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Abstract: Monitoring of dairy products should preferably focus on the most relevant food safety hazards in the dairy
supply chain. For this purpose, the possible presence of microbiological, chemical, and physical hazards as well as trends
in the dairy supply chain that may affect their presence were assessed. A literature review was combined with available
data from EFSA, RASFF, and the Dutch monitoring program on chemical hazards as well as expert information. This
study revealed that microbiological hazards are encountered more frequently in dairy products than chemical and physical
hazards. Listeria monocytogenes, Staphylococcus aureus, Salmonella, and human pathogenic Escherichia coli were identified as the
most important microbiological hazards in dairy products. Soft and semisoft cheeses are most frequently associated with
L. monocytogenes and S. aureus enterotoxins, whereas raw milk is most frequently associated with human pathogenic E. coli
and Campylobacter spp., Cronobacter spp., and Salmonella spp. are the microbiological hazards of most concern in powdered
infant formula. Based on literature, monitoring, and RASFF data, the most relevant chemical hazards in dairy products
are aflatoxin M1, dioxins, and dioxin-like compounds and residues of veterinary drugs. Chemical hazards primarily occur
at the dairy farm and may accumulate during further processing. The most relevant physical hazards are metal, glass, and
plastic particles introduced during processing. Analysis of trends in the near future revealed that increased milk production
is seen as most relevant in relation to food safety. Other trends affecting food safety are climate change and changes at the
farm level, which aim to improve animal welfare and environmental sustainability.
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Introduction
Milk is widely produced in Europe totaling 165 million metric

tons in the 28 European Union (EU) member states for 2014
(Eurostat 2015) and contributing to about 25% of the global milk
production (FAO Stat 2015). The EU is a major player in the world
dairy market due to its role as lead exporter of many dairy products
(Tropea 2015). Germany and France are the main producers within
the EU accounting for almost 40% of total EU production. Other
major producers are the United Kingdom (10%), the Netherlands
(8%), Poland, and Italy (both 7%). Most milk is used to produce
cheese and butter, 36% and 29%, respectively. The remaining prod-
ucts include cream for consumption (13%), milk for consumption
(11%), milk powder (3%), and other products (8%). Most milk
(92%) is delivered to dairy companies for further processing; the
remainder is processed at the farm into milk for consumption and
cheese. Almost all the milk is produced by cows (96.8%) and a small
proportion by ewes, goats, and buffalo (3.2%) (Eurostat 2015).
Milk composition varies among animal species. For example,
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sheep milk has a substantially higher fat content, ranging from 60
to 82 g/kg compared to goat and cow milk, which range from 30
to 50 g/kg and from 35 to 40 g/kg, respectively (ter Mors and de
Wit 2011).

Dairy production follows several stages and generally starts with
animal feed production, followed by raw milk production at the
farm, and further processing either at a dairy company or at the
farm itself. The majority of dairy products within the EU are sold
at retail (Figure 1). Along this dairy supply chain, food safety haz-
ards may enter at various stages. Intervention measures are taken,
such as the implementation of GLOBAL Good Agricultural Prac-
tices (GLOBALG.A.P.) or Hazard Analysis Critical Control Points
(HACCP) systems, in order to control the presence of these haz-
ards. Despite these quality control programs, food safety hazards
may still be present and, therefore, monitoring programs have
been established to detect the possible presence of food safety
hazards (Noordhuizen and Metz 2005). These programs should
be risk-based and focus on the most relevant food safety hazards
(Regulation (EC) 882/2004), which will enhance the probability
of detection (Van Asselt and others 2012). For this purpose, an
inventory of potential food safety hazards alongside an identifica-
tion of the most important hazards to be included in monitoring
programs is required. The current situation for the dairy chain
should be re-evaluated, and any relevant trends that may influence
hazard presence should also be considered.
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Figure 1–Various stages in the dairy production chain from farm-to-fork.

Correspondingly, this paper presents an overview of the most
relevant microbiological, chemical, and physical hazards that may
be present in the European dairy supply chain. Moreover, future
trends that may affect these hazards are discussed

Methods Utilized
Demarcation of the study

The Dutch dairy supply chain (Figure 1) was used as a basis for
the European dairy supply chain (Figure 1). Even though produc-
tion chains can differ throughout Europe, it was assumed that the
food safety hazards and their points of entry are identical. Several
consumer products can be produced from raw milk, yet this study
focused on milk produced for consumption, cheese, butter, and
milk powder produced and imported into the EU derived from
cows, goats, and sheep. Food safety hazards were evaluated from the
farm to the final product and excluded the retail and the consumer
stages. The study focused on dairy products, yet did not include
possible hazards introduced from major additional ingredients,
such as fruits, nuts, or herbs, nor minor ones, such as salt, vitamins,
flavor, or enzymes, which can be encountered during processing.

Data analysis
The Rapid Alert System for Food and Feed (RASFF) portal

was used to extract data for notifications of food safety hazards
in milk and milk products within the EU during 2009 to 2014.
All notifications were included, namely, border rejections, public
information, and alerts. Furthermore, data on chemical hazards
from the Dutch monitoring program on dairy products were
retrieved from 2009 to 2013. These data are from the Dutch

Quality Program for Agricultural Products (KAP) that involves
extensive cooperation between the Dutch government and Dutch
agribusinesses. Data originated from the Dutch Dairy Organiza-
tion (NZO) and the Netherlands Food and Consumer Product
Safety Authority (NVWA) for the years 2009 and 2010 and from
RIKILT for the years 2009 to 2013. Furthermore, European mon-
itoring data from the World Health Organization’s (WHO) Global
Environment Monitoring System–Food Contamination Monitor-
ing and Assessment Program (GEMS/Food contaminants) were
obtained for 2009 to 2014 and included about 33000 sample re-
sults from 26 countries. Outbreak data on microbiological hazards
were obtained from EFSA reports from 2010 to 2013. Addition-
ally, results as reported in the European Food Safety Authority
(EFSA) report on residues in animal products were used for 2012
to 2014.

Literature study
A literature search was performed to identify the possible micro-

biological, chemical, and physical hazards in the dairy chain using
the Scopus database and Google Scholar. The relevance of the re-
trieved references was 1st determined based on title and keywords
of the reference. Then, these selected references were further eval-
uated based on the abstracts. Criteria for selection were: relevance
to the study, geographic origin, and impact factor of the journal.
Based on this selection, full text papers were downloaded and ana-
lyzed. Additionally, snowball citation was applied and, if necessary,
additional papers were examined on specific topics. Furthermore,
scientific reports were retrieved from governmental organizations
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such as the Food and Agriculture Organization (FAO), EFSA, and
WHO.

Expert study
In order to obtain more information on future trends, 11 persons

with expertise on different stages of the dairy chain were inter-
viewed. They involved experts on dairy farming (cow and goat
milk), dairy processing, and/or the commercial dairy trade. Both
experts from industry and experts with a scientific background
were approached. Experts from RIKILT, Wageningen Univ., Cen-
tral Veterinary Inst., the Dutch Dairy Organization (NZO), the
Dutch Dairy Goat Organization (NGZO), experts working in pri-
mary production, and experts from the dairy industry participated
in the study. The experts were interviewed using a predefined
questionnaire with questions on foreseen changes within the an-
imal feed sector, at the dairy farm and in dairy processing. They
were asked about different developments for dairy cow, goats, and
sheep farmers as well as expected changes in production volumes,
the dairy supply chain, and consumer trends that may affect dairy
production.

