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In managing risks associated with the human consumption of honey, all sectors of the production chain must be
considered, including the primary production phase. Although the introduction of the Hazard Analysis Critical
Control Point (HACCP) system has not been made compulsory for purposes of quality and safety control in
farming operations, European legislation makes many references to the key role of primary production in food
safety management and the HACCP system has been indicated as the preferred tool to ensure that consumers are
provided with safe foods. This article describes a systematic HACCP-based approach to identifying, preventing
and controlling food safety hazards occurring in primary apicultural production. This approach serves as a useful
tool for beekeepers, food business operators, veterinary advisors, and for Food and Veterinary Official Control
Bodies in their planning and conducting of audits and for establishing priorities for the evaluation of training
programmes in the apicultural sector.
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1. Introduction

For safeguarding food safety ‘from farm-to-fork’,
farmers and food processors need to base their efforts
on risk analysis. Risk analysis includes risk assessment
(the result of hazard analysis, exposure assessment and
risk estimation), risk management (taking the appro-
priate measures to control risks in a particular link of
the production or marketing chain) and risk commu-
nication (informing actors further down this chain
about residual risks that remain at delivery). Various
options for the management of risks exist, notably the
Hazard Analysis Critical Control Point (HACCP)
system (for an explanation see below) as explicitly
indicated in European legislation for achieving food
safety (e.g. EC 1999, 2002a, 2004a, 2004b, 2004c). Even
if – at the present time – it is not mandatory in the
European Union (EU) to apply HACCP principles to
primary production, Regulation (EC) No. 852/2004
states that ‘Member States shall encourage the devel-
opment of national guides to good practice for
hygiene’ and that ‘Food hazards present at the level
of primary production should be identified and
adequately controlled’ (EC 2004a). In suggesting the
adoption of HACCP as a useful risk management

approach, it is essential to realize that this is only
meaningful provided basic measures of safety and
quality assurance are adhered to first. These ‘Good
Farming and Good Veterinary Practices’ (GFPs;
GVPs) are universally applicable, based on scientific
and well-documented proof and are absolute prereq-
uisites. They represent the ‘foundations’ of risk man-
agement, in that they principally prevent external
hazards being introduced in a production environment.
Additionally, relying on a HACCP system essentially
serves to significantly reduce or even eliminate those
hazards that, despite strict adherence to best practices,
may still prevail. Untermann (1998) has compared
such a system with a house, where good practices and
structural facilities represent its foundations and walls,
without which the ‘HACCP roof’ would collapse.

Hazard and risk analysis can address various
concerns. For instance, whereas the main focus of the
Office International des Épizooties is on risks for both
animal and human health, the Codex Alimentarius
Commission (CAC) concentrates on domestic risks and
exclusively addresses those related to biological, chem-
ical and physical agents of serious public health concern
(CAC 2002). In addition, approaches which are primar-
ily concerned with identifying animal welfare risks have
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recently been described (Smulders 2009). Depending on
the main focus of scientific analysis, a choice has to be
made. Considering the scope of the present contribu-
tion, CAC’s approach is the obvious one.
Consequently, although animal health and disease pre-
vention issues indeed need to be considered (Formato
and Smulders 2011), in this article, people who eat
honey are defined as the population possibly at risk.

The HACCP system has primarily been designed
for purposes of safety assurance in food processing
(International Committee on the Microbiological
Specification for Foods 1988). Over the past decades
several documents have become available for the honey
processing area (Instituto Nacional de Tecnologia
Industrial 2005; Food and Agriculture Organization
of the United Nations and World Health Organization
2006; WHO 2008; Canadian Food Inspection Agency
2010). However, although the relevance of measures to
be taken by beekeepers is stressed, none of these
documents specifically address risk management
options at the primary apiary level.

