15%

NaCl, respectively. On the last day of storage (14 days), lactic

acid bacteria increased slightly to 6.59 log CFU/g (0.07 log

increase) in controls. However, lactic acid bacteria decreased

to 6.01 (0.39 log reduction) and 5.42 (0.24 log reduction) in

shrimps treated with 5% and 10% NaCl, respectively. There

was no change in lactic acid bacteria with 15% NaCl treat-

ment. This was similar to that observed after 1 day of storage

since the changes in bacterial count were similarly below

0.5 log CFU/g.

Prior to storage (day 0), the amount of lactic acid bacteria

was 6.47 log CFU/g in controls. There was no change in lac-

tic acid count with 5% NaCl treatment compared to con-

trols. However, there was an overall significant reduction in

lactic acid bacterial count with increased NaCl concentration

prior to extended storage. Before storage, for shrimps treated

with 10% and 15% NaCl, the lactic acid bacterial count was

6.26 (0.21 log reduction) and 5.98 (0.49 log reduction) log

CFU/g, respectively. At initial storage period (1–3 days), lac-

tic acid bacterial count was 6.08 log CFU/g in controls; how-

ever, a slight reduction was observed in shrimp treated with

5% and 10% NaCl compared to controls. In shrimps treated

with 15% NaCl, lactic acid bacteria decreased significantly

(P< 0.05) to 4.91 (1.17 log reduction) log CFU/g. At the

midpoint storage period (7 days), lactic acid bacteria was

6.52 log CFU/g in controls, and there was a slight reduction

in the amount of lactic acid bacteria in 5% NaCl treated

shrimp, compared to controls. The bacterial count signifi-

cantly (P< 0.05) decreased to 5.67 (0.85 log reduction) and

4.91 (1.61 log reduction) log CFU/g with 10 and 15% NaCl

treatment, respectively, compared to controls. At the termi-

nal storage period (14 days), there were 6.59 log CFU/g lactic

acid bacteria in the control samples. The amount of bacteria

however significantly decreased to 5.99 (0.60 log reduction),

5.42 (1.17 log reduction), and 4.91 (1.68 log reduction) log

CFU/g with 5, 10, and 15% NaCl treatment, respectively,

compared to controls.

Quality Changes in Homemade
Salted Shrimp

To determine the effect of NaCl concentration on the color

and consequently the quality of salted shrimps, lightness

(L*), redness (a*), and yellowness (b*) Hunter color values

were measured on the surface of the homogenized salted

shrimp after various storage periods (Table 1). Hunter color

“L” values (lightness) gradually decreased with increasing

storage periods. However, the differences were not statisti-

cally significant (P> 0.05). The Hunter color “L” values also

decreased significantly (P< 0.05) with increasing NaCl con-

centration after 7 days of storage (middle storage periods).

These results suggest that shrimps containing higher NaCl

concentrations and stored for longer periods were slightly

darker than shrimp containing lower NaCl concentrations,

FIG. 2. EFFECT OF NACL (2, 5, 10, AND 15%) TREATMENT ON THE

SURVIVAL PATTERNS OF LACTIC ACID BACTERIA IN SALT ADDED

SHRIMP DURING STORAGE AT 10C

The data represent mean values with standard deviations

(three samples/0�14 days/treatment).

EFFECT OF NACL ON B. CEREUS IN SHRIMP JEOTGAL M. KIM ET AL.

4 of 8 Journal of Food Safety 2017; 37: e12281; VC 2016 Wiley Periodicals, Inc.



and stored for shorter periods. Hunter color “a” values (red-

ness) increased gradually with increasing storage periods.

