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Abstract
The antimicrobial effect of acidified sodium chlorite (ASC) solution on whole croaker skin was evaluated. 

Whole croaker skin was treated with ASC (50, 100, 200, 400, and 600 ppm) and distilled water. After 10-minute 
exposure to 600 ppm ASC, 8% of Gram-negative bacteria survived on the whole croaker sample. Treatment with 
50 ppm ASC eliminated all coliforms in the initial load. Immersion treatment with 600 ppm ASC resulted in 
1.3 log CFU/cm2 greater kill of the initial mesophile loads of control (2.8 log CFU/cm2) than distilled water. 
Fifty ppm ASC solution produced a 1.6-log reduction of psychrotrophic bacteria. ASC treatment was an effective 
method for reducing naturally occurring microflora on whole croaker skin.
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INTRODUCTION

Seafood and meat products are perishable because 
these foods provide rich sources of nutrients and favor-
able habitats for microorganisms in their tissues (1). This 
environment may cause wounding, enabling pathogenic 
bacteria to pass through the skin barrier (2,3). However, 
an increasing number of pathogen outbreaks have re-
sulted in fish losses in aquaculture and related fields de-
spite the use of antibiotics and vaccinations to control 
microorganisms (4). 

Recently, the Food and Drug Administration (FDA) 
has approved the use of ASC on seafood. The potential 
application of ASC to meats, poultry, fermented Chinese 
cabbage and seafood has been widely investigated (5-7). 
The antimicrobial activity of ASC to control Listeria 
monocytogenes on the skin of whole salmon was tested 
(8). ASC was also used in a mouth rinse with anti-plaque 
activity and reduced the Staphylococcus aureus counts 
(9). The post-chill dip application using ASC was as-
sessed for its ability to reduce the number of 
Campylobacter spp. and Escherichia coli in commercial 
broiler (10). Through continuing efforts, food industries 
have developed new pathogen-controlling compositions 
such as cetylpyridinium chloride, acidified sodium chlor-
ite and activated lactoferrin to effectively decontaminate 
seafood and meat products (11-13). Both the USDA and 

the FDA have approved ASC for its use as an anti-
microbial intervention on red meat, poultry, seafood, and 
fruits and vegetables by either spray or dip application 
(11,12). ASC sprays effectively decontaminate meat and 
poultry carcass surfaces (14). ASC works in aqueous sol-
ution by breaking sulfide and disulfide linkages and at-
tacking bacterial cell components non-specifically (11). 
In this study, we evaluated the efficacy of ASC as a 
disinfectant treatment on the skin of whole croaker.

MATERIALS AND METHODS

Preparation of acidified sodium chlorite (ASC) 
The active ingredients of acidified sodium chlorite 

were obtained from Alcide Corporation (pH 2.5, 
Redmond, WA, USA). ASC solution consisted of 1.7 
g citric acid and 100 mL of sodium chlorite solution 
(pH 2.9). ASC solution was diluted with distilled water 
to a final concentration of 50, 100, 200, 400, and 600 
ppm (pH 3.16 to 3.78). 

Sample treatment 
Fresh whole Atlantic croaker (Micropogonias un-

dulates) (length: 208.58±44.68 cm; weight: 25.09± 
1.45 g) were purchased from a local seafood retail store. 
Whole croaker was dipped into various concentrations 
of ASC solution for 5 or 10 min, and then fish samples 



Antimicrobial Effect of Acidified Sodium Chlorite (ASC) on Whole Croaker 267

were drained to remove any excess ASC solution. 
Samples were placed on a polystyrene tray and wrapped 
in PVDC film. Fish fillets in the control group were left 
untreated.