In some parts of the world (notably China,
Argentina, Mexico and Central and Southern
European countries), a sizeable number of large-scale
commercial outfits, honey packers and bottlers of food
products exist, which are well advised to consider an
‘online’ safety and quality assurance approach (thus
minimizing economic losses) and to document that
they have lived up to their contractual obligations. It
can be argued that for small-scale operations – and this
applies to most apiaries in areas with a cold and humid
climate – the formal application of the HACCP system
is less suitable and overly complicated, and that
beekeepers should rely on common sense and the
advice by their beekeepers associations or bee health
advisors. Clearly, in these situations intervention
options are restricted to end-product control (e.g. in
the UK by Trading Standard Officers, who ensure the
quality and safety of food products, as well as by the
Food Standards Agency that can request any jar of
honey for analysis and withdraw the entire batch if
necessary). However, it can equally be argued that any
beekeeper who aims to commercialize his product
could benefit from adhering to a safety and quality
management system based on HACCP principles,
obviously applying the flexibility principle.
Ultimately, it will be up to the legislator to decide if
and to what extent the introduction of HACCP at the
apiary level can be justified.

In the first part of this contribution (Formato and
Smulders 2011), hazards occurring in apicultural
practice in general were analysed and associated best
practices (GFPs and GVPs) relevant for bee health and
disease prevention were identified. The purpose of this

companion article is to formulate appropriate
‘on-farm’ risk management measures, which specifi-
cally address the safety of unprocessed honey and have
been identified by following a systematic HACCP
approach.

2. HACCP applied to primary apiary production

The HACCP methodology described by the CAC
(1999) defines seven principles of HACCP, namely:
conduct hazard analysis, assess CCPs, define critical
limits, develop a monitoring system, establish correc-
tive actions, develop a verification procedure and
ensure that a good documentation system is in place.
To avoid overlooking anything, CAC has identified
12 associated tasks to be performed: (1) assemble an
HACCP team, (2) describe the product, (3) identify the
intended use, (4) set up the flow diagram, (5) on-site
confirmation of the flow diagram, (6) list hazards
associated with each step and control measures,
(7) determine CCPs, (8) establish critical limits for
each CCP, (9) establish a monitoring system for each
CCP, (10) establish corrective actions, (11) establish
verification procedures, and, finally, (12) establish
documentation and record keeping. In the following
sections, these tasks are systematically addressed.

2.1. Assembly of an HACCP team

An expert HACCP team develops the HACCP plan
according to the specific needs. As the team has to be
authoritative, it should include at least the beekeeper
and the veterinarian consultant (or an equivalent
expert on HACCP at farm level).

2.2. Description of the product (unprocessed honey)

The final product of primary apicultural production is
honey in combs intended to be further processed to
obtain honey for human consumption.

Honey is the natural sweet substance produced –
from the nectar of plants, from secretions of living
parts of plants or from insects sucking these from the
plants – by Apis mellifera bees. Upon collection, the
bees transform nectar or secretions by adding specific
substances of their own, whereafter the product is
deposited, dehydrated and stored in honeycombs for
further ripening (EC 2001). Honey is composed
primarily of the sugars glucose and fructose; its third
greatest component is water. Honey also contains
numerous other types of sugars, as well as acids,
proteins and minerals (National Honey Board 2005).
The chemical composition and quality of honey is
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highly dependent on its floral origin (Crane 1980).
According to Bogdanov et al. (1999), it is mainly
constituted of carbohydrates (ranging from 73% to
83%) and water (generally ranging from 14.5% to
18.5%). Minor components are organic acids (0.6%),
proteins (0.3%), amino acids (0.05%) and minerals
(0.1%). Honey is not a good source for vitamins, lipids
and aromatic substances.

Generally, after extraction from the comb, honey is
bottled in jars. Honey can be subjected to a variety of
processing methods yielding several variants (Table 1).
Because of its unique composition and the processing
of nectar by the bees through the introduction of
enzymes which change its chemical composition, honey
is suitable for long-term storage and can remain stable
for many years, provided stored at temperatures
512!C and in airtight containers.

2.3. Identification of the intended use

Honey in combs must be further processed (e.g.
through extraction, filtration, decantation and pack-
aging) to obtain honey for human consumption that
could be delivered to industry in food-safe drums or
buckets, or to retail shops in jars or other packages.

2.4. Construction of the flow diagram

The operative phases of beekeeping are to be system-
atically listed to better identify the various stages where
hazards, that could compromise honey safety, can
occur (CAC 1999). Breaking up beekeeping activities
into operative phases (Figure 1) generates a list of
major production stages which are described in the
following sections.

