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Abstract 

The challenge of this work was to guarantee the safety of canned tuna by HACCP implementation system. 4 critical 
control point (CCPs) were selected by an experienced team HACCP to evaluate the efficiency of the system in a tuna fish 
Industry. The CCP1 is the control of the freshness of the flesh of tuna fish on receipt. The CCP2 is a determination of the 
levels contents of the histamine and of the mercury of the tuna on receipt. The CCP3 is the control of the seams. The CCP4 
is the sterilization. The levels of histamine and mercury contents in fish receipts were aranged between 10.5-29.5 and 
between 0.022-0.055 mg/kg respectively. No microbiological contamination was detected. pH values were ranged 
between 5.65-6.02 and the cold chain was respected. Thus, the results show that all CCPs are controlled and validated. 
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1. Introduction

In 2017, Tunisia produced 129.5 thousand tons of fish and aquaculture, with the majority intended for fresh 
consumption. Only around 15.6% of this production was exported, primarily in frozen form, while 30% was processed 
into canned and semi-preserved tuna and sardines (Tunisian Statistical Yearbook, 2017). 

According to the Tunisian Ministry of Agriculture, Fisheries, and Water Resources, tuna exports experienced a notable 
surge in 2017, with a 79% increase in quantity, totaling 780.4 tons. The processing of tuna encompasses various species, 
including "Thunnus thynnus," renowned for its distinctive flavor, as well as other species like yellow fin tuna and skipjack, 
in response to high demand in the domestic market (Tunisian Statistical Yearbook, 2017). 

The processing of tuna primarily focuses on the species Thunnus thynnus, prized for its exceptional taste characteristics. 
Canned Tunisian products, including sardines and tuna, have established a strong brand reputation and are highly 
regarded by consumers worldwide. These products are exported to various nations across the globe. Since 1998, the 
fish processing industry has adhered to stringent safety and hygiene standards to comply with regulations, ensuring the 
quality and safety of the final products (Official Journal of the Tunisian Republic, 1998). 

The crucial aim of fish quality control, according to Domingo (2007), consists to find some methods by defining the 
suitability or excellence of the fish for processing. Among the control methods or systems for food safety, Hazard 
Analysis of Critical Control Points (HACCP) [Baş et al., 2006]. The HACCP system is recognized as an important tool in 
the reduction of food borne diseases (FBDs), and it is a global reference in terms of food safety control and it is 
recommended by the World Health Organization, the International Commission on Microbiological Specifications for 
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Foods, the Codex Alimentarius, and food regulatory agencies in various countries (Cusato et al., 2011). The primary 
objective of fish quality control, as stated by Domingo (2007), is to establish methods for assessing the suitability or 
excellence of fish for processing. Among the various methods or systems for ensuring food safety, Hazard Analysis of 
Critical Control Points (HACCP) is highlighted (Baş et al., 2006). The HACCP system is widely recognized as a crucial tool 
in minimizing foodborne diseases (FBDs) and serves as a global standard for food safety control. It is recommended by 
prominent organizations such as the World Health Organization, the International Commission on Microbiological 
Specifications for Foods, the Codex Alimentarius, and regulatory agencies in numerous countries (Cusato et al., 2011). 
The recommended or mandatory use of HACCP is found in the regulations of several countries, and governments, 
industries, and consumers are showing a growing acceptance of the system. In the study conducted by Cicero et al. 
(2020) measuring histamine contents in fresh and processed fish samples from markets and from street vendors 
concluding the need to ensure the safety of fishery and fishery products. In the same context, Roudsari et al. (2020), 
measuring histamine concentrations in canned fish, note that the precise control programs, such as HACCP and good 
hygienic practices (GHP) should be implemented to ensure consumer safety. Thus, the implementation of HACCP has 
many benefits such as better use of resources, additional effective hazard analyses and better satisfaction of customers 
and high protection of public health (Food and Drug Administration, 2004).  It has been reported by Lupin et al. (2010) 
that after the proper implementation of the HACCP system and compliance with HACCP-based regulations, most fish 
processing plants have experienced a decrease in total quality costs and an increase in quality. The reduction in 
safety/quality costs definitely pushes managers and owners in the industry to comply with HACCP regulations and to 
assume that HACCP system and HACCP audit are essential management functions in the modern context of the peach 
industry (Lupin et al., 2010). In addition, the use of HACCP increases exporting possibilities, because the system enables 
harmonization with international trade requirements (Cusato et al., 2011) and contributes to a positive image of the 
company, improving consumer confidence and reducing the possibilities of product recall (Ehiri et al., 1995). In this 
context, many companies have been motivated to adopt HACCP system (Henson et al., 1999).  Thus, the aim of this work 
was to guarantee the safety and quality characteristics of the production of canned tuna, in a Tunisian by the 
implementation of the HACCP system. To the best of our knowledge, this study evaluate the efficiency of the HACCP 
system in tuna fish industry for the first time in Tunisia. 

