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ABSTRACT

Food safety risk analysis in the processing of canned mackerel in tomato sauce
was studied aiming to analyse any potential hazards and risk profile of the hazards throughout the
process, to define the control measures according to food safety management system (ISO 22000),
and to evaluate the effectiveness of control measures by internal audit and the designed indicators
related to food safety. The results showed that the important hazards included biological hazards
(Escherichia coli O157:H7, Fecal coliforms, Salmonella spp., Vibiro parahamolyticus, Vibrio
cholerae, Clostridium botulinum, Staphylococcus aureus, mold and yeast), chemical hazards
(histamine, heavy metal, bisphenol-a-diglycidyl ether (BADGE) and allergen) and physical hazards
(rust fragment, metal fragment and shell fragment). After risk assessment of those hazards using
two-dimensional health risk assessment model, it was found that the highest level of risk at major
(Ma) were Fecal coliforms contaminated from facilities contacted to food at the step of sauce
preparation, thawing, de-heading/gutting, chilling in storage tank (1), sizing/sorting, chilling in
storage tank (1), weighing/packing as well as Fecal coliforms and S.aureus exist in raw water for
the production of water treatment. Countermeasure were used to reduce health risk of the hazards such as
prerequisite programmes according to international food standard (Codex, 2003b), operational
prerequisite programmes controlling hazards having major or minor risk which cannot specify the
critical limit and critical control points. There were 14 OPRPs in the production of canned
mackerel in tomato sauce i.e. control of certificate of analysis (COA) for ingredient, can/lid and raw
material (mackerel), control of raw fish core temperature during cold storage, de-heading/cutting,
chilling in storage tank (1), sizing/sorting, chilling in storage tank (2), weighing/packing and
loading in retort create as well as control of pathogens survival in the step of pre-cooking. Results

from decision tree analysis showed 12 CCPs, including water treatment 1, can and lid receiving, chilled and

4)



frozen mackerel, metal detection, weighing/packing, sauce filling, seaming, loading in retort create,
retorting and cooling. After implementing and internal auditing of all measures, it was shown only
one minor (Mi) from prerequisite programmes, one observation (Ob) from HACCP plan and no
corrective action requests (CAR) from operational prerequisite programmes. There were no
customer complaint and return goods on food safety demonstrated the established in the

production of canned mackerel in tomato sauce.
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Figure 1. Flow diagram for the processing of canned fish and shellfish
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Table 1. Standard for hermetically sealed food and canned mackerel product
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Q.1 Do control preventative measure(s) exist? |«

v .

Modify step, process or product
r Y

Yes No

v

Is control at this step necessary

v

Yes

for safety?

A 4

Not a CCP » Stop

Q.2 Is this process step specifically designed to eliminate/ reduce the

v

Yes

likely occurrence of a hazard to an acceptable level?

\4

No

A 4

Q.3 Could contamination with identified hazard(s) occur in excess of

acceptable level(s) or could these increase to unacceptable levels?

Yes No > Nota CCP > Stop

Q.4 Will a subsequent step eliminate identified hazard(s) or

reduce likely occurrence to an acceptable level?

A 4

Yes No Critical Control Point

A 4

Not a CCP >  Stop

Figure 3. Decision Tree

Source : Codex (2003)
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Table 2. Product description and intended use for canned mackerel in tomato sauce

Topic Detail

1. Product name (s) Canned mackerel in tomato sauce

2. Important characteristics of end Fish cooked, packed in tomato sauce, sterilized in retort, pH > 4.6,
product and hermetically sealed

3. How the product is to be used Ready to eat

4. Packaging Tin free steel, can size 202/200 x 308 and 202 x 308

5. Shelf life 3 years at ambient temperature

6. Where will it be sold Domestic (retailed shop / supermarket)

7. Labeling instruction - Nutritional fact subject to customer requirement

- Ingredients list and best before end or expiry date subject to
customer requirement

