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HIGHLIGHTS 

 The quality of marine products can be preserved by setting Critical Control Points. 

 Storage conditions and management of displays and sales are Critical Control Points in Hazard Analysis and Critical 

Control Point. 

 Ensuring proper temperature control during storage and sales preserves the quality of marine products. 
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 ABSTRACT 

Background: Implementing Hazard Analysis and Critical Control Point (HACCP) 

management across the supply chain is promoted globally to ensure the safety of marine 

food products due to their rapid quality deterioration. However, many seafood retail 

stores deviate from adopting these practices. Therefore, in this study, we aimed to create 

a flowchart based on HACCP and validate it in retail stores. 

Methods: Chub mackerel (Scomber japonicus), scallops (Patinopecten yessoensis), and 

whiteleg shrimp (Litopenaeus vannamei) specimens were purchased from a supermarket 

from August to December 2020. The handling information of these products from receipt 

to sales was obtained to prepare an HACCP plan for retail stores. Groups adhering to and 

deviating from flowchart conditions were categorized as Critical Control Point (CCP)-

compliant and CCP-deviant, respectively. Four samples of each product for each 

condition were analyzed. Bacterial viability was evaluated using the flat agar culture 

method. Escherichia coli and Vibrio parahaemolyticus were detected using the Brilliant 

Green-Lactose-Bile and material point methods, respectively. Product freshness was 

assessed by determining K-values using High-Performance Liquid Chromatography. 

Results were compared using Student’s t-test. 

Results: At elevated storage temperatures, bacterial growth rates were higher in chub 

mackerel and whiteleg shrimp than those in scallops. E. coli was not detected in any 

sample, whereas V. parahaemolyticus was detected in scallops and whiteleg shrimp but not 

in chub mackerel. CCP-deviant refrigerated scallops had increased V. parahaemolyticus 

counts; however, it did not differ between the frozen scallop and whiteleg shrimp. K-values 

increased more rapidly in CCP-deviant chub mackerel, whiteleg shrimp, and refrigerated 

scallops, but not in frozen scallops. Inadequate temperature control during display and sale 

markedly deteriorated the quality of marine products.  

Conclusion: Setting CCPs for marine food product display and sale while controlling 

temperature can preserve product quality. The flowchart created in this study can be 

broadly used for marine retail stores. 
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article under the Creative Commons Attribution 4.0 International License. 
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Introduction 

   The global consumption of seafood has considerably 

increased in recent years, with global per capita annual 

consumption rising from 9.1 kg in 1961 to 20.7 kg in 2022 

(FAO, 2024). Thus, a substantial supply of marine products 

is needed to meet the increasing demand. Furthermore, 

owing to the highly perishable nature of these products, 

supplier attention to safety is paramount. 

   Hazard Analysis and Critical Control Point (HACCP) is a 

process control system that identifies potential hazards in 

all processes, from receiving raw materials to delivering 

the final product. This system identifies potential hazards 

and their corresponding preventative measures. Hazard 

analysis, which was developed by the National Aeronautics 

and Space Administration (Casal-Wardle, 2015), helps 

identify critical processes to prevent the occurrence of 

hazards (Critical Control Points (CCPs)) and continuously 

monitor these variables (Yamamoto, 2014). To ensure food 

safety, HACCP management must be implemented at all 

stages of the product development lifecycle, from 

acceptance of raw materials to shipment and delivery of the 

final product to consumers (Matsumoto, 2022). 

