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ABSTRACT

This narrative literature review deals with the honey, its context as a product of varied uses
and with significant socio-economic relevance, aiming to describe some emerging chemical
residues and contaminants and their aspects related to Health Surveillance. Honey is a
substance that, beyond being used as food since the beginning of human civilization, also has
therapeutic and pharmacothecnical applications. Brazil is among the major world producers
and exporters of honey and this production play a relevant socio-economic role in the
country. Like other products of animal origin, honey is subject to the presence of residues
of substances used in the protection of swarms and contaminants from the environment.
Despite the presence of substances in honey with potential impact on health is expected
by health agencies, it is required to update as to which substances should or should not
be monitored. This review lists examples of classes of substances that are not currently
monitored, considered as “emerging” for not being regulated properly in Brazil and in many
parts of the world. For the emerging contaminants covered here, scientific publications
with national data are scarce or non-existent when it comes to honey, showing that new
scientific knowledge production is needed in this area. It is recommended further study of
the occurrence of quinolones, pyrrolizidine alkaloids, grayanotoxins and substances used in
the production of polymers in honey in Brazil, so that health risks from the consumption of
honey containing these substances are known and minimized or eliminated.
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RESUMO

Esta revisao de literatura narrativa trata do mel, sua contextualizacao como produto de
variadas utilizacdes e com significativa relevancia socioeconémica, tendo como objetivo
descrever alguns residuos e contaminantes quimicos emergentes e seus aspectos relacionados
a Vigilancia Sanitaria. O mel € uma substancia que, além de ser utilizada como alimento desde
o inicio da civilizacdo humana, possui aplicacoes terapéuticas e farmacotécnicas. O Brasil esta
entre os grandes produtores e exportadores mundiais de mel, cuja producao tem relevante
papel socioecondmico no pais. Como outros produtos de origem animal, o mel esta sujeito a
presenca de residuos de substancias utilizadas na protecao dos enxames e de contaminantes
provenientes do meio ambiente. Apesar da presenca de substancias no mel com potencial
impacto na salde ser esperada pelas agéncias sanitarias, é necessaria a atualizacdo quanto a
quais substancias devem ou nao ser monitoradas. Essa revisao relaciona exemplos de classes
de substancias que atualmente n&o sdao monitoradas, tidas como “emergentes” por ainda
nao serem regulamentadas adequadamente no Brasil e em diversas partes do mundo. Para
os contaminantes emergentes aqui tratados, publicacoes cientificas com dados nacionais sao
escassas ou inexistentes quando se trata de mel, demostrando que ha necessidade de producao
de conhecimento cientifico nessa area. Recomenda-se mais estudos acerca da ocorréncia de
quinolonas, alcaloides pirrolizidinicos, graianotoxinas e de substancias utilizadas na producao
de polimeros em mel no Brasil, para que riscos sanitarios provenientes do consumo de mel
contendo essas substancias possam ser conhecidos e minimizados ou eliminados.

PALAVRAS-CHAVE: Mel; Residuos; Contaminantes; Fitotoxinas; Quinolonas; Vigilancia Sanitaria
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INTRODUCTION

This paper literature review addresses some emerging chemical
residues and contaminants in honey.

Definitions about honey, its uses in different areas, and its socio-
economic relevance are brought into context within Brazil. The
concepts of residues and contaminants in the production of honey
are presented, and emerging residues and contaminants are consid-
ered extremely relevant, given the comparison of the state of the
industry currently found in Brazil and abroad. The objective of this
work is to analyze the scenarios of the Sanitary Surveillance depart-
ment of the Brazilian National Health Surveillance Agency (VISA) for
honey inside and outside the country, portraying the current situ-
ation of this animal product in relation to emerging contaminants.

METHOD

Literature reviews are extensive publications used to describe
and discuss the development or the state-of-the-art of a given
subject, from a theoretical or contextual point of view, playing a
key role in continuing education’.

