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Abstract

Increasingly it is becoming important to study and manage aspects of food production in relation to the total food chain implications
and not one stage in isolation. As part of a major UK Food Standards Agency (FSA) funded project on Breakdowns in Food Safety a
novel generic model of the integrated food supply chain was described which attempts to break the chain into its component parts. A hier-
archical approach has been used which describes three levels: 5 stages, 9 operational steps and a series of 27 unit operations, each of which
have been deWned. In addition, 21 types of “generic” breakdown have been identiWed which could occur at any stage of the food chain.
This approach has been used to collect data from 8515 breakdowns in food safety.
©  2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Most of the food we eat derives from crops and livestock
that are farmed speciWcally for that purpose. With the
exception of Wsh, game and some wild nuts, berries and
fruit almost everything else comes initially from crops and
livestock (Knight, Stanley, & Jones, 2002). From a wide
range of process and production systems, some of which
are highly complex and requiring considerable technical
input come a vast array of products which are now food on
the modern food retailers shelves. The term “Food Chain”
is usually reserved for an understanding of the total supply
process from agricultural production, harvest/slaughter,
through primary production and/or manufacturing, to stor-
age and distribution to retail sale or use in catering and

* Corresponding author. Tel.: +44 (0) 1386 842003; fax: +44 (0) 1386
842030.

E-mail address: m.stringer@campden.co.uk (M.F. Stringer).
1 The Breakdowns in Food Safety Group comprises: Roy Betts, Nick

Edwards, Martin Hall, Clare Hughes, Iain Gillespie, Virginia Murray,
Sarah O’Brien, Morven Reid and Mike Stringer (Chairman).
0956-7135/$ - see front matter ©  2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.foodcont.2006.01.008
consumer practice. Many sectors in the food chain now rec-
ognise advantages in working in partnerships to realise the
maximum beneWts of a safe, wholesome and eYcient food
supply business. In today’s environment there are a number
of reasons why a total integrated food chain approach is
necessary including:

Establishing speciWcations: It is important that for those
in the manufacturing part of the chain, clear speciWcations
are established for raw materials and ingredients such that
they meet the requirements for further processing. This
relates to both quality attributes and food safety. It is also
most important to ensure consistency in developing Wnal
products, in terms of keeping and eating quality.

Food safety systems: Food safety management systems
are now built on a detailed understanding of all input vari-
ables to the manufacturing process. The internationally
recognised approach for assuring food safety is HACCP
(Hazard Analysis Critical Control Point). This requires an
intimate understanding of the interaction between process
and product and the identiWcation of critical control points
in the manufacturing process, through distribution and
storage and including consumer practices (CCFRA, 2003).
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Traceability: Traceability is essential, particularly with
raw materials, to establish that control procedures have
been applied and are eVective. There are good examples of
where traceability has had a speciWc approach, e.g. beef
labelling and genetically modiWed materials. The new EC
Regulation 178/2000 has a number of speciWc requirements
for enhanced traceability (EC, 2002). Indeed, recent food
scares such as BSE and the dioxin crisis have demonstrated
the need to be able to identify the origins of food to ensure
consumer protection. Traceability also facilitates trade or
public recalls. Under the new EC regulations food business
operators will have to have systems in place enabling them
to identify immediate supplier(s) and immediate cus-
tomer(s) of their products.

It is of interest to note that whilst new EU food hygiene
legislation comes into force in January 2006 following the
adoption of proposals in April 2004 to consolidate and sim-
plify EU food hygiene legislation, there are national diVer-
ences in the perception of risk attributable to some safety
hazards, e.g. pesticide residues and acrylamide.

In relation to food safety, there are many examples
where a food item supplied to the consumer may not be free
from a hazard, e.g. raw poultry may contain Salmonella and
shell eggs may also contain Salmonella, depending on
source, albeit at a very low prevalence. Knowing this, it is
important that appropriate food safety measures are under-
stood and put into practice to eliminate such risks. Food
manufacturers will do this when they establish food pro-
cessing procedures. For the consumer, good hygienic prac-
tices are essential, i.e. adequate cooking, cooling and
subsequent storage and avoidance of cross-contamination.

The key stimulus for this paper was a project initiated
by the UK Food Standards Agency to create a “Database
of Food Safety Breakdowns”. In order to consider the types
of breakdown throughout the food chain a generic ap-
proach was adopted. This was constructed on a hierarchical
basis.