   Seafood is generally shipped to the market after harvest 

and then prepared at processing plants before being sold at 

retail outlets, such as supermarkets. The implementation of 

HACCP at these stages is necessary to ensure food safety 

throughout the distribution chain. In the United States, the 

implementation of HACCP has been made mandatory 

throughout the supply chain since its introduction in 1997 

(Kobayashi et al., 2021). In the European Union, the 

implementation of HACCP is mandatory in each member 

country; however, the management of HACCP is almost 

entirely the responsibility of the government and business 

organizations. Therefore, several retailers already have 

their preferred sanitation systems in place, and HACCP is 

often misconstrued as a specialized system that cannot be 

implemented (Kudo, 2016). In Taiwan, the implementation 

of HACCP has been progressively mandated to plants that 

process seafood, meat, and dairy products since 2003 

(Yamamoto, 2014). Although some restaurants have 

introduced HACCP, retail stores have not followed suit 

(Ko, 2013). In Japan, the Food Sanitation Law was 

partially amended in June 2018 (Onozawa, 2021). Since 

June 2021, all food businesses comprising the food supply 

chain have been mandated to implement sanitation 

management in line with HACCP. However, while 

HACCP implementation throughout the supply chain is 

being promoted globally, the process is currently lagging in 

retail stores (Matsumoto, 2022). 

   The quality of marine products is primarily evaluated 

based on the number of microorganisms and K-value, a 

parameter used to indicate the degree of spoilage. 

Additionally, bacterial viability and the number of 

Escherichia coli, known as contaminating bacteria, are 

commonly used in general food quality evaluations. Vibrio 

parahaemolyticus grows well in seawater (NaCl; 0.5-3%) 

(Gao et al., 2022), representing a microorganism that may 

reduce marine product quality. Hence, the quality of 

several species of fish (Wong et al., 2015), including spear 

squid, sea robin (Kaneda et al., 2015), mackerel, and 

Akoya pearl oyster (Chung et al., 2021), is evaluated by 

measuring the bacterial viability, as well as E. coli and V. 

parahaemolyticus counts.  

   Flowcharting and establishment of CCPs are important in 

developing an HACCP plan. This study sought to create a 

comprehensive flowchart, establish CCPs, and propose a 

HACCP-based flowchart for marine products in retail 

stores. In particular, data were compared between retail 

stores that exhibited deviations from and compliance with 

the CCP. The study focused on chub mackerel (Scomber 

japonicus) and scallops (Patinopecten yessoensis), 

distributed in refrigerated or frozen states, and whiteleg 

shrimp (Litopenaeus vannamei), exclusively distributed as 

frozen products. This study used bacterial viability, E. coli 

and V. parahaemolyticus counts, and K-values as the 

quality assessment criteria. 

 

Materials and methods 

Materials 

   This study was conducted from August to December 2020. 

One frozen and four refrigerated bags of chub mackerels 

(acquired from Ishikawa, Japan, and Denmark) and one bag 

of frozen whiteleg shrimp (acquired from India or Pakistan) 

were purchased from a supermarket near Tamagawa 

University (Tokyo, Japan). The samples were transported to 

the laboratory and cooled using refrigerants. Additionally, 

one bag of frozen and refrigerated scallops were purchased 

online (from Hokkaido) and transported to the laboratory. 

Following a HACCP-based flowchart, test plots were 

created for compliance with (5 °C) and deviation from 

(25 °C) CCP conditions. The temperatures were maintained 

for 5 h and initial samples were collected (Day 0). 

Afterward, both test plots were maintained at 5 °C for 48 h, 

with the samples collected at 24 (Day 1) and 48 h (Day 2). 

Flowchart creation based on HACCP for retail stores 

   To prepare an HACCP plan for retail stores, an assessment 

of the handling of marine products from receipt to sales was 

conducted. This involved surveying the current practices at 

Odakyu OX seafood retail outlets (supermarkets) and 

Inageya Co., Ltd. food processing plant. The staff members 

were interviewed to gather detailed information. 

Specifically, the following questions were posed during 

personal interviews with four staff members: 
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1. What are the conditions under which fish are received at 

the store? 

2. What procedures are followed for selling the fish after 

they have been received? 

   A flowchart from store acceptance of materials to sales 

of products was created, and CCPs were established. 

Bacterial viability test 

   The bacterial viability test was conducted as described by 

Ichinohe et al. (2015). Briefly, to determine viable bacterial 

counts in the samples, 2.5 g of each sample was finely 

chopped and added into a 50 ml centrifuge tube. The 

sample was then diluted to 25 ml in 0.90% brine and mixed 

thoroughly. The supernatant was diluted by 10
−1

 to 10
−5 

times, and 100 µl of the diluted solution was smeared on a 

standard agar medium (Eiken Chemical Co., Ltd., Tokyo, 

Japan). 