2. Materials and methods 

2.1. Tuna fish 

Tuna fish was obtained from the fisheries regional Counter. A safety certificate sheet signed by the veterinarian 
accompanies each receipt of raw materials. The control of fishery products was made according to the Official Journal 
of the Tunisian Republic (1998). The tuna products are prepared from fresh fish (Commission) and Tunisian standard 
(NT54.02. 1986). 

2.2. Microbiological analysis 

The thermophilic Bacillus strains were determined according to NF-V08-404 (1986). The thermophilic Clostridium were 
determined according to NF-V08-405 (1986). 

2.3. Physico-chemical analysis 

2.3.1. pH 

The pH was determined following the laboratory manual of analytical methods and procedures for fish products (Lim, 
1992). Measurements were conducted using a pH meter (Mettler type) with a control accuracy of ±0.1 pH units. For 
each sample, 5 g was homogenized in 20 mL distilled water for 1 minute at room temperature. 

2.3.2. Histamine levels 

Histamine levels were determined using High Performance Liquid Chromatography (HPLC) following the guidelines 
outlined in European Commission Regulation 2073 (2005). 

2.3.3. Mercury levels 

Mercury levels were analyzed using cold vapor Atomic Absorption Spectrometry (AAS) in accordance with NF EN 13806 
(2003). 
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3.   Results and discussion 