Since this is a narrative literature review, we have gathered differ-
ent bibliographical references, ranging from legislation to scientific
articles in order to justify the relevance of honey, as well as discuss
the VISA issues on the presence of residues and contaminants.

The references used in this work were selected randomly, but
in such a way that we could draw a general overview on the
subjects addressed throughout the text, focusing on the residues
and contaminants discussed. These references are located in sci-
entific databases such as Science Direct, Scopus, Web of Knowl-
edge, SciELO, among others, for research studies using the key-
words “honey” and “contaminants.” From the results obtained,
we evaluated articles that addressed contaminants not provided
for or little discussed in either national or international laws or
codes. The other references (legislation, codes, standards, ana-
lytical methodologies, other scientific articles) were researched
directly to complement the discussion, whenever necessary. The
search for references was carried out continuously between Feb-
ruary 2014 and February 2017, and there was no limitation to the
publication date for the selection of references.

DEFINITIONS AND USES OF HONEY

There are several definitions for honey, many of them comple-
mentary to each other, and it is interesting to highlight some of
them. Honey as food can be described as:

[...] a food product produced by honeybees, from the
nectar of flowers or secretions from live parts of plants or
excretions of plant-sucking insects on live parts of plants,
which the bees collect, transform, combine with specific
substances, store, and allow to mature in honeycombs.?

Another definition presents honey as “the viscous, aromatic, and sug-
ary substance obtained from the nectar of flowers and or saccharine
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exudates that honeybees produce”. This definition is similar to that
used in VISA, which describes honey simply as the “natural product
made by bees from flower nectar and or plant saccharine exudates™.
In pharmacognosy terms, honey is a substance that can be defined as:

[...] a natural product supplied by the bee Apis mellifera
L., Apidae, comprising a concentrated aqueous solution of
sugars, predominantly fructose and glucose, as well as small
amounts of dextrins, enzymes, waxes, volatile oils, organic
acids, ethers, gummy substances, albumin, and minerals®.

Honey has been used by man as food since prehistory, preyed
upon and exploited, causing environmental damage and death to
the supplier of the product, the honeybees. Over time, however,
man has developed ways to manage bees and honey production,
which led to the development of beekeeping?.

The use of honey as food is widespread, as it can be consumed
pure or as an ingredient in many other types of food, industrial-
ized or not. It can be found in bakery products, confectionery,
breakfast cereals, marmalades and jams, dairy products, ice
cream, and soft drinks; moreover, in many cultures, it was, and
still is, an important source of fermentable sugars®.

In addition to its use as food, or even as an ingredient for other
types of food, honey has also been used in therapy, thanks to
some of its properties, such as vitamins and minerals (Table).
Many articles address these therapeutic applications’".

Although there is not always consensus on some of honey’s applica-
tions or therapeutic properties, several of its physiological effects
have been scientifically proven and accepted by the Food and Agri-
culture Organization of the United Nations. These effects are®:

» Source of energy: it is a source of immediately-available calo-
ries, consisting mainly of the simple sugars fructose and glucose,
which do not require complex processes for their digestion;

« Presence of non-energy nutrients: despite their low amount,
the high quality and availability of micronutrients in raw honey
are considered responsible for some physiological effects;

» Repair action in topical applications: under controlled con-
ditions, honey accelerates regeneration in various types of
injuries, from burns to postoperative healing, showing an
effect that is superior to the application of purified sucrose
and special preparations of powder polysaccharides, as well
as preventing bandages and dressings sticking to the wound
and to the new fragile layers of tissue that are formed;

« Antibacterial activity: this is the most easily-verifiable and
most-studied property. Antibacterial activity occurs because
of the high concentration of sugars and acidity (pH between
3.5 and 5.0) in raw honey and the presence of hydrogen
peroxide in diluted honey. Hydrogen peroxide is an enzyma-
tic byproduct obtained during the formation of glucuronic
acid from glucose, and the enzyme responsible, glucose oxi-
dase, remains inactive in honey at normal concentration?.
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Table. Nutrients in honey in relation to human need.