2.4.1. Maintain healthy colonies

This phase includes different stages of colony manage-
ment, some of which are associated with the specific
beekeeping calendar (Hopper 1983):

(1) ‘Summer keeping of hives after super removal’:
colonies are usually at their maximum level of
strength and, at the same time, the infestation
with the Varroa destructormite is at such a high
level that death of the bee colonies may ensue.
In this phase, it is essential to protect beehives
against this pest by proper treatments
(Rice et al. 2004; Delaplane et al. 2005;
Formato and Smulders 2011, their Table 2);

(2) ‘Autumn keeping of the colonies’: in this phase,
an inspection of the hives is recommendable

Table 1. Honey – description of the product variants (EC 2001).

(A) Comb honey Traditional harvesting (‘Cut Comb’ honey) from standard wooden frames, by which
the wax comb is cut in chunks (alternatively plastic rings or cartridges are used)
before packaging

(B) Chunk honey One or more chunks of comb honey immersed in extracted liquid honey and packed
in wide-mouth containers

(C) Extracted honey Liquid honey separated from the comb, either by centrifuging decapped broodless
combs (‘drained honey’) or, alternatively, by pressing broodless combs (‘pressed
honey’)

(C1) Raw honey (crystallized) honey Honey in which some of the glucose content has spontaneously crystallized from the
solution as monohydrate (‘granulated honey’)

(C2) Pasteurized honey Pasteurization to reduce the honey’s moisture content, destroying yeast cells and
liquefying crystals. Although improving shelf life, excessive heating can cause
product deterioration [increased levels of hydroxymethylfurfural and reduced
enzyme (diastase) activity], it affects appearance, taste and fragrance, and darkens
the natural honey’s colour (‘browning’)

(C3) Filtered honey Honey passed through a mesh material to remove particulate material (pieces of wax,
propolis, other defects) without removing pollen, minerals or valuable enzymes

(C4) Ultrafiltered honey Honey processed by fine filtration (typically at 65!C to 77!C to facilitate filter
passage) to clarify the product and yield a longer shelf life by reducing the degree
of crystallization, albeit at the expense of other quality characteristics (see
pasteurization)

(C5) Ultrasonicated honey Processing by ultrasonication, which destroys or prevents the growth of yeast cells,
thus reducing the rate of fermentation, eliminating existing crystals and preventing
further crystallization and allowing a rapid liquefaction (530 s) at temperatures
around 35!C

(D) Creamed honey (also called ‘spun-, churned-, candied honey, or honey fondant’) yielding a large
number of small crystals (rather than a smaller number of large crystals as in
unprocessed honey) to increase spreadability
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to verify: (1) the presence of the queen, (2) the
absence of pathologies (e.g. varroosis) and
symptoms of viruses (e.g. honeybees smaller,
black and with deformed wings) and (3) that an
adequate amount of honey and pollen supply is
stored in the brood box to last through the next
winter phase. If the stocks are poor, the
beekeeper must provide supplementary feed to
the hives (see Table 1 of Formato and Smulders
(2011,). Treatments against Varroa mites in
autumn are important, because particularly in
this season treatment is less harmful as the bee-
brood is hardly, if at all, present in the hive, so
the parasites can be maximally exposed to the
drugs.

(3) ‘Winter keeping of the colonies’: bees, espe-
cially at low ambient temperatures, remain in
the hives and consume honey so as to produce
heat and keep the cluster warm (Flottum 2005).
Since bees are dormant during winter, it is
better to limit (or preferably refrain from)
inspection as soon as possible to avoid cold
stress and the possible breakage of the winter
cluster. Regular feeding of the hives with hard
candy is recommended for the weaker colonies
during very cold and rainy seasons. In this

context it should be stressed that – in cooler
climates – enough feed must be supplied no
later than September, as the next opportunity
will not present itself until February or March.
Finally, it is important before the winter season
to inspect the beekeeping equipment and to
take specific precautionary measures following
GFP instructions (Table 1 of Formato and
Smulders (2011)).