2. Approach

The food chain has been broken down into its compo-
nent activities using a hierarchical approach based on three
levels. These levels are known as stages, operational steps
and unit operations.

2.1. Level 1–stages

The food chain is divided into Wve key stages and these
are shown in Fig. 1. This is a deliberately simple generic
classiWcation and allows all food operations to be charac-
terised at this level.

2.2. Level 2—operational steps

Nine operational stages have been described which can
be assigned sequentially to the Wve stages of the food chain.
These are shown in Fig. 2. The descriptions of the nine steps
are self evident. Not all of these operational steps will be
applicable to every particular food chain.

Fig. 1. Level 1: Stages in the food chain.

STAGE 1 
PRIMARY RAW MATERIAL PRODUCTION

STAGE 2 
COMMODITY PROCESSING

STAGE 3 
MANUFACTURING 

STAGE 4 
PRESENTATION TO THE CONSUMER

STAGE 5 
CONSUMER HANDLING

Fig. 2. Level 2: Operational steps.

OPERATIONAL STEP 1 1.1 

HUSBANDRY 

OPERATIONAL STEP 2 1.2 

HARVEST 

STAGE 1 
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MATERIAL
PRODUCTION

OPERATIONAL STEP 1 2.1 

COMMODITY PREPARATION 

OPERATIONAL STEP 2 2.2 

COMMODITY TREATMENT 

STAGE 2 

COMMODITY
PROCESSING

OPERATIONAL STEP 1 3.1 

MANUFACTURE PREPARATION 

OPERATIONAL STEP 2 3.2 

MANUFACTURE PROCESSING

STAGE 3 

MANUFACTURING 

OPERATIONAL STEP 1 4.1 

PREPARATION FOR SALE

OPERATIONAL STEP 2 4.2 

DISPLAY AND SALE

STAGE 4 

PRESENTATION
TO THE 
CONSUMER

OPERATIONAL STEP 1 5.1 

HANDLING AND CONSUMPTION 

STAGE 5 
CONSUMER
HANDLING
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2.3. Level 3—unit operations

The operational steps are made up of a combination of
two or more of 27 unit operations. Where the unit operation
relates to only one operational step it is referred to as a Spe-
ciWc Unit Operation (SUO), whereas those involved at sev-
eral points in the chain are referred to as Generic Unit
Operations (GUO). There is therefore no inherent sequen-
tial Xow between the unit operations. Brief descriptions of
the 27 unit operations are given below.

1. Site/premises selection: The selection of the site or
premises involves consideration of the environment in
which crops will be sown or grown, livestock raised or
any process undertaken. This is usually a discrete
operation in the chain sequence and features as an
important aspect in any hazard assessment.

2. Site/premises preparation: Having selected the site/
premises there may be several treatments required
before use, e.g. cleaning of buildings, fumigation of
soils or premises and cultivations. The preparation is
of the environment and not of the material itself.

3. Application of inputs: Inputs include water and
nutrient provision. Examples include feeding and
watering animals and fertilisation and irrigation of
plants.

4. Establishment and production: This operation involves
the germination of seeds and growing of the plants
and animals. SpeciWc examples include sowing of
seeds, transplanting of seedlings, breeding of stock on
farm and all aspects of the actual growing of the ani-
mals or plants.

5. Raw material intake: Raw material intake is applica-
ble to several stages, e.g. intake of stock in primary
production, intake of inputs and chemicals, intake of
raw material in commodity processing and intake of
packaging in manufacture.

6. Storage and transport: Storage and transport, i.e. the
holding and movement of materials can occur at sev-
eral points in the food chain within and across several
stages.

7. Chemical treatment: Chemical treatment refers to any
use of a chemical agent, to the material itself, during
any stage, e.g. application of pesticides or veterinary
medicine, pre-treatment of materials with enzymes,
curing and chemical preservation.

8. Waste disposal: Occurs throughout the chain and
refers to the disposal of agricultural waste produce,
excess or trimmed material, defective product, excess
treatment agents and packaging materials.

9. Gathering and accumulation: Refers to the operation
of harvesting crops and collecting or collating materi-
als. SpeciWc examples include picking of fruit, cutting
vegetables, catching of Wsh, herding of animals and
milking.