Results and Discussion
Results of the monitoring data

RASFF notifications. In total, 243 notifications were retrieved
from the RASFF database on food safety hazards in dairy products
for 2009 to 2014. Microbiological contaminations were mainly
reported (203 notifications). Of these microbiological contamina-
tion notifications, 24% were related to spoilage microorganisms,
while the remaining 76% were related to the following pathogenic
microorganisms: Listeria monocytogenes (52%), Escherichia coli (11%),
Salmonella (10%), Pseudomonas (3%), and Bacillus spp. (2%). Fraud
was reported in 15 cases (6% of the total number of notifications).
These cases related to unauthorized operators and illegal import
of dairy products. Physical and chemical hazards were reported in
10% of the total number of notifications (Figure 2). Physical haz-
ards encountered were metal, glass, or plastic fragments. Chemical
hazards included aflatoxins, veterinary drug residues, and disinfec-
tants. The latter concerned 3 notifications with exceeding levels
of hydrogen peroxide in dairy products originating from France,
Germany, and the Czech Republic.

As indicated in Figure 2, most notifications involved cheese
products; these notifications were primarily for pathogenic mi-
croorganisms (139 notifications), of which about 45% concerned
soft cheeses. Half of the notifications for milk concerned microbi-
ological hazards, whereas 18% concerned aflatoxins, 8% veterinary
drugs (beta-lactams and chloramphenicol), and another 8% phys-
ical hazards (glass and plastic fragments).

Outbreak data. The EFSA publishes annual reports on the
number of reported foodborne outbreaks caused by zoonoses in
the EU (EFSA 2012a, 2013b, 2014b, 2015a). In 2013, 839 strong-
evidence foodborne outbreaks were reported within the EU
(Table 1). Of these 839 outbreaks, cheese and milk were most
frequently encountered for dairy products (each 1.3%).

Cheese can be a vehicle for Salmonella, which is the causative
agent most frequently reported for foodborne outbreaks in general.
In the period 2010 to 2013, cheese was reported in �1.1% of
the total number of Salmonella cases, while other dairy products
accounted for 0 to 0.6% (milk, including raw milk) and 0.6% to
2.1% (dairy products other than milk and cheese) of the cases. One
exception occurred in 2012, in which a relatively high number
of Salmonella outbreaks were reported for cheese coming from
France.

The total number of foodborne Listeria outbreaks is relatively
low (between 3 and 7 outbreaks per year). Typically, one of
these outbreaks is caused by the consumption of cheese. Milk
consumption accounts for a relatively high number of Campy-
lobacter outbreaks: in 2013, 32 strong-evidence Campylobacter spp.
outbreaks were reported in the EU, of which between 9% (2013)
and up to 20% (2012) could be attributed to milk. Although not
specified, it is conceivable that these high numbers result from raw
milk consumption.

Raw milk or processed raw milk also poses a risk for Shiga
toxin-producing E. coli (STEC) and a number of outbreaks were
reported for this pathogen (Table 1). In 2013, 3% of 860 tested raw
milk samples were found positive for STEC, while other nonraw
dairy products were positive for STEC in 5% of the samples.

Staphylococcus enterotoxins in cheese were involved in 6.4%
(2013) up to 20% (2012) of the outbreaks for all food categories.

Monitoring data on chemical compounds in dairy products
Data from the Dutch monitoring program contained over 2000

samples for chemical compounds in butter, cheese, milk powder,
and milk from 2009 to 2013. Most samples were taken from milk
(around 70%), the majority of which were tested for the presence
of veterinary drugs. Of the 89 samples tested for aflatoxin M1

(AFM1), 2 samples were positive containing 0.032 and 0.1 µg/kg.
Dioxins and dioxin-like polychlorinated biphenyls (dl-PCBs) were
present in various milk samples, but levels were below the action
and maximum limits as set by Commission Recommendation
2011/516/EU and Regulation (EC) 1881/2006. Samples tested
for heavy metals, polycyclic aromatic hydrocarbons (PAH), and
pesticides contained levels below the limit of detection (LOD), and
all samples tested for veterinary drugs were below the maximum
residue levels (MRLs).

In 2014, EFSA gathered the results of about 30000 milk samples
tested on possible residues in milk from EU member states: about
7000 samples were tested on banned compounds, primarily on
chloramphenicol, about 25000 on regulated veterinary drugs and
about 5000 on other compounds (EFSA 2016). Overall, 0.12%
of the 30000 samples were noncompliant. Most of these non-
compliant samples regarded regulated veterinary drugs (group B1

and B2 in Directive 96/23/EC), while 2 samples contained chlo-
ramphenicol (group A6). In total, 20 samples contained antibiotic
residues (group B1), 4 samples contained anthelminthics (group
B2a), 1 sample contained nonsteroidal anti-inflammatory drugs
(NSAID; group B2e), 7 samples contained AFM1 (group B3d),
and 1 sample contained PCBs (group B3a) above the legal limits
(EFSA 2016). Reports from previous years show comparable re-
sults (EFSA 2014c, 2015b). The WHO GEMS database does not
contain results on veterinary drug residues. It shows that the most
commonly reported compounds in dairy products are dioxins and
PCBs and AFM1. In some cases heavy metals (primarily lead) are
reported above the legal limit.

Results from the literature review
Initially, 380 publications were retrieved using the specified

search criteria for identification of potential microbiological,
chemical, and physical hazards in the dairy chain. Eleven publica-
tions focused on goat and only 3 publications focused on sheep.
This indicated that limited information is available in the scientific
literature about dairy products made from milk of these producing
animals.

Around 40 articles and reports were retrieved based on expert
input and Google searches resulting in reports from international
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Figure 2–Number of RASFF notifications for microbiological, physical, and chemical hazards in dairy products (2009 to 2014).

organizations such as FAO, the International Dairy Federation
(IDF), and the EU.

A recent study in which the various hazards in dairy products
were compared showed that microbiological hazards constitute
the highest risk (based on occurrence of the hazard, severity of
the hazard, and possibilities of detecting the hazard) followed by
chemical hazards and physical hazards (Kurt and Ozilgen 2013).
The following sections describe the various food safety hazards
encountered in dairy products.

Microbiological hazards at primary production. A recent report
published by EFSA (2015b) lists the main microbiological hazards
related to consumption of raw milk as identified by a panel of Euro-
pean experts: Campylobacter spp., Brucella melitensis, Mycobacterium
bovis, Salmonella spp., STEC, and tick-borne encephalitis virus
(TBEV) (Table 2). Several studies performed in both European
and non-European countries detected foodborne pathogens in
raw cow milk stored in farm bulk tanks and dairy silos, includ-
ing L. monocytogenes, Salmonella spp., S. aureus, E. coli O157, and
Mycobacterium avium subsp. paratuberculosis as reviewed by Kousta
and others (2010). At the primary stage of the milk supply chain,
there are various routes of contamination for these pathogens.
First of all, feed and the drinking water of cows may be a source of
contamination. Notably, ruminants may become infected by the
ingestion of feed or water contaminated with Toxoplasma gondii,
the causative agent of toxoplasmosis (ACMSF 2013). Furthermore,
contaminated feed or improperly fermented silage can eventually
lead to teat surface contamination. After feed digestion, the sur-
viving (spore-forming) pathogens can end up, via fecal secretion,
in the barn bedding and attach to the udder and teats. When this
dirt is not fully removed from the teats, pathogens can end up in
the milk (Vissers and others 2007a,b). Several studies identified
silage as the main source of butyric acid bacteria and clostridia

spores in milk for cheese production (Vissers and others 2007b;
Julien and others 2008; Doyle and others 2015).