Average amount in Recommended

aatemis Lare 100 g of honey daily intake
Energy equivalent kcal 304 2,800
Vitamins
A 1.U. - 5,000
B1 (Thiamine) mg 0.004-0.006 1.5
B2 (Riboflavin) mg 0.002-0.060 1.7
Nicotinic Acid (Niacin) mg 0.110-0.360 20
B6 (Pyridoxine) mg 0.008-0.320 2
Pantothenic Acid mg 0.020-0.110 10
Folic Acid mg - 0.4
B12 (Cyanocobalamin) mg - 6
C (Ascorbic Acid) ug 2.2-2.4 60
D mg - 400
E (Tocopherol) 1.U. - 30
H (Biotin) 1.U. - 0.3
Minerals
Calcium mg 4-30 1,000
Chlorine mg 2-20 -
Copper mg 0.01-0.1 2
lodine mg - 0.15
Iron mg 1-3.4 18
Magnesium mg 0.7-13 400
Phosphorus mg 2-60 1,000
Potassium mg 10-470
Sodium mg 0.6-40
Zinc mg 0.2-0.5 15

Source: Adapted from Krelle.

Evidence of the effects listed above led to the approval of honey
for medical use in the treatment of injuries in Australia in 1999,
and dressings impregnated with honey for medical use in the
United Kingdom in 2004. Currently, there are several commercial
products available in Europe, Australia, Canada, and the United
States, and the latter has the approval of the Food and Drug
Administration'>'4. In Brazil, information on honey with ther-
apeutic uses was found, but without specific references to its
specifications. These specifications appear to follow the United
States pharmacopoeia’®.

Honey is also used in cosmetic formulations because its phys-
icochemical properties allow it to perform pharmacotechnical
functions, acting as an emollient, humectant, pH regulator and,
to a degree, as an antimicrobial preservative®, as well as being
used as a vehicle™®.

SOCIOECONOMIC RELEVANCE OF HONEY IN BRAZIL

Brazil is one of the world’s largest producers, and among the
largest exporters, of honey. Until 2005, it was the 15" largest
producer, and until 2007 stood out as the country that had most
expanded its exports, both in amount and value. Until 2003, it
was the seventh largest exporter'”. In 2010, the country was 11t
among world producers, and fifth largest exporter®. In 2013,
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there was a further increase in exports, reaching more than
16,000 metric tons, making Brazil the seventh largest exporter.
In 2014, an increase of 82% from 2013 in exports, took Brazil to
the eighth position among the largest exporters, with just over
25,300 metric tons®. Despite the good performance in exports,
the country held a better position in the world ranking in quan-
tity rather than in value, indicating that smaller producers do
not obtain better prices. This points to the need to improve the
quality and added value of the product.

Figure 1 shows the consolidated data provided by the Brazilian
Institute of Geography and Statistics, from the Automatic Recov-
ery System?', and the Department of Foreign Trade, from the
AliceWeb?? system, all in relation to natural honey, which is the
only category available. The latter source indicates small vol-
umes of honey imports between 2003 and 2007, with 2004 as the
year with the largest import volume, of approximately 38 met-
ric tons. After 2008, there are no records of honey import. No
data were found that distinguished the different types of honey,
either in this source or in others.

From the data presented, we can verify that Brazil is self-suffi-
cient in relation to honey and is a relevant exporter. Therefore,
production must comply with domestic and international sanitary
requirements to avoid technical barriers and, more importantly,
to avoid putting at risk both Brazilian consumers and consumers
in the countries that import the country’s honey.

The production of honey occurs throughout the country, and,
in addition to extractivism, there is also beekeeping for the
purpose of commercial exploitation. In addition to the native
swarms and “artisanal” apiaries, there has also been the expan-
sion of specialized production and beekeeping support activi-
ties'”. In 2006, the Brazilian Service for Support of Micro and
Small Enterprises estimated that 350,000 people lived in Brazil
because of beekeeping, with significant representation of family
agriculture in this area?.