10. Slaughter: Is the operation of killing the animal,
whether it be livestock, poultry or Wsh.
11. Packing: Packing is applicable to several stages and
refers to the act of putting a material into some pack-
aging or container, e.g. packing of stock in primary
production, packing of raw material in commodity
processing, packing in manufacture processing and
packing for sale.

12. Sorting and grading: This operation is generally
applied to a commodity material and is applied to the
material itself. Examples include visual inspection to
remove defects, selection on the basis of size or shape
and can be either manual or automated.

13. Trimming or cutting: Refers to the operation of
removing unwanted or defective parts of the food
material, by trimming or cutting, or altering its size or
shape. Examples include trimming of leaves or roots
from vegetables, peeling of fruit, butchering meat or
Wlleting Wsh.

14. Washing/decontamination: Involves the removal of
dirt, soil, foreign objects or other contaminants from
the food material. Examples include, washing soil oV
root vegetables, Wltration of water for drinking, siev-
ing materials and metal detection and removal.

15. Cooling/chilling or freezing: Refers to the operation to
reduce the temperature of the material. Examples
include chilling vegetable to remove Weld heat, chill-
ing of milk, chilling of carcasses, icing of Wsh and
freezing or chilling of manufactured products.

16. Physico-chemical processes: Refers to treatments,
other than direct chemical or temperature related
ones, used on the material itself. Examples include
irradiating materials, smoking of Wsh or cheese, Wlter-
ing Wnished drinks, infusion of coVee and distillation
of spirits.

17. Drying/conditioning: This is the operation of drying or
conditioning of materials and includes, drying grains
prior to storage, conditioning of carcasses, hanging of
game, conditioning grain prior to milling and dehy-
dration of products including freeze drying.

18. Milling/crushing/extraction: Refers to the operation of
reducing size or extracting a component from the
material by purely physical means. Examples include,
milling of cereals and Xour extraction, grinding of
coVee beans, pressing of seeds for oil and extraction
of juice from fruit.

19. Sprouting: Refers to operations in which seeds are
sprouted for use in their sprouted or germinated
form. Examples include beansprout production and
malting of barley.

20. Microbiological processes: Refers to the use of micro-
biological agents directly on the food materials. Exam-
ples include fermentation of dairy products, brewing
and winemaking and dough fermentation.

21. Heat treatment: The use of heat is an operation
applied at several stages in the production chain. This
can either be as an intermediate process, a means of
preservation or a Wnal preparation. Examples include
pasteurisation of milk, roasting of coVee, cooking of
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recipe formulations (ready meals), cooking of mass in
breakfast cereal production, baking of cereal prod-
ucts, thermal processing of cans and Wnal cooking for
consumption.

22. Formulation of ingredients: Refers to the addition of
components to a recipe for example in the production
of a soup mix or the preparation of a brine or syrup.
This stage is separate to the mixing stage, which would
often follow.

23. Mixing/homogenising: Examples of mixing or homog-
enisation operations include dry powder mixing,
mincing or blending of meats to form pastes or pates
and homogenisation of milk and emulsions.

24. Forming/assembly: Refers to the shaping of a material
or the assembly of a composite product. Examples
include rolling out or cutting cereal products, extru-
sion of snacks, production of fruit Xans and sandwich
manufacture.

25. Display: Refers to the operation of putting materials
into their display situation and includes the storage
period during which they are displayed. Examples of
display includes putting products on to the shelf or
into display units or cabinets, holding products under
special conditions like heat lamps in restaurants and
holding meats in shop windows.
26. Serving/dispensing/sale: Refers to the operation where
products are sold to the customer, served to the con-
sumer in the home or in catering situations and where
portions are served in a delicatessen.

27. Consumption: The process of eating food items or a
meal.

In Figs. 3–9 each of the nine operational steps have been
taken and the key unit operations likely to be associated
with them are described with examples of the speciWc activi-
ties that relate to the unit operation. Husbandry represents
the growing or rearing of the raw materials and may involve
the unit operations as shown in Fig. 3. The number and
order of these is speciWc to the particular chain. Harvesting
relates to the gathering or collection of the raw materials
and takes the chain to the point of slaughter in the case of
animals or preliminary processing in other cases (Fig. 4).

Commodity preparation is illustrated in Fig. 5 which
may result in the derivation of Wnal product, or material for
further processing in manufacturing. Many of the unit
operations are speciWc not only to this stage but may also
product dependent. Commodity treatment (Fig. 6) relates
to relatively speciWc preparatory treatments to single com-
modities which may result in a Wnal product, or material for
more extensive manufacturing.
Fig. 3. Operational step 1: Husbandry.

