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Description of the subject. According to Regulation (EC) No 2073/2005, Escherichia coli must be enumerated in raw milk 
butter before sales. Hygiene of batches is acceptable when a maximum of two samples out of five have levels of E. coli 
between 10 and 100 cfu.g-1. E. coli is still a threat to the safety of raw milk butter.
Objectives. This study aimed to identify sources of E. coli in six farms facing recurrent contaminations in butter.
Method. Farms were visited three times between March and May 2021. Surface samples and dairy products samples 
were collected throughout the process for E. coli enumeration and assessment of potential correlations between equipment 
contamination and hygienic quality of food products.
Results. Two major sources of contamination were identified: the lack of efficacy of cleaning and disinfection practices on 
milk pipelines, junctions and cream separators, and absence of milk cooling in case of time-lapse of more than 2 h between 
milking and skimming. The use of lactic acid starters could be a helpful way to control E. coli during cream maturation, in 
association to adequate good manufacturing practices.
Conclusions. Levels of E. coli in the considered raw milk butter batches were really high. A new decision tree is proposed that 
could help manufacturers and food controllers to improve hygienic quality of raw milk butter.
Keywords. Dairy farms, milk processing, milk products, bacteriological analysis, food safety.

Quelles sont les principales sources de contamination du beurre au lait cru par Escherichia coli ?
Description du sujet. Selon le Règlement (CE) N° 2073/2005, Escherichia coli doit être dénombré dans le beurre au lait cru 
avant sa mise sur le marché. L’hygiène des lots est acceptable lorsqu’au maximum deux échantillons sur cinq présentent des 
niveaux en E. coli compris entre 10 et 100 ufc.g-1. La présence d’E. coli en trop grande concentration dans le beurre au lait cru 
continue de poser un problème.
Objectifs. Cette étude avait pour objectif d’identifier les sources d’E. coli dans six fermes confrontées à des contaminations 
récurrentes de leur beurre.
Méthode. Les fermes ont été visitées à trois reprises entre mars et mai 2021. Des échantillons de surface et des échantillons 
alimentaires ont été collectés tout au long du procédé en vue de subir un dénombrement d’E. coli et de rechercher des 
corrélations potentielles entre la contamination des équipements et la qualité hygiénique des produits laitiers.
Résultats. Deux sources de contamination majeures ont été identifiées : le manque d’efficacité des procédures de nettoyage et 
de désinfection des tuyaux transportant le lait, des jointures et des écrémeuses, et l’absence de refroidissement du lait en cas 
d’intervalle de temps supérieur à 2 h entre la traite et l’écrémage. L’utilisation de ferments lactiques constitue un moyen de 
contrôle prometteur pour limiter la croissance d’E. coli durant la maturation de la crème.
Conclusions. L’étude a mis en lumière la problématique de la contamination du beurre au lait cru par E. coli, qui est parfois 
observée à une concentration très élevée. Un nouvel arbre de décision proposé dans ce travail pourrait aider les producteurs et 
les contrôleurs des agences de sécurité alimentaire à améliorer la qualité hygiénique du beurre au lait cru.
Mots-clés. Exploitation laitière, traitement du lait, produit laitier, analyse bactériologique, innocuité des produits alimentaires.