RESIDUES AND CHEMICAL CONTAMINANTS IN HONEY

Ensuring the safety of food is essential for the protection of
human health. Honey, like many other animal products, is sub-
ject to chemical hazards both from the presence of residues of
substances used to protect swarms and contaminants from the
environment, such as pesticides, other organic contaminants
(e.g. polychlorinated biphenyls), and inorganic contaminants
(metals).

Despite the presence of substances in honey with potential
impact on health being expected by health agencies, constant
updating is needed as to which substances should or should not
be monitored. In the following paragraphs, we present residues
and contaminants usually expected by sanitary agencies, and
we show examples of classes of relevant substances related to
honey that are currently not monitored or even discussed in Bra-
zil, such as waste and contaminants considered as “emerging”
because they are not adequately regulated in Brazil or in various
parts of the world.
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Bogdanov? has classified the residues and contaminants found in
bee products, which are shown in Figure 2.

Impurities that can occur in honey from the environment and
that can be introduced into the hive by bees, are highlighted
as follows:

« Inorganic pollutants such as lead from the burning of motor
fuels (decreasing) and cadmium from the steel industry and
catalysts, as well as plants absorbing cadmium from the ground;

« Organic pollutants such as polychlorinated biphenyls used as
electrical insulating liquids (askarel) and polyaromatic com-
pounds that have been used in the past and are still present
in the environment;

« Agrochemicals, such as insecticides (organochlorines, orga-
nophosphates, carbamates, etc.), antimicrobials, fungici-
des, and, with relatively lower incidence, herbicides.

Chemical hazards present in honey, introduced by man during the
management of bees, of which the following can be emphasized:

o Acaricides used for the control of mites such as Varroa des-
tructor, which may be persistent synthetic agents such as
cymiazole, fluvalinate, amitraz, flumethrin, and coumaphos;
or natural nontoxic substances such as thymol, aqueous
solution of lactic acid, aqueous solution of oxalic acid, and
aqueous solution of formic acid;

« Antimicrobials used for the prevention of American fou-
lbrood and European foulbrood, such as sulfonamides,

Bandini TB et al.
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aminoglycosides, tetracyclines, amphiphiles, macrolides,

beta-lactams, and nitrofuran metabolites;

« Insecticides, such as paradichlorobenzene and naphthalene,
for the control of wax moths;

« Repellents, such as phenol; however, caution should be exer-
cised when assessing phenol, as it is a natural constituent
of honey.

Despite several agents that have already been mentioned for use
in beekeeping, the Brazilian Agricultural Research Corporation?
discourages the use of chemical agents, either to avoid microbial
resistance or to avoid the occurrence of residues in the hive. At
the global level, however, the detection of residues of various
agents not authorized for this species is common, such as those
carried out in the European Union?.

In the category of emerging residues, among veterinary drugs not
authorized for use in hives, we highlight the class of quinolones,
which are antimicrobials associated with hypersensitivity to??” and
the development of, bacterial resistance?®?. Such residues have
been found mainly in honey of Chinese origin, as seen in the Rapid
Alert System for Food and Feed of the European Community?.

Fluoroquinolones, also known as second-generation quinolones,
have been classified by the World Health Organization as one of
the four classes of antimicrobials critical for human health because
of the risk of bacterial resistance, especially Salmonella spp. and
Escherichia coli in animals. At the same time, fluoroquinolones
are one of the few therapies for serious Salmonella spp. and E.

Production and Export of Honey (Automatic Recovery System (SIDRA) - Brazilian Institute of Geography and Statistics (IBGE)
and Aliceweb - Department of Foreign Trade (SECEX)
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Figure 1. Honey: Production (Brazilian Institute of Geography and Statistics) and Export (Department of Foreign Trade - SECEX) between 2004 and 2015.
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Figure 2. Sources of chemical hazards for a bee colony.

coli infections, the incidence of which, in humans, is high®. The
World Organization for Animal Health - Office International des
Epizooties - has also considered this class as critical because it
has a wide range of therapeutic applications and it is critically
important in the treatment of septicemia and enteric and respira-
tory diseases®'. Some antimicrobials that represent this class are
enrofloxacin, ofloxacin, norfloxacin, and ciprofloxacin (Figure 3).