UNIT OPERATIONS EXAMPLES

1
UO 1 (S) 

SITE/PREMISES SELECTION 

Selection of field for crops 
Selection of buildings for animals 

2
UO 2 (S) 

SITE/PREMISES PREPARATION 

Cleaning of buildings
Fumigation of soil or premises
Cultivations

3
UO 3 (S) 

APPLICATION OF INPUTS

Animal feed or water 
Fertilisers
Irrigation water 

4
UO 4 (S) 

ESTABLISHMENT AND 
PRODUCTION

Sowing of seed
Transplanting seedlings
Breeding of stock on farm

5
UO 5 (G) 

RAW MATERIAL INTAKE

Intake of stock from off-farm
Intake of feeds or fertilisers 
Intake of treatment materials 

6
UO 6 (G) 

STORAGE AND TRANSPORT 

Movement of animals onto or off the farm
Holding produce for establishment 
Storage of treatment agents

7
UO 7 (G) 

CHEMICAL TREATMENT 

 Application of pesticides
Application of veterinary treatments

8
UO 8 (G) 

WASTE DISPOSAL

Disposal of animal waste products
Disposal of vegetable waste 
Disposal of unwanted agrochemicals 
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In contrast to commodity preparation and commodity
treatment, manufacture preparation (Fig. 7) and manufac-
ture processing (Fig. 8) usually involve the use of a range of
commodities and ingredients to produce more complex
products. A number of examples are given to indicate what
the unit operations may entail. Given that many outbreaks
of foodborne illness result from breakdowns in food safety
occurring in meal service settings and the home, it is impor-
tant that attention is given to preparation for sale (Fig. 9),
Display and sale (Fig. 10) and Handling and Consumption
Fig. 4. Operational step 2: Harvest.

UNIT OPERATIONS EXAMPLES

1
UO 9 (S) 

GATHERING AND ACCUMULATION

Manual and mechanical harvesting of crops 
Milking
Catching fish
Accumulation of produce and animals 

2
UO 6 (G) 

STORAGE AND TRANSPORT 

Movement of animals for slaughter 
Transfer of produce from field or farm
Temporary holding of produce 
Fig. 5. Operational step 3: Commodity preparation.

UNIT OPERATIONS EXAMPLES

1
UO 10 (S) 

SLAUGHTER

 Killing animals 

2
UO 5 (G) 

RAW MATERIAL INTAKE

Intake from farm by food businesses 
Intake of preparation aids

3
UO 6 (G) 

STORAGE AND TRANSPORT 

Storage of materials prior to use 
Transfer of materials for processing or
manufacture
Storage of materials with sprout suppression

4
UO 11 (G) 
PACKING

Bagging or boxing of vegetables or fruit 

5
UO 12 (G) 

SORTING AND GRADING 

Visual inspection to remove defective material
Selection on the basis of size or shape 
Mechanical grading systems 

6
UO 13 (G) 

TRIMMING OR CUTTING

Evisceration and de-skinning of animals 
Butchering of carcasses or filleting of fish
Stripping of leaves or roots from vegetables
Peeling of fruit or vegetables

7
UO 14 (G) 

WASHING/DECONTAMINATION 

Removal of soil from root vegetables
Filtration to remove particles 
Removal of foreign matter from vegetables

8
UO 15 (G) 

COOLING/CHILLING OR FREEZING 

 Cooling of vegetables to remove field heat
Chilling of milk
Icing of fish

9
UO 16 (G) 

PHYSICO-CHEMICAL PROCESSES 

Separation of milk fats

10
UO 17 (G) 

DRYING/CONDITIONING 

Drying of grain 
Conditioning of carcasses 

11
UO 8 (G) 

WASTE DISPOSAL

Unwanted material or trimmings 
Used water 
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(Fig. 11). Once again, examples of the types of unit opera-
tions are presented.

