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Introduction

Safety of food remains a major concern in the seafood industry. The production and consumption of
safe food are important to any society. The seafood safety is of more concerns in international fish
trade due to its vast expansion recent decades. The export value of seafood had increased from US$8
billion in 1976 to US$ 160.5 billion in 2020 (FAO, 2021). The advent of emerging pathogens and
the impacts of climate change on seafood safety major concern in fish processing industries. Each
year, millions of illnesses can be attributed to contaminated food. Hence, a food safety system aimed
at ensuring all food is as safe as possible is required. In this connection, the Hazard Analysis and
Critical Control Points (HACCP) system is a single system that has been adopted by national and
international bodies for ensuring seafood safety. However, HACCP system is not a standalone
programme as it requires prerequisite programmes to work effectively. In present decade, the
International Organization for Standardization (ISO) has developed the 1SO 22000 family of
standards on food safety management systems (FSMS) by taking approach of ISO 9001 as a
management system, and incorporates the hygiene measures of prerequisite programmes and the
HACCP principles and criteria.

The behaviour of consumers has been gradually changing. The consumer’s awareness and demand
of safe food is increasing every year. They currently require not only much higher dietary quality,
hygiene and health standards in the products they purchase, but they also look for certification and
reassurance of products’ origins (national or geographical) and production methods. These change
in customer’s approach had led to adoption of HACCP system by the food processors in various
countries to protect their customer’s health. HACCP is a scientific and systematic approach to
identify, assess and control hazards in the food production process. With the HACCP system, food
safety control is integrated into the design of the process rather than relied on end-product testing.
Therefore, HACCP system provides a preventive and thus cost-effective approach in food safety.
The HACCP system

HACCP system identifies, evaluates and controls hazards that are significant for food safety. HACCP

system requires a team work. It requires firm commitment from top management level for effective

Training Manual on ‘Seafood Quality Assurance’ under SCSP, ICAR-CIFT, Cochin-29 ((20-24 Feb, 2023)
84|Page



implementation. HACCP does not assure zero risk. It is a systematic tool to minimize risk of food
safety hazards. HACCP plan once developed doesn’t mean it is the ultimate plan. It needs to be
modified whenever required. HACCP is a continuous process and is mainly risk based. HACCP need
to be implemented from farm to fork. HACCP programme is a sum total of all pre- prerequisite
programmes. The emphasis is on forecast rather than reaction, on getting the process right initially
rather than correcting it after problems have occurred. It emphasized on identifying potential food
safety problems and determining how and where these can be controlled or prevented. Describing
what to do and training the personnel, implementation, recording and assurance throughout the food
chain are taken care under HACCP system.
Pre-requisite programmes (PRPs)
PRPs such as standard operating procedures (SOP), sanitation standard operating procedures (SSOP),
good manufacturing practises (GMP), etc. are implemented prior to HACCP plans. PRPs focus on
employees, facilities and equipment and deals with illness policy, cleaning and sanitizing procedures,
garbage removal, pest control, equipment selection, employee hygiene. It also deals with control of
harvest operation and the overall plant environment which are not directly related to food (e.g. water
quality, transportation and storage, plant sanitation, employee training, etc.).
Objectives of HACCP system

» Prevention of foodborne illness

» Reduction of economic losses due to product recall

» Protection of reputation

» Reduction of production costs

» To compete effectively in the international market
Benefits of HACCP system

» Increase food safety standards
Increase food quality standards
Ensures compliance with the regulatory guidelines and laws

Promote teamwork

vV v v Vv

Increase staff efficiency
» Due diligence defense in court
HACCP plan
It is a document prepared in accordance with the principles of HACCP to ensure control of hazards
that are significant for food safety in the segment of the food chain under consideration. It is

implemented following pre-requisite programmes. Prior to the application of HACCP to a fish or
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seafood establishment, that establishment should be operating proper prerequisite programmes
according to the Recommended International Code of Practice —General Principles of Food Hygiene
(CAC/RCP 1-1969, Revision 2008/2020). Management awareness and commitment are necessary
for the implementation of an effective HACCP system. The effectiveness will also rely upon
management and employees having the appropriate HACCP knowledge and skills. Therefore,
ongoing training is necessary for all levels of employees and managers, as appropriate. If the
necessary expertise is not available on-site for the development and implementation of an effective
HACCP plan, expert advice should be obtained from other sources, such as trade and industry
associations, independent experts and regulatory authorities. Two steps are involved in HACCP plan
preparation.