Sources of E. coli in raw milk butter 69

Short note 1. INTRODUCTION

Butter was one of the first dairy products and was 
already manufactured 2,000 years before Christ. In 
Wallonia (Belgium), butter is still produced from raw 
milk at an artisanal scale. During a survey performed in 
2016, 211 producers of raw milk butter were identified 
(El-Hajjaji et al., 2019). Manufacture of artisanal butter 
differs from continuous production in larger factories 
(Deosarjar et al., 2016). Federal Agency for the Safety 
of the Food Chain (2012) detailed the production 
process of artisanal butter. After milking, raw milk 
is generally directly skimmed, except when milking 
robot is used. In the latter case, milk is temporarily 
stored in a buffer tank before further treatment. After 
separation from skimmed milk, containers are filled 
with cream for maturation, with or without addition 
of starters. Both physical and biological maturations 
occur, modifying cream texture and physicochemical 
characteristics (Ceylan & Ozcan 2020; Panchal et al., 
2021). Lactic acid starters can be used for butter 
manufacture to promote the development of aromatic 
compounds, including diacetyl (Bakirci et al., 2002), 
but also to accelerate acidification rate, allowing to 
reach faster physicochemical conditions unfavorable 
for the growth of most pathogens. Maturation 
procedure differs between farms, in terms of time and 
temperature cycles. In Wallonia, El-Hajjaji et al. (2019) 
identified six maturations schemes. Time of maturation 
was comprised between two and more than seven days. 
All these factors resulted in somewhat variation and 
typicity of artisanal butter. In addition to that, influence 
of seasons on butter characteristics was also reported 
(Cullinane et al., 1984). Churning is the key step for 
butter manufacture, consisting in producing a water-
in-oil emulsion from cream, which is an oil-in-water 
emulsion. Fat globules aggregate and butter grains are 
progressively formed. Butter is then washed to remove 
buttermilk, before shaping and packaging.

The use of raw milk for manufacture of dairy 
products is still a debate nowadays. Several foodborne 
pathogens can be carried by raw milk, including Listeria 
monocytogenes, Salmonella spp., Staphylococcus 
aureus, Campylobacter spp. and toxin-producing 
Escherichia coli (N’Guessan et al., 2015; Verraes 
et al., 2015; Costanzo et al., 2020). These bacteria can 
originate from endogenous (i.e. direct transfer from 
bloodstream, e.g. mastitis) or exogenous sources (i.e. 
transfer from the environment, e.g. feces, milking 
material or teats; Verraes et al., 2015). Consequently, 
handling of raw milk requires precaution in order 
to guarantee the manufacture of dairy products not 
representing a threat for food safety. Escherichia coli 
is a Gram negative facultative anaerobic bacterium 
which is a commensal host of human and animal gut 
microbiota. It is thus observed in feces (Tenaillon et 

al., 2010). Escherichia coli is considered as hygiene 
indicator, revealing possible fecal contamination of 
food. Regulation (EC) No 2073/2005 established 
process hygiene criterion for the manufacture of raw 
milk butter (European Commission, 2005). Briefly, five 
samples (n) must be considered. Ideally, levels of E. coli 
should be < 10 cfu.g-1 in all samples. Nevertheless, a 
batch remains acceptable if a maximum of two butter 
samples have contamination between 10 cfu.g-1 (m) and 
100 cfu.g-1 (M). In other circumstances, batch hygienic 
quality is not acceptable. During a survey performed 
for the period 2006-2009, 53% of 333 batches of raw 
milk butter were not acceptable regarding food process 
hygiene criterion (unpublished results). Nowadays, 
producers have to implement HACCP plans and to 
follow good hygiene practices and good manufacturing 
practices (GMP), but contamination of end-products 
is still an issue. The present study explored potential 
sources of contamination with E. coli during raw milk 
butter manufacture, in farms facing recurrent non-
compliances regarding food process hygiene criterion.

2. MATERIALS AND METHODS

2.1. Sampling and microbiological analyses

Six farms (A-F) facing recurrent contamination of 
butter with E. coli were visited each during three 
consecutive weeks between March and May 2021. 
For each farm three butter batches were considered, 
i.e. three whole manufacturing cycles from milking to 
final product. Characteristics of manufacturing process 
for each farm are summarized in table 1. Two farms 
were using classical milking rooms, while the four 
other farms made use of milking robots. When starting 
this experiment, two farms did not use lactic acid 
starters for cream maturation, namely farms C and D. 
Nevertheless, due to high levels of E. coli in the first 
studied batch (D1), producer from farm D decided to 
add lactic acid starters for cream maturation during 
the manufacture of subsequent batches (D2-D3). 
Two commercial lactic acid starters were observed 
during this work, namely MA 4001/4002 (Danisco, 
Copenhagen, Denmark) and Flora Danica (Chr. 
Hansen, Horsholm, Denmark). Churns varied between 
farms in terms of rotation axis (horizontal or vertical) 
and surface material (wood or stainless steel). Whole 
butter manufacture was considered in triplicate for 
each farm, i.e. from milking to final butter.