Second, the dairy farm environment is an important reser-
voir of foodborne pathogens such as Salmonella species, Liste-
ria monocytogenes, STEC, Campylobacter jejuni, Yersinia enterocolit-
ica, and Clostridium spp. (Rohrbach and others 1992; Jayarao and
Henning 2001; van Kessel and others 2004; Lindstrom and oth-
ers 2010). Milk can become contaminated with pathogens before
it leaves the teat due to the presence of dirt and fecal material
containing pathogens on the teat skin and thereby also (partly) in
the teat canal. Although good dairy farming practices acknowl-
edges proper cleaning of teats, this measure only partly eliminates
microorganisms present on the teat surface (Vissers and others
2007b). Besides presence on the external teat surfaces, the mam-
mary gland can be colonized by microorganisms including Staphy-
lococcus spp., Streptococcus, Bacillus spp., Micrococcus, and Corynebac-
terium and, incidentally, coliforms, without causing any disease
symptoms in cows (White and others 1989; LeJeune and Rajala-
Schultz 2009). Cattle may also be a reservoir of Coxiella burnetii
(the causative agent of Q-fever), Mycobacterium spp., Campylobac-
ter sp., coliforms (including E. coli and Salmonella enterica), or the
foot-and-mouth disease virus (Hutchinson and others 1985; Spier
and others 1991; Gudmundson and Chirino-Trejo 1993; Jensen
and others 1996; To and others 1998; Lira and others 2004).

Inflammation of the cow’s udder tissue (mastitis) is a well-
known problem at dairy farms. A large variety of bacteria may
cause mastitis of which S. aureus, some coliforms, and Brucella (for
some EU countries) are human pathogens frequently encoun-
tered in infected animals, which can be transmitted to humans via
the milk (Kousta and others 2010; Motarjemi and others 2014).
Several factors increase the risk for mastitis, including poor hy-
giene of the milking equipment, barn type, drinking water quality
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Table 1–Reported foodborne outbreaks with strong evidence in the EU in 2010–2013. Sources: (EFSA 2012a, 2013b, 2014b, 2015a)

Pathogen (total number of
outbreaks reported for specific
pathogen) Year Cheese

Dairy products other
than cheese (raw) Milk

Salmonella (314) 2013 0.3% (n = 1) 1.3% (n = 4) 0.6% (n = 2)
(347) 2012 7.8% (n = 27) 0.6% (n = 2) –
(283) 2011 1.1% (n = 3) 2.1% (n = 6) –
(341) 2010 0.9% (n = 3) 0.6% (n = 2) 0.3% (n = 1)
Campylobacter (32) 2013 – – 9.4% (n = 3)
(25) 2012 – 4% (n = 1) 20% (n = 5)
(37) 2011 2.7% (n = 1) 5.4% (n = 2) 13.5% (n = 5)
(27) 2010 3.7% (n = 1) – 18.5% (n = 5)
E. coli (12) 2013 17% (n = 2) – –
(12) 2012 – – 8.3% (raw)
(14) 2011 – 7.1% (n = 1) –
(2) one household outbreak 2010 50% (raw milk cheese) (n = 1) – –
L. monocytogenes (7) 2013 14% (n = 1) – –
(5) 2012 20% (n = 1) – –
(3) one household outbreak 2011 33% (n = 1) – –
(3) 2010 – – –
Brucella (0) 2013 – – –
(1) Household outbreak 2012 100% (n = 1) – –
(0) 2011 – – –
(1) 2010 100% (n = 1) – –
Bacillus toxins (54) 2013 – – 1.9% (n = 1)
(38) 2012 5.3% (n = 2) – –
(47) 2011 – – 2.1% (n = 1)
(26) 2010 – – 3.8% (n = 1)
Staphylococcus enterotoxins (94) 2013 6.4% (n = 6) 2.1% (n = 2) 3.2% (n = 3)
(35) 2012 20% (n = 7) – 2.9% (n = 1)
(35) 2011 8.6% (n = 3) 5.7% –
(38) 2010 18.4% (n = 7) – –
Calicivirusa (76) 2013 – – –
(97) 2012 2.1% (n = 2) – –
(87) 2011 – 1.1% (n = 1) –
(84) 2010 – – –
aIncluding norovirus. Waterborne outbreaks not included. Listed are those causative agents for which a direct link to dairy products is known. It cannot be excluded that in the mixed food category dairy ingredients
are involved.

Table 2–Main microbiological hazards identified as relevant in the EU upon
consumption of raw cow milk. Adapted from (EFSA 2015c)

Bacillus cereus
Brucella abortus
Brucella melitensis
Campylobacter spp. (thermophilic)a

Corynebacterium spp.
Listeria monocytogenes
Mycobacterium bovis
Salmonella spp.
Staphylococcus aureus
Streptococcus equi subsp. zooepidemicus
Shiga toxin-producing E. coli (STEC)
Yersinia enterocolitica
Yersinia pseudotuberculosis
Cryptosporidium parvum
Toxoplasma gondii
Tick-borne encephalitis virus (TBEV)
aCampylobacter was identified as the leading cause of outbreaks.
The main microbiological hazards as identified by experts are indicated in bold font type.

(Sampimon and others 2009), housing management (EFSA
2009a), and postmilking teat disinfection (Barkema and others
1999; Olde Riekerink and others 2007). Animal welfare and in
particular health of dairy cows is negatively affected by genetic
selection for high milk yield and has been shown to be positively
correlated with the incidence of mastitis (EFSA 2009a).

The use of veterinary drugs to treat clinical mastitis in dairy
cattle is one control point for food safety management systems
(Straley and others 2006). However, selective pressure, from the
use of antimicrobials, can lead to antimicrobial resistance (EFSA
2014a). The emergence of, for example, methicillin-resistant S.

aureus (MRSA) and their reported occurrence in dairy cows, in
particular in cases of clinical mastitis has been described (EFSA
2009b).

Another source of microbiological contamination of the cow
milk is the milking equipment. Most microorganisms, includ-
ing pathogens, have the capacity to adhere to surfaces and reside
in surface-associated, multicellular communities called biofilms.
Once embedded in biofilms, microorganisms often display in-
creased resistance to antimicrobial agents because the self-produced
matrix of extracellular polymeric material acts as a protective
barrier against the effects of detergent and disinfectant solutions
(Braunig and Hall 2005; Marchand and others 2012). Biofilms
can form on the equipment, transport line, and storage tank when
cleaning and disinfection programs are inadequate.

Only limited data are available in literature concerning microbi-
ological hazards associated with milk produced by goats and sheep.
A review of available data in the scientific literature on microbio-
logical hazards of raw milk produced from goats and sheep showed
that this milk can contain these human pathogens: Salmonella spp.
Campylobacter spp., STEC, L. monocytogenes, S. aureus, B. cereus,
Streptococcus spp., C. burnetii, Helicobacter pylori, Mycobacterium spp.,
or TBEV (Farrokh and others 2013; Verraes and others 2014).
No data on frequency or occurrence of Toxoplasma gondii in goat
and sheep milk were found in the scientific literature. This data
gap may, in part, be the result of the relative complexity of the
analysis. However, this parasite can infect both goats and sheep and
can be transferred from the animal to the milk. As a consequence,
it is considered a microbiological hazard for consumption of raw
milk, but not the most severe hazard (EFSA 2015c). According to
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Verraes and others (2014), the major microbiological hazards asso-
ciated with raw goat milk consumption are infection with STEC,
Campylobacter, Brucella spp., and TBEV. This list largely corresponds
with the most relevant EU-wide hazards reported in goat or sheep
milk in a recent EFSA scientific opinion report; Campylobacter
was considered the leading cause of outbreaks for these milk types
(EFSA 2015c). The EFSA study additionally considered Salmonella
spp. as a main hazard for goat and sheep milk.