8. Special distribution control Keep dry at ambient temperature

9. Intended use The finished product is for consumption by all groups of the population,

except people who is fish allergy.
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2.1 Ingredient receiving *%) 9 Frazen mackerel **2.3 Fresh mackerel receiving  **2.4 Can incoming  *#*2.5 Lid incoming
(Tomato paste, salt, soybean oil) receiving l
l l 3. De-heading/Gutting/Sorting 2.4.1 Can storage 2.5.1 Can storage
2.1.1 Ingredient storage 2.2.1 Cold storage l l
} 4. Washing «— Water 3 2,42 Can feeding
2.1.2 Weighing station 2.2.2 Thawing <= Water 3 l l
l 5. Chilling in storage tank (1) 2.4.3 Can coding
2.1.3 Sauce preparation <+— Water 3 6. Sizini/Sorting 2.4.4 Can cleaning <— Water 3

7. Washing «— Water 3

|

8. Chilling in storage tank (2)

**9. Metal detection

|

**10. Weighing & Packing ———

11. Pre-cooking

|

12. Draining

|

»  **13. Sauce & Oil filling

|

Steam — **14. Seaming <

|

15. Washing +— Water 3

|

**16. Loading in retort create

17. Retort loading

**18. Retorting
**19. Can cooling «— Water 1

20. Retort unloading

21. Air cooling in restricted area

1. Raw water l
| 22. Casing/Palletizing
**1.1 Water 1.2 Water 1.3 Water 23. Warehousing
treatment 1 treatment 2 treatment 3
l l 24. Labeling/Packing

1.2.1 Steam 1.3.1 Ice making
25. Goods storage
1.3.2 Ice storage

26. Loading Date

Remark ; ** CCP step

Figure 4. Flow diagram for the production of canned mackerel in tomato sauce
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Table 4. Risk profile in the production of canned mackerel in tomato sauce

Risk Assessment

Processing step Potential Hazard - ”

(0) S Risk

1. Raw water B : Fecal coliforms, H M Ma
Salmonella spp., L M Mi

V. cholerae and L H Mi

S. aureus exist H M Ma

1.4.1 Water treatment 2 B : Fecal coliforms, H M Ma
Salmonella spp., L M Mi

V. cholerae and L H Mi

S. aureus exist H M Ma

1.5.2 Ice making B : Fecal coliforms, H M Ma
Salmonella spp. and L M Mi

S. aureus contamination H M Ma

2.1.3 Sauce preparation B : Fecal coliforms contamination H M Ma
2.2 Frozen mackerel receiving B : C. botulinum and L H Mi
Fecal coliforms exist L M Mi

C : Histamine L M Mi

2.2.2 Thawing B : C. botulinum and L H Mi
Fecal coliforms growth L M Mi

: Fecal coliforms contamination H M Ma

2.3 Fresh mackerel receiving B : C. botulinum and L H Mi
Fecal coliforms exist M Mi

C : Histamine M Mi

3. De-heading/Gutting/Sorting B : C. botulinum and H Mi
Fecal coliforms growth M Mi

: Fecal coliforms contamination M Ma

"Likelihood of occurrence s " Severity
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Table 4. Risk profile in the production of canned mackerel in tomato sauce (cont.)

Risk Assessment
Potential Hazard Risk Assessment " ”

(0] S Risk

5. Chilling in storage tank (1) B : C. botulinum and L H Mi
Fecal coliforms growth L M Mi

: Fecal coliforms contamination H M Ma

6. Sizing/Sorting B : C. botulinum and L H Mi
Fecal coliforms growth L M Mi

: Fecal coliforms contamination H M Ma

8. Chilling in storage tank (2) B : C. botulinum and L H Mi
Fecal coliforms growth L M Mi

: Fecal coliforms contamination H M Ma

9. Metal detection P : Metal left L M Mi
10. Weighing & Packing B : C. botulinum and L H Mi
Fecal coliforms growth L M Mi