Dairy products and surface samples considered 
in this study are summarized in table 2, and figure 1 
illustrates surface samples collected from milking and 
skimming equipment. All surfaces were sampled in 
triplicate during each visit, just before the production 
of a new butter batch. When possible, surfaces were 



70 Biotechnol. Agron. Soc. Environ. 2022 26(1), 68-77  Gérard A., Barbosa N., Di Tanna S. et al.  

sampled by contact plating, i.e. Petrifilm Rapid E. coli/
Coliform Count Plate (3M, Two Harbors, MN, USA). 
When surfaces were hardly accessible, e.g. junctions 
and skimmers, swab samplers with 10 ml of buffered 
peptone water (BPW) were used (3M, Two Harbors, 
MN, USA). In this case and for each sample, a surface 
of approximately 30 cm² was swabbed, i.e. a surface 
similar to a single contact plate. Tubes were transported 
to the laboratory and analyzed the day of sampling. 
Briefly, after vortexing, 1 ml of suspension was spread 
on Petrifilm Rapid E. coli/Coliform Count Plate.

Dairy products sampled during manufacture in- 
cluded raw milk, skimmed milk, cream, matured 
cream and butter. Five samples of each product were 
considered during each visit in farms. Ten g or 10 ml 
of product were diluted 10-fold in BPW prepared 
according to method ISO 6687-1:2017 (International 
Organization for Standardization, 2017). One ml of 
stock suspension was spread on Petrifilm E. coli/
Coliform Count Plate. All films were incubated for 18 
to 24 h at 30 ± 1 °C, following instructions provided by 

the manufacturer. Enumeration was 
performed according to 3M guide 
for interpretation (3M, 2018). Blue 
colonies were considered as E. coli. 
Other coliforms can also be detected 
on Petrifilm, under the form of red 
colonies. Validation tests previously 
demonstrated that this method did 
not produce results significantly 
different from those obtained using 
method ISO 16649-2:2017 (Bird 
et al., 2020).

2.2. Statistical analyses

All statistical treatments were 
performed using Minitab 19 (State 
College, PA, USA). In case of number 
of colonies > 15,000 cfu.g-1 or cfu.
ml-1, colonies were uncountable but 
Petrifilm remained interpretable. 

In this case, a value of 15,000 cfu.g-1 or cfu.ml-1 was 
considered in datasheets. Logarithmic transformation 
was applied to all data prior to analyses. Correlation 
between variables was tested using Pearson coefficient. 
Variables associated to surface samples were made 
qualitative for more readability, by creating four 
classes, namely (a) 0, absence of E. coli; (b) ≤ 10 cfu.
cm-²; (c) ≤ 100 cfu.cm-² but > 10 cfu.cm-²; (d) > 100 cfu.
cm-². Their effect on butter hygienic quality was 
assessed using one-way ANOVA or Kruskal-Wallis 
tests. Pairwise comparisons were performed using 
Tukey test.

3. RESULTS

3.1. Butter microbial quality

Escherichia coli levels were enumerated in 18 
batches of raw milk butter, considering five samples 
per batch (Table 3). Only one batch (B2) had levels 

Table 1. Characteristics of butter manufacture for the six farms considered in this study — Caractéristiques relatives à la 
production de beurre au sein des six fermes considérées au cours de cette étude.
Farm Milking system Use of starters Type of starters Churn rotation axis Churn material
A Milking room Yes MA 4001/4002 Horizontal Stainless steel
B Robot Yes Flora Danica Vertical Wood
C Milking room No / Horizontal Wood
D Robot No (batch D1)