Microbiological hazards at dairy processing. Milk for consump-
tion. Pasteurization processes were initially designed to inacti-
vate Mycobacterium tuberculosis, which is a relatively heat-resistant,
nonspore-forming human pathogen present in milk. Pasteuriza-
tion standards today aim for a 6-log reduction of C. burnetii,
which is the most heat-resistant milk-borne zoonotic pathogen
known. Pasteurization of milk according to standard procedure
(at least 72°C for minimally 15 s) reduces the probability of veg-
etative pathogens survival by a factor of 106. However, spores of
pathogens, including those of Clostridium botulinum and B. cereus,
are not eliminated by pasteurization (Papademas and Bintsis 2010),
but disease incidences with pasteurized milk are rare. Milk that has
been pasteurized correctly is, therefore, unlikely to cause disease
(Claeys and others 2013). However, inadequate pasteurization or
recontamination events after pasteurization can lead to the pres-
ence of Salmonella spp, L. monocytogenes, C. jejuni, Yersinia enterocol-
itica, STEC, B. cereus, Mycobacterium spp., S. aureus, or C. botulinum
in dairy products (Braunig and Hall 2005).

To prevent outgrowth of surviving microorganisms or incidental
recontaminations, pasteurization and temperature control (rapid
cooling, chilled storage) are critical control points for foodborne
pathogens associated with milk (WHO/FAO 2004). Historical
data support that pasteurization of milk has resulted in improved
public health (Farrokh and others 2013).

More intense heating regimes are required to ensure microbi-
ological safety and shelf-life of ambient stable milk for consump-
tion. Hazards potentially present in shelf-stable milk (ultra-high
temperature-treated) are C. botulinum and toxigenic bacilli, but
cases are rare. The applied heating regime is sufficient to ensure a
12-log reduction of C. botulinum (Hutchinson and others 1985).

Cheese. Cheese has been reported as a vehicle for foodborne
outbreaks with pathogens including L. monocytogenes, S. aureus,
Salmonella spp., or STEC (Kousta and others 2010). Industrially
produced cheese is typically manufactured from pasteurized milk.
However, at dairy farms, cheese may be produced from raw milk
and pathogens present in the raw milk (Table 1) form a poten-
tial source of cheese contamination (Kousta and others 2010 and
references therein). Soft and semisoft cheeses contain a high mois-
ture content and allow growth of different pathogens. In particular,
L. monocytogenes forms a risk in these types of cheeses as it can grow
during refrigerated storage, and most reports in the literature focus
on this pathogenic species (EFSA 2015a). The 2013 L. monocyto-
genes data (EFSA 2013a) revealed that this pathogen was more
frequently detected in cheeses made from raw or mildly heated
milk compared to pasteurized milk. Moreover, the proportion
of positive samples was higher in cheeses made from cow milk
compared to that made of milk from other producing species.
However, the proportion of samples with more than 100 cfu/g
cheese, the food safety criterion set for ready-to-eat food products
(Regulation (EC) 2073/2005), was highest for cheese made from
sheep milk (Lomonaco and others 2009). The prevalence of L.
monocytogenes in hard cheeses is low (0.4% for cheese made from
raw or mildly heated milk and 0.6% for cheese made form pas-
teurized milk) and the levels did not exceed 100 cfu/g for positive

samples (Dalmasso and Jordan 2014). This suggests that the hard
cheese environment does not support growth of L. monocytogenes.
A challenge study with L. monocytogenes in Gouda cheese indeed
showed that this pathogen cannot grow during cheese ripening
(Wemmenhove and others 2013).

Another relevant pathogen in soft and semisoft cheeses is S. au-
reus. It can grow, in particular, in the 1st phase of the cheese process
from inoculation to salting (Cretenet and others 2011). Increased
S. aureus levels can, in part, be explained by water loss during
curd-draining depending on the ripening temperature and pH of
the products (Cretenet and others 2011). In general, fermenta-
tion processes reaching high numbers of lactic acid bacteria will
reduce S. aureus numbers and, thereby, inhibit enterotoxin forma-
tion. However, enterotoxins may be produced when fermentation
is retarded due to starter culture failure or when S. aureus is al-
ready present in high numbers in the milk (>104 to 105 cells/mL)
(Anonymous 2003). S. aureus can also grow during the initial stage
of manufacturing semihard and hard cheeses. If the initial popu-
lation in the milk is high (above 103 cfu/mL), enterotoxins may
be produced before the pH drops to inhibitory levels (Cretenet
and others 2011). Toxins produced by coagulase-positive S. aureus
are heat-stable and remain active after pasteurization, whereas the
producing population has declined and may no longer be de-
tectable (Longhi and others 2003). Absence of viable S. aureus cells
is, therefore, no guarantee for absence of its toxins. Thus, Euro-
pean standards for coagulase-positive staphylococci in cheese rely
on controlled analyses carried out during the production process
at time points where numbers are expected to be high (Cretenet
and others 2011).

Several studies are available reporting STEC in cheese and other
dairy products, which are primarily produced from raw milk. Sub-
stantial differences in STEC occurrence in dairy products is re-
ported, varying from 0% to 27% in a selection of studies involving
at least 100 samples (Farrokh and others 2013). A study performed
in Italy showed that STEC O157 could not be detected in dairy
products from pasteurized milk (Pintado and others 2005).

Butter. Microbiological hazards reported for butter include
Salmonella spp., STEC, L. monocytogenes, and S. aureus. However,
there are relatively few reported cases of butter-associated food-
borne illness (Roberts and others 2005).

Butter is a water-in-oil emulsion with at least 80% fat, around
18% water and a maximum of 2% salt. Microorganisms will be
mainly concentrated within the droplets of the aqueous phase
(Roberts and others 2005; Wilbey 2005). There are 3 main
processes applied at industrial scale for butter production: batch
churning of cream, continuous churning of cream (also called the
Fritz-process), and high-fat processes (Wilbey 2005). The latter is
vulnerable for contamination, because pasteurization occurs just
before packaging, whereas for the other 2 processes, the cream
is heated at the start of the butter making process. Wash water
to remove buttermilk can be a source of pathogens if it is not of
potable quality. Preferably, the wash water should be pasteurized
before use. The presence of coliforms is an indicator of poor
hygiene and may be a potential risk for food poisoning (Wilbey
2005).

Milk powder. Most information in the literature can be found for
powders intended for powdered infant formula (PIF) as this con-
cerns an age group likely to experience higher disease rates. Over-
all, Cronobacter sakazakii (formerly known as Enterobacter sakazakii)
and Salmonella spp. (FAO/WHO 2004, 2006; WHO and FAO
2007; Strydom and others 2012) can be considered microbio-
logical hazards of most concern in PIF. Although both bacteria
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do not grow in dry PIF, they can survive in it for long peri-
ods of time (Forsythe 2005) and may grow out at a later stage,
for example, after rehydration of the powder. The milk powder
production process involves high heat, which will result in a re-
duction of Cronobacter numbers and Salmonella in excess of 10 log
units (FAO/WHO 2006). End-product contamination is, there-
fore, considered to be caused by recontamination of the product
after drying rather than survival of the microorganisms during
processing (FAO/WHO 2006; Strydom and others 2012). Re-
contamination can result from addition of contaminated dry-mix
ingredients after spraydrying of the PIF (FAO/WHO 2006; Stry-
dom and others 2012) or from the factory environment between
spraydrying of the PIF and packaging (Strydom and others 2012;
Farrokh and others 2013). Besides vegetative pathogens, spores
formed by pathogenic microorganisms (for example, B. cereus, C.
botulinum, and Clostridium perfringens) can contaminate dry powder
products. Although spores of C. botulinum have incidentally been
found in powdered dairy products (Carlin and others 2004), they
generally represent a low level of risk for illness (FAO/WHO 2004,
2006; CAC (Codex Alimentaris Commission) 2008). Several stud-
ies have detected the presence of C. perfringens in infant formula
(Barash and others 2010); however, C. perfringens illnesses have
never been associated with the consumption of PIF (FAO/WHO
2004; Doyle and others 2015). An evaluation by the International
Commission on the Microbiological Specifications of Foods con-
cerning the usefulness for testing C. botulinum presence in infant
formula led to the recommendation that routine testing for this
pathogen is not recommended and end-product testing should
only serve a function in source identification during outbreaks.
A B. cereus criterion has been set in European legislation for PIF
and dietary food for special medical purpose intended for infants
under 6 mo of age (Regulation (EC) 2073/2005).