This hierarchical approach to stages, operational steps
and unit operations in the food chain attempts to provide a
systematic approach to the characterisation of the Food
Chain that may have application to the investigation and
understanding of the nature of food safety breakdowns
throughout the complete chain. In addition to this charac-
terisation of the food chain, an attempt was also made to
describe the generic types of breakdown which could occur
throughout the chain. Twenty-one types of breakdown were
identiWed and these are listed below. These are of course the
generic or “top-level” description of breakdowns; within
each breakdown type there will be a number of speciWc sub-
types of breakdown.
3. Types of breakdowns

3.1. Inputs

1. SpeciWcations not adequately deWned: This type of break-
down occurs within the raw material intake operation
and can therefore occur at several stages. It can apply to
almost any item or material, e.g. seed, feed, irrigation
water, agrochemical, packaging or piece of equipment,
and relates to a failure to specify the material ade-
quately.

2. Material not meeting speciWcations: Very similar to 1, this
breakdown occurs within the raw material intake opera-
tions and potentially at several stages. It relates to a
material that has been speciWed but does not meet that
Fig. 6. Operational step 4: Commodity treatment.

UNIT OPERATIONS EXAMPLES

1
UO 18 (S) 

MILLING/CRUSHING/
EXTRACTION

 Milling of cereals and flour extraction
Grinding of spices or coffee 
Pressing of seeds for oil 
Juice extraction from fruit 

2
UO 19 (S) 

SPROUTING 

Germination of barley for malt
Sprouting of leguminous seeds 

3
UO 5 (G) 

RAW MATERIAL INTAKE

Intake of commodity for treatment 
Intake of chemical or microbiological treatment 
materials 

4
UO 6 (G) 

STORAGE AND TRANSPORT 

Transfer of materials after treatment 
Storage of material before and/or after treatment
Maturation of cheese 

5
UO 7 (G) 

CHEMICAL TREATMENT 

Enzyme pre-treatments
Curing of meats 
Salting of fish

6
UO 11 (G) 
PACKING 

Packing of prepared or finished products

7
UO 15 (G) 

COOLING/CHILLING OR FREEZING 

Chilling or freezing of products for manufacture 

8
UO 16 (G) 

PHYSICO-CHEMICAL PROCESSES 

Smoking of fish, cheese and meat

9
UO 20 (G) 

MICROBIOLOGICAL PROCESSES 

Fermentation of dairy products, e.g. yoghurt 

10
UO 21 (G) 

HEAT TREATMENT 

Roasting of sprouted barley for malt
Pasteurisation of milk
Roasting of coffee 

11
UO 23 (G) 

MIXING/HOMOGENISING 

Blending and homogenisation of milk

12
UO 8 (G) 

WASTE DISPOSAL

Waste product 
Excess treatment materials 
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speciWcation, e.g. a chemical of speciWed purity containing
contaminants. Contributory to this breakdown would be
the failure to check the quality of raw materials at intake
or prior to use.

3.2. Processes

3. Process not appropriate or not adequately deWned: This
breakdown can occur during several operations and
stages and involves the use of an unsuitable process. For
example, during canning a safe thermal process must be
deWned that is suYcient to sterilise the product; a break-
down of this type would have occurred if the heat pro-
cess speciWed was inadequate. Alternatively production
may involve a mixing operation and failure to mix could
result in uneven distribution of ingredients; a breakdown
would have occurred if no speciWcation of the extent or
duration or mixing was given.

4. Inadequate heating: This relates speciWcally to operation
21 (heat treatment) but can occur at several stages. This
breakdown is the failure to apply suYcient heat or to
apply less heat than speciWed. Failure to monitor or
record heat treatments can contribute to this breakdown.

5. Inadequate cooling: This relates speciWcally to operation
15 (cooling/chilling or freezing) but can occur at several
stages. This breakdown is the failure to reduce tempera-
ture adequately or to reduce temperature too slowly or
to cool not in accordance with the process speciWcation.
Failure to monitor or record cooling can contribute to
this breakdown.
Fig. 7. Operational step 5: Manufacture preparation.

UNIT OPERATIONS EXAMPLES

1
UO 5 (G) 

RAW MATERIAL INTAKE

Intake of raw materials for manufacture 
Intake of additives or ingredients 
Intake of packaging and manufacturing materials 

2
UO 6 (G) 

STORAGE AND TRANSPORT 

Temporary storage of materials prior to processing
or transfer
Transfer of prepared materials 

3
UO 7 (G) 

CHEMICAL TREATMENT 

Addition of additives and processing aids
Soaking of pulses
Pickling of products

4
UO 11 (G) 
PACKING 

Packing of materials into appropriate containers, e.g.
metal, glass, plastic, paper 