3.1. The steps of production of canned tuna: HACCP plan 

Growing consumer awareness and evolving legislative requirements within food production systems have catalyzed 
significant efforts in implementing control measures and assurance systems across various food sectors worldwide 
(Jedrzejczak et al., 2004; Michalis et al., 2000). The HACCP system is based on risk assessment and process control rather 
than solely relying on end product testing. It also encompasses standards and procedures for food services (Kök, 2009). 
In Table 1, primary risks and established Critical Control Points (CCPs) are presented, determined by an experienced 
HACCP team. CCPs were identified during the risk assessment of canned tuna processing and incorporated into the 
HACCP plan. The significance of each risk was assessed using the criticality citation method (Criticality = Severity x 
Frequency) (Mouffok et al., 2013), resulting in the establishment of four CCPs (Codex Alimentarius, 2007). CCP1, 
specifically focusing on the control of tuna freshness upon reception, was identified. The freshness of fish significantly 
contributes to the overall quality of fish and fishery products, influencing both the quality of raw materials and the 
subsequent food processing. Therefore, during each reception, the health surveillance committee, in accordance with 
regulations, evaluates the freshness of tuna fish, particularly assessing the firmness (torn skin) of the flesh. This 
parameter is deemed crucial as it represents the primary hazard, with a maximum allowable limit set at 2%. Under 
these circumstances, the CCP was deemed validated and under control. However, the presence of hydrocarbons poses 
another risk, albeit accounting for a very small percentage (%). In such scenarios (where the torn skin percentage 
exceeds 2% and/or traces of hydrocarbons are detected), control measures outlined in the internal specifications 
involve the rejection of raw materials and the selection of suppliers based on the ratings assigned to each supplier. The 
CCP2 involves monitoring histamine and mercury levels upon reception. Adherence to strict regulations governs the 
control of histamine and mercury, with systematic analyses conducted at each reception by an accredited laboratory. 
Raw materials are accepted only if histamine and mercury concentrations do not exceed 1 mg/kg and 100 mg/kg 
respectively; otherwise, they are rejected. The CCP1 and CCP2 were centered on controlling the raw materials; 
particularly emphasizing good hygienic practices (GHP), as the quality of raw materials significantly affects the final 
product. The initial quality of raw materials, including factors such as freshness, microbiological load, and physical 
damage, plays a crucial role in determining the quality of the end product (Quang et al., 2005). The CCP3 is the control 
of the welding boxes and the CCP4 is the monitoring of the sterilization. CCP3 is performed regularly to prevent possible 
contamination from the environment (boxes leaking). CCP3 was considered as validated meaning that the hazard was 
under control where the % of the leaky box. The CCP3 and CCP4 were dedicated to controlling the good manufacturing 
process (GMP). Under these circumstances (where the torn skin percentage exceeds 2% and/or traces of hydrocarbons 
are detected) control measures outlined in the internal specifications include the rejection of raw materials and the 
selection of suppliers based on the ratings assigned to each supplier according to internal specifications. The control 
measure for the CCP3 was the rejection of the boxes. Immediately, where the % exceeded 2%, frequent verifications 
were made. The auditors look for the probable origins of the case and apply the necessary corrections to reduce the 
hazard to an acceptable level in order to have a process under control. The CCP4 (sterilization) is monitored and checked 
regularly. Criteria were established using the parameters recommended for time-temperature in the sterilization 
process. The control measure implemented was the supervision of the scheduled process (time and duration). The 
hazard is the survival of Clostridium botulinum and thermophilic Bacillus spores. The CCP4 was considered validated 
when no spores were detected in the final products (Agwa et al., 2018). Under these conditions, the CCP4 was deemed 
validated. However, only control of the CCPs is not sufficient to ensure high quality for food products. Typically, for 
effectiveness, the HACCP system needs to be applied from the origin to the consumption of the foods (Jedrzejczak et al., 
2004).
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Table 1 Summary of the of HACCP plan with the significant hazards and CCPs selected 

CCPs 
Designatio
n 

Dangers Control measures Monitoring Parameters Critical limits 

CCP1 
Checking on 
receipt 

Soft flesh and 

shredded 
Rejection of the goods 

*The freshness of the flesh (flesh 
farm) 

< 2%  of tuna fish 

(Torn skin). 

CCP2 
Tuna on 
receipt 

Histamine 
For tuna during cold 
storage 

*Determination of histamine 
level 

n = 9 units 

1)The average content shall not exceed 100 ng/g 

2) 2 samples may have a content exceeding 100 ng/g but 
do not reach 200 ng/g. 

(European Union, 1989) no sample shall have a content 
exceeding 200 ng/g. 

Mercury Tuna during cold storage *Determination of mercury level 
> 1 ng/g 

Rejection of the goods. 

 

CCP3 

 

Control of 
the seams 

Biological 
(due to microbial 

contamination 

boxes: leakage) 

Rejection of the boxes 

*External diameter 

*Height of the  empty box 

*The box thickness (body box) 

*The height and the thickness of 
the seams 

*The end and the body hook 

*The overlap 

Control of the seams (leaky box <2%). 

CCP4 Sterilization 

Biological 
(high  level of 
microbial load 
after sterilization) 

Monitoring of the  scale of 
the sterilization 
and  stability test (oven ) 