In relation to contaminants, toxic natural substances may also
occur, as they are secondary metabolites of plants used by bees
in honey production. One of the major groups of substances in
this situation, which may be considered as an emerging contami-
nant, is the group of pyrrolizidine alkaloids®*3*. Pyrrolizidine alka-
loids and their N-oxides are produced by more than 6,000 plant
species, including representatives of the families Boraginaceae,
Asteraceae, Fabaceae, Apocynaceae, and Orchidaceae, and more
than 660 pyrrolizidine alkaloids have been isolated. Because of
their toxicity to predators, such as insects and animals, these
substances are also known as “natural pesticides”?¢. Prakash and
Pereira® indicated this group of alkaloids as the leading group
among plant toxins associated with adverse effects in humans and
animals. In their work, they discuss toxicity in animals - carcino-
genicity and pulmonary toxicity - and in humans - hepatotoxicity,

-

OH

T

3

Source: Adapted from the Royal Society of Chemistry2.
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teratogenicity, and carcinogenicity - because these substances, or
their N-oxide derivatives, appear to react readily with nucleop-
hilic cellular constituents, such as DNA. The International Agency
for Research on Cancer of the World Health Organization have
already evaluated several pyrrolizidine alkaloids and have classi-
fied three of them - lasiocarpine, monocrotaline, and rideline - as
possibly carcinogenic to humans (group 2B)*#“. The pyrrolizidine
nuclei, generally necine or otonecine, and other examples of pyr-
rolizidine alkaloids can be seen in Figure 4.

Some Brazilian authors have reported on the toxicity of pyr-
rolizidine alkaloids, especially in animals*-“2, but only one very
recent article was found on the presence of this class of sub-
stances in honey in the country®. The authors of this paper devel-
oped and validated an analytical methodology that was applied
to 92 honey samples. Ninety-nine percent of the samples showed
the presence of at least three of the eight alkaloids researched.
No articles have been found that describe the identification of
quinolones in national honey by Brazilian researchers. However,
there are several papers addressing the microbial resistance of
this class of substances* 4.

When an international search is carried out, a different scenario
is seen. In addition to the aforementioned articles addressing
health risks related to pyrrolizidine alkaloids and quinolones, we
also found several articles addressing strategies for detecting
and analyzing both pyrrolizidine alkaloids®*° and quinolones®!>
inhoney  This fact, in itself, shows the need to develop further sci-
entific knowledge about these contaminants in Brazil.

When it comes to natural substances toxic to honey, the class of
pyrrolizidine alkaloids may be the most-reported toxic class, but
it is not the only one. Among the several other classes of phyto-
toxins that may be present in honey and lead to toxic effects>
are the class of grayanotoxins, which are diterpenes with a tet-
racyclic A-nor-B-homo-ent-kaurane skeleton (Figure 5), produced

N —CH,

OH [¢]

Figure 3. Enrofloxacin (a), Ofloxacin (b), Norfloxacin (c), and Ciprofloxacin (d).
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as secondary metabolites by the genus Rhododendron, Pieris
(Andromeda), Leucothoe, Craibiodendron, Lyonia, or Kalmia®.

Among the toxic effects of grayanotoxins in humans are nausea,
hypotension, bradycardia, and altered mental status®. Graya-
notoxins may be present in honey produced in areas where the
abovementioned genera are present and bloom, and their inges-
tion may lead to the toxic effects described®.

More recently, a category of contaminants, usually found in
other types of food, has also been found in honey: the organic
migrants from packaging. Lo Turco and colleagues investigated
the presence of 26 substances used in the production of plastic
polymers, in addition to bisphenol A, in samples of honey from
various flowering plants from Sicily and Calabria, in Italy, and
although they did not find the presence of bisphenol A, they did
find residues of various phthalates®.