Yes (batches D2-D3)
/
MA 4001/4002

Vertical Stainless steel

E Robot Yes Flora Danica Vertical Stainless steel
F Robot Yes Flora Danica Vertical Wood

Table 2. Dairy products and surfaces sampled during this study — Produits 
laitiers et surfaces échantillonnés au cours de cette étude.
Types of samples Method for sampling
Surface samples (n = 3 for each visit)
Pipeline from milking equipment to skimmer (1’; 1*) Swab sampler 
Junction between pipeline and skimmer (2’; 2*) Swab sampler
Skimmer (3’-4’-5’; 3*-4*-5*) Swab sampler
Maturation container Direct contact
Churn Direct contact

Dairy products samples (n = 5 for each visit)
Whole milk 10 ml in 90 ml BPW
Skimmed milk 10 ml in 90 ml BPW
Cream 10 ml in 90 ml BPW
Matured cream 10 g in 90 ml BPW
Butter 10 g in 90 ml BPW
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≤ 10 cfu.g-1 in five samples. Another batch (A2) was 
acceptable, i.e. a maximum of two samples out of five 
had levels of E. coli between m and M. It means that 16 
batches were unacceptable, with E. coli contamination 
sometimes above the limit of enumeration of Petrifilm, 
i.e. > 15,000 cfu.g-1. Other coliforms were observed on 
all Petrifilms.

3.2. Surface samples

Enumerations of E. coli were performed in triplicates 
on five food contact surfaces involved in butter 
manufacture, namely milk pipeline to skimmer, junction 
between pipeline and skimmer, skimmer, maturation 
container and churn (Table 4). It was observed that milk 
pipelines were often contaminated (at least during one 
batch manufacture in four farms out of six). Junctions 
between pipeline and skimmer (three farms out of six) 
as well as skimmers themselves (five farms out of six) 
were frequently contaminated. Maturation containers 
were generally not contaminated, except in farms B 
(batches B1-B2-B3) and C (batch C1). No E. coli were 
identified inside churns, except for butter batch C1. 

3.3. Dairy products samples

Enumerations of E. coli in dairy products are 
summarized in table 5. Globally, dairy products 
samples with levels of E. coli considered as low (i.e. < 
10 cfu.g-1) were scarce. All milk samples from farm D 
were highly contaminated (up to more than 1,000 cfu.
ml-1). It was also the case of milk from batch B3 
(> 15,000 cfu.ml-1). It was observed that, in case of 
contamination at the beginning of the process, end-
products were also contaminated (r² = 0.30, p-value = 
0.040). On the opposite, absence of contamination of 
whole milk did not necessarily result in butter with 
satisfying hygienic quality, as it was for instance 
observed in farms A and C. 

3.4. Factors impacting milk and butter hygienic 
quality

One-way ANOVA revealed significant differences in 
milk hygienic quality between farms (p-value = 0.001). 
Escherichia coli levels were higher in milk from farm 
D in comparison with other farms, and significantly 

Figure 1. Sampling of skimming equipment — Échantillonnage du matériel d’écrémage.

Milking room

Robot

Pipeline from milking equipment to skimmer (1’; 1*)
Junction between pipeline and skimmer (2’; 2*)
Skimmer (3’-4’-5’; 3*-4*-5*) (3: whole milk input; 4: cream outlet; 5: skimmed milk outlet)
‘ Sampling points in farms with milking room
* Sampling points in farms with milking robots and buffer tank ©Barbosa Naomi
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lower in milk from farm C. Interestingly, contamination 
was high in butter from farm C, although manufactured 
from milk exempted of E. coli. Significant differences 
were observed in E. coli levels in whole milk regarding 

milking equipment (p-value = 0.030), with higher 
contamination when milking robots were used. The 
use of lactic acid starters significantly impacted butter 
hygienic quality (p-value = 0.034). Four batches 

Table 3. Enumerations of Escherichia coli in raw milk butter batches (n = 5) — Dénombrements d’Escherichia coli au sein 
des lots de beurre au lait cru (n = 5).
Farm Batch Average ± standard 

deviation (cfu.g-1)
Number of samples with 
enumeration > 10 cfu.g-1

Acceptable? Presence of other coliforms?