: Fecal coliforms contamination H M Ma

11. Pre-cooking B : C. botulinum survival L H Mi
13. Sauce & Oil filling B : Fecal coliforms contamination L M Mi
14. Seaming B : Pathogens post contamination from L M Mi
16. Loading in retort create B : C. botulinum growth L H Mi
18. Retorting B : C. botulinum survival L H Mi
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Table 5. Procedure for prerequisite programmes for the production of canned mackerel in tomato sauce

General principles of food hygiene Procedure for prerequisite programmes

1. Primary production Raw material receiving procedure, Ingredient receiving procedure

2. Establishment : Design and facility =~ Design and Facilities, Equipment, Waste disposal procedure,
Calibration procedure

3. Control of operation Water, Ice and Steam control procedure, Glass and Plastic control
procedure, Allergen and GMO control procedure, Chemical control

procedure, Internal quality audit procedure, Package receiving

procedure
4. Establishment : Maintenance and Maintenance procedure, Preventative maintenance procedure,
sanitation Cleaning control procedure, Pest control procedure
5. Establishment : Personal hygiene Personal hygiene procedure
6. Transportation Movement and Storage product procedure

7. Product information and consumer  Product recall procedure, Product rework procedure, Complaint
awareness management procedure

8. Training Training procedure

3.2 Tﬂsunsuq mﬁ’nymzﬁug mﬁﬂ&jﬁ'ﬁ (Operational prerequisite programmes: OPRPs)
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Table 6. Operational prerequisite programmes for canned mackerel in tomato sauce

oPRP Step Monitoring Corrective Action Record
OPRP 1: Ingredient receiving - COA inspection by QA supervisor every lot received - Hold the ingredient then inform supplier - Certificate of analysis report
(sugar, salt, corn starch etc.)
OPRP 2 : Can incoming - COA inspection by SP supervisor every lot received - Hold the package then inform supplier - Certificate of analysis report
OPRP 3 : Lid incoming - COA inspection by SP supervisor every lot received - Hold the package then inform supplier - Certificate of analysis report

OPRP 4 : Frozen mackerel

receiving

OPRP 5 : Fresh mackerel

receiving

OPRP 6 : Cold storage

- COA inspection by QA supervisor every lot received
- Cadmium, mercury and lead as per F-RD-035 by

external lab once a year

- COA inspection by QA supervisor every lot received
- Cadmium, mercury and lead as per F-RD-035 by

external lab once a year

- Temperature of room storage inspection with automatic

thermometer recorder by authorized engineer every hour

- Temperature of room storage inspection with automatic

thermometer recorder by QC inspector once a week

- Inform an authorized purchaser to evaluate supplier ~ - Certificate of analysis report

- Inform an authorized purchaser to evaluate supplier

- Inform an authorized purchaser to evaluate supplier - Certificate of analysis report

- Inform an authorized purchaser to evaluate supplier

- Adjust temperature of room storage, If it out of - Temperature room storage
control more than 2 hours inform QA inspector inspection (F-EN-480 and
to evaluate sensory of raw material F-Q1-014)

- Inform an authorized engineer then evaluate

sensory of raw material

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development

1974



Table 6. Operational prerequisite programmes for canned mackerel in tomato sauce (Cont.)

oPRP Step

Monitoring

Corrective Action

Record

OPRP 7 : Thawing

OPRP 8 : De-heading/Cutting

OPRP 9 : Chilling in storage

tank (1)

OPRP 10 : Sizing/sorting

- Temperature of the thaw water inspection with thermometer

by QC inspector before thawing
- Core temperature of raw material inspection with

thermometer by QC inspector every tank

- Core temperature of raw material inspection with
thermometer by QC inspector every 30 minutes
- Sensory quality of raw material inspection by

QC inspector every tank

- Core temperature of raw material inspection with
thermometer by QC inspector every tank
- Sensory quality of raw material inspection by

QC inspector every tank

- Core temperature of raw material controlled with
thermometer by QC inspector every 30 minutes
- Sensory quality of raw material inspection by QC

inspector every tank

- Critical foreign matter inspection by QC inspector every 30 minutes

- Increase surveillance at thawing and check
temperature of raw material after thawing.