*Temperature 

*Duration 
*Pressure 

According to the  scale of  the sterilization 
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Practical experience and food safety research indicate that success in developing and verifying an effective HACCP 
system depends on a complex mix of managerial and organizational factors (Baş et al., 2006). This is why the Tunisian 
government mandates a training program on HACCP methodology for agro-food industries and has established 
legislation and enforcement programs to ensure food quality and safety, guaranteeing high-quality products. All 
necessary conditions and measures to ensure the safety and quality of tuna and tuna products at all stages of the food 
chain, from sea to end processing, are undertaken (internal specifications) and harmonized to ensure tuna safety. Based 
on Codex Alimentarius standards guidelines recommendations and risk assessments, this program includes HACCP 
system implementation, food hygiene practices, premises and equipment cleaning and disinfection, staff hygiene, germ 
awareness, and raw material reception, assured by specialists such as expert veterinarians (Codex Alimentarius, 2007). 
Additionally, we monitor certain parameters during production to ensure their control during the storage period of tuna 
fish at ≤ 4°C before canned tuna production. Currently, the government has mandated the ISO 22000 system as a quality 
assurance system for food products. The new ISO 22000 standard incorporates management systems and food safety 
practices (HACCP and prerequisite programs) in developing protocols to guarantee food product safety (ISO 22000, 
2005; 2018).  

3.1.1. Determination of histamine levels 

Canned tuna products are highly significant processed foods worldwide. Different species of canned tuna also contain 
various toxic substances, such as histamine and mercury (Burger et Gochfeld, 2004). Freshly caught yellowfin tuna 
generally contain between 10 and 30 mg/kg of histamine (Widiastuti et al., 2013). Histamine is the biogenic amine 
responsible for scombroid poisoning, which results from the histidine decarboxylation by bacterial decarboxylases in 
various types of fish and fish products (Roudsari et al., 2020). Histamine fish poisoning (or scombroid poisoning) is a 
significant public health and safety concern (Silva et al., 2011). Elevated histamine levels are most commonly found in 
fish and fishery products, especially in the family Scombridae, and their accumulation is related to bacterial spoilage 
(Mergler et al., 2007). Histamine poisoning is the leading cause of fish-related foodborne infections in France (Duflos, 
2009).  

In our study, histamine contents (mean values) of the tested samples were found to be in the range of 10-30 mg/kg 
(Table 2). Histamine levels in tuna fish were lower than 100 mg/kg and were in agreement with the Official Journal of 
the Tunisian Republic (1998) and below the allowable limit fixed by the US FDA (50 mg/kg) (Food and Drug 
Administration, 2004). European Regulation establishes maximum limits for histamine in fishery products from fish 
species associated with high histamine amounts, with values ranging from 100 to 200 mg/kg. Histamine was 
investigated in fresh and canned tuna in Brazil; the mean levels were 0.19 mg/kg in fresh tuna from wholesale, 1.30 
mg/kg in fresh tuna, and 4.41 in canned tuna from the retail market (Silva et al., 2011). 

According to Roudsari et al. (2020), 60 canned fish samples collected from markets in Tehran, Iran, including canned 
tuna (n = 42) and other canned samples (n = 18), showed histamine concentrations in 46.6% of the samples, and 18.3% 
of the samples exceeded the histamine limit stipulated by the U.S. Food and Drug Administration (2004) (50 mg/kg).  
Mean values were found to be in the range of 0-80 mg/kg. Tsai et al. (2005) found that 4.2% of canned fish samples in 
Taiwan contained more than 50 mg/kg of histamine. In the study conducted by Maktabi et  al. (2016), histamine content 
of the samples ranged from 4 to 236 mg/kg, and 18.9% of the canned tuna samples contained more than 50 mg/kg, the 
limit suggested by the US FDA. The main reasons for this high percentage of unacceptable canned tuna samples are 
likely the result of poor-quality fish used as raw material for canning and/or defective handling techniques during 
processing. 

In Morocco, histamine levels were determined in 248 samples of commercially processed fish, with concentrations 
ranging from < 0.01 to 694 mg/100g and a mean of 12.33 mg % (Ababouch et al., 1986). These high levels indicate fish 
storage under conditions conducive to microbial growth and histamine production. According to Bilgin and Gençcelep, 
(2015), the elevated histamine values (up to 110.33 ± 9.87 mg/kg) in canned tuna were attributed to the poor quality 
of the raw fish material. However, Auerswald et al. (2006) note that histamine is seldom found in fresh fish, but its levels 
increase as fish decomposition progresses. Rossi et al. (2011) suggest that histamine production is associated to the 
growth of bacteria possessing the enzyme histidine decarboxylase. After the death of the fish and under specific storage 
conditions, particularly between +2°C and +5°C, histamine-producing bacteria can proliferate, leading to histamine 
formation; this production can occur rapidly at temperatures above +10°C (Duflos, 2009). 