1. Conducts five preliminary steps

2. Applies the seven HACCP principles
Preliminary steps

» Step 1. Assemble the HACCP team.

» Step 2. Describe product.

» Step 3. Identify intended use.

» Step 4. Construct flow diagram.

» Step 5. Confirm flow diagram.
HACCP principles

» Principle 1. Conduct a hazard analysis and identify control measures
Principle 2. Determine CCPs
Principle 3. Establish validated critical limits

Principle 4. Establish a system to monitor control of CCPs

vV v v Vv

Principle 5. Establish the corrective actions to be taken when monitoring indicates a deviation

from a critical limit at a CCP has occurred

» Principle 6. Validate the HACCP plan and then establish procedures for verification to
confirm that the HACCP system is working as intended

» Principle 7. Establish documentation concerning all procedures and records appropriate to

these principles and their application

HACCP plan is a final document that describes how a fish or seafood operation will manage the
identified CCPs for each product under its particular environment and working conditions. The
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following are the details on how to apply the above sequence for the preparation of a specific HACCP
plan.

1. Assemble the HACCP Team

HACCP Team consists of one HACCP coordinator with HACCP skills and other supporting
members from various background. Larger companies - seven or eight people while small companies
- two or three people. The HACCP coordinator should have responsibility for the whole HACCP
program and be the Team leader.

The HACCP team should have access to all relevant and necessary information. The HACCP team
should have expertise in the fields of management, production, quality assurance, maintenance,
marketing and sales. The team should represent diverse personnel from the above fields.

2. Describe the product:

A full description of the product should be drawn up, including relevant safety information such as:
harvesting area and technique; raw materials and ingredients used including commercial and Latin
name of the fish; factors that influence safety such as composition, physical/chemical parameters,
such as water activity (aw), pH, salt content; processing such as heating, freezing, brining or
smoking; packaging type; storage conditions and methods of distribution; shelf-life under specified
condition should also be recorded.

3. ldentify the intended use:

The intended use should be based on the expected uses by the end user or consumer. The use and
preparation before use greatly influence the safety of the product. Certain products may carry harmful
organisms as part of the natural flora. If the processing does not include a killing step, the only
possibility to render the product safe is adequate heat treatment (e.g. cooking) during preparation. It
is important to identify whether the product is to be used in a way that increases the risk of harm to
the consumer, or whether the product is particularly used by consumers who are especially
susceptible to a hazard. In specific cases, e.g. institutional feeding, vulnerable groups of the

population, such as elderly and infants, must be considered.
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4. Construct a process flow diagram:

Salt and Packaging Material

A flow diagram should be constructed by the i R
HACCP team to provide a clear and simple

description of all steps involved in the

operation. When applying HACCP to a given

Washing and Storage
Chilling

operation, consideration should be given to
steps preceding and following the specific
operation. Receiving and storage steps for
raw materials and ingredients should be =

included. Time and temperature conditions

Fig 1. Example of flowchart of chilled fish

during processing should be mentioned
whenever there is a holding step, e.g. in
holding vats, buffer tanks or other areas,
where there could be a potential delay or

temperature abuse.

5. On site verification of the process flow diagram:

The HACCP team should confirm on-site the production operations against the flow diagram and
amend it with information, such as correct durations, temperatures, and salt concentration, where
appropriate. The site should be inspected during all hours (including night shifts and weekends) of
operation to check for correctness and ensure that nothing crucial has been overlooked.

Principles of HACCP

1. Conduct a hazard analysis and identify control measures

A hazard is defined as a biological, chemical or physical agent in, or condition of, food (e.g.
temperature abuse, insufficient thermal process), with the potential to cause an adverse health effect
and harm. The HACCP team should list all hazards that may reasonably be expected to occur during
production, processing, transportation and distribution until the point of fish consumption. Hazard
analysis is the first HACCP principle and the science-based component of HACCP. An inaccurate
hazard analysis would inevitably lead to the development of an inadequate HACCP plan. The
HACCP team should identify which hazards are of such a nature that their elimination or reduction
to acceptable levels is essential for the production of a safe product. A decision tree with a number

of questions can be used to determine whether potential hazards are “real”, as demonstrated below:
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Hazard determination - questions to be answered for each potential hazard at each step

Is the presence of a potential Is the presence of a potential
hazard in raw material probable? hazard in the line or the

/\ environment probable?