A A1
A2
A3

          10 ± 7
            8 ± 13
          12 ± 11

4
2
4

No
Yes
No

Yes
Yes
Yes

B B1
B2
B3

        306 ± 127
            4 ± 5
   12,180 ± 696

5
2
5

No
Yes
No

Yes
Yes
Yes

C C1
C2
C3

        284 ± 44
          96 ± 22
        456 ± 39

5
5
5

No
No
No

Yes
Yes
Yes

D D1
D2
D3

   10,140 ± 2,289
     3,402 ± 6,484
     7,190 ± 7,448

5
5
5

No
No
No

Yes
Yes
Yes

E E1
E2
E3

     1,120 ± 109
        500 ± 109
> 15,000

5
5
5

No
No
No

Yes
Yes
Yes

F F1
F2
F3

     1,336 ± 207
        108 ± 143
     6,196 ± 8,037

5
3
5

No
No
No

Yes
Yes
Yes

Table 4. Escherichia coli levels on food contact surfaces involved in butter manufacture (cfu.cm-²) — Densité en Escherichia 
coli au niveau des surfaces en contact avec les denrées alimentaires lors de la production de beurre (ufc.cm-²).
Farm Batch Milk pipeline Junction 

pipeline-skimmer
Skimmer Maturation 

container
Churn

E. coli Other 
coliforms?

E. coli Other 
coliforms?

E. coli Other 
coliforms?

E. coli Other 
coliforms?

E. coli Other 
coliforms?

A A1
A2
A3

0
≤ 10
≤ 10

No
Yes
Yes

0
0

≤ 10

No
Yes
Yes

0
≤ 10
≤ 10

No
Yes
Yes

0
0
0

No
No
Yes

0
0
0

No
No
No

B B1
B2
B3

≤ 10
0

> 100

Yes
Yes
Yes

≤ 10
≤ 10

> 100

No
Yes
Yes

≤ 10
0

> 100

No
Yes
Yes

≤ 10
≤ 10
≤ 10

No
Yes
Yes

0
0
0

No
No
No

C C1
C2
C3

0
0
0

No
Yes
No

0
0
0

No
Yes
No

0
0
0

No
Yes
No

> 100
0
0

No
No
No

≤ 10
0
0

Yes
No
No

D D1
D2
D3

≤ 10
≤ 100
> 100

Yes
Yes
Yes

0
0

> 100

No
No
Yes

0
≤ 10
≤ 10

No
No
Yes

0
0
0

No
No
No

0
0
0

No
No
No

E E1
E2
E3

0
0

> 100

Yes
Yes
Yes

0
0
0

No
No
No

0
≤ 10

0

No
No
No

0
0
0

No
No
No

0
0
0

No
No
No

F F1
F2
F3

0
0
0

Yes
Yes
No

0
0
0

Yes
Yes
No

0
0

≤ 10

No
Yes
No

0
0
0

No
No
No

0
0
0

No
No
No
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(C1-C2-C3 and D1) were manufactured without 
lactic acid starters; average E. coli levels in butter 
manufactured with or without addition of starters being 
2.88 and 4.06 log10 cfu.g-1, respectively. The choice 
of the commercial starter did not significantly impact 
E. coli levels in final butter (p-value > 0.050). Churning 
equipment (rotation axis and surface material) did not 
significantly impact butter hygienic quality.