(4) ‘Keeping of colonies before supering’: in this
phase, the beekeeper should visit each hive to
verify the presence of the queen and to monitor
the presence of signs of diseases (especially
American/European foulbrood and nosemo-
sis). It is also important to replace the old
frames with new ones (so as to take advantage
of the bee’s natural tendency to produce wax,
which is typical of this time of the year), to take
preventive measures against swarming, in
unusually wet springs to provide weaker colo-
nies with extra food thus preventing starvation,
and to treat the colonies against Varroa infes-
tation (Tables 1 and 2 of Formato and
Smulders (2011)). Incidentally, beekeepers
should (and many do) monitor for pests and
diseases at each apiary visit.

Figure 1. Beekeeping flow diagram for unprocessed honey production.
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2.4.2. Raise new colonies

The beekeepers can produce their own stocks of bees
and nuclei, and they may also do their own queen
rearing (Pellet 1918; Laidlaw, Jr. and Page Jr. 1997) or
they can purchase nuclei, swarms, colonies or queens.
Before purchasing or harvesting these from the envi-
ronment, beekeepers must: (1) critically select suppliers
and verify that the sanitary condition of the bee
population is satisfactory, (2) take quarantine mea-
sures and (3) treat bees against mites (Tables 1 and 2 of
Formato and Smulders (2011)).

2.4.3. Add supers to collect honey

When the colonies are big enough to expand and fill the
honey supers (usually in spring/summer), the beekeeper
can super the hives to obtain the honey harvest.

2.4.4. Develop colonies with supers in position

While bees are collecting honey, the beekeeper must
monitor their performance and:

– add empty supers when the ones originally
placed have been filled;

– check the status of less productive [e.g.
‘orphan’ (dequeened)] hives with empty or
less-filled supers.

2.4.5. Remove supers for honey harvest

After the combs are filled with ripened honey, the
beekeeper must remove the supers as per GFPs
(Table 1 of Formato and Smulders (2011)). The final
output of this phase will be the harvested honey.

2.5. On-site confirmation of the flow diagram

Considering that HACCP plans should be tailor-made
for each individual production unit (CAC 1999), the
HACCP team must confirm the accuracy of the flow
diagram on site. Any observed deviation is to result in
an amendment of the original flow diagram. The flow
diagram has to be confirmed on the apiary for each
stage.

2.6. Listing of all potential hazards associated with
each step, conducting hazard analysis, and
considering any measures to control identified
hazards

Principle 1 of the CAC approach to HACCP
(CAC 1999) requires a systematic consideration of
hazards to public health, i.e. the listing of all possible

biological, physical and chemical agents associated
with the consumption of honey. To achieve this, one
relies on scientific data and surveillance systems. The
hazards to be considered in the finished or unfinished
honey are those possibly introduced during the various
production stages and that are reported to cause illness
in humans. In Table 2 these are summarized, and
reference is made to scientific sources providing further
information on the (severity of) adverse effects.

2.6.1. Biological hazards

In honey, moulds and yeasts are the only microorgan-
isms able to proliferate. Whereas some bacteria like
Bacillus and Clostridium can survive in honey, their
growth is unlikely. In practice, spores of Bacillus and
Clostridium, moulds and yeasts prevail in honey with
certain regularity (Snowdon and Cliver 1996; EC
2002b). Ripened honey is a rather shelf-stable product,
as it is composed of elements that avoid bacterial
proliferation and disable its main pathogens from 10
days up to 2 months. Therefore, it generally does not
represent a product associated with microbiological
hazards with the possible exception of clostridial toxin
producers (Clostridium botulinum, Clostridium baratii,
Clostridium butyricum). Although these pathogens
cannot multiply or produce toxins due to the inhibitory
properties of honey, they can survive in the product as
spores. C. botulinum, C. baratii, C. butyricum are
reported to be responsible for cases of infant botulism
(occurring in children of 51 year of age, usually as a
result of pacifiers having been dipped in honey). Of
these, C. botulinum is the most common agent of
disease. Although infant botulism is a serious illness,
mortality is very low and the level and frequency of
contamination of honey with spores of clostridia is
generally low (EC 2002b).