Chemical hazards at primary production. Most chemical haz-
ards enter the dairy chain at primary production, either through
the ingestion of contaminated feed, via the uptake of chemical
compounds as a result of grazing on contaminated soil or via the
administration of veterinary medicines. Another possible cause of
contamination is through fraud, which may occur at various stages
along the dairy supply chain. Examples are the presence of dioxin
in German animal feed due to the illegal use of contaminated
technical fats in 2010 (Kupferschmidt 2011), the recent incident
with furazolidone in Dutch animal feed (Dijksma 2014), and the
melamine crisis in China in 2008 (Chen 2009; Pei and others
2011).

Mycotoxins. Several mycotoxins may be present in feed that can
be transferred into the milk. These are aflatoxins, ochratoxin-A,
fusarium toxins (for example, fumonisins, trichothecenes, and
zearalenone), and ergoline alkaloids like cyclopiazonic acid
(FSANZ 2006). Aflatoxins are considered the most important
mycotoxins for dietary exposure from dairy products and, sub-
sequently, the only mycotoxins for which maximum limits have
been established in milk and milk products (Regulation (EC)
1881/2006). Kleter and others (2009) stated that 93% of all myco-
toxin notifications from RASFF were for aflatoxins. Aflatoxins (B1,
B2, G1, and G2) are mainly produced by Aspergillus spp. Aflatoxin
B1 (AFB1) is the most toxic of these aflatoxins and is primarily
produced by A. flavus and A. parasiticus (Diener and others 1987).
Aspergillus spp. can colonize plants in the field in hot, humid cli-
mates, typically in (sub)tropical areas (Prandini and others 2009;
Marin and others 2013) and their levels may increase postharvest
if crops have not been adequately dehydrated (Prandini and oth-
ers 2009). Contamination of feed in Europe is mainly caused by

imported products. However, in rare occasions with exceptionally
hot and dry growing seasons, aflatoxin contamination may occur
in Southern Europe, as was the case in 2013 with Balkan maize
(Schatzmayr and Streit 2013).

When aflatoxin B1 (AFB1) is present in feed, it can be con-
verted by ruminants resulting in the presence of AFM1 in the
milk, which is harmful to human health (EFSA 2004; Prandini
and others 2009). Transfer factors range from 0.015 to 0.024 for
cattle, goats, and sheep (MacLachlan 2011). In general, AFM1

levels in dairy milk in Europe are low: only around 0.06% of
about 12000 samples were above the EU limit of 0.05 µg/kg milk
(EFSA 2004). However, when incidents occur, this may lead to
widespread AFM1 contamination in milk as was the case in Italy
in 2003 (Perrone and others 2014). It is expected that the tight
restrictions on controlling AFB1 in feed intended for dairy cattle
may not be applied in the same way for feedstuffs intended for
other animals, such as goats and sheep. Therefore, milk from goats
and sheep could possibly exceed the legal limits for AFM1 (EFSA
2004).

Plant toxins. Plant toxins that may be transferred into the milk
are pyrrolizidine alkaloids (PAs). These compounds may be found
in forage plants and weeds, such as comfrey, Patterson’s curse,
heliotrope, and ragwort (FSANZ 2006). Grazing cows will omit
eating these plants, but when the meadow is mown and the grass
is used to produce silage or hay, these plants and their toxins may
be consumed. Ingestion of these toxins may result in illness and
even death of the animals (EFSA 2011).

According to a recent EFSA opinion, GAP prevents the pres-
ence of PAs in the cow’s diet. Only occasionally, cows are exposed
to PAs and, consequently, the probability of PA poisoning in dairy
cows is limited. Animals have different susceptibilities toward Pas;
for example, goats and sheep are more resistant toward PAs than
cows (EFSA 2011). The amount of PAs excreted into the milk
of animals that are exposed to PAs is low and, therefore, milk
does not contribute highly to human PA exposure (EFSA 2011;
Hoogenboom and others 2011). Nevertheless, an investigation
in an outbreak of hepatic veno-occlusive disease caused by 1,2-
unsaturated PAs showed that goat milk was one of the sources
contributing to human poisoning (Kakar and others 2010). Fur-
thermore, even though carry-over is low, it may still pose a human
health risk due to the genotoxic and carcinogenic properties of
the compounds (Hoogenboom and others 2011).

Pesticides. Pesticides are sometimes found in milk due to the
use of contaminated feed. The major chemical groups of pes-
ticides are: organochlorine pesticide (OCPs), organophosphorus
(OPPs), carbamates, and pyrethroids. OCPs, such as cyclodienes,
dichlorodiphenyltrichloroethane (DDT), lindane, and hex-
achlorocyclohexanes, accumulate in animals and humans due to
their environmental persistence and fat solubility. The use of these
pesticides has been restricted and is now banned in most countries
(Picó 2008). Most of the OPPs, such as dichlorvos, malathion, and
diazinon, are insecticides, which are widely used because of their
broad spectrum of action as well as their lower persistence and ac-
cumulation in the environment compared to OCPs (Pagliuca and
others 2006; Picó 2008). Carbamates affect the nervous system of
insects and have a comparable mechanism to OPPs. Pyrethroids
mimic the structure and action of pyrethrins, which are insecticidal
compounds naturally found in the chrysanthemums (Chrysanthe-
mum cinerariaefolium) (Picó 2008; Gupta 2012). Due to emerg-
ing livestock diseases, such as blue tongue, which is transmitted
by midges, the use of OPPs and pyrethroids may increase in the
future (Maclachlan and Mayo 2013).
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In the past OCPs were extensively used in tropical areas and, as
they are very persistent, they may still be found in the environ-
ment. Crops grown there may, thus, become contaminated and,
consequently, pesticide residues are transferred to milk when these
crops are fed to cows (Nag 2010b). Several studies in tropical areas
have shown positive milk samples. For example, a recent study in
Pakistan showed that more than 70% of the 150 raw milk samples
contained pesticides residues (organochlorine and pyrethroid pes-
ticides) with 35% of the milk samples polluted with aldrin (Hassan
and others 2014). Another study in India showed that 9.6% of
the cow milk samples and 8.9% of buffalo milk samples were con-
taminated with endosulphan residues. In total, 6.5% of the samples
had levels above the CODEX Maximum Residue Limit (MRL) of
0.1 mg/kg on fat basis. One of the factors influencing the pres-
ence of residues in milk is the farmers’ lack of knowledge in these
regions regarding withdrawal periods for pesticides used on crops
that are fed to cows (Karabasanavar and Singh 2013).

Organic pollutants and heavy metals. The use of phosphate fertil-
izers, the application of contaminated material on the soil, such as
sewage sludge or industrial waste, and the atmospheric deposition
from nearby industrial activities in the past or via recent incidents
have resulted in a broad range of contaminants that can be found in
the environment (Logonathan and others 2008; Nag 2010b). This
group consists of PAHs, organochlorines (for example, dioxins
and dioxin-like PCBs), heavy metals, perfluorinated substances,
and brominated flame retardants (Lutz and others 2006; Hoogen-
boom and Fink-Gremmels 2012). Background levels of perfluori-
nated substances and brominated flame retardants that are present
in the environment do not cause human health effects. They may
only end up in cow milk during pollution events (Van Asselt and
others 2013). PAHs are largely metabolized in the cow (Rychen
and others 2008) and heavy metals primarily accumulate in the
liver and kidneys. Carry-over to milk is low and only significant at
high intake levels through feed (MacLachlan 2011). Therefore, the
most relevant compounds in this group of organic pollutants are
the organochlorines as these compounds are very persistent and
can bioaccumulate in livestock (Rychen and others 2008). Due
to their long half-life, organochlorines can remain in the environ-
ment for long periods of time (Nag 2010a). Overall, carry-over
rates for organochlorines vary from 0.2% to 77% depending on the
dioxin type (Hoogenboom 2005; Nag 2010a). Background levels
of dioxins and PCBs in raw milk and dairy products have been
declining over the years in the EU (EFSA 2012c; Hoogenboom
and Fink-Gremmels 2012).