E. coli test 

   E. coli was detected using a previously described method 

(Ichinohe et al., 2015). The supernatant from the sample 

obtained in the bacterial viability test was extracted; 500 μl 

of its 10- and 100-fold dilutions was added to 5.0 ml of 

Brilliant Green-Lactose-Bile broth (FUJIFILM Wako Pure 

Chemical Corporation, Osaka, Japan). The samples were 

incubated at 44 °C for 24 h to confirm gas generation. 

V. parahaemolyticus test 

   V. parahaemolyticus was detected using the test previously 

described by Ichinohe et al. (2015). Briefly, 2.5 g of each 

sample was finely chopped, added to a 50 ml centrifuge 

tube, and fixed in 25 ml of alkaline peptone water (Eiken 

Chemical Co., Ltd., Tokyo, Japan). Next, 500 µl of the 1-, 

10-, and 100-fold dilutions of the sample supernatants were 

added to 5 ml of alkaline peptone water and incubated at 

37 °C for 20 h. One inoculating loop full of samples from 

the upper layer of each test tube was smeared on thiosulfate 

citrate bile saccharose agar medium (Shimadzu Diagnostics 

Corporation, Tokyo, Japan). A test tube in which colonies 

were identified after 24 h of incubation at 37 °C was 

considered positive, and the Most Probable Number (MPN) 

was calculated using the MPN table. 

K-value determination 

   The K-value indicates the ratio of inosine (HxR) and 

hypoxanthine (Hx) to total ATP-related compounds 

(nucleic acid-related substances). Given that ATP 

degradation reactions are enzymatic and K-values increase 

over time in most marine products after organismal death, 

K-values are used as an indicator of product freshness 

(Kato et al., 2009). The lower the K-value, the fresher the 

fish. The K-value was calculated using the following 

equation: 

 K-value 

(%)=((Hx+HxR)/(ATP+ADP+AMP+IMP+HxR+Hx))×100 

Where, ATP represents adenosine triphosphate, ADP is 

adenosine diphosphate, ADM is adenosine 

monophosphate, and IMP is inosine monophosphate.  

   The K-value was determined as described by Seki et al. 

(2016). Briefly, 4.0 ml of 10% perchloric acid (FUJIFILM 

Wako Pure Chemical Corporation, Osaka, Japan) was 

added to 2.5 g of the sample to extract ATP-related 

compounds. The solids were removed via centrifugation 

(11,000×g for 10 min at 5 °C), and the supernatant was 

diluted to 10 ml with 10% perchloric acid. The mixture 

was neutralized using potassium hydroxide (KOH; 

FUJIFILM Wako Pure Chemical Corporation, Osaka, 

Japan), the precipitate was removed by centrifugation 

(12,000×g for 5 min at 5 °C), and the supernatant was 

diluted to 5 ml using purified water. The solution was 

passed through a 0.22 µm filter and subjected to High-

Performance Liquid Chromatography (HPLC; Shimadzu 

Corporation, Kyoto, Japan) (column: COSMOSIL Packed 

Column 5C18-PAQ, mobile phase: 20 mM potassium 

dihydrogen phosphate (KH2PO4) solution, flow rate: 1.0 

ml/min, temperature: 40 °C, detector: UV, wavelength: 260 

nm, injection volume; 20 µl) to determine the ATP-related 

compound content. 

Statistical analysis 

   Data were evaluated using a one-way analysis of 

variance (ANOVA) based on Fisher's three principles. 

Differences in the mean values were evaluated using the 

Student’s t-test, and significance was set at p<0.05. 

Analyses were performed using Microsoft Excel. Bacterial 

measurements were performed on four samples. 

Additionally, owing to its tendency to fluctuate, the K-

value measurements were performed with five samples. 