However, the differences were not statistically significant

(P> 0.05). NaCl concentration did not affect the redness of

the shrimps. The Hunter color “a” values were not depend-

ent on NaCl concentration. Thus, shrimps stored for longer

periods exhibited slightly increased redness compared to

those stored for shorter periods. Although there were no

significant differences (P> 0.05) in Hunter color “b” values

(yellowness), these values numerically increased with in-

creasing storage periods. They were significantly (P< 0.05)

increased in shrimps containing lower NaCl concentrations

after 7 days of storage. Therefore, shrimps containing lower

concentrations of NaCl (5–15%) and stored for longer peri-

ods were slightly more yellow than those containing higher

doses of NaCl and stored for shorter periods. There was no

significant change (P> 0.05) in the pH of shrimps treated

with the tested concentrations of NaCl (5–15%) and stored

for the time periods evaluated (1, 3,7, and 14 days) (data not

shown).

DISCUSSION

Shrimp is a popular seafood that is globally consumed.

Salted-fermented seafood, particularly salted–fermented

shrimp, called bu-du, ka-pi, tai-pla, or pla-ra, similar to the

Korean Jeotgal, is widely consumed in Southeast Asian coun-

tries such as Thailand, Vietnam, and the Philippines. The

salted shrimp consumed in these Southeast Asian counties

is also produced according to family traditions. Therefore,

large differences exist in production methods, use, and pro-

portions of raw materials. However, the salted shrimp ty-

pically contains 10–30% NaCl like Jeotgal (Pal€udan-Muller

et al. 2002).

Jeotgal is produced naturally without heat processing and

has a distinctive taste that is generated during the fermenta-

tion process, which is conducted in 20–30% NaCl for

1 month to a few years at room temperature (Hur 1996; Lee

and Choe 1974). Salted shrimp is the most commonly con-

sumed and widely utilized Jeotgal in diverse Korean cuisines.

NaCl reduces the moisture content of food via dehydra-

tion. Its hyper osmotic pressure causes plasmolysis, which

inhibits the growth and development of putrefactive or path-

ogenic bacteria. Osmotic stress increases the concentration

of free oxygen radicals in cells, thereby signaling acclimatiza-

tion to oxidative stress (Browne and Dowds 2001). Addi-

tionally, chloride ions produced by the dissociation of NaCl

impede food decomposition. Furthermore, in Jeotgal, bacter-

iocins generated by microbial fermentation, inhibit decay or

growth of pathogenic bacteria (Oh et al. 2004). Although

NaCl has these advantages, consumption of high amounts

leads to high blood pressure, renal disease, stroke, osteopo-

rosis, and cirrhosis (Mol and Song 2000). There is a current

trend within the population to consume foods with low salt

concentration (Bidlas and Dowds 2008). Therefore, in the

present study, we made salted shrimp with low NaCl concen-

tration (5–15%) and examined its microbial safety.

Korean commercial salted shrimp was shown to contain

90% B. cereus (approximately 0.5 log CFU/g). However,

other bacteria such as E. coli, S. aureus, V. parahaemolyticus,

and Salmonella spp. were not detected (Yoon et al. 2001;

TABLE 1. THE CHANGES OF HUNTER COLORS IN SALT ADDED SHRIMP DURING STORAGE PERIODS AT 10C

NaCl

concentration (%)