In some parts of the world – notably in
New Zealand where the native and widely distributed
tutu plants (Coriaria arborea) co-exist with the vine
hopper (Scolypopa sp.) – bees may produce ‘toxic
honey’. When in dry periods nectar from more
attractive flowers is not available, bees (rather than
collecting nectar and pollen from tutu plants) feed on
the ‘honeydew’ left on the plant by the sap sucking vine
hopper. Such honeydew contains the potent and very
stable tutin toxin. Particularly hazardous is the inges-
tion of comb honey, which (as opposed to extracted
honey, as this is often blended with other honeys) can
contain high concentrations of tutin. In Europe, tutu
plants are not indigenous. In New Zealand this risk is
managed by removing hives and supers before dry
periods and by monitoring for these conditions within
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a 3-km radius around the apiary (New Zealand Food
Safety Authority 2008).

Similarly, intoxications can be caused by the
consumption of honey contaminated with the graya-
notoxin prevalent in nectar of some plants belonging to
the family Ericaceae (Rhododendron albiflorum,
Rhododendron macrophyllum, Rhododendron occiden-
tale, Rhododendron ponticum, Azalea pontica, Kalmia
latifolia and Kalmia angustifolia). Clinical symptoms
(Table 2) generally occur when unprocessed honey
from a single affected apiary is consumed, but – as
these usually disappear within 24 h – intervention is
rarely necessary (Center for Food Safety and Applied
Nutrition 2005). Although found in some ornamental
gardens, these plants are not indigenous in Europe and
consequently toxin concentrations hardly ever reach
dangerous levels in honeys produced in Europe.

Although there is some evidence that the pyrroli-
zidine alkaloids present in ragwort (Senecio jacobaea)
and in other plants (e.g. Echium, Senecio, Borago,
Tussilago and Cynoglossum) might be carcinogenic and
it is known that ragwort alkaloids may occur in milk of
cows and goats grazing infested areas and in the honey
of bees working on those (Edgar et al. 2002), no fully
validated or standardized methods exist to measure the
pyrrolizidine alkaloids content in honey (Kempf et al.
2010), no incidents of pyrrolizidine alkaloids poisoning
have been attributed to consumption of honey (WHO
1988) and no data are available on which to query the
safety of these products for human consumption.
Although the bitter taste prevents people from con-
suming large doses, it is reported that ragwort imparts
a taint to honey making it unfit for sale (Parsons and
Cuthbertson 2001). However, as the nectar from
various sources are mixed, generally this does not
represent a problem.

2.6.2. Physical hazards

Whereas foreign objects accidentally placed in honey
do represent a hazard in (and therefore must be
considered in HACCP plans for) honey processing,
they do not compromise the safety of unprocessed
honey produced at the primary apiary level.

2.6.3. Chemical hazards

2.6.3.1. Pharmaceuticals with antimicrobial action.
Most beekeepers in Asia, the USA, South America
and Canada rely on the use of substances with
antimicrobial activity, such as tetracycline antibiotics,
sulpha drugs, chloramphenicol and tylosine (Edder
et al. 2002, Reybroeck 2003; Ortelli et al. 2004; Lopez
et al. 2008, Formato and Smulders 2011). The

European apicultural sector [as represented by
the COPA-COGECA Honey Working Party and the
European Federation of Honey Packers and
Distributors (FEEDM)] is against the registration of
any antimicrobial substance for bees so as to protect
the consumers’ image of honey as being a ‘natural’ and
‘healthy’ product, and proposes establishing reference
points of action for imported honey, that should only
take into account environmental contamination, and
decidedly not residues of antibiotics used to combat
bee diseases (Bruneau et al. 2009; FEEDM/COPA-
COGECA 2009). As combating bacterial (American or
European foulbrood) or fungal diseases (nosemosis)
without being able to rely on antibiotics is more
difficult, less responsible European beekeepers still rely
on their illicit use. Implicitly, the HACCP system fails
to prevent such practices, particularly since these will
obviously not be documented. Therefore, the only
remaining risk management option is to rely on end-
product control by the competent authority, i.e.
monitoring for the proper use of veterinary drugs on
apiaries and by examining hive products.