YES NO — No hazard 4—— NO YES

|

Is an unacceptable level, Is an unacceptable
survival, persistence or increase 4—— YES 4—— contamination at this step
at this step probable? probable?

<\ !

YES NQ =——p No hazard! ¢——————— NO

l T

YES?2
Is reduction, if any, at a
further step adequate?
NO ———p HAZARD

1. Not a hazard to be controlled at this step
2. Thus, reduction step becomes CCP

Fig 2. Hazard determination decision tree
Upon completion of the hazard analysis, the HACCP team must consider what control measures, if
any, exist that can be applied for each hazard. More than one control measure may be required to
control a specific hazard (or hazards) and more than one hazard may be controlled by a specific
control measure. Control measures are activities that prevent, eliminate or reduce hazard to an
acceptable level.
USFDA suggested following control measure for seafood-borne hazards:
Pathogenic bacteria:

» Time/temp control, heating/cooking, freezing, fermentation, salt/preservatives.
Pathogenic viruses:

» Cooking, source control from acceptable region
Parasites:

» Cooking, freezing.
Chemical hazard:

» Source control (Biotoxins, contaminants), time-temp (histamine), labelling (allergens)
Physical hazard:

» Source control (metal/glass), metal detector (metal pieces), PRPs
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2. Determine CCPs

A CCP is a step at which control can be applied and is essential to prevent or eliminate a food safety
hazard or reduce it to an acceptable level. CCPs are product and process specific. There may be more
than one CCP at which control is applied to address the same hazard. Likewise, several hazards can
be controlled at a single CCP. Complete and accurate identification of all the CCPs is fundamental
for controlling food safety hazards. The determination of a CCP in the HACCP system can be
facilitated by the application of a decision tree.

The application of the decision tree should be flexible depending upon the type of operation
under consideration. Other approaches than the decision tree may be used for the determination of
CCPs. If a hazard has been identified at a step where control is necessary for safety, and if no control
measure exists at that step or at any other, then the product or the process should be modified at that
step, or at an earlier or later stage, to include a control measure. This exercise should be conducted

at each step and for each hazard to identify CCPs.

Question 1: Yesh Not a CCP
Is the hazard managed by the pre-requisite wogrL-mm“? (Record the PRP)

No
Question 2:
Are control measures in place for the hazard?
)
No
R ARE—
Modify step, proc
Question 2a: Yes®| orproduct or add
Is control at this st control
Yes necessary for food o
safety?
No#| Notacce (stop) |
Question 3:
Is this process step specifically designed to eliminate or red the h rdtoan ptable lev:

L |
No
A 4

Question 4:
Could contamination with the hazard occur at unacceptable level(s) o
increase to unacceptable level(s)?

L
| No
\ 4
Yes I Not a CCP (s:cp)J

l

Yes
Question 5:
Will a subsequent process step eliminate or reduce the hazard to an
acceptable level?
1 1
Yes No

h 4
[ Not a CCP (Stop) '

Fig 3. CCP decision tree

Training Manual on ‘Seafood Quality Assurance’ under SCSP, ICAR-CIFT, Cochin-29 ((20-24 Feb, 2023)
N|Page



3. Establish validated critical limits
Critical limits are defined as criteria that separate acceptability from unacceptability. Critical limits
represent the boundaries that are used to judge whether an operation is producing safe products as a
result of proper application of the control measures. Critical limits should be scientifically based and
refer to easily measurable factors such as temperature, time, chlorine levels, water activity (aw), pH,
titratable acidity, salt concentration, available chlorine, preservatives, and sensory quality.
Microbiological limits, which often require days for their measurement, should be avoided by all
means. However, when microbiological limits are necessary, reliable rapid microbiological
techniques should be used. The critical limits should meet the requirements of government
regulations and/or company standards and/or be supported by other scientific data. It is essential that
the persons responsible for establishing critical limits have knowledge of the process and of the legal
and commercial standards required for the products. Example: There is a cooking (80°C for 2.5 min)
step in the process line to control biological hazard. Here predefined time and temperature is the CL.
4. Establish a system to monitor control of CCPs
Monitoring is defined as the act of conducting a planned sequence of observations or measurements
of control parameters to assess whether a CCP is under control. The monitoring procedures will
determine whether the control measures are being implemented properly and ensure that critical
limits are not exceeded. The monitoring procedures must be able to detect loss of control at the CCP.
It can be qualitative or quantitative. It can be continuous or non-continuous. It can be of sensory
evaluation, physical measurement (pH, aw, humidity), chemical testing (chlorine level in water),
microbiological examination (raw material and end product.
Components:

» What will be monitored?