Storage periods

Before storage Initial Middle Terminal

L*-value 2 61.20 6 1.15A 59.72 6 2.50 61.79 6 0.76A 58.07 6 0.01A

5 57.65 6 0.62B 59.47 6 0.83 60.35 6 0.59B 57.74 6 0.04B

10 57.16 6 0.33B 58.57 6 2.12 58.47 6 0.12C 56.59 6 0.22C

15 57.19 6 0.92B 59.40 6 0.94 57.35 6 0.35C 55.64 6 0.01D

a*-value 2 5.73 6 0.07c,B 5.62 6 0.06c 8.82 6 0.14b,AB 10.69 6 0.32a,A

5 5.55 6 0.14B 6.93 6 0.99 8.95 6 0.41AB 9.70 6 0.07B

10 5.90 6 0.25B 6.92 6 1.00 9.25 6 0.01A 10.37 6 0.23A

15 6.92 6 0.16A 7.35 6 1.31 8.53 6 0.17B 7.41 6 0.08B

b*-value 2 9.02 6 1.11A 12.04 6 3.11 16.60 6 0.74A 20.13 6 0.11A

5 6.31 6 0.19C 11.51 6 1.68 12.53 6 0.35B 13.68 6 0.39B

10 6.54 6 0.37BC 9.52 6 2.01 8.72 6 0.01C 12.31 6 0.23C

15 7.90 6 0.55AB 9.08 6 0.97 8.56 6 0.30C 8.93 6 0.13D

a,b and c means in a low are significantly different at 5% significance by Duncan’s multiple range test.
A,B,C and D means in a column are significantly different at 5% significance by Duncan’s multiple range test.

Before storage (0 day), initial storage period (1–3 days), middle storage period (7 days) and terminal storage period (14 days).

L*-value 5 lightness (0 5 dark, 100 5 bright).

a*-value 5 redness/greenness (1 5 red, 2 5 green).

b*-value 5 yellowness/blueness (1 5 yellow, 2 5 blue).

M. KIM ET AL. EFFECT OF NACL ON B. CEREUS IN SHRIMP JEOTGAL

Journal of Food Safety 2017; 37: e12281; VC 2016 Wiley Periodicals, Inc. 5 of 8



Korean Ministry of Food and Drug Safety, Korea MFDA

2014). This indicates that B. cereus may be an important sea-

food pathogen that could adversely impact public health. It

is therefore important to inhibit B. cereus contamination in

homemade salted shrimp as well as in commercial salted–

fermented shrimp and Jeotgal.

B. cereus has been found in a lot of foods (e.g. rice, milk,

meat, vegetables, salads and casseroles) owing to its wide dis-

tribution in the environment, in places such as the soil, air,

liver, and sea water (Browne et al. 2001). B. cereus contami-

nation causes two kinds of food poisoning, based on two

distinct enterotoxins, the diarrheal syndrome and the emetic

syndrome (Heo et al. 2009; Kramer et al. 1989; Sutherland

et al. 1996). Since bacteria have been shown to be able to tol-

erate severe stress conditions, such as increased heat and salt,

as well as high acid, and ethanol concentrations, it is impor-

tant to understand the molecular basis of the effect these

stressors impose on bacterial contaminants in food process-

ing (Browne and Dowds 2001).

Traditionally, in Korea, the preservation period for home-

made salted shrimp depends on individual preference. The

preservation time is related to the ripening degree of home-

made salted shrimp. This can be separated, depending on

NaCl concentration, into three main groups of 1–3 days,

1 week, and 2 weeks, which correspond to an initial, middle,

and high degree of ripening time, respectively. We therefore

used these four periods, before storage, initial storage, mid-

dle storage, and terminal storage periods for our analyses.

We applied these time points to evaluate the effect of the

storage period on B. cereus and lactic acid bacteria in experi-

mentally contaminated raw shrimp. The raw shrimp natu-

rally contained 2% NaCl from seawater, so we used these

shrimp as controls.

The results demonstrate that B. cereus expression was sig-

nificantly reduced with increasing NaCl concentration (2, 5,

10, and 15%), and with longer storage periods, particularly

after 14 days (P< 0.05). B. cereus increased slightly until

2 days with 2, 5, 10, and 15% NaCl treatment, and then the

population decreased after 3 days with NaCl treatment at all

concentrations tested. B. cereus was not detected at the

14 day storage period at all NaCl concentrations evaluated

(5–15%).

In agreement with our findings, it has been shown that

B. cereus was reduced from about 7 to 4 log CFU/g following

treatment with 10% NaCl for 30 min. In addition, low NaCl

concentrations (< 4–5%) adjusted B. cereus biofilm forma-

tion (Lee et al. 2013). Also in support of our results, B. cereus

bacterial count increased from 7.0 3 5.0 to 2.5 3 7.0, 2.5 3

6.0, and 1.1 3 6.0 log CFU/mL in cooked rice homogenate

with 2, 5, and 10% NaCl treatment for 2 days, respectively.