2.6.3.2. Insecticides. One must distinguish between the
permissiveness of the use of pesticides against insects
pathogenic for plants, those allowed for use in mam-
malian animal species or those approved for use in bees
(Tables 3 and 4). Although many proprietary products
are marketed to beekeepers, there are many ‘home-
made concoctions’ applied to hives using the same
ingredients which are included in agricultural pesti-
cides. This can potentially give rise to residues in the
product. For instance, whilst fluvalinate-based prepa-
rations such as Apistan" are authorized for use in
apiculture, the plant preparations based on the same
active ingredient (e.g. Maverik") are not. The inherent
danger of relying on such unsuitable drugs (e.g.
because some plant preparations are cheaper) is that
GVPs regarding a proper dosage, manner of adminis-
tration and withdrawal times are likely to be abused
with inherent risks for residues in honey (i.e. at too
high dosages) or development of resistance of the
pathogen against the drug (at too low dosages). The
consequences can even become particularly hazardous
for public health when plant preparations such as
Birlane" or Supona", known for their carcinogenic
properties, are used to combat mites in the apiary.

2.6.3.3. Other environmental contaminants. Other
chemical hazards of environmental origin – like
heavy metals, PCBs, polycyclic aromatic hydrocarbons
and pesticides – are also relevant for honey safety.
Indeed, those hazards could equally be prevented by
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adhering to GFPs [i.e. ensuring proper positioning of
the apiary as indicated by Formato and Smulders
(2011) in their Table 1].

2.7. Determine CCPs

A CCP is defined as ‘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’.

Determination of CCPs is carried out with a decisional
tree, as included in the Codex HACCP guideline
(CAC 1999). The following need to apply for a step to
be a CCP:

(1) The step needs to be listed as representing a
hazard.

(2) Validated measures that allow keeping the
hazard in check need to exist.

Table 4. Drugs authorized in EU Member States for their use in apiculture (European Medicine Evaluation Agency 2009).

Active ingredient(s) Name of commercial product (and countries in which they are authorized)a

Acrinathrine Gabon PA 92 (Czech Republic, Lithuania)
Amitraz Apivar" (France, Italy, Portugal, Spain); Apiwarol" (Poland); Biowar" (Poland); Varidol"

(Czech Republic); Varidol Aer" (Slovakia); Varidol Fum" (Slovakia); Veratraz"

(Romania)
Amitraz, fluvalinate Varachet forte" (Romania)
Citric acid, several aetheric oils,
Oxalic acid, propolis extract

Beevital hiveclean" (Romania)

Coumafos Check-Mite" (Cyprus, Greece, Romania); Perizin" (Austria, Belgium, Germany, Greece,
Hungary, Italy, Portugal, Romania, Slovenia)

Cymiazol Apitol" (Austria)
Flumethrin Bayer Flumethrin" (Ireland); Bayvarol" (Estonia, Germany, Greece, Hungary, Latvia,

Lithuania, Malta, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, United
Kingdom)

Fluvalinate Apistan" (Austria, Cyprus, Estonia, France, Greece, Italy, Latvia, Lithuania, The
Netherlands, Portugal, Spain, United Kingdom); Mavrirol" (Romania); Gabon PF 90"

(Czech Republic, Slovakia)
Formic acid Formidol" (Czech Republic, Slovakia)
Oxalic acid Ecoxal" (Spain)
Thymol Apiguard" (Belgium, Denmark, Estonia, France, Germany, Greece, Hungary, Ireland,

Italy, Latvia, Lithuania, The Netherlands, Portugal, Romania, Slovenia, Spain, United
Kingdom); Mehpatika solution" (Slovakia); Thymovar" (Belgium, France, Germany,
Greece, Hungary, The Netherlands, Portugal, Romania, Spain); XY" (Czech Republic)

Thymol, 2,4 hexadien acid,
herbs diluted in watery alcohol

Mehpatika" (Romania)

Thymol, camphor, eucalyptus oil,
levo-menthol

Api Life Var" (France, Germany, Hungary, Italy, Poland, United Kingdom)

Note: aFinland, Iceland, Norway, Sweden: no products authorized.

Table 3. Examples of insecticide preparations used in plants or against ecoparasites.