- Stop thawing and sensory test then re-ice

- Evaluate sensory then re-ice and recheck
temperature, segregate of rejected raw material

- Segregate 100 % of raw material

- Add ice

- Segregate 100 % of raw material

- Evaluate sensory then bury an ice and recheck
temperature, segregate of rejected raw material

- Segregate 100 % of raw material

- Segregate 100 % of raw material

- Thawing inspection report

(F-QC-038)

- Preparing inspection report

(F-QC-013)

- Raw material storage

inspection report (F-QC-001)

- Preparing inspection report

(F-QC-013)

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development

4%



Table 6. Operational prerequisite programmes for canned mackerel in tomato sauce (Cont.)

oPRP Step

Monitoring

Corrective Action

Record

OPRP 11 : Chilling in storage
tank (2)

OPRP 12 : Weighing & Packing

OPRP 13 : Pre-cooking

OPRP 14 : Loading in retort

create

- Core temperature of raw material controlled
with thermometer by QC inspector every tank
- Sensory quality of raw material inspection by

QC inspector every tank

- Delay time must not exceed control (end storage tank-
end exhaust) with time recording by QC inspector every

batch

- Temperature of exhaust box inspection with
thermometer recorder by QC inspector every hour

- Time of exhaust box inspection with stopwatch by
QC inspector before starting operation

- Delay time must not exceed control with time recording

by SP inspector every basket

- Add ice

- Segregate 100 % of raw material

- Evaluate sensory of raw material and notify

to the production section

- Stop line then make to repairs exhaust box

- Adjust time to conform control limit

- Notify the products

- Raw material storage

inspection report (F-QC-001)

- Delay time control report

(F-QC-023 and F-P1-011)

- Machinery and parameter

control report (F-QC-028)

- Loading and operating report

(F-SP-011)

mark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development

9%
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Table 7. HACCP plan for canned mackerel in tomato sauce

CCPs Step Hazard Critical Limit Monitoring Corrective Action Record Verification
CCP1: B: Cooling water Free residual chlorine Free residual chlorine with DPD’s If free residual chlorine less - Chlorination of - Record daily review by
Water post process (W-SP-024) method by SP. inspector before used than critical limit then inform water (F-SP-062) SP supervisor
treatment 1  contamination with and every 2 hours to engineer department to

pathogens due to increase chlorine feeding and

pathogens survival further monitoring to comply

from water with step 19. can cooling

(W-SP-024)

CCP2: B: Pathogens post - Must not found critical - Critical defected can with visual - If found any critical defected - Incoming can - Record daily review by
Can contamination defect can (W-SP-014) inspection by SP inspector every pallet can that pallet were hold for inspection report SP supervisor
incoming after retorting as per sampling plan recheck. If still found that (F-SP-027) - Calibrate micrometer

from defected can

- Double seam under

control specification

(R-SP-003)

- Double seam integrity with teardown

inspection by SP inspector 1 can/pallet

defect, reject that pallet
(W-SP-014)

- If found double seam out of

specification, hold for recheck.

If still found that defect, reject

that pallet (W-SP-014)

- Double seam
inspection report

(F-SP-006)

according to plan

(P-QA-03)

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development
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Table 7. HACCP plan for canned mackerel in tomato sauce (Cont.)