Thus, B. cereus demonstrated the highest record at 2 days

in NaCl solution during a 14-day storage period (Lee

et al. 1983). Raevuori and Genigeorgis (1975) reported that

B. cereus is able to grow in the presence of up to 7% NaCl.

We speculate that the reason for the observed B. cereus

growth is that NaCl concentrations below 10% serve as

nutrient for growth.

In another study, pathogenic bacteria (108-10 CFU/mL)

were completely removed from salted shrimp treated with

9% NaCl for 13 days and 18 and 27% NaCl for 11 days (Oh

et al. 2004). The mechanism underlying the antimicrobial

effects of NaCl in raw shrimp is not completely understood.

NaCl inhibition of B. cereus in shrimp might be related to

changes in water activity (aw) rather than to chloride anions.

The water activity (aw) of a fresh oyster is 0.988 (Cruz-

Romeo et al. 2007), but in Korean Jeotgal it is 0.82 and con-

tains 8% NaCl (Lee et al. 2001).

If contamination with pathogenic bacteria occurs during

storage or process distribution, the bacteria would be inacti-

vated within 15 days owing to the high NaCl concentration

and fermentation products in salted shrimp. In this study,

we inoculated a large amount of pathogenic bacteria in

salted shrimp, which was more than the detected amount of

pathogen in commercial salted shrimp. Therefore, the inacti-

vation time of contaminated pathogen in commercial salted

shrimp will possibly be shorter than the recommended 15

days, based on our findings.

Lactic acid bacteria are used to promote lactic acid fer-

mentation in order to preserve perishable foods, including

fish. The bacteria produce organic acids such as lactic acid

and acetic acid, and are considered effective antimicrobial

agents because they reduce the pH of food (Lee 1997; Inatsu

et al. 2004; Kim et al. 2008; Park et al. 2006; Lee et al. 2012).

The combination of organic acids (mainly lactic acid) and

low pH is the primary preservation factor in fermented fish

products (Paludan-M€uller et al. 2002). We therefore eval-

uated the effect of lactic acid bacteria on the ripening of

salted shrimp. The results demonstrate that the lactic acid

bacterial count was reduced during the initial storage periods

but was maintained thereafter. We therefore conclude that

lactic acid bacteria did not affect the fermentation or ripen-

ing of the homemade salted shrimp used in this study.

Here, we prepared salted shrimp containing lower NaCl

concentrations than commercial salted–fermented shrimp.

We speculated that these shrimp would readily decay with all

NaCl concentrations tested after 7 days of storage. The

results of the Hunter color measurements showed that salted

shrimp stored for longer periods gradually became darker,

redder, or more yellow, particularly between 7 to 14 days of

storage. Furthermore, shrimps treated with higher NaCl con-

centrations were significantly darker and less yellow than

those treated with lower NaCl concentrations after 7 days of

storage. We also observed that the flavor of salted shrimps

stored for 7 days deteriorated (data not shown). The ripen-

ing and fermentation of salted-fermented shrimp is linked to

many kinds of bacteria and yeast, and their distribution is
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affected by the duration of ripening (Oh et al. 2005). The

vacuum process, which is commercially used in the Korean

Jeotgal industry, can prevent the growth of aerobic and

putrefactive bacteria, resulting in changes in shrimp compo-

nents (Mok et al. 2000; Cho and Kim 2009). Since we did

not use the vacuum process, the salt added shrimps in the

present study readily decayed over the storage periods tested,

instead of undergoing fermentation.

CONCLUSIONS

The data presented in the current study demonstrate that

NaCl at concentrations of 5–15% has an antimicrobial effect

on B. cereus in salted shrimp during 14 days of storage at

10C. Importantly, B. cereus was not detected in shrimp

treated with 2, 5, 10, and 15% NaCl on day 14 of storage.

The salted shrimp became darker and increased in redness.

Therefore, we recommend that salted shrimp containing

5–15% NaCl should be consumed within 7 days
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