4. DISCUSSION

Globally, considered batches did not satisfy food 
process hygiene criterion defined by Regulation 
(EC) No 2073/2005, with 89% of batches presenting 
unacceptable levels of E. coli. Enumerations revealed 
that surface samples associated to the beginning 
of the process, i.e. milk pipelines from milking 
system to skimmer, were already contaminated in 
most farms, sometimes with levels > 1,000 cfu.cm-². 
Generally, these pipelines are treated as part of milking 
equipment cleaning and disinfection procedure, 
involving alkaline and acid rinsing. As all junctions, 
valves or turns, junctions between milk pipelines 
and skimmers represented a critical point, as already 
identified by Ostrov et al. (2016). Contamination of 
these junctions was particularly marked in farm B 

(≤ 10 cfu.cm-² in B1-B2 and > 100 cfu.cm-² in B3). In 
farms B and C, E. coli was also identified on cream 
maturation containers, revealing insufficient cleaning 
and disinfection. Only one surface sample collected 
from churn was contaminated (C1). This churn was 
composed of wood. It is known that wooden surfaces 
are inclined to be contaminated and colonized by 
bacterial biofilms, as already reported for traditional 
wooden cheese vats (Gaglio et al., 2016). Nevertheless, 
in the case of this study, contamination of this churn 
was not observed during other visits in the farm, and no 
apparent scratches on wood were identified.

As expected, butter manufactured from milk 
with insufficient quality cannot satisfy food process 
hygiene criterion. Indeed, when whole milk was 
contaminated with E. coli, all subsequent dairy 
products, namely cream, matured cream and butter 
were also contaminated and did not satisfy food 
process hygiene criterion defined by the European 
regulation. This phenomenon was already reported by 
Sudhakaran & Minj (2020), revealing the importance of 
guaranteeing hygiene from farm to fork. As such, butter 
manufacturing process does not provide sufficient 
hurdles to inhibit the growth of E. coli. Although 
El-Hajjaji et al. (2021) demonstrated during challenge 
studies with L. monocytogenes that cream maturation 
allowed a decrease in levels of the pathogen, such 

Table 5. Levels of Escherichia coli in dairy products samples expressed in cfu.g-1 or cfu.ml-1 (average ± standard 
deviation) — Densité en Escherichia coli au sein des échantillons alimentaires, exprimée en ufc.g-1 ou ufc.ml-1 (moyenne ± 
écart-type).
Farm Batch Whole milk Skimmed Milk Cream Matured cream