Microbiological analysis 
A template area (1 cm2) on the surface of whole croak-

er skin was swabbed with a sterile cotton swab. The 
swab was vortex-mixed for 1 min in 0.1% peptone sol-
ution (pH 7.2). The peptone solution was serially diluted 
and plated on plate count agar (PCA) (Difco Laboratories, 
Detroit, MI, USA). Plates were incubated at 37oC for 
48 hrs (4). The fillet sample (60 g) was blended with 
540 mL of 0.1% peptone solution in a stomacher 
(Seward model 400, Tekmar Company, Cincinnati, OH, 
USA) for 2 min, and then the homogenized solution was 
plated on PCA. Plates were incubated at 4oC for 7 days 
for psychrotrophic plate counts (PPC) and at 37oC for 
2 days for mesophilic plate counts (MPC), respectively. 
Plate counts of Gram-negative bacteria were determined 
on violet red bile agar (VRBA) and on PCA supple-
mented with 0.1% crystal violet and 2,3,5-triphenylte-
trazolium chloride, respectively. Plates were incubated 
at 37oC for 2 days. Each treatment was tested in four 
replications with duplicate samples. 

RESULTS AND DISCUSSION

Counts of Gram-negative bacteria on whole croaker 
skin were compared after treatment with ASC solution 
and distilled water for 5 or 10 min (Fig. 1). Treatment 
with 600 ppm ASC for 5 min achieved a 1.3-log reduc-
tion in the numbers of Gram-negative bacteria compared 
with samples treated with distilled water or control 
samples. Five- and 10-minute exposures to increasing 
concentrations of ASC further reduced the numbers. 
After 10-min exposure to 600 ppm ASC, 8% of Gram- 
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Fig. 1. Immersion tests against Gram-negative bacteria on 
whole croaker dipped in acidified sodium chlorite solution for 
5 or 10 minutes.

negative bacteria survived on croaker sample compared 
with the control sample, while 56% of Gram-negative 
bacteria survived after 10-min treatment with distilled 
water. 

The effectiveness of ASC against mesophiles on 
whole croaker skin was compared with that of distilled 
water (Fig. 2). Compared with the MPC (2.8 log 
CFU/cm2) of the control samples, 600 ppm ASC reduced 
MPC by 1.3-log CFU/cm2 after 5- or 10-min exposure, 
showing about 1.8 log CFU/cm2 greater kill than distilled 
water. After 10-min exposure to 600 ppm ASC, 46% 
of mesophiles survived on the whole croaker sample 
compared with the control sample, while 54% of meso-
philes survived after treatment with distilled water. There 
was little difference in MPC between 5-min and 10-min 
exposure to ASC. 

The effectiveness of ASC against psychrotrophs on 
whole croaker was compared with that of distilled water 
(Fig. 3). ASC treatment reduced PPC by more than l 
log. Exposure to 600 ppm ASC for 10 min reduced PPC 
by 0.4 log CFU/cm2. PPC was reduced by more than 
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Fig. 2. Immersion tests against mesophiles on whole croaker 
dipped in acidified sodium chlorite solution for 5 or 10 
minutes.
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Fig. 3. Immersion tests against psychrotrophs on whole croak-
er dipped in acidified sodium chlorite solution for 5 or 10 
minutes.
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0.4 log CFU/cm2 after 10-min exposure to 600 ppm 
ASC, while the PPC of samples treated with distilled 
water was reduced by 1.6 log compared with the control 
samples. 

ASC showed strong antimicrobial activity against 
Gram-negative, mesophilic, and psychrotrophic bacteria 
on whole croaker after 10-min immersion application of 
600 ppm ASC. A previous study on the skin of whole 
salmon focusing on ASC effectiveness against total plate 
counts also showed that ASC dip treatment resulted in 
0.43 log CFU/cm2 reductions (8). In summary, this study 
suggests that application of ASC to whole fish may pro-
vide an effective surface disinfectant to reduce naturally 
occurring microbial populations on the skin of the fish. 
Further studies are needed to investigate the shelf life 
of ASC-treated whole fish and the microbiological qual-
ity of ASC-treated fish fillets.
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