CCPs Step Hazard Critical Limit Monitoring Corrective Action Record Verification
CCP3: B: Pathogens post - Must not found critical - Critical defected lid with visual inspection - If found any critical defected - Incoming lid - Record daily review by
Lid contamination defect lid (W-SP-015) by SP inspector every pallet as per lid, that pallet were hold for inspection report SP supervisor
incoming after retorting sampling plan recheck. If still found that (F-SP-025)
from defected lid - Pull tap with visual inspection by SP defect, reject that pallet

inspector every pallet (W-SP-015)

- Chemical with copper sulfate test by

SP inspector every pallet
CCP4: C: Histamine exist - Histamine content - Histamine content with histamine - If histamine content exceed - Lab analysis of - Record daily review by
Frozen (W-QA-024) analysis of sample fish per lot by QC critical limit shall be analyzed raw material QA, QC supervisor
mackerel inspector every lot received individual market (F-QA-025) - Audit supplier yearly
receiving (W-QC-001, W-QA-024) - Verify histamine according

to plan (W-QA-024)

CCP5: C: Histamine exist - Histamine content - Histamine content with histamine - If histamine content exceeding - Lab analysis of - Record daily review by
Fresh (W-QA-024) analysis of sample fish per lot by QC critical limit shall be analyzed raw material QA, QC supervisor
mackerel inspector every lot received individual market (F-QA-025) - Audit supplier yearly
receiving (W-QC-001, W-QA-024) - Verify histamine according

to plan (W-QA-024)

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development
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Table 7. HACCP plan for canned mackerel in tomato sauce (Cont.)

CCPs Step Hazard Critical Limit Monitoring Corrective Action Record Verification
CCP6: P: Metal - No metal pieces - The presence of metal fragment in - Checking the efficiency of Metal detector Record daily review by
Metal contamination in finished finished product with metal detector metal detector, sorting out the inspection report production supervisor
detection by worker every lot of raw material product after recheck by metal ~ (F-CO-059)
detector (W-CO-006)
- Check efficiency of metal detector with - Inform an authorized engineer
test pieces by worker before, after and then hold the product from the
twice per hr. during operation last metal detector test and
notify QA for final decision
(W-CO-006)
CCP7: B: C. butulinum Maximum packed weight ~ Packed weight with digital weighing Stop line and hold the product - Packing inspection - Record daily review by

Weighing &  survival due to
Packing overfilling resulting

in under processing

as specified in the heat

penetration study

machine by QC inspector before starting

pack and every 15 minutes

from the last sampling, check
the weighing machine before
the next operation then inform
SP department in order to consider
appropriate process time and
notify the QA representatives to

incubation test (W-QC-014)

Report (F-QC- 009)

QC supervisor

- Calibrate weight machine
according to plan (P-QA-03)
- Incubation test

(W-QA-022)

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development
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Table 7. HACCP plan for canned mackerel in tomato sauce (Cont.)

CCPs Step Hazard Critical Limit Monitoring Corrective Action Record Verification
CCP8: B: C. butulinum Maximum net weight must ~ Net weight with digital weighing Stop line and hold the product - Packing inspection - Record daily review by
Sauce & survival due to not exceed maximum net  machine by QC inspector before from the last sampling, check report (F-QC-009)  QC supervisor
Oil filling overfilling resulting ~ weight in heat penetration  starting fill and every 30 the weighing machine before - Calibrate weight machine
in under processing  study minutes the next operation then inform according to plan (P-QA-03)
SP department in order to consider - Incubation test
appropriate process time and (W-QA-022)
notify the QA representatives to
incubation test (W-QC-014)
CCPO: B: Pathogens post - Must not found critical - Critical defect seam with visual inspection - Stop seamer and adjust seamer - Visual inspection - Record daily review by
Seaming contamination defect seam (W-SP-014) by SP inspector every 15 minutes then hold the products from the  report (F-SP-007)  SP supervisor

- Double seam under
controlled specification

(R-SP-003)

- Double seam integrity with teardown
inspection by SP. inspector every 2

hours

last check (W-SP-002)

- Stop seamer and hold the
products from the last sampling
then notify QA representatives
to incubation test

(W-SP-002)

- Double seam
inspection report
(F-SP-006)

- Accurate calibration
of seam micrometer
and counter sink

gauge (F-SP-004)

- Calibrate micrometer
according to plan (P-QA-03)
- Incubation test

(W-QA-022)

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development
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Table 7. HACCP plan for canned mackerel in tomato sauce (Cont.)