In conclusion, elevated histamine levels have been observed in fish, potentially resulting from non-compliance with 
good manufacturing practices, such as additional handling and processing or prolonged exposure to higher 
temperatures (Soares et Glória, 1994). Time and temperature conditions must allow for the production and 
accumulation of histamine and other biogenic amines in fish (Chang et al., 2008). Biogenic amines can also be generated 
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throughout the manufacturing process and during storage of the end product if improper temperatures are maintained 
(Jinadasa et al., 2015). According to Jinadas et al. (2015), storing fresh yellow fin tuna below 4°C is sufficient to achieve 
a shelf life of two weeks, with the fish needing to be kept at < 4°C to prevent histamine formation during the 14-day 
shelf life. Additionally, the most recent HACCP guidelines for controlling histamine production recommend maintaining 
temperatures of 4.4°C or lower throughout handling, processing, and distribution of potentially hazardous fish (Kim et 
al., 2004). 

3.1.2. Determination of mercury levels 

Mercury is a known human toxicant, with the primary source of mercury contamination in humans being the 
consumption of fish (Khansari et al., 2005). It is classified as a hazardous and priority substance by the European 
Directive 2000/60/EC (2000). The European Commission has established maximum levels contaminants in foodstuffs 
(European Union, 2008), with the maximum total mercury content in edible parts of fishery products set at 0.5 mg/kg 
fresh weight, except for certain species where the limit is set at 1 mg/kg fresh weight (European Union, 1993).  

In our study, mercury concentrations ranged from 0.025 to 0.55 mg/kg (Table 2), aligning with the regulations set by 
the European Union (1993). If the mercury content exceeds one ng/g, it signifies the rejection of the lot (CCP2). 
However, our results were lower than those reported in light tuna (0.205 - 0.594 mg/kg) and skipjack (0.299 - 0.322 
mg/kg) (González-Estecha et al., 2013), as well as in canned tuna (maximum 351.30 µg/kg) (Pawlaczyk et al., 2020) and 
canned tuna fish (0.082-0.160 ng/g) (Khansari et al., 2005). The mean mercury level in tuna in our study is significantly 
lower than levels found in fresh tuna from the Mediterranean Sea, with a mean of 3030 μg kg−1 (Licata et al., 2005), as 
well as in Italy-Mediterranean Sea with means of 446 and 660 (μg kg−1) (Bella et al., 2015). Seafood from the 
Mediterranean Sea is suggested to have a higher mercury content due to the geochemical characteristics of the basin 
(Kotnik et al., 2013). Thus, CCP1 is validated as the control of raw material by the experienced team and the analysis of 
mercury levels meet internal specifications, ensuring the raw material used was healthy. 

Table 2 Histamine and mercury levels in tuna fish on receipt (mg/kg) 

 mean value mean value mean value 

Histamine levels 10.5  

± 0.5 

16.8  

± 0.6 

29.5 

± 1 

Mercury levels 0.015  

± 0.002 

0.025 

± 0.005 

0.055 

± 0.006 

Data are the mean of three samples of three replicates (N=9) for histamine. n = 3 for mercury 