» How the critical limit and control measures will be monitored?

» When (frequency)? and

» Who will monitor?
5. Establish the corrective actions to be taken when monitoring indicates a deviation from a

critical limit at a CCP has occurred

As the main reason for implementing HACCP is to prevent problems from occurring, corrective
actions should be predefined and taken when the results of monitoring at the CCP indicate a loss of
control. Loss of control can cause a deviation from a critical limit for a CCP. All deviations must be
controlled by taking predetermined actions to control the non-compliant product and to correct the

cause of non-compliance. Product control includes proper identification, control and disposition of
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the affected product. The establishment should have effective procedures in place to identify, isolate
(separate), mark clearly and control all products produced during the deviation period. Corrective
action procedures are necessary to determine the cause of the problem, take action to prevent
recurrence and follow up with monitoring and reassessment to ensure that the action taken is
effective. Reassessment of the hazard analysis or modification of the HACCP plan may be necessary
to eliminate further recurrence. The control and disposition of the affected product and the corrective
actions taken must be recorded and filed. Records should be available to demonstrate the control of
products affected by the deviation and the corrective action taken. Adequate records permit

verification that the establishment has deviations under control and has taken corrective action.

6. Validate the HACCP plan and then establish procedures for verification to confirm that the
HACCP system is working as intended
Verification is the application of methods, procedures and tests, including random sampling and
analysis and other evaluations, in addition to monitoring, to determine compliance with the HACCP
plan. The objective of verification procedures is to determine whether the HACCP system is working
effectively. Careful preparation and implementation of the HACCP plan does not guarantee the
plan’s effectiveness. Verification procedures are necessary to assess the effectiveness of the plan and
to confirm that the HACCP system adheres to the plan. Verification should be undertaken by an
appropriately qualified individual (or individuals) capable of detecting deficiencies in the plan or its
implementation. Verification activities should be documented in the HACCP plan. Records should
be made of the results of all verification activities. Records should include methods, date, individuals
and/or organizations responsible, results or findings and actions taken. Apart from the initial
validation, subsequent validation as well as verification must take place whenever there is a change
in raw materials, product formulation, processing procedures, consumer and handling practices, new
information on hazards and their control, consumer complaints, recurring deviations or any other
indication, that the system is not working.
7. Establish documentation concerning all procedures and records appropriate to these
principles and their application
Records and documentation are essential for reviewing the adequacy of and adherence to the HACCP
plan. Several types of records should be considered among those relevant in an HACCP programme:
» Support documentation, including validation records, for developing the HACCP plan;
» Records generated by the HACCP system: monitoring records of all CCPs;

» Deviation and corrective action records, verification/validation records;
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» Documentation on methods and procedures used;

» Records of employee training programmes.
Records may be in different forms, e.g. processing charts, written procedures or records, and tables.
They can be stored in paper or electronic forms, provided that assurance of record integrity is
provided. It is imperative to maintain complete, current, properly filed and accurate records. Failure
to document the control of a CCP or implementation of a corrective action would be a critical
departure from the HACCP plan.
Example of HACCP implementation in battered and breaded fishery product

| Raw Shrimip | | Raw Ingredients and Packaging B aterial
L
1
' ' )
| Receiving |
L 4
: I .
| Packaging Material | | washing and chilled Storage of Shrimps | | Raw Ingredients |
} }
| Storage |

| Pre- Processing |

| Pre- Dusting |

w
| Battering [ Preparation of
Batter

¥

| Eregding |.|
!

| Freelzi ng |

'

‘Weighing, Packing |

¥

| Laballing |

¥
| Metal Datection |

!

| secondary/Final Packing |

¥

| Storage/Warehousing |

| Transportation |

'

| Retail and Display |

Fig 4. Example: IQF breaded shrimp

Conclusion
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The safety of seafood products varies considerably and is influenced by a number of factors such as
origin of the fish, microbiological ecology of the product, handling and processing practices and
preparations before consumption. However, the food safety hazards and risk in seafood products
cannot be made nil through any approach, it can only be minimized or reduced to an acceptable level.

A large number of hazards are related to the pre-harvest situation or raw-material handling and must

be under control by implementation of HACCP when the raw material is received at the processing

factory.
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