 

Results and discussion 

Flowchart creation based on HACCP for retail stores 

   The findings of the personal interviews are summarized 

as follows: 

1. Most fish in supermarkets are accepted in packaged 

form and are not processed in the store. 

2. Packaged products are displayed and sold immediately 

upon acceptance, with minimal storage. 

   Based on these findings, the flowchart in Figure 1 was 

developed to illustrate the process for pre-processed 

marine products from store acceptance to sale. The 

flowchart identifies product display and sale as CCPs, 

with a control temperature set at 5 °C. 
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Figure 1: Flowchart of seafood sales at retail stores  

CCPs=Critical Control Points 

 

   The survey revealed that approximately 70% of marine 

products received by stores were pre-processed, whereas 

30% were processed in-store. However, it is anticipated 

that the proportion of preprocessed products will increase, 

thereby reducing the need for in-store processing. 

Viable bacterial counts 

   Table 1 shows the temporal changes in the number of 

viable bacteria in the CCP-compliant and CCP-deviant 

samples. The bacterial count of CCP-deviant and -

compliant refrigerated and CCP-compliant frozen 

mackerels increased slightly on Day 2 from that on Day 0 

(p>0.05), whereas that of CCP-deviant frozen mackerels 

increased significantly on Day 2 from that on Day 0 

(p<0.05). Furthermore, CCP-deviant products showed 

slightly higher bacterial counts than CCP-compliant 

products on Days 1 and 2 of storage (p>0.05). 

 
Table 1: Temporal changes in the number of viable bacteria in each marine product (log Colony Forming Unit (CFU)/g) 

Sample condition Deviation or compliance with CCP 
Number of viable bacteria (log CFU/g) 

Day 0 Day 1 Day 2 

Refrigerated Mackerel 
CCP-deviant 0±0 1.8±0.67 2.9±0.63 

CCP-compliant 0±0 0.65±0.92 1.5±0.34 

Frozen Mackerel 
CCP-deviant 0±0 1.8±0.76 4.4±0.08 

CCP-compliant 0.65±0.92 1.1±1.5 3.1±0.23 

Refrigerated Scallops 
CCP-deviant 0±0 1.0±1.4 0±0 

CCP-compliant 0±0 0±0 0±0 

Frozen Scallops 
CCP-deviant 2.5±0.088 0±0 0±0 

CCP-compliant 0±0 0±0 1.0±1.4 

Frozen Shrimp 
CCP-deviant 4.6±0.031 4.9±0.11 5.4±0.075 

CCP-compliant 4.1±0.069 4.6±0.040 4.9±0.051 

Measurements were obtained using n=4 samples; data are expressed as mean±Standard Deviation (SD).  
CCP=Critical Control Point. 

 

   No viable bacteria were detected in refrigerated scallops 

on storage Days 0 and 2, regardless of CCP deviation or 

compliance, while the bacterial count on Day 1 was 

positive. In contrast, the bacterial count in CCP-deviant 

frozen scallops on Day 0 was positive. However, no 

bacteria were detected on storage Days 1 and 2. On Day 2 

viable bacteria were detected in CCP-compliant scallops, 

whereas no bacteria were detected on storage Days 0 and 1. 

   The bacterial counts of both CCP-deviant and CCP-

compliant frozen shrimp significantly increased on Day 2 

from that on Day 0 (p<0.05). On storage Days 0 and 1, the 

bacterial counts in CCP-deviant shrimp were slightly 

higher than those in CCP-compliant frozen shrimp 

(p>0.05). However, on storage Day 2 the bacterial counts 

in CCP-deviant shrimp were significantly higher than those 

in CCP-compliant shrimp (p<0.05). 