Active ingredient (chemical family) Commercial preparation for use on plants
Commercial preparation for
use against ecoparasites

Acrinathrin (pyrethroids) Rufast", Orytis", Ardent", Jokari"

Amitraz (formamidine) Acarac", Bumetran top", Mitac", Triatox",
Triatix", Azadieno", Acadrex"

Mitaban", Preventic", Tactic"

Bromopropylate (bridged diphenyl) Acarol", Neonon", GS 19851"

Chlordimeform (chlorobenzenes) Acaron", Bermat", Carzol", Fundal",
Galecron", Ovatoxion", Spanon"

Clorphenvinphos (organophosphates) Birlane" and Supona"

Coumaphos (organophosphates) Asuntol", Co-ral"

Flumethrin (pyrethroids) Bayticol", 92% Flumethrin TC
Fluvalinate (pyrethroids) Klartan", Yardex", Maverik"

Para-dichlorobenzene (organochlorides) Paramoth, ParaDichloroBenzene
Rotenone (extract from pea plants) 5% Rotenone ME
Trichlorphon (organophosphates) Dipterex", Dylox" Neguvon"
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(3) The step needs to represent an intervention
option (if answer is yes: CCP; if not: further
consider 4 and 5).

(4) The step should involve a level of contamina-
tion beyond critical limits.

(5) A subsequent step eliminating or significantly
reducing the hazard does not exist (if this the
case: CCP, if such a step does exist: address the
hazard through adherence to GFPs)

The outcome of such a procedure is the identifica-
tion of those production steps that can be monitored,
corrected, verified and documented. According to
these criteria and procedures, only the following two
steps need to be further considered.

2.7.1. Treatment against Varroa mites

Treatments against V. destructor can be realized with
low environmental impact products (i.e. relatively
harmless chemical compounds, normally present in
nature and authorized for organic beekeeping), such as
organic acids (e.g. oxalic acid, lactic acid, formic acid)
or essential oils (e.g. thymol, menthol, eucalyptol) or
with products that have a high environmental impact
(i.e. for which specific MRLs have been established,
which are produced by synthesis in a laboratory and
are not authorized for organic beekeeping), such as
organophosphates and pyrethroids. Table 4 lists the
drugs authorized for use in apiculture in the various
EU Member States (European Medicine Evaluation
Agency 2009).

Only EU authorized medicines are allowed for hive
treatments, provided these are used with supers in such
a position that contamination of honey can be
excluded. Legislation (EC 2004a) holds beekeepers to
record in a log book the name of the drug adminis-
trator, the nature of the drug used, the dates of its
administration and the withdrawal period (if any). In
general, those treatments that have a low environmen-
tal impact are strongly influenced in their varroacide
activity by the quantity of the sealed brood that is in
the brood box. Normally, the higher their efficacy is,
the lower the quantity of the sealed brood, as the
Varroa mite cannot ‘escape’ from the treatment within
the capped brood cells (because products like oxalic
acid cannot permeate into capped cells). Efficacy is
also dependent of the environmental conditions (e.g.
temperature and humidity). However, at the same
time, they have the great advantage of not presenting
problems for honey contamination and the consumer’s
health. Compounds with a higher environmental
impact, though usually more efficient to eliminate
mites, could, on the other hand, result in dangerous

levels of residues in honey products, if not properly
administered.

As chemical hazards associated with treatments
against V. destructor in the phase of ‘Add supers to
collect honey’ satisfy the first three criteria of the
decisional tree, treatment against V. destructor repre-
sents a CCP.