E. coli Other
coliforms?

E. coli Other
coliforms?

E. coli Other
coliforms?

E. coli Other
coliforms?

A A1
A2
A3

0
2 ± 4
12 ± 18

No
Yes
Yes

0
0
0

No
Yes
Yes

0
0
2 ± 5

No
Yes
Yes

138 ± 211
208 ± 319
83 ± 79

Yes
Yes
Yes

B B1
B2
B3

4 ± 5
4 ± 5
> 15,000

Yes
Yes
Yes

0
6 ± 5
> 15,000

Yes
Yes
Yes

0
2 ± 5
> 15,000

Yes
Yes
Yes

648 ± 535
118 ± 144
> 15,000

Yes
Yes
Yes

C C1
C2
C3

0
0
0

Yes
Yes
Yes

0
0
0

Yes
Yes
Yes

0
0
0

Yes
Yes
Yes

> 15,000
> 15,000
> 15,000

Yes
Yes
Yes

D D1
D2
D3

450 ± 386
290 ± 392
940 ± 
1,125

Yes
Yes
Yes

54 ± 34
> 15,000
> 15,000

Yes
Yes
Yes

16 ± 11
36 ± 32
628 ± 
1,067

Yes
Yes
Yes

> 15,000
> 15,000
> 15,000

Yes
Yes
Yes

E E1
E2
E3

16 ± 17
6 ± 9
0

Yes
Yes
No

16 ± 13
832 ± 1,783
> 15,000

Yes
Yes
Yes

2 ± 5
0
> 15,000

Yes
No
Yes

> 15,000
13,500 ± 
2,861
> 15,000

Yes
Yes
Yes

F F1
F2
F3

4 ± 5
10 ± 10
8 ± 13

Yes
Yes
Yes

4 ± 5
0
568 ± 1,123

Yes
Yes
Yes

0
0
2 ± 5

Yes
Yes
Yes

> 15,000
102 ± 181
> 15,000

Yes
Yes
Yes
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studies were not performed regarding E. coli, to our 
knowledge. Results from the present study indicated 
that multiplication of the pathogen mainly occurred 
during cream maturation. Both commercial starters met 
during the study did not have the same composition, 
in terms of bacterial strains. Choozit MA4001/4002 
was composed of Lactococcus lactis subsp. lactis, 
Lactococcus lactis subsp. cremoris, Lactococcus lactis 
subsp. lactis biovar. diacetylactis and Streptococcus 
thermophilus. The same strains were included in Flora 
Danica, except S. thermophilus, but not in the same 
proportions. Inability of starters to inhibit the growth 
of E. coli during cream maturation was surprising, as 
it was already observed that Lactococcus lactis subsp. 
lactis inhibited E. coli in vitro (Metlef & Dilmi-Bouras, 
2009). Nevertheless, results obtained at laboratory 
scale could differ from real situation, for which food 
matrix and complex microbial interactions can prevent 
expected activities of individual strains. During the 
present study, churning allowed a decrease in the levels 
of E. coli in 16 out of 18 batches, but its effect was 
not sufficient to ensure that final butter complies with 
Regulation (EC) No 2073/2005. Although the use of 
starters can be suggested as helpful tool to limit the 
level of the contamination with E. coli, it does not 
guarantee the manufacture of butter with acceptable 
hygienic quality. Consequently, its use should always 
be associated with an accurate application of GMP 
and of cleaning and disinfection procedure. Using 
milk of satisfying hygiene does not guarantee the 
manufacture of butter with acceptable levels of E. coli, 
as contamination can occur during manufacturing steps 
due to inadequate cleaning and disinfection of materials 
and surfaces. In farm C, it can be supposed that cream 
was spoiled during maturation, as the presence of 
E. coli was observed in maturation containers.

ANOVA revealed higher levels of E. coli in butter 
manufactured in farm D, with all enumerations 
> 1,000 cfu.g-1. This farm used robot for milking. 
For manufacture of the first batch, no lactic starters 
were added. Due to levels of E. coli > 15,000 cfu.g-1 
in butter, farmer decided to mature cream using lactic 
acid starters for other batches. Farm E was equipped 
with a robot of the same brand and model but was not 
concerned with so high levels of E. coli in milk. In fact, 
the robot manufacturer identified issues at the filtration 
level regarding the concerned model and changed filter 
in the robot of farm E. Farm D was still waiting for 
this modification at the time of the study. Nevertheless, 
hygienic quality was significantly improved in farms 
equipped with classical milking rooms in comparison 
with milking robots. Robots allow continuous milking, 
in comparison to traditional milking rooms in which all 
animals are milked together once or twice a day. In the 
latter case, whole milk batch can directly be skimmed. 
When a robot is used, milk is temporarily stored in 

buffer tank without cooling, sometimes for several 
hours. This step seemed critical, as it could be highly 
favorable for the growth of E. coli and spoilage or 
pathogenic microbiota. Vilar et al. (2012) considered a 
critical control point when milk is not cooled at 3-4 °C 
within 30 min after milking.