   In the present study, the CCP-deviant test plots showed 

higher viable bacterial counts, indicating that storage 

temperature affected the bacterial counts. A previous study 

reported that the viable bacterial count increased 

Store acceptance 

Storage (CCPs) 

Display and Sales (CCPs) 

Open box 

Products are checked for product specifications Name, part, quantity, price, 

and place of origin, 

Shelf life/consumption date, storage method 

- Confirmation of arrival 

- Confirmation of arrival quantity 

- Confirmation of temperature 

- Check for damage to packaging 

Storage temperature  

Refrigerate 0-5 °C 

Frozen -20 °C 

Disinfected with alcohol before display, storage temperature 0-5 °C 
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significantly when modified atmosphere packaged horse 

mackerel fillets was stored at 10 °C compared to when they 

were stored at 2 °C (Alfaro et al., 2013). Another study 

showed lower viable bacterial count in Japanese horse 

mackerel stored at 4 °C for approximately two days than 

that in those stored at 20 °C for the same duration (Kyoui 

et al., 2022). The bacterial counts of scallops stored at 5 °C 

on Day 0 and after 1-2 days of storage in the refrigerator 

(Narita et al., 2018) were higher than those observed in the 

present study. The presence of viable bacteria is mainly 

caused by contamination during processing (Lucas, 2015). 

In the present study, the low bacterial count was attributed 

to the in-store processing of products and thorough 

disinfection of the utensils used during de-hulling. 

   In previous studies, viable bacteria were detected in CCP-

deviant and CCP-compliant frozen shrimp samples on all 

storage days. For instance, the bacterial count of frozen shrimp 

stored at 4 °C (Guo et al., 2013) was higher and that at 2 °C 

(López-Caballero et al., 2007) was lower than that of those in 

the present study. Frozen shrimp production areas range 

widely from cold regions near the Arctic Circle to tropical 

regions. The frozen shrimp used in the present study were 

obtained from tropical areas in India or Pakistan (as indicated 

on the purchased pack). A high prevalence of Salmonella spp. 

has been also observed in Asian countries, particularly in 

tropical regions. Salmonella spp. contamination has been 

found in 24.5% of shrimp samples in Vietnam, and this is a 

major threat for seafood products like shrimp and prawns (Ali 

et al., 2020). Therefore, it is considered that those collected in 

temperate or tropical regions had higher levels and frequencies 

of bacterial contamination. This study revealed general 

bacterial contamination, with approximately half of the 

samples collected from tropical regions showing a bacterial 

count of 5.0 log Colony Forming Unit (CFU)/g. As shrimp are 

primarily farmed and processed in Thailand and Vietnam 

(Yamao and Amano, 2018) and Japan imports approximately 

60% of its shrimp from Southeast and South Asian regions 

such as Vietnam and India (JIRCAS, 2022), the viable 

bacterial counts were also relatively high in the present study.  

   Similarly, the bacterial counts of frozen shrimp 

reportedly increased from storage Days 0 to 3 at 4 and 

12 °C (Gornik et al., 2011). These results indicated that 

microbial growth was faster at higher storage temperatures. 

E. coli test 

   E. coli was not detected in the refrigerated mackerel, 

scallops, frozen scallops, or frozen shrimp during the three 

storage days. Additionally, E. coli could not be detected in 

any of the test plots examined in this study. Consistent with 

the current study, E. coli was not detected in shrimp and 

oysters purchased from open markets or supermarkets 

(Minami et al., 2010). Similarly, Narita et al. (2018) detected 

no E. coli in scallop adductor muscle separated using an 

automated scallop sheller. In contrast, E. coli was detected in 

mollusks cultured in a contaminated water environment 

(Souza et al., 2012), which differed from the culture 

conditions in the present study. Tayel et al. (2020) reported 

approximately 2.5 log CFU/g E. coli in shrimp stored at 4 °C 

over two storage days, which was higher than the levels 

observed in the present study. E. coli contamination typically 

occurs during food processing (Medina-Rodríguez et al., 

2020) and can be present in water (Holvoet et al., 2012). As 

E. coli contamination was not found in slaughterhouses with 

sanitary environments (Morita et al., 2010), it can be 

hypothesized that the shrimp used in this study were 

processed in a sanitary environment. 

V. parahaemolyticus test 

   Table 2 shows the temporal changes in V. 

parahaemolyticus counts in CCP-deviant and CCP-

compliant products. This bacterium was not detected in 

refrigerated or frozen mackerel after three days of storage. 