HEALTH SURVEILLANCE OF ANIMAL PRODUCTS:
THE SITUATION OF HONEY

Public policies related to food safety issues are under the con-
trol of different agents involved in regulatory systems, and the
VISA has its role defined by Law No. 9,782/99. In addition to the
control of food, the control of drugs and cosmetics is the respon-
sibility of the VISA, whose role is designed to control the risk of
damage to the health of the population by protecting, prevent-
ing, and controlling diseases, and promoting health®.

Although honey is used as food, as an ingredient in food, and in
pharmaceutical and cosmetic formulations, health legislation, or
even broader legislation, is negligible in the country. Brazilian
legislation?“ only addresses definitions, labeling parameters, and
physicochemical specifications, and the classification adopted by
the National Health Surveillance Agency (ANVISA) is restricted to
table honey, which meets all the specifications defined for this

OH
OH
o]
AN
N
CH,
HO H,C OH
o]
o H,C
CH, (0]
0 (0]

/

N

Source: Adapted from the Royal Society of Chemistry32.

Figure 4. Necine (above and left), Otonecine (above and right),
Eruciflorine (below and left), and Emiline (below and right).
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class, and industrial honey, but fails to meet at least one speci-
fication of table honey, while still meeting the specifications for
industrial honey. The Brazilian pharmacopoeia®' does not include
a monograph on honey and the Brazilian homeopathic pharma-
copoeia®? does not even mention honey. The latter is restricted
to the use of bees only (use of the intact insect) in formulations,
this being one of the cases in which the animal species, and not
plants, is used as raw material for the production of homeo-
pathic medicines.

The European pharmacopoeia®® and the Japanese pharmaco-
poeia® include monographs for honey, with physicochemical
specifications similar to those found in national and international
legislation. The United States pharmacopoeia includes a mono-
graph for purified honey in which, in addition to physicochem-
ical specifications, there are microbiological parameters for
total counts (1,000 CFU for bacteria and 100 CFU for molds and
yeasts) and absence of pathogenic microorganisms, highlighting
the absence of the Clostridium species.

The Codex Alimentarius, despite having a defined standard for
the quality for honey®®, makes general considerations regard-
ing residues and contaminants in this matrix, however, further
research showed that maximum limits or tolerances on accept-
able levels have not yet been established®*.

The Joint Expert Committee on Food Additives has not yet
defined maximum residue limits or acceptable daily intake for
honey®. The European community has also not established max-
imum residue limits for substances in honey®, but it has estab-
lished recommended concentration values for the development
of analytical methods for substances that do not yet have max-
imum residue limits’®; however, given the small number of sub-
stances, the scope is still less comprehensive than desirable.

It is important to note that the specific legislation on pyrrolizidine
alkaloids, specifically, is still emerging worldwide. Michel and
Raezke* comment on the current situation in several countries:

« Germany: restriction of oral exposure to pyrrolizidine alka-
loids and their N-oxides in pharmaceutical products derived
from herbs at 1 pg/day for a maximum of six weeks annually;

» Australia and New Zealand: provisional daily intake limit of 1
pg/kg body weight daily;

CH

H3C I, )

Figure 5. Basic chemical structure of various grayanotoxins.

H,C

3

Source: Adapted from These and Bodi®.
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« European Union: maximum exposure level of 4 pg/kg for
echium oil;

+ Netherlands: limit recommendation of 0.1 upg/100 g
of food.

The same authors recommend the collection of more data on the
presence of pyrrolizidine alkaloids, both by the industry and by
analytical laboratories.

The same situation of incipient or non-existent legislation is
observed in relation to the presence of other phytotoxins, such
as grayanotoxins, in honey>.

In Brazil, there are at least two major programs for the monitor-
ing of contaminants and residues that have honey in their scope,
among other types of food: the National Program for the Control
of Residues of Veterinary Drugs in Food Exposed to Consumption
(PAMVet) and the National Plan for the Control of Residues and
Contaminants (PNCRC).