2.7.2. Production steps allowing contamination with
clostridial spores

Contamination of honey with clostridial spores may
occur during the following phases: (1) ‘Breeding hives
with supers in position’ and (2) ‘Remove supers for
honey harvest’. Primary sources of spore contamina-
tion of honey may include pollen, sweeteners destined
as food for bees, the digestive tracts of honey bees,
dust, air, earth and nectar (Nakano et al. 1992). These
sources are impossible to control. Secondary sources of
spore contamination of honey are contamination
through air, food handlers, cross-contamination,
equipment, etc. As regards these sources, the men-
tioned production phases would appear to be CCPs.
However, due to the impracticability of microbiolog-
ical monitoring of botulinum-producing spores in
apicultural practice – which is essentially related to
the high costs involved in the analysis and the sporadic
occurrence of the pathogen (EC 2002b) – only the
adherence to GFPs and targeted operatives’ training
programmes are realistic options for the prevention of
this hazard. Hence, records on the training programme
as well as those on the actual procedures followed
during harvesting of the supers must be kept by the
beekeeper or his assistants, to assess whether or not
best practices have indeed been adhered to (Formato
and Smulders 2011; their Table 1). Field inspections
are to be conducted by the beekeeper or his assistants
in the application of HACCP principles, at least once a
year to verify this. In addition, honey is generally
labelled ‘not to be consumed by infants less than 1 year
old’, to account for any residual uncertainty.

2.8. Establish critical limits for each CCP

Critical limits for chemical hazards of the only CCP
identified include:

– presence of supers on top of brood boxes
before expiration of the withdrawal period
(if applicable) of the administered drug;

– absence, within the brood box, of any hive
treatment device.
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2.9. Establish a monitoring system for each CCP

To monitor hazards associated with pharmaceutical/
chemical treatments, immediately before hive supering,
the beekeeper will verify by documentation the
following:

– Are treatments still ongoing?
– Has a particular withdrawal time of an agent

in question been reported in the medicines
record book, and – if so – has it been adhered
to?

– Are any devices from previous hive treatments
(e.g. sponges, strips) still present in the brood
box?

2.10. Establish corrective actions

The corrective actions associated with the CCP
include:

– delaying supering until the end of the
treatments;

– no supers to be placed on the hives during
treatments; and

– removal of all application tools.

2.11. Establish verification procedures

The verification procedure includes:

– during harvesting of every super, verification
in the log book of the information about the
nature and termination of treatments, and the
dates of positioning of the supers;

– drawing samples (by the official controlling
bodies) from at least one super per apiary for
purposes of analysing the level of contamina-
tion with residues of authorized drugs.

2.12. Establish documentation and record keeping

Accurate and efficient record keeping is essential to
application of a HACCP system and for substantiating
that legal and contractual obligations have been
fulfilled. To be documented are, for instance, the
hazard analysis, all the reference documents substan-
tiating the risk assessment, CCP determination and
critical limit determination. The record-keeping system
should include information drawn from a specific log
book in which have been recorded:

– all monitoring activities;
– other relevant information about the treat-

ment (following GFP);

– the date of supers’ positioning (for purposes of
comparing with the dates of previous
treatments)

– the corrective actions eventually adopted; and
– the verification procedures adopted.

3. Conclusions

Provided a set of basic GFPs and GVPs is adhered to,
the establishment of a supplementary HACCP system
for the management of risks associated with the
production of unprocessed honey is meaningful.

Whereas the presence of botulinum toxin produc-
ing spores may indeed represent a hazard during the
harvesting of supers, its prevention is preferably
addressed through relying on the adherence to GFPs
and through training of the operatives, as in apicul-
tural practice monitoring of this hazard is impractica-
ble. Thus the ‘feasibility’ principle, as formulated in
Regulation (EC) No. 852/2004 is taken into account,
which states that: ‘The HACCP require-
ments . . . should provide sufficient flexibility to be
applicable in all situations, including in small
businesses’.

The HACCP system also allows for significantly
reducing the risks of hazards associated with chemical
or pharmaceutical treatments which could lead to
residues being present in unprocessed honey. In this
context, the only CCP identified is the phase of
‘Develop colonies with supers in position’.

The application of the HACCP system in apicul-
ture is an achievable goal, albeit it will inevitably
increase the level of obligations to be fulfilled by the
individuals responsible. By the same token, it will offer
beekeepers the opportunity to clearly identify hazards,
to focus prevention strategies following a priority
ranking approach and it will allow fulfilment of
contractual obligations in a longitudinally integrated
honey production and marketing chain. Finally, the
suggested approach promises to be useful for veteri-
nary advisors supporting Food Business Operators
(FBOs) and for the competent authorities in plan-
ning and conducting their audits and establishing
priorities for the evaluation of FBO training
programmes.
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