In contrast, the V. parahaemolyticus count in CCP-deviant 

refrigerated scallops on Day 0 was detected, which 

significantly decreased on Days 1 and 2. However, V. 

parahaemolyticus was not detected in CCP-compliant 

refrigerated scallops throughout the study period. 

 
Table 2: Temporal changes in the number of Vibrio parahaemolyticus in each marine product 

Sample condition Deviation or compliance with CCP  
 Number of Vibrio parahaemolyticus (MPN/100 g) 

Day 0 Day 1 Day 2 

Refrigerated Mackerel 
CCP-deviant ND ND ND 

CCP-compliant ND ND ND 

Frozen Mackerel 
CCP-deviant ND ND ND 
CCP-compliant ND ND ND 

Refrigerated Scallops 
CCP-deviant 4300 400 400 

CCP-compliant ND ND ND 

Frozen Scallops 
CCP-deviant 400 0 0 

CCP-compliant 300 0 0 

Frozen Shrimp 
CCP-deviant 400 24,000 46,000 
CCP-compliant 24,000 9,300 12,000 

The results are presented as number per 100 g of sample calculated from the Most Probable Number (MPN) table.  

CCP=Critical Control Point; ND=Not Detected. 
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   V. parahaemolyticus was detected in CCP-deviant and 

CCP-compliant frozen scallops on Day 0. However, this 

bacterium was not detected in either test plot on storage 

Days 1 or 2. 

   The V. parahaemolyticus count in CCP-deviant frozen 

shrimp increased on Day 2 compared to that on Day 0. In 

contrast, the V. parahaemolyticus count in CCP-compliant 

frozen shrimp decreased on Day 1 compared to that on Day 

0 but increased on Day 2. Higher bacterial counts were 

observed in CCP-deviant samples than those in CCP-

compliant samples on storage Days 1 and 2. 

   V. parahaemolyticus is abundant in seawater (Shimohata 

et al., 2022) and is consistently detected on the surfaces of 

marine products immediately after harvest.  Bacteria 

invade the fish body through the skin because the 

regulatory mechanisms. That prevent invasion of the 

tissues by bacteria cease to function after death (Fraser and 

Sumar, 1998), V. parahaemolyticus contamination can be 

prevented by washing and sanitizing the fish well after 

catching. This may also account for why V. 

parahaemolyticus counts did not increase in this study. 

   V. parahaemolyticus has a high potential for growth in 

marine products as its optimal salt concentration for 

growth is 3%, and its optimum temperature is 37 °C (Liu et 

al., 2016). Hence, the CCP-deviant test plot represented an 

environment in which V. parahaemolyticus could easily 

proliferate. Additionally, all test plots in this study showed 

high bacterial counts on storage Day 0, with the number of 

bacteria decreasing over time. The pH of scallops 

decreases from approximately 7 to 6 over time (Seki, 

2021), and the optimal pH for V. parahaemolyticus growth 

is 7.6-8.0. Therefore, a large amount of V. 

parahaemolyticus was detected on Day 0, when the pH 

was relatively high in the present study. Conversely, V. 

parahaemolyticus was detected on storage Day 0 in both 

CCP-deviant and CCP-compliant frozen scallops; however, 

the counts were lower than those of refrigerated scallops. 

In clams, the V. parahaemolyticus count slightly decreased 

at 4 and 15 °C in 96 h (Lopez-Joven et al., 2018); 

consistently, fewer bacteria were detected in frozen 

scallops in the present study. 