Regarding these results, authors would like to 
suggest potential ways to farm producers in order 
to improve milk and butter quality, regarding levels 
of E. coli (Figure 2). A major observation was that, 
despite cleaning and disinfection practices, surfaces 
were still contaminated with E. coli, especially milk 
pipelines and junctions with cream separators. Globally, 
it was concluded that guidelines should be provided 
to perform adequate cleaning and disinfection, in 
a uniform way for all farms. It was indeed observed 
that each producer has its own practices, in terms of 
frequency of cleaning and disinfection and of types 
of detergents and disinfectants used. Also, it is not 
clear if a complete protocol must be applied after each 
milking or only once a day. Producers should always 
pay attention to several elements, namely (a) to use 
products useful for elimination of fatty products, (b) 
to apply a sufficiently high temperature, especially 
when only hot water is used, (c) to avoid corrosive 
chemicals, as damaged surfaces represent suitable 
places for establishment of biofilms, (d) to make sure 
flow is turbulent and (e) to double-check critical pieces 
including turns, junctions, taps and gates. An essential 
critical point in farms equipped with milking robots 
was the buffer tank, in which milk was accumulated 
without cooling throughout the day, waiting for 
skimming. Food and Agriculture Organization of the 
United Nations (2004) and European Commission 
(2004) mentioned that milk should be cooled at 
temperature < 6 °C if it is not processed within 2 h 
after milking. Consequently, although it represents 
extra energetic costs, producers should always cool 
their milk during this time-lapse, in order to avoid the 
growth of E. coli, but also to control growth of other 
foodborne pathogens potentially present in raw milk. 
Raw milk should thus be heated afterwards to reach 
optimal temperature for cream separation.

Sometimes, precautions during breeding, milking 
and skimming were not sufficient to guarantee the 
manufacture of butter in compliance with food 
process hygiene criterion from Regulation (EC) 
No 2073/2005. It is then important to check the efficacy 
of cleaning and disinfection procedure of maturation 
containers. If none of these operations allowed the 
manufacture of butter with acceptable levels of E. coli, 
a complementary solution is the addition of lactic 
acid starters for cream maturation. Nevertheless, as 
previously discussed, this solution is not the panacea. 
Furthermore, the use of commercial starters should not 
be generalized, as it could result in the standardization 
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and in a loss of typicity of Belgian raw milk artisanal 
butter. Mixture of creams obtained during distinct 
days could also be questionable. Indeed, the day of 
butter manufacture, all creams have not undergone 
the same maturation duration. Consequently, they do 
not have similar physicochemical and microbiological 
characteristics, and this could affect general hygiene 
of butter. Hygiene of maturation containers and churns 
should also be checked with as much attention as 
milking and skimming equipment. Finally, caution is 
necessary during packaging and storage.

5. CONCLUSIONS

The main conclusion of this study was that contamination 
of raw milk artisanal butter is still an issue. This study 
revealed contamination pathways are variable. The 
problem should generally be considered case by case, as 

situation differed between visited farms. Major pathways 
of investigations remained to check the efficiency of 
cleaning and disinfection procedure, and an efficient 
milk cooling during time-lapse between milking and 
processing, especially when continuous milking was 
performed in farms equipped with milking robots. From 
this study, it also appeared that Petrifilm represents a 
promising tool in farms and dairy industry. Indeed, their 
use is easy to implement in comparison with classical 
agar plates, and they could provide essential information 
to farmers, producers and operators regarding overall 
hygienic quality on farms or factories.

Some complementary aspects should be investigated 
to acquire a deeper knowledge on the contamination 
of raw milk butter with E. coli. Firstly, it could be 
interesting to focus on more farms, allowing to confirm 
pathways of investigation identified during this study, or 
to identify other potential points of attention. Inclusion 
of farms manufacturing butter in compliance with food 
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process hygiene criteria detailed by Regulation (CE) 
No 2073/2005 could also help in the understanding of 
the fate of E. coli during butter manufacture. Seasonal 
effect should also be considered. Indeed, in the present 
paper, all farm visits were performed in the same 
season. Temperature has indeed an influence on the 
growth and on the survival of E. coli. Similarly, animal 
feeding could also play a role. Hygiene during breeding 
could also be investigated, namely udder hygiene or 
cleanliness of milking material. Finally, it must be said 
that reference method for food process hygiene criteria, 
as well as method involving Petrifilm Rapid E. coli/
coliforms Plate Counts, does not allow the identification 
of the presence of toxin-producing E. coli, including 
strain O157:H7. It could thus be of interest to focus on 
this foodborne pathogen and on its fate during butter 
manufacture and storage, using methods allowing its 
detection and enumeration.
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