However, when cows or sheep are grazing on contaminated
land, levels of dioxins and PCBs in milk may become much higher
(Nag 2010b). Sheep ingest relatively more soil per kg body weight
than cows (de Vries and others 2007). Furthermore, as sheep milk
contains more fat than cow milk, it is expected that sheep milk
will contain higher levels of dioxins than cow milk when these
animals are grazing on the same contaminated land (Jones and
others 1989; Logonathan and others 2008).

Radionuclides. The nuclear accident at Chernobyl, Ukraine, in
1986 caused a deposition of radionuclides to the grass, which were
taken up by cows during grazing and subsequently transferred into
their milk (Steinhauser and others 2014). Milk was shown to be
the dominant source contributing to iodine-131 (131I) exposure
for the local population after the incident (Steinhauser and others
2014). 131I has a short half-life, around 8 d, and its uptake by
cows is, thus, primarily important directly after an incident. Other
radionuclides, such as cesium-137 (137Cs) have a much longer
half-life of around 30 y. This radionuclide can, thus, remain in the

environment long after an incident (US EPA 2015). Even years
after the Chernobyl incident, milk remained the major route for
intake of 137Cs and contributed more than 50% to the average
intake. Recent data from the affected region still show elevated
137Cs-levels in milk, but they are below the EU limits (Steinhauser
and others 2014).

Veterinary drugs. Veterinary drugs are prescribed to cure animal
diseases. Antibiotics in dairy cattle are mainly used to control mas-
titis (Oliver and others 2011). They have prescribed withdrawal
periods, meaning that farmers need to wait a certain period of
time after treatment before they can sell products of animal origin
to consumers (Directive 2001/82/EC). These withdrawal peri-
ods have been established to prevent the occurrence of antibiotic
residues in animal products above the MRLs as laid down in Reg-
ulation (EU) 37/2010. Antibiotics use may result in the presence
of antibiotic residues in the milk when milk is delivered within the
withdrawal period (Vishnuraj and others 2016). For food safety,
but also for technical reasons, the dairy industry established pri-
vate monitoring programs focusing on antibiotic residues. Un-
fortunately, the results from these monitoring programs are not
publicly available. The EU food safety authorities also monitor
antibiotics as indicated by Directive 96/23/EC. In 2014, 0.13%
of the milk samples contained antibiotic residues above the MRL.
The most frequently encountered antibiotic residues in milk were
beta-lactams, such as amoxicillin, ampicillin, and benzylpenicillin
(EFSA 2016). Due to an increased concern for antibiotic resis-
tance, the overall antibiotics sales for livestock within the EU
has declined from 2010 to 2013, although there are differences
between countries (EMA 2015).

Apart from antibiotics, other veterinary medicines may be ad-
ministered to cows such as painkillers (for example, NSAIDs)
and antiparasitic drugs. Painkillers that are used for lactating cows
have short withdrawal periods, ranging from 0 h to 1 to 2 d
(www.cbg-meb.nl). Thus, it is expected that these compounds
will not be found above the indicated MRLs in Regulation (EU)
37/2010. Antiparasitic drugs are applied to treat flukes, tapeworms,
and nematodes (Khaniki 2007). As with antibiotics, withdrawal
periods should be observed in order to prevent the presence of
residues in dairy products. Antiparasitic drugs are the 2nd most
important group of residues found in milk, and were found to
have a noncompliance percentage of 0.07% in the EU (EFSA
2016). Compounds found include endectocides and flukicides.
Endectocides are broad spectrum anthelminthics that work against
nematods and arthropods. They are globally used parasiticides and
include avermectins and milbemycins (moxidectin) (Floate 2006).
Flukicides are used to treat liver flukes cause by Fasciola spp. and
include compounds such as albendazole, triclabendazole, and lev-
amisole (Shokier and others 2013). Triclabendazole is most effec-
tive against liver fluke infections (Shokier and others 2013) and as
a result has been used most frequently in dairy cattle (Imperiale
and others 2011). Some of the endectocides and flukicides have
an MRL, such as eprinomectine and albendazole, but others, such
as ivermectin, doramectin, and levamisole, are not allowed to be
used in milk-producing animals according to Regulation (EU)
37/010. When these compounds are found above the LOD, they
are reported as noncompliant (EFSA 2016).

Apart from the regulatory drugs, forbidden compounds are
sometimes found in milk. Chloramphenicol is the most frequently
reported compound within this group (EFSA 2016).

Chemical hazards at dairy processing. Contaminants that are
already present in the milk are usually unaffected by further pro-
cessing at the dairy factory or at the farm. However, in some cases
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contaminants may be concentrated, for example, in the produc-
tion of milk powder, which causes a higher level of contaminants
in the final product (Prandini and others 2009). Organic pollu-
tants such as dioxins and PCBs are lipophilic and will accumulate
in butter, which typically contains 80% fat (Kalantzi and others
2001). When contaminants are water-soluble, their levels will re-
duce in butter, as is also the case for the radionuclides strontium-90
(90Sr), cesium-134 (134Cs), and 137Cs (Nag 2010b). This also ap-
plies to AFM1, which will primarily end up in skimmed milk and
buttermilk, yet in a much lower level in butter. Due to a concen-
tration factor, AFM1 levels may be 5 times higher in hard cheese
than in milk (Prandini and others 2009). The following sections
give an overview of the chemical hazards that may occur during
processing.

Detergents and disinfectants. Both at primary production and sub-
sequent processing, equipment needs cleaning and disinfection.
A wide range of chemicals are currently used in dairy process-
ing: acidic compounds, aldehyde-based biocides, caustic products,
chlorine (for example, as sodium hypochlorite), hydrogen per-
oxide, iodine, isothiazolinones, ozone, peracetic acid, phenolics,
biguanidines, and surfactants (Simões and others 2010). Sodium
hypochlorite is a compound that is used as a disinfectant. It may
result in disinfection byproducts in food when chlorine forms
trichloromethane (TCM), also called chloroform (Danaher and
Jordan 2013). As is to be expected, increased chlorine concentra-
tions and reduced amounts of rinsing water will increase the TCM
level in milk (Ryan and others 2012). Disinfectants have emerged
as a residue in milk in recent years. Iodine residues are found as well
as quaternary ammonium compound (QAC) residues and TCM
residues (Danaher and Jordan 2013). QACs that are frequently ap-
plied include didecyldimethylammonium chloride (DDAC) and
benzalkonium chloride (BAC). Residues of these compounds have
been found in milk and ice cream as a result of disinfection;
sometimes levels above the MRL of 0.1 mg/kg (Regulation (EC)
396/2005) have been found (BfR 2012a,b).

Recently, chlorine dioxide has become more widely used in
the dairy industry. It can generate chlorinated byproducts (chlorite
and chlorate) that could be toxic (Gómez-López 2012). A recent
opinion of BfR indicated that perchlorate residues are found in
a range of food products in particular in plant-based foods as a
result of fertilizer use, but these residues can also result from the
use of disinfectants. Perchlorate intake can have health effects as
it inhibits the iodine uptake (BfR 2013; EFSA CONTAM Panel
2015).