   The occurrence of Vibrio spp. is commonly associated 

with temperature, and these species are especially found in 

temperate climates, and Vibrio population variation is low 

in tropical and subtropical waters (Di et al., 2016), and 

3.87-4.97 log MPN/g of V. parahaemolyticus was detected 

in shrimp from traditional markets in Hanoi, Vietnam (Vu 

et al., 2022). The samples used in the present study also 

included shrimp imported from tropical regions (India and 

Pakistan), with high values (93-240 MPN/g) on storage 

Day 1. It was reported that shrimp have to be stored and 

distributed in ice (rapid onboard icing and keeping fish 

iced until marketing or consumption) (Parlapani et al., 

2020). Therefore, hygiene control during the processing 

stage is an issue for shrimp. Moreover, V. 

parahaemolyticus was likely attached to frozen shrimp 

during the processing stage in this study. Hence, the 

number of V. parahaemolyticus decreased from storage 

Days 0 to 1 in both test plots for shrimp that deviated from 

or complied with CCP. At 4 and 7 °C, V. parahaemolyticus 

growth was prevented, but at temperatures above 15 °C, V. 

parahaemolyticus growth was promoted (Wu et al., 2023). 

In the present study, the number of bacteria decreased from 

storage Day 1. The increase in bacterial count on storage 

Day 2 in the CCP-compliant plot was attributed to the 

potential presence of V. parahaemolyticus on the cutting 

boards, knives, and other cooking utensils used to collect 

the samples, which could have increased the detection rate. 

K-value 

   Figure 2 shows the temporal changes in the K-values of 

refrigerated and frozen mackerel that deviated from or 

complied with CCP. The K-value of CCP-deviant 

refrigerated mackerel samples on Day 2 increased 

significantly compared to that on Day 0 (p<0.05). 

However, the K-value of CCP-compliant refrigerated 

mackerel samples increased slightly on Day 2 compared to 

that on Day 0 (p>0.05). Higher K-values were obtained for 

CCP-deviant mackerel than CCP-compliant mackerel on 

storage Days 0 to 2 (p<0.05). The K-values of CCP-deviant 

and CCP-compliant frozen mackerel samples increased 

significantly on Day 2 compared to that on Day 0 (p<0.05). 

The K-value of CCP-deviant frozen mackerel was higher 

than that of CCP-compliant frozen mackerel on Day 0 

(p<0.05). Similarly, the K-value of CCP-deviant frozen 

mackerel was slightly higher than that of CCP-compliant 

frozen mackerel on Day 1, but the difference was not 

significant (p>0.05). The K-values of CCP-deviant and 

CCP-compliant mackerels were relatively the same 

(p>0.05) on storage Day 2. 
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Figure 2: Temporal changes in the K-values of refrigerated and frozen mackerel that deviated and complied with the Critical Control Point (CCP). 
Measurements were performed using n=4 samples; the bars indicate Standard Deviation (SD)  

 
   Figure 3 presents the temporal changes in the K-values of 

CCP-deviant and CCP-compliant refrigerated and frozen 

scallops. The K-values of CCP-deviant and CCP-compliant 

refrigerated scallops increased significantly on Day 2 

compared to those on Day 0 (p<0.05). Higher K-values 

were observed for CCP-deviant than that for CCP-

compliant refrigerated scallops during the study period 

(p<0.05). The K-value of CCP-deviant frozen scallops 

showed no increasing or decreasing trend (p>0.05). On the 

contrary, the K-value of CCP-compliant frozen scallops 

increased significantly on Day 2 compared to that on Day 2 

(p<0.05). The K-values were higher for CCP-deviant than 

CCP-compliant scallops (p<0.05) throughout the study 

period. 

 

 
Figure 3: Temporal changes in the K-values of refrigerated and frozen scallops that deviated from and complied with the Critical Control Point (CCP) 

 

 

   Figure 4 presents the temporal changes in the K-values of 

CCP-deviant and CCP-compliant shrimp. The K-values of 

CCP-deviant and CCP-compliant shrimp increased slightly 

on Day 2 compared to that on Day 0 (p>0.05). Higher K-

values were observed for CCP-deviant shrimp than for 

CCP-compliant shrimp on all storage days (p<0.05). 
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Figure 4: Temporal changes in the K-values of frozen shrimp that deviated from or complied with the Critical Control Point (CCP) 

 

 