3.1.3. Microbiological analysis 

 Fresh fish is more perishable products than other foodstuffs (Lu et al., 2016). Quality deterioration of fresh fish occurs 
rapidly during handling and storage and limits the shelf life of the product (Adebayo-Tayo et al., 2012). The 
microbiological indicators are most often used to assess food safety and good manufacturing practices rather than the 
freshness of products. According to El-Dengawy et al. (2012), Egyptian Organization for Standardization for 
Microbiological Aspects of Fishery Products stated that the canned tuna, the salted tuna should not contain Clostridium. 
The general recommended value for the total viable bacteria in fish is 5105 CFU/g (Altekruse et al., 1998). The goal of 
the HACCP system should be to reduce the risk of food borne illness to the consumer. In this study, the microbiological 
quality of canned tuna fish by the analysis of Bacillus and Clostridium thermophilic spore forms was evaluated and we 
focused especially on spore’s forms, which are known for their heat resistance. Clostridium botulinum produces spores 
that are the most heat resistant of all pathogenic microorganisms. Consequently, the fish canning industry must rely on 
thermal processes sufficient to ensure the lowest probability of survival of C. botulinum spores to present no significant 
health risk to consumers. Therefore, reliable safety and quality assurance program should systematically integrate the 
quality of raw material; the hygiene and sanitation, the proper thermal processing (including design, application, and 
monitoring); the proper can seaming (welding). The obtained results showed the absence of the spores which may 
indicate that the CCP4 (sterilization) is controlled. Under these conditions, CCP4 was considered as  validated. Thus, we 
can conclude that the good hygienic practices (GHP) (no contamination) are applied and we proved, according to the 

results, that the good manufacturing practices (GMP) and the safety of product are provided (Casalinuovo et al., 2015). 
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3.1.4. pH measurements 

pH could serve as a useful parameter to assess the qualitative changes in fish during storage, wherein the degradation 
of fish quality involves a complex process encompassing physical, chemical, and microbiological deterioration 
(González-Fandos et al., 2005). Abbas et al. (2008) established a correlation between fish freshness and pH during cold 
storage, suggesting that this physical characteristic could be a suitable tool for analyzing fish freshness, surpassing the 
inherent uncertainties associated with sensory evaluation methods. To evaluate the effectiveness of the cold chain for 
fresh salmon (Salmo salar) and tuna fish (Sardina pilchardus) in a food processing plant, the final pH value in the finished 
tuna product depends more on the quality of the raw material than on the processing (Calanche et al., 2013). Abbas et 
al. (2008) have shown that pH affects fish freshness. 

As shown in Table 3, the pH values ranged from 5.65 ± 0.5 to 6.02 ± 0.1. These results are consistent with those reported 
by Susanto et al. (2011) and Jinadasa et al. (2015). According to the results obtained, we did not observe an increase in 
pH after 24 hours of storage at temperatures ≤ 4°C, since pH is one of the essential conditions allowing the growth and 
activation of enzymes by bacteria capable of releasing histamine (ANSES, 2012). Furthermore, as indicated in Table 2, 
the recorded temperatures are below 5°C, consistent with internal specifications. This demonstrates compliance with 
the cold chain and indicates the effectiveness of the implemented HACCP system. Based on the results obtained, it 
appears that the tuna used as a raw material is safe for human consumption (Abbas et al., 2008).  

Table 3 pH and temperature of raw material during storage 

 Temperatures (°C) pH 

number of cases An average of 24 hours An average of 24 hours 

1 4.6 5.75 ± 0. 2 

2 3.8 5.74 ± 0.4 

3 4.0 6.02 ± 0.1 

4 2.9 5.80 ± 0.1 

5 4.6 5.76 ± 0.2 

6 3.4 5.65 ± 0.5 

7 4.0 5.90 ± 0.3 

8 3.7 6.00 ± 0.1 

9 4.4 6.02 ± 0.1 

10 4.7 5.82 ± 0.2 

 

4.  Conclusion 

The implementation of HACCP systems in the fishery industry has led to improvements in product safety and quality. 
As a preventive approach, HACCP emphasizes control over raw materials, processes, environments, personnel, storage, 
and distribution, starting as early as possible in the production system. In this study, the implementation of HACCP in 
the tuna industry yielded satisfactory results. Consequently, we can infer that the raw materials are of high quality, the 
process of canned tuna fabrication is well controlled, and the final product is safe for consumption. The implementation 
of the HACCP system in canned tuna production has proven to be an effective tool for enhancing the safety and quality 
attributes of the product. 
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