The PAMVet is conducted by ANVISA and it aims to assess the
potential exposure of consumers to veterinary drug residues by
ingesting commercially available animal food’'. Although honey
is in the scope, its monitoring has not been implemented so far,
according to the schedule of the program.

The PNCRC is conducted by the Ministry of Agriculture, Live-
stock, and Food Supply and it aims to validate and evaluate
good practices throughout the production chain, to verify the
quality and the hygienic and sanitary safety factors of plant
and animal products, their by-products, and derivatives of eco-
nomic value, and to ensure a safe and innocuous system for
consumers that meet international health requirements’. The
PNCRC is subdivided into the PNCRC/Plant and the PNCRC/Ani-
mal, and the Honey Residue Control Program is included in the
latter. Its guidelines and protocols are contained in the legis-
lation of the PNCRC”, and this program has initially monitored
the antimicrobials tetracycline, oxytetracycline, chlortetracy-
cline, sulfathiazole, sulfametazine, sulfadimethoxine, and the
inorganic contaminants cadmium, lead, and arsenic. However,
the monitoring scope has increased every year and, in 2014,
it monitored 15 antimicrobials (including the classes of tet-
racyclines, sulfonamides, macrolides, nitrofurans, and chlor-
amphenicol), 13 halogenated and organochlorine compounds,
three carbamates, five pyrethroids, eight organophosphates,
and three inorganic contaminants’.

Despite the Brazilian effort regarding the monitoring of resi-
dues and contaminants, it should be noted that some classes of
compounds, such as quinolones, are not yet addressed in the
programs. Such antimicrobials should be prioritized because,
in addition to being relatively toxic, they are directly related
to the ability to induce bacterial resistance’. Neither pyr-
rolizidine alkaloids nor grayanotoxins are addressed in the
Brazilian programs, and their relevance is related to their
toxicities, as discussed. As it is the responsibility of ANVISA to
establish residue and contaminant limits for animal food, it is
essential to understand the risk of exposure of the consumer
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to the substances mentioned in this article so that decisions
can be supported, in order to manage, minimize or eliminate
this risk.

The presence of residues of substances used in the production
of plastic polymers is addressed by ANVISA and has a history of
revision and updating of the legislation, with Resolution RDC
#56, November 16, 2012 being in force’. This resolution pro-
vides a positive list of monomers, other initiating substances,
and polymers authorized for the manufacture of packag-
ing and plastic equipment in contact with food, and it also
gives the specific migration limits for the various substances
listed. However, the evaluation of specific migration limits of
plasticizers is not covered by the monitoring programs that
include honey.

CONCLUSION

The research and monitoring of residues and contaminants in
honey are extremely important as they address both the issues
of food safety and therapeutic safety of a medicinal, pharma-
ceutical, and cosmetic animal product, which is a large part of
the role of VISA.

This monitoring, currently carried out by the PNCRC and
also proposed by PAMVet, needs constant updating of its
scope to meet current demands and the demands related to
emerging contaminants.

Currently, none of these programs provides for the monitoring
of quinolones or phytotoxins, such as pyrrolizidine alkaloids
and grayanotoxins.

Quinolones are a class of antimicrobials that, in addition to being
associated with hypersensitivity reactions, are linked to the
issue of bacterial resistance, one of the world’s biggest public
health problems.

Pyrrolizidine alkaloids, grayanotoxins, and other phytotoxins
are secondary plant metabolites used by bees to produce honey,
thus being an integral part of the “raw material” used. These
substances have already had their toxicity extensively discussed
in the literature and they may represent a health risk, as we
know that they occur in honey, in addition to the plants that
produce them.

For the emerging contaminants covered here, scientific publica-
tions with national data are scarce or non-existent in relation to
honey, indicating that the development of new scientific knowl-
edge is needed in this area.

Further study is recommended on the occurrence of quinolones,
pyrrolizidine alkaloids, grayanotoxins, and substances used in
the production of plastic polymers in honey in Brazil, so that
potential health risks from the consumption of honey containing
these substances are known and minimized or eliminated, and
human health can thus be protected.
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