   The K-value of mackerel at 2 °C was 20% on Day 0 and 

increased to approximately 40% on Day 5 (El Sheikha et 

al., 2022). In this study, although the experimental period 

was only two days, the results were close to the values 

reported by El Sheikha et al. (2022). In contrast, the K-

value of mackerel stored at 20 °C increased to 90% within 

two days in a previous study (Ohashi, 2002), which was 

higher than that in this study. The K-value at 5 °C in the 

present study was higher than that reported by El Sheikha 

et al. (2022). However, they reported a higher K-value at 

20 °C than that observed in the present study. In the CCP-

deviant test plot of the present study, the sample was 

placed at 25 °C for 5 h and then refrigerated, which may 

have resulted in lower K-values than those of samples 

stored at 20 °C. Ismail et al. (2023) reported that the K-

value of mackerel that was frozen and thawed in a 

refrigerator increased by approximately 5 and 7% on 

storage Days 1 and 3, respectively, at 5 °C. In contrast, K-

values of the CCP-compliant products increased to 

approximately 60% on Day 2 in the present study. 

Additionally, Nakazawa et al. (2015) reported a significant 

variation in the K-value of frozen mackerel, owing to 

differences in freshness between fishing vessels and fishing 

tanks where mackerel are stored after harvest. This finding 

suggests that the discrepancies in these results may be due 

to differences among individual mackerel or in post-

harvest handling. 

   In this study, the K value increased on Day 2 from that 

on Day 0 for the chilled scallops, while the frozen scallops 

showed a high K value on Day 0. The K-values of scallops 

tend to increase rapidly after two or three days of 

refrigeration (Seki, 2021). The CCP-compliant zone of 

refrigerated scallops in the present study showed a similar 

trend, with a gradual increase on the second day. However, 

the K-value increased over time by Day 2 in the CCP-

compliant zone. Similarly, 15 day storage of Catarina 

scallops at 0 °C increased the K-value over time (Ocaño-

Higuera et al., 2006). These reports suggest that the K-

value of scallops also increases with time, depending on 

myriad conditions. However, the elucidation of these 

conditions warrants further study. 

   In general, freezing stops the enzymatic activity of the 

muscle and suppresses the increase in K-values. However, 

Kimura et al. (1997) observed rising K-values in frozen 

scallops, suggesting that they may have been high at 

approximately 80% at purchase. 

   In this study, K values increased from 0 to 2 days in 

shrimp. In a previous study, the K-values of shrimp stored 

in ice were approximately 10% on storage Day 2 (Koseki 

et al., 2006). However, higher values were obtained in the 

present study. The K-value of frozen shrimp was 15% on 

storage Day 1 at 15 °C (Koyama et al., 2008); a higher 

value was obtained in the present study. The K-value 

increased faster in the CCP-deviant test plot than in the 

compliant test plot. Crustacean muscle quickly produces 

and accumulates Hx as an end product when stored at 

“room temperature” (Koseki et al., 2006). Therefore, it can 

be inferred that the small amount of Hx that accumulated 

during storage at 25 °C in the present study contributed to 

the increase in K-values. Fishery products vary in quality 

depending on harvest location, environment, and age, and 

individual differences are significant. The inability to 

obtain the same sample from different sources was a 

limitation of this study. Moreover, as the tendency of 

increased K-values of marine products differs depending 

on the species, future studies should investigate additional 

marine species. The results of this study could facilitate the 

implementation of HACCP in retail seafood stores. 

 

Conclusions 

   In this study, the validity of CCP was assessed by 

creating compliant and deviant test plots for refrigerated 

and frozen mackerel, scallops, and frozen shrimp. 
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parahaemolyticus counts, along with K-values 

demonstrated that the CCP-deviant samples exhibited 

higher viable bacterial counts than the CCP-compliant 

samples. V. parahaemolyticus was absent in mackerel but 

present in CCP-deviant refrigerated and frozen scallops, 

with higher counts in CCP-deviant frozen shrimp than 

those in CCP-compliant ones on storage Days 1 and 2. 

These findings suggest that displays and sales should be 

managed as CCPs, and the proposed flowchart is 

applicable in practice. 
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