If no proper rinsing is applied after cleaning and disinfections,
residues of detergents and disinfectants may end up in the dairy
product. Over the past 5 y, 3 notifications were reported in
RASFF with too high levels of hydrogen peroxide in butter and
desserts.

Neoformed contaminants. When milk is heated, compounds
present in the milk (lactose, protein) may follow the Maillard re-
action resulting in the formation of neoformed contaminants such
as lactulosyl- or fructosyl-lysine, pyrraline, and carboxymethylly-
sine (CML) (Nguyen and others 2013). The level of CML in-
creases with increased temperatures and is also influenced by the
whey-to-casein ratio as well as the lactose levels in the milk. A
recent review within Europe showed a large variability in CML
levels in infant formula. This may have been caused by the heat-
sterilization techniques applied as well as the composition of the
milk used (Birlouez-Aragon and others 2010). A good control
of the production process will thus diminish the CML levels in
the final product (Birlouez-Aragon and others 2010; Nguyen and

others 2013). Currently, there is no legislation for these processing
contaminants (Birlouez-Aragon and others 2010).

Migrants from food contact materials. Compounds that can migrate
from packaging material or equipment into the dairy products are
phthalates. Phthalates are the most used plasticizers and are added
to plastic polymers (such as PVC) to enhance flexibility. Various
phthalate esters have been found in dairy products, presumably
from PVC tubing used during the milking process or transfer
from bulk milk to storage tanks but also from packaging materials
such as cartons and bottles (Danaher and Jordan 2013). A Belgian
study found phthalates in almost all milk and dairy products tested
in concentrations ranging from below the LOD to a maximum of
743 µg/kg for di(2-ethylhexyl) phthalate (DEHP) (Fierens and
others 2012). Currently, there are no EU MRLs for these com-
pounds. Migration of phthalates, such as DEHP, may be of
concern in dairy products due to the high lipid content of
dairy products. As a result, DEHP is being replaced with di-(2-
ethylhexylexyl)adipate, which is less toxic than DEHP (FSANZ
2006). A recent U.S. study indicated that high meat and dairy
consumption may lead to elevated DEHP-intake (Samantha E
Serrano1 2014).

Another group of compounds that may come into contact with
dairy products is printing ink ingredients, such as 2-isopropyl
thioxanthone (ITX) and 2-ethylhexyl-4-dimethylaminobenzoate.
In 2005, ITX contamination of milk for children was reported
to RASFF. In that year, ITX notifications contributed to 32% of
all food contact substances reported to RASFF (Kleter and oth-
ers 2009). According to EFSA, young children may have a higher
exposure to these printing inks as about half of their foods and bev-
erages are packed in cartons printed with these inks (EFSA 2005).
As a result, the EU has adopted legislation requiring that transfer
of printing ink compounds to food surfaces (through “set-off” or
migration) must not occur (Regulation (EC) 2023/2006).

A more recent concern is the presence of aluminum in infant
formula. Most packaging material contains an aluminum layer,
which may result in migration of aluminum into the product
(Chuchu and others 2013). Use of brand-specific infant formulas
can lead to higher exposure levels because of the variety in alu-
minum levels between brands. EFSA (2008) determined that the
main foods contributing to dietary exposure were cereals (prod-
ucts), vegetables, beverages, and certain infant formulas (EFSA
2008). The relative contributions of the various products to alu-
minum exposure were not mentioned in this report, but dairy
products are not the major contributor.

Melamine. A well-known example of food fraud in the dairy
sector is the melamine case in China. In 2008, melamine was
illegally added to milk products to produce an incorrectly high
reading in the measurement of protein content based on total
nitrogen (Ai and others 2009). By the end of November 2008,
some 294000 infants and young children had been diagnosed with
urinary tract stones (Chen 2009). More than 50000 infants were
hospitalized, with 6 confirmed deaths (WHO 2008). It is hard to
imagine how the adulterated milk could have passed all the quality
inspections along their supply chains to reach the marketplace on
such a massive scale (Chen and others 2014). Specific controls for
milk quality like fat content should have detected such fraud, but
these tests were either not carried out properly or were ineffective
(Pei and others 2011). Recently, rapid surveillance methods have
been developed to detect nitrogen-containing compounds in milk
(Abernethy and Higgs 2013).

Physical hazards. Physical hazards that might be present in
dairy products include metal parts, sand/soil, stones, wood, plastic,
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Figure 3–Overview of microbiological (blue), chemical (purple), and physical (green) hazards for milk production at the dairy farm. The most important
hazards are bolded.

rubber, or glass fragments and hair. They may be introduced dur-
ing processing via parts of machinery (such as metal parts from
stirrers or rubber shreds from seals) or equipment, due to pack-
aging materials, via jewelry worn by personnel, or via presence
in raw materials. At the farm, physical hazards may be introduced
during milking (such as machine parts). However, in most cases,
physical hazards are introduced during the processing of dairy
products. When glass bottles are used, glass fragments may end
up in the final products. Hair may be present in dairy products
due to poor hygiene control. Hair can be a source of microbio-
logical contamination. Furthermore, improper cleaning and dis-
infection may result in the presence of what is considered “soil”
(FAVV 2012).

Physical hazards are controlled by Good Manufacturing Prac-
tices and are prevented in the final products through visual obser-
vations or methods such as metal detection as part of a HACCP-
system (van Schothorst and Kleiss 1994; Peariso 2007).

Future trends
Worldwide, the challenges in the dairy sector are: changing

consumer demands, a growing concern about sustainability, and
a need for greater efficiency. The global demand for dairy prod-
ucts is rapidly increasing, driven by the growing population and
purchasing capacity in the developing countries (FAO and IFCN
2010; Gerosa and Skoet 2012). Climate change is considered an-
other important driver that can have an impact on future food
safety (FAO and IFCN 2010). Increased temperatures and humid-
ity may affect mycotoxin production (Paterson and Lima 2010),
animal diseases transmitted by insects (Maclachlan and Mayo
2013), and the microbiological ecology, including pathogens and

molds. It may become difficult to maintain the cold supply chain
when ambient temperatures rise (Havelaar and others 2010).

On the other hand, developments in microbiological and chem-
ical detection methodologies can have a positive effect on food
safety and can be used to improve tracking and tracing systems
(Havelaar and others 2010).

Animal feed. It is expected that dairy production will increase
globally leading to increased demands for animal feed. Further-
more, as a result of climate change, higher mycotoxin occurrence
is expected in animal feed. This results in a stricter demand for
mycotoxin-free feed. According to experts, there is an increased
demand for feed that does not contain genetically modified or-
ganisms (GMOs). These factors may cause scarcity in certain areas
and thus shifts to either other trade partners, other regions, or
other feed ingredients. In order to secure the feed supply, more
feed materials will have to be grown within Europe, possibly re-
sulting in new or different grain varieties (NZO 2015). Examples
are lupine, which may contain the mycotoxin phomopsin (EFSA
2012b) and rapeseed, as well as the use of alternative proteins (such
as from eby-products from biofuel production, algae or insects).
These developments may lead to a more complex and dynamic
feed chain with increased numbers of trade partners. This will
have consequences for food safety as the chain will become less
transparent.

Another trend affecting feed materials is the increased produc-
tion of biofuel. Some of the raw materials used may contain chem-
ical hazards. For example, maize may be contaminated with myco-
toxins, sorghum may contain plant toxins, and castor beans (used
in oil production in Africa) contain the toxic ricin. Due to the
production process, chemical hazards present in the raw materials
for biofuel will be concentrated in the byproducts such as dried
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Figure 4–Overview of microbiological (blue), chemical (purple), and physical (green) hazards reported in scientific literature for dairy products
processed at the dairy farm. The most important hazards are bolded.

distillers grains with solubles that are used in the feed industry
(van Asselt and others 2011). Changes within the animal feed sec-
tor are more likely affecting chemical and physical hazards than
microbiological hazards.