CCPs Step Hazard Critical Limit Monitoring Corrective Action Record Verification

CCP 10: B: C. butulinum - Every layer stacked - Divider plate with visual inspection by - Re-stacking (W-SP-004) - Loading and - Record daily review by

Loading survival due to must be divider plate SP inspector every basket operating report SP supervisor

in retort divider plate and - Number of layer of - Number of layer by visual inspection - Re-stacking (W-SP-004) (F-SP-011) - Calibrate thermometer

create number of layer stacking must not over from SP. inspector every basket according to plan (P-QA-03)
out of specification  control limit (R-SP-002)

CCP11: B: C. botulinum - IT must not lower than - IT of product with thermometer inspection - Use alternative process - Loading and - Diary check thermometer

Retorting survival due to control limit from SP inspector every retort batch operation report (compare with standard

under process

- Temperature and time
must not deviated from

approved process schedule

- Temperature and time
must not deviated from

venting schedule

- Temperature and time during the
sterilizing process were recorded by

MIG thermometer every retort batch

- Temperature and time during the
venting process were record by MIG

thermometer every retort batch

Retort operator must follow the
corrective action as per process

deviation manual and hold the

product then notify QA

representatives to incubation test

(W-SP-023, R-CO-062)

(F-SP-011)

- Recorder graph
(F-SP-068)

- Process deviation

report (F-SP-013)

thermometer) by SP
supervisor

- Record daily review by
SP supervisor

- Calibrate MIG thermometer,
retort recorder, pressure
gauge, controller clock
according to plan (P-QA-03)
- Revalidate venting and
process schedule by R&D

every 3 years

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development
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Table 7. HACCP plan for canned mackerel in tomato sauce (Cont.)

CCPs Step Hazard Critical Limit Monitoring Corrective Action Record Verification
CCP12: B: Post process Free residual chlorine Residual chlorine in cooling water Hold the product and notify QA -Loading and - Record daily review by
Can contamination (W-SP-024) with DPD's method by SP inspector representatives to incubation test operation report SP supervisor

cooling with pathogens every batch (W-SP-005) (F-SP-011) - Incubation test

after retorting

(W-QA-022)

Remark: SP = safety of product, QA = quality assurance, QC = quality control, R&D = research and development
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Table 8. Effectiveness of PRPs in the processing of the selected canned seafood plant.

Non conforming

Prerequisite program (PRPs)
Cr Ma Mi Ob

Raw material receiving procedure 0 0 0 0
Ingredient receiving procedure 0 0 0 0
Calibration procedure 0 0 0 0
Water, ice and steam control procedure 0 0 0 0
Glass and plastic control procedure 0 0 0 0
Allergen and GMO control procedure 0 0 0 0
Chemical control procedure 0 0 0 0
Internal quality audit procedure 0 0 0 0
Maintenance procedure 0 0 1 0
Preventive maintenance procedure 0 0 0 0
Cleaning control procedure 0 0 0 0
Pest control procedure 0 0 0 0
Package receiving procedure 0 0 0 0
Product recall procedure 0 0 0 0
Product rework procedure 0 0 0 0
Complaint management procedure 0 0 0 0
Training procedure 0 0 0 0
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Table 9. Effectiveness of HACCP plan in the production of canned mackerel in tomato sauce

Non conforming

Section
Ma Mi Ob
Product description 0 0 0
Flow diagram 0 0 0
Hazard analysis 0 0 0
Critical control point 0 0 0
Critical limit 0 0 0
Monitoring procedure 0 0 0
Corrective action 0 0 0
Verification 0 0 0
Record keeping 0 0 1
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