5
UO 13 (G) 

TRIMMING OR CUTTING

 Filleting of fish
Dicing of vegetables
Cutting of meat into cubes 

6
UO 16 (G) 

PHYSICO-CHEMICAL PROCESSES 

 Filtering of formulated soft drinks
Sieving of powders 

7
UO 20 (G) 

MICROBIOLOGICAL PROCESSES 

Fermentation of alcoholic drinks

8
UO 22 (G) 

FORMULATION OF INGREDIENTS 

 Addition of components to a recipe
Making up of brines and syrups

9
UO 23 (G) 

MIXING/HOMOGENISING 

Mixing of dry powder
Mincing or blending of meats 
Homogenisation of emulsions 

10
UO 21 (G) 

HEAT TREATMENT 

 Cooking of mass in breakfast cereals 
Cooking of recipe formulations, e.g. ready meals 
Cooking of fish for deboning

11
UO 24 (S) 

FORMING/ASSEMBLY

Rolling or pelletising cereal products
Assembly of sandwiches
Extrusion of snack products

12
UO 8 (G) 

WASTE DISPOSAL

Unwanted material and trimmings 
Waste treatment materials 
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6. IneVective chemical treatment: This relates speciWcally to
operation 7 (chemical treatment) but can occur at sev-
eral stages. This breakdown is the failure to apply chem-
ical appropriately, e.g. too little or too much, or at the
wrong time, or not in accordance with the process speci-
Wcation. Failure to monitor or record chemical treat-
ments can contribute to this breakdown.

7. Inadequate washing or cleaning of raw material: This
relates speciWcally to operation 14 (washing/decon-
tamination) but can occur at several stages. This
breakdown is the failure to clean raw materials ade-
quately.

8. IneVective segregation—cross-contamination from mate-
rials: Cross-contamination can relate to several opera-
tions including gathering and accumulation, forming/
assembly, display, storage and transport. The break-
down has occurred when materials that should remain
separated come into contact or proximity. Examples
include raw meat juices dripping onto cooked foods,
chemical agents being stored next to food ingredients,
treated seeds being mixed with non-treated seeds or nuts
(allergens) carried over between batches.

9. Other processing defects: This catches breakdowns
occurring during operations not appropriate to those
above, e.g. inadequate trimming or cutting, poor packing
operations, inappropriate slaughter.

3.3. Hygiene

10. Infected food handler: This is a breakdown speciWc to
microbiological safety issues but can occur at several
stages and within several operations. The most com-
mon occurrences are in the forming/assembly or the
serving/dispensing/sale operations. Contributory to
this breakdown would be failure to screen or monitor
staV.
Fig. 8. Operational step 6: Manufacture processing.

UNIT OPERATIONS EXAMPLES

1
UO 5 (G) 

RAW MATERIAL INTAKE

Intake of materials for processing
Intake of chemical or microbiological treatment 
materials 
Intake of packaging materials 

2
UO 6 (G) 

STORAGE AND TRANSPORT 

Transfer of materials after processing
Storage of materials before and/or after 
processing

3
UO 7 (G) 

CHEMICAL TREATMENT 

Pickling of materials 
Acidification

4
UO 11 (G) 
PACKING

Packing of processed product into suitable
packaging

5
UO 15 (G) 

COOLING/CHILLING OR FREEZING 

Blast freezing of vegetables
Chilling of ready meals 
Freezing of poultry or meat
Cooling of cans post-process 

6
UO 16 (G) 

PHYICO-CHEMICAL PROCESSES 

Infusion of coffee 
Distillation of spirits 

7
UO 17 (G) 

DRYING/CONDITIONING 

Dehydration of products including freeze drying

8
UO 20 (G) 

MICROBIOLOGICAL PROCESSES 

Fermentation of formulated products

9
UO 21 (G) 

HEAT TREATMENT 

Thermal processing of canned or bottled of
products including aseptic processing
Blanching of vegetables for freezing 
Baking of cereal products

10
UO 8 (G) 

WASTE DISPOSAL

Disposal of waste material
Disposal of unwanted treatment materials 
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11. Poor personal hygiene: Very similar to the breakdown
above but more speciWcally relating to failures arising
from lack of hygiene, e.g. not washing hands or dirty
clothing. Non-microbiological problems could arise
from this breakdown, e.g. shedding hairs into food.
Several breakdowns listed below could contribute to
this.
12. Inadequate training of handlers: This is often a con-
tributory factor resulting in food handling contami-
nation or processing failures. It can occur at several
stages and operations and as suggested by the head-
ing is a breakdown arising from lack of knowledge or
training on the part of a handler. It is a breakdown
resulting from a handler doing something they should
Fig. 9. Operational step 7: Preparation for sale.