Dairy farm. The predominant trend foreseen for the coming
10 y is the intensification of the dairy sector both for cow
and goat milk, which is caused by the abolishment of the
milk quota (Rabobank 2015; Tropea 2015) and the growing
global population (NZO 2015; Promar International 2015).
Milk quotas were 1st introduced in 1984 with the aim to limit
milk production in Europe. In April 2015, the milk quota
was dropped allowing farmers to expand their production
provided their phosphate output is within limits (Jongeneel and
van Berkum 2015). Worldwide production to date is around
700 million tons/y (FAOSTAT). The world milk production
is expected to have increased by 180 million tons by 2023.
Most of this increase will be produced in developing countries
(OECD/Food and Agriculture Organization of the United
Nations 2014), with an expected increase in antibiotics use as
a result (van Boeckel and others 2015). Within Europe, factors
such as environmental restrictions, limited land availability, or a
lack of capital can negatively affect dairy production (Koeleman
2015). Nevertheless, the number of farms is expected to decrease,
and the average herd size is expected to increase (EU Agricultural
Economics 2013). Currently, EU farm types differ substantially,
ranging from extensive pasture-based farms to intensive (family-
run) housed systems (Promar International 2015). The dairy
sector is expected to shift from the family business model toward
more specialized and intensive industrial farming (Tropea 2015)

leading to increased automation (such as milking robots). As a
consequence, the farmer will have less direct contact with the cows
and will be more dependent on technology to monitor health of
the cow and hygiene during milking (EU 2014). The advantage of
further intensification is that farmers will be able to invest in their
farm and will become more aware of food safety (NZO 2015).

Other factors that may affect cattle rearing, and consequently,
the farming business stem from consumer wishes such as increased
attention to animal welfare and environmental sustainability (LTO
Nederland 2011; NZO 2015; Rabobank 2015) For example, in-
vesting in sustainable livestock housing can contribute to a higher
average age of the cow and increased animal health (Rabobank
2013; NZO 2015). Sustainability measures may also negatively af-
fect food safety. For example, the implementation of recycling at
the farm (Petersen and others 2007).

Milk processing. Increased global demands for dairy products
will result in increased trade in dairy products, predominantly
products with a long shelf-life such as milk powder, butter, and,
to a lesser extent, cheese. By 2024, production of skim milk pow-
der is expected to reach 1.6 million kg (EU 2014). The higher
cheese production in the EU is mainly driven by a higher domes-
tic consumption rather than by increased export. By 2024, EU
cheese production could reach 11 million kg, which is 1.15 mil-
lion kg more compared to 2014 levels (EU 2014). Whey powder
is an important ingredient for infant formulas and trade in whey
powder is expanding, especially toward China. Its production is
expected to increase by 20% to 2.5 million kg in 2024 (EU 2014).
Of this increase, 35% is expected to be exported as whey pow-
der in its original form. The remainder will be used for animal
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Figure 5–Overview of microbiological (blue), chemical (purple), and physical (green) hazards reported in scientific literature for dairy products
processed at the dairy factory. The most important hazards are bolded.

feed (although this market is declining), or will be used as food
supplements, sports drinks, and, predominantly, infant formulas
(EU 2014). Dairy processors require flexibility and need to adapt
their product mix based on global supply and demand (NZO
2015).

Furthermore, consumer trends are affecting dairy processing.
There is an increasing demand for convenience products such
as precut slices of cheese and grated cheese. These products are
typically vulnerable to contamination, especially contamination
by L. monocytogenes (Schoder and others 2015). There is also an
increasing demand for milk produced from cows that have outdoor
access, for organic dairy products, and for fresh and shelf-stable
products. In the next years, organic farming is expected to increase.

Additionally, there is a trend toward raw and minimally processed
products (Falguera and others 2012), which may pose human
health issues as raw milk cheeses (especially soft cheeses) have
frequently been contaminated with L. monocytogenes, Salmonella
spp., and E. coli (see RASFF). In order to meet consumer demands
regarding minimally processed foods, alternative techniques can be
used such as extreme fast heating, pulsed electric field processing,
ultraviolet treatment, ultrasound processing, the addition of carbon
dioxide, and high-pressure processing (Ross and others 2003).
Such novel technologies require an adequate validation of safety
before implementation, as shelf-life extension may pose a risk
toward the microbiological safety of dairy products (Ross and
others 2003; Sobrino-López and Martı́n-Belloso 2009).

70 Comprehensive Reviews in Food Science and Food Safety � Vol. 16, 2017 C© 2016 Institute of Food Technologists®



Food safety hazards in the dairy chain . . .

There is also an increased consumer demand for goat milk,
which causes increased goat milk processing. However, goat milk
is expected to remain a marginal product compared to cow milk
(IDF 2013).

Furthermore, Internet commerce is expanding and sales also
include dairy products. Sampling, control, and trader identification
poses challenges to authorities (Schoder and others 2015). A recent
microbiological investigation of cheeses purchased online revealed
labeling (such as raw or pasteurized milk cheese), hygiene, and
safety of those products as major points of concern (Schoder and
others 2015).

Conclusions
In general, most information found in the scientific literature

on food safety hazards was related to dairy cows and dairy products
from cow milk. Information on goat and sheep milk was limited,
which is expected as goat milk and especially sheep milk represent
only a fraction of the total volumes of dairy products produced in
Europe. Food safety hazards can enter the dairy cow supply chain
at various points, via animal feed, through the dairy farm envi-
ronment (Figure 3), or during further processing (Figure 4 and
5). When comparing various food safety hazards, microbiological
hazards were encountered more often than chemical or physical
hazards in dairy products. The most important microbiological
hazard introduced at the dairy farm is S. aureus, which is present
in cows suffering from mastitis and is subsequently transferred to
the milk. Cheese is most frequently associated with L. monocy-
togenes followed by Salmonella spp. and Shiga toxin-producing E.
coli. Soft and semisoft cheese form a higher risk for presence of
L. monocytogenes but S. aureus enterotoxins may also be present in
soft and semisoft cheese, especially when the fermentation pro-
cess is retarded or initial cell numbers in the milk are high. For
milk powder products, Cronobacter spp. and Salmonella spp. can be
considered microbiological hazards of most concern, especially in
PIF intended for infants younger than 6 mo. Chemical hazards
are primarily introduced at the dairy farm, via contaminated feed,
through the environment, or due to veterinary treatments of the
animals. Further processing may cause an accumulation of these
hazards depending on the product produced. Based on monitoring
data and literature review, the most important chemical hazards for
dairy products are aflatoxin M1, environmental contaminants (pri-
marily dioxin and dioxin-like compounds), and veterinary drugs.
The most important physical hazards in dairy products are metal,
glass, and plastic particles. However, these hazards can easily be
detected and dairy producers have an incentive to prevent them as
recalls are expensive. Therefore, physical hazards are less relevant
for dairy products than microbiological and chemical hazards.

Various trends are foreseen in the near future that may affect
food safety, such as climate change, increased global trade, and
changing consumer demands. The most important development
is the further intensification of the dairy chain and higher milk
production due to the abolishment of the milk quota and growing
demands. This may have positive effects for food safety as farmers
can invest in improving their farms and will be more aware of pos-
sible food safety issues. However, an increased livestock population
at the farm may also result in a raise in the occurrence of animal
diseases and, consequently, more veterinary drug use. Another
consequence of increased production is the increased pressure on
the animal feed market, which may affect the quality and safety of
feed products. At the farm level, changes in production systems as
a result of increased awareness for sustainability and animal welfare

should be followed closely in order to evaluate their consequences
for food safety.
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