UNIT OPERATIONS EXAMPLES

1
UO 5 (G) 

RAW MATERIAL INTAKE

Intake of finished products for sale
Intake of raw materials for meal preparation 
Intake of packaging materials 

2
UO 6 (G) 

STORAGE AND TRANSPORT 

Transfer of materials to and from
warehouse/distribution centres 
Storage of materials prior to sale
Storage of materials in a restaurant refrigerator

3
UO 11 (G) 
PACKING

Packing of prepared bulk materials into serving 
portions

4
UO 13 (G) 

TRIMMING OR CUTTING

Butchering of meats 
Slicing or carving of cooked meat
Chopping of salad 
Preparation of meal components

5
UO 15 (G) 

COOLING/CHILLING OR FREEZING 

Chilling or freezing unsold materials 

6
UO 21 (G) 

HEAT TREATMENT 

 Cooking meals in restaurants 
Frying of fish and chips 
Reheating products for serving 

7
UO 22 (G) 

FORMULATION OF INGREDIENTS 

 Addition of components according to a recipe

8
UO 8 (G) 

WASTE DISPOSAL

Disposal of waste product 
Disposal of packaging 
Fig. 10. Operational step 8: Display and sale.

UNIT OPERATIONS EXAMPLES

1
UO 25 (S) 
DISPLAY

Putting products into the display units/
cabinets

2
UO 26 (S) 

DISPENSING/SALE/SERVING 

Serving portions in a delicatessen 
Serving meals in a catering environment 
Sale of items 

3
UO 6 

STORAGE AND TRANSPORT 

Storage under controlled conditions for display 

4
UO 11 (G) 
PACKING

Packing food into the material for sale
Wrapping chips in paper 
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not do or not doing something they should, e.g. using
the same utensils for raw or cooked meats or not
operating equipment properly.

13. Facilities not adequately speciWed: This is a parallel to
the similar breakdown related to raw materials and
processing. It relates to a breakdown where the facili-
ties for personal hygiene or for processing equipment
are not adequate or have not been adequately speci-
Wed. It is a breakdown that can occur at several stages
and in several operation, e.g. no toilet facilities in the
Weld, steam generators incapable of producing suY-
cient steam for processing, equipment not designed to
allow eVective cleaning.

14. Poor condition or maintenance of facilities: Closely
related to breakdown 13 above this issue is where the
facilities or equipment are not in appropriate condi-
tion or not in proper working order. It is a breakdown
that can occur at several stages and operations.
Examples include: spray equipment for pesticides, pH
meters not calibrated properly, freezers breaking
down.

15. IneVective cleaning of facilities or equipment: This
breakdown can occur at several stages and within sev-
eral operations. Poor cleaning can often result in
carry over from previous batches or in the build of
biomass with associated contamination.

16. Inappropriate disposal of waste material: Waste mate-
rial can be generated at several stages and as a result
of several operations. A breakdown in appropriate
disposal can increase the chance of cross-contamina-
tion and degrade the general hygiene conditions.
Examples include: failure to dispose of waste encour-
Fig. 11. Operational step 9: Handling and consumption.

UNIT OPERATIONS EXAMPLES

1
UO 26 (G) 

DISPENSING/SALE/SERVING 

Serving of food in the home by the consumer

2
UO 6 (G) 

STORAGE AND TRANSPORT 

Transfer from the retail outlet to the home
Storage in the home of raw and cooked
materials 

3
UO 13 (G) 

TRIMMING OR CUTTING

Preparation of meal components
Slicing of bread 

4
UO 14 (G) 

WASHING/DECONTAMINATION 

Washing of raw materials 

5
UO 15 (G) 

COOLING/CHILLING OR FREEZING 

 Cooling of cooked meals 
Refrigerating surplus food
Freezing surplus food

6
UO21 (G) 

HEAT TREATMENT 

 Cooking of meals 
Home-baking 
Microwave reheating of products

7
UO 22 (G) 

FORMULATION OF INGREDIENTS 

 Addition of ingredients into a recipe

8
UO 23 (G) 

MIXING/HOMOGENISING 

Mixing of dry powder
Mincing or blending of meats 
Homogenisation of emulsions 

9
UO 24 (S) 

FORMING/ASSEMBLY

Rolling or pelletising cereal products
Assembly of sandwiches
Extrusion of snack products

10
UO 27 (S) 

CONSUMPTION 

Eating of home-prepared meals 
Consumption of restaurant meals 
Meals and drinks and food items from vending 
machines

11
UO 8 (G) 

WASTE DISPOSAL

Disposal of waste products
Disposal of packaging 



M.F. Stringer, M.N. Hall / Food Control 18 (2007) 755–765 765
aging pests/vermin or condemned material entering
the food chain.

3.4. Storage and end use

17. Inadequate instructions for preparation or use: This
breakdown is primarily associated with storage and
transport and the serving/dispensing/sale operations.
A breakdown of this type is where the handler
(whether commercial or domestic) has not been given
suYcient information. Examples include inadequate
cooking instructions or lack of special storage require-
ments.

18. Failure to follow preparation instructions: This break-
down is usually contributory to one of the others, e.g.
inadequate heat treatment because cooking instruc-
tions have not been followed. It can therefore arise at
several stages and operations.

19. Inappropriate storage conditions: This breakdown is
associated with the storage and transport operation
but can occur at several stages. Failure to store food
materials under proper conditions can give rise to
cross-contamination or more commonly microbio-
logical spoilage. Contributory factors can include
lack of instruction, poor training, lack of facilities or
poorly maintained facilities.

3.5. Others

20. Animal welfare/health issues: This breakdown gener-
ally occurs in the Wrst stage, i.e. primary raw material
production, but can involve several operations, such
as raw material intake, storage and transport, appli-
cation of inputs. Examples may include control and
transmission of infections and management of stress
pre-slaughter, both of which may inXuence the preva-
lence of pathogens.

21. New breakdown with no prior warning: There are
instances where a breakdown is found to occur where
no breakdown has previously been realised. In such a
case a new breakdown should be recorded.

4. Application of the generic model

The primary motivation for describing the food chain in
this generic manner was an attempt to devise an objective
way of dividing the food chain into its component stages
and operations. SpeciWcally in relation to food safety issues,
it was then possible to assign a particular type of break-
down to a speciWc operation and stage in the food chain
where it occurred. The merit of the generic approach is that
it is equally applicable to all types of breakdown irrespec-
tive of the causative agent, i.e. microbiological, chemical or
physical. This generic approach has been used to collect
data from 8515 breakdowns in food safety as part of a UK
Food Standards Agency funded project with the objective
of providing a more comprehensive understanding of past
failures (reported elsewhere). Such an approach enables an
analysis of potential key weaknesses in the chain, relevant
breakdowns, observation of trends and most importantly, a
mechanism to target research on the issues which will bring
greatest beneWt. It is evident that this generic approach will
assist the Hazard Analysis Critical Control Point (HACCP)
decision-making process and help to identify the critical
point where safety is a potential issue.

It is also possible that this approach can assist in the task
of proactive risk assessment of a particular food chain sce-
nario. Elements of the Failure Mode and EVects Analysis
(FEMA) approach may be worth exploring. FEMA is a
method designed to identify potential failure modes for a
product or process, to assess the risk associated with the
failure mode, to rank the issues in terms of importance and
identify and undertake corrective actions. The technique is
commonly used in the engineering sectors and may have
application in the food and drink sector. If it was possible
to assign a relative “risk value” to a particular unit opera-
tion (and this may vary with diVerent product and process
combinations), one could envisage making a summation of
the “values” of the operations in a particular process and
giving a score or marking related to the overall degree of
risk.

Whilst this is probably done by most large manufactur-
ers and retailers already in a rather subjective fashion, evi-
dence of continued and repetitive breakdowns suggest that
a more objective and robust approach could bring addi-
tional security. For example, in the area of supply of ingre-
dients, where increasingly reliance is based on a supplier
certiWcate of compliance with a buying speciWcation, one
should question how vulnerable the business is at such a
critical step.

It is likely that this generic model will have wider appli-
cability to other areas where a total food chain perspective
is required. For example, in deWning a company’s proce-
dure to traceability, it will enable personnel to readily iden-
tify stage and steps in the supply chain which are within the
company’s direct control and those where there is a degree
of reliance on other parties. It will also enable a better
understanding of supply chain events when looking at areas
for eYciency and productivity improvements.
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